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The original NDA for rilpivirine IR 25 mg tablet that was submitted on 07/23/10 has been reviewed by
the Biopharmaceutics team on 03/02/11. From the Biopharmaceutics perspective, the sponsor’s
proposed dissolution method is acceptable, but the proposed dissolution specification needs to be
revised. This addendum is to address:

1. The Agency’s conclusion on the dissolution specifications for rilpivirine IR 25 mg tablets.

(b) 4) (b) (4)

The sponsor proposed Q= at 45 min, but the Agency recommended a revision to Q= at
45 min due to a mean of @9 of rilpivirine dissolved at 45 min. On 03/14/11, a
teleconference was held between the sponsor and the Agency. The sponsor submitted the 24-
month stability data for discussions (Appendix 1). Per request by the Agency in the
teleconference, the sponsor further submitted on 03/17/11 for review the stability (dissolution)
data of the clinical biobatch No. 8BL2H at initial manufacturing (April, 08; t=0) and at 18
months and 33 months under both 25°C/60% RH and 30°C/75% RH conditions. (Appendix 2)

The Agency concluded that
e The clinically tested batch (No. 8BL2H) that started at @ at 45 min in dissolution at the
time of initial manufacturing (t=0) still maintained @@ dissolved under 25°C/60% RH, and
@@ under 30°C/75% RH conditions after 33 months.
e One of the three stability batches (No. 8JL3S) that started with low dissolution ( @@ at 45
min) at the time of initial manufacturing (t=0) still maintained @@ dissolved under
25°C/60% RH, and @@ under 30°C/75% RH conditions after 24 months.

Based on the above findings, and the need to maintain similar exposure levels as was tested
clinically, a dissolution specification of Q= @@ at 45 minutes is still recommended, as
indicated earlier in our May 20, 2010, comments to IND 67,699, and March 11, 2011,
Information Request letter to NDA 202-022. An advice letter was sent to the sponsor on
03/18/11.

The Agency recommended the following revisions.
e Change dissolution specification as follows:
From Q= @@ at 45 minutes to Q= @@ at 45 minutes
e Update section 3.2.P.5.1 to reflect this change in the dissolution specification.

Please see Appendices 1 and 2, and also the Agency’s advice letter sent to the sponsor on
03/18/11 for details.
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2. The comparative dissolution data submitted show that debossing does not affect the release

characteristics of rilpivirine IR tablets.

3. The sponsor submitted the updated Section 3.2.P.5.1 for the dissolution specifications in the
03/25/11 Amendment (Appendix 3) which is acceptable. Please see Appendix 3 and the

03/25/11 Amendment for details.

03/28/11
Tien-Mien Chen, Ph.D. Date
Reviewer
ONDQA Biopharmaceutics

03/28/11
Patrick Marroum, Ph.D. Date

ONDQA Biopharmaceutics

CC: NDA
Patrick Marroum, Angelica Dorantes, Tien-Mien Chen
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NDA 202-022/N-000 for TM C278 (Rilpivirine)
|R Tablet, 25 mg

Appendix 1

Stability/Dissolution Data Submitted on
03/14/11
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NDA 202-022/N-000 for TM C278 (Rilpivirine)
|R Tablet, 25 mg

Appendix 2

| nfor mation on the Stability/Dissolution of the
Clinical Biobatch No. 8BL2H Submitted on
03/17/11
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03/17/11 Submission of the Additional Dissolution Datafor Clinical Biobatch
Follow-up of teleconference dd 14 March 2011 with FDA — related to NDA202.022

Please find herewith the data as agreed to be provided during our teleconference of March 14,
2011.

From the clinical randomization system used for the pivotal Phase 3 studies, it is derived that
primary clinical batch 8BL.2H was last dispensed to patients (as a monthly supply) on December
2009. As this batch was manufactured in February 2008, this means that tablets of 21 months old
have been supplied to patients.

Please find below in Table 1, Table 2, Table 3, Table 4 and Table 5 the dissolution data of
clinical batch 8BL.2H tested with the current proposed dissolution method, at initial time point,
18 months time point (storage conditions 25°C/60%RH and 30°C/75%RH), and 33 months time
point (storage conditions 25°C/60%RH and 30°C/75%RH). The applicant is providing all the
dissolution data that were generated during development for this specific batch with the proposed
dissolution method. Clinical batch 8BL2H was manufactured by the same manufacturing
process, at the same scale and at the same manufacturing site( ®® as for all three
primary stability batches.

Figure 1 and Figure 2 represent % dissolved at 45 min of batch 8BL2H in comparison with
primary stability batches 8JI.3H, 8J.3K and 8J1.3S as a function of storage time, at storage
conditions 25°C/60%RH and 30°C/75%RH respectively.

Table 1: Individual dissolution data of clinical batch 8BL2H at the initial time point for the 25°C/60%RH storage
condition.

I Batch: TMC278 25mg tablets Batch No: 8BL.2H- Initial (April 2008)

(b) @

Page 1/5
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Table 2: Individual dissolution data of clinical batch 8BL.2H after 18 months of storage 25°C/60%RH.
Batch: TMC278 25mg tablets Batch No: 8BL2H - 18 months (25°C/60%RII)

Table 3: Individual dissolution data of clinical batch 8BL.2H after 33 months of storage 25°C/60%RH.
Batch: TMC278 25mg tablets Batch No: 8BL2H - 33 months (25°C/60%) RH

Page 2/5
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Table 4: Individual dissolution data of clinical batch 8BL.2H after 18 months of storage 30°C/75%RH.

Batch: TMC278 25mg tablets Batch No: 8BL.2H - 18 months (30°C/75%) RH

Table 5: Individual dissolution data of clinical batch 8BL2H after 33 months of storage 30°C/75%RI.
Batch: TMC278 25mg tablets Batch No: 8BL2H - 33 months (30°C/75%) RH

Page 3/5
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Figure 1: % Dissolved at 45 min of batch 8BL2H and of Primary Stability Batches
8JL3H, 8JL3K and 8JL3S for storage at 25°C/60%RH as a function of storage time,

Figure 2: % Dissolved at 45 min of batch 8BL2H and of Primary Stability Batches
8JL.3H, 8JL.3K and 8JL3S for storage at 30°C/75%RH as a function of storage time,

Page 4/5
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Compared with the primary stability batches, primary clinical batch 8BL.2H shows a similar
stability behavior, with a decline of | ®®after 18 and 33 months of storage at 25°C/60%RH and
®® fter 33 months of storage at 30°C/75%RH. The yearly rate of decline 1s similar 1f not
slightly faster than that of the primary stability batches. These data confirm that the modest
decline in dissolution during storage is an inherent characteristic of the product visualized by a
discriminative dissolution method and that it 1s appropriate to take this consistent effect into
account when setting the product specifications. Batches that have an initial dissolution value
similar to that of the slowest primary stability batch are expected to approximate or even fail to

(b) (4)

meet an end of shelf-life specification of Q = at 45 minutes after 36 months of storage. Also

(b) (4)

®@To ensure batch to batch consistency and to account for the decline of

®®@ 4t 45 minutes has to

dissolution during storage it is also justified that a specification of Q =
be met at the time of release of the product. Such an assurance could be provided either by the
implementation of an in-house limit for dissolution testing at release or by agreeing to a

(b) (4)

dissolution limit of Q = at 45 minutes specifically for release of the product similar to what

the agency agreed for other products.

Page 5/5
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NDA 202-022/N-000 for TM C278 (Rilpivirine)
|R Tablet, 25 mg

Appendix 3

Updated CMC Section of M3.2.P.5.1
Specifications Submitted on 03/25/11
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03/25/11 Amendment

Response to FDA Communication of 23 March 2011 regarding TMC278 NDA 202,022

Background

This response includes feedback (including an updated section 3.2.P.5.1) to the
information requests of March 18, 2011 and March 23, 2011.
Additionally, this response includes an updated section 2.3.P.8 and 3.2.P.8.1, related

to the information request dated March 11, 2011. i
) @

1. FDA QUESTION #1:

The proposed inclusion of microbiological purity testing into the marketed stability
protocol (Section 3.2.P.8.2) for commitment batches and annual monitoring already
appropriately captures the reduced testing justified by the microbiological purity
assessment and the data provided. Specifications listed in Section 3.2.P.5.1 should be
tested for every batch upon release and should not include reduced frequency testing
plans.

Please keep microbiological purity testing in Section 3.2.P.5.1, only if it will be tested
on every batch upon release. Otherwise, update NDA Section 3.2.P.5.1 accordingly.

Response:

Since microbiological purity testing will be performed as part of the
marketed stability protocol (Section 3.2.P.8.2) for commitment batches and
annual monitoring, and as it is not the intent to test microbiological purity for
all batches at release, the microbiological purity test is removed from Section
3.2.P.5.1. An updated Section 3.2.P.5.1 1s provided.

2. FDA QUESTION #2:

In addition, please wupdate the drug product dissolution specification, as
communicated on March 18, 2011.

Response:

An updabte;d Section 3.2.P.5.1 is provided, with a dissolution specification of
“Qis ?9at 45 minutes”.
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Updated Section M3.2.P.5.1

Rilpivirine Hydrochloride
Film-Coated Tablet 25-mg

3.2.P.5.1 Specification(s)

Parameters

Regulatory Acceptance Criteria

Test Methods

Appearance
GFI-314585-CA-026

Identification®
IR

Assay

Chromatographic Purity
Any Unspecified
Degradation Product

Total Degradation Products

Uniformity of Dosage Units®

Dissolution

White to off-white, round, biconvex

tablets with debossing “TMC” on one side

and ““25” on the other side

Complies to reference standard spectrum

(b) (4) ,
of label claim

Not more than

(b) 4)

(b) (@)
Not more than

Conforms to USP <905>
Uniformity of dosage units — content

uniformity
OO
Qis

at 45 minutes

Visual examination

AD-TM-R314585-
TAB-FTIR-01
AD-TM-R314585-
TAB-HPLC-04

AD-TM-R314585-
TAB-HPLC-04

AD-TM-R314585-
TAB-HPLC-04

AD-TM-R314585-
TAB-HPLC-05

AD-TM-R314585-
TAB-DISS-04

* Thus test 1s conducted for mitial release only.
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1  Executive Summary

Rilpivirine (also known as TM(C278) is a non nucleoside reverse trancriptase inhibitor
(NNRTI). The other NNRTIs that are currently approved for the treatment of HIV-1
infection are delavirdine, efavirenz, nevirapine and etravirine. The proposed indication is
the treatment of HIV-1 infection in treatment naive patients in combination with other
antiretroviral medications. The proposed dosage regimen is 25 mg once daily
administered orally with a meal.

Based on the potential for QT prolongation at rilpivirine 75 mg/day and 300 mg/day,
rilpivirine 25 mg once daily, which demonstrated favorable efficacy and safety results in
the Phase 2b trial, was evaluated in the Phase 3 trials instead of rilpivirine 75 mg once
daily as originally proposed. Two Phase 3 trials (TMC278-C209 and TMC-C215) were
conducted to provide the necessary efficacy and supportive safety information in support
of the New Drug Application (NDA). The primary endpoint for both trials was to
establish the noninferiority of rilpivirine to efavirenz, with both NNRTIs administered in
combination with nucleoside or nucleotide reverse transcriptase inhibitors, after 48 weeks
of treatment as measured through the proportion of HIV-1 infected subjects that achieved
a HIV-1 RNA viral load < 50 copies/mL. Both trials evaluated a rilpivirine dosage
regimen of 25 mg once daily administered with a meal.

The clinical pharmacology studies or trials that were submitted in support of the NDA
included eight in vitro studies, three trials to evaluate the effect of rilpivirine on the QT
interval (thorough QT trials), one food effect trial, one hepatic impairment trial
evaluating mild and moderate hepatic impairment, one mass balance trial, and 16 drug-
drug interaction trials in healthy subjects. The majority of the drug-drug interaction trials
and the food effect trial were conducted at 150 mg once daily and 75 mg once daily,
respectively, and extrapolation of the results to 25 mg once daily dosing was required. In
addition, a rilpivirine population pharmacokinetic model was developed using
pharmacokinetic data from the Phase 3 trials and from one of the thorough QT trials
(C152).

1.1 Recommendation

The Office of Clinical Pharmacology (OCP) has reviewed the information in this NDA
and the information provided supports the approval of the application. However, an issue
was identified during the review in evaluating the impact of baseline viral load on
virologic failure in the Phase 3 trials. To address this issue, the proposed rilpivirine label
states that more HIV-1 infected subjects with baseline HIV-1 viral load >100,000
copies/mL experienced virologic failure compared to HIV-1 infected subjects with
baseline HIV-1 viral load <100,000 copies/mL. The proposed label also states that a
higher overall rate of treatment resistance and cross resistance to NNRTIs was observed
for rilpivirine compared to efavirenz.

1.2 Postmarketing Commitments or Requirements

The Clinical Pharmacology review team proposes to conduct a trial evaluating the
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inhibitory effects of rilpivirine on digoxin, a P-gp substrate as a postmarketing
requirement. As discussed in section 1.3.2, the rilpivirine review team determined that a
postmarketing commitment or postmarketing requirement to further evaluate rilpivirine’s
renal safety was not necessary.

1.3 Summary of Important Clinical Pharmacology and Biopharmaceutics
Findings
1.3.1 Exposure-response (efficacy) analysis

A detailed discussion of the rilpivirine exposure-response analysis for efficacy in
treatment naive HIV-1 infected subjects is provided in the Pharmacometrics review
(section 4). The analysis was based on a dataset consisting of 645 subjects enrolled in the
two Phase 3 trials. Subjects with < 90% self reported adherence were removed from the
analysis. The exclusion of subjects with less than a 90% self reported compliance rate
did not substantially alter the exposure-response relationship for rilpivirine compared to
the initial analysis that included subjects with < 90% self reported adherence. Based on
the analysis, an exposure-response relationship for rilpivirine with a dosage regimen of
25 mg once daily was observed for the predicted AUC .y and Cop population PK
parameters. When the inhibitory quotient (IQ) was incorporated into the analysis, a more
consistent exposure response trend was observed. In general, a lower virologic response
(the percentage of subjects achieving HIV-1 RNA viral load <50 copies/mL) was
observed in subjects with lower rilpivirine exposure.

The exposure-response relationship for HIV-1 infected subjects with baseline HIV-1 viral
load <100,000 copies/mL compared to HIV-1 infected subjects with baseline HIV-1 viral
load > 100,0000 copies/mL was also evaluated. Subjects with baseline viral load

> 100,000 copies/mL were less likely to achieve virologic response with a dosage
regimen of rilpivirine 25 mg once daily compared to subjects with baseline viral load

< 100,000 copies/mL.

1.3.2 Exposure-safety analyses

The exposure-safety analyses evaluated whether there was a potential relationship
between predicted rilpivirine AUCo.r) or trough (Cop) and all adverse events in selected
system organ classes (psychiatric, skin, hepatobiliary). In addition, specific adverse
events that could be interpreted as “dizziness” were also evaluated. Exposure-safety
analyses were also conducted for changes in bilirubin and changes in renal function. An
exposure-safety analysis to evaluate whether there are any potential Cy,. related adverse
events was not conducted because of the uncertainty in the Cp.x predictions generated
through the rilpivirine population PK model. For all analyses, no relationship was
observed between predicted AUC .y or Con and the adverse event of interest.

An evaluation of the changes in renal function was conducted subsequent to the
observation that there was a trend of increasing serum creatinine over time with
rilpivirine versus the efavirenz arm. A renal consult from the Division of Cardiovascular
and Renal Products concluded that while inhibition of tubular secretion by rilpivirine is a
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plausible explanation, the possibility that rilpivirine may adversely affect renal function
can not be excluded. Follow up analyses were conducted by the Pharmacometrics
reviewer evaluating the creatinine clearance data from the Phase 3 trials. In subjects with
decreased renal function, smaller changes in creatinine clearance were observed. Based
on this information, the rilpivirine review team determined that a postmarketing
commitment or postmarketing requirement to further evaluate rilpivirine’s renal safety
was not necessary.

An analysis of the impact of rilpivirine exposure on the QT interval indicates that
rilpivirine 25 mg once daily does not affect the QT interval. The exposure-response
analysis demonstrated a significant linear relationship between rilpivirine concentration
and the baseline-and placebo-adjusted change in QTcF (AAQTcF). The predicted

AA QTcF at the 25 mg/day, 75 mg/day and 300 mg/day rilpivirine Cpax concentration
was 4 ms (90% CI: 2-6), 9 ms (90% CI: 7-11) and 23 ms (90% CI: 18-27), respectively.
An analysis was also conducted to analyze a potential worst case scenario evaluating two
factors: a) the highest increase in rilpivirine exposure from the drug-drug interaction
trials, and b) the highest increase in rilpivirine exposure from the hepatic impairment
trial. Based on these criteria, the change in rilpivirine exposure in mild hepatic
impairment subjects receiving darunavir/ritonavir in combination with rilpivirine was
evaluated. It was concluded based on the results of these analyses that it is not necessary
to include additional precautionary statements in the proposed rilpivirine prescribing
information (label) beyond the current statement that caution should be used when
rilpivirine is administered with medications that have an established Torsades de Pontes
risk.

1.3.3 Pharmacokinetics

Information on the pharmacokinetics of rilpivirine in healthy subjects is displayed in
Table 1. The results of the population PK analysis for the Phase 3 trials are displayed in
section 2.

Table 1-Rilpivirine pharmacokinetic parameters in healthy subjects with multiple
dosing of rilpivirine dosage regimens ranging from 25 mg once daily to 150 mg once
daily from the TMC278-C103 trial

Mean = SD; tg,,: Median (Range)
Parameter TMC278 25 mg q.d. | TMIC278 50 mg q.d. | TAMC278 100 mg q.d. | TMC278 150 mg q.d.
Day 1
N 12 2 12 12
a1 4.0 (2.0 - 6.0) 4.0{3.0-4.0) 40(2.0-67) 40{(30-6.0)
Crax. ng/mL 90.08 =44 28 138.2 = G3.10 307 6=147.3 523 8= 136.9
AUC ;4. ng h/mL 1072 = 585.6 1551 = 596.0 4464 = 1520 5608 = 1902
Day 14
N 2 11 11
tmax. b 4.0 (2.0 - 4.0) 4.0 (2.0-6.0) 4.0 (2.0-6.0)0 40{320-6.0)
Cop. ng/mL 80 .85 = 38.07 157.0x 5223 3478 =1487 504.9=174.6
Copin. ng/ml. 66.85 = 29.53 115.7 = 4930 5=90.51 362.0=13009
Crp. ng/mL 203.8=7581 208.6 = 98.05 202.4 1019 =222.0
C, e, ng/mL 107.8 =36.20 172.5=51.48 386.6=118.6 565.9=133.1
AUC 4. ng h/mL 2589 = 868.8 4130 = 1236 0278 = 2846 13581 = 31095
t1a, term- B 50.92 = 19.56 48.75 = 16.34 45.07 = 15 44 44 .83 = 12.31
FI. %% 1285 =41.71 107.8 = 4520 113.7 = 35,590 121.7 = 46.55
Accum. ratio 3.020=1.966 2.880 = 0.7982 2071 =0.7491 2.503 =0.7211

Ci: av = average steady-state plasma concentration {area under the plasma concentration-time curve/dosing interval
at steady state); FI = fluctuation index: N = maximum number of subjects with data.
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For the Phase 3 or to-be-marketed tablets, the rilpivirine exposure at 25 mg once daily in
HIV-1 infected subjects was lower (the maximum difference in rilpivirine exposure was
50%) compared to healthy subjects. The differences in exposure are not clinically
significant and the conclusions based on the results of trials conducted in healthy subjects
can be applied to HIV-1 infected subjects.

1.3.4 Absorption

The absolute bioavailability of rilpivirine was not determined because of the lack of an
available intravenous formulation. Rilpivirine is poorly soluble in aqueous media.

The absorption of rilpivirine is pH-dependent. Medications that alter gastric pH, such as
H; antagonists (e.g. famotidine) and proton pump inhibitors (PPIs) [e.g. omeprazole]
were demonstrated in the human drug-drug interaction trials to decrease rilpivirine
exposure when coadministered or combined with rilpivirine.

Based on the in vitro information, rilpivirine is not significantly transported by P-gp
under steady state conditions. The efflux ratios did not exceed 2 under steady state
conditions.

Rilpivirine exposure is increased in the presence of food. The food effect trial was
conducted with a single 75 mg dose of rilpivirine, however rilpivirine exposure is dose
proportional from 25 mg to 150 mg, and the results are expected to be applicable to 25
mg once daily dosing. The 75 mg tablets that were administered in the food effect trial
are proportional in terms of the active and inactive ingredients to the 25 mg tablets that
were administered in the Phase 3 trials. The mean rilpivirine Cpax and AUC .y values
were decreased by 46% and 41%, respectively, under fasted conditions in comparison to
rilpivirine administered with a standard meal. The differences in rilpivirine exposure
when comparing high fat meals to standard meals are not clinically significant. The
proposed rilpivirine label recommends administration of rilpivirine with meals. This
recommendation is acceptable.

1.3.5 Distribution

The protein binding of rilpivirine is >99% in human and animal species and is
concentration independent. A greater percentage of rilpivirine is bound to albumin
compared to al-acid glycoprotein. The apparent volume of distribution from the central
compartment that was derived from the population PK analysis was approximately 152
liters.

1.3.6 Metabolism

A significant portion of a rilpivirine dose is metabolized. In plasma, unchanged
rilpivirine accounted for the majority of the total radioactivity. Based on the results of
the mass balance trial, in the feces, the mean percentage of unchanged rilpivirine was
25.5% of the dose and in the urine unchanged rilpivirine was present in trace amounts.
The major metabolic reaction for rilpivirine is oxidation to form metabolite 42. The in
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vitro study results indicate that CYP 3A is the primary cytochrome P450 enzyme system
responsible for rilpivirine’s metabolism with CYP 2C19 also potentially contributing to
rilpivirine’s metabolism.

1.3.7 Excretion

After 336 hours, an average of 91+5% of a single 150 mg rilpivirine (**C labeled and
unlabeled) dose was recovered based on total radioactivity. On average, based on total
radioactivity, in the feces, 85+4% was recovered after 336 hours, and in the urine, 6+2%
was recovered after 168 hours.

1.3.8 Intrinsic factors

A hepatic impairment trial was conducted evaluating mild and moderate hepatic
impairment. The effect of severe hepatic impairment on rilpivirine exposure has not been
evaluated. With multiple dosing, the greatest magnitude of change for Cpax and

AUC 9-24n) in comparison to healthy control subjects occurred with mild hepatic
impairment subjects and was higher by 27%, and 47%, respectively. For subjects with
mild or moderate hepatic impairment, no dosage adjustment is necessary.

Covariates were also evaluated as part of the population pharmacokinetic analysis. Body
weight, race, gender, coinfection with Hepatitis B or Hepatitis C, or age (range: 18-75
years old) did not influence rilpivirine exposure. It should be noted that for age,
definitive conclusions could not be made regarding the influence of age for subjects
greater than 65 years old because there were only three subjects older than 65 years old.

A renal impairment trial was not conducted as part of the NDA submission. The Clinical
Pharmacology and Pharmacometrics reviewers analyzed the potential impact of renal
impairment based on the information from the rilpivirine population PK analysis. There
were minimal differences in rilpivirine exposure when comparing HIV-1 infected
subjects with mild renal impairment to HIV-1 infected subjects with normal renal
function. No definitive conclusions could be made regarding the impact of moderate
renal impairment because of the small number of available subjects (seven in total).
There were no subjects with severe renal impairment that were included as part of the
population PK analysis.

1.3.9 Extrinsic factors

Results from the in vitro studies and clinical trials

Rilpivirine is primarily CYP 3A metabolized. In addition, based on the results of the in
vitro studies, the applicant conducted human drug-drug interaction trials to further
evaluate the potential for rilpivirine to induce or inhibit CYP 2C19 or CYP 3A or to
inhibit CYP 2E1. Therefore, the majority of the human drug-drug interaction trials that
were conducted evaluated the following: a) the effects of CYP 3A inhibitors or CYP 3A
inducers on rilpivirine exposure, b) the effect of rilpivirine CYP 3A or CYP 2C19
inhibition or induction on medications coadministered or combined with rilpivirine, or c)
rilpivirine CYP 2E1 inhibition effects.
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The recommendations in Section 7 of the proposed label for managing clinically relevant
drug-drug interactions are displayed in section 2 (see 2.4.2.8). The proposed medications
that are contraindicated with rilpivirine are potential CYP 3A inducers of rilpivirine
metabolism (anticonvulsants, antimycobacterials [rifampin, rifabutin or rifapentine],
dexamethasone, St. John’s wort), and proton pump inhibitors (e.g. omeprazole) than can
alter gastric pH and decrease rilpivirine exposure. The rationale for contraindicating use
of these medications with rilpivirine is the potential for decreased rilpivirine exposure
that could result in the development of resistance to rilpivirine or cross resistance to other
NNRTIs. The proposed label also states that other NNRTIs that are in the same
antiretroviral therapeutic class should not be coadministered with rilpivirine. As a
precaution because of potential rilpivirine CYP 3A induction effects, increased
monitoring is recommended with antifungals in the azole class and with methadone.
Alternative antibacterial medications other than use of macrolides are also recommended
because of potential inhibition of rilpivirine CYP 3A metabolism. For medications that
than can alter gastric pH and decrease rilpivirine exposure (H; receptor antagonists and
antacids) or for didanosine that must be administered on an empty stomach (the
didanosine pediatric powder for oral solution also contains antacids), instructions for
spacing out administration of these medications from rilpivirine were also specified.

For all other medications that were evaluated, there are no specific dose adjustments
recommended for either rilpivirine or medications coadministered or combined with
rilpivirine for any of the drug-drug interactions listed in section 7 of the proposed label.

Based on the in vitro results with a 25 mg once daily dosage regimen, rilpivirine may act

as a P-gp inhibitor based on the ICs value for P-gp inhibition of 9.2 uM. The calculated

[1]1/1Cs value of 0.0005 was less than < 0.1 but the [I]/ICso value of 27 was greater than
the threshold of 10. The [I]./ICsy value represents the potential rilpivirine P-gp inhibitory
effects in the gastrointestinal tract.

Physiologically-based pharmacokinetic modeling (PBPK) and simulation

A potential safety issue that was identified with rilpivirine 25 mg once daily dosing is
potentially greater ketoconazole CYP 3A inhibitory effects than was observed with 150
mg once daily dosing. This issue was further evaluated because of the potential for QT
prolongation with rilpivirine exposures at 75 mg once daily dosing and higher.
Physiologically-based pharmacokinetic modeling (PBPK) and simulation was used to
predict the effects of ketoconazole on rilpivirine exposure.

The results of the simulations indicate that no dose adjustment is necessary for rilpivirine
with 25 mg once daily dosing when combined with a strong CYP 3A inhibitor such as
ketoconazole. Under the worst case scenario that was simulated of CYP 3A inhibition
using 200 mg twice daily of ketoconazole, the increases in rilpivirine Cimax and AUC g.24n)
are similar to the increase in rilpivirine exposure that was observed in the rilpivirine-
darunavir/ritonavir drug-drug interaction trial. In general, the results of the drug-drug
interaction trials that were conducted at rilpivirine 75 mg once daily or 150 mg once daily
are expected to be applicable to a rilpivirine dosage regimen of 25 mg once daily.
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2 Question based review (QBR)

2.1 General Attributes of the Drug

2.1.1 What are the highlights of the chemistry and physical-chemical properties of
the drug substance and the formulation of the drug product as they relate to
clinical pharmacology review?

Rilpivirine (also known as TMC278) is a non nucleoside reverse trancriptase inhibitor
(NNRTI). For the salt form, rilpivirine’s chemical name is 4-[[4-[[4-[(E)-2-
cyanoethenyl]-2,6-dimethylphenyl]amino]-2 pyrimidinylJamino]benzonitrile
monohydrochloride. The molecular formula for the salt form is Cy; H;s Ng *HCI and the
molecular weight is 402.88 (366.42 + 36.46). Table 1 lists the active and inactive
ingredients for the proposed to-be-marketed 25 mg rilpivirine tablets.

Table 1-Active and inactive ingredients for the proposed to-be-marketed 25 mg
rilpivirine tablets

Component Quality Standard® Function Acrmount

(mgtablet) (2o i)
(b) (4)
UsP/Ph Eur. (b) 4)
Powidone (300 UsP/Ph Eur.
Polvsorbate 20 MNE/Ph . Eur.
(b) (4)
TIICZETE s A ctive 27 S0 25 00
Lactose hlonohsdrate MNE/Ph . Eur. (b) @)
Cirosc:{rn%tgl(‘]{fse Soditmm NFEF/Ph. Eur.
Silicified Zviicrocryvstalline NF
Cellulose
Croscarm<ellose Sodiun MNE/Ph . Eur.
hiagnesium Stearate MNF/Ph Eur.
(b) 4) -
s
UsP/Ph Eur.
Total Tablet Weight: TTA
= Where multiple compendia are listed, the compenditvam that 1s applied 15 specific to the
anmlicahle recion of fhe cahmission
(b) (4)
s Ounantitey of THhAAC 278 eanivalent to the labheled amoiint THRAC 78 free hase (b) (4)
CS = Company Standard
NS = Mot Applicable
2.1.2 What is the proposed mechanism of action and therapeutic indication(s)?

Rilpivirine’s mechanism of action is through non-competitive inhibition of HIV-1 reverse
transcriptase (RT). The proposed indication is the treatment of HIV-1 infection in
treatment naive patients in combination with other antiretroviral medications.

2.1.3 What are the proposed dosage(s) and route(s) of administration?

The proposed dosage regimen is 25 mg once daily administered orally with a meal.
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2.2 General Clinical Pharmacology

2.2.1 What are the design features of the clinical studies used to support dosing
or claims?

Two Phase 3 trials (TMC278-C209 and TMC-C215) were conducted to provide the
necessary efficacy information and supportive safety information in support of the New
Drug Application (NDA). Both trials evaluated a rilpivirine dosage regimen of 25 mg
once daily administered with a meal. In the TMC278-C209 trial, all subjects receiving
either rilpivirine 25 mg once daily or efavirenz 600 mg once daily also received a
background regimen of tenofovir and emtricitabine. In TMC278-C215 trial, all subjects
receiving either rilpivirine 25 mg once daily or efavirenz 600 mg once daily also received
two investigator selected nucleoside/nucleotide reverse trancriptase inhibitors: a) abacavir
(ABC)/lamivudine (3TC), b) zidovudine (AZT)/3TC, or c) or tenofovir disoproxil
fumarate (TDF)/emtricitabine (FTC).

The primary endpoint for both trials was to establish the noninferiority of rilpivirine 25
mg once daily to efavirenz 600 mg once daily after 48 weeks of treatment as measured
through the proportion of HIV-1 infected subjects that achieve a HIV-1 RNA viral load
<50 copies/mL. Information regarding the results of the Phase 3 trials is provided in the
rilpivirine clinical review and the exposure response analysis is discussed in 2.2.4.1.

222 What is the basis for selecting the response endpoints (i.e., clinical or
surrogate endpoints) or biomarkers (collectively called pharmacodynamics
[PD]) and how are they measured in clinical pharmacology and clinical
studies?

The primary endpoint was plasma HIV-1 RNA viral load < 50 copies/mL. The HIV-1
viral load has been demonstrated to be a valid surrogate to establish the efficacy of
antiretroviral medications for the treatment of HIV-1 infection.

223 Are the active moieties in the plasma (or other biological fluid) appropriately
identified and measured to assess pharmacokinetic parameters and exposure
response relationships?

The relevant analytes were measured in plasma using validated LC/MS/MS or LC/UV

analytical methods. The analytes that were measured were rilpivirine and medications
that were administered in combination with rilpivirine in the drug-drug interaction trials.

2.2.4 Exposure-response

2.24.1 What are the characteristics of the exposure-response relationships (dose
response, concentration-response) for efficacy?

An exposure response relationship for rilpivirine with a dosage regimen of 25 mg once
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daily was observed (Figure 1 and Figure 2). The dataset consisted of 645 subjects
enrolled in the two Phase 3 trials and excluded subjects with < 90% self reported
adherence were removed from the analysis. The exclusion of subjects with less than a
90% self reported compliance rate did not substantially alter the exposure response
relationship for rilpivirine compared to the initial analysis that included subjects with <
90% self reported adherence. When subject specific viral phenotypic ICso were
incorporated into the analysis, a more consistent exposure response trend was observed.
In general, a lower virologic response (the percentage of subjects achieving HIV-1 RNA
viral load <50 copies/mL) was observed in subjects with lower rilpivirine exposure.

Figure 1-Comparison of the percentage of treatment naive subjects achieving HIV-1
RNA viral load <50 copies/mL versus rilpivirine Co, or AUC(_;) from the TMC278-C209
and TMC278-C21S5 trials
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Figure 2-Comparison of the percentage of treatment naive subjects achieving HIV-1 RNA
viral load <50 copies/mL versus rilpivirine log IQ from the TMC278-C209 and TMC278-
C215 trials
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The population pharmacokinetic (PK) analysis was generated using a model that
incorporated pharmacokinetic data from the Phase 3 trials and from one of the thorough
QT trials (C152). A detailed discussion of the population pharmacokinetic analysis is
provided in the Pharmacometrics review (see section 4.2). Table 2 below displays the
applicant’s predicted AUC . and Cop population PK parameters that were calculated by
combining all the individual predicted AUC .y and trough (Cop) concentrations from 679
subjects for rilpivirine 25 mg once daily that was available up to Week 48 for subjects
enrolled in the two Phase 3 trials. The apparent clearance (CI/F) and the apparent volume
of distribution (Vd/F) from the central compartment that was derived from the population
PK analysis were approximately 11.8 liters/hour and 152 liters, respectively.

Table 2-Predicted rilpivirine population pharmacokinetic parameters (based on
pharmacokinetic data through Week 48 from the TMC278-C209 and TMC278-
C21S5 trials)

Parameter Rilpivirine 25 mg once daily
N=679
AUCy, (ng=h/mL)
Mean = Standard Deviation 2307 £ 1032
Median (Range) 2204 (482 - 8601)
Con (ng/mL)
Mean = Standard Deviation 80 £37
Median (Range) 74 (1 -300)

Using data from the two Phase 3 trials (TMC278-C209 and TMC-C215 trials), the
analysis of rilpivirine’s exposure response relationship in treatment naive subjects
involved comparing virologic response at Week 48 (the percentage of subjects achieving
HIV-1 RNA viral load <50 copies/mL) and either rilpivirine predicted trough (Cop)
concentrations or predicted AUC . values or the inhibitory quotient (IQ). The IQ is
defined as the ratio of drug exposure (Coy) to a HIV-1 infected subject’s specific viral
phenotypic ICsy (a measurement of the ability of rilpivirine to inhibit HIV-1 virus). Cpax
was not evaluated because of the uncertainty in the Cyax predictions generated through
the rilpivirine population PK model (shrinkage to the population value of C,,.x was
observed).

Subjects with baseline viral load > 100,000 copies/mL were less likely to achieve
virologic response with a rilpivirine dosage regimen of 25 mg once daily compared to
subjects with baseline viral load < 100,000 copies/mL (Figure 3). For these two groups
of HIV-1 infected subjects, Table 2 compares the percentage of treatment naive subjects
achieving HIV-1 RNA viral load <50 copies/mL stratified by quartiles. Please see the
response for 2.2.4.4 for information regarding the proposed labeling recommendation to
address this issue. In addition, the analysis evaluating the impact of baseline viral load on
virologic failure is discussed in the Pharmacometrics review.
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Figure 3-Comparison of the percentage of treatment naive subjects
achieving HIV-1 RNA viral load <50 copies/mL versus log IQ for subjects
with baseline viral load < 100,000 copies/mL (left) and baseline viral load
>100,000 copies/mL (right) from the TMC278-C209 and TMC278-C215

trials
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Table 3-Comparison of the percentage of treatment naive subjects achieving HI'V-1
RNA viral load <50 copies/mL stratified by quartiles for subjects with baseline viral
load < 100,000 copies/mL (left) and baseline viral load > 100,000 copies/mL (right)
from the TMC278-C209 and TMC278-C21S5 trials (excluding subjects with less than
a 90% self reported compliance rate)

Baseline viral load <100,000 Baseline viral load >100,000
copies/mL copies/mL

Median % subjects with Median % subjects with

n Con virologic success  n Con virologic success
Q1 89 43 87 73 42 68
Q2 88 69 91 72 62 81
Q3 88 90 92 73 83 86
Q4 89 123 94 73 116 88

Additional information regarding the rilpivirine exposure-response analysis is located in
the Pharmacometrics review (section 4).

2.2.4.2  What are the characteristics of the exposure-response relationships (dose
response, concentration-response) for safety?

For all analyses, no relationship was observed between the predicted AUCg.r) or trough
(Con and the adverse event of interest. The exposure-safety analyses evaluated whether
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there was a potential relationship between the predicted rilpivirine AUC .,y or Con and all
adverse events in selected system organ classes (psychiatric, skin, hepatobiliary). In
addition, specific adverse events that could be interpreted as “dizziness” were also
evaluated.

An exposure-safety analysis to evaluate whether there are any potential Cy,ax related
adverse events was not conducted because of the uncertainty in the Cpax predictions
generated through the rilpivirine population PK model.

Exposure safety analyses were also conducted for changes in bilirubin and changes in
renal function. There was no relationship observed between direct, indirect and total
bilirubin and rilpivirine predicted AUC o or trough (Con) when sorted by the background
antiretroviral regimen, as illustrated in Figure 4. An evaluation of the changes in
bilirubin was conducted subsequent to the observation that in the C209 and C215 trials
that there was more grade 1 through grade 3 hyperbilirubinemia events that were
attributed to indirect bilirubin for the rilpivirine arm compared to the efavirenz arm.

Reference ID: 2924498
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Figure 4-Comparison of maximum changes in total (top), indirect (middle), and
direct (bottom) bilirubin versus rilpivirine exposure: trough [Cyy] concentrations
[left]; and AUC o) [right]) sorted according to the background antiretroviral
regimen.
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An evaluation of the changes in renal function was conducted subsequent to the
observation that there was a trend of increasing serum creatinine over time with
rilpivirine versus the efavirenz arm as illustrated in Figure 5.

Figure 5-Mean change in creatinine over time (pooled analysis of the TMC278-C209
and TMC278-C215 trials)
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In the TMC278-C215 trial, cystatin C was also measured because unlike creatinine,
cystatin C is filtered but does not undergo renal tubular secretion. The applicant’s
interpretation of the analysis of the changes in cystatin C over time is that the changes in
creatinine observed with rilpivirine administration may be due to an alternative
mechanism (e.g. inhibition of tubular secretion).

A renal consult from the Division of Cardiovascular and Renal Products concluded that
while inhibition of tubular secretion by rilpivirine is a plausible explanation, the
possibility that rilpivirine may adversely affect renal function can not be excluded.
Follow up analyses were conducted evaluating the creatinine clearance data from the
Phase 3 trials. The percentage of subjects with two or more creatinine clearance
calculations that indicated a change in renal function category (normal to mild renal
impairment or mild to moderate renal impairment) was calculated. There were more
subjects that transitioned from normal to mild renal impairment than from mild to
moderate renal impairment. Additionally, the highest mean maximum change in
creatinine clearance was observed in subjects with normal renal function and the lowest
mean maximum change in creatinine clearance was observed in subjects with moderate
renal impairment. Based on this information, the rilpivirine review team determined that
a postmarketing commitment or postmarketing requirement to further evaluate
rilpivirine’s renal safety was not necessary. The Pharmacometrics and Clinical reviews
provide further information regarding the renal safety analysis.
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An exposure safety analysis evaluated the maximum change in eGFR that was calculated
for creatinine and cystatin C and sorted by the background antiretroviral regimen. There
were no clinically significant differences observed between the maximum change in
eGFR for either creatinine or cystatin C and predicted rilpivirine AUC . or trough (Con)
when sorted by the background antiretroviral regimen (Figure 6 and Figure 7).

Figure 6-Maximum change in eGFR based on serum creatinine versus rilpivirine

exposure: trough [Cyy] concentrations [left]; and AUC . [right]) sorted according
to the background antiretroviral regimen
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Figure 7-Maximum change in eGFR based on cystatin C versus rilpivirine exposure:

trough [Cyu] concentrations [left]; and AUC . [right]) sorted according to the
background antiretroviral regimen
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2243 Does this drug prolong the QT or QTc interval?

Based on the results of the analyses, it was determined that is not necessary to include
additional precautionary statements in the proposed rilpivirine prescribing information
(label) beyond the current statement that caution should be used when rilpivirine is
administered with medications that have an established Torsades de Pontes risk. The
exposure-response analysis demonstrated a significant linear relationship between
rilpivirine concentration and the baseline-and placebo-adjusted change in QTcF
(AAQTCcF). The predicted AA QTcF at the 25mg/day, 75 mg/day and 300 mg/day
rilpivirine Cpax concentration was 4 ms (90% CI: 2-6), 9 ms (90% CI: 7-11) and 23 ms
(90% CI: 18-27), respectively. The supratherapeutic rilpivirine doses of 75 mg and 300
mg produced geometric mean Cpx values of 605 ng/mL and 1620 ng/mL, respectively,
that were 2.8 and 7.4 times higher than the geometric mean Cy,.x of 220 ng/mL for 25 mg
once daily based on data from TMC278- C131 and TMC278-C151 trials. These
concentrations are above those for the predicted worst case scenario of patients with
hepatic impairment on concomitant medication that is a CYP3A inhibitor (e.g.
darunavir/ritonaivir). At the exposure achieved with rilpivirine 25 mg once daily, there is
no discernable effect on the QT interval based on data from TMC278-C151.
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Figure 8-Combined analysis of the mean and 90% confidence intervals for predicted
AAQTcF using geometric mean Cp,y for rilpivirine 25 mg, 75 mg, and 300 mg once
daily
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Additional information regarding the ability of rilpivirine to prolong the QT interval is
available in the Pharmacometrics review (see section 4) and the consult from the
Interdisciplinary Review Team for QT trials.

2.2.44  Isthe dose and dosing regimen selected by the applicant consistent with the
known relationship between dose-concentration-response, and are there any
unresolved dosing or administration issues?

The dose and dosing regimen selected by the applicant is consistent with the known dose-
concentration-response relationship. In HIV-1 infected subjects receiving rilpivirine 25
mg once daily, a exposure-response relationship approaching a plateau was identified for
treatment naive subjects with baseline HIV-1 viral load <100,000 copies/mL, and no
additional efficacy benefit would be expected by increasing the rilpivirine dose while the
higher rilpivirine exposure would potentially result in QT prolongation. In contrast, a
steeper exposure-response relationship was identified for treatment naive subjects with
baseline viral load >100,000 copies/mL. The higher rilpivirine exposure achieved with
increasing the rilpivirine dose in these patients is expected to result in greater virologic
response while also potentially increasing the risk of QT prolongation in a dose-
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proportional manner. Because the potential benefit of increased efficacy is not
outweighed by the risk of QT prolongation and other potential adverse events, the
proposed rilpivirine dosage regimen of 25 mg once daily is appropriate for patients with
baseline HIV-1 viral load >100,000 or <100,000 copies/mL. To address this issue, the
proposed rilpivirine label states that more HIV-1 infected subjects with baseline HIV-1
viral load >100,000 copies/mL experienced virologic failure compared to HIV-1 infected
subjects with baseline HIV-1 viral load <100,000 copies/mL. The proposed label also
states that a higher overall rate of treatment resistance and cross resistance to NNRTIs
was observed for rilpivirine compared to efavirenz.

2.2.5 What are the PK characteristics of the drug and its major metabolite?

2.2.5.1 What are the single dose and multiple dose PK parameters?

In healthy subjects, dose proportionality was observed for rilpivirine Cpax and AUC g
for Day 1 and Day 14 with multiple dosing of rilpivirine dosage regimens ranging from
25 mg once daily to 150 mg once daily in the TMC278-C103 trial using tablets
developed for use in the Phase 2b trial (Table 4). The rilpivirine pharmacokinetic
parameters for Day 1 when the first dose is administered and on Day 14 with multiple
dosing are displayed in Table 5. Using an elimination half life of 50.92 hours that was
calculated for rilpivirine 25 mg once daily, steady state is anticipated to be achieved in
approximately 15 days (seven half lives).

Table 4-Treatments administered in the TMC278-C103 trial

Panel Treatment _\1:1mlljer of Davs Dose Volume
Subjects -
- 1 tablet containing 25 mg of
/ a3 7 _14 ] =] =]
1 A 12 Days 1-14 25mgqd TMC278
2 tablets each containing 25 mg
¥ 7 'y . 50 = =
2 B 12 Days 1-14 30mgqd of TMC278
- 1 tablet containing 100 mg of
9 .' =14 ] = =
3 C 12 Days 1-14 100 mg q.d. TMC2TS
1 tablet containing 100 mg of
4 D 12 Days 1-14 150 mg q.d. TMC278 and 2 tablets each
containing 25 mg of TMC278
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Table 5-Rilpivirine pharmacokinetic parameters in healthy subjects with multiple
dosing of rilpivirine dosage regimens ranging from 25 mg once daily to 150 mg once
daily from the TMC278-C103 trial

Mean = SD; tp,,: Median (Range)
Parameter TMC278 25 mg q.d. | TMC278 50 mg g.d. [TMC278 100 mg g.d. | TMC278 150 mg q.d.
Day 1
N 12 12 12 12
R 4.0{2.0-6.0) 40(3.0-40) 40(2.0-6.7) 40(3.0-06.0)
Crpaw, ng/mL 9008 =4428 1382+ 63.10 30761473 5238=1369
AUC, 4. ng.h/mL 1072 =585.6 1551 = 596.0 4464 = 1520 5608 £ 1902
Day 14
N 12 12 11 11
tra. 1 4.0{2.0-4.0) 4.0(2.0-6.0) 4.0{2.0-6.0) 403.0-6.0)
Cop, ng/mL 80 85=38.07 157.9+5223 3478 =1487 5049=1746
Cpin. ng/mL 66.85 = 2053 115.7=4930 2405 =090 51 362.0=1309
Crg. ng/mL 203.8=7581 208.6 =98.05 6855=2024 1019 =2220
C.e e ng/mL 107.8 =36.20 172.5=5148 IB6.6=1186 5659=1331
AUC4. ng h/mL 2580 = 868 .8 4139 £ 1236 0278 = 2844 13581 = 3195
t12 term. B 5092 <1056 48751634 4607 = 1544 4483=1231
FIL, % 1285=41.71 107.8 4520 113.7=3550 121.7=46.55
Accum. ratio 3.020= 1066 2.880 = 0.7982 2071 =0.7401 2503 =0.7211

C.:av = average steady-state plasma concentration (area under the plasma concentration-time curve/dosing interval
at steady state); FI = fluctuation index; N = maximum number of subjects with data.

2.2.5.2  How does the PK of the drug and its major active metabolites in healthy

volunteers compare to that in patients?

The differences in exposure between HIV-1 infected subjects and healthy subjects are not
clinically significant irrespective of the administered rilpivirine formulation and the
conclusions based on the results of trials conducted in healthy subjects can be applied to
HIV-1 infected subjects (Table 6 and Table 7). The rilpivirine exposure at 25 mg once
daily for the Phase 3 tablets or 150 mg once daily in HIV-1 infected subjects for the
Phase 2b tablets was lower (the maximum difference was 50% when comparing Ci,y,
AUC g-q),0r Cpin) 1n comparison to healthy subjects. For the rilpivirine exposure at 25 mg
once daily for the Phase 2b tablets, Ciax and Cin were lower and higher, respectively, in
HIV-1 infected subjects compared to healthy subjects and no consistent trend was
observed for AUC o). The potential differences are not explained by sample processing
of the plasma samples because there was no heat inactivation of samples from HIV-1
infected subjects. There were no metabolites that were analyzed in both healthy subjects
and HIV-1 infected subjects.

Table 6-Comparison of pharmacokinetic parameters for healthy subjects versus
HIV-1 infected subjects administered the Phase 2b tablets

Mean = SEI_.' Tmar: Median innue}
TMC278 25 mg q.d. TMC278 150 mg q.d.
Healthy HIV-1 Infected Healthy HIV-1 Infected

Parameter Trial C103 | Trial C151 Trial €204 Trial C103 Trial C204
Dav 14 (Healthy) or Week 4 (HIV-1 Infected)
N 2 24 19 11 21
| A 40(2.0-4.0) 4.53(2.0-06.0) 4.0 (0 -6.0) 4.0 (3.0-6.0) 4.0(0-6.0)
Copin, ng/mL 6685 = 2953 87.56=2749 00.85 =44 .61 362.0=1309 3079 x1223
Cpay. ng/mL 203 8= 7581 2204 = 6573 171.8 = 69.22 1019 = 2220 70133526
ATTC4n, ng.h.-‘mL 2589 + 868.8 3146+ 7584 2808 + 1281 13581 + 3195 0025 + 3502

W = maximum numbe

1
[#]

f subjects with data.
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Table 7-Comparison of pharmacokinetic parameters for healthy subjects versus
HIV-1 infected subjects administered the 25 mg Phase 3 tablets

Mean = SD; gy Median (Range)

Healthy HIV-1 Infected
Parameter C130 | C152 €200 | C215
Day 11 (Healthy) or Week 4, 8, or Any Time in Between (HIV-1 Infected)
N 16 57 12 32
fpaye 11 5003.0-12.00 5.0(40-2400 4.01 (2.00 - 12.00) 4.00(1.00-12.00)
Cm, ng/mL 6648 £ 16.29 05.23 +20.07 61.70+ 28.69 50.58=27.94
Coas, ng'mL 145.5£31.97 2468 £ 7436 138.6=66.73 1325=7479
AUCyy. ng h/mL 2235 =460 4 3324 £ 8840 2133+ 1016 1958 = 064 .5

N = maximum number of subjects with data.

2253 What are the characteristics of drug absorption?

The absorption of rilpivirine is pH-dependent. Medications that alter gastric pH, such as
H, antagonists (e.g. famotidine) and proton pump inhibitors (PPIs) [e.g. omeprazole]
were demonstrated in the human drug-drug interaction trials to decrease rilpivirine
exposure with coadministration of both medications.

Rilpivirine is not significantly transported by P-gp under steady state conditions based on
the results of the in vitro study (TMC278-NC104) evaluating the potential for P-gp to
transport rilpivirine. The efflux ratios did not exceed 2 under steady state conditions.

Rilpivirine exposure is increased in the presence of food. In the Phase 3 trials, rilpivirine
was administered with meals. The food effect trial was conducted with a single 75 mg
dose of rilpivirine but because rilpivirine exposure is dose proportional from 25 mg to
150 mg with the first dose and with multiple dosing, the results are expected to be
applicable to 25 once daily dosing. The 75 mg tablets that were administered in the food
effect trial are proportional in terms of the active and inactive ingredients to the 25 mg
tablets that were administered in the Phase 3 trials. The mean rilpivirine Cpax, AUC o1ast),
and AUC o) values were decreased by 46%, 43%, and 41%, respectively, under fasted
conditions in comparison to rilpivirine administered with a standard meal. The
differences in rilpivirine exposure when comparing high fat meals to standard meals are
not clinically significant.

2.2.54  What are the characteristics of drug distribution?

Based on the in vitro study results, the plasma protein binding of rilpivirine is >99% in
humans and in animal species (mice, rats, dogs, and rabbits) and is concentration
independent. A greater percentage of rilpivirine is bound to albumin compared to al-
acid glycoprotein. The apparent volume of distribution from the central compartment
that was derived from the population PK analysis was approximately 152 liters,
indicating that rilpivirine is also found in sites outside of plasma.
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2.2.5.5  Does the mass balance trial suggest renal or hepatic as the major route of
elimination?

Rilpivirine’s primary route of elimination is hepatic. Based on the results of the mass
balance trial, in the feces, the mean percentage of unchanged rilpivirine was 25.5%
(range 12.1-33.4%) of the dose, and in the urine unchanged rilpivirine was present in
trace amounts. In plasma, unchanged rilpivirine accounted for the majority of the total
radioactivity and the mean percentage of unchanged rilpivirine that accounted for the
total radioactivity was 76.1% and 51.5%, for Cpax and AUC q.1as1), respectively, based on
the ratio of rilpivirine (RPV) and total radioactivity in plasma (ratio rpvyotal)-

2.2.5.6  What are the characteristics of drug metabolism?

In plasma, unchanged rilpivirine accounted for the majority of the total radioactivity
based on the Cpax and AUCg.1a5) comparisons. The major metabolic reaction for
rilpivirine is oxidation to form metabolite 42 that was identified in the feces. Metabolite
42 represented a mean of 16.1% (range: 10.2%-20.5%) of the dose. Figure 9 provides
further information regarding rilpivirine’s metabolic disposition. The in vitro study
results indicate that CYP 3A is the primary cytochrome P450 enzyme system responsible
for rilpivirine’s metabolism with CYP 2C19 also potentially contributing to rilpivirine’s
metabolism.

Figure 9-Metabolic pathways of rilpivirine after a single 150 mg rilpivirine
(**C labeled and unlabeled) dose administered in the mass balance trial (TMC278-
C119)
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2.2.5.7  What are the characteristics of drug excretion?

After 336 hours, an average of 91+5% of a single 150 mg rilpivirine (**C labeled and
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unlabeled) dose was recovered based on radioactivity. In the feces, a mean total of
85+4% was recovered after 336 hours, and in the urine, a mean total of 6+2% was
recovered after 168 hours.

2.2.5.8  Based on the PK parameters, what is the degree of linearity or nonlinearity in
the dose-concentration relationship?

In healthy subjects, dose proportionality was observed for rilpivirine Ciax and AUC g
for Day 1 and Day 14 with multiple dosing of rilpivirine dosage regimens ranging from
25 mg once daily to 150 mg once daily in the TMC278-C103 trial using tablets
developed for use in the Phase 2b trial. The TMC278-C103 pharmacokinetic data is
displayed in Table 5 (see 2.2.5.1).

2.2.59  How do the PK parameters change with time following chronic dosing?

Based on the Day 11 pharmacokinetic data from the TMC278-C103 trial, for 25 mg once
daily dosing, the rilpivirine half life is approximately 50 hours with an accumulation ratio
of approximately 3. Therefore, it is anticipated that steady state will be achieved in
approximately ten days (five half lives) or approximately 15 days (seven half lives). It
was observed in the drug-drug interaction trials that in some subjects that a 14 day
washout was not sufficient to completely wash out rilpivirine.

2.2.5.10  What is the inter- and intra-subject variability of PK parameters in volunteers
and patients, and what are the major causes of variability?

Overall, in both healthy and HIV-1 infected subjects, low to moderate inter-individual
and intra-individual variability was observed.

Based on the population PK analysis, the inter-individual variability for apparent oral
clearance (CL/F) and apparent volume of distribution (V/F) was 40% and 49%,
respectively, and the intra-individual variability for apparent oral clearance (CL/F) and
apparent volume of distribution (V/F) was 23% and 64%, respectively. The inter-
individual variability for the population PK AUCq.,) or trough (Cop) values was
approximately 40% for both parameters.

In healthy subjects, based on pharmacokinetic data from TMC278-C103 trial for 25 mg,
the mean inter-individual variability values (% coefficient of variation) for Cp,,x and

AUC 924n) on Day 1 were 49% and 55%, respectively, and for Day 14, the mean
inter-individual variability for trough (Co,) and minimum plasma concentrations (Cpin)
were 42%, and 44%, respectively, and the Cpax and AUC g24n) mean inter-individual
variability were 37% and 34%, respectively. Similarly, the inter-individual variability for
Con and Cpin were 49% and 43%, respectively, and the Cax and AUC o241 inter-
individual variability were 43% and 39%, respectively, in HIV-1 infected subjects from
the TMC278-C204 trial.

Intra-individual variability data with steady state dosing was not obtained in healthy
subjects. Intra subject variability data with steady state dosing was obtained in HIV-1
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infected subjects from the TMC278-C204 trial. The intra-individual variability for Coy
and Cpin, were 33% and 29%, respectively, and the Cpax and AUC g.24n intra-individual
variability were 30% and 25%, respectively, and overall, was less than the associated
inter-individual variability for each of the corresponding PK parameters.

There were no major causes of variability that were identified. The population
pharmacokinetic analysis that was conducted using data from HIV-1 infected subjects
enrolled on the Phase 3 trials determined that covariates including body weight, race, age
less than 65 years old, sex, and hepatitis B/C co-infection only demonstrated a minimal or
no influence on rilpivirine exposure.

2.3 Intrinsic Factors

2.3.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic
polymorphism, pregnancy, & organ dysfunction) influence exposure &/or
response and what is the impact of any differences in exposure on the PDs?
What dosage regimen adjustments, if any, are recommended for each of these
subgroups?

The covariates that were evaluated had a minimal or no influence on rilpivirine exposure
and dosage adjustments are not necessary. A population PK analysis was conducted to
investigate the potential effects of selected covariates, including body weight, race, age,
creatinine clearance (measured using the Cockcroft-Gault (C-G) equation), sex, and
hepatitis B/C co-infection.

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

Based on the results from the population PK analysis that was conducted using data from
HIV-1 infected subjects enrolled in the two Phase 3 trials or from the hepatic impairment
trial, no dosage adjustment are necessary for the covariates discussed below (for the
specific groups where data is available).

2.3.2.1 Elderly

Age appeared to have no effect on rilpivirine pharmacokinetics. However, only three
subjects >65 years were included as part of the data analysis for the Phase 3 trials, and no
definitive conclusions could be made regarding whether rilpivirine pharmacokinetics are
different between elderly and younger patients. Section 8§ of the proposed rilpivirine
label has been modified to include a statement that rilpivirine should be used with caution
in the elderly.
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2322 Pediatrics

The safety and effectiveness of rilpivirine in HIV-1 pediatric subjects has not been
established, however, the applicant intends to conduct pediatric trials from birth to 18
years old.

2323 Gender
Please see the response for 2.3.1.
2.3.2.4  Race

The population PK analysis indicated that there was no clinically significant effect of
race (whites, blacks and Asians) on rilpivirine exposure.

2.3.2.5  Renal impairment

The potential changes in rilpivirine exposure with renal impairment were evaluated based
on the population PK analysis. For subjects with mild renal impairment, no dosage
adjustment is necessary. No definitive conclusions could be made regarding the impact of
moderate renal impairment because of the small number of available subjects (seven in
total). For subjects with severe renal impairment or end stage renal disease, caution and
monitoring for adverse effects is recommended. Sections 8 and 12 of the proposed
rilpivirine label have been modified to include these recommendations.

A renal impairment trial was not conducted as part of the NDA submission. The Clinical
Pharmacology and Pharmacometrics reviewers analyzed the potential impact of renal
impairment based on the information from the rilpivirine population PK analysis. There
were minimal differences in rilpivirine exposure when comparing HIV-1 infected
subjects with mild renal impairment to HIV-1 infected subjects with normal renal
function. No definitive conclusions could be made regarding the impact of moderate
renal impairment because of the small number of available subjects (seven in total).
Further information is available in the Pharmacometrics review. There were no subjects
with severe renal impairment that were included as part of the population PK analysis.

A trial evaluating the effect of renal impairment on rilpivirine using a reduced
pharmacokinetic trial design is not necessary based on the available information. There is
minimal elimination of rilpivirine in the urine (a mean total of 6+2% was recovered after
168 hours with unchanged rilpivirine was present in trace amounts) and a 130% increase
in rilpivirine AUC .24n) that was observed in the rilpivirine-darunavir/ritonavir drug-drug
interaction trial does not require a dosage adjustment for rilpivirine.

2.3.2.6  Hepatic impairment

For subjects with mild or moderate hepatic impairment, no dosage adjustment is
necessary. Eight healthy control subjects were matched to eight mild hepatic impairment
subjects and eight healthy control subjects were matched to eight moderate hepatic
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impairment subjects. The effect of severe hepatic impairment on rilpivirine exposure has
not been evaluated. With multiple dosing, the greatest magnitude of change for AUC o_24n)
and Cpax in comparison to healthy control subjects occurred with mild hepatic impairment
subjects. On Day 11, in comparison to healthy control subjects, in mild hepatic
impairment subjects, Co4n and AUC g.24n) were higher by 76% and 47%, respectively, and
Chin and Cpax were higher by 31% and 27%, respectively. In moderate hepatic
impairment subjects, on Day 11, in comparison to healthy control subjects, Cpin, Ca4n,
and AUCy.24n) were higher by 11%, 28%, and 5%, respectively, and Cpax was lower by
5%. Rilpivirine plasma protein binding was not evaluated in the trial.

There were no factors identified that explained the fact that the greatest magnitude of
difference when compared to the healthy control subjects occurred in mild hepatic
impairment subjects. There were no specific subjects identified that could result in
anomalous results and the lack of protein binding data precluded an analysis from being
conducted on potential changes in the rilpivirine volume of distribution for mild and
moderate hepatic impairment subjects.

2.3.2.7 What pregnancy and lactation use information is there in the application?

There were no trials evaluating the use of rilpivirine in pregnant or lactating women that
were included in the NDA submission.

24 Extrinsic Factors

24.1 What extrinsic factors influence dose-exposure and/or response, and what is
the impact of any differences in exposure on response?

In the current NDA submission, two extrinsic factors were evaluated: the effect of food
on rilpivirine exposure and drug-drug interactions. Both factors influence can potentially
alter rilpivirine exposure. The effect of food is discussed in 2.2.5.3 and 2.5.3.

The drug-drug interaction trials are discussed in 2.4.2.8, including information regarding
recommendations for managing clinically relevant drug-drug interactions. Sixteen drug-
drug interaction trials in healthy subjects were submitted in the current NDA submission.
A trial in HIV-1 infected subjects receiving an antiretroviral regimen containing either
nevirapine or efavirenz that evaluated the pharmacokinetics of rilpivirine with the
subsequent addition of a single dose of rilpivirine was not reviewed.

242 Drug-drug interactions

2421 Is there an in vitro basis to suspect in vivo drug-drug interactions?

Cytochrome P450 enzymes

The information from the in vitro studies provides supportive evidence of potential in
vivo drug-drug interactions.
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One in vitro study (FK4123) indicated that rilpivirine may potentially inhibit CYP 1A2,
CYP 2C8/9/10, CYP 2C19, CYP 2D6, CYP 2E1, and CYP 3A4/5 based on the I1Cs
values. A second in vitro study (TMC278-NC283) evaluating the ability of rilpivirine to
inhibit paclitaxel (CYP2C8-mediated) and S-warfarin (CYP2C9-mediated) metabolism
indicated that for 25 mg once daily dosing of rilpivirine an interaction for CYP 2C8
substrates with rilpivirine is not likely or “remote” and the potential for a drug-drug
interaction for CYP 2C9 substrates with rilpivirine is “possible”. A third nonclinical
study (TMC278-NC194) indicated that rilpivirine may potentially inhibit CYP 3A, CYP
2C19, and CYP 2D6 based on the ICsq values.

The in vitro induction study indicated that rilpivirine may potentially induce CYP 2C19
and CYP 3A4 with lesser induction effects on CYP 1A2 and CYP 2B6. However, the in
vitro CYP induction study did not evaluate rilpivirine concentrations below 2.5 uM (for
25 mg once daily dosing, the C,,ax value is approximately 0.5 uM).

P-gp inhibition

The in vitro study evaluating the P-gp inhibitory effects of rilpivirine (TMC278-NC104)
indicated that rilpivirine has the potential to inhibit P-gp with an 1Csq value for P-gp
inhibition of 9.2 uM. With a 25 mg once daily dosage regimen, rilpivirine may act as a
P-gp inhibitor based on evaluating the [I];/ICso and [I],/ICsg values. The [I]; valueis the
mean unbound steady C,,,x value for the highest proposed dosage regimen (the rilpivirine
Chmax Vvalue is approximately 0.5 uM based on total concentrations and 0.005 uM based on
unbound concentrations assuming a free fraction of 1%). The [I], valueis defined as the
dose of the potential inhibitor (in mole units) divided by 250 mL (if the ICs, is in molar
units). The calculated [1],/ICso value of 0.0005 was less than < 0.1 but [I],/ICs value of
27 was greater than the threshold of 10. Therefore, the applicant will be requested to
conduct a trial as a postmarketing commitment to evaluate the inhibitory effects of
rilpivirine on digoxin, a P-gp substrate.

24.2.2  Isthe drug a substrate of CYP enzymes? Is metabolism influenced by
genetics?

The in vitro study results indicate that CYP 3A is the primary cytochrome P450 enzyme
system responsible for rilpivirine’s metabolism with CYP 2C19 also potentially
contributing to rilpivirine’s metabolism.

The influence of genetics on rilpivirine metabolism was not evaluated as part of the NDA
submission.

2.4.23  Isthe drug an inhibitor and/or an inducer of CYP enzymes?

For rilpivirine 25 mg once daily, based on the simulations, a combination of potential
rilpivirine 3A induction and CYP 3A inhibition effects are not expected to alter the
exposure of CYP 3A substrates (please see 2.4.2.10 for further information regarding the
rilpivirine physiologically-based pharmacokinetic modeling [PBPK] and simulations).
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The inhibitory or induction effects of rilpivirine 150 mg once daily on CYP 2C19 were
evaluated in the rilpivirine-omeprazole drug-drug interaction trial. Based on the results,
the combination of rilpivirine and omeprazole does not result in clinically significant
changes in omeprazole exposure (14% decrease in both Cyax and AUC [924n)) and no
dosage adjustment for omeprazole is necessary. It is expected that that this conclusion
would also be applicable to a rilpivirine dosage regimen of 25 mg once daily. With
multiple dosing of rilpivirine and omeprazole, omeprazole Cpax and AUC g.24n) Were both
decreased by 14% and the 90% confidence intervals were not within 80%-125%.

The potential inhibitory effects of rilpivirine on CYP 2E1 was evaluated in the
rilpivirine-chlorzoxazone drug-drug interaction trial. Based on the results, the
combination of rilpivirine and chlorzoxazone does not result in clinically significant
changes in chlorzoxazone exposure and no dosage adjustment for chlorzoxazone is
necessary. It is expected that that this conclusion would also be applicable to a rilpivirine
dosage regimen of 25 mg once daily. With multiple dosing of rilpivirine and single
dosing of chlorzoxazone, the 90% confidence intervals for chlorzoxazone Cpax,
AUC(()_last) and AUC(()_OO) was within 80%-125%.

There were no human drug-drug interaction trials conducted to determine rilpivirine’s
inhibitory effects on CYP 1A2, CYP 2C8/9/10, or CYP 2D6 substrates. The Cpnx with
25 mg once daily of rilpivirine is approximately 200 ng/mL or 0.5 uM and this value was
used in calculating the CYP 1A2 and CYP 2D6 I/ICs ratios. In the FK4123 study, the
rilpivirine CYP 1A2 ICsy was 34 uM for phenacetin, and based on the I/ICs ratio, the
predicted potential of clinically relevant CYP 1A2 inhibition is “remote”. In the same
study, of the two CYP 2D6 substrates evaluated, the lowest rilpivirine CYP 2D6 ICsy was
3.88 uM for dextromethorphan and based on the I/ICs ratio, the predicted potential of
clinically relevant CYP 2D6 inhibition is “possible”.

In the TMC278-NC283 study, the rilpivirine CYP 2C9 Ki was 1.70 £ 0.301 uM for S-
warfarin, and based on the I/Ki ratio for rilpivirine 25 mg once daily dosing, the predicted
potential of clinically relevant CYP 2C9 inhibition is “possible”. In the same study, the
rilpivirine CYP 2C8 Ki was 10.0 + 3.22 uM for paclitaxel, and based on the I/Ki ratio for
rilpivirine 25 mg once daily dosing, the predicted potential of clinically relevant CYP
2C8 inhibition is “remote”.

Based on the in vitro study results, no in vivo drug-drug interaction trials are necessary
for CYP 1A2 and CYP 2CS8 substrates and human drug-drug interaction trials are
recommended for CYP 2C9 and CYP 2D6 substrates. However, based on the similar or
lower ICsg values for CYP 3 A substrates from the FK4123 and TMC278-NC194 studies
and the lack of clinically relevant rilpivirine CYP 3A inhibition in the human drug-drug
interaction trials, additional rilpivirine drug-drug interaction trials with CYP 2C9 and
CYP 2D6 substrates are not necessary.

2424  Isthe drug a substrate and/or an inhibitor of P-glycoprotein transport
processes?
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Please see the response for 2.2.5.3 and 2.4.1.
2.4.2.5 Are there other metabolic/transporter pathways that may be important?

In the current NDA submission, only CYP enzyme metabolism and P-gp transport were
evaluated.

2.42.6  Does the label specify co-administration of another drug (e.g., combination
therapy in oncology) and, if so, has the interaction potential between these
drugs been evaluated?

There are no specific antiretroviral medications in the proposed rilpivirine label that are
to be coadministered with rilpivirine. The nucleoside or nucleotide reverse transcriptase
inhibitors that were administered in combination with rilpivirine in the Phase 3 trials
were zidovudine/lamivudine, abacavir/lamivudine and tenofovir/emtricitabine. The
different antiretroviral background regimens coadministered with rilpivirine in the Phase
3 trials did not cause clinically significant changes in rilpivirine exposure.

2.4.277  What other co-medications are likely to be administered to the target patient
population?

Based on the potential for a drug-drug interaction with rilpivirine, the applicant has
sufficiently evaluated the appropriate representative medications likely to be

administered to HIV-1 infected patients. HIV-1 infected patients may receive a variety of
concurrent medications for treatment or prevention of comorbidities. These include
medications for treatment of tuberculosis, psychiatric disorders (e.g. depression),
cardiovascular disorders (e.g. dyslipidemias) and substance abuse.

2.4.2.8  Are there any in vivo drug-drug interaction studies that indicate the exposure
alone and/or exposure-response relationships are different when drugs are co-
administered?

The recommendations in Section 7 of the proposed label for managing clinically relevant
drug-drug interactions are displayed in section 2. The proposed medications that are
contraindicated with rilpivirine are potential CYP 3A inducers of rilpivirine metabolism
(anticonvulsants, antimycobacterials [rifampin, rifabutin or rifapentine], dexamethasone,
St. John’s wort), and proton pump inhibitors (e.g. omeprazole) than can alter gastric pH
and decrease rilpivirine exposure. The rationale for contraindicating use of these
medications with rilpivirine is the potential for decreased rilpivirine exposure that could
result in the development of resistance to rilpivirine or cross resistance to other NNRTIs.
The proposed label also states that other NNRTIs that are in the same antiretroviral
therapeutic class should not be coadministered with rilpivirine. As a precaution because
of potential rilpivirine induction effects, increased monitoring is recommended with
antifungals in the azole class and with methadone. Alternative antibacterial medications
other than use of macrolides are also recommended because of potential inhibition of
rilpivirine CYP 3A metabolism. For medications that can alter gastric pH and decrease
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rilpivirine exposure (H, receptor antagonists and antacids) or for didanosine that must be
administered on an empty stomach (the didanosine pediatric powder for oral solution also
contains antacids), instructions for spacing out administration of these medications from
rilpivirine were also specified.

Most of the human drug-drug interaction trials were conducted to evaluate the potential
bidirectional changes in rilpivirine exposure or the exposure of medications with one or
more of the following characteristics: a) CYP 3A or 2E1 metabolized, or b) inhibitors or
inducers of CYP 3A. In addition, a trial was conducted to evaluate the effect of
omeprazole on the absorption of rilpivirine and to evaluate the potential CYP 2C19
inhibitory effects of omeprazole and the potential CYP 2C19 induction or inhibition
effects of rilpivirine. The effect of famotidine on the absorption of rilpivirine was also
evaluated. Drug-drug interaction trials were also conducted with rilpivirine administered
in combination with didanosine, tenofovir, and acetaminophen.

Table 8 displays the recommendations in Section 7 of the proposed label for managing
clinically relevant drug-drug interactions. Table 9 and Table 10 summarize the changes
in the mean Cp,x, AUC, and Cyyy ratios for rilpivirine when coadministrated or combined
with another medication, and vice versa, respectively, from section 12.3 of the proposed
rilpivirine label.

8 pages of Draft Labeling have been Withheld in Full as b4 (CCI/TS) immediately following this
page
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CI = Confidence Interval; N = number of subjects with data; N.A. = not available; 1 = increase;
| = decrease; «» = no change; q.d. = once daily ; b.i.d. = twice daily

1 This interaction study has been performed with a dose higher than the recommended dose for
TRADE NAME™ (25 mg once daily) assessing the maximal effect on the co-administered
drug.

Two issues regarding the rilpivirine drug-drug interaction trials were reviewed.

The first issue evaluated whether the results of the drug-drug interaction trials using the
Phase 2b formulation are applicable to the Phase 3 formulation. The majority of the
drug-drug interaction trials were conducted with a rilpivirine dosage regimen of 150 mg
once daily instead of the proposed dosage regimen of 25 mg once daily. Most of the
drug-drug interaction trials used a combination of rilpivirine Phase 2b formulations
(either the 25 mg or 50 mg tablets administered with 100 mg tablets) instead of the Phase
3/to-be-marketed formulation. The different strengths of the Phase 2b tablets were not
designed to be proportional in terms of the active and inactive ingredients. There were no
relevant relative bioavailability trials conducted that provide a direct comparison to
determine whether the results of the drug-drug interaction trials using the Phase 2b
formulations are applicable to 25 mg once daily dosing using the Phase 3 formulation.
Of note, clinically significant differences in rilpivirine exposure for the Phase 2b and
Phase 3 tablet formulations were not observed in a cross trial comparison of the multiple
dosing Ciin, Cmax, and AUC .24 data in Table 6 and Table 7 for 25 mg once daily dosing
in healthy subjects.

The second issue that was reviewed evaluated whether the results of the drug-drug
interaction trials that were conducted using rilpivirine dosage regimens of 75 mg once
daily or 150 mg once daily are applicable to rilpivirine 25 mg once daily dosing using the
Phase 3 formulation (assuming that the rilpivirine exposure is similar regardless of the
formulation that is administered). Physiologically-based pharmacokinetic modeling
(PBPK) and simulation was used to answer this question. In general, the results of the
drug-drug interaction trials that were conducted at rilpivirine 75 mg once daily or 150 mg
once daily are expected to be applicable to a rilpivirine dosage regimen of 25 mg once
daily. The results are further discussed in 2.4.2.10.

2429  Is there a known mechanistic basis for pharmacodynamic drug-drug
interactions, if any?

There are no pharmacodynamic drug-drug interactions for rilpivirine.

2.42.10  Are there any unresolved questions related to metabolism, active metabolites,
metabolic drug interactions, or protein binding?

To determine whether the results of the drug-drug interaction trials that were conducted
using rilpivirine dosage regimens of 75 mg once daily and 150 mg once daily are
applicable to rilpivirine 25 mg once daily dosing using the Phase 3 formulation,
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physiologically-based pharmacokinetic modeling (PBPK) and simulation was used.

A potential safety issue that was identified with rilpivirine 25 mg once daily dosing is
potentially increased ketoconazole exposure and greater ketoconazole CYP 3 A inhibitory
effects. Greater ketoconazole CYP 3A inhibitory effects can occur because of decreased
rilpivirine CYP 3 A induction effects that ultimately results in a potential increase in
rilpivirine exposure higher than the increase observed with 150 mg once daily dosing.
This issue was further evaluated because of the potential for QT prolongation with
rilpivirine exposures at 75 mg once daily dosing and higher. Physiologically-based
pharmacokinetic modeling (PBPK) and simulation was used to predict the effects of
ketoconazole on rilpivirine exposure.

In the current NDA submission, a drug-drug interaction trial was conducted evaluating
the potential interaction between rilpivirine 150 mg once daily and a representative strong
CYP 3A inhibitor (e.g. ketoconazole). The results indicated that ketoconazole exposure
is decreased (Ciax, AUC(0-24n) and Cpin values were decreased by 15%, 24%, and 66%)
and rilpivirine exposure is increased (Cmax, AUC 0241y and Cpin values were increased by
30%, 49%, and 76%, respectively). The rilpivirine-ketoconazole drug-drug interaction
trial was not repeated using the proposed rilpivirine dosage regimen of 25 mg once daily.

The physiologically-based pharmacokinetic modeling (PBPK) and simulations were
conducted using SIMCYP software (Version 10.10, Simcyp Limited). One important
limitation of the simulations evaluating rilpivirine CYP 3A drug-drug interactions at 25
mg once daily is the assumption that the rilpivirine exposure is similar regardless of the
formulation that is administered. In support of this assumption, clinically significant
differences in rilpivirine exposure for the Phase 2b and Phase 3 tablet formulations were
not observed in a cross trial comparison of the multiple dosing Cpin, Cmax, and AUC o_24n)
data in Table 6 and Table 7 for 25 mg once daily dosing in healthy subjects.

A model could not be developed that included a time based interaction to predict the
effects of rilpivirine on ketoconazole exposure. To determine the potential induction or
inhibition effects of rilpivirine, the effects of rilpivirine 75 mg once daily and 25 mg once
daily on a single dose of sildenafil 50 mg, a CYP 3A substrate, were simulated. Based on
the results displayed in Table 11, a model that included both rilpivirine CYP 3A
inhibition effects and rilpivirine CYP 3A induction effects was selected to predict the
effects of ketoconazole on rilpivirine exposure. The basis for this decision was the
inclusion of both rilpivirine CYP 3A induction and inhibition effects best matched the
observed effects of rilpivirine on sildenafil from the drug-drug interaction trial. The
potential combination of rilpivirine 3A induction and CYP 3A inhibition effects with
rilpivirine 25 mg once daily dosing is not expected to alter the exposure of sildenafil, a
CYP 3A substrate.
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Table 11-Drug-drug interaction simulations for changes in sildenafil exposure when

combined with rilpivirine

Rilpivirine 75 mg Rilpivirine 25 mg
once daily once daily
administered for administered for
12 days 12 days
Simulated® Assuming no CYP3A 1.04 1.02
induction by rilpivirine
(CYP 3A inhibition effects
only)
Assuming CYP3A induction 0.93 0.98
by rilpivirine
(CYP 3A induction and
inhibition effects)
Observed” 0.97 Not determined

*Mean AUC Ratio using population representative
°1 cast square mean ratio (Trial C123)

To simulate the effects of ketoconazole on rilpivirine 25 mg once daily exposure,
ketoconazole dosage regimens of 300 mg once daily and 400 mg once daily were
evaluated. The purpose of simulating a ketoconazole dosage regimen of 300 mg once
daily was to evaluate the assumption that the same rilpivirine induction effects on
ketoconazole exposure (a 24% decrease in AUCjo-24n7) observed with 150 mg once daily
of rilpivirine also occurs with 25 mg once daily dosing of rilpivirine. The purpose of
simulating a ketoconazole dosage regimen of 400 mg once daily was to evaluate the
assumption that there are no rilpivirine induction effects on ketoconazole exposure with
25 mg once daily dosing of rilpivirine. A worst case scenario evaluating sustained
ketoconazole CYP 3A inhibition using 200 mg twice daily of ketoconazole was also

simulated.

The results of the simulations indicate that no dose adjustment is necessary for rilpivirine

with 25 mg once daily dosing when combined with a strong CYP 3A inhibitor such as

ketoconazole. In general, the results of the drug-drug interaction trials are expected to be

applicable to a rilpivirine dosage regimen of 25 mg once daily. The rilpivirine Cy,ax and
AUC g.24n ratios were similar in scenarios A, B, and C in Table 12 below. Under the
worst case scenario of CYP 3A inhibition using 200 mg twice daily of ketoconazole, the
increases in rilpivirine Cpax and AUC g.24n) are similar to the increase in rilpivirine
exposure that was observed in the rilpivirine-darunavir/ritonavir drug-drug interaction

trial.
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Table 12-Drug-drug interaction simulations for changes in rilpivirine exposure
when combined with ketoconazole

Scenario Purpose | Rilpivirine | Ketoconazole | Rilpivirine | Rilpivirine
and Day 12-22 Day 1-22 Cmaxratio | AUC g.24n)
assumptions ratio
Simulated A Match 150 mg 300 mg once 1.53 1.64
decreased once daily daily
ketoconazole
exposure
(~24%) by
rilpivirine
B Match 25 mg 300 mg once 1.52 1.63
decreased once daily daily
ketoconazole
exposure
(~24%) by
rilpivirine
C Assume 25 mg 400 mg once 1.56 1.69
minimal once daily daily
induction by
rilpivirine
D Explore 25 mg 200 mg twice 1.91 2.17
sustained once daily daily
inhibition
Observed 150 mg 400 mg once 1.30 1.49
once daily daily

Further information regarding the SIMCYP simulations is located in section 4 in the
memorandum for physiologically-based pharmacokinetic modeling (PBPK) and

simulation.

243

The applicant will be requested to conduct a trial as a postmarketing requirement to

What issues related to dose, dosing regimens, or administration are unresolved
and represent significant omissions?

evaluate the inhibitory effects of rilpivirine on digoxin, a P-gp substrate. The rationale
for requesting the trial is discussed in 2.2.5.3.

2.5
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2.5.1 Based on the biopharmaceutics classification system (BCS) principles, in what
class is this drug and formulation? What solubility, permeability, and
dissolution data support this classification?

A biopharmaceutics classification system (BCS) category was not provided for
rilpivirine. Solubility information is provided in Table 13. Rilpivirine demonstrates low
solubility in aqueous media.

Table 13-Rilpivirine solubility in aqueous media as a function of pH

Solvent Solubility in pH of Solubility Description®
/100 ml. solution
solution
Water 0.001 22 Practically insoluble
01N HC1 <0001 1.1 Practically insoluble
0.01N HC1 0.003 2.0 Practically insoluble
Citrate-HC1 buffer pH 2 =0.001 2.0 Practically insoluble
Citrate-INaOH buffer pH 5 =0.001 5.0 Practically insoluble
Phosphate buffer pH 7 =0.001 6.9 Practically inscluble
Borate-KCIl-NaOH buffer pH 9 =0.001 8.9 Practically inscluble
Phosphate-NaOH buffer pH 12 <0001 119 Practically insoluble
0.1N NaOH =0.001 12.9 Practically insoluble

"based upon USP definitions

The results from the in vitro P-gp study indicate that rilpivirine demonstrates intermediate
transepithelial permeability.

2.5.2 What is the relative bioavailability of the proposed to-be-marketed
formulation to the pivotal clinical trial?

The to-be-marketed formulation is the same formulation that was administered in the two
Phase 3 trials with the exception of debossing. The debossing issue will be evaluated by
the Biopharmaceutics reviewer.

2.5.2.1 What data support or do not support a waiver of in vivo BE data?

A biowaiver of in vivo BE data was not requested for this application. Currently, only a
25 mg tablet is being reviewed for marketing approval.

2.53 What is the effect of food on the bioavailability (BA) of the drug from the
dosage form? What dosing recommendation should be made, if any, regarding
administration of the product in relation to meals or meal types?

Rilpivirine exposure is increased in the presence of food. In the Phase 3 trials, all
subjects were administered rilpivirine 25 mg once daily with a meal. The food effect trial
(TMC278-C137) was conducted with a single 75 mg dose of rilpivirine but because
rilpivirine exposure is dose proportional from 25 mg to 150 mg with the first dose and
with multiple dosing, the results are expected to be applicable to 25 once daily dosing.
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The 75 mg tablets that were administered in the food effect trial are proportional in terms
of the active and inactive ingredients to the 25 mg tablets that were administered in the
Phase 3 trials. The mean rilpivirine Cmax, AUC(q.1ast), and AUC ) values were decreased
by 46%, 43%, and 41%, respectively, under fasted conditions in comparison to rilpivirine
administered with a standard meal. The differences in rilpivirine exposure when
comparing high fat meals to standard meals are not clinically significant. The proposed
rilpivirine label recommends administration of rilpivirine with food. This
recommendation is acceptable.

The impact of a protein containing drink on the bioavailability of rilpivirine was also
evaluated in the food effect trial. After a dose of rilpivirine 75 mg administered with a
protein containing drink, the mean rilpivirine Cpax, AUC 0.1ast), and AUC9-0) Values were
decreased by 50%, 50%, and 49%, respectively, compared to rilpivirine administered
with a standard meal.

In the food effect trial, one important deviation from the recommendations in the FDA
guidance document for food effect trials was that rilpivirine was administered within 10
minutes after the meal was completed (this differs from the recommendation in the FDA
guidance document for food effect trials which states that medication should be
administered 30 minutes after initiation of the meal). The specific impact of this
deviation is unknown.

All subjects were to fast overnight for a minimum of 10 hours before administration of
rilpivirine with approximately 240 mL of water. Water was allowed up to two hours
before and two hours after rilpivirine administration. All breakfast meals with
Treatments A, C, and D (see Table 14) were to be consumed in 30 minutes or less.
Information on the calorie content for the treatments administered in the food effect trial
are displayed in Table 15.

Table 14-Treatments administered in the food effect (TMC278-C137) trial

Treatment A

Treatment B

Treatment C

Treatment D

TMC278, 75 mg tablet
(F008)

Day 1:

1 tablet orally
in the morning
after a
standard
breakfast

Day 1:

| tablet orally
in the morning
under fasting
conditions

Day 1:

| tablet orally
i the morning
after a high-fat
breakfast

Day 1:

| tablet orally
n the morning
after a
nutritional
drink rich in

proteins
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Table 15-Calorie content for the treatments administered in the food effect
(TMC278-C137) trial

Treatment Fat (g) Total Keal Kecal Kecal

Kecal from from from
fat carbohydrates proteins

A (standard breakfast) 21 533 189 268 76

B (fasted) 0 0 0 0 0

C (lhugh-fat breakfast) 56 928 504 260 164

D (protem-rich drink) 7.9 300 72 153 75

254 When would a fed BE study be appropriate and was one conducted?

This question is not applicable to the rilpivirine NDA submission.

2.5.5 How do the dissolution conditions and specifications ensure in vivo
performance and quality of the product?

Please refer to the rilpivirine biopharmaceutics review for information regarding
dissolution conditions and specifications.

2.5.6 What other significant, unresolved issues related to in vitro dissolution or in
vivo BA and BE need to be addressed?

There are no in vivo BA and BE issues that need to be addressed for the rilpivirine NDA
submission. Please refer to the rilpivirine biopharmaceutics review for information
regarding the review of the in vitro dissolution data for rilpivirine.

2.6 Analytical section

2.6.1 How are the active moieties identified and measured in the plasma in the
clinical pharmacology and biopharmaceutics studies?

Rilpivirine plasma samples were analyzed using a LC/MS/MS analytical method. For the
rilpivirine LC/MS/MS analytical method, in plasma matrix, heparin was used as an
anticoagulant. The Clinical Pharmacology reviewer examined the relevant rilpivirine
method validation reports in addition to the bioanalytical reports for the clinical
pharmacology trials that are summarized in section 4 and for the Phase 3 trials. There
were no issues identified that would impact the reliability of the reported rilpivirine
concentration plasma data. The submitted rilpivirine long term stability data of 1528
days at -20°C covered the duration of long term rilpivirine stability data necessary for the
trials with rilpivirine samples analyzed that were submitted as part of the NDA.
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For the drug-drug interaction trials that were reviewed, plasma samples for medications
coadministered or combined with rilpivirine were analyzed using either a LC/MS/MS or
LC/UV analytical method. The Clinical Pharmacology reviewer examined the relevant
method validation reports for medications coadministered or combined with rilpivirine in
addition to the bioanalytical reports for the drug-drug interaction trials. There were no
issues identified that would impact the reliability of the reported concentration plasma
data for medications coadministered or combined with rilpivirine with the exception of
the rifabutin plasma concentration data. The applicant was not able to provide an
explanation for the failure of the rifabutin and 25-O-desacetyl-rifabutin long term
stability experiment and the Clinical Pharmacology reviewer initially recommended that
the rifabutin pharmacokinetic data should be removed from section 12.3 of the proposed
rilpivirine label. The applicant has proposed to submit new rifabutin long term stability
data. The submitted long term stability data for medications coadministered or combined
with rilpivirine covered the duration of long term stability data necessary for the drug-
drug interaction trials that were submitted as part of the NDA where plasma samples for
medications coadministered or combined with rilpivirine were analyzed. For didanosine,
a long term stability experiment was not conducted, however the applicant used the
duration of freezer storage of the QC samples used in the drug-drug interaction trial as a
substitute-this approach was acceptable to the Clinical Pharmacology reviewer.

2.6.2 Which metabolites have been selected for analysis and why?

With the exception of the metabolites that were identified in the mass balance trial
(TMC278-C119), there were no metabolites that were routinely analyzed to further
characterize the exposure, exposure response, or exposure safety of rilpivirine.

2.63 For all moieties measured, is free, bound, or total measured? What is the basis
for that decision, if any, and is it appropriate?

For rilpivirine, total plasma concentrations were determined. The plasma protein binding
of rilpivirine is concentration independent. Analysis of free or pharmacologically active
concentrations is not expected to provide additional information to further characterize
the exposure, exposure-response, or exposure-safety of rilpivirine.

2.64 What bioanalytical methods are used to assess concentrations?

Please see the individual trial reviews in section 4 for information regarding the
bioanalysis of rilpivirine plasma samples in the clinical trials. For the rilpivirine
LC/MS/MS method validation, two separate bioanalytical laboratories analyzed
rilpivirine samples: @@ and Tibotec Pharmaceuticals Ltd.

For the rilpivirine bioanalytical method that was validated at Tibotec, three separate
validations were conducted. After the initial method validation that included conducted
rilpivirine stability experiments (BA28), the analytical method was further optimized
(BA218). During the optimization process for BA218, the amount of plasma volume was
decreased to 50 puL and a stable labeled internal standard was added @@ 1n the
third validation, an Ultra High Performance Liquid Chromatography (UPLC) LC/MS/MS
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Best
Available

Copy

method was validated (BA1071). For the clinical trials that are reviewed in section 4 that
had rilpivirine samples analyzed by Tibotec, it appears that either the BA218 or the

BA1071 method was used to analyze rilpivirine plasma samples. Further information

regarding the rilpivirine calibration curve range and the precision and accuracy of the QC
samples for the three bioanalytical methods is displayed in Table 16.

Short term, freeze thaw and processed sample stability was demonstrated for the

rilpivirine bioanalytical method validated in BA28. With the exception of processed

sample stability, there were no additional stability experiments conducted for BA218 and

BA1071. Processed samples stability was demonstrated for both BA218 and BA1071.

Stock solution stability was also demonstrated with the exception of the experiment
performed for 3 days at room temperature (not protected from light). Long term
rilpivirine sample stability was demonstrated for 1528 days at -20°C.

A partial rilpivirine method validation was conducted by @@ of the BA218

bioanalytical method. The only stability experiment that was conducted by

(b) (4)

of the partial method validation was a post preparative sample stability experiment.

Processed samples stability was demonstrated for the @ partial method validation.

Table 16-Information regarding the rilpivirine bioanalytical methods validated at
and Tibotec Pharmaceuticals Ltd.

(b) (4)

as part

Method Range of Compliance with Pre-specified Criteria Permitted Dilution Specificity *
Report No. (Internal Quantification Recovery Ratio and (Interfering
(Location) Standard) (ng/mL) (%) Accuracy ' Precision " Concentration Peaks)
BA28 LC-MS/MS 1.00 to 2000 5.00 ng/mL: 98.4 1.00 ng/mL: <20/% 1.00 ng/mL: < Ratio: up to 1:100 Interference
(Module 5.3.1.4/ (b) (4) 100 ng/mL: 94.8 2.50 ng/mL: <[15/% 2.50 ng/mL: < Concentration: up to <20%
TMC278-PRD 2000 ng/mL: 94.2 62.6 ng/mL: <|15(% 62.6 ng/mL: <15% 200000 ng/mL
BA28-AVR- 1525 ng/mL: <[15|% 1525 ng/mL: <15%
Compl; -AVRA-
1; -AVRA-2)
BA218 LC-MSMS 1.00 to 2000 5.00 ng/mL: 90.6 1.00 ng/mL: <[20/% 1.00 ng/mL: <20% Ratio up to 1:100 Interference
(Module 5.3.1.4/ (b) (4) 50.0 ng/mL: 89.6 2.50 ng/mL: <[15/% 2.50 ng/mL: Concentration: up to <20%
TMC278-BA218 2000 ng/mL: 88.8 50.1 ng/mL: <[15|% 50.1 ng/ml] 200000 ng/mL
-AVR-Compl 1500 ng/mL: <[15|% 1500 ng/mL: <15%
[incl. ~-AVRA-1]:
-AVRA-2;
-AVRA-3)
BAL071 UPLC- 1.00 to 2000 ND 1.00 ng/mL: <20/% 1.00 ng/mL: < Ratio: up to 1:100 Interference
(Module 5.3.1.4/ | MS/MS 2.77 ngfmL: <|15/% 2.77 ng/ml] Concentration: up to =20%
TMC278-PRD- | (O @) 55.3 ng/mL: <|15)% 55.3 ng/m 200000 ng/mL
BA1071-AVR) 1570 ng/mL: </15|% 1570 ng/mL: <15%
ABLG187 LC-MS/MS 1.00 to 2000 5.00 ng/mL: 98.9 1.00 ng/mL: =20|% 1.00 ng/mL: < Ratio: up to 1:10 No interfering
(Module 5.3.1.4/ | (PC-ds- 50.0 ng/mL: 94.7 3.00 ng/mL: <[15/% 3.00 ng/ml] Concentration: up to peaks
TMC278- TMC278) 500 ng/mL: 93.2 50.0 ng/mL: <[15(% 50.0 ng/ml] 16000 ng/mL

ABLG6187-AVR)

1600 ng/mL: <|15/%
16000 ng/mL: <|15/%

1600 ng/mL: <
16000 ng/mL: =15%

ND = not determined; UPLC-MS/MS = ultra high-performance liquid chromatography with tandem mass-spectronomy.
¥ % deviation from nominal concentration.
® o variability of replicates.
¢ Caleulated as [(amount found — amount added) / amount added] » 100.
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3 Labeling Recommendations
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The labeling changes below as of March 2011 include both the proposed revisions recommended by the Clinical Pharmacology review
team for relevant clinical pharmacology sections of the label and the applicant’s revisions that have been accepted. Minor editorial
changes are not displayed.

Reference ID: 2924498



4 Appendices
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4.1 Individual Trial Reviews

Trial Reviews

Page Numbers

Drug-drug interaction trials

72-251

Food effect trial 252-261
Hepatic impairment trial 262-275
Mass balance trial 276-285
Multiple dosing trial 286-295
In vitro studies 296-334
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Drug-drug interaction trials

Trial Number

Title

Page Number

TMC278-C104

A Phase | open-label trial to
investigate the
pharmacokinetic interaction
between tenofovir
(administered as tenofovir
disoproxil fumarate) and
TMC278 at steady-state in
healthy subjects

75

TMC278-C105

A Phase I, open label,
randomized, 2-way
crossover trial in 16 healthy
subjects to investigate the
potential pharmacokinetic
interaction between
TMC278 and
lopinavir/ritonavir at
steady-state

84

TMC278-C106

A Phase I, open-label trial
to investigate the
pharmacokinetic interaction
between didanosine (ddl)
and TMC278 at steady-state
in healthy individuals

95

R278474-C108

A Phase I, open-label,
randomized, three-way
crossover trial in 16 healthy
subjects to establish the
two-way pharmacokinetic
interaction between
rilpivirine and rifampin at
steady-state

106

TMC278-C109

A Phase I, open-label,
randomized, 2-way
crossover trial in 16 healthy
subjects to establish the 2-
way pharmacokinetic
interaction between steady-
state TMC278 and
paracetamol

113

TMC278-C112

A Phase I, open-label,
randomized 2-way
crossover trial in 16 healthy
subjects to investigate the

125
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steady-state
pharmacokinetic interaction
between TMC278 and
TMC114/ritonavir (rtv)

TMC278-C114

A Phase I, open-label trial
to investigate the two-way,
pharmacokinetic drug-drug
interaction between single-
dose and steady-state
TMC278 and steady-state
omeprazole in

healthy volunteers

137

TMC278-C116

A Phase I, open-label,
randomized, two-way
crossover trial in 16 healthy
subjects to investigate the
potential pharmacokinetic
interaction between steady-
state rilpivirine and steady-
state atorvastatin

155

TMC278-C121

A Phase I, open-label,
single-sequence drug-drug
interaction trial in subjects
on stable methadone
maintenance therapy, to
investigate the potential
interaction between
TMC278 25 mg g.d. and
methadone, at steady-state

171

TMC278-C123

A Phase I, open-label,
randomized, 2-way
crossover trial in 16 healthy
subjects to investigate the
potential pharmacokinetic
interaction between
TMC278 and sildenafil

183

TMC278-C125

A Phase I, open label,
randomized, three-way
crossover trial in 18 healthy
subjects to investigate the
pharmacokinetic interaction
between steady-state
TMC278 and steady state
rifabutin

194

TMC278-C127

A Phase I, open-label,
randomized, two-way

206
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crossover trial in 16 healthy
subjects to investigate the
potential pharmacokinetic
interaction between steady-
state rilpivirine and steady-
state ketoconazole

TMC278-C136

A Phase I, open-label drug-
drug interaction trial to
investigate the effect of
TMC278 25 mg g.d. on the
steady-state
pharmacokinetics of
ethinylestradiol and
norethindrone, in

healthy women

213

TMC278-C139

A Phase I, open label trial
in 16 healthy subjects to
investigate the effect of
single-dose and steady-state
TMC278 on the
pharmacokinetics of
chlorzoxazone

226

TMC278-C140

A Phase I, open-label,
randomized, 4-way,
crossover trial in 24 healthy
subjects to investigate the
pharmacokinetic interaction
between single doses of
TMC278 and famotidine in
3 different dosing regimens

239
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T™MC278-C104

1. Title

A Phase I open-label trial to investigate the pharmacokinetic interaction between
tenofovir (administered as tenofovir disoproxil fumarate) and TMC278 at steady-state in
healthy subjects.

2. Information Regarding the Clinical Trial Site and Duration of the Trial
The trial was conducted at ek
from September 9, 2004 to December 7, 2004.

3. Objectives

The objectives of the trial were to evaluate the effect at steady state of tenofovir on
rilpivirine pharmacokinetics and the effect of steady state rilpivirine on tenofovir
pharmacokinetics and urinary excretion.

4. Trial Design

TMC278-C104 was a Phase I, open label, randomized, clinical trial that enrolled male
and female subjects between 18 and 55 years old. A schematic of the trial design was
not provided in the trial report. The trial was divided into two sessions. In the first
session or treatment arm, subjects were administered 150 mg of rilpivirine from Day 1 to
Day 8 followed by a 14 day washout period. In the second session or treatment arm, 300
mg of tenofovir was administered from Day 1 to Day 16 and 150 mg of rilpivirine was
administered from Day 9 to Day 16 in 8 subjects (Group 1) and Day 1 to Day 8 in 8
subjects (Group 2).

5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions

Use of ibuprofen was permitted up to three days before administration of trial medication.

Afterwards, ibuprofen use was permitted up to 400 mg/day until the end of each
treatment arm. Any medications were to be discontinued a minimum of fourteen days
before administration of trial medication (with the exception of ibuprofen). Use of herbal
medicines or dietary supplements was not permitted from fourteen days before initiation
of the trial and throughout the trial.

Use of liquids containing alcohol or quinine was not permitted from 24 hours before
administration of trial medication until 96 hours after the last administration of trial
medication in each session or treatment arm. Intake of grapefruit and grapefruit juice
was not permitted from 7 days before administration of trial medication until 96 hours
after the last administration of trial medication in each session or treatment arm.

In the event of an adverse event, the following medications were permitted:
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A) Rash or an allergic reaction: cetirizine, topical corticosteroids, or antipruritic agents
(specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)

C) Diarrhea: loperamide

6. Dosage and Administration

A standard meal was administered in the morning and medication (either rilpivirine or
tenofovir administered by itself) was administered within 10 minutes after completion of
the meal. When both medications were coadministered, rilpivirine was administered
within 10 minutes of a standard meal and tenofovir was administered within 5 minutes
after rilpivirine.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimen that was administered to all subjects was 150 mg once
daily. In contrast, the rilpivirine dosage regimen that was evaluated in the Phase 3
clinical trials and the recommended dosage regimen in the proposed prescribing
information is 25 mg once daily with a meal. Across the dose range of 25 mg to 150 mg,
increases in rilpivirine exposure were approximately dose proportional. However,
tenofovir is not anticipated to cause clinically significant changes in rilpivirine exposure.

The tenofovir dosage regimen administered in the trial (300 mg once daily) is the
recommended dosage regimen in the tenofovir (Viread) prescribing information (label)
for the treatment of HIV-1 infection. Tenofovir can be administered with or without
food.

8. Drugs Used in the Trial

Rilpivirine 25 mg tablets (formulation FOO1) and 100 mg tablets (formulation F002) were
administered in the trial. Both of these tablets were Phase 2b formulations that were used
in the Phase 1 or 2 trials.

Tenofovir (Viread™) 300 mg tablets were administered in the trial.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

For the first session (rilpivirine administered alone), blood samples for analysis of
rilpivirine concentrations were obtained on Days 8 and 9 at predose and up to 24 hours
postdose. Predose rilpivirine blood samples were also obtained on Days 1, 3, 5, and 7.

For the second session, in Group 1, blood samples for analysis of rilpivirine
concentrations were obtained on Days 16 and 17 at predose and up to 24 hours postdose.
On Days 9, 11, 13 and 15, a predose blood sample was drawn to determine rilpivirine
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concentrations. In Group 2, blood samples for analysis of rilpivirine concentrations were
obtained on Days 8 and 9 at predose and up to 24 hours postdose. Tenofovir
concentrations were obtained at Day 8 and 9 at predose and up to 24 hours postdose and
on Days 16 and 17 at predose and up to 24 hours postdose for both groups. For both
groups, on Days 1, 3, 5 and 7 and on Days 11, 13 and 15, a predose blood sample was
drawn to determine tenofovir predose concentrations. Urine for analysis of tenofovir was
also collected on Days 8 and 16 up to 24 hours postdose.

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by Johnson and Johnson
Pharmaceutical Research and Development. The lower limit of quantification for
rilpivirine was 1 ng/mL and the upper limit of quantification was 2000 ng/mL. There
were no precision or accuracy issues identified for rilpivirine based on the bioanalytical
report. For the TMC278-C104 trial, precision and accuracy were evaluated using the low
(2.51 ng/mL), medium (50.1 ng/mL), and high (1550 ng/mL) QC samples. The
corresponding rilpivirine inter-run accuracy values were 0.8% for the low QCs, -2% for
the medium QCs, and -1.9% for the high QCs, and the rilpivirine inter-run precision
values were 10.3% for the low QCs, 6.8% for the medium QCs, and 6.9% for the high
QCs. The submitted rilpivirine long term stability data of 1528 days at -20°C covered the
duration of long term rilpivirine stability data necessary for the TMC278-C104 trial.

The method and bioanalysis of tenofovir in plasma is acceptable. Plasma samples were
analyzed for tenofovir concentrations using a validated LC/MS/MS method by R

The lower limit of quantification for tenofovir was 4 ng/mL
and the upper limit of quantification was 500 ng/mL. There were no precision or
accuracy issues identified for tenofovir in plasma based on the bioanalytical report. For
the TMC278-C104 trial, precision and accuracy were evaluated using plasma QC
samples at 12 (low QC), 75 (medium QC) and 400 ng/mL (high QC). The low QC
sample that was analyzed in the TMC278-C104 trial was different from the concentration
that was evaluated as part of the method validation (6 ng/mL). In addition, in three out of
the six runs, one QC out of the six QCs that were evaluated failed to meet acceptance
criteria and in a fourth run, two QCs (one QC at 12 ng/mL and the other QC at 75 ng/mL)
out of the six QCs that were evaluated failed to meet acceptance criteria. However, in all
four runs, the acceptance criterion of at least 67% of the QCs calculated to be within
+15% of the theoretical or nominal value was still achieved. The corresponding tenofovir
inter-run accuracy values were 1.8% for the low QCs, -6.2% for the medium QCs, and -
2.2% for the high QCs, and the rilpivirine inter-run precision values were 11.4% for the
low QCs, 12.2% for the medium QCs, and 9.1% for the high QCs. The submitted
tenofovir long term stability data in plasma matrix at -20°C indicated that tenofovir was
stable for 60 days but not at 90 days. However, 60 days appears to cover the duration of
tenofovir long term stability data in plasma matrix at -20°C necessary for the TMC278-
C104 trial.

The method and bioanalysis of tenofovir in urine is acceptable. There were no stability
experiments that were submitted as part of the method validation. Urine samples were
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analyzed for tenofovir concentrations using a validated HPLC fluorescence detection
method by @9 The lower limit of quantification for tenofovir was 1 ng/mL and the
upper limit of quantification was 20 ng/mL. There were no precision or accuracy issues
identified for tenofovir in urine based on the bioanalytical report. For the TMC278-C104
trial, precision and accuracy were evaluated using plasma QC samples at 3 (low QC), 10
(medium QC) and 17.5 ng/mL (high QC). The corresponding tenofovir inter-run
accuracy values were -8.4% for the low QCs, -5% for the medium QCs, and -3.6% for the
high QCs, and the rilpivirine inter-run precision values were 0.9% for the low QCs, 0.9%
for the medium QCs, and 3.1% for the high QCs. The long-term stability data for
tenofovir in urine was not submitted. Therefore, the stability of the tenofovir urine
samples from the day the first sample was collected to the day the last sample was
analyzed is unknown and the reliability of the reported tenofovir pharmacokinetic data in
urine can not be guaranteed.

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate plasma pharmacokinetic parameters,
including Cpin, Cmax, and AUCg.p). If a major difference (> 10.00% deviation from the
scheduled time) was observed, the actual sampling time was used instead of the
scheduled sampling time. In urine, the derived urine pharmacokinetic parameters for
tenofovir included the total amount excreted in urine (Ae [mg]) and the total
percentage of the dose excreted in urine (Dyyine, total [%0]=Aeia/Dose).

Statistical Analysis

Descriptive statistics were calculated for rilpivirine and tenofovir plasma concentrations
and pharmacokinetic parameters and for tenofovir urine pharmacokinetic parameters,
including the number of subjects (n), mean, standard deviation, the coefficient of
variation (CV%), geometric mean, median, and the minimum and maximum values.

Statistical analysis involved comparison of plasma rilpivirine log transformed
pharmacokinetic parameters for rilpivirine when coadministered with tenofovir (test arm)
compared to rilpivirine administration by itself (reference arm). In plasma, for tenofovir,
statistical analysis involved comparison of tenofovir when coadministered with rilpivirine
(test arm) compared to tenofovir administration by itself (reference arm). Coy, (the
predose plasma concentrations), Cpin (the minimum plasma concentrations between 0
hour and the dosing interval [1]), Cimax, and AUC..) were evaluated. In urine, for
tenofovir, statistical analysis involved comparison of the total percentage of the tenofovir
dose excreted in urine (Dyyine, total [%]) when coadministered with rilpivirine (test arm)
compared to tenofovir administration by itself (reference arm). Using a linear mixed
effects model, least squares means were calculated and 90% confidence intervals were
derived based on the difference of the pharmacokinetic parameter’s least squares means
for the test and reference arms. The applicant did not specify predetermined “no effect
boundaries” for the 90% confidence intervals.

An assessment was performed to determine if rilpivirine (both sessions) and tenofovir
steady state concentrations were achieved, presumably by the eighth day of dosing.
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10. Results
10.1 Subject Demographics and Disposition

Table 1-TMC278-C104 subject demographics

Parameter Group 1 Group 2 All Subjects
N =8 N =8 N =16
Age years A - -
Median (range) 34002147 41.0 (20-51) 38.5(20-51)
Height, cm
= - 7 - 77 -
Median (range) 178 (171-190) 176 (167-193) 177 (167-193)
Weight. kg -
= ] 7 _ ol 5_ _
Median (range) 74.0 (64-90) 79.0 (65-91) 76.5 (64-91)
BML kg/m” ,3 ,‘ B B
Median (range) 24.1(19-28) 24.1(21-29) 24.1(19-29)
Ethnic Origin, n (%)
Caucasian/White 8 (100.0) 6(75.0) 14 (87.5)
Black 0 1(12.5) 1(6.3)
Astan 0 1(12.5) 1(6.3)
Smoking Type
Light 0 1(12.5) 1(6.3)

N = number of subjects per treatment group.
Group 1 received Treatment A during Session I and Treatment B during Session I1.
Group 2 recerved Treatment A during Session I and Treatment C during Session I1.

Figure 2-TMC278-C104 subject disposition

IN =31 subjects
screened

M = 15 not randomized, no

treatment

Reason: - screening failure {100
- subject withdrew
consent {4)
- adverse event (1}

IN = 16 subjects
randomized and

treated
Group 1 Group 2
S1 Treatment A Treatment A
N=2S8 N=28

Group 1 Group 2
52 Treatment B Treatment C
N=8 N=S8

N=1
Discontinued
Reason: adverse
event

Best Available Copy

Completed Completed
N=7 N=8

MN: number of subjects: S: Session

Treatment A: 150 mg TMC278 g.d. rom Day 1 to 8.

Treatment B: 300 mg tenofovir DF g.d. from Day 1 to 16. 150 mg TMC278 q.d. from Day 9 to 16
Treatment C- 300 mg tenofovir DF g d. from Dav 1 to 16, 150 mg TMC278 g d. from Day 1 to 8.
Treatment periods were separated by a washout period of at least 14 days

H
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10.2 Prior and Concomitant Medications

One subject administered concurrent medications during the trial. The administered
concurrent medication was acetaminophen. Acetaminophen would not be expected to
alter CYP 3 A metabolism.

10.3 Pharmacokinetic and Statistical Analysis

In the second session, there were five subjects with quantifiable rilpivirine concentrations
either on Day 1 or on Day 9. However, these concentrations were 5% or less of the
subject’s Cpax for the session and no adjustments were necessary for the pharmacokinetic
analyses. All subjects had tenofovir concentrations that were less than the lower limit of
quantification (LLOQ) on Day 1 in the second session.

Rilpivirine

Table 2-Pharmacokinetic parameters for rilpivirine 150 mg once daily and
rilpivirine 150 mg once daily with tenofovir 300 mg once daily coadministration

Pharmacokinetics of TMC2738 Test Reference
(mean + SD. t_.: median [range]"ﬁ TMC278 + TDF TWMC278

n 15 16
Cqy (ng/mL) 467 + 164 500 =179
Cosx (ng/mlL) 921 £230 1005 £315
Coin (ng/mL) 391 +139 409 = 141
AUCay (ng h/mL) 14404 + 3925 14805 = 4609
g (1) 4.0 [3.0-24.0] 40[2.0-6.0]

Table 3-Statistical analysis for rilpivirine 150 mg once daily and rilpivirine 150 mg
once daily with tenofovir 300 mg once daily coadministration

TMC278 Least squares means p-value
Test Reference

TMC278+ TMC278
Parameter TDF ratio 20% CI° Treatment | Period Group
n 15 16 - - - - -
Con (ng/'mL) 447 462 0.97 084-1.12 0.6886 - 0.9362
Conin (ng/mL) 373 379 0.99 0.83-1.16 0.8756 - 0.6966
Conax (ng/mL) 902 940 0.96 081-1.13 0.6621 - 0.4250
AUC 4 14031 13832 1.01 0.87-1.18 0.8685 - 0.5482
(ng h/mL)

*90% confidence interval of ratio

With tenofovir coadministration, minimal differences were observed in the mean
rilpivirine Con, Ciin, Cmax, and AUC g-24n) compared to rilpivirine when administered by
itself. The 90% confidence interval for rilpivirine Con, Ciin, Cmax and AUC g_o4n) were
within 80%-125%.
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Based on evaluating the mean rilpivirine concentrations, steady state appears to have
been achieved by Day 8 in either the first or second session (plots of the individual
rilpivirine predose concentrations were not provided).

Tenofovir

Table 4-Tenofovir plasma and urine pharmacokinetic parameters (administered as
tenofovir 300 mg once daily and tenofovir 300 mg once daily with rilpivirine 150 mg
once daily coadministration)

Pharmacokinetics of Tenofovir Test Reference
(mean + SD. tw.,; median [range]) TMC278 + TDF TDF
1 15 16
Con (ng/mL) T0+22 59 =20
Coax (ng/mL) 353+ 64 305 £ 80
Coin (ng'mL) 67 +19 56 20
AUCy, (ng h/mL) 3593 + 800 2991 + 877
tane (1) 2.5[1.0-4.0] 2.0 [0.5-4.0]
Digine total (D':':' 40898 36278

Table 5-Statistical analysis for tenofovir in plasma and urine (administered as
tenofovir 300 mg once daily and tenofovir 300 mg once daily with rilpivirine 150 mg
once daily coadministration)

TENOFOVIR Least squares means p-value
Test Reference
TMC278 + IDF

Parameter TDF ratio | 90% CI" | Treatment | Period Group
n 15 16 - - - - -
Coy (ng/mL) 638 55 1.24 | 1.09-140 0.0090 0.0179 0.3818
Coin (ng/mL) 65 53 1.10-1.38 0.0054 0.0103 0.2858
Crax (ng/mL) 352 295 1.06-1.34 0.0167 0.2441 0.3388
AUC 4 3563 2885 1.16-1.31 <.0001 0.8778 0.2791
(ng.h/mL)
Dhine total (%) 40.4 36.2 1.12 | 1.00-1.24 0.1111 0.0953 0.5854

*90% confidence interval of ratie

With rilpivirine coadministration, in plasma, the mean tenofovir Cop, Ciin, Cmax, and

AUC o-24n) values were increased compared to tenofovir when administered by itself.

The 90% confidence interval for tenofovir Con, Crin, Cmax, and AUC g_24n) were not within
80%-125%. In urine, with rilpivirine coadministration, the total percentage of the
tenofovir dose excreted in urine (Dyyine, total [%]) was increased compared to tenofovir
when administered by itself. The 90% confidence interval for tenofovir Dy;ine, total was
within 80%-125%.
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Based on evaluating the mean tenofovir concentrations, steady state appears to have been
achieved by Day 8 in the second session (plots of the individual tenofovir predose
concentrations were not provided).

10.4 Safety Issues

No deaths or other serious adverse events were reported for the trial. One subject
reported grade 3 adverse events of increased ALT and increased lipase during tenofovir
and rilpivirine coadministration, as well as grade 3 increased AST and lipase and grade 4
increased ALT during follow up. The most common reported adverse events were
headache, nausea and abdominal pain (see Table 6 for information regarding the number
of subjects).

Table 6-Adverse event incidence categorized by system organ class and preferred
term reported in more than one subject

System Organ Class Treatment Period No-Treatment Period Whole
Preferred Term N=16 N =16 Trial
n (%) TMC278 | Temofovir | TMC278/ | Washout | Follow-up N=16

DF tenofovir
DF

Any Adverse Event 12 (75.0) 5(31.3) 13 (81.3) 6 (37.5) 2(12.5) 15 (93.8)

Gasirointestinal -

Disorders 7 (43.8) 2(125) 4 (25.0) 1(6.3) 1(6.3) 10 (62.5)
Abdominal discomfort 0 1(6.3) 0 0 1(6.3) 2(12.5)
Abdominal pain 2(12.5) 1(6.3) 1(6.3) 0 1(6.3) 4(25.0)
Diarrhea 1(6.3) ] 1(6.3) 0 0 2(12.5)
Loose stools 2(12.5) 0 0 0 0 2(12.5
Nausea 3(18.8) 2 (12.5) 3(18.8) 0 0 5(31.3)

General disorders and

adminisiration site 0 1(6.3) 2(12.5) 1(6.3) 0 4 (25.0)

conditions
Fatigue 0 1(63) 1(6.3) 0 0 2(12.5)
Influenza like 1llness 0 0 1(6.3) 1(6.3) 0 2(12.5)

Injury, poisening and -

procedural complications 2(12:5) 0 0 1(63) 0 3(8.8)
Cannula site reaction 1(6.3) 0 ] 1(6.3) 0 2(12.5)

3;’;;’{;;?””"* 10(62.5) | 425.0 8 (50.0) 0 0 13 (81.3)
Dizziness 1(6.3) ] 2(12.5) 0 ] 2(12.5)
Headache 9 (56.3) 4 (25.0) 6(37.5) 0 0 12 (75.0)

Respiratory, thoracic and = =

J.i.iefﬁ'r.'s!hr.-:llé’}disorders 0 0 2(12:5) 2123 0 3838)
Nasopharmgitis 0 0 0 2(12.5) 0 2 (12.5)

n = number of subjects with 1 or more events; N = number of subjects per treatment group.
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Table 7-Adverse event incidence at least possibly related to either rilpivirine or
tenofovir categorized by system organ class and preferred term

System Organ Class Treatment Period Whole Trial
Preferred Term N=16 N=16
n (%) TMC278 Tenofovir DF TMC278/

Tenofovir DF

Any Adverse Event at Least - i

Possibly Related” 2125 0 1(6.3) 3(1838)
Gasirointestinal Disorders 1(6.3) 0 0 1(6.3)

Abdominal pain 1(6.3) 0 0 1(6.3)
Frequent bowel movements 1(6.3) 0 0 1(6.3)
Nausea 1(6.3) 0 0 1(6.3)
Nervous System Disorders 2(12.5) 0 1(6.3) 3 (18.8)
Headache 2(12.5) 0 1(6.3) 3 (18.8)

* Note that no AEs were probaly or very likely related to the study medication.
n = number of subjects with 1 or more events: N = number of subjects per treatment group.

11. Discussion and Conclusions

Based on the results from the drug-drug interaction trial, the following conclusions can be
made:

e With tenofovir coadministration, minimal differences were observed in the mean
rilpivirine Con, Ciin, Cmax, and AUC g-24n) compared to rilpivirine when
administered by itself. Rilpivirine Con, Cimin, and Cpax were decreased by 3%, 1%,
and 4%, respectively and rilpivirine AUCg.24n) was increased by 1%. The 90%
confidence interval for rilpivirine Con, Cmin, Cmax and AUC g_24n) were within 80%-
125%.

e  With rilpivirine coadministration, in plasma, the mean tenofovir Cop, Cpin, Craxs
and AUC g24n) values were increased by 24%, 24%, 19% and 23%, respectively,
compared to tenofovir when administered by itself. The 90% confidence interval
for tenofovir Con, Cpin, Cmax, and AUC g_24n) were not within 80%-125%. In urine,
with rilpivirine coadministration, the total percentage of the tenofovir dose
excreted in urine (Dyyine, total [%]) was increased by 12% compared to tenofovir
when administered by itself. The 90% confidence interval for tenofovir Dyine,
total was within 80%-125%.

Tenofovir does not result in clinically relevant changes in the exposure of rilpivirine and
a dose adjustment for rilpivirine is not necessary. Tenofovir is not a substrate of
cytochrome P450 enzymes and is eliminated thorough glomerular filtration and active
tubular secretion. The mechanism underlying the increase in tenofovir exposure is
unclear. However, based on the results from this trial, a rilpivirine dosage regimen of
125 mg once daily does not result in clinically relevant changes in the exposure of
tenofovir and a dose adjustment for tenofovir is not necessary. However, it is important
to note that in the absence of identifying the mechanism behind the increase in tenofovir
exposure, an extrapolation of the effects of rilpivirine 25 mg once daily on tenofovir 300
mg once daily can not be made.
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T™MC278-C105

1. Title

A Phase I, open label, randomized, 2-way crossover trial in 16 healthy subjects to
investigate the potential pharmacokinetic interaction between TMC278 and
lopinavir/ritonavir at steady-state

2. Information Regarding the Clinical Trial Site and Duration of the Trial

The trial was conducted at the Rl

from January 13, 2005 to May 4, 2005.
3. Objectives

The objectives of the trial were to evaluate the effect at steady state of lopinavir/ritonavir
on rilpivirine pharmacokinetics and the effect of lopinavir and ritonavir on rilpivirine
pharmacokinetics.

4. Trial Design

TMC278-C105 was a Phase I, open label, randomized, 2 way crossover clinical trial that
enrolled male and female healthy subjects between 18 and 55 years old. The trial design
is displayed in Figure 1.
Figure 1-TMC278-C105 trial design

Session I —p At least 14 days washout ——  Session IT
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R | Group | | Treatment A (n = §) Treatment A (n=8)

A

N TMC278 150 mg q.d. TMC278 150 mg q.d.
from Days 1—10 from Days 1 —10

D

o

M

I Treatment B (n=8) Treatment B (n=8)

zZ

A~ Lopinavir/ritonavir Lopinavir/ritonavir

I GIoup 2 1 400/100 m b.id. 400/100 me b.i.d.
from Days 1—20 from Days 1—20

I + +

0 TMC278 150 mg q.d. TMC278 150 mg q.d.

N from Days 11 —20 from Days 11 — 20
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5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions

Use of ibuprofen was permitted up to three days before first dosing. From three days
before first dosing for a treatment arm until the end of the treatment arm, ibuprofen use
was permitted up to 400 mg/day. Any medications besides ibuprofen were to be
discontinued a minimum of fourteen days before first dosing and use of concurrent
medications was not permitted up to seven days after the last administration of trial
medication. Use of herbal medicines or dietary supplements was not permitted from
fourteen days before first dosing up to 7 days after the last administration of trial
medication.

Use of liquids containing alcohol or quinine was not permitted from 24 hours before
administration of trial medication until the end of each treatment arm. Intake of
grapefruit and grapefruit juice was not permitted from 7 days before administration of
trial medication until the end of each treatment arm.

In the event of an adverse event, the following medications were permitted:

A) Rash or an allergic reaction: cetirizine, levocetirizine, topical corticosteroids, or
antipruritic agents (specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)
C) Diarrhea: loperamide

6. Dosage and Administration

On pharmacokinetic sampling days, subjects fasted overnight for a minimum of 10 hours.
After a standard meal in the morning, rilpivirine was administered within 10 minutes
after completion of the meal.

On pharmacokinetic sampling days, lopinavir/ritonavir was administered within 10
minutes after completion of the meal in the morning and in the evening within 10 minutes
after completion of the meal and after the 12 hour pharmacokinetic sample. On days
when both lopinavir/ritonavir and rilpivirine were administered, lopinavir/ritonavir was
administered within 5 minutes after rilpivirine.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimen that was administered to all subjects in Session 1 and
Session 2 was 150 mg once daily. On Days 10 (Treatment A) and 20 (Treatment B),
rilpivirine was administered with meals as recommended in the proposed prescribing
information. In contrast, the rilpivirine dosage regimen that was evaluated in the Phase 3
clinical trials and the recommended dosage regimen in the proposed prescribing
information is 25 mg once daily with a meal. Across the dose range of 25 mg to 150 mg,
increases in rilpivirine exposure were approximately dose proportional. Therefore, the
percentage change in rilpivirine exposure that is caused by the inhibitory effects of
lopinavir/ritonavir should be similar with a rilpivirine dosage regimen of either 25 mg
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once daily or 150 mg once daily in the absence of significant induction effects from
either rilpivirine or ritonavir and if similar lopinavir/ritonavir inhibition effects occur
with the two rilpivirine dosage regimens.

The lopinavir/ritonavir dosage regimen is the standard twice daily regimen that is used to
treat HIV-linfected patients. On Days 10 and 20 (Treatment B), lopinavir/ritonavir was
administered with meals as recommended for the capsule formulation.

8. Drugs Used in the Trial

Rilpivirine 25 mg tablets (formulation FOO1) and 100 mg tablets (F002) were
administered in the trial. Both of these tablets were Phase 2b formulations that were used
in the Phase 1 or 2 trials.

Lopinavir/ritonavir soft gelatin capsules containing 133.3 mg of lopinavir and 33.3 mg of
ritonavir were administered in the trial.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

For Treatment A, blood samples for analysis of rilpivirine concentrations were obtained
on Days 10 and 11 at predose and up to 24 hours postdose. Predose rilpivirine blood
samples were also obtained on Days 8 and 9. On Day 1, a predose sample was drawn to
determine rilpivirine, lopinavir and ritonavir concentrations.

For Treatment B, plasma samples for analysis of lopinavir and ritonavir concentrations
were obtained on Days 10 at predose and up to 12 hours postdose. Additionally, plasma
samples for analysis of rilpivirine, lopinavir and ritonavir concentrations were obtained
on Days 20 at predose and up to 12 hours postdose and a sample was drawn at Day 21 for
analysis of rilpivirine concentrations only. Predose blood samples for analysis of
lopinavir and ritonavir concentrations were also obtained on Days 8 and 9 and predose
blood samples for analysis of rilpivirine, lopinavir and ritonavir concentrations were
obtained on Days 18 and 19. On Day 1, a predose sample was drawn to determine
rilpivirine concentrations.

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by Johnson and Johnson
Pharmaceutical Research and Development. The lower limit of quantification for
rilpivirine was 1 ng/mL and the upper limit of quantification was 2000 ng/mL. There
were no precision or accuracy issues identified for rilpivirine based on the bioanalytical
report. For the TMC278-C105 trial, precision and accuracy were evaluated using the low
(2.51 ng/mL), medium (50.2 ng/mL), and high (1560 ng/mL) QC samples. The
corresponding rilpivirine inter-run accuracy values were 0% for the low QCs, -1.4% for
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the medium QCs, and 0.6% for the high QCs, and the rilpivirine inter-run precision

values were 10.4% for the low QCs, 6% for the medium QCs, and 5.7% for the high QCs.

The submitted rilpivirine long term stability data of 1528 days covered the duration of
long term rilpivirine stability data necessary for the TMC278-C105 trial.

The method and bioanalysis of lopinavir and ritonavir are acceptable. Plasma samples
were analyzed for lopinavir and ritonavir concentrations using a validated LC/MS/MS
method by @@ " The lower limit of quantification for lopinavir was 20 ng/mL and the
upper limit of quantification was 20000 ng/mL. There were no precision or accuracy
issues identified for lopinavir based on the bioanalytical report. For the TMC278-C105
trial, precision and accuracy were evaluated using the low (60 ng/mL), medium (500
ng/mL), and high (15000 ng/mL) QC samples. The corresponding lopinavir inter-run
accuracy values were 2.5% for the low QCs, -0.3% for the medium QCs, and 4.3% for
the high QCs, and the lopinavir inter-run precision values were 3.4% for the low QCs,
3.1% for the medium QCs, and 8.6% for the high QCs. The lower limit of quantification
for ritonavir was 5 ng/mL and the upper limit of quantification was 5000 ng/mL. There
were no precision or accuracy issues identified for ritonavir based on the bioanalytical
report. For the TMC278-C105 trial, precision and accuracy were evaluated using the low
(15 ng/mL), medium (200 ng/mL), and high (4000 ng/mL) QC samples. The
corresponding ritonavir inter-run accuracy values were -0.8% for the low QCs, -1.6% for
the medium QCs, and -1.5% for the high QCs, and the ritonavir inter-run precision values
were 3.7% for the low QCs, 1.5% for the medium QCs, and 3.0% for the high QCs.
There was no long term stability data that was generated by @9 In response to a
request for information, long term stability data for lopinavir or ritonavir was submitted
that was generated by Tibotec not . Long term stability for lopinavir or ritonavir
was demonstrated based on the data generated by Tibotec. A definitive determination
that lopinavir and ritonavir concentrations from the TMC278-C105 trial were stable for
the required duration of long term rilpivirine stability data can not be made; however
there is no specific requirement that long term stability data must be generated by the
bioanalytical laboratory that analyzes the trial samples.

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate pharmacokinetic parameters,
including Cpax and AUCg.py. If @ major difference (> 10.00% deviation from the
scheduled time) was observed, the actual sampling time was used instead of the
scheduled sampling time.

Statistical Analysis

Descriptive statistics were calculated for rilpivirine, lopinavir and ritonavir plasma
concentrations and pharmacokinetic parameters, including the number of subjects (n),
mean, standard deviation, the coefficient of variation (CV%), geometric mean, median,
and the minimum and maximum values.

Statistical analysis involved comparison of rilpivirine log transformed pharmacokinetic
parameters for Day 20, Treatment B (test arm) compared to Day 10, Treatment A
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(reference arm). For lopinavir and ritonavir, statistical analysis involved comparison of
lopinavir and ritonavir log transformed pharmacokinetic parameters for Day 20,
Treatment B (test arm) compared to Day 10, Treatment B (reference arm). Cyin, Cpnax,
and AUC o) were evaluated. Using a linear mixed effects model, least squares means
were calculated and 90% confidence intervals were derived based on the difference of the
pharmacokinetic parameter’s least squares means for the test and reference arms. The
applicant did not specify predetermined “no effect boundaries” for the 90% confidence
intervals.

An assessment was performed to determine if rilpivirine steady state concentrations were
achieved by Day 10 (Treatment A) based on predose concentrations from Days 8§, 9 and
10 and Day 11 Cay4p or by Day 20 (Treatment B) based on predose concentrations from
Days 18, 19 and 20 and Day 21 Cay4p. For lopinavir and ritonavir, an assessment was
performed to determine if steady state concentrations were achieved by Day 10
(Treatment B) based on predose concentrations from Days 8, 9 and 10 and Day 10 Ci,, or
by Day 20 (Treatment B) based on predose concentrations from Days 18, 19 and 20 and
Day 20 C1 2h.

10. Results
10.1 Subject Demographics and Disposition

Table 1-TMC278-C105 subject demographics

Parameter Group 1 Group 2
TMC278 — LPV/r/TMC278 —
LPVA/TMC278 TMC278 Total
N8 N=8 N =16

Age, years

Median (range) 33.0(21-47) 26.0 (19 — 48) 20.0 (19— 48)
Height, em

Median (range) 177.0 (162 — 190) 175.0 (160 — 182) 175.0 (160 — 190)
Weight, kg

Median (range) 69.5 (59 — 102) 77.5 (51 — 92) 73.5 (51 — 102)
BMI, kg/m”

Median (range) 2425 (20.6-28.3) 24.95 (19.9 -30.0) 24.55(19.9 - 30.0)
Race, n (%)

Caucasian/white 8 (100.0) 5(62.5) 13 (81.3)

Black 0 2(25.0) 2(12.5)

Oriental/Asian 0 1(12.5) 1(6.3)
Sex, n (%)

Male 8 (100.0) 8 (100.0) 16 (100.0)
Type of smoker, n (%)

No 6 (75.0) 8 (100.0) 14 (87.5)

Yes (Light) 2(25.0) 0 2(12.5)

BMI: Body mass index, LPV/r: Lopinavir/ritonavir, N: Number of subjects per treatment group.
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Figure 2-TMC278-C105 subject disposition

| N = 36 subjects screened

| N =20 not randomized, no treatment received

| N = 16 subjects randomized |

Group 1 Group 2
8 subjects 8 subjects
N=38g N=38
Treatment A Treatment B
TMC278 150 mg q.d. on Days 1-10 LPV/r 400/100 mg b.i.d. on Days 1-20 +
TMC278 150 mg g.d. on Days 11-20
| N = 8 subjects completed | ] N = 7 subjects completed |
No drop-outs 1 drop-out
(reason: withdrew consent)
N=38g N=7
Treatment B Treatment A
LPV/r 400/100 mg b.i.d. on Days 1-20 + TMC278 150 mg q.d. on Days 1-10
TMC278 150 mg q.d. on Days 11-20

| N = 7 subjects completed | ] N = 7 subjects completed

1 drop-out No drop-outs
(reason: withdrew consent)

LPV/r: Lopinavir/ritonavir, N: Number of subjects per treatment group.
10.2 Prior and Concomitant Medications

The trial report states that there were no reports of concomitant medications administered
to subjects in the trial.

10.3 Pharmacokinetic and Statistical Analysis

There were 4 subjects with a quantifiable rilpivirine drug concentration prior to starting
Treatment A and 3 subjects with a quantifiable rilpivirine drug concentration prior to
starting Treatment B. The applicant stated that the cause was rilpivirine administration in
the previous session, despite a 14 day washout. However, these concentrations were 5%
or less of the subject’s Cyax for the treatment arm and no adjustments were necessary for
the pharmacokinetic analyses.
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Rilpivirine

Table 2-Pharmacokinetic parameters for rilpivirine 150 mg once daily and
rilpivirine 150 mg once daily with lopinavir and ritonavir coadministration
(400 mg/100 mg twice daily) [%FI=100 X ([Cmax-Cumin)/Css.av)]

Pharmacokinetics of TMC278 Treatment B (Day 20):
(mean + SD, ty,,: median Treatment A (Day 10): LPV/r 400/100 mg b.i.d. + TMC278
[range]) TMC278 150 mg q.d. 150 g q.d.

n 15 15

Con, ng/mL 507.3 = 256.5 071.6= 4854
Clagp. ng/mL 649.3 = 337.4 1281 = 647.2

Cpin. ng/mL 478.8 = 248.7 809.4+ 370.0

tmax b 5.0(3.0-12.0) 4.0 (3.0 - 24.0)
Copage. ng/ml 1265 £ 420.7 1619 = 603.0
AUCH4y. ng.h/mL 19770 = B436 29900 = 12900

Ces av- ng/ml 823.9= 351.5 1250 £ 5373

FI. %% 104.5 = 37.94 68.02 = 20.75

Table 3-Statistical analysis for rilpivirine 150 mg once daily and rilpivirine 150 mg
once daily with lopinavir and ritonavir coadministration (400 mg/100 mg twice

daily)
] Least )
n Least Square Means Square p-value
Means [90% CL, %"
TMC278 [TMC278/ TMC278 TMC278/| patio.
Parameter Alone LPV/ir Alone LPVir 0 ’ Treatment{Period[Sequence|
(Reference)| (Test) |[(Reference)| (Test)
Coin, ng/mL 15 15 422.1 7354 | 1742 | 146-208 | 0.0001 |0.7813| 0.8273
C oy ng/mL 15 15 1172 1508 1286 | 118-140 | 0.0002 |0.7418] 0.9942
AUCyp, ng.h/mL 15 15 17934 27274 | 1521 | 136-170 | <0.0001 [0.5595| 0.9316

LPV/r = lopinavir/ritonavir.
? 00% confidence intervals.

On Day 20 (Treatment B), with lopinavir/ritonavir coadministration, higher mean
rilpivirine Cpin, Cmax, and AUC o.24n) values were observed in subjects compared to Day
10 (Treatment A), when rilpivirine was administered by itself. The 90% confidence
interval for rilpivirine Cpin, Ciax, and AUC g.24n) were not within 80%-125%.

Based on evaluating the individual rilpivirine predose or C,4n concentrations, steady state
concentrations were achieved by Day 10 (Treatment A) and Day 20 (Treatment B) in
most subjects.
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Lopinavir/ritonavir

Table 4-Lopinavir pharmacokinetic parameters (administered as lopinavir/ritonavir

400 mg/100 mg twice daily and lopinavir/ritonavir 400 mg/100 mg twice daily with
rilpivirine 150 mg once daily coadministration)

Pharmacokinetics of Lopinavir

(mean = SD, tmay: median |1‘ange])

Treatment B (Day 10):
LPV/r 400/100 mg b.i.d

Treatment B (Day 20):
LPV/r 400/100 mg b.i.d +
TMC278 150 mg q.d.

n

Cop, ng/mL

Ciap. ng/mL

Crpin. ng/mL
JA—

Cpay ng/mL
AUC;y, ng.h/mL

Cssav. ng'mL
FI. %

15
7482 + 2386
62852127
5082 1977
4.0 (3.0 - 5.0)
13850 = 2964

112900 = 22170
9411 = 1847
85.00 = 22.47

15
7375 = 2868
6297 = 2681
5555 = 2490
4.0 (1.0-5.0)
13300 + 3118

113700 = 32450
9479 = 2704

86.00 =26.80

Table 5-Statistical analysis for lopinavir (administered as lopinavir/ritonavir
400 mg/100 mg twice daily and lopinavir/ritonavir 400 mg/100 mg twice daily with
rilpivirine 150 mg once daily coadministration)

n Least Square Means . p-value
Least Square
- LPV/r/ LPV/; |Means Ratio,[90% CT, %"
Parameter LPV/r Alone TMC278 LPV/r Alone TMC278 % Treatment]
(Reference) (Reference)
(Test) (Test)

C i ng/mL 15 15 5643 5011 88.80 73.2-108 0.2972
Cze ng/mL 15 15 13535 2994 06.01 87.5-105 0.4529
AUC;, ng.h/mL 15 15 110790 109806 00.11 89.1-110 0.8845

LPV/r = lopinavir/ritonavir.
* 90% confidence intervals.

On Day 20 (Treatment B), with rilpivirine coadministration, a lower mean lopinavir Cpp
value was observed and minimal changes were observed with Cyax and AUC g.12n) in
subjects compared to Day 10 (Treatment B), when lopinavir/ritonavir was administered
by itself. The 90% confidence interval for lopinavir Cpax and AUCg.12n) were within
80%-125%. The 90% confidence interval for lopinavir Cyi, was not within 80%-125%.
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Table 6-Ritonavir pharmacokinetic parameters (administered as lopinavir/ritonavir

400 mg/100 mg twice daily and lopinavir/ritonavir 400 mg/100 mg twice daily with
rilpivirine 150 mg once daily coadministration)

Pharmacokinetics of Ritonavir Treatment B (Day 20):
Treatment B (Day 10): LPV/r 400/100 mg b.i.d +

(mean + SD, ty,;: median [range]) LPV/r 400/100 mg b.i.d TMC278 150 mg q.d.
n 15 15

Con. ng/mL 273.1+£192.9 275.5=156.2
Cpop. ng/mL 1929+ 1034 198.7 = 102.0
Chuin ng/mL 168.5=06.33 177.9=100.5

tmax, 11 4.0(2.0-5.0) 4.0(3.0-5.0)
Cpax- ng/mL 1256 = 648.4 1070 £417.7
AUC ., ngh/mL 6331=2731 G035 = 2444
Clsav. ng/ml 527.6£227.6 502.9+203.6

FI, % ] 206.1=41.58 183.8 4397

Table 7-Statistical analysis for ritonavir (administered as lopinavir/ritonavir
400 mg/100 mg twice daily and lopinavir/ritonavir 400 mg/100 mg twice daily with
rilpivirine 150 mg once daily coadministration)

n Least Square Means | y . Square o et osa p-value
Means Ratio, %/ © ¢ L%
LPVir LPV/r/ LPVir LPVir/ | t
Parameter Alone TMC278 Alone TMC278 Treatment]
(Reference) (Test) |(Reference)] (Test)

Clin- ng/mL 15 15 138.6 147.7 106.6 890.1-128 | 0.5419
Clpay. ng/ml 15 15 1101 977.9 88.81 72.8-108 | 0.3003
AUC . ng.h/mL 15 15 5664 5459 96.38 84.0-111 0.6424

LPV/r = lopinavir/ritonavir.
* 90% confidence intervals.

On Day 20 (Treatment B), with rilpivirine coadministration, a lower mean ritonavir Cpax
was observed and minimal changes were observed with Cy,in and AUC .12n) in subjects
compared to Day 10 (Treatment B), when lopinavir/ritonavir was administered by itself.
The 90% confidence interval for ritonavir AUC .12 was within 80%-125%. The 90%
confidence interval for ritonavir Cp,x and Cp,;, were not within 80%-125%.

Based on evaluating the individual lopinavir and ritonavir predose or C,4, concentrations,
steady state concentrations were achieved by Day 10 (Treatment B) and Day 20
(Treatment B) in most subjects.
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10.4 Safety Issues

No deaths or other serious adverse events were reported for the trial. No grade 3 or 4
adverse events were reported. The most common adverse event that was reported for

more than one subject was pain (2 subjects, 12.5%).

Table 8-Adverse event incidence reported for greater than one subject per system
organ class and categorized by system organ class and preferred term

System Organ Class TMC278 LPVi/
Preferred Term Alone LPV/r Alone TMC278 Follow-up Total
n (%o) (N=15) (N =16) (N =15) (N =14) (N =16)
Any Adverse Event 3 (20.0%) 6 (37.5%) 1 (6.7%) 1(7.1%) 8 (50.0%)
Gastrointestinal Disorders 0 3 (18.8%0) 0 0 3 (18.8%0)
Abdominal pain upper 0 1(6.3%) 0 0 1(6.3%)
Flatulence 0 1(6.3%) 0 0 1(6.3%)
Nausea 0 1(6.3%) 0 0 1(6.3%)
General Disorders and 2 (13.3%) 2 (12.5%) 0 0 4 (25.0%)
Administration Site Conditions
Asthenia 0 1(6.3%) 0 0 1(6.3%)
Fatigue 1(6.7%) 0 0 0 1(6.3%)
Pain 1 (6.7%) 1(6.3%) 0 0 2(12.5%)
Investigations 0 1 (6.3%) 0 1(7.1%) 2 (12.5%)
Blood uric acid inereased 0 0 0 1(7.1%) 1(6.3%)
Transaminases increased 0 1(6.3%) 0 0 1(6.3%)
Respiratory, Thoracic, and 0 1 (6.3%) 1 (6.7%) 0 2 (12.5%)
Mediastinal Disorders
Epistaxis 0 0 1(6.7%) 0 1(6.3%)
Rhinitis 0 1(6.3%) 0 0 1(6.3%)
LPV/r: Lopinavir/ritonavir.
n = number of subjects with 1 or more events: N = number of subjects per treatment group.
No AEs were reported during the washout phases.
Table 9-Adverse event incidence possibly related to either rilpivirine or
lopinavir/ritonavir categorized by system organ class and preferred term
System Orvgan Class TNMC278 LPV/r LPV/r/
Preferred Term Alone Alone TANC278 Follow-up Total
n (%) (N =15) (N = 16) N =15) (N =14) N = 16)
‘Any AFE of any causality 3 (20.0%) 6 (37.5%) 1 (6.7%) 1 (7.1%) 8 (50.0%)
With ar least 1 AE thought to be 2 (13.3%0) 0 0 0 2 (12.5%)
possibly related to TMC278
General Disorders and 1 (6.7%%0) 0 (1] 0 1(6.3%0)
Administration Site Conditions
Fatigue 1(6.7%) 0 1] 0 1(6.3%%)
WVascular Disorders 1 (6.7%0) 0 1] 0 1(6.3%0)
Hot flush 1(6.7%) 0 0 0 1{6.3%)
With at least 1 AE thought to be 0 4 (25.0%%0) 1] 0 4 (25.0%%0)
possibly related to LPV/y¥
Gastrointestinal Disorders 0 2 (12.5%0) 0 0 2 (12.5%0)
Abdominal pain upper 0 1(6.3%0) o] 0 1(6.3%)
Nausea 0 1(6.3%0) o] 0 1(6.3%%)
Investigations 0 1 (6.3%%) (1] 0 1(6.3%0)
Transaminases increased 0 1(6.3%) o] 0 1(6.3%)
Skin and Subcutaneous Tissue 0 1(6.3%) 0 0 1(6.3%0)
Disorders
Fash maculo-papular 0 1(6.3%) o] 0 1(6.3%0)

LPV/r: Lopinavir/ritonavir.

n = number of subjects with 1 or more events: N = number of subjects per treatment group.
No AEs were thought to be probably or very likely drug related.
No AEs were reported during the washout phases.
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11. Discussion and Conclusions

Based on the results from the drug-drug interaction trial, the following conclusions can be
made:

e Rilpivirine exposure was increased with lopinavir/ritonavir coadministration
(rilpivirine mean Cpin, Cinax, and AUC g.24n) values were increased by 74%, 29%,
and 52%, respectively). The 90% confidence interval for all three parameters was
not within 80-125%.

e With rilpivirine coadministration, the mean lopinavir Cy,;, value was decreased by
11% and minimal changes were observed with lopinavir Cyax and AUC g.12n)
[decrease of 4% and 1%, respectively]. The 90% confidence interval for lopinavir
Cmax and AUC o.12n) was within 80%-125%, however the 90% confidence interval
for Cpin was 73%-108%.

e With rilpivirine coadministration, the mean ritonavir Cy,.x value was decreased by
11% and minimal changes were observed with ritonavir Cyin and AUC(g.12n)
[increase of 7% and decrease of 4%, respectively]. The 90% confidence interval
for ritonavir AUC .12n) was within 80%-125%, however the 90% confidence
interval for Cpax and Cp;n was 73%-108% and 89%-128%.

The increase in rilpivirine exposure may be potentially explained by lopinavir/ritonavir
CYP 3A inhibition. The information from the trial supports the conclusion that with a
rilpivirine 150 mg once daily dosing regimen, potential lopinavir/ritonavir CYP 3A
inhibition of rilpivirine metabolism does not result in clinically relevant changes in
rilpivirine exposure and therefore no dosage adjustment for rilpivirine is required (see
below for further discussion regarding rilpivirine 25 mg once daily dosing).

With a 150 mg once daily rilpivirine dosage regimen, the decreases in both lopinavir and
ritonavir exposure may be potentially explained by rilpivirine CYP 3A induction. The
specific effects of a 25 mg once daily rilpivirine dosage regimen on lopinavir/ritonavir
exposure have not been evaluated. From a mechanistic standpoint, the degree of
induction with rilpivirine 25 mg once daily dosing is anticipated to be the same or less
compared to 150 mg once daily dosing. The changes in lopinavir/ritonavir exposure
appear to be minimal with rilpivirine coadministration based on the results from the trial
and therefore no dosage adjustment for lopinavir/ritonavir is required with rilpivirine
dosage regimens ranging from 25 mg once daily to 150 mg once daily. However,
potential differences in the inhibitory effects of lopinavir/ritonavir when coadministered
with rilpivirine 25 mg once daily compared to rilpivirine 150 mg once daily may be
clinically relevant. The rationale for this statement is that under the scenario of decreased
rilpivirine induction, a greater degree of lopinavir/ritonavir inhibition may occur with
rilpivirine 25 mg once daily dosing. Further analysis of this issue will be conducted.
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T™MC278-C106

1. Title

A Phase I, open-label trial to investigate the pharmacokinetic interaction between
didanosine (ddI) and TMC278 at steady-state in healthy individuals

2. Information Regarding the Clinical Trial Site and Duration of the Trial

(b) (4)

from June 2, 2005 to December 16, 2005.

The trial was conducted at

3. Objectives

The objectives of the trial were to evaluate the effect at steady state of didanosine on
rilpivirine pharmacokinetics and the effect of steady state rilpivirine on didanosine
pharmacokinetics.

4. Trial Design

TMC278-C106 was a Phase I, open label, randomized, clinical trial that enrolled male
and female subjects between 18 and 55 years old. The trial design is displayed in Figure

1.

Figure 1-TMC278-C106 trial design

Session T At least 14 days Session IT*
washout

Group 1
400 mg ddI q.d. Days 1-14

plus150 mg TMC278 q.d.
Days 8- 14
150 mg TMC278 q.d. |

p Days 1-7

Group 2

400 mg ddI q.d. Days 1-14
plus150 mg TMC278 q.d.
Days 1-7

2O m = mZ2O0T 7R

* Note: Repeat Session II (substudy) was performed in the same way as Session II after all subjects had completed the main
study.

5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions
Use of ibuprofen was permitted up to three days before administration of trial medication

in each session or treatment arm. Afterwards, ibuprofen use was permitted up to 400
mg/day until the end of each session or treatment arm. Any medications were to be
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discontinued a minimum of fourteen days before the first administration of trial
medication (with the exception of ibuprofen). Use of herbal medicines or dietary
supplements was not permitted from fourteen days before initiation of the trial and
throughout the trial. Use of hormone replacement therapy was also permitted in
postmenopausal women.

Use of liquids containing alcohol or quinine was not permitted from 24 hours before the
first administration of trial medication until 96 hours after the last administration of trial
medication in each session or treatment arm. Intake of grapefruit and grapefruit juice
was not permitted from 7 days before the first administration of trial medication until 96
hours after the last administration of trial medication in each session or treatment arm.

In the event of an adverse event, the following medications were permitted:

A) Rash or an allergic reaction: cetirizine, topical corticosteroids, or antipruritic agents
(specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)

C) Diarrhea: loperamide

6. Dosage and Administration

A standard meal was administered in the morning and rilpivirine was administered within
10 minutes after completion of the meal. Didanosine was administered on an empty
stomach with a meal administered 1.5 hours after didanosine administration. Rilpivirine
was administered two hours after didanosine administration.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimen that was administered to all subjects was 150 mg once
daily. In contrast, the rilpivirine dosage regimen that was evaluated in the Phase 3
clinical trials and the recommended dosage regimen in the proposed prescribing
information is 25 mg once daily with a meal. Across the dose range of 25 mg to 150 mg,
increases in rilpivirine exposure were approximately dose proportional. However,
didanosine is not anticipated to cause clinically significant changes in rilpivirine
exposure.

The didanosine dosage regimen (using the delayed release capsules with enteric coated
beadlets) administered in the trial (400 mg once daily) is the recommended dosage
regimen for patients weighing a minimum of 60 kg in the didanosine (Videx EC)
prescribing information (label) for the treatment of HIV-1 infection. Didanosine is to be
administered on an empty stomach.
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8. Drugs Used in the Trial

Rilpivirine 25 mg tablets (formulation FOO1) and 100 mg tablets (formulation F002) were
administered in the trial. Both of these tablets were Phase 2b formulations that were used
in the Phase 1 or 2 trials.

Didanosine (Videx® EC) 400 mg capsules were administered in the trial.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

For session 1 (rilpivirine administered alone), blood samples for analysis of rilpivirine
concentrations were obtained on Days 7 and 8 at predose and up to 24 hours postdose.
Predose rilpivirine blood samples were also obtained on Days 1, 3, 5, and 6.

For session 2, in Group 1, blood samples for analysis of rilpivirine concentrations were
obtained on Days 14 and 15 at predose and up to 26 hours postdose. On Days 1, 8, 10, 12
and 13, a predose blood sample was drawn to determine rilpivirine concentrations. In
Group 2, blood samples for analysis of rilpivirine concentrations were obtained on Days
7 and 8 at predose and up to 26 hours postdose. On Days 1, 3, 5, and 6, a predose blood
sample was drawn to determine rilpivirine concentrations. Didanosine concentrations
were obtained at Day 7 and 8 at predose and up to 24 hours postdose and on Days 14 and
15 at predose and up to 24 hours postdose for both groups. For both groups, on Days 1,
3, 5 and 6 and on Days 10, 12 and 13, a predose blood sample was drawn to determine
didanosine predose concentrations.

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by Johnson and Johnson
Pharmaceutical Research and Development. The lower limit of quantification for
rilpivirine was 1 ng/mL and the upper limit of quantification was 2000 ng/mL. There
were no precision or accuracy issues identified for rilpivirine based on the bioanalytical
report. For the TMC278-C106 trial, precision and accuracy were evaluated using the low
(2.51 or 2.85 ng/mL), medium (50.2 or 57.1 ng/mL), and high (1550 or 1560 ng/mL) QC
samples. The corresponding rilpivirine inter-run accuracy values were 2.4% and -2.8%,
respectively, for the low QCs, -1% and -0.2%, respectively, for the medium QCs, and
-2.6% and 1.9%, respectively, for the high QCs, and the rilpivirine inter-run precision
values were 8.4% and 10.3%, respectively, for the low QCs, 4.1% and 5%, respectively,
for the medium QCs, and 3.9% and 5%, respectively, for the high QCs. The submitted
rilpivirine long term stability data of 1528 days at -20°C covered the duration of long
term rilpivirine stability data necessary for the TMC278-C106 trial.

The method and bioanalysis of didanosine is acceptable. Plasma samples were analyzed
for didanosine concentrations using a validated LC/MS/MS method by @@ " The lower
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limit of quantification for didanosine was 10 ng/mL and the upper limit of quantification
was 5000 ng/mL. There were no precision or accuracy issues identified for didanosine
based on the bioanalytical report. For the TMC278-C106 trial, precision and accuracy
were evaluated using plasma QC samples at 30 (low QC), 400 (medium QC) and 4000
ng/mL (high QC). In addition, in two runs, one QC out of the six QCs that were
evaluated failed to meet acceptance criteria and in a third run, two QCs (one QC at 400
ng/mL and the other QC at 4000 ng/mL) out of the six QCs that were evaluated failed to
meet acceptance criteria. However, in all three runs, the acceptance criterion of at least
67% of the QCs calculated to be within £15% of the theoretical or nominal value was still
achieved. The corresponding didanosine inter-run accuracy values were 2.9% for the low
QCs, 2.5% for the medium QCs, and 2.2% for the high QCs, and the didanosine inter-run
precision values were 7.2% for the low QCs, 6.1% for the medium QCs, and 6.1% for the
high QCs. Long term didanosine stability data in plasma matrix at -20°C is pending and
the reliability of the reported didanosine pharmacokinetic data can not be determined at
this time.

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate plasma pharmacokinetic parameters,
including Cpin, Cmax, and AUCg.p). If a major difference (> 10.00% deviation from the
scheduled time) was observed, the actual sampling time was used instead of the
scheduled sampling time.

Statistical Analysis

Descriptive statistics were calculated for rilpivirine and didanosine plasma concentrations
and pharmacokinetic parameters, including the number of subjects (n), mean, standard
deviation, the coefficient of variation (CV%), geometric mean, median, and the minimum
and maximum values.

Statistical analysis involved comparison of plasma rilpivirine log transformed
pharmacokinetic parameters for rilpivirine when administered 2 hours after didanosine
(test arm) compared to rilpivirine administration by itself (reference arm). For
didanosine, statistical analysis involved comparison of didanosine when administered 2
hours before rilpivirine (test arm) compared to didanosine administration by itself
(reference arm). Cop, (the predose plasma concentrations), Cpi (the minimum plasma
concentrations between 0 hour and the dosing interval [1]), Cax, and AUCy.) were
evaluated. Using a linear mixed effects model, least squares means were calculated and
90% confidence intervals were derived based on the difference of the pharmacokinetic
parameter’s least squares means for the test and reference arms. The applicant did not
specify predetermined “no effect boundaries” for the 90% confidence intervals.

An assessment was performed to determine if rilpivirine (both sessions) steady state
concentrations were achieved, presumably by the seventh day of dosing. An assessment
was also planned to determine if didanosine steady state concentrations were achieved,
however this assessment was not conducted (see 10.3 for further information).
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10. Results
10.1 Subject Demographics and Disposition

Table 1-TMC278-C106 subject demographics

Group 1 Group 2 Total
Parameter N=13 N=13 N=26
Age, years
Median (range) 28.0 (18-54) 24.0 (19-52) 25.5 (18-54)
Height. ecm
Median (range) 170.0 (157-174) 171.0 (151-183) 170.5 (151-183)
Weight, kg
Median (range) 73.0 (60-87) 73.0 (62-89) 73.0 (60-89)
BML kg/m”
Median (range) 26.8 (20-30) 25.5(21-30) 25.9 (20-30)
Sex, n (%)
Male 10 (76.9%) 11 (84.6%) 21 (80.8%)
Female 3(23.1%) 2(154%) 5 (19.2%)
Race, n (%)
Caucasian/White 6 (46.2%) 5 (38.5%) 11 (42.3%)
Hispanic 4 (30.8%) 2(15.4% 6 (23.1%)
Black 3 (23.1%) 4 (30.8%) 7 (26.9%)
Oriental / Asian 0 1(7.7%) 1(3.8%)
Other 0 1(7.7%) 1(3.8%)
Smoker, n (%)
No 13 (100.0%) 13 (100.0%) 26 (100.0%)
Figure 2-TMC278-C106 subject disposition
| ™ = 110 subjects screened |
| N = B4 not randomized.
| no treatment received
| ™ = 26 subjects randomized |
Original study Substudy
™ = 16 subjects randomized ™N = 10 subjects randomized
Session I
TNNIC2TS
™M=16
¥ = 12 completed
N = 4 discomntinuations
{1 subject lost to
follow-up. 1 subject
withdrew dus to an AE. 2
subjects withdrew
consent)
Session II. Group 1 Session IL. Group 2 Repeat Sessiom IL, Repeat Session IL,
AddI. ddl +~ ThIC2TS ddI - TMC2ZTS., ddl Group 1 Group 2

ddi, ddl +~ TMC2TS

due to an AE during
follow-up®

N=7 N =35
N=s5 N =5
™ = 7 subjects ™ = 5 subjects ™ = = subjects N = 4 subjects
completed completed completed completed
N = 1 subject withdrew N = 1 subject withdrew

consent during
treatment wirth ddl
alone

s Subject 1060097 stopped taking study medication after receiving ddl on Day 7

. but remained in the trial

undergoing scheduled assessments without receiving study medication. The subject withdrew from the studsy

completelv at follow-up.
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10.2 Prior and Concomitant Medications

One subject administered concurrent medications during the trial. The administered
concurrent medication was prune juice to treat constipation. Prune juice would not be
expected to alter CYP 3A metabolism.

10.3 Pharmacokinetic and Statistical Analysis

In the second session, in Group 1 (excluding replacement subjects), there were seven
subjects with quantifiable rilpivirine concentrations on Day 1 and two subjects with
quantifiable rilpivirine concentrations on Day 8. In the second session, in Group 2
(excluding replacement subjects), there were three subjects with quantifiable rilpivirine
concentrations on Day 1. However, these concentrations were 5% or less of the subject’s
Chnax for the session and no adjustments were necessary for the pharmacokinetic analyses.
All subjects had didanosine concentrations that were less than the lower limit of
quantification (LLOQ) on Day 1 in the second session.

In addition, 10 additional subjects were enrolled in session 2 in order to replace samples
that were lost during shipment.

Rilpivirine
Table 2-Pharmacokinetic parameters for rilpivirine 150 mg once daily and

rilpivirine 150 mg once daily administered two hours after didanosine 400 mg once
dally [%FI:lOO X ([Cmax'cmin]/css,av)]

?‘S::nz]:;[i:::;;f - TMC278 + ddI TMC278 Alone
median [range]) (Test) {Reference)

n 21 14

toa, 11 4.0[3.0-4.0] 4.0([2.04.0]

Cop. ng/mL 644 = 218 542 + 138
Cin. ng/mL 527 = 183 491 £ 107

Crpey. ng/mL 1379 = 463 1366 = 384°
AUC,y. ngh/mL 18429 + 5085 18286 + 4130
Ci a ng/mL 768 = 212 762 = 172

FL % 1105 = 303 1153 = 188

" For Cpay and tpae 1 =15
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Table 3-Statistical analysis for rilpivirine 150 mg once daily and rilpivirine 150 mg
once daily administered two hours after didanosine 400 mg once daily

Least Squares Means p-value
TMC278 TNC2TS e
ddl Alone Treatment ratio,
Test/Ref. ) % and 90% CI" Randomization
Parameter n) (Test) (Reference) (Test/Reference) Treatment Group
Cop. ng/mL 21 14 a3 557 108 99— 118 0.1223 0.7488
Coin. nig/'ml. | 21 14 502 500 100 92 — 109 0.9309 0.7075
C - 21 15 1312 1309 100 90-110 0.9644 0.5508
ng/mL
ATUC4p. 21 14 17941 17936 100 95— 106 0.9930 0.5648
ng. h/ml
Median p-value (Wilcoxon Signed Rank Test)
TMC278 TMC2TS
Test/Ref. +ddl Alone Randomization
Parameter (m) (Test) (Reference) Treatment Group
to... h 21" | 15" 4.0 4.0 1.0000

*90% confidence interval; ® n= 12 for Wilcoxon signed rank test

When rilpivirine was administered two hours after didanosine, the mean rilpivirine Cop,
value was increased, and minimal differences were observed in the mean rilpivirine Cyp,
Crmax, and AUC .24y values compared to rilpivirine when administered by itself. The
90% confidence interval for rilpivirine Con, Cpin, Cmax and AUC ¢.24n) were within 80%-
125%.

Based on evaluating the mean rilpivirine concentrations, steady state appears to not have
been achieved by Day 7 in either the first or second session (plots of the individual
rilpivirine predose concentrations were not provided). However, the conclusions drawn
from the trial regarding didanosine’s impact on the rilpivirine exposure would still be
applicable.

Reference ID: 2924498 101



Didanosine

For didanosine, the Cy, and Cy,;n values were not reported because on Days 7 and 14 the
predose concentrations were less than the lower limit of quantification (LLOQ).

Table 4-Didanosine plasma pharmacokinetic parameters (administered as

didanosine 400 mg once daily and rilpivirine 150 mg once daily administered two

hours after didanosine 400 mg once daily) [%FI=100 x ([Cimax-Cmin]/Css.av)]

(Pm]f;:nmi";;}n:;:li;;flle TMC27S - ddl adl Alone
1‘ﬂnge1} (Lest) (Feference)
n 13 13
[ 2.0 [1.0-3.0] 2.0 [1.0-3.0]
Cop. ng/ml. TSI N
Consn- i/l TN i L ]
Conaee. gl 1270 = 426 1398 = 538
AUTCan. ng h/mI. 4140 = 1181 3643 = 944
Cos. o g/l 173 = 49 152 = 39
FI. %o T4T7 = 215 924 += 313

NQ: Mot Quantifiable

Table 5-Statistical analysis for didanosine in plasma (administered as didanosine
400 mg once daily and rilpivirine 150 mg once daily administered two hours after
didanosine 400 mg once daily)

Least Squares Means p-value
TMC278
Treatment ratio,
Test/Ref. *+ddI ddlAlone | o hd 009 CT°
Parameter (n) (Test) (Reference) (Test/Reference) [ Treatment | Period Sequence
C par- Dg/'mL 13 13 1260 1317 ) 80-114 0.6669 0.7780 0.1428
AUCo4p, 13 13 3985 3548 112 99 127 0.1203 0.8951 0.7819
ng.h/mL
median p-value (Koch Analysis)
TMC278
Test/Ref. +ddI ddI Alone
Parameter (n) (Test) (Reference) Treatment Period Sequence
ey 1L 12 12 2.0 2.0 0.6342 0.7338 0.2424

*90% confidence mterval

When rilpivirine was administered two hours after didanosine, minimal differences were

observed in the mean didanosine Cpax value, and the AUC .24y value was increased
compared to didanosine when administered by itself. The 90% confidence interval for

didanosine C,.x was within 80%-125% and the 90% confidence interval for didanosine

AUC(0_24h) was not within 80%-125%.
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The predose didanosine concentrations were not evaluated to determine if steady state
was achieved by Day 7 because the predose didanosine concentrations for Days 1, 3, 5 6,

and 7 were less than the lower limit of quantification for all subjects.

10.4 Safety Issues

No deaths or other serious adverse events were reported for the trial. One subject that

withdrew from the trial reported grade 3 increased pancreatic lipase and grade 4
increased lipase during rilpivirine administration by itself. Another subject also

experienced a grade 3 increase in cholesterol that was not reported as an adverse event.
The most common reported adverse event was headache (see Table 6 for information

regarding the number of subjects).

Table 6-Adverse event incidence categorized by system organ class and preferred
term reported in more than one subject (includes original and replacement subjects)

Svsrem Organ Class ddl =
Preferred Term TMC278 ddl TMC278 Follow-up Total
n (%a) N=16 MN=11 N=11 N=211 N=1
Mumber (%o} of Subjects with 6(37.5%) 3(13.6%) 6 (28.6%:) 28 1%) 13 (30.0%)
AFE Data
Nervous Sysrem Disorders 5(31.3%) 1(4.5%) 2(9.5%) 0 9{34.6%)
Dhzziness 1 (6.3%) 0 1(4.8%) 0 2(7.7%)
Headache 4 (25.0%:) 1 (4.5%) 1 (4.8%) i 61(23.1%)
Gasireincestinal INsorders 3 (158.8%) 2(%.1%) 3 (14.3%) 0 T (26.9%)
Abdonunal pain 2 (12.5%) 0 0 0 2(7.7%)
Loose stools o 1 (4.5%) 1(4.8%) 0 2(7.7%)
Wausaa 2 {12.5%) 0 2 (0.5%) 0 4 (15.4%)
General Disorders and 10(6.3%) 1(4.5%) 104.3%) 0 3 (1L.5%)
Admimistrarion Sire Conditions
Injection =site hemorrhaze 0 1(4.5%) 10(4.8%) 0 2{7.7%)
Renal and Urinary Disorders 2(12.5%) 0 1i4.5%) 0 3(11.5%)
Peollakiuria 2{12.5%) 0 0 0 2 (7.7%)

n = punber of subjects with that particular AE, %o = percentage of subjects with that partcular AE, computed against the total

mmiber of sulzjects whe are stll in the mial in that phasa. Successive events are counted only cnce.
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Table 7-Adverse event incidence at least possibly related to rilpivirine categorized

by system organ class and preferred term (includes original and replacement

subjects)
Svsrewm Organ Class ddI +
Preferred Term TAICITS ddI TAMC2ZTS Follow-up Total
n { o) N =16 N =22 N =21 ™ =22 N =26
Nerveus Srstenme Disorders S {31.3%a) 1] 1 (4.8%) a 6 (22.1%)
Dhnzziness 1 {5 3%) 0 0 i 1 (3.8%%)
Headache { c aQ 1 (4.8%2) Q 5 {19 2%}
Somnolence o o o 1 (3. 8%
Gastrainiestinal Nseorders L] 1 (4.8%0) ] 3 {11.5%0)
Abdominal distension i ol 0 ] o 1 (3.8%0)
Abdominal pain 2 {12 5%} O a o 2
Constipation 1 (8.3%%) ] 0 o 1 (3 8%
Flamlsnce 1 (& 3%a) o [ o 1 (3 8%}
IManzsa 1 {5.3%a) o 1 {4 .8%2) o 2 (7. 7%}
Tnvestiganons 1 {5.3%a) 1] ] 1 (4.5%0]) 2 (7.7%)
ALT increased a ] LS 1 (4.5%0) 1i(3.83%)
AST mereasad 0 o [ 1 (4.5%0) 1 ({3 8%}
Blood amylase increasad 1 {6.3%) ] L o 1 (3. 8%
Blood LDVH increased a 0 0 14 5% 1 (3. 8%)
Lipase incr=ased 1 {5 3%) 0 Ly L] 1 {3 8%}
Psyclhianmic Disorders o L1} 2 (9.5%0) i 2 (7.7%0)
Aamaety ki o 1 {4 B2%2) o 1(3.3%)
Insoniniz 0 o 1 {4 .B%2) o 1 ({3 8%}
Renal and Urinary DMsorders 1 {5.3%a) 1] 1(4.8%a) i 2 (7.7%0)
Protaimmria ki o 1 {4 B2%2) o 1 (3. 8%}
Pollakimia 1 (5.3%a) 0 0 o 1 (3 8%}
Muscnloskeleral and 1 {5.3%a) L] ] ] 1 (3.5%94%)
Connecrive Tissue Disorders
Mlzvalzia 1 (5. 3%0) 0 0 i 1 (3.8%%)
AT T = slamine aminomransferase, AST = asparmate aminomansferase, LTVH = lactare debhydrogenssa

n =mumber of subjects with that pardcular AE %% = percentage of subjects with thar parmcnlar AE computed aszinst the total
nunber of subjects who are stall @ the oial in that phase Successive events sTe connted only once.

Table 8-Adverse event incidence at least possibly related to didanosine categorized

by system organ class and preferred term (includes original and replacement

subjects)
Sysrem Organ Class ddl +
Preferred Term TAIC2TS ddl TAC2TS Follow-up Total
n (%) N=16 N=12 N=11 N=22 N=16
Gasiretniestingl Disorders 0 209.1%) 1i4.8%) 0 3 (11.5%0)
Aphthous stomatitis 0 1{4.5%) 0 0 1¢3.8%)
Loose stools 0 1{4.5%) 0 0 1(3.8%)
Nauzza 0 1(4.8%) 0 1 (3.8%)
Investiganons 0 1(4.5%) ] 1 (4.5%) 2(7.7%)
Blood mglycendaz 0 1{4.5%) 0 0 10(3.3%)
merezsed
ALT imeraased 0 0 0 1 (4.5%) (3.8%)
AST mereased i] 0 0 1 (4.5%) (3.8%)
Blood LDH mcreased 0 0 1 (4.5%) 13.3%)
Nervous System Disorders 0 1 (4.5%) 1i4.8%) 0 2({7.7%)
Headache 0 1 {4.5%) 1(4.8%) 0 2(7.7%)
Psyehiatric Disorders 0 0 20(9.5%) 0 2{7.7%)
Anxiety 0 0 104.8%) 0 1(3.8%)
Insommia 0 0 1(4.8% 0 1(3.8%)
Renal and Urinary 0 0 1i4.8%) 0 1{3.58%)
Disorders
Proteimmia 0 0 1(4.8%) 0 1(3.8%)

ALT = alanine aminotransfarase, AST = aspartate aminomwansferase, LDH
n = mnmber of subjects with that parocular AE, % = percentage of subjects with thar parmonlar AE, comipured against the total
numnber of subjects who are sull m the mal in that phase Successive events are connted only once.
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11. Discussion and Conclusions

Based on the results from the drug-drug interaction trial, the following conclusions can be
made:

e When rilpivirine was administered two hours after didanosine, the mean
rilpivirine Cy, value was increased by 8%, and minimal differences were observed
in the mean rilpivirine Cpin, Cinax, and AUC .24y values (0% increase in all three
parameters) compared to rilpivirine when administered by itself. The 90%
confidence interval for rilpivirine Con, Cmin, Cmax and AUC g_24n) were within 80%-
125%.

e When rilpivirine was administered two hours after didanosine, minimal
differences were observed in the mean didanosine Cy,.x value (decrease of 4%),
and the AUC .24y value was increased by 12% compared to didanosine when
administered by itself. The 90% confidence interval for didanosine C,x was
within 80%-125% and the 90% confidence interval for didanosine AUC g.24n) was
not within 80%-125%.

Didanosine does not result in clinically relevant changes in the exposure of rilpivirine and
a dose adjustment for rilpivirine is not necessary. Didanosine is not a substrate of
cytochrome P450 enzymes. The mechanism underlying the increase in didanosine
exposure is unclear. Based on the results from this trial, a rilpivirine dosage regimen of
125 mg once daily does not result in clinically relevant changes in the exposure of
didanosine and a dose adjustment for didanosine is not necessary. However, it is
important to note that in the absence of identifying the mechanism behind the increase in
didanosine exposure, an extrapolation of the effects of rilpivirine 25 mg once daily on
didanosine 400 mg once daily can not be made.

In the proposed prescribing information for rilpivirine, the applicant recommends
administering didanosine @@ This
recommendation differs from the administration of didanosine and rilpivirine in the C106
trial, where didanosine was administered two hours before rilpivirine (which is
administered with a meal). The prescribing information for didanosine (Videx® EC)
capsules does not provide specific time interval recommendations for spacing out
administration of didanosine from meals. The prescribing information for didanosine
(Videx™) pediatric powder for oral solution states that didanosine should be administered
on an empty stomach a minimum of 30 minutes before or 2 hours after meals. The
didanosine pediatric powder is mixed with antacid. There is no drug-drug interaction data
currently available for administering a combination of didanosine pediatric powder and
rilpivirine. However, in order to minimize the potential for the didanosine pediatric
powder to alter the absorption of rilpivirine, a recommendation will be sent to the
applicant to change the labeling information to state that didanosine should be
administered at least two hours before (to minimize the effects of antacids) or four hours
after rilpivirine (to account for the median occurrence of the maximum rilpivirine
concentration [tma] at 4 hours). This recommendation would also be applicable to the
delayed release capsules (Videx® EC).
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Trial R278474-C108

A phase 1, open-label, randomized, three-way crossover trial in 16 healthy subjects to
establish the two-way pharmacokinetic interaction between rilpivirine and rifampin at
steady-state

Dates: May 25 — September 20, 2004

Trial Site:

)
Summary of Findings:
Rifampin 600 mg q.d. had a statistically and clinically significant effect on the steady-state
pharmacokinetics of rilpivirine 150 mg q.d. Co-administration of rifampin and rilpivirine for 7
days decreased the steady-state rilpivirine exposures (AUC,4;) by about 80% when compared to
reference exposures produced by rilpivirine alone. This pronounced decrease in rilpivirine
exposure is likely due to the inductive effects of rifampin on CYP3A4. On the other hand,
steady-state rilpivirine had no clinically significant effect on the steady-state pharmacokinetics of
rifampin and its active metabolite 25-desacetylrifampin. From a safety perspective, healthy
subjects were able to tolerate treatment with rilpivirine alone or in combination with rifampin.
Only one patient dropped out from the trial due to a grade 3 adverse event during rifampin
treatment. Based on results from this trial, rilpivirine and rifampin should not be co-administered.

Objectives:

The primary objective of the trial was to investigate the effect of steady-state rifampin on the
steady-state pharmacokinetics of rilpivirine, and the effect of steady-state rilpivirine on the
steady-state pharmacokinetics of rifampin and its active metabolite 25-desacetylrifampin. The
secondary objective of the trial was to investigate the safety and tolerability of rilpivirine and
rifampin when co-administered for 7 days in healthy subjects.

Design:

This was a phase 1, open-label, randomized, 3-way crossover trial to determine the
pharmacokinetic interaction between rilpivirine and rifampin at steady-state. The trial was
divided into 3 sessions. In each session, subjects received one of 3 treatments (Treatment A, B,
or C). Randomization was done in such a way that each subject received one different treatment
in each session.

Treatment A: Rilpivirine 150 mg q.d. for 7 days

Treatment B: Rifampin 600 mg q.d. for 7 days

Treatment C: Rilpivirine 150 mg q.d. + rifampin 600 mg q.d. for 7 days
Washout: After each session for at least 14 days

Full pharmacokinetic profiles of rilpivirine, and or/rifampin and 25-desacetylrifampin were
determined on day 7 of each treatment session.

Figure1 Trial Design

7-day treatment 7-day treatment 7-day treatment

21 days 14 days 14 days 14 days

Screening Session T Washout Session IT Washout Session IIT Washout Follow-up
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The trial included 16 Caucasian healthy subjects (10 males and 6 females of non-childbearing
potential). The trial enrolled subjects between 18 to 55 years with normal body weight (BMI 18.0
to 30.0 kg/m?) and cortisol levels >19.9 pg/dL at screening. Subjects were excluded from the trial
if they had any current or previous adrenal illness, viral infection (HIV-1, HIV-2, HAV, HBV,
HCV), or the following laboratory abnormalities considered > grade 1: serum creatinine,
pancreatic amylase or lipase, hemoglobin, platelet count, absolute neutrophil count, total
bilirubin, AST, and ALT. Subjects were also excluded if they had a history or suspicion of
alcohol, barbiturate, amphetamine, or narcotic drug use.

The use of medications, herbal medications, and dietary supplements was prohibited at least 14
before the first dose of trial medication, except for ibuprofen. Subjects were not allowed to
consume alcoholic or quinine-containing beverages between 24 hours before each intake of trial
medication until the end of each session. Consumption of grapefruit and grapefruit juice was not
allowed between 7 days before each intake of trial medication until the end of each session.

Investigational Products:

Rilpivirine was administered as a 25 mg/mL oral solution in 100% PEG400 (Formulation F002).
The solution was manufactured and quality assured by J&JPRD, Beerse, Belgium. Batch
numbers of rilpivirine were 04D01/F002 and 04C29/F002 (expiry date: January 2005 and
December 2004, respectively). An oral dispenser was used to administer 6 mL of rilpivirine oral
solution.

Rifampin was administered as a 300 mg capsule (Rifadin®) and was supplied and obtained by
J&JPRD from the Belgian market. Batch number of rifampin was 03K24 (expiry date:
November 2006).

Rationale for Trial Doses:

Rilpivirine was dosed at 150 mg q.d. (6-fold higher than the to-be-marketed dose, 25 mg q.d.) for
7 days to achieve steady state concentrations. In previous clinical trials, rilpivirine was generally
safe and well tolerated after multiple oral doses of up to 150 mg q.d. for 14 days. It is noteworthy
to mention that 100 mg of the oral solution of rilpivirine generally produced about ~20% greater
exposure (AUC|o..) than was achieved with a similar dose delivered with the 100 mg tablet F002
formulation in the R278474-C102 trial under fed conditions.

Rilpivirine systemic exposures generally increase in a dose proportional fashion and it is
anticipated that a dose of 150 mg q.d. could deliver exposures that are ~6-fold higher than those
produced by 25 mg q.d. If a drug-drug interaction occurs with 150 mg q.d., then the percentage
change in rilpivirine exposure could be potentially scaled down to one produced by 25 mg q.d
(assuming similar rifampin induction effects with the two rilpivirine dosage regimens and similar
rilpivirine effects on rifampin).

Rifampin (Rifadin®) was administered for 7 days at 600 mg q.d. This is the maximum
recommended daily dose as stated in the manufacturer’s package insert (Sanofi-Aventis).

Dosage and Administration:

Each subject was randomly assigned to receive 3 treatments. All treatments started on day 1 of
each session after an overnight fast of at least 10 hours. Only water intake was allowed until 2
hours before drug intake. When administered alone, rilpivirine and rifampin were taken between
7 am. and 10 a.m. within 10 minutes after completion of a standardized breakfast at the unit.
When co-administered, rifampin was taken within 10 minutes after completion of a standardized
meal at the unit and rilpivirine was administered within 5 minutes after rifampin intake.
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Pharmacokinetic Assessments:
Blood samples were collected to determine plasma concentrations of rilpivirine, rifampin, and 25-
desacetylrifampin during all three treatment sessions as follows:

Days 1, 3, and 5 at predose (0),
Day 7 at predose (0), 0.5, 1, 2, 3, 4, 6, 8, 12, 16 hours post dose
Day 8 at predose (24 hours post dose)

Analytical Methods — Bioanalysis:

The bioanalytical methods for rilpivirine, rifampin, and 25-desacetylrifampin are acceptable.
Two different laboratories performed the analysis 1) J&J PRD in Beerse, Belgium analyzed
rilpivirine and 2) @ analyzed rifampin and 25-
desacetylrifampin.

Rilpivirine concentrations in plasma were determined using a validated LC-MS/MS method with
a lower limit of quantification (LLOQ) of 1.0 ng/mL and the upper limit of quantification (ULQ)
of 2000 ng/mL.

Rifampin and 25-desacetylrifampin concentrations in plasma were determined using a validated

HPLC-UV method with LLOQ of 0.2 pg/mL for rifampin and 0.1 pg/mL for 25-

desacetylrifampin.  The ULOQ was 40 pg/mL for rifampin and 5 pg/mL for 25-

desacetylrifampin. All standard samples were prepared using reference standards acquired from
®@ (rifampin) and ®® (25-desacetylrifampin).

Table 1 Precision (% CV) and accuracy (% relative error) of calibration standards and QC samples
for the bioanalysis of R278474-C108 rilpivirine and rifampin plasma concentrations

Rilpivirine Rifampin 25-Desacetylrifampin
Calibration QCs Calibration QCs Calibration QCs
Stds Stds Stds
% CV 0.5-4.2 0.3-8.8 1.2-49 6.1-7.1 1.5-5.7 54-6.2
% Relative 2.2 <32 <1.2 <5.7 <4.1 <54
error
>0.9997 >0.9995 >0.9991
(r value) (correlation (correlation
coefficient) coefficient)

The submitted rilpivirine long term stability data of 1528 days at -20°C covered the duration of
long term rilpivirine stability data necessary for the TMC278-C108 trial.

Long-term stability of rifampin and 25-desacetylrifampin in frozen plasma was demonstrated at
-20°C and -70°C in heparin human plasma for a period of 92 days. Plasma samples from this trial
were stored at -20°C and analyzed within 92 days.

Pharmacokinetic Analysis:

Pharmacokinetic analysis was performed by using SAS System for Windows® version 8.2
(SAS Institute Inc., Cary, NC). A non-compartmental model with extravascular input was used
for the pharmacokinetic analysis. Nominal sampling times were used for the calculation of all the
pharmacokinetic parameters. In case major aberrations (>10.0% deviations from the scheduled
time) occurred, actual sampling times were used in the PK analysis.

(b) (4)
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Statistical Analysis:

Statistical analysis was performed by ®® using SAS System for Windows® version 8.2 (SAS
Institute Inc., Cary, NC). Descriptive statistics were calculated for the plasma concentrations of
rilpivirine, rifampin, and 25-desacetylrifampin at each time point and for PK parameters. The
derived statistical parameters included sample size (n), mean, standard deviation, coefficient of
variation, geometric mean, median, minimum and maximum.

Statistical analyses were performed using day 7 of treatment C (rilpivirine + rifampin) as test and
day 7 of treatment A or B (rilpivirine or rifampin alone) as reference. The primary parameters
were Cuin, Cmax, and AUC o4, 0n the logarithmic scale.

The least square means of the primary parameters for each treatment were estimated with a linear
mixed effects model, controlling for treatment, sequence, and period as fixed effects and subject
as random effect. A 90% confidence interval was constructed around the difference between the
LS means of test and reference. Period effects were considered significant at the 5% level and
sequence effects were considered significant at the 10% level.

Pharmacokinetic results, rilpivirine:
Fifteen subjects completed the trial and 1 subject dropped out during session II (rifampin
treatment only) due to an adverse event.

Visual inspection of the mean predose plasma concentrations of rilpivirine revealed that steady
state levels may have been achieved by Day 7 during Treatment A (rilpivirine alone) and
Treatment C (rilpivirine + rifampin). There were no significant differences noted in most subjects
in comparing the individual Day 7 and Day 8 24 hour values. In general, the mean predose
plasma concentrations of rilpivirine were lower during combination treatment than with
rilpivirine alone. See figure 2 below

Figure 2 Geometric Mean Predose Concentrations

TMC278 mean*
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Pre—dose on days 3to 7

* geometric mean

Moreover, the mean steady-state concentration-time profile of rilpivirine on Day 7 was also
decreased during combination treatment with rifampin. See figure 3 below
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Figure 3 Mean Steady-State Plasma Concentration-Time Curve of Rilpivirine
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The statistical analysis confirmed an 80% decrease in rilpivirine exposure (AUC,4) after
combined treatment with rifampin. See table 3 below.

Table 3 Statistical Evaluation of the Pharmacokinetics of Rilpivirine

TMC278 Least square means p-value
TMC278+
rifampin TMC278 ratio, %
Parameter Test (C) Ref. (A) Test/Ref. | 90% CI" | Treatment | Period | Sequence
n 16 15
Cah. (ng/mL) 53 507 10 9-12 <.0001 0.0522 0.6865
Copin- (ng/mL) 50 456 11 10-13 <.0001 0.1647 0.5526
Cinax. (ng/mL) 341 1091 31 27-36 <.0001 0.3030 0.9614
AUCy. 3110 15545 20 18 -23 <.0001 0.3285 0.9567
(ng.h/mL.)

?00% confidence interval of ratio

Pharmacokinetic results, rifampin and 25-desacetylrifampin:

No clinically significant differences were observed in the steady-state plasma concentrations of
rifampin and 25-desacetylrifampin during co-administration with or without rilpivirine. The
metabolite ratios, expressed as the ratio of the AUC of 25-desacetylrifampin over the AUC of
rifampin, were similar after Treatment B (rifampin) and C (rilpivirine + rifampin). The 90%
confidence intervals were within 80%-125% for both analytes, with the exception of AUC g.o4n
for 25-desacetylrifampin. See Table 2 below.
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Table 2 Statistical Evaluation of the Pharmacokinetics of rifampin and 25-Desacetyl rifampin

rifampin Least square means p-value
TMC278+
rifampin rifampin ratio, %
Parameter Test (C) Ref. (B) Test/Ref. | 90% CI" | Treatment | Period Sequence
il 16 15
Cpax. Ng/mL 8.7 8.55 102 93 -112 0.7411 0.0148 0.3742
AUC 4y, 40.4 40.6 99 92 - 107 0.8873 0.0128 0.3477
pg.h/mL
AUC),q. 38.2 38.3 100 93 - 108 0.9870 0.0138 0.3449
png.h/mL
25-desacetyl
rifampin Least square means p-value
TMC278+
rifampin rifampin ratio, %
Parameter Test (C) Ref. (B) Test/Ref. | 90% CI" | Treatment | Period Sequence
il 16 15
Cpax. Ng/mL 0.717 0.715 100 87 -115 0.9782 0.1158 0.5690
AUC 4y, 3.58 3.93 91 77 - 107 0.3338 0.0752 0.5586
pg.h/mL
AUC),q. 2.94 3.07 26 83-110 0.5858 0.0573 0.4520
ng.h/mL

*00% confidence interval

Discussion and Conclusions:

The applicant omitted C,,;, from the statistical evaluation because this parameter was frequently
below the LLOQ for rifampin and its metabolite. The Day 7 LLOQs made it difficult to calculate
the AUC,4, of rifampin and its metabolite. For instance, most subjects had rifampin and 25-
desacetylrifampin plasma concentrations below the LLOQ for the 16 and 24 hr time points on
Day 7 of Treatments B and C. The omission of C;, from the analysis should not impact the
overall findings of the trial because the C,,,x and AUC,,, of rifampin and 25-desacetylrifampin
were similar in treatment C and treatment B. Therefore, it would be reasonable to assume that
Cumin values were also similar in both treatment sessions even if the actual concentrations could
not be measured.

Four subjects had predose concentrations of rilpivirine ranging from 2.52 ng/mL to 11.5 ng/mL
on Day 1 of treatment C (rilpivirine + rifampin). This observation suggests that the 14-day
washout period prior to treatment C was insufficient to prevent carry-over concentrations of
rilpivirine. Fortunately, these relatively low concentrations may not influence the steady-state
pharmacokinetics of rilpivirine because they constitute <5% of the individual’s C,.x during
treatment C.

All subjects reported at least 1 adverse event but most of these events were grade 1 or 2. The
most commonly reported AEs during the trial where chromaturia (100%), headache (38%), and
hypercholesterolemia (31%). Only one subject discontinued treatment due to an adverse event
(grade 3, increased lipase) during treatment with rifampin.

In summary, rifampin 600 mg q.d. had a statistically and clinically significant effect on the
steady-state pharmacokinetics of rilpivirine 150 mg q.d. Co-administration of rifampin and
rilpivirine for 7 days decreased the steady-state rilpivirine exposures (AUC,4,) by about 80%
when compared to reference exposures produced by rilpivirine alone. This pronounced decrease
in rilpivirine exposure is likely due to the inductive effects of rifampin on CYP3A4. On the other
hand, steady-state rilpivirine had no clinically significant effect on the steady-state
pharmacokinetics of rifampin and its active metabolite 25-desacetylrifampin. From a safety

Reference ID: 2924498

111



perspective, healthy subjects were able to tolerate treatment with rilpivirine alone or in
combination with rifampin. Based on results from this trial, rilpivirine and rifampin should not
be co-administered.
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T™MC278-C109

1. Title

A Phase I, open-label, randomized, 2-way crossover trial in 16 healthy subjects to
establish the 2-way pharmacokinetic interaction between steady-state TMC278 and
paracetamol

2. Information Regarding the Clinical Trial Site and Duration of the Trial

The trial was conducted at Bl

from February 14, 2005 to May 3, 2005.
3. Objectives
The objectives of the trial were to evaluate the effect of single dose acetaminophen
(paracetamol) on steady state rilpivirine pharmacokinetics and the effect of steady state
rilpivirine on single dose acetaminophen pharmacokinetics.
4. Trial Design
TMC278-C109 was a Phase I, open label, randomized, 2 way crossover clinical trial that
enrolled male and female subjects between 18 and 55 years old. The trial design is

displayed in Figure 1.

Figure 1-TMC278-C109 trial design

Session I —» At least 14 days washout ——p  Session II
R | Panel 1 Treatment A Treatment A
A
N Paracetamol 500 mg single Paracetamol 500 mg
D dose on Day 1 single dose on Day 1
8]
M
I Treatment B Treatment B
z
A | panel 2 | TMC278 150 mg q.d. on TMC278 150 mg q.d.
T Days 1-11 on Days 1-11
I + +
(o) Paracetamol 500 mg single Paracetamol 500 mg
N dose on Day 11 single dose on Day 11
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5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions

Use of ibuprofen was permitted up to three days before administration of trial medication.
Afterwards, ibuprofen use was permitted up to 400 mg/day until the end of each
treatment arm. Any medications were to be discontinued a minimum of fourteen days
before administration of trial medication (with the exception of ibuprofen or hormone
replacement therapy in postmenopausal women). Use of herbal medicines or dietary
supplements was not permitted from fourteen days before initiation of the trial and
throughout the trial.

Use of liquids containing alcohol or quinine was not permitted from 24 hours before
administration of trial medication until 96 hours after administration of trial medication.
Intake of grapefruit and grapefruit juice was not permitted from 7 days before
administration of trial medication until 96 hours after administration of trial medication.

In the event of an adverse event, the following medications were permitted:

A) Rash or an allergic reaction: cetirizine, levocetirizine, topical corticosteroids, or
antipruritic agents (specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)
C) Diarrhea: loperamide

6. Dosage and Administration

A standard meal was administered in the morning and medication was administered
within 10 minutes after completion of the meal. There was no specific information in the
trial report regarding whether rilpivirine and acetaminophen were coadministered or
whether one medication was administered prior to the second medication.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimen that was administered to all subjects was 150 mg once
daily. In contrast, the rilpivirine dosage regimen that was evaluated in the Phase 3
clinical trials and the recommended dosage regimen in the proposed prescribing
information is 25 mg once daily with a meal. Across the dose range of 25 mg to 150 mg,
increases in rilpivirine exposure were approximately dose proportional. The C109 trial
was conducted to evaluate the impact of coadministration of both medications on
metabolism through glutathione conjugation, which is saturable. The specific effects of
rilpivirine on glutathione conjugation with 25 mg once daily dosing has not been
evaluated, however the C109 trial provides information on whether such a trial would be
necessary.

The single dose of acetaminophen administered in the trial was 500 mg compared to the
recommended dosage regimens of 1 gram every 4 to 6 hours or 650 mg every 4 to 6
hours for pain and fever.
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8. Drugs Used in the Trial

Rilpivirine 25 mg tablets (formulation FOO1) and 100 mg tablets (formulation F002) were
administered in the trial. Both of these tablets were Phase 2b formulations that were used
in the Phase 1 or 2 trials.

Acetaminophen (Perdolan®) 500 mg tablets were administered in the trial.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

For Treatment A (acetaminophen administered alone), blood samples for analysis of
acetaminophen and acetaminophen metabolite concentrations were obtained on Days 1
and 2 at predose and up to 24 hours postdose.

For Treatment B, blood samples for analysis of rilpivirine concentrations were obtained
on Days 10 and 11 at predose and up to 24 hours postdose. On Days 1, 5, 6 and 7, a
predose sample was drawn to determine rilpivirine concentrations. Rilpivirine,
acetaminophen, and acetaminophen metabolite concentrations were obtained on Days 11
and 12 at predose and up to 24 hours postdose.

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by Johnson and Johnson
Pharmaceutical Research and Development. The lower limit of quantification for
rilpivirine was 1 ng/mL and the upper limit of quantification was 2000 ng/mL. There
were no precision or accuracy issues identified for rilpivirine based on the bioanalytical
report. For the TMC278-C1009 trial, precision and accuracy were evaluated using the low
(2.51 ng/mL), medium (50.2 ng/mL), and high (1560 ng/mL) QC samples. The
corresponding rilpivirine inter-run accuracy values were -6% for the low QCs, -6% for
the medium QCs, and -1.3% for the high QCs, and the rilpivirine inter-run precision
values were 5% for the low QCs, 2.7% for the medium QCs, and 3.4% for the high QCs.
The submitted rilpivirine long term stability data of 1528 days at -20°C covered the
duration of long term rilpivirine stability data necessary for the TMC278-C109 trial.

The method and bioanalysis of acetaminophen, acetaminophen glucuronide, and
acetaminophen sulphate are acceptable. Plasma samples were analyzed for
acetaminophen, acetaminophen glucuronide, and acetaminophen sulphate concentrations
using a validated HPLC-UV method by @@ The lower
limit of quantification for acetaminophen was 0.5 ng/mL and the upper limit of
quantification was 50 ng/mL. There were no precision or accuracy issues identified for
acetaminophen based on the bioanalytical report. For the TMC278-C109 trial, precision
and accuracy were evaluated using QC samples at 1.5 (low QC), 7.5 (medium QC) and
40 ng/mL (high QC). The corresponding acetaminophen inter-run accuracy values were
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-0.4% for the low QCs, -2% for the medium QCs, and -1.4% for the high QCs, and the
acetaminophen inter-run precision values were 1.4% for the low QCs, 1.6% for the
medium QCs, and 0.8% for the high QCs. The lower limit of quantification for
acetaminophen glucuronide was 0.5 ng/mL and the upper limit of quantification was 50
ng/mL. There were no precision or accuracy issues identified for based on the
bioanalytical report. For the TMC278-C109 trial, precision and accuracy were evaluated
using QC samples at 1.5 (low QC), 7.5 (medium QC) and 40 ng/mL (high QC). The
corresponding acetaminophen glucuronide inter-run accuracy values were

0.6% for the low QCs, -0.5% for the medium QCs, and -1.2% for the high QCs, and the
acetaminophen inter-run precision values were 1.3% for the low QCs, 1.3% for the
medium QCs, and 1.2% for the high QCs. The lower limit of quantification for
acetaminophen sulphate was 0.5 ng/mL and the upper limit of quantification was 50
ng/mL. There were no precision or accuracy issues identified for based on the
bioanalytical report. For the TMC278-C109 trial, precision and accuracy were evaluated
using QC samples at 1.5 (low QC), 7.5 (medium QC) and 40 ng/mL (high QC). The
corresponding acetaminophen sulphate inter-run accuracy values were

0% for the low QCs, -0.9% for the medium QCs, and -2.9% for the high QCs, and the
acetaminophen inter-run precision values were 2.5% for the low QCs, 2.4% for the
medium QCs, and 2.5% for the high QCs. The submitted acetaminophen, acetaminophen
glucuronide and acetaminophen sulphate long term stability data of 86 days at -20°C
covered the duration of long term stability data necessary for the TMC278-C1009 trial.

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate pharmacokinetic parameters,
including Cpin, Cmax, and AUC q.q) for rilpivirine and Ciax, AUC 0-1ast), and AUC 9 for
acetaminophen and the acetaminophen metabolites. If a major difference (> 10.00%
deviation from the scheduled time) was observed, the actual sampling time was used
instead of the scheduled sampling time.

Statistical Analysis

Descriptive statistics were calculated for rilpivirine, acetaminophen and the
acetaminophen metabolites plasma concentrations and pharmacokinetic parameters,
including the number of subjects (n), mean, standard deviation, the coefficient of
variation (CV%), geometric mean, median, and the minimum and maximum values.

Statistical analysis involved comparison of rilpivirine log transformed pharmacokinetic
parameters for Day 11, Treatment B (test arm) compared to Day 10, Treatment B
(reference arm). For acetaminophen and the acetaminophen metabolites, statistical
analysis involved comparison of acetaminophen and the acetaminophen metabolites log
transformed pharmacokinetic parameters for Day 11, Treatment B (test arm) compared to
Treatment A (reference arm). Cop, (the predose plasma concentrations), Cpin (the
minimum plasma concentrations between 0 hour and the dosing interval [1]), Cpax, and
AUC,.) were evaluated for rilpivirine and Cpax, AUCo.1as), and AUC o) were evaluated
for acetaminophen and the acetaminophen metabolites. Using a linear mixed effects
model, least squares means were calculated and 90% confidence intervals were derived
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based on the difference of the pharmacokinetic parameter’s least squares means for the
test and reference arms. The applicant did not specify predetermined “no effect
boundaries” for the 90% confidence intervals.

In Treatment B, an assessment was performed to determine if rilpivirine steady state
concentrations were achieved, presumably by Day 10, based on predose concentrations
from Days 1, 5, 6, 7, 10, and 11.

10. Results

10.1 Subject Demographics and Disposition

Table 1-TMC278-C109 subject demographics

Parameter Panel 1 Panel 2 All Subjects
N=8§ N=8§ N=16

Age wyears

Iedian (range) 46.5 (19 - 54) 41.0 (18 - 49) 43.5(18 - 54)
Height, cm

Median (range) 173.5 (159 - 181) 174.0 (161 - 185) 174.0 (159 - 185)
Weight, kg

Median (range) 79.1 (58 - 96) 75.8 (59 - 85) 76.3 (58 - 96)
BMI, kg/m”

Median (range) 27.0 (21 -30) 24.1(23 - 28) 246 (21 - 30)
Race, n (%)

Caucasian/white 8 (100.0) 8 (100.0) 16 (100.0)
Sex, n (%)

Female 3(37.5) 4 (50.0) 7 (43.8)

Male 5 (62.5) 4 (50.0) 9 (56.3)
Type of smoker, n (%)

No 7(87.5) § (100.0) 15 (93.8)

Yes (Light) 1(12.5) 0 1(6.3)

BMI: Body mass index, N: Number of subjects per panel.

Figure 2-TMC278-C109 subject disposition

| N = 39 subjects screened

[ N = 23 not randomized. no treatment received®

[ N = 16 subjects randomized |

Panel 1 Panel 2
& subjects 8 subjects
N=8 N=8
Treatment A Treatment B
Paracetamol 500 mg (single dose) on Day 1 THWMC278 150 mg q.d. on Daws 1-11

Paracetamol 500 myg (single dose) on Dav 11

N = 8 subjects completed l ™ = 8 subjects completed |
N=28 N=28
Treatment B Treatment A
THC278 150 mg q.d. on Days 1-11 Paracetamol 500 mg (single dose) on Day 1
+

Paracetamol 500 mg (single dose) on Daw 11

[ N = 8 subjects completed | l N = § subjects completed

N- Number of subjects per treatment group.
* Twenty-three subjects were not randomized because they did not meet all the in- and exclusion criteria
(18 subjects). withdrew consent (3). or ‘other” reason (2).
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10.2 Prior and Concomitant Medications

Six subjects administered concurrent medications during the trial. The administered
concurrent medications were amoxicillin-clavulanate, fluconazole, ibuprofen, loratidine,
meloxicam, and mucopolysaccharide polysulfuric acid ester. With the exception of
fluconazole, none of the coadministered medications would be expected to alter CYP 3A
metabolism. However, fluconazole was only administered during follow up.

10.3 Pharmacokinetic and Statistical Analysis

All subjects had rilpivirine concentrations that were less than the lower limit of

quantification (LLOQ) prior to initiation of Treatment B.

Rilpivirine

Table 2-Pharmacokinetic parameters for rilpivirine 150 mg once daily and
rilpivirine 150 mg once daily with single dose acetaminophen 500 mg
coadministration [%FI=100 X ([Cimax-Cmin]/Css.av)]

Pharmacokinetics of TMC278 TMC275/Paracetamol TMC278 Alone
(mean + SD, Lreve median [1‘ange]} Test Reference

n 16 16

toaz. bt 30[2.0-6.0] 4.0[2.0-6.10]
Cop. ng/mL 461 = 144 390162

C i ng/mL 403 =111 323z111
Copax- ng/mL 1015+ 189 937 £ 237
AUC:4. ngh/mL 14679 = 3015 12799 = 3290
Cs, o ng/mL 612 =126 333 =137
FL, % 101.9+£225 1177279

Both panels were combined in the pharmacokinetic analysis.
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Table 3-Statistical analysis for rilpivirine 150 mg once daily and rilpivirine 150 mg
once daily with single dose acetaminophen 500 mg coadministration

TMC278 n Least Squares Means p-value
Treatment
TMC278/ TMC278 Ratio % (90%
) Paracetamol Alone cn?
Test /

Parameter Ref. Test Reference | Test / Reference Treatment Group
Cop. ng/mL 16 15 441 370 119 (108 - 132) 0.0071 0.4409
Cpin. ng/mL | 16 1 16 389 308 126 (116 — 138) 0.0002 0.2156
Crame- Dg/mL | 16 16 999 914 109 (101 -118) 0.0573 0.7172
AUC4p, 16 : 16 14401 12434 116 (110 -122) 0.0002 0.4494
ng h/mL :

Ref. = reference.
*90% confidence interval.
Both panels were combined in the pharmacokinetic analysis.

On Day 11 (coadministration with single dose acetaminophen 500 mg), the mean
rilpivirine Con, Ciin, Cmax, and AUC g-24n) values were increased compared to Day 10
(Treatment B), when rilpivirine was administered by itself. The 90% confidence interval
for rilpivirine Co, and Cpi, were not within 80%-125%. The 90% confidence interval for
rilpivirine Cpax and AUC g.24n) were within 80%-125%.

Based on evaluating the mean rilpivirine concentrations, steady state appears to have
been achieved by Day 10 in Treatment B (plots of the individual rilpivirine predose

concentrations were not provided).

Acetaminophen and acetaminophen metabolites

Table 4-Single dose acetaminophen pharmacokinetic parameters (administered as
single dose acetaminophen 500 mg and single dose acetaminophen 500 mg with
rilpivirine 150 mg once daily coadministration)

Pharmacokinetics of Paracetamol TMC278/Paracetamol Paracetamol Alone
(mean + SD, ty,;: median [mnge]) Test Reference

n 16 16

-] 1.0[03-2.0] 15[03-2.0]
Copa, pg/mL 5.81+£2.08 593x2.04
AUC.. ugh/mL 1842 =435 19.98 = 4.57
AUC,. pgh/mL 2072 =463 2263 =459

11 2tenm. 1 2.05+£0.32 2.42+037

Both panels were combined in the pharmacokinetic analysis.
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Table 5-Statistical analysis for acetaminophen (administered as single dose

acetaminophen 500 mg and single dose acetaminophen 500 mg with rilpivirine 150

mg once daily coadministration)

Paracetamol n Least Squares Means p-value
TMC278/ | Paracetamol Tlreatmem ;
Paracetamol Alone Ratio, % (90%
Test / ! - CI)" Test/
Parameter Ref. Test Reference Reference Treatment | Period Sequence
Cre- Z/mL 16116 5.48 5.65 97 (86— 110} 0.6671 0.0056 0.8192
AUC g, 16 16 17.87 19.52 92 (85-99) 0.0569 0.1865 0.5728
g h/mL
AUC,.. 16416 2016 22.14 91 (86 - 97) 0.0203 0.1014 0.3915
g h'mL :
n median p-value (Koch analysis)
TMC278/ | Paracetamol
.| Paracetamol Alone
Test /
Parameter Ref. Test Reference Treatment Period Sequence
tyay, B 16116 1.0 1.5 0.9517 0.0438 0.9037

Ref. = reference.
* 90% confidence interval.
Both panels were combined in the pharmacokinetic analysis.

For Treatment B (Day 11), with single dose acetaminophen and rilpivirine
coadministration, minimal differences were observed in acetaminophen Ci,,x, and the
acetaminophen AUC .15ty and AUC ¢.«) values were decreased compared to Treatment A,
when single dose acetaminophen was administered by itself. The 90% confidence
interval for acetaminophen Cpax, AUC g-1ast) and AUC -0 were within 80%-125%.

Table 6-Single dose acetaminophen glucuronide pharmacokinetic parameters
(administered as single dose acetaminophen 500 mg and single dose acetaminophen
500 mg with rilpivirine 150 mg once daily coadministration)

Pharmacokinetics of Paracetamol TMC278/Paracetamol Paracetamol Alone
Glucuronide Test Reference
(mean + SD, t..: median [range])

n 16 16

jr— 3.0[2.0-4.0] 30[2.0-40]
Cops. Lg/mL 838=x170 8.79+£2.05
AUC ;. pg.h/mL 5482=x11.89 54.71+12.59
AUC.., ngh/mL 61.33x12.76 62.59+14.23

t1 2erme B 3290462 346037

Both panels were combined in the pharmacokinetic analysis.
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Table 7-Statistical analysis for acetaminophen glucuronide (administered as single
dose acetaminophen 500 mg and single dose acetaminophen 500 mg with rilpivirine
150 mg once daily coadministration)

Paracetamol
Glucuronide n Least Squares means p-value
. ; Treatment
278/ ar Fi
Test/ | ‘ - CI)" Test/
Parameter Ref. Test Reference Reference Treatment Period Sequence
Cre- Lg/mL 16 . 16 22 8.57 96 (90 — 103) 0.2881 0.8594 0.7236
AUCq, 16116 5368 534 101 (95-107) 0.8778 0.3093 0.3562
pug.h/mL :
AUC,. 16 16 60.12 61.09 98 (94 - 103) 0.5635 0.3498 0.2706
ng.h'mL :
n Median p-value (Koch analysis)
TMC278/ | Paracetamol
| Paracetamol Alone
Test/
Parameter Ref. Test Reference Treatment Period Sequence
tmaz, B 16: 16 3.0 3.0 0.6737 0.0457 0.3641

Ref. = reference.
* 90% confidence interval.

Both panels were combined i the pharmacokinetic analysis.

For Treatment B (Day 11), with single dose acetaminophen and rilpivirine
coadministration, minimal differences were observed in acetaminophen glucuronide Cyax,
AUC g.1ast), and AUC o) values compared to Treatment A, when single dose
acetaminophen was administered by itself. The 90% confidence interval for
acetaminophen glucuronide Cax, AUC 0-1as), and AUC 90y were within 80%-125%.

Table 8-Single dose acetaminophen sulphate pharmacokinetic parameters
(administered as single dose acetaminophen 500 mg and single dose acetaminophen
500 mg with rilpivirine 150 mg once daily coadministration)

Pharmacokinetics of Paracetamol TMC278/Paracetamol Paracetamol Alone
Sulphate Test Reference
(mean * 5D, t..: median [range])

n 16 16

e, B 2.0[1.0-3.0] 20[08-3.0]

C g pg/mL 330073 328069
AUChs. ngh/mL 15.63 =433 1647476
AUC.., pgh/mL 19.00 £ 4.46 19.72 =493
fLomem 2.69 038 293039

Both panels were combined in the pharmacokinetic analysis.
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Table 9-Statistical analysis for acetaminophen sulfate (administered as single dose
acetaminophen 500 mg and single dose acetaminophen 500 mg with rilpivirine 150
mg once daily coadministration)

Paracetamol
Sulphate n Least Squares Means p-value
iy Treatment
278/ ar i .
Test / ! . CI)" Test/
Parameter Ref. Test Reference Reference Treatment | Period Sequence
Clamy. pg/mL 16116 3.22 321 100 (94 — 107) 0.9268 0317 0.9769
AUC)q. 14 16 15.02 15.82 95 (88 —102) 0.2408 0.5137 0.4469
ug.h/mL
AUC,. 16116 18.46 19.12 97 (91 -103) 0.3279 0.8342 0.3425
pg h/mL i
n Median p-value (Koch Analysis)
TMC278/ | Paracetamol
Paracetamol Alone
Test /
Parameter Ref. Test Reference Treatment Period Sequence
tyax, b 16116 2.0 2.0 0.1936 0.0149 0.0507

Ref. = reference.
* 90% confidence interval.

Both panels were combined in the pharmacokinetic analysis.

For Treatment B (Day 11), with single dose acetaminophen and rilpivirine
coadministration, minimal differences were observed in acetaminophen sulphate C,,x,
AUC g.1ast), and AUC o) values compared to Treatment A, when single dose
acetaminophen was administered by itself. The 90% confidence interval for
acetaminophen glucuronide Cpax, AUC(01ast), and AUC -0) were within 80%-125%.

10.4 Safety Issues

No deaths or other serious adverse events were reported for the trial. No grade 3 or grade

4 adverse events were reported. The most common reported adverse events were
headache and pruritus (see Table 10 for information regarding the number of subjects).
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Best Available Copy

Table 10-Adverse event incidence categorized by system organ class and preferred
term

Trial Phase
TMC278/
System Organ Class Paracetamol Paracetamol TAIC278/ Paracetamol Whole Trial
Preferred Term Alone Washout TMC278 Alone | Paracetamol Washout Follow-up ‘
n (%) N=16 N=16 N=16 N=16 N=16 N=16 N=16
Any Adverse Event 2 (12.5) 4(25.0) 11 (68.8) 7 (43.8) 1(6.3) 5(3L.3) 13 (81.3)
Gastrointestinal Disorders 0 1(6.3) 4(25.0) 0 0 0 4(25.0)
Abdominal distension 0 0 1(6.3) 0 1] 0 1(6.3)
Dry mouth 0 0 1(6.3) 0 0 0 1(6.3)
Eructation 0 1(6.3) 4] 0 0 0 1(6.3)
Flatulence 0 0 1(6.3) 0 [t} i} 1(6.3)
Peptic ulcer 0 0 1(6.3) 0 Q 1] 1(6.3)
General Disorders and Administration 0 0 1] 2(12.5) 0 0 2(12.5)
Site Conditions
Fatigue 0 0 4] 1({6.3) 0 0 1(6.3)
Feeling hot 0 0 0 1({6.3) 1] 0 1(6.3)
Investigations 0 0 3(18.8) 1(6.3) 1(6.3) 6(37.5)
ALT increased 0 0 0 0 1(6.3) 2(12.5)
Blood amylase increased 0 0 0 1(6.3) 0 1(6.3)
Blood triglycerides increased 0 0 1(6.3) ] 0 0 1(6.3)
Lipase increased 0 0 0 1(6.3) 1} 0 1(6.3)
Neutrophil count decreased 0 0 2(12.5) 0 0 0 2(12.5)
Musculoskeletal and Connective 0 0 1(6.3) 0 0 1(6.3) 2(12.5)
Tissue Disorders
Back pain 0 0 1(6.3) 0 0 0 1(6.3)
Pain in extremity 0 0 0 0 0 1(6.3) 1(6.3)
Nervous System Disorders 2(125) 2(12.5) 6(37.5) 5(3L3) 0 0 9 (56.3)
Dizziness 0 0 0 1(6.3) 0 0 1(6.3)
Headache 2(12.5) 2(12.5) 6(37.5) 4(25.0) 0 0 2 (50.0)
Trial Phase
TNIC278/
System Organ Class Paracetamol Paracetamol TMC278/ Paracetamol Whole Trial
Preferred Term Alone Washout TMC278 Alone | Paracetamol Washout Follow-up :
n (%) N=16 N=16 N =16 N=16 N =16 N=16 N=16
Any Adverse Event 2(12.5) 4 (25.0) 11 (68.8) 7 (43.8) 1(6.3) 5 (31L.3) 13 (81.3)
Skin and Subcntaneons Tissue 0 1(6.3) 4 (25.0) 1(6.3) 0 1(6.3) 5(3L3)
Disorders
Dry skin 0 0 2(12.5) 0 0 0 2(12.5)
Erythema 0 0 1(6.3) 0 0 1} 1(6.3)
Pruritus 0 0 3(18.8) 1(6.3) 0 1(6.3) 4(25.0)
Rash popular 0 1(6.3) 0 ] 0 [t} 1(6.3)
Vascular Disorders 0 0 1(6.3) 1(6.3) 0 0 2(12.5)
Phlebitis 0 0 1(63) 1(6.3) 0 0 2(12.5)

n=number of subjects with that particular adverse event; N = number of subjects per phase; ALT = alamine anunotransferase.
Note: | subject (6.3%) reported a grade 2 AE of lymphopenia during screening

Table 11-Adverse event incidence possibly related to either rilpivirine or
acetaminophen categorized by system organ class and preferred term

Trial Phase
TMC278/
System Organ Class Paracetamol Paracetamol TMC278/ Paracetamol Whole Trial
Preferred Term Alone Washout TMC278 Alone Paracetamol Washout Follow-up ¢
n (%) N=16 N=16 N=16 N=16 N=16 N=16 N=16
Any AE of any cansality 2(12.5) 4(25.0) 11 (68.8) 7 (43.8) 1(6.3) 5(31.3) 13 (81.3)
With at least 1 AE thought ta be 0 1 (6.3) 11 (65.8) 6(37.5) 1(6.3) 0 12 (75.0)
possibly related to TMC278
Gastrointestinal Disorders 0 0 3(18.8) 0 [} 0 3(18.8)
Abdominal distension 0 0 1(6.3) o (¢} a 1(6.3)
Dry mouth 0 o] 1(6.3) (1] 0 a 1(6.3)
Flatulence 0 0 1(6.3) 0 0 0 1(63)
Investigations 0 0 3(18.8) 1(6.3) 1(6.3) 0 5(31.3)
ALT mcreased 0 0 0 [} 1(6.3) a 1(6.3)
Blood amylase increased 0 0 1(6.3) 0 a 1(6.3)
Blood tnglycendes mcreased a 0 [} [i] a 1(6.3)
Lipase mcreased [u] o] 1(6.3) Q [u] 1(6.3)
Neutrophil count decreased Q 1] 1] Q 1] 2(12.5)
Nervous System Disorders 0 0 4 (25.0) 0 0 7 (43.8)
Headache Q 0 4(25.0) Q Q 7(43.8)
Skin and Subcutaneous Tissue 0 1 (6.3) 1(6.3) [} 0 5(31.3)
Disorders
Dry skin 0 0 (1] 1] a 2(12.5)
Erythema 1] 0 0 a a 1(6.3)
Pruritus 0 0 1(6.3) 0 a
Rash papular 0 1(6.3) 0 Q Q
With at least 1 AE thought to be 2(125) ) 4 (25.0) 1] 0
possibly related to Paracetamol
Nervous System Disorders 0 0 3(18.8) [} i}
Headache 0 0 3 (18.8) 0 0

n = number of subjects with that particular AE: N = number of subjects per phase: ALT = alanine aminotransferase.
No AEs were thought to be probably or very likely drug related
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11. Discussion and Conclusions

Based on the results from the drug-drug interaction trial, the following conclusions can be
made:

e With single dose acetaminophen coadministration (Day 11, Treatment B), the
mean rilpivirine Cop, Ciin, Cmax, and AUC o.24n) values were increased by 19%,
26%, 9%, and 16%, respectively, compared to Day 10 (Treatment B), when
rilpivirine was administered by itself. The 90% confidence interval for rilpivirine
Con and Cpi, were not within 80%-125%. The 90% confidence interval for
rilpivirine Cpax and AUC o_24n) were within 80%-125%.

e With rilpivirine coadministration, the minimal differences were observed in
acetaminophen Cy,x (decreased by 3%), and the acetaminophen AUC q.1as1) and
AUC o) values were decreased by 8% and 9%, respectively, compared to
Treatment A, when single dose acetaminophen was administered by itself. The
90% confidence interval for acetaminophen Cpax, AUCg-1ast) and AUC o) Was
within 80%-125%.

e With rilpivirine coadministration, minimal differences were observed in
acetaminophen glucuronide Cpax (decreased by 4%) and AUC g.1ast), and AUC 9-o0)
values were increased by 1% and decreased by 2%, respectively, compared to
Treatment A, when single dose acetaminophen was administered by itself. The
90% confidence interval for acetaminophen glucuronide Cpax, AUC ¢.1ast), and
AUC ¢y was within 80%-125%.

e With rilpivirine coadministration, minimal differences were observed in
acetaminophen sulphate Cpax (no change), and AUC q.jas), and AUC o) values
were decreased by 5% and 3%, respectively, compared to Treatment A, when
single dose acetaminophen was administered by itself. The 90% confidence
interval for acetaminophen glucuronide Cpax, AUC ¢-1ast), and AUC g..) was within
80%-125%.

Single dose acetaminophen does not result in clinically relevant changes in the exposure
of rilpivirine and a dose adjustment for rilpivirine is not necessary. The mechanism
underlying the increase in rilpivirine exposure is unclear and does not appear to be fully
explained by saturation of glutathione conjugation. However, based on the results from
this trial, an additional drug-drug interaction trial does not need to be conducted to
evaluate the specific effects of rilpivirine on glutathione conjugation with 25 mg once
daily dosing. The changes in acetaminophen exposure with rilpivirine coadministration
are not clinically relevant based on the results from the trial and therefore no dosage
adjustment for acetaminophen is required with rilpivirine dosage regimens ranging from
25 mg once daily to 150 mg once daily.
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TMC278-C112

1. Title

A phase I, open-label, randomized 2-way crossover trial in 16 healthy subjects to
investigate the steady-state pharmacokinetic interaction between TMC278 and
TMC114/ritonavir (rtv)

2. Information Regarding the Clinical Trial Site and Duration of the Trial

The trial was conducted at
December 19, 2005 to April 10, 2006.

3. Objectives

®® fom

The objectives of the trial were to evaluate the effect at steady state of darunavir
(TMC114)/ritonavir on rilpivirine pharmacokinetics and the effect of rilpivirine on
darunavir/ritonavir pharmacokinetics.

4. Trial Design

TMC278-C112 was a Phase I, open label, randomized, 2 way crossover clinical trial that

enrolled male and female subjects between 18 and 55 years old. The trial design is
displayed in Figure 1.

Figure 1-TMC278-C112 trial design

Group 1

A

= o ¢

Group 2

O = H B N ~

2
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Session I

Treatment A (N =8)

TMC278 150 mg q.d. on
Days1to 11

Treatment B (N = 8)

TMC114/rtv 800/100 mg q.d.

on Days 1 to 22
+

TMC278 150 mg q.d. on
Days 12 to 22

At least 14
days washout

Session II

Treatment A (N = §)

TMC278 150 mg q.d. on
Days 1to 11

Treatment B (N = 8)

TMC114/rtv 800/100 mg q.d.
on Days 1 to 22

+

TMC278 150 mg q.d. on
Days 12 to 22

125



5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions

Use of ibuprofen was permitted up to three days before first dosing. From three days
before first dosing until the end of the treatment arm, ibuprofen use was permitted up to
400 mg/day. Any over the counter medications were to be discontinued a minimum of 7
days before first dosing and any prescription medications were to be discontinued a
minimum of fourteen days before first dosing (with the exception of ibuprofen). Use of
any medication other than ibuprofen was not permitted up to fourteen days after the last
administration of trial medication. Use of herbal medicines or dietary supplements was
not permitted from fourteen days before first dosing up to fourteen days after the last
administration of trial medication.

Use of liquids containing alcohol or quinine was not permitted from 24 hours before
administration of trial medication until the end of each treatment arm. Intake of
grapefruit and grapefruit juice was not permitted from 7 days before administration of
trial medication until the end of the trial.

In the event of an adverse event, the following medications were permitted:

A) Rash or an allergic reaction: cetirizine, levocetirizine, topical corticosteroids, or
antipruritic agents (specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)
C) Diarrhea: loperamide

6. Dosage and Administration

On pharmacokinetic sampling days, subjects fasted overnight for a minimum of 10 hours.
After a standard meal in the morning, rilpivirine was administered within 10 minutes
after completion of the meal.

On pharmacokinetic sampling days, darunavir/ritonavir was administered within 10
minutes after completion of the meal in the morning. On days when both
darunavir/ritonavir and rilpivirine were administered, ritonavir was administered first,
followed by darunavir, and then rilpivirine.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimen that was administered to all subjects in Session 1 and
Session 2 was 150 mg once daily. On Days 11 (Treatment A) and 22 (Treatment B),
rilpivirine was administered with meals as recommended in the proposed prescribing
information. In contrast, the rilpivirine dosage regimen that was evaluated in the Phase 3
clinical trials and the recommended dosage regimen in the proposed prescribing
information is 25 mg once daily with a meal. Across the dose range of 25 mg to 150 mg,
increases in rilpivirine exposure were approximately dose proportional. Therefore, the
percentage change in rilpivirine exposure that is caused by the inhibitory effects of
darunavir/ritonavir should be similar with a rilpivirine dosage regimen of either 25 mg
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once daily or 150 mg once daily in the absence of significant induction effects from
either rilpivirine or ritonavir and if similar darunavir/ritonavir inhibition effects occur
with the two rilpivirine dosage regimens.

The darunavir/ritonavir dosage regimen is the standard once daily regimen that is used to
treat HIV-1 infected patients. On Days 11 and 22 (Treatment B), darunavir/ritonavir was
administered with meals as recommended in the prescribing information.

8. Drugs Used in the Trial

Rilpivirine 50 mg tablets (formulation F003) and 100 mg tablets (F002) were
administered in the trial. Both of these tablets were Phase 2b formulations that were used
in the Phase 1 or 2 trials.

Darunavir 400 mg tablets and ritonavir 100 mg capsules were administered in the trial.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

For Treatment A, blood samples for analysis of rilpivirine concentrations were obtained
on Days 11 and 12 at predose and up to 24 hours postdose. Predose rilpivirine blood
samples were also obtained on Days 9 and 10. On Day 1, a predose sample was drawn to
determine rilpivirine, darunavir and ritonavir concentrations.

For Treatment B, blood samples for analysis of darunavir and ritonavir concentrations
were obtained on Days 11 and 12 at predose and up to 24 hours postdose. Additionally,
plasma samples for analysis of rilpivirine, darunavir and ritonavir concentrations were
obtained on Days 22 and 23 at predose and up to 24 hours postdose. Predose blood
samples for analysis of darunavir and ritonavir concentrations were also obtained on
Days 9 and 10 and predose blood samples for analysis of rilpivirine, darunavir and
ritonavir concentrations were obtained on Days 20 and 21. On Day 1, a predose sample
was drawn to determine rilpivirine, darunavir and ritonavir concentrations.

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by Johnson and Johnson
Pharmaceutical Research and Development. The lower limit of quantification for
rilpivirine was 1 ng/mL and the upper limit of quantification was 2000 ng/mL. There
were no precision or accuracy issues identified for rilpivirine based on the bioanalytical
report. For the TMC278-C112 trial, precision and accuracy were evaluated using the low
(2.77 ng/mL), medium (59.0 ng/mL), and high (1550 ng/mL) QC samples. The
corresponding rilpivirine inter-run accuracy values were 1.1% for the low QCs, -4.2% for
the medium QCs, and -2.6% for the high QCs, and the rilpivirine inter-run precision
values were 10% for the low QCs, 10% for the medium QCs, and 10% for the high QCs.
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The submitted rilpivirine long term stability data of 1528 days covered the duration of
long term rilpivirine stability data necessary for the TMC278-C112 trial.

The method and bioanalysis of darunavir and ritonavir are acceptable. Plasma samples
were analyzed for darunavir and ritonavir concentrations using a validated LC/MS/MS
method by Johnson and Johnson Pharmaceutical Research and Development. The lower
limit of quantification for darunavir was 5 ng/mL and the upper limit of quantification
was 10000 ng/mL. There were no precision or accuracy issues identified for darunavir
based on the bioanalytical report. For the TMC278-C112 trial, precision and accuracy
were evaluated using the low (13.8 ng/mL), medium (251 ng/mL), and high (7540
ng/mL) QC samples. The corresponding darunavir inter-run accuracy values were 3.6%
for the low QCs, -2.0% for the medium QCs, and 4.2% for the high QCs, and the
darunavir inter-run precision values were 13.5% for the low QCs, 3.6% for the medium
QCs, and 7.5% for the high QCs. The lower limit of quantification for ritonavir was 5
ng/mL and the upper limit of quantification was 10000 ng/mL. There were no precision
or accuracy issues identified for ritonavir based on the bioanalytical report. For the
TMC278-C112 trial, precision and accuracy were evaluated using the low (13.8 ng/mL),
medium (251 ng/mL), and high (7540 ng/mL) QC samples. The corresponding ritonavir
inter-run accuracy values were 8.0% for the low QCs, -1.6% for the medium QCs, and
-2.5% for the high QCs, and the ritonavir inter-run precision values were 11.4% for the
low QCs, 8.3% for the medium QCs, and 4.6% for the high QCs. The submitted
darunavir and ritonavir long term stability data of 1597 days covered the duration of long
term darunavir and ritonavir stability data necessary for the TMC278-C112 trial.

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate pharmacokinetic parameters,
including Ciax and AUC .. If a major difference (> 10.00% deviation from the
scheduled time) was observed, the actual sampling time was used instead of the
scheduled sampling time.

Statistical Analysis

Descriptive statistics were calculated for rilpivirine, darunavir and ritonavir plasma
concentrations and pharmacokinetic parameters, including the number of subjects (n),
mean, standard deviation, the coefficient of variation (CV%), geometric mean, median,
and the minimum and maximum values.

Statistical analysis involved comparison of rilpivirine log transformed pharmacokinetic
parameters for Day 22, Treatment B (test arm) compared to Day 11, Treatment A
(reference arm). For darunavir and ritonavir, statistical analysis involved comparison of
darunavir and ritonavir log transformed pharmacokinetic parameters for Day 22,
Treatment B (test arm) compared to Day 11, Treatment B (reference arm). Cpin, Cinax,
and AUC,.) were evaluated. Using a linear mixed effects model, least squares means
were calculated and 90% confidence intervals were derived based on the difference of the
pharmacokinetic parameter’s least squares means for the test and reference arms. If the
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90% confidence intervals were within 80%-125%, it was concluded that a clinically
relevant drug-drug interaction did not exist.

An assessment was performed to determine if rilpivirine steady state concentrations were
achieved by Day 11 (Treatment A) based on predose concentrations from Days 9, 10 and
11 or by Day 22 (Treatment B) based on predose concentrations from Days 20, 21 and
Day 22. For darunavir and ritonavir, an assessment was performed to determine if steady
state concentrations were achieved by Day 11 (Treatment B) based on predose
concentrations from Days 9, 10 and 11 or by Day 22 (Treatment B) based on predose
concentrations from Days 20, 21 and 22.

10. Results
10.1 Subject Demographics and Disposition

Table 1-TMC278-C112 subject demographics

TMC278— TMC114/rtv + TMC278
Parameter TMC114/rtv + TMC278 — TMC278 Total
N=8§ N=8§ N=16
Age, years
Median 325 47.5 38.0
Range 24-53 37-51 24-53
?ace. n (‘?'?..I_ . 8 (100.0%) 8 (100.0%) 16 (100.0%)
aucasian/white )
Sex. n (%)
Female 3(37.5%) 3(18.8%)
Male 8 (100.0%) 5(62.5%) 13 (81.3%)
Height, cm
Median 180.5 169.0 175.5
Range 172-196 154 -190 154 - 196
Weight, cm
Median 79.3 724 78.4
Range 72-99 53-92 53-99
BMI, kg/m"
Median 252 24.5 24.6
Range 20-30 20-30 20-30
Smoking, n (%)
No 6 (75.0%) 4(50.0%) 10 (62.5%)
Yes, light” 2 (25.0%) 4(50.0%) 6 (37.5%)

? Smoking type percentages are calculated for smokers only

® No more than 10 cigarettes, 2 cigars or 2 pipes per day
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Figure 2-TMC278-C112 subject disposition

N = 34 subjects screened

H N = 18 subjects not randomized |

z 22

4 did not fulfil inec-/excl. criteria
reserve volunteers
adverse event

[/l
[ U

N = 16 subjects randomized

Treatment A: TMC278
N=8§

Treatment B: TMC114/rtv
N=§

Treatment B: TMC114/rtv
N=8§

Treatment B: TMC114/rtv + TMC278

N=8

discontinued N =1
AFE: rash maculo-papular

discontinued N=1
AE: enteritis

N=7

Treatment B: TMC114/rtv + TMC278

Treatment A: TMC278
N=7

10.2 Prior and Concomitant Medications

discontinued N =1
AEs: diarthea and abdominal pain

Seven subjects administered concurrent medications during the trial. The administered
concurrent medications were domperidone, loperamide, ibuprofen, omeprazole, and
Gaviscon. These medications would not be expected to alter CYP 3A metabolism.

10.3 Pharmacokinetic and Statistical Analysis

There were 6 subjects with a quantifiable rilpivirine drug concentration prior to starting
Treatment A and 2 subjects with a quantifiable rilpivirine drug concentration prior to

starting Treatment B. The applicant stated that the cause was rilpivirine administration in
the previous session, despite a 14 day washout. However, these concentrations were 5%
or less of the subject’s Cyax for the treatment arm and no adjustments were necessary for

the pharmacokinetic analyses (there were no rilpivirine plasma concentration data
available for subject 1121528 (Treatment B) after the predose concentration).
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Rilpivirine

Table 2-Pharmacokinetic parameters for rilpivirine 150 mg once daily and
rilpivirine 150 mg once daily with darunavir and ritonavir coadministration
(800 mg/100 mg once daily) [%FI=100 X ([Cimax-Cminl/Css.av)]

Pharmacokinetics of TMC278 Ttis'fi:fnac:ne TMC278 (—1&1‘;?}1(:‘] ld/rtv
(mean + SD, f.: median [range])
n 14 14
foue, 4.0[1.0-5.0] 4.0 [4.0 - 24.0]
Con. ng/mL 4159 = 1037 1233 = 4740
Cyap. ng/mL 4073 = 1093 1190 = 5282
Cpp. ng/mL 3599 = 9155 1013 = 4079
Cx. ng/'mL 9913 = 2084 1860 = 673.0
AUC4. ngh'mL 12740 =+ 2008 30630 = 11230
C.y o ng/mL 5309 =+ 83.68 1276 = 468.0
FI % 1219 = 4789 6826 = 2338

Table 3-Statistical analysis for rilpivirine 150 mg once daily and rilpivirine 150 mg
once daily with darunavir and ritonavir coadministration (800 mg/100 mg once

daily)
LSmeans ° 90% CL% " P-values
TMC278 TMC278 + LSmeans
Parameter alone TMCL14/rtv o Period Sequence
. \ . ratio, %
(reference) (test)
IC iz ng/mL 3420 951.7 278.3  |239.3-323§ 0.3201 0.4876
C ae. ng/mL 985.0 1760 178.7 1555-2055 0.0881 0.8858
ATC g, ng h/'mL 12620 29030 2299 197.9 - 267.2 0.7201 0.8835

*n= 14 for Treatment A (reference) and n=14 for Treatment B (test)
" 902 confidence intervals

On Day 22 (Treatment B), with darunavir/ritonavir coadministration, higher mean
rilpivirine Cpin, Cmax, and AUC g.24n) values were observed in subjects compared to Day
11 (Treatment A), when rilpivirine was administered by itself. The 90% confidence
interval for rilpivirine Cpin, Cmax, and AUC g.24n) were not within 80%-125%.

Based on evaluating the individual rilpivirine predose concentrations, steady state
concentrations appear to have been achieved by Day 11 (Treatment A) and Day 22
(Treatment B) in most subjects. For Treatment A, there was a trend of increasing predose
concentrations from Day 9 to Day 11 that was more pronounced for the Day 9 and 10
predose concentrations.
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Darunavir/ritonavir

Table 4-Darunavir pharmacokinetic parameters (administered as
darunavir/ritonavir 800 mg/100 mg once daily and darunavir/ritonavir 800 mg/100
mg twice daily with rilpivirine 150 mg once daily coadministration)

Pharmacokinetics of TMC114 ™ E’I‘l?fli.i'::l::}lune T]ICll-I-"E:;;t—) TMC278
{mean £ 5D, tpy,: median [range])
1 15 14
tpgee. b 20M1.0-510] 30[1.0-4.0]
Cp. ng/mlL 1887 = 1010 1800 = 1330
Coap. ng/mL 2140 = 8314 1592 = 7640
Cip, ng/mL 1714 = 9162 1388 = 06146 Best
C oy ng'ml 7586 = 1988 6676 = 1374 Available
AUCg, ng h/mL 82780 = 24980 71930 = 21330 COpy
Co gv ng/mL 3449 = 1041 2097 = 8897
FI % 17653 = 3947 1848 = 3506

Table 5-Statistical analysis for darunavir (administered as darunavir/ritonavir
800 mg/100 mg once daily and darunavir/ritonavir 800 mg/100 mg once daily with
rilpivirine 150 mg once daily coadministration)

LSmeans *
TMC114/tv TMC114ity + LSmeans i
Parameter alone TMC278 Catio. % 90% CL% °

(reference) (test) e
C i 112/m L 1457 1295 58.88 6798 -116.2
C e, ng/'ml 7324 6595 90.06 80.95-1002
AT C . ng.h/ml 79240 70870 89.45 80.87-98.94
*n= 15 for Day 11 (reference) and n=14 for Day 22 (test)

b 90% Cls.

On Day 22 (Treatment B), with rilpivirine coadministration, lower mean darunavir Cyi,,
Cmax, and AUC .24y values were observed in subjects compared to Day 11 (Treatment
B), when darunavir/ritonavir was administered by itself. The 90% confidence interval for
darunavir Cpax and AUC g-24n) were within 80%-125%. The 90% confidence interval for
darunavir C,,;, was not within 80%-125%.
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Table 6-Ritonavir pharmacokinetic parameters (administered as
darunavir/ritonavir 800 mg/100 mg once daily and darunavir/ritonavir 800 mg/100
mg once daily with rilpivirine 150 mg once daily coadministration)

Pharmecokinetics of ritonavir TMC114/rtv alone TMC114/vty + TMC278
(reference) (test)

(mean = 5D, t,,, median [range])
1 13 14
tpx, B 4.0[1.0-6.0] 4.5 [2.0-6.0]
Cip. ng/mL 4330 = 1599 3764 = 2578
Coyp. ng/mL 4523 = 2453 3106 = 1342
C . ng/'mL 3574 = 15.08 2767 = 1426
Crp. ng/mL 6903 = 2031 3583 = 2773
AUCq. ngh/mL 5201 = 2381 4060 = 1337
Cu, av. ng/mL 2167 = 99.20 1692 = 64.03
FI, % 3127 = 7332 3146 = B340

Table 7-Statistical analysis for ritonavir (administered as darunavir/ritonavir
800 mg/100 mg once daily and darunavir/ritonavir 800 mg/100 mg once daily with
rilpivirine 150 mg once daily coadministration)

LSmeans " 90% CL%
TMC114/rtv TMCl1l4/rtv + LS
Parameter alone TMC278 ) rluenl;{q
ratio, %
(reference) (test)
C pin. ng/ml 3222 3329 T78.49 68.25-90.26
C . 0g/'mlL 6452 5352 82.95 T232-9514
AT Cogp, ng.iml 4791 4051 84.55 78.21-91.41

"n=15 for Dav 11 (reference) and n=14 for Dav 22 (test)

On Day 22 (Treatment B), with rilpivirine coadministration, a lower mean ritonavir Cp;n,
Crmax, and AUC .24y values were observed in subjects compared to Day 11 (Treatment
B), when darunavir/ritonavir was administered by itself. The 90% confidence interval for
ritonavir Cpin, Ciax, and AUC g.24n) were not within 80%-125%.

Based on evaluating the individual darunavir and ritonavir predose concentrations, steady

state concentrations were achieved by Day 11 (Treatment B) and Day 22 (Treatment B)
in most subjects.
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10.4 Safety Issues

No deaths or other serious adverse events were reported for the trial. Grade 3 adverse
events were reported (increased lipids were observed in one subject, and a second subject
with gastric pain during follow up). No grade 4 adverse events were reported. There are
discrepancies in the trial report regarding the number and specific occurrences of grade 3
increases in lipids. However, it appears that one subject experienced grade 3 increases in
LDL on three occasions: the first occurrence with darunavir/ritonavir administration only
(5 mmol/L), the second occurrence with darunavir/ritonavir and rilpivirine
coadministration (5.2 mmol/L), and the third occurrence during follow up (5 mmol/L).

The most commonly reported adverse events were headache, increased cholesterol,
increased lipids and pruritis (see Table 8 below for information regarding the number and
percentage of subjects). Tables 9 and 10 provide information on adverse events that were
possibly related to either rilpivirine or darunavir/ritonavir.

Table 8-Adverse event incidence reported for three or more subjects and
categorized by system organ class and preferred term

Trial Phase
System Organ Class TMC114/rtv +
Preferred Term TMC278 Alone TMC114/rtv TMC278 Follow-up Total
n (%) N =15 N =16 N=15 N=16 N =16
Number (%) of Subjects with AE 13 (86.7%) 11 (68.8%) 11 (73.3%) 6 (37.5%) 16 (100.0%)
Investigations 2 (13.3%) 3 (18.8%) 6 (40.0%) 3 (18.8%) 9 (56.3%)
Lipids inereased 0 1(6.3%) 4(26.7%) 2(12.5%) 5(31.3%)
Lipase increased 0 2(12.5%) 2(13.3%) 0 4(25.0%)
Blood creatinine increased 1(6.7%) 0 1(6.7%) 1(6.3%) 3(18.8%)
Stkin and subcutaneous tissue disorders 1(6.7%) 6 (37.5%) 1 (6.7%) 0 8 (50.0%)
Pruritus 0 4(25.0%) 1(6.7%) 0 5(31.3%)
Gastrointestinal Disorders 4(26.7%) 5(31.3 %) 3(20.0%) 2 (12.5%) 8 (50.0%)
Aphthous stomatitis 0 0 2(13.3%) 1(6.3%) 3(18.8%)
Diarrhea 1(6.7%) 2(12.5%) 0 0 3(18.8%)
Nausea 1(6.7%) 1(6.3%) 1(6.7%) 0 3(18.8%)
Metabolism and nutrition diserders 2(13.3%) 4 (25.0%0) 2(13.3%) 0 7 (43.8%)
Hypercholesterolemia 2(13.3%) 2(12.5%) 2(13.3%) 0 6 (37.5%)
Nervous system disorders 2(13.3%) 2 (12.5%) 5(33.3%) 0 6 (37.5%)
Headache 2(13.3%) 2(12.5%) 51(33.3%) 0 6(37.5%)
Hepatobiliary Disorders 2 (13.3%) 0 1(6.7%) 2 (12.5%) 3 (18.8%)
Hyperbilirubinemia 2 (13.3%) 0 1 (6.7%) 2 (12.5%) 3 (18.8%)

n = number of subjects with that particular AE; N = number of subjects per phase.
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Table 9-Adverse event incidence possibly related to rilpivirine reported for more
than one subject and categorized by system organ class and preferred term

Trial Phase
System Organ Class TMC114/rty +
Preferred Term TMC278 Alone TMC114/rty TMC278 Follow-up Total
n (%) N=15 N=16 N=15 N =16 N =16
With at Least 1 AE that is Possibly Relared
to TMC278 6 (40.0%) 0 10 (66.7%) 3 (18.8%) 13 (81.3%)
Investigations 1(6.7%) 0 6 (40.0%) 2 (12.5%) 8 (50.0%)
Lipids increased 0 0 4(26.7%) 2(12.5%) 5(31.3%)
Blood creatinine increased 1(6.7%) 0 1(6.7%) 0 2(12.5%)
Lipase increased 0 0 2(13.3%) 0 2 (12.5%)
Nervous System Disorders 1(6.7%) 0 4 (26.7%) 0 4 (25.0%)
Headache 1(6.7%) 0 4(26.7%) 0 4 (25.0%)
Gastrointestinal Disorders 2(13.3%) 0 3 (20.0%) 0 4 (25.0%)
Aphthous stomatitis 0 0 2(13.3%) 0 2(12.5%)
Dyspepsia 2(13.3%) 0 0 0 2 (12.5%)
Metabolism and Nutrition Disorders 1(6.7%) 0 2(13.3%) 0 3 (18.8%)
Hypercholesterolemia 1 (6.7%) 0 2(13.3%) 0 3 (18.8%)

1 = number of subjects with that particular adverse event: N = number of subjects per phase.
* No adverse event was considered to be probably or definitely related to medication

Table 10-Adverse event incidence possibly related to darunavir/ritonavir reported
for more than one subject and categorized by system organ class and preferred term

System Organ Class Trial Phase
Preferred Term TMC278 Alone TMC114/vty TMC114/vty + TMC278 Follow-up Total
n (%) N=15 N=16 N=15 N=16 N=16
With at Least 1 AE that is Possibly Related
to TMC114/etv 3 (20.0%) 11 (68.8%) 11 (73.3%) 1 (6.3%) 14 (87.5%)
Skin and Subcutaneous Tissue Disorders 0 6 (37.5%) 1(6.7%) 0 7 (43.8%)
Prunitus 0 4(25.0%) 1(6.7%) 0 5(31.3%)
Rash Maculo-papular 0 2(12.5%) 0 0 2(12.5%)
Investigations 1(6.7%) 3 (18.8%) 6 (40.0%) 1 (6.3%) 7 (43.8%)
Lipids increased 0 1(6.3%) 4(26.7%) 1(6.3%) 4(25.0%)
Lipase increased 0 2(12.5%) 2(13.3%) 0 3(18.8%)
Nervous System Disorders 1(6.7%) 5(33.3%) 0 6(37.5%)
Headache 1(6.7%) (12.5%) 5 (33.3%) 0 6 (37.5%)
Gastrointestinal Disorders 1(6.7%) 5(31.3%) 3 (20.0%) 0 6(37.5%)
Nausea 1(6.7%) 1(6.3%) 1(6.7%) 0 3 (18.8%)
Aphthous stomatitis 0 0 2(13.3%) 0 2(12.5%)
Diarrhea 0 2(12.5%) 0 1] 2(12.5%)
Flatulence 0 1(6.3%) 1(6.7%) 0 2(12.5%)
Metabolism and Nutrition Disorders 0 4(25.0%) 2(13.3%) 0 5(31.3%)
Hypercholesterolemia 0 2 (12.5%) 2 (13.3%) 0 4 (25.0%)

n = number of subjects with that particular AE: N = number of subjects per phase.
* No AE was considered to be probably or definitely related to medication

11. Discussion and Conclusions

Based on the results from the drug-drug interaction trial, the following conclusions can be
made:

e Rilpivirine exposure was increased with darunavir/ritonavir coadministration
(rilpivirine mean Cpjin, Ciax, and AUC g.24n) values were increased by 178%, 79%,
and 130%, respectively). The 90% confidence interval for all three parameters
was not within 80-125%.
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e With rilpivirine coadministration, the mean darunavir Cpin, Cmax, and AUC ¢-24n)
values were decreased by 11, 10% and 11%, respectively. The 90% confidence
interval for darunavir Cpax and AUC g.24n) was within 80%-125%, however the
90% confidence interval for Cy,;, was 68%-116%.

e With rilpivirine coadministration, the mean ritonavir Cpin, Cmax, and AUC ¢.24n)
values were decreased by 22%, 17% and 15%, respectively. The 90% confidence
interval for all three parameters was not within 80-125%.

The increase in rilpivirine exposure may be potentially explained by darunavir/ritonavir
CYP 3A inhibition. The information from the trial supports the conclusion that with a
rilpivirine 150 mg once daily dosing regimen, potential darunavir/ritonavir CYP 3A
inhibition of rilpivirine metabolism does not result in clinically relevant changes in
rilpivirine exposure and therefore no dosage adjustment for rilpivirine is required (see
below for further discussion regarding rilpivirine 25 mg once daily dosing).

With a 150 mg once daily rilpivirine dosage regimen, the decreases in both darunavir and
ritonavir exposure may be potentially explained by rilpivirine CYP 3A induction. The
specific effects of a 25 mg once daily rilpivirine dosage regimen on darunavir/ritonavir
exposure have not been evaluated. From a mechanistic standpoint, the degree of
induction with rilpivirine 25 mg once daily dosing is anticipated to be the same or less
compared to 150 mg once daily dosing. The changes in darunavir/ritonavir exposure
with rilpivirine coadministration do not appear to be clinically relevant based on the
results from the trial and therefore no dosage adjustment for darunavir/ritonavir is
required with rilpivirine dosage regimens ranging from 25 mg once daily to 150 mg once
daily. However, potential differences in the inhibitory effects of darunavir/ritonavir
when coadministered with rilpivirine 25 mg once daily compared to rilpivirine 150 mg
once daily may be clinically relevant. The rationale for this statement is that under the
scenario of decreased rilpivirine induction, a greater degree of darunavir/ritonavir
inhibition may occur with rilpivirine 25 mg once daily dosing. Further analysis of this
issue will be conducted.
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TMC278-C114

1. Title

A Phase I, open-label trial to investigate the two-way, pharmacokinetic drug-drug
interaction between single-dose and steady-state TMC278 and steady-state omeprazole in
healthy volunteers

2. Information Regarding the Clinical Trial Site and Duration of the Trial

The trial was conducted at ®®

from July 12, 2005 to November 3, 2005.
3. Objectives

The objectives of the trial were to evaluate the effect at steady state of omeprazole on
rilpivirine single dose and steady state pharmacokinetics and the effect of single dose and
steady state rilpivirine on omeprazole and omeprazole metabolite (5-hydroxyomeprazole
and omeprazole sulfone) pharmacokinetics.

4. Trial Design
TMC278-C114 was a Phase I, open label, randomized, 2 way crossover clinical trial that
enrolled male and female subjects between 18 and 45 years old. The trial design is

displayed in Figure 1.

Figure 1-TMC278-C114 trial design

Session 1 —_— At least 14 days washout ——p  Session 2
R Treatment A Treatment A
A | Panel 1
N TMC278 150 mg q.d. on TMC278 150 mg q.d.
D Days 1to 11 on Days 1 to 11
O
M
I Treatment B Treatment B
z
A Omeprazole 20 mg q.d. on Omeprazole 20 mg

r 22 .d. ay: 22

T Pancl 2 Days 1 to q.d. on Days 1 to
1 + +
O TMC278 150 mg q.d. on TMC278 150 mg q.d.
N Days 12 to 22 on Days 12 to 22
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5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions

Use of ibuprofen was permitted up to three days before the first administration of trial
medication. Afterwards, ibuprofen use was permitted up to 400 mg/day until the end of
each session or treatment arm. Any over the counter medications were to be discontinued
a minimum of seven days before the first administration of trial medication and all
prescription medications were to be discontinued a minimum of fourteen days before the
first administration of trial medication. Use of herbal medicines or dietary supplements
was not permitted from fourteen days before the first administration of trial medication
and up to fourteen days after the last administration of trial medication.

Use of liquids containing alcohol or quinine was not permitted from 24 hours before
administration of trial medication until 96 hours after administration of trial medication.
Intake of grapefruit and grapefruit juice was not permitted from 7 days before
administration of trial medication until 96 hours after administration of trial medication.

In the event of an adverse event, the following medications were permitted:

A) Rash or an allergic reaction: cetirizine, levocetirizine, topical corticosteroids, or
antipruritic agents (specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)
C) Diarrhea: loperamide

6. Dosage and Administration

When medications were administered at the trial site, a standard meal was administered
in the morning. Rilpivirine or omeprazole was administered within 10 minutes after
completion of the meal. When both omeprazole and rilpivirine were coadministered,
omeprazole was to be administered before rilpivirine.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimen that was administered to all subjects was 150 mg once
daily. In contrast, the rilpivirine dosage regimen that was evaluated in the Phase 3
clinical trials and the recommended dosage regimen in the proposed prescribing
information is 25 mg once daily with a meal. Across the dose range of 25 mg to 150 mg,
increases in rilpivirine exposure were approximately dose proportional. In vitro results
indicate that CYP 2C19 may be involved in the metabolism of rilpivirine and rilpivirine
may potentially induce or inhibit CYP 2C19. Therefore, the percentage change in
rilpivirine exposure that is caused by the CYP 2C19 inhibitory effects of omeprazole
(which is also metabolized through CYP 2C219) should be similar with a rilpivirine
dosage regimen of either 25 mg once daily or 150 mg once daily under the following
conditions: a) the absence of significant CYP 2C19 induction or inhibition effects from
rilpivirine, b) similar omeprazole CYP 2C19 inhibition effects, and c) similar effects on
the absorption of rilpivirine (which possesses pH-dependent absorption).
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The omeprazole dosage regimen administered in the trial (20 mg once daily) is the
recommended dosage regimen for treatment of active duodenal ulcers. Omeprazole is to
be administered a minimum of one hour before meals.

8. Drugs Used in the Trial

Rilpivirine 50 mg tablets (formulation FO03) and 100 mg tablets (formulation F002) were
administered in the trial. Both of these tablets were Phase 2b formulations that were used
in the Phase 1 or 2 trials.

Omeprazole (Losec”™) 20 mg delayed release tablets were administered in the trial.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

For Treatment A (rilpivirine administered alone), blood samples for analysis of rilpivirine
concentrations were obtained on Days 1 and 2 and Days 11 and 12 at predose and up to
24 hours postdose. Predose rilpivirine blood samples were also obtained on Days 9 and
10. A predose omeprazole blood sample was obtained on Day 1.

For Treatment B, blood samples for analysis of rilpivirine concentrations were obtained
on Days 12 and 13 and Days 22 and 23 at predose and up to 24 hours postdose. On Days
1, 20, and 21, a predose blood sample was drawn to determine rilpivirine concentrations.
Omeprazole concentrations were obtained at Day 11 at predose and up to 16 hours
postdose and on Days 12 and 13 and Days 22 and 23 at predose and up to 24 hours
postdose. Blood samples were drawn to determine omeprazole concentrations on Day 1
at predose and at 4 hours postdose and on Days 20 and 21 at predose.

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by @@ The lower limit of
quantification for rilpivirine was 1 ng/mL and the upper limit of quantification was 2000
ng/mL. There were no precision or accuracy issues identified for rilpivirine based on the
bioanalytical report. For the TMC278-C114 trial, precision and accuracy were evaluated
using the low (3 ng/mL), medium (50 ng/mL), and high (1600 ng/mL) QC samples. The
corresponding rilpivirine inter-run accuracy values were -4.5% for the low QCs, -5.7%
for the medium QCs, and -0.4% for the high QCs, and the rilpivirine inter-run precision
values were 4.8% for the low QCs, 5.4% for the medium QCs, and 1.9% for the high
QCs. The submitted rilpivirine long term stability data of 1528 days at -20°C covered the
duration of long term rilpivirine stability data necessary for the TMC278-C114 trial.

The method and bioanalysis of omeprazole, 5S-hydroxyomeprazole and omeprazole
sulphone is acceptable. Plasma samples were analyzed for omeprazole,
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5-hydroxyomeprazole and omeprazole sulphone concentrations using a validated
LC/MS/MS method by ®®@ " The lower limit of quantification for omeprazole was 1
ng/mL and the upper limit of quantification was 1000 ng/mL. There were no precision or
accuracy issues identified for omeprazole based on the bioanalytical report. For the
TMC278-C114 trial, precision and accuracy were evaluated using plasma QC samples at
3 (low QC), 30 (medium QC) and 750 ng/mL (high QC). The corresponding omeprazole
inter-run accuracy values were 5% for the low QCs, 2.7% for the medium QCs, and 3.7%
for the high QCs, and the omeprazole inter-run precision values were 4.3% for the low
QCs, 3.2% for the medium QCs, and 3.8% for the high QCs. The lower limit of
quantification for 5-hydroxyomeprazole was 1 ng/mL and the upper limit of
quantification was 1000 ng/mL. There were no precision or accuracy issues identified for
5-hydroxyomeprazole based on the bioanalytical report. For the TMC278-C114 trial,
precision and accuracy were evaluated using plasma QC samples at 3 (low QC), 30
(medium QC) and 750 ng/mL (high QC). The corresponding 5-hydroxyomeprazole
inter-run accuracy values were 0.3% for the low QCs, -1% for the medium QCs, and
-7.3% for the high QCs, and the 5-hydroxyomeprazole inter-run precision values were
4.8% for the low QCs, 3.1% for the medium QCs, and 3.3% for the high QCs. The lower
limit of quantification for omeprazole sulphone was 1 ng/mL and the upper limit of
quantification was 1000 ng/mL. There were no precision or accuracy issues identified for
omeprazole sulphone based on the bioanalytical report. For the TMC278-C114 trial,
precision and accuracy were evaluated using plasma QC samples at 3 (low QC), 30
(medium QC) and 750 ng/mL (high QC). The corresponding omeprazole sulphone inter-
run accuracy values were -1.7% for the low QCs, 4.3% for the medium QCs, and 2.1%
for the high QCs, and the omeprazole sulphone inter-run precision values were 6.3% for
the low QCs, 3.7% for the medium QCs, and 5.6% for the high QCs.

The submitted omeprazole, 5-hydroxyomeprazole and omeprazole sulphone long term
stability data in plasma using sodium heparin as an anticoagulant of 461 days at -20°C
covered the duration of long term omeprazole, 5-hydroxyomeprazole and omeprazole
sulphone stability data necessary for the TMC278-C114 trial.

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate plasma pharmacokinetic parameters,
including Cpin, Cmax, and AUC o). If a major difference (> 10.00% deviation from the
scheduled time) was observed, the actual sampling time was used instead of the
scheduled sampling time.

Statistical Analysis

Descriptive statistics were calculated for rilpivirine and omeprazole plasma
concentrations and pharmacokinetic parameters, including the number of subjects (n),
mean, standard deviation, the coefficient of variation (CV%), geometric mean, median,
and the minimum and maximum values.

Statistical analysis involved comparison of plasma rilpivirine log transformed
pharmacokinetic parameters for rilpivirine when administered with omeprazole (test arm)
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compared to rilpivirine administration by itself (reference arm) both with after a single
dose of rilpivirine and with multiple dosing of both medications. For omeprazole and the
omeprazole metabolites, statistical analysis involved comparison of omeprazole when
administered with rilpivirine (test arm) compared to omeprazole administration by itself
(reference arm) both with after a single dose of rilpivirine and with multiple dosing of
both medications. Cyy (the predose plasma concentrations), Cpin (the minimum plasma
concentrations between 0 hour and the dosing interval [t]), Cpax, and AUC,.;) were the
primary parameters of interest that were evaluated. Using a linear mixed effects model,
least squares means were calculated and 90% confidence intervals were derived based on
the difference of the pharmacokinetic parameter’s least squares means for the test and
reference arms. The 90% confidence intervals and the difference of the pharmacokinetic
parameter’s least squares means were transformed back to the original scale. The
predetermined “no effect boundaries” for the 90% confidence intervals was 80%-125%.

An assessment was performed to determine if rilpivirine steady state concentrations were
achieved by Day 11 (Treatment A) and Day 22 (Treatment B). An assessment was also
performed to determine if omeprazole steady state concentrations were achieved by Day
22 in Treatment B.

10. Results

10.1 Subject Demographics and Disposition

Table 1-TMC278-C114 subject demographics

Panel 1 Panel 2
Parameter TMCIT8 — Omeprazole Omeprazole + TMCITS
+TMCI78 - TMCIT8 All Subjects
(N =48) (N =8) N=16
Are vears
Median 32.0 36.0 343
{ranze) 24 -45 20 - 43 20-45
Height, cm
Median 183.0 175.5 178.5 .
(range) 169 - 139 161 - 193 161 - 193 Best Available
Weight, kz
Median 74.0 68.2 71.1 COpy
(rangze) 63 -91 50 - 105 50 - 105
BMI, kz'm”
Median 233 129 230
(range) 19 -28 20-28 19-28
Sex, n (%)
Famals 11235} 22500 31(18.8)
Mala 7(87.5) 6 (7500 13(81.3)
Ethnic Ongin, n (%)
CaucasianWhite £ {100.0% T(87.5) 15 (93.8)
Black a 1{12.5) 1(8.3)
Type of Smoker, n (%)
Mo (non-smeker) T(87.5) 6 (75.0) 13 (381.3)
Tas (light) 10125} 2 {25.0) 3(18.8)

BMI = body mass ndex.
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Figure 2-TMC278-C114 subject disposition

| N =27 subjects screened |

N =11 subjects not randondzed, no
treatment recetved

| N = 16 subjects randomized |
|
| |

Panel 1 Panel 2
N =8 sulbjects I = 8 subjects
I
N=8 N=8§
Treatment A Treatment B
TRC2TE 150 mg q.d. Omeprazole 20 mg
on Days 1-11 g.d. on Days 1-22 +

THC2TE 150 mg ¢.d.
on Days 12-22

N =28 subjects N = § subjects
comypleted completed
I |
N=§ N=§
Treatment B Treatment A
Omeprazole 20 mz TARIC278 150 mg q.d.
g.d. on Days 1-22 = on Days 1-11

TMC278 150 mg q.d.
on Days 12-22

N =7 subjects N = § subjects
completed completed
I |
1 drop-cut No drop-outs
(reaszon: withdrew
consent)

10.2 Prior and Concomitant Medications

Eight subjects administered concurrent medications during the trial. The most frequently
administered concurrent medications were ibuprofen (administered in 6 subjects) and
acetaminophen (administered in 3 subjects). Other concomitant medications that were
administered include cetirizine, clobetasol, doxycycline, a heparin derivative, lidocaine,
and talc. These medications would not be expected to alter CYP 3A or 2C19
metabolism.

10.3 Pharmacokinetic and Statistical Analysis
In Treatment A, there were five subjects with quantifiable rilpivirine concentrations on
Day 1. However, these concentrations were 5% or less of the subject’s Day 1 Cy,.x for

the session and no adjustments were necessary for the pharmacokinetic analyses. In
Treatment B, five subjects had quantifiable predose rilpivirine concentrations on Day 1.
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Of the five subjects, two subjects had quantifiable rilpivirine drug concentrations that
were greater than 5% of the subject’s rilpivirine Cp,x on Day 12 (a third subject did not
have rilpivirine concentrations reported for Day 12). However, the overall conclusion
that was derived from comparing Treatment B to Treatment A is anticipated to be valid
regardless of whether rilpivirine pharmacokinetic data from two subjects is included and
it would be anticipated that the predose rilpivirine concentrations would be negligible by
Day 12.

All subjects had omeprazole concentrations that were less than the lower limit of
quantification (LLOQ) on Day 1 in Treatment A and Treatment B.

Rilpivirine

Table 2-Pharmacokinetic parameters for rilpivirine 150 mg once daily and
rilpivirine 150 mg once daily coadministered with omeprazole 20 mg once daily
[%FI=100 X ([Ciax-Ciminl/Css.av)]

Pharmacokinetics of TMC278 Treatment A: Treatment B:
TMC278 Alone TMC278 with Omeprazole
(mean + standard deviation. oo median [range])
n 16 15
Day 1 (Treatment A)/Day 12 (Treatment B)
(single dose)

Conge. NZ/ML 682.6 + 264.8 3089 = 1794
tpm 1 3.5 (2.0 - 6.0) 5.0(2.0-6.0)
AUC,y, ng.h/mL 7711 £ 3770 3502 = 2092

Day 9 (Treatment A)/Day 20 (Treatment B)
(multiple dose)

Cop. ng/mL 5394 £ 2435 435.0 = 3256
Day 10 (Treatment A)/Day 21 (Treatment B)
(multiple dose)

Cop. ng/mL 5419 + 2489 427.6 = 266.2
Day 11 (Treatment A)/Day 22 (Treatment B)
(steady-state)

Cop. ng/mL 620.5 £ 3145 4314 = 2405
Cin. Ng/mL 507.1 £ 241.0 347.0 = 196.2
Conax. Ng/mL 1205 + 311.3 7794 = 408.7
toax. 1 4.0 (0.0 - 6.0) 4.0(2.0-9.0)

AUC,y, ng.h/mL 18730 =+ 6307 11920 = 6573
Cyiay ng/mL 780.5 £ 2628 496.6 = 273.9
FI. % 9498 + 31.05 87.85 = 2534
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Table 3-Statistical analysis for rilpivirine 150 mg once daily after a single dose and
rilpivirine 150 mg once daily after a single dose coadministered with omeprazole 20
mg once daily

LSmeans ” p-Value
Treatment A, Treatment B,
Day 1 Day 12 LSmeans
: : g 1C278 wi ) % CI, %" ) riod {S
Parameter TMC278 Alone TMC278 with Ratio, % 90% CIL, % | Treatment | Period {Sequence
(Reference) Omeprazole
(Test)
Crax. Ng/mL 620.2 259.5 41.84 32.35-54.12| <0.0001 0.58921% 0.8828
AUCyy, ng.h/mL 6852 3031 44.24 3531-5542| <0.0001 {0.4517% 0.9546
Median” p-Value
Treatment A, | [reatmentB.
Dav 1 Day 12 Treatment
Parameter - TMC278 with | Difference | 90% CIL, %° | Treatment | Period Sequence
TMC278 Alone . .
(Reference) Omeprazole Median
(Test)
toax. 1 4.0 5.0 1.0 0.0-15 0.0738 1.000 § 0.8598

"1 =16 for Treatment A (reference) and n = 15 for Treatment B (test).
®n=15 for fmax Of Treatment A (reference).

¢ 90% confidence intervals.

CI = confidence interval; LSmeans = least square means.

Table 4-Statistical analysis for rilpivirine 150 mg once daily and rilpivirine 150 mg
once daily coadministered with omeprazole 20 mg once daily

LSmeans® p-Value
Treatment A, Treatment B,
Day 11 Day 22 LSmeans
- . @l 1C27 = - - 90%% C 04 . " S
Parametel TMC278 Alone TMC278 with Ratio, % 90% CL% |Treatment| Period |Sequence
(Reference) Omeprazole
(Test)
Cop. ng/mL 552.9 388.4 70.25 59.94 -82.35| 0.0017 |0.5030| 0.9286
Cyin. ng/mL 459.7 309.7 67.36 58.02-78.20| 0.0004 |0.8504| 0.8603
Cppax, ng/mL 1151 685.4 59.53 48.39-73.23| 0.0006 |0.9198| 0.5513
AUCy4,. ng.h/mL 17595 10561 60.02 51.05-70.57| 0.0001 0.8876 | 0.5022
Median® p-Value
Treatment A, Treatment B,
Dav 11 Day 22 Treatment
Parameter o TMC278 with Difference | 90% CL%° | Treatment | Period | Sequence
TMC278 Alone .
(Reference) Omeprazole Median
(Test)
toaxe 11 4.0 4.0 0.75 (-0.5)-(2.5) 0.1969 |0.9533 | 0.8610

"1n =16 for Treatment A (reference) and n= 15 for Treatment B (test).
®n=15 for fmax Of Treatment A (reference).

©00% confidence intervals.

CI = confidence interval; LSmeans = least square means.

Based on the statistical analysis after a single dose of rilpivirine 150 mg once daily
coadministered with omeprazole, the mean rilpivirine Cpax and AUC g.24n) values were
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decreased compared to rilpivirine when administered by itself. The 90% confidence
interval for rilpivirine Cpax and AUC g.24n) were not within 80%-125%.

With multiple dosing, based on the statistical analysis, when rilpivirine was
coadministered with omeprazole, the mean rilpivirine Cop, Crin, Cmax, and AUC ¢.24n)
values were decreased compared to rilpivirine when administered by itself. The 90%
confidence interval for rilpivirine Con, Ciin, Cmax, and AUC g-24n) were not within 80%-
125%.

Based on evaluating the individual rilpivirine predose concentrations, steady state
concentrations were achieved by Day 11 (Treatment A) and Day 22 (Treatment B) in

most subjects.

Omeprazole, 5-hydroxyomeprazole and omeprazole sulphone

Table 5-Omeprazole plasma pharmacokinetic parameters (administered as

omeprazole 20 mg once daily and rilpivirine 150 mg once daily coadministered with

omeprazole 20 mg once daily [%FI=100 x ([Ciax-Cmin}/Css.av)]

Pharmacokinetics of Omeprazole Day 11: Day 12: Day 22:
(mean + standard deviation, t,,,.: Omeprazole Alone Omeprazole and Omeprazole and
median [range]) TMC278 (SD) TMC278 (MD)
n 15° 15° 15°

Con ng/mL NQ° NQ* NQ*

C i, Ng/mL NQ* NQ* NQ*

Cax. ng/mL 4155 = 2153 409.8 = 257.8 3851 + 238.6
fomaxe 11 4.0(1.0-5.0) 40(1.0-6.0) 4.0(2.0-6.0)
AUC,4,. ng.h/mL 1251 + 919.7 1271 + 1081 1136 + 1054
tin. h 1.166 + 0.3684 1.217 + 0.3099 1.145 + 0.3191
Cee oy ng/mL 5212 + 3832 5298 = 45.02 4733 + 43.93
FL % 9875 + 3838 9253 = 337.0 978.2 + 3749
* n=10 for t;».

® n=12fort,,.

¢ NQ = Not Quantifiable (< 1.00 ng/mL).
SD = single dose; MD = multiple dose.
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Table 6-Statistical analysis for omeprazole (administered as omeprazole 20 mg once
daily and after a single dose of rilpivirine 150 mg once daily coadministered with
omeprazole 20 mg once daily)

LSmeans ? p-Value
Day 11: Ome][)):g,zﬁ; and | LSmeans
. - . ; ‘ 8 o N A s
Parameter Omeprazole Alone TMC278 (SD) Ratio, % 90% CL,% " |Treatment
(Reference)
(Test)
Cax. ng/mL 367.2 3459 94.21 74.95-118.4 | 0.6533
AUC,,, ng.lVmL 961.1 955.6 99.43 89.19-110.8 0.9279
Median® p-Value
Day 11: OmeD:?gzﬁ; and Treatment
Parameter Omeprazole Alone p‘ . Difference | 90% CL% b | Treatment
TMC278 (SD) .
(Reference) Median
(Test)
s 11 4.0 4.0 0.5 (-0.5) - (1.0) 0.6386

*n =15 for Day 11 (reference) and Day 12 (test).

® 90% confidence intervals.

CI = confidence interval; LS means = least square means; SD = single dose.

Table 7-Statistical analysis for omeprazole (administered as omeprazole 20 mg once
daily and rilpivirine 150 mg once daily coadministered with omeprazole 20 mg once

daily)
LSmeans * p-Value
Day 11: Onle?):gyzii; and | LSmeans
a1 - o ; - [ o b a
[Parameter Omeprazole Alone TMC278 (MD) | Ratio, % 90% CL% " | Treatment
(Reference)
(Test)
C - NZ/ML 367.2 314.5 85.64 67.57-108.6| 0.2687
AUC:4y,, ng.h/mL 961.1 8243 85.77 75.68-97.21| 0.0486
Median® p-Value
Day 11: OmeD?:zfj; and Treatment
Parameter Omeprazole Alone p Difference | 90% CL% b | Treatment
TMC278 (MD.) .
(Reference) Median
(Test)
finax, 11 4.0 4.0 0.0 (-0.5)-(0.5) | 0.7620

*n =15 for Day 11 (reference) and Day 22 (test).

® 90% confidence intervals.

CT = confidence interval; LS means = least square means; MD = multiple dose.

The omeprazole statistical analysis did not include a comparison of Cop, (the predose
plasma concentrations) and C,;, (the minimum plasma concentrations between 0 hour
and the dosing interval [1]) because the omeprazole predose concentrations were less than
the lower limit of quantification (LLOQ) on Day 11, Day 12, and Day 22 and the Day 11,
Day 12, and Day 22 Cg, and Cpy values for all 15 evaluable subjects was zero. For
similar reasons, an evaluation regarding whether steady state omeprazole concentrations
were achieved was not performed.
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Based on the statistical analysis after a single dose of rilpivirine 150 mg once daily
coadministered with omeprazole, the mean omeprazole C,,.x value was decreased and
minimal differences were observed in the AUC .41y value compared to omeprazole
when administered by itself. The 90% confidence interval for omeprazole Cy,.x Was not
within 80%-125%. The 90% confidence interval for omeprazole AUC .24y Was within
80%-125%.

With multiple dosing of both medications, based on the statistical analysis, when
rilpivirine was coadministered with omeprazole, the mean omeprazole Cpax and

AUC 0-24n) values were decreased compared to omeprazole when administered by itself.
The 90% confidence interval for omeprazole Cpax and AUC g.24n) Were not within 80%-
125%. There was no change in the omeprazole t;.x value for Days 11 and 22.

Table 8-5-hydroxyomeprazole plasma pharmacokinetic parameters (administered
as omeprazole 20 mg once daily and rilpivirine 150 mg once daily coadministered
with omeprazole 20 mg once daily [%FI=100 X ([Cmax-Cmin]/Css.av)]

v N Omeprazole Alone Omeprazole and Omeprazole and
(mean + standard deviation, t,,,: median TMC278 (SD) TMC278 (MD)
[range])

n 15 15* 15

Cop, ng/mlL NQ® NQ° NQ®

C i N/mML NQ° NQ® NQ®

Clx- Dg/mlL 176.6 = 56.34 187.9 + 73.36 1923 + 76.48
tonax, 4.0(1.0-5.0) 5.0(1.0-6.0) 4.0(2.0-6.0)
AUC,y,, ng.VmL 5945 = 1396 6314 + 1755 6325 = 1814
tio, h 1.521 + 0.5309 1.485 + 0.3346 1.448 + 0.3456
Coo . ng/mL 24.77 = 5.816 2631 £ 7314 27.19 + 7.557
FI, % 739.3 + 2520 708.8 + 190.6 7162 + 2281
Ratio AUCo4y 5.pydroxyomeprazole/omeprazote (70) 7236 + 4244 78.29 + 49.43 9228 + 5546

“n=14 for ty),.
® NQ = not quantifiable (< 1.00 ng/mL).
SD = single dose; MD = multiple dose.
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Table 9-Statistical analysis for 5-hydroxyomeprazole (administered as omeprazole
20 mg once daily and after a single dose of rilpivirine 150 mg once daily
coadministered with omeprazole 20 mg once daily)

LSmeans

Day 12:

p-Value

Parameter

Day 11:
Omeprazole Alone
(Reference)

Omeprazole and

TMC278 (SD)
(Test)

Treatment
Difference
Median

Day 11: Omeprazole and LSmeans
A - - & ) ~f o4 P S
Parameter Omeprazole Alone TMC278 (SD) Ratio, % 90% CI,% "~ | Treatment
(Reference) )
(Test)

Conax. Ng/mL 169.0 174.7 103.4 87.44 - 122.2 0.7316
AUCH4,. ng.h/mlL. 580.3 612.3 105.5 99.10-112.4 0.1540

Median® p-Value

Day 12:

90% CI,% "

Treatment

tinax- D

4.0

5.0

0.25

(-1.0) - (1.5)

0.6358

“n = 15 for Day 11 (reference) and Day 12 (test).

® 90% confidence intervals.

CI = confidence interval; LS means = least square means; SD = single dose.

Table 10-Statistical analysis for 5-hydroxyomeprazole (administered as omeprazole
20 mg once daily and rilpivirine 150 mg once daily coadministered with omeprazole

20 mg once daily)

LSmeans * p-Value
Day 11: Omell)}gzzoﬁ and | LSmeans
ar . . / : [YArel KAL) s
Parameter Omeprazole Alone TMC278 (MD) | Ratio, % 90% CIL% " | Treatment
(Reference)
(Test)
Cmax. ng/mL 169.0 180.1 106.5 91.04-124.7| 0.4895
AUC,y,, ng./mL 580.3 630.0 108.6 101.7-1159| 0.0439
Median® p-Value
Day 11: OnleDizzii; and Treatment
Parameter Omeprazole Alone p Difference | 90% CI,% " | Treatment
TMC278 (MD.) .
(Reference) ) Median
(Test)
fonax 11 4.0 4.0 0.0 (-05)-(0.5) | 0.6296

“n =15 for Day 11 (reference) and Day 22 (test).

>90% confidence intervals.

CTI = confidence interval; LS means = least square means; MD = multiple dose.

The 5-hydroxyomeprazole statistical analysis did not include a comparison of Cyy, (the
predose plasma concentrations) and Cy,i, (the minimum plasma concentrations between 0
hour and the dosing interval [t]) because the 5-hydroxyomeprazole predose
concentrations were less than the lower limit of quantification (LLOQ) on Day 11, Day
12, and Day 22 and the Day 11, Day 12, and Day 22 Cy, and Cy,, values for all 15
evaluable subjects was zero.

Based on the statistical analysis after a single dose of rilpivirine 150 mg once daily
coadministered with omeprazole, minimal differences were observed in the mean
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5-hydroxyomeprazole Cmax and AUC g.24n) values compared to omeprazole when
administered by itself. The 90% confidence interval for 5-hydroxyomeprazole Cp,,x and
AUC 9-24n) were within 80%-125%.

With multiple dosing of both medications, based on the statistical analysis, when
rilpivirine was coadministered with omeprazole, the mean 5-hydroxyomeprazole Cyax
and AUC g24n) values were increased compared to omeprazole when administered by
itself. The 90% confidence interval for 5-hydroxyomeprazole Cpax and AUC g.24n) Were
within 80%-125%. There was no change in the 5-hydroxyomeprazole t.,x value for Days
11 and 22.

Table 11-Omeprazole sulphone plasma pharmacokinetic parameters (administered
as omeprazole 20 mg once daily and rilpivirine 150 mg once daily coadministered
with omeprazole 20 mg once daily [%FI=100 X ([Cmax-Cmin]/Css.av)]

Pharmacokinetics of Omeprazole
X P - Day 12: Dayv 22:
Sulfone Day 11: : :

o o -azole Alone Omeprazole and Omeprazole and
(mean = standard deviation, ty,: meprazo TMC278 (SD) TMC278 (MD)
median [range])
n 15° 15 15°
Cyp, ng/mL 7.211 = 12.32 6.239 = 9.853 5.058 = 8.825
Cppip. ng/mL 5773 = 9.776 4,989 = B8.409 I\'Qb
Cpx NZ/mML 98.63 £ 50.35 91.67 = 53.93 91.31 £ 64.18
tmaxs 11 5.0(2.0-9.0) 5.0(2.0-9.0) 5.0(3.0-6.0)
AUC, 4. ng.h/mL 8458 + 690.1 851.5 + 84638 7429 + 8253
tin, b 3.571 £ 1.594 3417 £ 1.574 3.060 £ 1.555
Cysav, ng/mL 3524 + 2876 3548 = 3528 30.96 + 34.39
FL. % 381.3 = 1973 3559 £ 168.8 4258 £ 212.2
Ratio AUC:43 omeprazole sulfone/omeprazale (%0) 66.96 = 27.72 61.08 £ 14.44 57.70 £ 16.23

*n=14fort;n
® NQ = not quantifiable (< 1.00 ng/mL).
SD = single dose; MD = multiple dose.
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Table 12-Statistical analysis for omeprazole sulphone (administered as omeprazole
20 mg once daily and after a single dose of rilpivirine 150 mg once daily
coadministered with omeprazole 20 mg once daily)

LSmeans " p-Value
Day 12:
Day 11: :
v Omeprazole and LSmeans . b
. . . : 0 0 .
Parameter Oln:ﬁ:?ezrc;lsc_:;one TMC278 (SD) Ratio, % 90%0 CL%0 Treatment
(Test)
Con. ng/mL 8.930 8.556 95.81 81.73-112.3 0.6258
Cin. ng/mL 7.219 6.780 93.92 77.79-113.4 0.5480
Crax. g/mL 87.54 78.57 89.75 75.20-107.1 0.2997
AUC,. ng.h/mL 603.6 567.7 94.05 83.12-106.4 0.3966
Median® p-Value
Day 11: Olne]:;::ztzlf:‘ and Treatment
Parameter Omeprazole Alone T\'II('Z',-'S (SD) Difference | 9026 CI,% " | Treatment
(Reference) (Rest) Median
tomaxe 5.0 5.0 0.0 (-0.5) - (1.0) 0.7670

*n =8 for Cop and Cpyy and 11 = 15 for Cpax, AUCHy, and ty., for Day 11 (reference) and Day 12 (test).
" 909 confidence intervals.
CI = confidence interval: LS means = least square means: SD = single dose.

Table 13-Statistical analysis for omeprazole sulphone (administered as omeprazole
20 mg once daily and rilpivirine 150 mg once daily coadministered with omeprazole
20 mg once daily)

LSmeans * p-Value
Day 11: Olne];:;:zf)zl; and | LSmeans
" . . 4 - i 05 CT.04 b .
Parameter OmERp:.?:f:E;:)lone TMC278 (MD) Ratio, % 90% CI,% = | Treatment
(Test)
Cop. ng/mL 8.930 5.911 66.19 57.25-76.53 | 0.0010
Crnax. ng/mL 87.54 73.99 84.52 69.21-103.2| 0.1605
AUCy,, ng.h/mL 603.6 458.0 75.87 65.15-88.36 | 0.0065
Median” p-Value
Day 11: Olne]:;:;:zf)zl; and Treatment
Parameter Omeprazole Alone l_ . Difference | 90% CIL% " | Treatment
(Reference) TMC278 (MD) Median
(Test) }
toax. 11 5.0 5.0 0.0 (-0.5) - (0.5) 0.5337

1 =8 for Cgy and 1 = 15 for Cpgy, AUCoyy, and ty,, for Day 11 (reference) and Day 22 (test)
® 90% confidence intervals.
CI = confidence interval; LS means = least square means; MD = multiple dose.

The omeprazole sulphone Statistical analysis after a single dose of rilpivirine 150 mg
once daily included a comparison of Co, and Cpin. The omeprazole sulphone Statistical
analysis after multiple dosing of both medications did not include a comparison of Ci,
because more than half of the Ci, values were less than the lower limit of quantification
(LLOQ). Plots of individual predose omeprazole sulphone concentrations were not
generated.
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Based on the statistical analysis after a single dose of rilpivirine 150 mg once daily
coadministered with omeprazole, minimal differences were observed in the mean
omeprazole sulphone Cy, value and the mean omeprazole sulphone Cpin, Cimax, and

AUC 024n) Cmax values were decreased when compared to omeprazole administered by
itself. The 90% confidence interval for omeprazole sulphone Con, and AUC g.24n) were
within 80%-125%. The 90% confidence interval for omeprazole sulphone Cy,i, and Ciax
were not within 80%-125%.

With multiple dosing of both medications, based on the statistical analysis, when
rilpivirine was coadministered with omeprazole, the mean omeprazole sulphone Cop, Ciax
and AUC g.24n) values were decreased compared to omeprazole when administered by
itself. The 90% confidence interval for omeprazole sulphone Cpax and AUC g.24n) Were
not within 80%-125%. There was no change in the omeprazole sulphone t,x value for
Days 11 and 22.

10.3 Pharmacodynamic Analysis

Subjects were tested for H.pylori and CYP 2C19 genotyping was performed on Day 1 of
their first treatment period. An exploratory analysis was conducted to compare the least
squares means omeprazole Cpax and AUC .y in subjects with and without H.pylori
infection and for different CYP 2C19 genotypes. However, according to the trial report,
due to the low number of subjects with a genotype other than WT/WT, definitive
conclusions could not be made regarding omeprazole and omeprazole metabolite
exposure either by itself or in combination with rilpivirine and CYP 2C19 genotypes.
The low number of subjects that tested positive for H.pylori also precluded definitive
conclusions from being made regarding the influence of the presence of H.pylori
infection on rilpivirine exposure when coadministered with or without omeprazole.

10.4 Safety Issues

No deaths or other serious adverse events were reported for the trial. No grade 3 or grade
4 adverse events were reported. The most common reported adverse events were
headache, fatigue and hyperbilirubinemia (see Table 14 for information regarding the
number of subjects).

Reference ID: 2924498 151



Best Available Copy

Table 14-Adverse event incidence categorized by system organ class and preferred
term reported in more than one subject

Trial Phase

System Organ Class TAC2TE Omet zale +

Preferved Term Alone Omeprazole Alone TMC278 Follow-up Whole Trial

(%) N =16 N =16 N = 15 N =16 N =16
Any Adverse Event 10 (62.5) 14 (R7.5) 11 (73.3) 5(31.%) 15 (93.8)
Gasireintestinal Disorders 1(6.3) 5(3L3) 0 1] 5(31.3)

Bowel sounds abnormal 0 2(12.5) 0 L] 2(12.5)

Diarrhea 1(6.3) 1(6.3) 1] 0 2{12.5)
General Disorders and Administration 3(18.8) 2(12.5) 2(13.3) o 5(31.3)
Site Conditions

Fatigue 3{18.8) 1(6.3) 2(13.3) [i] 5(31.3)
Hepatabiliary Disorders 2(12.5) 2(12.5) 1(6.7) 2(12.5) 5(31.3)

Hyperbilirubi i 2{12.5) 2(12.5) 1(6.7) 2{12.5) 5(31.3)
Investigations 1(6.3) 1(6.3) 2(13.3) 4 (25.0) 7 (43.8)

Blood creatinine increased 4] 0 1] 4(25.0) 4 (25.0)

Hemoglobin decreased 1(6.3) 1(6.7) o 2(12.5)

Lipase increased 1(6.3) ] 2{12.5)
Metabelism and Nutrition Disorders 1(6.3) 1(6.3) 4 (250

Hypenuricagmia 1(6.3) 1(6.3) 3(18.8)
Nervous System Disorders 8 (50.0) 0 11 (68.5)

Headache 8 (50.00 ] 10 (62.5)
Respivatory, Theracic and Medfastinal L] 1] 2(125)
Disorders

Masopharyngitis 1] 1] 2{125)
Skin and Subcutaneens Tissue 1(6.3) 1(6.3) 4 (25
Disorders

Rash maculo-papular 0 0 1(6.7) 1(6.3) 2(12.5)

n = number of subjects with that particular adverse event; ™

number of subjects per phase.

Table 15-Adverse event incidence at least possibly related to rilpivirine categorized
by system organ class and preferred term

Trial Phase

System Organ Class Omeprazole +
Freferred Term TMC 278 Alone Omeprazole Alone TMC278 Follow-up Whole Trial
(%) N =16 N =16 N =15 N =16 N =16
Any Adverse Event 10 (62.5) 14 (87.5) 11(73.3) 5313 15 (93.8)
With af least 1 AE thought fo be af least possibly 0 (56.3) 1] o {600y S(31.3) 12 (75.0)
related fo TMC278
Gastrointestinal Disorders 1(6.3) 0 ] 0 1(6.3)
Dhiarrhea 1(6.3) [0 1] 0 1(6.3)
Dy mouth 1(6.3) 4] (1] 0 1(6.3)
General Disorders and Administration Site 3(18.8) 0 2(13.3) U] 4 (2500
Conditions
Fatigue 3(18.3) 1] 2{13.3) 0 4(25.00
Hepatobiliary Disorders 2(12.5) 0 1(6.7) 2(12.5) 3 (18.8)
Hyperbilimbinasmia 2(12.5) ] 1(6.7) 2(12.5) 3(18.8)
Investigations 1(6.3) 0 2(13.3) 4 (25.0) 6 (37.5)
Blood amylase increased 0 [0 1{6.7) 0 1(6.3)
Blood creatinine mereased 0 i 1] 4(25.0) 4 (25.0)
Hemoglobin decreased 1(6.3) 0 1(6.7) 0 2(12.5)
Lipase increased 1(6.3) L] 1(6.7) 0
Aletabolism and Nutrition Disorders L] 0 1(6.T) L]
Hyperuricemia 0 0 1{6.7) 0
Nervous System Disorders 8 (50.0) 0 4(260.7) U]
Dizziness 1(6.3) 0 ] 0
Dizziness postural 1(6.3) 0 0 0
Headache 8 (50.0) L] 4(26.T) 1]
Skin and Subcutaneous Tissue Disorders 1(6.3) 1) 2(13.3) 1(6.3)
Pruritus 0 1] 1{6.7) 0
Rash macular 1(6.3) 0 ] 0
Rash maculo-papular 0 0 1(6.7) 1(6.3)

n = number of subjects with that particular AE: N = munber of subjects per phase.
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Table 16-Adverse event incidence at least possibly related to omeprazole categorized
by system organ class and preferred term (includes original and replacement

subjects)
Trial Phase

System Organ Class Omeprazole +
Preferved Term TMC278 Alone Omeprazole Alone TAMC278 Follow-up Whaole Trial
u (%) N=16 N=16 N=15 N=16 N=16

| Any Adverse Event 10 {62.5) 14 (87.5) 117335 S{3Ly 15 (93.8)

With at least 1 AE thought fo be af least possibly o 11 (68.8) B (53.3) 3 (18.8) 12 (7T5.0)

relafed o Omeprazole

Gastrointestinal Disorders o 5(31.3) o 0 5(31.3)
Abdominal pamn [} 1{6.3) 0 0 1(6.3) )
Albmormal faeces (1] 1(6.3) i 4] 1(6.3)
Bowel sounds abuonual Q 2(12.5) 0 0 2(12.5) BeSt Avallable
Diarrhea 0 1(6.3) ] 0 1(6.3)
Nausea 1} 1i{6.3) 0 0 1(6.3) Copy
Vomiting 1] 1i(6.3) 0 0 1(6.3)

Creneral Disorders and Administration Site (1] 1 (6.3) 2(13.3) 1] J(15.5)

Conditions
Fatigue 1] 1(6.3) 2{13.3) 0 3 (18.8)

Hepatobiliary Disorders 1) 2(12.5) 1(6.7) 1(12.5) 4 (25.0)
Hyperbilimbinaemia [1] 2(12.5) 1(6.7) 2(12.5) 4 (25.00)

Investigations 1] 1{6.3) 1{6.7) 2(125) 3(18.8)
ALT increased (1] 1(6.3) 0 0 1(6.3)
Bloog ineres i} 1] 1(6.7) 0 1(6.3)
Bloog [i] o 0 2{12.5) 2{12.5)
Lipas 0 0 1(6.7) 0 1(6.3)

Nervous System Disorders 1] 6 (37.5) 4(26.T) L] 8 (50.0)
Headache 0 6(37.5) 4(26.7) 0 § (50.0)

Skin and Subcutaneous Tissue Disorders [} 1(6.3) 2(13.3) ] 2(12.5)
Pruritus 1] 1(6.3) 1(6.7) 0 1(6.3)
Fash maculo-papular 0 ] 1(6.7) 0 1(6.3)

n = number of subjects with that particular AE: N = number of subjects per phase: ALT = alanine aminotransferase

11. Discussion and Conclusions

Based on the results from the drug-drug interaction trial, the following conclusions can be
made:

e After a single dose of rilpivirine 150 mg once daily coadministered with
omeprazole, the mean rilpivirine Cpax and AUC .24y values were decreased by
58% and 56%, respectively, compared to rilpivirine when administered by itself.
The 90% confidence interval for rilpivirine Cpax and AUC -24n) Were not within
80%-125%.

e  With multiple dosing, when rilpivirine was coadministered with omeprazole, the
mean rilpivirine Con, Cmin, Cmax, and AUCg.24) values were decreased by 30%,
33%, 40%, and 40%, respectively, compared to rilpivirine when administered by
itself. The 90% confidence interval for rilpivirine Con, Ciin, Cmax, and AUC 9-24n)
were not within 80%-125%.

e After a single dose of rilpivirine 150 mg once daily coadministered with
omeprazole, the mean omeprazole Cyax value was decreased by 6% and minimal
differences were observed in the AUC .24y value (decreased by 0.6%) compared
to omeprazole when administered by itself. The 90% confidence interval for
omeprazole Cp,x was not within 80%-125%. The 90% confidence interval for
omeprazole AUC ¢.24n) was within 80%-125%.

e With multiple dosing of both medications, when rilpivirine was coadministered
with omeprazole, the mean omeprazole Cpax and AUC 924y values were both
decreased by 14% compared to omeprazole when administered by itself. The
90% confidence interval for omeprazole Cpax and AUC .24y Were not within
80%-125%.
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e After a single dose of rilpivirine 150 mg once daily coadministered with
omeprazole, minimal differences were observed in the mean
5-hydroxyomeprazole Cpax and AUC g.24n) values (increased by 3% and 6%,
respectively) compared to omeprazole when administered by itself. The 90%
confidence interval for 5-hydroxyomeprazole Cpax and AUCg.24n) were within
80%-125%.

e With multiple dosing of both medications, when rilpivirine was coadministered
with omeprazole, the mean 5-hydroxyomeprazole Cpax and AUC g.24n) values
were increased by 7% and 9%, respectively, compared to omeprazole when
administered by itself. The 90% confidence interval for 5-hydroxyomeprazole
Crmax and AUC g.24n) were within 80%-125%.

e After a single dose of rilpivirine 150 mg once daily coadministered with
omeprazole, minimal differences were observed in the mean omeprazole sulphone
Con value (decreased by 4%) and the mean omeprazole sulphone Cpin, Ciax, and
AUC 9-24n) values were decreased by 6%, 10%, and 6%, respectively, when
compared to omeprazole administered by itself. The 90% confidence interval for
omeprazole sulphone Co, and AUC g_24n) were within 80%-125%. The 90%
confidence interval for omeprazole sulphone Cyi, and Cy,ax were not within 80%-
125%.

e With multiple dosing of both medications, when rilpivirine was coadministered
with omeprazole, the mean omeprazole sulphone Con, Crax and AUC .24y values
were decreased by 34%, 15%, and 24%, respectively, compared to omeprazole
when administered by itself. The 90% confidence interval for omeprazole
sulphone Ciax and AUC g.24n) were not within 80%-125%.

Omeprazole results in clinically relevant changes in the exposure of rilpivirine with a
rilpivirine dosage regimen of 150 mg once daily and the applicant’s recommendation in
the proposed rilpivirine prescribing information that omeprazole (and other proton pump
inhibitors) and rilpivirine should not be coadministered is acceptable. The changes in
rilpivirine exposure are believed to be due to an alteration or alterations in rilpivirine’s
pH dependent absorption. The current trial did not evaluate dosing strategies to minimize
the potential for a drug-drug interaction when use of omeprazole is combined with
rilpivirine. The specific impact of omeprazole on rilpivirine exposure with a rilpivirine
dosage regimen of 25 mg once daily was not evaluated in the current trial, however it is
anticipated that the applicant’s recommendation regarding coadministration of
omeprazole (and other proton pump inhibitors) and rilpivirine would still be applicable .

Coadministration of rilpivirine 150 mg once daily and omeprazole does not result in
clinically relevant changes in omeprazole or 5-hydroxyomeprazole exposure. The
decrease in omeprazole sulphone exposure with multiple dosing of both omeprazole and
rilpivirine is not anticipated to be clinically relevant because the omeprazole sulphone
metabolite has minimal antisecretory effects. Therefore, no dosage adjustment for
omeprazole is necessary when coadministered with rilpivirine.
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Trial TMC278-C116

A phase I, open-label, randomized, two-way crossover trial in 16 healthy subjects to
investigate the potential pharmacokinetic interaction between steady-state rilpivirine and
steady-state atorvastatin

Dates: October 28, 2005 — January 25, 2006
Trial Site: A

Summary of Findings:

Rilpivirine 150 mg q.d. did not have a clinically relevant effect on the steady state
pharmacokinetics of atorvastatin. Rilpivirine increased the C,,.x of atorvastatin by 35% but had
no significant effect on AUC,4,. Conversely, rilpivirine decreased the C,;, of atorvastatin by 15%
and the 90% confidence interval was 69.4% — 103%.

Moreover, rilpivirine increased the exposures (Con, Cinax, and AUCg.24)) of the active metabolites
2-OH-atorvastatin and 4-OH-atorvastatin by 23% to 58%. Rilpivirine also increased the C,,,x and
AUCyy;, of the total HMG-CoA reductase activity (the sum of atorvastatin, 2-OH-atorvastatin and
4-OH-atorvastatin) by 39 and 21%, respectively.

Unexpectedly, rilpivirine decreased the Cop, Cpnin, and AUCy4;, of inactive atorvastatin lactone by
27%, 26%, and 18%, respectively. The 90% confidence intervals ranged from 62 to 87%.

Atorvastatin 40 mg q.d. did not have a clinically relevant effect on the steady state
pharmacokinetics of rilpivirine 150 mg q.d. The magnitude of interaction is unlikely to affect the
efficacy of rilpivirine.

Overall, clinicians should not adjust the dose of atorvastatin when co-administered with
rilpivirine.

Trial Objectives:

The trial primarily aimed to determine the effect of steady-state atorvastatin on the steady-state
pharmacokinetics (PK) of rilpivirine, and the effect of steady-state rilpivirine on the steady-state
PK of atorvastatin, atorvastatin lactone, and the active metabolites 2-OH-atorvastatin and 4-OH-
atorvastatin. The trial also aimed to determine the safety and tolerability of co-administration of
rilpivirine and atorvastatin.

Trial Design:

This was a phase 1, open-label, randomized, two-way crossover trial to investigate the PK
interaction between rilpivirine and atorvastatin at steady state. Trial subjects were divided into 2
periods. In both periods, subjects randomly received atorvastatin alone (Treatment A) or the
combination of rilpivirine and atorvastatin (Treatment B). The treatments consisted of:

Treatment A: Atorvastatin 40 mg once daily (q.d.) from Day 1 to Day 4
Treatment B: Rilpivirine 150 mg q.d. from Day 1 to Day 15

+ atorvastatin 40 mg q.d. from Day 12 to Day 15
Washout: Between each treatment session for at least 14 days
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During the trial, investigators collected full PK profiles of atorvastatin, atorvastatin lactone, 2-
OH-atorvastatin, and 4-OH-atorvastatin up to 72 hours post dose beginning on Day 4 of
Treatment A and on Day 15 of Treatment B. Investigators also collected full PK profiles of
rilpivirine up to 24 hours post dose beginning on Day 11 and on Day 15 of Treatment B. Figure 1
illustrates the trial design.

Figure1 Trial Design

Period 1 ——» At least 14 days washout ——p Period 2
R Treatment A Treatment A
A | Sequence 1
N Atorvastatin 40 mg q.d. Atorvastatin 40 mg
D on Days 1 to 4 q.d.onDays 1to 4
o
M
I Treatment B Treatment B
z
A TMC278 150 mg q.d. on TMC278 150 mg q.d.

ays 5 ays 5

T Sequence 2 Days 1 to 1 on Days 1 to 1
I + +
0 Atorvastatin 40 mg q.d. Atorvastatin 40 mg
N on Days 12 to 15 q.d. on Days 12 to 15

The trial enrolled 16 male healthy Caucasian subjects ranging from 19 to 40 years of age, with
BMISs ranging from 19.0 to 29.0 kg/m”. Subjects were to have cortisone levels >19.9 pg/dL for at
least one of the three screening timepoints.

The trial excluded subjects with any current or previous adrenal illness, viral infection (HIV-1,
HIV-2, HAV, HBV, HCV), or if they had the following abnormalities > grade 1 at screening:
serum creatinine, serum lipase, hemoglobin, platelet count, absolute neutrophil count, ALT, AST
and total bilirubin. The trial also excluded subjects with a history or suspicion of alcohol,
amphetamine, barbiturate, recreational or narcotic drug use.

Investigational Products:

1. Rilpivirine 150 mg q.d. dosed using 2 tablets, 50 mg (F003) and 100 mg (F002). The
film-coated tablets contained the hydrochloric salt of rilpivirine (R314585) along with the
fillers lactose and microcrystalline cellulose. Each tablet contained 55 mg or 110 mg of
R314585, equivalent to 50 mg or 100 mg of rilpivirine, respectively. The tablet’s batch
numbers and expiry dates are listed below.

2. Atorvastatin 40 mg q.d. was dosed using commercially available oral tablets (Sortis” 40
mg). Tibotec Pharmaceuticals Ltd. provided the rilpivirine and atorvastatin tablets for the
trial.
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Table 1 Batch numbers and expiry dates of investigational products used in the trial

Batch Number Expiry Date
TMC278, 50 mg tablets PD1273 12 November 2006
TMC278. 100 mg tablets PD1268 12 November 2006
Atorvastatin 0444104D 28 September 2007

Dose Rationale:

Rilpivirine was dosed at 150 mg q.d. for 15 days to achieve steady state concentrations. This dose
is 6-fold higher than the to-be-marketed dose of 25 mg q.d. In the clinical trials, subjects safely
tolerated multiple doses of rilpivirine 150 mg q.d. for 14 days.

Generally, rilpivirine systemic exposures increase in a dose proportional fashion. Thus, one can
anticipate 6-fold higher exposures of rilpivirine with 150 mg q.d. compared to a dose of 25 mg
g.d. Similarly, if a drug-drug interaction is observed between atorvastatin and rilpivirine at 150
mg q.d., then it is reasonable to expect a 6-fold lower magnitude of the interaction at 25 mg q.d.
This rationale assumes that both doses of rilpivirine produce similar rilpivirine induction effects
on CYP3A4.

Atorvastatin (Sortis™) was dosed at 40 mg q.d for 4 days. The therapeutic range of atorvastatin is
10 to 80 mg q.d. administered with or without food. In this trial, subjects took atorvastatin within
10 minutes after ingesting a meal.

Dosage and Administration:

On days of PK assessment (Day 1, 4, and 5 for Treatment A and Days 1, 8, 11, 12, 15, and 16 for
Treatment B) subjects fasted overnight for at least 10 hours. Only water was allowed until 2 hours
before drug administration. Subjects were to administer rilpivirine and atorvastatin every day
between 7:00 a.m. and 9 a.m. Subjects took the drugs with water (~200 mL) and within 10
minutes of breakfast (a standardized breakfast was administered in the clinic). On the days of co-
administration, subjects ingested atorvastatin first, followed by rilpivirine administration.

Pharmacokinetic Assessments:
Investigators collected blood samples to determine plasma concentrations of rilpivirine,
atorvastatin, and atorvastatin metabolites. The time points are listed below:

Atorvastatin and metabolites when given alone during periods 1 or 2 (Treatment A)
Days 1 to 3: Predose (0)*

Day 4: Predose (0), and 0.5, 1, 2, 3,4, 5, 6,9, 12, 16 hrs postdose

Day 5: 24 hrs and 36 hrs postdose

Day 6: 48 hrs postdose

Day 7: 72 hrs post dose

*Predose rilpivirine concentrations were also evaluated on Day 1

Atorvastatin and metabolites when co-administered with rilpivirine during periods 1 or 2
(Treatment B)

Day 1: Predose (0)
Days 12 to 14: Predose (0)
Day 15: Predose (0), 0.5, 1, 2, 3,4, 5, 6,9, 12, 16 hrs postdose
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Day 16: 24 hrs and 36 hrs postdose
Day 17: 48 hrs postdose
Day 18: 72 hrs post dose

Rilpivirine when co-administered with or without atorvastatin during period 1 or 2 (Treatment B)
Day 1: Predose (0), and 4 hrs postdose

Days 8 to 10: Predose (0)

Day 11: Predose (0), and 0.5, 1,2, 3,4, 5, 6,9, 12, 16 hrs postdose

Day 12: Predose (24 hrs)

Days 13 to 14: Predose (0)

Day 15: Predose (0), and 0.5, 1,2, 3,4, 5,6, 9, 12, 16 hrs postdose

Day 16: 24 hrs post dose

Analytical Methods — Bioanalysis:

Two different laboratories analyzed the blood samples collected in this trial. J&J PRD, located in
Beerse, Belgium analyzed rilpivirine and 2l analyzed
atorvastatin and its metabolites.

J&J PRD used a validated LC-MS/MS method to determine rilpivirine plasma concentrations.
The method had a lower limit of quantification (LLOQ) of 1.0 ng/mL and an upper limit of
quantification (ULOQ) of 2000 ng/mL.

®® ysed a validated LC-MS/MS method to determine plasma concentrations of atorvastatin,
atorvastatin lactone, 2-OH-atorvastatin, and 4-OH-atorvastatin. The method had a LLOQ of
0.250 ng/mL and a ULOQ of 250 ng/mL for all analytes. The laboratory staff prepared the
reference standards using material obtained from Syncom.

The table below displays the precision and accuracy of calibration standards and QC samples
reported by both bioanalytical laboratories. Generally, all calibration standards and quality
controls met the bioanalytical criteria defined as accuracy within £+ 15% (+ 20% for LLOQ), and
precision (%RE) < 15% (<20% for LLOQ).

Table 2 Precision (% CV) and accuracy (% relative error) of calibration standards and QC samples
for the bioanalysis of TMC278-C116 rilpivirine and atorvastatin/atorvastatin metabolite plasma
concentrations

Rilpivirine Atorvastatin Atorvastatin 2-OH-atorvastatin 4-OH-atorvastatin
lactone
Calibration QCs Calibration | QCs | Calibrati QCs Calibration | QCs | Calibration | QCs
SD SD on SD SD SD
% CV 0.3-8.9 3.6-52 23-7.7 45— 1.9-72 43— 41-84 6.6 — 33-6.8 55—
10.5 4.9 8.3 11.2
% <5.0 <0.9 2.6 <44 <3.1 2.1 <25 <5.0 <3.0 <5.6

Relative
error

The long-term stability of rilpivirine samples was appropriate. Tibotec investigators reported that
rilpivirine is stable in frozen plasma for up to 1528 days at -20°C. The bioanalytical laboratory
stored rilpivirine plasma samples at -20°C. Investigators analyzed rilpivirine plasma samples
within the long-term stability period.

Long-term stability of atorvastatin, atorvastatin lactone, 2-OH-atorvastatin, and 4-OH-
atorvastatin in frozen plasma was demonstrated at -70°C in heparin human plasma for a period of
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209 days. The submitted atorvastatin/atorvastatin metabolite long term stability data of 209 days
covered the duration of long term rilpivirine stability data necessary for the TMC278-C116 trial.

The applicant confirmed in a request for information that the atorvastatin samples were stored at
<-70°C.

Pharmacokinetic and Statistical Analyses:

B performed the PK and statistical
analyses using WinNonlin Professional , Microsoft Excel®, and SAS®. The PK analysis
assumed a non-compartmental model with extravascular input. All PK parameters were were to
be calculated using nominal sampling times; however, the parameters were estimated using actual
sampling times when the actual sampling times deviated by >10.0% from the scheduled time.

o performed statistical analysis for rilpivirine by comparing Day 15 of Treatment B (test,
rilpivirine + atorvastatin) with Day 11 of Treatment B (reference, rilpivirine alone). The primary
parameters were Con, Ciin, Cinax, and AUCy4,. The least square means of the primary parameters
for each treatment group were estimated with a linear mixed effects model, controlling for
treatment as a fixed effect and subject as a random effect.

®® also performed statistical analysis for atorvastatin and its metabolites and for total HMG-
CoA reductase activity by comparing Day 15 of Treatment B (test, rilpivirine + atorvastatin) with
Day 4 of Treatment A (reference, atorvastatin alone). The primary parameters were Cop, Cpin,
Cax, and AUCyy, for all analytes. The least square means of the primary parameters for each
treatment group were estimated with a linear mixed effects model, controlling for treatment,
sequence, and period as fixed effects and subject as random effect.

The difference between the LS means of test and reference for all primary parameters was used to
derive a 90% confidence interval. Treatment and period effects were considered significant at the
5% level and sequence effects were considered significant at the 10% level. A no-effect
boundary of 80% to 125% was established for the 90% confidence interval.

Disposition and demographic results:

The trial enrolled 16 male Caucasian subjects. Subjects had a median age of 32 (range 19 to 40)
and a median BMI of 23 (range 19 to 29). Seventy five percent of subjects were non smokers.
One subject received kanamycin during the follow-up period of the trial. This event will not
affect the results from this trial. All randomized subjects successfully completed the trial.
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N = 32 subjects screened

N = 16 not randomized. no treatment

received.
N = 16 subjects randomized
Group 1: Atorvastatin = TMC278 + Group 2: TMC278 + atorvastatin =
atorvastatin atorvastatin
N = 8 subjects N = 8 subjects
N = § subjects completed N = 8 subjects completed

Pharmacokinetic results, rilpivirine:

This trial aimed to evaluate the drug-drug interaction between atorvastatin and rilpivirine at
steady state. To verify that rilpivirine reached steady state levels, investigators collected several
PK samples before drug co-administration. The figure below shows individual predose plasma
concentrations of rilpivirine collected from Day 8 to 11 during Treatment B (rilpivirine alone).
Visual inspection of this figure reveals that steady-state levels of rilpivirine were achieved before
co-administration with atorvastatin on Day 15 in most subjects.

Seven subjects had quantifiable rilpivirine predose concentrations on Day 1, Treatment A.
However, all these subjects had been randomized to Treatment B then Treatment A, and the
quantifiable rilpivirine predose concentrations in Treatment A would not impact the atorvastatin
/atorvastatin metabolite pharmacokinetic analysis (rilpivirine plasma samples were not collected
in Treatment A).

Figure 2 Plots of individual predose concentrations (Cgy,) of rilpivirine collected before Day 15
oy treatment B
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During co-administration on day 15, atorvastatin minimally decreased the concentrations of
rilpivirine. The two figures below show that atorvastatin did not alter the general shapes of
individual and mean concentration-time profiles of rilpivirine. However, the median rilpivirine
tmax Was delayed by ~1 hour (from 4 to 5 hours) possibly due to PK variability.
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Figure 3 Individual steady-state plasma concentration-time curves of rilpivirine alone (Day 11) and

in combination with atorvastatin (Day 15)
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Figure 4 Combined mean steady-state plasma concentration-time curves of rilpivirine alone (Day 11)

and in combination with atorvastatin (Day 15)
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Atorvastatin decreased the mean Cyp,, Ciin, Cinax, and AUC,qy, of rilpivirine by 6%, 10%, 9%, and
11%, respectively. The decreases in rilpivirine concentrations are not clinically relevant and a
dose adjustment for rilpivirine is not necessary. The following table summarizes the statistical
results for rilpivirine alone and in the presence of atorvastatin.
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Table 3 Summary of the statistical analysis of the pharmacokinetic parameters of rilpivirine alone
(150 mg g.d.) and in combination with atorvastatin (40 mg g.d.)

LS means * p-Value
TMC278 + LS means
Parameter TMC278 Alone Atorvastatin R'q tio ’ %' 90% CI, % " | Treatment
(Reference) (Test) T
Cop. ng/mL 416.5 392.0 94.13 84.86 - 104.4 0.3232
Coin. ng/mL 356.0 3204 90.02 84.44 - 9596 0.0113°
Coax ng/mML 8503 776.9 91.36 78.99 - 105.7 0.2937
AUC;4, nghymL 13513 12094 89.50 80.66 - 99.30 0.0808
Median p-Value
TMC278 + Treatment
Parameter TMC278 Alone Atorvastatin Difference 90% CI, %0 ® | Treatment
(Reference) (Test) Median
e 11 4.0 5.0 0.25 (-0.5) - (1.0) 0.4472
*n=16 for TMC278 + atorvastatin (test) and TMC278 alone (reference)

®90% Cls
¢ Statisticallv sienificant difference

Pharmacokinetic results, atorvastatin:
There were no subjects with quantifiable predose atorvastatin concentrations on Day 1 of either
Treatment A or Treatment B.

The figures below indicate that atorvastatin levels were at steady state when administered alone
and prior to co-administration with rilpivirine in most subjects.

Figure 5 Plots of individual predose concentrations (Cg,) of atorvastatin collected during
monotherapy (Days 2 to 4) and co-administration with rilpivirine (Days 13 to 15)
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The mean elimination phase of atorvastatin was similar in the absence (11 hours) and in the
presence (10 hours) of rilpivirine. The two figures below show individual and mean
concentration-time profiles of atorvastatin alone and in combination with rilpivirine.
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Figure 6 Linear and semi-logarithmic plots of individual steady-state plasma concentration-time
curves of atorvastatin alone (Day 4) and in combination with rilpivirine (Day 15)
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Figure 7 Mean plasma concentration-time curves of atorvastatin alone (40 mg g.d.) and in
combination with rilpivirine (150 mg q.d.)
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The statistical analysis revealed that rilpivirine decreased the mean Cy, and C,;, of atorvastatin by
18% and 15%, respectively. Conversely, rilpivirine increased the C,,,x and AUCy4;, of atorvastatin
by 35% and 4%, respectively. The changes in the pharmacokinetic parameters of atorvastatin do
not appear to be clinically relevant. The following table provides a summary of the statistical

analysis.

Table 4 Summary of the statistical analysis of pharmacokinetic parameters of atorvastatin alone and
in combination with rilpivirine

LS means " 909% CI, % ° p-Value
Atorvastatin Atorvastatin LS means
Parameter Alone + TMC278 " A Treatment|Period| Sequence
Ratio, %o
(Reference) (Test)
Cop. ng/mL 1.041 0.8537 81.98 |67.25-99.94| 0.0991 |0.6104| 0.0745°
Cpin. Ng/mL 0.9916 0.8386 84.57 |69.44-103.0/ 0.1561 [0.7195| 0.0759°
Cpuax. DgmL 11.54 15.56 134.9 108.3 - 168.1| 0.0311° |0.6661| 0.9425
AUC,4. ng.h/mL 88.44 91.99 104.0 [96.55-112.1| 0.3680 |0.6286| 0.5389
Median p-Value
Atorvastatin Atorvastatin |Treatment
Parameter Alone +TMC278 |Difference|90% CI. % "|Treatment(Period Sequence
(reference) (Test) Median
tnax. 11 4.0 3.0 -0.25 (-1.25) - (0.5)| 0.5525 |(0.6264| 0.5246

*n=16 for atorvastatin + TMC278 (test) and atorvastatin alone (reference)

®90% Cls

¢ Statistically significant difference

Pharmacokinetic results, atorvastatin lactone:
There were no subjects with quantifiable predose atorvastatin lactone concentrations on Day 1 of
either Treatment A or Treatment B. There were no individual or mean predose plots generated for

atorvastatin lactone.

Rilpivirine decreased the mean steady state plasma concentrations of atorvastatin lactone. The
figures below display the individual and mean concentration-time profiles of atorvastatin lactone
in the absence and presence of rilpivirine.
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Figure 8 Mean plasma concentration-time curves of atorvastatin lactone prior to and during

combination treatment with atorvastatin and rilpivirine
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The statistical analysis revealed that rilpivirine decreased the Con, Cpin, Ciax, and AUCoy, of
atorvastatin lactone by 27%, 26%, 7%, and 18%, respectively. The following table summarizes
the statistical analysis for atorvastatin lactone.

Table 5 Summary of the statistical analysis of pharmacokinetic parameters of atorvastatin lactone
after administration of atorvastatin alone and in combination with rilpivirine

LS means ” 90% CI, % " p-Value
Atorvastatin | Atorvastatin LS means
Parameter Alone + TMC278 o Treatment | Period | Sequence
Ratio, %
(Reference) (Test)
Cop. ng/mL 1.061 0.7772 73.28 62.57-85.81 | 0.0038° |0.7748| 0.3314
Cpin- ng/mL 1.000 0.7398 73.95 63.46-86.18 | 0.0037° |0.5452| 0.3761
Cnax. Ng/mML 7.159 6.672 93.19 84.33-103.0 0.2343 |0.1085| 0.4189
AUC4,, ng.VmL 80.18 65.81 82.08 76.73 -87.80 | 0.0001° |0.1095| 0.4010
Median p-Value
Atorvastatin | Atorvastatin | Treatment
Parameter Alone + TMC278 | Difference | 90% CIL, % " | Treatment | Period Sequence
(Reference) (Test) Median
tomax. 11 5.0 5.0 -0.5 (-1.0) - (0.0) 0.1925 |0.3861| 1.0000

* n=16 for atorvastatin + TMC278 (test) and atorvastatin alone (reference)

®90% CIs

¢ Statistically significant difference
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Pharmacokinetic results, 2-OH-atorvastatin:

There were no subjects with quantifiable predose 2-OH-atorvastatin concentrations on Day 1 of
either Treatment A or Treatment B. There were no individual or mean predose plots generated for
predose 2-OH-atorvastatin.

Rilpivirine increased the mean steady state plasma concentrations of 2-OH-atorvastatin. The
shapes of the mean concentration-time profiles of 2-OH-atorvastatin look similar, but the profile
obtained during co-administration with rilpivirine is higher than the reference profile. The mean
t12term OF 2-OH-atorvastatin was decreased by ~4 hours (from 15 to 11 hours) when combined
with rilpivirine.

The increase of 2-OH-atorvastatin concentrations may be a result of rilpivirine’s inductive effect
on CYP3A4 independent of changes in the metabolism of atorvastatin. Figure 9 below displays
the mean concentration-time profiles of 2-OH-atorvastatin in the presence and absence of
rilpivirine.

Figure 9 Mean plasma concentration-time curves of 2-OH-atorvastatin after administration of

atorvastatin alone and in combination with rilpivirine
12
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The statistical analysis revealed that rilpivirine increased the Con, Cuin, Cimax, AUCoan, and
metabolite formation ratio of 2-OH-atorvastatin by 31%, 32%, 58%, 39%, and 34%, respectively.
The table below summarizes the statistical results for 2-OH-atorvastatin.
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Table 6 Summary of the statistical analysis of the pharmacokinetic parameters of 2-OH-atorvastatin

after administration of atorvastatin alone and in combination with rilpivirine

LS means " 900 CI, % ° p-Value
Atorvastatin | Atorvastatin LS means
Parameter Alone + TMC278 T Treatment| Period |Sequence
Ratio, %0
(Reference) (Test)
Cop. ng/mL 1.029 1.349 131.0 107.8-1592 0.0284° | 0.6439 | 0.0630°
Cin. Ng/mL 0.9271 1.219 131.5 109.5 - 158.1 0.0199° | 0.5161 | 0.1914
C pax. NgML 7.269 11.46 157.6 132.6-187.2 0.0004° | 0.6464 | 0.6390
AUC 4. ng.h/mL 74.26 103.3 139.1 128.9 - 150.1 | <0.0001° | 0.0752 | 0.6926
Ratio
AUCp 201 83.97 112.3 133.7 128.5- 1392 | <0.0001° | 0.5659 | 0.0164°
atorvastatin/atorvastatin. %
Median p-Value
Atorvastatin | Atorvastatin | Treatment
Parameter Alone + TMC278 |Difference| 90% CL% " |Treatment| Period Sequence
(Reference) (Test) Median
A—1 5.0 5.0 -0.25 (-1.0) - (0.75) 0.4923 0.3410 | 0.0997°

* n=16 for atorvastatin + TMC278 (test) and atorvastatin alone (reference)

*90% CIs

¢ Statistically significant difference

Pharmacokinetic results, 4-OH-atorvastatin:

There were no subjects with quantifiable predose 4-OH-atorvastatin concentrations on Day 1 of
either Treatment A or Treatment B. There were no individual or mean predose plots generated for

predose 4-OH-atorvastatin.

Rilpivirine increased the mean steady state plasma concentrations of 4-OH-atorvastatin. The
shapes of the concentration-time profiles of 4-OH-atorvastatin look similar, but the profile
obtained during co-administration with rilpivirine was higher than the reference profile. Figure
10 below shows the mean plasma concentration-time profiles of 4-OH-atorvastatin in the absence

and presence of rilpivirine.
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Figure 10 Mean Plasma concentration-time curves of 4-OH-atorvastatin after administration of
atorvastatin alone and in combination with rilpivirine
1.0 q
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The statistical analysis revealed that rilpivirine increased the Cop, Cpax, and AUC,4, of 4-OH-
atorvastatin by 25%, 28%, and 23%, respectively. Investigators could not evaluate the Cpy, of
4-OH-atorvastatin because more than half the subjects in Treatment A had C,;, concentrations
that were below the LLOQ. 9 out of 16 subjects in Treatment A and 5 out of 16 subjects in
Treatment B had one or more concentrations up to 24 hours of 4-OH-atorvastatin that were below
the LLOQ. Even though C,;, was unavailable, the overall trend in C,,,x and AUC,4, indicates that
rilpivirine also increased the C;, levels of 4-OH-atorvastatin. The table below summarizes the
statistical results for 4-OH-atorvastatin.
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Table 7 Summary of the statistical analysis of the pharmacokinetic parameters of 4-OH-atorvastatin
after administration of atorvastatin alone and in combination with rilpivirine

LS means ° 90% CI, % " p-Value
Atorvastatin | Atorvastatin LS means
Parameter Alone +TMC278 R; tio % Treatment | Period | Sequence
(Reference) (Test) t
Cop. ng/mL 0.3349 0.4175 1247 104.3 -149.1 0.0485% | 0.9835| 0.1490
Crnax. g/mL 0.6819 0.8742 128.2 114.7-143 .4 0.0015° | 0.4822| 0.2227
AUCy4,. ng.lymL 9.289 11.42 122.9 113.4-133.1 0.0005° | 0.7408 | 0.3485
Median p-Value
Atorvastatin | Atorvastatin | Treatment
Parameter Alone + TMC278 |Difference | 90% CI, % " | Treatment | Period Sequence
(Reference) (Test) Median
toaxe 1L 5.0 5.0 -1.75 (-3.5)-(1.5) 0.3314 0.4500 | 0.8320

* n=16 for atorvastatin + TMC278 (test) and atorvastatin alone (reference), n=13 for Cy,
®90% CIs
¢ Statistically significant difference

Pharmacokinetic results, total HMG-CoA reductase activity:

Investigators measured the total activity of HMG-CoA reductase by calculating the sum of the
individual concentrations of atorvastatin, 2-OH-atorvastatin, and 4-OH-atorvastatin per time
point. The total concentrations of atorvastatin and its active metabolites in the absence and
presence of rilpivirine were then compared. Overall, rilpivirine increased mean total plasma
concentrations of the total HMG-CoA reductase activity over the entire dosing period. The figure
below depicts the mean plasma concentration-time profiles of the total HMG-CoA reductase
activity.

Figure 11 Mean plasma concentration-time curves of the total HMG-CoA reductase activity after
administration of atorvastatin alone and in combination with rilpivirine
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The statistical analysis revealed that rilpivirine increased the ratios of the LS means of Coy, Cpyin,
Cinax, and AUC,4;, of the total HMG-CoA reductase activity 8%, 13%, 39%, and 21%,
respectively. The table below summarizes the statistical results for the total activity of HMG-
CoA activity.

Table 8 Summary of the statistical analysis of the pharmacokinetic parameters of the total HMG-
CoA reductase activity after administration of atorvastatin alone and in combination with rilpivirine

LS means * 90% CI, % " p-Value
Atorvastatin | Atorvastatin LS means
Parameter alone +TMC278 s Treatment | Period | Sequence
ratio, %
(reference) (test)
Cyp. ng/mL 2.330 2.525 108.4 89.03-131.9 0.4833 0.6406 | 0.0674°
Cluin- ng/mL 2.151 2.433 113.1 92.24-138.8 0.3051 0.7068 | 0.1263
Coax. ng/mL 19.34 26.94 139.3 114.2-169.9 0.0107° | 0.8422 | 0.8776
AUC,4,. ng.h/mL 173.8 209.3 120.5 112.1-129.5 0.0004° 02333 | 05682

? n=16 for atorvastatin + TMC278 (test) and atorvastatin alone (reference)
®90% CIs
¢ Statistically significant difference

Safety and tolerability:

All randomized subjects completed the trial. Overall, 9 subjects (53.6%) experienced at least 1
adverse event (AE) during the trial. Headache was the most commonly reported adverse event.
One subject reported two grade 2 adverse events (pharyngitis during rilpivirine treatment alone,
and conjunctivitis during combination treatment). No AEs were considered probably or very
likely treatment related to rilpivirine or atorvastatin according to the trial report.

Discussion and Conclusions:

This trial evaluated the potential drug-drug interaction between steady state levels of atorvastatin
and rilpivirine. Atorvastatin decreased the rilpivirine exposure by approximately 10% or less.
On the other hand, rilpivirine increased the AUC g.4n and Cpax of atorvastatin by 4% and 35%,
respectively, and decreased Cyy, and Co, by 20% or less. A dosage adjustment is not required for
atorvastatin or rilpivirine when coadministered together.
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TMC278-C121

1. Title

A Phase I, open-label, single-sequence drug-drug interaction trial

in subjects on stable methadone maintenance therapy, to investigate the potential
interaction between TMC278 25 mg q.d. and methadone, at steady-state

2. Information Regarding the Clinical Trial Site and Duration of the Trial

®) @)
from October 31, 2008 to June 15,

The trial was conducted at
2009.
3. Objectives

The objective of the trial was to evaluate the effect at steady state of rilpivirine on R and
S methadone pharmacokinetics.

4. Trial Design

TMC278-C121 was a Phase I, open label clinical trial that enrolled male and female
subjects receiving chronic methadone maintenance treatment between 18 and 55 years
old. The trial design is displayed in Figure 1. The trial population consisted of thirteen
subjects. The duration of chronic methadone maintenance treatment required for
enrollment in the trial was not specified in the trial report or protocol. However, all
subjects received a minimum of thirteen days of methadone prior to pharmacokinetic
sampling in Day -1 which should be sufficient duration to reach steady state based on a
methadone terminal elimination half life of 8 to 59 hours.

Figure 1-TMC278-C121 trial design

Screening Methadone Current methadone Current
v therapy therapy methadone
> + therapy .|
Enrollment [~ "|  TMC278 25mg > Py Follow-up
q.d.

+—> +—P +—>
Days -14 to -1 Days 1toll Day 12

5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions

Medications that were not permitted during the trial included clinically relevant inhibitors
and inducers of CYP 3A, the primary metabolism pathway for rilpivirine. CYP 3A

metabolism is involved in methadone metabolism. Specific CYP 3A substrates were also
excluded, including cyclosporine, tacrolimus, and calcium channel blockers (amlodipine,
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diltiazem, felodipine, nifedipine, and verapamil), among others. Use of medications that
were not permitted within the 14 days prior to the first dose of rilpivirine was listed as an
exclusion criterion. All other medications that were not specifically excluded were to be
reviewed on a case by case basis (with the exception of acetaminophen and ibuprofen).
Changes to permitted concomitant medications from Day -14 to Day 11 were not
permitted unless the changes were discussed with the applicant. Ibuprofen and
acetaminophen were permitted up to three days before the first dose of rilpivirine.
Subsequently, ibuprofen use was permitted up to 400 mg/day and acetaminophen was
permitted up to 1 gram/day.

Use of liquids containing alcohol or quinine was not permitted from 24 hours before
admission to the clinical trial site (Day -4) until Day 12. Intake of grapefruit and
grapefruit juice was not permitted from 7 days before the first supervised administration
of methadone (Day -14) until Day 12.

In the event of an adverse event, the following medications were permitted:

A) Rash or an allergic reaction: cetirizine, levocetirizine, topical corticosteroids, or
antipruritic agents (specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)
C) Diarrhea: loperamide

6. Dosage and Administration

On pharmacokinetic sampling days, a standard meal was administered in the morning.
Both methadone and rilpivirine were administered within 10 minutes after completion of
the meal and on days when both methadone and rilpivirine were administered, methadone
was administered immediately after rilpivirine.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimen that was administered to all subjects was 25 mg once
daily. The trial report states that methadone was administered after rilpivirine (if
applicable) on Days -3 to Day 11 after consuming breakfast (on Day -14 to Day -4,
methadone was administered before noon). The rilpivirine dosage regimen that was
evaluated in the Phase 3 clinical trials and the recommended dosage regimen in the
proposed prescribing information is 25 mg once daily with a meal.

The methadone dosage regimen was individualized and the actual dosage regimen ranged
from 60 mg to 100 mg once daily. Methadone dose adjustments were prohibited from
Day -14 to Day 11 unless a dose adjustment was immediately required.

8. Drugs Used in the Trial

Rilpivirine 25 mg tablets (formulation FO06) were administered in the trial. These tablets
were developed for use in the Phase 3 trials.
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Methadone (Symoron®) tablets were administered in the trial.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

Blood samples for analysis of R and S methadone were obtained on Days -1 and 1 at
predose (0 hour) and up to 24 hours postdose. Predose blood samples for analysis of R
and S methadone were also obtained on Days -3 and -2.

Blood samples for analysis of rilpivirine, and R and S methadone concentrations were
obtained on Days 11 and 12 at predose (0 hour) and up to 24 hours postdose. Predose
blood samples for analysis of rilpivirine and R and S methadone concentrations were also
obtained on Days 8, 9 and 10.

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by Johnson and Johnson
Pharmaceutical Research and Development. The lower limit of quantification for
rilpivirine was 1 ng/mL and the upper limit of quantification was 2000 ng/mL. There
were no precision or accuracy issues identified for rilpivirine based on the bioanalytical
report. For the TMC278-C136 trial, precision and accuracy were evaluated using the low
(2.71 or 2.77 ng/mL), medium (54.3 or 55.3 ng/mL), and high (1570 ng/mL) QC
samples. The corresponding rilpivirine intra-run accuracy values were 1.5% and -4% for
the low QCs, 1.1% and -6.9% for the medium QCs, and 7% for the high QCs, and the
rilpivirine intra-run precision values were 2.6% and 7.4% for the low QCs, 9.7% and
15.3% for the medium QCs, and 11.1% for the high QCs. The submitted rilpivirine long
term stability data of 1528 days at -20°C covered the duration of long term rilpivirine
stability data necessary for the TMC278-C121 trial.

The method and bioanalysis of R and S methadone are acceptable. Plasma samples were
analyzed for R and S methadone concentrations using a validated LC/MS/MS method by

@@ " Of note, the majority of the analytical runs were run using calibration standards
and quality control samples prepared in KsEDTA plasma while the blood samples for
analysis of R and S methadone concentrations from the TMC278-C121 trial were drawn
in K;EDTA plasma. The methadone bioanalytical report for the TMC278-C121 trial
states that a partial validation run was conducted comparing K;zEDTA plasma to
K,EDTA plasma; however the data was not submitted for review. Overall, the
discrepancy is expected to have a minimal impact on the validity of the reported R and S
methadone concentrations.

The lower limit of quantification for R methadone was 5 ng/mL and the upper limit of
quantification was 1000 ng/mL. There were no precision or accuracy issues identified for
R methadone based on the bioanalytical report. For the TMC278-C121 trial, precision
and accuracy were evaluated using QC samples at the following concentrations: 10, 25,

Reference ID: 2924498 173



70, 200, and 750 ng/mL. The corresponding R methadone inter-run accuracy values were
separated out by the analytical runs that used calibration standards and quality control
samples prepared in K3sEDTA plasma (1HPT-A-1 through 7HPT-A-1) versus the
analytical runs that used calibration standards and quality control samples prepared in
K,EDTA plasma (8HPT-A-1 through 10HPT-A-1). For analytical runs IHPT-A-1
through 7HPT-A-1, the R methadone inter-run accuracy values were -1.6%, -1.1%, -
2.1%, -0.4%, and-1.3%. For analytical runs 8HPT-A-1 through 10HPT-A-1, the R
methadone inter-run accuracy values were -1.5%, -4.6%, -7%, 5%, and -1.9%. For
analytical runs 1HPT-A-1 through 7HPT-A-1, the R methadone inter-run precision
values were 3.08%, 2.83%, 2.36 %, 3.55%, and 3.06% . For analytical runs 8HPT-A-1
through 10HPT-A-1, the R methadone inter-run precision values were 4.81%, 2.95%,
5.16%, 4.02%, and 3.73%.

The lower limit of quantification for S methadone was 5 ng/mL and the upper limit of
quantification was 1000 ng/mL. There were no precision or accuracy issues identified for
S methadone based on the bioanalytical report. For the TMC278-C121 trial, precision
and accuracy were evaluated using QC samples at the following concentrations: 10, 25,
70, 200, and 750 ng/mL. The corresponding S methadone inter-run accuracy values were
separated out by the analytical runs that used calibration standards and quality control
samples prepared in KsEDTA plasma (1HPT-A-2 through 7HPT-A-2) versus the
analytical runs that used calibration standards and quality control samples prepared in
K,EDTA plasma (8HPT-A-2 through 10HPT-A-2). For analytical runs IHPT-A-2
through 7HPT-A-2, the S methadone inter-run accuracy values were -2.4%, -1.2%,
-1.8%, -0.4%, and-1.8%. For analytical runs 8HPT-A-2 through 10HPT-A-2, the S
methadone inter-run accuracy values were -1.7%, -4.6%, -8.6%, 4%, and -3.6%. For
analytical runs IHPT-A-2 through 7HPT-A-2, the S methadone inter-run precision values
were 6.48%, 3.51%, 2.99%, 3.61%, and 2.91%. For analytical runs SHPT-A-2 through
10HPT-A-2, the S methadone inter-run precision values were 5.80%, 6.28%, 4.25%,
3.66%, and 3.87%.

The submitted R and S methadone long term stability data of 219 days at

-20°C covered the duration of long term R and S methadone stability data necessary for
the TMC278-C121 trial. The TMC278-C121 R and S methadone bioanalytical report
states that 190 days of long term stability data is necessary for the trial.

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate pharmacokinetic parameters,
including Cax and AUCg.y. If @ major difference (> 10% deviation from the scheduled
time) was observed, the actual sampling time was used instead of the scheduled sampling
time.

Statistical Analysis

Descriptive statistics were calculated for rilpivirine, R and S methadone plasma
concentrations and pharmacokinetic parameters, including the number of subjects (n),
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mean, standard deviation, the coefficient of variation (CV%), geometric mean, median,
and the minimum and maximum values.

For R and S methadone, statistical analysis involved comparison of methadone log
transformed pharmacokinetic parameters for Day 11 (test arm consisting of methadone
and rilpivirine) compared to Day -1 (reference arm consisting of methadone only). Cpin
(the minimum plasma concentrations between 0 hour and the dosing interval [1]), Cpax,
and AUC,..) were evaluated. Using a linear mixed effects model, least squares means
were calculated and 90% confidence intervals were derived based on the difference of the
pharmacokinetic parameter’s least squares means for the test and reference arms. The
applicant did not specify predetermined “no effect boundaries” for the 90% confidence
intervals.

An assessment was performed to determine if rilpivirine steady state concentrations were
achieved by Day 11 based on predose concentrations from Days 8§, 9, 10 and 11. For R
and S methadone, an assessment was performed to determine if steady state
concentrations were achieved by Day -1 based on predose concentrations from Days -4,
-3,-2 and -1 and by Day 11 from Days §, 9, 10 and 11.

10. Results

10.1 Subject Demographics and Disposition

Table 1-TMC278-C121 subject demographics

) ] All Subjects
Parameter N=13
Age wvears

Median (range) 41.0(31-54)
Height, cm

Median (range) 181.0(165-198)
Weight, kg

Median (range) 84.0(57-112)
BMIL kg/m”

Median (range) 26.42 (20.3-33.4)
Sex, n (%45)

Male 13 (100.0%
Race. n (%)

Asian 2(154)

Black or African American 1{7.7)

White 10 (76.9)
Twpe of Smoker. n (%)

Light 6 (46.2)

Moderate 6 (46.2)

BMI = body mass index
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Figure 2-TMC278-C121 subject disposition

Screened
N=32

:

Enrolled
N=13

I

Run-in (methadone)

N=13
TNC278 25 mg q.d. Discontinued
N=13 N=1
Follow-up
N=12

:

Completed
N=12

Note: Run-in phase = Day -14 until 1 minute before the first intake of TMC278 on Day 1.
TMC278 25 mg q.d. phase = time of first intake of TMC278 on Day 1 until 1 minute before the first follow-up
assessment.

10.2 Prior and Concomitant Medications

Ten subjects administered concurrent medications during the trial. The administered
concurrent medications included diazepam, ibuprofen and acetaminophen. None of the
coadministered medications would be expected to alter CYP 3A metabolism.

10.3 Pharmacokinetic and Statistical Analysis

The methadone pharmacokinetic parameters and statistical analyses presented in Tables 2
to 5 do not appear to be dose normalized. This should not affect the validity of the trial
results because ratios are being derived for the statistical analyses. The trial report also
states that there was one subject (subject 121-0001) that had the methadone dosage
regimen adjusted. However the adjustment occurred on Day 13 after the completion of
rilpivirine dosing for the trial.
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Rilpivirine

Table 2-Pharmacokinetic parameters for rilpivirine 25 mg once daily with
coadministration of individualized methadone dosage regimens
[%FIZIOO X ([Cmax'cmin]/css,av)]

Pharmacokinetics of
TMC278

(mean + SD, tmax:
median [range])

25 mg TMIC278 q.d.
on Days 1-11 +
individualized methadone
therapy
(TMC278-TiDP6-C121,
healthy volunteers)

25 mg TMC278 q.d.
on Days 1-11
(TMC278-TiDP6-C152,
healthy volunteers)

25 mg TMC278 q.d.
on Days 1-11
(TMC278-TiDP6-C130,
healthy volunteers)

n
Day 8

Con. ng/mL

Day 9

Cop. ng/mL

Day 10

Cop. ng/mL

Day 11

Con. ng/mL

Cmin. ng/mL
Cpax- ng/mL

Tax- 11

AUC, 4. ng.h/ymL
Cygav- Ng/mL

FI. %

12

66.62 + 24.00

72.57 £ 29.94°

83.48 + 31.67

81.98 + 35.09
67.63 + 25.08

156.3 + 65.20

4.0 (2.5 - 24.0)
2174 + 759.2°
90.63 + 31.68°
89.48 + 27.33°

114.6 £ 36.42

113.0 = 33.55
132.3 + 40.60
9523 + 29.07
246.8 + 74.36°
5.0 (4.0 - 24.0)°
3324 =+ 884.0°
138.5 + 36.83°

111.1 = 32.47°

16

71.86 £ 22.51

77.67 £ 22.56

79.69 *+ 19.53
66.48 + 16.29
145.5 £31.97
5.0 (5.0—-12.0)
2235 + 460.4
93.13 +19.18
86.77 + 29.20

Best Available
Copy

AUC,4, = area under the plasma concentration time curve over 24 hours. Cg, = predose plasma concentration, Cpax
= maximum plasma concentration. C,,,, = minimum plasma concentration. C ,, =average steady-state plasma
concentration. FI = fluctuation index. SD = standard deviation. [,,. = time to maximum plasma concentration.
*n=11

*n=56

Comparative data for rilpivirine without methadone coadministration was not obtained in
the TMC278-C121 trial. However, the applicant provided a comparison of the Cyn,
Cmax, and AUC-24p) values obtained from the TMC278-C152 (thorough QT) and
TMC278-C130 (hepatic impairment) trials that evaluated the 25 mg Phase 3 tablet
formulation (F006) in healthy subjects. The data from the hepatic impairment trial for
the two separate groups of healthy subjects that were matched to subjects with mild and
moderate hepatic impairment appears to have been averaged together.

Lower rilpivirine exposure was observed in the TMC278-C121 trial compared to the
TMC278-C152 trial and minimal differences were observed compared to the TMC278-
C130 trial. The mean Cpin, Cmax, and AUC p-24ny values in the TMC278-C121 trial were
29%, 37%, and 35% lower, respectively compared to the mean values from the TMC278-
C152 trial. In comparison to the mean values from the TMC278-C130 trial, in the
TMC278-C121 trial, the mean C,;, and Cyax values were 2% and 7% higher, respectively
and the AUC .24y value was 3% lower.

Based on evaluating the individual rilpivirine predose concentrations, steady state
concentrations were achieved by Day 11 in most subjects.
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R and S methadone

Table 3-R methadone pharmacokinetic parameters (administered as individualized

methadone dosage regimens and individualized methadone dosage regimens with
rilpivirine 25 mg once daily coadministration)

Pharmacokinetics of
R-methadone

(mean + SD, {,.: median

[1'auge])

Individualized methadone
therapy (reference)

Individualized methadone
therapy +
25 mg TMC278 q.d.
on Days 1-11 (test)

n
Day -4/Day 8

Cop. ng/mL

Day -3/Day 9

Cop. ng/mL

Day -2/Day 10

Cop. ng/mL

Day -1/Day 11

Cop. ng/mL

Cin- ng/mlL

Cpax- /ML

tax 11

AUC,4,. ng.h/mL

Ratio AUC4p. §-/R-methadone. 20
Ceo - Ng/mL

FI. %

-

13

253.0 + 107.1°

230.1 + 118.8

229.7 + 115.3°

2163 + 101.9
195.9 + 86.66
3158 £ 122.8
2.5(1.5-4.0)
5578 + 2343
101.5 + 17.17
2324 + 97.61
5463 + 15.19

12
178.2 + 80.61

176.1 = 79.77
176.8 + 79.97
177.3 + 83.15
159.4 + 81.25
279.3 + 109.2
2.5(1.15- 6.0)
4811 £ 2106

99.84 + 11.67
200.5 + 87.74

AUC,4, = area under the plasma concentration time curve over 24 hours, Cy, = predose plasma concentration,

C max

= maximum plasma concentration, C,,;, = minimum plasma concentration, Cg 5 = average steady-state

plasma concentration, FI = fluctuation index. SD = standard deviation. tm. = time to maximum plasma

concenfration.
n=12

Table 4-Statistical analysis for R methadone (administered as individualized
methadone dosage regimens and individualized methadone dosage regimens with
rilpivirine 25 mg once daily coadministration)

LSmeans”
Individualized ‘

Individualized methadone therapy LS‘P“*‘US 90% CL %"

Parameler methadone therapy + ratio, % )
(reference) 25 mg TMC278 q.d.
(test)

Cmin, Ng/mL 176.8 138.0 78.05 66.86 -91.10
Clme- g/mL 291.8 250.6 §5.86 77.53 -95.08
AUC,y,. ng.h/mL 5092 4268 83.82 73.93 -95.03
Ratio AUC54p, s /R metuadone: %0 100.1 100.7 100.6 96.49 - 104.8

AUC,4, = area under the plasma concentration time curve over 24 hours, CI = confidence interval, C,,, =
maximum plasma concentration, Cyy, = minimum plasma concentration, LS = least squares.
* n =13 for reference and n = 12 for test

90% CIs

Reference ID: 2924498

178



With rilpivirine coadministration, lower mean R methadone Cyin, Cimax, and AUC 9-24n)
values were observed in subjects compared to methadone use by itself. The 90%
confidence interval for R methadone Cpin, Cmax and AUC g.24n) Was not within 80%-
125%. The S methadone/R methadone ratio for AUC g.24n) Was within 80%-125%.

Table 5-S methadone pharmacokinetic parameters (administered as individualized
methadone dosage regimens and individualized methadone dosage regimens with

rilpivirine 25 mg once daily coadministration)

Pharmacokinetics of

Individualized methadone

Individualized methadone

FI. %

81.25 £ 22.61

S-methadone therapy therapy +
(mean + SD, t,,,: median (reference) 25 mg TMC278 q.d.
[range]) on Days 1-11 (test)
n 13 12

Day -4/Day 8

Cop. ng/mL 2447 £ 114.4° 160.2 = 91 22
Day -3/Day 9

Cop, ng/mL 226.3 £ 1245 159.9 + 8g.81
Day -2/Day 10

Cop. ng/mL 221.6 + 118.8° 159.6 £ 84.03
Day -1/Day 11

Cop. ng/mL 200.4 £ 99.49 157.5 £ 84.86
Cin- Ng/mML 179.9 £ 90.59 146.1 = 85.02
Conax, ng/mL 358.1 £ 145.2 316.1 = 123.2
fmax. D 25(1.5-4.0) 25(1.2-6.0)
AUCo4,. ng.hymL 5610 + 2515 4815 = 2275
Cs v ng/mL 233.7 £ 104.8 200.7 = 94.77

92.78 £ 32.29

AUC,y, = area under the plasma concentration time curve over 24 hours, Cy, = predose plasma concentration,
Cax = maximum plasma concentration. Cy,, = minimum plasma concentration, Cs, 5, = average steady-state

plasma concentration, FI = fluctuation index, SD = standard deviation. t;,, = time to maximum plasma

concentration.
‘n=12

Table 6-Statistical analysis for S methadone (administered as individualized

methadone dosage regimens and individualized methadone dosage regimens with

rilpivirine 25 mg once daily coadministration)

LSmeans”
Individualized _

Individualized methadone therapy LS‘F“’*"“ 90% CI. %"

Paramerter methadone therapy + ratio, % '
(reference) 25 mg TMC278 q.d.
(test)

Conin. Dg/mL 1594 125.2 78.57 67.45 - 91.52
C e ng/mlL 330.8 287.5 8§6.91 77.64 - 97.28
AUC,4,. ng.vmL 5100 4299 84.30 74.16 - 95.84

AUC,4, = area under the plasma concentration fime curve over 24 hours, CI = confidence interval, C,,,; =
maximum plasma concentration, Cy, = minimum plasma concentration, LS = least squares.

*1n =13 for reference
90% CIs
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With rilpivirine coadministration, lower mean S methadone Cpin, Cmax, and AUC 9-24n)
values were observed in subjects compared to methadone use by itself. The 90%
confidence interval for S methadone Cyin, Cimax and AUC g_24n) was not within 80%-
125%.

Based on evaluating the individual R methadone and S methadone predose
concentrations, steady state concentrations were achieved by Day -1 and by Day 11.

10.4 Pharmacodynamic Analysis

Assessments were conducted during the trial evaluating the symptoms of methadone
withdrawal, including the Short Opiate Withdrawal Scale (SOWS), the Desires for
Drugs Questionnaire (DDQ), and pupillometry. The trial report states that there were no
clinically relevant changes over time using the Short Opiate Withdrawal Scale and the
Desires for Drugs Questionnaire and minimal changes were observed using pupillometry.
Overall, the trial reports concluded that methadone withdrawal was not observed during
the trial.

10.5 Safety Issues

No deaths or other serious adverse events were reported for the trial. No grade 3 or grade
4 adverse events were reported for the trial. The most common adverse events included
nausea and hyperhidrosis (see Table 7 below for information regarding the number and
percentage of subjects).

Table 7-Adverse event incidence reported for two or more subjects and categorized
by system organ class and preferred term

System Organ Class
Preferred Term Run-in” TMC278 25 mg q.d.
n (%) (N =13) (N =13)
Any AE 9 (69.2) 12 (92.3)
Gastrointestinal Disorders 5(38.5) 7 (53.8)
Nausea 0 3(23.1)
Constipation” 3(23.1) 2 (15.4)
Diarrhea 0 2(15.4)
General Disorders and Administration Site 2 (15.4) 7(53.8)
Conditions
Drug withdrawal syndrome 0 2(15.4)
Fatigue 0 2(15.4)
Nervous System Disorders 6 (46.2) 7 (53.8)
Dizziness 0 2(15.4)
Dysgeusia 0 2(15.4)
Headache 6 (46.2) 2(15.4)
Skin and Subcutaneous Tissue Disorders 2(15.4) 6 (46.2)
Hyperhidrosis 1(7.7) 3(23.1)
Pruritus 0 2(15.4)
Musculoskeletal and Connective Tissue 1(7.7) 2 (15.4)
Disorders
Pain in extremity 0 2 (15.4)

AE = adverse event. n = number of subjects with AE. N = number of subjects per phase.

? Run-in = Day -14 to Day 1, 1 minute before TMC278 administration.

b Subject 121-0008 experienced an AE of constipation during the TMC278 25 mg q.d. phase that was not
captured in the trial database because the investigational site did not send the information about the
occurrence of the AE for inclusion in the trial database . The AE was considered probably related to TMC278
and doubtfully related to methadone.
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Table 8 provides information on adverse events that were possibly or probably related to
rilpivirine. The applicant did not include comparative information for methadone in the
same table. In the trial report, the adverse events that were possibly related to methadone
were classified as grade 1 adverse events and included constipation (1 subject during the
Day -14 to Day 1 phase, 1 subject during the Days 1 to Day 11 phase and 1 subject
during both of these phases), and dry throat (1 subject during the Day -14 to Day 1 phase
and 1 subject during the Day 1 to Day 11 phase).

Table 8-Adverse event incidence possibly or probably related to rilpivirine reported
for two or subjects and categorized by system organ class and preferred term

System Organ Class TMC278 25 mg q.d.
Preferred Term (N=13)

n (%) Possible Probable
Gastrointestinal Disorders 5 (38.5) 2(15.4)
Nausea 3(23.1) 0

Nervous System Disorders 5 (38.5) 0
Dizziness 2(15.4) 0
Headache 2(15.4) 0

Skin and Subcutaneous Tissue 5(38.5) 0

Disorders
Hyperhidrosis 3(23.1) 0
Pruritus 2(15.4) 0

General Disorders and 3 (23.1) 0

Administration Site Conditions
Drug withdrawal syndrome 2(15.4) 0

AE = adverse event, n = number of subjects with AE. N = number of subjects per phase.
Note: only the TMC278 25 mg q.d. phase had AEs considered at least possibly related to TMC278.

The trial also collected information on the worst changes in QTcF or QTcB that were
observed in the trial. One subject (subject 121-0001) experienced an abnormal increase
of 30-60 ms from baseline resulting in a QTcF value of greater than 450 to 480 ms (see
Table 9). The specific timing of the ECG abnormality was not provided in the trial report.
The available Day 11 Cyax value of 129 ng/mL for subject 121-0001 was less than the
mean Day 11 Cmax value of 156 ng/mL.

Table 9-Worst treatment emergent ECG abnormalities and worst QTcF and QTcB
changes during rilpivirine treatment

Parameter TMC278 25 mg q.d. Follow-up
n (%) Abnormal result (N=13) (N=12)
QTcF Any treatment-emergent abnormality 2(15.4) 1(8.3)
Abnormal actual value of > 450 - 480 ms 1(7.7) 1(8.3)
Abnormal increase of 30 - 60 ms 2(15.4) 0
Abnormal increase of 30 - 60 ms leading 1(7.7) 0
to abnormal value of > 450 - 480 ms
QTcB Any treatment-emergent abnormality 5 (38.5) 2 (16.7)
Abnormal actual value of > 450 - 480 ms 3(23.1) 1(8.3)
Abnormal increase of 30 - 60 ms 5 (38.5) 1(8.3)
Abnormal increase of 30 - 60 ms leading (23.1) 0
to abnormal value of > 450 - 480 ms

N = number of subjects. n = number of subjects with treatment-emergent worst abnormalities.
% = percentage relative to the total number of subjects with the indicated test.
Note: only data for abnormal changes as defined in the Statistical Analysis Plan (see Appendix 7.1.8) are

presented above.
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11. Discussion and Conclusions

Based on the results from the drug-drug interaction trial, the following conclusions can be
made:

e With rilpivirine coadministration, lower R methadone exposure was observed.
The mean R methadone Cpin, Cimax, and AUC o.24n) values were decreased by 22%,
14%, and 16%, respectively. The 90% confidence interval for R methadone Cpn,
Cmax, and AUCg-24n) was not within 80%-125%.

e With rilpivirine coadministration, lower S methadone exposure was observed.
The mean S methadone Ciyin, Cimax, and AUC g-24n) values were decreased by 21%,
13%, and 16%, respectively. The 90% confidence interval for S methadone Cy;n,
Cmax, and AUCg-24n) was not within 80%-125%.

e When coadministered with methdaone, lower rilpivirine exposure was observed in
the TMC278-C121 trial compared to the TMC278-C152 trial and minimal
differences were observed compared to the TMC278-C130 trial.

e Methadone withdrawal was not observed based on the information from the Short
Opiate Withdrawal Scale (SOWS), the Desires for Drugs Questionnaire (DDQ),
and pupillometry.

The trial report states that the R isomer is responsible for methadone’s activity and the S
isomer is responsible for the QT prolongation. With a 25 mg once daily rilpivirine
dosage regimen, the decreases in both R and S methadone exposure may be potentially
explained by rilpivirine CYP 3A induction. The decrease in the exposure of R
methadone when coadministered with rilpivirine was similar to the decrease in the
exposure of S methadone when coadministered with rilpivirine.

The changes in R and S methadone exposure with rilpivirine coadministration do not
appear to be clinically relevant based on the results from the trial and therefore no
recommendation to monitor for withdrawal effects or to dose adjust the methadone
regimen is necessary.
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T™MC278-C123

1. Title

A Phase I, open-label, randomized, 2-way crossover trial in 16 healthy subjects to
investigate the potential pharmacokinetic interaction between TMC278 and sildenafil

2. Information Regarding the Clinical Trial Site and Duration of the Trial

The trial was conducted at N

from October 16, 2007 to January 15, 2008.
3. Objectives
The objectives of the trial were to evaluate the effect at steady state of single dose
sildenafil and N-desmethyl sildenafil on rilpivirine pharmacokinetics and the effect of
rilpivirine on single dose sildenafil and N-desmethyl sildenafil pharmacokinetics.
4. Trial Design
TMC278-C123 was a Phase I, open label, randomized, 2 way crossover clinical trial that
enrolled male subjects between 19 and 55 years old. The trial design is displayed in
Figure 1.
Figure 1-TMC278-C123 trial design

14 days

Session I wazhout Session IT
Group 1
Treatment B
Treatment A
_— 75 mg TMC278 q.d. on Days 1-12 )
a single dose of 30 mg sildenafil on Dav 1 + Best Available
a single dose of 30 mg sildenafil on Day 12
(n=8) - - ’ Copy
(n=E)
Group 2
Ireatment B
Treatment A
T5mgz TMC278 q.d. on Days 1-12 .
+ a single doss of 30 mg aldenafil on Day 1
a single dose of 50 mg sildenzfil on Day 12 —_—
s \n=8)
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5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions

Use of ibuprofen and acetaminophen was permitted up to three days before first dosing.
Afterwards, ibuprofen use was permitted up to 400 mg/day and acetaminophen use was
permitted up to 1 gram/day. Any over the counter medications were to be discontinued a
minimum of 7 days before first dosing and any prescription medications were to be
discontinued a minimum of fourteen days before first dosing (with the exception of
ibuprofen or acetaminophen). Use of any medication other than ibuprofen or
acetaminophen was not permitted up to fourteen days after the last administration of trial
medication. Use of herbal medicines or dietary supplements was not permitted from
fourteen days before first dosing up to fourteen days after the last administration of trial
medication.

Caffeine containing beverages were not permitted from 10 hours before administration of
trial medication on Day 1 (Treatment A) and Days 11 and 12 (Treatment B) until 24
hours after dosing. Use of liquids containing alcohol or quinine was not permitted from
24 hours before Day -1 of each treatment arm until Day 2 of Treatment A or Day 13 of
Treatment B. Intake of grapefruit and grapefruit juice was not permitted from 7 days
before Day -1 of each treatment arm until Day 2 of Treatment A or Day 13 of Treatment
B.

In the event of an adverse event, the following medications were permitted:

A) Rash or an allergic reaction: cetirizine, levocetirizine, topical corticosteroids, or
antipruritic agents (specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)
C) Diarrhea: loperamide

6. Dosage and Administration

On pharmacokinetic sampling days, subjects fasted overnight for a minimum of 10 hours.
A standard meal was administered in the morning and medication was administered
within 10 minutes after completion of the meal. When both sildenafil and rilpivirine
were coadministered, rilpivirine was administered first and sildenafil was administered
within five minutes.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimen that was administered to all subjects was 75 mg once
daily. In contrast, the rilpivirine dosage regimen that was evaluated in the Phase 3
clinical trials and the recommended dosage regimen in the proposed prescribing
information is 25 mg once daily with a meal. Across the dose range of 25 mg to 150 mg,
increases in rilpivirine exposure were approximately dose proportional. Therefore, the
percentage change in rilpivirine exposure that is caused by the inhibition effects of
sildenafil (if any) should be similar with a rilpivirine dosage regimen of either 25 mg
once daily or 75 mg once daily. However two important assumptions are: a) the absence
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of significant CYP 3 A induction effects from rilpivirine that could affect sildenafil CYP
3A metabolism, and b) similar sildenafil inhibition effects (if any) occurring with the two
rilpivirine dosage regimens.

The single dose of sildenafil administered in the trial (50 mg) is the recommended dose in
the sildenafil (Viagra) prescribing information (label) for the treatment of erectile
dysfunction. There are no specific recommendations in the sildenafil (Viagra) label to
administer sildenafil with food.

8. Drugs Used in the Trial

Rilpivirine 75 mg tablets (formulation FO08) were administered in the trial. These tablets
were developed for use in the Phase 3 trials.

Sildenafil (Viagra®) 50 mg tablets were administered in the trial.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

For Treatment A (sildenafil administered alone), blood samples for analysis of sildenafil
and N-desmethyl sildenafil concentrations were obtained on Days 1 and 2 at predose and
up to 24 hours postdose. Predose rilpivirine blood samples were also obtained on Day 1.

For Treatment B, blood samples for analysis of rilpivirine concentrations were obtained
on Days 11 and 12 at predose and up to 24 hours postdose. Rilpivirine, sildenafil and N-
desmethyl sildenafil concentrations were obtained on Days 12 and 13 at predose and up
to 24 hours postdose. Predose blood samples for analysis of rilpivirine, sildenafil and N-
desmethyl sildenafil concentrations were also obtained on Day 1. On Days 8, 9, and 10, a
predose sample was drawn to determine rilpivirine concentrations.

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by Johnson and Johnson
Pharmaceutical Research and Development. The lower limit of quantification for
rilpivirine was 1 ng/mL and the upper limit of quantification was 2000 ng/mL. There
were no precision or accuracy issues identified for rilpivirine based on the bioanalytical
report. For the TMC278-C123 trial, precision and accuracy were evaluated using the low
(2.77 ng/mL), medium (55.3 ng/mL), and high (1570 ng/mL) QC samples. The
corresponding rilpivirine inter-run accuracy values were -3.2% for the low QCs, -2.9%
for the medium QCs, and 0.6% for the high QCs, and the rilpivirine inter-run precision
values were 6.5% for the low QCs, 4.1% for the medium QCs, and 3.0% for the high
QCs. The submitted rilpivirine long term stability data of 1528 days at -20°C covered the
duration of long term rilpivirine stability data necessary for the TMC278-C123 trial.
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The method and bioanalysis of sildenafil and N-desmethyl sildenafil are acceptable.
Plasma samples were analyzed for sildenafil and N-desmethyl sildenafil concentrations
using a validated LC/MS/MS method by ®® The lower limit of quantification for
sildenafil was 1 ng/mL and the upper limit of quantification was 1000 ng/mL. There
were no precision or accuracy issues identified for sildenafil based on the bioanalytical
report. For the TMC278-C123 trial, precision and accuracy were evaluated using QC
samples at 3, 8, 30, 125 and 750 ng/mL. The corresponding sildenafil inter-run accuracy
values were 5%, 1.7%, 0%, 1%, and 0.1% and the sildenafil inter-run precision values
were 6.58%, 3.44%, 3.39%, 3%, and 3.79%. The lower limit of quantification for
N-desmethyl sildenafil was 1 ng/mL and the upper limit of quantification was 1000
ng/mL. There were no precision or accuracy issues identified for N-desmethyl sildenafil
based on the bioanalytical report. For the TMC278-C123 trial, precision and accuracy
were evaluated using QC samples at 3, 8, 30, 125 and 750 ng/mL. The corresponding N-
desmethyl sildenafil inter-run accuracy values were 3%, -1%, -2.9%, 1%, and 10% and
the N-desmethyl sildenafil inter-run precision values were 7.25%, 7.95%, 5.35%, 5.10%
and 3.40%.

The long-term stability data for sildenafil and N-desmethyl sildenafil for 85 and 97 days,
respectively, at -80°C is pending. The applicant response in a request for information
stated that the sildenafil and N-desmethyl sildenafil plasma samples were stored at
-80°C or lower at the clinical trial site (the specific storage temperature at the
bioanalytical laboratory was not specified and requires further follow up).

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate pharmacokinetic parameters,
including Cpin, Cmax, and AUC . for rilpivirine and Ciax, AUC 01ast), and AUC 9.0 fOr
sildenafil and N-desmethyl sildenafil. If a major difference (> 10.00% deviation from the
scheduled time) was observed, the actual sampling time was used instead of the
scheduled sampling time.

Statistical Analysis

Descriptive statistics were calculated for rilpivirine, sildenafil and N-desmethyl sildenafil
plasma concentrations and pharmacokinetic parameters, including the number of subjects
(n), mean, standard deviation, the coefficient of variation (CV%), geometric mean,
median, and the minimum and maximum values.

Statistical analysis involved comparison of rilpivirine log transformed pharmacokinetic
parameters for Day 12, Treatment B (test arm) compared to Day 11, Treatment B
(reference arm). For sildenafil and N-desmethyl sildenafil, statistical analysis involved
comparison of sildenafil and N-desmethyl sildenafil log transformed pharmacokinetic
parameters for Day 12, Treatment B (test arm) compared to Day 1, Treatment A
(reference arm). Cyin (the minimum plasma concentrations between 0 hour and the
dosing interval [1]), Cmax, and AUCy.) were evaluated for rilpivirine and Cpax, AUC 01ast)
and AUC o) were evaluated for sildenafil and N-desmethyl sildenafil. Using a linear
mixed effects model, least squares means were calculated and 90% confidence intervals
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were derived based on the difference of the pharmacokinetic parameter’s least squares
means for the test and reference arms. The applicant did not specify predetermined “no

effect boundaries” for the 90% confidence intervals.

An assessment was performed to determine if rilpivirine steady state concentrations were

achieved, presumably by Day 11, based on predose concentrations from Days §, 9, 10

and 11.

10. Results

10.1 Subject Demographics and Disposition

Table 1-TMC278-C123 subject demographics

Parameter

50 mg sildenafil —+ 7% mg
TAIC2TS g, + 50 mg
sildenafil {(Group 1)

N =5

78 mg TMC2I7S qud, +
20 mg zildenafil 50 mz
sildenafil (Group 1)

N =8

All Subjects
N =16

Age vyaars
Median (ranga)

38.0 22-45)

42,0 (23-35)

Height, cm

Median (rangs) 174.0(160-183) 180.0 (171-189} 178.0 (160-189)
Werght, kg

Median (range) 795 (65-101) 37.0(63-101) 832.5(63-101)
BML kzgm™

Median (range) 28.30(20.5-11.9) 26.55 (21.5-29.5) 27.54 (20.9-311.99
Sex, n (%)

Mals 8 (100.0) 3 (100,00 16 (100.0%
Ethme Onigm, n (%)

Caucasian 1(12.5) (12.5) 2(12.5)

Hispanic 2(25.00 3(37.5) 5031

Black 45000 4 (50000 305007

Ornental 1(12.5) a 163}
Type of Smcker, n (%a)

Ion-smoker 8 (100.0) 3 (100.0% 16 (10003
M = number of subjects per group; BMI = body mass index

Figure 2-TMC278-C123 subject disposition
Sereenad
nN=27

Screen
failures

=11

Randomized
=16

Group 1
=8

SESSION 1

=8

‘ Traatmant A4 ‘

| CESSION 2 | ‘ Treatment B ‘

=8

W = mmmber of sulbjects per group: Treatment 4 = 50 mg sildenafl on Daw 1; Treameent B = 73 mgz THMC278 g.d. on Days 1-12 plus 530 mg sildenafl on Day 12,
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10.2 Prior and Concomitant Medications

Two subjects administered concurrent medications during the trial. The administered
concurrent medications were bacitracin and terbinafine. None of the coadministered
medications would be expected to alter CYP 3A metabolism.

10.3 Pharmacokinetic and Statistical Analysis

All subjects had sildenafil concentrations that were less than the lower limit of
quantification (LLOQ) prior to initiation of Treatment A or Treatment B.

Two subjects had quantifiable rilpivirine concentrations prior to initiation of Treatment
A, which were 5% or less of the subject’s rilpivirine Cyax without sildenafil
coadministration on Day 11, Treatment B. In Treatment B, subjects 123001 through
123006 and 123013 through 123016 had predose rilpivirine concentrations on Day 1 that
were less than the LLOQ (1 ng/mL). However, subjects 123007 through 123012 had
predose rilpivirine concentrations that were less than 2 ng/mL on Day 1 that were 5% or
less of the subject’s rilpivirine Cy,ax Without sildenafil coadministration on Day 11,
Treatment B.

Rilpivirine

Table 2-Pharmacokinetic parameters for rilpivirine 75 mg once daily and rilpivirine
75 mg once daily with single dose sildenafil 50 mg coadministration
[%FIZIOO X ([Cmax'cmin]/css,av)]

Pharmacoldnetics of TMCI7S (mean = 5D, 75 mg TMCITS qud. 75 mg TMCITS qud, =
| ig,;: median [ranze]) {reference) 20 mg zildenafil (test)
n 16 16
,,,,, h 5.0(2.0-5.00 4.001.0-8.0) .
;.i,. ng/mL ::11_(?: £3.08 EIIII_(_T' +76.30 Best Available
Cayin, ol 1769+ 58.32 1873+ 7080 Copy
Cae, ng'ml 4598 = 1207 4275+ 1378
AU g, ng'ml 6517+ 1778 6304 = 2035
Czsav, ngml 2716+ 74.00 2708+ 8458
Y 106.5+ 32,91 02.51+3248
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Table 3-Statistical analysis for rilpivirine 75 mg once daily and rilpivirine 75 mg

once daily with single dose sildenafil 50 mg coadministration

LSmeans *
75 mg TMCZITS g.d.
78 mg TMCITS q.d. + &0 mg sildenafil .
Parameter (reference) {test) LSmeans ratio, % 900 CT.%
Cain, 2E/mL 166.9 172.7 103.5 938.11 - 109.1
e, nz/ml 444 3 4071 91.65 B4 ED 98 94
AUC s, nghiml 6281 6162 98.11 9211 - 104.5
Median *
75 mg TMC2TS g.d.
T8 mgz TMC2TS q.d. + 20 mg sildenafil Treatment _
Parameter (reference) {test) difference median D00 CT,%0 =
L — 5.0 4.0 0.0 (-1.00 - {000

n=16 for refevence and n=16 for test.

On Day 12 (Treatment B), with single dose coadministration, the mean rilpivirine Cy;n

50% confidence intervals.

was decreased and minimal changes were observed in mean rilpivirine Cy,ax and

AUC 0-24n) values compared to Day 11 (Treatment B), when rilpivirine was administered
by itself. The 90% confidence interval for rilpivirine Cpin, Cmax, and AUC g-24n) were
within 80%-125%.

Based on evaluating the individual rilpivirine predose concentrations, steady state

concentrations were achieved by Day 11 in Treatment B in most subjects.

Sildenafil and N-desmethyl sildenafil

Table 4-Single dose sildenafil pharmacokinetic parameters (administered as single
dose sildenafil 50 mg and single dose sildenafil 50 mg with rilpivirine 75 mg once

daily coadministration)

Pharmacoldnetics of sildenafil (mean = 5D, 20 mgz sildenafil alone 75 mg TMCITE g.d. +
| tmu=t median [range]) {reference) 50 mg sildenafil (test)

n 15 16"

1 15(05-50) 20005-3.00

Caier, ng'ml 1438+4101 315+4108

AUCq, ng h/ml 580.6=2034 53091596

AUC,, nghiml 5724227 55341606

b Uh 02087 =0.1087 02015 = 008758

IT—1 3813 =1163 37701109

" n=13 for AUC,,
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Table 5-Statistical analysis for sildenafil (administered as single dose sildenafil 50
mg and single dose sildenafil 50 mg with rilpivirine 75 mg once daily
coadministration)

LSmeans * p-value
50 mg TMC278
sildenafil gl + 50 mg
alone sildenafil LSmeans _ .
Parameter (reference) (test) ratio, % 90% CL% * Period Sequence
Coee nz'ml 134 3 1250 5274 80.03 - 107.5 (.9806 0.1570
AUC,,. ng.hml 5240 508.1 56.95 373410748 0.3329 0.6055
AUC. ngh/ml " 5351 518.0 56.81 86,62 - 1082 (.3332 0.5961
Median *
75 mz
20 mg TMCITS
sildenafil g, + 50 mg | Treatment
alone sildenafil difference )
Parameter (reference) {test) median 9006 CL%: © Period Sequence
|t b 1.5 2.0 0.0 (-0.5% - (0.5} 0. 5986 0.9035

®  n=13 for reference and n=16 for test.

9% confidence mfervals.
n=15 for test AUC..
n=13 for referance and test.

k
&

[l

On Day 12 (Treatment B), with single dose sildenafil and rilpivirine coadministration,

sildenafil C,,.x was decreased and minimal changes were observed for single dose

sildenafil AUC g.1ast) and AUC g-«) values compared to Day 1 (Treatment A), when single

dose sildenafil was administered by itself. The 90% confidence interval for sildenafil

Cmax, AUC(0-1asty and AUC 9-) were within 80%-125%. Best Available
Co

Table 6-Single dose N-desmethyl sildenafil pharmacokinetic parameters >

(administered as single dose sildenafil 50 mg and single dose sildenafil 50 mg with

rilpivirine 75 mg once daily coadministration)

Pharmacoldnetics of N-desmethyl sildenafil; 50 mg sildenafil alone 7% mg TAMCITS q.d. =
(mean = 5D, fmac! median [range]) (reference) 50 mg sildenafil (test)
n 15 lg®

T, b 1L5{0.5-4.0 20005-3.00
Coee nz'mlL 98.77+ 3953 37.49+4376
AUC, . nzhiml 385l =1512 I26E=1561
AUC,, ngh/ml" 3803 =1582 355316385

L. Lh" 0.1359 = 005884 0.1342 = 0.06430
I 3.934 2236 6146+ 2318

* op=l3for AUTC, A, andt,
k

e -

Accurate determmation not pessible for = 50% of subjects; AUC | not used for statistical evaluations
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Table 7-Statistical analysis for N-desmethyl sildenafil (administered as single dose
sildenafil 50 mg and single dose sildenafil 50 mg with rilpivirine 75 mg once daily
coadministration)

LSmeans * p-value
75 mg
£0 mig TMC278
sildenafil qeil, + 50 mg
alone sildenafil L5means : .
Parameter {reference) (test) ratio, % 0% CT,% ° Period Sequence Best Available Copy
Caee, nz/'ml 88.19 TRED 90.26 79.75-102.1 0.6535 0.0420%
AU 0, nz 'l 3247 1977 91.68 B5.13-98.74 0.5443 00845
Median °
50 me TMC273
sildenafil gd. + 50 mg | Treatment
alone sildenafil difference ]
Parameter (reference) (test) median 900 CT,% ° Period Sequence
| e, b 1.5 2.0 0.375 (-0.25) - {0.73) 0.9529 0.6803

® n=13 for reference and n=16 for test.
9% confidence mtervals.

n=13 for reference and test.

* Statistically sigmificant differsnce.

[

On Day 12 (Treatment B), with rilpivirine coadministration, lower mean N-desmethyl
sildenafil Cyax and AUC g.1ast) Values were observed compared to Day 1 (Treatment A),
when single dose sildenafil was administered by itself. The 90% confidence interval for
N-desmethyl sildenafil Cy,,x was not within 80%-125%. The 90% confidence interval for
N-desmethyl sildenafil AUCq.1asr) Was within 80%-125%. Statistical analysis for
N-desmethyl sildenafil AUC ...y was not conducted because the N-desmethyl sildenafil
AUC¢.) could not be derived in more than half the subjects.

10.4 Safety Issues

No deaths or other serious adverse events were reported for the trial. No grade 3 or grade
4 adverse events were reported. The only adverse event that was reported in more than
one subject was pruritus. Pruritis was reported in two subjects as a grade 1 adverse event.
There were no adverse events that were attributed to rilpivirine, and only one adverse
event (nasal congestion) that was classified as “probably related” to sildenafil.
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Table 8-Adverse event incidence categorized by system organ class and preferred

term
75 mg
T8 mg TMCITS qud. +
50 mg sildenafil TAC2TE g.d. 20 mg zildenafil
Svsrem Ovgan Class alone (Treatment B, {Treatment B,
FPreferred Term (Treatment A) Drays 1-11) Day 13) Follow-up
n (%) N=1£% N=14 N=16 N=18
Amy Adverse Evenr 1{6.7) 4 (25.0) 2{13.5) 1{6.3)
Eye Disorders 0 1(6.3) 0 ]
Wision Blued 0 1{63) i 0
Gasreiniesana hsorders 0 115 ] ]
Flamulsnce 0 106.3) a 0
Manzea 0 1(63) 0 0
Veomsting 0 1(63) 0 0
Infecnons and Infestanons ] 1(6.2) ] ]
Body Tinea 0 1{63) a 0
Ingury, Petsoning and 1{6.7) 0 0 1{6.3)
Procedural Complicanons
Exconiation 0 0 a 1{&.3)
Skin Laceration 167 1] 0 0
Nervous Svsrem Disorders ] 1(6.3) 1i{6.3) 0
Headachs 0 0 1(6.3) 0
Sonmolence 0 1063} 0 0
Respirarery, Theracic and 1{6.7) 0 0 0
Mediasanal Disorders
Masal Congestion 167 0 a 0
Sk and Subcurancous Tissue 0 1({6.%) 1{6.3) 0
Disorders
Pruritus 0 1(6.3) 1(6.3) 0
Skin Ulcer 0 0 1(6.3) 0

n = mumber of subjects with that partienlar AF: W = number of subtects per treatmant.

Reference ID: 2924498

Best Available Copy

192



11. Discussion and Conclusions

Based on the results from the drug-drug interaction trial, the following conclusions can be
made:

e The mean rilpivirine Cp,;, was decreased by 4% and minimal changes were
observed in rilpivirine Cpax and AUC g_24n) with sildenafil coadministration (the
mean Cpax and AUC o241 values were decreased by 8% and 2%, respectively).
The 90% confidence interval for all three parameters was within 80-125%.

e With rilpivirine coadministration, the single dose mean sildenafil C,,x was
decreased by approximately 7% and minimal changes were observed in single
dose sildenafil AUCg.1ast) and AUC o) (the single dose sildenafil AUC g.1ast) and
AUC o) values were both decreased by 3%). The 90% confidence interval for
Cimax, AUC 012ty and AUCg-) values was within 80%-125%.

e With rilpivirine coadministration, the mean N-desmethyl sildenafil Cp.x and
AUC o1.as1) values were decreased by 10% and 8%, respectively. The 90%
confidence interval for N-desmethyl sildenafil Cpx was not within 80%-125%.
The 90% confidence interval for N-desmethyl sildenafil AUC q.jas1) Wwas within
80%-125%.

Single dose sildenafil does not result in clinically relevant changes in the exposure of
rilpivirine and no dosage adjustment for rilpivirine is required. The decrease in single
dose sildenafil and N-desmethyl sildenafil exposure may be potentially explained by
rilpivirine CYP 3A induction. The specific effects of a 25 mg once daily rilpivirine
dosage regimen on sildenafil exposure have not been evaluated. From a mechanistic
standpoint, the degree of induction with rilpivirine 25 mg once daily dosing is anticipated
to be the same or less compared to 75 mg once daily dosing. The changes in sildenafil
exposure with rilpivirine coadministration do not appear to be clinically relevant based on
the results from the trial and therefore no dosage adjustment for sildenafil is required with
rilpivirine dosage regimens ranging from 25 mg once daily to 75 mg once daily.
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TMC278-C125

1. Title

A Phase I, open label, randomized, three-way crossover trial in 18 healthy subjects to
investigate the pharmacokinetic interaction between steady-state TMC278 and steady-
state rifabutin

2. Information Regarding the Clinical Trial Site and Duration of the Trial

The trial was conducted at the

(b) (4)
from November 18, 2005 to March 16,

2006.

3. Objectives

The objectives of the trial were to evaluate the effect at steady state of rifabutin and 25-
O-desacetyl-rifabutin on rilpivirine pharmacokinetics and the effect of rilpivirine on
rifabutin and 25-O-desacetyl-rifabutin pharmacokinetics.

4. Trial Design

TMC278-C125 was a Phase I, open label, randomized, 3 way crossover clinical trial that
enrolled male and female subjects between 18 and 55 years old. The trial design is
displayed in Figure 1.

Best Available Copy

Figure 1-TMC278-C125 trial design

Session I 2 weeks Session IT 2 weeks Session ITI

—®  washour ——— P washout ———— ¥
Treatment A (n=3): Treatment B (n=3): Treatment C (nn=3):
TMC278 150 mg q.d. for rifabutin 300 mg q.d. for TMC278 150 mg q.d. for
11 days 11 days 11 days
- > +
rifabutin 300 mg q.d. for
11 days
OR
Treatment B (n=3): Treatment C (n=3): Treatment A (n=3):
nifabutin 300 mg q.d. for TNIC278 150 mg q.d. for TNICZT7E 150 mg q.d. for
11 davs 11 days 11 daws
> + >
rifabutin 300 mg q.d. for
11 davys
OR
Treatment C (n=3): Treatment A (n=3): Treatment B (n=3):
TMC278 150 mg q.d. for TMC278 150 mg q.d. for rifabutin 300 mg q.d. for
11 days 11 days 11 days
+ - |
rifabutin 300 mg q.d. for
11 days
OR
Treatment C (n=3): Treatment B (n=3): Treatment A (n=3):
TMC278 150 mg q.d. for rifabutin 300 mg q.d. for TMC278 150 mg q.d. for
11 days 11 days - 11 days
= — >
rifabutin 300 mg q.d. for
11 davs
OR
Treatment B (n=3): Treatment A (n=3): Treatment C (n=3):
rifabutin 300 me q.d. for TMC278 150 me q.d. for TMC278 150 mg q.d. for
11 days 11 days 11 days
EE— g +
rifabutin 300 mg g.d. for
11 days
OR
Treatment A (n=3): Treatment C (n=3): Treatment B (n=3):
TMC278 150 mg q.d. for TMC278 150 mg q.d. for rifabutin 300 mg q.d. for
11 days 11 davs o 11 days
— +
rifabutin 300 mg q.d. for
11 days
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5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions

Use of ibuprofen was permitted up to three days before first dosing. Afterwards,
ibuprofen use was permitted up to 400 mg/day. Any medications were to be discontinued
a minimum of 14 days before first dosing (with the exception of ibuprofen). Use of
herbal medicines or dietary supplements was not permitted from a minimum of fourteen
days before first dosing until the last trial visit.

Use of liquids containing alcohol or quinine was not permitted from 24 hours before
administration of trial medication until 96 hours after administration of medication.
Intake of grapefruit and grapefruit juice was not permitted from 7 days before
administration of trial medication until 96 hours after administration of medication.

In the event of an adverse event, the following medications were permitted:

A) Rash or an allergic reaction: cetirizine, levocetirizine, topical corticosteroids, or
antipruritic agents (specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)
C) Diarrhea: loperamide

6. Dosage and Administration

On days when trial medication was administered at the clinical trial site (including
pharmacokinetic sampling days), a standard meal was administered in the morning and
medication was administered within 10 minutes after completion of the meal. When both
rifabutin and rilpivirine were coadministered, rifabutin was administered first and
rilpivirine was administered within five minutes.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimen that was administered to all subjects for Treatments A, B
and C was 150 mg once daily. On days when rilpivirine (with or without rifabutin) was
administered at the clinical site, breakfast was consumed prior to dose administration (the
proposed rilpivirine prescribing information recommends administering rilpivirine with a
meal). In contrast, the rilpivirine dosage regimen that was evaluated in the Phase 3
clinical trials and the recommended dosage regimen in the proposed prescribing
information is 25 mg once daily with a meal. Across the dose range of 25 mg to 150 mg,
increases in rilpivirine exposure were approximately dose proportional. Therefore, the
percentage change in rilpivirine exposure that is caused by the induction effects of
rifabutin should be similar with a rilpivirine dosage regimen of either 25 mg once daily or
150 mg once daily. However two important assumptions are: a) the absence of significant
CYP 3A induction effects from rilpivirine that could affect rifabutin CYP 3A
metabolism, and b) similar rifabutin induction effects occurring with the two rilpivirine
dosage regimens.
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The rifabutin dosage regimen (300 mg once daily) is the recommended regimen in the
rifabutin prescribing information (label). There are no specific recommendations in the
rifabutin label to administer rifabutin 300 mg once daily with food.

8. Drugs Used in the Trial

Rilpivirine 50 mg tablets (formulation F003) and 100 mg tablets (F002) were
administered in the trial. Both of these tablets were Phase 2b formulations that were used
in the Phase 1 or 2 trials.

Rifabutin (Mycobutin™) 150 mg capsules were administered in the trial.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

For Treatment A (rilpivirine administered alone), blood samples for analysis of rilpivirine
concentrations were obtained on Days 11 and 12 at predose and up to 24 hours postdose.
Predose rilpivirine blood samples were also obtained on Days 9 and 10. On Day 1, a
predose sample was drawn to determine rilpivirine, rifabutin and 25-O-desacetyl-
rifabutin concentrations and a 4 hour postdose blood sample was drawn to determine
rilpivirine concentrations.

For Treatment B, blood samples for analysis of rifabutin and 25-O-desacetyl-rifabutin
concentrations were obtained on Days 11 and 12 at predose and up to 24 hours postdose.
Predose blood samples for analysis of rifabutin and 25-O-desacetyl-rifabutin
concentrations were also obtained on Days 9 and 10. On Day 1, a predose sample was
drawn to determine rilpivirine, rifabutin and 25-O-desacetyl-rifabutin concentrations and
a 4 hour postdose blood sample was drawn to determine rifabutin and 25-O-desacetyl-
rifabutin concentrations. On Day 5, a predose sample was drawn to determine rifabutin
and 25-O-desacetyl-rifabutin concentrations.

For Treatment C, blood samples for analysis of rilpivirine, rifabutin and 25-O-desacetyl-
rifabutin concentrations were obtained on Days 11 and 12 at predose and up to 24 hours
postdose. Predose blood samples for analysis of rilpivirine, rifabutin and 25-O-desacetyl-
rifabutin concentrations were also obtained on Days 9 and 10. On Day 1, a predose and a
4 hour postdose sample was drawn to determine rilpivirine, rifabutin and 25-O-desacetyl-
rifabutin concentrations. On Day 5, a predose sample was drawn to determine rilpivirine,
rifabutin and 25-O-desacetyl-rifabutin concentrations.

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by Johnson and Johnson
Pharmaceutical Research and Development. The lower limit of quantification for
rilpivirine was 1 ng/mL and the upper limit of quantification was 2000 ng/mL. There
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were no precision or accuracy issues identified for rilpivirine based on the bioanalytical
report. For the TMC278-C125 trial, precision and accuracy were evaluated using the low
(2.77 ng/mL), medium (59.0 ng/mL), and high (1550 ng/mL) QC samples. The
corresponding rilpivirine inter-run accuracy values were 1.1% for the low QCs, -4.1% for
the medium QCs, and -0.6% for the high QCs, and the rilpivirine inter-run precision
values were 5.2% for the low QCs, 2.3% for the medium QCs, and 3.5% for the high
QCs. The submitted rilpivirine long term stability data of 1528 days covered the duration
of long term rilpivirine stability data necessary for the TMC278-C125 trial.

The method and bioanalysis of rifabutin and 25-O-desacetyl-rifabutin are acceptable.
Plasma samples were analyzed for rifabutin and 25-O-desacetyl-rifabutin concentrations
using a validated LC/MS/MS method by @@ " The lower limit of quantification for
rifabutin was 2 ng/mL and the upper limit of quantification was 2000 ng/mL. There were
no precision or accuracy issues identified for rifabutin based on the bioanalytical report.
For the TMC278-C125 trial, precision and accuracy were evaluated using the low (6
ng/mL), medium (75 ng/mL), and high (1500 ng/mL) QC samples. The corresponding
rifabutin inter-run accuracy values were 0.8% for the low QCs, 1.2% for the medium
QCs, and 1.3% for the high QCs, and the rifabutin inter-run precision values were 6.2%
for the low QCs, 6.6% for the medium QCs, and 5.5% for the high QCs. The lower limit
of quantification for 25-O-desacetyl-rifabutin was 2 ng/mL and the upper limit of
quantification was 2000 ng/mL. There were no precision or accuracy issues identified for
25-0-desacetyl-rifabutin based on the bioanalytical report. For the TMC278-C125 trial,
precision and accuracy were evaluated using the low (6 ng/mL), medium (75 ng/mL), and
high (1500 ng/mL) QC samples. The corresponding 25-O-desacetyl-rifabutin inter-run
accuracy values were 6.7% for the low QCs, 6.9% for the medium QCs, and

8.3% for the high QCs, and the 25-O-desacetyl-rifabutin inter-run precision values were
4% for the low QCs, 7.4% for the medium QCs, and 5.2% for the high QCs.

Both rifabutin and 25-O-desacetyl-rifabutin failed to demonstrate stability at -20°C when
long term stability was evaluated for approximately 12 months. The applicant has been
requested to provide long term stability data for rifabutin and 25-O-desacetylrifabutin
covering approximately 5 months at the appropriate storage temperature (-20°C) to
support the inclusion of rifabutin pharmacokinetic data from the TMC278-C125 trial in
the proposed rilpivirine label.

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate pharmacokinetic parameters,
including Cpax and AUC o). If @ major difference (> 10.00% deviation from the
scheduled time) was observed, the actual sampling time was used instead of the
scheduled sampling time.

Statistical Analysis

Descriptive statistics were calculated for rilpivirine, rifabutin and 25-O-desacetyl-
rifabutin plasma concentrations and pharmacokinetic parameters, including the number of
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subjects (n), mean, standard deviation, the coefficient of variation (CV%), geometric
mean, median, and the minimum and maximum values.
Statistical analysis involved comparison of rilpivirine log transformed pharmacokinetic
parameters for Day 11, Treatment C (test arm) compared to Day 11, Treatment A
(reference arm). For rifabutin and 25-O-desacetyl-rifabutin, statistical analysis involved
comparison of rifabutin and 25-O-desacetyl-rifabutin log transformed pharmacokinetic
parameters for Day 11, Treatment C (test arm) compared to Day 11, Treatment B
(reference arm). Co, (predose plasma concentrations), Cpin (the minimum plasma
concentrations between 0 hour and the dosing interval [t]), Cax, and AUC._;) were
evaluated. Using a linear mixed effects model, least squares means were calculated and
90% confidence intervals were derived based on the difference of the pharmacokinetic
parameter’s least squares means for the test and reference arms. The applicant did not
specify predetermined “no effect boundaries” for the 90% confidence intervals.

An assessment was performed to determine if rilpivirine steady state concentrations were
achieved by Day 11 (Treatment A or C) based on predose concentrations from Days 9, 10
and 11. For rifabutin and 25-O-desacetyl-rifabutin, an assessment was performed to
determine if steady state concentrations were achieved by Day 11 (Treatment B or C)

based on predose concentrations from Days 9, 10 and 11.

10. Results

10.1 Subject Demographics and Disposition

Table 1-TMC278-C125 subject demographics

Best Available Copy

Treatment Treatment Treatment Treatment Treatment Treatment Total
Parameter Segl[l;zl.ce Se]télée:ce Segl:];lce Segl}l;l;ce Segl:k(ljlce Seglé;l;ce
N=3 N=3 N=3 N=3 N=3 N=3 N=18

Age, years

Median (range) 42.0 (40-49) 47.0 (43-48) 47.0 (40-48) 29.0 (22-47) 41.0 (30-52) 42.0 (34-45) 42.5 (22-52)
Height, em

Median (range) 175.0 (172-184) | 177.0 (176-179) | 179.0 (177-181) | 173.0 (172-175) | 173.0 (167-173) | 175.0 (169-191) | 175.0 (167-191)
Weight, em

Median (range) 73.0(70-74) 81.0(71-84) 83.0 (73-86) 69.0 (66-75) 70.0 (68-79) 80.0 (64-92) 73.5 (64-92)
BML kg/m’

Median (range) 23.7(22-24) 25.3(23-27) 25.3 (23-27) 23.3 (22-25) 24.4(23.26) 25.2(22-26) 24.3(22-27)
Sex, 1 (%)

Male 3(100) 3(100) 3(100) 3(100) 2(66.7) 2(66.7) 16 (88.9)

Female 0 0 0 0 1(33.3) 1(33.3) 2(111)
Ethnic Origin, n (%)

Caucasian 3(100) 3(100) 3 (100) 3 (100) 3 (100) 3 (100) 18 (100)
Type of Smoker,
n (%)

Nonsmoker 3 (100) 3 (100) 3 (100) 3 (100) 3 (100) 3 (100) 18 (100)

Treatment A = TMC278 alone.
Treatment B = rifabutin alone.
Treatment C = TMC278 + rifabutin.
BMI = body mass index.
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Best Available Copy
Figure 2-TMC278-C125 subject disposition

[ N = 41 subjects screened |

[ N = 23 not randomuzed. no treatment received ]

| N = 18 subjecis randomized |
I
[ [ [ [

Treatment Sequence Treatment Sequence Treatment Sequence Treatment Sequence Treatment Sequence Treatment Sequence
ABC BCA CAB CBA N

N=3 N=3 N=3 N=3 N=3 N=3
Session I ‘ ‘ ‘
Treatment A Treatment B Treatment C Treatment C Treatment B Treatment A
N=3 N=3 N=3 N=3 N=3 N=3
N=1 N=1
wid wid

consent consent

Session IT

Treatment B Treatment C Treatment A Treatment B Treatment A Treatment C
N=3 N=3 N=3 N=2 N=2 N=3

Session ITI
Treatment C Treatment A Treatment B Treatment A Treatment C Treatment B
N=3 =3 > No» :

Completed Completed Completed Completed Completed Completed
N=1 N=3 N=2 N=2 N=3

_3
Treatment A =TMC278 alone.

Treatment B = Rifabutin alone.

Treatment C = TMC278 + rifabutin.

w/d = withdrew, AE = adverse event, Comp = completed.

10.2 Prior and Concomitant Medications

Eight subjects administered concurrent medications during the trial. The administered
concurrent medications were carbocysteine, ibuprofen, loperamide, silver sulfadiazine
and a combination miconazole and hydrocortisone topical formulation (Daktacort). None
of the coadministered medications would be expected to alter CYP 3A metabolism.

10.3 Pharmacokinetic and Statistical Analysis

All subjects had rilpivirine concentrations that were less than the lower limit of
quatification (LLOQ) prior to initiation of Treatment A. There were five subjects with a
quantifiable rilpivirine drug concentration prior to starting Treatment B and four subjects
with a quantifiable rilpivirine drug concentration prior to starting Treatment C. The
applicant did not specifically state a reason for the quantifiable rilpivirine concentrations.
Quantifiable rilpivirine drug concentrations have been observed in other drug-drug
interaction trials despite a washout period. However, in Treatment C, these
concentrations were less than 5% or less of the subject’s Cy,.x and for treatment B (where
rilpivirine concentrations were not analyzed), these concentrations were 5% or less of the
subject’s Cpax for Treatment A (where rilpivirine was administered alone) and no
adjustments were necessary for the pharmacokinetic analyses.

There were also subjects with quantifiable rifabutin predose concentrations. In
Treatments A, B and C, there were 3, 2 and 1 subject, respectively that had quantifiable
Day 1 predose concentrations. The applicant did not specifically state a reason for the
quantifiable rifabutin concentrations. However, the mean elimination half life of
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rifabutin is 45 hours and the washout period may not have been sufficient in subjects with
quantifiable rifabutin concentrations. For all three treatment arms, these concentrations
were 5% or less of the subject’s Cpax for Treatment B (where rifabutin was administered

alone) and no adjustments were necessary for the pharmacokinetic analyses.

There were no subjects with quantifiable 25-O-desacetyl-rifabutin predose

concentrations.

Rilpivirine

Table 2-Pharmacokinetic parameters for rilpivirine 150 mg once daily and
rilpivirine 150 mg once daily with rifabutin 300 mg once daily coadministration
[%FIZIOO X ([Cmax'cmin]/css,av)]

Pharmacokinetics of TMC278

Treatment A,

Treatment C,

TMC278 alone TMC278 + rifabutin
(mean * SD, ty,y: median [range]) (veference) (test)
n 14 16
j— 5.0 [4.0-9.0] 5.0 [2.0-9.0]
Cop, ng/mL 4339 + 1121 2293 = 76.66
Cuin, ng/mL 363.8 + B80.28 187.0 = 57.03
C e, g/mL 991.6 + 240.6 682.5 = 227.
AUCo4p, ng.h/mL 15184 = 3254 8692 = 2564
Cis av» ng/mL 6327 = 1356 362.1 = 106.8
FI. % 07.85 + 21.28 1343 = 32.56

Table 3-Statistical analysis for rilpivirine 150 mg once daily and rilpivirine 150 mg
once daily with rifabutin 300 mg once daily coadministration

LSmeans” p-value
Treatment A,| Treatment C,
Parameter T?‘{;‘fjs lﬁi!acbzu-};?n*— I;;‘S‘lir::aqis 90% CL,%"° Period Sequence
(reference) (test)
Cop. ng/mL 421.8 221.9 52.60 47.46 - 58.30 0.1255 0.0719
Coin. ng/mL 354.3 180.7 50.99 48.04 - 54.13 0.0059 0.0872
Copax: ng/mL 082.6 641.8 65.31 57.84-73.74 0.2902 0.3345
AUC,4, ng.h/mL 15423 8324 53.97 50.04 - 58.22 0.0776 0.2664

* n= 14 for Treatment A (reference) and n=16 for Treatment C (test).

®90% confidence intervals.

On Day 11 (Treatment C), with rifabutin coadministration, lower mean rilpivirine Cgp,

Chin, Cimax, and AUC ¢.24) values were observed in subjects compared to Day 11

Treatment A), when rilpivirine was administered by itself. The 90% confidence interval
( p y

for rilpivirine Cpin, Cmax, and AUC g.24n) were not within 80%-125%.
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Based on evaluating the individual rilpivirine predose concentrations, steady state
concentrations were achieved by Day 11 for both Treatment A and Treatment C in most
subjects.

Rifabutin and 25-O-desacetyl-rifabutin

Table 4-Rifabutin pharmacokinetic parameters (administered as rifabutin 300 mg
once daily and rifabutin 300 mg once daily with rilpivirine 150 mg once daily
coadministration)

Pharmacokinetics of rifabutin Treatment B, Treatment C,
Rifabutin alone TMC278 + rifabutin
(mean =+ SD, ty,,: median [range]) (veference) (test)
n 17 16
[ 3.0[2.0-6.0] 4.5[2.0-6.0]
Con, ng/mL 66.83 = 1938 7145 = 27.11
C i ng/mL 62.16 = 17.58 64.33 = 2524
Cpay. Dg/mL 4156 = 136.9 4207 = 111.6
AUCyy, ng.h/mL 3943 = 9821 4109 = 1083
Cis a» ng/mL 1643 = 40.92 171.2 = 4514
FI, % 2122 = 4034 2099 = 3205

Table 5-Statistical analysis for rifabutin (administered as 300 mg once daily and
rifabutin 300 mg once daily with rilpivirine 150 mg once daily coadministration)

LSmeans * p-value
Treatment B, Treatment C,
Parameter Ri‘::l‘cl:l:l’:in -lllli{:bzu?;?l:_ I;:::Ea;:: 90% CL%" Period Sequence
(reference) (test)
IC o, ng/mL 62.69 65.87 105.1 |94.58-116.8 0.8077 0.9359
C 1. ng/mL 58.53 59.37 101.4 |94.03-1094 0.6322 0.9427
IC e ig'mL 396.1 408.1 103.0 |93.47-113.6 0.0254 0.5993
AUC 4, ng.h/mL 3895 3999 102.7 |96.56 - 109.1 0.0583 0.9572

* n=17 for Treatment B (reference) and n=16 for Treatment C (test).

90% confidence intervals.

On Day 11 (Treatment C), with rilpivirine coadministration, similar mean rifabutin Cop,
Chin> Cmax, and AUC g.24) values were observed in subjects compared to Day 11
(Treatment B), rifabutin was administered by itself. The 90% confidence interval for
rifabutin Con, Ciin, Cmax, and AUC g-24n) were within 80%-125%.
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Table 6- 25-O-desacetyl-rifabutin (metabolite) pharmacokinetic parameters
(administered as rifabutin 300 mg once daily and rifabutin 300 mg once daily with
rilpivirine 150 mg once daily coadministration)

P‘Iml‘m.:lcokiuetics of 25-0-desacetyl- Treatment B, Treatment C.
vifabutin Rifabutin alone TMC278 + rifabutin
(mean £ SD, ty,;: median [range]) (veference) (test)

n 17 16

e 1L 4.0[2.0-5.0] 5.0[3.0-5.0]
Cop, ng/mL 3930 = 1444 4.734 £ 2.393
Crn, ng/mL 3427 = 1491 3956 = 1.862
Cpye ng/mL 27.66 = 7.368 3241 = 1391
AUC,y, ng.h/mL 2509 = 77.78 3153 = 1726
Cy ave ng/mL 1083 = 3.241 13.14 = 7.191
FI, % 2277 = 3281 2238 = 35.03

Table 7-Statistical analysis for 25-O-desacetyl-rifabutin (administered as rifabutin
300 mg once daily and rifabutin 300 mg once daily with rilpivirine 150 mg once
daily coadministration)

LSmeans " p-value
Treatment B, Treatment C,
Parameter Rj:‘i'::ltiu 1311.:1)11?1:_ I;::;::a;: 90% CL,% b Period Sequence
(reference) (test)
Cop. ng/mL 3.706 4.192 113.1 97.06-131.9 0.4891 0.9549
Cruin, ng/mL 3.500 3917 111.9 102.7-121.9 0.5866 0.7347
Crpax. ng/mL 27.88 20.85 107.1 07.82-117.2 0.0264 0.4695
AUCy, ngh/mL 266.8 284.1 106.5 101.8-1114 0.0030 0.7586

? for Cop, Ce and AUCoq: n=16 for Treatment C (test) and n=17 for Treatment B (reference), for Cpyy: n=15 for
Treatment C (test) and n=16 for Treatment B (reference).
b e, .

90% confidence intervals,

On Day 11 (Treatment C), with rilpivirine coadministration, higher mean
25-O-desacetyl-rifabutin Cpin, Cmax, and AUC -24n) values were observed in subjects
compared to Day 11 (Treatment B), when rifabutin was administered by itself. The 90%
confidence interval for 25-O-desacetyl-rifabutin Cy, was not within 80%-125%. The
90% confidence interval for 25-O-desacetyl-rifabutin Cin, Cmax, and AUCg.24n) Were
within 80%-125%.

Based on evaluating the individual rifabutin and 25-O-desacetyl-rifabutin predose
concentrations, steady state concentrations were achieved by Day 11 for both Treatment
B and Treatment C in most subjects.
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10.4 Safety Issues

No deaths or other serious adverse events were reported for the trial. Two grade 3
adverse events were reported (one subject with increased triglycerides and one subject
with increased lipase). No grade 4 adverse events were reported. The most commonly
reported adverse events were chromaturia and headache (see Table 8 below for
information regarding the number and percentage of subjects). Tables 9 and 10 provide
information on adverse events that were at a minimum possibly related to either
rilpivirine or rifabutin.

Table 8-Adverse event incidence reported for two or more subjects and categorized
by system organ class and preferred term

System Organ Class

Preferred Term

n (%) Trial Phase

Treatment A, Treatment B,
TMC278 Rifabutin Treatment C,
alone alone TMC278 + rifabutin Total
N=14 N=17 N=17 N=18

Any Treatment-emergent Adverse 10 (71.4) 12 (70.6) 14 (82.4) 17 (94.4)
Event
Renal and Urinary Disorders 0 7 (41.2) 6(35.3) 10 (55.6)

Chromaturia 0 7(41.2) 6(35.3) 10 (55.6)
Gastreintestinal Disorders 3(21.4) 0 5(29.4) 7 (38.9)

Diarrhoea 1(7.1) 0 3(17.6) 4(22.2) .

Nausea 1 E?.l) 0 2 Eu.s*. 3 Ewm Best Available
General Disorders and 1(7.1) 2(11.8) 6 (35.3) 7 (38.9)
Administration Site Conditions Copy

Fatigue 1(7.1) 2(11.8) 2(11.8) 4(222)

Pyrexia 0 1(5.9) 2(11.8) 3(16.7)

Influenza like illness 0 0 2(11.8) 2(1L.1)
Musculoskeletal and Connective 0 3(17.6) 4(23.5) 7 (38.9)
Tissue Disorders

Back pain 0 1{5.9) 4(23.5) 5(27.8)
Nervous System Disorders 5(35.7) 4 (23.5) 3(17.6) 7 (38.9)

Headache 5(35.7) 4(23.5) 2(11.8) 6(33.3)
Investigations 1(7.1) 0 2 (11.8) 5(27.8)

Lipase increased 1(7.1) 0 2(11.8) 4(22.2)
Respiratory, Thoracic and 0 1(5.9) 4(23.5) 4(22.2)
Mediastinal Disorders

Pharyngolaryngeal pain 0 0 2(11.8) 2(11.1)
Skin and Subcutaneous Tissue 3(21.4) 1(5.9) 0 4(22.2)
Disorders

Rash 2(14.3) 0 0 2(11.1)

# including 1 subject with lipase increased during the follow-up period

N = number of subjects with that particular AE: N= number of subjects per phase:
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Table 9-Adverse event incidence at a minimum possibly related to rilpivirine and
categorized by system organ class and preferred term

Trial Phase
Treatment A, Treatment B, Treatment C,
System Organ Class TMC278 Rifabutin TMC278 +
Preferred Term alone alone rifabutin Total
n (%) N=14 N =17 N =17 N=18
Any Adverse Event 10 (71.4) 12 (70.6) 14 (82.4) 17 (94.9)
With at Least 1 AE Thought to be at Least Possibly 7 (50.0) 0 8(47.1) 10 (55.6)
Related to TMC278
Gastreintestinal Disorders 3(21.4) 0 5(294) 7 (38.9)
Diarthoea 0 0 3(17.6) 3(16.7)
Nausea 1(7.1) 0 2(11.8) 3(16.7)
Abdominal pain upper 1(7.1) 0 0 1(5.6)
Dyspepsia 1(7.1) 0 0 1(5.6)
Enteritis 1(7.1) 0 0 1 (5.6)
Tongue ulceration 1(7.1) 0 0 1(5.6)
General Disorders and Administration Site 1(7.1) 0 2(11.8) 2(1L1)
Condirions
Fatigue 1(7.1) 0 2(11.8) 2(11.1)
Feeling cold 1(7.1) 0 0 1(5.6)
Infections and Infestations 2 (14.3) 0 0 2(11.1)
Folliculitis 1(7.1) 0 0 1 (5.6)
Gastroenteritis 1(7.1) 0 0 1(5.6)
Investigations 1(7.1) 0 2(11.8) 3 (16.7)
Lipase increased 1(7.1) 0 2(11.8) 3(16.7)
Nervous Systein Disorders 3(21.4) 0 2(11.8) 4(22.2)
Headache 3(21.4) 0 2(11.8) 4(22.2)
Psychiatric Disorders 0 0 1(5.9) 1(5.6)
Sleep disorders 0 0 1(5.9) 1(5.6)
Skin and Subcutaneous Skin Disorders 1(7.1) 0 0 1(5.6)
Rash 1(7.1) 0 0 1(5.6)
Pruritus 1(7.1) 0 0 1(5.6)

n = number of subjects with that particular AE: N = number of subjects per phase.
Only one event of rash was considered to be probably related to TMC278. No subjects had an AE considered to be very likely related to TMC278.

Table 10-Adverse event incidence at a minimum possibly related to rifabutin and
categorized by system organ class and preferred term

Trial Phase
Treatment A, Treatment B, Treatment C,
System Organ Class TMC278 Rifabutin TMC278 +
Preferred Term alone alone rifabutin Total
n (%) N =14 N=17 N=17 N=18
Any Adverse Event 10 (71.4) 12 (70.6) 14 (82.4) 17 (94.4)
With at Least 1 AE Thought to be at Least Possibly 0 9(52.9) 10 (58.8) 14 (77.8)
Related to Rifabutin
Renal and Urinary Disorders 0 7(41.2) 6 (35.3%) 10 (55.6)
Chromaturia 0 7(41.2) 6 (35.3%) 10 (55.6)
Gastrointestinal Disorders 0 0 5(29.4) 5(27.8)
Diarrhoea 0 0 3(17.6) 3(16.7)
Nausea 0 0 2(11.8) 2(11.1)
General Disorders and Administration Site 0 2(11.8) 2(11.8) 4(22.2)
Conditions
Fatigue 0 2(11.8) 2(11.8) 4(22.2)
Pyrexia 0 1(5.9) 0 1(5.6)
Investigations 0 0 2(11.8) 2(11.1)
Lipase increased 0 0 2(11.8) 2(11.1)
Musculoskeletal and Connective Tissue Disorders 0 1(5.9) 0 1(5.6)
Back pain 0 1(5.9) 0 1(5.6)
Nervous System Disorders 0 2(11.8) 2(11.8) 3 (16.7)
Headache 0 2(11.8) 2(11.8) 3(16.7)
Psychiatric Disorders 0 0 1(5.9) 1(5.6)
Sleep disorder 0 0 1(5.9) 1(5.6)

n = number of subjects with that particular AE: N = number of subjects per phase.

Ouly the events of chromaturia were considered to be probably related to rifabutin. No subjects had an AE considered to be very likely related to

rifabutin,
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11. Discussion and Conclusions

Based on the results from the drug-drug interaction trial, the following conclusions can be
made:

e Rilpivirine exposure was decreased with rifabutin coadministration (rilpivirine
mean Con, Cuin, Cmax, and AUC o_o4n) values were decreased by 47%, 49%, 35%
and 46%, respectively). The 90% confidence interval for all three parameters was
not within 80-125%.

e With rilpivirine coadministration, minimal changes were observed in rifabutin
exposure. The mean rifabutin Cop, Cin, Cmax, and AUC g.24n) values were
increased by 5%, 1%, 3%, and 3%, respectively. The 90% confidence interval for
rifabutin Con, Ciin, Cmax, and AUC g-24n) was within 80%-125%.

e With rilpivirine coadministration, the mean 25-O-desacetyl-rifabutin Cop, Cyin,
Cmax, and AUC .24y values were increased by 13%, 12%, 7% and 7%,
respectively. The 90% confidence interval for Co, was 97%-132% and was not
within 80%-125%. The 90% confidence interval Ciin, Cimax, and AUC g-24n) Was
within 80%-125%.

The decrease in rilpivirine exposure may be potentially explained by rifabutin CYP 3A
induction. The information from the trial supports the conclusion that with a rilpivirine
150 mg once daily dosing regimen, potential rifabutin CYP 3A induction of rilpivirine
metabolism results in clinically relevant changes in rilpivirine exposure and therefore
either a dosage adjustment for rilpivirine or a recommendation in the rilpivirine
prescribing information that rifabutin and rilpivirine should not be coadministered is
required.

With a 150 mg once daily rilpivirine dosage regimen, the decreases in both rifabutin and
25-O-desacetyl-rifabutin exposure may be potentially explained by rilpivirine CYP 3A
induction. The specific effects of a 25 mg once daily rilpivirine dosage regimen on
rifabutin and 25-O-desacetyl-rifabutin exposure have not been evaluated. From a
mechanistic standpoint, the degree of induction with rilpivirine 25 mg once daily dosing
is anticipated to be the same or less compared to 150 mg once daily dosing. The changes
in rifabutin and 25-O-desacetyl-rifabutin exposure with rilpivirine coadministration do
not appear to be clinically relevant based on the results from the trial and therefore no
dosage adjustment for rifabutin is required with rilpivirine dosage regimens ranging from
25 mg once daily to 150 mg once daily. A greater degree of rifabutin induction may
occur with rilpivirine 25 mg once daily dosing. However the same conclusions that were
reached for rilpivirine 150 mg once daily dosing would still apply: either a dosage
adjustment for rilpivirine or a recommendation in the rilpivirine prescribing information
that that rifabutin and rilpivirine should not be coadministered is required.
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Trial TMC278-C127

A phase I, open-label, randomized, two-way crossover trial in 16 healthy subjects to
investigate the potential pharmacokinetic interaction between steady-state rilpivirine and
steady-state ketoconazole

Dates: July 04 - October 19, 2005
Trial Site: e

Summary of Findings:

When co-administered at steady state, rilpivirine exposure (AUCy4,) increased by 49% while
ketoconazole exposure (AUC,4;) decreased by 24%. The applicant considers this increase in
rilpivirine exposure to be safe and does not recommend any dose adjustments; especially because
the dose tested in this trial is 6-fold higher than the proposed recommended dose (25 mg q.d.) of
rilpivirine. The decrease in ketoconazole exposure was anticipated because rilpivirine was an
inducer of enzymes in the CYP3A-family in vitro (the in vitro CYP induction study did not
evaluate rilpivirine concentrations below 2.5 uM (the C,,.x for 150 mg once daily dosing] and for
25 mg once daily dosing, the C,,.x value is approximately 0.5 uM). It is unknown if the decrease
in exposure will impact the clinical efficacy of ketoconazole.

Objectives:

To investigate the effect of steady-state ketoconazole on the steady-state pharmacokinetics of
rilpivirine, and vice versa and to investigate the short-term safety and tolerability of co-
administration of rilpivirine and ketoconazole

Design:

This was a phase 1, open-label, randomized, two-way crossover trial to investigate the
pharmacokinetic interaction between rilpivirine and ketoconazole at steady-state. A total of 16
healthy male subjects (8 Caucasian/White, 8 Black) received in a randomized order, rilpivirine
alone (Treatment A) or ketoconazole alone followed by a combination of rilpivirine and
ketoconazole (Treatment B) during session 1. After a 14-day washout period, a cross over
occurred and subjects received a different treatment in session 2.

Treatment A: Rilpivirine 150 mg QD on Days 1 — 11
Treatment B: Ketoconazole 400 mg QD on Days 1 —22
Rilpivirine 150 mg QD + ketoconazole 400 mg QD on Days 12 — 22

Figure 1 Trial Design

Sessionl1 —> Atleast 14 Days —> Session 2

Washout
Group 1 | Treatment A (n=8) Treatment A (n=8)
Rilpivirine 150 mg QD Rilpivirine 150 mg QD
on Days 1-11 on Days 1-11
c
S
T
LN
g Treatment B (n=8) Treatment B (n=8)
e}
n% Ketoconazole 400 mg QD Ketoconazole 400 mg QD
on Days 1-22 on Days 1-22
+ +
Group 2 Rilpivirine 150 mg QD Rilpivirine 150 mg QD
P on Days 12-22 on Days 12-22
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The trial’s inclusion criteria specified enrolling healthy males and females 18 to 45 years old with
normal body weight (BMI 18.0 to 30.0 kg/m®) and cortisol levels >19.9 pg/dL at screening.
Subjects were excluded from the trial if they had any current or previous adrenal illness, viral
infections (HIV-1, HIV-2, and Hep A, B, or C infection), or any of the following abnormal
laboratory parameters: SCr >1.1 X ULN, hemoglobin <10.9 g/dL, and AST or ALT >1.25 X
ULN. Subjects were also excluded if they had a history or suspicion of using alcohol,
barbiturates, amphetamines, recreational drugs, and/or narcotic drugs. The use of prescription
medications, herbal medications, and dietary supplements were discontinued 14 days before the
first administration of trial medication. All over-the-counter products (OTC) were discontinued
at least 7 days prior to the first administration of trial medication. The only medications permitted
during the trial were ibuprofen (no more than 400 mg/day), antipruritic agents including
cetirizine, levocertirizine or topical corticosteroids (in case of rash/allergic reactions), antiemetics
(if nausea), and loperamide (if diarrhea).

Investigational Products:

The hydrochloric acid salt of rilpivirine, R314585, was formulated as an oral film-coated tablet
with lactose and microcrystalline cellulose as fillers. Each tablet contained 55 mg or 110 mg of
R314585, equivalent to 50 mg (F003) or 100 mg (F002) of rilpivirine, respectively.

e Rilpivirine 50 mg tablet (Batch ID: PD1273), Rilpivirine 100 mg tablet (Batch ID:
PD1268)
e Ketoconazole (Nizoral®) 200 mg tablet (Badge ID: 02GB749/A)

Rationale for Trial Doses:

Rilpivirine was given at 150 mg q.d. (6-fold higher than the to-be-marketed dose, 25 mg q.d.) for
11 days to achieve steady state concentrations. In previous clinical trials, rilpivirine was
generally safe and well tolerated after multiple oral doses of up to 150 mg q.d. for 14 days.

Rilpivirine systemic exposures generally increase in a dose proportional fashion and it is
anticipated that a dose of 150 mg q.d. could deliver exposures that are ~6-fold higher than those
produced by 25 mg q.d. If a drug-drug interaction (via ketoconazole CYP3A inhibition and/or
rilpivirine CYP3A inhibition/induction) occurs with 150 mg q.d., then the magnitude interaction
could be scaled down to one produced by 25 mg q.d (assuming similar magnitude of inhibition or
induction effects). The effect of rilpivirine on CYP3A4 enzyme activity was explored in terms of
the urinary 6-B-OH-cortisol/cortisol ratio in a clinical trial (TMC278-C131). Thirty nine subjects
were given rilpivirine at 75 mg q.d. and thirty nine subjects were given rilpivirine at 300 mg q.d.
After steady-state administration of rilpivirine, the average day 1/day 11 ratio was increased,
compared to placebo, to a mean of 1.146 (95% CI 1.032 — 1.260) and 1.389 (95% CI 1.212 —
1.566) for the 75 mg q.d. and 300 mg q.d. dose groups, respectively. The applicant states the
results from this trial indicate that rilpivirine had mild inducing effects on CYP3A4, which
appeared to be dose related. The applicant believes that the rilpivirine at the recommended dose
of 25 mg q.d. is unlikely to cause a clinically significant impact on medications combined with
rilpivirine.

Ketoconazole (Nizoral™) was administered for 22 days at 400 mg q.d. This is the recommended
dosage regimen for ketoconazole as stated in the FDA guidance for drug-drug interaction trials.
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Dosage and Administration:

During days of PK assessments, subjects were instructed to fast overnight for at least 10 hours
prior to the next morning’s clinic visit. At the testing facility, subjects ingested their medications
with food. At home, subjects were instructed to ingest trial medication with food.

Pharmacokinetic Assessments:
Blood samples were collected at the following time points for evaluation of rilpivirine and
ketoconazole plasma concentrations:

e Rilpivirine for Treatment A
0 Day I: predose (0) and 4 hours post dose
0 Days 9 and 10: Predose (0)
0 Days 11 and 12: A total of 12 samples starting from predose (0) to 24 hours post
dose

Rilpivirine for Treatment B
0 Day I: predose (0) and 4 hours post dose
0 Day 12: predose (0) and 4 hours post dose
0 Days 20 and 21: predose (0)
0 Days 22 and 23: A total of 12 samples starting from predose (0) to 24 hours post
dose

Ketoconazole for Treatment A
0 Day 1: predose (0)

Ketoconazole for Treatment B

0 Day I: predose (0) and 4 hours post dose

0 Days 9 and 10: Predose (0)

0 Days 11 and 12: A total of 12 samples starting from predose (0) to 24 hours post
dose. On Day 12, an additional time point was collected at 4 hours post dose for
determination of ketoconazole concentration

0 Days 20 and 21: Predose (0)

0 Days 22 and 23: A total of 12 samples starting from Predose (0) to 24 hours post-
dose

Analytical Methods — Bioanalysis:

The bioanalytical methods for rilpivirine and ketoconazole are acceptable. Two different

laboratories performed the analysis: ©®@ in The
®® analyzed rilpivirine plasma concentrations and O analyzed

ketoconazole plasma concentrations.

Rilpivirine concentrations in plasma were determined using a validated LC-MS/MS method with
a lower limit of quantification (LLOQ) of 1.0 ng/mL and the upper limit of quantification (ULQ)
of 2000 ng/mL. A 1/x* weighted least squares linear regression analysis was used for all
calibration curves.
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Ketoconazole concentrations in plasma were determined using a validated LC-MS/MS method
with LLOQ of 50 ng/mL and ULQ of 5000 ng/mL. All standard samples were prepared using
ketoconazole supplied by USP.

Table 1-Precision (% CV) and accuracy (% relative error) of calibration standards and QC samples
for the bioanalysis of TMC278-C127 rilpivirine and ketoconazole plasma concentrations

Rilpivirine Ketoconazole
Calibration Stds QCs Calibration Stds QCs
% CV 0.8-4.3 2.7-6.0 0.7-6.0 3.8-4.6
% Relative error <5.7 <4 <2.0 <1.6
R >0.9979 >0.9992

Rilpivirine was unstable in daylight therefore, all samples, QC and calibration solutions were
processed under a sodium lamp light source. Throughout the trial and during shipping, plasma
samples were stored at <-18°C except during bioanalysis. The contract lab ®® did not report
long-term storage stability tests for rilpivirine in human plasma. A rilpivirine post preparative
stability test for 120 hours was included in the TMC278-C127 bioanalytical report for rilpivirine
that was conducted to evaluate whether the rilpivirine plasma samples degraded while awaiting
bioanalysis (samples sat in the auto sampler for 120 hours under regular conditions). The oe
rilpivirine method validation report included a rilpivirine post preparative stability test for 48
hours. Test results revealed no apparent deviations from the regular levels of rilpivirine,
indicating that the plasma samples were stable during the period of bioanalysis. The long term
stability data generated from Tibotec indicated that rilpivirine was stable for up to 1528 days at
-20°C.

Long-term stability of ketoconazole in frozen human plasma was demonstrated at -20°C for up to
691 days. The actual storage time of the trial samples was 115 days from the first sample taken to
the last date of sample analysis. Therefore, the ketoconazole plasma samples were considered
stable.

Pharmacokinetic Analysis:

Plasma concentrations of rilpivirine and ketoconazole were analyzed by non-compartmental
analysis model 200 (extravascular input, plasma data) using WinNonlin Professional® (version
4.1; Pharsight Corporation, Mountain View, CA) and/or Microsoft Excel® (version 2000;
Microsoft, Redmond, Washington). Nominal sampling times were used for the calculation of all
the pharmacokinetic parameters. In case major aberrations (>10.0% deviations from the
scheduled time) occurred, actual sampling times were used in the PK analysis.

Statistical Analysis:

Statistical analysis for pharmacokinetic analysis was performed by
using SAS® (version 9.1.3). Descriptive statistics were calculated for the plasma

concentrations of rilpivirine and ketoconazole at each time point and for the derived PK

parameters.  Statistics included sample size (n), mean, standard deviation, percentage of

coefficient of variation, geometric mean, median, minimum, and maximum.

(b) (4)

The least square means (LSmeans) of the primary parameters of rilpivirine for each treatment
group were estimated with a linear mixed effects model, controlling for treatment, sequence, and
period as fixed effects and subject as random effect.
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The LSmeans of the primary parameters of ketoconazole for each treatment were estimated with a
linear fixed effects model, controlling for treatment as fixed effect and subject as a random effect.
As the treatments of ketoconazole were not given in a randomized crossover design, controlling
for sequence and period as fixed effects was not possible.

A 90% confidence interval was constructed around the difference between the LS means of test
(Treatment B, ketoconazole + rilpivirine) and reference (Treatment A, rilpivirine or Treatment B,
ketoconazole alone).

Pharmacokinetic results, rilpivirine:
Based on evaluating the individual rilpivirine Cy, concentrations, steady state concentrations were
achieved by Day 11 (Treatment A) or Day 22 (Treatment B) in most subjects.

The steady state co-administration of rilpivirine and ketoconazole (Treatment B, Day 22) resulted
in higher mean plasma concentrations of rilpivirine compared to administration of rilpivirine
alone (Treatment A, Day 11). Visual inspection of the mean steady state concentration-time
profile of rilpivirine revealed double peaks, the first higher peak occurred at approximately 4 to 5
hours and the second lower peak occurred around approximately 9 to 12 hours post dose. Co-
administration with ketoconazole seemed to influence the rilpivirine plasma concentration-time
profile. Without ketoconazole, the first rilpivirine peak was higher than the second, while with
ketoconazole the second peak was higher than the first. The mean profile also showed higher
rilpivirine plasma concentrations at 24 hours than at 16 hours post dose for both treatments.
Refer to Figure 2 below.

Figure 2 Mean Steady State Plasma Concentration-Time Curves of TMC278 With and Without Co-
administration of Ketoconazole
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A summary of the statistical analysis is listed below.
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Table 2 Summary of the Statistical Analysis of the pharmacokinetic parameters of
rilpivirine 150 mg once daily with and without co-administration of ketoconazole
400 mg once daily

LSmeans” p-value

Treatment A, Treatment B,
Parameter Day 11: _ Day22: LSIPND,S 90% CL%" |Treatment|Period|Sequence]

TMC278 alone Ketoconazole + ratio, %o

(reference) TMC278 (test)

Cox. ng/mL 439.1 791.9 1803 |1613-201.6| <0.0001 [02911| 0.6216
C i, /ML 360.3 6332 1757 | 1569-196.7| <0.0001 [0.5428| 0.5638
C . /ML 993.9 1287 1295 | 113.2-1482| 0.0049 |0.8594| 0.5908
AUC,y,. ng./mL 14676 21923 1494 | 1309-1704| 0.0001 |0.6121] 0.4971

n =15 for Treatment A (reference) and n = 14 for Treatment B (test).

b , - :
90% confidence intervals.

Pharmacokinetic results, ketoconazole:
Based on evaluating the individual ketoconazole Cg, concentrations, steady state concentrations
were achieved by Day 11 in most subjects.

The steady state co-administration of rilpivirine and ketoconazole (Treatment B, Day 22) resulted
in lower mean plasma concentrations of ketoconazole compared to administration of
ketoconazole alone (Treatment B, Day 11). For both treatments, there was no delay in absorption
of ketoconazole and the t,,,, was 4 hours.

Mean values for all pharmacokinetic parameters, except fluctuation index, of ketoconazole were
higher when ketoconazole was co-administered with rilpivirine (Treatment B, Day 22) compared
to ketoconazole alone (Treatment B, Day 11). The fluctuation index with combination was
71.64% versus 103.9% with rilpivirine alone. A summary of the statistical analysis is listed
below.

Table 3 Summary of the statistical analysis of the pharmacokinetic parameters of
ketoconazole 400 mg once daily with and without co-administration of rilpivirine
150 mg once daily

LSmeans” p-value
Treatment B, Day 11 Treatment B, Day 22 LSmeans or 7 oub
Parameter Ketoconazole alone | Ketoconazole + TMC278| patig. 0 90% CL%" |Treatment
(reference) (test)

Cop. ng/mL 0.3516 0.1183 33.66 2474-4578 <0.0001
Crin, Lg/mL 0.3340 0.1134 3390 2494 - 46.06 <0.0001
Crnax, Hg/mL 8.825 7.507 85.06 80.06 - 90.37 0.0004
AUCy,. ngh/mL 82.08 6237 75.98 70.40-82.01 =0.0001

* n= 14 for Treatment B, Day 11 (reference ) and for Treatment B, Day 22 (test).

b X - .
90% confidence ntervals.
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Discussion and Conclusions:

The applicant failed to report the impact of ketoconazole on the half-life of rilpivirine and vice
versa. In the presence of ketoconazole, the half-life of rilpivirine may be prolonged in some
subjects, and the washout period did not prevent carryover concentrations of rilpivirine into the
next treatment session. Five out of sixteen subjects in Treatment B (rilpivirine + ketoconazole)
had quantifiable plasma concentrations of rilpivirine at predose and six out of sixteen subjects had
in Treatment A (rilpivirine alone) had quantifiable plasma concentrations of rilpivirine at predose
on Day 1. Fortunately, these carryover concentrations were too low (<5% of the individual’s
Ciax) to have a relevant influence on rilpivirine exposure in Session 2, Treatment A. There were
no subjects with quantifiable predose ketoconazole concentrations on Day 1.

Seven subjects had a treatment-emergent ECG abnormality, none of which was reported as an
AE. Three subjects showed QT interval change (> 60 ms change during the trial) that was at least
borderline and no new ECG abnormalities were reported during follow-up.

Based on trial results, no dose adjustment of rilpivirine is required when given concurrently with
ketoconazole. At steady state, rilpivirine exposure (AUC,4y) increased by 49%. The applicant
considers this increase in exposure safe and does not recommend any dose adjustment; especially
because the dose tested in this trial is 6-fold higher than the recommended dose of 25 mg q.d.
Even so, one question still remains: Could the inhibitory effect of ketoconazole be greater than
49% when rilpivirine is given at 25 mg q.d.? At higher doses, rilpivirine appears to induce the 3A
enzymes (based on observed decreases in ketoconazole exposure). If the magnitude of 3A
induction is dose related, then lower doses of rilpivirine could produce less induction and
potentiate the inhibitory effects of ketoconazole.

In regard to the effect of rilpivirine on ketoconazole, it is unknown if the 24% decrease in
ketoconazole exposures is clinically significant. A drug-drug interaction trial between
ketoconazole and nevirapine showed marked decreases in ketoconazole exposures by as much as
~72% for AUC (Viramune® package insert, Boechringer-Ingelheim). This trial’s applicant
recommended avoiding concomitant administration of ketoconazole and nevirapine. Similarly,
the package insert of etravirine reports a drug-drug interaction with ketoconazole but does not
provide a magnitude of interaction. The applicant suggests adjusting the dose of ketoconazole
depending on the other co-administered drugs (Intelence™ package insert, Tibotec). It is unlikely
that the applicant in this trial will recommend ketoconazole dose adjustments primarily because it
appears that the 25 mg q.d. dose of rilpivirine may not induce 3A enzymes as much as the 150 mg
q.d. dose.
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T™MC278-C136

1. Title

A Phase I, open-label drug-drug interaction trial to investigate the effect of TMC278 25
mg q.d. on the steady-state pharmacokinetics of ethinylestradiol and norethindrone, in
healthy women

2. Information Regarding the Clinical Trial Site and Duration of the Trial

(b) (4)
from July 18, 2008 to December 2,

The trial was conducted at the
2008.
3. Objectives

The objective of the trial was to evaluate the effect at steady state of rilpivirine on ethinyl
estradiol and norethindrone pharmacokinetics.

4. Trial Design

TMC278-C125 was a Phase I, open label clinical trial that enrolled female subjects
between 18 and 45 years old that were either already receiving oral contraceptives
containing ethinyl estradiol 35 ug ethinyl estradiol and 1 mg norethindrone or were
receptive to switching to or initiating an oral contraceptive containing ethinyl estradiol 35
ug ethinyl estradiol and 1 mg norethindrone. The trial design is displayed in Figure 1.

Figure 1-TMC278-C136 trial design

Stabilizing treatment Treatment A Treatment B
First OC cvcle Second OC cvcle Third OC cvcle
Week | Week | Week Week Week | Week | Week Week Week | Week | Week Week
1 2 3 4 1 2 3 4 1 2 3 4
Day -28- -8 Day -7- -1 Dav 1-21 Day 22-28 Day 29-49 Day 50-56
Treatment: Ovysmen® q.d. Treatment: Ovysmen ¥ g.d. Treatment: Ovysmen" q.d.
Tablets Pill-free Tablets Pill-free Tablets Pill-free
period period period
Day 29-43
Treatment:
TMC278
25mgqd.
Day 15: full PK profile of Day 43: full PK profile of
ethinylestradiol and norethindrone ethinvlestradiol. norethindrone. and
TMC278

PK =pharmacokinetic
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5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions

Use of ibuprofen was permitted up to three days before the start of the second oral
contraceptive cycle. Afterwards, ibuprofen use was permitted up to 400 mg/day. Any
over the counter medications were to be discontinued a minimum of 7 days before the
second oral contraceptive cycle and any prescription medications were to be discontinued
a minimum of fourteen days before the start of the second oral contraceptive cycle (with
the exception of ibuprofen and oral contraceptives [Ovysmen®]). Use of any medication
other than ibuprofen was not permitted up to fourteen days after the last administration of
rilpivirine on Day 43. Use of herbal medicines or dietary supplements was not permitted
from fourteen days before the second oral contraceptive cycle up to fourteen days after
the last administration of rilpivirine on Day 43.

Use of liquids containing alcohol or quinine was not permitted from 24 hours before
administration of the oral contraceptive on Day 1 until 24 after administration of the oral
contraceptive on Day 15 and from 24 hours before administration of rilpivirine on Day 29
until 24 hours after administration of rilpivirine on Day 43. Intake of grapefruit and
grapefruit juice was not permitted from 7 days before administration of the oral
contraceptive on Day 1 until 24 hours after administration of the oral contraceptive on
Day 15 and from seven days before administration of rilpivirine on Day 29 until 96 hours
after administration of rilpivirine on Day 43.

In the event of an adverse event, the following medications were permitted:

A) Rash or an allergic reaction: cetirizine, levocetirizine, topical corticosteroids, or
antipruritic agents (specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)
C) Diarrhea: loperamide

6. Dosage and Administration

On Day 15 (Treatment A) and Day 43 (Treatment B), subjects fasted overnight for a
minimum of 8 hours. After a standard meal in the morning, the oral contraceptive was
administered alone or in combination with rilpivirine within 10 minutes after completion
of the meal.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimen that was administered to all subjects for Treatment B was
25 mg once daily. The trial report states that the oral contraceptive was administered
with or without rilpivirine after consuming breakfast. The rilpivirine dosage regimen that
was evaluated in the Phase 3 clinical trials and the recommended dosage regimen in the
proposed prescribing information is 25 mg once daily with a meal.
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The oral contraceptive dosage regimen (35 pg ethinyl estradiol and 1 mg norethindrone)
is one of the available oral contraceptive dosage regimens that are used in oral
contraceptive combinations.

8. Drugs Used in the Trial

Rilpivirine 25 mg tablets (formulation FO06) were administered in the trial. These tablets
were developed for use in the Phase 3 trials.

Ethinyl estradiol 35 pg and norethindrone 1 mg (Ovysmen®) tablets were administered in
the trial. The Ovysmen oral contraceptive formulation is not commercially available in
the United States but appears to be similar to other monophasic combination oral
contraceptive products consisting of ethinyl estradiol 35 pg and norethindrone 1 mg that
utilize 21 days of active treatment with or without seven days of placebo.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection for Pharmacokinetic Assessments

For Treatment A (ethinyl estradiol and norethindrone administered alone), blood samples
for analysis of ethinyl estradiol and norethindrone concentrations were obtained on Days
15 and 16 at predose and up to 24 hours postdose. Predose blood samples for analysis of
ethinyl estradiol and norethindrone concentrations were also obtained on Days 13 and 14.

For Treatment B, blood samples for analysis of rilpivirine, ethinyl estradiol and
norethindrone concentrations were obtained on Days 43 and 44 at predose and up to 24
hours postdose. Predose blood samples for analysis of rilpivirine, ethinyl estradiol and
norethindrone concentrations were also obtained on Days 41 and 42.

Sample Collection for Pharmacodynamic Assessments

Serum concentrations of progesterone, luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) were collected on Days 1 and 14 (Treatment A), and on Days 29 and 42
(Treatment B).

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by Johnson and Johnson
Pharmaceutical Research and Development. The lower limit of quantification for
rilpivirine was 1 ng/mL and the upper limit of quantification was 2000 ng/mL. There
were no precision or accuracy issues identified for rilpivirine based on the bioanalytical
report. There was only one analytical run that was performed for the trial. For the
TMC278-C136 trial, precision and accuracy were evaluated using the low (2.77 ng/mL),
medium (55.3 ng/mL), and high (1570 ng/mL) QC samples. The corresponding
rilpivirine intra-run accuracy values were -0.4% for the low QCs, 1.6% for the medium
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QCs, and 0% for the high QCs, and the rilpivirine intra-run precision values were 3.6%
for the low QCs, 1.3% for the medium QCs, and 3.3% for the high QCs. The submitted
rilpivirine long term stability data of 1528 days covered the duration of long term
rilpivirine stability data necessary for the TMC278-C136 trial.

The method and bioanalysis of ethinyl estradiol and norethindrone are acceptable.
Plasma samples were analyzed for ethinyl estradiol and norethindrone concentrations
using a validated LC/MS/MS method by @@ The lower limit of quantification for
ethinyl estradiol was 2 pg/mL and the upper limit of quantification was 500 pg/mL.
There were no precision or accuracy issues identified for ethinyl estradiol based on the
bioanalytical report. For the TMC278-C136 trial, precision and accuracy were evaluated
using QC samples at the following concentrations: 5, 10, 30, 100 and 400 pg/mL. The
corresponding ethinyl estradiol inter-run accuracy values were 2%, 6%, 5%, 6% and 5%,
respectively, and the ethinyl estradiol inter-run precision values were 2.94%, 3.67%,
1.7%, 1.64%, and 1.54%, respectively. The lower limit of quantification for
norethindrone was 50 pg/mL and the upper limit of quantification was 25000 pg/mL.
There were no precision or accuracy issues identified for norethindrone based on the
bioanalytical report. For the TMC278-C136 trial, precision and accuracy were evaluated
using QC samples at the following concentrations: 125, 300, 1200, 4000 and 20000
pg/mL. The corresponding norethindrone inter-run accuracy values were 0%, 5%, 5%,
4%, and 2% and the norethindrone inter-run precision values were 6.37%, 4.04%, 2.21%,
2.55%, and 1.98%. The submitted ethinyl estradiol and norethindrone long term stability
data of 160 days at -20°C covered the duration of long term ethinyl estradiol and
norethindrone stability data necessary for the TMC278-C136 trial.

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate pharmacokinetic parameters,
including Cpax and AUCg.y. If @ major difference (> 10% deviation from the scheduled
time) was observed, the actual sampling time was used instead of the scheduled sampling
time. In addition, plasma concentrations for actual sampling times that deviated > 30%
from the scheduled sampling time were excluded from the descriptive statistics.

Pharmacodynamic Assessments

For progesterone, luteinizing hormone (LH) and follicle-stimulating hormone (FSH),
descriptive statistics were calculated for the actual values, the change from predose
values, and the change from predose values to mid-cycle values. In addition, descriptive
statistics were derived for intra subject changes in predose values over the two cycles,
changes from predose values to mid-cycle values, and the difference in change from
predose values between Treatment B and Treatment A.

Statistical Analysis

Descriptive statistics were calculated for rilpivirine, ethinyl estradiol and norethindrone
plasma concentrations and pharmacokinetic parameters, including the number of subjects

Reference ID: 2924498 216



(n), mean, standard deviation, the coefficient of variation (CV%), geometric mean,
median, and the minimum and maximum values.

For ethinyl estradiol and norethindrone, statistical analysis involved comparison of
ethinyl estradiol and norethindrone log transformed pharmacokinetic parameters for
Treatment B (test arm) compared to Treatment A (reference arm). Cp, (the minimum
plasma concentrations between 0 hour and the dosing interval [t]), Cmax, and AUCy.y
were evaluated. Using a linear mixed effects model, least squares means were calculated
and 90% confidence intervals were derived based on the difference of the
pharmacokinetic parameter’s least squares means for the test and reference arms. Upper
and lower limits for the 90% confidence interval of 80% and 125%, respectively were
defined for comparison purposes.

An assessment was performed to determine if rilpivirine steady state concentrations were
achieved by Day 43 (Treatment B) based on predose concentrations from Days 41, 42
and 43. For ethinyl estradiol and norethindrone, an assessment was performed to
determine if steady state concentrations were achieved by Day 15 (Treatment A) based
on predose concentrations from Days 13, 14, and 15 and by Day 43 (Treatment B) from
Days 41, 42 and 43.

10. Results
10.1 Subject Demographics and Disposition

Table 1-TMC278-C136 subject demographics

All Subjects

Parameter N=18
Age, years

Median (range) 26.0 (20-38)
Height. cm

Median (range) 166.0 (153-177)
Weight, kg

Median (range) 69.5 (52-85)
BMI. kg/m’

Median (range) 24.56 (18.9-29.4)
Sex. n (%)

Female 18 (100)
Race, n (%)

American Indian or Alaska native / white 1(5.6)

Asian 2(1L.1)

Black or African American 3(16.7)

White 12 (66.7)
Ethnicity

Hispanic or Latino 1(5.6)

Not Hispanic or Latino 17 (94.4)
Smoking in last 3 months

Yes 4(22.2

No 14 (77.8)
Type of Smoker. n (%)

Light 4(22.2)

N = number of subjects, BMI = body mass index.
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Figure 2-TMC278-C136 subject disposition
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N = number of subjects, OC = oral contraceptives

10.2 Prior and Concomitant Medications

Nine subjects administered concurrent medications during the trial. The administered
concurrent medications were unspecified antiseptics, clarithromycin, clotrimazole,
unspecified cough and cold medications, ibuprofen, oxymetazoline, acetaminophen and a
combination miconazole and hydrocortisone formulation (Brentan). Of these
medications, clarithromycin and clotrimazole (both medications were administered
concurrently with oral contraceptives only) could potentially alter CYP 3A metabolism.
However, because only a limited number of subjects received medications that would be
expected to alter CYP 3A metabolism (one subject received clarithromycin and one
subject received clotrimazole), the impact on the trial results is anticipated to be minimal.

10.3 Pharmacokinetic and Statistical Analysis
The trial report states that there were subjects that had predose concentrations drawn

postdose and predose samples that were drawn greater than 10 minutes postdose were
excluded form the analysis.
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Rilpivirine

Table 2-Pharmacokinetic parameters for rilpivirine 25 mg once daily with
coadministration of ethinyl estradiol 35 pg and norethindrone 1 mg once daily
[%FIZIOO X ([Cmax'cmin]/css,av)]

Treatment B:

1 mg norethindrone /
Pharmacokinetics of TMC278 (mean £SD, t,,,,: median 35 ng ethinylestradiol q.d.
[range]) +25 mg TMC278 q.d
n 15
Dav 41
Cop, ng/mL? 113.6 + 55.08
Day 42
Cop. ng/mL 121.2 + 45.65
Day 43
Cop. ng/mL 121.2 + 51.70
C - Ng/mL 89.49 + 38.04
C e Dg/mL 172.1 + 37.91
Tz 11 4.0 (2.0-24.0)
Chap, ng/mL 126.2 + 52.95
AUC,4,. ng.h/mL 3028 + 941.4
Cyav- Dg/mL 126.2 + 39.22
FL. % 71.24 + 23.65
*n=14

Comparative data for rilpivirine without ethinyl estradiol and norethindrone
coadministration was not obtained in the TMC278-C136 trial. However, based on a
comparison of the Cpin, Cnax, and AUC g.24n) values obtained from the TMC278-C209 and
TMC278-C215 trials that evaluated the 25 mg Phase 3 tablet formulation in HIV-1
infected subjects, higher rilpivirine exposure was observed in the TMC278-C136 trial.
The mean Day 43 Ciin, Cimax, and AUCg.24n) values in the TMC278-C136 trial were 44%-
77%, 24%-30%, and 42%-55% higher, respectively compared to the mean values from
the TMC278-C209 and TMC278-C215 trials. In addition, the 25 mg Phase 3 tablet
formulation was also administered to healthy subjects in two thorough QT trials (C151
and C152). The mean Day 43 Cy,i, value was 2% higher and the Cax and AUC ¢.24n)
values were 25% and 4% lower, respectively in the TMC278-C136 trial compared to the
mean values from the TMC278-C151 trial. The mean Day 43 Cyin, Cimax and AUC ¢.24n)
values were 6%, 30% and 9% lower, respectively in the TMC278-C136 trial compared to
the mean values from the TMC278-C152 trial.

Based on evaluating the individual rilpivirine predose concentrations, steady state
concentrations were achieved by Day 43 (Treatment B) in most subjects.
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Ethinyl estradiol and norethindrone

Table 3-Ethinyl estradiol pharmacokinetic parameters (administered as ethinyl
estradiol 35 pg and norethindrone 1 mg once daily and ethinyl estradiol 35 pg and
norethindrone 1 mg once daily with rilpivirine 25 mg once daily coadministration)

Pharmacokinetics of Treatment A: Treatment B:
ethinylestradiol 1 mg norethindrone / 1 mg norethindrone /

’ 35 ng ethinylestradiol q.d. 35 ng ethinylestradiol q.d.
(mean + SD, t,,,,: median [range]) (reference) & 25 mg TMC278 q.d. (test)
Day 13/ Dav 41
n 16 14
Cop. pg/mL 23.88 + 6.144 28.86 + 18.47
Davy 14/ Day 42
n 16 15
Cop. pg/mL 2429 + 6.343 27.85 + 10.38
Dav 15/ Day 43
1 17° 15°
Con, pg/mL 2356 <+ 10.06 23.83 + 7.279
Coin. pg/mL 23.56 10.06 23.77 + 7.340
Crmax. pg/mL 8222 <+ 2674 94.65 + 28.36
tnze. 11 1.5 (1.0-6.0) 1.5(1.0-4.0)

Coap, pg/mL 27.38 + 10.60 2724 £ 8.396
AUC4,. pg.lymL 1015 292.5 1093 + 271.7
Cesav- pg/mL 42.28 + 12.19 45.53 + 11.32
FI, % 1539 + 39.05 149.6 + 49.47

*n=15 for AUC,y,. C, . and FI
> n=14 for Cogp. AUCh4p,. Cyq oy and FI

Table 4-Statistical analysis for ethinyl estradiol (administered as ethinyl estradiol 35
pg and norethindrone 1 mg once daily and ethinyl estradiol 35 pg and
norethindrone 1 mg once daily with rilpivirine 25 mg once daily coadministration)

LSmeans *
Treatment B:
Treatment A: 1 mg norethindrone / LS
1 mg norethindrone / 35 ng ethinylestradiol q.d. | means

35 ng ethinylestradiol q.d. + 25 mg TMC278 q.d. ratio, .
Parameter (reference) (test) % 90% CL%
Cin- pg/mL 21.96 23.97 109.2 102.9-115.8
Cuax. pg/mL 77.95 91.37 117.2 106.1-129.5
AUC,y, pg-/mL® 959.4 1096 114.2 109.8 - 118.8

*n=17 for reference and n=15 for test
®90% confidence intervals.
“n=15 for reference and n=14 for test

With rilpivirine coadministration (Treatment B), higher mean ethinyl estradiol Cpin, Cinax,
and AUC o.24n) values were observed in subjects compared to Treatment A, when ethinyl
estradiol and norethindrone were administered without rilpivirine. The 90% confidence
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interval for ethinyl estradiol Cyin and AUC ¢.24n) were within 80%-125%. The 90%
confidence interval for ethinyl estradiol Cy,.x was not within 80%-125%.

Table S-Norethindrone pharmacokinetic parameters (administered as ethinyl
estradiol 35 pg and norethindrone 1 mg once daily and ethinyl estradiol 35 pg and
norethindrone 1 mg once daily with rilpivirine 25 mg once daily coadministration)

Pharmacokinetics of Treatment A: Treatment B:

norethindrone 1 mg norethindrone / 1 mg norethindrone /
35 ng ethinylestradiol q.d. 35 ng ethinylestradiol q.d.

(mean + SD, t,,: median [range]) (reference) & 25 mg TMC278 q.d. (test)

Dav 13/ Dav 41

n 16 14

Cop. pg/mL 2382 + 1269 2791 + 2388

Dav 14/ Dav 42

n 16 15

Con. pg/mL 2520 + 1276 2499 + 1453

Dav 15/ Dav 43

n 17° 15°

Con. pg/mL 2268 + 1226 2066 + 1093

C . pg/mL 2268 + 1226 2055 + 1084

C - pg/mL 14520 + 5120 13150 + 4042

Lpze. 1) 1.0 (0.5-6.0) 1.5(1.0-4.0)

Caap. pg/mL 3040 = 1592 2377 + 1253

AUC,4,. pg.lymL 152800 + 52350 128700 + 40240

Cyav- pg/mL 6369 = 2181 5365 + 1676

FI, % 209.8 + 54.35 217.7 + 71.55

=15 for AUC,y;,. Cy. . and FI
® n=14 for Cyuy. AUC,4. Cy oy and FI

Table 6-Statistical analysis for norethindrone (administered as ethinyl estradiol 35
pg and norethindrone 1 mg once daily and ethinyl estradiol 35 pg and
norethindrone 1 mg once daily with rilpivirine 25 mg once daily coadministration)

LSmeans *
Treatment B:
Treatment A: 1 mg norethindrone /
1 mg norethindrone / 35 ng ethinylestradiol q.d.
35 ng ethinylestradiol q.d. +25 mg TMC278 q.d. LSmeans \
Parameter (reference) (test) ratio, % | 90% CI,%
Cpin. PE/mML 1894 1870 98.72 90.04 — 108.2
Crnax. pg/mL 13710 12900 94.10 83.37-106.2
AUC,4,.
2 142800 126900 88.92 83.77 -94.38
pgh/mL

* n=17 for reference and n=15 for test
909 confidence intervals.
¢ n=15 for reference and n=14 for test

With rilpivirine coadministration (Treatment B), minimal changes were observed with
norethindrone Cpi, and Cpnax, and a lower mean norethindrone AUC g_24n) value was
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observed in subjects compared to Treatment A, when ethinyl estradiol and norethindrone
were administered without rilpivirine. The 90% confidence interval for norethindrone

Cmin, Ciax, and AUC g.24n) were within 80%-125%.

Based on evaluating the individual ethinyl estradiol and norethindrone predose

concentrations, steady state concentrations were achieved by Day 15 (Treatment A) and

by Day 43 (Treatment B) in most subjects.

10.4 Pharmacodynamic Analysis

Minimal changes were observed in follicle stimulating hormone (FSH), luteinizing
hormone (LH) and progesterone when rilpivirine was coadministered with ethinyl
estradiol and norethindrone (see Table 6 below).

Table 7-Assessment of follicle stimulating hormone (FSH), luteinizing hormone

(LH) and progesterone values for Treatment A and Treatment B

Progesterone
Treatment Period Time Point FSH (IU/L) LH (IU/L) (nmol/L)
Treatment A: n 15 15 15
OC q.d. alone Day 1 6.50 (4.6, 15.0) 4.30(0.4,9.7) 1.50 (0.4, 4.1)
n 18 18 18
Day 14 2.00(0.3.59) 1.35(0.0.9.2) 1.70 (0.5, 4.1)
n 15 15 15
Day 14 change -5.20 (-13.9.-1.1) -2.90 (-6.8. 0.5) 0.10(-0.3,04)
from reference
Treatment B: n 16 16 16
OC q.d. + Day 29 6.65(1.3,12.5) 3.00(1.4.14.1) 1.70(0.4,3.1)
TMC278 25 mg q.d. n 15 15 15
Day 42 1.60 (0.5, 6.4) 1.40 (0.0, 8.1) 1.80 (0.4, 3.9)
n 15 15 15
Day 42 change -4.50 (-11.7.-0.3) -1.90 (-6.6, 4.3) 0.00(-0.9, 1.4)
from reference

FSH = follicle stimulating hormone, LH = luteinizing hormone. N = number of subjects

Note: All samples were taken at 2 hours predose
For the OC alone treatment period, the reference time point was the Day 1 predose measurement. For the Ovysmen®
and TMC278 treatment period, the reference time point was the Day 29 predose measurement.

10.5 Safety Issues

No deaths or other serious adverse events were reported for the trial. No grade 3 or grade
4 adverse events were reported for the trial. The most common adverse events that were
reported included headache in a total of ten subjects and nasopharyngitis that was
reported in eight subjects.
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Table 8-Adverse event incidence categorized by system organ class and preferred

term

Treatment B:

System Organ Class Treatment A: OoC g.d. +
Preferred Term OC q.d. alone TMC278 25 mg q.d. Follow-up
n (%) N=18 N=16 N=15
Any Adverse Event 14 (77.8) 12 (75.0) 3 (20.0)
Ear and Labyrinth Disorders 0 1(6.3) 0
Vestibular ataxia 0 1 (6.3) 0
Eye Disorders 0 1(6.3) 0
Vision blurred 0 1(63) 0
Gastrointestinal Disorders 1 (5.6) 7 (43.8) 0
Diarrhea 0 3(18.8) 0
Nausea 1(5.6) 2(12.5) 0
Toothache 0 1(6.3) 0
Vomiting 1] 3(18.8) 0
General Disorders and 1(5.6) 2(11.5) 0
Administration Site Conditions
Fatigue 0 2(12.5) 0
Pyrexia 1(5.6) 0 0
Infections and Infestations 6(33.3) 2(12.5) 1(6.7)
Nasopharyngitis 5(27.8) 2(12.5) 1(6.7)
Skin infection 1{5.6) 0 0
Metabolisin and Nuftrition 1 (5.6) 0 0
Disorders
Food craving 1(5.6) 0 0
Musculoskeletal, Connective 2(11.1) 0 0
Tissne and Bone Disorders
Back pain 1(5.6) 0 0
Myalgia 1(5.6) 0 0
Nervous System Disorders 6(33.3) 7 (43.8) 0
Dizziness 2(11.1) 0 0
Headache 4(22.2) 6(37.5) ]
Migraine 1(5.6) ] ]
Paresthesia 0 2(12.5) 0
Psychiatric Disorders 2(11.1) 2(11.5) 0
Depressed mood 1(56) 0 0
Insommia 1(5.6) 0 0
Panic attack 0 1(6.3) 0
Sleep disorder 0 1(63) 0
Renal and Urinary Disorders 0 1(6.3) 0
Micturition urgency 0 1(63) 0
Reproductive System and Breast 2(11.1) 0 1(6.7)
Disorders
Breast pain 1(5.6) ] ]
Dysmenorrhea 1(5.6) ] ]
Menstruation delayed 0 0 1(6.7)
Respiratory, Thoracic and 0 0 1(6.7)
Mediastinal Disorders
Fhinorrhea 0 0 1(6.7)

n = number of subjects with 1 or more events, N = number of subjects
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Table 9-Adverse event incidence at a minimum possibly related to either rilpivirine
or oral contraceptives categorized by system organ class and preferred term

TMC278 ocC
Treatment B: Treatment B:
0C q.d. 0C q.d.
System Organ Class Treatment A: +TMC278 Treatment A: + TMC278
Preferred Term OC q.d. alone 25 mg q.d. OC q.d. alone 25 mg q.d.
n (%) (N=18) (IN=16) (N=18) (N=16)
Any AE af least possibly related 4 (22.2)° 9 (56.3) 7 (38.9) 9 (56.3)
Ear and Labyrinth Disorders 0 1(6.3) 0 1(6.3)
Vestibular ataxia 0 1(6.3) 0 1{6.3)
Eye Disorders 0 1(6.3) 0 1(6.3)
Vision blurred 0 1(63) 0 1(6.3)
Gastrointestinal Disorders 1(5.6)" 6 (37.5) 1(5.6) 6 (37.5)
Diarrhea ] 3(18.8) 0 3(18.8)
Nausea 1(5.6) 2(12.5) 1(5.6) 2(12.5)
Vomiting 0 3(18.8) 0 3(18.8)
General Disorders and 0 2(12.5) 0 2(12.5)
Administration Site Conditions
Fatigue 0 2(12.5) 0 2(12.5)
Metabolism and Nutrition Disorders 0 0 1(5.0) 0
Food craving 0 0 1(5.6) 0
Musculoskeletal and Connective 0 0 1(5.0) 0
Tissue Disorders
Myalgia 0 0 1({5.6) 0
Nervous System Disorders 2(1L.° 7 (43.8) 5(27.8) 6 (37.5)
Dizziness 0 0 1(5.6) 0
Headache 2(11.1)" 6 (37.5) 4(22.2) 5(31.3)
Paresthesia 0 2{12.5) 0 2(12.5)
Psychiairic Disorders 1(5.6)" 2(12.5) 1(5.6) 1(6.3)
Depressed mood 1(5.6)" 0 1(5.6) 0
Panic attack 0 1(6.3) 0 1(6.3)
Sleep disorder 0 1(6.3) 0 0
Renal and Urinary Disorders 0 1(6.3) 0 1(6.3)
Micturition urgency 0 1(6.3) 0 1(6.3)
Reproductive System and Breast 0 0 1 (5.0) 0
Disorders
Breast pain 0 0 1(5.6) 0

* The start date was equal to the Day 29 date but no time was recorded for these events and therefore they were

assigned to both Treatment A (OC alone) and Treatment B (OC + TMC278).

n = number of subjects with 1 or more events, N = number of subjects

11. Discussion and Conclusions

e With rilpivirine coadministration, higher ethinyl estradiol exposure was observed.
The mean ethinyl estradiol Crnin, Cimax, and AUC g.24n) values were increased by

Based on the results from the drug-drug interaction trial, the following conclusions can be
made:

9%, 17%, and 14%, respectively. The 90% confidence interval for ethinyl
estradiol Cpin and AUC ¢.24n) was within 80%-125%. The 90% confidence
interval for ethinyl estradiol Cyax was not within 80%-125%.

e  With rilpivirine coadministration, minimal changes were observed with
norethindrone Cpi, and Cpax and a lower mean norethindrone AUC g.24n) value
was observed. The mean norethindrone Cpax, and AUC o_24n) values were
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decreased by 1%, 6%, and 11%, respectively. The 90% confidence interval for
norethindrone Cpin, Cimax, and AUCg.24n) was within 80%-125%.

e When coadministered with ethinyl estradiol and norethindrone, higher rilpivirine
exposure was observed in the TMC278-C136 trial compared to the observed
rilpivirine exposure in the TMC278-C209 and TMC278-C215 trials in HIV-1
infected subjects.

¢ In healthy subjects ,when coadministered with ethinyl estradiol and
norethindrone, lower rilpivirine exposure (with the exception of C,in) was
observed in the TMC278-C136 trial compared to the observed rilpivirine
exposure in the TMC278-C151 trial and lower exposure was observed in the
TMC278-C136 trial compared to the observed rilpivirine exposure in the
TMC278-C152 trial.

e Minimal changes were observed in FSH, LH and progesterone when rilpivirine
was coadministered with ethinyl estradiol and norethindrone

When coadministered with ethinyl estradiol, with a 25 mg once daily rilpivirine dosage
regimen, the increase in ethinyl estradiol exposure and the decrease in norethindrone
exposure may be potentially explained by rilpivirine CYP 3A inhibition and induction,
respectively. However, the changes in ethinyl estradiol and norethindrone exposure with
rilpivirine coadministration do not appear to be clinically relevant based on the results
from the trial and therefore no recommendation to use additional or alternative oral
contraceptive therapies is necessary.
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T™MC278-C139

1. Title

A Phase I, open label trial in 16 healthy subjects to investigate the effect of single-dose
and steady-state TMC278 on the pharmacokinetics of chlorzoxazone

2. Information Regarding the Clinical Trial Site and Duration of the Trial
(b) (4)

from September 19, 2005 to

The trial was conducted at
March 17, 2006.
3. Objectives

The objectives of the trial were to evaluate the effect after a single dose and at steady
state of rilpivirine on chlorzoxazone and 6-hydroxy-chlorzoxazone single dose
pharmacokinetics and the effect of a single dose of chlorzoxazone on rilpivirine steady
state pharmacokinetics.

4. Trial Design

TMC278-C139 was a Phase I, open label, clinical trial that enrolled male and female
subjects between 18 and 55 years old. The trial design is displayed in Figure 1. A
subtrial that enrolled 9 additional subjects were included as part of the overall trial
because of the high discontinuation rate in the main trial that was caused by a hurricane.

Figure 1-TMC278-C139 trial design

Treatment (main protocol):

A single dose of 500 mg chlorzoxazone on Days 1, 4, and 15

TMC278 150 mg q.d. on Days 4-15

Treatment (substudy protocol):

A single dose of 500 mg chlorzoxazone on Days 1, 4, and 19

TMC278 150 mg q.d. on Days 4-19

Note: Due to extreme weather conditions (hwricane) some subjects under the main protocol also received
4 additional days of TMC278 dosing and were therefore dosed on Days 1, 4, and 19.
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5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions

Use of ibuprofen was permitted up to three days before the first administration of trial
medication. Afterwards, ibuprofen use was permitted up to 400 mg/day until the end of
each session or treatment arm. Any over the counter medications were to be discontinued
a minimum of seven days before the first administration of trial medication and all
prescription medications were to be discontinued a minimum of fourteen days before the
first administration of trial medication. Use of herbal medicines or dietary supplements
was not permitted from fourteen days before the first administration of trial medication
and up to fourteen days after the last administration of trial medication.

Use of liquids containing alcohol or quinine was not permitted from 24 hours before the
first administration of trial medication until Day 16 (for subjects in the main trial) or Day
20 (for subjects in the subtrial). Intake of grapefruit and grapefruit juice was not
permitted from 7 days before the first administration of trial medication until Day 16 (for
subjects in the main trial) or Day 20 (for subjects in the subtrial).

In the event of an adverse event, the following medications were permitted:

A) Rash or an allergic reaction: cetirizine, levocetirizine, topical corticosteroids, or
antipruritic agents (specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)
C) Diarrhea: loperamide

6. Dosage and Administration

On Days 1, 4, 5, 12, 13, 14 and 15 for subjects in the main trial and on Days 1, 4, 5, 16,
17, 18, and 19 for subjects in the subtrial, a standard meal was administered in the
morning. Rilpivirine was administered within 10 minutes after completion of the meal.
Chlorzoxazone was administered two hours after breakfast (Day 1) or two hours after
breakfast and administration of rilpivirine (Days 4 and 15 for subjects in the main trial
and Days 4 and 19 for subjects in the subtrial). Dosing in the main trial was extended to
Day 19 for seven subjects in the main trial because of the hurricane. The rationale for
spacing out administration of chlorzoxazone and rilpivirine was to ensure that there was
sufficient exposure to rilpivirine prior to chlorzoxazone administration.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimen that was administered to all subjects was 150 mg once
daily. In contrast, the rilpivirine dosage regimen that was evaluated in the Phase 3
clinical trials and the recommended dosage regimen in the proposed prescribing
information is 25 mg once daily with a meal. Across the dose range of 25 mg to 150 mg,
increases in rilpivirine exposure were approximately dose proportional. However,
chlorzoxazone is not anticipated to cause clinically significant changes in rilpivirine
exposure.
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The chlorzoxazone dosage regimen administered in the trial (a single dose of 500 mg) is
within the recommended range of dosage regimens for treatment of musculoskeletal
disorders (250 mg to 750 mg three to four times a day).

8. Drugs Used in the Trial

Rilpivirine 50 mg tablets (formulation FO03) and 100 mg tablets (formulation F002) were
administered in the trial. Both of these tablets were Phase 2b formulations that were used
in the Phase 1 or 2 trials.

Chlorzoxazone (Parafon Forte® DSC) 500 mg caplets were administered in the trial.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

Blood samples for analysis of rilpivirine plasma concentrations were obtained on Days 4
and 5, Days 18 and 19, and Days 19 and 20 at predose and up to 24 hours postdose. The
Day 18 24 hour concentration and the Day 19 predose concentration were derived from
the same plasma sample. Predose rilpivirine blood samples were also obtained either on
Days 12 and 13 or Days 16 and 17.

Blood samples for analysis of chlorzoxazone concentrations were obtained on Days 1, 4
and 19 at predose and up to 14 hours postdose.

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by @@ " The lower limit of
quantification for rilpivirine was 1 ng/mL and the upper limit of quantification was 2000
ng/mL. There were no precision or accuracy issues identified for rilpivirine based on the
bioanalytical report. For the TMC278-C139 trial, precision and accuracy were evaluated
using the low (3 ng/mL), medium (50 ng/mL), and high (1600 ng/mL) QC samples. The
corresponding rilpivirine inter-run accuracy values were -0.8% for the low QCs, -1.3%
for the medium QCs, and -3% for the high QCs, and the rilpivirine inter-run precision
values were 9% for the low QCs, 5.3% for the medium QCs, and 7.1% for the high QCs.
The submitted rilpivirine long term stability data of 1528 days at -20°C covered the
duration of long term rilpivirine stability data necessary for the TMC278-C139 trial.

The method and bioanalysis of chlorzoxazone and 6-hydroxychlorzoxazone is acceptable.
Plasma samples were analyzed for chlorzoxazone concentrations using a validated
LC/MS/MS method by @9 In response to a request for information, the applicant
stated that the 6-hydroxychlorzoxazone method was a “qualified” method. The applicant
did not provide specific information regarding the difference between a qualified method
and a validated method. The lower limit of quantification for chlorzoxazone was 0.005
pg/mL and the upper limit of quantification was 10 ug/mL. There were no precision or
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accuracy issues identified for chlorzoxazone based on the bioanalytical report. For the
TMC278-C139 trial, precision and accuracy were evaluated using plasma QC samples at
the following concentrations: 0.01, 0.02, 2, and 8 pg/mL. (For the method validation,
plasma QC samples at the following concentrations were evaluated: 0.01, 0.02, 0.4, and 8
pg/mL). The corresponding chlorzoxazone inter-run accuracy values for subjects in the
main trial were 0%, -0.5%, 3%, and -4.2%, respectively, and the chlorzoxazone inter-run
precision values were 8.62%, 5.08%, 5.54%, and 4.47%, respectively. The
corresponding chlorzoxazone inter-run accuracy values for subjects in the subtrial were
2%, 1%, 2%, and -2.8%, respectively, and the chlorzoxazone inter-run precision values
were 7.55%, 5.46%, 3.70%, and 6.48%, respectively. The lower limit of quantification
for 6-hydroxychlorzoxazone was 0.005 pg/mL and the upper limit of quantification was
0.5 pg/mL. For 6-hydroxychlorzoxazone, there were multiple batches where the majority

of QCs samples failed at one concentration level based on the bioanalytical report.
(b) @)

The submitted chlorzoxazone and 6-hydroxychlorzoxazone long term stability data in
plasma using sodium heparin as an anticoagulant of 405 days at -70°C covered the
duration of long term chlorzoxazone and 6-hydroxychlorzoxazone stability data
necessary for the TMC278-C139 trial (the specific storage temperature at the
bioanalytical laboratory and at the clinical trial site requires further follow up).

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate plasma pharmacokinetic parameters,
including Cpin, Cmax, and AUC . for rilpivirine, and Cpax, AUCo.1asty and AUC.) for
chlorzoxazone and 6-hydroxychlorzoxazone. If a major difference (> 10.00% deviation
from the scheduled time) was observed, the actual sampling time was used instead of the
scheduled sampling time.

Statistical Analysis

Descriptive statistics were calculated for rilpivirine, chlorzoxazone, and
6-hydroxychlorzoxazone plasma concentrations and pharmacokinetic parameters,
including the number of subjects (n), mean, standard deviation, the coefficient of
variation (CV%), geometric mean, median, and the minimum and maximum values.

Statistical analysis involved comparison of plasma rilpivirine log transformed
pharmacokinetic parameters for rilpivirine when administered with chlorzoxazone on
Day 19 (test arm) compared to rilpivirine administration by itself on Day 18 (reference
arm). Initially, Day 15 (test arm) instead of Day 19 versus Day 14 (reference arm) was to
be compared for subjects in the main trial, however all seven subjects who completed the
main trial had rilpivirine dosing extended by four days. For chlorzoxazone and
6-hydroxychlorzoxazone, statistical analysis involved comparison of chlorzoxazone when
administered with rilpivirine (test arm) on Days 4 and 19 compared to chlorzoxazone
administration by itself (reference arm) on Day 1 both after a single dose of rilpivirine
and with multiple dosing of rilpivirine with a single dose of chlorzoxazone. Initially, Day
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15 (test arm) instead of Day 19 versus Day 1 (reference arm) was to be compared for
subjects in the main trial, however all seven subjects who completed the main trial had
rilpivirine dosing extended by 4 days. Cop (the predose plasma concentrations), Cpin (the
minimum plasma concentrations between 0 hour and the dosing interval [t]), Cyax, and
AUC. were evaluated for rilpivirine, and Cpax, AUC.1a5r and AUCy) were evaluated
for chlorzoxazone and 6-hydroxychlorzoxazone. Using a linear mixed effects model,
least squares means were calculated and 90% confidence intervals were derived based on
the difference of the pharmacokinetic parameter’s least squares means for the test and
reference arms. The 90% confidence intervals and the difference of the pharmacokinetic
parameter’s least squares means were transformed back to the original scale.

An assessment was performed to determine if rilpivirine steady state concentrations were
achieved by Day 19. For subjects in the main trial, predose concentrations on Days 12,
Day 13, Day 18, and Day 19 were compared and for subjects in the subtrial, predose
concentrations on Days 16, Day 17, Day 18, and Day 19 were compared.

10. Results

10.1 Subject Demographics and Disposition

Table 1-TMC278-C139 subject demographics

All Subjects (Main
Protocol + Substudy
Main Protocol Substudy Protocol Protocol Combined)
Parameter N=16 N=9 N=25
Age, years
Median (range) 43.0 (23 - 53) 49.0 (31 - 55) 45.0 (23 - 55)
Height, cm
Median (range) 165.0 (155 - 190) 165.0 (151 -177) 165.0 (151 - 190)
Weight, kg
Median (range) 73.5 (58 -96) 74.0 (55 - 81) 74.0 (55 -96)
BML. kg/m”
Median (range) 26.1 (19 - 30) 25.6(23-29) 25.6 (19 -30)
Sex. n (%)
Male 8 (50.0) 5(55.6) 13 (52.0)
Female 8 (50.0) 4 (44.4) 12 (48.0)
Race, n (%)
Black 2(12.5) 0 2(8.0)
Caucasian 1(6.3) 0 1(4.0)
Hispanic 13 (§1.3) 9 (100.0) 22 (88.0)
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Figure 2-TMC278-C139 subject disposition

| N = 61 subjects screened |

abnormal lipase levels)

N = 36 not enrolled, no treatment received (17 subjects
withdrew consent, 12 did not meet all the in- and
exclusion criteria, 2 had abnormal lipid panel results,

1 had an abnormal physical examination on Day 1.

1 had abnormal cholesterol levels, 1 had an abnormal
ECG, 1 had abnormal screening lab results and 1 had

N = Number of subjects per treatment phase: SD = single dose; SS = steady-state.

| N = 25 subjects enrolled |

N=25
Chlorzoxazone 500 mg

N=25
Chlorzoxazone + TMC278 150 mg q.d. SD

N=25
TMC278 150 mg q.d.

N = 6 dropouts (5 subjects
withdrew consent and 1 subject
was non-compliant)®

N=19
Chlorzoxazone + TMC278 150 mg q.d. SS

N = 19 subjects completed
(10 subjects under the main protocol [7 of
whom were dosed as per the substudy
protocol] and 9 subjects under the substudy
protocol)

? High number of subjects withdrawing consent occurred during the period of extreme weather (hurricane) at the

investigational site

10.2 Prior and Concomitant Medications

Nine subjects administered concurrent medications during the trial. The medications that
were administered included acyclovir, gatifloxacin, Caladryl®, CoTylenol, Pedialyte®,
tocopherol, Neosporin® , hydrogen peroxide, and irofol C. These medications would not

be expected to alter CYP 3A or CYP 2E1 metabolism.

10.3 Pharmacokinetic and Statistical Analysis

There were no subjects with quantifiable predose rilpivirine concentrations on Day 4.

There was one subject with a quantifiable predose chlorzoxazone drug concentration that

was less than 5% of the subject’s rilpivirine C.x on Day 1. It is unclear why a

quantifiable predose chlorzoxazone drug concentration was observed prior to initiation of

dosing for the trial.
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Subjects enrolled in the subtrial had pharmacokinetic parameters derived for rilpivirine,
chlorzoxazone and 6-hydroxychlorzoxazone but statistical analyses were not performed.
In the trial report, the applicant did not present all the pharmacokinetic data for subjects
in the subtrial and the results below pertain to subjects in the main trial only (with the
exception of the discussion of rilpivirine predose concentrations).

Rilpivirine
Table 2-Pharmacokinetic parameters for rilpivirine 150 mg once daily and with

single doses of chlorzoxazone 500 mg administered 2 hours after rilpivirine 150 mg
once daily for subjects in the main trial [%FI=100 x ([Cmax-Cmin]/Css.av)]

Pharmacokinetics of TMC278 TAC278 (Single Dosze) | TMCITS Multiple TMC278 (Multple
+ Chlorzoxazone Doze) alone (reference) | Doze) + Chlorzoxazone

{mean T 8D, t_,_: median [range]) (Day 4) (Day 18) (test) (Day 19)

n - 16 16 16

g, nz/ml - 40311541 5056 =1884

C i e/l - 34081380 401521212

C e nz/ml 57962195 0454 £ 3250 1107 £3299
frggos It 40[3.0-9.0] 40[3.0-5.0] 45[4.0-50]
AllC e, ngh/mL G026 = 2400 13010 = 4757 15050 £ 4303
Casaw, ng/ml - 54201930 64 T7T=17013
FI, % - 1122 =24 42 10471975

Best Available

Table 3-Statistical analysis for rilpivirine 150 mg once daily and single doses of Copy

chlorzoxazone 500 mg administered 2 hours after rilpivirine 150 mg once daily for
subjects in the main trial

LSmeans"
TARIC2TE (Multiple
TMCIT78 (Multiple Draze) +
Doze) alone Chlorzoxazone (test) L5means )
Parameter (reference) (Day 18) (Day 19) ratio, % 90% CI, %%~
Cy. ngml 3712 464.1 1250 1154-1354
Coin npmlL 3186 3759 118.0 108.5-1283
Coax, ng/mlL E778 1028 117.2 107.8-1274
AUC,, nzhiml 11950 15010 1252 116.4-1347

*n=16 for TMC278 alone (reference) and for TMC278 = chlorzonazone (test).
* 90%0 confidence intervals,

Based on the statistical analysis after a single dose of chlorzoxazone 500 mg
administered 2 hours after rilpivirine 150 mg once daily for subjects in the main trial, the
mean rilpivirine Con, Cmin, Cmax, and AUC .24y values were increased compared to
rilpivirine when administered by itself. The 90% confidence interval for rilpivirine Cop,
Chin, Cimax, and AUC g.24n) were not within 80%-125%.
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Based on evaluating the individual rilpivirine predose concentrations, steady state

concentrations were achieved by Day 19 for most subjects in the subtrial. For subjects in

the main trial, an increase in Con from Day 18 to Day 19 was observed in all subjects. The
specific reasons for the increase are unknown and do not appear to be attributed to a
drug-drug interaction because an increase in rilpivirine predose concentrations was not
observed from Day 18 to Day 19 for subjects in the subtrial. However, it appears that
steady state was achieved for most subjects in the main trial.

Chlorzoxazone and 6-hydroxychlorzoxazone

Table 4-Chlorzoxazone pharmacokinetic parameters (administered as single doses
of chlorzoxazone 500 mg and single doses of chlorzoxazone 500 mg administered 2
hours after rilpivirine 150 mg once daily for subjects in the main trial )

Pharmacokinetics of chlorzoxazone

(mean £ SD, t,,,: median [mnge])

Chlorzoxazone alone
(reference) (Day 1)

Chlorzoxazone +
TMC278 (Single Dose)
(test 1) (Day 4)

Chlorzoxazone +
TMC278 (Multiple
Dose) (test 2) (Day 19)

|
Croax. pg/mL

e 11

AUC). ng.h/mL
AUC,. pg.h/mL
t12terme 1L

16
15.19 + 3.683
1.5[0.5-3.0]
36.20 +9.404
36.31+9.410
1.009 + 0.1525

16

14.89 + 4.789
1.5[1.0-3.0]
35.19+0.372
35.21+9.369
1.135+0.2192

16
14.70 = 2.775
1.5[0.5-3.0]
36.87 = 6.381
36.89 = 6.390

1.120 £ 0.1980

Table 5-Statistical analysis for chlorzoxazone (administered as single doses of
chlorzoxazone 500 mg and chlorzoxazone 500 mg administered 2 hours after a
single dose of rilpivirine 150 mg once daily)

LSmeans”

Chlorzoxazone +

Parameter Chlorzoxazone alone TMC278 (Single Dose) LSmeans

(reference) (Dav 1) (test) (Dav 4) ratio, %o 90% CI, 0"
Cyax. Lg/mL 14.78 14.14 95.69 82.01-111.7
AUC . pg.h/mL 3522 34.00 96.53 §7.49 - 106.5
AUC,, ug.VmL 35.24 34.02 96.55 §7.51-106.5

" n=16 for chlorzoxazone alone (reference) and for chlorzoxazone + TMC278 (test).
® 90% confidence intervals.
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Table 6-Statistical analysis for chlorzoxazone (administered as single doses of
chlorzoxazone 500 mg and chlorzoxazone 500 mg administered 2 hours after
rilpivirine 150 mg once daily)

LSmeans”
Chlorzoxazone + TMC278
Parameter Chlorzoxazone alone (Multiple Dose) (test) LSmeans
(reference) (Day 1) (Dav 19) ratio, %o 90% CI, %"
Coax. Hg/mL 14.78 14.45 97.81 84.67-113.0
AUC,q. ng.h/mL 35.22 36.36 1032 94.50-112.7
AUC,, pg.h/mL 35.24 36.38 103.3 94.50-112.7

* n=16 for chlorzoxazone alone (reference) and for chlorzoxazone + TMC27§ (test).
b , .
90% confidence intervals.

Based on the statistical analysis after a single dose of chlorzoxazone 500 mg
administered 2 hours after a single dose of rilpivirine 150 mg once daily for subjects in
the main trial, minimal differences were observed in the mean chlorzoxazone Ciax,

AUC g.1ast), and AUC o) values compared to chlorzoxazone when administered by itself.
The 90% confidence interval for chlorzoxazone Cpax, AUC(g.1ast), and AUC ) Were
within 80%-125%.

With multiple dosing of both medications, based on the statistical analysis, when
chlorzoxazone was administered 2 hours after rilpivirine, minimal differences were
observed in the mean chlorzoxazone Cpax, AUCg-1ast), and AUCg.«) values compared to
chlorzoxazone when administered by itself. The 90% confidence interval for
chlorzoxazone Crax, AUC0-1ast), and AUC ¢..) were within 80%-125%.

Table 7-6-hydroxychlorzoxazone pharmacokinetic parameters (administered as
single doses of chlorzoxazone 500 mg and single doses of chlorzoxazone 500 mg
administered 2 hours after rilpivirine 150 mg once daily for subjects in the main

trial )
Pharmacokinetics of Chlorzoxazone + Chlorzoxazone +
6-hydroxy-chlorzoxazone Chlorzoxazone alone | TMC278 (Single Dose) | TNMC278 (Multiple
(mean + SD, t..: median [range]) | (veference) (Day 1) (test 1) (Day 4) Dose) (test 2) (Day 19)
n 16 16 16
Conax Ug/mL 0.3025 = 0.09440 0.2998 £ 0.09370 0.2934 £ 0.08432
tmax. 1 2.0[1.0-3.0] 2.0[1.0-3.0] 1.75 [0.5 - 3.0]
AUC,g. pg.h/mL 1.101 = 0.3604 1.040 = 0.3646 1.062 +0.3279
AUC,., ng.h/mL 1.119 = 0.3613 1.060 = 0.3639 1.081 = 0.3308
t1/2terms 11 1.504 = 0.1975 1.602 = 0.3966 1.679 = 0.3466
Ratio AUC s.omcrxcrx. (%) 3214+ 1321 3.127+1.267 2.931+0.8889
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Table 8-Statistical analysis for 6-hydroxychlorzoxazone (administered as single
doses of chlorzoxazone 500 mg and chlorzoxazone 500 mg administered 2 hours
after a single dose of rilpivirine 150 mg once daily)

LSmeans’
Chlorzoxazone +
Chlorzoxazone alone [ TMC278 (Single Dose)| LSmeans
Parameter (reference) (Day 1) (test) (Day 4) ratio, % 90% CT,%"
Cax- g/mL 0.2892 0.2863 98.97 94.35-103.8
AUC)q. pgv/mL 1.047 0.9794 93.50 §9.11-98.11
AUC,,. ng.h/mL 1.066 1.001 93.89 §9.76 - 98.21
Ratio AUC: s.om.crwery (%0) 2.974 2.881 96.86 §7.10-107.7

*1=16 for chlorzoxazone alone (reference) and for chlorzoxazone + TMC278 (test).
® 909% confidence intervals.

Table 9-Statistical analysis for 6-hydroxychlorzoxazone (administered as single
doses of chlorzoxazone 500 mg and chlorzoxazone 500 mg administered 2 hours
after rilpivirine 150 mg once daily)

LSmeans”
Chlorzoxazone +
Chlorzoxazone alone | TMC278 (Multiple LSmeans
Parameter (reference) (Day 1) | Dose) (test) (Day 19) ratio, %o 90% CL%"
Crax. Ng/mL 0.2892 0.2817 97.38 90.19-105.1
AUCq, ng.h/mL 1.047 1.013 96.70 87.21-107.2
AUC,, ng.h/mL 1.066 1.032 96.81 87.44-107.2
Ratio AUC s s.om.crwerx (%) 2974 2.786 93.66 81.03 -108.3

*n=16 for chlorzoxazone alone (reference) and for chlorzoxazone + TMC278 (test).
® 90% confidence intervals.

Based on the statistical analysis after a single dose of chlorzoxazone 500 mg
administered 2 hours after a single dose of rilpivirine 150 mg once daily for subjects in
the main trial, minimal differences were observed in the mean 6-hydroxychlorzoxazone
Cmax value and the mean AUC g.1ast), and AUC o) values were decreased compared to
chlorzoxazone when administered by itself. The 90% confidence interval for
6-hydroxychlorzoxazone Cpax, AUC g.1ast), and AUC 0.y were within 80%-125%.
Additionally, minimal differences were observed in the AUC q.1asr)
6-hydroxychlorzoxazone/chlorzoxazone ratio and the 90% confidence interval for the
AUC g-1ast) 6-hydroxychlorzoxazone/chlorzoxazone ratio was within 80%-125%.

With multiple dosing of both medications, based on the statistical analysis, when
chlorzoxazone was administered 2 hours after rilpivirine, minimal differences were
observed in the mean 6-hydroxychlorzoxazone Cpax, AUC g-1ast), and AUC o) values
compared to chlorzoxazone when administered by itself. The 90% confidence interval
for 6-hydroxychlorzoxazone Cpmax, AUC g-1ast), and AUC ¢...) were within 80%-125%.
Additionally, the AUCg.1ast) 6-hydroxychlorzoxazone/chlorzoxazone ratio was decreased
but the 90% confidence interval for the AUCq.1ast) 6-hydroxychlorzoxazone/

Reference ID: 2924498

235



chlorzoxazone ratio was within 80%-125%.
10.4 Safety Issues

No deaths or other serious adverse events were reported for the trial. No grade 3 or grade
4 adverse events were reported. The most common reported adverse events were
headache, pruritus, and dizziness (see Table 10 for information regarding the number of
subjects).

Table 10-Adverse event incidence categorized by system organ class and preferred
term reported in more than one subject

Trial Phase
Chlorzoxazone + Chlorzoxazone +

System Organ Class TMC278 (Single TMC 278

Preferved Term Chlorzoxazone Alone Dose) TAC278 Alone (Steady-state) Follow-up Total

n (%o} N =25 N =25 N =25 N =19 N =25 N =25
Any AE 9 (36.0) 7 (28.0) 15 (60.0) § (42.1) 2 (8.0) 19 (76.0)
Nervous System Disorders 6 (24.0) 5(20.0) 7 (28.0) 5 (26.3) 0 11 (44.0)

Headache 3(12.0) 4(16.0) 5(20.0) 421.1) i 8 (32.0)

Dizziness 31200 2 (8.0} 2(8.00 1(5.3) 0 5 (20.0)
Crasirointestinal INsorders S(20.0) 1 (4.0) 4 (16.0) 0 0 10 (40.0%

Abdominal pain upper 0 1{4.0) 2(8.0) 0 0 3{12.0)

Diarrhea 1i{4.0) 0 2(8.0) (1] 0 3{12.0)

Vomiting 2(8.0) o 1(4.0) i 0 3(12.0)

Nausea 1(4.0) 0 1(4.00 [ L] 2(8.00
Skin and Subcutaneons
Tissue Disorders 2 (8.0) 1 (4.0) 7 (28.0) 0 0 7 (28.0)

Pruritus 1(4.0) 1{4.0) 4{16.0) 0 0 5 (20.0)

Skin lesion 1{4.0) 0 4 (16.0) [t 0 4 (16.0)
Investigations 0 0 2(8.0) 1(5.3) 2(8.0) 6 (24.0)

AST abnonmal 0 0 ] ] 1(4.0) 2(8.00%
General Disorders and
Administration Site
Conditions 1 (4.0) 0 0 2(10.5) 0 3(12.0)

Influenza like illness 0 0 0 2(10.5) L] 2 (5.00 BeSt
n = number of subjects with that particular adverse event: N = number of subjects per phase: AE = adverse event: AST = aspartate aminotransferase.
*+ Also reported for 1 subject during screening. ]
Note: AEs were reported for 3 subjects {12.0%) during screening: grade 1 thermal bum and grade 1 arthralgia were each reported for 1 subject and grade 1 AST abuormal and Avallable

ALT abnormal were reported for 1 subject. Copy

Table 11-Adverse event incidence at least possibly related to rilpivirine categorized
by system organ class and preferred term

Trial Phase
Chlorzoxazone + Chlorzoxazone +

System Organ Class Chlorzoxazone TMC278 (Single TMC278
Freferred Term Dose) TMC278 Alone (Steady-state) Follow-up Total
o (%) N =15 N =25 N =190 N =15 N =125

Anyv AE of any causality 9 (3a.0) T (28.0) 15 (60.0) B (42.1) 2 (8.0) 19 (76.0)

With at least 1 AE theught fe

be al least possibly related to

TMC2IT8 1400 7 (28.00 13 (5.0) 6 (31.06) 1 (8.0) | 17 (68.0)

Nerveus System Disorders 1(4.0) 5(20.00 T(28.0) 5(26.3) ] 10 (40.0)
Headache 1{4.0) 4{16.0) 5(20.0) 4(21.1) 0 §(32.0)
Dizziness o 2{8.00 2(8.00 1(5.3) ] 4(16.0)
Aura 0 1{4.0) 0 (V] 1] 1{4.0)
Somnolence ] 1{4.0) 0 0 o | 1{4.00

Gasirointestinal Disorders 1 (4.0) 1 (4.0 4 (16.0) ] 1] 6 (24.0)
Abdominal pain upper 1] 1{4.00 2(8.0) ] 0 312
Diarrhea (1] 0 2(8.0) v] V] 2(8.00
Vomiting 1(4.0) 0 1(4.00 0 o 2(8.00
Dyspepsia 1] 0 1(4.0) ] o 1{4.0)
Nausea 1] 0 1 (4.0) 0 0 | 1(4.0)

Skin and Subcutaneous

Tissue Disorders L] 1(4.0) 6 (24.0) ] 1] 6 (24.0)
Pruritus 1] 1 (4.0} (1209 ] ) 4(16.0)
Skin lesion 0 0 2(8.0) ] o 2(5.0)
Pruritus generalized [1] L] 1 (4.0) 0 0 1(4.0)

Investigations 0 0 0 1{5.3) 2 {8.0) 2(12.0)
AST abnormal [} Q ] 0 1(4.0) 1(4.0)
Lipase abnormal 1] 0 0 1(5.3) ] 1(4.0)
Lipase increased ] 0 0 0 1 (4.0 | 1(4.0)

Renal and Urinary Disorders [] 140 0 0 0 1(4.0)
Pollakiuria ] 1 (4.0 0 0 0 1 (4.0

n = number of subjects with that particular adverse event; N = number of subjects per phase; AE = adverse event; AST = aspartate aminotransferase.
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Table 12-Adverse event incidence at least possibly related to chlorzoxazone
categorized by system organ class and preferred term (includes original and
replacement subjects)

Trial Phase
Chlorzoxazone + Chlorzoxazone +
Systen Organ Class Chlorzoxazone TMC278 (Single TMC278
Preferred Term Alone Dose) TMC278 Alone (Steady-state) Follow-up Total
n{%o) N=125 N=125 N=125 N=19 N=125 N=15
Any AE of any causality 9 (36,00 7 (28.0) 15 (60.0) 8 (42.1) 2 (8.0) 19 (76.0)
With at least 1 AE theught fo
be af least possibly related te
clilorzoxazone 7 {28.0) 5{20.0) 1 4.0y 6 (31.0) 1(4.00 13 (52.0)
Nervous System Disorders 6 (24.0) 4 (16.0) 0 5(26.3) 0 10 (40.0)
Headache 3(12.00 if(1zm 0 4(21.1) 0 T(28.0) 1
Dizziness 3(12.09 2{8.0) 0 1(5.3) 0 4(16.0) BeSt Avallable
Aura 0 1 (4.0) ] 1] 1] 1 (4.0)
Gastrointestinal Disorders 4 (16.0) 0 0 0 0 4 (16.0) CO py
Vomiting 2(8.0) ] ] 1] 1] 2(8.0)
Diarrhea 1 (4.0} 0 0 o o 1(4.0)
Nausea 1 {4.0} ] 0 0 0 1 (4.0}
Investigations 0 1] ] 1(5.3) 1 (4.0) 2 (5.0)
Lipase abnonmal 0 0 0 1(5.3) o 1{4.0)
Lipase increased 1] 0 0 0 1(4.0) 1(4.0)
Renal and Urinary Disorders 1] 1 (4.0) 1) 1) 1) 1 (4.0)
Pollakiuria 0 1(4.0) ] o 0 1(4.0)
Skin and Subcutaneons
Tissue Disorders 0 ] 1 (4.0) 1] 1] 1 (4.0)
Skin lesion ] 0 1i4.0) 0 0 1{4.0)
n = number of subjects with that particular adverse event; N = number of subjects per phase; AE = adverse event; AST = aspartate aminotransferase.

11. Discussion and Conclusions

Based on the results from the drug-drug interaction trial, the following conclusions can be
made:

e After a single dose of chlorzoxazone 500 mg administered 2 hours after rilpivirine
150 mg once daily for subjects in the main trial, the mean rilpivirine Cop, Cpin,
Crmax, and AUC .24 values were increased by 25%, 18%, 17%, and 25%,
respectively, compared to rilpivirine when administered by itself. The 90%
confidence interval for rilpivirine Con, Cmin, Cmax, and AUC g-24n) Were not within
80%-125

e When a single dose of chlorzoxazone 500 mg was administered 2 hours after a
single dose of rilpivirine 150 mg once daily for subjects in the main trial, minimal
differences were observed in the mean chlorzoxazone Cpax, AUC ¢-1as1), and
AUC o) values (decreased by 4%, 3%, and 3%, respectively) compared to
chlorzoxazone when administered by itself. The 90% confidence interval for
chlorzoxazone Cpax, AUCg-1ast), and AUC ¢..) were within 80%-125%.

e With multiple dosing of both medications, when chlorzoxazone was administered
2 hours after rilpivirine, minimal differences were observed in the mean
chlorzoxazone Cpax, AUC0-1ast), and AUC g.«) values (Ciax decreased by 2% and
AUC 0.1ast) and AUC o) both increased by 3%) compared to chlorzoxazone when
administered by itself. The 90% confidence interval for chlorzoxazone Cpay,
AUC(()_last), and AUC(()_OO) were within 80%-125%.

e After a single dose of chlorzoxazone 500 mg administered 2 hours after a single
dose of rilpivirine 150 mg once daily for subjects in the main trial, minimal
differences were observed in the mean 6-hydroxychlorzoxazone C,.x value
(decreased by 1%) and the mean AUC q.1as1), and AUC o) values were decreased
by 7% and 6%, respectively) compared to chlorzoxazone when administered by
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itself. The 90% confidence interval for 6-hydroxychlorzoxazone Cpax, AUC 0.1ast),
and AUC 9.,y were within 80%-125%.

e With multiple dosing of both medications, when chlorzoxazone was administered
2 hours after rilpivirine, minimal differences were observed in the mean 6-
hydroxychlorzoxazone Cpax, AUC(0-1ast), and AUC o.«y values (all three parameters
decreased by 3%) compared to chlorzoxazone when administered by itself. The
90% confidence interval for 6-hydroxychlorzoxazone Cax, AUC 0.1as1), and
AUC 9. were within 80%-125%.

Chlorzoxazone does not result in clinically relevant changes in the exposure of rilpivirine
with a rilpivirine dosage regimen of 150 mg once daily and no dosage adjustment for
rilpivirine is required.

Administration of single doses of chlorzoxazone 500 mg administered 2 hours after
rilpivirine 150 mg once daily does not result in clinically relevant changes in
chlorzoxazone or 6-hydroxychlorzoxazone exposure and no dosage adjustment for
chlorzoxazone is required. The specific effects of a 25 mg once daily rilpivirine dosage
regimen on chlorzoxazone exposure have not been evaluated. However, there was no
clinically relevant potential rilpivirine CYP 2E1 inhibitory effects on chlorzoxazone or
6-hydroxychlorzoxazone exposure with a dosage regimen of 150 mg one daily, and from
a mechanistic standpoint, the results would be anticipated to be applicable to a rilpivirine
dosage regimen of 25 mg once daily.
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T™MC278-C140

1. Title

A Phase I, open-label, randomized, 4-way, crossover trial in 24 healthy subjects to
investigate the pharmacokinetic interaction between single doses of TMC278 and
famotidine in 3 different dosing regimens

2. Information Regarding the Clinical Trial Site and Duration of the Trial

The trial was conducted at ©® fom
March 13, 2006 to July 3, 2006.

3. Objectives

The objectives of the trial were to evaluate the effect of a single dose of famotidine on the
single dose pharmacokinetics of rilpivirine and to evaluate the relationship between
intragastric pH and the pharmacokinetics of rilpivirine.

4. Trial Design

TMC278-C140 was a Phase I, open label, randomized, 4 way crossover clinical trial that
enrolled male and female subjects between 18 and 55 years old. The trial design is
displayed in Figure 1.

Figure 1-TMC278-C140 trial design AR S (CRy

14 days

- 14 days Session TIT 14 days
washout

Session [ Session IT 3 3 Session IV
washout washout

Treatment D Treatment B Treatment C
Treatment A

» Famotidine 40 mg followed » Fameotidine 40 mg followed » TMC278 150 mg followed

TMC278 130 mg by TMC278 150 mg by TMC278 150 mg 2 hours by famotidine 40 mg 4 hours
12 hours later later later
OF.

Treatment B Treatment C Treatment D
Famotidine 40 mg followed | Areatmenr 4 TMC278 150 mg followed .| Famotidine 40 mg followed
by TMC278 150 mg 2 hours TMC278 130 mg by famotidine 40 mg 4 howrs by TMC278 150 mg

later later 12 hours later
[0):3
Treatment C Treatment B Treatment D
TMC278 150 mg followed » Famotidine 40 mg followed » Fameotidine 40 mg followed » Treatment 4
by famotidine 40 mg 4 hours by TMC278 150 mg 2 hours by TMC278 150 mg TMC278 150 mg
later later 12 hours later
OR.

Treatment D Treatment C Treatment B
Famotidine 40 mg followed p | TMC27S 150 mg followed , Treatment A p | Famotidine 40 mg followed

by TMC278 150 mg by famotidine 40 mg 4 hours TMC278 150 mg by TMC278 150 mg 2 hours

12 houss later later later
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5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions

Use of ibuprofen was permitted up to three days before first dosing. Afterwards,
ibuprofen use was permitted up to 400 mg/day until Day 8 of each treatment arm. Any
over the counter medications were to be discontinued a minimum of 7 days before first
dosing and any prescription medications were to be discontinued a minimum of fourteen
days before first dosing (with the exception of ibuprofen). Use of any medication other
than ibuprofen was not permitted up to fourteen days after the last administration of trial
medication. Use of herbal medicines or dietary supplements was not permitted from
fourteen days before first dosing up to fourteen days after the last administration of trial
medication.

Use of liquids containing alcohol or quinine was not permitted from 24 hours before
administration of trial medication until Day 8 of each treatment arm. Intake of grapefruit
and grapefruit juice was not permitted from 7 days before administration of trial
medication until Day 8 of each treatment arm.

In the event of an adverse event, the following medications were permitted:

A) Rash or an allergic reaction: cetirizine, levocetirizine, topical corticosteroids, or
antipruritic agents (specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)
C) Diarrhea: loperamide

6. Dosage and Administration

On Day 1, subjects fasted overnight for a minimum of 10 hours. A standard meal was
administered in the morning and rilpivirine was administered within 10 minutes after
completion of the meal. Famotidine was administered on an empty stomach between
5:30 AM and 7:30AM and rilpivirine was administered 2 hours after famotidine for
Treatment B. For Treatment C, famotidine was administered four hours after rilpivirine.
Rilpivirine was administered 12 hours after famotidine for Treatment D.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimen that was administered to all subjects was a single 150 mg
dose of rilpivirine. In contrast, the rilpivirine dosage regimen that was evaluated in the
Phase 3 clinical trials and the recommended dosage regimen in the proposed prescribing
information is 25 mg once daily with a meal. Because the primary objective of the trial
was to evaluate the effect of famotidine on the absorption of rilpivirine (which possesses
pH-dependent absorption), the results of the trial are expected to be applicable for
rilpivirine at 25 mg once daily.

The single dose of famotidine administered in the trial (40 mg) is the highest total daily
dose recommended in the famotidine (Pepcid) prescribing information for the treatment
of duodenal ulcers.
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8. Drugs Used in the Trial

Rilpivirine 50 mg tablets (formulation FO03) and 100 mg tablets (F002) were
administered in the trial. Both of these tablets were Phase 2b formulations that were used
in the Phase 1 or 2 trials.

Famotidine (Pepcid) 40 mg tablets were administered in the trial.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

For Treatment A (rilpivirine administered alone), blood samples for analysis of rilpivirine
concentrations were obtained on Days 1 through 8 at predose and up to 168 hours
postdose. Predose famotidine blood samples were also obtained on Day 1.

For Treatment B and C, blood samples for analysis of rilpivirine concentrations were
obtained on Days 1 through 8 at predose and up to 168 hours postdose. Famotidine
concentrations were obtained on Days 1 and 2 at predose and up to 24 hours postdose.

For Treatment D, blood samples for analysis of rilpivirine concentrations were obtained
on Days 1 through 8 at predose and up to 168 hours postdose. Famotidine concentrations
were obtained on Days -1 and 1 at predose and up to 24 hours postdose. Predose
rilpivirine concentrations were also obtained on Day -1 for rilpivirine.

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by Johnson and Johnson
Pharmaceutical Research and Development. The lower limit of quantification for
rilpivirine was 1 ng/mL and the upper limit of quantification was 2000 ng/mL. There
were no precision or accuracy issues identified for rilpivirine based on the bioanalytical
report. For the TMC278-C140 trial, precision and accuracy were evaluated using the low
(2.77 ng/mL), medium (59 ng/mL), and high (1550 ng/mL) QC samples. The
corresponding rilpivirine inter-run accuracy values were -1.8% for the low QCs, -0.5%
for the medium QCs, and -0.6% for the high QCs, and the rilpivirine inter-run precision
values were 4.6% for the low QCs, 4% for the medium QCs, and 3.6% for the high QCs.
The submitted rilpivirine long term stability data of 1528 days at -20°C covered the
duration of long term rilpivirine stability data necessary for the TMC278-C140 trial.

The method and bioanalysis of famotidine are acceptable. Plasma samples were analyzed
for famotidine concentrations using a validated LC/MS/MS method by @@ " The lower
limit of quantification for famotidine was 1 ng/mL and the upper limit of quantification
was 200 ng/mL. There were no precision or accuracy issues identified for famotidine
based on the bioanalytical report. For the TMC278-C140 trial, precision and accuracy
were evaluated using QC samples at 3, 15, and 150 ng/mL. The corresponding
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famotidine inter-run accuracy values were 4.7%, 6.1%, and 3.1% and the famotidine
inter-run precision values were 10.4%, 6.7% and 7.2%.

The long-term stability data for famotidine was not submitted. Therefore, the stability of
the samples from the day the first sample was collected to the day the last sample was
analyzed is unknown and the reliability of the reported famotidine pharmacokinetic data
can not be guaranteed.

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate pharmacokinetic parameters,
including Crnax, AUC(0-1ast), and AUC 9. If @ major difference (> 10.00% deviation from
the scheduled time) was observed, the actual sampling time was used instead of the
scheduled sampling time.

Statistical Analysis

Descriptive statistics were calculated for rilpivirine and famotidine plasma concentrations
and pharmacokinetic parameters, including the number of subjects (n), mean, standard
deviation, the coefficient of variation (CV%), geometric mean, median, and the minimum
and maximum values.

Statistical analysis for rilpivirine involved comparison of Treatments B, C and D (test
arms) to Treatment A (reference arm). Ciax, AUCy.1a51), and AUC g.) were evaluated.
Using a linear mixed effects model, least squares means were calculated and 90%
confidence intervals were derived based on the difference of the pharmacokinetic
parameter’s least squares means for the test and reference arms. The applicant did not
specify predetermined “no effect boundaries” for the 90% confidence intervals.

For famotidine, statistical analysis involved an ANOVA analysis of famotidine log
transformed AUC .15ty and AUC g for Treatments B, C and D. If a p value less than 5%
was observed, multiple comparison testing using Bonferoni adjustment was to be
conducted.

In Treatments A and B, monitoring of intragastric pH was performed. An exploratory
analysis was conducted to evaluate the effect of intragastric pH on rilpivirine
pharmacokinetics.
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10. Results
10.1 Subject Demographics and Disposition

Table 1-TMC278-C140 subject demographics

Treatment Treatment Treatment Treatment
Parameter Sequence Sequence Sequence Sequence Total
ADBC BACD CBDA DCAB N=124
N =06 N =0 N =0 N =10
Age. years
Median (range) 31.0(22-48) 24.0(21-37) 31.0 (20-53) 26.5 (21-49) 26.5 (20-53)
Height. cm
Median 178.5 180.5 180.0 177.5 179.0
(range) (168-187) (168-189) (175-184) (172-183) (168-189)
Weight, kg
Median (range) 74.5 (66-78) 74.0 (59-88) 9.0 (61-50) 75.0 (67-92) 75.0 (59-92)
BMI, kg/m~
Median (range) 23.4(22-24) 22.7(19-28) 21.4(19-24) 23.7 (20-30) 23.0 (19-30)
Sex. n (%6)
Male 6 (100) 6 (100) 6 (100) 6 (100) 24 (100)
Race, n (%)
Black 1(16.7) 0 1(16.7) 2(333) 4(16.7)
Caucasian 4 (66.7) 3 (50.0) 4 (66.7) 3 (50.0) 14 (58.3)
Oriental/ Asian 0 1(16.7) 0 0 1{4.2)
Other® 1(16.7) 2 (33.3) 1(16.7) 1(16.7) 5 (20.8)
Type of Smoker, n (%)
No 4 (66.7) 5 (83.3) 2 (33.3) 4 (66.7) 15 (62.5)
Yes 2 (33.3) 1 (16.7) 1 (66.7) 2 (33.3) 9 (37.5)
Treatment A = TMC278 alone.
Treatment B = Famotidine followed by TMC278 2 hours later.
Treatment C = TMC278 followed by famotidine 4 hours later.
Treatment D = Famotidine followed by TMC278 12 hours later.
* Five subjects from the West Indies.
BMI = body mass index.
Figure 2-TMC278-C140 subject disposition
| N = 62 subjects screened
N =23 did not meet all in- |
/exclusion criteria | N = 38 not randomized, no treatment
N =13 w/d consent recetved
N =1 additional subject |
N = 1 non-compliant | N = 24 subjects randomized |
|
| | |
Treatment Sequence Treatment Sequence Treatment Sequence Treatment Sequence
ADBC BACD CBDA DCAB
N=8 N=6 N=8 N=8
N=1w/ddueto AE| |
of mouth ulceration
Completed Completed Completed Completed
N=6 N=6 N=6 N=35

Treatment A = TMC278 alone.

Treatment B = Famotidine followed by TMC278 2 hours later.
Treatment C = TMC278 followed by famotidine 4 hours later.
Treatment D = Famotidine followed by TMC278 12 hours later.
W/d = withdrew, AE = adverse event.
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10.2 Prior and Concomitant Medications

All subjects were administered concurrent medications during the trial. The administered
concurrent medications were lidocaine in twenty three subjects (as prophylaxis for
esophageal pain from the intragastric pH procedure) and one subject received
acetaminophen. None of the coadministered medications would be expected to alter CYP
3 A metabolism.

10.3 Pharmacokinetic and Statistical Analysis

One subject had a quantifiable famotidine concentration in Treatment B. The predose
concentration was 5% or less of the subject’s Cy.x for the treatment arm and no
adjustments were necessary for the pharmacokinetic analysis. All other subjects had
famotidine concentrations that were less than the lower limit of quantification (LLOQ)
prior to initiation of Treatments A, B, C and D.

For Treatments A, B, C and D, 7, 7, 4 and 6 subjects, respectively, had predose
quantifiable rilpivirine concentrations. In Treatments A, C and D, the predose
quantifiable rilpivirine drug concentrations were 5% or less of the subject’s rilpivirine
Cinax for the treatment arm. In Treatment B, four subjects had quantifiable rilpivirine drug
concentrations that were greater than 5% of the subject’s rilpivirine Cpax for the treatment
arm. These subjects were included in the pharmacokinetic analysis. However, the
overall conclusion that was derived from comparing Treatment B to Treatment A is
anticipated to be valid regardless of whether pharmacokinetic data from the four subjects
is included.

Rilpivirine
Table 2-Pharmacokinetic parameters for single dose rilpivirine 150 mg (Treatment

A) and single dose rilpivirine 150 mg with different combinations of administration
with single dose famotidine 40 mg

Pharmacokinetics of

TMC278 Treatment B Treatment C Treatment D
(mean = SD, . Treatment A Famotidine + TMC278 + Famotidine +
median [range]) TMC278 Alone TMC278 2 h Later |Famotidine 4 h Later| TMC2738 12 h Later
n 23 23* 24 24

Crpae. ng/mL 5636 £ 2118 1080 £ 1096 6650 = 221.0 5528 £ 1936
— 5.0(1.0-12.10) 5.0(4.0-43.0) 4.0(3.0-6.0) 50(2.0-6.0)
ATUC,,, ngh/mL 19920 + 9562 4819 =+ 2963 20790 £ 7754 17200 = 6734
AUC,. ngh/mL 21630 + 11070 5349 = 3221 22660 £ 9306 18470 = 7217
t12term. D 4098 = 1473 4454 = 1857 40.59 = 21.52 39.04 £ 14.60

"For AUC.. and t) 350y n=22.

Reference ID: 2924498
244



Table 3-Statistical analysis for single dose rilpivirine 150 mg (Treatment A) and
single dose rilpivirine 150 mg administered two hours after single dose famotidine
40 mg (Treatment B)

LSmeans p-value
Parameter TMC278 Famotidine + | LSmeans 90% CI,%" Period Sequence
Alone TMC278 2 h | Ratio, %
(Reference) |Later (Test1)
C - Ng/mL" 5239 80.36 15.34 12.31-19.12 0.9819 0.4836
AUC),, ng.h/mL® 17850 4140 2319 19.65-27.37 0.9752 0.8050
AUC,,. ng.hi/mL" 19130 4588 2399 2031 - 2834 0.9725 0.7995
Median p-value
TMC278 Famotidine + | Treatment 90% CI,%" Period Sequence
Para ter )
arafnetet Alone | TMC2782h | Difference
(Reference) |Later (Test1)| Median
e, B 5.0 5.0 1.5 05-30 0.1595 0.5755

*n=23 for TMC278 alone (reference) and famotidine + TMC278 2 h later (test 1).
® 1=23 for TMC278 alone (reference). n=22 for famotidine + TMC278 2 h later (test 1).
©90% confidence intervals.

In Treatment B, when single dose rilpivirine 150 mg was administered two hours after
single dose famotidine 40 mg, the mean rilpivirine Cpax, AUC(0.1ast), and AUC g-) values
were decreased when compared to Treatment A, when rilpivirine was administered by
itself. The 90% confidence interval for rilpivirine Cpax, AUC ¢-1ast), and AUC o) were
not within 80%-125%.

Table 4-Statistical analysis for single dose rilpivirine 150 mg (Treatment A) and
single dose famotidine 40 mg administered four hours after single dose rilpivirine

150 mg (Treatment C)
LSmeans p-value
Parameter TMC278 TMC2I78 + LSmeans 00% CL%°" Period Sequence
Alone Famotidine 4 h | Ratio, %
(Reference) | Later (Test 2)
C . ng/mL" 5227 632.6 121.0 105.6-138.7 0.4326 0.6070
ATTC),.,. ng.h/mI° 17390 19510 1122 9949 -1265 0.4789 0.9791
AUC,., ng.h/mL* 18500 20950 1132 100.7-1274 0.5764 0.9591
Median p-value
Parameter TMC278 TMC278 + Treatment | 90% CIL%" Period Sequence
Alone Famotidine 4 h | Difference
(Reference) | Later (test 2) Median
[o— N 50 4.0 0.0 05-05 09742 04874

*n=23 for TWMC278 alone (reference), n=24 for TMC278 + famotidine 4 h later (test 2).
® 1=23 for TMC278 alone (reference) and famotidine 4 h later (test 2).
©90% confidence intervals.

In Treatment C, when single dose famotidine 40 mg was administered four hours after
single dose rilpivirine 150 mg, the mean rilpivirine Cpmax, AUC(0-1ast), and AUC ¢.«) values
were increased when compared to Treatment A, when rilpivirine was administered by
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itself. The 90% confidence interval for rilpivirine Cpax, AUC ¢-1ast), and AUC o) were
not within 80%-125%.

Table S-Statistical analysis for single dose rilpivirine 150 mg (Treatment A) and
single dose rilpivirine 150 mg administered twelve hours after single dose
famotidine 40 mg (Treatment D)

LSmeans p-value
Famotidine + | LSmeans 00% CL%"
Parameter 278 .o '
T‘:l[{cefei];l:}“ TMC278 12 h| Ratio, % Period Sequence
Later (Test 3)
C e ng/mL* 5242 517.0 98.64 84.27-1155 0.2776 0.2689
AUC,. ng h/mL* 17680 16040 90.74 77.06 - 106.9 06155 0.6978
AUC,,. ng h/mL* 18880 17250 91.40 78.14-106.9 0.5978 0.6640
Median p-value
Famotidine + | Treatment | 90% CI%°"
Parameter 278 4 *
T"g{i;e]i&l;ue TMC278 12 h| Difference Period Sequence
Later (Test 3)[ Median

*n= 23 for TMC278 alone (reference). n=24 for famotidine + TMC278 12 h later (test 3).
® n= 23 for TMC278 alone (reference) and famotidine + TMC278 12 h later (test 3).
“90% confidence intervals.

In Treatment D, when single dose rilpivirine 150 mg was administered twelve hours after
single dose famotidine 40 mg, minimal change was observed in the mean rilpivirine Cpax,
and the mean rilpivirine AUC g.1ast) and AUC .0y values were decreased when compared
to Treatment A, when rilpivirine was administered by itself. The 90% confidence
interval for rilpivirine was Cyax was within 80%-125%. The 90% confidence interval for
rilpivirine AUC g.1ast), and AUC g...) were not within 80%-125%.

Famotidine
Table 6-Pharmacokinetic parameters for single dose famotidine 40 mg

pharmacokinetic parameters with different combinations of administration with
single dose rilpivirine 150 mg

Pharmacokinetics of Famotidine

Treatment B Treatment C Treatment D
(mean + SD, tu: median [range]) Famotidine + TMC278 | TMC278 + Famotidine | Famotidine + TMC278

2 h Later 4 h Later 12 h Later

n 23 24° 24"
Coare, ng/'mL 1250 = 3529 1059 = 3198 91.16 = 2898
— 3.0(1.0-4.0) 20(1.0-788) 40(2.0-80)
AUC,... ng.h/mL 8406 £ 2136 7235 £ 2053 7925 £ 2233
AUC,, ngh/mL 8602 = 2153 7426 £ 2117 8157 = 2349
12t D 3890 x 0.6077 4365 = 0.5376 4046 = 04966

*For AUC and t;/3pem. 1=23.

Reference ID: 2924498
246



Table 7-Statistical analysis for single dose famotidine 40 mg pharmacokinetic
parameters with different combinations of administration with single dose
rilpivirine 150 mg

LSmeans p-value
Famotidine + TMC278 + Famotidine + |Treatment| Period |Sequence
Parameter TMC278 2 h Later| Famotidine 4 h TMC27812h
Later Later
AUC)e. ng.h/mL? 806.7 698.1 764.7 0.0616 0.4817 | 0.8686
AUC,, ng_h:‘mLt' 826.1 717.2 790.7 0.0684 0.4568 | 0.8487

*n=23 for famotidine + TMC278 2 h later and n=24 for TMC278 + famotidine 4 h later and Famotidine + TMC278

12 h later.
® n=23 for all treatments.

Based on the ANOVA analysis, there were no statistically significant differences (p value

less than 5%) that were observed among the different treatment arms for famotidine

AUC(()-]aSt), and AUC(O_OO).

Intragastric pH monitoring

Table 8-Intragastric pH information for percent time above a gastric pH threshold

ranging from >3 to >6 for Treatments A and B at 0-2 and 2-4 hours postdose

Parameter

Treatment A
TMC278 Alone
N=123

Treatment B
Famotidine + TMC278 2 h Later
N=123

Time pH > 3, %
0-2 h Mean (range)
2-4 h Mean (range)

27.99 (0.0-100.0)
8.12 (0.0-100.0)

93.04 (35.9-100.0)
71.85 (0.2-100.0)

Time pH > 4, %
0-2 h Mean (range)
2-4 h Mean (range)

17.76 (0.0-100.0)
6.12 (0.0-100.0)

§3.72 (2.6-100.0)
64.07 (0.0-100.0)

Time pH = 5, %
0-2 h Mean (range)
2-4 h Mean (range)

6.71 (0.0-100.0)
5.15 (0.0-100.0)

48.54 (0.0-100.0)
47.26 (0.0-100.0)

Time pH = 6, %
0-2 h Mean (range)
2-4 h Mean (range)

3.84(0.0-88.1)
3.90(0.0-88.2)

15.83 (0.0-81.8)
25.32(0.0-84.7)

Mean pH

0-2 h Mean (range) 2.30 (0.8-6.5) 4.90 (2.8-6.5)

2-4 h Mean (range) 1.23 (0.3-6.6) 4.30(1.2-6.6)
Median pH

0-2 h Median (range) 1.50 (0.7-6.6) 4.80(2.7-6.5)

2-4 h Median (range) 0.80 (0.3-6.7) 480 (1.0-6.6)
Minimum pH

0-2 h Mean (range) 0.82 (0.0-5.1) 3.45(0.0-5.3)

2-4 h Mean (range) 0.43 (0.0-5.1) 1.62 (0.0-5.5)
Maximum pH

0-2 h Mean (range) 4.64 (1.8-7.3) 6.55(4.8-9.0)

2-4 h Mean (range) 4.79 (1.1-8.3) 6.63 (3.3-9.0)

In Treatment B, there were a higher percent time above a gastric pH threshold ranging
from >3 to >6 compared to Treatment A. In both Treatment A and Treatment B, as the
pH threshold increased from >3 to >6, the percent time decreased.
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Figures 3-6-Graphical analysis of intragastric pH versus Cpax and AUC .., for
Treatment A and B at 0-2 and 2-4 hours postdose
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At both 0-2 hours and 2-4 hours postdose, for both Cnax and AUC o), a trend was
observed of decreasing rilpivirine Cmax and AUC o) as intragastric pH increased.
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10.4 Safety Issues

No deaths or other serious adverse events were reported for the trial. No grade 3 or grade
4 adverse events were reported. Three subjects reported an adverse event during the trial.
One subject reported grade 2 nasopharyngitis during Treatment D. A second subject
reported grade 1 dyspepsia and upper abdominal pain during Treatment C. The third
subject reported grade 1 dizziness with Treatment D and grade 1 headache and grade 2
mouth ulceration with Treatment C. The grade 2 mouth ulceration resulted in premature
discontinuation of the subject from the trial. No adverse events were reported during
follow up.

The applicant did not provide tables describing adverse events by system organ class.
11. Discussion and Conclusions

Based on the results from the drug-drug interaction trial, the following conclusions can be
made:

e With single dose rilpivirine 150 mg administered two hours after single dose
famotidine 40 mg (Treatment B), the mean rilpivirine Cuax, AUC 0-1as), and
AUC o) values were decreased by 85%, 77%, 76%, respectively, when compared
to Treatment A, when rilpivirine was administered by itself. The 90% confidence
interval for rilpivirine Ciax, AUC(0-1ast), and AUCg-) was not within 80%-125%.

e With single dose famotidine 40 mg administered four hours after single dose
rilpivirine 150 mg (Treatment C), the mean rilpivirine Cmax, AUC(q.1as1), and
AUC o) values were increased by 21%, 12%, and 13%, respectively, when
compared to Treatment A, when rilpivirine was administered by itself. The 90%
confidence interval for rilpivirine Cpax, AUC o.1ast), and AUC 9.y was not within
80%-125%.

e With single dose rilpivirine 150 mg administered twelve hours after single dose
famotidine 40 mg (Treatment D), minimal change was observed in the mean
rilpivirine Cpax (decrease of 1%), and the mean rilpivirine AUC g1a5r) and AUC g0
values were both decreased by 9% when compared to Treatment A, when
rilpivirine was administered by itself. The 90% confidence interval for rilpivirine
was Cpax Was within 80%-125%. The 90% confidence interval for rilpivirine
AUC(O-last), and AUC(O_OO) was not within 80%-125%.

e For famotidine, based on the ANOVA analysis, there was no statistically
significant differences (p value less than 5%) that were observed among the
different treatment arms for famotidine AUC q.jas), and AUC 9.

Based on the information obtained from intragastric pH monitoring during Treatment A
and Treatment B, the following results were observed:

e In Treatment B, there were a higher percent time above a gastric pH threshold
ranging from >3 to >6 compared to Treatment A. In both Treatment A and
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Treatment B, as the pH threshold increased from >3 to >6, the percent time
decreased.

e At both 0-2 hours and 2-4 hours postdose, for both Cpax and AUC o), a trend
was observed of decreasing rilpivirine Cpax and AUC - as intragastric pH
increased.

The changes in rilpivirine exposure are believed to be due to changes in gastric pH
caused by famotidine. When single dose rilpivirine 150 mg was administered twelve
hours after single dose famotidine 40 mg or single dose famotidine 40 mg was
administered four hours after single dose rilpivirine 150 mg, clinically relevant changes
in the exposure of rilpivirine were not observed. When single dose rilpivirine 150 mg
was administered two hours after single dose famotidine 40 mg, clinically relevant
changes in the exposure of rilpivirine were observed. Therefore, rilpivirine should be
administered twelve hours after famotidine or famotidine should be administered four
hours after rilpivirine. This is consistent with the applicant’s recommendations for
rilpivirine administration with H, receptor antagonists in the proposed rilpivirine
prescribing information.
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T™MC278-C137

1. Title

The effect of food on the bioavailability of TMC278 after a single oral dose of 75 mg,
formulated as the Phase III tablet, in healthy subjects

2. Information Regarding the Clinical Trial Site and Duration of the Trial

The trial was conducted at ®) @

from July 11, 2007 to October 23, 2007.

3. Objectives

The objectives of the trial were to evaluate the effect of different types of meals on the
bioavailability of rilpivirine and to evaluate the bioavailability of rilpivirine under fasted
conditions using the Phase 3 tablets.

4. Trial Design

TMC278-C137 was a Phase I, open label, randomized, 4 way crossover, clinical trial that
enrolled male and female subjects between 18 and 55 years old. The trial design is

displayed in Figure 1 and the treatments that were administered are displayed in Table 1.

Figure 1-TMC278-C139 trial design

> 13-day > 13-day > 13-day
Session 1 washout Session 2 washout Session 3 washout Session 4
— — —

Table 1-Treatments administered in the C137 trial

Treatment A

Treatment B

Treatment C

Treatment D

(F008)

TMC278, 75 mg tablet

Day 1:
1 tablet orally
in the morning
after a

Day 1:

1 tablet orally
in the morning
under fasting

Day 1:

1 tablet orally
i the morning
after a high-fat

Day 1:
1 tablet orally
in the morning
after a

standard conditions breakfast nutritional
breakfast drink rich in
proteins

5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions

Use of ibuprofen and acetaminophen was permitted up to three days before the first
administration of trial medication. Afterwards, ibuprofen use was permitted up to 400
mg/day and acetaminophen was permitted up to 1 gram/day. Any over the counter
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medications were to be discontinued a minimum of seven days before the first
administration of trial medication and all prescription medications were to be
discontinued a minimum of fourteen days before the first administration of trial
medication, except for ibuprofen and acetaminophen. Use of herbal medicines or dietary
supplements was not permitted from fourteen days before the first administration of trial
medication and up to fourteen days after the last administration of trial medication.

Use of liquids containing alcohol or quinine was not permitted from 24 hours before
administration of trial medication until Day 8 in each session or treatment arm. Intake of
grapefruit and grapefruit juice was not permitted from 7 days before administration of
trial medication in the first session or treatment arm until Day 8 in the last session or
treatment arm.

In the event of an adverse event, the following medications were permitted:

A) Rash or an allergic reaction: cetirizine, levocetirizine, topical corticosteroids, or
antipruritic agents (specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)
C) Diarrhea: loperamide

6. Dosage and Administration

Information regarding the fat and calorie content for the treatment administered in the

C137 trial are displayed in Table 2. The total calorie content for high fat, high calorie

meals is consistent with the recommendations in the FDA guidance document for food

effect trials.

Table 2-Fat and calorie content for the treatments administered in the C137 trial

Treatment Fat (g) Total Keal Kecal Keal
Kcal from from from
fat carbohydrates proteins
A (standard breakfast) 21 533 189 268 76
B (fasted) 0 0 0 0 0
C (high-fat breakfast) 56 928 504 260 164
D (protein-rich drink) 7.9 300 72 153 75

All subjects were to fast overnight for a minimum of 10 hours before administration of
rilpivirine with approximately 240 mL of water. Water was allowed up to two hours
before and two hours after rilpivirine administration. All breakfast meals with
Treatments A, C, and D were to be consumed in 30 minutes or less. Rilpivirine was
subsequently administered within 10 minutes after the meal was completed (this differs
from the recommendation in the FDA guidance document for food effect trials which
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recommends that medication should be administered 30 minutes after initiation of the
meal). The specific impact of this deviation is unknown.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimen that was administered to all subjects was a single 75 mg
dose of rilpivirine. In contrast, the rilpivirine dosage regimen that was evaluated in the
Phase 3 clinical trials and the recommended dosage regimen in the proposed rilpivirine
prescribing information is 25 mg once daily with a meal. Across the dose range of 25 mg
to 150 mg, increases in rilpivirine exposure were approximately dose proportional. It is
anticipated that the change in rilpivirine exposure for the different types of meals and
under fasted conditions would be applicable for rilvpivirine 25 mg once daily with a
meal.

8. Drugs Used in the Trial

Rilpivirine 75 mg tablets (formulation FOO8) were administered in the trial. The 75 mg
tablets (formulation FOO8) that were administered in the trial was designed to be
proportional in terms of the active and inactive ingredients to the 25 mg (formulation
F006) tablets that were administered in the Phase 3 trials.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

Blood samples for analysis of rilpivirine plasma concentrations were obtained on Days 1
through 8 at predose and up to 168 hours postdose.

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by Tibotec. The lower limit of
quantification for rilpivirine was 1 ng/mL and the upper limit of quantification was 2000
ng/mL. There were no precision or accuracy issues identified for rilpivirine based on the
bioanalytical report. For the TMC278-C137 trial, precision and accuracy were evaluated
using the low (2.77 ng/mL), medium (59 ng/mL), and high (1550 ng/mL) QC samples.
The corresponding rilpivirine inter-run accuracy values were 7.6% for the low QCs,
5.6% for the medium QCs, and 2.6% for the high QCs, and the rilpivirine inter-run
precision values were 5.2% for the low QCs, 5% for the medium QCs, and 7% for the
high QCs. The submitted rilpivirine long term stability data of 1528 days at -20°C
covered the duration of long term rilpivirine stability data necessary for the TMC278-
C137 trial.
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Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate plasma pharmacokinetic parameters,
including Crnax, AUC.1ast) and AUC.) for rilpivirine. If a major difference (> 10.00%
deviation from the scheduled time) was observed, the actual sampling time was used
instead of the scheduled sampling time.

Statistical Analysis

Descriptive statistics were calculated for rilpivirine plasma concentrations and
pharmacokinetic parameters, including the number of subjects (n), mean, standard
deviation, the coefficient of variation (CV%), geometric mean, median, and the minimum
and maximum values.

Statistical analysis involved the following comparisons of plasma rilpivirine log
transformed pharmacokinetic parameters: a) Treatment B (test arm) versus Treatment A
(reference arm), b) Treatment C (test arm) versus Treatment A (reference arm), and c)
Treatment D (test arm) versus Treatment A (reference arm). In contrast to the
recommendations in the FDA guidance document for food effect trials, the fed arms
served as the reference instead of the fasted arm. A formal statistical analysis was not
conducted comparing rilpivirine exposure with high fat meals compared to fasted
conditions. Using a linear mixed effects model, least squares means were calculated and
90% confidence intervals were derived based on the difference of the pharmacokinetic
parameter’s least squares means for the test and reference arms. The 90% confidence
intervals and the difference of the pharmacokinetic parameter’s least squares means were
transformed back to the original scale.

10. Results
10.1 Subject Demographics and Disposition

Table 3-TMC278-C137 subject demographics

Group 1 Group 2 Group 3 Group 4 All Subjects
Parameter N=5 N=5 N=35 N=35 N =20
Age, years 38.0 (36-55) 31.0 (21-50) 31.0 (23-34) 35.0 (31-54) 34.5 (21-55)
Median (range)

Height. cm 170.0 173.0 175.0 180.0 173.5
Median (range) (158-185) (166-177) (173-182) (166-183) (158-185)
Weight, kg 71.0 (50-88) 74.0 (58-90) 67.0(66-68) 75.0 (66-93) 69.5 (50-93)

Median (range)
BMI. kg/m’ 24.57 25.31 21.55 25.40 23.95
Median (range) (20.0-26.8) (21.0-28.7) (20.2-22.5) (19.7-28.7) (19.7-28.7)
Sex. n (%)
Male 3 (60.0) 5 (100.0) 5 (100.0) 5 (100.0) 18 (90.0%)
Ethnic Origin, n (%)
Caucasian 4 (80.0) 4 (80.0) 5(100.0) 2 (40.0) 15(75.0)
Black 0 0 0 1(20.0) 1(5.0)
Asian/Oriental 0 0 0 1(20.0) 1(5.0)
Other 1(20.0) 1(20.0) 0 1(20.0) 3 (15.0)
Type of Smoker. n (%6)
Non-smoker 5 (100.0) 3 (60.0) 3 (60.0) 3 (60.0) 14 (70.0)
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Table 4-TMC278-C137 treatment sequences

Session 1 Session 2 Session 3 Session 4
Group 1 A D B C
Group 2 B A C D
Group 3 C B D A
Group 4 D C A B

Figure 2-TMC278-C137 subject disposition
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10.2 Prior and Concomitant Medications
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There were no subjects that administered concurrent medications during the trial.

10.3 Pharmacokinetic and Statistical Analysis

There were 6, 5, 6 and 6 subjects in Treatments A, B, C and D, respectively, with a

quantifiable predose rilpivirine drug concentration that was less than 5% of the subject’s

rilpivirine Cp,x on Day 1.
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Rilpivirine

Table 5-Pharmacokinetic parameters for single doses of rilpivirine 75 mg once daily
with Treatments A, B, C and D

Pharmacekinerics Siamilard .

af TMC278 randar Fasting condition: High-fat brealdast P]'.D.mm-rml.l
breakfast (Test 1) (Test 2} nutritional drink

(mean T 51, fou: (reference) Bst Bt (Test 3)

median [range])

n 19 19 15* 18

T 5002.0-9.00 4.002.0-240) 50030-9.0 50(4.0-9.0)

e Dz/ml X4 = 1176 | 1702 = 6561 2798 = 1026 1560 = 3966

AUC . nzhml | 10340 = 3894 6230 =+ 2339 9717 =+ 3535 5437 = 21421

AUCs, nghiml 11450 = 4431 720 £ 3024 10670+ 4331 g4 = 3047

R h 4798 = 2)08 |S484 <+ 2825 43058 = 1728 4720 = 2280

*n=18 for AUCu.. AUC: and timeem

Table 6-Statistical analysis for rilpivirine with a standard meal (reference arm) and
fasted conditions (test arm)

L%means 007 C1%" p-value Best Available
] Copy
Par i Treatment & | TreatmentB | Limeans Period Cegmence
armmerer (refarence) ast 1) ratio, %% ) T
Cp ngmL 2758 150.2 5445 42592 -69.07 0.B372 0.5425
AUC, , nghiml 9683 3546 §7.27 4572 - 7175 0.8452 (4658
AU s, ng h/mL 10620 6269 59.02 4687 - 7432 0.9196 0.3921
Madian p-value
I ant & | Treatment B Treatment
Parameter 1;;.::;];::‘ m‘:ﬁelﬂl diffarenca o0% CL% " Penod Sequence
- iy B median
tour: B 3.0 4.0 1.00 (0500 - (2.000 0.3494 (2958

“ =19 for Reference and n=19 for Test

924 confidence intarvals.

Based on the statistical analysis after a single dose of rilpivirine 75 mg administered
under fasted condition, the mean rilpivirine Cpax, AUC ¢-1ast), and AUC o) values were
decreased compared to rilpivirine administered with a standard meal. The 90%
confidence interval for rilpivirine Cpax, AUC g-1ast), and AUC o) were not within 80%-
125%.
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Table 7-Statistical analysis for rilpivirine with a standard meal (reference arm) and
a high fat meal (test arm)

LSmeans * 9% 1% " p-value
Paramete Treatment & | Treatment C | LSmeans o Sen
aramerer (1eferenca) (Test 2} rato, ¥ - e Beuence
g nz'mlL 2725 251.2 92.20 30.57-1050 (0.2852 04456
AUC,, nghml 9705 3950 9221 7981 - 1065 0.7911 0.2659 Best Available Copy
AUC,, mg hvmL 106350 26835 20.94 T78.532-1053 0.7408 03431
Median p-valus
Treatment & | Treatment C Treatment
Parameter -"t‘Efet‘Eu;e‘-- ':TE'E 2 difference 90 CL% " Period Sequence
: ! R median
four, B 5.0 5.0 050 (<0500 - 2000 0.16a2 1.000

" n=19 for Reference and n=1% for Test (C

) and n=18 for Test (AUC,, and ATC.)

T,

" 9% confidence intervals.

Based on the statistical analysis after a single dose of rilpivirine 75 mg administered with
a high fat meal, the mean rilpivirine Ciax, AUC 0.1ast), and AUC o) values were decreased
(less than a 10% decrease) compared to rilpivirine administered with a standard meal.
The 90% confidence interval for rilpivirine Cp.x was within 80%-125%. The 90%
confidence interval for rilpivirine AUCg.1ast), and AUC ¢..) were not within 80%-125%,
with the lower limit of the 90% confidence interval for both parameters falling below
80% by less than 5%.

Table 8-Statistical analysis for rilpivirine with a standard meal (reference arm) and
a protein containing drink (test arm)

Limeans" o0 CT %" p-value
Treatment A | TrezmentD | Limeans o -
Parameter (refarence’ (Test 3) satio. % Period Sequence
Cpee mz'ml 2758 1384 50,17 I0E6-6348 0.5312 0.7872
AUC, ., nghmL D683 4856 50.25 41.36-61.05 0.E845 0.6008
AUCs, ng h'mL 10620 5369 50.55 41.50 -61 55 0.B593 0.5990
Madian p-value
Treatment A | Treatment D Treatment
Paramerer . " difference 90%s CT %" Feriod Sequence
(refarence)) (Test 3) ;
median
— 5.0 5.0 0.50 (<0300 - (1.30) 0.1135 0.5852

* n=19 for Reference and n=18 for Test

" 9{1%; confidence intervals.

Based on the statistical analysis after a single dose of rilpivirine 75 mg administered with
a protein containing drink, the mean rilpivirine Cpax, AUC 01051, and AUCo.0) values
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were decreased compared to rilpivirine administered with a standard meal. The 90%
confidence interval for rilpivirine Cpax, AUC g-1ast), and AUC o) were not within 80%-
125%.

The applicant did not compare the changes in rilpivirine exposure with high fat meals
compared to fasted conditions or vice versa. Based on the 90% confidence intervals,
similar Cyax and lower AUC g.1ast), and AUC o) values were observed with high fat meals
compared to standard meals. Therefore, the percent change in rilpivirine exposure with
fasted conditions compared to high fat meals is anticipated to be similar for Cy,,x and
greater for AUC g.1asty and AUC ) compared to the changes in rilpivirine exposure in
Table 6. However, the difference in rilpivirine exposure when administered with a high
fat meal compared to a standard meal is not clinically significant. The applicant’s
statement in the proposed rilpivirine prescribing information that there is a 40% change
in rilpivirine exposure with either standard or high fat meals (presumably referring to the
change in AUC g.1ast), and AUCo.0) values) compared to fasted conditions is acceptable.

10.4 Safety Issues

No deaths or other serious adverse events were reported for the trial. No grade 3 or grade
4 adverse events were reported. There were no grade 1 or grade 2 adverse events that
were possibly, probably, or very likely related to rilpivirine. Information regarding the

adverse events that were reported in the trial is summarized in Table 9.

Table 9-Adverse event incidence categorized by system organ class and preferred

term
Syseem Organ Class
Preferred Term Treatment A Treatment B Treamment C Treatment I Total
n (%) N=1% N=1% (N=1% N=138) (N =20)
Any AE J{1%.8) 153 1({10.5) U] £(350
Gasireintestnal Disorders
Diarrhea 0 1(53) 0 a 1500
General Disorders and
Adminisiranon Sire .
Conditions Best Available
Puncture sife pain 1053 0 a 10500 Copy
Infecnons and Infesranons 1053 0 1(5.3) a 20100
Gastroenterifis [i] 1§{5.3) a 1¢5.0)
Fhinitis 1(5.3) 4] 0 a 1{5.00
Nervous Svsrem Disorders
Headachs 0 0 5.3) a 1 {5.0)
Vasenlar Disorders
Hot flush 1(53) 1] 0 a 1({5.00

n = puanber of subyjects with 1 or more events; I = munber of sulyjects per ireannant.
11. Discussion and Conclusions
Based on the results from the trial, the following conclusions can be made:

e After a single dose of rilpivirine 75 mg administered under fasted condition, the
mean rilpivirine Cpax, AUC 0.1as1), and AUC o) values were decreased by 46%,
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43%, and 41%, respectively, compared to rilpivirine administered with a standard
meal. The 90% confidence interval for rilpivirine Cpax, AUC 01ast), and AUC 9-or)
were not within 80%-125%.

e After a single dose of rilpivirine 75 mg administered with a high fat meal, the
mean rilpivirine Cpax, AUC g.1as1), and AUC g.«) values were decreased by 8%, 8%,
and 9%, respectively, compared to rilpivirine administered with a standard meal.
The 90% confidence interval for rilpivirine Cy.x was within 80%-125%. The
90% confidence interval for rilpivirine AUC g.1ast), and AUCo..;) were not within
80%-125%.

e After a single dose of rilpivirine 75 mg administered with a protein containing
drink, the mean rilpivirine Cmax, AUC(g-1ast), and AUC g.) values were decreased
by 50%, 50%, and 49%, respectively, compared to rilpivirine administered with a
standard meal. The 90% confidence interval for rilpivirine Cmax, AUC(0-1as1), and
AUC o) were not within 80%-125%.

A food effect exists for rilpivirine when administered at 75 mg once daily. Higher
rilpivirine exposure are observed when rilpivirine is administered with a standard and
high fat meals compared to fasted conditions. The percent change in rilpivirine exposure
with fasted conditions compared to high fat meals is anticipated to be similar for C,,x and
greater for AUC g.1ast) and AUC ) compared to the changes in rilpivirine exposure with
fasted versus standard meals. However, the difference in rilpivirine exposure when
administered with a high fat meal compared to a standard meal is not clinically
significant and both types of meals may be administered with rilpivirine.

Across the dose range of 25 mg to 150 mg, increases in rilpivirine exposure were
approximately dose proportional and the results of the C137 trial are anticipated to be
applicable to administration of rilpivirine 25 mg once daily with a meal. The applicant’s
recommendation in the proposed rilpivirine prescribing information that rilpivirine 25 mg
once daily should be administered with a meal is acceptable.
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TMC278-C130

1. Title

Pharmacokinetics, safety and tolerability of TMC278 in subjects with mildly or
moderately impaired hepatic function

2. Information Regarding the Clinical Trial Site and Duration of the Trial
The trial was conducted at A

from June 18,
2008 to November 16, 2009.

2. Objectives

The objective of the trial was to evaluate the rilpivirine single and steady state
pharmacokinetics and safety in mild or moderate hepatically impaired subjects compared
to healthy subjects

3. Trial Design

TMC278-TiDP6-C130 was a Phase I, open label, parallel, clinical trial that enrolled 32
male and female subjects between 18 and 65 years old. In Panel A, two groups (8
subjects in each group) were enrolled: the first group was subjects with mild hepatic
impairment (Panel Al) and the second group were healthy subjects (Panel A2). In Panel
B, two groups (8 subjects in each group) were enrolled: the first group was subjects with
moderate hepatic impairment (Panel B1) and the second group was healthy subjects
(Panel B2). The degree of hepatic impairment (mild or moderate) was categorized using
the Child-Pugh classification. The total duration of treatment for both Panel A and Panel
B was 11 days. For Panels A2 and B2, healthy subjects were matched for gender, age
(x 5 yrs), and body mass index (BMI) (x 15%) to subjects with mild and moderate
hepatic impairment, respectively.

5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions

Subjects with hepatic impairment were permitted to continue using medications for
managing hepatic impairment, including albumin, diuretics, lactulose, beta blockers, and
vitamins. Use of proton pump inhibitors was not permitted. All other medications were
to be reviewed on a case by case basis (with the exception of acetaminophen and
ibuprofen).

For healthy subjects, use of ibuprofen and acetaminophen was permitted up to three days
before first dosing. Afterwards, ibuprofen use was permitted up to 400 mg/day and
acetaminophen use was permitted up to 1000 mg/day. Any over the counter medications
were to be discontinued a minimum of 7 days before first dosing and any prescription
medications were to be discontinued a minimum of fourteen days before first dosing
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(with the exception of ibuprofen and acetaminophen). Use of any medication other than
trial medication, ibuprofen, acetaminophen, and medications for the treatment of adverse
events was not permitted up to fourteen days after the last administration of trial
medication. Use of herbal medicines or dietary supplements was not permitted from
fourteen days before first dosing up to fourteen days after the last administration of trial
medication.

Use of liquids containing alcohol or quinine was not permitted from 24 hours before the
first administration of trial medication until Day 18. Intake of grapefruit and grapefruit
juice was not permitted from 7 days before the first administration of trial medication
until Day 18.

In the event of an adverse event, the following medications were permitted:

A) Rash or an allergic reaction: cetirizine, levocetirizine, topical corticosteroids, or
antipruritic agents (specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)

C) Diarrhea: loperamide

6. Dosage and Administration

Prior to obtaining blood samples for pharmacokinetic analysis on Days 1 and 11, subjects
fasted overnight for a minimum of 10 hours. After a standard meal in the morning,
rilpivirine was administered within 10 minutes after completion of the meal.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimen that was administered to all subjects in both Panel A and
Panel B was 25 mg once daily with a meal. This is the dosage regimen that was
evaluated in the Phase 3 clinical trials and is the recommended dosage regimen in the
proposed prescribing information.

8. Drugs Used in the Trial

Rilpivirine 25 mg tablets (formulation FO06) were administered in the trial. This is the
tablet that is to be commercially marketed.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

Blood samples for analysis of rilpivirine concentrations were obtained on Day 1 and Day
11.

In Panel A, on Day 1, blood samples were obtained at predose (0 hour), and 0.5, 1, 2, 3,
4,5,6,9, 12, and 16 hours postdose, and a 24 hour postdose sample was drawn on Day 2.
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On Days 9 and 10, trough concentrations were obtained. On Day 11, blood samples were
obtained at predose (0 hour), and 0.5, 1, 2, 3, 4, 5, 6, 9, 12, and 16 hours postdose. 24, 48,
72, 120, and 168 hour postdose samples were drawn on Days 12, 13, 14, 16, and 18,
respectively.

In Panel B, on Day 1, blood samples were obtained at predose (0 hour), and 0.5, 1, 2, 3,
4,5,6,9, 12,14, 16, 18, 20 and 22 hours postdose, and a 24 hour postdose sample was
drawn on Day 2. On Days 9 and 10, trough concentrations were obtained. On Day 11,
blood samples were obtained at predose (0 hour),and 0.5, 1, 2, 3,4, 5, 6, 9, 12, 14, 16,
18, 20, 22 hours postdose. 24, 48, 72, 120 and 168 hour postdose samples were drawn on
Days 12, 13, 14, 16, and 18, respectively.

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirne plasma samples
were analyzed using a validated LC/MS/MS method by Johnson and Johnson
Pharmaceutical Research and Development. The lower limit of quantification for
rilpivirine was 1 ng/mL and the upper limit of quantification was 2000 ng/mL. There
were no precision or accuracy issues identified for rilpivirine based on the bioanalytical
report. For the TMC278-TiDP6-C130 trial, precision and accuracy were evaluated using
the low (either 2.71 or 2.77 ng/mL), medium (54.3 or 55.3 ng/mL), and high (1570
ng/mL) QC samples. The corresponding rilpivirine inter-run accuracy values were 1.1%,
or 4.3% for the low QCs, -0.2% or 0.9% for the medium QCs, and -1.9% for the high
QCs, and the rilpivirine inter-run precision values were 5.5% or 4.5% for the low QCs,
3.5% or 7.2% for the medium QCs, and 6.5% for the high QCs.

The submitted rilpivirine long term stability data of 1528 days covered the duration of
long term rilpivirine stability data necessary for the hepatic impairment trial.

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate pharmacokinetic parameters,
including Cmax and AUC g.24ny. Rilpivirine clearance and volume of distribution
parameters were not evaluated. If a major difference (> 10.00% deviation from the
scheduled time) was observed, the actual sampling time was used instead of the
scheduled sampling time.

The applicant did not evaluate protein binding of rilpivirine in healthy and hepatic ally
impaired subjects.

Statistical Analysis

Descriptive statistics were calculated for rilpivirine plasma concentrations and
pharmacokinetic parameters, including the number of subjects (n), mean, standard
deviation, the coefficient of variation (CV%), geometric mean, median, and the minimum
and maximum values.

Reference ID: 2924498
265



Statistical analysis involved comparison of rilpivirine log transformed pharmacokinetic
parameters for mild or moderate hepatic impairment subjects (test arms) compared to
healthy subjects (reference arm). On Day 1 Cax, and AUC .24y, Were evaluated, and on
Day 7, Coan, Cmax, AUCo.24n) Were evaluated. Using a linear mixed effects model, least
squares means were calculated and 90% confidence intervals were derived based on the
difference of the pharmacokinetic parameter’s least squares means for the test and
reference arms. The applicant did not specify predetermined “no effect boundaries” for
the 90% confidence intervals.

An assessment was performed to determine if rilpivirine steady state concentrations were
achieved by Day 11 based on predose concentrations from Days 9, 10 and 11.

10. Results
10.1 Subject Demographics and Disposition

Table 1-TMC278-C130 subject demographics

Panel A Panel B
Moderate
Mild Hepatic Hepatic

Healthy Impairment Healthy Impairment
Parameter N=38 N=38 N=3§ N=3
Age vears
Median (range) 48.0 (36-61) 475 (41-57) 52.0 (45-63) 53.0 (47-64)
Height, cm
Median (range) 172.0 (158-189) 172.5 (160-190) 1755 (155-184) 171.5(158-182)
Weight, kg
Median (range) 80.5 (61-100) 77.0 (61-100) 81.0 (55-107) 81.0 (59-98)
BMI, kg/m”

Median (range)

26.30(21.0-31.4)

26.96 (21.6-30.6)

26.98 (22.5-31.6)

26.77(21.2-31.8)

Gender, n (%)

Male 4 (50.0%) 4 (50.0%) 6 (75.0%) 6 (75.0%)
Race, n (%)
White 8 (100.0%) 8 (100.0%) 8 (100.0%) 8 (100.0%)

Type of Smoker. n (%)
Light

5 (62.5%)

6 (75.0%)

3 (37.5%)

3 (37.5%)

Specific Child Pugh scores for hepatically impaired subjects were not reported and
subjects were only classified into general Child Pugh categories of mild (5 to 6) or
moderate (7 to 9) hepatic impairment.
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Figure 2-TMC278-C130 subject disposition
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10.2 Prior and Concomitant Medications

Medications that were taken by greater than 2 subjects per panel were evaluated for the
potential to alter CYP 3A metabolism. The medications that meet this criterion were
spironolactone, furosemide, and lactulose. None of these medications would be expected

to alter CYP 3A metabolism.
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10.3 Pharmacokinetic and Statistical Analysis

Subjects with mild hepatic impairment

Table 2-Pharmacokinetic parameters for mild hepatic impairment subjects and
matched healthy subjects [%FI1=100 X ([Crmax-Cmin)/Css.av)]

Pharmacokinetics of TMC278

Panel A

C

C

C
C
C
C

FL

ATUC, 4. ng h/mL
Ratio Couy, napasic/heatiy- 70
Ratio AUC 24, hepatic/healthy- %"
Day 9

“on. g/l

Day 10

on. g/ml

Day 11

‘on. ng/ml

‘min. Ng/mL

‘24 ng/mL

maze N ML

timaxe, B

AUUC4n. ng h/mL
1 2term B

Yo

1 L
Ratio c]:u'n: hepatic’healthy -
Ratio Coun neparicbeatiny 78

- o4
Ratio cmx: haparic/healthy 0

Ratio AUC, 4 neparcbestny 70

890.2 + 169.0

G404 + 1879
G908 <+ 2575
77.56 £+ 2212
G565 + 1858
8209 + 2087
1443 + 3570
5.0(3.0-12.0)
2152 £ 5381
60539 + 2003
8968 + 2242
8991 + 2974

(mean = SD, ty..,.. median Healthy Mild Hepatic
[range]) (reference) Impairment (test)
n 8 8°

Day 1

C e g/mL §1.73 =+ 20.01 5029 = 31.96
T, B 4.0(3.0-9.0) 45(2.0-50)

1071 = 266.3
110.5
120.3

126.8 = 46.17

126.3 = 4995
137.8 = 6225
8413 =+ 2072
1471 £ 5020
187.0 =+ 66.31

5.0(2.0-24.0)
3206 = 1080
80.82° = 3317
133.6 = 45.00
7440 = 22.04

* Ratio of mean pharmacokinetic parameter values

]

n =7 for ty2em

© Accurate determination not possible

d
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Table 3-Statistical analysis of mild hepatic impairment subjects (test arm) compared
to matched healthy subjects (reference arm)

Panel A
LSmeans "

Mild Hepatic LSmeans
Parameter Healthy (reference) Impairment (test) ratio o0% CI®
Dav 1
C . ng/'ml. T9.58 8438 1.060 Q7834 - 1.435
AUC, . ng.h/mL 8376.0 1031 1.177 Q.9315 - 1.487
Day 11
Cpin nEmI. 62.73 81.97 1.307 1004 -1.702
Chay ng/ml 79.62 139.9 1.758 1.343 -2301
Crpee- ng/ml. 1404 178.0 1.268 0.9804 - 1.641
ATUTC4e. ng.h/mL 2093 3070 1.467 1.144 -1.881

Median® Treatment

Mild Hepatic difference
Parameter Healthy (reference) Impairment (test) median 002 CI®
Dawv 1
tpnax. T 4.0 4.5 1.00 (-1.007) - (1.00)
Day 11
tpax. 11 5.0 5.0 0.00 (-2.00) - (12.00)

*n = & for reference and test
* o0 Cls

On Days 1 and Day 11, higher mean Cax and AUC g-24n) Values were observed in
subjects with mild hepatic impairment compared to matched healthy subjects. Higher
Con, Caan, and Cpin values on Day 11 were also observed in subjects with mild hepatic
impairment compared to matched healthy subjects. The change in the mean C,.x and
AUC -24n) ratio was higher on Day 11 compared to Day 1 when subjects with mild
hepatic impairment were compared to matched healthy subjects.

On Day 1, the intersubject variability for Cmax and AUCo.24n) Was 24.5% and 19%,
respectively, in the matched healthy subjects and the intersubject variability for Cpax and
AUC.24n) Was 35.4% and 24.9%, respectively, in mild hepatic impairment subjects. On
Day 11, the intersubject variability for Cyin, Con, Cmax and AUCo.24n) Was 28.3%, 28.5%,
24.8% and 25%, respectively, in the matched healthy subjects and the intersubject
variability for Cpin, Con, Cmax and AUCq.24n) Was 24.6%, 45.2%, 35.5%, and 33.7%,
respectively, in mild hepatic impairment subjects.
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Subjects with moderate hepatic impairment

Table 4-Pharmacokinetic parameters for moderate hepatic impairment subjects and

matched healthy subjects

(mean = SD. tg.,. median

I range])

Pharmacoekinefics of TALC2 78

Panel B

Healthy (reference)

Moderate Hepatic

n
Dayw 1

Chne- @' T

R ]

ATTC . ng himI.

. . —
Ratio Coas hepanc healtys- <9

Day 9

Con. ng/mT.
Day 10

Con. ng/mT.
Day 11

Con. ng/mT.
Crin. ngdml.
Cogn. ng/mT.
C - ' T
Tyman, 1
ATTC24n. ng . himI.
1 rotemme 11

s gn /il
FI. %o

Ratio ATTC heparic/healthy- %p®

&
62.99 =+ 22.31
5.0 (3.0 - 5.0)
7269 = 214.0
79.68 = 24.35
8626 = 16.08
81.83 =+ 17.81
67.31 =+ 14.88
88.75 = 2356
1468 = 3021
5.0 (3.0 - 5.0)
2318 = 3859
s6.01 = 21.31
956.58 = 16.08
8363 = 3034

Impairment (test)
Scl

44 43 =+ 17.69
S0 (2.0 -22.0)
S69.6 =+ 2275
TO.54
TB.3G

98 31 =+ 24 73

Rato Coin hepatichealthy + 8
. . a.
Rat1o Cogn nepaticbealin: © 0
. . oA
Rat1io Coyax, hepanic/healthy - @

Ratio ATUC40 neparicbestmy 70"

=

a

118.9 = 53 .73
1222 =+ 51.53
TG 55 E S 26 24
121.7 =+ 52 22
143 .5 =+ 49 69
2000 (2.0 - 24.0)
2525 =+ B51.2
90 56° =+ 37 047
105.2 =+ 35.47
685 26 =+ 13 20
113.7
137.1
9775
1L08.9

=

&

d

Table 5-Statistical analysis of moderate hepatic impairment subjects (test arm)
compared to matched healthy subjects (reference arm)

n = 7 for tizwem
® Accurate determination not possible

n =4 for Day 1 and n = 5 for ty,mm

Fatio of mean pharmacokinetic parameter values

Panel B
LSmeans ™
Moderate Hepatic LSmeans
Parameter Healthy (referemce) Impairment (test) ratio o0 CI P
Dav 1
Cree. n/ml. 59.10 41.74 0.70062 0.4835 - 1.031
ATTC . ng h/mT. 697.8 532.7 0.76325 0.5426 - 1.074
Day 11
Cpin ng/ml 6578 73.05 1.111 0.8671 - 1.423
Cay, ng/ml 86.05 109.8 1.276 0.9079 - 1.792
C - N'mT. 144.2 136.9 0.9496 0.7514 - 1.200
ATUC24e. ng.h/mL 2290 2409 1.052 0.8379 - 1.320

Median®

Moderate Hepatic

Treatment
difference

Parameter Healthy (referemnce) Impairment (test) median 002 CI®
Day 1

s, B 5.0 5.0 0.00 (-1.00) - (2.00)
Day 11

tmae. B 5.0 20.0 16.00 (1.00) - (19.00)

Papes Cls
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On Day 1, lower mean Cmax, and AUCo-24n) Values were observed, and on Day 11 lower
mean Cpax, and higher AUC o.o4n) Values were observed in subjects with moderate hepatic
impairment compared to matched healthy subjects. Higher Copn, Casn, and Cpin Values
were observed on Day 11 in subjects with moderate hepatic impairment compared to
matched healthy subjects.

On Day 1, the intersubject variability for Cmax and AUCo.24n) Was 35.4% and 29.4%,
respectively, in the matched healthy subjects and the intersubject variability for Cpax and
AUC.24n) Was 39.8% and 39.9%, respectively, in moderate hepatic impairment subjects.
On Day 11, the intersubject variability for Cmin, Con, Cmax and AUCy.24n) Was 22.1%,
21.8%, 20.6%, and 16.7%, respectively, in the matched healthy subjects and the
intersubject variability for Cin, Con, Cmax and AUCq.24n) Was 34.3%, 42.2%, 34.6% and
33.7%, respectively, in moderate hepatic impairment subjects.

Other pharmacokinetic information

Based on evaluating the individual rilpivirine predose concentrations, steady state
concentrations were achieved by Day 11 for mildly and moderately hepatically impaired
subjects and for healthy subjects.

While the mean elimination half life in hepatically impaired subjects appeared to be
longer when compared to healthy subjects, a definitive conclusion regarding the half life
comparison for hepatically impaired versus healthy subjects could not be made based on
the available data. The trial report states that in all but one subject with hepatic
impairment an accurate estimation of the half life could not be made either because the
available time period for estimating the half life was less than twice the derived half life
or the regression coefficient was less than 0.9. In three out of eight healthy subjects, the
half life could not be accurately estimated.

10.4 Safety Issues
No deaths were reported for the trial. During follow up, in subjects with moderate

hepatic impairment, one grade 3 adverse event (inguinal hernia) and one grade 4 adverse
event (increased bilirubin) were reported for the trial.
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Table 6-Adverse event incidence reported categorized by system organ class and
preferred term

Panel A Panel B
Moderate
Mild Hepatic Hepatic
System Organ Class Healthy Impairment Healthy Impairment
Preferred Term n (%) N=§ N=§ N=§ N=§
Any AE 2(25.0) 4 (50.0) 3(37.5 3(37.5
Nervous System Disorders 1(12.5) 22500 1(12.5) 1(12.5)
Dizziness 0 1(12.5) 0 1(12.5
Headache 0 1(12.5) 1(12.5) 0
Migraine 1(125 0 0 0
General Disorders and
Administration Site Conditions 0 1(12.5) 1(12.5) 1(12.5)
Asthemia 0 0 0 1(12.5)
Fatigue 0 0 1(12.5) 0
Thirst 0 1(12.5) 0 0
Musculoskeletal and
Connective Tissue Disorders 0 1(12.5) ] 1(25.0)
Back pain 0 1(12.5) 0 1(12.5)
Muscle spasms 0 0 0 1(12.5)
Eye Disorders 0 0 1(12.5) 1(12.5)
Conjunctivitis 0 0 1(12.5) 1(12.5)
Gastrointestinal Disorders 1(12.5) 22500 ] ]
Abdomunal discomfort 0 1(12.5) ] ]
Diarrhea 1(12.3) 0 0 0
Dyspepsia 0 1(12.5) ] ]
Nanzea 0 1(12.5) ] ]
Vomiting 0 1 (12.5) 0 0
Infections and Infestations 0 1(12.5 ] 1(12.5)
Nasepharyngitis 0 1(12.5) 0 1(12.5)
Skin and Subcutaneous Tissue
Disorders 0 0 1(12.5) 1(12.5)
Prunitus 0 0 1(12.5) 1(12.5)
Psychiatric Disorders 1(12.5) 0 ] ]
Nervousness 1(12.3) 0 ] ]
Sleep disorder 1(125 0 0 0
Renal and Urinary Disorders 0 1(12.5 ] ]
Mocturia 0 1(12.5) ] ]
Pollakiuria 0 1(12.5) 0 0
Reproductive and Breast
Disorders 1(12.5) 0 ] ]
Post menopausal hemorrhage 1(12.5) 0 ] 0
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Table 7-Adverse event incidence possibly related to rilpivirine categorized by system

organ class and preferred term

Panel A Panel B
Moderate
Mild Hepatic Hepatic
System Organ Class Healthy Impairment Healthy Impairment
Preferred Term n (%) N=§ N=§ N=3§8 N=35
Nervous System Disorders 0 1(12.5) 1(12.5) 1(11.5)
Dizziness Q0 0 0 1(12.5)
Headache 0 1(12.5) 1(12.5) 0
General Disorders and
Administration Site Conditions 0 1(12.5) 1(12.5) 1(11.5)
Asthenia 0 0 ] 1(12.5
Fatigue 0 0 1(12.5) ]
Thirst 0 1(12.5) 0 0
Gastrointestinal Disorders 1(12.5) 1(11.5) ] ]
Dizrrhea 1(12.5) 0 ] 0
Manzea 0 1{12.5) 0 0
Vomiting 0 1(12.5) 0 0
Skin and Subcutaneous Tissue
Disorders 0 0 1(12.5) 1(12.5)
Prugitus 0 0 1(12.5) 1(12.5
Renal and Urinary Disorders 0 1(12.5) ] 0
MNocturia 0 1{12.5) 0 0
Pollalduria 0 1(12.5) ] 0

One important safety issue that was noted in reviewing the trial was the ECG

abnormalities (see Table 5 below) that occurred in subjects with mild or moderate hepatic
impairment but not in the matched healthy subjects. The trial also collected information

on the worst changes in QTcF or QTcB that were observed in the trial. Two subjects
(one subject with mild hepatic impairment and one subject with moderate hepatic

impairment) experienced an abnormal increase of 30-60 ms from baseline resulting in a
QTcF value of greater than 450 to 480 ms (see Table 8) during treatment. The specific

subjects are not identified in the trial report or in the accompanying listings.

Table 8-Worst treatment emergent ECG abnormalities and worst QTcF and QTcB

changes during rilpivirine treatment

Panel A Panel B
Moderate

Parameter Mild Hepatic Hepatic

Abnormal result Healthy Impairment Healthy Impairment

n (%) N=8 N=8 N=§ N=8
QTcF
Any treatment-emergent
abnormality 0 1(12.5) 0 1(12.5)
Abnormal actual value of
> 450 - 480 ms 0 1(12.5) 0 1(12.5)
QTcB
Any treatment-emergent
abnormality 0 2 (25.0) 0 1(12.5)
Abnormal actual value of
> 450 - 480 ms 0 1(12.5) 0 1(12.5)
Abnormal increase of 30 - 60 ms 0 1(12.5) 0 0

N = number of subjects, n = number of subjects with treatment-emergent worst abnormalities.
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11. Discussion and Conclusions

In subjects with mild hepatic impairment, the greatest change in rilpivirine exposure
occurred on Day 11 with Caan and AUCg.24n) increasing by 76% (90% CI: 134.3%-
230.1%) and 47% (90% Cl: 114.4%-188.1%), respectively, compared to matched healthy
subjects. For the other pharmacokinetic parameters on Day 1, Cinax and AUC g.24n) Were
higher by 6% (90% CI: 78.34%-143.5%) and 18% (90% ClI: 93.15%-148.7%),
respectively and on Day 11, Cpi, and Crax Were higher by 31% (90% CI: 100.4%-
170.2%) and 27% (90% CI: 98.04%-164.1%), respectively compared to matched healthy
subjects. Overall, low to moderate variability was observed for the above
pharmacokinetic parameters.

In subjects with moderate hepatic impairment, on Day 1, Crax and AUCq.24n) Were lower
by 29% (90% CI: 48.35%-103.1%) and 24% (90% CI: 54.26%-107.4%), respectively and
on Day 11, Cpin, C2an, AUCoq-24n) Were higher by 11% (90% CI: 86.71%-142.3%), 28%,
(90% CI: 90.79%-179.2%) and 5% (90% CI: 83.79%-132%), respectively and Cpax Were
lower by 5% (90% ClI: 75.14%-120%). Overall, low to moderate variability was
observed for the above pharmacokinetic parameters.

For both mild and moderate hepatic impairment, there appeared to be an increase in the
rilpivirine half life; however accurate estimations were not obtained for the trial. Based
on the differences in AUC q.24n) for mild hepatic impairment subject compared to the
matched healthy control group, with multiple dosing it appears that an increase in the half
life decreased the clearance of rilpivirine with mild hepatic impairment. A greater
change was observed in the mean Cpax and AUC q-24n) ratio on Day 11 compared to Day 1
when subjects with mild hepatic impairment were compared to matched healthy subjects.
For moderate hepatic impairment subjects, based on the differences in AUC g_24n)
compared to the healthy matched control group, with multiple dosing an increase in the
half life did not result in a substantial impact on the clearance of rilpivirine in moderate
hepatic impairment.

The reasons for a greater magnitude of change in rilpivirine exposure, as measured
through AUCo-24n) 0n Day 11, for mild hepatic impairment subjects compared to
moderate hepatic impairment subjects are unclear. There were no specific subjects
identified that could result in anomalous results. In vitro, rilpivirine is highly protein
bound (99.7%) predominately to albumin. Decreased plasma protein concentrations and
increased volume of distribution, which is observed with hepatic impairment, can result
in decreased total plasma concentrations and no change in free plasma concentrations.
However, rilpivirine plasma protein binding was not evaluated in the trial and the
elimination half life could not be accurately estimated in both mild and moderate hepatic
impairment subjects, so further conclusions can not be made. The volume of distribution
was also not reported. In addition, alterations in the fraction absorbed of rilpivirine may
also have contributed to the lower exposure with moderate hepatic impairment compared
to the matched healthy control subjects on Day 1.
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Based on the magnitude of change in rilpivirine Cpaxand AUC o-24ny in the trial compared
to matched control subjects, no dose adjustment is necessary for rilpivirine in mild and
moderate hepatic impairment patients. The pharmacokinetics of rilpivirine in subjects
with severe hepatic impairment was not evaluated in the trial.

Reference ID: 2924498
275



Mass balance trial

Trial Number

Title

Page Number

TMC278-C119

A Phase I, open label,
single dose, mass-balance
trial with 14C-labeled
TMC278

277

Reference ID: 2924498

276



T™MC278-C119

1. Title
A Phase I, open label, single dose, mass-balance trial with 14C-labeled TMC278
2. Objectives

The objectives of the trial were to obtain information on the excretion and metabolic
profile subsequent to administering a single dose of '*C-labeled TMC278 (rilpivirine) in
humans.

3. Trial Design

TMC278-C119 was a Phase I, open label trial that enrolled six male subjects between 40
and 60 years old.

4. Rationale for Doses Used in the Trial

A single dose of rilpivirine 150 mg (6 mL) was administered. 150 mg once daily was the
highest rilpivirine dosing regimen evaluated in the clinical trials (other than the thorough
QTc trial).

5. Drugs Used in the Trial

An oral rilpivirine solution (FK5343) was administered to subjects containing '*C-labeled
and unlabeled rilpivirine in PEG 400 at a concentration of 25 mg/mL. '*C-labeled
rilpivirine was labeled with '*C on the nitrile carbon of the benzonitrile. The
radioactivity amount that each subject received was 1.85 MBq or less (or 50 pCi or less).

6. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

Blood samples were collected on Day 1 at predose, and 0.5, 1, 2, 3,4, 6, 8, 12, and 16
hours postdose. Blood samples were also collected on Day 2 (24 and 32 hours), Day 3
(48 hours), Day 4 (72 hours), Day 5 (96 hours), Day 6 (120 hours), Day 7 (144 hours),
and Day 8 (168 hours). Additional samples were also collected after Day 8 if the
discharge criteria on Day 8 were not met. Secondly, blood samples were also collected to
measure whole blood and plasma radioactivity and to quantify metabolites and determine
metabolite structures on Day 1 at 1, 2, 4, 8, and 12 hours postdose and on Day 2 (24
hours), and Day 3 (48 hours).

Urine samples were collected at 3 intervals on Day 1 (0-4, 4-8, and 8-24 hours) and on
other days, urine was collected at 24 hour intervals.
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Feces were collected on all trial days from Day -1 to Day 7.
Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by Johnson and Johnson
Pharmaceutical Research and Development. The lower limit of quantification for
rilpivirine was 1 ng/mL and the upper limit of quantification was 2000 ng/mL. There
were no precision or accuracy issues identified for rilpivirine based on the bioanalytical
report. For the TMC278-C1109 trial, precision and accuracy were evaluated using the low
(2.51 ng/mL), medium (50.1 ng/mL), and high (1550 ng/mL) QC samples. The
corresponding rilpivirine inter-run accuracy values were -9.6% for the low QCs, -3.4%
for the medium QCs, and 5.2% for the high QCs, and the rilpivirine inter-run precision
values were 0.3% for the low QCs, 2.5% for the medium QCs, and 0.9% for the high
QCs. The submitted rilpivirine long term stability data of 1528 days covered the duration
of long term rilpivirine stability data necessary for the TMC278-C119 trial.

One discrepancy that was noted in the bioanalytical report for the TMC278-C119 trial
was the lack of a current certificate of analysis for the rilpivirine reference standard. The
bioanalysis was conducted in April 2005 and the certificate of analysis included in the

report listed a restest date of o (the text of the report listed a retest date
(b) @)
ol

The total radioactivity ('*C) analysis was conducted by Johnson and Johnson
Pharmaceutical Research and Development using liquid scintillation counting.
Concentrations were converted from disintegrations per minute (dpm)/mL to ng.eq./mL.
For each sample, the lower limit of quantification (LLOQ) was individually selected but
was generally set at 134 ng.eq./mL.

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate pharmacokinetic parameters,
including Crax, AUC(0-1asty and AUC o). If @ major difference (> 10.00% deviation from
the scheduled time) was observed, the actual sampling time was used instead of the
scheduled sampling time.

The following ratios were also calculated for each subject:

-For each time point, the ratio of rilpivirine (RPV) and total radioactivity in plasma (ratio
Ct) RPV/total)

-The ratio of rilpivirine (RPV) and total radioactivity in plasma (ratio rpvyotal) fOr Cpax,
AUC(()_last) and AUC(()_OO).

-For each time point, the ratio of total radioactivity in whole blood and plasma (ratio C,
blood/plasma)-
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Statistical Analysis

For rilpivirine and the total radioactivity, descriptive statistics were calculated for plasma
concentrations and pharmacokinetic parameters. Descriptive statistics were also
calculated for the ratio of total radioactivity in whole blood and plasma at each time
point. The descriptive statistics that were calculated included the number of subjects (n),
mean, standard deviation, the coefficient of variation (CV%), geometric mean, median,
and the minimum and maximum values.

7. Results

7.1 Demographics

Table 1-TMC278-C119 subject demographics

Parameter All Subjects
N=6)
Age, years 47.5
Median (range) (45-51)
Height, cm 175.5
Median (range) (165-183)
Weight, kg 84.5
Median (range) (67-96)

BML, kg/m”
Median (range)

27.05

(22.6-28.6)

Sex, n (%)

Male 6 (100%)
Ethnic Origin, n (%)

Caucasian/White 6 (100%)
Smoking, n (%)

Yes (Light)* 1(16.7%)

No 5 (83.3%)

* Light smoking was defined as no more than 10 cigarettes or 2 cigars or pipes per day
7.2 Pharmacokinetic and Statistical Analysis

For all six subjects, data for plasma concentrations, whole blood concentrations and
pharmacokinetic parameters was analyzed for unchanged rilpivirine and total

radioactivity (**C) [unchanged rilpivirine and metabolites].

Figure 1 below displays the mean concentration time profiles of unchanged rilpivirine
and total radioactivity ('*C) after a single 150 mg dose of rilpivirine containing '*C-
labeled and unlabeled rilpivirine.
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Figure 1- Mean concentration time profiles of unchanged rilpivirine and total
radioactivity (14C) after a single 150 mg dose of rilpivirine

TMC278 concentrations (ng.{eg.)/mL)

—&— Unchanged —&— Total radioactivity

TMC2T78

]

At 168 hours postdose, all subjects had quantifiable unchanged rilpivirine concentrations.

12
Time (h)

In contrast, only two subjects had measurable total radioactivity at 168 hours.

Table 2-Pharmacokinetic parameters of unchanged rilpivirine and total

radioactivity
Pharmacokinetic of TMC278 TMC278 HC Total Radioactivity
(mean * SD, tpax: median [range]) (N=6) (N=6)
trex, B 3.5(3.0-4.0) 4.0 (3.0-4.0)
Crnax. ng(eq.)/mL 602.8 +£126.1 794.7£170.7

AUC)q. ng(eq.)h/mL

16240 = 4186

33040 £11160

AUC,, ng(eq.)h/mL

18520 £ 4700

56620" + 140907

b Ul

0.01283 £0.003019

0.006796" +£ 0.001735"

112 term- h

56.56 +12.98

107.7" £ 27 457

? Accurate determination was not possible

Tables 3, 4, and 5 display the following information: ratio Cy, rpv/total, ratio rpy/total fOT
Cimax, AUC 0-1asty and AUC9-), and ratio Cy, plood/plasma, reSpectively.
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Table 3-Individual ratios of rilpivirine (RPV) and total radioactivity in plasma
(ratio Cq, rpvitotal) at each concentration time point after a single 150 mg rilpivirine
(**C labeled and unlabeled) dose

Subject Descriptive statistics

119001 | 119002 | 119003 | 119004 | 119005 | 119006 || N | Mean | SD Min | Median | Max | cves |GeOmEEHS
Parameter mean
Ratio TMC278/Total radioactivity
Con, mven7 ot NA Na | wNa NA NA [[0] NA NA NA | mA | Na | Na NA
C ol 6425 | Na | 7625 | 7014 7333 4| 7000 | 5140 | 6425 | 7174 | 7625 | 7240 | 7083
C 7050 | 7500 | 8456 | s2.03 7180 | 6| 7820 | 6204 | 7050 | 7942 | s4.36 | s.030 | 7s.08
C 7122 | 7246 | 8304 | 7265 8605 | 6| 7684 | 6783 | 7122 | 7324 | 8605 | 8828 | 7660
C 7203 | 7621 | 7723 | 8333 7466 | 6| 7615 | 3981 | 7203 | 7543 | 8333 | s228 | 7607

: 7247 | 7873 | 7766 | 7025 8365 | 6| 7652 | 4751 | 7025 | 7700 | 83.65 | 6200 | 7630

6133 | 6157 | 6552 | 7100 7434 | 6| 6689 | sise | 6133 | 6652 | 7434 | 7758 | 6673

s640 | 6048 | 6017 | 6477 6077 | 6| 6147 | 5019 | s640 | 6032 | 60.77 | 8165 | 6130

5242 | 4953 | s730 | s270 5020 | 6| 5399 | 3506 | 4953 | s2.71 | s0.20 | s660 | s380
[ — 4028 | 5379 | 5383 | 4333 5336 | 6| s0.01 | 6391 | 4028 | s3s8 | 5525 | 1278 | 4965
Casp ThecamsTonl 5200 | 4636 | 6194 | 4202 5018 | 6| 5075 | 6720 | 4202 | soe2 | s1.08 | 1324 | so03s
Cab Thcams Toul 5000 | 4700 | 4041 | 4502 5612 || 6| 49.64 | 3642 | 4502 | 4937 | 5612 | 7337 | 4054
[T — 30.67 | 3904 | 4680 | 3177 5450 | 6| 43.14 | 7947 | 3177 | 4328 | 5450 | 1842 | 421
Comn mhecam3mant 3870 | 3876 | 4007 | 2733 . 5885 | 6| 4068 | 1016 | 2733 | 3041 | s8.85 | 24908 | 3068
Cogt. Thcama Tosl 2848 | 2800 | 3013 | 1718 | 3077 | 4743 || 6| 3200 | 1031 | 1718 | 2088 | 4743 | 3222 [ 3033
Catn, ™78 Ton NA | 2370 | 2763 | 1701 | 2751 | wa | 4| 2306 | 4984 | 1701 | 2561 | 27.63 | 2080 | 2353
[ NA NA | 2521 | 9600 | 2860 | Na || 3| 2014 | 1014 | o600 | 2521 | 2860 | 47905 [ 10.06
Crsn, TMC278 Ton NA Na | 2170 ] ma | 2684 | wNa [|2] ma NA | 217 | ma | 2684 | ma NA

NA: Not Assessable

Table 4-Individual ratios of rilpivirine (RPV) and total radioactivity in plasma
(ratio rpvicota) for Cmax, AUC g-1asty and AUC o) after a single 150 mg rilpivirine (14C
labeled and unlabeled) dose

Subject Descriptive statistics
119001 | 119002 | 119003 | 119004 | 119005 | 119006 N| Mean | SD Min | Median| Max | cvy [Ceometric
Parameter mean
Ratio TMC278/Total radioactivity
Ratio Cos 1haca78Tont o) 7247 | 7621 | 77.23 | 7070 | 7634 | 365 | 6| 76.10 | 4480 7627 | 83.65 | ssos | 75.00
Ratio AUC,,.. s o o) 5770 | 4925 | 4640 | 3777 | 4206 | 7467 | 6| 5146 | 1317 4783 | 7467 | 2560 | s0.10
Ratio AUC, ryc078Tom o 20.04* | 33.05+ | 36.23% | 22.38* | 2005+ | 5207+ | 6 | 33.07° | 10.15% | 22.38% | 31.05% | 5227 | 2087¢ | 32.83°

* Accurate deternunation not possible

Table 5-Individual ratios of rilpivirine (RPV) and total radioactivity in whole blood
and plasma (ratio C, piood/plasma) after a single 150 mg rilpivirine (14C labeled and

unlabeled) dose

Subject Descriptive statistics
119001 | 119002 | 119003 | 110004 | 119005 | 119006 | N| Mean | sD Min | Median| Max | cvies [GeOmet

Parameter ’ mean
Ratio Blood/Plasma

[T 67.80 | 6466 | 7034 | 7010 | 7527 | 1000 || 6| 7472 | 1286 | 6466 | 7026 | 1000 | 1721 | 7302
Co bloodplasms 7335 | 6033 | 6788 | 6353 | 6230 | 6317 || 6| 6500 | 4745 | 6033 | 6335 | 7335 | 7280 | 6496
Ci, boadplzsms 67.05 | 6423 | 7186 | 6222 | 6336 | 7388 | 6| 6710 | 4700 | 6222 | 6564 | 7388 | 7.130 | 6696
SRR—— 7034 | 6286 | 6760 | 6041 | 6946 | 7238 || 6| 6868 | 3243 | 6286 | 6043 | 7238 | 4722 | 6861
SiprTn— 6485 | ss68 | 6306 | 6632 | 7636 | 6321 | 6| 6541 | s045 | sses | 6403 | 7636 | o088 | 6520
Con voospiasms 88.74 | 6268 | 7672 | 6310 | 6893 | 6632 || 6| 7110 | 1004 | 6268 | 6762 | 8874 | 1412 | 7055
Cish vodpiasms 83.61 | 5036 | 7740 | 6462 | 8087 | 7350 6] 7323 | o487 | s036 | 7545 | 8361 | 1206 | 1260

7.2 Mass balance and metabolite identification

Information regarding the total radioactivity after a single 150 mg rilpivirine dose

(recovered in urine up to 168 hours and in feces [up to 168 hours and 366 hours]) is
presented in Table 6 below. The majority of the radioactivity is recovered in the feces (at
336 hours, the percentage in the six subjects ranged from 78.81% to 90.71% with a mean
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of 85.05%. The percentage recovered in urine at 168 hours ranged from 3.69% to 8.84%
for the six subjects with a mean of 6.13%.

Table 6-Cumlative radioactivity recovered in urine (up to 168 hours) and feces (up
to 168 hours and 336 hours) after a single 150 mg rilpivirine (**C labeled and
unlabeled) dose

Subject number Subject Subject Subject Subject Subject Subject | Mean =+ SD
119001 119002 119003 119004 119005 119006

Urine 168 hours |  5.01 5.61 8.84 8.70 492 360 | 6.13+2.14
Feces 168 hours |  76.89 82.89 69.54 83.12 73.42 7135 | 7620+ 581
Feces 336 hours | 84.84 90.71 82.82 87.35 85.74 78.81 | 85.05 +4.04
Total 89.85 96.32 91.66 96.04 90.66 82.50 | 01.17+5.05

The major metabolites that were identified and the method of identification are listed in
Table 7 below.

Table 7-Rilpivirine and rilpivirine metabolites identified in TMC278-C119

Metabolite code Identification method Identity

2 - unknowin

3 - unknown

11 LO-MS/MS carboxylic acid metabolite on the cyanoethenyl moiety of

metabolite 27
13.14 LC-MS/IVIS glyvcine conjugates of TWIC 27
15 LC-MS/MS. co-elution with M-glucuromide at the N 1-position of the pyvrimadinyl
isolated rabbit metabolite. NIVER moiety of TWIC278
on 1solated rabbit metabolite.
18 LC-MMS/IIS mercapturic acid conjugate of TWMC278 (R378523) .
19 LC-MS/IIS glucuronide of metabolite 33 BeSt Aval | able
23 LC-MS/MS oxidized metabolite of metabolite 27 Copy
25 LC-MS/MS, enzvmatic glucuronide of metabolite 42
hvdrolvsis 1n in vitro samples
27 LC-MMS/MS. NMMR on isolated tricvclic metabolite. origimnating from oxidation and
rabbit metabolite. dehydration most probably of metabolite 33

30 LC-MS/IVS., NMER carboxylic acid metabolite on the cyvanocethenyl moiety

33 Co-chromatography LC-MS/IVIS hydroxymethyl TMC278 (R419763)

35 LC-MS/IS unknown (+ 2 mass units)

39 cis S-hydroxy pyrimudinyl TRAICZ2TE (cis 1somer of

metabolite 427
42 LOC-MS/MIS. NMR hvdroxyl metabolite at the S-position of the pyrimidinyl
moiety of TWMIC2T8

43 Co-chromatographyv LC-WMS/IVIS cis TWMICZ2TSB
uD Co-chromatographv LC-MS/TWVS THC2TE

46 LC-MWMS/S unknown. most probably originating from a glutathione-

derived metabolite on the cyvancethenyl moiety

The metabolic pathways after a single 150 mg rilpivirine (**C labeled and unlabeled)
dose are displayed in Figure 2 below. In feces, unchanged rilpivirine represented 25.5%
on average of the dose (range: 12.1%-33.4%). The major metabolite that was identified
in the feces was metabolite 42 that is formed through oxidation. Metabolite 42
represented 16.1% on average of the dose (range: 10.2%-20.5%). Other metabolites
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identified in the feces included metabolites 30, 33 and 35 that represented 2.2%-3% on
average of the dose and metabolites 3, 11, 23, 27 and 46 that represented 0.3%-1.6% on
average of the dose.

Unchanged rilpivirine was present in trace amounts in the urine. In the proposed
rilpivirine prescribing information, the amount of unchanged rilpivirine present in the
urine is stated to be <1% of the dose, which is reasonable based on the information
presented in Figure 3. In the urine, a carboxylic acid metabolite (metabolite 30) was
identified that represented 0.03% on average of the dose. The other metabolites
identified in urine were Phase 2 metabolites. The Phase 2 metabolites that were
identified are listed below:

A) Metabolites derived from glutathione conjugation: two glycine conjugates
(metabolites 13 and 14) and a mercapturic acid conjugate (metabolite 18) that represented
1.2% on average of the dose.

B) Metabolite 15, a rilpivirine N-glucuronide that represented 0.6% on average of the
dose.

C) Glucuronides of hydroxylated metabolites: metabolites 19 and 25 that represented
0.3% and 0.6% on average, respectively of the dose.

Figure 2-Metabolic pathways of rilpivirine after a single 150 mg rilpivirine **c
labeled and unlabeled) dose
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Figure 3 below displays the mass balance of rilpivirine and its metabolites after a single

150 mg rilpivirine (**C labeled and unlabeled) dose.
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Figure 3 -Mass balance of rilpivirine and its metabolites in individual subjects after
a single 150 mg rilpivirine (**C labeled and unlabeled) dose in feces and urine
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7.3 Safety Issues

Metabolite

No deaths or other serious adverse events were reported for the trial. There were no
grade 2, 3 or 4 adverse events that were reported for the trial
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8. Discussion and conclusions

After 336 hours, 91+5% of a single 150 mg rilpivirine (**C labeled and unlabeled) dose
was recovered based on radioactivity. In the feces, 85+4% was recovered after 336
hours, and unchanged rilpivirine represented 25.5% on average of the dose.

In the urine, 6+2% was recovered after 168 hours, and unchanged rilpivirine was present
in trace amounts.

The highest mean percentage of Ci, rpviotal Was observed at 1 hour postdose. Based on
the ratio of rilpivirine (RPV) and total radioactivity in plasma (ratio rpvyjotal) for Cpmax and
AUC o.1as1), the mean percentage of unchanged rilpivirine that accounted for the total
radioactivity was 76.1% and 51.5%, respectively. It appears that the ratio of rilpivirine
(RPV) and total radioactivity in plasma (ratio rpyyotal) for AUC o) could not be
accurately estimated because the higher lower limit of quantification for the total
radioactivity method prevented an accurate half life estimation. The mean ratio of total
radioactivity in whole blood and plasma (ratio Ci, plood/plasma) that was evaluated from 1 to
48 hours postdose ranged from 65.1% to 74.7%. The ratios were less than 100%,
indicating that rilpivirine does not extensively bind to blood cells.

The major metabolite that was identified in the feces was metabolite 42 that is formed
through oxidation. Two other metabolites have been definitely identified that are formed
from rilpivirine in minor amounts (metabolite 15 [0.6% on average of the dose in the
urine], and metabolite 33 [3% on average of the dose in the feces]). In the urine, with the
exception of metabolite 30 (a carboxylic acid metabolite), the other metabolites identified
in urine were Phase 2 metabolites. In plasma, unchanged rilpivirine accounted for the
majority of the total radioactivity based on the Cyax and AUC g.1as) comparisons.
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TMC278-C103

1. Title

A Phase I, open label, randomized, multiple dose ranging trial in four parallel panels of
12 healthy subjects each, to determine the pharmacokinetics, safety and tolerability of
once daily dosing of TMC278 formulated as a solid formulation

2. Information Regarding the Clinical Trial Site and Duration of the Trial

The trial was conducted at ® @

from August 25, 2004 to November 29, 2004.
3. Objectives

The objective of the trial was to evaluate rilpivirine single dose and multiple dose
pharmacokinetics with multiple dosing of rilpivirine.

4. Trial Design

TMC278-C103 was a Phase I, open label, clinical trial that enrolled healthy male and
female subjects between 18 and 55 years old. Subjects were randomized to one of four
parallel arms. Twelve subjects were to be enrolled in each arm. The treatments that
were administered are displayed in Table 1.

Table 1-Treatments administered in the C103 trial

Panel Treatment .\1:1mll.1&1' of Davs Dose Volume
Subjects -
- 1 tablet containing 25 mg of
! 9 e 1.1 ) =] =1
1 A 12 Days 1-14 25mg q.d TMC278
2 tablets each containing 25 mg
¥ 9 'y 214 50 = =
2 B 12 Days 1-14 50 mg q.d. of TMC278
- 1 tablet containing 100 mg of
7 .' -14 i = =
3 C 12 Days 1-14 100 mg q.d. TMC?78
1 tablet containing 100 mg of
4 D 12 Days 1-14 150 mg q.d. TMC278 and 2 tablets each
containing 25 mg of TMC278

5. Exclusion and Inclusion Criteria/Other Restrictions and Exceptions

Use of ibuprofen was permitted up to three days before administration of trial medication.
Afterwards, ibuprofen use was permitted up to 400 mg/day. Any medications were to be
discontinued a minimum of fourteen days before the first administration of trial
medication, except for ibuprofen. Use of herbal medicines or dietary supplements was
not permitted from fourteen days before the first administration of trial medication and up
to nine days after the last administration of trial medication.
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Use of liquids containing alcohol or quinine was not permitted from 24 hours before
administration of the first trial medication until nine days after the last administration of
trial medication. Intake of grapefruit and grapefruit juice was not permitted from 7 days
before the first administration of trial medication until none days after the last
administration of trial medication.

In the event of an adverse event, the following medications were permitted:

A) Rash or an allergic reaction: cetirizine, topical corticosteroids, or antipruritic agents
(specific medications were not included in the trial report)

B) Nausea: antiemetics (specific medications were not included in the trial report)

C) Diarrhea: loperamide

6. Dosage and Administration

On the evening of Day -1 and Day 13, subjects were admitted to the clinical trial site and
fasted overnight for a minimum of 10 hours. A standard meal was consumed within 30
minutes on the morning of Day 1 and Day 14 and rilpivirine was subsequently
administered with approximately 200 mL of water within 10 minutes after the meal was
completed.

7. Rationale for Doses Used in the Trial

The rilpivirine dosage regimens that were administered to all subjects are displayed in
Table 1.

8. Drugs Used in the Trial

Rilpivirine 25 mg (formulation FO01) or 100 mg tablets (formulation FO02) were
administered in the trial. Both of these tablets were Phase 2b formulations that were used
in the Phase 1 or 2 trials.

9. Sample Collection, Bioanalysis, Pharmacokinetic Assessments, and Statistical
Analysis

Sample Collection

Blood samples for analysis of rilpivirine plasma concentrations were obtained on Days 1
and 2 at predose and up to 24 hours postdose and Days 14 through 23 at predose and up
to 216 hours postdose. Predose rilpivirine blood samples were obtained on Days 7, 10,
12, and 13.

Bioanalysis

The method and bioanalysis of rilpivirine are acceptable. Rilpivirine plasma samples
were analyzed using a validated LC/MS/MS method by Tibotec. The lower limit of
quantification for rilpivirine was 1 ng/mL and the upper limit of quantification was 2000
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ng/mL. There were no precision or accuracy issues identified for rilpivirine based on the
bioanalytical report. For the TMC278-C103 trial, precision and accuracy were evaluated
using the low (2.51 or 2.52 ng/mL), medium (50.1 or 50.4 ng/mL), and high (1510 or
1550 ng/mL) QC samples. The corresponding rilpivirine inter-run accuracy values were
0.4% and 1.6%, respectively, for the low QCs, -1% and -1.2 %, respectively, for the
medium QCs, and -2.6% and 1.9%, respectively, for the high QCs, and the rilpivirine
inter-run precision values were 6% and 4.6%, respectively, for the low QCs, 5.7% and
3.9%, respectively, for the medium QCs, and 8.2% and 5.5%, respectively, for the high
QCs. The submitted rilpivirine long term stability data of 1528 days at -20°C covered the
duration of long term rilpivirine stability data necessary for the TMC278-C103 trial.

Pharmacokinetic Assessments

Noncompartmental analysis was performed to calculate plasma pharmacokinetic parameters,
including Cmax and AUC..4n) after a single dose of rilpivirine, and Con, Cmin, Cmax and
AUC.24ny With multiple dosing. If a major difference (> 10.00% deviation from the
scheduled time) was observed, the actual sampling time was used instead of the
scheduled sampling time.

Statistical Analysis

Descriptive statistics were calculated for rilpivirine plasma concentrations and
pharmacokinetic parameters, including the number of subjects (n), mean, standard
deviation, the coefficient of variation (CV%), geometric mean, median, and the minimum
and maximum values.

Rilpivirine dose proportionality was evaluated graphically by comparing the dose
normalized Cpax and AUC,.24n) Values after a single dose of rilpivirine, and dose
normalized Con, Cmin, Cmax and AUCq.o4ny With multiple dosing. Additionally, a statistical
analysis for rilpivirine dose proportionality was conducted to determine if a statistically
significant difference existed among the treatment groups. If a statistically significant
difference was observed, individual treatment groups were evaluated. For single dosing,
the Day 1 Cpax and AUCo.24n) Were evaluated, and the Day 14 Coh, Crin, Cmax and
AUC,.24n) Were evaluated for multiple dosing. Using a linear mixed effects model, least
squares means were calculated and 90% confidence intervals were derived based on the
difference of the pharmacokinetic parameter’s least squares means for the test and
reference arms. The 90% confidence intervals and the difference of the pharmacokinetic
parameter’s least squares means were transformed back to the original scale.
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10. Results
10.1 Subject Demographics and Disposition

Table 2-TMC278-C103 subject demographics

15 mg q.d. 50 mg q.d. 100 mg q.d. 150 mg q.d.
Parameter TMC278 TMC278 TMC278 TMC278 All Subjects
(N=12) (N=12) (N=12) (N=12) N =48
Age, vears
Median 300 300 430 380 395
(range) 21-54 26 - 52 22-52 21-53 21 -54
Height, cm
Median 179.0 181.0 172.0 182.0 180.0
(range) 164 - 192 161 - 192 157 - 186 169 - 198 157 - 198
Weight, kg
Median 81.0 81.0 75.0 78.0 78.0
(range) 67 -97 57 -90 58 - 02 65 -102 57 -102
BMI, kg/m~
Median 26.1 245 249 242 243
{range) 20-30 21-20 21-27 22 -30 20-30
Sex, n (%)
Female 1(8.3) 2(16.7) 2(16.7) 1(83) 6(12.5)
Male 11 (91.7) 10 (83.3) 10 (83.3) 11 (91.7) 42 (87.5)
Ethnic Origin. n (%)
Caucasian 12 (100.0) 11 (91.7) 12 (100.0) 12 (100.0) 47 (97.9)
Black 1(83) 1(2.1)
Type of Smoker, n (%a)
No (non-smoker) 9 (75.0) 10 (83.3) 10 (83.3) 10 (83.3) 39 (81.3)
Yes (light) 3 (25.0) 2 (16.7) 2(16.7) 2 (16.7) 0 (18.8)
Figure 1-TMC278-C103 subject disposition
[ N =71 subjects screened
| N =23 not randomized. no treatment received
[ N = 48 subjects randomized
|
| | | |
Panel 1 Panel 2 Panel 3 Panel 4
12 subjects 12 subjects 12 subjects 12 subjects
| |
N=12 N=12 N=12 N=12
Treatment A Treatment B Treatment C Treatment D
25 mg TMC278 q.d. 50 mg TMC278 q.d. 100 mg TMC278 q.d. 150 mg TMC278 q.d.
on Days 1-14 on Days 1-14 on Davys 1-14 on Days 1-14
| | | |
N =12 subjects N = 12 subjects N =11 subjects N =11 subjects
completed completed completed completed
| | | |
No drop-outs No drop-outs 1 drop-out 1 drop-out
(reason: AE) (reason: withdrew
consent)
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10.2 Prior and Concomitant Medications

Thirteen subjects administered concurrent medications during the trial. The most
frequently administered concomitant medications were ibuprofen in 7 subjects and
acetaminophen in 3 subjects. The other concomitant medications that were administered
included dexamethasone, fluticasone propionate, mucopolysaccharide polysulfuric acid,
miconazole, naproxen, tramadol, and flucloxacillin sodium. None of these medications
would be expected to alter CYP 3A metabolism.

10.3 Pharmacokinetic and Statistical Analysis

There were no subjects in Treatments A, B, C or D with a quantifiable predose rilpivirine
drug concentration on Day 1.

Rilbivirine Best Available Copy

Figure 2- Dose normalized rilpivirine pharmacokinetic parameters with Treatments
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Table 3-Rilpivirine pharmacokinetic parameters with Treatments A, B, C and D

[Pharmacokinetics

of TMC278

mean+SD: toa: 25 mg q.d. TMC278 | 50 mg q.d. TMC278 | 100 mg q.d. TMC278 | 150 mg q.d. TMC278
median (range))

n 12 12 12° 12°
Day 1

IC o, DZ/ML 00.08 + 4428 1382 = 63.10 307.6= 1473 5238 = 13690
. 1L 40(20-6.0) 40(30-40) 40(2.0-6.65) 40(3.0-60)
ATUC 4, ng h/imL 1072 = 585.6 1551 =596.0 4464 = 1520 5608 = 1902
[Day 7

C o ng/mL 7913 = 3022 1697 =61.44 3536=1114 4314 = 1337
[Day 10

Con. ng/mL 00.43 = 3036 161.8=8520 3123 = 1053 4824 = 1780
[Day 12

C s, ng'mL 0172 = 3843 1407 =52 83 33651164 4404 £ 1980
[Day 13

C . ng/mL 83.64 = 3823 168.6=74.71 32681203 4595 = 178.6
[Day 14

Con. ng/mL 80.85= 3807 157.9=5223 3478 = 1487 5049 = 1746
C e, NZ/mL 66.85 = 2053 1157 <4030 2495 £ 0051 3620 = 1309
C o, 1ML 20387581 208 6=08.05 6855 2024 1019 = 2220
. 1L 4.0(20-4.0) 40(20-6.0) 40(20-6.0) 40(30-6.0)
AUC . ng h/mL 2589 + 868.8 4130 = 1236 0278 + 2846 13581 <= 3195
Y 5092 £ 19.56 4875 = 16.34 46.07 = 15.44 4483 = 1231
C .oy, /L 107.8 £ 36.20 172.5 £ 51.48 386.6 = 1186 3639 = 1331
F1. %% 1285 = 41.71 107.8 = 45.20 113.7 = 35.30 121.7 = 46.55
1A cc. Ratio 3.020 £ 1.966 2 880 + 0.7082 2.071 = 0.7401 2.503 = 0.7211

* for the parameters of Day 10 until Day 14- n=11

® for the parameters of Day 7 uatil Day 14: n=11

Table 4-Statistical analysis for dose normalized rilpivirine pharmacokinetic
parameters for Treatments A, B, C and D

Reference ID: 2924498
292



Least square means Least square means

Parameter dose-normalized PK parameters PK parameters p-value®
Dose (mg) 25 50 100 150 25 50 100 150
IDay 1

Cps. Z'mL 3.201 2.460 3683 3.379 80.03 123.0 3683 506.8 0.1641
ATC 4, ng h/mL 36.87 28.61 41.82 3553 021.8 1430 4182 53290 0.2351
[Day 14

Con. ng/mL 3.256 3.008 3182 3.167 81.30 1504 3182 475.1 0.9720
C i, ng/mL 2393 2147 2353 2.248 59.83 107 4 2353 337.2 0.9265
C . Z'mL 1.550 5.666 6.408 6.636 188.7 2833 6408 0054 0.2820
AUCyn, ng h/mL 97.06 7060 88 130 88.21 2426 3980 8839 13231 0.5297

*Obtained after an overall statistical analysis on dose effect. Povalue is testing for a difference between doses.

For both Day 1 and Day 14, based on the statistical analysis, none of the dose normalized
pharmacokinetic parameters demonstrated a statistically significant difference (p <.05)
among the treatment groups.

Based on evaluating the individual rilpivirine predose concentrations, steady state
concentrations were achieved by Day 14 for most subjects.

10.4 Safety Issues

No deaths or other serious adverse events were reported for the trial. Five grade 3
adverse events that were reported that included increased blood amylase, three reports of
increased lipase, and a lumbar vertebral fracture. No grade 4 adverse events were
reported. Information regarding the adverse events that were reported in the trial is
summarized in Table 9A and 9B.

Table 9A-Adverse event incidence categorized by system organ class and preferred
term reported in more than one subject
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Panel 1 (N =12)
System Organ Class 25 mg gud. TMCIT Posttreatment
Preferred Term n (%) HL%}
Any Adverse Event 8 (66.7) 32500
Nervous Systemn Disorders 4333 0
Dhizzminess 20187 0
Headache 20167 0
hiigrame 0 0
Gastramntestinal Dhsovders 4(33.3) 1}
Bowel Sounds Abnormal 20187 0
Dharthoea 1(83) 0
Dryspepsia 1(83) ]
Hepatonhary Disorders 2{16.7) 1(8.3)
Hyperbilimbinaemia 20167 1(8.3)
General Disorders and Adnimstration Site Condifions 2({18.7) 0
Fatigue 1083 0
Influenza Like llness 1(8.3) 0
Respiratery, Thovacie and Mediastinal Dhsorders 1] 2(16.V)
Masopharyngitis 0 2{16.7)
Panel 2 (N=11)
System Ovgan Class 50 me q.d. TMCIT Postirearment
Preferred Term n (%) n (%)
Any Adverse Event 8 (66.7) 1({58.3)
Nervous Systewn Dhsorders S(4L.7) 0
Dhizzminess 1(8.3) 0
Headache 4333 0
Gastrointestinal Dhsorders 3250 0
Abdonunal Pam 1023 ]
Aphthous Stomatitis 1(8.3) 0
Bowel Sounds Abnormal 1(83) 0
Flatulence 1083 0
Hepatolnhiary Disorders I(16.7) 1]
Hyperhilimabinaenoda (16T 0
Invesfigations 2({18.7) 0
Lipase Increased 1(83) 0
Meutrophil Count Decreased 1(8.3) 0
Stan and Subcutaneous Tissue Dhsorders 2(16.7) 1}
Pruritus 1(83%) ]
Fash Pustular 1(8.3) 0
Metabolism and Nutrinion Disorders 1(8.3) 1{8.3)
Hypercholesterolaenia 1(8.3) 1(8.3)

n = putnber of subjects with thar particular AE, % = percentage of subjects with that pamicular AE
Table 9B-Adverse event incidence categorized by system organ class and preferred
term reported in more than one subject
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Pamnel 3 (N=11)

System Organ Class 100 mg g.d. TMC278 Posttreatment
Preferred Term n (%) n (%)
Any Adverse Event 7(58.5 3250
Inveshigations 3 (25.0) 1{58.3)
Alanine Aminotransferase ncreased 183 0
Elood Anvylase Increased 1(8.3) 0
Elood Triglyeerides Increased 0 0
Ecsimophil Count Increased ] 0
Lipase Increasad 2167 1(8.3)
Slan and Subcntanecus Tissue Disorders 3 (25.0) 1(8.3)
Erythemsa 1(8.3) ]
Hyperhidrosis 183 0
Pruritus 1(8.3) ]
Seborrhosic Dermatifis 0 1(8.3)
Hepatobiliary Disorders 2(16.7) 0
Hyperbilirubinaeniia 21673 0
Nervous System Disorders 2 (16.7) 1]
Headache 2(16.T ]
Gastrotntestinal Dhsorders 2(1a.7) 1]
Abdonunal Pan Upper 1{33) 0
Bowel Sounds Abnormal 1(8.3) 0
Metabolism and Nutriion Dhsorders 1(8.3) 1{58.3)
Hypercholesterolaemia 1(23 183
Hypernuricasmua 1] _ _ _ 0
Pame] 4 (N=12}
System Ovgan Class 150 me g.d. TMC2ITS Posttreatment
Preferred Term n (%) n (%)
Any Adverse Event S4LT 4333
Gastrotntestinal Disorders I(1a.T) 1]
Dryspepsia 1(8.3) ]
Flatulence 1(8.3) ]
Nervous System DNsorders I(1a.T) 1]
Dizziness 1(8.3) ]
Headache 2(16.7) 0
Shan and Subcutaneous Tissne Dhsorders 3 (25.0) 1]
Herpes Simplex 1i8.3) 0
Hyperhidrosis 1i33) 0
Skan Imitation 1(8.3) ]
Musculoskeletal and Connective Tissue Disorders 1(8.3) 2(16.7)
Back Pam 0 1(8.3)
Neck Pain ] 1{8.3)
Sensation of Heaviness 1(23 0
Hepatobiliary Disorders 1{8.3) 0
Hyperbilirubinaemia 183 0

n = pumber of subjects with that particular AE, % = percentage of subjects with that particular AE

11. Discussion and Conclusions

Based on the results from the trial, dose proportionality is observed both after a single
dose and with multiple doses of rilpivirine when the Phase 1 or 2 tablets were observed.
There were no safety trends identified that require further evaluation with multiple dosing

of rilpivirine ranging from 25 mg once daily to 150 mg once daily.
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FK4123
1. Title
A pilot study on the interaction of R278474 on CYP1A2, CYP2A6, CYP2CS8,9,10,

CYP2C19, CYP2D6, CYP2E1, CYP3A4, CYP3AS5 and CYP4A in human liver
microsomes

2. Objectives

The primary objective of the study was to determine effect of rilpivirine on cytochrome
P450 enzymes.

3. Methods

The effect of rilpivirine on cytochrome P450 substrates was evaluated in pooled liver
microsomes. Information on the incubation conditions for the substrates that were
evaluated is displayed in Table 1.

Table 1-Incubation conditions for cytochrome P450 substrates evaluated in human
liver microsomes

P-450 Substrate Human CYP- Substrate Protein Incubation Incubation Analytical method
form concentration concentration time volume
(uM) (mg/ml) (min) (ml)
Phenacetin CYP1A2 100 0.5 15 1 LCc-uv
Coumarin CYP2A6 50 0.1 10 1 Fluorimetry
Tolbutamide CYP2C8/9/10 100 1.0 30 0.5 LC-MSMS
S-Mephenytoin CYP2C19 100 0.5 30 0.5 Radio-HPLC
Dextromethorphan CYP2D6 3 0.2 20 0.25 LC-MSMS
Bufuralol CYP2D6 100 0.5 20 1 LCc-uv
Chlorzoxazone CYP2E1 50 0.5 20 1 LC-Uv
Testosterone CYP3A4 100 0.5 25 0.5 LC-MSMS
Cyclosporin A CYP3A4 5 1 30 1 Radio-HPLC
Midazolam CYP3A4/5 50 0.5 10 1 Lc-uv
Lauric acid CYP4A and 100 1 10 1 Radio-HPLC
CYP2E1

0,0.03,0.1,0.3, 1, 3, 10, 30 and 100 uM were the final rilpivirine inhibitory
concentrations that were evaluated. Incubations were conducted in triplicate.

4. Results

The results of the experiment are displayed in Table 2.
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Table 2-1Cs values for cytochrome P450 substrates evaluated in human liver

microsomes
Substrate CYP involved]| JIsp-values in Isg—values in
pM ox 2o rg/ml or %o
inhibition at inhibition at
100 pvI highest
concentration
tested
Phenacetin CYPlAZ2
phenacetin O-deethylation 34.0 12.5
Coumarin CYP2AG
coumarin 7-hydroxylation =100 (15.7) =36.6 (15.7)
Tolbutamide CYP2CS8/9/10
tolbutamide 4-hydroxylation 3.99 1.46
S-Mephenyvtoin CYP2C19
S-mephenytoin 4-hydroxylation <0.06 (69.6) Y =0.02 (69.6) !
Dextromethorphan CYP2D6
dextrorphan 3.88 1.42
Bufuralol CYP2D6
bufuralol hyvdroxylation 12.0 A4.40
Chlorzoxazone CYP2ZE1 X .
chlorzoxazone 6-hydroxylation =0.03 (86.0) > =0.01 (86.0) >
Testosterone CYP3A4
6pf-hyvdroxyv-testosterone 6.29 2.30
formation
Cyclosporin A CYP3A4
overall metabolism 16.8 6.16
Midazolam
4-OH midazolam formation CYP3A4/S 4.20 1.54
1’-OH midazolam formation CYP3A4/S 18.3 6.70
Lauric acid
w-hyvdroxyvlated acids CYP4A =100 (15.9) =36.6 (15.9)
(@-1)-hydroxyvlated acids CYP2E1 9.79 3.59

1) The S-mephenytoin metabolism was already inhibited for 70 20 at the lowest tested final concentration

of R278474 (0.06 uM or 0.02 pgiml).

2y Chlorzoxazone 6-hydroxyvlation was constantly =835 26 inhibited. starting from the lowest

concentration tested (0.03 pMM or 0.01 png/ml).

5. Conclusions

Based on the experiment’s results, the applicant concluded that rilpivirine inhibits
CYP 1A2, CYP 2C8/9/10, CYP 2C19, CYP 2D6, CYP 2E1, and CYP 3A4/5.
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TMC278-NC102

1. Title

The in-vitro metabolism of '*C-TMC278 in hepatocytes and liver subcellular fractions of
male and female Swiss albino mice, male and female black Agouti rasH2 microinjected
mice, male and female rats, female rabbit, male dog and man

2. Objectives

The primary objective of the study was to evaluate the in vitro metabolism of
rilpivirine in hepatocytes and liver subcellular fractions of male and female Swiss albino
mice, male and female Sprague-Dawley rats, female rabbit, male dog and man.

3. Methods

All experiments and sample analyses were protected from light. The experimental
system used hepatocytes derived from the freshly prepared whole livers of male and
female Swiss albino mice, male and female black agouti rasH2 microinjected mice (wild
type) and male and female SPF Sprague-Dawley rats. For female New Zealand white
rabbits and male beagle dogs, hepatocytes were prepare from liver pieces. Freshly
prepared human hepatocytes, were supplied by

. Liver subcellular fractions (microsomes and 12,000 x g supernatants) of Swiss
albino mice (male and female), Sprague-Dawley rats (male and female), rabbit (female),
dogs (male) and humans and freshly prepared liver subcellular fractions from male and
female black agouti rasH2 microinjected mice (wild type) were also used.

(b) @)

Primary hepatocyte cell cultures were incubated in 6 well plates with 10° cells per well.
5 uM of 14C-rilpivirine was placed into wells containing 2 mL of RPMI medium (without
fetal calf serum) and the plates were incubated at 37 °C for approximately 12 and 24
hours with 4 wells per time point. For the liver subcellular fractions, microsome
incubations used a protein concentration of 1 mg/mL in a total volume of 1.0 mL. The
12,000 x g supernatants used a cytochrome P-450 concentration equivalent to that of the
microsomes of the respective species. The cofactors used were 0.5 mg of glucose-6-
phosphate, 0.25 units of glucose-6-phosphate dehydrogenase (only for incubations with
microsomes), 0.125 mg of NADP and 0.5 mg of MgCl12.6H20 in 0.5 mL of 0.5 M Na, K
phosphate buffer pH 7.4. For Aroclor 1254-pretreated rats, incubations of 14C-rilpivirine
under the conditions of the Ames test were performed with S9 liver subcellular fractions
(the results of this incubation will not be discussed).

The cytochrome P450 content of liver subcellular fractions and in the cell lysates of
hepatocyte suspensions was derived based on the Omura and Sato method.

The incubation conditions for evaluating the functional activity of liver microsomes are
displayed in Table 1.
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Table 1-Incubation conditions for evaluating the functional activity of liver

miICrosomes
Substrate final substrate protein concentration incubation time
concentration (uM) (mg/ml.) (min)
7-ethoxycoumarin 100 0.015 10
Dextromethorphan® 3 0.2 20
Midazolam™ 50 0.5 10

*Only for human liver microsomes.

The formation of dextromethorphan O-desmethyl and hydroxyl-midazolam was
determined using LC/MS/MS.

Table 2-Incubation conditions for evaluating the functional activity of
7-ethoxycoumarin O-deethylase activity in hepatocyte suspensions

Substrate Cell concentration Incubation Deconjugation Analytical
concentration (cells/mL) time method
100 pM 0.5 10° 10 min B-glucuronidase/ | Fluorimetric
arylsulphatase

After incubation, 10 pL samples were withdrawn and diluted with methanol and 10 mL
of scintillation cocktail (Ultima Gold™ Packard). Liquid scintillation counting was then
performed with samples counted in duplicate.

Two methods were used to identify metabolites: a) unlabeled compounds (monitored
using UV detection at 306 nm) were compared with metabolites of '*C- rilpivirine

(monitored using radioactivity) using HPLC co-chromatography, and b) LC/MS/MS.

Unchanged rilpivirine and its metabolites in a sample were determined based on the
percentage of radioactivity relative to the total injected radioactivity of the sample.

4. Results

Reviewer note: only the mass balance and metabolite profile results for humans are
displayed below.

Reference ID: 2924498 301



Table 3-Human mass balance and metabolite profile for rilpivirine in hepatocyte
suspensions, primary cell cultures, microsomes, and 12,000 x g supernatant

fractions
Hepatocytes Hepatocytes Hepatocytes Hepatocytes Hepatocytes (Mean Liver subcellular
(Donor 1) (Donor 2) (Donor 3) (Donor 4) of Donors 1-4) fractions
SK PCK SK PCK SK PCK SK PCK SK PCK 12,000 ¢ MICR
2 - - - - - - - - - - 4.8 1.6
3 0.7 1.7 - 20 - 1.2 - 1.0 02 L5 - -
7 0.5 22 10 2.1 - 15 - 14 0.4 1.8 23 13
13 20 19 43 53 23 10.0 - 18 22 48 - -
14 10 30 38 9.7 - 39 1.0 30 1.5 49 - -
15 26 38 13 34 - 6.2 0.6 43 11 4.6 - -
17 0.7 27 12 144 - 7.5 - 2.5 0.5 6.8 - -
22 - - - - - - - - - - 36 7.8
18 - - - 6.9 - - - - - 1.7 - -
19 0.8 34 - T - - 238 02 21 - -
27 4.6 6.8 1.6 33 16 1.8 11.1 2.4 7.2 5.6 4.9
25 222 483 9.2 15.8 6.8 8.9 325 11.8 30 -
30 (+31%) 23 13 13 1.0 - - 238 0.9 1.6 3.6* 0
33 25 18 13 07 1.0 16 14 1.1 25 2
35+36 16 - - - - - - 0.4 - 9.8
38 - - - - - - - - - - 38 -
42 12 2.0 - - - 0.9 0.9 0.9 0.5 1.0 6.6 6.0
43 13 - 21 14 2.0 - 1.6 038 1.8 0.6 T -
uD 577 155 0 285 803 18.4 903 299 75.8 231 348 435
Sum 101.7 94 .4 1021 94.0 937 89.0 106.1 96.9 100.9 93.6 73.8 76.4

* The figure represent the sum of the percentages of metabolites 30 and 31.
T: below limit of quantification
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Table 4-Summaryof metabolites identified in the TMC278-NC102 study

Metabolite | Identification method Identity
code
4 LC-MS/DS glucuronide of metabolite 8
= LC-MS/DS glutathione conjugate of TWMC2TS
6 LC-MS/MS glutathione conjugate of metabolite
33
8 LC-MS/MS hydroxylated metabolite of
metabolite 10
10 LC-MS/DS glutathione conjugate of TWMC2TS
12 LC-MNMS/DS glyvcine-cysteine conjugate of
TMC27T8
13.14 LC-MS/MS cysteine conjugates of TWMIC2TE
15 LC-MS/MS, co- N-glucuronide at the Ni-position of
elution with isclated the pyrimidinyl moiety of TWMC2TE
rabbit metabolite,
MNME on isolated
rabbit metabolite,
enzymatic hydrolvsis.
17.18 LC-MS/MS mercapturic acid conjugates of
Co-chromatographwv THC2TE (E5378523)
19 LC-MS/MS glucuronide of metabolite 33
enzyvmatic hydrolysis
20 LC-NS/S glutathione conjugate of TWMC2TS
25 LC-MS/MS glucuronide of metabolite 42
Enzyvmatic hyvdrolysis
27 LC-MS/MS, NME on | tricvclic metabolite, originating from
isolated rablbit oxidation and dehydration most
metabolite. probably of metabolite 33
30 LC-MS/MS carboxvlic acid metabolite on the
cyvanoethenyl molety
31 LC-NMS/NS hydroxylated metabolite on the
cyvanoethenyl molety
32 LC-MS/MS tricyclic mercapturic acid conjugate
metabolite, originating from
oxidation and dehydration most
probably of metabolites 17 or 18
33 LC-MS/NS hyvdroxymethyl TVIC2T78 (B419763)
35 LC-MS/MS unknown (= 2 mass units)
36 LC-MS/MS hyvdroxvlated metabolite of TMC27S
38 LC-MMS/DIS hydroxyl metabolite at the
cyvanoethenyl-2, 6-dimethylphenyl
moiety of TMIC2VE
42 LC-MS/MS hydroxyl metabolite at the S-position
of the pyrimidinyl moiety of
TMC278
43 Co-chromatography cis TMIC2TE (R2800932)
LCMS/MS
uD Co-chromatography TMC278
LC-MS/MS
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Figure 1-In vitro metabolic pathways for humans and various animal species
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5. Conclusions

Metabolites 25, 27, 36, 42, and 43 were identified in all species. The major in vitro
metabolic route that was identified in humans (as well as in dogs and rabbits) was
aromatic hydroxylation at the pyrimidinyl moiety of rilpivirine followed by
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glucuronidation. Both aromatic hydroxylation at the pyrimidinyl moiety of rilpivirine
followed by glucuronidation and aliphatic hydroxylation at one of the methyl groups of
the cyanoethenyl-2,6- dimethylphenyl moiety of rilpivirine followed by dehydration to
the ring-closed metabolite 27 were identified in all species. There were no unique human
metabolites that were identified.
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TMC278-NC104

1. Title

Determination of the in vitro transport characteristics of TMC278, evaluation of the
possible role of P-glycoprotein in TMC278 transport and assessment of possible
inhibition of P-glycoprotein activity by TMC278: a study in Caco-2 monolayers

2. Objectives

The objectives of the study were to evaluate the transport of rilpivirine across Caco-2
cells, both in the apical to basolateral direction and vice versa at concentrations ranging
from 3 to 300 pM and to evaluate the P-gp inhibitory effects of rilpivirine.

3. Methods

Transepithelial transport of rilpivirine across Caco-2 cell monolayers

Caco-2 cells (passage #29) were placed on 24-well cell culture inserts (Millicell*-PCF) at
63,000 cells/cm®. The cell culture medium consisted of the following: DMEM, 5% FCS,
1% NEAA, 1% L-glutamine and 100 U/mL penicillin/streptomycin. The medium was
replaced the day after seeding and every other day afterwards. A pre-incubation period
was not specified as recommended in the draft FDA drug interaction guidance document.
At 21 to 23 days after seeding, the cell monolayer integrity was evaluated by measuring
transepithelial electrical resistance (TEER) and determining the leakage of M- or
*H-mannitol before the experiments. Each batch of Caco-2 cells was validated using
reference compounds for low, medium, and high transepithelial permeation (‘*C-alniditan
(R091274), *H-levocabastine (R050547) and *H-theophylline (RO76771).

The incubation buffers used were Hank's Balanced Salt Solution (HBSS) at pH 6.5
[containing 25 mM 2-(Nmorpholino) ethanesulfonic acid; MES] and HBSS at pH 7.4,
both containing 10 % Fetal Calf Serum (FCS). An ethanol solution of '*C-rilpivirine was
evaporated and reconstituted in DMSO to achieve a radioactive stock solution of 4.06
MBg/ml (2.0 mM). Stock solutions containing unlabeled rilpivirine were prepared at
118, 38, 10 and 2 mM. Both HBSS buffers were spiked with radioactive and unlabeled
rilpivirine stock solutions using 2.5 pl/mL (except for the 3 uM rilpivirine dosing
solution that was spiked with 1.5 pl/mL of radiolabeled stock solution and 3.5 pl/mL of
DMSO). The final total (labeled + unlabelled) rilpivirine concentrations were 3, 10, 30,
100 and 300 uM. The final radioactivity concentrations were 10.2 kBq/mL (or 6.1
kBg/mL for the 3 uM solution). The final concentration in the dosing solutions for the
'C-alniditan, *H-levocabastine and *H-theophylline reference compounds solutions was
20 uM (radioactive concentration of 15, 10 and 5 kBq/ml, respectively). The final
mannitol concentration was 1.45 uM (radioactive concentration of about 3.1 kBg/ml) for
dosing solutions spiked with '*C- or *H-mannitol stock solution.

The transport experiments were conducted in quadruplicate. The dosing solutions were
applied to the apical (AP; 0.4 mL; HBSS pH 6.5 + 10% FCS) or to the basolateral (BL;
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0.6 mL; HBSS pH 7.4 + 10% FCS) side of the cell monolayer for the experiments
evaluating absorptive (AP to BL) or secretory (BL to AP) transport, respectively. The
cell culture inserts were incubated at 37°C in a humidified incubator containing 5% CO,
for 120 min. At time 0, dosing solution samples were obtained in duplicate to measure
initial concentrations. Afterwards, 100 uL samples were obtained at 15 min, 45 min, 90
min and 120 min from the acceptor compartment and the volume was corrected by
adding 100 pL of the appropriate buffer solution. At the end of incubation (120 minutes),
a sample was obtained from the donor compartment.

Evaluation of the P-gp inhibitory effects of rilpivirine on taxol transport across
Caco-2 cell monolavers

An ethanol solution of *H-taxol was evaporated and reconstituted in DMSO to achieve a
radioactive stock solution of 30.3 uM and 5.6 MBg/mL (specific activity of 185
MBg/umol) in addition to making a stock solution of 40 mM verapamil in DMSO.

HBSS at pH 7.4 was spiked with rilpivirine stock solution to obtain rilpivirine
concentrations of 0, 1, 3, 10, 30, and 100 uM. These solutions were spiked with SH-taxol
stock solution to achieve a taxol concentration of 75.8 nM at 14.0 kBq/mL. For the
positive control, HBSS was combined with verapamil stock solution and *H-taxol stock
solution to achieve a final verapamil concentration of 100 uM. The final mannitol
concentration was 1.45 uM (radioactive concentration of about 3.1 kBq/ml) for dosing
solutions spiked with '*C mannitol stock solution.

The transport experiments were conducted in triplicate. The dosing solutions in HBSS at
pH 7.4 were applied to the apical (0.4 mL) or to the basolateral (0.6 mL) side of the cell
monolayer for the experiments to evaluate apical to basolateral or basolateral to apical
transport, respectively. HBSS at pH 7.4 was added to the acceptor compartments. The
cell culture inserts were incubated at 37°C in a humidified incubator (Hera cell)
containing 5% CO,. The incubation time was not specified. At time 0, dosing solution
samples were obtained in duplicate to measure concentrations using liquid scintillation
counting. 100 pL samples were obtained from the acceptor and donor compartments
after incubating for 120 minutes.

4C-TMC278, “C-alniditan, *H-levocabastine, 3H-theophylline, 3H-taxol, and "C-
mannitol or *H-mannitol were analyzed for total *H- and '*C-associated radioactivity
using a liquid scintillation spectrometer.

The calculation of the amount of compound that was transported across the Caco-2 cell
monolayers was based on the radioactivity from the acceptor compartment samples
during and at the end of incubation. Apparent permeability coefficients (Papp) were
calculated for the initial permeation rate (using data from the 15 minute time point) or for
the 15-45-90 minute steady state permeation rate (using the linear slope range). Graphical
displays were generated for the amount of transport (nmol) versus time. Mannitol and
taxol apparent permeability coefficients were derived based on the slope of the regression
line through the 15-45-90 minute and 0 through 120 minute time points, respectively.
Apparent permeability coefficients were calculated using the following equation (the
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equation does not include the volume of medium in the donor compartment as
recommended in the draft FDA drug interaction guidance document and it is not clear
how this is accounted for):

_dg 1

g AC

where:

dQ/dT=the slope of the regression line through the time points of interest
A=surface area of the monolayers (0.6 cm’)

CO0 =initial measured concentration in the dosing solution (uM)

Rilpivirine’s absorption potential was determined based on comparing the Papp values
for the reference compounds.

Rilpivirine’s P-gp inhibitory effect was determined based on the percent inhibition of
secretory taxol transport in the presence of rilpivirine compared to taxol transport under
control conditions.

The ICsg value for rilpivirine’s inhibition of taxol transport was using the following

equation:
T
E max I (

V=F -———
O Al Al
IC, +C7

where:
Y=relative P-gp mediated transport activity (expressed as percent of average control
activity)
E¢=calculated control value for P-gp mediated transport activity (after fitting)
Emax—=calculated maximum decrease in P-gp mediated transport activity
ICsp=calculated concentration of rilpivirine causing half-maximal reduction in
P-gp-mediated transport activity
n=Hill coefficient
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4. Results

Transepithelial transport of rilpivirine across Caco-2 cell monolayers

Initially, efflux ratio values (secretory Papp/absorptive Papp) of up to 10 were observed,

however, efflux ratios decreased to at most 2 when steady-state Papp values were
derived. The report states that steady-state Papp values are the most relevant since
transport occurs at intermediate rates with maintaining of sink conditions (< 15 % of
initial amount transported to acceptor compartment) until the end of the incubation

period.

Table 1-Average apparent permeability coefficient (Papp) values for rilpivirine and

reference compounds

AP-BL TRANSPORT

BL-AP TRANSPORT

Py values in 10° cm/s 0-15 min 15-45-90 0-15 min 15-45-90
min min

TMC278 3 uM 50x1.2 11.1x£2.0 51.31£10.5 228x33
TMC278 10 uM 48106 125+£22 4671103 190£39
TMC278 30 uM 6.2+09 134=+1.1 63.5+90 26.5+57
TMC278 100 uM 49+1.2 128 +£1.8 40.1 4.5 16.1£23
TMC278 300 uM 3.6+006 98+0.8 431195 15.1£3.7
TMC278 30 uM 3.1£0.5 11.8+1.6 67.8+16.3 27.1+48

+ 100 uM verapamil
Alniditan 20 pM 0.6+0.3 06=+03 3.0£0.2 0.7+£0.0
Levocabastine 20 nM 151 £29 202+42 928+0.8 248+09
Theophylline 20 pM 38.6+84 284124 119.0+23.1 31456
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Figure 1-Time course for average secretory (closed symbols) and absorptive (open

symbols) transport of rilpivirine across Caco-2 cells
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Evaluation of the P-gp inhibitory effects of rilpivirine on taxol transport across
Caco-2 cell monolayers

The ICsg value for rilpivirine P-gp inhibition is 9.2 uM. Rilpivirine demonstrates
competitive inhibition as demonstrated by a notable decrease in secretory transport and a
slight increase in absorptive transport of taxol. These effects decrease as the
concentration of rilpivirine decreases.

Figure 2-Effect of different concentrations of rilpivirine on the secretory and
absorptive transport of *H-taxol across Caco-2 monolayers (bars represent *H-taxol
permeability coefficients obtained following 120-min incubation periods)

Control

1M TMC278

I pM TMC278
10 pM TMCZ78 OAP-BL
WEL-AF

30 pM TMCZTE
100 pM TMC278

100 uM verapami

Taxgl Papp (1 i crs)

5. Conclusions

Based on comparing rilpivirine’s permeation rate to the reference compounds
("*C-alniditan, *H-levocabastine and *H-theophylline), rilpivirine is an intermediate
transepithelial permeability compound. Rilpivirine is not significantly transported by P-
gp under steady state conditions. Rilpivirine also has the potential to inhibit P-gp with an
ICsp value for P-gp inhibition of 9.2 uM.
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TMC278-NC112

1. Title
The plasma protein binding and blood distribution of TMC278 in animals and man
2. Objectives

The objectives of the study were to evaluate the plasma protein binding and distribution
of rilpivirine in healthy male adult subjects, male beagle dogs, male and female SPF
Sprague-Dawley rats, male and female Swiss CD-1 mice and female SPF New Zealand
white rabbits.

3. Methods

3 H-rilpivirine solutions were prepared at concentrations of 2, 20, 60, 200, 600, 2000 and
20000 pg/mL. 5 pL of the solution per mL of sample were spiked into blood samples,
plasma samples or protein solutions. An additional *H-rilpivirine solution was prepared
to cross-validate the use of DMSO and ethanol for the study. In all solutions, the
radioactivity was approximately 4.4 MBg/ml, and the final radioactivity concentrations
was approximately 22 kBg/mL in plasma, blood and protein solutions.

Rilpivirine protein binding

The time to achieve dialysis equilibrium was determined using blank pooled plasma from
five healthy male adult subjects with *H-rilpivirine added at 1000 ng/mL (22 kBg/mL).
Ten aliquots subsequently underwent equilibrium dialysis. The equilibrium dialysis
utilized a 0.067 M phosphate buffer, pH 7.17, at 37 °C in a Dianorm system with
identical macro-1 Teflon cells and Diachema 10.17 membranes. After 1, 2, 3, 4, and 6
hours, the dialysis was stopped and the buffer and plasma compartment contents were
collected (2 dialysis cell for each time point).

The stability of the tritium labeled rilpivirine in human plasma was determined using
blank human plasma with *H-rilpivirine added at 1000 ng/mL (22 kBg/mL) and
incubated for 3 hours in a water bath maintained at 37°C. Plasma aliquots (n=10 per time
point) were collected at time 0 and at the end of incubation. For each time point, half the
samples were analyzed for radioactivity and the rest were analyzed after freeze drying.

The effect of pH on rilpivirine’s binding to plasma proteins in human plasma was
evaluated using pooled blank plasma from 5 healthy male adult subjects with rilpivirine
added at 1000 ng/mL (22 kBg/mL). Twenty aliquots (two aliquots per buffer pH)
underwent equilibrium dialysis. Using the same system utilized in the experiments
evaluating the time to achieve dialysis equilibrium, the equilibrium dialysis used either an
isotonic 0.04 M phosphate buffer with a pH of approximately 5.10, 5.81, 6.14, 6.55, 6.96,
7.19,7.42,7.79 or 8.37, or a 0.067 M phosphate buffer, pH 7.17. The pH in the plasma
compartments collected at the end of the dialysis was evaluated using a Beckman ®45 pH
meter.
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The concentration dependence of the protein binding was evaluated in blank, pooled
plasma at the following rilpivirine concentrations in all species except for human plasma:
10, 100, 1000, 10000 and 100000 ng/mL. Blank pooled human plasma was fortified at
10, 100, 300, 1000 and 3000 ng/mL. The concentrations of 100000, 3000 and 300 ng/mL
had a radioactivity concentration of about 220, 66 and 66 kBg/mL sample, respectively.
All other concentrations had a radioactivity of approximately 22 kBg/mL sample.
Samples for each species underwent equilibrium dialysis in triplicate (for dogs, samples
were dialyzed in duplicate) using the same system utilized in the experiments evaluating
the time to achieve dialysis equilibrium.

The total protein, albumin and al-acid glycoprotein concentrations were analyzed using
the colorimetric biuret test, the colorimetric bromocresol green method and the immuno-

turbidimetric method, respectively, using a Roche Hitachi Modular analyzer.

Blood distribution

100 ng/mL and 1000 ng/mL (approximately 22 kBg/mL) of *H-rilpivirine was added to
whole blood samples in duplicate in all species. Hematocrit values were also obtained.
Whole blood samples were incubated at 37 °C for 30 min in a GRANT incubation
shaking water bath. After incubation, five 100 uL whole blood samples were used to
determine blood radioactivity levels. The remaining whole blood samples were used to
determine the total radioactivity in duplicate 100 puL plasma samples.

Binding of rilpivirine to purified human proteins

Albumin was dissolved in 0.067 M Sorensen phosphate buffer (pH 7.40) to obtain the
following concentrations: 2.0 %, 3.0 %, 4.3% and 5.0 % (w/v). al-acid glycoprotein was
dissolved in 0.067 M Sérensen phosphate buffer (pH 7.40) to obtain the following
concentrations: 0.02 %, 0.05 %, 0.07 % and 0.15 % (w/v). At physiologic protein
concentrations (4.3% albumin or 0.07% al-acid glycoprotein), *H-rilpivirine was added
at the following concentrations: 10, 30, 100, 300, 1000, and 3000 ng/mL. At non
physiologic protein concentrations, *H-rilpivirine was added at 1000 ng/mL. The
radioactivity concentration at 3000, 300 and 30 ng/mL was approximately 66 kBq/mL
sample and for all other concentrations, the radioactivity concentration was
approximately 22 kBg/mL. Samples underwent equilibrium dialysis in duplicate for 3
hours at 37 °C using 0.067 M Sérensen phosphate buffer (pH 7.40).

For the protein binding studies, radioactivity was measured in duplicate 100 uL samples
of the plasma or protein solutions before and after equilibrium dialysis, and in 1000 pL
duplicate samples of the buffer compartments after dialysis using a Packard Tri-Carb
2100 TR liquid scintillation spectrometer with automatic conversion from counts per
minute (cpm) into disintegrations per minute (dpm).

For the blood distribution studies, whole blood samples were combusted using a Packard
Sample Oxidizer 307 and the released *H,O was measured using liquid scintillation
counting. A similar procedure was used for the plasma samples.
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The unbound fraction of rilpivirine (fu = Cu/C) was derived based on the radioactivity in
the buffer (Cu x the dilution factor) and plasma compartments (C) of the dialysis cells.

The blood to plasma concentrations (Cy/C) was derived based on the blood distribution
experiments. The distribution of rilpivirine for blood into plasma water [fu,(1-H)],
plasma proteins [fpp(1-H)] and blood cells [fzc.H] was derived using the following
equations:

X fux(1—H)

fup(1-H) = Czoo g
- bl

with H = haematocrit value

Cppp = Concentration in plasma after
blood distribution
Cp1= Concentration in blood

fpp(1-H) = Capp* fb A=) withftb=1 - fu

Chy
7 x(1-H
fgc.H=1- Czpp j( )
4. Results

Rilpivirine protein binding

The percentage of unbound rilpivirine at 100 ng/mL after 1, 2, 3, 4, and 6 h of dialysis
was 0.28 %, 0.30 %, 0.30 %, 0.31 % and 0.35 %, respectively. A dialysis time of 3 hours
was selected for the experiments.

Both the use of DMSO in the experiments and the stability of the *H-rilpivirine were
determined to be acceptable. pH-dependent effects were observed (see Figure 1).

Figure 1-Plasma protein binding for 100 ng/mL of rilpivirine at various pH values
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The results of the experiments evaluating the concentration dependence of rilpivirine’s
protein binding are displayed in Table 1. Across all species, at a concentration range of
10 ng/mL to 100000 ng/mL, the protein binding of rilpivirine was >99% and was
concentration independent.

Table 1-Plasma protein binding of rilpivirine in humans and animal species (each
value=mean = SD of three determinations)

Test Concentrations (ng/ml)

Species 10 100 \ 1000 | 10000 | 100000
2% Protein bound (Mean &= S.ID)
Mouse (m)] 99.93 = 0.01 99.89 = 0.04 99.93 = 0.00 99.92 = 0.01 99.84 = 0.01
Mouse () 99.94 = 0.01 99.94 = 0.00 ©99.94 = 0.01 99.94 = 0.01 99.89 = 0.00
Rat (m) 99 .80 += 0.01 99 .83 = 0.01 99 .84 = 0.04 99 .82 = 0.01 99.80 = 0.01
Rat (f) 99 .85 + 0.01 99 .86 = 0.01 99.86 = 0.01 909 .82 = 0.02 99.71 = 0.02
Rabbit ()] 99.98 = 0.01 99 .98 = 0.00 99.97 =0.01 99.97 = 0.00 99.96 = 0.01
Dog (m) 99.31 = 0.04 99 .32 = 0.01 99.35 =0.01 909.32 = 0.07 99.23 = 0.03
Test Concentrations (ng/ml)
10 | 100 ‘ 300 | 1000 | 3000
%% Protein bound (Mean = S.D)
Human ‘ |
(1) 99.66 = 0.00 99.64 = 0.01 99.62 =0.02 909.67 = 0.02 99.70 = 0.02

(m): male: (): female

The results of the experiments evaluating the binding of rilpivirine at various
concentrations of albumin and al-acid glycoprotein are displayed in Table 2. Overall, a
greater percentage of rilpivirine was bound to albumin compared to al-acid glycoprotein.

Table 2-Rilpivirne binding to various concentrations of albumin and al-acid
glycoprotein

Concentirration
of TMWNIC2TS

FPercentage
bBouwund (2o)

FPercentage
unbownd

Humamn Ser iy
albuimimn

(2/100 ml)y (/1) (2o)
5.0 1000 99 .56 0.45
4.3 3000 99 .51 0.5
4.3 1000 99 .50 0.50
4.3 300 99 S50 O.51
4.3 100 99 .50 0.50
4.3 30 99 .50 0.51
4.3 10 o9 52 0.48
3 1000 o9 .32 0.68
2 1000 99 03 Q.97

oty —Aacid-

Concentratiomn

Percentage

Percentage

- . N of TMNIC2TS bouwund (%o) unbowmnd
H 160 > Cog/mib (2>
0.15 1000 T2.26 2TF. 75
0. .07 3000 54.99 45,02
0.07 1000 48. 76 51.25
0.07 300 39.02 SO .98
0.07 100 25.92 74.08
0.07 30 30.36 o9.65
0.07 10O 4210 53.27
0.05 1000 25.89 74.11
0.02 1000 11 .15 BE.56
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Based on the results of the experiments evaluating the distribution of rilpivirine in blood
that are displayed in Figures 2 and 3, rilpivirine binds extensively to plasma proteins in
humans and other species.

Figure 2-Rilpivirine blood to plasma ratios in humans and animal species
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5. Conclusions

The protein binding of rilpivirine was >99% and was concentration independent. A
greater percentage of rilpivirine was bound to albumin compared to al-acid glycoprotein.
Rilpivirine extensively binds to plasma proteins in humans and other species.
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TMC278-NC141

1. Title

An in vitro study to (a) identify the microsomal cytochrome P-450 iso-enzymes
mediating TMC278 metabolism (reaction phenotyping) and to (b) determine the kinetics
of TMC278 metabolism in human liver microsomes

2. Objectives

The primary objective of the study was to determine the microsomal cytochrome P450
enzymes involved in rilpivirine’s metabolism and to evaluate the kinetics of rilpivirine’s
metabolism in human liver microsomes (HLMs).

3. Methods

Rilpivirine metabolism enzyme Kinetics

Two experiments were conducted to derive the kinetics (Ky, and Vmax) for rilpivirine’s
metabolism. The first experiment involved incubating HLMs with different
concentrations of “*C-rilpivirine [0.5 pM (1.03 kBg/mL), 1 uM (2.06 kBg/mL), 3 uM
(6.18kBg/mL), 5 uM (7.25 kBg/mL), 10 uM (7.25 kBg/mL), 30 uM (7.25 kBg/mL) and
50 uM (7.25 kBg/mL)]. A protein concentration of 0.25 mg/mL with 15 min incubation
time was used for the experiment. A second experiment was subsequently conducted
based on the results from the first experiment and the lower than desired radioactivity
from the first experiment.

CYP P450 reaction phenotyping

Use of CYP P450 inhibitors in HLMs

C-rilpivirine incubations in HLMs (in triplicate) were conducted with CYP specific
inhibitors. 1-aminobenzotriazole was used as a nonspecific CYP P450 inhibitor for
evaluating the potential role of microsomal CYP P450 enzymes in rilpivirine’s
metabolism. Troleandomycin, furafylline or clarithromycin were used as mechanism
based inhibitors. When either mechanism-based or nonspecific inhibitors were evaluated,
microsomes were incubated with the inhibitor and a NADPH-generating system
(containing NADP) for 15 minutes before adding rilpivirine. The experimental
conditions included a rilpivirine concentration of 5 uM (7.25 kBg/mL), a microsomal
protein concentration of 0.25 mg/mL (pooled batch of HLMSs,) and a 15 minute
incubation time. After preincubating for 5 minutes, the reactions were initiated by adding
0.1 ml of the NADP-solution to obtain a final incubate concentration of 0.125 mg/mL.
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Use of heterologously expressed recombinant enzymes

In E.coli systems, E coli expressing human reductase were combined with one of the
following CYPs: CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2D6, CYP3A4,
CYP3A5, CYP2E1, CYP2C8 or CYP2B6. The cofactors used were 0.5 mg of glucose-6-
phosphate, 0.25 units of glucose-6-phosphate dehydrogenase, 0.125 mg of NADP and
0.5 mg of MgCl,.6H,0 in 0.5 ml of 0.5 M Na, K phosphate buffer pH 7.4. After
preincubating for 5 minutes, the reactions were started by adding **C-rilpivirine (final
concentration in incubation: 5 uM, 7.25 kBg/mL) and incubating in triplicate for 60
minutes. Similar procedures were performed for recombinant CYP P450 enzymes
(Baculovirus expressed insect cell lines-Supersomes® [BD]).

Correlation analysis in different HLM batches

The metabolism of *C-rilpivirine was evaluated in 10 different batches of individual
human liver microsomes. The experimental conditions included a rilpivirine
concentration of 5 uM (7.25 kBg/mL), a microsomal protein concentration of 0.25
mg/mL and a 15 minute incubation time. After preincubating for 5 minutes, the reactions
were started by adding **C-rilpivirine.

In vitro covalent binding experiments

Multiple experiments were conducted to evaluate rilpivirine’s covalent binding,

Samples from the rilpivirine metabolism enzyme kinetics, the CYP P450 reaction
phenotyping experiments, and some of the in vitro covalent binding experiments were
analyzed using radio-HPLC analysis. Other methods used to analyze samples from the in
vitro covalent binding experiments included LC/MS/MS or radioactivity).

If feasible, metabolites were identified using unlabeled compounds (monitored using UV
detection at 306 nm). Alternatively, the metabolites were identified based on comparing
the radio-HPLC profile from the in vitro species comparison study (TMC278-NC102)
study and the human mass balance trial.

Unchanged rilpivirine and its metabolites in a sample were determined based on the
percentage of radioactivity relative to the total injected radioactivity of the sample.

The Michaelis-Menten equation was used to derive the Ky, and Vmax Values for rilpivirine.
For the experiments involving CYP P450 inhibitors, the percent inhibition was derived
using the equation below. The major (M42) and minor (M27, M33 and M35+M36)
metabolites in HLMs were evaluated.

Percent inhibition = 100 —[Cx+inhibitor)/C(control)]*100]

where:

Cinnibitory=the percentages of the metabolite formed with the addition of the inhibitor to
the incubations
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Ccontrony=the percentages of the metabolite formed without the addition of the inhibitor to
the incubations.

For the correlation analysis (using pair-wise correlation), the rate of rilpivirine
metabolism and the forming of the major and minor metabolites (M2, M33, M35+M36
and M42) were obtained from the 10 individual batches of HLMs and were correlated
with the CYP P450 specific activities of the HLMs.

4. Results

Rilpivirine metabolism enzyme Kinetics

A protein concentration of 0.25 mg/mL with a 15 minute incubation time was used in
evaluating rilpivirine enzyme kinetics. At the concentration range evaluated (0.5 uM to
50 uM) monophasic Michaelis Menten kinetics was observed and mean apparent K, and
Vmax values for rilpivirine metabolism were 4.17 = 1.06 uM and 381 £ 26 pmol/mg/min,
respectively.

CYP P450 reaction phenotyping

Use of CYP P450 inhibitors in HLMs

The in vitro results displayed in Tables 1 and 2 and Figure 1 indicate that CYP 3A is the
major pathway of rilpivirine metabolism and an important metabolic pathway for
rilpivirine metabolites. No significant effect on the formation of rilpivirine was observed
with inhibitors of other CYP enzymes. The CYP 2C9 inhibitor sulphaphenazole
decreased the forming of the M33 metabolite by 30%.

Table 1-Impact of CYP specific inhibitors on **C-rilpivirine in human liver
microsomes including the major (M42) and minor (M27, M33 and M35+M36)

CYP P450 Final Substrate turnover/product formation rate
Diagnostic CYP Isoform | Conc. CI (pmol/min.mg protein)
inhibitor (CT) selectivity in the
incubate
(UM TMC278 NM27 M33 M35 + MB6 NI42

Mean =+ S.D [Mean = S.D [Mean = S.D Mean = S.D (Mean = S.D
Furafylline CYP1AZ 10 172 =+ 20 [301 = 19 [174 = 1.8 | 508 = 508|128 = 20
Coumarin CYP2AG 100 170 = 26 | 339 = 7.0 |220 =+ 1.9 |38 == 6&61[119 = 13 Best Ava||ab|e
Sulphaphenazole CYP2CO 10 160 = 28 [271 = 65 106 = 94 212 = 367|131 = 19
Quinidine CYPID6 10 149 = 24 |267 = 22 |161 =+ 07 |466 = 807|108 = 15 CO py
4-methylpyrazole CYP2E1 20 166 = 42 267 = 46 165 = 76 |551 = we51|127 = 25
Ticlopidine HC1 CYP2C19/D6 5 168 = 20 297 = 51 |195 = 26102 = 859|115 = 21
Ketoconazole CYP3A4 1 106 + 00|00 == 000|000 =« 00]|00 <+ 000|000 = 000
Troleandomycin CYP3A4 200 |-106 = 00|00 = 000|000 = 00|00 = 000| 00 = 000
Clarithromycin CYP3A 15 66.5 <+ 138|148 = 1.9 |932 £ 265|636 = 254|449 = 48
Ritonavir CYP3A4 0.15 136 = s5s5|oo0 = o0 |00 == 00|00 = oo00|208 = 07
1-amincbenzotriazole |[CYP P450 1000 |636 = 388|000 = o0 |00 == 00|00 = 000|000 = 000
Control (+ methanol) - 156 = 40 [271 = 63 [153 = 34 [153 = 44 [ 105 = 30
Control (+ water) - 163 = 44 | 288 = 122153 £ 46 |136 = 51 [107 = 32
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Table 2-Percentage inhibition in evaluating the impact of CYP specific inhibitors on
YC-rilpivirine in human liver microsomes including the major (M42) and minor
(M27, M33 and M35+M36) metabolites

Test Article: TMC17E

Tyvpe of Study: CYP reaction ph:na'\jl:\s Effect of diagnostic CYP inhibitors on the metabolism of TMC278 Study no : TMC :'.'3 FES300
Method: Ichibitzen of o 27Ri fve 5

concentation
percentage of mh

ith MC-TMC278 (5 ubd ) for 15 mimutes at ;.p:c-hl:u
'ahm.m.—:l:n radio-HPLC, The values reprazart the

Zed T!
ion L‘l! amed for each inhibitor in comparizon to a contrel inoubate (v irhibitor) E ch value represents mean of thres observations.

Results:
&y Inhibition of Metabalism®
Diagnostic Inbibitor CYP P450 Form Overall’ A2T M3 MI5+A36 A4
Furafylline {10 pAL) CYPIAZ -10.2 -10.9 -13.2 66.7 2123
Coumarin {100 nAf) CYPIAS 23 -25.0 444 75.0 -13.4
Sulphaphenazole {10 pAi) CYPICEW1D 3.0 0.0 306 251 251 1
Quinidine (10 pM}) CYPIDS 44 -5.56 69.4 324 BeSt Avallable
4-methylpyrazole (20 pAd) CYP2EL -85 -3.33 638 22111
Ticlopidine (§ pAl) CYPIC10DE -3.1 278 250 -7.81 Copy
Eetoconazole (1 pAl) CYP3A= 107 100 100 100
Troleandomycin (200 pdl) CYP3AL 107 100 10
Clarithromycin (15 pAl) CYP3A 572 EREY 583 7.
Ritonavir (0.15 pM) CYP3A al3 100 80.2
l-aminobenzotriazole (1000 pAi) CYP B30 104 100 1

Additional Information

bolita in human lver microsomes (= 5 9
from cenfrol incubation {without inkbibi
dicates higher % product formar
alues were considered as no inhibitton

and kizher the extent of inhibiton
red 1o the contral. This was mors prominent with the minor metabolites. For all gualitative purposes,

Figure 1-Impact of CYP specific inhibitors on **C-rilpivirine in human liver
microsomes including the major (M42) and minor (M27, M33 and M35+M36)
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Use of heterologously expressed recombinant enzymes

In E.coli systems, the results indicate that CYP 3A4 was the major metabolic pathway for
rilpivirine and rilpivirine metabolites. M22 and M35+M36 were the major metabolites
that were formed based on the formation rate information.
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In Supersome systems, the results indicate that CYP 3A4, CYP 3A5 and CYP 3A7 were
the major metabolic pathways for rilpivirine and rilpivirine metabolites.

Table 3-CYP P450 reaction phenotyping using an E.coli system to evaluate the Best Available
metabolism of “*C-rilpivirine Copy

Test Arficle: TMC2178
Type of Study: CYVP reaction phenotyping Metabolism of "C-TMC278 in E. colf sxpressed CYP isoforms Study no - TMC2TE/FES300
Method: The metabeliszm of TMC272 in E colf eupressed CYVP systems (prapared in-house) was carmied out with "C-TMC27% (5 p ) for 60 minutes at 2 CYP P450
concenmation of 100 pmel/m] of incubation. The amounts of unchanged TMC27E and its metabolizes (M0, M2, M22. M27, M33, M35+M36, MS1, M42' and M43) werz
derermined by radie-HPLC. Each value reprasents mean = 5.0 of thres observations

Resulis:

Cytochrome P-450 Form Overall FProduct formation rate (pmol'min. 100 pmol P450)

(100 pmol'ml) & Metabolizm® MED M2 MI2 i M3 M3S+AI36 AEL M4
CYFIAT 140 = 02§ - - - - 0.83=0.17 - -
CYPIAG 107 £ 142 - -
CYPIBEG 130 + 174 -
CYPICE 043 + 038 -
CYPICH 047 = 042 )
CYPIC1® 037 + 032 -
CYPIDG - -
CYPIEL 000 = 000 - - - - - - - -
CYP3A4 2687 £ 140 411 =033 903=0.71 15.6+1.30 238 =093 3.00=0.58 20.4=205 - 6.28=075
CYP3AS 053 + 0.68 - - - - - - 0.31=034

Additional Information
1. Major metabolite of buman Iiver microsomes (= 5 %% of the sample radioactiviny)
. Orverall %% metbolism of TMC278 calonlated from % drug that remained in the sample at the end of the incubation
Mo measurable product observed in radio-HPLC profile (LLOQ= 211 dpm)

Table 4-CYP P450 reaction phenotyping using a Supersome system to evaluate the
metabolism of *C-rilpivirine

Test Article: TMC172
Type of Study: CYP reaction pherotyping- Metmbolism of "C-TMC278 in CYP isoforms (Supersomes® ) Study mo - TMC278/FES300
Method: The metzbolizm of TMT27E in exprassed CVP systems (Supersomes ™) was carded out with "“C-TMC278 ( uM ) for 60 mizures ata CVP P450 concenration of 100
proliml of incubasion. The amounts of upcharged TMC2TE and its metabolites (M30, M22° M27°, M33° M35+M36" M31, M42" and M43) ware detenmined by radio-HPLC
Each value represents mean = 5. of thres observations

Resulis:

CYP-450 Farm Overall Product formation rate (pmol'min. 100 pmol P450)

{100 pmol'ml) % Metabolism® MED A2 AMI2 27 A33 A35+AE35 MEL M42
CYPlA2 117+ 0.64 - - - - 047=041 - - -
CYP2AG 0.37+£ 032 - - )

CYPIBS 0.50 £ 044 - -

CYP2CE 0.00 + 0.00 - -

CYP2Co 0432038 - -

CYPIC1 0432040 - -

CYP2DE 237x245 - -

CYPIEL 023+ 0.40 - - - - R R R -
CYFIAd Wizl 087T=0.82 444=084 33e=0.32 4ls=0082 200=0.28 172173 - 519=1.13
CYP3aAs 83227 0.61 =021 Le4=021 5.00=0.52 025 =022 508036 256=011 2610091 38l=114
CYP3A? 25333 - 117=014 3.50=130 - 233113 §.1==0.60 - §.30 = 0.50

Additional Information
3. Major metabolites of bumar liver micresomes
4. Owerall % metabolism of TMC272 caloulated from % drug that remained in the sample at the end of the incubation
Mo measurable product obsarved in radio-HPLC profile (LLOG= 211 dpm)

Correlation analysis in different HLM batches

Based on the correlation analysis, for rilpivirine metabolism and for the M27 and M42
metabolites, CYP 3A and CYP 2C19 generated r® values >0.5. For M33, CYP 2C19 and
at least one of the CYP 1A2 and CYP 3A markers generated r? values >0.5.
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Table 5-Correlation analysis to evaluate the metabolism of **C-rilpivirine

Type of Stndy: CYP reaction phenotyping- Comelaton analysis of TMC27E metabelites with CYP activities Study ne : TMCITEFRSI00

Method: The metabalism of “C-TMC2T3 (5 pbd) was examined with a characterized panel of 10 buman liver microsomal praparations. The protein concenation of the samples was 0.25 mz/'ml
and the time of mcubation was 13 min. The amounts of unchanged TMCI78 and its metabolites (M27. M33, M35+M36 and M42") wara determined by radso-HPLC. The rate of product
formarion was caloulated for TMO272 mesabolites and were correlated (pair-wise) with the CYP isof form dependent snzyme activitiss of corrasponding batches of uman liver mécrosames

Results:
Overall
Enzyme activities (CYP isoform) TMC178 metabalism TMC 278 Metabolite Correlation coefficient (r') .
Corralation {r') AT M3 Mas+M36 prevy

T-efhouyresarudine O-deethylaze [TAT) 0.IT% 0050 0513 0.093 0073
Phenacetin O-deethylase Elilsi El 052 -0.1%8 0.347 0102 0.047
Covmarin 7-hydronylase 0.071 0055 <027 0.201 -0.080

Tazol §-e-hydrowylase (2CE) -3 —'3? 0,613 -0.324 -0.660 -0.188
Tolburamida methy] hydrowylass (2C9,10) -0.842 -0.530 0468 -0.608
S-mephenytom £-hydrouylass (2C19) EI "-IH- 0704 0.578 EI 107 0.7%90 1
Dexromethorphan O-demethylase 2DE) 0813 0538 <0310 -0.611 -0.306 BeSt Avallable
Bufirale] bydroxylase (2D6) 0442 -0.578 <0343 <0539 -0.323 (\
Chiorozonazone 6-byinarylaze (ZET) 0030 0098 0303 0389 0215 -nNv
Lauric acid -1 4\'\:11':1:\ lase (ZEL) 0543 0.708 <0383 <0450 0424

Testosterone §-@-bydrowylase (3A4) 0819 0.749 0483 0.003 0.881
Corch nspmr.e oxidaze (14) 0.716 0.744 0.336 J 013 0.748

Tl 3™-Irydrowylase (JA4) 0889 0233 0.503 0383 0.871
Widazelam 4 ]nc:r rlaze (AALAR) 0864 0317 0611 0.055 0876
Midazelam [ "-hydrosylase (JASAL) s 0.594 0328 0310 0.633
Lausic acid o-hydrowylase (44) -0.001 -0.207 -0.185 0409 0173

Additional Information
1. Major metabalite ir humen lver microsomes
Bolded mumbers: Positive corrzlations higher than 0500

In vitro covalent binding experiments

The information obtained from the in vitro covalent binding experiments included the
following:

a) Rilpivirine or rilpivirine metabolites demonstrated covalent binding after incubation of
the compound in human liver microsomes in the presence of NADPH and cofactor

b) Metabolic activation of rilpivirine to reactive metabolites was necessary for the
observed covalent binding.

¢) Glutathione is at least partially capable of recovering the reactive intermediate(s) that
cause covalent binding of rilpivirine related radioactivity

5. Conclusions

Overall, CYP 3A is the major pathway of rilpivirine metabolism and an important
metabolic pathway for rilpivirine metabolites. In E.coli systems, M22 and M35+M36
were the major metabolites that were formed based on the formation rate information. In
Supersome systems, CYP 3A4, CYP 3A5 and CYP 3A7 were the major metabolic
pathways for rilpivirine. Based on the correlation analysis, in addition to CYP 3A,

CYP 2C19 may also be involved in rilpivirine’s metabolism.
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TMC278-NC186

1. Title

An in vitro study to assess the potential of TMC278 to induce CYP enzyme activities in
cryopreserved human hepatocytes

2. Objectives

The primary objective of the study was to determine the induction effects of rilpivirine on
cytochrome P450 enzymes.

3. Methods

CYP 1A2, CYP 2B6, CYP 2C19, CYP 2E1, and CYP 3A4 enzyme activity in
hepatocytes was evaluated after the addition of rilpivirine and representative enzyme
inducers (rifampicin [CYP 3A4, CYP 2B6, CYP 2C19 inducer], omeprazole [1A2
inducer], and ethanol [CYP 2E1 inducer]). Three rilpivirine concentrations (2.5, 10, and
25 uM) were used in the induction experiments. 50 uM of rifampicin, 25 pM of
omeprazole, 100 mM of ethanol and a vehicle control (0.1% DMSO) were evaluated in
the induction experiments.

Hepatocytes were seeded into 48-well plates coated with collagen and incubations were
performed in a CO;-incubator at 37 °C (5% CO; in humidified air). After 24 hours, the
hepatocyte incubation medium was switched to o

and 0.1 pM dexamethasone and 1 % penicillin-streptomycin solution were
added. After a 2 day adaption period, the hepatocytes were examined to verify that they
were suitable for the induction experiments.

Rilpivirine, omeprazole, rifampicin, ethanol, or DMSO was added to the hepatocytes
daily for 48 hours. Three separate batches of hepatocytes were used with treatments
added in duplicate. Fresh media was also added every day. At the end of the 48 hour
period, the hepatocytes were examined for changes in morphology or possible toxicity.

To determine the CYP P450 activity, the wells were rinsed with 0.200 mL of Hank's
Balanced Salt Solution (HBSS) [pH 7.4] and 0.200 mL of HBSS (pH 7.4) with probe
substrate was added to all the wells. The incubation conditions at 37 + 1°C are outlined
in Table 1.
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Table 1-Incubation conditions for evaluating CYP P450 activity

CYP Probe Substrate Incubation Analytical Analyte of
Enzyme Time Method Interest
CYPILA2 Phenacetin lh LC-MS/MS Paracetamol
(200 uM)
CYP2B6 S-mephenytoin lh LC-MS/MS N-desmethyl-S-
(100 uM) mephenytoin
CYP2CI19 S-mephenytoin lh LC-MS/MS 4-hydroxy-S-
(100 uM) mephenytoin
CYP2EI Chlorzoxazone 1h LC-MS/MS 6-hydroxy
300 uM) chlorzoxazone
CYP3A4 Testosterone 1h LC-MS/MS 6-B3-hydroxy
(125 uM) testosterone

After incubation, the supernatants were stored for future analysis using LC/MS/MS and
the hepatocytes were processed to determine the protein content.

To determine the mRNA concentrations, after the 48 hour incubation period, hepatocytes
were washed once with 0.200 mL of HBSS (pH 7.4) and lysed with 400 uLL RLT buffer
containing 10 puL of B mercaptoethanol per mL of RTL buffer. The total RNA from the
hepatocytes was extracted using an RNeasy Mini Protect kit. mRNA expression in total
RNA samples was determined using a TagMan realtime reverse transcription-polymerase
chain reaction (RT-PCR) and a Applied Biosystems ABI Prism 7900HT Sequence
Detection System.

The concentrations of the substrates that were evaluated in the induction experiments
were determined using LC/MS/MS.

4. Results

Based on the results presented below, it appears that rilpivirine may potentially induce
CYP 2C19 and CYP 3A4 with lesser induction effects on CYP 1A2 and 2B6.
Conclusions could not be made regarding CYP 2E1 because induction effects were not
observed with ethanol, the positive control. The conclusions from the study are based on
changes in mRNA activity.

Conclusions could not be drawn based on the results of changes in enzyme activity. At
higher concentration of rilpivirine, for some of the CYP enzymes, lower enzyme activity
was observed. The applicant believes that a potential causative factor is residual
rilpivirine inhibition effects in hepatocytes and a possible reason for the greater CYP
enzyme activity at 2.5 uM compared to 25 pM for some of the CYP enzymes could be
attributed to differences in the occupying of rilpivirine binding sites at different
concentrations.
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Table 2-Fold induction of different CYP enzymes for 2.5, 10 and 25 pM of

rilpivirine and positive controls relative to DMSO in human hepatocytes

Fold induction

CYP Treatment 082 KCT NPV Mean 5D
25 uM TMC278 0.15 NC 0.87 0.51 0.51

10 pM TMC278 0.29 NC 0.96 0.62 0.47

CYP1A2 2.5uM TMC278 1.12 NC 1.00 1.06 0.09
DMSO 1.00 NC 1.00 1.00 0.00

OM 2.99 NC 6.90 4.95 2.77

OM+25pM TMC278 2.35 NC NC 2.35% 0.00

25 uM TMC278 0.28 0.45 1.01 0.58 0.38

10 pM TMC278 0.40 0.52 1.21 0.71 0.44

CYP2B6 2.5uM TMC278 1.68 0.78 1.36 1.28 0.46
DMSO 1.00 1.00 1.00 1.00 0.00

RIF 3.32 1.53 2.94 2.60 0.94

RIF+25uM TMC278 0.58 0.42 0.29 0.43 0.15

25 uM TMC278 0.13 0.81 2.82 1.25 1.40

10 pM TMC278 0.48 0.90 2.22 1.20 0.91

CYP2C19 2.5uM TMC278 1.75 0.99 1.57 1.44 0.40
DMSO 1.00 1.00 1.00 1.00 0.00

RIF 2.71 1.50 4.99 3.07 1.77

RIF+25uM TMC278 0.55 0.23 0.05 0.28 0.25

25 uM TMC278 0.61 1.26 0.91 0.93 0.32

10 pM TMC278 0.69 1.99 1.42 1.37 0.65

CYP2EI1 2.5uM TMC278 1.05 0.90 0.98 0.98 0.07
DMSO 1.00 1.00 1.00 1.00 0.00

EtOH 0.83 1.54 1.36 1.24 0.37

EtOH+-25uM TMC278|  0.49 1.28 0.51 0.76 0.45

25 uM TMC278 0.01 NC 0.09 0.05 0.06

10 pM TMC278 0.02 NC 0.06 0.04 0.03

CYP3A4 2.5uM TMC278 0.29 0.12 0.31 0.24 0.10
DMSO 1.00 1.00 1.00 1.00 0.00

RIF 21.13 5.43 16.74 14.43 8.10

RIF+25uM TMC278 0.10 NC NC 0.10%* 0.00

NC — not calculated (metabolites levels were below detection limit)
* indicates a single value rather than a mean
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Table 3-Mean fold change in CYP P450 mRNA expression in human hepatocytes
Mean Fold Change * SD

Treatment CYP1A2 CYP2B6 CYP2C19 CYP2E1 CYP3A4

25 uM TMC278 3.58+3.44 1.18+0.48 0.60£0.20 1.12+0.49 508442
10 pM TMC278 317 +£1.07 296+1.60 1.12+0.24 0.56 +£0.25 25.95 + 18.60
2.5uM TMC278 255+0.18 2891x0.12 1.19+ 047 081+0.14 27.12+17.83

25 pM Omeprazole, | 15.07 £5.74

50 uM Rifampicin, or 6.80+5.12 1.69 £ 0.63 54.88 + 29.45
100 mM Ethanol 1.01+0.18
0.1 % DMSO 1.00 £ 0.00 1.00 £ 0.00 1.00 £ 0.00 1.00 + 0.00 1.00 + 0.00

5. Conclusions

Based on the information from the in vitro induction study, it appears that rilpivirine may
potentially induce CYP 2C19 and CYP 3A4 with lesser induction effects on CYP 1A2
and 2B6.
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TMC278-NC194

1. Title

An in vitro study on the possible inhibitory effect of TMC278 on the metabolism of
sertraline, paroxetine, clarithromycin, sildenafil, 17a-ethinyloestradiol, omeprazole,
S-mephenytoin, abacavir, norethindrone and chlorzoxazone in human liver microsomes

2. Objectives

The primary objective of the study was to evaluate in vitro the potential inhibitory effects
of rilpivirine on the metabolism of sertraline, paroxetine, clarithromycin, sildenafil,
17a-ethinyl estradiol, omeprazole, S-mephenytoin, abacavir, norethindrone, and
chlorzoxazone in human liver microsomes or liver cystols.

3. Methods

Rilpivirine and the incubation experiments were protected from light. Pooled, human
liver microsomes with and without various rilpivirine concentrations and at various
microsomal protein concentrations (abacavir was evaluated in pooled human liver
cytosols). The final rilpivirine concentrations that were evaluated in the inhibition
experiments were 0, 0.3, 1, 3, 10 and 30 uM. Incubations were conducted in triplicate at
37°C. Table 1 provides information regarding the experiment’s incubation for the
substrates that were evaluated

Table 1-Incubation information for the substrates evaluated in TMC278-NC194

. . ; - O - z
2 5 5 AR 5
s £ < S z g E| S|z
2 £ 52 : : s | B | ¢ z
- - 2 := # 3 2 : = = | 2
£ = z § g E = : ;
saraline ROGOIOZ EXTE_0201_177_4 MEiQwater | 200 | 6125 | 40 | 050 [ 10 | 031 \é{,"ﬁ Best Available
paTometine R047209 EXTE_0001_457_4 MEiQwater | 200 | 6587 | 20 | 050 | 10 s |, C
roneine EXTE_000L_457_ DML Q SET W o MSMS opy
clarifrommyein R101296 EXTE_0101_474_4 74796 Methanol w0 | 1406 | 20 | oso | 1o | oS \Ir;f.\' =
sildenzfil RI22978 BLUTY_0084_046_1 47458 Methanol w0 | o492 5 025 | 10 | 047 \II;;C." .
omsprazole ROSE208 EXTE_0001_736_1 542 WsDMsO | 200 | es08 | 20 | o5 | 10 | 035 |, II;DC."B
clilorzoxazone EO07274 EXTE_0001_557_1 16257 | 0AMNa0H | 200 | 381 | 10 | 05 | 10 | 017 |, [ﬁ'ﬁ
17o-stumyloesadial R104230 EXTE_0001_627 1 297.19 Acetonifrile g0 | 17 | 3 | os |0 | ese |, qu:rs
S-mepheryioin RI70681 EXTE_0201_198_1 p“’pol'“"f wop | 465 | 30 | 05 | 1| 218 |, I%ﬁ_rs
Abacavirt TRI35807564 Lot 10 Radi
— Milli Qwater | 2005 | 8000 | 12000 | L0* [ 105 | 300 | e
T Abacavi oravek MI- E244-172-0008, B S el B | o | mRLC
[T-Abacavis 1736 barch 1984
rorethindron BO16045 EXTE_0001_544_1 Mehanol | 10000 | 2082 | 30 | 050 | a0 | 148 rI;f'\

* Abacavir metabelizm was studied in cytosol fractions (see Table 7-4) in 0.05 M Na K-phosphate buffer pH3.3, containing 7.5 mM MaD.
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Each incubatation sample contained 390 pL microsomes, 5 puL of the various rilpivirine
stock solutions, 5 pL of the substrate and 500 pL of a NADPH generating system
(buffered glucose-6-phosphate and glucose- 6-phosphate-dehydrogenase). In the absence
of NADP, 0.5M Na,K phosphate buffer (pH 7.4) was used. After pre incubating for 5
minutes, 100 pL of NADP was used to initiate the experiments for a final concentration
of 0.125 mg/mL. For abacavir, instead of microsomes and NADPH, the incubation used
390 uL of cytosolic fraction and 500 pL of 50 mM Na pyrophosphate (pH 8.8),
respectively, and the incubation was initiated with 100 pL of 75 mM NAD dissolved in
50 mM Na pyrophosphate (pH 8.8). For 17a-ethinyl estradiol only, L-ascorbic acid was
added, resulting in a 1 mM final concentration. Samples were frozen in dry ice to
terminate the enzyme reaction.

ICsg values were calculated for substrate depletion data and metabolite formation data
according to the equations below:

Substrate depletion data

S=measured concentration of drug substrate

Swoiled =concentration of test drug when microsomes/cytosol was boiled
So=concentration of test drug in the absence of rilpivirine

I = concentration of rilpivirine

ICsp = rilpivirine concentration resulting in a 50% reduction of substrate depletion

Metabolite formation data

100
I

M==
|t.1 +E

M =percent of control activity

I=concentration of rilpivirine

ICsp=rilpivirine concentration resulting in a 50% reduction of control activity for the
metabolite

4. Results

Based on the ICsg values, rilpivirine potentially inhibits sertraline, paroxetine,
clarithromycin, sildenafil, 17a-ethinyl estradiol, S-mephenytoin, and norethindrone.
Significant inhibition of chlorzoxazone, abacavir, and omeprazole was not observed.
The results are displayed in Table 2.
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Table 2-1Cs values for rilpivirine’s inhibitory effects on selected substrates

Type of Study: Inhibition of metabelizm by TMCITE of interacting drugs was investigated

Study Neo. FEI3Z

Lucation in CTD:

Method: The mieraction of TMC2TE with the metzbalism of interacting drugs was investizatad in 2 pooled barch of human liver ndcrosomes. The inhibitery pot=ntial of

TMC278 oo tha oo
of TMC278 inkibiting

g,
0%,

the metabalism by 3

FE#568
IC 5 (954 confidence interval)

Positive control

metabolism and'or the formation of their major metabelites is shown. The IT o-values reprasent the concenmaton in uM or pg-bass-2g ‘ml

Interaciing drag: pz-baze-gq./mL pM inbibitor i inhibition
S-mephenytoin® 048 @ 65 1 3-benzyl-phenebarbital 1
Sildenadil 053 004710 1 ketocanxzole 125
Clanthromyycin 072 (0015 — 146) 1 ketoconazole a3

hindren 144 ([0.93-185 1  Eetoconazole £
Seriraline 10" l-amiroberzoirazole 167"
Paroxatins 3 quinidme 21
1Ta-Edhicyloestradiel” 1 ketoconazole 56/ 38°
- - - 1 3-banzyl-phenobarbital .
Cmeprazels 120 (70-—-17) : 1 Eetoconazols a2
Abacavir’ =30° »11f 600 4-meshyipyrazole 4]
Chlorzoxazone® =308 =11¢% 130 disthyldithiocarbamars -1g4*
Additional Information

3 Az determined by the formation of 1
b}  This inhibition is ot sigrificantly dif

o) As determined by the formation of a bydrowy metabolite

d)

) Tested m cymsol Tacrions (see Tabls 7-4), not in microsomas
f)

]=1 o inhibitton was observed

5. Conclusions

*-brydromy metabelitz only.
ent from the botled fraction.

36/ 50 % ichibition of metabolism of nechanzed dmug and inhibition of formation of a bydrowy metabelite, respactvaly.

Az determinad by disappearance fom the mmchanged abacavir, as well as the formation of its carbonylic acid metaboliez
As determined by disappsarance fom the unchanged chlorzoxazone, as well as the fommation of its &-hydroxy metabolite.

Based on the information from this study, rilpivirine potentially inhibits sertraline,
paroxetine, clarithromycin, sildenafil, 17a-ethinyloestradiol, S-mephenytoin, and

norethindrone. The cytochrome P450 enzymes that rilpivirine may potentially inhibit are

CYP 3A, CYP 2C19, and CYP 2D6.
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TMC278-NC283

1. Title

An in-vitro study on the inhibition of paclitaxel (CYP2C8-mediated) and S-warfarin
(CYP2C9-mediated) metabolism by TMC278

2. Objectives

The primary objective of the study was to evaluate in vitro the potential inhibitory effects
of rilpivirine on the metabolism of paclitaxel and S-warfarin in human liver microsomes.

3. Methods

The incubations for paclitaxel and S-warfarin were protected from light. Human liver
microsomes (at 1 mg protein/mL) were incubated with paclitaxel concentrations (final
concentrations of 5, 10, 20, 40 and 80 uM) in the presence of rilpivirine (final
concentrations of 0 [negative, solvent control], 0.1, 0.3, 1, 3, 10, 30, 100 and 300 uM).
After pre incubating for 5 minutes at 37°C and 100 oscillations/min, the 30 minute
incubations (conducted in triplicate) were initiated by adding NADPH (3 mM final
concentration). Dry ice was used to terminate the enzyme reaction. Montelukast, the
positive control inhibitor, was evaluated at 0 (solvent control, 1% methanol in total, v/v),
0.01, 0.03, 0.1, 0.3, 1, 3, and 10 uM with a paclitaxel concentration of 25 uM.

Human liver microsomes (at 0.2 mg protein/mL) were incubated with S-warfarin
concentrations (final concentrations of 1.25, 2.5, 5, 10, 20 and 50 pM) in the presence of
rilpivirine (final concentrations of 0 [negative, solvent control], 0.1, 0.3, 1, 3, 10, 30, 100
and 200 uM). After pre incubating for 5 minutes at 37°C and 100 oscillations/min, the 15
minute incubations (conducted in triplicate) were initiated by adding NADPH (3 mM
final concentration). Dry ice was used to terminate the enzyme reaction.
Sulphaphenazole, the positive control inhibitor was evaluated at 0 (solvent control, 1%
methanol in total, v/v), 0.01, 0.03, 0.1, 0.3, 1, 3, and 10 uM with an S-warfarin
concentration of 4 uM.

A LC/UV analytical method was used in the analysis of the 6a-hydroxypaclitaxel
conversion and a LC/MS/MS analytical method was used in the analysis of the
7-hydroxy-S-warfarin conversion.

ICs values for paclitaxel 6a-hydroxylation and S-warfarin-7-hydroxylation inhibition
were derived from semilog plots with log [inhibitor] and percent inhibition on the X axis
and Y axis, respectively. For evaluating the type of inhibition, Sigmaplot Enzyme
Kinetics software was used in analyzing the velocity data for paclitaxel and

S-warfarin metabolism at the highest rilpivirine concentrations with usable rilpivirine
data (up to 30 uM and 10 puM of rilpivirine, respectively). The corrected Akaike
Information Criterion (AIC:) was used as the primary criteria along with the r* value in
selecting the appropriate inhibition model. The Enzyme Kinetics software was also used
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to derive Ki (apparent inhibition constant) values for rilpivirne’s inhibition of paclitaxel
6a-hydroxylation and S-warfarin-7-hydroxylation.

4. Results
Paclitaxel

Based on the C,x value for a 25 mg once daily dose of rilpivirine of approximately 0.5
uM, the rilpivirine ICsy values in Table 1, and the rilpivirine Ki value of 10.0 + 3.22 uM,
the potential for a drug-drug interaction for CYP 2C8 substrates with rilpivirine is not
likely or “remote”. A mixed inhibition model was determined to be the most appropriate
inhibition model.

Table 1-Rilpivirine ICs, values for various paclitaxel concentrations with the
addition of rilpivirine (0.1 pM-300 uM)

Paclitaxel Tso-values in Tso-values in C max'Isp vatio (at a Cpax
concentration I g ml plasma concentration of 0.22
nz/ml at a target dose of 25
mg)

5.00 ph 152 5.57 0.040 {remote)

10.0 mMI 13.2 4.84 0.046 (remots)

20,0 M 15.5 5.68 0.039 (remote)

0.0 pMh 19.1 7.00 0.031 {remote)

S0.0 M 18.7 G.85 0.032 {remote)

Table 2-Velocity data for paclitaxel 6a-hydroxylation formation with the addition of

rilpivirine
Effect of TMC278 on 2C3-mediated metabolism of paclitaxel
Tvype of inhibition Vmax Km Ki R’ AlCc
Mixed (full) 0.217 2238 10.0 0.97619 -325.719
Mixed (partial) 0217 22, 10.0 097619 -325.788
Noncompetitive (full) 0.223 247 16.7 097418 | -328.625
Noncompetitive (partial) 0.223 247 16.7 097418 | -325.890
Competitive (full) 0209 208 551 097024 -323 655
Competitive (partial) 0.209 20.8 5.51 0.97024 -320.919
Uncompetitive (full) 0.233 28.0 9.84 0.95644 | -310314
Uncompetitive (partial) 0.233 28.0 9.85 095644 | -307.579
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Figure 1-Michaelis-Menten and Eadie-Hofstee plots for inhibition of paclitaxel
6a-hydroxylation by rilpivirine
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S-warfarin

Based on the Cy,.x value for a 25 mg once daily dose of rilpivirine of approximately 0.5
uM, the rilpivirine ICsy values in Table 3, and the rilpivirine Ki value of 1.70 = 0.301

uM, the potential for a drug-drug interaction for CYP 2C9 substrates with rilpivirine is
“possible”. A noncompetitive model was determined to be the most appropriate inhibition
model.
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Table 3-Rilpivirine 1Csy values for various S-warfarin concentrations with the
addition of rilpivirine (0.1 pM-200 nM)

S-warfarin

ICzp-values im

ICz-values in

Cnar T C s ratio (at a Cpay

concentration [T | pe/ml plasma concentration of 0.22
ng/ml at a target dose of 25
mg*)

1.25 uh 1.35 0.495 0.444 (possible)

2.50 uM 1.59 0.583 0.377 (possible)

5.00 uMh 1.95 0.715 0.308 (possible)

10.0 pnh 1.74 0.638 0.345 (possible)

20.0 uMh 1.64 0.601 0.366 (possible)

50.0 uMh 3.02 1.11 0.198 (possible)

Table 4-Velocity data for 7-hydroxy-S-warfarin formation with the addition of

rilpivirine

Effect of TMC278 on 2C9-mediated metabolism of warfarin

Type of inhibition Vmax Km Ki R2 AlCc
Mixed (partial) 0.224 1.81 0.680 090511 | -263.354
Mixed (full) 0224 181 0.690 090511 | -266.250
MNoncompetitive (partial) 0.230 215 1.70 090136 | -264 853
Noncompetitive (full) 0.230 215 1.70 0.90136 | -267.563
Uncompetitive (partial) 0.235 241 1.34 088776 | -260.203
Uncompetitive (full) 0235 241 1.34 088776 | -262915
Competitive (full) 0.211 1.27 0.147 0.86151 -255.348
Competitive (partial) 0.211 1.27 0.147 0.86151 -252.638
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Figure 2-Michaelis-Menten and Eadie-Hofstee plots for inhibition of 7-hydroxy-S-

warfarin by rilpivirine
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5. Conclusions

Based on the information from this study, the potential for a drug-drug interaction for
CYP 2CS8 substrates with rilpivirine is not likely or “remote” and the potential for a drug-
drug interaction for CYP 2C9 substrates with rilpivirine is “possible”.
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4.2 DCP4 Division Director's Concurrence on PMR

Reference ID: 2924498 335



Au, Stanley

From: Lazor, John A

Sent: Friday, March 25, 2011 6:54 AM
To: Au, Stanley; Reynolds, Kellie S
Cc: Robertson, Sarah

Subiject: RE: NDA 202022-rilpivirine PMR concurrence
Concur

From: Au, Stanley

Sent: Tuesday, March 22, 2011 12:42 PM

To: Lazor, John A; Reynolds, Kellie S

Cc: Robertson, Sarah

Subject: NDA 202022-rilpivirine PMR concurrence

At your eatrliest convenience, for NDA 202022, please provide your concurrence on the proposed digoxin DDI
trial as a PMR for rilpivirine as outlined in the attached PMC/PMR template. The deadline for DARRTS sign

off is Monday, March 28. Thanks.
<< File: PMR-PMC Development Template 031811.doc >>

Stanley Au, Pharm.D., BCPS

Clinical Pharmacology Reviewer, Division of Clinical Pharmacology 4
10903 New Hampshire Ave

Building 51, Room 2141

Silver Spring, MD 20993

FDA/CDER/OTS/OCP/DCP4

(301)796-3988
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OFFICE OF CLINICAL PHARMACOLOGY:
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Pharmacometrics Reviewer: Jeffry Florian
Pharmacometrics Team Leader: Pravin Jadhav
Clinical Pharmacology Reviewer: Stanley Au

Clinical Pharmacology Team Leader: Sarah Robertson
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1 SUMMARY OF FINDINGS

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

1.1.1 Is there evidence of an exposure-response relationship for rilpivirine
(TMC278) for virologic outcome?

A decrease in the percentage of subjects achieving virologic success (plasma viral load
<50 HIV-1 RNA copies/mL) at Week 48 was observed in patients with the lowest
rilpivirine Co, quantile from the two pivotal Phase III trials (C209 and C215) with 25 mg
rilpivirine q.d.

While patient compliance was identified as the most important modeling component
during generalized additive models (GAM) analysis based on AIC, this was driven by a
<4% of the treatment population with <90% compliance. Patient with self-reported
compliance <90% were removed from the subsequent exposure-response analysis as
these patients are assumed to have lower rilpivirine exposure that is driven by a failure to
properly follow the dosing schedule as opposed to pharmacokinetic variability. After
removing the non-compliant patients from the analysis an exposure-response relationship
between rilpivirine exposure (Con and AUC;) and virologic success is still present (Figure
1). Median exposure values for Cy, and AUC; were 80 ng/mL and 2397 (ng-h/mL) and
correspond to 87% of patients achieving virologic success.

Figure 1: Percentage of Patients Achieving Virologic Success (<50 Copies/mL) Versus
Rilpivirine Cyy, (left) and AUC; (right) from C209 and C215.
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Based on the significant factors identified from the applicant’s GAM analysis (self-
reported adherence, rilpivirine trough concentration, baseline viral load), a relationship
between inhibitory quotient (IQ) and probability of virologic success was evaluated. 1Q,
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a ratio of drug exposure (Cgp) to a patient-specific viral phenotypic ICs (a measurement of
the ability of rilpivirine to inhibit HIV-1 virus) , was calculated for both Phase III trials. 1Q
calculations are expected to provide more accurate predictions of population response as
it combines information regarding a subject’s drug exposure in addition to the expected
exposure necessary based on a patient’s specific viral phenotype. Indeed, when the
relationship between log;o (IQ) and the percentage of patients achieving virologic success
is evaluated a steeper exposure-response relationship is identified (Figure 2). The
evaluation was only performed for Cy, as phenotype ICsy is reported as a concentration.
Median exposure values for log;o (IQ) was 2.57 corresponds to 88% of patients achieving
virologic success.

Figure 2: Percentage of Patients Achieving Virologic
Success (<50 Copies/mL) Versus log;o(IQ) from C209 and

C215s.
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If the results in Figure 2 are further divided based on baseline viral load (patients with
baseline viral load <100,000 copies/mL or >100,000 copies/mL), a significant
relationship is still identified for both populations (Figure 3). However, the exposure-
response relationship is flat for patients with viral load <100,000 copies/mL (percentage
of patients achieving virologic success was 89% in the lowest exposure quartile
compared to 94% in the highest exposure quartile). By comparison, a more pronounced
relationship was seen for patients with baseline viral load >100,000 copies/mL
(percentage of patients achieving virologic success was 68% in the lowest exposure
quartile compared to 92% in the highest exposure quartile). Median exposure values for
logo(IQ) was 2.57 for both subgroups.
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Figure 3: Percentage of Patients Achieving Virologic Success (<50 Copies/mL) Versus
log19o(IQ) for Patients with Baseline Viral Load <100,000 (left) and >100,000 Copies/mL
(right) from the Phase 3 (C209 and C215) trials.
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Those patients who were virologic failures were not limited to patients with lower
rilpivirine trough exposures or with higher ICsy values. Instead, baseline viral load
appears to be the primary factor in determining response in patients treated with
rilpivirine. The rilpivirine label should be updated to reflect this decreased likelihood of
achieving virologic success in patients with baseline viral load >100,000 copies/mL.

1.1.2 What is the effect of rilpivirine treatment on creatinine clearance?

Rilpivrine affects creatinine clearance (CrCL) depending on baseline status with smaller
changes in patients with lower baseline CrCL and vice versa (Figure 4). The CrCL in
almost all patients returned to baseline after the treatment was stopped (Figure 5). CrCL
and serum creatinine in a subset of patients (n=59) who discontinued rilpivirine treatment
returned to baseline after 2-4 week follow-up.  Also, data supports the sponsor’s
assertion that rilpivirine inhibits tubular secretion of creatinine. Based on these
evidences, additional monitoring of serum creatinine is not supported.

To assess effect of rilpivirine on CrCL depending on baseline, all rilpivirine-treated
patients from the two Phase 3 pivotal trials (C209 and C215) were pooled. The
relationship between on-treatment maximum decrease in CrCL and baseline CrCL was
explored in 683 patients (out of 686). Three patients were excluded due to
discontinuation prior to the first on treatment serum creatinine assessment. Figure 4
shows the relationship between on treatment maximum on-treatment decrease in CrCL
and baseline CrCL. A trend of smaller maximum decreases in CrCL dependent on
baseline CrCL was observed for baseline CrCL values ranging from 41-180 mL/min.
Patients with baseline moderate renal function had an on-treatment mean maximum
decreases in CrCL of 6 mL/min compared to mean maximum decreases of 13 mL/min
and 22 mL/min for patients with mild or normal renal function, respectively (Table 1).
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Figure 4: Maximum on Treatment Change in
CrCL Versus Baseline CrCL in Patients
Administered Rilpivirine 25 mg q.d. from C209
and C215.
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An outlier assessment of patients transitioning across renal function category (i.e. from
mild to moderate) was also performed using all patient visit information through Week
48. A patient was considered to transition in renal function category if two consecutive
CrCL measurements indicated a transition in renal function. A total of 15% (87/596) and
9% (7/80) patients with normal and mild baseline renal function, respectively,
transitioned to mild and moderate renal impairment, respectively. Most importantly, none
of the 7 moderate renal function patients transitioned to severe during treatment with
rilpivirine.

Table 1: Mean Maximum Change in CrCL Grouped by Baseline Renal Function
for Patients Treated with Rilpivirine 25 mg q.d. from C209 and C215

Percent of Patients with two
|consecutive CrCL measurements

CrCL Category, Mean max change [indicating transition to worse
mL/min [Count, n fin CrCL, mL/min |renal function category
30-60 (moderate) |7 -5.9 0 (0/7)

60-90 (mild) 80 -12.5 19 (7/80)

>90 (normal) 596 -22.2 15 (87/596)

A total of 59 subjects who discontinued rilpivirine treatment during C209 and C215 were
available for follow-up CrCL assessment to determinie if CrCL returned to baseline after
cessation of rilpivirine therapy. Nine subjects had mildly impaired baseline renal
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function, and 50 had normal renal function. Typical time to follow-up in all the subjects
was 2-4 weeks. Of the 59 subjects, 29 were below baseline CrCL at follow-up, 14 were
above, and 16 had returned to baseline. In addition, mild renal impairment patients had a
mean difference of 1.1 mL/min from baseline CrCL at follow-up while normal renal
function patients were -5.7 mL/min lower than baseline. The overall deviation from
baseline CrCL in these follow-up patients is driven by normal patients, which are also
those patients with the largest deviation from baseline. The failure of this group to return
to baseline may be suggestive of insufficient time between follow-up or random
variability in measurement.

Figure 5: 2-4 Week Follow-up CrCL Versus Baseline CrCL (left) and Follow-up
Serum Creatinine Versus Baseline Serum Creatinine (left) in Patients Who Stopped
Rilpivirine Treatment from C209 and C215. A Line of Unity is Shown on Both
Graphs.
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In order to assess the sponsor’s assertion that rilpivirine inhibits tubular secretion of
creatinine, eleven subjects on cimetidine or trimethoprim were identified. Of these 11
patients, 5 were on background tenofovir/emtricitabine and 6 were on
zidovudine/lamivudine. Maximum on-treatment decrease in CrCL for this subset of
patients was for a period during which the patient was receiving trimethoprim (range: 2-
48 weeks).A comparison between baseline CrCL and maximum on treatment decrease in
CrCL for patients on these concomitant medications and the remaining portion of the
population are shown in Table 2. Mean baseline CrCL in these patients was 116 mL/min.
These patients had a mean maximum decrease in CrCL of -8 mL/min compared to -20
mL/min in overall patient population with similar baseline CrCL. This analysis supports
the sponsor’s proposed mechanism of action of rilpivirine inhibition of tubular secretion
of creatinine. This analysis does not rule out small changes on CrCL resulting from
rilpivirine treatment, however, further investigation of the mechanism of action of
rilpivirine on inhibition of tubular secretion of creatinine does not seem necessary due to
the small effect size.

Table 2: Comparison in Mean Maximum Change in CrCL Versus Baseline Renal
Function for Patients Treated with Rilpivirine 25 mg q.d. with Concomitant
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Trimethoprim at Baseline from C209 and C215
Maximum on-
CrCL, treatment lcount. n
mL/min decrease in CrCL, ’
mL/min
Moderate 58 -6

74 -11 27

Mild 83 -11 27

87 -16 26

95 -16 74

104 -17 73

112 -17 73

118 -21 73

Normal

126 -23 73

134 -27 73

146 -28 73

171 -26 73

Concomitant Medications
(cimetidine or 116 -8 11
trimethoprim)

1.1.3 Is there evidence of exposure-safety relationships for psychiatric, skin,
dizziness, and hepatobiliary adverse events?

An exposure-response relationship could not be established for psychiatric, skin, izziness,
or hepatobiliary adverse events. Logistic regression models were evaluated for rilpivirine
Con, and AUC; with no significant relationships identified. Modeling results for adverse
event rates versus rilpivirine AUC; are shown below in Figure 14 and Figure 15 of the
reviewer’s analysis.

1.1.4 Are the PK parameters reported in the label supported by the population PK
analysis submitted by the applicant?

The pharmacokinetic parameters for 25 mg rilpivirine q.d. in adults reported in section

12.3 (Pharmacokinetics) of the proposed rilpivirine label are supported by the population

PK analysis (Table 3). AUC; and Cy, means, standard deviations, medians, and ranges

were in good agreement with the applicant’s results.
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Table 3: Population Pharmacokinetic Estimates of Rilpivirine 25 mg q.d. in
Antiretroviral Treatment Naive HIV-1-Infected Patients (Comparison of
Applicant’s Label Claims and Reviewer Analyses)
Parameter Rilpivirine 25 mg q.d. Rilpivirine 25 mg q.d.
(N=679), Applicant* (N=679), Reviewer
AUC; (ng-h/mL)
Mean # Standard Deviation 2397 1032 2287 + 877
Median (Range) 2204 (482 - 8601) 2152 (192 - 7523)
Con (ng/mL)
Mean # Standard Deviation 80 %37 82 %33
Median (Range) 74 (1-300) 74 (14 - 304)

*Sponsor’s tmc278-20100709-uspi.pdf, (section 12.3 [Pharmacokinetics]) (does not
include Reviewer’s summary of parameters)

In addition, the applicant claims that gender, hepatitis B/C infection, race, and age have
no impact on the rilpivirine exposure is supported by population PK analysis. However,
only 3 patients in the Phase III population were 65 years or older. Rk

1.1.5 Are there drug-drug interactions that result in QTc prolongation >10 ms for
25 mg rilpivirine q.d.?

Drug-drug interactions may result in QTc prolongation >10 ms for 25 mg rilpivirine q.d.
The QT prolongation potential of rilpivirine was assessed by combining data from two
thorough QT trials: TMC278-TiDP6-C131 (doses of 75 and 300 mg q.d.) and TMC278-
TiDP6-C151 (dose of 25 mg q.d.). A significant concentration-QTc relationship was
identified with a mean predicted placebo- and baseline-adjusted change in QT interval
corrected using Fridericia’s method (AAQTcF) of 4 ms (upper bound of two-sided 90%
confidence interval (CI): 6 ms) at 25 mg q.d. rilpivirine (Cpax 220 ng/mlL).
Supratherapeutic doses of 75 and 300 mg q.d. resulted in mean QTc prolongation of 9
and 23 ms, respectively (upper 90% CI: 11 and 27 ms) (Figure 6).
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Figure 6: Mean (90% CI) Predicted AAQTcF at Geometric Mean C,,,x for 25, 75,
and 300 mg Q.D. Rilpivirine
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From the sponsor’s drug-drug interaction tables, the largest increase in Cp,y resulted from
coadministration with darunivir/ritonavir (DRV/rtv) with a Cyax increase of 80% (Ciax
of400 ng/mL based on a Cpax of 220 ng/mL for rilpivirine 25 mg q.d.; upper 90% CI
AAQTcF 8 ms). Likewise, the greatest impact from intrinsic factors (mild hepatic
impairment) resulted in a 30% increase in Cyax (Cax 290 ng/mL; upper 90% CI AAQTcF
6 ms) for patients with mild impairment (no change in Cy,,x was observed in patients with
moderate impairment). Rilpivirine is predominantly hepatically eliminated (CYP3A4),
and coadministration with a potent inhibitor, such as DRV/rtv, may not result in higher
exposures in patients with hepatic impairment. However, assuming that these two
interactions could independently contribute to increases in rilpivirine exposure, a
hepatically impaired patient coadministered DRV/rtv may have a 2.3-fold increase in
rilpivirine concentration for 25 mg q.d. (Cpax 510 ng/mL; upper 90% CI AAQTcF 10 ms).
In addition, the QT prolongation from TMC278-TiDP6-C131 may have been under
estimated as the moxifloxacin assay sensitivity for this study was not established (i.e.
largest lower bound of the two-sided 90% confidence interval did not exceed 5 ms), and
the upper bound of the two-sided 90% CI of AAQTCcF predictions for the high exposure
scenarios may exceed the QT prolongation values reported above. However, as the
subset of patients with mild hepatic impairment also taking darunivir/ritonavir is
anticipated to be small and the upper bound of the 90% CI for the high exposure scenario
was 10 ms, the rilpivirine label does not require additional revisions beyond the sponsor's
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currently proposed language (i.e. caution against the use of rilpivirine with known
Torsadegenic agents).

1.2 Recommendations

e Rilpivirine provides acceptable efficacy and safety in the treatment naive patients,
particularly in HIV-infected patients who may be contraindicated from other
therapies. The submitted information supports approval of the application.

e Patients with higher baseline viral load (>100,000 copies/mL) were less likely to
achieve virologic success on 25 mg q.d., and the label should be amended to
acknowledge the difference in response rates in treatment naive patients. The
label should caution against the use of rilpivirine in patients with baseline viral
load >100,000 copies/mL due to increased likelihood of treatment failure and
subsequently developing resistance.

e Rilpivirine demonstrates modest effect on creatinine clearance. The effect is
lowest in patients with renal impairment (moderate<mild<normal) with renal
function returning to baseline after treatment discontinuation. Data support the
mechanism proposed by the sponsor that rilpivirine potentially inhibits tubular
secretion of creatinine. Therefore, additional studies of rilpivirine’s mechanism of
action that affect serum creatinine are not necessary.

1.3 Label Statements

Labeling statements to be removed are shown in red-strikethrough—font and suggested
labeling to be included is shown in underline blue font.
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(b) (4)

2  PERTINENT REGULATORY BACKGROUND

Rilpivirine, a diarylpyrimidine derivative, is a potent non-nucleoside reverse transcriptase
inhibitor (NNRTTI) selected for clinical development based on its high in vitro potency
against wildtype human immunodeficiency virus type 1 (HIV-1) and NNRTI-resistant
strains and its potential for once-daily dosing.

Based on the efficacy, safety, pharmacokinetic and pharmacokinetic/pharmacodynamic
assessments obtained from the primary analysis (48 week data) of the Phase IIb dose
finding trial (C204), the dose of rilpivirine 75 mg q.d. was initially selected for further
development. All of the rilpivirine dosage regimens studied in this trial (25, 75, and 150
mg q.d.) demonstrated substantial and sustained clinical efficacy that was comparable to
control (EFV), and at the time the 75 mg q.d. dose was considered to provide the most
favorable benefit/risk ratio. Prior to the start of the Phase III trials, additional information
became available affecting the benefit/risk profile of rilpivirine, which led to the re-
evaluation of the dose selection. The TQT trial (C131), where rilpivirine was studied in
healthy subjects at dosage regimens of 75 mg q.d. and 300 mg q.d. demonstrated dose-
and concentration-dependent QTc prolongation at steady-state. The QTc prolongation
exceeded the ICH E14 threshold of clinical concern (>10 ms QTc prolongation) at both
doses of rilpivirine. Based on pharmacokinetic/pharmacodynamic modeling, it was
anticipated that rilpivirine 25 mg q.d. would not have an effect on the QTc interval. The
potential suitability of the 25 mg q.d. dose for further clinical development was assessed
with respect to efficacy, in particular on the basis of the Week 96 analysis of trial C204
that had become available. This analysis indicated that the 25 mg q.d. dose provided
substantial and sustained virologic response after 96 weeks of therapy in treatment-naive
HIV-1 infected subjects, regardless of the baseline viral load. The response rate with 25
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mg q.d. was not different from the response rate with the higher doses, indicating that the
exposures associated with the 25 mg q.d. dose of rilpivirine are as effective as those
achieved with higher doses. Based on these findings the dose of 25 mg q.d. was thus
selected for the Phase III trials and further development.

This application is being submitted with a proposed indication for the treatment of HIV-1
infection in antiretroviral treatment-naive adult patients. The current submission to
support full marketing authorization of TMC278 25 mg tablets q.d. with a background
regimen of 2 nucleoside/nucleotide reverse transcriptase inhibitors is based on the 48-
week data from the double blind, double dummy registrational Phase III trials C209 and
C215 with the recommended dose and tablet formulation. The key efficacy and safety
data were obtained from the Week 48 primary analyses of these Phase III trials, which
were performed when all subjects had completed at least 48 weeks of treatment or had
discontinued earlier (i.e. up to the cut-off date of 01 February 2010 for C209 and 28
January 2010 for C215). Further comprehensive data from the 96-week efficacy and
safety analysis of the dose-finding Phase IIb trial (C204) and long-term data up to 192
weeks of that same trial also support this application.

3 RESULTS OF SPONSOR’S ANALYSIS

3.1 Introduction

The applicant developed a population pharmacokinetic model to explore the impact of
intrinsic and extrinsic factors on rilpivirine exposure. In addition, pharmacokinetic
parameters were used by the applicant to explore exposure-response analyses between
rilpivirine and selected efficacy (e.g. HIV-1 plasma viral load <50 copies/mL) and safety
(e.g. QT prolongation) endpoints.

3.2 Population Pharmacokinetic Model

Report tmc278-0016435-w48-poppk.pdf: TMC278 Phase III (48 weeks) Population
Pharmacokinetic Modelling, Empirical Bayesian Feedback, and Covariate Analysis

3.2.1 Data

The data included in the population pharmacokinetic model development for empirical
Bayesian predictions of TMC278 exposure in the Phase III trials were from the 2 Phase
III trials in HIV-1 infected subjects (C209 and C215) and from one of the recent Phase I
throrough QT/QTC trials in healthy subjects (C152). All three trials used the Phase III
tablet using a dosage regimen of 25 mg q.d.. No other pharmacokinetic data were
included in this analysis for the Phase III trials as previous data were generated using a
wider dose range and different formulations of TMC278. An outline of these studies is
summarized below in Table 5.
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Table 5: Summary of Trials Used in Phase III Population PK Model Development

Item

Study 1

Study 2

Study 3

Tibotec Code

TMC278-TiDP6-C209

TMC278-TiDP6-C215

TMC278-TiDP6-C152

Data used ‘1t

All available data from the
TMC278 treated arm

All available data from the
TMC278 treated arm

Treatment A (TMC278 25
mg)

week 12, 48, 72, 96: 1
sample any time post-dose
PK substudy: at one time
point between week 4-8
frequent sampling 0-24 h
(9 samples)

week 12, 48, 72, 96: 1
sample any time post-dose
PK substudy: at one time
point between week 4-8
frequent sampling 0-24h
(9 samples)

Sampling time week 4 and 24: pre- and | week 4 and 24: pre- and | Day 9 and 10: 1 pre-

windows/ no. of post-dose sample post-dose sample dose sample

samples week 8: two post-dose | week 8: two post-dose | Day 11: frequent
samples samples sampling between 0-24 h

(14 samples)

Assay (LLOQ)

LC-MS/MS (1 ng/mL)

LC-MS/MS (1 ng/mL)

LC-MS/MS (1 ng/mL)

Sponsor’s tmc278-0016435-w48-poppk.pdf, page 11

Population HIV-1 infected subjects HIV-1 infected subjects healthy subjects

No of subjects for 13 with rich sampling 34 with rich sampling 57 subjects

analysis 329 with sparse sampling 303 with sparse sampling

Dose 25 mg q.d. for 96 wks 25 mg q.d. for 96 wks 25 mg g.d. for 11 days

Background TDF/FTC AZT/3TC, ABC/3TC or | -

regimen TDF/FTC

Single/Multiple Multiple dose Multiple dose Multiple dose

dose H
Formulation Oral tablet FOO6 Oral tablet FOD6 Oral tablet FO06 Best Available
Food With a meal With a meal With a meal COpy

The final analysis dataset consisted of 736 subjects, with 5945 records containing
TMC278 plasma concentrations. Richly sampled concentration-time profiles were
available in 104 subjects (57 healthy subjects (C152) and 47 HIV-1 infected patients
(C209 and C215)). Sparse data was available in 632 patients (C209 and C215). The
TMC278 dosage regimen was 25 mg q.d. for all subjects, and the longest exposure was
for 514 days.

3.2.2 Methods
Structural Model Development

Although different structural models were tested earlier, the analyses suggested that a
two-compartment model for drug disposition was appropriate and was used as a starting
point. The main parameters of the final model were apparent clearance (CL/F), central
and peripheral volume of distribution, rate constants, and absorption parameters.

Parameter estimation was performed using the First Order Condition Estimation (FOCE)
with the INTERACTION option. Comparison between potential models used a
likelihood ratio test based on the difference in the NONMEM provided objective function
value for two hierarchical competing models.

Empirical Bayes’ Estimation

The empirical Bayes’ estimation was performed using NONMEM with MAXEVAL=0 in
the SESTIMATION record. The model parameters were used, including estimates for the
fixed and random effects. Goodness-of-fit plots were generated to evaluate the overall fit
of the fixed and random parameters, and shrinkage for the random parameters were
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calculated. These estimated parameters were used to obtain exposure estimates (i.e.,
AUC,, Cop)

After an assessment of the predictive performance, the model developed from the dense
PK sampling were used to predict TMC278 exposure in the sparsely sampled subjects of
the Phase III studies. For these sparse data, steady-state dosing were assumed unless
patient records indicate otherwise.

Covariate Model Development

The final model including all Phase III data included a thorough covariate analysis.
Covariate effects were evaluated for CL/F and V/F. The following covariates were tested
in the model: age, body weight, creatinine clearance, sex, race, background HIV
treatment, HIV infection, hepatitis B/C coinfection, and study region. Potential covariate
relationships were included in the model if they are statistically significant and clinically
relevant. A covariate relationship was deemed significant and clinically relevant if the
following three conditions were met:

1. The covariate effect relationship showed statistical significance (p<0.01 for
forward selection and p<0.001 for backward deletion).

2. There was a reduction in the extent of inter-individual variability (IIV) of CL/F or
V/F compared to the reduced model.

3. There was a clinical relevance for the covariate to be included. Here, clinical
relevance was defined as an increase in CL/F of more than 25% or a decrease in
CL/F of more than 40% from the typical value for covariates.

3.2.3 Software

For data management, processing, and graphical analysis, S-Plus 6-2 was used.
NONMEM VI level 2.0 was used for the population pharmacokinetic analysis using
Compaq Visual Fortran version 6.6a. The computing environment was a Dell Precision
670 Workstation with dual Xeon Processors at 2.8 GHz, running on Windows XP.
Analyses were performed in accordance with appropriate guidelines.

3.2.4 Results

3.2.4.1 Observed Concentration-Time Profiles

An overlay of the median and individual concentration-time profiles within a dose
interval for the two Phase III trials (C209 and C215) and one Phase I (C152) trial are
shown in Figure 7.
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Best Available Copy

Figure 7: Individual Plasma Concentration-Time Profiles of TMC278 in C209,
C215, and C152. Thick Lines are the Medians.
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Sponsor’s tmc278-0016435-w48-poppk.pdf, page 21

3.2.4.2 Population PK Model Results

The final population model that best described the pharmacokinetics of TMC278 was a
two-compartment disposition model. Absorption of TMC278 with food was described by
a lag-time followed by sequential zero- and first-order absorption processes. The model
appeared to have adequate predictive performance (Figure 8). A summary of the final
model parameters are shown in Table 6.

Figure 8: Goodness of Fit Plots for the Applicant’s
Final Population PK Model
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Sponsor’s tmc278-0016435-w48-poppk.pdf, page 42
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Table 6: TMC278 Population PK NONMEM
Parameter Estimates

Parameter Estimate SE (%) 'V
Structural model ' '
CL/F (Uh) [ 11.8 [ 22
V2/F (L) 152 21
Q/F (L/h) ' 87.9 I
V3/F (L) [ 912 s
Ka (1/h) | 1.49 |23
D1 (h) 3.10 3.7 2
Tog (7 T 5 Best Available Copy
F1, healthy subjects [ 1.67 | 6.3
F1, HIV-1 infected subjects 1.0 (fixed)
Statistical model
IIV (%) SE (%)
CUF 39 8.2
V2/F ' 117 43
Tlag 43 32
Proportional residual error, '
Phase I data 16% 5.4
Froportional residual error, '
Phase III data 33% 3.8

Sponsor’s tmc278-0016435-w48-poppk.pdf, page 41

In HIV-1 infected subjects, CL/F of TMC278 was estimated to be 11.8 L/h and the
apparent volume of the central compartment was estimated to be 152 L with the Phase I1I
population pharmacokinetic model. These values correspond very well to the previous
population pharmacokinetic analysis for the Phase IIb study in which CL/F was estimated
to be 10.5 L/h and the apparent volume of the central compartment was estimated to be
173 L in HIV-1 infected subjects. The inter-individual variability (IIV) for CL/F and
V2/F was 39% and 117%, respectively. Likewise, shrinkage was 4% for CL/F and 62%
for V2/F.

In HIV-1 infected subjects, intrinsic factors that have been considered for their potential
effect on the pharmacokinetics of TMC278 include age, gender, race, body weight,
estimated glomerular filtration rate (eGFR), and hepatitis B and/or C virus co-infection
status. The effect of these factors was explored using covariate analysis in the population
pharmacokinetic analysis of TMC278 for the pooled data from the Phase III trials.

The relationship between IIV on CL/F and age and body weight is shown in Figure 9. No
clear relationship was evident between IIV and any of these covariates.

Figure 9: Continuous Covariate Relationships for Random Effect on
TMC278 Apparent Oral Clearance (black symbols — Phase I1I; blue symbols
— Phase I).
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Sponsor’s tmc278-0016435-w48-poppk.pdf, page 39

In addition, the univariate covariate evaluation results for effects on oral clearance are
summarized in Table 7. Of the evaluated intrinsic factors only sex and race were
identified as having a statistically significant effect on CL/F. Female subjects were found
to have a slightly lower CL/F (13.6%) compared to males while CL/F in Asians was
lower (17.2%) compared to the rest of the population. However, inclusion of these
covariates had no impact on CL/F inter-individual variability and was considered not to
be clinically relevant.

Table 7: Univariate Covariate Analysis Results for the Overall Dataset

. - Keep
Run Covariate . SCOVAR AOFV vs. Dl_fference . .
tested Implementation DF step? OFV reference p I1V | Factor High-Low co:fnnati in

Reference Run: COVDE2 - yes -5338.4 --- 38 0 ---

COVO62WT1 weight (WT/70)**8 1 yes -6340.9 -2.509| 0.1132 38 no

COV062AGEL age (AGE/36)**8 1 yes -6339.1 -0.693] 0.4031 38 no

COV062BMI1 BMI (BML/24)"*8 1 no -6338.0 0.362| 0.3474( 38 no

COV062CRCLL CRCL (CRCL/120)**8 1 no -6338.3 0.153] 0.6957( 38 no

COV062SEX1 SEX g**(SEX) 1 yes -6357.3 -18.940| <0.0001 38 0.564 13.6% no .

_ _ _ Best Available

COVD62RACES Agian race |8**RACL 1 yes -6354.0 -15.573| <0.0001 38 0.828 17.2% no

COVD62RACES Black race |6**RACL 1 yes -6344.4 -5.968| 0.0146( 38 1.09 8.3% no Copy
COVO62RACES White race |8**RACL 1 yes -6340.5 -2.086| 0.1487( 38 no

COVD62RACES Other race |8**RACL 1 yes -6346.7 -5.300| 0.0040( 38 0.787 21.3% no

§**BEL*G**BB2*E**BB3 "B

COV062BB1 Backbone |B4 4 no -6340.1 -1.683 0.7934 38 no

COV0e25TUL Study G¥*ST1*B**ST2*6**ST3 3 no -6342.8 -4.430| 0.2185( 38 no

COV062HEP1 HEP B/C inf.|FIX1*“HEPBC (reference) --- -6276.8 - 39

COVO62HEPZ HEP B/C inf.|8**HEPBC 1 no -6276.9 -0.051) 0.8213[ 38 no

Sponsor’s tmc278-0016435-w48-poppk.pdf, page 40

The empirical Bayes’ pharmacokinetic parameter estimates based on the final model
were used to predict AUC; and Cyy, for all Phase III subjects with PK samples available (n
=679). Summary statistics of these results are shown in Table 8.
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Table 8: Applicant’s Reported AUC; and Cy, Based on Population PK Modeling

Table 5: Population Pharmacokinetic Estimates of Rilpivirine 25 mg once daily in Antiretroviral Treatment-
Naive HIV-1-Infected Subjects (Pooled Data from Phase 3 Trials at Week 48)

Parameter

Rilpivirine 25 mg once daily
N=679

AUC,y (ng*h/mL)

Mean + Standard Deviation

2397 +£1032

Median (Range)

2204 (482 - 8601)

Cqp (ng/mL)

Mean £ Standard Deviation

80 £ 37

Median (Range)

74 (1 -300)

Sponsor’s tmc278-20100709-uspi.pdf, page 13

Reviewer’s Comments: The population pharmacokinetic model development by the
applicant was sufficient to describe the time course of rilpivirine exposure. The
applicant’s label claims of no clinically relevant impact of gender, race, age (between 18
and 75 years), and hepatitis infection status on rilpivirine exposure is supported by their
population PK modeling results.

Steady-state rilpivirine AUC and Cyy, predictions for the Phase Il trials were obtained
using empirical Bayes’ estimates of the final population PK model. The applicant
demonstrated that AUC and Cyy, predictions from sparse versus rich data sets using this
approach had good agreement, while C,,. estimates from sparse data sets showed
shrinkage to the population value and were not considered reliable. This population PK
modeling approach and subsequent estimation of rilpivirine AUC and Cyy, (and exclusive
of Cuax estimates) is reasonable, and the summary pharmacokinetic parameters
presented by the applicant are supported by the applicant’s population PK analysis.

3.3 Efficacy of Rilpivirine in HIV-1 Treatment Naive Patients

Report tmc278-0016436-w48-gam.pdf: Modelling of the 48 week decrease in viral load
and increase in CD4 count to explore the relationship with TMC278 exposure and other
prognostic factors for the phase-III studies of TMC278

3.3.1 Data Sets

The pooled 48-week efficacy data in 652 treatment-naive HIV-1 infected subjects from
the TMC278 arms of the Phase III studies TMC278-TiDP6-C209 and TMC278-TiDP6-
C215 were made available for the current analysis. This was based on the intent-to-treat
population, but excluded subjects that discontinued without evidence of virologic failure
(e.g. subjects who discontinued from the trial, lost to follow up).

3.3.2 Methods

3.3.2.1 Generalized Additive Modeling
The effect of TMC278 exposure and other potential prognostic factors on the virologic
response parameters were analysed as a binary variable (success/failure) using logistic
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regression applying generalized additive models (GAM). In the case of the CD4 counts,
absolute change from baseline was analyzed using generalized additive models. In the
generalized additive logistic regression model, it is assumed that the log-odds of the
probability of an event given prognostic factors X;i, X, ... Xip 18:

log POy | Xy, X )

g = By + F(x) + oS, (5,)
1= p(y, [ % %5..0,) b g
where each f; is an unspecified (“non-parametric”) function. The functions f; are
estimated in a flexible manner, using an algorithm whose basic building block is a scatter
plot smoother.

A univariate GAM analysis was initially undertaken, separately exploring the relationship
between each of the potential prognostic factors (TMC278 exposure and the other
prognostic factors) and the primary endpoint using the GAM. To develop the final GAM
models, the automated step-wise search was used. This automated step-wise search
selects the best GAM using forward selection and backwards deletion given the range of
possible models being considered. Generalized additive models (GAM) were fitted to the
data using the statistical software R version 2.10.0. The Akaike Information Criterion
(AIC) was used to select the best model during the step-wise search process.

Efficacy parameters

The primary efficacy endpoint virologic response was defined as a confirmed viral load
less than 50 copies/mL at Week 48 (TLOVR non-VF censored). Subjects who
discontinued without signs of virologic failure are excluded from this analysis.

Prognostic factors
The following potential prognostic factors for the efficacy parameters were evaluated by
the GAM analyses:

e TMC278 Cyougnh and AUC; at 48 weeks

e Baseline phenotype for TMC278 (fold-change in TMC278 EC50, FC)

e Compliance (COMP), based on self reported 48-week pill count

e Baseline viral load, CD4 count, hepatitis B/C co-infection, and Phenotypic

Sensitivity Score according to Antivirogram®

e Patient demographics (age, body weight, sex, and race)

e Background regimen

[ ]

GAM Model selection
In the initial univariate GAM analyses, all prognostic factors were independently
evaluated for their potential relationship with the primary endpoint.

In this multivariate analysis, the Akaike Information Criterion (AIC) was used to select
the best model. The step-wise search ended when the default maximum number of steps
was used (1000) or when the AIC could not be decreased further by any of the remaining
eligible steps.
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As the pharmacokinetic exposure parameters of TMC278 were highly correlated, Coy and
AUCt of TMC278 were each separately analyzed with all other prognostic factors in the
automated step-wise GAM search. Based on a comparison of the AIC values, the most
informative pharmacokinetic exposure parameter of TMC278 was selected in the final
model.

3.3.2.2 Exposure-effect Relationship

After a successful evaluation of the predictive performance of the GAM models,
simulations of the exposure-effect relationship including model parameter uncertainty
(but not the residual error) were performed for the probability of virologic response at
Week 48 (confirmed viral load < 50 copies/mL). TMC278 pharmacokinetic exposure
values covering the observed exposure range were assigned to each subject in the original
database while keeping all other data as originally recorded. The likelihood of virologic
response was subsequently predicted based on the corresponding 1000 sets of GAM
parameters obtained in a bootstrap step. For each of the 1000 replicates, the overall
likelihood of response in the investigated population was calculated. Finally, the
calculated median and 2.5™ and 97.5™ percentiles for the predictions from the replicates
were presented graphically, as a function of TMC278 exposure.

3.3.3 Exposure-response Results

3.3.3.1 Exposure-response Summary Statistics

For the primary endpoints of virologic response, Con as well as AUC, of TMC278 were
generally somewhat lower in subjects without a virologic response as compared to
subjects with a virologic response. Also, the compliance was generally somewhat lower
in subjects without a virologic response. A quartile analysis of the virologic response as
a function of the pharmacokinetic exposure of TMC278 is listed in Table 9 for a viral
load < 50 copies/mL.

Table 9: Quartile Analysis of Percentage Virologic Response (Viral Load <50
Copies/mL) Versus Cop and AUC; of TMC278

COh of TMC278 Virologic AUCr of TMC278 virologic
response response
Coh < lower quartile 78.5% AUCT < lower quartile 78.5%
lower quartile = COh < median 88.3% lower quartile = AUCT < median 87.7%
median = COh < upper quartile 92.0% median = AUCT < upper quartile 92.6%
COh = upper quartile 95.7% AUCT = upper quartile 95.7%

Sponsor’s tmc278-0016436-w48-gam.pdf, page 20

3.3.3.2 GAM Analysis

The potential relationship between the TMC278 pharmacokinetic exposure parameters
and the other prognostic factors was evaluated using the gam function of the R software
with a loess fitting (using the ‘lo’ function) for the continuous variables, and a fit by
category for the categorical variables. The results of the automated step-wise searches
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for the prognostic factors of virologic response defined as a viral load below 50
copies/mL are given in Table 10.

Table 10: GAM Models and AIC Obtained at the End of Automated Step-wise
Searches for Prognostic Factors of Virologic Response (Viral Load <50 Copies/mL)

TMGETE expoaure
Analysis parametar included GAM model AT
in the analysis

] - - 437.82 .
Best Available
Copy
1 Cih VRED ~ log{BCD4] = logiBVL) + log[C OH) + ={COMP, 2) + FC + ELQ + 5TD 30761
2 AUC VRE0 ~ log{BCD4) + logiBVL) + log{AUC) + s(COMP, 3) + FC + BLA + 3TD 31382

Sponsor’s tmc278-0016436-w48-gam.pdf, page 24

Based on the lowest AIC, baseline CD4 count, baseline viral load (BVL), pre-dose
plasma concentration of TMC278, compliance, phenotypic fold change for TMC278,
absence or presence of BLQ value(s), and study (TMC278-TiDP6-C209 versus TMC278-
TiDP6-C215) were the prognostic factors retained in the final model explaining the
virologic response (viral load < 50 copies/mL). Based on a comparison of the AIC
values, AUC; appeared to be slightly less informative as compared to the Cy, of
TMC278. However, as Co, and AUC; of TMC278 were found to be highly correlated,
the data do not allow the conclusion to be made that AUC; of TMC278 is clearly inferior
to Cop as a prognostic factor for virologic response.

The results of the step-wise search for the final GAM model including the prognostic
factors of virologic response (viral load < 50 copies/mL) are depicted in Figure 10.
Compliance was the prognostic factor that was selected first during the automated step-
wise GAM search resulting in the biggest drop in AIC. Subsequently, baseline viral load
was selected, followed by Co, of TMC278, fold change, log(Cop) instead of Cop, baseline
CD4 count, BLQ and study.
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Figure 10: Results of the Automated GAM Search for
Prognostic Factors of Virologic Response (<50 Copies/mL)
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The relative importance of the retained prognostic factors in explaining the likelihood of
virologic response (viral load < 50 copies/mL) is evaluated in Figure 11. The higher the
increase in AIC when one of the prognostic factors is deleted from the final model, the
more important this prognostic factor is in explaining the likelihood of response.

Compliance could be considered to be the most important prognostic factor, followed by
the trough plasma concentration of TMC278, baseline viral load, phenotypic fold change
for TMC278 at baseline and baseline CD4 count. The other retained prognostic factors
were considered to be less important in explaining the likelihood of virologic response as
the increase in AIC was found to be minor when these factors were deleted from the final
model.
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Figure 11: Increase in AIC from the Full Model
of Virologic Response Virologic Response (<50
Copies/mL) as a Result of Deleting One by One
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3.3.3.3 Exposure-response Simulation Results

Figure 12 shows the median (2.5"-97.5™ percentiles) prediction of percentage of
virologic response at Week 48 (HIV-1 viral load < 50 copies/mL) as a function of the
pre-dose plasma concentration (Cgn) and AUC; of TMC278. The predicted likelihood of
virologic response at Week 48 (viral load < 50 copies/mL) slightly increased between a
Con of 25 and 50 ng/ml and between 50 and 100 ng/ml (left panels of Figure 12),
representing respectively approximately 20% and 53% of the total number of subjects.
From a Cgyp, of approximately 100 ng/mL onwards, the predicted likelihood of virologic
response seemed to reach a plateau, representing approximately 26% of the total number
of subjects.
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Figure 12: Median (2.5th-97.5th percentiles) prediction of the likelihood of response
(HIV-1 viral load <50 copies/mL) as a function of TMC278 C;, (left panel) and
AUCT (right panel), based on the final GAM models fitted to 1000 bootstrap
samples of the original data set.
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Sponsor’s tmc278-0016436-w48-gam.pdf, page 42

Reviewer’s comments: The applicant’s GAM analysis identifies key patient factors and
pharmacokinetic parameters associated with virologic success. The simulation exposure-
response relationship depicts a flat relationship for rilpivirine trough concentrations
>100 ng/mL. However, the median Cy, for the combined Phase Il trials was 80 ng/mL.
indicating that more than 50% of the subjects did not achieve exposures that would result
in maximum virologic response. The average response rate in the lowest quartile was
78.5% and is not fully explained by a lack of compliance because the self reported
compliance was >90% in 95% of the population. The impact of different covariates on
the probability of virologic success is explored further in the reviewer’s analysis.

3.4 Safety (QTc Prolongation) of Rilpivirine in HIV-1 Treatment Naive Patients

Report tmc278-0015283-pkpd-qt.pdf: Pharmacokinetic/pharmacodynamic modeling and
simulation of the effect of TMC278 on QTcF prolongation, based on pooled data from
clinical trials TMC278-TiDP6-C152 and TMC278-TiDP6-C131 in healthy volunteers

In 3 rilpivirine thorough QT trials in healthy subjects (C131 that evaluated 75 mg and
300 mg; C151 and C152 that evaluated 25 mg), the effect of TMC278 on cardiac rhythm
and ECG parameters, especially QTc interval, was evaluated. In all 3 trials, a single dose
of moxifloxacin 400 mg was used as a positive control to assess trial sensitivity.
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C131 was conducted in accordance with ICH E14 guideline. In this trial, healthy subjects
received TMC278 at doses of 75 mg q.d. (the TMC278 dose originally selected for
further development) and 300 mg q.d. (supratherapeutic dose), to evaluate the effect of
TMC278 75 mg q.d. and TMC278 300 mg q.d. both after a single dose and at steady-state
on the QT/QTc interval. In this trial, a mean increase in QTcF was observed at steady-
state plasma concentrations with the higher doses of TMC278 (75 mg q.d. and 300 mg
q.d.). The upper limit of the 2-sided 90% CI of the mean time-matched effect of
TMC278 on the QTcF exceeded the 10 ms ICH threshold for at least at 1 time point for
both the TMC278 75 mg q.d. and 300 mg q.d. dose. This relevant QTc prolongation was
dose and concentration-dependent. Based on pharmacokinetic/pharmacodynamic
modeling of the data, it was expected that TMC278 25 mg q.d. would not have an effect
on the QTc interval. These results led to the selection of TMC278 25 mg q.d. as the final
dose for Phase III development.

Following the selection of the TMC278 25 mg q.d. dose and prior to the start of the Phase
III trials, a pilot QT trial (C151) was performed in healthy adult subjects to evaluate the
potential effect of the lower TMC278 25 mg q.d. dose at steady-state on the QT/QTc
interval. In this pilot trial, administration of TMC278 25 mg q.d. was not associated with
prolongation of the QTc as the change in QTcF did not exceed the threshold as defined
by ICH El14. These results provided clinical support for the predictions of the
pharmacokinetic/pharmacodynamic modeling, indicating that the TMC278 25 mg q.d.
dose was not associated with a clinically relevant effect on QTcF at steady-state.

On the basis of the results of pilot QT trial C151, a TQT trial (C152) evaluating TMC278
25 mg q.d. was started. TQT trial C152, designed in accordance with the ICH E14,
evaluated the effect of the TMC278 25 mg q.d. dose at steady-state on the QT/QTc
interval. The results of TQT trial C152 show that the upper limits of the 2-sided 90% Cls
of the mean time-matched effect of TMC278 on the QTcF were below the 10 ms
threshold at all time points, indicating that the TMC278 25 mg q.d. dose is not associated
with a clinically relevant effect on QTcF.

Finally, data from the 2 thorough QT trials (C131 and C152) were pooled for a
pharmacokinetic/pharmacodynamic analysis of the relationship between TMC278 plasma
concentration and change in QTc interval. A positive TMC278 plasma concentration-
relationship with changes in the QTcF interval was seen with TMC278 75 mg q.d. and
300 mg q.d, but not with TMC278 at the recommended dose of 25mg q.d., indicating that
the potential for prolongation of the QTcF interval is dose- and plasma concentration-
dependent.

Reviewer’s comments: A significant concentration-AAQTcF (the placebo- and baseline-
adjusted change in QT interval using Fridericia QT correction method) relationship was
identified for rilpivirine. AAQTCcF from the supratherapeutic doses of 75 and 300 mg q.d.
results in AAQTcF >10 ms; however, the 25 mg q.d. dose had an upper 95% CI AAQTcF
of 8 ms (mean AAQTcF of 4 ms). The impact of drug-drug interactions on potential high
exposure scenarios will be further explored by the IRT-QOT team.
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No relationship between the most common adverse events (depression, insomnia,
headache, and rash) or changes in laboratory parameters with rilpivirine AUC, were
observed by the applicant. Potential relationships with psychiatric, skin, dizziness, and
hepatobilliary adverse events are further evaluated in the reviewer’s analysis.

4 REVIEWER’S ANALYSIS

4.1 Introduction

The aim of this review to examine whether the label claims and proposed dose are
justified by the existing PK, efficacy, and safety data using both population PK and
exposure-response analyses.

4.2 Objectives
Analysis objectives are:

1. Determine if the label claims regarding population PK parameters and covariates are
accurate

2. Determine the impact of rilpivirine exposure on common adverse events

Evaluate exposure-response relationship for the primary endpoint (<50 HIV-1 RNA
copies/mL) using inhibitor quotient as an explanatory variable and also identify
different determinants of virologic success

4.3 Methods

4.3.1 Data Sets
Data sets used are summarized in Table 11.

Table 11: Analysis Data Sets

Study Name Link to EDR

Number

C209 ae.xpt, dm.xpt, vlad.xpt, \\cdsesub1\evsprod\NDA202022\0000\m5\datasets\tmc278-
cm.xpt, c209vir.xpt, tidp6-c209

ppad.xpt, pp.xpt,
mmasri.xpt, Ibad01.xpt,

sn48tad.xpt
C215 ae.xpt, dm.xpt, vlad.xpt, \Wedsesub 1\evsprod\NDA202022\0000\m5\datasets\tmc278-
cm.xpt, c215vir.xpt, tidp6-c209

ppad.xpt, pp.xpt,
mmasri.xpt, Ibad01.xpt,

sn48tad.xpt

C152 ae.xpt, dm.xpt, ppad.xpt, \\cdsesub1\evsprod\NDA202022\0000\m5\datasets\tmc278-
pp-xpt tidp6-¢c152

popPK” tmc278phase3cov2.xpt \\cdsesub1\evsprod\NDA202022\0003\m5\datasets

databf204w96_071102.xpt
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*The popPK dataset included information from studies C152, C209, and C215.

4.3.2 Software

Estimation and simulation were performed NONMEM VI on the Pharmacometrics Group
Linux cluster using the front end manager Perl Speaks NONMEM (PsN). Diagnostic
graphs, model comparison, and statistical analysis were performed in R (version 10.1).

4.3.3 Models

4.3.3.1 Population Pharmacokinetics

A two-compartment model for drug disposition with lag-time and zero and first order
absorption were used for describing rilpivirine plasma concentrations. This population
PK model was used for evaluating rilpivirine exposures in the Phase III population
administered 25 mg q.d.

4.3.3.2 Linear-Mixed Effects: Rilpivirine Concentration-AAQTcF

The QT prolongation potential of rilpivirine was assessed by combining data from two
thorough QT trials: TMC278-TiDP6-C151 (doses of 75 and 300 mg q.d.) and TMC278-
TiDP6-C131 (dose of 25 mg q.d.). Only steady-state, day 11 data was used from both
trials for model development. The selected dependent variable, time-matched change
from placebo- and baseline-adjusted change in Fridericia corrected QT interval
(AAQTCcF), was calculated using Equations (1)-(3) below:

AQTCFdrug(t) :QTchrug(t)‘ QTchrug(tbaseline) (1)
AQTCFplacebo(t) ZQTCFplacebo(t)' QTCFplacebo(tbaseline) (2)
AAQTCFdrug(t): AQTchrug(t)’ AQTchlacebo(t) (3)

Baseline data was obtained one day prior to the start of treatment (day -1), and on
treatment data was obtained at steady state on day 11. A linear mixed-effects modeling
approach was use to quantify the relationship between rilpivirine concentration and
AAQTcF:

AAQTcF =Intercept;+Slope; - Concj + & @)

Here, 4AQTcFj; is the time- matched change in AAQTcF for subject i at time j for
rilpivirine concentration Concjy, €; 1s additive residual error for subject i at time j, and
Intercept; (or Slope;) is the intercept (or slope) estimate for subject i. In addition to the
presented linear model, additional model structures (loglinear, fixed intercept) were also
evaluated during model development.

4.3.3.3 Logistic Regression: Efficacy and Safety Exposure-Response Relationships

Logistic regression models for virologic success (HIV-1 RNA <50 copies/mL) and
common adverse events (psychiatric, skin, dizziness, and hepatobilliary) were performed
using the applicant’s Phase III trial data. Two independent variables were used for
developing logistic regression plots: steady-state AUC (AUC;) and trough concentration
(Con). AUC; and Cy, were calculated for each patient using empirical Bayes’ estimates
from the population PK model.
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4.3.3.4 Impact of Rilpivirine on Renal Function

All rilpivirine-treated patients from the two Phase 3 pivotal trials (C209 and C215) were
pooled for assessing the relationship between on-treatment maximum decrease in CrCL
and baseline CrCL (datasets IbadOl.xpt). A total of 683 patients (out of 686) were
included in this analysis and 3 were excluded due to discontinuation prior to the first on
treatment serum creatinine assessment.

Maximum on Treatment Change in CrCL

Patients were binned first according to renal function (moderate: n=7; mild: n=80;
normal: n=596), and then within renal function category to convey a trend of decrease
with changes in CrCL. CrCL for patients were obtained using the Cockcroft-Gault
formula. Maximum on-treatment changes in CrCL were obtained in reference to patient
baseline CrCL.

CrCL Return to Baseline Assessment

A total of 59 subjects who discontinued rilpivirine treatment during C209 and C215 were
available for follow-up creatinine clearance assessment to determinie if creatinine
clearance returned to baseline after cessation of rilpivirine therapy. Nine subjects had
mild baseline renal function, and 50 had normal function. Typical time to follow-up in
all the subjects was 2-4 weeks. CrCL return to baseline was assessed graphically
comparing baseline and follow-up CrCL.

Mechanism of Action Assessment

Eleven subjects were on concomitant medications at baseline that also inhibit tubular
secretion of creatinine (trimethoprim). Of these 11 patients, 5 were on background
tenofovir/emtricitabine and 6 were on zidovudine/lamivudine. Maximum on-treatment
decrease in CrCL for this subset of patients was limited to the interval over which the
patient was receiving trimethoprim (range: 2-48 weeks).

4.4 Results

4.4.1 Population Pharmacokinetics

The pharmacokinetic models and concentration data for rilpivirine was evaluated to
determine if the labels claims based on the population PK model was justified. Two
different labels claims were investigated:

1. No clinically relevant effect on exposure from race, gender, hepatitis B/C
coinfection, or age (range 18 to 75 years)

2. Cppand AUC;in Phase III patients administered 25 mg q.d.

Figure 13 shows the relationship between the inter-individual variability for apparent oral
clearance and the categorical covariates race, gender, hepatitis B/C coinfection, and
continuous covariate age. In all cases the distributions of the inter-individual variability
of clearance were centered about zero and not influenced by these covariates. While no
trend was evident in the inter-individual variability for clearance with respect to age, it
should be noted that only 3 patients were >65 years. No trend was evident in the inter-
individual variability for clearance distribution for the 3 patients >65 years of age, but the
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small sample size makes it difficult to support the labeling claim of no impact of age on
clearance in patients >65 years. The label claim should be revised as indicated in Section
1.3.

Figure 13: Continuous and Categorical Covariate Relationships for Random
Effect on TMC278 Apparent Oral Clearance
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In Table 12, the estimates of AUC; and Cg, obtained from the pharmacometrics
reviewer’s analysis are compared to those obtained from the applicant’s analysis. For
rilpivirine, AUC; and Cy, from studies C209 and C215, representing 25 mg q.d. in
treatment-naive patients were compared to estimates obtained in this Bayesian feedback
analysis. The estimates of AUC; and Co, were similar between both analyses.
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Table 12: Population Pharmacokinetic Estimates of Rilpivirine 25 mg q.d. in
Antiretroviral Treatment Naive HIV-1-Infected Patients (Comparison of
Applicant’s Label Claims and Reviewer Analyses)
Parameter Rilpivirine 25 mg q.d. Rilpivirine 25 mg q.d.
(N=679), Applicant (N=679), Reviewer
AUC; (ng-h/mL)
Mean # Standard Deviation 2397 1032 2287 + 877
Median (Range) 2204 (482 - 8601) 2152 (192 - 7523)
Con (ng/mL)
Mean # Standard Deviation 80+ 37 82 %33
Median (Range) 74 (1-300) 74 (14 - 304)

Impact of Renal Impairment on Rilpivirine Exposure

Creatining clearance was calculated from the Phase III patients using the Cockcroft-Gault
equation and available patient covariate data. Of the Phase III patients with rilpivirine
exposure data available, 7 subjects had calculated CrCl ranging from 30-<60 mL/min
(moderate renal impairment), including 1 subject with CrCl<50 mL/min: 42 mL/min and
6 subjects with CrCl between 50 and 60 mL/min. 80 subjects had CrCl between 60 and
less than 90 mL/min (mild renal impairment). No clinically significant differences
in rilpivirine exposure was observed between patients with normal or mild renal
impairment. The limited number of subjects with moderate renal impairment
precluded a definitive comparison from being made regarding whether the
rilpivirine exposure in this group differs from subjects with normal renal function or
subjects with mild renal impairment. No patients with severe renal impairment or
end-stage renal disease were included in the Phase III trials.

Table 13: Population Pharmacokinetic Estimates of Rilpivirine 25 mg q.d. in
Antiretroviral Treatment Naive HIV-1-Infected Patients (Comparison of Patients
with CrCL > 90 mL/min, 60< CrCL<90 mL/min, and CrCL<60 mL/min)

Parameter Rilpivirine 25 mg | Rilpivirine 25 mg | Rilpivirine 25 mg q.d.
q.d. (N=592), CrCl q.d. (N=80), (N=7), CrCL < 60
290 mL/min 60<CrCL< 90 mL/min
(mf)lll'g::::sl al mL/min (moderate renal
(mild renal impairment)
impairment)
AUC; (ng-h/mL)
Mean # Standard Deviation 2278 + 886 2390 £ 821 1819+ 614
Median (Range) 2143 (194 - 7523) | 2323 (917-5613) | 1659 (1114 - 2838)
Con (ng/mL)
Mean # Standard Deviation 82 %33 86 + 33 69 + 24
Median (Range) 74 (13 - 304) 78 (30 - 215) 73 (30 - 117)
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In addition, estimated glomular filtration rate was calculated using the following
equation:

eGFR (mL/min/1.73 m?®) = 175 % (Sersia) " % (Age) ™" x (0.742 if female) x (1.212 if
African American)

where S «q 1S serum creatinine measured with a standardized assay. Of the studied
Phase III patients with rilpivirine exposure data available, 1 patient had eGFR < 60
mL/min/1.73 m* (moderate renal impairment) and 142 had 60< eGFR < 90 mL/min/1.73
m® (mild renal impairment) (Table 14). Similar to the results from Table 13, no
difference in rilpivirine exposure was observed between patients with normal and mild
renal impairment. As noted before, no definitive comparisons could be made regarding
comparing subjects with moderate renal impairment to subjects with normal renal
function or subjects with mild renal impairment

Table 14: Population Pharmacokinetic Estimates of Rilpivirine 25 mg q.d. in
Antiretroviral Treatment Naive HIV-1-Infected Patients (Comparison of Patients
with eGFR > 90 mL/min/1.73 m’, 60< eGFR < 90 mL/min/1.73 m*, and eGFR < 60

mL/min/1.73 m?)
Parameter Rilpivirine 25 mg | Rilpivirine 25 mg | Rilpivirine 25 mg q.d.
q.d. (N=536), eGFR | q.d. (N=142), 60< (N=1), eGFR<60
290 mL/min/1.73 eGFR <90 mL/min/1.73 m?
2 i 2
m mL/min/1.73 m (moderate renal
(normal renal (mild renal impairment)
fucntion) impairment)
AUC; (ng-h/mL)
Mean * Standard Deviation 2440 £ 1061 2232 £906 2202
Median (Range) 2210 (194 - 7523) | 2176 (810 - 5822) -
Con (ng/mL)
Mean # Standard Deviation 81+ 38 74 + 32 75
Median (Range) 74 (13 - 304) 71 (20 - 224) -

4.4.2 Rilpivirine Concentration-AAQTcF

Mixed-effects modeling results indicate a significant and linear relationship between
rilpivirine concentration and AAQTcF. Prolongation of the QT interval was greatest for
rilpivirine supratherapeutic dose of 300 mg q.d., resulting in a mean predicted AAQTcF
of 24 ms. Similarly, QT prolongation for rilpivirine 75 mg q.d and 25 mg q.d. was 10
and 4 ms. The mean (£ 90% confidence interval) concentration-AAQTCF relationship
along with predicted prolongation at Cpax for rilpivirine 25, 75, and 300 mg q.d. is shown

in Figure 6.

4.4.3 Exposure-Response for Safety: Other Adverse Events

Logistic regression models were evaluated for rilpivirine Con, and AUC; with no
significant relationships identified. Modeling results for adverse event rates versus
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rilpivirine AUC; (Figure 14) and Cyy, (Figure 15) indicate no significant relationship. Of
the skin-related adverse events, 6 of 7 occurred in patients above the median rilpivirine
exposure. However, given the overall small number of events a relationship between
adverse event rate and exposure can not be confirmed.

Figure 14: Percentage of Patients with Psychiatric (top left), Skin (top
right), Dizziness (bottom left), and Hepatobilliary (bottom right)
Adverse Events Versus Rilpivirine AUC,; for All Treatment Naive
Patients Administered 25 mg Rilpivirine Q.D.
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Figure 15: Percentage of Patients with Psychiatric (top left), Skin (top
right), Dizziness (bottom left), and Hepatobilliary (bottom right)
Adverse Events Versus Rilpivirine Cyp, for All Treatment Naive Patients
Administered 25 mg Rilpivirine Q.D.
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4.4.4 Exposure-Response for Efficacy (Virologic Response)

A decrease in percentage of patients achieving virologic success (plasma viral load <50
HIV-1 RNA copies/mL) at Week 48 was observed in patients with the lowest rilpivirine
Con quantile? from the two pivotal Phase III trials (C209 and C215) administered 25 mg
rilpivirine q.d.

While patient compliance was identified as the most important modeling component
during GAM analysis based on AIC, this was driven by a <4% of the treatment
population with <90% compliance. After removing the non-compliant patients from the

analysis, a significant (p value <0.05) exposure-response relationship between rilpivirine
exposure (Con and AUC;) and virologic success is still present (Figure 16).
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Figure 16: Percentage of Patients Achieving Virologic Success (<50 Copies/mL) Versus
Rilpivirine Cyp, (left) and AUC; (right) from C209 and C215.
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Similar but steeper relationships are identified between percentage of patients achieving
virologic success versus inhibitory quotient (IQ) (Figure 2). A more pronounced
relationship was identified for patients with baseline viral load >100,000 copies/mL
compared to patients with <100,000 copies/mL (Figure 3).

As 1Q depends on baseline phenotype 1Cs that may not be readily available from typical
clinical practice the relationship between trough rilpivirine concentration Cg, and baseline
viral load was also evaluated (Figure 17). Similar to the log;o(IQ) results in Figure 3, a
flatter exposure-response relationship was identified for percentage of patients achieving
virologic success for patients with viral load <100,000 copies/mL (predicted percentage
of patients achieving virologic success was 87% in the lowest exposure quartile
compared to 94% in the highest exposure quartile; Table 15). By comparison, a more
pronounced relationship was seen for patients with baseline viral load >100,000
copies/mL (predicted percentage of patients achieving virologic success was 68% in the
lowest exposure quartile compared to 88% in the highest exposure quartile; Table 15).
The median predicted percentage of patients achieving virologic success for the two
subpopulations was 91% and 82%, respectively. The estimated odds ratio for both
subpopulations was 1.2 for a change in Cg of 7.5 ng/mL, implying that increasing
baseline viral load results in a “shift” of the rilpivirine exposure-response relationship.
As such, patients with higher baseline viral load may require increased rilpivirine
exposures to achieve virologic success rates similar to those patients with lower baseline
viral loads.
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Figure 17: Percentage of Patients Achieving Virologic Success (<50
Copies/mL) Versus Rilpivirine Cy, for Patients with Baseline Viral Load
<100,000 (left) and >100,000 Copies/mL (right) from C209 and C215.
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Table 15: Treatment-Naive Subjects with Virologic Success by Con Quartile (Q1-
Q4) (remove patients with adherence <90%)

Baseline viral load <100,000 Baseline viral load >100,000
copies/mL copies/mL

n Median % subjects with n Median % subjects with

Con virologic success Con virologic success
Q1 89 43 87 73 42 68
Q2 88 69 89 72 62 76
Q3 88 90 91 73 83 88
Q4 89 123 96 73 116 82

For the previous analysis, non-successes included both those patients that discontinued
treatment due to adverse events and those resulting in virologic failure. As this is a
treatment naive population, the relationship between exposure and virologic failure is of
particular concern as resistance developed from virologic failures may reduce future
treatment options in these patients. Figure 18 shows the exposure-response relationship
between percentages of patients with virologic failure
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Figure 18: Percentage of Patients With Virologic Failure Versus Rilpivirine Cy, for
Patients with Baseline Viral Load <100,000 (left) and >100,000 Copies/mL (right)
from C209 and C215.
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Table 16: Treatment-Naive Subjects with Virologic Failure by Co, Quartile (Q1-
Q4) (remove patients with adherence <90%)

Baseline viral load <100,000 Baseline viral load >100,000
copies/mL copies/mL

n  Median % subjects with n  Median % subjects with

Con virologic success Con virologic success
Q1 89 43 9 73 42 27
Q2 88 69 1 72 62 22
Q3 88 90 5 73 83 12
Q4 89 123 0 73 116 12

As with virologic success, significant relationships (p-value: <0.001 (<100,000
copies/mL) and 0.009 (>100,000 copies/mL) were identified between likelihood of
virologic failure and rilpivirine trough concentrations. For baseline viral load <100,000
copies/mL 9% of patients had virologic failure in the lowest exposure quartile compared
to 0% in the highest exposure quartile. Likewise, 27% of subjects in the lowest exposure
quartile had virologic failure compared to 12% in the highest exposure quartile for
baseline viral loads >100,000 copies/mL (Table 16). The median predicted percentage of
patients with virologic failure was 3% and 18% for baseline viral loads <100,000
copies/mL and >100,000 copies/mL, respectively. The estimated odds ratio for baseline
viral load <100,000 copies/mL was 0.70 compared to 0.9 for baseline viral load >100,000
copies/mL and reflects that a minimum failure rate may have been obtained in patients
with low baseline viral load in the higher exposure quartiles.
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4.4.5 Impact of Rilpivirine on Renal Function

Rilpivirine impact on renal function based upon on treatment changes in CrCL was
described in detail under Section 1.1.2. Analyses indicate that the impact of CrCL was
more pronounced in those patients with higher baseline CrCL and that those Phase III
patients with baseline moderate renal function experienced the smallest changes from
baseline with the addition of rilpivirine. In addition, patients returned to baseline CrCL
and serum creatinine 2-4 weeks after cessation of rilpivirine treatment. Finally, a subset
analysis of patients administered trimethoprim at baseline (also a inhibitor of tubular
secretion of creatinine) support the mechanism proposed by the sponsor that rilpivirine
potentially inhibits tubular secretion of creatinine.

S LISTING OF ANALYSES CODES AND OUTPUT FILES

File Name

Description

Location in \\cdsnas\pharmacometrics\

AUC vs_dose.R
AUC vs dose dayl.R
AUC vs_dose_dayl4.R
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Reviews\Rilpivirine NDA202022 JAF\ER
Analyses

Combine PP _files.R
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parameter files for analysis

Reviews\Ongoing PM
Reviews\Rilpivirine NDA202022 JAF\ER
Analyses

Combine AE files.R

Combine adverse events for
assessment of ER relationships

\Reviews\Ongoing PM
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Plots MidCycle.R
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\Reviews\Ongoing PM
Reviews\Rilpivirine NDA202022 JAF\PPK
Analyses\Model\Run1

Fold Change Virology.R

Classification and Regression
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PM review
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Analyses

Creatinine_TimeCourse.R

Combine labs datasets for
assessing serum creatinine and
CrCL time course for Phase I11
patients
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Reviews\Rilpivirine NDA202022 JAF\ER
Analyses

Combine Datasets CM.R

Combine conmeds datasets for
rilpivirine mechanism of
action on tubular secretion
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6 APPENDICES

6.1 Differences in the Full Phase 3 Analysis Data Set and Exposure-Response
Analysis Data Set

A total of 686 patients received rilpivirine during the Phase III trials. Of these patients,
679 patients had PK samples available for determining rilpvirine exposures from the
developed population pharmacokinetic model. = The exposure response analysis
conducted by the reviewer could not include these patients as exposure data was not
collected from these patients.

Of those 7 patients without PK samples, 4 patients were from C209 and 3 were from
C215. Baseline viral load for these patients included 1 patient <100,000 copies/mL, 4
patients between 100,000-500,000 copies/mL, and 2 patients >500,000 copies/mL. None
of these patients achieved virologic success, and 4 of these patients were classified as
virologic failures (2 with baseline viral load 100,000-500,000 copies/mL and 2 with
baseline viral load >500,000 copies/mL). As all of these patients did not achieve
virologic success and as a disproportionate number were also virologic failures (4/7), the
total numbers for virologic success and virologic failure on rilpivirine presented in
analyses in this review are slightly higher and lower, respectively, than are presented in
the label. The overall virologic success and failure rates from C209 and C215 combined
are shown in Table 17 and Table 18. Patients are grouped according to baseline viral
load, and the results for the active comparator (efavirenz) are included to illustrate
performance of a comparator drug across baseline viral load. While the overall success
rate of rilpivirine and efavirenz were similar for patients with baseline viral load
>100,000 copies/mL, it is observed that the rate at which virologic success declines is
greater for rilpivirine. More importantly, it is essential to evaluate whether non-successes
are due to adverse events or virologic failure, the latter of which is of primary concern in
treatment naive paitents. Indeed, it is observed that overall failure rates and the rate of
increase in failure rate is greater for rilpivirine compared to efavirenz for patients with
baseline viral load >100,000 copies/mL.

Table 17: Treatment-Naive Virologic Success by
Baseline Viral Load and Treatment Arm from
C209 and C215

HIV-1 RNA <50 copies/mLJ|Rilpivirine |Efavirenz
(copies/mL)
All 83% 80%
< 100,000 89% 83%
> 100,000 to < 500,000 78% 78%
> 500,000 65% 73%
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Table 18: Treatment-Naive Virologic Failures by
Baseline Viral Load and Treatment Arm from C209
and C215
Virologic failurelRilpivirine |Efavirenz

(copies/mL)

< 100,000 5% 5%
> 100,000 to < 500,000 20% 11%
> 500,000 29% 17%

6.2 1Cso Analysis

The relationship between baseline HIV-1 ICsy to rilpivirine and virologic success/failure
was investigated similarly to the inhibitory quotient and rilpivirine trough concentration
analyses presented previously in the review. This analysis provides evidence that trough
concentration is a better predictor of virologic success/failure (combination of trough and
ICs as inhibitory quotient, of course, provides additional information and is a better
predictor of both outcomes).

Figure 20 shows the exposure-response relationship for patients with baseline viral load
<100,000 copies/mL (left) and >100,000 copies/mL (right). Both populations had similar
median (0.22 versus 0.21 ng/mL) and upper quartile (0.30 versus 0.30 ng/mL) ICsy,
however, the virologic success and failure rate decrease and increase, respectively, in the
highest quartile for patients with baseline viral load >100,000 copies/mL. Also, only the
subgroup with baseline viral load >100,000 copies/mL had significant relationships
between virologic success/failure and ICsy. As the 1Csy between the two populations are
similar, this suggests that another factor (i.e. exposure) is the driving factor behind lower
responses in patients with baseline viral loads >100,000 copies/mL.
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Figure 19: Percentage of Patients Achieving Virologic Success (<50
Copies/mL) (top) or Virologic Failure (bottom) Versus ICs for Patients with
Baseline Viral Load <100,000 (left) and >100,000 Copies/mL (right) from the
Phase 3 (C209 and C215) trials.
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6.3 Full Patient Analysis (Include All Patients Regardless of Adherence)

All previous exposure-response analyses subset those patients with self-reported
adherence <90% to minimize confounding factors in the inhibitory quotient, rilpivirine
trough, and ICsy analyses. However, it can be argued, particularly for the rilpivirine
exposure analysis that inclusion of patients with low adherence provides additional
information on response rates at lower exposures that should be included for
understanding how responses rates may drop off in lowest exposure quartiles. The
analyses were repeated, this time using the entire population with baseline HIV-1
rilpivirine ICsy and rilpivirine trough concentrations available. Results for rilpivirine
trough, log-transformed inhibitory quotient, and ICsy are shown below. Similar trends
were observed for all independent variables (Figure 20 and Figure 21), however, the odds
ratio for rilpivirine trough exposure were slightly lower (0.85 compared to 0.90 for
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baseline viral load >100,000 copies/mL and 0.67 compare to 0.70 for baseline load
<100,000 copies/mL).
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Figure 20: Percentage of Patients Achieving Virologic Success (<50
Copies/mL) Versus Rilpivirine Trough (top), log;o(IQ) (middle), and ICsy
(bottom) for Patients with Baseline Viral Load <100,000 (left) and >100,000
Copies/mL (right) from the Phase 3 (C209 and C215) trials.
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Figure 21: Percentage of Patients with Virologic Failure Versus
Rilpivirine Trough (top), logio(IQ) (middle), and ICsy (bottom) for
Patients with Baseline Viral Load <100,000 (left) and >100,000

Copies/mL (right) from the Phase 3 (C209 and C215) trials.

0 | Qi popeen 0% O 2
#
g 50
s
2
&
240
£
>
g
30
£
z
2
5 20
£
g 10
[’}

50 100 150 200 250
Rilpivirine trough, ng/mL

Percentage of patients with virologic failure, %

?
(] L)

15 20 25 30
log(1Q), Rilpivirine trough

Observed proportion (35% CI) = _
2%
g
=2
k-
=
g
£
=
H
£
2
2
o
)
E

0.1 0.2 03 04 05 08
Viral IC50, ng/mL

NDA 202202 Rilpivirine (TMC278)

ReferencelIBMys S gkeview Final 03282011 doc

Coatehe efretgion” 2% )

] 8

Percentage of patients with virologic failure, %
B

"
e

1°

I
re) L]

50 100
Rilpivirine trough, ng/mL

Percentage of patients with virclegic failure, %

=

10 15 20 25
log(1Q), Rilpivirine trough

L] T8 (76 (76}

Percentage of patients with virclegic failure, %

Viral IG50, ng/mL.

Page 45 of 47

382



6.4 Classification and Regression Tree Analysis for Baseline Viral Load and
Rilpivirine Fold-Change

The sponsor stratified patients within C209 and C215 based on baseline viral loads of
<100,000 copies/mL, 100,000-500,000 copies/mL, and >500,000 copies/mL. Based on
these stratifications, virologic success/failure analyses were performed to support labeling
recommendations cautioning against the use of rilpivirine in patients with baseline viral
load >100,000 copies/mL. However, a secondary analysis was performed to determine if
100,000 copies/mL was an accurate representation of the inflection point separating
virologic successes from non-successes (and failures from non-failures).

This classification and regression tree analysis was limited to Phase III patients from
C209 and C215 treated with rilpivirin 25 mg q.d. (n=675; excludes those missing PK and
4 additional patients with missing baseline viral load data). The analysis was performed
in R using the tree function from the free library with minimum cut sizes of 10% of the
population. Median baseline viral load was 90,000 copies/mL with 25" and 75"
percentiles at 34,300 copies/mL and 215,000 copies/mL, respectively. A cut point at
155,000 copies/mL was selected as the baseline viral load associated with the greatest
change between groups for virologic success and virologic failure. Based on this cut
point, 89% (398/446) of patients with baseline viral load <155,000 copies/mL achieved
virologic success while 72% (164/229) of patients with baseline viral load >155,000
copies/mL. Similarly, 6% (25/446) of patients with baseline viral load <155,000
copies/mL had virologic failure compared to 24% (55/229) of patients with baseline viral
load >155,000 copies/mL. The identified baseline viral load cut point supports including
cautionary language of an increased incidence of virologic failure in the rilpivirine label
for patients with baseline viral load >100,000 copies/mL.

Figure 22: Classification Tree Analysis of Virologic Success (left) and
Virologic Failure (right) Based on Baseline Viral Load from C209 and

C215.
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A similar analysis was performed to determine the rilpivirine fold-change over baseline
phenotype associated with the development of resistance. For patients achieving
virologic success, fold-change from baseline was used in the analysis (assume that fold-
change in these patients did not change as no additional information is available
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regarding the phenotype). In all other patients, last known fold-change in the patients
(discontinued due to adverse event) or fold-change at the time of virologic failure was
used for assessing the impact of fold-change on virologic success/failure. Median fold-
change for this analysis data set was 1.1 with a 25™ and 75™ percentile of 0.7 and 1.7,
respectively. A total of 670 patients were available with baseline fold-change values for
rilpivirine.

Based on this analysis, a 2.45 fold-change was associated with the greatest separation
between virologic success and virologic failure. 87% (519/599) of patients with lower
fold-change achieved virologic success while only 46% (33/71 ) of patients with higher
fold-changed achieved virologic success. Likewise, 8% (47/599) and 49% (35/71) of
patients with fold-change < 2.45 and >2.45, respectively, had virologic failure. This
identified fold-change agrees with the value identified by Dr. Naeger’s analysis as
indicative of increased failure rates when treated with rilpivirine.

Figure 23: Classification Tree Analysis of Virologic Success (left) and
Virologic Failure (right) Based on Rilpivirine Fold-Change from C209

and C215.
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1. Recommendations
NA.
2. Obijectives

This memo presents the use of physiologically-based pharmacokinetic (PBPK) modeling

and simulations in supporting the clinical pharmacology review of rilpivirine (TMC278).
3. Background

Rilpivirine is a non-nucleoside reverse transcriptase inhibitor (NNRTI) for the treatment
of HIV infection. Elimination of rilpivirine is predominantly via liver metabolism. In
vitro metabolism and in vivo mass balance studies indicate significant contribution of
CYP3A4 to the metabolism of rilpivirine (>50%). In vitro, rilpivirine isa CYP3A
inhibitor (study NC194) and a CYP3A inducer (study NC186). According to study
NC194, the 1Cso toward CYP3A4 (using a probe CYP3A substrate sildenafil) in human
liver microsomes was 0.47 ug/mL. Assuming competitive inhibition mechanism, a K;
value of 0.23 (0.47/2) ng/mL can be calculated [1]. The maximum plasma concentration
() of rilpivirine after multiple dosing is approximately 0.2 ug/mL. Based on FDA draft
guidance for industry on drug-drug interaction studies [2;3], the I/K; is around 1 (10-fold
of the cut-off value of 0.1), and rilpivirine is likely a CYP3A inhibitor in vivo. According
to study NC186 evaluating the CYP induction effect by rilpivirine in vitro, CYP3A4
activity (using a CYP3A substrate testosterone) was not increased in cryopreserved
human hepatocytes incubated with rilpivirine. However the mRNA level of CYP3A4
increased by 27-fold at 2.5 uM rilpivirine (as compared to a 55-fold increase by 50 uM
rifampin as a positive control). It appears that the activity data may be confounded by

concurrent inhibition effect by rilpivirine.

Several in vivo drug-drug interaction studies were conducted with either 75 or 150 mg
daily doses of rilpivirine (NDA 202022-2.7.2 Summary of Clinical Pharmacology
Studies). The drug-drug interaction potential of rilpivirine as a substrate of CYP3A4 and
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an inhibitor or an inducer of CYP3A4 at the therapeutic dose of rilpivirine (25 mg once

daily) has not been evaluated in humans.

In vivo human inhibition studies with strong CYP3A/P-gp inhibitors confirmed that
rilpivirine is significantly eliminated by CYP3A. The effect of ketoconazole (400 mg
once daily) and the effect of HIV protease inhibitors darunavir/ritonavir (800 mg/100 mg
once daily) on the steady state pharmacokinetics of rilpivirine (150 mg once daily) were
evaluated in study TMC278-C127 and study TMC278-C112, respectively. The least
square mean AUC ratios were 1.5 and 2.3 by ketoconazole and darunavir/ritonavir,

respectively.

The in vivo effect of rilpivirine as either an inhibitor or an inducer of CYP3A appears
inconclusive. Multiple dosing of rilpivirine 150 mg once daily resulted in a 24%
decrease in ketoconazole exposure (Study TMC278-C127, Table 1). In a study with a
sensitive CYP3A substrate sildenafil, rilpivirine 75 mg given once daily had no effect on
sildenafil exposure (Study TMC278-C123, Table 2). Because rilpivirine inhibits
sildenafil metabolism in vitro (study TMC278-NC194), and induces CYP3A in
hepatocytes (study TMC278-NC186), it can be hypothesized that both inhibition and
induction of CYP3A may have happened simultaneously after multiple dosing of
rilpivirine at 75 or 150 mg once daily, resulting in a net null effect on the
pharmacokinetics of sildenafil, a sensitive CYP3A substrate, and an apparent induction of
CYP-mediated metabolism of ketoconazole, a potential substrate of multiple CYPs
including CYP3A.

Table 1. Summary of pharmacokinetic drug-drug interactions between rilpivirine
and ketoconazole (Study TMC278-C127)

Least Square Mean AUC Ratios

Rilpivirine Day 22 (B)/Day 11 (A) [ 1.49

Ketoconazole Day 22 (B)/Day 11 (B) ¥ 0.76

Bl Two-way crossover design. Treatment A: Rilpivirine 150 mg once daily for 11 days; and Treatment B: ketoconazole 400 mg

once daily for 22 days + rilpivirine 150 mg once daily from days12 to 22. Washout period: at least 14 days.
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Table 2. Effect of 75 mg rilpivirine once daily on pharmacokinetics of single oral
dose of sildenafil (50 mg) (Trial C123)

Least Square Mean AUC Ratio

Sildenafil Day 12 (B)/Day 1 (A) 0.97

ETwo-way crossover design. Treatment A: sildenafil 50 mg single dose; and Treatment B: TMC278 75 mg once daily for 12

days and sildenafil 50 mg single dose on the twelfth day. Washout period: at least 14 days.

Because rilpivirine is predominantly eliminated via hepatic metabolism, its
pharmacokinetics is likely to be altered in subjects with hepatic impairment. In study
TMC278-TiDP6-C130, the sponsor evaluated the pharmacokinetics of rilpivirine in
subjects with mild (Child-Pugh score, CP-A) or moderate (CP-B) hepatic impairment.
Study subjects received 25 mg rilpivirine once daily. Single-dose and steady state
pharmacokinetics of rilpivirine in hepatic impaired subjects (CP-A and CP-B subjects)
were compared to those for healthy subjects. Table 3 summarizes the AUC ratios
between subjects with hepatic impairment and subjects with normal hepatic function.
Rilpivirine pharmacokinetics appeared to be influenced to a greater extent by mild
hepatic impairment than by moderate hepatic impairment (e.g., the steady state AUC
ratios are 1.5 and 1.1 by mild and moderate hepatic impairment, respectively).
Rilpivirine has a low oral clearance (CL,,, ~5-6 L/h) and is highly bound to plasma
proteins (unbound fraction <1%). According to Equation 1 [4;5], a drug’s oral clearance
is influenced by both its unbound fraction in plasma (f,) and its organ intrinsic clearance
(CLiny):

Therefore, when f, is simultaneously affected by hepatic impairment (as it could in this
case for a highly bound drug), CLy, may not decrease proportionally with CLix [5].
Often, an increase in f, by hepatic impairment is expected especially for highly bound
drugs because of decreased levels of binding proteins in the plasma and/or altered

binding affinity for the investigational drugs [5]. Consequently, increase in f, may
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compensate for the decrease in CL;n, resulting in a lesser extent of decrease in CLyo, as

compared to that for CLj,;, The AUC ratios calculated without consideration of protein

binding may partially explain the unchanged total rilpivirine exposure in subjects with

moderate hepatic impairment. However, as the protein binding data were not available

from the study report of TMC278-C130, ratios of unbound AUC adjusting f, changes by

hepatic impairment can not be estimated.

Table 3. Effect mild and moderate hepatic impairment on single and steady state
pharmacokinetics of rilpivirine (25 mg once daily) (Study TMC278-C130)

Least square mean AUC ratio

Mild (CP-A) Moderate (CP-B)
Single dose: AUC 24, b1 1.2 0.8
Steady State: AUCg.4p11 15 1.1

In this study, PBPK modeling and simulation was conducted to (1) predict the effect of

ketoconazole on the exposure of rilpivirine when rilpivirine is administered at the

planned therapeutic dose of 25 mg once daily and (2) predict the effect of hepatic

impairment on the exposure of rilpivirine in mild and moderate hepatic impairment

considering the effect of protein binding (f,) changes in hepatic impairment.
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4, Results: Question-based review

4.1. Based on observed drug-drug interaction between rilpivirine at high doses (150 mg

once daily) and ketoconazole (400 mg once daily), what is the exposure change of

rilpivirine by ketoconazole at low dose rilpivirine (25 mg once daily)?

The effect of ketoconazole at various dosing regimens (300 mg once daily, 400 mg once
daily, 200 mg twice daily) on the pharmacokinetics of rilpivirine was simulated using
PBPK model (Table 4). First, due to the lack of information on ketoconazole elimination,
the PBPK model did not consider the induction of ketoconazole metabolism by rilpivirine
in a dynamic manner. Instead, the model used 300 mg once daily to achieve a
ketoconazole exposure similar to that obtained using 400 mg ketoconazole once daily in
the presence of rilpivirine, a condition showing a 24% reduction in ketoconazole
exposure. Second, because rilpivirine has a relatively long half-life and a presumably
near complete bioavailability in the gut and liver during drug absorption (low oral
clearance), simulation was conducted using 200 mg ketoconazole twice daily to evaluate
the effect of sustained inhibition after more frequent dosing of ketoconazole, whose half-
life is short [6]. Scenario A simulates the effect of 300 mg ketoconazole once daily on
the steady state pharmacokinetics of rilpivirine (150 mg once daily). The simulated
rilpivirine Cmax and AUC ratios are 1.53 and 1.64, respectively. These values are
comparable to those observed in a clinical study when 400 mg of ketoconazole was used
(Study TMC278-C127, rilpivirine least mean square ratios of 1.30 and 1.49 for Cmax and
AUC, respectively). Scenarios B and C were intended to study the effect of
ketoconazole at 300 or 400 mg once daily on rilpivirine exposure at a lower, 25 mg once
daily dose, which has not been tested in clinical drug-drug interaction studies. For
scenario B, 300 mg ketoconazole once daily was used by assuming the same effect of
rilpivirine on ketoconazole exposure (24% reduction after 400 mg once daily due to
enzyme induction) with 25 mg rilpivirine once daily. For scenario C, no induction effect
with 25 mg once daily of rilpivirine is assumed. The simulated exposure changes appear
similar as the exposure changes of scenarios A and B. In addition, the effect of more

sustained inhibition of CYP3A using 200 mg twice daily ketoconazole was evaluated in
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Scenario D, assuming no induction of CYP3A by rilpivirine. In Scenario D, 50% greater

exposure changes of rilpivirine by co-administration of ketoconazole were simulated
(1.91 and 2.17 for Cmax and AUC ratios, Table 4). The greater inhibition effect under
Scenario D is consistent with a long half-life of rilpivirine, which requires more frequent

dosing of ketoconazole [6].

Table 4. Evaluation of the effect of various dosing regiments of ketoconazole on

rilpivirine exposure using PBPK modeling and simulation

Scenarios Assumptions Rilpivirine | Ketoconazole | Rilpivirine | Rilpivirine
Day 12-22 Day 1-22 Cmax AUC ratio
Ratio (Day
(Day 22/Day 11)
22/Day 11)
Observed 150 mg 400 mg once 1.30 1.49
once daily daily
Simulated A 150 mg 300 mg once 1.53 1.64
once daily daily
B Similar induction | 25 mg once 300 mg once 1.52 1.63
of ketoconazole daily daily
metabolism by 25
mg and 150 mg of
rilpivirine
C No induction of 25 mg once 400 mg once 1.56 1.69
ketoconazole daily daily
metabolism by 25
mg of rilpivirine
Referencel@i1pbaR263TMC278_ PBPK_MEMO 8
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D No inductionof | 25 mgonce | 200 mg twice 1.91 2.17
ketoconazole daily daily
metabolism by 25
mg of rilpivirine;
Ketoconazole
provides
sustained
inhibition on the
systemic
clearance of

rilpivirine [6]

4.2. To what extent the change in the unbound fraction of rilpivirine by hepatic

impairment contribute to the observed total exposure change in rilpivirine?

When the protein binding effect (f,) by hepatic impairment was not considered in the
PBPK model, the model over-predicted the exposure change of total (free plus protein-
bound) rilpivirine in subjects with mild and moderate hepatic impairment (AUC ratios of
1.41 and 1.69 on day 1, and 1.81 and 2.51 on day 11, respectively, as compared with the
observed values of 1.2 and 0.8 on day 1, and 1.5 and 1.1 on day 11, respectively. Table
5). When protein binding changes in hepatic impairment was considered by assuming a
2-fold increase in f,, the modified PBPK model made a better prediction for subjects with
moderate hepatic impairment (Table 5, simulated versus observed AUC ratios were 0.99

versus 0.8 on day 1 and 1.06 versus 1.1 on day 11, respectively).

The simulations demonstrate the sensitivity of the model toward unbound fraction change
potentially caused by hepatic impairment and indicate the hypothesis that increased f,, by
hepatic impairment may contribute to the observed pharmacokinetic alteration of
rilpivirine in subjects with moderate hepatic impairment. However, predictions of
rilpivirine in subjects with mild hepatic impairment using both the initial model and the
modified model (with a 2-fold increase in f,) were not satisfactory. The initial model
with unchanged f,, predicted a slightly higher AUC ratio of rilpivirine (Table 5, simulated

versus observed AUC ratios were 1.41 versus 1.2 on day 1 and 1.81 versus 1.5 on day 11,

Referencel@i1pbaR263TMC278_ PBPK_MEMO 9
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respectively); whereas the model with 2-fold increase in f, resulted in a lower AUC ratio
(Table 5, simulated versus observed AUC ratios were 0.82 versus 1.2 on day 1 and 0.78
versus 1.5 on day 11, respectively). It is possible that the increase in f, of rilpivirine
depends on the degree of hepatic impairment. A smaller increase in f, by mild hepatic
impairment is expected to compensate for the decreases in CLiy; to result in the observed

rilpivirine AUC change in subjects with mild hepatic impairment.

Besides the possible decrease in f,, a decrease in drug absorption, which has been
suggested for subjects with hepatic impairment [5], may also have contributed to the
apparently unchanged total exposure of rilpivirine in subjects with moderate hepatic

impairment in this study.

Table 5: Evaluation of the effect of hepatic impairment on total rilpivirine exposure

using PBPK modeling and simulation

Mild (CP-A) Moderate (CP-B)
] . | Simulation™ ] o Simulation ™
Observed | Simulation™ | Simulation ™! _
(f, increased by 2-| Observed [ (f, increased by 2-
fel (f, unchanged) (f, unchanged)
fold) 1 fold) 1
Day 1
1.2 141 0.82 0.8 1.69 0.99
(AUCq.241, D1)
Day 11
(Steady State AUC,. 15 1.81 0.78 1.1 2.51 1.06
24h)
4l east square mean AUC ratios (Study TMC278-C130)
[’ Simulation using healthy volunteers, mild and moderate hepatic impairment population built in PBPK software
(Appendix)
[ Assuming f, of rilpivirine increased by 2-fold by mild and moderate hepatic impairment

In summary, a PBPK model of rilpivirine was developed using in vitro and in vivo drug

disposition data from the NDA submission. After the model was qualified further with in
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vivo drug-drug interaction between ketoconazole and rilpivirine at a higher rilpivirine
dosage regimen (150 mg daily), it was used to predict the effect of ketoconazole on
rilpivirine at its therapeutics dose of 25 mg once daily, which was not evaluated in
clinical drug-drug inhibition studies. Based on the simulations, minimal CYP3A
induction and inhibition at the rilpivirine 25 mg once daily dosing are anticipated.
Therefore, rilpivirine 25 mg once daily is not expected to significantly decrease
ketoconazole exposure. The simulations further predict a stronger effect of ketoconazole
200 mg twice daily on rilpivirine exposure. Finally, a modified PBPK model of
rilpivirine with increased f, was able to simulate the change in total exposure of
rilpivirine in subjects with moderate hepatic impairment, and indicated that a lesser
degree of increase in f, by mild hepatic impairment may result in the apparent higher
degree of change in the total exposure of rilpivirine in subjects with mild hepatic

impairment than the moderate hepatic impairment.
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5. Appendix — PBPK Modeling Building and Simulations

Abbreviations: ADME: absorption, distribution, metabolism, and excretion; B/P: blood
to plasma ratio; CL: clearance; CLiy: intrinsic clearance; F, bioavailability; f,: fraction
absorbed,; f,: fraction unbound in plasma; f, mic: fraction unbound in microsomes; f, gut:
apparent unbound fraction in enterocytes; Indsiope: linear slope between inducer
concentration and the extend of enzyme induction; Kj: first order absorption rate constant;
Ki: reversible inhibition constant; LogP: logarithm of the octanol-water partition

coefficient; Pyyp: apparent passive permeability; Vss: volume of distribution.

A PBPK model of rilpivirine was developed using SImCYP® software (Version 10.10,
SImCYP Ltd, Sheffield, UK). Drug dependent parameters of rilpivirine are summarized
in Appendix Table 1, along with assumptions and source data for model building. Model
building and simulations were conducted in a virtual healthy volunteer population with
system-dependent parameters (such as organ blood flow, tissue content, enzyme
abundance, renal functions, and demographic distribution) that is built in the PBPK
software [7;8]. For the simulation of drug interaction with ketoconazole, the drug-model
for ketoconazole in the compound library of the software was utilized. For the simulation
of drug interaction with sildenafil, the drug model for sildenafil in the compound library
of the software was used with minor modifications:
(http://www.accessdata.fda.gov/drugsatfda_docs/nda/2009/022473s000_ClinPharmR.pdf
). Simulations were conducted according to the trial design of the in vivo

pharmacokinetic and drug-drug interaction trials using population representative

approach.
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Appendix Table 1. Drug-dependent parameters of rilpivirine for PBPK modeling

and simulations

Parameter (Unit) | Value comments

Mol Weight (g/mol) | 366.4

log P 4.32 ADMET Predictor ?

Compound Type Monoprotic Base | ADMET Predictor ?

pKa 1 3.26 ADMET Predictor

B/P 0.67 Sponsor Study NC112

fo 0.003 Sponsor Study NC112

fa 0.88 Predicted from Caco-2 data (see below)

Ka (1/h) 0.3 Input based on compartmental analysis

fu,gut 0.003 Assumed and tested to be plausible

Papp Caco-2(10°® 12 Steady state measurement using Caco-2 cells
cm/s) (Sponsor report NC104)

Vs (L/kg) 2.532 Predicted using full PBPK model
Elimination

CYP3A4 intrinsic 2.04 From in vivo data ©. Assuming 75% CYP3A4
clearance (Sponsor Report C119 and NC141)
(uL/min/pmol)

Non-CYP intrinsic | 93.2 From in vivo data®. Assuming 25% non-CYP
clearance (Sponsor Report C119 and NC141)
(ul/min/mg

microsomes)

Kjof CYP3A4 (uM) | 0.700 ICsp is 1.4 uM (Sponsor Report NC194).

ReferenceZB31p02R483TMC278_ PBPK_MEMO
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Assuming competitive inhibition and using
calculated f, mic of 0.542

fumic 0.542 Predicted by the software

Indsiope (1/UM) 63.6 Parameter estimation °

. ADMET Predictor (Simulations Plus Inc, Lancaster, CA, USA)

b Rowland YK, Jamei M, Yang J, Tucker GT, Rostami-Hodjegan A. Physiologically based mechanistic
modelling to predict complex drug-drug interactions involving simultaneous competitive and time-
dependent enzyme inhibition by parent compound and its metabolite in both liver and gut - the effect of
diltiazem on the time-course of exposure to triazolam. Eur.J.Pharm.Sci. 2010; 39: 298-309; Rodgers T.
Tissue distribution of basic drugs: Accounting for enantiomeric, compound and regional differences
amongst beta-blocking drugs in rat. 2005; and Rodgers T. Physiologically based pharmacokinetic modeling

1: Predicting the tissue distribution of moderate-to-strong bases. 2005.

¢ Hepatic intrinsic clearance (CL;.) at the level of enzyme was back-calculated from oral clearance values
after oral administration of the using retro-grade calculator in SImCYP® (Single dose escalation studies,
CDE101 and 103)

d. Using parameter estimation function of SimCYP®. Data are the mean plasma concentration versus time

from multiple dose, dose escalation study (CDE-102)

Several lines of evidence suggest the need to incorporate an enzyme induction
mechanism in the PBPK model of rilpivirine. Overall, incorporation of CYP3A
induction mechanism results in a pharmacokinetic profile comparable to those observed
in subjects taking the drug for 14 days at 150 mg once daily, but appears to underestimate
the maximum concentrations for rilpivirine solution at 25 mg once daily (Figure 1). The
source of the rilpivirine pharmacokinetic data after oral solution and tablet were from the
CDE-102 and TMC278-C103 trials, respectively. The auto-induction effect is minimal at
25 mg dose (Figure 1, upper panel), which becomes more apparent at 150 mg (Figure 1,
lower panel). The model with linear CYP3A induction mechanism is further used to
simulate a drug-drug interaction trial between rilpivirine and sildenafil (Appendix Table
2). Assuming no induction effect, a net increase (4%) in sildenafil AUC is predicted with

coadministration of rilpivirine 75 mg once daily. Assuming concurrent induction and
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inhibition, a net decrease (7%) in sildenafil AUC is predicted with coadministration of
rilpivirine 75 mg once daily. These simulations suggest that a modest inhibition and a
modest induction may happen simultaneously at doses higher than the therapeutic dose of
rilpivirine (25 mg once daily). Appendix Table 2 also indicates a minimal effect for
either inhibition or induction on CYP3A activity with rilpivirine using the sensitive
CYP3A substrate sildenafil (25 mg once daily). The model incorporating CYP3A
induction and inhibition effects was used for the simulation of the effect of ketoconazole
on rilpivirine and the simulation of rilpivirine pharmacokinetics in subjects with hepatic

impairment.

Appendix Table 2. Simulation of drug interaction study between sildenafil and rilpivirine.

rilpivirine 12 days at | rilpivirine 12 days at
75 mg once daily 25 mg once daily

Simulated® Assuming no CYP3A 1.04 1.02
induction by rilpivirine
(CYP 3A inhibition effects
only)

Assuming CYP3A induction 0.93 0.98
by rilpivirine
(CYP 3A inhibition and

induction effects)

Observed® 0.97 Not determined

#Mean AUC Ratio using population representative

® Least square mean ratio (Study C123)

The drug model (Appendix Table 1) was used to simulate the pharmacokinetic changes

of rilpivirine in mild and moderate hepatic impairment populations built in SImMCYP®
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(V10.1). The virtual populations incorporate the known physiological changes including
enzyme expression in the liver and small intestine, organ blood flow, tissue composition,
and levels of plasma proteins [9]. To evaluate the model sensitivity toward f,, drug
model was modified by doubling f,, (from 0.003 to 0.006) and simulations conducted in
mild and moderate hepatic impairment populations. The study design follows those
reported in study TMC278-C130 to obtain AUCg.24n 0n day 1 and AUCy.241,0n day 11.
All simulations used population representatives. The simulated mean AUC values using
hepatic impairment populations were compared with those simulated using the healthy

volunteer population (SimCYP®) to obtain AUC ratios for each study day.
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Appendix Figure 1. Simulated plasma concentration versus time profiles of rilpivirine.
Upper panel: 25 mg rilpivirine for 14 days, and lower panel: 150 mg rilpivirine for 14
days. Purple and green solid lines: assuming induction and no induction of CYP3A in the
PBPK model. Blue and red dotted lines and symbols: observed data for solution and

tablet formulations of rilpivirine, respectively.
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ONDQA BIOPHARMACEUTICSREVIEW

NDA#: 202-022/N-000

Submission Date: 07/23/10, 12/22/10, and 02/25/11
Brand Name: To be determined

Generic Name: Rilpivirine HCI

Formulation: Oral immediate release (IR) tablets
Strength: One strength only, 25 mg
Sponsor: Tibotec

Type of submission: Original

Reviewer : Tien-Mien Chen, Ph.D.
SUMMARY

TMC278 (rilpivirine) is a new molecular entity (NME) which was developed under IND
67,699. On 07/23/10, Tibotec filed NDA 202-022 under 505(b)(1) seeking approval for
TMC278 (rilpivirine) 25 mg IR tablet dosage form (only one strength proposed).
TMC278 is a human immunodeficiency virus type 1 (HIV-1) specific, non-nucleoside
reverse transcriptase inhibitor (NNRTI). It is to be indicated in combination with other
antiretroviral agents for the treatment of HIV-1 infection in treatment-naive adult patients.
A 25 mg IR tablet is to be taken orally with a meal once daily.

The to-be-marketed (TBM) composition/formulation (No. R314585-F006) has also been
employed in the Phase 3 clinical studies. There is no biowaiver issue since there is only
one strength proposed. The dissolution data on three primary stability (debossed) batches
were submitted, however, these primary stability batches had not been tested clinically.

The proposed TBM tablet formulation is to be debossed, whereas the clinically tested
biolots were not debossed. The comparative dissolution data to link the TBM (debossed)
tablet batches and the clinical (non-debossed) biolots were requested on 11/10/10 and the
sponsor responded on 12/22/10 and further on 02/25/11.

The above dissolution data are reviewed here. During the IND stage, the sponsor
provided the dissolution development report to the Agency for review on 03/03/10. The
Agency reviewed and agreed with the sponsor’s proposed dissolution methodology in a
letter dated 05/20/10.

The sponsor’s proposed dissolution method and specifications are shown below.

Parameter Condition
Apparatus USP Type 2 (Paddle) Apparatus
Dissolution medium 0.5% polysorbate 20 in 0.01 N HCI (pH = 2.0)
Volume 900 mL
Temperature 37+ 0.5°C
Rotation speed 75 rpm
Assay HPLC with UV detection
Specifications: Q= ?“ at 45 min
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RECOMMENDATION

From the Biopharmaceutics perspective, the sponsor’s proposed dissolution method is
acceptable, but the proposed dissolution specification needs to be revised. The following
comment needs to be conveyed to the sponsor.

COMMENT: (Needs to be sent to the sponsor)
Y our proposed dissolution method as shown below is acceptable.

Parameter Condition

Apparatus USP Type 2 (Paddle) Apparatus

Dissolution medium 0.5% polysorbate 20 in 0.01 N HCI (pH = 2.0)
Volume 900 mL

Temperature 37+ 0.5°C

Rotation speed 75 rpm

Assay HPLC with UV detection

However, your proposed dissolution specifications need to be tightened as shown below

since the mean of rilpivirine dissolution (n=6 tablets/batch) is o (mean values ranged
(b) (4)

from at 45 minutes for the batches tested.
Change from Q= “% at 45 minutes
Q= “'’ at 45 minutes

Prior to approval, you should update your specifications to reflect the newly
recommended dissolution specifications.
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BACKGROUND

TMC 278 (rilpivirine) is a new molecular entity (NME) which was developed under IND
67,699. During the IND stage, the sponsor provided the dissolution development report
to the Agency for review on 03/03/10. The Agency reviewed and agreed with the
sponsor’s proposed dissolution methodology in a letter dated 05/20/10.

CURRENT SUBMISSION

On 07/23/10, Tibotec filed NDA 202-022 under 505(b)(1) seeking approval for TMC
(rilpivirine) 25 mg IR tablet dosage form (one strength proposed only). TMC278 is a
human immunodeficiency virus type 1 (HIV-1) specific, non-nucleoside reverse
transcriptase inhibitor (NNRTI). It is to be indicated in combination with other
antiretroviral agents for the treatment of HIV-1 infection in treatment-naive adult patients.
A 25 mg IR tablet is to be taken orally with a meal once daily.

The dissolution data on three primary stability (debossed) batches were submitted and the
dissolution specifications were proposed, however, these primary stability batches have
not been tested clinically. The above dissolution data are reviewed here.

The TBM tablet formulation is to be debossed, whereas the clinically tested tablets were
not debossed. The comparative dissolution data to link the clinical (non-debossed)
biolots and the TBM (debossed) tablet batches were requested on 11/10/10 and the
sponsor responded on 12/22/10 and further on 02/25/11.  The above comparative
dissolution testing/data are also reviewed here.

FORMULATION COMPARISONS
The formulation/composition of the TMC (rilpivirine) 25 mg IR tablet is shown below.
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Table 1. The Formulation/Composition of TMC278 (Rilpivirine) 25 mg IR Tablet
Component Quality Standard?® Function Amount
(mg/tablet) (% w/w)

(b) (4y
USP/Ph.Eur. o
Povidone (K30) USP/Ph.Eur.
Polysorbate 20 NE/Ph Eur.
(b) (4)
TMC278 CS Active 27.50° 25.00
Lactose Monohydrate NE/Ph.Eur. ek
Croscarmellose Sodium NE/Ph Eur.
(b) (4)
Silicified Microcrystalline NF
Cellulose
Croscarmellose Sodium NF/Ph.Eur.
Magnesium Stearate NF/Ph.Eur.
Core Tablet Weight: -
Film Coating
Coating Powder White® CS
| oe USP/Ph.Eur.
Total Tablet Weight: NA NA 114 40 NA

* Where multiple compendia are listed, the compendium that is applied is specific to the
applicable region of the submission.
b| (b) (4)
¢ Quantity of TMC278 equivalent to the labeled amount TMC278 free base.
4 A commercially available mixture consisting of Hypromellose 2910 6mPa.s,
USP/Ph.Eur.; Lactose Monohydrate, NF/Ph.Eur.; PEG 3000, NF Wi
® @ - Triacetin, USP/Ph.Eur.; and Titanium Dioxide, USP/Ph.Eur.

CS = Company Standard
NA = Not Applicable

The TBM formulation (No. R314585-F006) have also been employed in the Phase 3
clinical studies. There is no biowaiver issue since only one strength is proposed.

DISSOLUTION METHODOLOGY AND SPECIFICATIONS

The dissolution development report had been submitted previously on 03/03/10 to IND
67,699 and reviewed by Dr. Angelica Dorantes. An Agency’s letter was sent to the
sponsor on 05/20//10 indicating that the sponsor’s proposed dissolution methodology is
acceptable. Therefore, the dissolution development report will not be reviewed again
here.

The dissolution methodology for TMC278 (Rilpivirine) IR 25 mg tablets has been
optimized for the following parameters: medium, pH, surfactant concentration, paddle
speed, and the HPLC method for the quantification of TMC278. The sponsor reported
that the parameters selected have been shown to provide the discriminative capabilities
needed to discern drug substance particle size and process changes, as well as changes on
stability.
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The sponsor’s proposed dissolution method and specifications are shown below.

Tablel. TheProposed Dissolution Methodology for Rilpivirine 25 mg IR Tablets

Parameter Condition
Apparatus USP Type 2 (Paddle) Apparatus
Dissolution medium 0.5% polysorbate 20 in 0.01 N HCI (pH = 2.0)
Volume 900 mL
Temperature 37+ 0.5°C
Rotation speed 75 rpm
Assay HPLC with UV detection
(b) (4)

Specifications: Q= at 45 min.
The mean dissolution profiles and data (n=6 tablets/batch) for the three primary stability
batches are shown below.

Figurel. Mean Dissolution Profiles (n=6 TabletgBatch) of the Three Primary

Stabilitv Batches at Initial Time (t=0) @

Table 1. Mean Dissolution Data (n=6 TabletsBatch) of The Three Primary
Stability Batches

Usage | Batch No. | Debossing | Mean % Dissolved at the Sampling Time Points (min) \

Condition Rl

Stability 8JL3K
8JL3H Debossed
8JL3S

These primary stability batches were debossed and made in full production batch size

®® Hut had not been tested clinically. The individual dissolution data, however,
were not located in the NDA. Upon request, the sponsor submitted the needed individual
data on 02/25/11. Please see individual and mean dissolution data in Appendix 2 for
details.
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The sponsor reported that the TBM tablet formulation will be debossed. However, the
clinical biolots were non-debossed. A link between the clinical biolots (non-debossed)
and the TBM tablet formulation (debossed) was not provided in the NDA. On 11/10/10,
the Agency sent an IR asking for the comparative dissolution data to support the above
linkage. The sponsor submitted the requested data on 12/22/10 (Appendix 1) and further
on 02/25/11 (Appendix 2). The submitted comparative dissolution data are shown below.

Figure2. Mean Comparative Dissolution Profiles (n=6 TabletgBatch) of
Rilpivirine IR Tablets between the Clinically Tested and the TMB
Process Validation) Batches

Table3. Dissolution Results for the Clinically Tested and the TBM (Process
Validation) Batches

% Dissolved at Sampling Intervals (min

Purpose Debossing Batch
9CLI1F?*
Clinical No debossing
SBL2H"
Debossed with
“TMC” on one AJL2K
Process 51defha:{i thzeic on AJL2L
Validation
(to-be-
marketed) AJLOM

? Batch tested with proposed regulatory methods following __

conditions

b Batch tested with proposed regulatory methods fo]lowing—

c

Debossini for the US market

The clinical biolot No. 9CLI1F was a full production batch- and the other biolot
No. 8BL2H was made with‘ of a full production batch).

Reference ID: 2912551 6



The batch information on the above three process validation (TBM) batches and the
individual dissolution data, however, were not included in the 12/22/10 response. Upon
request, the sponsor submitted the batch information and the individual data on 02/25/11.
Please see the batch information and individual and mean dissolution data in Appendix 2
for details.

The batch information on the above three process validation batches are shown below.

Table3. Batch Information on the Three Process Validation Batches (Debossed)

Batch Batch Size Drug Product Manufacturing
(kg / tablets) Manufacturing Site date
AJL2K . Oct 2010
AJL2L Oct 2010
AJL2M Oct 2010

Reviewer’s Comment:
Since the mean of rilpivirine dissolution (n=6 tablets/batch) is

b) (4 .
@@ at 45 min (means

ranged from @@ it is recommended that the proposed specifications Q= O at 45
min be tightened to Q= @@ at 45 min.
03/02/11
Tien-Mien Chen, Ph.D. Date
Reviewer
ONDQA Biopharmaceutics
03/02/11
Patrick Marroum, Ph.D. Date
ONDQA Biopharmaceutics
CC: NDA

Patrick Marroum, Angelica Dorantes, Tien-Mien Chen
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NDA 202-022/N-000 for TMC278
(Rilpivirine) IR Tablet, 25 mg

Appendix 1

Compar ative Dissolution Data Submitted
on 12/22/10
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3. FDA QUESTION #3:

Please provide the comparative dissolution data/profile between the clinically tested
and the TBM (to-be-marketed) formulations to address the difference in de-bossing
between the two formulations.

Response

Data provided in Table 8 and presented in Figure 6 demonstrate that there is
no observable difference in dissolution profiles at 30, 45, and 60 minutes

resulting from the addition of debossing.

Dissolution Results for Clinical and Process Validation Batches

% Dissolved at Sampling Intervals (min)

Table 8:
Purpose Debossing Batch
9CLIF*
Clinical No debossing
$BL2H
Debossed with
“TMC” on one AJLIK
Process mdeﬂgg ((i) thzeic on AJL2L
Validation
(to-be- ®) @
marketed) ATLIM

(b) 4

* Batch tested with proposed regulatory methods following|
conditions
® Batch tested with proposed regulatory methods followiug‘

¢ Debossing for the US market

|

(b) (4)

Reference ID: 2912551
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Comparative Dissolution Profiles for Clinical and Commercial Tablets,
Demonstrating No Effect of Debossing on Dissolution

Figure 6:

Conclusion
The data provided above confirm that the addition of debossing does not

produce a difference in dissolution values at the specified criterion of “Q is
| @@ at 45 minutes.”

Reference ID: 2912551 10



NDA 202-022/N-000 for TMC278
(Rilpivirine) IR Tablet, 25 mg

Appendix 2

3 pages have been Withheld in Full as b4 (CCI/TS) immediately following this page

Batch Infor mation and I ndividual
Dissolution Data Submitted on 02/25/11
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This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

TIEN MIEN CHEN
03/02/2011

PATRICK J MARROUM
03/02/2011
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CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

Office of Clinical Pharmacology

New Drug Application Filing and Review Form

General |nformation About the Submission

Information Information
NDA/BL A Number 202-022 Brand Name To be determined
QOCP Division (I, I, 111,1V, V) DCP4 Generic Name Rilpivirine
Medical Divison DAVP Drug Class NNRTI
OCP Reviewer Stanley Au Indication(s) Treatment of HIV-1
infection
OCP Team L eader Sarah Robertson Dosage Form Oral tablet
Phar macometrics Reviewer Jeff Florian Dosing Regimen 25 mg once daily
Date of Submission July 23, 2010 Route of Administration Oral
Estimated Due Date of OCP Review March 28, 2011 Sponsor Tibotec
Medical Divison Due Date April 11, 2011 Priority Classification Standard
May 23, 2011
PDUFA Due Date
Clin. Pharm. and Biopharm. Information
“X” if included | Number of Critical Comments|f any
at filing studies submitted
STUDY TYPE
Table of Contents present and sufficient to X
locate reports, tables, data, etc.
Tabular Listing of All Human Studies
HPK Summary X
L abeling X
Reference Bioanalytical and Analytical 1) Rilpivirine
Methods validation
reports: 4
2) Validation
reportsfor other
analytes:
21 (excluding
additional
reportsfor the
same analyte)
3)Bioanalytical
reports: 39 total
(excluding
reportsfor ECG
trials)
I. Clinical Pharmacology
Mass balance: X 1 (includesthe
trial report and
the
phar macokinetics
report)
| sozyme char acterization: X linvitro
metabolism
report; 1CYP
metabolism
report
Blood/plasma ratio:

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for
NDA_ BLA or Supplement 090808




CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

Plasma protein binding: X 1

Phar macokinetics (e.g., Phase) -

Healthy Volunteers-

single dose: X 2

multiple dose: X 2

Patients

single dose:

multiple dose:

Dose proportionality -

fasting / non-fasting single dose:

fasting / non-fasting multiple dose: X 1 (under fed
conditions)

Drug-drug interaction studies -

In-vivo effects on primary drug:

In-vivo effects of primary drug: X 17 (all evaluated
two way drug
interaction trials)

In-vitro: X 4in vitrodrug-
druginteraction
reports
Subpopulation studies -
ethnicity:
gender:
pediatrics:
geriatrics:
renal impairment:
hepatic impairment: X 1
PD -
Phase 2:
Phase 3:
PK/PD -
Phase 1 and/or 2, proof of concept: X 3
Phase 3 clinical trial: X 2
Population Analyses -
Data rich:

Data sparse:

I1. Biophar maceutics

Absolute bioavailability

Relative bioavailability -

solution as reference: X 1
alternate formulation as reference: X 2(1tria
comparing Phase
2b tabletsvs.
Phase 3 tablets
and 1trial

comparing the 25
mg Phase 3 tablet
formulation to
various pediatric
formulationsin

adults)
Bioeguivalence studies -
traditional design; single / multi dose:
replicate design; single / multi dose:
Food-drug interaction studies X 1
Bio-waiver request based on BCS
BCSclass

Dissolution study to evaluate alcohol induced
dose-dumping

II1. Other CPB Studies

Genotype/phenotype studies

Chronophar macokinetics

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for
NDA_ BLA or Supplement 090808



CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

Pediatric development plan
Literatur e References
Total Number of Studies 44

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

\ Content Parameter | Yes | No | N/A | Comment
Criteriafor Refusal to File (RTF)
1 | Has the applicant submitted bioequivalence data comparing to-be- X
marketed product(s) and those used in the pivotal clinical trials?
2 | Has the applicant provided metabolism and drug-drug interaction X
information?
3 | Has the sponsor submitted bioavailability data satisfying the CFR X
requirements?
4 | Did the sponsor submit data to allow the evaluation of the validity of X
the analytical assay?
5 | Has a rationale for dose selection been submitted? X
6 | Is the clinical pharmacology and biopharmaceutics section of the NDA | X
organized, indexed and paginated in a manner to allow substantive
review to begin?
7 | Is the clinical pharmacology and biopharmaceutics section of the NDA | X
legible so that a substantive review can begin?
8 | Is the electronic submission searchable, does it have appropriate X
hyperlinks and do the hyperlinks work?

Criteriafor Assessing Quality of an NDA (Preliminary Assessment of Quality)

Data

9 | Are the data sets, as requested during pre-submission discussions, X
submitted in the appropriate format (e.g., CDISC)?

10 | If applicable, are the pharmacogenomic data sets submitted in the X

appropriate format?

Studiesand Analyses

11 | Is the appropriate pharmacokinetic information submitted?

[ <

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

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

14 | Is there an adequate attempt by the applicant to use exposure-response | X
relationships in order to assess the need for dose adjustments for
intrinsic/extrinsic factors that might affect the pharmacokinetic or

pharmacodynamics?

15 | Are the pediatric exclusivity studies adequately designed to X
demonstrate effectiveness, if the drug is indeed effective?

16 | Did the applicant submit all the pediatric exclusivity data, as described X
in the WR?

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for
NDA_ BLA or Supplement 090808




CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FILING FORM/CHECKLIST FOR NDA/BLA or Supplement

17

Is there adequate information on the pharmacokinetics and exposure- X
response in the clinical pharmacology section of the label?

General

18

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

19

Was the translation (of study reports or other study information) from X
another language needed and provided in this submission?

ISTHE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE?
__YES

If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide
comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter.

Reviewing Clinical Pharmacologist Date

Team Leader/Supervisor Date

File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for
NDA_ BLA or Supplement 090808




Application Submission

Type/Number Type/Number Submitter Name Product Name

NDA-202022 ORIG-1 TIBOTEC INC TMC278

This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.

STANLEY AU
09/02/2010

SARAH M ROBERTSON
09/02/2010





