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1 Executive Summary

1.1 Recommendation

From a Clinical Pharmacology perspective, the application is acceptable provided that the
Sponsor and the Agency come to a mutually satisfactory agreement regarding language in the
package insert.

1.2 Phase 4 Commitment

As agreed upon in previous review cycles, the Sponsor will conduct the following study post-
approval:

¢ A Double-Blind, Randomized, Two-Period Crossover Study to Evaluate the Effect of
Multiple Oral Doses of Febuxostat on the Pharmacokinetics of a Single Oral Dose of
Theophylline.

1.3 -Summary of Clinical Pharmacology Findings in the Resubmission

The Sponsor submitted NDA 21-856 to seek an approval of ULORIC (febuxostat or TMX-67)
for the treatment of hyperuricemia in patients with gout. During the first two review cycles,
NDA 21-856 was deemed Approvable (Action Letters, October 14, 2005 and August 2, 2006).
The Sponsor submitted a complete response in this submission to address the deficiencies

. identified in the Action Letters. The doses proposed for registration are 40 or 80 mg once daily

QD). '

Refer to Clinical Pharmacology reviews dated August 29, 2005 and July 18, 2006 for more
background information and Clinical Pharmacology conclusions.

The following items in the Action Letter of August 2, 2006 are related to Clinical Pharmacology:

A. “While not a deficiency impacting the approvability of Uloric, we request

that you conduct a new warfarin-febuxostat interaction study. In the new

study, the lead-in period for identifying a stable warfarin dose may need to be

more than nine days and/or you should enroll more subjects such that a Q(
sufficient number of subjects are able to complete the trial. We would like 4)
data from this study to be submitted as a part of a resubmission. However, we

would entertain a later submission of such data (including post-approval) if

appropriate labeling were proposed

2

—

B. “In addition, we remind you of your February 17, 2006, commitment to
perform the following studies. While we agreed to allow these studies to be
performed in the post-approval period, in light of this approvable action,
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Pplease consider beginning any of these studies that you have not already
undertaken at the earliest possible time.

1 ...

2. A Double-Blind, Randomized, Two-Period Crossover Study to Evaluate
the Effect of Multiple Oral Doses of Febuxostat on the Pharmacokinetics
of a Single Oral Dose of Theophylline.

3. In Vitro Assessment of Induction Potential of Febuxostat in Primary
Human Hepatocytes.”

In this submission, the Sponsor submitted a study report (Study F-P107-162) on a new drug
interaction study that evaluated the effect of febuxostat on PK and PD of warfarin to address

Item A.

The new study results suggested that multiple oral doses of febuxostat (80 mg once-daily) had no
effect on the PK or PD of warfarin at steady-state (Tables 1 and 2).

Table 1. Cyax and AUC of R- and S-Warfarin on Day 14 Following Once-Daily Multiple
Dosing With Warfarin and Febuxostat Relative to Warfarin and Placebo in Healthy

Subjects.

Pharmacokinetic Parameter | Point Estimate | 90% Confidence Interval
R-Warfarin (N=27) .

Crax 0.9791 0.9407 - 1.0191

AUC, 0.9923 0.9722 - 1.0128

AUC, 0.9898 0.9693 - 1.0107
S-Warfarin (N=27)

Cruas 0.9973 0.9534 - 1.0432

AUC, 1.0103 0.9887 - 1.0323

AUC, 1.004¢ 0.9898 - 1.0202

Note: The point estimates and confidence intervals were obtained from the exponentiated results of analysis
_of the natural logarithm-transformed data.

Table 2. Mean Pharmacodynamic Parameter Estimates of INR and Factor-VII on Day 14
Following Once-Daily Multiple Dosing With Warfarin and Febuxostat or With Warfarin
and Placebo in Healthy Subjects.

| INRypss” | INRuean2s® | F-VI.,/ (%)
Regimen A: Warfarin and Febuxostat 80 mg (N=27)

Mean 1.496 1.437 55.163

SD 0.172 0.142 11.014

. | Range 1.3-2.0 1.2-1.8 34.0-76.1
Regimen B: Warfarin and Placebo (N=27)

Mean 1.504 1.448 52.925

SD 0.156 0.134 12.744

Range 1.2-1.8 1.2-1.7 27.0-77.5

P-value’ 0.917 0.601 0.186

a  Included only subjects with data from both crossover pertods.
b p-values for comparing Regimens A versus B obtained from ANOVA analysis.
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In this submission, the Sponsor also evaluated the induction potential of febuxostat on P450
isoforms in human hepatocytes and submitted the study report (Study 3210-0407-1800) to
address Item B3.

The in vitro study results suggested that there was low potential for febuxostat to cause enzyme
induction of CYP1A1/2, CYP2B6, CYP2C9, CYP2C19, or CYP3A4/5 compared to known
inducers in human hepatocytes (Table 3) because % adjusted positive control response values for
febuxostat-treated hepatocytes were <40%. The FDA draft drug interaction guidance
recommends >40% of adjusted positive control response to suggest the compound has the
induction potential that warrants further in vivo induction studies.

Table 3. Summary of Induction as a Percentage of Adjusted Positive Control Induction.

Donor Substrate | Positive Fold- Febuxostat
Control | Change % of Adjusted Positive
Control Induction
3puM | 30 uM | 300 uM

CYP1A/2 | Hu362 | Phenacetin- | 3-MC 3.9 -0.45 5.5 -314
Hu369 (100 pM) (2 pM) 7.0°% 1.9 -6.8 -7.5
Hu373 : 4.7 -0.95 -10.1 -21.6

CYP2B6 | Hu362 | Bupropion PB 9.6 4.0 4.2 -4.7
Hu369 (250 uM) (1 mM) 13.5 0.81 -041 0.02

Hu373 RIF 6.1 0.68 -1.0 -6.4

(10 pM)

CYP2CY9 | Hu362 | Diclofenac RIF 4.4 -0.67 6.7 0.83
Hu369 (25 uM) (10 pM) 2.3 2.1 -22.3 2.5
Hu373 : 2.1 -10.7 -44.8 -53.9

CYP2C19 | Hu362 S)- RIF 49 1.5 6.8 -5.0

Mephenytoin | (10 pM)

Hu369 (250 pM) 3.5 13.1 2.7 8.6

Hu373 4.2 3.1 2.5 -6.2
CYP3A4/5 | Hu362 | Testosterone RIF 48.0 0.03 | 33 -1.6°
" Hu369 | (200 pM) | (10 uM) 4.8 -3.5 -1.1 -4.9

Hu373 5.7 10.9 -0.66 -7.2

® Estimated values; Above ULOQ; ® Estimated values; Below the LLOQ
Reviewer’s Notes: Negative data indicated a lower activity was observed in febuxostat-treated
hepatocytes than vehicle-treated hepatocytes.

For Item B2, the Sponsor committed to conducting a drug-drug interaction study post-approval
to evaluate the potential for interaction between febuxostat and theophylline R
/' - - - - - = et ot N , e

— . The protocol for such a study (F-
P105-140) was submitted to IND 58,229 (SN 202). Protocol F-P105-140 was reviewed and
comments were sent to the sponsor on 06/20/06.
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2 Labeling Recommendations

The following labeling recommendations were based on the new labeling proposal from the
Sponsor (submitted on July 17, 2008). The labeling sections that are mostly related to Clinical
Pharmacology are listed with tracked changes. Please refer to the final approval letter for final
labeling recommendations.
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3 Individual Study Reviews

3.1 CYP Induction Evaluation

Study 3210-0407-1800 — In Vitro Assessment of the Induction Potential of Febuxostat in
Primary Human Hepatocytes

Objective: To utilize primary cultures of human hepatocytes to evaluate the potential of
febuxostat to induce liver microsomal cytochrome P450 (CYP450) enzymes.

Method: Febuxostat (3, 30 and 300 pM) and known CYP450 inducers 3-methylcholanthrene (3-
MC, a prototypical CYP1A1/2 enzyme inducer), phenobarbital (PB, a prototypical CYP2B6
enzyme inducer) and rifampicin (RIF, a prototypical CYP2C9, CYP2C19 and CYP3A4/5
enzyme inducer) were incubated in cultures of human hepatocytes from three separate donors
(Hu362, Hu369, and Hu373) (Table 1) for three consecutive days. Microsomes were isolated and
the activities of CYP1A1/2, CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and CYP3A4/5
were determined using selective metabolite markers. Protein levels for each CYP450 were
analyzed by Western immunoblotting.

Table 1. Primary Human Hepatocyte Donor Information.

. Alcohol -
Donor | Sex | /98 Race | Weight | . iche| HBV.HCV or Cell Viability
{Years) {Ibs}) Drug Use (%)
: No
Hu362{ M 44 Caucasian | 239 59 No 79
Known
. . No
Hu369 | M 69 Hispanic 156 55 No 81
Known
. No
Hu373 | F 49 Caucasian | 142 5 No 85
Known

Febuxostat Lot No: 31649CB00; A fresh stock solution of febuxostat was prepared in dimethy!
sulfoxide (DMSO) prior to or on the first day of dosing. The stock solution was diluted daily in
modified Chee’s medium such that the final DMSO concentration was 0.1% to achieve the final
dosing concentrations of 3, 30 and 300 pM.

Reviewer's Notes: Cyax of febuxostat at 80 mg (the highest proposed clinical dose) was
approximately 11 uM. Therefore concentrations of 3 to 30 uM are of clinical relevance.

RIF (10 pM), PB (1 mM) and 3-MC (2 uM) were used as positive controls for induction of CYP
isoforms in human hepatocytes. At these concentrations, the positive controls induce CYP450
activity without causing cytotoxicity. Negative control (vehicle) cultures were treated with
vehicle (0.1% DMSO).
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Enzyme Activity:

CYP450 enzyme activities were determined in microsomes prepared from hepatocytes pooled
from the various treatment groups with marker substrates for determination enzyme activities of
each isoform (see table below).

Reviewer’s Note: Because the hepatocytes from each treatment were pooled, intra-well
variability is not known. Induction signal maybe diluted if some wells had experimental error.
However, positive treatment groups were done the same way and showed induction signal. The
results for the test compound could be considered acceptable if assume no bias in carrying out
the experiment.

Substrate Marker '

Isc?zYyl:ne . Substrate Comze;r&:;ation Metabolite
1A112 Phenacetin 100 APAP
2B6 Bupropion 250 OHBP
2C9 Diclofenac 25 40HDC
2C19 {S)-Mephenytoin 250 4HMPN
206 Dextromethorphan 15 DRR
2E1 Chlorzoxazone 50 6HCLZ

3Ad4/5 Testosterone 200 68T

H{(sample)
1#(DMSO control)

: Fold Induction =

p(sample) - (DMSO) | 0'0
H(positive control) — i (DMSO)

Percent of Adjusted Positive Control =

1 denotes mean of replicates for each group.

Protein Expression:
Induction of immunoreactive CYP1A1/2, CYP2B6, CYP2C9, CYP2C19, CYP2Dé6, CYP2E],
and CYP3A4 proteins were confirmed by Western immunoblotting using microsomes.

Results:

CYP141/2: The positive control (2 uM 3-MC) showed 3.9- to 7-fold induction compared to the
vehicle control (Table 2). Percent increases in enzyme activity in febuxostat-treated hepatocyte
were <6% of the adjusted positive conirol response. A decrease in activity and corresponding
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protein levels for CYP1A1/2 isoforms at the high febuxostat concentrations may indicate a
suppression of CYP protein expression. The report stated that “No change in cell morphology or
attachment was observed upon febuxostat incubation with hepatocytes indicating that this protein
suppression is not likely due to cytotoxicity.”

Reviewer’s Note: If the study included cell viability test, the data will be more convincing.

CYP2B6: PB was used as positive control for Hu362 and Hu369 while RIF was used as a
positive control for Hu373 due to loss of PB-treated cultures during dosing. The positive control
(1 mM PB) showed 9.6- and 13.5-fold induction compared to the vehicle control, and 10 uM RF
showed 6.1-fold induction compared to the vehicle control. Percent increases in enzyme activity
in febuxostat-treated hepatocyte were <5% of the adjusted positive control response.

CYP2C9: The positive control (10 pM 3-RIF) showed 2.1- to 4.4-fold induction compared to the
vehicle control. Percent increases in enzyme activity in febuxostat-treated hepatocyte were <7%
of the adjusted positive control response.

CYP2C19: The positive control (10 pM 3-RIF) showed 3.5- to 4.9-fold induction compared to
the vehicle control. Percent increases in enzyme activity in febuxostat-treated hepatocyte were
<14% of the adjusted positive control response.

CYP3A44/5: The positive control (10 uM 3-RIF) showed 4.8- to 48-fold induction compared to
the vehicle control. Percent increases in enzyme activity in febuxostat-treated hepatocyte were
<11% of the adjusted positive control response

CYP2D6.: CYP2D6 is not known to be an inducible CYP450.

CYP2EI: No suitable inducers for CYP2E1 activity have been identified. In this study,
CYP2EL1 activity was modestly increased by RIF in all three human preparations. However, fold
increases were low (1.4 - to 2.1-fold over vehicle controls). Due to lack of positive controls,
results for induction potential of febuxostat for CYP2E1 were inconclusive.
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Table 2. Summary of Induction as a Percentage of Adjusted Positive Control Induction.

Donor Substrate | Positive Fold- Febuxostat
Control | Change % of Adjusted Positive
Control Induction
: 3pM | 30 uM | 300 uM
CYP1A/2 | Hu362 | Phenacetin 3-MC 3.9 -0.45 5.5 -31.4
Hu369 (100 uM) (2 pM) 7.0? 1.9 -6.8 -1.5
Hu373 : 4.7% -0.95 -10.1-}1 -21.6
CYP2B6 | Hu362'| Bupropion PB 9.6 4.0 4.2 -4.7
Hu369 250 pM) (1 mM) 13.5 0.81 -0.41 0.02
Hu373 RIF 6.1 0.68 -1.0 | -64
(10 uM)
CYP2C9 | Hu362 | Diclofenac | RIF 4.4 -0.67 | 6.7 0.83
Hu369 25 pM) (10 uM) 2.3 -2.1 22.3 " 2.5
Hu373 2.1 -10.7 -44.8 -53.9
CYP2C19 | Hu362 (S)- ~ RIF 4.9 1.5 6.8 -5.0
Mephenytoin | (10 pM)
Hu369 (250 uM) 3.5 13.1 2.7 8.6
Hu373 4.2 3.1 -2.5 -6.2
CYP3A4/5 | Hu362 | Testosterone | RIF 48.0 0.03 3.3 -1.6°
Hu369 200 pM) | (10 pM) 4.8 -3.5 -1.1 -4.9
Hu373 5.7 10.9 -0.66 -7.2

? Estimated values; Above ULOQ
® Estimated values; Below the LLOQ
Reviewer’s Notes: Negative data indicated a lower activity was observed in febuxostat-treated

hepatocytes than vehicle-treated hepatocytes.

Conclusion:

The FDA draft drug interaction guidance recommends >40% of adjusted positive control
response to suggest the compound has the induction potential that warrants further in vivo

induction studies. The results from this study suggest that there is low potential for febuxostat to

cause enzyme induction of CYP1A1/2, CYP2B6, CYP2C9, CYP2C19, or CYP3A4/5 compared
to known inducers in human hepatocytes.
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3.2 Drug Interaction Study with Warfarin

Study F-P107-162: A Phase 1, 2-way Crossover Study to Assess the Effect of Multiple Oral
- Doses of Febuxostat on the Pharmacokinetics and Pharmacodynamtcs of Warfarin Following
Multiple Oral Doses of Warfarin

Study Period: June 21, 2007 to August 11, 2007
Principal Investigator: — MD
Clinical Site:

Sample Analysis Periods: Warfarin: August 9 to August 31, 2007

' Febuxostat: August 24 and 25, 2007

Analytical Sites: Warfarin:
Febuxostat: *~—

Rationale for the study: Although the in vitro metabolism study did not show that febuxostat
had significant effect on the activity of CYP2C9 (the main human liver CYP450 isoform
involved in the biotransformation of warfarin), due to the narrow therapeutic index of warfarin
and likely co-administration of febuxostat and warfarin in patients with gout, the sponsor
conducted an in vivo drug interaction study (Study C03-057) previously to evaluate the effect of
multiple dose febuxostat (120 mg QD) on PK and PD of warfarin. In that study, although data
from 13 subjects who completed the trial indicated a lack of interaction between febuxostat and
warfarin, overall, one cannot conclusively rule out an interaction based on this study as one third
of the subjects discontinued the trial with an increase in INR. The possible reason for
discontinuations could be due to the difficulty in stabilizing INR in these patients. Because of
inconclusive conclusion from the previous warfarin interaction study and there are reports of
increased INR values in the clinical database in subjects on febuxostat, the FDA recommended
the Sponsor to conduct a new warfarin interaction study with sufficient subjects to complete the
tria] for a conclusive determination. The Sponsor conducted this study to further evaluate the
effect of febuxostat (80 mg QD) on the PK and PD of warfarin by increasing the number of
subjects, increasing the duration of the warfarin lead-in period, and requiring a stable INR of
>1.5 to <2.0 for 3 days prior to subject randomization.

Objective: To evaluate the effect of multiple once-daily doses of febuxostat 80 mg on the
pharmacokinetics (PK) and pharmacodynamics (PD) of warfarin after multiple oral doses of
warfarin.

Study Design: This was a Phase 1, single-center, double-blind, placebo-controlled, randomized,
2-way crossover study of febuxostat or placebo for febuxostat (hereinafter referred to as placebo)
with open-label warfarin. As detailed in the table and Figure 1 below, the study consisted of the
Screening Period, Warfarin Lead-in Period, Crossover Period, and Follow-up Period. The
Screening Period was defined as a maximum of 28 days prior to Day 1 of the Warfarin Lead-in

Period. The Warfarin Lead-in Period included Days 1 to 12, and the Crossover Period consisted
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of two 14-day double-blind dosing periods. There was no washout interval between Crossover
Periods 1 and 2 to limit the extent of each subject’s exposure to warfarin and minimize the
potential for INR instability. The Follow-up Period included Day 15 of Crossover Period 2
through 30 days postdosing.

Warfarin L;ad-in

Crossover Period

Period 1 (Days)

Warfarin QD (1-14)
Placebo QD (1-14)

Period (Days) Period 2 (Days) Sequence
Regimen A Regimen B 1
Warfanin QD (1-14) Warfarin QD (1-14)
. Febuxostat 80 mg QD (1-14) Placebo QD (1-14)
.12
Warfarin QD (1-12) Regimen B Regimen A 2

Warfarin QD (1-14)
Febuxostat 80 mg QD (1-14)

During the Warfarin Lead-in Period, subjects received once-daily doses of 5 mg warfarin on
Days 1 and 2. During Days 3 through 9, the dose of warfarin was titrated, at the discretion of the
investigator, to achieve and maintain a target INR (>1.5 to <2.0). The titrated stable dose of
warfarin dose maintained INR within this targeted range for the next 3 consecutive days (Days
10, 11, and 12) of the Warfarin Lead-in Period, in order for a subject to have entered the
Crossover Period. Subjects continued to receive the titrated stable dose of warfarin once daily on
Days 1-through 14 in each Crossover Period concomitantly with either 80 mg febuxostat or
placebo, based on the assigned sequence groups.

There was no washout between Crossover Periods t and 2.
Screening
Period Wanrfarin Lead-in Period Crossover Period 1 Crossover Period 3 Follow-Up Period
Day -28 to Days 1-2:  Days3-9:  Days 10-12: Day 15 of Crossover Period 2
Day -1 . through 30 days postdosing
Warfarin Tiwate *Stable Febuxostat 80 mg / Febuxostat 80 mg /
Smg warfarin warfarin placebo (Days 1-13); placebo (Days 1-14):
dose for dose and stable warfasin dose stable warfarin dose
target INR INR was
21510520 21510520
T | 1 i B
Day -28 Day1l Day3 Day 10 Day Dayl Day Dayl Day Day 30 days
Day-1 12 14 14 15 postdosing
*A subject who was on a stable dose of warfarin therapy for 3 consecntive days prior to Day 1 of
Crassover Period 1(Days 10, 11, and 12 of Warfarin Lead-in Period) and had INR level 21.5 t0 <2.0
for 3 c ive days at approximately 21 hours postdosing with warfarin on Days 10, 11, and 12
(PT drawn at approximately 0600 on Days 11 and 12 of Warfarin Lead-in Period and Day t of
Crossover Period 1)} was randomized on Day 1 of C; Penod t to feb or placeb
. I at any point during the study a subject exhibited signs of bleeding, acute toxicity, and/or an INR
Subjecthad INR level <1.2 value 3.0 following warfarin dosing, the subject was prematurely discontinued from the study.
on Day -1 1o enter study.
Figure 1. Study Design.
Sampling:
Blood samples for INR:
NDA 21-856 18
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Warfarin Lead-in Period: Approximately 21-hour postdosing with warfarin on Days 1 through 11
before warfarin dosing the next day.

Crossover Periods 1 and 2: Predose only on Days 3, 5,7, 9, 11, 12, and 13, and predose (0 hr),
and approximately 0.5, 1, 2, 3, 4, 6, 8, 12, 16, and 24 hours postdose on Day 14.

Blood samples for Factor VII:

Warfarin Lead-in Period: Day 1 predose.

Crossover Periods 1 and 2: Predose only on Days 12 and 13. Day 14 predose (0 hr), 0.5, 1,2, 3,
4, 6, 8, 12, 16, and approximately 24 hours postdose.

Blood samples for warfarin PK: Predose only on Days 12 and 13, and predose (0 hr), 0.5, 1, 2, 3,
4, 6, 8, 12, 16, and 24 hours postdose on Day 14.

Blood samples for febuxostat exposure: Predose and 24 hours postdose on Day 14

Test Product:
Test Product, Dose and Mode of Administration, and Lot Number:
Product Drug Over-
Dosage Study Mode of Product Lot | encapsulation
Test Product Strength Dose Administration Manufacturer Number Lot Number
40 mg Abbott Laboratories b
Febuxostat Capsule® 80 mg Oral (Abbott Pask, llinois) 06-009096 183713
Warfarin 1 mg Tablet | Variable Oral 302931 NA
| Sodium ‘
Warfarin 2 mg Tablet | Variable Oral 302601 NA
Sodium b(a)
Warfarin 2.5 mg Tablet | Variable |  Oral 302965 NA
Sodium
Warfarin 3 mg Tablet | Variable Oral 303072 NA
Sodium
Warfarin .
. 1 2
Sodium 4 mg Tablet | Vartable Oral L _30287.. NA
arfari I
Warfarin 5 mg Tablet | Variable Oral 303139 NA
Sodium
Reference Therapy, Dose and Mode of Administration, and Lot Number: _
Product Drug Over-
Dosage Study Mode of Product Lot | encapsulation
Test Product Strength Dose Administration Manufacturer Number Lot Number b(é)
Placebo for . :
Febuxostat Capsule NA Oral —_— NA 070031
* Febuxostat 20 mg tablets were manufactured by Abbott Laboratories; overencapsulation of the febuxostat tablets
into 40 mg capsules was performed by h(d)

® Lot number for the 20 mg tablets used to manufacture the overencapsulated 40 mg capsule.

Febuxostat was overencapsulated to ensure blinding of study drug. Two febuxostat 20 mg tablets
were placed in an iron gray opaque (No. 00) gelatin capsule to create a 40 mg capsule dosage
form. Two such capsules were given to subjects to achieve a total 80 mg dose of febuxostat.
Matching placebo capsules were identical in size, shape, weight, and color to the febuxostat
capsules. Two capsules were given to subjects. Dissolution profiles for the over-encapsulated
(blinded) products were compared to those of the unblinded product to confirm similarity of the
respective drug release profiles (Investigator’s Brochure).
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Sample Analysis:

Warfarin: Plasma concentrations of R- and S-warfarin were determined using a validated LC-
MS/MS assay at Briefly, a 100 pL aliquot of plasma was spiked
with the internal standard. —

— : : . ol

-

— and an aliquot analyzed by LC-MS/MS. The lower
limit of quantitation (LLOQ) for R- and S-warfarin was 10.0 ng/mL using a plasma sample
volume of 100 pL. Concentrations below the LLOQ were reported as zero.

Febuxostar: Plasma febuxostat concentrations were determined using a validated liquid
chromatography assay with fluorescence detection at &AE
~\.Briefly, a 0.5 mL aliquot of plasma was spiked with the internal standard —— b

. and an aliquot
analyzed by hlgh perfonnance liquid chromatography (HPLC) The LLOQ for febuxostat was
0.0100 pg/mL using a plasma sample volume of 0.5 mL. Concentrations below the LLOQ were
reported as zero.

Subjects: 134 subjects (male or female healthy subjects 18-55 years) were screened and 32
subjects (31 males and 1 female) actually entered the Warfarin Lead-in Period, having met all
inclusion criteria and having met none of the exclusion criteria (Table 1 and Figure 2). The
mean age was 32.9 years, the mean weight was 78.5 kg, the mean height was 175.4 cm, and the
mean BMI was 25.6 kg/m?. Female subjects were to have been of nonchildbearing potential.
Twenty-eight eligible subjects from the Warfarin Lead-in Period were randomized to the-
Crossover Period.

Table 1. Baseline Demographic Characteristics.

Al Warfarin All All
Lead-in Randomized Nonrandemized

. Subjects Subjects Subjects
Variable (N=32) (N=28) (N=4)
Gender n (%)
Male 31 (96.9) 28 (100.0) 3 (75.0)
Female 13.1) 0 1(25)
Ethuicity n (%)
Hispanic or Latino 8 (25.0) 7 (25.0) 1{25.0)
‘Not Hispanic or Latino 24 (75.0) 21 (75.0) 3 (75.0)
Racen (%)
American Indian/Alaska Native 0 0 0
Astan 0 0 0
Black or African American 7(21.9) 7 (25.0) 0
Native Hawaiian or other Pacific Islander 0 0 [
White 25 (78.1) 21 (75.0) 4 (100.0)

Four subjects were prematurely discontinued from the study prior to randomization. Twenty-
eight eligible subjects from the Warfarin Lead-in Period were randomized to the Crossover
Period, having met all inclusion criteria on Day 1 of Crossover Period 1. Twenty-seven subjects
completed both Crossover Periods; one subject (Subject 114) was prematurely discontinued
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during Period 2 of the Crossover Period due to a protocol violation (investigator decision:
unacceptable conduct), as summarized in Table 2. This subject was not included in the PK/PD
analysis as he did not have complete data for both regimens of the Crossover Period.

As of note, the protocol excludes subjects who have impaired renal function (CLcr<80 mL/min),
who are strict vegetarian, who are CYP2C9 poor metabolizers and who have high warfarin
sensitivity based on VKORC]1 genotyping results (i.e., G-1639A genotype of AA).

The patient drop-out rate decreased by allowing time for INR stabilization prior to crossover
period.

N=134
Subjects Screened N=102
7 5 - MN= L
(124 Males; 10 Females) Screened Subjects Were Not Enrolled Due to:
Admission Criteria Not Met (62)
Subject Reconsidered Participation (13)
Additional Cohort was Cancelled as Targeted
N=32 Enrollment was Met (27)
Subjects Who Entered
Warfarin Lead-in Period
(31 Males; 1 Female)

N=¢
Prematurely Discontinued Prior to Randomization:
Crossover Inclusion Criteria Not Met: Stable INR
Criteria Not Met Warfarin L ead-in Period Day 10,
RBCs in Urine, Out-of-Range Vital Sign, and Elevated
Alanine Aminotransferase (ALT) Values

N=28
Subjects Randomized to
Crossover Period (28 Males)

N=14 . N=14

Sequence 1 ) Sequence 2
(Regimen A, B) (Regimen B, A)
|

N=13 N=1 N=14

Subjects Subject Prematurely Discontinued Subjects
Completed During Crossover Period 2 Comnpleted

(Regimen B) Due to: Investigator

Deciston (Unacceptable Conduct)

Figure 2. Flowchart Summarizing Subject Disposition.
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Table 2. Subjects who Prematurely Discontinued From the Study.

Duration of
Subject Sequence Group Treatment Reason for
Number /Period (Days) Discontinuation Comment
349171085 | Warfarin Lead-in 10 Crossover Pertod Subject did not meet Stable INR
Period Inclusion Criterion 2 Crossover Period Inclusion
Not Met Critenion: INR Level was not within
the protocol specified range (=1.5 fo
<2.0) on Day 10 of the Warfarin
Lead-in Period.
349171009 Prior to 12 Crossover Period Investigator’s decision based on
Randomization Inclusion Criterion 4 out-of-range vital signs.
(Completed Not Met
349171008 | Warfarin Lead-in) 12 Crossover Period Investigator’s decision based on an
Inclusion Criterion 5 out-of-range Warfarin Lead-in
Not Met Period Day 12 safety laboratory
value (ALT elevated).
349171054 12 Investigator’s decision based on an
out-of-range Warfarin Lead-in
Period Day 12 safety laboratory
value (RBCs 1 urine).
114 Sequence 1, 23 Investigator Decision Subject’s conduct was )
Crossover Period 2 unacceptable. Subject received all
14 doses of febuxostat in Period 1,
but was prematurely discontinued
after receiving 9 doses of placebo in
Period 2.
Results:

Warfarin Dose: The distribution of stable warfarin doses (given during the Crossover Period) is

presented in Table 3.

Table 3. Distribution of Stable Warfarin Dose for Subjects Included in the Crossover N

Period and PK/PD Analysis.

Crossover Period Subjects PK/PD Analysis Subjects
(N=28) - (N=27)
‘Warfarin Dose (mg) Number of Subjects Number of Subjects
3.0 4 4
3.5 3 3
4.0 4 4
4.5 5 4
5.0 3 3
5.5 1 1
6.0 1 1
6.5 2 2
7.0 2 2
7.5 3 3

a  One subject (Subject 114) did not complete both regimens as he was prematurely discontinued from the
study due to protocol violation. His data was therefore excluded from the PK/PD analysis.
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Vitamin K dosing: All 4 nonrandomized subjects (Subjects 349171008, 349171009, 349171054,
and 349171085), and one randomized subject (Subject 104), received a single subcutaneous
administration of Vitamin K (Phytomenadione) to assist with lowering the subject’s INR values.

Subject 104 was administered Vitamin K (one 2 mg subcutaneous injection) prior to discharge
after completing Crossover Period 2 (Regimen A, febuxostat arm). This treatment was given
only after all PD blood samples had been drawn and did not impact the PD analysis of this study.
(Reviewer's Note: Although the report indicated thar this subject received Vitamin K due to
increased INR, based on the INRmqx value of 1.7, it does not seem that this patient needed
Vitamin K treatment.)

Pharmacokinetic Results:

Following multiple oral doses of warfarin with 80 mg febuxostat (Regimen A) or warfarin with
placebo (Regimen B), R- and S-warfarin and/or febuxostat levels appeared to be at steady-state
on Day 14 based on trough concentrations.

For subjects in the febuxostat regimen, individual trough plasma concentrations of febuxostat
were within the expected range (nonzero range = 0.01080 to 0.07930 pg/mL) but close to the
LLOQ of 0.0100 pg/mL. However, four febuxostat predose or 24-hour postdose values were
below the LLOQ, with two of these coming from one subject (Subject 116) who did not have
measurable predose and 24-hour postdose febuxostat levels. Laboratory results for uric acid
obtained on Day 7 of Period 2 and the day afier the last febuxostat dose confirmed reduced uric
acid levels which suggest the subject was compliant with febuxostat dosing. Furthermore, this
subject’s individual ratio for warfarin Cmaxand AUCs, and the point estimates for these values
were close to unity. Therefore, omitting this subject from the statistical analysis would not be
expected to change the overall PK results or conclusions.

PK parameters for R- and S-warfarin are listed in Table 4. The 90% confidence intervals for the
ratios of the central values when warfarin was administered with febuxostat (Regimen A)
relative to warfarin with placebo (Regimen B) on Day 14, were within the no effect limit of 0.80
to 1.25 for R- and S-warfarin Cmax, AUCt, and AUC: values (Table 5).

PEARS THIS WAY
f ON ORIGINAL

NDA 21-856 . 23
ULORIC (Febuxostat)

40 and 80 mg Tablets

Resubmission Review (3 Review Cycle)



Table 4. Mean Plasma Pharmacokinetic Parameter Estimates of R- and S-Warfarin on
Day 14 Following Once-Daily Multiple Dosing With Warfarin and Febuxostat or With
Warfarin and Placebo in Healthy Subjects.

tmax Crax AUC AUC, V/F CL/F tins
() (ng/mL) | (ngVmL) | (ngh/ml) @) (LM @

R-Warfarin (Regimen A) .

N 27 27 27 17 14 17 14

Mean 0.983 914 16411 16682 29.0 0.313 63.3 (56.6)

SD 0.726 257 4239 . 4500 11.5 0.058 21.8

CV% 74 28 26 27 40 19 34
R-Warfarin (Regimen B)

N 27 .27 27 17 14 17 14

Mean 1.67 933 16614 16897 253 0.310 55.0 (48.8)

SD 2.06 253 4636 4849 11.2 0.056 19.5

CV% 123 27 28 29 44 18 35
S-Warfarin (Regimen A)

N 27 27 27 21 21 21 21

Mean 0.964 765 12153 12770 28.5- 0.429 49.8 (40.2)

SD 0.732 190 2759 2717 19.1 0.134 32.6

CV% 76 25 23 21 67 31 65
S-Warfarin (Regimen B)

N 27 27 27 21 ) 21 ~ 21 21

Mean 1.11 769 12073 12706 24.1 0.428 41.2 (34.3)

sSD 0.923 191 2850 2593 10.3 0.125 194

CV% 83 25 24 20 43 29 47

Note: Regimen A = Warfarin and Febuxostat 80 mg.
Note: Regimen B = Warfarin and Placebo.
a  Arithmetic mean (harmonic mean).

Table 5. Cpax and AUC of R- and S-Warfarin on Day 14 Following Once-Daily Multiple
Dosing With Warfarin and Febuxostat Relative to Warfarin and Placebo in Healthy
Subjects.

Pharmacokinetic Parameter | Point Estimate | 90% Confidence Interval
R-Warfarin (N=27)

Coax 0.9791 0.9407 - 1.0191

AUC, 0.9923 0.9722 - 1.0128

AUC, . 0.9898 0.9693 - 1.0107
S-Warfarin (N=27)

Cax 0.9973 0.9534 - 1.0432

AUC, 1.0103 0.9887 - 1.0323

AUC, ' 1.0049 - 0.9898 - 1.0202

Note: The point estimates and confidence intervals were obtained from the exponentiated results of analysis
of the natural logarithm-transformed data.

Pharmacodynamic Results: ,

Prothrombin time (PT) in this study was measured and reported as the INR level for PD
assessment. Following administration of warfarin with febuxostat (Regimen A), mean PD
parameter estimates ([the maximum INR value observed post Day 14 warfarin dose (INRyay), the
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24-hour mean international normalized ratio (INRmean24), and the 24-hour mean Factor VII (F-
Vllmean24)] were almost identical to those values when warfarin was administered with placebo

(Regimen B) (ANOVA p-values of p=0.917, p=0.601, p=0.186, respectively) indicating that
multiple oral doses of febuxostat had no effect on warfarin PD parameters (Table 6).

Table 6. Mear Pharmacodynamic Parameter Estimates of INR and Factor-VII on Day 14
Following Once-Daily Multiple Dosing With Warfarin and Febuxostat or With Warfarin

and Placebo in Healthy Subjects.

I INR " | INR gean 2" | FVI,,.,7 (%)
Regimen A: Warfarin and Febuxostat 80 mg (N=27)
Mean 1.496 1.437 . 55.163
SD 0.172 0.142 11.014
Range 13-20 1.2-1.8 34.0-76.1
Regimen B: Warfarin and Placeboe (N=27)
Mean 1.504 1.448 52.925
SD 0.156 0.134 12,744
Range 1.2-1.8 1.2-1.7 27.0-77.5
P-value® 0.917 0.601 0.186
a Included only subjects with data from both crossover periods.
b p-values for comparing Regimens A versus B obtained from ANOVA analysis.
Distrtbution of INR (Bax Plots) on Crossover Parjods Day 14
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Figure 3. Distribution of INR on Crossover Periods Day 14.

Conclusion: Multiple once-daily oral doses of febuxostat 80 mg with warfarin had no effect on

the PK or PD of warfarin at steady-state.
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1.1 Executive Summary

NDA-21-856 is seeking approval of febuxostat (TMX-67) for the management of hyperuricemia
in patients with gout. The doses proposed for registration are 80 mg and 120 mg once daily
(QD). During the first review cycle, NDA 21-856 was deemed Approvable (Action Letter,
October 14, 2005). The Sponsor submitted a complete response in this submission to address the
deficiencies identified in the Action Letter.

The following items (Items 2, 3, 4 and 5) in the Action Letter are related to Clinical
Pharmacology:

2. Evaluate the potential for pharmacokinetic interactions with Uloric when
coadministered with theophylline, azathioprine or mercaptopurine. Uloric
should be studied at its maximum proposed clinical dose, and theophylline,
azathioprine and mercaptopurine may be studied at sub-therapeutic doses in
order to decrease the incidence of adverse effects, if indeed Uloric does
increase the exposure to these compounds in which xanthine oxidase plays a
role in their metabolism. The results of these studies will provide information on
dose selection when these drugs are co-administered. Without these studies, co-



administration of Uloric with theophylline, mecaptopufine or azathioprine will
need to be contraindicated and risk minimization strategies may be needed to
assure that no such concomitant use will occur in the actual use setting.

3. Evaluate the potential for concomitant administration of warfarin and Uloric to
result in hemorrhagic adverse events, and further address the potential for
Uloric to cause hemorrhagic events without co-administration of an
anticoagulant . A significant concern exists due to the finding that two subjects
died as a result of retroperitoneal hemorrhages while being treated with Uloric,
both of whom were receiving warfarin as well. Additional hemorrhagic events
were also noted in the safety database. We do not agree with your conclusion
that there were no drug-drug interaction with warfarin in the clinical
pharmacology study, due to our conclusion that the drug-drug interaction study
with warfarin was inadequate to allow for definitive conclusions. The removal
of subjects with an increased INR from the final analysis in the warfarin drug-
drug interaction trial was problematic. In addition, there were reports of
increased INR values in the clinical database in subjects receiving concomztant
treatment with Uloric and warfarin.

4. Evaluate the induction potential of Uloric on human CYP P450 enzymes. This
study may be conducted in vitro or in vivo.

5. Test the dissolution of febuxostat 80-mg and 120-mg tablets using a USP
Apparatus 2 (paddle) at 75 rpm with 900 mL of 0.05 M potassium phosphate
buffer, at pH 6.8, and maintained at 37°C with the following acceptance &(4}
criteria: Q= — at T=15 min. The current dissolution method and acceptance’
criterion will be revisited if lower dose-strength tablets will be developed for
Suture clinical studies. Solubility permitting, a different pH medium (such as
phosphate buffer pH 6.2) may be appropriate to slow down the drug release at
early time points and provide a discriminating condition.

For Item #2, the Sponsor agreed to a contraindication in the package insert for co-administration
of theophylline with febuxostat. In addition, sponsor also committed to conducting a drug-drug
interaction study as a post-marketing commitment to evaluate the potential for 1nteract10n

between febuxostat and theophylline.

| —— — by
— The protocol for such a study (F-P105-140) was submitted to IND 58,229 (SN

202). Protocol F-P105-140 was reviewed on 06/01/06 and comments were sent to the sponsor on

06/20/06.

The Sponsor also agreed to a contraindication for co-administration of azathioprine and
mercaptopurine with febuxostat. However, as the interaction with azathioprine and
mercaptopurine would present a significant safety risk to clinical trial subjects, these interactions
would not be studied. This approach was acceptable to the Agency (FDA meetmg minutes dated
" December 21, 2005).
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For Item #3, the Sponsor provided additional information to address agency’s concerns. From a

Clinical Pharmacology perspective, although data from 13 subjects who completed the trial

indicated a lack of interaction between febuxostat and warfarin, overall, one cannot conclusively

rule out an interaction based on this study as one third of the subjects discontinued the trial with

an increase in INR. The possible reason for discontinuations could be due to the difficulty in ' b(@
stabilizing INR in these patients. A newwarfarin interaction study with sufficient subjects to

complete the trial is needed for a conclusive determination. In the new study, the lead-in period

for identifying a stabilized warfarin dose may need to be more than 9 days and/or enroll more

subjects (see Section 1.3 “Review of Additional Information for Study C03-057 (Warfarin

Interaction Study)”). With the current data, .

For Item #4, the Sponsor commits to conducting an in vitro human CYP induction study as a
post-approval commitment. The design of this study will be consistent with the Agency’s
October 2004 Preliminary Concept Paper: Drug Interaction Studies — Study Design, Data
Analysis, and Implications for Dosing and Labeling. This approach is acceptable.

For Item #5, the Sponsor accepted Agency’s recommendations for the final dissolution method
and acceptance criteria for febuxostat 80 mg and 120 mg tablets.

Clinical Pharmacology related labeling comments are attached in Appendix 1.

1.2 Recommendations

From a Clinical Pharmacology and Biopharmaceutics point of view, the Sponsor has addressed
the deficiencies discussed in the Approvable Letter. The application is acceptable.

1.3 Review of Additional Information for Study C03-057 (Warfarin Interaction Study)

Study C03-057 is a randomized, double-blind, placebo-controlled, two-way, crossover study to
evaluate the effect of febuxostat on the pharmacokinetics and pharmacodynamics of warfarin in
normal healthy volunteers. The study included a Warfarin Lead-in Period followed by 2
Crossover Periods (without washout) where the subjects received either placebo or febuxostat
120 mg in addition to warfarin for 14 days. The Warfarin Lead-in Period was 9 days in duration.
During the first 6 days, the subjects received titrated doses of warfarin to achieve an INR
between 1.2 and 1.8. This was followed by a stable dose of warfarin for the last 3 days. Subjects
continued on their stable dose of warfarin and the dose was not adjusted during the Crossover
Periods. There were 22 subjects enrolled at the beginning of the study. Twenty-one subjects
were randomized to either febuxostat or warfarin regimen after warfarm lead-in periods, and 13
subjects completed both crossover periods.

Data from these 13 subjects indicated no quantifiable interaction of febuxostat on warfarin
(either PK or INR, Factor VII activity values). However, during the first review cycle, a concern
NDA 21-856 ’ : 3
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was raised about the validity of the conclusion that there is a lack of interaction of warfarin and
febuxostat because eight out of nine subjects who discontinued from the study were due to
increases in INR. The criteria (INR values) to withdraw these subjects from the study were not
clear. No PK information was collected for subjects who discontinued from the study to
determine whether the cause of increases in INR was due to a PK or PD alone interaction.
Because increases in INR is the side effect one would expect if an interaction occurs, the
conclusion of a lack of interaction of warfarin and febuxostat could not be accepted. In
addition, there were reports of increased INR values in the clinical database in subjects receiving
concomitant treatment with Uloric and warfarin. The Sponsor was asked to evaluate interaction
potential between febuxostat and warfarin. In addition, sponsor was also asked to conduct a new
interaction study with sufficient subjects to complete the trial to have a conclusive determination.
In the 12/21/05 meeting, sponsor proposed to address this issue in the resubmission with
additional data analyses and rationale and the Agency agreed to this proposal.

Sponsot’s Clarification for Study C03-057:

In this submission, the Sponsor provided clarifications on why subjects were withdrawn. All 8
subjects were withdrawn during the first crossover period. Six subjects were withdrawn on Day
1 after receiving the first dose of febuxostat (Subject 103 and 112) or placebo (Subjects 108, 110,
115 and 117) due to high and/or unstable pre-dose INR values (Figure 1 and Table 1). Because
the lead-in INR values were not available at the randomization, those subjects were withdrawn
after randomization on Day 1. Of note, Subject 117 was withdrawn due to Lead-in Period INRs
that were both high and not stable (INRs Day 7: 1.99; Day 8: 2.21; Day 9: 2.66; Crossover Day 1
predose: 1.84; retest postdose Day 1: 2.58).

Table 1. Subjects Removed from the First Crossover Period Based on Predose INR

Subject Nmmber Lead-in INR (Day 9) First Crossover Predoze INR (Day 1)
108 226 247
110 2326 222
115 205 217
112 234 234
103 221 ‘216
117 266 1.84

Note: Subjects were withdrawn in a blinded manner. |
Crozs-reference: C03-057 Clinical Study Report
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Figure 1. Disposition of Subjects in Study C03-057
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- The remaining 2 subjects were withdrawn during the first crossover period, for safety reasons
due to high INR (>3.0) (Figure 1 and Table 2). One of these subjects (Subject 120) was on
febuxostat and warfarin, while the other (Subject 109) was on warfarin and placebo. Also noted
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that one subject (Subject 119) had 1 INR >3 in each of the Crossover Periods, neither of which
was verified on repeat testing, and therefore this subject continued in the study.

Table 2. Subjects with Maximum INR >3 During Double-Blind Treatment

. |Subject Predoze | Maximnm
Number INEB. INR Comments

119 192 309 Subject experienced an INR of 3.02 during the warfarin/placebo regimen
and 3.09 during the warfarin/felmxzostat regimen, but neither of these
2 elevations waz confirmed npon retesting (retest INR of 2.8). Subject

comtimued in study.

109 208 3.76 Subject was withdrawn” during frestment with the warfarin/placebo
regimen because the increazed INR was confirmed upon re-testing (refest
INR of3.25).

120 205 3323 Subject was withdravwn” during the warfarin/febuxostat regimen because

the increased INR was confinmed wpon re-testing (retest INR of 3.23).
a  Subjects were withdrawn in a blinded manner.
Cross-reference: C03-057 Clinical Stndy Report

Reviewer’s Assessments:

Although the protocol specified a stabilized INR of 1.5-1.8 as an inclusion criterion, it was “soft”
on the INR “cut-off” to withdraw patients from the trial. It all depended on investigator’s
judgment. It seems that an INR of 2 was used for withdrawal after the warfarin lead-in period
and that repeated INR values of >3 was used for withdrawal during the crossover period.
However, there is inconsistency in withdrawing subjects. For example, some subjects (Subjects
105, 109, and 120) who qualified for “discontinuation” due to high (>1.8) and unstable pre-dose -
INR continued in the trial (Table 3). Subjects 109 and 120 were withdrawn later due to high

INR (>3) suggesting that their INR values were not stable at the randomization.

The INR data suggest that high drop out rate was likely due to difficulty in stabilizing INR in
subjects who enrolled in the study. The design of the study was not optimal, and a lead-in period
of 9 days may not be long enough for a stabilized INR in these subjects who were withdrawn
from the study. Even for subjects who completed the frial, unstablized INR values were noticed
during the first few days of the Crossover period 1. For example, Subjects 111 and 119 showed
increased INR for the initial few days in the Crossover period 1 and INR values were stabilized
for the remaining study period (Table 4). For Subject 111 the first crossover period was the
febuxostat arm and for Subject 119, it was the placebo arm.
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Table 3. Subjects Included in the Crossover Period.

Subject Number | Lead-in INR (Day 9) Predese INR (Day 1)
101 184 181
103 215 ' 2.05
106 A 163 1.72
109 2.00 ' 2.08
i1l 149 148
114 143 153
118 1.79 2.68
119 1388 _ 1%
120 2.05 2.05
151 158 163
152 128 142
153 139 157
154 147 168
155 149 145
156 134 1.70

Cross-reference: C03-057 Chinical Study Repost

Note: Subject 118 continued in the study since Lead-in Period INRs were low and stable (INRs Day 7: 1.55; Day 8:
1.61; Day 9: 1.79; Crossover Day 1 predose 2.68; retest postdose Day 1: 1.89).

Table 4. Predose-INR Values for Subjects 111 and 119.
Sub'ect 111 _ Sub'ect 119
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Based on the information above, the link between increases in INR and febuxostat seems weak;
however, an interaction between warfarin and febuxostat cannot be conclusively ruled out based
on the available data. A new warfarin interaction study with sufficient subjects to complete the
trial is needed for a conclusive determination. In the new study, the lead-in period for
identifying a stable warfarin dose may need to be more than 9 days and/or enroll more subjects.
The current data would not warrant a contraindication between febuxostat and warfarin.

B

R

In the absence of

data from a new study,
into the package insert.

b(4)

Lei Zhang, Ph.D.

Clinical Pharmacology Reviewer
Division of Clinical Pharmacology II
Office of Clinical Pharmacology

Concurrence:
Suresh Doddapaneni, Ph.D.
Clinical Pharmacology Team Leader
Division of Clinical Pharmacology II
Office of Clinical Pharmacology
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1 EXECUTIVE SUMMARY

Febuxostat (TMX-67) is a new molecular entity that inhibits the synthesis of uric acid by
inhibiting xanthine oxidase (XO), the enzyme responsible for the conversion of hypoxanthine to
xanthine and of xanthine to uric acid, the end product of purine metabolism in humans.

This New Drug Application (NDA) proposes febuxostat for the management of

hyperuricemia in patients with gout. The doses proposed for registration are 80 mg and 120 mg
once daily (QD). Febuxostat is structurally different from allopurinol (a purine analog), the only
XO inhibitor currently approved for the treatment of gout.

In the United States, there are about 2.5-4 million gout patients. Gout is a metabolic disorder in
which tissue deposition of monosodium urate crystals from supersaturated body fluids results in
acute attacks of inflammatory arthritis and the development of palpable crystalline aggregates
(tophi), primarily in connective tissue, but potentially in virtually any organ. Tophaceous
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deposits on tendons, bone, and joints can occur in any location. Gout typically progresses
through four stages: asymptomatic hyperuricemia, acute gouty arthritis, intercertical gout (the
variable interval between recurrent acute episodes), and chronic tophaceous gout. Gout is more
common in males than females (9:1) and the predominant age range is 30-60 years.

Elevated serum uric acid (SUA) level is an important diagnostic measure in chronic gout and a
clinical measure that can be monitored during the management of the disease and to guide
therapy. Uric acid precipitates at approximately 7 mg/dL at 37°C. Therefore, serum urate level
is a reliable predictor of gout. There is strong evidence of a correlation between reducing serum
urate levels, and reduction in size of tophi, and decreasing frequency of gout flares over time. In
a recent Arthritis Advisory Committee meeting (June 2, 2004), it was generally agreed that
targeting SUA levels to < 6 mg/dL should be sought if SUA is used as a surrogate endpoint for
chronic gout treatment.

Urate-lowering pharmacotherapy is the long-term treatment option for the management of
patients with gout and frequent attacks of gouty arthritis, chronic gouty arthropathy, chronic
tophaceous gout, gout-related renal impairment, or uric acid urolithiasis. The current choice of
urate-lowering agents are the uricosuric drugs (eg, probenecid), which enhance renal uric acid
excretion, and the XO inhibitor, allopurinol, which reduces uric acid production. Uricosuric
drugs have limited efficacy and/or safety in patients with renal imsufficiency or prior urolithiasis.
About 2-4% patients who take allopurinol develop hypersensitivity and doses of allopurinol need
to be decreased in patients with renal impairment.

To support this NDA application, the Sponsor conducted 29 clinical studies with

febuxostat: 24 Phase 1 studies, 2 Phase 2 studies, and 3 Phase 3 studies. Two of these studies
(Phase 3 Studies C02-009 and C02-010) are considered pivotal for the demonstration of the
efficacy and safety of febuxostat in subjects with hyperuricemia and gout. Two open-label
extension studies (Phase 2 Study TMX-01-005 and Phase 3 Study C02-021) are currently
ongoing.

The Phase 3 pivotal trials C02-009 (a 28-week Phase 3 trial) and C02-010 (a 52-week Phase 3
trial) studied febuxostat doses of 80, 120 and 240 mg QD, 100 or 300 mg allopurinol and
placebo. The primary efficacy endpoint is the proportion of subjects whose last three serum
urate levels were below 6.0 mg/dL. The response rate for the febuxostat 80 mg QD treatment
group was 51% and for 120 mg QD treatment groups was 63%, and both were more effective
than the allopurinol 300/100 mg QD treatment group (response rate 22%). Response rates in the
placebo and febuxostat 240 mg QD treatment groups were 0% and 69%, respectively. The urate-
lowering effect of all active treatments was observed by Week 2 and was maintained throughout
the course of treatment.

In terms of safety, the overall side effect profile of febuxostat is potentially worse than that of
allopurinol. Cardiovascular adverse events have been identified during the review process as a
significant concern. There were 6 cases of death in the U.S. development program (2 who
received 80 mg febuxostat [retroperitoneal hemorrhage and respiratory failure], and 4 who were
in the 120 mg febuxostat group [respiratory failure/anoxic encephalopathy, colon cancer
metastasis, myocardial infarction, and acute myocardial infarction]). In the ongoing trials, there
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were two additional death cases (one in 80 mg dose and one in 120 mg dose). In all cases the
possible association with the drug could not be excluded with possible exception of the colon

' cancer metastasis case. Six out of eight cases occurred after 170 days of exposure to febuxostat.
In addition to these reported deaths there were numberous reports of non-fatal cardiovascular
events at a rate far in excess of the numbers in the allopurinol arm of the trial. Please refer to Dr.
Joel Schiffenbaur’s (efficacy) and Dr. Tatlana Oussova’s (Safety) reviews for details of efficacy
and safety review

The Clinical Pharmacology/Biopharmaceutics section of this NDA provides information on
metabolism and PK/PD of febuxostat, dose-proportionality, food effect, extrinsic and intrinsic
effects on PK/PD of febuxostat, and QTc evaluation in healthy subjects. Pop-PK/PD evaluation
of febuxostat in gout patients was also conducted in Phase 2 and 3 studies.

Febuxostat is not marketed in any country at this time.

[/

1.1 Recommendations

From a Clinical Pharmacology and Biopharmaceutics point of view, the Sponsor has
characterized the pharmacokinetic and pharmacodynamic performance of febuxostat. There are,
however, some areas of concern that need to be addressed:

1. The in vivo drug interaction potential of febuxostat with drugs that are xanthine oxidase (XO)
substrates needs to be evaluated:

a. Theophylline: Febuxostat should be studied at its maximum proposed clinical dose and
theophylline may be studied at a sub-therapeutic dose for decreasing side effects.

b. Mecaptopurine or azathioprine: Febuxostat should be studied at its maximum proposed
clinical dose and mecaptopurine or azathioprine may be studied at a sub-therapeutic dose
for decreasing side-effects.

The results of these studies will provide information on dose selection when these drugs are co-
administered. Without such studies, febuxostat needs to be contraindicated with theophylline,
mecaptopurine and azathioprine.

2. The induction potential of febuxostat on buman CYP-P450 needs to be evaluaed. Such study
could be conducted either in vitro (human hepatocytes) or in vivo. Based on the results to date,
the sponsor may study induction potential on CYP3A and CYP1A first. Ifthere is no induction
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on CYP3A, no further study to evaluate induction on CYP2C8 or CYP2C9 is needed. If there is
induction on CYP3A, then they need to further study induction on CYP2CS8 and CYP2C9.

3. We do not agree with the Sponsor’s conclusions as they relate an absence of a drug-drug
interaction with warfarin. The removal of subjects with an increased INR in the warfarin drug-
drug interaction trial lowered the strength of the results. We also note that there are reports of
increased INR values in the clinical database in subjects on febuxostat, taken in conjunction the
concomitant use of warfarin and febuxostat should be contraindicated at this time.

4. A review of the data presented in the NDA suggests that lower doses should be used in certain h{@}
populations to maintain, on average, similar plasma levels with normal volunteers. ——

—

Please convey the following comments to the Sponsor regarding “dissolution method and
acceptance criterion” for febuxostat 80 and 120 mg tablets:

1. Please test the dissolution of febuxostat 80 mg and 120 mg tablets using USP Apparatus 2
(paddle) at 75 rpm with 900 mL of 0.05 M potassium phosphate buffer, pH 6.8, maintained at
37°C with the following acceptance criterion:

Time Point  Specification %&Q
15 minutes Q= +~—

The current dissolution method and acceptance criterion will be revisited if lower dose strength
tablets will be developed for future clinical studies. A different pH medium may be appropriate
if solubility allows.

Labeling recommendations ares deferred pending the completion of a successful clinical
development program. The following items need to be considered at the time of future labeling:

b(4)

1.2 Phase 4 Commitments

None (not applicable as the application is not “approvable” at this time).
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1.3 Summary of Important Clinical Pharmacology and Biopharmaceutics (CPB) Findings

A total of 27 in vivo pharmacokinetic and pharmacodynamic trials have been submitted in
support of this NDA. In addition, there are more than 30 in vitro study reports included to
characterize in vitro metabolism, transport, protein binding and dissolution profiles of febuxostat.

Absorption, Distribution, Metabolism and Elimination
In a radiolabeled study the absorption of febuxostat was estimated to be 49% (based on total

radioactivity recovered in the urine). As unchanged febuxostat accounted for less than 16% of
the dose in the feces, absorption could be as high as 84%. Maximum plasma concentrations of
febuxostat occurred between 1.0 to 1.5 hours post-dose. The mean steady-state Cinay, AUC,4 for
febuxostat at 120 mg (the maximum proposed clinical dose) was 5.3 1.7 pg/mL, and 12 +2
ngh/mL, respectively. The apparent elimination half-life for febuxostat was about 5-10 hr.
There was no appreciable accumulation of febuxostat following multlple dosing indicating that
effective half-life for febuxostat was short.

Crax of febuxostat was dose-proportional from 10-300 mg (Studies TMX-99-001 and C02-023).
However, AUC of febuxostat was dose proportional only up to 120 mg following single and
multiple dose administration (Study TMX-99-001). A greater than dose-proportional increase in
febuxostat AUC was observed for doses greater than 120 mg (Studies TMX-99-001 and C02- -
023). The cause of the change in PK at higher dose is unclear (possibly due to saturation of renal
elimination which leads to an increase in the extent of enterohepatic recycling of febuxostat).

A high fat meal decreases the rate and the extent of absorption of febuxostat (Cmax decreased
38%, AUC decreased 16%, and Tmax delayed by 0.5 hr) (Study C03-054). Uric acid reduction in
serum was slightly higher under fed conditions than fast conditions after multiple dosing (58%
vs. 51%) (Study C02-036).

Febuxostat is highly bound to plasma proteins (~99.3% bound), primarily to albumin. In ,
subjects with renal impairment, a slight decrease in protein binding of febuxostat with increasing
‘renal impairment was observed (98.8% ini severe renally-impaired subjects vs 99.1% in subjects
with normal renal function)(Study TMX-01-008). Febuxostat metabolites, 67M-1, 67M-2, and
67M-4 are less bound to plasma proteins than the parent drug (90.9%, 81.8%, and 91.2%,
respectively). Mean apparent steady state volume of distribution (Vs/F) in healthy subjects was
around 50 L (CV ~40%) (pooled study data). It appeared that febuxostat Vs/F increased slightly
for subjects with moderate or severe renal impairment (Study TMX-01-008).

In vitro metabolism and in vivo ADME study (Study C03-040) indicated that febuxostat is
metabolized both by conjugation and oxidative pathways. Acyl glucuronide metabolites of
febuxostat (~35% of the dose) recovered in the urine, and oxidative metabolites, 67M-1 (~10%
of the dose), 67M-2 (~11% of the dose), and 67M-4 (a secondary metabolite from 67M-1, ~14%
of the dose) recovered in the urine and feces appeared to be the major metabolites of febuxostat
in vivo. 67TM-1, 67M-2 and 67M-4 have been shown to be inhibitors of purified bovine milk!

1 Xanthine oxidase is a component of the milk fat globule membrane and is the standard source in the hterature for
purified xanthine oxidase.
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X0, and their potency was the same as or less than that of febuxostat. However, febuxostat was
the major component in plasma with an AUC ratio of these metabolites to febuxostat at steady
state 0f 0.03. Thus, even considering the protein binding differences between febuxostat and its
metabolites, febuxostat would be responsible for the pharmacodynamic effect. Urinary excretion
of unchanged febuxostat was typically accounted for less than 4% of the administered dose.

The relative contribution of P450 isoforms in the oxidative metabolism of febuxostat is not clear.
It is likely that 67M-1 was mainly metabolized by non-P450 enzymes and the same maybe true
for its metabolite, 67M-4. 67M-2 was mainly formed by CYP1A2, CYP2C8 and CYP2C9 in the
liver. 67M-3, a major metabolite formed in vitro, was not detected in significant amount in vivo.
67M-3 was mainly metabolized by CYP1Al. Febuxostat is metabolized to its acyl glucuronide
by several uridine diphosphate glucuronosyltransferase (UGT) isoforms (mamly UGT1ALl,
UGT1A3, UGT1A9, and UGT2B7).

Data from Caco-2 cells indicated that febuxostat had medium permeability at pH 7.4 and its’
permeability was enhanced by lowering pH. It is likely that febuxostat is a substrate of pH-
dependent transporters. It was not clear whether P-gp was involved because of lack of positive
control for P-gp activity in the assay. :

Febuxostat was found to be a modest competitive inhibitor of CYP2D6 with a Ki of 40 pM (12.6
pg/mL). Febuxostat showed essentially no inhibitory activity against the other CYP isoform activities
evaluated (i.e., CYP1A2, CYP2C9, CYP2C19, and CYP3A4), with Ki values greater than 100 uM.
Inhibition potential of febuxostat on P-gp has not been studied.

The induction potential of febuxostat on human CYP enzymes has not been studied either in
vitro (hepatocytes) or in vivo.

Special Pogulatwn
Hepatic Impairment (Study TMX-01-012): The plasma exposure to febuxostat was greater in

subjects with mild or moderate hepatic impairment compared to subjects with normal hepatic
function following the administration of daily 80 mg oral doses of febuxostat for 7 days. An
average of 20-30% increase was observed for both C;.x and AUC,4 (total and unbound) in

. hepatically impaired groups. :

Greater exposure of febuxostat in hepatically-impaired groups did not translate to greater
reduction in serum uric acid levels on Day 7. Percent reduction in both mild (49%) and
moderate (48%) hepatic impairment groups were 13 and 14% less than the reduction observed in
healthy group (62%). The mean percent decrease in serum urate for healthy subjects in other
special population studies ranged from 52% to 58% (Study TMX-01-008 and Study 01-016).
Therefore, 48-49% reduction of uric acid level observed in this study appeared to be comparable
to healthy groups.

Dose adjustments for febuxostat in subjects with mild or moderate hepatic impairment, based on
exposure results and serum uric acid reduction activity mentioned above, are not necessary. PK
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or PD of febuxostat in subjects with severe hepatic impairment has not been studied. A dose
recommendation could not be made for severe hepatic impairment patients.?

Renal Impairment (Study TMX-01-008): Following the administration of 80 mg oral doses of
febuxostat daily for 7 days, AUC and Ty, of febuxostat increased in subjects with renal
impairment in comparison to subjects with normal renal function, but values were similar among
all three renal impairment groups. Unbound AUC;4 (AUC:4,) of febuxostat increased about
60% from normal in mild, moderate and severe renal impairment. The percent decrease in serum
urate on Day 7 appeared to be similar regardless of the renal function.

One potential concern in the administration of xanthine oxidase inhibitors is the development of
xanthine stones in the kidneys, secondary to the build up of uric acid precursors. Serum xanthine
concentrations on Day 7 for subjects with severe renal impairment were about 3-fold higher than
those for subjects with normal renal function. However, the 24-hour mean serum xanthine
concentrations (0.55 + 0.24 mg/dL) in patients with severe renal impairment were substantially
lower than the solubility limit of xanthine in pH 7.4 serum (10 mg/dL), mdlcatmg the low
likelihood of xanthine stone formation.

Based on the results of this study (60% increase in AUC in renal 1mpa1rment patients), patients

with renal impairment should ~———
— PK or PD of febuxostat in end-stage renal impairment patients who are on dialysis has not b{@)

been studied. However, febuxostat is not expected to be routinely used in end-stage renal

impairment patients who are on dialysis because dialysis would effectively remove uric acid.

Gender (Study TMX-01-016): The plasma exposure to febuxostat was greater in female
subjects compared to male subjects following the administration of daily 80 mg oral doses of
febuxostat for 7 days. An average of 35% and 15% increase was observed for Ciax and AUCyq,
respectively, in female subjects. Part of the difference could be accounted for by lower body
weight for female subjects. The percent decrease in serum urate was also slightly greater in
females as compared to males (59% vs. 52%) which was not accounted for by either body weight
or AUC,4,, of serum urate. It should be noted, however, that the baseline uric acid lévels were
also lower in female subjects. Although a higher % reduction was observed in female subjects,
the magnitude of uric acid reduction did not differ much between female and male subjects.
Therefore, the difference in % reduction was not considered significant as it was related to the
differing baselines used in the calculation. No dose adjustment would be necessary based on
gender differences.

Race: According to the literature, there is a racial difference in terms of gout incidence. The
incidence of gout is higher in African Americans compared to Caucasians in the U.S. (3.11 per
1,000 person-years vs. 1.82 per 1,000 person-years). No specific pharmacokinetic study was
conducted to investigate the effects of race.

Subgroup analysis (via a multivariate logistic regression model) of the pivotal Phase 3 efficacy
data indicated that Caucasian subjects had a higher chance of achieving the primary efficacy

2 Xanthine oxidase is widely distributed throughout mammalian tissues. .
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endpoint compared to non-Caucasian subjects (estimated adjusted odd ratio 1.605 (95%CI
(1.192, 2.162)).

Age (Study TMX-01-016): The plasma exposure to febuxostat was similar between healthy
subjects 18-40 years and subjects > 65 years following the administration of daily 80 mg oral
doses of febuxostat for 7 days. In addition, the percent decrease in serum urate was also similar
between different age groups 18-40 years and > 65 years (55% vs. 56%). Therefore, the
pharmacokinetics and pharmacodynamics of febuxostat did not appear to be substantially
affected by age. As a result, no dose adjustment would be recommended based on differences in
age.

Pediatric Patients: The pharmacokinetic profile of febuxostat in pediatric patients has not been
established. The Sponsor requests a full waiver from the pediatric assessment requirements on
the basis that necessary studies are impossible or highly impractical because the number of
patients is very small.

Gout Patients: Population PK analysis suggests that PK of febuxostat is similar in healthy
subjects and gout patients. The mean apparent clearance is 8.4 L/hr for gout patients and 10.3
L/br for healthy subjects. The estimated half-life (tig) is 7.7 h in healthy subjects and 7.5 h in
patients.

OTc Prolongation Potential

QT prolongation potential of febuxostat (80 and 300 mg QD for 4 days) was evaluated in Study
C02-023. —— (moxifloxacin 400 mg) and placebo were included in the study. Based on the
individual and mean pharmacokinetic data at steady state, ECG recordings were obtained at or
near the time of maximum febuxostat and moxifloxacin plasma concentrations. As compared
with placebo, the analysis of ECG data demonstrated that there were no QT or QTFc (corrected
using the Fridericia’s formula) interval prolongations for the febuxostat regimens (80 and 300
mg QD), whereas —— (moxifloxacin) 400 mg QD significantly prolonged QT and QTFc
intervals.

Besides the formal QT study (C02-023), standard 12-lead resting ECGs were monitored in all
Phase 2 and 3 studies. According to the safety medical officer, there was no indication of QT
prolongation with the drug. The ECG analysis did not show any subjects with prolonged QT as
an adverse event (AE). Most of cardiovascular AEs were of ischemic/thrombotic nature or
chronic heart failure (CHF) exacerbation and not conduction/thythm disturbances.

Drug interactions (Reviewed by Dennis Bashaw, Pharm.D.)

The potential for drug interactions was evaluated in eight in vivo clinical pharmacology studies
in the United States which incorporated an evaluation of the effect of antacid, the relevant in
vitro DDI results, drugs that can be expected to be coadministered with febuxostat, and warfarin.

Potential for febuxostat to affect other drugs | Potential for other drugs to affect febuxostat
Desipramine, Colchicine, Indomethacin, Antacid, Colchicine, Indomethacin, Naproxen,
Naproxen, and Warfarin and Hydrochlorothiazide
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While the in vitro metabolism studies did not suggest a high likelihood of a CYP-P450 mediated
DDI, a study was done to evaluate the effect of febuxostat on the pharmacokinetics of
desipramine (a known 2D6 substrate) as a “possible” effect was seen in vitro.

From a therapeutic point of view, additional DDI studies were conducted to evaluate the effect of
febuxostat coadministration with agents commonly used in the treatment of acute gouty attacks;
colchicine, indomethacin, and naproxen. As hydrochlorothiazide is known to inhibit the renal
secretion of uric acid (thus exacerbating serum uric acid levels), a DDI study incorporating both
PK and PD measurements (serum uric acid) was also completed. '

While minor changes in pharmacokinetics were seen in most of these studies, the changes do not
reach the level where dosage adjustment would be necessary with the exception of naproxen’s
effect on febuxostat. Following co-administration of naproxen (at an anti-theumatic dose of
500mg BID) with febuxostat, the Cyax and AUC,4 of febuxestat increased by approximately 28%
and 40%, respectively, as compared to values following febuxostat administered alone. This
increase in febuxostat levels may be related to an effect on the glucuronidation of febuxostat
which is manifested by an approximately 40% drop in clearance. ———————

e ——

-~

Coadministration with an antacid did result in a delay in achieving febuxostat peak levels by 1
hour and a 31% decrease in peak levels and no effect on AUC. As the effect of febuxostat is felt
to be more associated with exposure rather than peak level, these changes are not sufficient .
enough to result in a dosage adjustment recommendation.

As for effect of febuxostat on warfarin, the study incorporated multiple dosing (120 mg febuxostat
for 14 days), a chiral assay, and assessments of coagulation (both INR and Factor-VII(F-VII)
assay). Interms of the pharmacokinetics and pharmacodynamics of warfarin, the sponsor noted
no significant difference in either the PK or PD of warfarin. This conclusion is, however, based
on data from only 13 of the 22 subject who were randomized to the treatment phase of the study.
An additional 8 subjects were dropped from the dataset due to increased INR values that required
vitamin K administration (a ninth subject received vitamin K following completion of the dosing
phase of the trial). Although these 8 subjects, who were removed on treatment, were equally
divided between the two treatment arms (at the time of discontinuation), an increased INR value
would be the signal one would expect if there was an interaction. Based on the removal of
subjects due to increased INR values, and the reports of adverse events (hemorrhage) from the
clinical database in subjects receiving warfarin concomitantly, —_——————

Exposure-Response (Reviewed by Atul Bhattaram, Ph.D.)

Sponsor has conducted extensive studies in healthy subjects and patients aimed at examining the
relationship between dose/concentration-serum urate levels. In the pivotal trials, three dose
levels of febuxostat (80, 120 and 240 mg), placebo and allopurinol were tested in patients whose
baseline serum urate levels were greater than 8 mg/dL. The primary endpoint (response rate)
that was agreed upon by the Agency and the sponsor was “Proportion of patients whose last three
visit serum urate levels are below 6 mg/dL”. The response rates (combined from two trials) were
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51%, 63%, 69% at 80, 120 and 240 mg febuxostat dose groups respectively. The response rate
was 22% for the allopurinol group.

In terms of risk, there is no dose-safety (non-cardiovascular) events relationship at 80 and 120
mg which would necessitate substantial dose adjustments. However, as noted by the safety
medical officer, there are higher incidences of cardiovascular risk events in the febuxostat arms
in comparison to allopurinol. The question then was “What do we know about benefit at lower
doses, although one would expect safety related risk(s) would be lower or similar to the tested
doses?” Based on PK/PD modeling and simulations, the response rate of a lower febuxostat dose
(40 mg) is projected to be about 22% which is similar to allopurinol. However, it is not possible
to comment on any lower risk of cardiovascular events in comparison to doses tested in clinical
trials.

The current dosing recommendations proposed by the sponsor are 80 mg QD

— . Testing for the target serum uric acid level of <6.0 mg/dL may be performed as earlv
as 2 weeks after initiating febuxostat therapy. ¢ __.

2ave

As noted earlier, there are concerns regarding the cardiovascular safety of febuxostat. At the
present time the cardiovascular AE for the 40 mg or any dose lower than 80 mg is unknown.
Long-term efficacy and safety study at 40 mg (or 60 mg) dose will be needed before a dose
recommendation for a dose lower than 80 mg could be made.

Dosage Form Bioequivalence:
The pivotal clinical trials used the to-be-marketed formulation, Abbott Formulation B1. -In the
NDA database, combinations of lower strength tablets were used to achieve the 80 and 120 mg
to-be-marketed dosage strengths. The 20 mg and 40 mg tablets of Formulation B1 used in some
of the clinical trials
— Because of the dose-proportlonal PK in the range of 10-120 mg for
febuxostat, it is expected that these tablets would be bioequivalent. Results from Study C03-044
demonstrated that one febuxostat 120 mg Formulation B1 tablet was bioequivalent to 1
febuxostat 80 mg Formulation B1 tablet plus 1 febuxostat 40 mg Formulation B1 tablet.

Teljin’s formulation, Formulation A3, was used in many PX studies. Results from the .
bioequivalence study (Study TMX-02-018) demonstrated that 20 mg tablet of Formulation B1
was bioequivalent to 20 mg tablet of Teijin Formulation A3. In addition, the Abbott B1 80 mg
tablet was bioequivalent to four Abbott B1 20 mg tablets. Thus, all of the formulations were
linked to each other.
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Dissolution
The specification was proposed for dissolution testing of febuxostat 80 mg and 120 mg tablets

/ [ / / /

ek 2

— / ' / h(4)

The proposed dissolution method and acceptance criterion for febuxostat tablets are not
acceptable

by

- , _ . _ . Therefore,
based on the totality of the dissolution data, the following dissolution method and acceptance
criterion for the 80 and 120 mg tablets were reached with the chemistry review team:

Dissolution testing of febuxostat 80 mg and 120 mg tablets using Apparatus 2 (paddle) at 75 rpm
with 900 mL of 0.05 M potassium phosphate buffer, pH 6.8, maintained at 37°C:
Time Point - Specification

15 minutes Q= — h(4)

If lower dose strength tablets will be developed for future clinical studies (e.g., 40 and 60 mg
tablets), the current dissolution method and acceptance criterion will be revisited. A different pH
medium may be used if solubility allows.

Lei Zhang, Ph.D.

Clinical Pharmacology Reviewer

Division of Pharmaceutical Evaluation I1I

Office of Clinical Pharmacology and Biopharmaceutics

Concurrence:
E. Dennis Bashaw, Pharm.D.
Clinical Pharmacology Team Leader
Division of Pharmaceutical Evaluation III
Office of Clinical Pharmacology and Biopharmaceutics
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OCPB briefing (Requried Office-Level) Date: July 28, 2005.

2 QUESTION BASED REVIEW

(Reviewer’s Note: Febuxostat and TMX-67 are used inter-changeably in the review.)

2.1 General Attributes

2.1.1 What are the highlights of the chemistry and physico-chemical properties of the drug
substance, and the formulation of the drug product?

Table 2.1.1.1. Physical-Chemical Properties of Febuxostat.

Drug Name Febuxostat (TMX-67) A
Chemical Name 2-[3-cyano-4-(2-methylpropoxy)phenyl}-4-methylthiazole-5-
carboxylic acid
i

/K/ 0O
Structure and HyC O

Molecular Formula

" ':{“‘
§
' O,H

CiHi6N205S
Molecular Weight - 316.38
pKa - The aqueous pKa is calculated to be 3.3, corresponding to that of

a carboxylic acid
Appearance Non-hygroscopic, white crystalline powder
Melting Range 205°C to 208°C. :
Solubility Freely soluble in dimethylformamide; soluble in

dimethylsulfoxide; sparingly soluble in ethanol; slightly soluble
in methano! and acetonitrile; and practically insoluble in water.

Table 2.1.1.2. Saturated Solubility of Febuxostat in Various Buffer Solutions.

Buffer/pH Solubility at 37°C (mg/mL)

0.1N hydrochloric acid, pH 1.0 ,
0.05M acetate buffer, pH 4.5 /
0.05M citrate buffer, pH 5.5 j

0.05M phosphate buffer, pH 6.0 //

0.05M phosphate buffer, pH 6.8 ' ‘ /
0.05M phosphate buffer, pH 7.4 |

b(4)
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Febuxostat tablets are available in two dosage strengths, 80 and 120 mg. Inactive ingredients in

the tablets include lactose monohydrate, microcrystalline cellulose, hydroxypropyl cellulose,

sodium croscarmellose, silicon dioxide and magnesium stearate. The tablets are coated with

Opadry I1, green. ‘ — {4
(See Section 2.5.1).

I 2.1.2 What is the proposed mechanism of drug action and therapeutic indications?

Febuxostat (TMX-67) is a 2-arylthiazole derivative that selectively inhibits the synthesis of uric
acid by inhibiting xanthine oxidase (XO), the enzyme responsible for the conversion of
hypoxanthine to xanthine and of xanthine to uric acid, the end product of purine metabolism in
humans (see the diagram below). The in vitro K; value for the inhibition of human liver XO was

10 nM. Eebuxostat
VAN
X0 X0

Hypoxanthine% Xanthine Uric Acid

Febuxostat has been shown to inhibit both the oxidized and reduced forms of XO. Unlike
allopurinol, febuxostat is not a purine analog. At therapeutic concentrations, febuxostat does not
inhibit other enzymes involved in purine or pyrimidine metabolism, namely, guanine deaminase,
hypoxanthine guanine phosphoribosyltransferase, orotate phosphoribosyltransferase, orotidine
monophosphate decarboxylase or purine nucleoside phosphorylase.

Gout is a metabolic disorder in which tissue deposition of monosodium urate crystals from
supersaturated body fluids results in acute attacks of inflammatory arthritis and the development
of palpable crystalline aggregates (tophi), primarily in connective tissue, but potentially in
virtually any organ. The underlying metabolic disorder in gout is hyperuricemia, which is best
defined as an elevation in serum uric acid level to >7.0 mg/dL. This value just exceeds the limit
of solubility of urate in extracellular fluids (6.8 mg/dL). The solubility of monosodium urate,
however, is dependent on various factors such as temperature, pH, sodium ion and protein
concentrations. As serum urate values increase beyond the level of urate solubility, extracellular
fluids are increasingly saturated, increasing urate crystals within the joint, resulting in gout
flares. Treatment of hyperuricemia in patients with gout is aimed at decreasing serum uric acid
below 6.0 mg/dL.

The proposed indication of febuxostat is for the management of hyperuricemia in patients with
gout. : ‘

2.1.3 What are the proposed dosage recommendations by the Sponsor and route of
administration of febuxostat for the proposed indication?

_ — by
T'esting for the target serum
uric acid level of <6.0 mg/dL. may be performed as early as 2 weeks after initiating febuxostat

therapy. —— - T

—

pr——
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Concomitant flare prophylaxis ————  with an NSAID or colchicine is
recommended. Patients may be more prone to developing gout flares during initiation of

treatment | __— i i _

Febuxostat can be administered without regard to food. No dose adjustment is necessary when
administering febuxostat to patients with renal impairment or mild to moderate hepatic
impairment. No studies have been conducted in patients with severe hepatic impairment;
therefore, caution should be exercised in such patients.

2.2 General Clinical Pharmacology

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

To support Clinical Pharmacology and Biopharmaceutics aspects of febuxostat, a total of 27 in
vivo pharmacokinetic and pharmacodynamic trials have been submitted. In addition, there are
more than 30 ir vitro study reports included to characterize in vifro metabolism, transport,
protein binding and dissolution profiles of febuxostat.

To support clinical efficacy and safety for febuxostat, the sponsor collected the important
efficacy and safety information in the following clinical trials (see Table 2.2.1.1).

APPEARS THIS WAY
ON ORIGINAL
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Table 2.2.1.1. Febuxostat Efficacy Studies.

Duration of
Treatment/
Duration of Gout Primary
Treatment Flare Prophylaxiz ) Efftcacy
'§_tt£ly Groups Design N* |During Ty Study Populati Endpoint
Phace 3 Pivotal Studies
C02-008 [Placcbo [Randomyizzd, (1672 [28 weeks’ Dfale oz Zamale subjects berween 18 [The propartion
Qouostat: [dcuble-blid, S weeks {maproven Jand 85 yvears of age, inzluzive, with  |of mibjects
S0 mg QD parallel-zoup, or colehicine) hAyperaricemda dofined a5 2 serum Jichose lant 3
20 me OD pctive- and rts Jevel 28,0 mg'dL cox the Day -2 |serum mrate
730 mz QD niseéba- [Visit; bistory oy presence of gout  [lavels waye
Allopurinal: leontrodfed defted by pralinduary criteriz of the |69 me/dl.
3007100 mz GO 1AR A for the clasification of the
zenze asthritis of pripmry zowr. ™™
CO2-010 Febuxosz’ap Fandomizad, [760 [52 weeks’ Pfale o famale subjects batween i8 [The proportion
SC e QD ldouble-blind, S wesks {naprowen [and 83 vears of ags, inclusive, with  [of subjects
120 mz QD parallel-zroup, or coichicine) lypenaicenss defined as a setven [whese last 3
[Allopwainot: jactiva- uxatz Jevel 28.0 raz'dl. on the Day -2 |sanmm wrzte
300 me QB contoiiad isit: history or presence of gout {lewels ware
defined by prelissinaty criteriz of the [<6.0 mzfdl
ARA for the elazsifeation of the
zeute arthyiis of primary gout ¥
[Supportive Phase 2 Controlled Study :
TALN00- Placebo Randoniized, [153 [ weeks/ Malz er Seale subjzets batwean 18 {The proportion
(04 Fabuxostat: double-bling, 12 wesks {rolchicine)jand 83 years of age, inclusive, with  [of sublects
40 mz QD parallel-grop, hypanmicemia defined asazeren  jwhose zsrum
86 zoz OD piaceto- wate level 8.0 mz'dL on the Day -2 paste laval
20 mz QB controiled Visit; listory or presence of gout [deersazedito
defined by prelisimary eviteriz of tha [«8.8 mgrdL.
ARK for the elassificationofthe  [after haatment
scure azehrits of primary gout, ™ [with study drug
’ Dy 28}
Supportive Phase 3 Conirolled Study
C02-02 7" [Febuxosiat: Rendmumizad, [1074 F}p to O months’  |Subisets wha complated The propartion
80 az QD open-iakel, S weaks {naproxen [Studies TU2-009 oz C02-CLC. of sitbiects
0 me QD |achve. or colchicine} [whose sarum
lallopurinod: eangrelled, hurate laval
300200 g QD hasety decrensad o
lextension . : [<4.0 mesdl.
Supportive Phase 2 Unconirelled Study
THIX-C1- [Fabuxastar: Open-label, (136 Fp 1o 280 weeks’  (Subicetswha zonmplated The propaction
093" 50 e QD fsafaty 2 weaks {colchicine)|Study TAD-00-004. of subjects
SC e QD axtension [whase z2rum
120 mg Q5 zzate level
daereazed to or
fwas mainfamed
3t 6.0 mgidlL.

ARA = American Rhewunnatizm Azsocistion

a  Iodicates the munber of sublects swho recejved at deast 1 dess of stndy drug.

b Allcpwine] 300 mz QD fiw subjects with zerum creatinine £1.5 msg’dl at Day -2 or 10 mz QD for subjects with cenen
craagnme 1,3 meidf. and <28 mg/dl at Day -2.

¢ Allepurinel 300 mg QD #for suljects who had a servm creatinina <3 .5 mz!dL at the study visi prior to the last 1isit of
the previows study} or 100 mz QD {for subjects who had serur craatiine 1.5 mg/dE. and <20 mg/dl. a the stady visit
priss to tha last visit of the prevdcus studd.

d Onszoing study.

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

The clinical endpoints used in the clinical trials are pre-dose serum urate levels at steady-state.
The primary efficacy endpoint is the proportion of subjects whose last three serum urate levels
were below 6.0 mg/dL (measured every 4 weeks after Week 8). Serum urate level is a reliable
predictor of gout. There is strong evidence of a correlation between reducing serum urate levels,
and reduction in size of tophi, and decreasing frequency of gout flares over time. In a recent
Arthritis Advisory Committee meeting (June 2, 2004), it was generally agreed that targeting
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SUA levels to < 6 mg/dL should be sought if SUA is used as a surrogate endpoint for chronic
gout treatment (where the endpoint is quality of life and decreased incidence of gout flares).

The pharmacodynamic endpoint used in the Phase 1 clinical studies was the percent decrease in
serum urate mean 24-hour concentration from baseline. For the population pharmacodynamic
analyses in the Phase 2/3 studies, the change in serum urate concentration from baseline was
used.

2.2.3  Were the active moieties in the plasma (or other biological fluid) appropriately identified
and measured to assess pharmacokinetic and pharmacodynamic parameters and
exposure-response relationships?

Yes, the Sponsor measured the appropriate moieties in clinical pharmacology studies.

For pharmacokinetics:

They measured febuxostat and its oxidative metabolites (67M-1, 67M-2, and 67M-4) levels in
plasma and urine in most clinical pharmacology studies. They measured the concentrations of
other moieties, as appropriate, in drug interaction studies. The metabolite, 67M-3, although seen
in vitro, was not detected in vivo.

For pharmacodynamics:
- They measured serum and urinary levels of uric acid, xanthine and hypoxanthine.

Please refer to Section 2.6 Analysis for analytical details.

QZ.ZI Is the dose/dosing regimen proposed by the sponsor acceptable? —I

Dosing regimen: Yes, the dosing regimen proposed by the sponsor is reasonable. In terms of
dosing frequency, the sponsor proposed a once-a-day dosing schedule for febuxostat. It is well
reflected in the time course of serum urate levels as shown in Figure 2.2.4.1 below:
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Figure 2.2.4.1. Time Course of Serum Febuxostat and Urate Concentrations after Single
Oral Doses of 40, 80, 120 and 240 mg. :
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Dose: The sponsor conducted extensive studies to characterize dose-response relationship
(Figure 2.2.4.2). : :
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Figure 2.2.4.2. % Reduction (MeantSD) in Serum Urate Levels (pre-dose) in Healthy
Subjects (¢) patients (Phase II-m; Phase ITI- A).

Three-dose levels (80, 120 and 240 mg) were tested in the pivotal trials. The effects on the
primary endpoint (Proportion of patients whose last three visit serum urate levels < 6 mg/dL) in
the pivotal trials were significantly higher in the febuxostat treatment groups than that observed
in the allopurinol (active-control) group (51%, 63%, 69% in febuxostat groups vs. 22% in the
allopurinol group). The time course of serum uric acid as observed in pivotal trials is shown in
Figure 2.2.4.3 below.

Phoebo
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Figure 2.2.4.3. Time Course of Serum Uric Acid (Mean+SEM) in the Pivotal Trials (Shown
are Placebo, Allopurinol, Febuxostat).
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If there were no cardiovascular safety events (Please refer to the review by the Medical Officer),
the 80, 120 mg dose groups offer substantial therapeutic benefit over the current treatment
option-allopurinol. Based on PK/PD modeling and simulations, it appears that the lower dose of
40 mg would offer similar benefit to that of allopurinol as shown in Figure 2.2.4.4 below.
However, it is not possible to characterize risk at this dose as there is no clear dose-response
(risk) relationship. If the rate of cardiovascular events that were observed in the trial are not
acceptable, in view of overall utility of the drug, then a 40 mg dose'would be a useful alternative

. b(4

b(4)

< 6 myg/dL

. % of patients with last three urate levels

0 E T i L) i I
0 50 100 . 150 200 250 300

Dose (mg)
Figure 2.2.4.4. Relationship between primary endpoint vs dose of febuxostat (¢ - observed

in C02-009; A- Observed in C02-010; o~ Predicted; &- Observed for Allopurinol) (Shown
are Mean12S.E for Observed and Mean for Predicted).

2.2.4.3 Does febuxostat prolong QT or QTc interval?
No, febuxostat does not appear to prolong QT or QTc interval.

QT prolongation potential of febuxostat (80 and 300 mg QD for 4 days) was evaluated in Studyb
C02-023. '—" (moxifloxacin 400 mg) and placebo were included in the study. (4)

Maximal and Time-Averaged QTrc Intervals
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The mean of the maximum post-dose QTrc interval values and the time-averaged values for
— 100 mg was statistically significantly greater than placebo (p<0.001) on Day 1 and Day

4, respectively, while there were no statistically significant differences between either of the

febuxostat dose regimens (80 and 300 mg) and placebo (Tables 2.2.4.3.1 and 2.2.4.3.2).

Table 2.2.4.3.1. Comparison of Maximum QTFc Intervals.

Mean of Maximum ¥z (mmsec) Difference from Flacebe (msec) |
Febusostat | Febuxostat — Febuxastat | Febuxostat —_—

Placebo §0 g 300 mg 400 mg 80 mg 300:mg | 400mg |
Baseline 466.0 4071 4057 4043 1.1 0.3 -17
Day 1 396.5 398.6 308.5 466.8 2.1 26 10.3
Dav 4 402.9 403.7 403.1 4159 0.8 2.2 13.0

**% Indicates statisticalty significant difference from placebo atf the 0.001 level

Table 2.2.4.3.2. Comparison of Time-Averaged QTr: Intervals.

Mean of Time-Averaged QTg (msec) Drifference from Placebo {msec)
Febuxostat | Febuxostat —_— Febuxostat | Febnxostat _—
Placebo 80 mg 300 mmg 400 mg 80 ing 300 mg 400 mg
Baseline 3876 389.6 389.7 3837.2 2.0 2.1 -0.4
Day1l 384.1 384.9 383.4 389.9" £.8 1.3 38
Day ¢ 384.5 383.6 3§6.3 3936 0.9 2.0 1.1

*#% Indicates statistically significans difference from placebe at the 0.001 level

Analvses of Uncorrected OT Intervals

Uncorrected QT interval was analyzed using maximum and time-averaged post-dose values on
Days 1 and 4. The results from the analyses are presented in Tables 2.2.4.3.3 and 2.2.4.3.4,

respectively.

Table 2.2.4.3.3. Maximum Uncorrected QT Intervals.

Mean of Maximmun Values Difference from Placebo
Febuxostat | Febuxostat — Febuxostat | Febuxostat —
Placebo 80 mg 300 mg 400 mg 80 mg 301 1ng 400 mg
Tneorrected QT {msec)
Bassaline 404.2 407.6 4843 402.3 3.3 0.1 -1.7
Day 1 3910 | . 3948 392.0 3993 3.8 1.0 33
Day 4 391.6 3927 393.2 4054 11 0.6 138

The mean of the maximum post-dose uncorrected QT values for = 400 mg was statistically
significantly greater than placebo with mean increases of 8.3 and 13.8 msec (p<0.001) on Day 1
and Day 4, respectively. There was no statistically significant difference between either of the
febuxostat dose regimens and placebo on either Day 1 or Day 4 (Table 2.2.4.3.3).

Table 2.2.4.3.4. Time-Averaged Uncorrected QT Intervals.

Mean of Time-Averaged Values Difference from Placebo
Febuxostat | Febusostat _— Febuxestat | Febuxostar —_
Placebo 86 mg 300 mg 400 mg 30 mg 300 mg 400 mg

Uncorrected QT

{msec)

Baseline 384.3 3874 386.8 384.1 3.1 23 -0.2

Davl’ 378.1 381.4 379.8 382.2 33 7 4.1

Day4 3734 3723 3728 3845 -1.1 0.5 11.1
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The mean of the time-averaged post-dose uncorrected QT values for ~— 400 mg was b@)
statistically significantly greater than placebo with mean increases of 4.1 and 11.1 msec
(p<0.001) on Day 1 and Day 4, respectively (Table 2.2.4.3.4).

In summary, based on the individual and mean pharmacokinetic data at steady state, ECG
recordings were obtained at or near the time of maximum febuxostat and moxifloxacin plasma
concentrations. As compared with placebo, the analysis 0f ECG recording data demonstrated
that there were no QT or QTrc (corrected using the Fridericia’s formula) interval prolongations
for the febuxostat regimens (80 and 300 mg QD), whereas. — {moxifloxacin) 400 mg-QD
significantly prolonged QT and QT¥rc intervals. '

2.2.5 What are the PK characteristics of febuxostat? l

2.2.5.1 What are single dose and multiple dose PK parameters of febuxostat?

Single Dose A
Single-dose PK parameter estimates pooled from 15 TAP Phase 1 studies including an

assessment of inter-subject variability were listed in Table 2.2.5.1.1 for 80 mg dose (N=183) and
Table 2.2.5.1.2 for 120 mg dose (N=64).

Table 2.2.5.1.1. Mean Febuxostat Pharmacokinetic Parameters for Healthy Subjects in
Phase 1 Studies” Following a Single 80 mg Oral Dose of Febuxostat.
tmax Cmax AUC» ti2z* Vss/F CL/F
1) | (ug/mL) | (ug-wml) () @) (L/h)
N 183 183 179 179 24 179
Mean 1.53 3.22 9.60 6.01 [5.29] 43.2 9.04
SD 1.04 1.26 2.86 2.17 20.6 2.57
Min 0.50 0.985 4.46 0.892 18.8 3.26
Median 1.00 3.12 9.03 5.74 37.0 8.86
Max 4.00 7.24 24.5 19.3 98.1 17.9
CV% 68 39 30 36 48 28

a Pooled pharmacokinetic parameters from Studies C02-013, C02-033, C02-034, C02-036, C03-059, C03-044, C03-
054, TMX-99-001,TMX-01-008, TMX-01-010, TMX-01-012, TMX-01-014, TMX-01-016, TMX-02-017, and
TMZX-02-018 where applicable.

b Harmonic mean in brackets.

Table 2.2.5.1.2. Mean Febuxostat Pharmacokinetic Parameters for Healthy Subjects in

Phase 1 Studies® Following a Single 120 mg Oral Dose of Febuxostat.

tmax Cmax AUCo tinz" Vss/F CL/F fe Cl-

®) | (pg/ml) | (ug-WmL) () L) (/h) (%) (L/h)
N 64 64 64 64 10 64 10 10
Mean 147 5.04 16.0 6.01 [5.25] 54.4 8.19 1.29 0.131
SD 0.937 1.66 4.50 3.19 19.7 2.57 0.59 0.054
Min 0.25 1.72 7.47 2.84 24.4 4.73 0.69 0.067
Median 1.00 4.85 16.3 5.20 61.3 7.38 1.09 0.130
Max 4.00 8.61 254 22.1 79.2 16.1 2.54 0.222
CV% 64 33 28 53 36 31 46 41
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a Pooled pharmacokinetic parameters from Studies C02-013, C02-033, C02-034, C02-036, C03-059, C03-044, C03-
054, TMX-99-001, TMX-01-008, TMX-01-010, TMX-01-012, TMX-01-014, TMX-01-016, TMX-02-017, and
TMX-02-018 where applicable.

b Harmonic mean in brackets.

Multiple Doses

Multiple-dose PK parameter estimates pooled from 15 TAP Phase 1 studies including an
assessment of inter-subject variability were listed in Table 2.2.5.1.3 for 80 mg dose (N=121) and
Table 2.2.5.1.4 for 120 mg dose (N=9).

Table 2.2.5.1.3. Mean Febuxostat Pharmacokinetic Parameters for Healthy Subjects in

Phase 1 Studies® Followin:

g Multiple 80 mg Oral Doses of Febuxostat.

tmax Cmax AUC2u t122° Vss/F CL/F fe Cl-

M | (g/ml) | (ug-Wml) (h) @) (L/h) (%) (L/h)
N 121 121 121 120 120 121 46 46
Mean 1.32 2.76 1.75 6.07 [5.35]) 52.5 114 1.86 0.222
Sb 0.775 1.34 2.63 2.28 19.9 3.67 2.06 0.274
Min 0.50 0.936 3.34 2.26 16.8 3.78 0.34 0.031
Median 1.06 1240 7.46 5.60 49.9 10.7 1.12 0.126
Max 4.00 7.32 212 15.7 114 239 11.7 1.22
CV% 59 48 34 38 38 32 111 123

a Pooled pharmacokinetic parameters from Studies C02-013, C02-033, C02-034, C02-036, C03-059, C03-044, C03-
054, TMX-99-001, TMX-01-008, TMX-01-010, TMX-01-012, TMX-01-014, TMX-01-016, TMX-02-017, and
TMX-02-018 where applicable.

b Harmonic mean in brackets.

Table 2.2.5.1.4. Mean Febuxostat Pharmacokinetic Parameters for Healthy Subjects in

Phase 1 Studies® Following Multiple 120 mg Oral Doses of Febuxostat.
tmax © Cmax AUC24 t12z" Vss/F CL/F fe Clr
® | (gmL) | ug-h/mL) (h) @ (L/h) (%) (L/h)
Multiple 120 mg QD Doses - All
N 9 9 9 9 9 9 9 9
Mean 1.11 531 12.0 18.2 [11.9] 55.1 10.5 6.13 0.641
SD 0.821 1.68 242 13.9 15.8 248 1.61 0.199
Min 0.50 2.50 7.68 6.74 353 8.24 3.74 0.320
Median 1.00 5.87 12.9 12.0 51.8 9.33 5.63 0.714
Max 3.00 7.09 14.6 442 79.6 15.6 8.58 0.865
CV% 74 32 20 76 29 24 26 3

a Pooled pharmacokinetic parameters from Studies C02-013, C02-033, C02-034, C02-036, C03-059, C03-044, C03-
054, TMX-99-001, TMX-01-008, TMX-01-010, TMX-01-012, TMX-01-014, TMX-01-016, TMX-02-017, and
TMX-02-018 where applicable.

b Harmonic mean in brackets.

2.2.5.2 What are single dose and multiple dose PK parameters of febuxostat metabolites?

In vitro and in vivo metabolism studies performed by Teijin Limited (Teijin) indicated that
febuxostat metabolites 67M-1, 67M-2 and 67M-4 are prominent human metabolites (also refer to
Section 2.2.5.6). Therefore, these metabolites were measured in the plasma and urine of several
of the Phase 1 pharmacokinetic studies performed in the U.S..
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Single- (Day 1) and multiple-dose (Day 14) PK parameters for 67M-1, 67M-2, and 67M-4 at a
dose of 120 mg QD obtained from Study TMX-99-001 were listed in Table 2.2.5.2.1.

Table 2.2.5.2.1. Summary of Metabolite 67M-1, 67M-2 amd 67M-4 Pharmacokinetic
Results (Study TMX-99-001).

Mean Pharmacokinetic Parameters (%CYV) »
Cumax AUC? tin® CmavDose | AUC?*/Dose AUCY | CIr
tmax | /ML) | (o pymry | (/L) (WL) febuxostat | (L/h)
Day | (h) ' ' AUC
67M-1
1 | 133 | 0.106 0.351 11.7[9.4] [ 0.000881 | 0.00293 (34) | 0.031 12.5
(50) (28) (34) (34 (28) (34) 27
14 1.22 0.126 0.357 15.3[10.9] 0.00105 0.00297 0.030 15.0
(62) 41 (35) (60) 41 (35) 29 (36)
67M-2
1 1.50 0.0811 0.377 15.9[12.1] 0.000676 0.00314 0.035 11.5
(44) 22) (28) (55) (22) (28) 42) (28)
14 1.44 0.0964 0.392 22.2[15.0] 0.000803 0.00326 0.034 12.3
(68) 25) 30) (69) (25) (€11)] 36) (34)
67M-4
Cmax AUC? tiz” Cmax/Dose | AUC?/Dose 67M-4 Clr
(g/mL) | (o hmry | @ /L) (h/L) AUCY | (L/h)
tmax 67M'1
(h) ) AUC?
1 1.94 0.0508 0.285 15.8 [9.4] 0.000423 0.00238 0.78 7.66
(35) (24) (56) 96) 24) (56) @7 (25)
14 1.83 0.0606 0.286 23.3115.8] 0.000505 0.00238 0.79 8.32
(64) (33) 49) (78) (33) (49) (25) (€3]

a AUC, for Day 1 and AUC24 for Day 14 for QD dosing regimen.
b Harmonic mean in brackets.

Although 67M-1, 67M-2 and 67M-4 have been shown to be inhibitors of purified bovine milk
X0, and their potency was the same as or less than that of febuxostat and they are present to a
much lesser extent than febuxostat in the plasma. AUC ratio of these metabolites to febuxostat
at steady state was about 0.03 (<0.1) making febuxostat the major circulating component in
plasma responsible for the pharmacodynamic effect.

2.2.5.3 How does the PK of febuxostat in healthy volunteers compare to that in gout patients?

Population PK analysis suggests that PK of febuxostat is similar in healthy subjects and gout
patients. The mean apparent clearance is 8.4 L/hr for gout patients and 10.3 L/hr for healthy
subjects. The estimated half-life (t12,p) is 7.7 h in healthy subjects and 7.5 h in patients.

2.2.5.4 What are the characteristics of drug absorption?

In a radiolabeled study the absorption of febuxostat was estimated to be 49% (based on total
radioactivity recovered in the urine). As unchanged febuxostat accounted for less than 16% of
the dose in the feces, absorption could be as high as 84%. (See Tables in Section 2.2.5.6). The
absolute bioavailability of febuxostat has not been determined. Mean T,y of febuxostat was 1.5
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hours post-ddse following single or multiple daily oral dose administration (Refer to tables in
Section 2.2.5.1).

In Caco-2 cells, when tested at pH 7.4, febuxostat appeared to have medium permeability as P,y
of febuxostat (10 and 100 pM) in both A-B and B-A directions were around 20 x 10 cm/sec,
similar to those for salicylic acid. At a concentration of 10 uM, the net flux (B-A/A-B) for
febuxostat was around 1.5, indicating an efflux activity. Verapamil (100 M) at apical side did
not appear to have an effect on the A-B transport rate of febuxostat. However, it is not clear
whether verapamil would affect its B-A transport. Furthermore, because a positive control for P-
gp activity (e.g., digoxin) was not included in the study, it was unclear about the functional
activity of P-gp in the Caco-2 cells used. Therefore, the Sponsor’s conclusion that P-gp is not
involved in the transport of febuxostat is not definitive. At a concentration of 100 pM, the net
flux (B-A/A-B) for febuxostat was around 0.9.

When tested at pH 5.5, the A-B permeability of febuxostat at both the 10 and 100 pM
concentrations increased, ranking it among drugs of high permeability (such as testosterone). In
addition, transport rates from apical to basolateral were higher than those from basolateral to
apical (the net flux (A-B/B-A was about 2), indicating that absorption of FEBUXOSTAT was
likely facilitated by a pH-dependent transport mechanism. It is likely that febuxostat is a
substrate of pH-dependent transporters. :

Consistent with the in vitro finding that absorption of febuxostat is pH-dependent, the in vivo
drug interaction study with antacid showed that coadministration of febuxostat with an antacid
resulted in a delay in achieving peak levels by 1 hour and a 31% decrease in peak levels (see
Section 2.4.2.7.1.1). AUC decreased by 15%. As a note, higher pH would increase solubility of
febuxostat but would decrease its permeability.

2.2.5.5 What are the characteristics of drug distribution?

Febuxostat is highly bound to plasma proteins, primarily to albumin. The binding of [*C]- -
febuxostat in human plasma averaged 98%-99% and was independent of the concentration
between 0.4 and 10 pg/mL (Table 2.2.5.5.1).

Table 2.2.5.5.1. In Vitro Protein Binding of ['*C]Febuxostat in Plasma from Healthy
Subjects

[14C]Febuxostat Protein Binding (%)

Conc. (ug/mL) Study 18-K-96012*" | Study 18-A-94016° Study C02-023°

0.4 | 97.9+0.2 | 97.8+0.2 98.9 0.1 nd

1 nd nd nd 99.3 +0.1

2 98.1+02 | 98.00.1 99.0 +0.0 nd

10 98302 | 98.2:0.1 99.0 +0.0 nd

nd: Not determined.

a Mean = standard deviation. N=3 replicates.

b Control samples from 2 separate sets of incubations performed in this study.
¢ Mean =+ standard deviation. N=12 subjects.
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In subjects with renal impairment, a slight decrease in protein binding of febuxostat with
increasing renal impairment was observed (98.8% in severe renally-impaired subjects vs 99.1%
in subjects with normal renal function)(Study TMX-01-008).

Febuxostat metabolites, 67M-1, 67M-2, and 67M-4 are less bound to plasma proteins than the
parent drug (Table 2.2.5.5.2).

Table 2.2.5.5.2. In Vitro Protein Binding of Metabolites 67M-1, 67M-2 and 67M-4 in
Plasma from Healthy Subjects.

Protein Binding (%)*
6M-1 | 6M2 | 67M4

Metabolite alone (200 ng/mL) 90.9 £0.6 81.8+1.2 91.2+0.5
Metabolite (200 ng/mL)+ febuxostat (10 pg/mL) 89.9+0.4 81.6 £0.9 92.1 0.5

a Mean + standard deviation. N=5.

The whole blood radioactivity comparison with plasma radioactivity showed that there was no
preferential binding of febuxostat with red blood cells (Study C03-040).

Mean apparent steady state volume of distribution (Vs/F) in healthy subjects was approximately
S0 L (CV ~40%) (Refer to tables in Section 2.2.5.1). It appeared that febuxostat Vs/F increased
slightly for subjects with moderate or severe renal impairment (mean 60-80 L, Study TMX-01-
008).

2.2.5.6 _Dose the mass balance study suggest renal or hepatic as the major route of
elimination? '

The mass balance study suggests that the elimination of febuxostat is through both renal and
biliary excretion routes. Febuxostat is extensively metabolized.

Results from a '*C-ADME study (Study C03 -040) in healthy subjects demonstrated that the
mean cumulative recovery of radioactivity in excreta was 94% at 216 hours (9 days) post-dose.
An average of 49% of radioactivity was recovered in urine'and 45% in feces (Table 2.2.5.6.1).

Table 2.2.5.6.1. Cumulative Recovery of Radioactivity
Subject Total Recovery in Total Recovery in Total Recovery
Urine (% of Dose) | Feces (% of Dose) | (% of Dose)
102 93.6
103 94.8 b(s)
104 93.2
105 : / 94.0 .
106 94.7
Mean + SD 149.1+9.8 | 44.9 £10.1 [94.1+07

Intact febuxostat represented a combined total of 10%-18% (1%-4% urine and 8%-16% feces) of
the dose, indicating that febuxostat is extensively metabolized in humans (Table 2.2.5.6.2). The
minimum absorption of febuxostat was 49% based on radioactivity recovered in the urine.
Urinary excretion of unchanged febuxostat was typically accounted for less than 4% of the
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administered dose (Table 2.2.5.6.2). The low recovery of febuxostat in the feces (8-16%)
_indicated that the absorption of febuxostat could be > 84% if assuming all the feces were
collected and no degradation of febuxostat occurred in the gastrointestinal tract or feces.

Table 2.2.5.6.2. Distribution of the Prominent Radioactive Components in Human Excreta
Samples Following a Single 80 mg Oral Dose of ['“C]Febuxostat.

Cumulative Percent of Dose®
Component(s) Urine (0-24 h) Feces (0-120 h)”
Febuxostat 1.1-35 7.8-15.8
67M-1 25-7.1 3.6-7.1
67TM-2 39-73 3.7-6.7
67M-4 0.1-3.1 7.8-15.0°
Febuxostat glucuronidec 25.9-37.1 04-1.0
Reduced 67M-1/67M-2 glucuronide 03-0.6 0.0-0.02
Sulfate conjugate of 67M-1 0.0-0.2 2.0-3.1
Total Profiled 37.0-604 273-50.4

a Excluding Subject 101 who withdrew from the study prior to achieving exit criteria.

b Only fecal samples containing sufficient radioactivity were profiled and included in the mean
values,

¢ Total of 3 isomers of the acyl-glucuronide of febuxostat.

2.2.5.7 What are the characteristics of drug metabolism?

In vitro metabolism and in vivo ADME studies indicated that febuxostat is metabolized both by
conjugation and oxidative pathways.

In urine, the major metabolites were the acyl-glucuronides of febuxostat isomers (26.7%-37.5%),
the hydroxylated febuxostat 67M-2 (3.9%-7.3%), the hydroxylated febuxostat 67M-1 (2.5%-
7.1%), febuxostat (1-4%), the dicarboxylic acid 67M-4 (0.1%-3.1%), and the glucuronide of
reduced febuxostat (0.3%-0.6%).

In feces, febuxostat and metabolite 67M-4 were the most prominent components, accounting for
7.8% to 16% and 7.8% to 15% of the dose, respectively. Other major metabolites were 67M-1
(3.6%-7.1%), 67TM-2 (3.7%-6.7%), and the sulfate conjugate of 67M-1 (Table 2.2.5.6.2).

Therefore, acyl glucuronide metabolites of febuxostat (~35% of the dose) recovered in the urine,
and oxidative metabolites, 67M-1 (~10% of the dose), 67M-2 (~11% of the dose), and 67M-4 (a
secondary metabolite from 67M-1, ~14% of the dose) recovered in the urine and feces appeared
to be the major metabolites of febuxostat in vivo (See Section 2.2.5.6).

Based on the collective results of the in vitro and in vivo studies, the metabolic pathways shown
in Figure 2.2.5.7.1 was proposed by the Sponsor. '

The relative contribution of P450 isoforms in the oxidative metabolism of febuxostat is not clear.
It is likely that 67M-1 was mainly metabolized by non-P450 enzymes and the same maybe true
for its metabolite, 67M-4. 67M-2 was mainly formed by CYP1A2, CYP2C8 and CYP2C9 in the’
liver. 67M-3, a major metabolite formed in vitro, was not detected in significant amount in vivo.
67M-3 was mainly metabolized by CYP1Al, whose level is low in healthy non-smoking
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subjects. Febuxostat is metabolized to its acyl glucuronide by several uridine diphosphate

glucuronosyltransferase (UGT) isoforms (mainly UGT1Al, UGT1A3, UGT1A9, and UGT2B7).
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Figure 2.2.5.7.1. Proposed Metabolic Pathways for Febuxostat (TMX-67).

2.2.5.8 What are the characteristics of drug excretion?
See Section 2.2.5.6.

The mean steady-state plasma elimination half-lives of febuxostat was approximately 5-10 hours.
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2.2.5.9 Based on PK parameters, what is the degree of linearity in the dose-concentration
relationship?

Both AUC; and C,,« of febuxostat in plasma were dose-proportional at the proposed clinical
dose range (80 and 120 mg) at steady state (Figure 2.2.5.9.1) as evidenced by the linear
relationship between AUC; and dose, and Cpax and dose (10-120 mg). AUC; increased more
than dose proportionally at doses above 120 mg while Crax appeared to be dose proportional up
to 300 mg (Figures not shown, Table 2.2.5.9.1).

AUCtau Crmax

AUC

a. AUCt b. Cmax
Figure 2.2.5.9.1. Relationship between TMX-67 AUCx (a) and dose, and Cmax (b) and
dose. ‘ ,

Table 2.2.5.9.1. Mean Febuxostat Pharmacokinetic Parameters from Ascending Dose and
High Dose Pharmacokinetic Studies.

tmax Cmax Cmax/Dose AUC, AUC./Do tizo (h)

Study Da | (h) (ug/mL | (1/L) (ug'h/m | se (WL)
No. Dose y ) L)
T™™X- | 10mg 1 099 | 0336 0.0336 0.727 0.073 1.5[1.3]
99-001 | QD 14 {0.70 |0.399 0.0399 0.951 0.095 3.0[2.0
20 mg 1 1.06 | 1.11 0.0556 - | 2.18 0.109 3.2[2.6]
QD 14 1089 |0934 0.0467 2.11 0.106 4.7 [3.8]
30 mg 1 072 | 1.12 0.0373 2.55 0.085 9.2 [4.6]
QD 14 10.89 | 128 0.0428 2.57 0086 | 6.7[5.7]
40 mg 1 144 1 1.53 0.0382 3.98 0.099 4.23.8]
QD 14 119 |1.82 0.0456 4.30 0.108 10.3 [6.3]
50 mg 1 0.78 1.97 0.0394 4.41 0.088 5.0[4.5]
QD 14 | 114 | 1.79 0.0358 4.38 0.088 10.1[6.7]
70 mg i 1.00 | 3.08 0.0440 6.93 0.099 5.0[4.7]
QD 14 11.10 |2.69 0.0384 6.95 0.099 12.5[8.5]
90 mg 1 095 |3.48 0.0387 9.09 0.101 9.3[6.8]
QD 14 1095 |4.06 0.0451 9.65 0.107 14.6 [10.0]
120mg |1 1.00 | 447 0.0373 11.3 0.094 11.4[9.1]
QD 14 ] 1.11 5.31 0.0442 12.0 0.100 18.2[11.9]
160mg |1 0.75 |7.30 0.0456 20.7 0.130 10.7  [9.8]
QD 14 1080 {877 0.0548 22.3 0.139 11.8  [9.5]
180mg |1 1.07 | 8.40 0.0467 25.6 0.142 23.6 [11.0]
QD 14 |1.00 | 805 0.0447 24.0 0.133 20.8 [15.8]
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20mg |1 | 1.06 839 ]00349 | 283 0.118 27 [102]
QD 14 |094 |113 | 00469 35.0 0.146 99 [8.1]
CO2- |300mg |, 1 00 | 143 | 0.0475 484 0.161 6.3 [5.9]
o |an : . . : . 3[5.

a AUC refers to AUCx for Day 1, and AUCz4 for Day 14.
b Harmonic mean in brackets.

From Study TMX-99-001, mean dose-normalized febuxostat Cmax values did not show any
statistically significant trend with increasing doses (p >0.05). On both Day 1 and Day 14, even
though the mean dose-normalized AUC (AUC/D) for the doses from 10 to 120 mg appeared to
be similar to each other, a statistically significant increase in AUC/D was detected with
increasing doses (p<0.05), which was most likely due to the increase in AUC/D for doses above
120 mg. Because febuxostat dose-normalized Cmax values remained relatively unchanged, the
greater than dose-proportional increase in febuxostat AUC for doses above 120 mg was most
likely the result of a decrease in the renal elimination.

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

Steady-state of PK was in general reached by Day 4. Steady-state for PD (SUA reduction) was
reached by Day 6.

The accumulation index was quantified by the following formula:
Accumulation Index = AUC(0-24hr) (multiple dose)/ AUC(0-24hr) (single dose)
The results presented in Table 2.2.5.10.1 indicate that accumulation index of febuxostat (~1.08)

is consistent with what is estimated from its apparent half-life of 5-10 hrs (1.04-1.23) assuming
one-compartment model.

Table 2.2.5.10.1. Accumulation Index Following Febuxostat Dosing (Study TMX-99-001).

Febuxostat
70 mg ‘ 1.02
90 mg 1.09
120 mg 1.08

2.2.5.11 What is the inter- and intra-subject variability of PK parameters in healthy subjects -
and patients, and what are the major cause of variability?

Please refer to the Pharmacometrics Review (See Appendix 4.3).

2.2.6 What is comparison of PK for febuxostat after AM and PM dosing (Is there a divrnal
effect)? ‘

In Study TMX-99-001, PK of febuxostat after AM and PM dosing were compared with a 30 mg
BID dosing regimen. As shown in Table 2.2.6.1 and Figure 2.2.6.1, there-was a one hour delay
in Trmax and a 40% decrease in Crax When comparing the PM dosing to the AM dosing. The
AUC,, appeared to remain the same for the PM dosing as compared to the AM dosing.
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Table 2.2.6.1. Summary of Pharmacokinetic Parameters of Febuxostat (30 mg BID).
tmax | Cmax AUCy, tinz® | Vss/ | CUF Cmax/D | AUC,,/D
(k) | (pg/mL) | (ug'b/mLl) [(h) | F (L/h)
Dose | Day i (L)
30 14 49
mg AM Mean | 0.70 1.4882 2.9146 4.8) 41.1 10.81 0.0496 0.0972
BID SD 0.35 03208 0.7564 1.0 6.7 228 0.0107 0.0252
14 111
PM Mean | 1.75 0.8986 3.3083 (.8) 61.0 988 0.0300 0.1103
SD 0.68 0.2994 1.1573 11.8 179 2.73 0.0100 0.0386

a Arithmetic Mean (Harmonic Mean)

2.&
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Figure 2.2.6.1. Mean (+ SD) Plasma Febuxostat Concentration versus Time Profiles
Following AM and PM Oral Administration of Febuxostat (30 mg BID Regimen) on Day
14. (Left, linear scale and Right, semi-log scale)

2.2.7 What are the PD characteristics of febuxostat and PK/PD relationship in healthy
subjects? _

Serum and urinary uric acid, xanthine and hypoxanthiné were measured as pharmacodynamic
measures. The percent decrease in serum urate mean 24-hour concentration from baseline was
used as the primary indicator for PD effect.

Serum Uric Acid:

In Study TMX-99-001, mean 24-hour serum urate concentrations decreased from baseline as
doses increased (10-240 mg) on Day 1, 8, 14 and 15. In addition, % changes increased from Day
1 to Day 8 (following multiple doses) but the maximum effect appeared to be achieved by Day 8
because no difference was noted between Day 8 and Day 14. On Day 15 (1 day after drug
administration was stopped), it appeared there were slightly increase in 24-hr serum urate
concentrations.

The relationship between the serum urate Cpean 24 0n Day 14 and AUC,4 on Day 14 could be
described with a baseline Ep.x model, assuming Day 14 AUC,4 of 0 for all placebo-treated
subjects. The baseline Emsx model fit the data well with an R? of 0.88 (Figure 2.2.7.1). Based on
the results of the modeling, taking placebo would result in a percent decrease in serum urate
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Cinean24 0n Day 14 (Eo) of 2.64+1.78% (mean=SE). The maximum percent decrease in serum
urate on Day 14 caused by taking multiple doses of TMX-67 (Emax-Eo) Was predicted to be
approximately 78.76% (Emax was estimated as 81.40+2.42%). The EAUC50 value estimation
was 3.3059+0.3886 pg.h/mL, achieved at the approximate 30-40 mg QD TMX-67 dosage range.

On Day 14, the observed percent change from the baseline for the 24-hour mean uric acid

concentrations was 0.98% for the placebo, -40% for the 40 mg QD, -51% for the 70 mg QD, -
66% for the 120 mg QD, and -76% for the 240 mg QD, respectively.

T
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Figure 2.2.7.1. The Correlation Between the Percent Decrease in Serum Urate Cmean,24 from -
Baseline and Febuxostat Area Under the Curve (AUC24) Following Multiple Dosing with
Febuxostat.

The exposure from the proposed 80 and 120 mg doses (8-12 pg hr/mL) appears to be towards the
plateau of the exposure/PD response curve (Figure 2.2.7.1).

Serum Xanthine:

In Study TMX-99-001, following administration of febuxostat, serum xanthine concentrations
were increased, with peak concentrations occurring at approximately 6 to 12 h post-dose. Mean
24-hour serum xanthine concentrations increased from baseline as doses increased on Day 1, 8,
14 and 15 (Figure 4, Day 14). In addition, larger changes were observed on Days 8 and 14
compared to Day 1 but the maximum effect appeared to be achieved by Day 8 because no
difference was noted between Day 8 and Day 14. Following multiple dosing with febuxostat, on
Day 14, the mean estimates for the 24-hour mean serum xanthine concentrations increased to
approximately 5 times those of the baseline at doses 70-120 mg (the proposed clinical dose), but
the levels (0.14-0.19 mg/dL) were significantly below the solubility of xanthine in serum at pH
7.4 (10 mg/dL), thus the risk of xanthine stone formation is low.
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Serum Hypoxanthine:
Following administration of febuxostat, the concentrations of hypoxanthine in serum did not
change substantially.

The following table summarized the serum and urinary concentration changes of uric acid,
xanthine and hypoxathine following febuxostat administration.

Table 2.2.7.1. Summary of Change from Baseline (Day -1) in PD Parameters with 14 days
of Febuxostat Administration (10-240 mg QD) on Day 14.

X0 X0
Hypoxanthine > Xanthine - Uric Acid
Cmean,24 ll’l Serum <> T
(1.5-10x) (27-76%)
(2-9%) (5-40 x) (37-80%)
CLr 0 1 >
(2-8 x) (3-9x)
Total Daily T T l

Urinary Excretion (2-10%) (7-76 %) (40-81%)

2.3 Intrinsic Factors

2.3.1 What intrinsic factors influence exposure and/or response, and what is the impact of
any differences in exposure on efficacy or safety responses?

The Sponsor evaluated the effect of the following intrinsic factors on exposure and PD response
to febuxostat at 80 mg dose in healthy subjects: age, gender, renal impairment, and hepatic
impairment. As described below, gender, renal impairment, and hepatic impairment affected
febuxostat exposure. In renal impairment patients, exposure increased 60% compared to healthy
subjects. Because the exposure at 80 mg is towards the plateau of the exposure/PD response
curve (see Section 2.2.7) observed in healthy subjects, change in AUC did not result in big
change in serum uric acid reduction. However, due to the cardiovascular safety concern. coupled
with little increased effect in uric acid reduction. —_—

S~

—_—
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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, what
dosage regimen adjustments, if any, are recommended for each of these groups? If
dosage regimen adjustments are not based upon exposure-response relationships,
describe the alternative basis for the recommendation.

2.3.2.1 Elderly (Study TMX-01-016)

No dose adjustment would be recommended based on differences in age. In Study TMX-01-016,
the plasma exposure to febuxostat was similar between subjects 18-40 years and subjects > 65
years following the administration of daily 80 mg oral doses of febuxostat for 7 days (Table
2.3.2.1.1). In addition, the percent decrease in serum urate was also similar between different
age groups 18-40 years and > 65 years (55% vs. 56%) (Table 2.3.2.1.2). Therefore, the
pbarmacokinetics and pharmacodynamics of febuxostat did not appear to be substantially
affected by age. As a result, no dose adjustment would be recommended based on differences in
age.

Table 2.3.2.1.1. Comparison of Geometric Mean Ratios and Confidence Intervals for
Febuxostat Total and Unbound Cy,. and AUC4 Following Administration of Febuxostat
(80 mg) for 7 days. (Reviewer’s Analysis) '

Parameter Group Geometric Ratio 90%CIX
Mean

Cnax 18-40 yrs 3.772

(ng/mL) > 65 yrs 3.85 102.1 (85.03, 122.54)

AUCy4 18-40 yrs 7.788 ' '

{(ngh/mL) | >65 yrs 8.783 112.8 (97.82, 130.01)

Craxn 18-40 yrs 25.54 :

(ng/mL) > 65 yrs 25.43 99.57 (81.33,121.9)

AUCp 18-40 yrs 52.74 ’

(ng'b/mL) | > 65 yrs 58.01 110 (93.81, 128.99)

Table 2.3.2.1.2. Mean Serum Urate, Xanthine and Hypoxanthine Cmean,24 Values on Days -1

and 7 and Urate Percent Change Values Following Administration of Daily 80 mg Oral
Doses of Febuxostat for 7 Days.

Urate Xanthine Hypoxanthine

Cmean,24 (mg/dL) % Cmean,24(mg/dL) Cmean,24(mg/dL)
Change

Day-1 | Day7 | Day7 |Day -1| Day7 | Day-1 | Day7

Subjects 18-40 years old (N=24)

Mean | 4.107 1.887 -54.89 0.0393 0.1327 { 0.1919  0.1871
SD 1.112 0.680 7.51 0.0116 0.0197 | 0.0467  0.0266
Subjects > 65 years old (N=24)
Mean | 4.277 1.895 -56.15 0.0371 0.1548 | 0.1619  0.1618
SD 1.052 0.694 9.28 0.0077 0.0393 | 0.0384  0.0376
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2.3.2.2 Pediqtric Patients
The pharmacokinetic profile of febuxostat in pediatric patients has not been established.

The Sponsor requests a full waiver from the pediatric assessment requirements stated in 21 CFR
314.55(a), on the basis that necessary studies are impossible or highly impractical because the
number of patients is very small.

2.3.2.3 Gender (Study TMX-01-016)

No dose adjustment would be recommended based on gender differences. In Study TMX-01-
016, the plasma exposure to febuxostat was greater in female subjects compared to male subjects
following the administration of daily 80 mg oral doses of febuxostat for 7 days (Table 2.3.2.3.1).
An average of 35% and 15% increase was observed for Cpax and AUC,4, respectively, in female
subjects. Part of the difference could be accounted for by the average lower body weight for
female subjects. The percent decrease in serum urate was also slightly greater in females as
compared to males (59% vs. 52%) which was not accounted for by either body weight or
AUCy4y, of serum urate (Table 2.3.2.3.2). As of'note, the baseline uric acid levels were lower in
female subjects. Although higher % reduction was observed in female subjects, the magnitude
of uric acid reduction did not differ much between female and male subjects (Table 2.3.2.3.2).
Therefore, the difference in % reduction was not considered significant as it appears to be related
not to a differential effect, but due to the different baselines used in the calculation. Coupled
with PK data, no dose adjustment would be recommended based on gender differences.

Table 2.3.2.3.1. Comparison of Geometric Mean Ratios and Confidence Intervals for
Febuxostat Total and Unbound Cy,.c and AUC,4 Following Administration of Febuxostat
(80 mg) for 7 days. (Reviewer’s Analysis)

Parameter Group Geometric Ratio 90%CI
Mean

Crnax All Male 3.346

(pg/mL) All Female 4.34 129.7 (109.3, 153.9)

AUCy4 All Male 7.749

(pgh/mL) | All Female 8.828 113.9 (98.87, 131.26)

Crnaxn All Male 21.71

(ng/mL) All Female 29.91 137.75 (114.35, 165.93)

AUCosy All Male 50.29 :

(ng-h/mL) | All Female 60.84 120.99 (103.7, 141.12)

Table 2.3.2.3.2. Mean Serum Urate, Xanthine and Hypoxanthine Cmean,24 Values on Days -1

and 7 and Urate Percent Change Values Following Administration of Daily 80 mg Oral
Doses of Febuxostat for 7 Days.

Urate Xanthine Hypoxanthine
Cumean,24 (mg/dL) % Cmean,'u(mg/dL) Cmean,Zd(mg/ dL)
Change :
Day-1 | Day7 | Day7 |[Day-1 l Day7 | Day-1 | Day7
Male Subjects (N=24)
Mean | 4.879 2362 -51.75 0.0379 0.1564 | 0.1797  0.1640
SD 0.952 0.595 7.02 0.0064 0.0362 | 0.0507 0.0296
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Female Subjects (N=24)
Mean | 3.505 1.420 ~59.29 0.0385 0.1311 | 0.1742  0.1849
SD 0.683 0.356 8.03 0.0125 0.0233 | 0.0392  0.0368
2.3.2.4 Race

In the literature, there is a racial difference in terms of gout incidence. The incidence of gout is
higher in African Americans compared to Caucasians in the U.S. (3.11 per 1,000 person-years
vs. 1.82 per 1,000 person-years). No specific pharmacokinetic study was conducted to
investigate the effects of race on PK of febuxostat.

Subgroup analysis (via a multivariate logistic regression model) of the pivotal Phase 3 efficacy
data indicated that race was one of the significant factors associated with achieving the primary
efficacy endpoint. The results suggested that Caucasian subjects had a higher chance of

achieving the primary efficacy endpoint compared to non-Caucasian subjects (estimated adjusted - -

odd ratio 1.605 (95%CI (1.192, 2.162)).

2.3.2.5 Renal impairment (Study TMX-01-008)

b4y

From Study TMX-01-008, following the administration of daily 80 mg oral doses of febuxostat
for 7 days, AUC and T, of febuxostat increased in subjects with renal impairment in
comparison to subjects with normal renal function, but values were similar among three renal
impairment groups. AUC,4 ,, of febuxostat increased about 60% from normal to mild, moderate
and severe renal impairment (Table 2.3.2.5.1).

Table 2.3.2.5.1. Mean (SD) Febuxostat Plasma Pharmacokinetic Parameters on Day 7
Following Administration of a Daily 80 mg Oral Dose of TMX-67 for 7 Days.
tmax Cmal Cmax,u AUC24 AUC24,u ti/2z 2 Clss/F Clss,u/ F
Group () (ug/mL) | (ng/mL) (ng-h/mL) (ng-h/mL) ) (L/h) _ (L/h)
I 1.14 2.8656 24.9587 7.5024 65.4888 4.7 [4.5] 12.18 1513.50
N=11 (0.45) (1.2487) (12.8153) (2.6801) (28.0596) (1.1) (5.08) (908.08) |
I 1.33 4.0348 35.8864 11.1359 100.3031 7.6 6.7} 7.28 817.66
N=6 (0.88)  (1.6859) (14.2262) (1.3563) (18.7275) 3.5 0.94) (130.64)
I 0.93 2.9168 24,2733 11.1306 91.5613 9.1[7.7] 7.76 905.26
N=7 (0.45)  (1.0601)  (9.1650) (2.9240) {16.5998) (4.0) (2.68)  (206.61)
v 0.92 23147 26.3183 9.3501 106.9054 6.6 [5.8] 12.88 1093.68
N=6 (0.38)  (1.4055) (14.9890) (5.8319) (67.8804) (2.3) (9.29) (780.69)
Group I: Normal renal function; Group II: Mild renal impairment; Group HI: Moderate renal impairment; Group IV: Severe renal
impairment.

a f12z arithmetic mean [harmonic mean in brackets]

Linear regression analysis was performed to determine the correlation between measured
creatinine clearance and AUCyq, of febuxostat. As shown in Figure 2.3.2.5.1, AUCyq,, is
somewhat decreased with increasing Cler. With every 20 mL/min increase in Cler, AUCy4,
would decrease 10 ng*h/mL). '
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Figure 2.3.2.5.1. Simple Linear Regression Plot of AUC,,, of Febuxostat versus Creatinine

Clearance. :

Based on results from the regression models for AUCy4 n, AUCy4, predictions and the 95%
prediction intervals for a hypothetical subject with Cler at about the midpoint of each renal
function category were calculated, and are presented in Table 2.3.2.5.2. The 95% prediction
intervals for AUC24,u were wide and had substantial overlap between groups.

Table 2.3.2.5.2. Individual Predictions (Ind. Pred.) zind 95% Prediction Intervals (95%
P.L) for Febuxostat AUC,4, in Study TMX-01-008.

Predictions for Hypothetical Subjects with Indicated Clcrin each Renal Function Group
Normal Mild Impairment Moderate Impairment | Severe Impairment
(Cler=100 (Cler=65 mL/min) | (Cler=40 mL/min) (Cler=20 mL/min)
mL/min)
N=11 N=6 N=7 N=6
Ind. 95% Ind. Ind. Pred. Ind.
Parameter | Pred. | P.L Pred. 95% P.1. 95% P.I. | Pred. 95%P.1
AUCy, | 733 22, 91.0 | (20.6, 103.6 | (325, 113.7 (41.3,
144.4) 161.3) 174.6) 186.0)
Units for AUC24uare ng-h/mL.

The percent decrease in serum urate on Day 7 appeared to be similar regardless of the renal
function (Table 2.3.2.5.3).
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Table 2.3.2.5.3. Mean (SD) Serum Urate, Xanthine, and Hypoxanthine Cyean24 Values on
Days -1 and 7 and Urate Percent Change Values Following Administration of a Daily 80

mg Oral Dose of Febuxostat for 7 Days.

Urate Xanthine Hypeoxanthine
%
Cmean,24 (mgldL) Change Cmean,24(mg/dL) Cmean,z4(mg/ dL)
Group Day -1 | Day 7 Day 7 Day -1 I Day 7 Day -1 I Day 7
I 5.288 2.195 -58.16 0.0291 0.1496 | 0.1260 0.1384
N=11 (1.291) (0.708) (11.17) (0.0092) (0.0213) | (0.0525) (0.0373)
I 5.053 1.892 -63.55 0.0291 0.2118 | 0.1265 0.1544
N=6 (1.473) (0.881) (6.93) (0.0081) (0.0867) { (0.0173)  (0.0223)
1 6.801 2.907 -56.71 0.0243 0.3817 | 0.1326 0.1544
N=6 (0.862)  (0.290) (6.96) (0.0020) (0.0857) | (0.0218)  (0.0231)
v 7.509 3.399 -54.38 0.0232 0.5526 | 0.1050 0.1054
N=5 (1.390) (0.787) (8.67) (0.0097)  (0.2353) | (0.0389)  (0.0354)

Group I: Normal renal function; Group II: Mild renal impairment; Group III: Moderate renal impairment; Group IV:
Severe renal impairment.

Serum xanthine concentrations on Day 7 for subjects with severe renal impairment were about 3-
fold higher than those for subjects with normal renal function (Table 2.3.2.5.3). However, the
24-hour mean serum xanthine concentrations (0.55 + 0.24 mg/dL) in patients with severe renal
impairment were substantially lower than the solubility limit of xanthine in pH 7.4 serum (10
mg/dL), indicating the less likelthood of xanthine stone formation.

Based on the results of this study (60% increase in AUC in renal impairment patients), — ..
PR \\ -

—_—

PK or PD of febuxostat in end-stage renal impairment patients who are on dialysis has not been
studied. However, febuxostat is not expected to be routinely used in end-stage renal impairment
patients who are on dialysis because dialysis would effectively remove uric acid.

2.3.2.6 Hepatic Impairment (Study TMX-01-012)

No dose adjustménts would be recommended for febuxostat in subjects with mild or moderate
hepatic impairment.

In Study TMX-01-012, the plasma exposure to febuxostat was greater in subjects with mild or
moderate hepatic impairment compared to subjects with normal hepatic function following the
administration of daily 80 mg oral doses of febuxostat for 7 days. An average of 20-30%
increase was observed for both Cpax and AUCy4 (total and unbound) in hepatically impaired
groups (Table 2.3.2.6.1).
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Table 2.3.2.6.1. Comparison of Geometric Mean Ratios and Confidence Intervals for
Febuxostat Total and Unbound Cy,sx and AUC,4 Following Administration of Febuxostat
(80 mg) for 7 days in Healthy Subjects and Subjects with Hepatic Impairment. (Reviewer’s

Analysis)
Parameter | Group | Geometric Ratio 90%CI
Mean
Cmax,u 1 18
(ng/mL) I 22.89 127.2 (86.43,187.19)
I 19.76 109.8 (74.61, 161.58)
II+1I 21.27 118.18 (85.73, 162.91)
AUCyy I 47.92
(mgh/mlL) | I 64.06 133.65 (92.85, 192.38)
I 53.34 111.3 (77.32, 160.21)
I+ 11 58.46 121.97 (89.97, 165.35)
Crnax I 2.70
(ug/mL) I 3.44 127.38 (87.23, 186.01)
I 3.59 133.10 (91.14, 194.36)
AUCy I 7.19
(ugh/mL) [II 9.62 133.85 (92.52, 193.63)
I 9.70 134.92 (93.26, 195.18)

Group I: Normal hepatic function; Group II: Mild hepatic impairment; Group III: Moderate hepatic impairment.

Greater exposure of febuxostat in hepatically-impaired groups did not translate to greater
reduction in serum uric acid levels on Day 7. Percent reduction in both mild (49%) and
moderate (48%) hepatic impairment groups were 13 and 14% less than the reduction observed in
‘healthy group (62%) (Table 2.3.2.6.2). The mean percent decreasé in serum urate for healthy
subjects in other special population studies ranged from 52% to 58% (Study TMX-01-008 and
Study 01-016). Therefore, 48-49% reduction of uric acid level observed in this study appeared
to be comparable to healthy groups. ,

Table 2.3.2.6.2. Mean (SD) Serum Ufate, Xanthine, and Hypoxanthine Cmean,2¢ Values
on Days -1 and 7 and Urate Percent Change Values Following Administration of a Daily 80
mg Oral Dose of TMX-67 for 7 Days

Urate Hanthine Hiypoxanthine
Cuwnge (gfdl)  [% Change|  Cpem 3z {mgidl) Caemn 2 {mgidL)
Group Day -1 Day 7 Pay 7 Day -1 Dav 7 Day-i Day 7
I 4.787 1.83¢ 5248 002356 0.1593 0.1224 0.1379
{1.284) {0688} (7.48) {0.0068) (6.0340) (0.0373) {0.0359)
n 4,936 2664 4888 0.0342 4.177¢ 0.1 104 0.1182
{1831y {1431y {1348 {00073y  (©.1013)| (0.0484) (0.0349)
I 5.448 2845 47383 0.0318 0.15351  0.0905 0.0789
{0.951) {0.631) (6.82) {0.0117) (003363 (0.0399% (013288}

Group I: Normal hepatic functic; Group II: 2ild hepatic impairmeent; Group i Moderate hepatic impairment.
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Dose adjustments for febuxostat in subjects with mild or moderate hepatic impairment are not
necessary based on the moderate change in febuxostat systemic exposure and % reduction in
serum urate on Day 7 observed in this study.

PK or PD of febuxostat in subjects with severe hepatic impairment has not been studied. A dose
recomumendation could not be made for severe hepatic impairment patients.

2.4 Extrinsic Factors

2.4.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use)
influence dose-exposure and/or response and what is the impact of any differences in
exposure or response?

The Spdnsor evaluated the effects of drug-drug interactions and food on febuxostat exposure. Food
effect is described in Section 2.5.2. The drug-drug interactions are described in Section 2.4.2.

| 2.4.2  Drug-drug interaction I

2.4.2.1 Is there an in vitro basis to suspect drug-drug interaction?

Febuxostat is a moderate CYP2D6 inhibitor with a Ki of 40 uM (12.6 pg/mL). An in vivo study was
conducted to evaluate the effect of febuxostat on the pharmacokinetics of desipramine (a known 2D6
substrate) (See section 2.2.2.7.1.6).

Febuxostat is a potent xanthine oxidase inhibitor (with a K; of 10 nM), so it may significantly
increase the exposure of drugs that are metabolized by XO (e.g., theophylline, mercaptopurine,
and azathioprine) in vivo. However, drug interaction studies were not performed to determine
the interaction potential of febuxostat and drugs that are metabolized by XO.

From the theophylline label, allopurinol (a weaker XO inhibitor than febuxostat with a Ki of
300-700 nM) at a dose of 600 mg increased theophylline exposure by 25%. Based on the
mercaptopurine and azathioprine labeling, it is recommended to reduce mercaptopurine or
azathioprine dose to 1/3 to % of the normal dose when co-administered with alIopurmol
Because febuxostat is a more potent XO inhibitor than allopurinol, larger increase in the
exposure of these drugs is anticipated at comparable doses.

There were only 7 febuxostat-treated patients in the clinical trials who took concurrent
theophylline. There is no safety information for co-use of febuxostat with azathioprine because
azathioprine was an excluded medication per the protocols.

Because theophylline is a narrow therapeutic index drug, and cardiac arrhythmias is one of the
adverse events associated with theophylline, it is important to understand the effect of febuxostat
on theophylline to safely co-administer these two drugs. - An in vivo drug-drug interaction study
should be conducted as a Phase IV study if the application is approved. Because of the potential
for increased levels of theophylline to induce tachycardia, sub-therapeutic doses of theophylline
could be used to assess the degree of interaction between the drug products.
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An in vivo drug-drug interaction study between febuxostat and mercaptopurine or azathioprine
needs to be conducted ——

b(4)

2.4.2.2 Is febuxostat a substrate of CYP enzymes? Is metabolism influenced by genetics?

Febuxostat is metabolized by both Phase 1 and Phase 2 enzymes (see Section 2.2.5.7) The
relative contribution of P450 isoforms in the oxidative metabolism of febuxostat to form
metabolites, 67M-1, 67M-2, 67TM-3, and 67M-4 (from 67M-1), is not clear. It is likely that 67M-
1 was mainly metabolized by non-P450 enzymes and the same maybe true for its metabolite,
67M-4. 67M-2 was mainly formed by CYP1A2, CYP2C8 and CYP2C9 in the liver. 67M-3, a
major metabolite formed in vitro, was not detected in significant amount in vivo. 67M-3 was
mainly metabolized by CYP1ALl.

Because of multiple metabolism pathways for febuxostat, its metabolism is not likely to be influenced
by the inhibition or induction of one particular pathway nor by genetics.

2.4.2.3 Is febuxostat an inhibitor and/or inducer of CYP enzymes?

Febuxostat was found to be an in vitro competitive inhibitor of CYP2D6 with a Ki of 40 pM (12.6
pg/mL) (see Study C-02-005, section 2.4.2.7.1.6-In vivo drug-drug interaction study of febuxostat and
desipramine).

Febuxostat showed little inhibitory activity against the other CYP isoform activities evaluated (i.e.,
CYP1A2, CYP2C9, CYP2C19, and CYP3A4), with Ki values greater than 100 pM (Table 2.4.2.3.1).

The induction potential of febuxostat on human CYP enzymes has not been studied either in
vitro (hepatocytes) or in vivo.

Table 2.4.2.3.1. Inhibition of CYP Isoform Activities by Febuxostat in Human Hepatic
Microsomes.
cYyr Km Febuxostat K Positive
Isoform Reaction (1uM) M ng/mL Control
Xi)
1A2 Phenacetin O-demethylation 45 >100 >31610 | Competitive
(>250) (almost no
inhibition)
2C9 Tolbutamide hydroxylation 238 >100 >31610 Mixed-type | Diclofenac
(~180) 25 pM)
2C19 S-Mephenytoin 4'-hydroxylation 25 >100 >31600 Appears no
(>250) inhibition »
2D6 Dextromethorphan O-demethylation | 8.3 40 12644 Competitive | Alprenolol
: (3 uM)
3A4 Testosterone 6p-hydroxylation 173 >100 >31610 | Competitive | Nifedipine
(~160) (20 uM)

2.4.2.4 Is febuxostat a substrate or an inhibitor of P-glycoprotein transport process?

Whether febuxostat is a P-gp substrate is not clear due to lack of positive control in the assay.

Inhibition potential of febuxostat on P-gp has not been studied.
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2.4.2.5 Are there other metabolic/transporter pathways that may be important?

Febuxostat is metabolized to its acyl glucuronide by several uridine diphosphate
glucuronosyltransferase (UGT) isoforms (mainly UGT1A1, UGT1A3, UGT1A9, and UGT2B7).

Febuxostat is likely to be a substrate for pH-dependent transporter(s) in the apical side of the
intestine.

Non-CYP enzymes may be responsible for the metabolism of 67M-1 and subsequently 67M-4
(that totally accounted for ~25% of the dose).

2.4.2.6 What other co-medications are likely to be administered to the target patient

population?

From a therapeutic point of view, DDI studies were conducted to evaluate the effect of
febuxostat coadministration with agents commonly used in the treatment of acute gouty attacks;
colchicine, indomethacin, and naproxen.

2.4.2.7 What are the in vivo drug-drug interaction studies for febuxostat?

The potential for drug interactions was evaluated in eight ir vivo clinical pharmacology studies
in the United States which incorporated an evaluation of the effect of antacid, the relevant in
vitro DDI results, drugs that can be expected to be coadministered with febuxostat, and warfarin.

Potential for febuxostat to affect other drugs | Potential for other drugs to affect febuxostat

Desipramine, Colchicine, Indomethacin, Antacid, Colchicine, Indomethacin, Naproxen,
Naproxen, and Warfarin ‘ and Hydrochlorothiazide

While the in vitro metabolism studies did not suggest a high likelihood of a CYP-P450 mediated
DD, a study was done to evaluate the effect of febuxostat on the pharmacokinetics of
desipramine (a known 2D6 substrate) as a “possible” effect was seen in vitro.

From a therapeutic point of view, additional DDI studies were conducted to evaluate the effect of
febuxostat coadministration with agents commonly used in the treatment of acute gouty attacks;
colchicine, indomethacin, and naproxen. As hydrochlorothiazide is known to inhibit the renal
secretion of uric acid (thus exacerbating serum uric acid levels), a DDI study incorporating both
PK and PD measurements (serum uric acid) was also completed.

2.4.2.7.1 Individual DDI Study Result

2.4.2.7.1.1 What is the effect of concomitant antacid administration on the
pharmacokinetics of Febuxostat? .

The results of this study confirmed the previous finding that absorption of febuxostat is pH-
dependent. Administration of an antacid both prolongs the Tmax and lowers the Cmax of
febuxostat with no change in the overall AUC.
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Antacid Study TMX-01-014 (U.S.)

This was a Phase 1, open-label, randomized, single-center, single dose, two-period complete

crossover study performed in the U.S. evaluated the effect of an antacid on the pharmacokinetics
of febuxostat in 24 healthy subjects. Subjects were randomly assigned to receive either an 80 mg
oral dose of febuxostat (administered as four 20 mg tablets) with concurrent oral administration
0f 20 mL of an antacid liquid (800 mg magnesium hydroxide and 900 mg aluminum hydroxide),

or an 80 mg oral dose of febuxostat alone in each study period.

Relative to administration of febuxostat alone, co-administration of the antacid with febuxostat

delayed the mean Tmax by approximately 1 hour with a 31% decrease in mean Cmax. A 15%

decrease in AUCt and AUCco, was also seen along with an attendant decease in MRT (see table

below).

Table 11.4b Mean TMX-67 Pharmacokinetic Parameter Estinates Following
Single Oral Dosing of TMX-67 with an Antacid and TAMX-67 Alone
in Healthy Subjects

fare Can ALC, AUC. ' MRT V..F
Regimen 1Y) {hg/ml) {izh/mL) {ug.biml) h) (h) €

aF K] 22823 7.5082 T [ 63(3y | 51 583

3¢ 0.85 3.2838 §.8215 9.0322 5.5 {5.5) 4.4 43,2

2 Arisaneic mean annonic mean)

b Ragimer A: 80 my of TMX-67 with concurrent afmivsszration of 20 2L of ab sutyeid Muuid (200 mz magnesivn
bipdroxide and 225 mr ahuninum hydrosids per S ml)
¢ Razimer B: 1 mg of TMX-47

From a confidence interval point of view, the 90% CI’s for AUC were within the acceptance
limits of 80-125%, but the CI for Cmax was well below the lower bound:

Table 11.4¢ Bivavailability of TMX-67 Following Single Oral Doses of TMX-67
with an Antacid, Relafive to TMX-67 Alone, in Healthy Subjects
Parameier Point Estimate 20% Confidence Interval
C o 4676 0.581-0.786
AUC, 0349 0.302-0.39%
AUC,, 0.833 0.806-0.502
Nota: The point estimates and confidence intarvals were obtainad from exponsusiated

differances obiained from analysis of the natural logarithm tansformed data.

The data from this study does suggest that there is a significant decrease in the febuxostat
absorption rate (as evidenced by the increased Tmax, and reduced Cmax and MRT) following
coadministration with an antacid. The results are consistent with the in vitro finding that
absorption of febuxostat is pH-dependent (absorption is lower at higher pH). Examination of the
timecourse of the serum urate lowering effect of febuxostat indicates that AUC more than Cmax

is related to drug effect. As such, the changes seen here in the presence of antacid would not
require a dose adjustment to be made. ’ '

2.4.2.7.1.2 Is there an interaction between colchicine and febuxostat?

In the evaluation of the interaction between colchicine and febuxostat, the sponsor conducted
two trials:
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TMX-00-006 Colchicine’s effect on Febuxostat (CxF)
C02-006 Febuxostat’s effect on Colchicine (FxC)

The sponsor has not provided a reason as to why two studies were conducted. The studies do
differ in the dose of febuxostat used (40 mg qd in TMX-00-006, and 120 mg qd in C02-006) and
the duration of therapy.

In general, based on the results from the two studies, there does not appear to be a significant
interaction between colchicine and febuxostat in terms of their effects on the pharmacokinetics

of either drug

TMX-00-006
This was a Phase 1, open-label, randomized, single-center, two-period complete crossover study
to evaluate the effect of colchicine on the pharmacokinetics of febuxostat in 22 healthy subjects

after multiple-doses of both compounds. Subjects were randomly assigned to receive either once -

daily 40 mg oral doses of febuxostat (administered as two 20 mg tablets) alone for 7 days, or
once daily 40 mg oral doses of febuxostat with concurrent administration of 0.6 mg colchicine
BID on the last four days of febuxostat dosing in each study period.

The co-administration of colchicine with febuxostat increased mean febuxostat Cmax, AUCt and
AUC24 central values by 12%, 6%, and 7%, respectively, in comparison to the febuxostat alone
regimen. Tmax was essentially unchanged, although the statistical analysis provided by the
sponsor found it to be statistically significant (a mean increase of 18min). This dlfference m
Tmax is not likely to be clinically relevant.

‘I'able 114a Mean TMX-67 Pharmacokinetic Parometer Estimates Following
Multiple Dral Doses of TMX-67 with Colchicine and TMX-67 Alone

in Healthy Suhjecis
tows | Com AU, | AUCy 1™ MRT| Vv,
Regimen | () | qug/ml) | g mbl) Hugdvmb)! by i L)
Ar 084 | 146294 | 23422 36599 § 33038 306 43,1
ig* 1.0 | 14397 | 33306 | 34053 | 476,00 | 30 50.3

2 Arithmictic megn (hatastiiv mzan),
b TMX-67 (Days 1-77 and colchicine {Days 4-71.
¢ TMX.67 alone {Doys 173,

Of more interest is the observation that the 90%CI for Cmax was outside of the 90%CI, but only
barely.

Table 11.4b  Bloavallabllity of TMX-67 Following Multiple Oral Doses of TMX-67
with Colchicine, Relative 1o TMX-67 Alone in Healthy Subjects

| Paraimeter Point Estimate ‘ S0 Confidence Interval |
Cron 1.120 0,980:1.281)
AUC, 1.059 10141100
ALiCy 1.070 L 1.028.1.117

As noted above in the antacid study, as the effect of febuxostat is thought to be due to exposure
and not peak level this difference is not likely to be clinically relevant, especially given the way
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in which colchicine is used in an acute manner in treating gout attacks as prophylaxis for
relatively short time. No dose adjustment in colchicine is needed in the presence of febuxostat.

C02-006 :

The second colchicine study was an open-label, randomized, single-center, three-period
crossover study designed to evaluate the effect of febuxostat on the pharmacokinetics of
colchicine. A total of 33 healthy subjects (26 completers) were randomly assigned to receive
each of the following treatments:

Trt A-0.6 mg BID doses of colchicine with concurrent administration of once daily 120
mg oral doses of febuxostat (administered as six 20 mg tablets) for 14 days

Trt B-0.6 mg BID doses of colchicine with concurrent administration of once daily
febuxostat placebo forl4 days

Trt C-120 mg febuxostat alone for 14 days in each study period.
(Note: The febuxostat alone regimen was evaluated for safety only, not for
pharmacokinetics)

For treatments A & B, plasma samples were obtained for colchicine pre-dose at Day 1, 7,
and 13. On Day 14 they were obtained pre-dose and 0.25, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0,
8.0, 10.0, 12.0 (pre-dose PM), 12.25, 12.5, 13.0, 13.5, 14.0 15.0, 16.0, 18.0, and 24.0
hours post AM dose.

For treatments A, B, & C plasma samples were obtained for febuxostat pre-dose at Day 1,
7, 13, and 14. No complete profiles were obtained for febuxostat in this study.

'Following multiple doses of colchicine with febuxostat for 14 days, the colchicine
pharmacokinetic parameters for both AM and PM Cmax, AUC12, t1/2, and AUC24, the means
for the coadministered colchicine and febuxostat regimen differed by no more than
approximately 11% from the means of the respective parameters in the colchicine alone regimen.
Table 11.4b Alean Colchicine Pharmacokinetic Parameter Estimates on Day 14
Following Multiple Oral Doses of Colchicine with Febuxostat or
Colchicine Alone

toex Cais AUC, AUCy, ' CLF V. F

Regimen ) | (perml) |({pz.bimlj! (pe-himl) a3 Ly &€y
Colchicing Mean | 1.8 | 28957 17386.5 - 951834 387 507.}
% Fabuvostar | 8D 45 | 13807 64286 |. - 49 125 2849
(AM Dose) %CV | 49 4§ 37 - 43 32 36
Colchicine Maan | 1.3 | 32538 1703134 - 101891 370 | 35059
Alone 5D 06 | 144907 80559 - 39 117 | 2602
{AM Dose) %OV | 43 45 34 - 33 32 33
Cotchicine Mean | 240 | 274469 18434.1 337868 316381 399 453.8
& Fabuxosta: 5D 115 | 12035 32003 115592 43 1186 2647
{P¥ Dese) WOV |48 44 33 34 33 29 0
Colehicine Mean | 2.15 | 26264 18479.7 | 344103 sl 392 4350
Alone sD 1.03 173 4302.4 103205 30 114 2161
P24 Dose) %CV 147 31 27 30 38 22 43
a Anthmede mean [barmonic mean]
Cross Refarenca: Appendix 16.5.
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Examination of the data from this trial did not reveal a significant impact of 120 mg doses of
febuxostat on colchicine pharmacokinetics. There is, however, a slight difference in the Tmax
values for colchicine (between 30-45min) between the AM and PM levels for colchicine for both
Trt A & B, suggesting that either the timing of daily activities or some other diurnal factor may
be in play. While interesting, it is a secondary finding and of no pharmacokinetic importance.

2.4.2.7.1.3  Is there a drug-drug interaction between indomethacin and febuxostat?

Following administration of indomethacin with febuxostat, no drug-drug interaction was found at
steady-state.

Indomethacin Interaction Study-Study TMX-02-017

This study was an open-label, randomized, single-center, three-period complete crossover study.
It was designed to evaluate the effect of indomethacin on the pharmacokinetics of febuxostat,
and the effect of febuxostat on the pharmacokinetics of indomethacin at steady-state in healthy
subjects. A total of 27 subjects were enrolled in the trial and 26 completed all phases of the trial.
Subjects were randomly assigned to receive each of the following treatments in a random order:

Trt A. 80 mg oral doses of febuxostat alone (administered as four 20 rrig tablets) for 5
days

Trt B. 80 mg oral doses of febuxostat with concurrent oral administration of 50 mg
indomethacin BID for 5 days

Trt C. 50 mg indomethacin BID alone for 5 days in each study period.

Following administration of febuxostat with indomethacin for 5 days, the changes in mean
febuxostat pharmacokinetic parameters, including tmax, Cmax, AUCt, AUC24, t1/2, and Vss/F
for the febuxostat with indomethacin regimen were all within 11% of the respective parameters
in the febuxostat alone regimen. Both Cmax and MRT were essentially unchanged, indicating
that absorption rate was not significantly affected.

Table 11.4b Summary of Pharmacokinetic Parameter Estimates for TMX-67
Following Multiple Oral Doses of TMX-67 Alone or TMX-67 with
Indomethacin in Healthy Subjects

| 2 Cosz ALC, AUC ters MRT | V../F
egimen : @) | wefml) | (neiml) lpebinl) | () (0] L)
IME-67 B 2% 5 .2 26 25 26 3
Alona Mean {1.25 19939 71272 7.1343 6032y 352 &0.2
S 1067 2.9431 1.9754 1.9716 28 ig 16.1
TUER-67 & N % 26 26 26 35 25 235
ndomethacin  [Mean {131 1.78:8 71763 71550 8052y 32 609
SD 1035 Q4916 18079 1.8673 2.1 07 15.7

a Arithmetie mean {harmonic mean)

As expected, the 90% Cls for both febuxostat Cmax and AUC24 were within the 0.80-1.25
range, although the Cmax value was close. Given that they are contained in the acceptance
interval, and that the CI contains “1”, we can conclude that indomethacin has no significant
effect on the bioavailability of febuxostat.
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Table 11.4d Bioavailability of TMX-67 Following Multiple Orat Doses of
TMX-67 with Indomethacin, Relative to TMX-67 Alone, in Healthy

Subjects
(Payameter Poin¢ Estimate 90% Counfidence Interval
Coax 49.93} {0.8182 - 10579
AUC, 1012 {0.9739 - 1.0610)
Note: The reanlts are based on the ANOV A of the natural logarithm of C e

and AUCs..

As for indomethacin, following administration of indomethacin with TMX-67, the changes in the
mean indomethacin pharmacokinetic parameters, including tmax, Cmax, AUC12, and AUC24,
were all within 12% of the respective parameters in the indomethacin alone regimen for both
AM and PM doses.

Table 11.4¢ Swmnmary of Pharmacokinetic Parameter Estimates for
Indomethacin Following Multiple Oral Doses of Indomethacin
Alone or TMX-67 with Indomethacin in Healthy Subjects

‘K | S C:u: AUCI! AUC?& 31.’2:, MRT Vw)r
epimen thy | weiwl) | ng-himl) |(mg-b/ml) (1) (h} L}
Indomethacin ¥ 26 26 26 - 26 26 26
Alone Mean {137 27576 §7000 - 7252 6 2234
(AM Dose} ISD 1061 35362 20623 - 4.1 28 904
Indomathacin [N 26 26 26 26 26 26 26
Alone Mean 256 10164 90241 178031 4942 77 .30
(P21 Dose} 18D 1147 5468 18640 37076 24 20 703
TMX5T & [N 26 26 20 - 26 26 26
Indomethavin Mean 1132 27438 92619 - 57{(32 62 17.18
(AM Doze) D 1066  680.9 17084 - 17 13 460
TMXETE N 126 26 26 26 26 2 26
[ndomethacin [Mean 1227 17702 84300 176920 37(34 86 3212
(FMBoze} ISD 1138 272 - 19124 335307 34 28 4027

a Arithmefic mean (harsonke mean}

A statistically significant (p<0.05) change was detected in the mean AM AUC12 values between
the two regimens (8709 vs. 9261 ng*hr/ml), numerically it represents a 6% change and is
unlikely to be clinically significant and is more related to the overall power of the trial being able
to resolve small differences. The effects of period and sequence were assessed in the trial and not
statistically significant (p>0.05) for any of the pharmacokinetic parameters analyzed with the
exeeption of the period and sequence on AM AUC12, which were statistically significant
(p<0.05). It is unclear what the impact of this would be, however, it matches up with the
previous observation regarding the detected 6% difference in these values. Again it is not
anticipated that these findings are significant.

This is supported by the confidence interval analysis which demonstrates bioequivalence
between both the AUC12 and AUC24 values.
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Table 11.4e Bivavailability of Indomethacin Following Multiple Oral Doses of
TMX-67 with Indomethacin, Relative to Indomethacin Alone, in
Healthy Subjects

[Parameter Point Estimate 90% Confidence Interval

C e D.981 ) 85117 - 1.036%)

AUC,, 1.870 {10405 -:.101D)

AUC, 6,997 {0.962% - 10320

Nota: The results 212 based on the ANOVA of the natural fogarithm of C . AUCH,
and AUCs,.

Thus, while a period and sequence effect was detected, the overall conclusion is that there is not
a pharmacokinetic interaction between indomethacin and febuxostat.

24.2.7.1.4 Is there a drug-d.rug interaction between naproxen and febuxostat?

Yes, following administration of febuxostat with naproxen for 7 days, febuxostat Cmax, AUCt
and AUC24 mean values were increased over the febuxostat alone arm. Unlike the changes seen
in febuxostat pharmacokinetics, the plasma levels of naproxen are relatively unchanged
following concomitant administration with febuxostat.

Naproxen Interaction Study-Study C02-013

This was an open-label, randomized, single-center, three-period complete crossover study
performed to evaluate the effect of naproxen on the pharmacokinetics of febuxostat, and the
effect of febuxostat on the pharmacokinetics at steady-state: A total of 27 healthy subjects were
enrolled in the trial and 25 completed both phases and were available for analysis. Subjects were
randomly assigned to receive each of the following treatments in a random order:

Trt. A 80 mg oral doses of febuxostat alone (administered as four 20 mg tablets) for 7
days

Trt. B 80 mg oral doses of febuxostat with concurrent oral administration of 500 mg
naproxen BID for 7 days

Trt. C 500 mg naproxen BID alone for 7 days in each study period.3

Following administration of febuxostat with naproxen for 7 days, febuxostat Cmax, AUCt and
AUC24 mean values were approximately 28%, 40%, and 40% higher, respectively, than the
febuxostat alone regimen.

3 It should be noted that this is an anti-theumatic dose of naproxen. The phase III clinical trials used a dose of
250mg BID of naproxen as a prophylaxis for gout flares during the initial phases of the trial.
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Table 11.4b Smmnary of Pharmacokinetic Parameter Estimates for Febuxostar
: Following Multiple Oral Doses of Febuxostat Alone or Febuxostat-
with Naproxen in Healthy Subjects

tans Cuue AUC, ATCy, e CIF¥ |MRT| V. JF

Regimen (B | (ne/ml) |{rg-himl)] (peb/imly] () e B Y] thy | (1)

Pebuxostat N 25 23 s 25 4 2 24 X
Alone Peam | 152 | 17564 { £.8753 §.8807 [6.2(56)] 1233 48] 586
$D 0.78 | 93776 { 1.5632 13576 i3 3.33 08 | 1590

Febuxostat & [N 23 15 23 23 b 25 24 24
Naproxen hfean | 156 | 22973 6.6852 96392 178D &4t 56| 493
D .71 | 05633 | 2.6330 | 26258 4.1 pirl] 1] 341

a Asithenetie mean {harmenic mean)
In addition, the 90% ClIs each of these parameters extended beyond the upper 1.25 acceptance
limit.

Table 11.4¢ Bioavailability of Febuxostat Following Muiti?le Oral Doses of
Febuxostat with Naproxen, Relative to Febuzostat Alone, in

Healthy Subjects
Parameter Point Eséimate 30% Confidence Interval
Couse 1.28¢ {1.1812 - 13874}
AUC, 1396 (3.3337 - 14621}
AUC,, ' 1.396 {1.3325 . 1 48213

This increase in febuxostat levels is readily apparent from the mean plasma level time profile:

i

i TMXET Al
~C TMXET + Napresan

Plisns TMX AT Concentzation {pgimil

T ) T 1

¥
9 € 12 13 24

Time iy

According to the sponsor, this observed increase in febuxostat exposure was most likely due to a

decrease in febuxostat elimination as a result of the inhibitory effect of naproxen on
glucuronidation of febuxostat.
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While this is plausible, it does not alter the fact that both the peak plasma levels and exposure of
febuxostat is increased. The data clearly indicates that patients receiving the 80 mg dose will in

fact be exposed to levels more akin to 120 mg, and patients receiving 120 mg will be exposed to
levels approaching 180 mg.

/ / / / / &

Unlike the changes seen in febuxostat pharmacokinetics, the plasma levels of naproxen are
relatively unchanged following concomitant administration with febuxostat.

Table 11.4d Summary of Pharmacokinetic Parameter Estimates for Naproxen
‘ Following Muldple Oral Doses of Naproxen Alone or Febuxostat
with Naproxen in Healthy Subjects

Yo | Cam | AUC. | AUC, | AUCs, | fim’ | CUF |MRI| V. &

Regimen ) | fmgml){(nghiml) {nz-bil) | (ns-himl) {h) LA | () L
Napioxen [N 24 2 24 24 - 24 24 23 24
Alone  [Mean| 19 23% 7915 7815 - 1T304 0836 | 164 | 10.39
(AM Dose) ISD 9.9 71 56.8° $6.0 - 3.8 05531 42 | 248
Naproxen [N 24 24 24 2;-‘} 24 24 o 21 24 24
Alone Mean| 2.9 869 7773 3115 15690 [13.6¢13.13] 0.849 | 215 | 13.9¢
EME Dose) {SD 13 89 71.2 712 1282 29 0065 1 49 | 3.34
Febuxesta: [N 24 24 24 24 - 24 24 24 24
& N
Naproxen  [Mean] 19 238 5016 £6:.6 - 10290 0628 | 45 | 927
(AM Dozed {SD 0.8 53 £7. 830 - 31 D052 37 | 223
[Febumostat [N 34 2 ) 32 2 24 ¥ | o | M
&

Naproxen |Mean| 34 8386 760.9 760.9 313624 1351235y 0861 | 215 | 1430
PM Dose) |SD 1.5 10.3 378 372.8 118.2 4.1 0633 ] 69 | 484

a Avithmetic mean fharmonic mean)

No period or sequence effects were found in the study and the 90% confidence intervals were
with the acceptance interval for naproxen.

2.4.2.7.1.5  Is there a drug interaction between hydrochlorothiazide and febuxostat?
There is no significant drug-drug interaction between the two agents.

Hydrochlorothiazide Interaction Study-Study Study C03-059

This was a single-center, open-label, single-dose, randomized, two-period crossover study
performed to evaluate the effect of hydrochlorothiazide on the pharmacokinetics and
pharmacodynamics (uric acid levels) of febuxostat in healthy subjects. A total of 36 subjects
were enrolled and 33 were available for analysis. Subjects were randomly assigned to receive
either an 80 mg oral dose of febuxostat (administered as a single 80 mg tablet) with co-
administration of 50 mg hydrochlorothiazide or an 80 mg oral dose of febuxostat in each study
period. Hydrochlorothiazide levels were not determined in this trial.
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Following administration of febuxostat with or without co-administration of hydrochlorothiazide,
mean febuxostat Cmax, AUCt, and AUC24 were all within 4% of those in the febuxostat alone
regimen. '

Table 11.4a Summary of Pharmacokinetic Parameter Estimates for Febuxostat
Following 80 mg Dose of Febuxostat + 36 mg Hydrochlorothiazide
or 80 mg Febuxostat Alone in Healthy Subjects.

AUC, | AUCL
tann Cone | el | Gelv et | CQF | Ves
) |{pghel) | wl) ‘ml) ) LAy @y
Regiwen 29=337 | (9=33) | 0e=33) | =331 | =3 | (=333 ) Qi=3n
gebzxogf 5‘3;1;; Mean | 393 | 2924 | 9346 | o397 [6s5¢58] 832 | 449
rdr rot! { - -
OmeH® [Tep | 1as | 13w | 2564 | 251 | 22 | 201 | Do
Febuxosiat 3¢ mz 2aam 1,98 2,232 9083 9,252 61(5.7y] 9.28 438
SD | 128 .| 1439 | 3535 | 2406 1.6 333 150
3 Avithmetic mesa {harmonic mean)

The 90% ClIs for these parameters were all within the acceptance interval of 0.80-1.25.

With regards to pharmacodynamic measures the mean 24 and 48 hour serum urate concentration
(Cmean,24; Cmean,48) following the administration of hydrochlorothiazide with febuxostat
were approximately 6.5% and 7.9% higher, respectively, than those following administration of
febuxostat alone. The mean urinary uric acid Clr and Ae24 values were approximately 9.5% and
4.4% lower, respectively, following co-administration of hydrochlorothiazide with febuxostat.

Table 11.4¢ Summary of Serum Urate and Urine Uric Acid Parameter
Estimates of 30 g Dose of Febuzostat + 50 mg
Hydrochlorothiazide or 80 g Febuxostat Alone in Healthy

Subjects
Sernm Lrine

Cunn.u Cmsa.zs (’1.' "Xezt

{mgfd1) {ragsdl) {aaLl/min) {mg)
Regiwen ) N=300 N30 {N=30y IN=3
Fabuxosiat 30 mg + Mean 363 3.67 92.11 434.2
Hydroshlorothiazide $0mz sD 1.305 1,278 2793 82.7
Febuvoziat 30 mz Mean 1 34) 340 10.07 454.2

SD 1.284 1143 2342 114.25

Povalye® ) <QO01¥% | «f {0]%%® 0.003% 4.129

2 Petiod 2 parameter could mot be calenlated for Subyzets 105, 110, and 117 due to missing daza.

b P-value for testing hydrochioroihdazide eff2et, from ANOVA with terpys for saguence, subject
{s2quencs), peried, and regimen.

*e AEF Siatistics) significance at 0.01 and 800! lavels, respecnvely

While the differences in Ae24 were not statistically significant, the differences in Cmean,24,
Cmean,48, and Clr were statistically significant. However, the differences in the mean
pharmacodynamic parameters estimates between regimens were small and are unlikely to be
clinically relevant, at these doses. Based on the combined PK/PD results of this study, no dose-

adjustment for febuxostat is necessary when administered with hydrochlorothiazide at these
doses.
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