2.4.2.7.1.6 Given the in vitro finding that febuxostat is a weak inhibitor of CYP 2D6, is
there a significant drug-drug interaction between desiparmine (a CYP2D6
substrate) and febuxostat?

While the desipramine 90% CI’s for AUC were outside the upper limit of 125%, the metabolite
showed no change in its pharmacokinetics. While the magnitude of the change in desipramine
AUC is low, this information should be included in the labeling.

Desipramine Interaction Study-C02-005

This was an open-label, randomized, double-blind, single-center, placebo-controlled, two-period
crossover study to evaluate the effect of febuxostat on the pharmacokinetics of desipramine (a
CYP2D6 substrate) in healthy subjects. A total of 22 subjects were enrolled in the trial, 2
discontinued for personal reasons and were replaced while 2 were dropped after the samples
were analyzed as it was determined from the data that they were poor metabolizers. Febuxostat
levels were not determined in this study. The subjects were randomly assigned to receive in-a
random order either once daily 120 mg oral doses of febuxostat (administered as six 20 mg
tablets) for 9 days with a single 25 mg oral dose of desipramine on Day 6, or once daily
febuxostat placebo for 9 days with a single 25 mg oral dose of desipramine on Day 6.

The co-administration of febuxostat with desipramine increased the mean desipramine Cmax,
AUCt and AUCeo by 16%, 24%, and 22%, respectively, in comparison to the desipramine alone
regimen. This is also reflected in a 22% decrease in the apparent clearance of desipramine
(CVF).

Desipramine 2.Hydroxydesipramine
Dezipramine with |  Desiprawmine Desipromive with Desipramine
Fabuxosrat Alpne Febuxostar Alone
Pavameter | Units | Mean b Mean SD Mean D Mean D
s €31 8.8 13 6.0 18 42 15 48 1.2
Cons MneimI)l  9.62 3.6 835 3.24 6.15 1.96 £37 231
AUC, {ng-bm| 28757 (14836 223536 |I50.25] 14933 3036 144 13028
Ly
AUC, {ng-m] 29543 |183.465] 26267 24888 163.13 3023 w604 | 8219
L
e &) (2110389 8.3 2151783 14.2 | 2342000 | 108 | 273185y 343
s Gy | 00367 {00316 ] 00390 10.0140] ©.0346 (00132 8.0374 {D.0138
CVF {Lh) 1244 1087 1574 (1372 - - - -
 IAUC. Ratie® §.7362 [0.4046 ] 55832 {04618 - - -

2 Anthmetic mean (harnionic mewmn)

b AUC mtio means 2-kydroxydesipramine AUC,, 3o desipramine AUC,,

N=l2.
As for the metabolite 2-hydroxydesipramine, there was no apparent difference in the
pharmacokinetic parameters of the metabolite, with or without febuxostat. There is, however, an
approximately 17% difference in the AUC ratio of parent to metabolite in the presence of
febuxostat, suggesting the presence of some degree of formation rate reduction, presumably
through CYP2D6 inhibition.
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With regards to the 90% Cls, the desipramine Cmax was within the 0.80-1.25 range, but the
upper bound of the 90% CIs for AUCt and AUCe of desipramine extended above the 0.80-1.25
range. Indicating that this is not an absorption phenomena but is related to the metabolism of
desipramine resulting in an increased mean plasma exposure of approximately 24%.

The 90% Cls for the metabolite 2-hydroxydesipramine Cmax, AUCt, and AUCco parameters
were all within the 0.80-1.25 range. This finding, in conjunction with the parent desipramine
data suggests that the impact of the interaction of febuxostat on desipramine AUC is gradual in
‘nature and does not appreciably affect the formation of the metabolite.

Parameter Point Estimate 903% Confidence Interval
Desipramine

Lo - 1.163 {10967 1.2324)

AU, 1.242 (1.1369 . 13570

AUC, 1.220 {1.1059 - 1 3459

AUC Ratio® {.832 {0.7629 - 0 2089}
J-Hedroxvdasipramins )

Coons 0.959 {0.9026- 1 0183

AUC, 1.039 {1.0089 - 11122

AUC, 1035 {09277 - 11102

2 AUL rafto means J-hydrosrsdasipramine AUC,, to desipramine AUC,,

As to the significance of this interaction, it is likely to be minimal as the changes seen are much
less than those seen with more potent inhibitors of CYP2D6. Nevertheless, these results should
be incorporated into the package insert as in combination with other weak inhibitors or a narrow
therapeutic range CYP2D6 substrate these differences may be exacerbated.

2.4.2.7.1.7 Is there a pharmacokinetic or pharmacodynamic interaction between warfarin
and febuxostat?

The results from the formal drug interaction between warfarin and febuxostat are inconclusive as
9 of the 22 patients were removed from the treatment portion of the study due to an increase in
their INR values. Coupled with the fact that in the clinical database there are reports of
hemorrhage and bleeding in patients on warfarin, strongly suggests that the conclusion that there
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is 1o interaction is unwarranted at this time. Until additional information becomes available, —

Warfarin Interaction Study-C03-057

This was a randomized, double-blind, single-center, placebo-controlled, two-way, crossover
study with open-label warfarin designed to evaluate the effect of febuxostat on the
pharmacokinetics and pharmacodynamics of warfarin. Subjects received 5 mg of warfarin on
Days 1 and 2. On Days 3-9, subjects received the appropriate dose of warfarin to maintain an
International Normalized Ratio (INR) between 1.2-1.8. On Day 9 of the warfarin lead-in,
subjects with INR values within or closest to the range of 1.5-1.8 were randomized to receive
120 mg febuxostat or placebo for febuxostat with concomitant warfarin administration for 14
days in each of two crossover periods without a washout between the crossover periods. A total
.0f 22 healthy volunteers were enrolled in the study and 21 were randomized to therapy. A total
of 8 subjects were dropped from the trial for high INR values and were given vitamin K (4
patients received warfarin alone, and 4 received warfarin & febuxostat). A ninth subject
received vitamin K at the end of the study due to increased INR values (febuxostat arm). A total
of 13 subjects completed all phases of the study (see section entitled Discontinuations for INR
below).

Following administration of warfarin with febuxostat, co-administration of febuxostat with
warfarin increased the estimated Cmax and AUC24 central values by less than 3% for (R)-
warfarin and less than 5% for (S)-warfarin. Febuxostat concentrations were not determined.

fmr | Cue | UGS Aq e | Vo/F | CVF
Analyte  [Rezimen ) | gl imehamly] @) L)) @ | Om
Rewarfarin  [Warfanu QD N i3 13 13 8 ] 8 13

+ Febuxostat Mean | 24 | 1182 30770 [ 002301334030 803 | 5182

QD SD_ [ 32 ] 438 | 8070 00072 133 | 265 | 0024
Warfarin QD [N 131 13 13 8 8 8 13
+Placebo  Mean | 22 | 1206 | 20728 |0024635808.1) 876 | 0165
QD SD [ 38 | 319 | 9150 [001d]| 222 | 440 | 0026
S-warfanin [Warfarin QD [N 3 13 13 12 12 2 13
+Febusostat [Mean | 07 | 834 | 12516 |04317[23.8015) 940 | 0272
QD S 03 | 27 | 4770 00087 78 | 2351 | 0054
Warfmn QD [N 3 13 13 2 12 ¥) i3
+Placebe  |Mean | 07 | 853 | 12237 [00351/20.7(19.7) 882 | 0.283
QD SD | 03] 345 | sS4 00078 51 | 284 | 6038

3 AUC;, and AUC, were squal it all swhyects in Both periods.
b Arithmetic mean (hermonic mean).

The 90% ClIs for Cmax and AUC24 with respect to (R)- and (S)-warfarin were within the
acceptance interval of 0.8-1.25.

Analvte ~__Parameter Point Estimates 3095 Confidence Interval

R-warfanin Coxx 1.008 £.9320 - 1.0909
AUGY 1022 0.9793 . 10670

S-warfarin Coxe 1011 0.9075 - 1.126¢
AUCY? 1.048 1.5053 - 1.0528

a  AUCy and AUC, were equal n all subiects i both peniods.

The pharmacodynamics of warfarin when co-administered with febuxostat [the time to reach
maximum international normalized ratio (INRmax), the 24-hour mean international normalized
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ratio (INRmean,24), and the 24-hour mean Factor VII (F-VIImean,24)] were within 7% of those
for warfarin alone. The slight increases in mean INRmax and F-VIImean,24 values seen are not
of the magnitude that would be considered likely to be clinically significant (see below) and not
statistically significant (p>0.05).

IR INReay INRoen 2t FoVTLg2: (00
egimen o=13y* N=13* N=13)°
Warfarin QD + FebuxostatQD  Pdean 1.87 1.70 39,60

SD 0.408 0372 12.501
[Grarfari QD = Placebo QD Ev‘(e'm 1.8D 171 3118

SD 0.493 0.468 12,0653
P-value” 04582 {,7482 0,1912
n  Iucluded ondy subjects with data from bot crossover periods.

b P-value for testing febunostat effect, from ANOWA with terms for sequence, subject (sequence),.
period and regimen,

Discontinuations for INR

A total of eight subjects were removed from the trial due to high INR values. An additional
subject was given vitamin K at the end of the trial due to a high INR value at study close-out.
Additional information regarding these subjects was requested and supplied by the sponsor in an
amendment dated 7/13/05 (Amendment 20).

A box-whisker plot of the data reveals that while there were as many patients removed from the
trial on the placebo arm as on the febuxostat arm the mean increase in INR values in the
febuxostat patients was higher than that of any other group. It should be noted that the highest
absolute INR value was in the placebo phase of the trial. If this subject was removed from the
database, the resulting INR values for the placebo arm would be markedly reduced.

Box and Whisker Plot of INR(max)
All Subjects by Treatment & Vitamin K
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Because these subjects were removed from the study prior to the PK analysis portion of the
study, no PK data'is available to determine whether or not the cause of the increased INR value

was due to a PK or PD alone interaction.

At best this trial is inconclusive, in that the removal of subjects with high INR values without
obtaining (at a minimum) a plasma level for warfarin does not remove the possibility that this
interaction has a pharmacokinetic basis. Coupled with the fact that in the clinical database there
are reports of an increased INR, resulting in hemorrhage and bleeding in patients on warfarin,
strongly suggests that the conclusion that there is no interaction is unwarranted at this time.

Until additional information becomes available

——

—

2.5 General Biopharmaceutics

bid)

2.5.1 What is formulation (quantitative composition) of febuxostat 80 and 120 mg tablets?

The compositions of the drug products (80 and 120 mg) are listed in Tables 2.5.1.1 and 2.5.1.2.

| b(4)

e

Table 2.5.1.1. Quantitative Composition of 80 mg Febuxostat Tablet.

Ahbott Linit
Compendial © Material Formula
Component Reference Role LCode {mesflablet)
Febuxostat {TEI;6?20, A-319198.0) In-house Active 80.00
Lactose, Monohydrate, ——n0 NF
Celinlose, Microcrystalline, ~—— NF
Hydroxypropyl Cellulose, ——— * NF lf
Croscarmellose, Sodium NF
P__—_a B
_—_—
/ -
Silicon Dioxide ~—— " NF
Magnesium Stearate, ——- NF
Total Core Tableds
Color Couting \]
—————
Opadry I1, Green, — In-houss Cotor coating /
Total Coaied Tablets 526.84
N
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Table 2.5.2.2. Quantitative Composition of 120 mg Febuxostat Tablet.

Abbott Unit
Compendial Material Formula
Compuonent Reference Role Code {mgiiablet)
-_—

Febwxostat (TEL-6720, A-319198.0) In-house Active 120.00
Lactose, Monohywdrate, ———— NF

—
Cellulose, Microernystalline, =™ ——~  NF
Hydroxypropyl Cellulose, 7™ NF

—_— g
Croscanmgllose, Sodium NF

-
Silicen Dioxide — NF
Magnesium Stearate. NF
Total Core Tablets \
Coloy Coating
—_—

Opadry I, Green, —— In-house Color coating .
Tuotal Coated Tablets 769.23

| 2.5.2 What is the effect of food on the bioavailability of the drug from the dosage form?

The food effect was evaluated in Study C03-054 with the 120 mg tablet (the highest dosage
strength tablet), single dose. An FDA high fat meal decreases the rate and the extent of
absorption of febuxostat (Cy.x decreased 38%, AUC decreased 16%, and Tax delayed by

(Tables 2.5.2.1 and 2.5.2.2).

Table 2.5.2.1. Summary of Pharmacokinetic Parameter Estimates for Febuxostat

0.5 hr)

Following Administration of a Single 120 mg Oral Dose of Febuxostat to Healthy Subjects
Under Fasting and Non-fasting Conditions.

toms Come AUC, AUC,, tia® | CIF | MRT | VF

Regimen ] (ug/ml) | (ngbml) | (uebml) | (&) LY oy L3
A | 19 19 19 19 16 19 19 19
Fasting |Mean| 1.74 3273 15.468 15636 444 820 40 332
$D 1.65 1.781 3041 3.948 09 2.3 07 120

B | 19 10 19 19 19 19 19 19
Non-fasting[Mean| 226 3437 13.064 13281 5148 988 33 361
SD 1.23 1.489 3.624 3.674 14 337 17 369

* Harmenic mean is in the parentheses.
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Table 2.5.2.2. Bioavailability of Febuxestat Under Non-fasting Conditions, Relative to
Fasting Conditions.

Parameter Point Estimate 90% Confidence Interval
Cmax 0.617 (0.515-0.738)
AUCt 0.838 (0.782 - 0.898)
AUCw 0.843 (0.787 - 0.902)

The Sponsor has also conducted a multiple dose study (Study C02-036) to assess the effect of
food not only on pharmacokinetics but also on pharmacodynamics of febuxostat at steady-state.
In Study C02-036, the 80 mg tablet was studied. Consistent with what was found in the single-
dose study, the administration of febuxostat under non-fasting conditions resulted in respective
mean Cmax and AUC24 values 49% and 18%.lower than those under fasting conditions (Table
2.5.2.3). However, uric acid reduction in serum was slightly higher under fed conditions than fast
conditions after multiple dosing (58% vs. 51%) (Table 2.5.2.4). :

Table 2.5.2.3. Bioavailability of Febuxostat Under Non-fasting Conditions, Relative to
Fasting Conditions. :

Parameter Point Estimate 90% Confidence Interval
“Cmax 0.512 (0.440 - 0.595)
AUC24 0.824 (0.782 - 0.870)

Table 2.5.2.4. Summary of Mean Serum Urate Cmean,24 Values on Days -1 and 6 and
Percent Change from Baseline in Serum Urate Cpeanz24 0n Day 6 Following Once Daily
Multiple Oral Dosing with 80 mg of Febuxostat Under Fasting or Non-Fasting Conditions

in Healthy Subjects.
Cmam s ig/dly s Change from Baseline
Treatiment Day -1 Dy 6 Dax 6
Fasting N 23 23 23
Mean  [5.110 2.606 -51.16
sD 1.392 1.28F 14.34
MNon-Fasting N 23 23 23
Mean  [5.235 2 235 58,49
SD 1512 1.065 12.00

Based on these results, febuxostat tablets may be given without regard to food as the observed
pharmacokinetic changes are not translated into a meaningful change in pharmacodynamics.

2.5.3 What is the relative bioavailability of the proposed to-be-marketed formulation to the
Jformulations used in the pivotal clinical trials?

Table 2.5.3.1 listed formulations used in the pivotal Phase 3 trials, the on-going clinical long-
term safety studies and pivotal clinical pharmacology studies.
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Table 2.5.3.1. Formulations Used in Clinical Trials.

mg for febuxostat, it is expected that these tablets would be bioequivalent.

Teijin’s formulation, Formulation A3, was used in many PK 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 (Table 2.5.3.2). In addition, the
Abbott Bl 80 mg tablet was bioequivalent to four Abbott B1 20 mg tablets.

NDA 21-856
Urolic (Febuxostat)
Original NDA Review

Study Content To-be-Marketed Dosage
Strength
Abbott 20 Abbott 40 Abbott 80 Abbott 120
Abbott 20 mg mg mg mg
mg (Formulation | (Formulation | (Formulation | (Formulation
Teijin 20 mg | (Formulation B1, Bl1, Bl, B1,
(Formulation B1, pilot production production production production
A3) scale) scale) scale) scale) scale)
TMX-99-001 SD and MD PK
study X
TMX-01-008 Renal impairment X
TMX-01-012 Hepatic impairment X
TMX-01-016 Age and Gender X
C02-036 80 mg MD food
effect X
C03-054 120 mg SD food
, effect X
C02-023 QTc X X
TMX-01-005 Phase 2 POP-PK X X
C02-009 Phase 3 POP-PX X X
- TMX-01-014 Antiacid X
TMX-00-006 | Colchicine (effect on
TMX-67) X
TMX-02-017 Indomethacin X
C02-013 Naproxen X
C03-059 Hydrochlorothiazide X
C02-006 Clochicine (effect on
colchicine) X
C02-005 Desipramine X
C03-057 Warfarin X X
C02-009 Pivotal Phase 3 trial X X
C02-010 Pivotal Phase 3 trial X X
long-term safety
C02-021 (ongoing) X X X
long-term safety
TMX-00-004 {ongoing) X
The pivotal clinical trials used the to-be-marketed formulation, Abott Formulation B1. 80 and
120 mg are the to-be-marketed dosage strengths 20 mg and 40 mg tablets of Formulation B1
used in some of the clinical trials b{@

Because of the dose-proportional PK in the range of 10-120
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Table 2.5.3.2. Bioavailability of Febuxostat Following Single Oral Doses of the Test
Regimens (Abbott B1 20 mg Tablet, Abbott 80 mg Tablet), Relative to the Reference
Regimens (Teijin 20 mg Tablet, 4 of Abbott B1 20 mg Tablets).

Relative Bioavailability
Point 90%
Comparison Pharmacokinetic Confidence
(Test Regimen vs. Reference Regimen) Parameter Estimate Interval
Abbott B1 20 mg Tablet vs. Teijin 20 mg Tablet Cmax 0.955 | 0.8434-1.0818
. AUC: 0.968 0.9189 —1.0194

AUC» 0.983 0.9359 - 1.0323
Abbott Bl 80 mg Tablet vs. 4 of Abbott B1 20 C 1.085 0.9583 - 1.2291
mg Tablets e :

AUC: 1.022 0.9707 - 1.0769

AUCw 1.022 0.9734 - 1.0737

LZ. 5.4  Does the to-be-marketed tablets demonstrate dosage form equivalent?

Yes. 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 (Table 2.5.4.1). Therefore, 1 febuxostat 120 mg tablet and the
combination of 1-febuxostat 80 mg tablet plus 1 febuxostat 40 mg tablet can be used
interchangeably.

Table 2.5.4.1. Relative Bioavailability of 1 Febuxostat 120 mg Tablet to 1 Febuxostat 80 mg
Tablet plus 1 Febuxostat 40 mg Tablet in Healthy Subjects.

Paramneter Point Estimnate® 0% Confidence Interval
Lo 1.998 0.9010-1.1036
AUC, 0.988 0.9531-1.0%33
AUC,, D088 0.9542-1.0228

a N=35

2.5.5 Has the Sponsor developed an appropriate dissolution method and specifications that
will ensure in vivo performance and quality of the product?

No. The proposed dissolution method and acceptance criterion for febuxostat tablets (Table
2.5.5.1) are not acceptable because the conditions, as proposed are, such that the tablets would
pass the acceptance criterion even at 10 min (Figures 2.5.5.1 and 2.5.5.2 and Table 2.5.5.2).
Drug release was essentially complete at 20 minutes.
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B

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:

Drug Release Parameters Value

Apparatus Automated USP Dissolution Apparatus #2 (Paddle)
Dissolution medium 0.05 M Potassium Phosphate Buffer, pH 6.8 + 0.05
Dissolution medium volume 900 mL ’

Dissolution medium temperature | 37.0 £ 0.5°C

Rotation speed 75 1pm
Analytical finish UV Spectrophotometry using absorbance at 316 nm
Acceptance criteria = — .at 15 min b(ab

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.

2.6  Analytical

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

Febuxostat:

Febuxostat was quantified in the U.S. at — - - Unchanged &@3
febuxostat concentrations were determined in both human plasma and urine by HPLC with
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fluorescence detection (320 nm excitation, 380 nm emission). Total febuxostat (unchanged plus
conjugated derivatives) concentrations were determined in human urine by HPLC with
fluorescence detection.

67M-1, 67M-2 and 67M-4:

These metabolites were quantified in the U.S. at A _
Unchanged metabolite concentrations were determined in both human plasma and urine by
LC/MS/MS method. Total metabolite (unchanged plus conjugated derivatives) concentrations
were determined in human urine by validated LC/MS/MS methods.

b(4)

Human Serum (Uric Acid, Xanthine, and Hypoxanthine):
Quantitation of uric acid, xanthine and hypoxanthine in human serum was conducted using an
HPLC method with UV detection (260 nm).

Human Urine (Uric Acid, Xanthine, and Hypoxanthine):
Uric acid, xanthine and hypoxanthine urine concentrations were determined by HPLC and UV
detection (250 nm) and LC-MS/MS methods in the U.S.

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

The analytical methods measured total concentrations of febuxostat and its metabolites in human
plasma. These moieties are highly protein bound, so free concentrations may be more
appropriate. However, it is standard to measure only total concentrations. The protein binding of
febuxostat was measured in the PK studies. Free concentrations were calculated for each patient
based on individual protein binding data.

Ii6.3 What bioanalytical methods are used to assess concentrations?

Individual method information, including linear range, sensitivity, quality control concentrations,
precision and accuracy, is presented in the following tables. Overall, the analytical methods
adequately determined the concentrations of the compounds of interest.

Table 2.6.3.1. Summary of Analytical Methods.

Analyte Matrix Analytical Method Internal Standard Limit of
Quantitation
(Linear
Range)
Febuxostat | Human EDTA | HPLC-Fluorescence —_——— 0.0lpg/mL

Plasma Detection (0.01-20

— £S23150_1) pg/mL)
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Total Human Urine | HPLC-Fluorescence
Febuxostat (Urine Detection
(Intact plus | sampleswere | — £S23150_3)
conjugates) hydrolyzed

with 2 N
NaOH prior to
extraction)

Intact Human Urine | HPLC-Fluorescence
Febuxoestat Detection

— £S523150_2)
67M-1, 67M- | Human EDTA LC/MS/MS
2, and 67M-4 Plasma _— 2S23150_4)
Total 67M-1, | Human Urine LC/MS/MS
67M-2, and (Urine ¢~ .PS23150_6)
67M-4 samples were-
(Intact plus hydrolyzed
conjugates) with 2 N
NaOH prior to
extraction)
Intact 67M-1, | Human Urine - LC/MS/MS
67M-2, and — 2§ 23150_5)

0.05 pg/mL
(0.05-100

pg/mlL)

0.02 pg/mL
(0.02-20

pg/mL)

0.5 ng/mL
(0.5-100
ng/mlL)

5 ng/mL
(5-500 ng/mL)

0.5 ng/mL
(0.5-100

67M-4

Urate |

Human

. i:IPLC—UV Detection T

Serum = PS 23151_1)
HPLC-UV Detection
— £823151_2)
Uric Acid Human Urine LC/MS/S
©— PS5 23151_5)
Xanthine Human HPLC-UV Detection
Serum = PS23151_1) ,
HPLC-UV Detection
Human Urine | — .PS23151_2)
LC/MS/S i
. — £S 23151_5) |
Hypoxanthine Human HPLC-UV Detection
Serum — £S23151_1)
HPLC-UYV Detection
Human Urine ~ PS5 23151 2)
LC/MS/S ’
f— PS23151_5)
NDA 21-856
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10pM
(10-1000 pM)

10 pM
(10-4500 pM)

|
i

100 uyM
(100-4500 pM)

0.2 pM
(0.2-20 uM)

10 pM
(10-1000 pM)

10 pM
(10-1000 M)

0.2 uM
(0.2-20 uM)

10 pM
(10-1000 pM)

10 yM
(10-1000 pM)
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Table 2.6.3.2. Calibration Cuxve and Quality Control Data (U.S.).

Calibration Curve Dara Quality Control Data
: Abselunte
Correlation Absolute Coefficient of Deviation | Coefficient of
Rofe-enee Analyte Matrix | Coefficient | Deviation (%5) | Variation (30) QC Concentrations (%) Variathon (96)

) PS2315G 1 [Febusosiat Plasma »8.09844 0.34-3.50 187-483 P.060. 1.00& 150ugml 1.60-387 | 418-630
25 22150 2 Febusostat Urine 090387 0.11-193 038-448 180600 1.00 & 150 ugml $33.235 | 3133.4497
PS5 23130 3 [Toral Febuxostat [Unine =0.29515 0.68-8.92 2.22-842 1150, 1.30, 100 & T30 ug/ml 127442 | 470-798
2523130 4 F7M-1 Plasma 30.99796 0.05.538 265-3.18  [0.0015 0613 & B.075 pgml. 1.31-34% | 196-35.18
a2 [Plasma =0.99732 9.78-6.37 220-7.60  [0.6035. 6.015 & 0.075 ug/ml 067-5.:2 | 1.72.556
5704 Plasma 2099768 0.27.529 3.56-10.08 10.6015, 8615 & B.OTS pug/ml 465-837 | 1.85.763
2823130 3 [5M-1 Lring =0.99947 0.13-2.86 138653 10.6015.6615% 0075 pgl. 1.53.2.34 | 323.38t
5702 Urine 0.99956 0.18-1.90 £.19-9.54 1B.8615 8015 & 0.075 peiml. 1.80-460 | 238508
8724 [Crine >0.00957 0.16-3.28 §122-755 P0815. 2015 2 0.073 pg/ml 3.02-733 | 439-628

°5253130 6 [Teral 67282 [Urnme +0.99043 0.30-1:1.48 136467 P03 0085 0375 & 1300 ugml. | 6.75-324 | 337-37
-2 [Udne 2.23008 0.18-11.00 107-7.64 PO15.0.045.0375& 1300 ug/ml | 047-£69 | 3.32.548
- [Urine »0.99954 : 030.54¢ 00130045, 0375& 1500 ugmi. | 0.12-256 | 3.19.5.18
33523151 1 [Udc Acid Semzn =0.99843 1.538-458 P96 150& B30 uM 083.3.14 | 381343
[Nanthine Serum »0.99830 235.3523 PITAGEISE 1.07-325 | 274.545
Elypoxanthine  [Sersmn >0.29682 2356-7.18 PIT3S& 1S 840-424 | 362-0.49
523151 2 [Une Acid [Crine =0.29832 2 102-4.32  23.6 500, 2650 & 3375 087-539 | 253-7.82
[Kanthine [Urins »0.99783 8,50 388 1.14-6.31 [30.48 200 & 750 uM 427.760 | 1985-850
Hlypoxantkine  [Urine =0.99978 0.06-2.68 0.88-54¢  [36.184 260 & 7300 065-836 | 258-733
3523151 3 Manthine Urine 2099687 0.36-3.7¢ 1.36.516 [36.0. 5148200 & T30 uM 021-588 | 453-648
3523131 4 [Urie Acid Usine =(.99210 0.61 -2.60 2.62-87% 1380 1230.3375 & 4860 uM 421-688 | 398-3717

38231513 {Uric Acid Urine =0.00824 35-30 25-88 [300. £250, 2826 & 3373 uM 03.33 33-74

u [Kanthine Crine =0.29923 03-43 0.8-4.1 30,39, 300 & 730 uM 0.3-417 28-34

\ lypoxantisine  {Urine =0.89780 96-30 42-85 3O.84 208 & 730 M 98.25 51-73

3 LABELING RECOMMENDATIONS

The labeling recommendations are deferred pending the completion of a successful clinical

development program. The following items need to be considered at the time of future labeling:
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4.2  Individual Study Review
4.2.1.  In Vivo and In Vitro Metabolism/Transport Studies

4.2.1.1  Study C03-040: The Metabolism and Excretion of Orally Administered ["*C]Febuxostat
in Healthy Male Subjects

Study Period: July 23, 2003 to Augugst 13, 2003
Sample Analysis Periods: August 14 to August 15,2003 ( — 1 and
July 23 to July 31,2003 —_ ,

Principle Investigator: ——— :
VAV

Study Center: ’

Analytical Sites: /

Objectives: To investigate the metabolism and excretion of radiolabeled [”C] febuxostat in
subjects receiving a single 80 mg oral dose.

Study Design: This was a single-center, open-label study. Each subject received a single 80 mg
dose of ['C] febuxostat under fasted conditions. Plasma samples were assayed for febuxostat
concentration. Plasma, whole blood, urine, and fecal samples were assayed for total
radioactivity. Metabolic patterns were determined in selected plasma, urine and fecal samples.

Subjects were to be discharged from the testing facility when whole blood/plasma radioactivity
levels were <3 times background radioactivity, and when either (1) two consecutive samples of
both blood and feces contained <1% of administered radioactivity OR (2) when >90% of the
radioactive dose was accounted for in the collected urine and feces.

Six subjects were planned and 6 subjects were enrolled and included in the analysis of the study.
Five subjects completed the study. Subject 101 withdrew from the study after sample collections
on Day 7 because a family member was hospitalized. He returned after the end of the study for
end-of-treatment sample collections and laboratory assessment.

Demographic and Baseline Characteristics:

Age 28

829 (20-45)
Weight : : 78

(kg) (65 —90)
Height 180

(cm) (173 - 185)

Race Caucasian
N (%) 6 (100%)

Data presented as mean (range).
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Test Article: The test product dose was an oral solution (50 g) containing an 80 mg equivalent
of [*C] febuxostat (Figure 1). The total radioactivity administered per dose of approximately
100 pCi was based on dosimetry calculations. The actual dose was 78.1 mg of febuxostat and
107.8 pCi of Carbon-14 (see table below).

Nominal Actual

Study Drug® Manufacturer Lot# (mg) (ng)

Febuxostat Abbott Laboratories 82-182-NI-00 79.5 77.6

[14C] Febuxostat | ——— CFQ13480 0.5° 0.5

Combined Total | 80.0 (100.0)° | 78.1(107.8) ( i

a —_—
b Based on dosimetry
¢ (uCi) Carbon-14

80 mg dose is one of the proposed clinical doses (the other one is 120 mg).

)\/o
S
N ) COOH
o\

CH;
Figure 1. Structure of [**C] febuxostat.

Sample Collection:

® Venous blood samples (20 mL) were collected at 0.25, 0.5, 1, 1.5, 2, 3, 4, 8, 10, 12, 16, 24,
30, 36, and 48 hours post-dose, and thereafier every 24 hours until release.

® On Day 1, pooled urine composites were collected from 0 to 6, 6 to 12, and 12 to 24 hours
post-dose. Thereafter urine samples were pooled into 24-hour composite samples for each
subsequent day of confinement.

® Individual fecal samples were collected on Day 1 as excreted and on Days 2 to 10 the
samples were pooled into 24-hour samples.

Sample Analysis: All whole blood samples were shipped to .- — on

wet ice for total radioactivity determination. All plasma samples were assayed for both total

radioactivity and febuxostat concentrations. Plasma samples were assayed for concentrations of
febuxostat concentrations by - — , using a validated high @(4 }
performance liquid chromatography (HPLC) with florescence detection method. The limit of

quantitation was 0.01 pg/mL. Metabolic patterns were determined from plasma samples

containing sufficient radioactivity at —— using radio-HPLC.
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All composite urine and fecal samples were assayed for total radioactivity and those samples
containing sufficient radioactivity were assayed for metabolic patterns at"——  using radio-
HPLC.

The limit of quantitation (LOQ) for total radioactivity in plasma and whole blood were 46
dpm/mL and 60 dpnvg, respectively. The LOQ for total radioactivity in urine and feces were 50
dpm/mL and 64 dpm/g, respectively.

Oxidizer recovery checks were conducted under the same conditions that were used to analyze
the study samples. The mean recovery for whole blood (n=3) was 96.7% and the mean recovery
for feces (n=3) was 98.3%. These values were used to normalize the dpm/g values from the
whole blood and feces study samples.

Pharmacokinetic/Statistical Analysis: . Pharmacokinetic (PK) parameters were estimated from
febuxostat plasma concentrations and total radioactivity values by standard noncompartmental
methods using WinNonline Professional V.3.1 computer software package (Pharsight
Corporation, Mountain View, California).

Concentrations of total radioactivity in plasma and whole blood were expressed as either g
equivalents/mL or pg equivalents/g. Amounts of radioactivity in excreta and total recovered
radioactivity were expressed as a percentage of the administered radioactive dose. Amounts of
unchanged drug and each detected metabolite in the biological samples analyzed were expressed
as a percentage of the administered dose (excreta) or as a percentage of the sample radioactivity
(plasma).

Subject 101 was included in the summarization of febuxostat plasma concentration and total
radioactivity in both plasma and whole blood since these concentrations were below the lower
limit of quantitation at 48 hours post-dose for all 6 subjects. However, since incomplete urine
and fecal radioactivity data was collected for Subject 101 due to early withdrawal from the study,
this subject was not included in the summarization of total radioactivity and urine and fecal
radioactivity.

Pharmacokinetic Results:

Plasma/Blood:

Table 1. Summary of Descriptive Statistics for Febuxostat and Total Radioactivity
Pharmacokinetic Parameter Estimates.

foax Cmt AUC! AL’C,. AUC.. : ‘L*Z:’ az CUF “’:-.’T

Regimen () |{ngmbl)| fnghinl) [{pg-himly| % Extrp {h) ) (LMW 1)
Fabuxostat [N 8 [ 6 6 6 8 5 6 6

Mean| 050 | 3953 8.278 8.480 10.8 (3.7} 0.07t | 9.86 | 32.3
3.5

3
SD |605] 1.584 2202 2.186 1 3. -0.029 13.401 283
Total N 3 5 6 [ 8 3 6 NA | NA
Radioactivity® |Mean| 0.58 | 4.197 18.034 10.239 2 £.3(6.2} | 0112
8D 10620 1673 2.694 2.762 1 1.9 0.024
N - number of sufajecfs
a Arithmetic mean (harmonic mean)
b Cmax and AUC values expressed as pg equivalents/mL and pg equivalents h/mL, respectively.
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Extrp extrapolated
NA  notapplicable

beay

/

v 4 8 14 k1 2V 24

Time {h) .
Figure 2. Plasma Concentration-Time Profiles of Febuxostat and Total Radioactivity

The pharmacokinetic parameter estimates for the single 80 mg dose of febuxostat were
consistent with those obtained from a previous study (Study TMX-99-001). The mean Tmax value
was approximately 0.5 hour earlier than what was seen in Study TMX-99-001, suggesting that
dosing as an oral solution is absorbed more quickly.

A comparison of the mean Cmax values for total radioactivity versus febuxostat in this study
indicated that febuxostat accounted for 94.2% of the total radioactivity observed for Cmax. A
similar comparison using mean AUCtand AUCswvalues indicated that febuxostat was 82.5% and
82.7% of the total radioactivity AUC, respectively (Table 1 and Figure 2). These comparisons
indicate that the majority of exposure in the plasma was febuxostat.

The above results were confirmed by metabolic profiling for the plasma samples. A summary of
the mean metabolite profile in plasma is presented in Table 2. The major peak was febuxostat,
which accounted for an average of 95.8% at 0.25-hour post dose. The major peak in the plasma
chromatograms at the 4-hour timepoint averaged 84.7% for febuxostat (P14), 4.4% and 5.5% for
67M-1 (P9) and 67M-2 (P8) metabolites, respectively, 3.8% for the regio-isomers of the acyl-
glucuronide of febuxostat (P10, 12, 13), 1.3% for the 67M-4 (P3) and 0.5% for the sulfate
conjugate of 67M-1 (P5).
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Table 2. Mean Metabolite Profile in Plasma, Data Presented as % Region of
Integration of Total Radioactivity in Chromatogram.

Time P14
(hours) P3 P5 P8 P9 P10 P12 P13 (Febuxostat)
0.25 0.00 0.00 - 0.80 1.06 0.25 0.78 1.31 95.80
0.5 0.00 0.00 1.69 2.62 1.06 1.74 2.82 90.55
1 1.14 0.17 3.07 3.22 1.22 1.70 3.34 - 86.13
1.5 0.85 0.69 3.58 4.08 0.83 2.10 3.83 84.21.
2 1.01 0.80 3.34 432 0.83 2.04 3.82 83.84
3 1.10 040 | 5.05 3.51 0.32 0.91 2.56 85.98
4 1.25 0.51 545 4.36 0.22 0.90 2.63 84.70
P3 67M-4 metabolite

P5 sulfate conjugate of 67M-1 metabolite

P8 67M-2 metabolite

P9 67M-1 metabolite :

P10,P12,P13  regio-isomers of the acyl-glucuronide of febuxostat

P14 febuxostat.

The whole blood radioactivity comparison with plasma radioactivity showed that there was no
preferential binding with red blood cells (Table 3). At 36 hours post-dose, the radioactivity was
below the limit of quantitation in plasma and whole blood for all subjects.

Table 3. Mean Radioactivity Concentrations Expressed as pg Equivalents/Gram in
Plasma, Whole Blood, and Red Blood Cells.

Predose 0.5 hours 3 hours 12 hours 24 hours 36 hours
Mean Mean Mean Mean Aean Mean
(range} (range) (range) {range) (range} (range)
Ptasma G006 413 093 011 0.03 0.00
- 12.43-6.693 (0.38-1.26) | (0.09-0.16) | {8.02-004) -
Whale Binod 000 2.58 0.38 008 o2 00
- (1.71-4.20) (0.26-0.82) | (0.06-G.12) | {0.00-0.03) -
Red Blood Cells* 3006 (.82 014 003 N01 0.00
- (0.46-1.26} (G.09-0.27y | (0.00-0.05) | 0.000.00) -

a2 Redblood cell binding is a calevlated vaive from the messnved whole bloed and plasma in dpra‘g.

Urine/Feces.

A summary of the cumulative recovery of radioactivity from 5 subjects is shown in Table 4.
Subject 101 was not included in the febuxostat recovery calculations due to early withdrawal
from the study before achieving exit criteria.

From urine, in the 0 to 6, 6 to 12, and the 12 to 24 hour collection intervals, recovered doses
averaged 34.7%, 6.5%, and 4.6%, respectively. The first 24 hours of urine recovery accounted
for approximately 46% on average of the urine recovery, which represented approximately 93%
of the total fraction that was excreted in urine (49%). The 24 to 48 hour intervals had an average
recovery of 2.5% of the dose. The combined 0 to 48 hour collections accounted for more than
98% of the total recovery excreted in urine. After 48 hours an average of less than 1% of the
dose was excreted in any subsequent 24-hour collection interval.

Based on fecal samples in the 0 to 24, 24 to 48, 48 to 72, 72 to 96, and 96 to 120 hour collection
intervals, the recovery averaged 4.5%, 29.5%, 11.6%; 9.1%, and 3.8% of the dose, respectively.
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After the 96 to 120 hour collection interval, an average of less than 1% of the total dose was
observed in any subsequent 24-hour interval.

Table 4. Cumulative Recovery of Radioactivity

Subject Total Recovery in Urine | Total Recovery in Feces Total Recovery
(% of Dose) (% of Dose) (% of Dose)
102 93.6
103 : 94.8
104 93.2 big
105 94.0
106 : 94.7
Mean + SD 49.1+9.8 | 44.9 £ 10.1 94.1 +£0.7

Febuxostat in the 0 to 24 hour urine sample cumulatively accounted for 1.1% to 3.5% of dosed

radioactivity. The major metabolite peaks observed from each subject in the 0 to 24 hour urine

samples, expressed as a percentage of dose, were the dicarboxylic acid 67M-4 (0.1%-3.1%), the
hydroxylated febuxostat 67M-2 (3.9%-7.3%), the hydroxylated febuxostat 67M-1 (2.5%-7.1%),

the acyl-glucuronides of febuxostat isomers P10, P11, P12 (26.7%-37.5%), and the glucuromde
of reduced febuxostat (0.3%-0.6%) (Table 5).

Febuxostat in the 0 to 120 hour feces cumulatively accounted for 7.8% to 15.8% of dose in
Subjects 102 to 106. The major metabolite peaks observed in 0 to 120 hour fecal samples,
expressed as a percentage of dose, were the dicarboxylic acid 67M-4 (7.8%-15.0%), the sulfate
conjugate of the hydroxylated febuxostat (2.0%-3.1%), the hydroxylated febuxostat 67M-2
(3.7%-6.3%), and hydroxylated febuxostat 67M-1 (3.6%-7.1%) (Table 5).

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

Cumulative Percent of Dosea

Component(s) Urine (0-24 h) Feces (0-120 h)°
Febuxostat - 1.1-3.5 7.8-15.8
67M-1 : 2.5-17.1 36-7.1
67M-2 39-173 3.7-6.7
67M-4 0.1-3.1 7.8-15.0
Febuxostat glucuronidec 259-37.1 04-1.0
Reduced 67M-1/67M-2 glucuronide 03-06 0.0-0.02
Sulfate conjugate of 67M-1 0.0-0.2 2.0-3.1
Total Profiled ) 37.0-60.4 27.3-50.4

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

Overall, 17 radioactive peaks (P0-P16) were observed in the chromatograms of urine and fecal
samples. Febuxostat (designated as metabolite P14) contributed a combined total of 10.2% to
18.2% (1.1% to 3.5% urine and 7.8% to 15.8% feces) of the dose, indicating that febuxostat is
extensively metabolized in humans. Of the urine and fecal samples, an average of 86.8% (46.2%
urine and 40.6% feces) of the dose was evaluated, with the known metabolites and febuxostat
accounting for 82.3% of the dose. The remaining 4.4% were unidentified peaks at concentrations
too low to identify. The remaining radioactivity was not profiled because later sample collections
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contained radioactivity too low to be assessed accurately. Please refer to Table A.1 in the
Appendix for detailed metabolite profiles in each subject.

The proposed metabolic pathway of febuxostat is listed in Figure 3.

Irgzamdlenudar Sluguronidi Isomers " - .
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Figure 3. Proposed Metabolic Pathway of Febuxostat.

Dsicussion/Conclusion: _

* The mean cumulative recovery of radioactivity in excreta was 94% at 216 hours (9 days)
post-dose, mean 49% in urine and 45% in feces, indicating that febuxostat was eliminated by
both renal and biliary excretion.

» 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.

* The minimum absorption of febuxostat was 49% based on total radioactivity recovered in the

urine. Unchanged febuxostat in the feces was 8-16% of the dose indicated that the
absorption of febuxostat could be > 84% if assuming all the feces were collected and no
degradation of febuxostat in the gastrointestinal tract or feces. Some febuxostat recovered in
the feces may also be generated from degradation of acyl glucuronides of febuxostat in the
intestine.

* Inplasma, febuxostat was the major component, accounting for an average of 94% of the
total radioactivity at Crax, and representing 83% of total radioactivity AUC. Metabolites
67M-1, 67M-2, and 67M-4, the acyl-glucuronide of febuxostat, and the sulfate conjugate of
67M-1 were also observed in plasma, but in much lower relative amounts. The
pharmacokinetic parameter estimates for the single 80 mg dose of febuxostat were consistent
with those obtained from a previous study (Study TMX-99-001). The T values were
approximately 0.5 hour confirm that the drug is absorbed quickly from a solution.
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* Inurine, the major metabolites were the acyl-glucuronides of febuxostat isomers P10, P11,
P12 (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%) (Table 5).

* 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. '

® The whole blood radioactivity comparison with plasma radioactivity showed that there was
no preferential binding of febuxostat with red blood cells.

¢ Insummary, acyl glucuronide metabolites of TMX-67 (~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 (~14% of the dose) recovered in the urine and feces appeared to be the major
metabolites in vivo. In addition, 67M-3, which was one of the major metabolites from in
vitro, did not shown to be the major metabolite in vivo.

Appendix. (Study C03-040)

Table A.1. Summary Profile of Human Urine and Feces Following Administration of
[“C]Febuxostat, Data Presented As %Dose.

Subject | Matrix [ PO | PL | P2 [ P3 [ P4 | P5S | P6 | PT | P8 | P9 |

101 Urine
Feces

Total | 0.00 |0.57 006 |58 |028 [1.66 |034 [039 |9.37 |8.00

102 | Urine
Feces
Total 0500 | 0.91 |0.08 ] 10.83 |O.43 [2.24 |0.‘61 IQ_-49 I 109211072 j

103 Urine
Feces

Total 000 |1.17 |052 | 1420 | 013 [3.06 |059 |o016 | 1125 | 1097 |

104 Urine
Feces

Total 000 [092 012 | 1062|028 |3.01 |070 |043 | 1073 |930 |
| | . L

=

105 Urine
Feces
Total 016 | 132 | 034 | 1448 [ 016 [3.08 |0.04 [0.68 |9.80 [887 |

106 Urine
Feces

Toal 028 | 069 |016 | 17.94 | 023 | 285 |042 043 | 1156 | 1161 |
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: P14 , Total | Totala | Total

Subject | Matrix | P10 | P11 { P12 | P13 | (Febuxostat) | P15 | P16 Profiled | Dose | Recovery
101 Urine

Feces

Total |8.48|0.66[18.73] 557 | 526 [000|098| 6814 | 6878 | 7596 |
102 Urine

Feces - -

Total | 7.71]051]18.88]1088| 1180 |[0.00]061]| 8767 | 89.07 | 9360 |
103 Urine

Feces \ —_—

Total |6.19]|0.28|1381] 674 | 1822 |o014|260] 90.12 | 91.87 | 9485 |
104 Urine |~~~ " T T

Feces —_—

Total | 2.12]047[17.87] 9.84 | 1346 |0.03]1.23| 8113 | 8569 | 93.25 ,\
105 Urine

Feces

Total '0.24[0.36[21.93] 466 | 1693 |008]349| 8653 | 9088 | 9404 |
106 Urine |

Feces

Total | 0.65]0.64|21.67| 747 | 1023 ]038]1.08| 8829 | 9216 | 9467 |
a Total dose for the intervals from the ~———— Revort. Appendix 16.1.10.2.
b Total dose recovered for the 216 hours from the Report in Appendix 16.1.10.2.

The 48-hour urine data included in this table are from the DMPK Report (Appendix H, Table A12)
Appendix 16.1.10.1.
NA Not applicable
P3 67M-4 metabolite
PS5 sulfate conjugate of 67M-1 metabolite
P8 67M-2 metabolite
P9 67M-1 metabolite
P11 glucuronide or reduced febuxostat P11 metabolite
P10, P12, P13 regio-isomers of the acyl-glucuronide of febuxostat
P14 febuxostat

4.2.1.2 - InVitro Metabolism/Transport Study Review for TMX-67 (Febuxostat)

(Reviewer’s Note: Febuxostat, TMX-67, and TEI-6720 are used interchangeably in the review,)

4.2.1.2.1 In Vitro Metabolism Studies for Febuxostat (TMX-67)

Human Hepatocytes:

Study 46473 Comparative In Vitro Metabolism of [14C]TMX-67 in Male and Female

Hepatocytes from Mouse, Rat, Dog and Human

The study was conducted by
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Objective: To investigate the in vitro metabolism (biotransformation) of "“C-radiolabeled
TMX-67 by hepatocytes from both genders of human, dog, rat, and mouse.

(Reviewer’s Note: This review focuses on human hepatocyte results.)

Methods: A preliminary experiment was performed with male and female human hepatocytes to
determine the optimal incubation conditions to produce the greatest percentage of metabolism of
[”C]TMX—67. Concentrations at 5, 25 and 100 pM were incubated for 1 and 4 hr with male and
female human hepatocytes at a density of 1.0 x 10° viable hepatocytes/mL at 37°C. The
concentration selected for subsequent incubations was 25 pM. ['4C] TMX-67 (25 uM) was
incubated for 4 hr at 37°C with hepatocytes from male and female human, dog, rat and mouse at
1.0 x 10° viable hepatocytes/mL. Metabolic competency of the hepatocytes from each species
was evaluated by performing side by side incubations with the probe substrates (7-
ethoxycoumarin and 7-hydroxycoumarin) and monitoring for cytochrome P450-mediated
biotransformation and glucuronidation. Hepatocytes from all tested species were found to be
metabolically competent. '

Metabolites in the hepatocyte incubations were quantitated by HPLC with radiochemical
detection. Metabolites in human and dog hepatocyte incubations were tentatively identified by
LC-MS/MS using the multiple reaction monitoring (MRM) technique.

Test Article:
TMX-67 Hy Both radio-labeled
: (specific activity
He NP N 58 mCi/mmol) and
] f unradiolabeled
HC & -5 coon TMX-67 were
| Y/, used.
: c
*= Location of 1C label
Reference Materials (to confirm proposed metabolite structures):
67M-1
(M2b) HO\)\/O
N -5,
Ni%-coori |
. CH,
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67M-2
(M2a) H°>|\/o

67M-3
(M3)

67M-4

The radiochemical purity of [14C]TMX-67 stock solution was ~96%. In the negative control
incubations, [14C]TMX-67 represented 94%-96% of the profile in the radio-chromatograms. In
all species studied, the total recovery of radioactivity after incubation with hepatocytes ranged
from 84% to 115%.

Results and Discussion:

All components identified in the human hepatocyte incubations were identified in at least one
other animal species. The overall extent of biotransformation of TMX-67 with hepatocytes was
low, especially in human hepatocyte incubations. Human male and female hepatocyte incubates
after 4 hr of incubation contained 92.5% and 94.3% of the parent compound, respectively,
compared to 95.5% in the concurrently performed control incubation.

Three major Phase I metabolites were identified as desbutylated TMX-67 (M3, m/z 261) and
monohydroxylated TMX-67 (M2a and M2b, m/z 333). Metabolites M3 (67M-3), M2a (67M-2)
and M2b (67M-1) accounted for up to 5.6% and 3.9% of the total radioactivity in male and
female human hepatocyte incubations, respectively (Table 1). These three Phase I metabolites
altogether accounted for 74.7% and 68.5%, respectively, of the total metabolites generated.

Three glucuronide conjugates of TMX-67 (G2b-1, G2b-2 and G2b-3) with the same mass and
similar retention times were detected by LC-MS/MS. G2b-1, 2 and 3 accounted for 1.2% and
0.8% of the total radioactivity in male and female human incubations, respectively. These three

NDA 21-856 - 97
Urolic (Febuxostat)
Original NDA Review



Phase II metabolites accounted for 16.0% and 14.0%, respectively, of the total metabolites
generated.

Minor metabolites (<3.1% in all species) detected were another glucuronide conjugate of TMX-
67, m/z 493 (G2a), two glucuronide conjugates of desbutylated TMX-67 (Gla and G1b, m/z
261) and carboxylated TMX-67 (67M-4, m/z 347). 67TM-4 was only detected by MS/MS in the
MRM mode. :

Table 1. Percentage of Total Metabolites Generated: [14C]TMX-67 (25 uM) After 4 hr
Incubations with and without Hepatocytes from Various Species.

Study System Livar hepatocyte
Substrate Solution | 25 uM Febuxostat
[ Radionachde ¢ Febuxostat
Incubation 4 hours at 37°C.
Percent of Total Components Generated
Humnan (n=3) Doz (n=1) Rat (n=1) Mouse (n=1)
Component Component ID Control® | Female | Male | Female | Male | Female | Male | Female | Male
Gl Unkunown 1 11.3 10.5 10.7 - 2.4 3.6 6.2 30 5.1
Gla Glucuronide conjuente of 67M-3 - - - - - 16.6° | 16.6° - 28°
Glb Glucuronide conjugate of 67M-3
M3 67M-3 (desbutvlated febuxostat) 226 24.6 23.6 8.5 6.8 25.1 26.9 13.1 112
M?2a 67M-2 (monohydroxvlated 13.2° 28.1° 23.0° 16.0° 56° 24.1° 19.3¢ 12.3° 13.1°
febuxostat) :
67M-4 Carboxylated febuxostat
M2 67M-1 (raonohydroxviated . 338 15.8 187 30.2 335 48 28 85 6.5
febuzostat)
G2a Glucuronide conjugate of febuxostat - - - - 3.6 - 35 4.7 5.6
G2b-1 Glucuronide conjusate of febuxostai - 140° | 16.0° | 2647 44 1665 | 207 | 114 7.0
G2b-2 Glucuronide conugate of febuxostat 259 29.2 24.2
G2b-3 Glucuronide conjugate of febiosostat 9.6 14.4 18.2
U2 Unknown 2 94 7.0 - - - - - - -
U3 Unknown 3 7.6 - - 4.7 70 ) 43 2.8 17 3.3
U4 Unknown 4 113 - - 38 - - 14 1.7 23
s Unknown 3 38 - - - 6.4 - -
T6 Unknown 6 9.4 - - 10.4 - - - -
v7 Unknown 7 151 - - - - - - - -
Total 825 90.7 81.1 89.4 87.2 89.8 936 89.2
Identified

a  Average of 5 negative conirols; 1) male and female human hepatocyte incubations, 2) female dog hepatocyte incubations, 3) male dog hepatocyte incubations.
4) male and female rat hepatocyte incubations. 5) male and female mouse hepatoeyte mcubations.
Quantrration ts combination of Gia and G1b.

¢ Quantitation 1s combination of M2a and 67M-4,

d  Quantitation i5 combination of G2b-3. G2b-2 and G2b-2.

Conclusions: The major in vitro metabolic pathways of TMX-67 (at a concentration of 25 uM)
in human hepatocytes are glucuronidation and hydroxylation. Desbutylation and glucuronidation
of the desbutylated metabolite are also minor biotransformation pathways. In general, gender-
related differences were not detected using human hepatoctyes. (Reviewer’s Note: Crax of TMX-
67 was approximately 15 uM at the maximum proposed dose of 120 mg, which is lower than the
concentration used in this in vitro study.)

Human Liver Microsomes:

Study 46475: In Vitro Metabolism of ["*C)TMX-67 by Male Liver Microsomes from Mouse, Rat,
Dog and Human

The study was conductedby __ __  ————eu from February 2001 to January 2003. b@}
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Objective: To investigate the in vitro metabolism (biotransformation) of TMX-67 by liver
microsomes from male mouse, rat, dog and human and under glucuronidation conditions.

(Reviewer’s Note: This review focuses on human liver microsome results.)

Methods: Conditions for TMX-67 incubation were optimized using dog liver microsomes.
TMX-67 metabolism was found to be linear over concentrations of 1 pM to 100 pM when
incubated for 1 hr with 1 mg/mL microsomal protein at 37°C. For all species studied, incubation
media containing 25 pM [**C] TMX-67 was incubated at 37°C for 30 min and 1 hour with 1
mg/mL microsomal protein. In addition, incubations were performed in the presence of UDPGA
(cofactor), Brij 58 (detergent) and saccharolactone (an inhibitor of glucuronidase) in the absence
and presence of NADPH. NADPH regenerating system was added last to initiate the reaction.
Microsomes were incubated with a probe substrate (7-ethoxycoumarin) to confirm metabolic
competency.

Metabolites in microsomal incubates were quantitated by HPLC with radiochemical detection.
Dog liver microsomes were used for the generation of large quantities of metabolites, which
were tentatively identified by LC-MS-MS. Metabolites in human microsomal incubates were
tentatively confirmed by multiple reaction monitoring (MRM).

Test Article and Reference Materials:
Same as those used in Study 46473.

The radiochemical purity of the [14C] TMX-67 stock solution was 96%, with nine component
peaks accounting for less than 4% of the remaining radioactivity. In the negative control
incubations [14C] TMX-67 represented 94% of the profile in the radiochromatograms, with the
nine component peaks accounting for 6% of the radioactivity. In all species studied, the total
recovery of radioactivity after incubation with liver microsomes ranged from 90% to 98%.

Results and Discussion:

Very little metabolism was observed in all species, with the lowest in human. Unmetabolized
TMX-67 accounted for 91.5% of total radioactivity in human compared to 94.0% in the control.
Metabolites 67M-1, 67M-2, and 67M-3 were the major metabolites generated by human liver
microsomes, accounting for approximately 24%, 34% and 20% of the metabolites generated,
respectively (Table 2).
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Table 2. In Vitro Metabolism by Human, Dog, Rat and Mouse Liver Microsomes.
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In the microsomal incubations performed under glucuronidation conditions, unmetabolized
TMX-67 accounted for 83.6% of total radioactivity in human in the presence of NADPH, as
compared to 81.7% in the absence of NADPH. In the presence of NADPH, the parent and
identified metabolites accounted for 96.8% of the total radioactivity in human. The glucuronide
conjugate of febuxostat was the most prominent metabolite in all species tested (Table 3).

The results suggest that the glicuronidation of ['*C]TMX-67 and its metabolites in liver
microsomes in the presence of UDPGA is a prominent pathway. In human incubations in the
absence of UDPGA, the tentatively identified Phase I metabolites represent 77.6% of the total
metabolites (Table 2). In comparison, the human microsomal incubations in the presence of
UDPGA, the tentatively identified Phase I metabolites only represent 13.8% of the total
.metabolites (Table 3). In the animal species, the Phase I metabolites represented 83.7-89.6% of
the total metabolites in the absence of UDPGA and 3.5-17.3% in the presence of UDPGA. The
presence of NADPH did not significantly alter the metabolic profile.
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Table 3. In Vitro Metabolism by Human, Dog, Rat and Mouse Liver Microsomes Under
Glucuronide Conditions.

Study System Liver microsomes vnder glucuronide conditions.
Substrate Solution | 23 uM Febuxostat
Radionuclide "C Febuxostat
Incubation 1 hone at 37°C in the preseace of UDPGA
Gender Male
Percent of Total Metabolites Generated®
Human Dog Rat Mouse
Without With Witheut With Without ‘With Y¥ithout With

Component ComponentID NADPH \ ADPH | NADPH | NADPH | NADPH |{ NADPH | NADPH | NADPH
{85 ] Uninown 1 1.7 2.5 2.5 0% 23 3.0 i% 0.9
U3 Unkeown 3 - 5.5 235 14 25 1.5 1.5 1.7

4 Unlnown 4 1.7 i.9 19 2.3 0.3 03 0.3 .4
Us Unknows 3 33 . 82 87 4.2 28 1.8 3.3 24
U6 Uninows 6 - - 1.2 - - - - -
U7 Unknown 7 - - 0.6 - - - ¢.3 ~
Gla TM-3 glucurenide 12 - 2.5 3.8 38 28 28 1.3
Gib $7M-3 glucuronide - - - - - 13 - 7
33 6703 3.3 30 33 35 - - - 04
A4 5 il - .
;',ff;; < gqﬁ_; 6.1° 5.7 56° 42" 3.0 338 238 a7t
AM2b 57M-1 0.6 3.3 - 7.5 8.7 2.6 - 0.9
G2b Febuxostat 79.0 692 0.2 00 83.2 834 381 8¢

glucurenide

Total Identified 91.2 $3.0 32.6 413 92.8 93.6 932 94.6

Additional Informnation: Metabolite G2b was the most prominent avefabolite in all species tested. accounting for 70.50% of me
metzbolifes genevated by all species studied.
a  Percent of total metabolites generated = Percent of total radioactivity by HPLC{(sum cf radicaciiviry from all
components ~ {‘ C ]febuxo;rat b totad radioactivity by HPLC) x 100,
b Qnantitation is combination of M2a aud 67M-4, bus the amonat of §7M-4 detecied was negiigible.

Conclusions: The major in vitro biotransformation pathway in the microsomal incubations in
human and animals seems to be the hydroxylation and desbutylation of TMX-67. However, in
microsomes under ghicuronidation conditions, the formation of glucuronide conjugates of TMX-
67 was detected. Similar in vitro blotransformatlon pathway for TMX-67 was proposed as
compared to hepatocyte data.

(Reviewer’s Note: The initial metabolic velocity of TMX-67 (1 uM) was 1.95 pmol/min/mg
protein in human liver microsomes from Study 18-4-95016. This study was not reviewed.)

4.2.1.2.2 Reaction Phenotyping for Febuxostat (TMX-67)

Invitro (liver microsomes and hepatocytes) and in vivo metabolism studies (Study C03-040)
suggested that TMX-67 underwent both Phase 1 (oxidative) and Phase 2 (glucuronidation)
metabolism. Although in vitro data suggested that the metabolism rate was low in human, irn
vivo data suggested that TMX-67 was extensively metabolized in humans (>70% metabolized).
Major metabolites in vivo were acyl glucuronide metabolites of TMX-67 (~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 (~14% of the dose) recovered in the urine and feces. 67M-3 which was
one of the major metabolites from in vitro, did not shown to bé one of the major metabolites in
vivo (see Study C03-040). In contrast, 67M-4, which was one of the major metabolites in vivo,
was negligibly detected in the in vitro incubation.
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Cytochrome P450 Isoforms:

The CYP isoforms responsible for the metabolism of febuxostat were investigated in a number of
in vitro studies, including methods of using recombinant cDNA (Study 18-A-95018 and Study
18-K-00002), correlation study (Study 18-A-95021), and anti-human CYP isozyme antibodies
(Study 18-K-02001).

Recombinant cDNA Method

Study 18-4-95018: Study on the in vitro Metabolism of TEI- 6720: Preliminary Study on the
Cytochrome P-450 Isozymes involved in the Metabolism of TEI- 6720 usine Yeast Microsomes
Expressing Specific Human Cytochromc P-450 Isozyme

The study was conducted by Teijin Ltd., in Japan in October-November 1995.

Objective: To examine what isozymes of cytochrome P-450 (CYP) could be involved in the
biotransformation of TEI- 6720 in human livers using yeast microsoms expressing specific
human CYP isozymes.

Methods: Yeast microsomes expressing specific human hepatic CYP isozymes (100 pmol) and
negative control microsomes were mixed with a substrate solution containing ['*C]-TEI-6720 at
a final concentration of 1 pM. CYP isozymes studied were CYP1Al, 1A2, 2A6, 2B6, 2C8, 2C9,
2C18, 2C19, 2D6, 2E1 and 3A4. The reaction was started with the addition of the reaction
mitiator, NADPH. The reaction was stopped 60 minutes after the initiation by the addition of
acetonitrile, and metabolites produced in the reaction mixture were analyzed by HPLC.

Results and Discussion: Results from a previous study, Study 18-A-95016, showed that 4
radiolabeled peaks (potential hydrophilic metabolites), in addition to that of the radiolabeled
parent drug, were detected by HPLC-radioassay (Figure 1). After 60 min incubation with cDNA
expressed CYP isoforms, a similar metabolic profile was observed, although in most cases only
small amounts of the metabolites were formed (Table 1).

The results indicated that significant quantities of Peak-1 were not formed by any of the CYP
isoforms, with the possible exception of CYP2C18 (1.2-times control). CYP1A1 (the inducible
not constitutive form of CYP1A) appeared to be involved in the formation of Peak-2; CYP1A1,
CYP1A2, and CYP2CS8 appeared to be involved in the formation of Peak-3; and CYP1A1,
CYP1A2, CYP2CS, and CYP2C9 appeared to be involved in the formation of Peak-4 (Table 4
and Figure 2). It is noted that Peak-4 was generated in little quantity from this study compared to
what obtained in human liver microsomes. It remains unclear whether Peak-4 may also be
formed by NADPH-dependent, non-CYP hepatic enzymes.

The identity of the metabolites represented by the 4 peaks was not established in this study.
(Reviewer’s Note: The Sponsor did not attempt to link these 4 peaks to metabolites 67M-1 to
67M-4. Such linkage was attempted by the Reviewer. Please refer to the table in the summary
section.)
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Figure 1. HPLC elution profiles of radioactives after incubation of *C-TEI-6720 with
human pooled liver microsomes.
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Table 1. Ratio (%) of peak fractions to total radioactivities eluted from HPLC column.

hY BKR13 peak 1 peak 2 Pk 3 Peak @ | Unchanged
% | "% % | "% %
PlAl Lo £.50 282 046 39.11
CYPIA2 088l 048] 302 031] T 55.83|
CYPIAS |04 03] 5.3 02 SE.1S
CYPang 079, bAZ 029 0301576
CYP2CE 013 048] 10 D.36 7.0,
CYPICS 7 L] 024 045 57.50)|
Cmgi- ; 0.96 051 0.21 D, ﬁ‘ :;%_gé
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Figure 2. Ratio (%) of peak fractions to total radioactiviies eluted from HPLC column.

Study 18-K-00002: Study on the Cytochrom¢ P-450 Isozyrnes Responsible for the Production of
TEI- 6720 Oxidative Metabolites

The study was conducted by Teijin Ltd., in Japan from October 2000 to March 2001.

Objective: To determine the cytochrome P-450 isozyrnes responsible for the production of TEI-
6720 Oxidative Metabolites, using P-450 expression system microsomes prepared from cells
expressing single human hepatic CYP isozyme.

Methods: An in vitro CYP metabolic reaction was performed for TEI- 6720 or 67M-1 as a
substrate. The experiment examining the formation of 67M-1, 67M-2 or 67M-3 using TEI- 6720
(30 uM) as a substrate was performed separately from the one examining the formation of 67M-
4 using 67M-1 (30 pM) as a substrate. In the respective experiment, two tubes (n=2) with or
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without NADPH were prepared for each CYP isozyme. Microsomes obtained from human
lymphoblast cells expressing no human CYP isozymes were used as control. Reactions for TEI-
6720 were incubated for 30 min and reactions for 67M-1 were incubated for 60 min at 37°C.

Results and Discussion: The results showed that CYP2C9*1(Arg), CYP1Al, CYP1A2,
CYP2C8, and CYP4A11 were shown to form metabolite 67M-1; CYP1A1, CYP1A2, CYPIBI,
CYP2C8, CYP2C9*1(Arg), and CYP3A4 were shown to form metabolite 67M-2; and CYP1A1
was shown to form metabolite 67M-3. Metabolite 67M-4 was not formed by any of the CYP
isozymes after incubation with metabolite 67M-1. No metabolite was generated in negative
control microsomes nor in the absence of NADPH. The amounts of each metabolite generated
by the CYP isozymes are summarized in Table 2 and Figure 3.

Table 2. CYP Isoform Activities by Febuxostat in Human Hepatic Microsomes.

Metabolite Generated (pmol/min/pmol CYP)
CYP Isozyme* 6M-1 | 67M-2 | 67M-3 67M-4
1A1 0.053* 0.377 0.484 nd
1A2 0.019® 0.061 nd nd
1B1 nd 0.035* nd nd
2A6 nd nd nd nd
2B6 nd nd nd nd
2C8 0.032¢ 0.078* nd nd
2C9*1(Arg) 0.068 0.042* nd nd
2C9*2(Cys) nd nd nd nd
2C19 , nd nd nd nd
2D6 (Val) nd nd nd nd
2E1 nd nd nd . nd
3A4 nd 0.022°> nd nd
4A11 0.111* nd nd nd
Control nd nd nd nd
nd: Not detected.
a CYP isozymes 2A6, 2B6, 2C9*2(Cys), 2C19, 2D6(Val), and 2E1 had no measurable concentration of any
of the metabolites.
b Result is an estimate because measured concentrations were less than the limit of quantitation.
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Reviewer’s Comments:
The Sponsor did not link Peaks 1-4 identified in previous studies with 67M1-4 in this study. It is
possible that 67M-4 was formed by non-CYP enzymes. '

Correlation Method

Study 18-4-95021: In Vitro Cytochrome P-450 Metabolism Study for Using — @(4)
Identification of Isozymes in Human

The study was conducted by Teijin Ltd., in Japan in November-December 1995.

Objective: This is a follow-up study to Study 18-A-95018 where no specific CYP isoforms
could be identified for Peak-4 metabolite. The present study was performed to reveal CYP
isozyme(s) responsible for producing peak 4 using 10 lots of human liver microsomes having
obvious activity profiles of respective CYP isozyme.

Methods: Human liver microsomes/ ~——————  whose enzyme activity profiles and

contents of enzymes were previously determined, were mixed with substrate solution containing f 4)
“C-TEI1-6720 (1 pM). Following 60 min incubation, metabolites formed were analyzed by

HPLC, and their radioactivity ratio to the total eluted from the column was calculated. Pooled
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human liver microsomes from HBI6 and HBI7 (at time 0) were used as control to subtract out
the noise effect of non-metabolic radioactivity peaks. A comparison of the amounts of each
metabolite produced with the activity profiles of each CYP isozyme over 10 lots of microsomes

(HBI2, 3, 5

,6,7,9,10, 11, 12, and 13) was used to identify which isozyme(s) were responsible

for the production of each metabolite based on correlation analysis.

Results and Discussion: The following enzymatic activity profiles were found significantly
high correlation (5%; r>0.632, 1%; r>0.765) with profiles of the ratio of each peak:

Pesk 1
Peak 2

Peak 3

Peok 4

: No eotrelziton was ohaevved

: T-Ethoxyresorufin O-dealkylation activity {CYPIA)
Caffeine N3-demethylation activity (CYPIA)
Benzphetaming Mdemethylation activily (nnknown)

: Caffeine M3-demethylation activity (CYPLA)
Benaphatamine Nedemethyiation activity (unkonown)

: Testosterone Sf-hydroxylation setivity {(CYP3A)

Their correlated relationships were illustrated in Figure 4. The identity of the metabolites
represented by the 4 peaks was not established in this study.
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Figure 4. Correlation Plots (radioactivity ratios are

displayed as x-axis and specific enzyme

activities are displayed as y-axis).
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Anti-human CYP isozyme antibodies Inhibition Method (Study 18-K-02001).

Study 18-K-02001: Study on the Inhibitory Effects of Anti-Human Cytochrome P450 Antibodies
on the In Vitro Oxidative Metabolism of TEI-6720 Using Human Liver Microsomes

The study was conducted by Teijin Ltd., in Japan from April 2002 to January 2003.

Objective: The previous study (18-K-00002) using microsomes of cytochrome P-450 expression
system suggested that several CYP isozymes contribute to the formation of TEI-6720 oxidative
metabolites. In the present study, the formation of 67M-1 and 67M-2 and the inhibitory effects of
anti-human CYP isozymes antibodies on their formation are examined.

Metheds: Human liver microsomes (0.4 mg/mL) were incubated with TEI-6720 (100 pM) for
30 min in the presence of 5 or 10 uL of antibodies contained in sera derived from rabbits
immunized by the respective CYP isozymes (CYP1A2, 2C8, 2C9, 2D6 and 3A4) that are
commercially available. In addition, microsomes incubated in the presence and absence of rabbit
sera containing no antibodies (serum control) served as control incubation.

Results and Discussion: In comparison with the control group, the serum control group showed
an approximate 2.2-fold increase in the production of metabolite 67M-1, and an approximate
11% increase in the production of metabolite 67M-2. Although the amount of metabolite 67M-1
formed by human liver microsomes was not inhibited by addition of any of the antibodies tested,
the increase in.metabolite 67M-1 production may have cancelled out any possible inhibitory
actions by the antibodies for the respective CYP isozymes. However, addition of antibodies for
CYP1A2, CYP2CS8, or CYP2C9 reduced the amounts of metabolite 67M-2 formed by 47.5%,
44.1%, and 33.6%, respectively, compared with those in the serum control group (Table 3). The
total inhibition by these 3 isoforms was more than 100%. Because CYP2C9 antibody used also
inhibited slightly CYP2C8 activity, it is estimated that 48% of 67M-2 was formed by CYP1A2
pathway and about 52% was formed by 2C8/9 pathway.

Table 3. Formation of Metabolites 67M-1 and 67M-2 in the Presence or Absence of CYP
Antibodies

Metabolite Formation % of Serum Control
(pmol/min/mg protein)®
Test Group 67M-1 | 67TM-2 67M-1 l 67TM-2
CYP1A2 Inhibition 81.1=1.5 40.3 £1.2 105.5% 52.5%
CYP2C8 Inhibition 74.7 £1.8 429434 97.1% 55.9%
CYP2C9 Inhibition 79.5 £1.5 50.9 £2.6 103.4% 66.4%
CYP2D6 Inhibition 81.3 1.7 73.949.5 105.7% 96.3%
CYP3 A4 Inhibition 86.54+3.9 74.2 8.8 112.4% ' 96.7%
Serum Control 76.9 £3.5 76.7 £8.3 100%. 100%
Control 352409 69.2 £2.1 45.8% 90.2%

a Mean * standard deviation, N=3.

Reviewer’s Comments:
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This is the only experiment that could estimate the relative contribution of P450 isoforms in
TMX-67 metabolism and metabolite formation. However, concentrations of TMX-67and its
other metabolites (67M-3 and 67M-4) were not monitored in this experiment. In addition, the
substrate concentration used (100 pM) was higher than the therapeutic Cpax of 15 uM. A higher
concentration may saturate the pathway with low Km and change the relative contribution of

metabolic pathway.

Given these limitations, the data do suggest that both CYP1A42 (~48%) and CYP2C8/2C9 (52%)
contribute to the formation of 67M-2, a finding consistent with that in Study 18-K-00002 for

67M-2.

Summary of Oxidative Metabolism of TMX-67 (Reviewer’s Analysis)

Study 18-A-95018 and Study 18-A-95021

Correlation

Potential Metabolites CYp
of TMX-67 1 pM substrate 1 uM substrate
Peak 1 2C18 None
(formation is low)
Peak 2 1A1 1A, Other
Peak 3 1A1, 1A2, 2C8 1A, Other
Peak 4 1A2, 2C8, 2C9 3A?
(formation is low)
Study 18-K 00002 and Study 18-K-02001
Potential Metabolites of CYp Antibody In vivo abundance
TMX-67 30 pM substrate 100 pM (Study C03-040)
substrate
67M-1 (hydroxylation) 1A1, 1A2, 2C8, 2C9*1, None 10% of'the dose
4A11 '
(formation is low)
67M-2 (hydroxylation) 1A1, 1A2, 1B1, 2C8, 1A2, 2C8, 2C9 11% of the dose
2C9*1, 3A4
67M-3 (desbutylation) 1A1 Not studied Negligible
67M-4 (carboxylation None Not studied 14% of the dose
from 67M-1)

Because the Sponsor did not link Peaks 1-4 with metabolites 67M1-4, the results from Study 18-
A-95018 and 18-A-95021 were viewed as preliminary. The Reviewer attempted to associate
Peaks 1-4 with metabolites 67M1-4 (see below) based on the information available (including

relative retention times).

Peak 1 = 67TM-4
Peak 2 = 67TM-3
Peak 3 = 67M-2
Peak 4 = 67M-1
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o The relative contribution of each P450 isoform to the formation of oxidative metabolites is
unclear. Based on the antibody study, both CYP1A2 (~48%) and CYP2C8/2C9 (~52%)
contribute for the formation of 67M-2. :

o TItis likely that 67M-1 was mainly metabolized by non-CYP enzymes and same maybe true
for its metabolite, 67M-4. It is not known which non-CYP enzyme may be responsible for
the formation of 67M-1 and 67M-4. It is also likely that 67M-4 may be formed by
extrahepatic enzymes because it is detected in a larger amount i vivo than in vitro.

e 67M-2 was mainly formed by CYP1A2, CYP2C8 and CYP2C9 in the liver. It was also
metabolized by CYP1Al, whose level is low in healthy non-smoking subjects but it is
inducible by smoking.

e 67M-3 was not detected in significant amount in vivo. It was mainly metabolized by
CYP1ALl, whose level is low in healthy non-smoking subjects.

Phase 2 Enzymes (UGTs):

Study 18-K-03003: Confirmation study of UGT isoforms participating in glucuronidation of TEI-
6720

The study was conducted by Teijin Ltd., in Japan in September-December 2003.
Objective: To clarify the human UGT isoforms participating in glucuronidation of TEI-6720.

Methods: Control human (pooled from 50 donors) and recombinant human UGT microsomes
(12 different expressed UGT isoforms that were commercially available) (1 mg/mL) were
incubated at 37°C for 1 hour with febuxostat (100 uM) in the presence or absence of UDPGA (5
mM). Microsomes prepared from insect cells infected by baculovirus served as a negative

control. Following incubation, the amounts of febuxostat glucuronide generated were measured
by HPLC. '

Results and Discussion: Among the 12 tested (UGT1A1, 1A3, 1A4, 1A6, 1A7, 1A8, 1A9,
1A10, 2B4, 2B7, 2B15, and 2B17), febuxostat glucuronide was formed by 7 different kinds of
human expressed microsomes in the presence of UDPGA. (Table 7); in the absence of UDPGA
no febuxostat glucuronide was formed.

The results indicate that the formation of the febuxostat glucuronide is UGT mediated, and that
several UGT isoforms appear to be able to form febuxostat glucuronide. UGT isoforms express
in both human liver and extrahepatic tissues (e.g., kidney, intestine, etc.) (Table 4), the data
indicate that glucuronidation of febuxostat could be catalyzed by several UGT isforms not only
in the liver but also in other organs. Because the abundance/expression amount of various UGT
isoforms in human liver and extrahepatic tissues is not clear, the relative contribution of these
UGT isoforms in the metabolism of febuxostat in vivo could not be estimated.
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Table 4. Mean (% standard deviation) Amount of Febuxostat Glucuronide Formed After
Incubation of Febuxostat with Human Hepatic Microsomes and Recombinant Human
UGT Microsomes.

Amount of Febuxostat Tissue Distribution of UGT Isoforms
Glucuronide Formed®
Microsome (nmol/60 min/mg protein)
Human liver micosomes 3542 NA
Control (UGT insect cell) nd NA
UGT1A1 19.2 40.8 Liver, Small Intestine, Large Intestine
UGT1A3 23401 Liver, Small Intestine, Large Intestine
UGT1A4 nd
UGT1A6 nd
UGTI1A7 i 3.0x0.1 » Stomach
UGT1A8 10.2 £0.1 Large Intestine
UGT1A9 . 9.7 £0.3 Liver, Kidney, Large Intestine
UGT1A10 1.2 0.0 Small Intestine, Large Intestine, Stomach
UGT2B4 nd '
UGT2B7 2.140.1 . Liver, Kidney, Small Intestine
UGT2B15 nd
UGT2B17 nd

nd: None detected (< 0.76 nmol/60 min/mg protein).
a Mean + standard deviation. N=3.

Reviewer’s Comments: .

The Sponsor did not conduct in vivo study with UGT inhibitors/inducers because 1) several UGT
isoforms are likely to be involved in glucuronidation, and 2) as febuxostat is also metabolized by
oxidative metabolism, it is unlikely that significant increase/decrease in the concentration of
Sfebuxostat would be observed in vivo when co-administered with UGT inhibitors/inducers.
However, most UGT inhibitors/inducers are not selective for UGT isoforms, i.e., they inhibit
several isoforms. .

b(4)

4.2.1.2.3 Inhibition of Cytochrome P450 Isoforms by Febuxostat (TMX-67)

Study 18-K-98005: Study on the Drug-Drug Interaction of TMX-67 Using Human Liver
Microsomes: Inhibitory Activities of TMX-67 to the Metabolism of Human Cytochrome P-450
Isozyme-Specific Substrates

The study was conducted by Teijin Ltd., in Japan in July 1998.

Objective: To study the inhibitory action of TMX-67 on the metabolic activity of specific
substrates for which the involvement of certain CYP isozymes is already known and thus
mvestigate the potential effect of TMX-67 on the metabolism of other drugs.
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Methods: The potential inhibitory effects of febuxostat on the metabolism of CYP isoform
selective substrates were studied with pooled human hepatic microsomes (derived from livers of
5 American males and 5 American females).

The CYP450 isoform specific substrates used were phenacetin (CYP1A2), tolbutamide
(CYP2C9), (S)-mephenytoin (CYP2C19), dextromethorphan (CYP2D6), and testosterone
(CYP3A4). Each CYP substrate (at three different concentrations) was incubated with human
liver microsomes in the presence of various concentrations of TMX-67 or positive control drugs
(inhibitor). All incubations were carried out at 37°C and initiated by adding NADPH and
terminated by adding acetonitrile. TMX-67 concentrations used were 0, 50 and 100 uM for all
incubations. Lineweaver-Burk and Dixon plots were used to calculate K., for substrates and K;
for inhibitors.

Results and Discussion: Febuxostat was found to be a competitive inhibitor of the CYP2D6
catalyzed O-demethylation of dextromethorphan, with a K; of 40 pM (12.6 pg/mL) (Table 1).
Febuxostat showed little inhibitory activity against other CYP isoform activities evaluated, with
K; values greater than 100 pM.

Table 1. Inhibition of CYP Isoform Activities by Febuxostat in Human Hepatic
Microsomes.

Ccyp Km Febuxostat Ki Positive
Isoform Reaction (M) M ng/mL Control
: USY)

1A2 Phenacetin O-demethylation 45 >100 >31610 | Competitive

>250) (almost no

, inhibition)

2C9 Tolbutamide hydroxylation 238 >100 >31610 Mixed-type | Diclofenac

(~180) (25 uM)
2C19 S-Mephenytoin 4'-hydroxylation 25 >100 >31600 Appears no

(>250) inhibition
2D6 Dextromethorphan O-demethylation | 8.3 40 12644 Competitive | Alprenolol

(3 M)

3A4 Testosterone 6B-hydroxylation 173 >100 >31610 | Competitive | Nifedipine

(~160) (20 pM)

The Crmax found in subjects given multiple 120 mg oral dose of febuxostat was approximately 5.3
pg/mL (15 pM), and [Crax)/Ki is about 0.38 (>0.1) for CYP2D6, therefore a follow-up in vivo
study with CYP2D6 substrate was recommended.

Reviewers Note: :
A clinical drug interaction study with desipramine, a drug whose clearance is primarily
mediated by CYP2D6, was conducted (See Drug Interaction Review for Study C02-005).

For CYP1A2, 2C9, 2C19 and 3A4, [Crax]/K; values are <0.1. It is unlikely that administration of
febuxostat at the anticipated therapeutic doses (80 and 120 mg) would be associated with
clinically significant drug interactions resulting from febuxostat inhibition of the CYP-mediated
metabolism of other drugs that are substrates for CYP1A2, 2C9, 2C19 and 3A4.
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4.2.1.2.4 In Vitro Absorption/Transport Study

“— Project No. 002596: Determination of the Apparent Permeability Coefficient of TMX-67 Using the
CACO-2 Absorption Assay

The study was conducted by — , . in November 2000. @(@)

Objectives: To determine the apparent permeability coefficients (Papp) of TMX-67 in bi-directional
transport when tested at 10 and 100 pM at pH 5.5 and 7.4, respectively. The possibility of P-
glycoprotein (P-gp) involvement in TMX-67 transport will also be investigated. Finally its permeability
will be ranked with three known reference compounds of high, moderate and low permeability.
Reference standards selected were mannitol (low permeability, passive diffusion through the
paracellular route), salicylic acid (moderate permeability, pH-dependent transport) and testosterone
(highly permeability).

Methods: Caco-2 cells (obtained from .—— were grown as monolayers on ——  polycarbonate b(@?
filters (0.4 uM pore size) and cultured for at least 21 days. Prior to transport assay, all monolayers were
assayed for their transepithelial electrical resistance (TEER) (150-300 Ohm-cm?). The permeability
studies were initiated by adding cell culture medium (at pH 5.5 or 7.4) containing test compound TMX-
67 at 10 or 100 uM or 50 pM of three reference compounds (radiolabeled) to either the apical (apical to
basolateral transport) or basolateral (basolateral to apical transport) side of the monolayer. Samples were
taken from the opposite side of the cell monolayers (receiver side) and replaced it with fresh medium at

_ 1, and 2 hours. In addition, A-to-B transport was assessed in the presence of 100 pM verapamil (a
competitive P-gp inhibitor) at pH 7.4 for TMX-67 (10 uM only) and all three reference compounds. All
assays were conducted in triplicate. Recovery was determined in all the assays. At the end of the
experiment, leakage of each monolayer is assessed with Lucifer Yellow. The concentrations for
permeability calculations for reference compounds were analyzed by a liquid scintillation counter. Test
artlcles in recovered samples were quantified using LC/MS atthe, ~—™~—— —u— =~

I

—

All transport rates are calculated by comparison of the integrated MS areas of the 0 hour (donor) sample
to the 1 and 2 hour (receiver) samples.

Results and Discussion: All controls appeared to work in the study (Table 1).

When tested at pH 7.4, TMX-67 appeared to have medium permeablhty as P,pp of TMX-67 (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 (Table 9). At a concentration of 10 pM, the net flux (B-A/A-B) for TMX-67 was
around 1.5, indicating an efflux activity. Verapamil (100 uM) at apical side did not appear to
have an effect on the A-B transport rate of TMX-67. 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 expression of P-gp in
the Caco-2 cells used. Therefore, the Sponsor’s conclusion that P-gp is not involved in the
transport of TMX-67 is not definitive. At a concentration of 100 uM, the net flux (B-A/A-B) for
TMX-67 was around 0.9.
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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 TMX-67 was likely by
a pH-dependent transport mechanism.

Table 1. Apparent Permeability Coefficient (P,pp) of TMX-67 and Reference Compounds
Across a Caco-2 Cell Momolayers.

Compound Name TEER (Ohm-cm) Lucifer Yailow Recovary {%) 1-hr 2-hr
' {san) Papp {erisec) Papp {eavsec)
% 10* x10¢
Mannito!
Adto-B (pH 7.4) 163,31 16.2 0.36 993117 1.4£02 1,3£0.2
Arto-B {pH 5.5) 1773158 0.27 86.22 0. 14201 13204
A-10-B {pH 7.4) Verapamil 160.7 £ 4.9 BLQ 97.9209 10£02 10201
B-to-A {pH 7.4) 18274150 - 1.36 019+ 06 15103 1.3x0.1
B-lo-A(pH55) 181.7¢ 155 0.64 995102 15103 1401
Salicylic Acld
A0-B {pH 7.4) 167.71 11.0 0.27 9391231 188158 187415
Ato-B {pH 5.5) 167.0 1 147 1.08 935118 40645 311118
A-t0-8 (pH 7.4} Verapami 17574 15.3 BLQ 818410 15,1226 173407
B-10-A {pH 7.4) 189.3 1 17.1 BLO 97.6£1.0 174219 173216
B-t0-A (pH1 5,5) 19201 12,1 0.45 857240 439223 3241 4.0
Tesiosterone
Ato-BioHT7.4) 421.7 £ 24.3 BLG 1000145 3421115 330222
A10-8 (pH 55) 437.01 250 Bo @646 3192108 265226
A-10-8 {pH 7.4) Verapamil 44531231 BLO 926123 260160 253% 18
B10-A (pH 7.9) 46874250 ! 8.0 100.811.3 38.125.8 - 293:30
Bro-A (pH 5.5) 4750 537 ] BLO 85.3¢ 3.8 384115 308409
Compound Name TEER {Ohmecrm®) Luciter Yoliow Recovery (%) W 2t
{%Mhr) Pappicmiser) Papp {emfsec)
. x 10 ; x10°¢
TMX-67, 10 48
AtoB {pH 7.4 38794131 0,13 720424 182207 174118
A-+0-B {pH 5.5} 2040 ¢ 19.1 0.26 810125 1 asz20 241218
2408 {pH 7.4) Veempamil 1800217 0.08 C 73223 Y721 32 156109
B-10-A [pH 7.3) 18431127 084 7iB116 268214 254407
80-A{OH55) 1930355 018 759548 19104 134402
TMX-67, 100 uM
Ad0-B {pH 7.4) 20431440 BLO . s10%13 26122 192202
Ato-B {pH 5.5} 205.0 2. 130 052 628103 325187 ] 263225
B:16-4 {pH 7.4} 193.2 1 18.2 fe 15218 1881 1.1 178208
Biio-A{p6.5) 2050 3 210 0.55 748129 120202 11.90.1
Viluos ara the neans of tagtcals naHeNg & standard devi

BLO: Bebw the Lond of Quarsdation

Conclusions: The Cppax of TMX-67 at the maximal proposed dose of 120 mg in healthy
volunteers was around 5 pg/mL (15 pM). Data from Caco-2 cells indicated that TMX-67 had
medium permeability at pH 7.4 and its permeability was enhanced by lowering pH. It is likely
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that TMX-67 is a substrate of pH-dependent transporters. The basolateral to apical permeability
(secretory direction) was 0.5 fold greater than the apical to basolateral permeability (absorptive
direction) when tested at pH 7.4 with 10 pM of TMX-67 (close to its therapeutic concentration),
suggesting that TMX-67 maybe a substrate of apically located efflux pumps. However, it was
not clear whether P-gp was involved because of lack of positive control for P-gp activity in the
assay.

Comments:

e The assay did not include a positive control to show functional P-gp efflux activity with a P-gp
substrate such as digoxin. Therefore, the conclusion that TMX-67 is not subject to P-gp transport is
not definitive because we could not rule out the possibility that Caco-2 cells used may not have high
P-gp expression.

e Inhibition potential of TMX-67 on P-gp has not been studied.

Based on in vitro metabolism/transport review, the following information needs to be collected:
1. Induction potential of febuxostat for human CYPs
In addition, positive control for P-gp activity in the Caco-2 cells needs to be included to determine

whether P-gp is involved in the efflux of febuxostat. Inhibition potential of febuxostat on P-gp may also
be studied in the Caco-2 cells.

4.2.2  Single- and Multiple-Dose PK/PD Study in Healthy Subjects

4.2.2.1 Study TMX-99-001: A Multiple-Dose Safety, Pharmacokinetic, and Pharmacodynamic
Study of Oral TMX-67 in Healthy Volunteers

Study Period: November 7 1999 to April 15 2001

Sample Analysis Period: November 29, 1999 to October 4, 2001

Principle Investigators: N M@
Study Cenfers: —_—

Analytical Site: ‘ ———————

Objectives:

e Assess the safety of TMX-67;
e Determine the maximum tolerated dose (MTD) of TMX-67; and
¢ Determine the pharmacokinetic and pharmacodynamic profiles of TMX-67 following
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oral administration of multiple daily doses over a range of doses and regimens (eg, once
daily [QD] and/or twice daily [BID]).

Study Design: This was a Phase 1, randomized, double-blind, placebo-controlled, multi-center,
multiple-dose, dose-escalation study. Each dose cobort includes 12 subjects (10 TMX-67, 2
placebo) who were administered either TMX-67 or placebo over 13 days (dosing was initiated on
Day 1, interrupted on Day 2, and resumed on Days 3-14). The doses studied were 10, 20, 30, 40,
50, 70, 90, 120, 160, 180, 240 mg QD and 30 mg BID. The 50 mg dose panel was repeated due
to possible traces of xanthine crystals observed in 3 subjects in the first 50 mg dose panel. Both
serum and urine samples were collected for determination of TMX-67 and its metabolites, urate
(uric acid), xanthine and hypoxanthine concentrations.

Safety assessments performed during the course of the study included physical examination, vital
signs, 12-lead electrocardiogram (ECG), clinical laboratory examinations, and monitoring
adverse events and concomitant medication use.

154 adult subjects (87 males and 67 females) aged 19-45 years were enrolled and randomized in
13 dose groups including a repeat of the 50 mg dose group (Table 1). The majority of subjects
were male (56%) and Caucasian (76%). Please refer to the summary table in the Appendix for
demographic information.

Table 1. Disposition of Subjects.

TMX-67 Group
Qb [  BID

Pbo | 10 |20 ] 30 | 40 | 50 | 70 { 90 | 120 | 160 180 | 240 | 30

- All Randomized 26 (1010108 |20{10f100f10] 10] 107]10] 10
Subjects

Completed Study 23 10] 9 9 8 181101 10 9 10 7 8 10

Prematurely Terminated 3 0 1 1 0 2 0 0 1 0 3 2 0

Adverse Event 1 0 0 1 0 1 0 0 1 0 3 2 0

Personal Reasons 2 0 1 0 0 0 0 0 0 0 0 0 0

Other ® 0 ojojo|of|10} 0 0 0 0 0 0

a: Difficult venipuncture. Pbo = placebo

Three (3) subjects receiving 50 mg QD had very small possible traces of xanthine crystals
through x-ray diffraction or FTIR. Due to these results, the 50 mg dose panel was repeated and
the 40 mg dose was performed and evaluated and subsequently negative results for xanthine
crystals were seen at these doses. In all analyses, the initial 50 mg QD and repeated 50 mg QD
dose groups were summarized together, as were all placebo subjects.

Test Articles:
Strength | Teijin Bulk | Abbett Bulk | Finishing Lot
Study Deosage Lot Number | Lot Number Number
Drug Form
TMX-67 5mg TMXZ905A | 57-010-AL 61-278-52
10 mg TMXZ910A | 56-989-AL 56-856-S2
20 mg TMXZ920A { 57-011-AL 61-279-S2
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TMXT020A | 63-141-AL 72-339-82
TMXT020A | 63-141-AL 75-526-82
TMXZ900A | 56-983-AL 56-855-52
g:ce“ TMXZ900A | 56-988-AL 71-255-S2
TMX.67 TMXZ900A | 56-988-AL 75-525-S2
TMXTO00A | 63-138-AL 72-338-S2

Reviewer’ Note: The highest dose strength was 20 mg and, for the highest studied dose, 240 mg,

the subjects took 12 tablets.

The 20 mg tablet used in this study was designated as Formulation A3 by Abbott.

Sample Collection:

Pharmacokinetics (TMX-67 and its metabolites)

Blood (Plasma):
QD regimen: :
Day Blood Collection Time (hours)
1 0 (Predose), 0.25,0.5,1.0,1.5,2,3, 4,6, 8, 10, 12, 16
2 (no dose administered) | 24, 30, 36 (after Day 1 dose)
3 48 (after Day 1 dose but prior to Day 3 dose)
5 0 (Predose)
8 0 (Predose)
11 0 (Predose)
13 0 (Predose)
14 0 (Predose), 0.25, 0.5, 1.0, 1.5, 2, 3, 4, 6, 8, 10, 12, 16
15 (no dose administered) | 24, 30, 36 (after Day 14 dose)
16 (no dose administered) | 48 (after Day 14 dose)
BID regimen:
Day Blood Collection Time (hours) (post am dose)
1 0 (pre am dose), 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12 (pre pm dose),
12.25,12.5, 13, 13.5, 14, 15, 16
2 (no dose administered) 18, 24, 30, 36 (post day 1 am dose)
-3 48 (after Day 1 dose but prior to Day 3 dose)
5 0 (Pre am dose)
8 0 (Pre am dose)
11 0 (Pre am dose)
13 0 (Pre am dose) .
14 0 (pre am dose), 0.25, 0.5, 1, 1.5, 2, 3 4, 6, 8, 10, 12 (pre pm dose),
-1 12.25,12.5, 13, 13.5, 14, 15, 16
15 (no dose administered) | 18, 24, 30, 36 (post day 14 am dose)

Urine:
0D and BID:

| Day

| Urine Collection Time
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1 pre-dose, 0-6, 6-12, 12-24 hours
2 24-48 hours post Day 1 dosing
14 first morning void, 0-6, 6-12, 12-24 hours

Pharmacodynamics (Uric acid, xanthine and hypoxanthine)
Blood (Serum):

OD:

Day-1:0, 6, 12 hr

Days 1 and 8: 0, 6, 12, and 24 hr

Day 14: 0, 6, 12, 24, and 48 hr

BID:

Day-1:0, 6, 12, and 18 hr

Days 1 and 8: 0, 6, 12, 18, and 24 hr
Day 14: 0, 6, 12, 18, 24, and 48 hr

Urine:

OD and BID:

Days -1 and 8: 0-6, 6-12, 12-24 hr

Days 1 and 14: 0-6, 6-12, 12-24, and 24-48 hr

Sample Analysis: All Sample analyses were conducted at
=— See Table 2 below for a summary of various methods used for analysis of TMX-67,
its metabolites, uric acid, xanthine, and hypoxanthine in human plasma (serum) and urine.

Table 2. Summary of Analytical Methods for Study TMX-99-001.

Analyte Matrix Analytical Method Limit of Quantitation
' (linear range)
TMX-67 Human EDTA "HPLC-Fluorescence 0.02pg/mL

Plasma Detection (0.01-20 pg/mlL)

— 2§23150_1)

Total Human Urine HPLC-Fluorescence 0.05 pg/mL
TMX-67 (Urine samples were Detection (0.05-100 pg/mL)
(Intact plus | hydrolyzed with 2 N + = PS23150_3)
conjugates) NaOH prior to
extraction)
Intact Human Urine HPLC-Fluorescence 0.02 pg/mL

T™MX-67 Detection (0.02-20 pg/mL)
~ TS 23150_2)
67M-1, 67M- Human EDTA LC/MS/MS 0.5 ng/mL
2, and 67M-4 Plasma —~ PS23150_4) (0.5-100 ng/mL)
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Total 67M-1, Human Urine LC/MS/MS 5 ng/mL
67M-2, and | (Urine samples were ‘— £S5 23150_6) (5-500 ng/mL)
67M-4 hydrolyzed with 2 N
(Intact plus NaOH prior to
conjugates) extraction)
Intact 67M-1, Human Urine LC/MS/MS 0.5 ng/mL
67M-2, and — PS 23150_5) (0.5-100 ng/mL)
67M-4

" HPLC-UV Detection

— 10uM

Urate Human Serum
(— PS23151_1) (10-1000 pM)
Uric Acid Human Urine HPLC-UV Detection 10 uM
((— PS23151_2) (10-4500 pM)
Xanthine Human Serum HPLC-UV Detection 0.2 uM
: / — £S23151_1) (0.2-20 uM)
Human Urine HPLC-UV Detection 10 pM
f— PS 23151 2) (10-1000 pM)
Hypoxanthine Human Serum HPLC-UV Detection 0.2 uM
: (" — 2S23151_1) (0.2-20 pM)
Human Urine HPLC-UV Detection 10 uM

— PS23151_2)

(10-1000 pM)

Pharmacokinetic and Statistical Analysis: Pharmacokinetic parameters of TMX-67 and
metabolites were estimated from the plasma concentration values by standard noncompartmental
methods using WinNonlin Professional™ V.3.1 (Pharsight Corporation, Mountain View, CA).

To investigate the effect of day and dose on the pharmacokinetics of the TMX-67 QD dosing
regimens, an analysis of variance (ANOV A) was performed on Tmax, Az, and the natural

logarithms of the dose-normalized Cmaxand AUC on day 1 and day 14.

Pharmacodynamic and Statistical Analysis: Pharmacodynamic parameters were estimated
using the serum and urine concentration values. The area under the serum concentration versus
time curve for uric acid, xanthine, and hypoxanthine was estimated by using WinNonlin™ V.3.1.

To investigate the effect of day and dose on the pharmacodynamics of the TMX-67 QD dosing
regimens, an ANOVA with factors for dose, subject nested within dose, day, and day by dose

interaction was performed on the percent change from baseline (or change from baseline) to each
time point (Day 1, 8, and 14) for each pharmacodynamic parameter.

Pharmacokinetics and Pharmacodynamics Analysis: To investigate the relationship of serum
xanthine Cmean,24, and the percent change in serum urate Crmean24 with TMX-67 AUC24 (QD
regimens) for TMX-67 and placebo once a day dosing regimens, the data were fitted to an Emax
model (E = Eo+[(Emax—Eo)' AUC24/(EAUCs0+AUC24)]), using WinNonlin Professional ™M V.3.1.
The program software used Gauss-Newton (Levenberg and Hartly) minimization method for
fitting the data. In this equation, Eo represents the placebo effect; Emax represents the maximum
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effect (therefore, Emax-Eorepresents the maximum TMX-67 effect); and EAUCs0 represents the
AUC of TMX-67 at which an effect equal to Eo+ (Emax-Eo)/2 is attained.

Pharmacokinetic Results:

Plasma PK Profiles

The mean steady-state plasma concentration-time profiles of TMX-67 at 40 mg, 70 mg, 120 mg,
and 240 mg QD and 30 mg BID (AM) are shown in Figures 1a (linear) and 1b (semi-log scale).
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Figure 1. Mean (SD) plasma concentration-time profiles of TMX-67 at 40 mg, 70 mg, 120
mg, and 240 mg QD and 30 mg BID (AM) following oral administration of TMX-67 on
Day 14. (Left, linear scale and Right, semi-log scale)

(Reviewer’s Note: The sponsor did not have a plot that showed plasma concentration-time
profiles for all the doses studied and only included a plot that showed 40, 70, 120 and 240 mg
dose levels which covered the proposed doses of 80 and 120 mg.)

The plasma pharmacokinetic parameters for TMX-67, and its metabolites 67M-1, 67M-2, and
67M-4 (secondary metabolite generated from 67M-1) are summarized in Tables 3-6. TMX-67
reached peak concentrations at about 1 hr. Apparent terminal half-life was about 5-10 hrs at
doses above 40 mg. Half-lives were shorter for doses lower than 40 mg, possibly due to assay
limitation for capturing the “true” terminal phase. Due to enterohepatic circulation, some
patients showed double peak in PK profiles.

Table 3. Summary of Pharmacokinetic Parameters of TMX-67 on Days 1 and 14 Following
Oral Administration of TMX-67.

Dos | Day twax | Cmax AUC: AUC* |[tiz:" | Vel | CUF | Cue/ | AUCYD
e () | (ug/mL | (ug-h/mL | (ng/ | (h) F /h | D
Qb ) ) mL) @ 1)
10 1 |Mean|0.99 03362 0.6780 0.7269  1.5(1.3)382 15.12  0.0336 0.0727
mg SD [041 0,108  0.2116 0.2257 0.5 190 511  0.0109 0.0226

14 | Mean | 0.70 03995  0.7394 0.9505 3.0(2.0)42.7 11.39  0.0399 0.0950

SD |026 0.1866  0.2338 02712 1.9 304 345  0.0187 0.0271

20 1 |Mean|1.06 1.1123  2.0549 2.1816 32(26)29.2 10.00 0.0556 0.1091
mg SD |081 0479  0.6358 0.6626 1.5 1.5 322 0.0240 0.0331
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14 | Mean | 0.89 09342  1.9096  2.1125 4.7(3.8)333 1001 0.0467 0.1056
0.55 02870  0.5204 05044 18 194 268  0.0143 0.0252

30 1 072 1.1192 23596 25469 9.2(46)75.0 1237 0.0373 0.0849
mg 026 03386  0.5590 05724 137 982 3.03  0.0113 0.0191
14 0.89 12835 24835 25681 6.7(5.7)627 12.19 0.0428 0.0856

, 042 04593 05486  0.5325 29 502 283 00153 0.0178
40 1 144 15282 38724 39770 42(38)48.7 12.60 00382 0.099%4
mg 078 0.7125  1.8266 1.8566 1.6 272 658  0.0178 0.0464
14 119 1.8221° 43124 42998  10.3(6.3)49.5 10.63  0.0456 0.1075

046 0.6823  1.5282 15366 74 27.5 451 00171 0.0384

50 1 078 1.9697 43016  4.4073 5.0(45)432 1238 00394 0.0881
mg 026 0.6275 13144 12981 2.1 193 3.86  0.0125 0.0260
14 1.14 ‘17917 44327 43785 10.1(6.7)59.1 1230  0.0358 0.0876

0.68 0.6662  1.2543 1.1859 6.3 182 3.60 00133 0.0237

1 1.00 3.0819  6.8171 6.9335 5.0(4.7) 41.6 1121  0.0440 0.0990

120
mg

1.00
0.56

4.4720
1.3148

11.1004
2.4228

11.3131
2.4293

9.3 (6.8) 56.7

7

11.4(9.1)578

5.8

17.6

11.68
5.31

11.09
2.58

0.0373
0.0110

0.0943
0.0202

160 ! | Mean | 0.75 7.2978 20.4793 20.7463 - 10.7 40.7  8.22 - 0.0456 0.1297
mg SD 0.26 2.1619 4.8919 49089 (9.8) 157 244 0.0135 0.0307
3.4
14 | Mean | 0.80 8.7711 22.9680 222821 118 36.1 7.82 0.0548 0.1393
SD 0.35 2.7373 6.8952 6.5259  (9.5) 141 256 0.0171 0.0408
5.8
180 1 | Mean | 1.07 8.3986 24.9478 25.5887 236 546 7.75 0.0467 0.1422
mg SD 0.53 3.2226 9.4311 9.5459 (11.0) 444 232 0.0179 0.0530
: 32.0
14 | Mean | 1.00 8.0488 24.8368 23.9545 20.8 45.6 8.07 0.0447 0.1331
SD 0.58 2.4018 7.6916 7.6651 (15.8) 174 2.08 . 0.0133 0.0426
) 13.7
240 1 | Mean | 1.06 8.3858 27.9550 28.2692 127 54.6 . 953 0.0349 0.1178
mg SD 0.68 3.2197 9.0597 9.1213  (10.2) 294 409 0.0134 0.0380
) 53
14 | Mean | 0.94 11.2630 35.6951 349763 9.9 313 7.28 0.0469 0.1457
SD 042 4.0388 10.1521 99084 (8.1) 113 1.74 0.0168 0.0413
53
tmax | Cmax AUC: AUC? tie” Vss/ | C/F | Coa/D | AUCY/D
(h) | (ng/mL) | (pg'h/mL | (pg'h/m | (h) F (L/h)
Dose | Day ) L) (L)
30 1 | Mean | 0.90 1.3091 2.7025 2.8169 4.0 344 1130 0.0436 0.0939
mg AM (3.8)
BID SD 046 0.4422 0.7757 0.7979 1.1 9.1 2.68 0.0147 0.0266
14 49
AM Mean { 0.70  1.4882 29146 2.9146 (4.3) 41.1 10.81 0.0496 0.0972
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SD 0.35 0.3208 0.7564 0.7564 1.0 6.7 228 0.0107 0.0252

14 . 11.1
PM Mean | 1.75 0.8986 3.7065 3.3083 (5.8) 61.0 9.88 0.0300 0.1103

SD 0.68  0.2994 1.4081 . 1.1573 1.8 179 273 0.0100 0.0386

a AUC refers to AUCeo, AUC24, and AUC12 for Day 1 (QD & BID), Day 14 (QD), and Day 14 (BID),
respectively.

b Arithmetic Mean (Harmonic Mean)

For all regimens, the number of subjects in each group ranged from 7 to 10, with the exception of the 50 mg
group (17-18).

For the BID dosing regimen, even though there was a slight delay in Tpax and a slight decrease in
Crnax when comparing the PM dosing to the AM dosing for 30 mg BID regimen, the AUC
appeared to remain the same for the PM dosing as compared to the AM dosing (Table 3 and

Figure 2).

@
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Figure 2. Mean (SD) Plasma TMX-67 Concentration versus Time Profiles Following AM
and PM Oral Administration of TMX-67 (30 mg BID Regimen) on Day 14. (Left, linear
scale and Right, semi-log scale)

Compared to TMX-67 levels in plasma, metabolites 67M-1, 67M-2 and 67M-4 all showed lower
plasma exposure than TMX-67, with an AUC ratio of about 0.03 (Tables 4-6). Only the data for
doses of 70, 90 and 120 mg were shown.

Table 4. Summary of Pharmacokinetic Parameters of 67M-1 on Days 1 and 14 Following
Oral Administration of TMX-67.

Dose | Day tmax | Cmax AUC: AUC? tizz" | CmaD | AUCYD | AUCE

QD (hr) | (ng/mL) | (ng-h/mL) | (ng*h/mL) | (h) (103/L) | 103wWL) | Ratio

70 1 |Mean| 120 58.693 154.353 159.754 4.2 0.838 2.282 0.023

mg SD | 0.63 49427  102.777 102.176  (3.6) 0.706 1.460 0.007
1.9

14 | Mean | 1.15 46924  159.037  156.321 147  0.670 2.233 0.023
SD 024 18118  84.886 80.563 4.6) 0259 1.151 0.008

18.2
90 1 | Mean| 140 76.014 253273 276.583 6.4 0.845 3.073 0.033
mg SD 0.88 32407 115.818 106.906 4.0) 0360 1.188 0.012
- 6.1

14 | Mean | 1.10 94776  275.643 280.175 10.2  1.053 3.028 0.032
SD 0.39 43266 104.298 108.174 8.7) 0481 1.165 0.013

4.7 .
120 | 1 |Mean [ 133 105764 340364  351.084  11.7 0881  2.926 0.031
mg SD 066 29215 118.007  119.003  (9.4) 0243  0.992 0.011
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4.0

14 | Mean | 1.22 125751 373.215 356.580 153  1.048 2.972 0.030
SD 0.75 51.460  136.990 125.263 (10.9) 0.429 1.044 0.009
9.1

a AUC refers to AUCeo, and AUC24 for Day 1, and Day 14, respectively.
b Arithmetic Mean (Harmonic Mean)

¢ 67M-1 to TMX-67 AUC Ratio

For all regimens, the number -of subjects ranged from 7 to 10.

Table 5. Summary of Pharmacokinetic Parameters of 67M-2 on Days 1 and 14 Following
Oral Administration of TMX-67.

Dose | Day tmax | Cmax AUC: AUC? tizz” | Cmax/D | AUCYD | AUC®
QD (hr) | (ng/mL) | (ng-h/mL) | (ng'h/mL) | (h) 10°/L) | (103n/L) | Ratio
70 1 [ Mean | 1.45 43.686 153.003 157.539 3.8 0.624 2.251 0.024
mg SD 0.83 28.137 68.625 68.353 (3.5) 0402 - 0976 0.008
1.2
14 | Mean | 1.35 36.969 160.857 155.860 214 0.528 2227 0.023
SD 0.24 14.451 65.802 64.113 (7.8)  0.206 0.916 0.007
: 229
90 1 ] Mean [2.00 79.800 299.727 312.580 132  0.887 3.473 0.039
mg SD 0.94 26.685 64.682 60.352 8.5) 0.296 0.671 0.016
113
14 | Mean | 1.60 91.802 347.300 327.886 214 1.020 3.643 0.038
SD 0.81 39.894 82.991 79.479 (14.9) 0.443 0.883 0.013
14.1
120 1 [Mean | 1.50 81.141 362.411 377.000 159  0.676 3.142 0.035
mg SD 0.66 18.180 104.475 104.134 (12.1) 0.151 0.868 0.015
8.7
14 | Mean | 1.44 96373 420.909 391.721 222 0.803 3.264 0.034
SD 098 23.802 134.153 115.984 (15.0) 0.198 0.967 0.012
15.3

a AUC refers to AUCeo, and AUC24 for Day 1, and Day 14, respectively.
b Arithmetic Mean (Harmonic Mean)

¢ 67M-2 to TMX-67 AUC Ratio

For all regimens, the number of subjects ranged from 7 to 10.

Table 6. Summary of Pharmacokinetic Parameters of 67M-4 on Days 1 and 14 Following
Oral Administration of TMX-67.

Dose | Day tmax | Cumax AUC: AUC? tizz" (h) Cmax/D AUC“/D AUC*
QD () | (ng/mL) | (ng*h/mL) | (ng-h/mL) (10°/L) | (10°WL) | Ratio
70 1 Mean | 1.80 42.149 164.976 170.124 4.8 (4.4) 0.602 2.430 1.15
mg SD 0.67 16512 63.946 63.553 1.4 0.236 0.908 0.25

14 | Mean | 1.80 42.247 195.059 185.168 14.9 (7.9) 0.604 2.645 1.27
SD 0.54 9.908 74.080 61.924 83 0.142 0.885 0.30
90 | 1 |Mean|215 67.594 303593  348.601 152(7.3) 0751  3.873 1.18
mg SD 0.94 43.095 226.605 227.974 11.7 0.479 2.533 044
14 fMean| 1.65 79.752  361.975 370.152 23.9(16.4) 0.886 3.782 1.27
SD 0.58 44810  202.280 180.201 19.2 0.498 2.159 0.34
120 | 1 [Mean | 194 50777 269.949 285244  15.8(94) 0423 2377 0.78
mg SD 068 12431 157464  159.091 152 0.104 1326 021
14 | Mean| 1.83 60.638 313.439 285.759 23.3(15.8) 0.505 2.381 0.79
SD 1.17  19.855 167.735 140.587 18.1 0.165 1.172 0.20
a AUC refers to AUC, and AUC24 for Day 1, and Day 14, respectively.
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b Arithmetic Mean (Harmonic Mean)
¢ 67M-4 to 67M-4 AUC Ratio
For all regimens, the number of subjects ranged from 7 to 10.

Dose Proportionality Analysis

Both AUC:; and Cynax of TMX-67 in plasma were dose-proportional to dose (10-120 mg) at
steady state (Figure 3) as evidenced by the linear relationship between AUC, and dose, and Cyax
and dose. AUC; increased in a somewhat more than proportional manner at doses above 120 mg
while Cynax appeared to be dose proportional all the way to 240 mg (Figures not shown).

AUCtau ‘ Cmax

Cmax

0 20 40

100 120 140

Dose

a. AUCt - b. Cmax
Figure 3. Relationship between TMX-67 AUC~ (a) and dose, and Cmax (b) and dose.

Mean AUC; and Cyax of metabolites, 67M-1, 67M-2, and 67M-4 increased with doses at steady
state. AUCr of these metabolites appeared to increase more than dose proportionally at doses
above 70 mg. AUC ratio to the parent drug (TMX-67) at steady state was rather constant over
the dose of 10-240 mg.

Urinary Excretion of TMX-67and its Metabolites
At steady state (Day 14), approximately 0.9-6.1% and 24.6-47.4% of the orally administered
daily dose was excreted in the urine as free drug (intact) and as total drug (intact plus
conjugates), respectively, for each of the dosing regimens studied (Table 7). Therefore, renal
clearance does not play an important role in the clearance of intact TMX-67. However, renal
clearance of conjugated TMX-67 appears to be an important pathway in the elimination of
TMX-67. With increasing doses, even though there were no consistent changes in the f: and Clr
of free TMX-67, the fe of total TMX-67 appeared to decrease.

For metabolites of TMX-67, there were about 3.5-8% and 1.9%-6.7% of the orally administered
daily dose was excreted in the urine as intact metabolites and total metabolites, respectively,

indicating conjugation was not important for the elimination of these oxidative metabolites of
TMX-67 (data not shown).

(Reviewer’s Note: The results of TMX-67 and its metabolites in plasma and urine were
consistent with what were observed in the '*C-ADME study, C03-040.)
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Table 7. Mean of Total Daily Urinary Excretion (Ae; or Ae,4), Fraction of Dose Excreted
(fe) in Urine and Renal Clearance (Clr) of Free and Total TMX-67 on Days 1 and 14
Following Oral Administration of TMX-67.

Day 1 Day 14
Free Total Free Total
Aee fy iy Ae; f, Aeys fe Cly | Aey 1,
Dose (1g) {LA) | (pg) {ig) Th) | mn
10mgQD  Mean 234 0623 055 [3522 0332 148 0015 0.19 443 0.344
SD 174 0017 Q.32 1625 0.102| 137 0084 (.19 1149 0.115
20mg QD*  Mean 223 0011 0.0 [784% 0392 | 186 0009 008 [7576 1.36%
SD 18T  0.009 006 [£796 0.090{ 131 0006 004 PO70 0.104]
30mg OQD*  PMean 305 0010 011 ©B21  G.227) 285 0.009 D011 [16842 D.36L
KD 363 0012 012 H427 01481 171 0006 ©.05 ]2198 D.073
40 mg QD viean 28 Q90067 009 10749 0269 ] 435 001t Q.15 13133  0.328
SD 138 0.003 0.06 P90 0.074{ 360 0009 (.1S P09 0.143
50mg QD*  [Mean 780 0016 0.20 19475 0390 594 0012 6.15 {7337 0.347
KD 360 0007 0.3 HOTFS  0.081| 360 0.007 .11 }4993 0.1
76mg QD Mean 617 G009 0.30 R2833 0326 780 001! 0.12 D3765  0.339
kD 220 0003 003 |5474  0.092 | 358 0.005 (.06 P69 0,053
mzQD PMean (1938 0.022 (.29 D938 03332060 0023 G622 B4370 (.38
SD 970 0011 0.4 6033 D067 {1227 D04 816 613 0.073 -
120 mg QD" [Mean [1375 0011 0.3 PB2101 0268|7355 0081 664 BE768S  0.265
D 492 0004 006 782 0.048 [1928 0016 £.20 [10917  D.O9t
160mg QD Pdean [8887  0.056 048 [51394 0.32% 8323 0.052 0.38 63775 0.399]
KD 4226 0.026 031 11061 0.089 |7193 0.025 $.27 [4412  0.099
180 mz QD" Dean (3142 0017 0.14 62008 03305387 D030 ¢24 (44298 0.248)
ISD 1023 Q006 0.08 P436 9.030 |2239 0024 G223 19067 0.1
240 mg QD" DMean {1427 0006 0.5 4333 0.376[1S56 0.008 006 6679 0273
5D S11 0003 003 P7821 0.116| 624 0003 6.83 BS417  0.068
30 mg BID (AM) Mean  |1639° 0027° 028" 10042° 0.317% 047 0032 634 [14207  0.474
5D 587 0010 010 832 0083[ 236 0008 0.09 B4a¢ 0.113
30 mg BID (PM) pean - B - . - 1272 0042 G453 [11394  0.380]
8D - - - - - 707 0024 632 R356 0.112

a For Day 1 (AM & PM doses combined)
For all regimens, the number of subjects ranged from 7 to 10, with the exception of the 50 mg group (17-18).

Pharmacodynamic Results:
Serum Uric Acid, Xanthine, and Hypoxanthine Concentrations and Pharmacodynamic
Parameters

X0 X0
Hypoxanthine = Xanthine - Uric Acid

Serum Urate:

Following oral administration of TMX-67, the concentrations of uric acid in serum decreased
with trough concentrations occurring between 6 and 12 h post-dose. The 24-hour mean uric acid
serum concentrations and the percent decrease in the 24-hour mean estimates from the baseline
(Day -1) on Days 1, 8, 14, and 15 for each of the dosing regimens are presented in Table 8.
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Table 8. Summary of 24-hour Mean Serum Uric Acid Concentrations and Percent Change
from Baseline in the 24-hour Mean Serum Uric Acid Concentrations on Days -1, 1, 8, 14,
and 15 Following Oral Administration of TMX-67 or Placebo in all Dosing Groups.

Cmean24 (mg/dL) % Change
Dose Day-1 | Day1 | Day 8 | Day Day Day1 | Day8 | Day 14 | Day 15
mg 14 15

Placebo | Mean | 5.078  5.093 5107 4986 5.139 | 0.11 1.06 -0.98 1.59
SD 1201 1259 1228 1133 1.231 6.51 8.57 797 6.99
10QD | Mean | 4980 4.534 3.657 3.637 4243 | 912 2664 2735 -14.73
SD 0816 0.835 0704 0776 0743 | 4.07 5.57 6.18  6.65
20QD | Mean | 4.831 4137 3322 3205 3.930 |-14.37 -31.41 -33.59 -17.74
SD 1135 0987 0949 0.867 0.841 | 4.30 9.38 8.38 9.11
30QD | Mean | 4.241 3417 2618 2.621 3.133 |-19.53 -37.92 -37.74 -24.73
SD 1.343  1.106 0.841 0.873 0.919. | 4.09 5.15 7.50 935
40QD | Mean | 5290 4339 3311 3224 3.868 |-1931 -38.85 -40.16 -26.75
SD 1772 1.592 1397 1313 1370 | 7.78 14.44  13.56 12.76
50QD | Mean | 4805 3.979 2.625 2.594 3271 |-18.07 -46.09 -46.85 -31.93
SD 1339 1.280 0904 0.944 0.992 | 5.51 6.79 7.05 6.73

SD 1.060 1.023 0.714 0.620 0.628 | 7.70 9.45 8.50 10.15

0.631 0.486 0.356 10.33

8.07

Cmean24 (mg/dL) % Change
Dose Day-1 | Day1 | Day 8 | Day Day Day1 | Day8 | Day 14 | Day 15
mg 14 15

160QD | Mean | 4.834 3651 1.561 1.444 2,099 |-2539 -68.12 -70.39 -56.46
SD 1.136  1.087 0.757 0.713  0.728 | 7.70 1412 13.23 12.28
180QD | Mean | 5257 3.872 1442 1487 2.014 |-26.81 -72.80 -71.98 -61.82
Sb 1.061 0959 0458 0512 0531 | 3.63 5.63 6.81 5.78
240QD | Mean | 5.113 4204 1.377 1.233 1930 |-18.56 -73.46 -76.12 -61.91
SD 1.120  1.230 0521 0469 0.674 | 9.31 7.33 6.74 11.83
30BID | Mean | 5.659 4.632 2274 2.076 2.869 |-18.04 -59.54 -63.24  -49.09
SD 0.789  0.634 0.464 0503 0.542 | 3.44 8.22 8.17 8.40

For all regimens, the number of subjects ranged from 7 to 10, with the exception of the 50 mg group
(17-18) and placebo (22-23).

For healthy subjects in this study, the baseline (Day-1) 24-hour mean serum concentrations for
uric acid ranged from 4.241 to 5.659 mg/dL. Mean 24-hour serum urate concentrations
decreased from baseline as doses increased on Day 1, 8, 14 and 15 (Day 14 data are shown in
Figure 4). In addition, % changes increased from Day 1 to Day 8 (following multiple doses) but
the maximum effect appeared to be achieved by Day 8. It appeared there were slight increases in
the 24-hr serum urate concentrations on Day 15 (1 day after drug administration was stopped).
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L 1 I

Figure 4. Mean (+SD) Percent Change in Serum Urate Concentration vs. Dose Following
Multiple Oral Dosing with TMX-67 (10 mg QD, 20 mg QD, 30 mg QD, 40 mg QD, 50 mg
QD, 70 mg QD, 90 mg QD, 120 mg QD, 160 mg QD, 180 mg QD, and 240 mg QD
Regimens) on Day 14. ‘
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The relationship between the serum urate Cmean24 on Day 14 and AUC24 on Day 14 could be
described with a baseline Emax model, assuming Day 14 AUC24 equalled “0” for all placebo-
treated subjects. The baseline Emax model fit the data well with an R? of 0.88 (Figure 5). Based
on the results of the modeling, taking placebo would result in a percent decrease in serum urate
Cmean24 on 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 81.4042.42%). The EAUCs0 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, -76% for the 240 mg QD, and -63% for the 30 mg BID regimens,
respectively.
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Figure 5. The Correlation Between the Percent Decrease in Serum Urate Crmean24 from
Baseline and TMX-67Area Under the Curve (AUC24) Following Multiple Dosing with
TMX-67.

As the inhibition of XO may increase xanthine and hypoxanthine’s levels in the serum, levels of
xanthine and hypoxanthine were also monitored.

Serum Xanthine:

Following administration of TMX-67, serum xanthine concentrations increased, with peak
concentrations occurring at approximately 6 to 12 h post-dose. The 24-hour mean xanthine
concentrations in serum on Days —1, 1, 8, 14 and 15 for each of the dosing regimens are
presented in Table 9.

Table 9. Summary of 24-hour Mean Serum Xanthine Concentrations on Days —1, 1, 8, 14,
and 15 Following Oral Administration of TMX-67 or Placebo in all Dosing Groups.

Crean,24(mg/dL)
Dose Day-l | Dayl | Day8 | Dayld | Dayis
Placebo Mean 0.0301 0.0306 0.0288 0.0273 0.0322
sb . 0.0083 0.0093 0.0080 0.0065 - 0.0083

10mg QD | Mean 0.0347 0.0637 0.0711 0.0577 0.0508
SD 0.0080 0.0128 0.0094 0.0104 0.0093

20mg QD | Mean 0.0259 0.0701 0.0836 0.0690 0.0467
| SD 0.0069 0.0163 0.0140 0.0145 0.0083

30mg QD | Mean 0.0220 0.0605 0.0742 0.0718 0.0522
SD 0.0066 0.0137 0.0175 0.0143 0.0150

40mg QD | Mean 0.0264 0.0860 0.1086 0.1072 0.0693
SD 0.0080 0.0189 0.0301 0.0384 0.0255

50mg QD | Mean 0.0311 0.0961 0.1185 0.1208 0.0771
SD 0.0087 0.0254 0.0284 0.0281 0.0155

SD 0.0081 0.0180 0.0220 0.0273 0.0224
160 mg QD | Mean 0.0271 0.1342 0.2019 0.2114 0.1538
SD 0.0067 0.0291 0.0566 0.0451 0.0461
180 mg QD | Mean 0.0236 0.1356 0.2009 0.1931 0.1526
SD 0.0080 0.0245 0.0431 0.0386 0.0152
240 mg QD | Mean 0.0224 0.1559 0.2357 0.2250 0.1672
SD 0.0077 0.0227 0.0409 0.0384 0.0560
30 mg BID | Mean 0.0221 0.1138 0.1921 0.1830 0.1424
Sb 0.0060 0.0118 0.0298 0.0265 0.0168

For all regimens, the number of subjects ranged from 7 to 10, with the exception of the 50 mg group (17-18) and
placebo (22-23).
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The baseline (Day -1) 24-hour mean serum concentrations for xanthine ranged from 0.0220-
0.0347 mg/dL. Mean 24-hour serum xanthine concentrations increased from baseline as doses
increased on Day 1, 8, 14 and 15. 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 between Day 8 and Day 14. It appeared there were slightly decrease in 24-hr serum
xanthine concentrations on Day 15 (1 day after drug administration was stopped). Following
multiple dosing with TMX-67, on Day 14, the mean estimates for the 24-hour mean serum
xanthine concentrations increased to approximately 1.5-10 times those of the baseline (Day -1)
concentrations and these changes were statistically significant (p <0.05). 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).

There appeared to be a linear dose-response relationship between the 24-hour mean serum
xanthine concentration and the dose for dosage range between 10 to 90 mg. Similar to the
percent decrease in serum urate response, the 24-hour mean concentrations appeared to reach a
plateau for doses above 90 mg. In addition, the plot of xanthine Cmean,24 versus AUC24 on
Day 14 resembled a baseline Emax model, assuming AUC24 of 0 for all placebo-treated
subjects. The baseline Emax model fit the data well with an R 0of 0.81 (Figure 6). Based on the
results of the modeling, the serum xanthine Cmean,24 on Day 14 in placébo (E0) was
0.0251+0.0061 mg/dL. The maximum increase in serum xanthine Cmean,24 caused by taking
multiple doses of TMX-67 (Emax-E0) was predicted to be 0.2297 mg/dL (Emax was estlmated
as 0.2548+0.0122 mg/dL). The EAUC50 value estimation was 6.2009-:01.0450 pg.h/mL,
achievable at the approximate 60-70 mg QD dosage range.
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Figure 6. The Correlation Between the Serum Xanthine Cmean24 and TMX-67 Area Under
the Curve (AUC24) Following Multiple Dosing with TMX-67.

Serum Hypoxanthine:

Following administration of TMX-67, the concentrations of hypoxanthine in serum did not
change substantially (Table 10). The 24-hour mean serum hypoxanthine concentrations ranged
from 0.1125 to 0.1400 mg/dL at baseline (Day -1). Following multiple dosing with TMX-67,
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the 24-hour mean estimates on Day 14 were within 22% of those on Day -1. No clear trend of
change with dose or by days was observed for hypoxanthine serum concentrations.

Table 10. 24-hour Mean Serum Hypoxanthine Concentrations on Days 1, 1, 8, 14, and 15
Following Oral Administration of TMX-67 or Placebo in all Dosing Groups.

. Cmean,24(mg/ dL)
Dose : Day-1 [ Dayl | Day8 [ Dayld | Dayls
Placebo Mean 0.1370 0.1368 0.1337 0.1277 0.1294
SD 0.0366 0.0403 0.0353 0.0323 0.0309
10 mg QD | Mean 0.1390 0.1318 0.1537 0.1190 0.1396
SD 0.0360 0.0343 0.0265 0.0263 0.0393
20mg QD | Mean 0.1236 0.1093 0.1199 0.1066 0.1322
SD 0.0350 0.0385 0.0305 0.0240 0.0231
30mg QD | Mean 0.1125 0.0899 0.0818 0.1016 0.1089
Sb 0.0362 0.0309 0.0199 0.0318 0.0378
40 mg QD | Mean 0.1170 0.1253 0.1354 0.1263 0.1515
SD 0.0263 0.0255 0.0294 0.0381 0.0392
50 mg QD | Mean 0.1400 - 0.1554 0.1519 0.1546 0.1373
SD 0.0388 0.0484 0.0416 0.0480 0.0310

SD 0.0484 0.0342 0.0495 0.0458 0.0483

SD 0.0247 0.0208 0.0272 0.0322 0.0160

SD 0.0356 0.0394 0.0263 0.0287 0.0269

160 mg QD | Mean 0.1348 0.1549 0.1656 0.1651 0.1699
SD 0.0298 0.0320 0.0319 0.0425 0.0372

180 mg QD | Mean 0.1171 0.1370 0.1248 0.1137 0.1232
SD. 0.0210 0.0210 0.0224 0.0275 0.0227

240mg QD | Mean 0.1236 0.1349 0.1469 . 0.1427 0.1549
SD 0.0389 0.0309 0.0338 0.0427 0.0456

30mg BID | Mean 0.1162 0.1378 0.1404 0.1307 0.1257

SD 0.0245 0.0263 0.0486 0.0347 0.0233

For all regimens, the number of subjects ranged from 7 to 10, with the exception of the 50 mg group (17-18) and
placebo (22-23).

Urine Uric Acid, Xanthine, and Hypoxanthine Concentrations and Pharmacodynamic
Parameters

Urine Uric Acid:

Following multiple dosing with TMX-67, the mean urinary concentrations of uric acid in urine
generally appeared to decline from baseline. The 24-hour mean concentrations of uric acid in
urine on Day -1 ranged from 18.043 to 41.018 mg/dL. On Day 14, the mean 24-hour mean
concentrations decreased from the baseline by approximately 37% to 80%, with greater percent
changes with increasing doses (data not shown).

NDA 21-856 130
Urolic (Febuxostat) :
" Original NDA Review



The 24-hour urinary excretion and renal clearance values for uric acid on Days -1, 1, 8, 14, and

15 are listed in Table 11.

Table 11. Summary of 24-hour Mean Renal Clearance (Clr) and Total Daily Urinary
Excretion (Ae24) of Uric Acid in Urine on Days -1, 1, 8, 14, and 15 Following Oral
Administration of TMX-67 or Placebo in all Dosing Regimens to Subjects.

Clr(mL/min) Ae24(mg)
Dose : Day- | Day | Day | Day | Day | Day-1 | Dayl | Day$8 | Day Day 15
mg 1 1 8§ |14 15 14

Placebo [ Mean | 6.38 5.96 547 6.52 6.18 | 458.77 424.09 38517 44752 431.92
SD 212 1.65 176 229 214 |102.08 124.83 113.80 139.91 85.29
10QD |Mean | 641 634 403 531 5.75 | 453.88 399.60 20699 271.40 344.05
SD 202 278 147 222 293 14432 14677 6648 11294 148.84
20QD |Mean | 6.66 6.73 547 5.88 4.70 | 45846 377.25 25149 25522  253.13
SD 195 2.14 132 210 238 | 11620 67.79 55.07 6698  102.72
30QD | Mean | 811 6.46 566 5.55 597 |471.48 30580 201.00 20251 261.71
SD 1.94  1.59 243 265 242 ]107.73 93.12 86.60 103.21 128.87

Clr(mL/min) Ae24(mg)
Dose Day- | Day | Day | Day | Day | Day-1 | Day1 | Day 8 | Day 14 | Day 15
mg 1 1 8§ |14 15

40QD { Mean | 552 4.62 433 392 356 | 40699 30023 21721 21836 207.57
SD 205 L73 213 234 129 {17939 159.50 157.32 164.21 107.70
50QD | Mean | 6.38 6.01 . . 5.61 | 434.51 33828 21841 21495 262.02
SD

SD | 466 125 71 9642 39
g;;’ Mean [ 7.66 7.89 494 9.00 652 |520.11 40417 106.80 183.78
SD | 254 257 198 319 258 | 15630 13844 68.07 117.57
gig Mean | 8.59 7.69 6.15 5.89 592 | 66033 417.94 12544 12553
SD | 131 127 125 287 116 |22185 6342 3793 7176
240

QD Mean | 6.67 525 445 489 4.16 | 466.18 308.28 90.77  88.33
SD 3.01 215 128 108 0.88 | 15229 110.63 4899  43.03
Mean | 595 539 447 647 4.45|483.16 359.64 146.28 194.45
SD .16 092 115 138 083 | 9880 8003 4476 6633 41.52

30
BID

For all regimens, the number of subjects ranged from 7 to 10, with the exception of the 50 mg group (17-18) and
placebo (22-23). .

The baseline (Day -1) mean total daily urinary excretion of uric acid ranged from 396.86 to

660.33 mg. A statistically significant day by dose interaction was detected among the QD dosing
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regimens on Days 1, 8, and 14 (p <0.05), with smaller changes noted on Day 1 as compared to
Days 8 and 14. Subsequent analyses on each day revealed a statistically significant dose effect
(p<0.05) and an apparent linear trend on Days 8 and 14, with greater changes with increasing
doses. Following multiple dosing with TMX-67, on Day 14, the mean estimates for the total
daily urinary excretion of uric acid decreased by as much as 81% and the decrease in the mean
24-hour urinary excretion of uric acid appeared to be greater with increasing doses (p <0.05).
Therefore, in conjunction with the decrease in uric acid urine concentrations, there was also a
decrease in total daily uric acid excretion following multiple dosing with TMX-67. The extent of
decrease appeared to increase with increasing doses (Figure 7).
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Figure 7. Mean (+SD) Urine Uric Acid Aezavs. Dose Following Multiple Oral Dosing with
TMX-67 (10 mg QD, 20 mg QD, 30 mg QD, 40 mg QD, 50 mg QD, 70 mg QD, 90 mg QD,
120 mg QD, 160 mg QD, 180 mg QD, and 240 mg QD Regimens) on Day 14.

The mean baseline Clr values for uric acid ranged from 5.52 to 8.73 mL/min on Day -1 and 3.92
t0 9.00 mL/min on Day 14. The renal clearance of uric acid did not change statistically
significantly with increasing doses (p > 0.05). The data indicated that renal clearance of uric
acid was not affected by TMX-67.

As expected, there was a good correlation between mean 24 hour serum urate concentration and
mean daily urinary excretion (Ae24) of uric acid on Day 14 at each dose (Figure 8).
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Figure 8. Correlation between mean 24 hour serum urate concentration and mean daily
urinary excretion (Ae24) of Uric Acid on Day 14.
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Urinary Xanthine:

Following administration of TMX-67, the urinary concentrations of xanthine increased
substantially with the peak concentrations generally occurring in the 0 to 6 hour collection
interval. The 24-hour mean concentrations of xanthine in urine on Days —1, 1, 8, 14, and 15 for
each dosing regimen studied are shown in Table 12.

Table 12. Summary of 24-hour Mean Concentration (Cmean,24) of Xanthine in Urine on
Days -1, 1, 8, 14, and 15 Following Oral Administration of TMX-67 or Placebo in all Dosing
Regimens.

Cmean,24(mg/dL)
Dose mg Day-1 [ Dayl | Day8 [ Day14 | Day 15
Placebo Mean 0.3243 0.3440 0.3999 0.3111 0.4876
: SD 0.2125 0.2588 0.2760 0.2040 0.3054
10 QD Mean 0.6317 4.8359 4.3406 3.5021 1.0388
SD 0.5441 3.9441 2.8733 2.3757 0.6310
20 QD Mean 0.3753 5.2926 5.6658 4.6012 1.6818
SD 0.2870 3.8092 4.5904 3.0313 1.0408
" 30QD Mean 0.3229 2.9201 4.5532 3.6949 2.1576
SD 0.1805 1.4747 2.6719 2.2149 2.5093
40 QD Mean 0.3778 3.5931 4.7966 4.8522 1.6843
Sb 0.3238 2.2007 2.8439 3.0289 0.8772
Cmean,24(mg/ dL)
Dose mg Day-1 Day 1 I Day 8 | Day 14 Day 15
50 QD Mean 0.2828 5.0145 5.4505 5.6008 2.8392
1.9519

SD 0.4433 3.0863 4.6296 3.1272 2.1705
160 QD Mean 0.2851 9.2643 13.0138 12.1348 9.4306
SD 0.2888 4.1170 8.5877 9.0833 7.1162
180 QD Mean 0.4588 9.9972 17.5554 18.6284 9.6318
SD 0.3354 4.3099 9.8258 8.5571 5.9107
240 QD Mean 0.4518 103317 ~ 18.4320 17.9918 10.1341
SD 0.3238 10.6142 8.4865 7.9817 9.4855
30 BID Mean 0.4820 4.8506 10.6108 10.7686 7.6973
SD 0.4392 1.8210 3.0029 3.8810 5.7411

For all regimens, the number of subjects ranged from 7 to 10, with the exception of the 50 mg group (17-18) and
placebo (22-23).

Mean baseline (Day -1) 24-hour mean urinary concentrations of xanthine for each of the
regimens ranged from 0.2828 to 0.6317 mg/dL and the individual values were generally below 1
mg/dL. A statistically significant day by dose interaction was detected among the QD dosing
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regimens on Days 1, 8, and 14 (p <0.05), with smaller changes noted on Day 1 as compared to
Days 8 and 14. Subsequent analyses on each day revealed a statistically significant dose effect (p
<0.05) and an apparent linear trend (p <0.05) on each day, with greater changes with increasing
doses. On Day 14, the 24-hour mean xanthine concentrations in urine ranged from 3.5021 to
18.6284 mg/dL. Therefore, there was a substantial increase in the urinary xanthine
concentrations following administration of TMX-67 and the extent of increase in the 24-hour
concentrations of xanthine appeared to be greater with increasing doses (p <0.05) on Days 1, 8,
and 14.

The 24-hour urinary excretion and renal clearance values for xanthine on Days -1, 1, 8, 14, and
15 are listed in Table 13. The mean total daily urinary excretion of xanthine on Day -1 ranged
from 4.47 to 8.25 mg. A statistically significant day by dose interaction was detected among the
QD dosing regimens on Days 1, 8, and 14 (p<0.05), with smaller changes noted on Day 1 as
compared to Days 8 and 14. Subsequent analyses on each day revealed a statistically significant
dose effect and an apparent linear trend (p < 0.05) on each day, with greater changes with
increasing doses. Following multiple dosing with TMX-67, on Day 14, the mean estimates for
total daily excretion of xanthine reached 7 to 76 times those of the baseline (Day -1) daily
excretions. Therefore, in conjunction with the increase in xanthine serum concentrations, there
was also an increase in total daily xanthine excretion following multiple dosing with TMX-67
and the extent of increase in the 24-hour xanthine excretion values appeared to be greater with
increasing doses (p < 0.05). There appeared to be a linear dose-response relationship between the
daily urinary excretion of xanthine on Day 14 and the dose for doses between 10 to 90 mg
(Figure 9). For doses above 90 mg, the amount of daily urinary excretion of xanthine appeared to
reach a plateau (Figure 9). The magnitude of the increase in the excretion of xanthine appeared
to be greater than proportional to the increase in the serum xanthine concentrations (7-76 times
baseline vs.1.5-10 times baseline) due to substantial increases in renal clearance of xanthine
following administration of TMX-67. A statistically significant day by dose interaction was
detected among the QD dosing regimens on Days 1, 8, and 14 (p < 0.05), with no apparent
pattern in the results. Subsequent analyses on each day revealed a statistically significant dose
effect on Days 8 and 14 (p < 0.05), but not a significant trend with dose. On Day 14, the renal
clearance of xanthine appeared to increase to 3 to 9 fold its baseline. In general, the renal
clearance of xanthine did not appear to change with increasing dose.
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Figure 9. Mean (+SD) Urine Xanthine Ae24 vs. Dose and Ae24 vs. Percent Change in Serum Urate
Concentration Following Multiple Oral Dosing with TMX-67 (10 mg QD, 20 mg QD, 30 mg QD, 40 mg QD,
50 mg QD, 70 mg QD, 90 mg QD, 120 mg QD, 160 mg QD, 180 mg QD, and 240 mg QD Regimens) on Day 14.
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Table 13. Summary of 24-hour Mean Renal Clearance (Clr) and Total Daily Urinary
Excretion (Ae24) of Xanthine in Urine on Days -1, 1, 8, 14, and 15 Following Oral
Administration of TMX-67 or Placebo in all Dosing Regimens to Subjects.

C); (mLimin) Aeyy (mg)

Dose mg Day-1 | Day 1| Day 8 |Day 14| Day 15| Day-1] Day I | Pay 8 [Day H|Day 15
Placebo pdean | 1423 1507 145 3544 1373 | 586 336 536 571 309
D 548 598 B32 T} 7R 22t 359 2462 233 248
10QD pdean | 1471 6021 4370 3568% 1L17 ] 686 33359 4703 4565 7183
SD 393 2081 1680 21584 312 | 363 1697 2030 1405 298
200D Mean | 1681 8331 &476 6976 2322 | 385 83T 038 6898 1316
5D 7B 2334 1273 2054 11352 | 186 3289 2031 2384 297

300D Rdean 2356 9180 D475 95325 3603 | 747 8140 10048 U836 4257
5D 240 18357 2849 3037 50.87 [ 23¢ 2850 3342 3120 30
40QD Pdean | 3803 3585 3414 5738 2477 | 628 T2.80 70Dl 8426 2485
SD 1137 1826 1319 1542 14980 | 379 2604 1673 2248 1344
00D Mean | 1536 7473 OTENT TR 3TH3 | 635 10191 1261% 12005 4151
5D 381 122 2018 189 1233 253 M4 2470 3370 137

QD pdean | 1060 T266 Y30 TS38 2011 | 629 10259 134.63 14947 4245
5D 1356 2333 2131 205 1819 | 474 3391 3568% 4630 319

9GQD PRdean | ¥533  TBT3 Y292 8289 3746 | 533 12371 16B6% 10603 6335
S0 1272 3646 2398 2311 1131 | 392 48687 4140 3690 2001
120QD Mean [25.75 6733 1T 7483 3683 | 825 12779 19215 0394 7356
. BB 3623 1876 1754 1931 1462 | 825 2782 4807 5558 3236
1600QD Bdean | 1281 7776 6655 11331 4904 | 447 14707 18911 34145 10886
SD ¥357 2748 2207 3604 2566 | 401 3140 6628 11861 513

136 0D Peay (2443 8330 8216 7438 4887 | 723 15846 234657 20624 10659
SD 1552 188% #i24 3283 1105 | 297 2736 4161 Sl44 72385
400D plean 1809 7091 8322 7264 3280 | 304 13432 X790 230405 36.53
5D 587 2045 1602 1838 2116 | 339 2978 3343 482 2.6

3B Plean [ 1991 3821 3951 F174 32351 | 628 9313 15765 20383 65.®
5D 980 1893 2107 1073 116% | 36% 2180 337% 33237 2%

For ali regrmens, the number of subjects ranged from 7 fa 1D, with the exception of the 0 mz gremp
§17-18% and placebo (22-231.

Urinary Hypoxanthine:

The 24-hour mean urine concentration, total daily urinary excretion, and renal clearance of
hypoxanthine on Days —1, 1, 8, 14, and 15 for each dosing regimen studied are shown in Table
14. Similar to xanthine, the 24-hour mean urinary concentrations of hypoxanthine also increased
substantially following administration of TMX-67, with the peak concentrations generally
occurring in the 0 to 6 hour collection interval. The mean baseline (Day -1) 24-hour mean
concentrations of hypoxanthine in urine for each of the regimens ranged from 0.2157 to 0.8613
mg/dL. A statistically significant day by dose interaction was detected among the QD dosing
regimens on Days 1, 8, and 14 (p < 0.05), with smaller changes noted on Day 1 as compared to
Days 8 and 14. Subsequent analyses on each day revealed a statistically significant dose effect
and an apparent linear trend (p < 0.05) on Days 8 and 14, with greater changes with increasing
doses. A statistically significant trend with dose (p < 0.05) was also noted on Day 1. On Day 14,
the mean hypoxanthine Cmean, 24 values in urine ranged from 0.9342 to 3.6768 mg/dL.
Therefore, there was also substantial increase in concentration of hypoxanthine in urine
following administration of TMX-67 although the magnitude of the increase was less than that
observed for xanthine. There appeared to be a greater increase in hypoxanthine 24-hour mean
concentration with increasing dose (p < 0.05) on Days 1, 8, and 14.
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Table 14. Summary of 24-hour Mean Concentration (Cmean,24) of Hypoxanthine in Urine
on Days -1, 1, 8, 14,and 15 Following Oral Administration of TMX-67 or Placebo in all

Dosing Regimens to Subjects.
Cmean,24(mgdL)
Dose mg Day-1 Dayl | Day8 | Dayl4 | Dayis
Placebo Mean 0.4111 0.4535 0.5468 0.4037 0.6242
SD 0.2466 0.2564 0.2929 0.1704 0.2916
10QD Mean’ 0.8613 1.9355 1.7887 1.7011 0.9447
SD 0.8767 1.7596 1.3588 1.3895 0.4438
20 QD Mean 0.3995 1.4348 1.9454 1.5201 1.2588
Sb 0.1934 0.9374 1.4189 0.8134 0.6231
30QD Mean 0.2157 0.6812 1.1084 0.9342 0.9138
SD 0.2367 0.4649 0.6720 0.5731 0.9092
40 QD Mean 0.3711 0.9845 1.4307 1.6857 1.1801
SD 0.4108 1.0454 1.1008 0.6185
50 QD Mean 0.4962 1.3201 1.6681 1.5134
SD 833 1.1001°

SD 0.1816 0.5319 1.0793 0.8935 0.6473

160 QD Mean 0.3333 1.6736 2.6458 1.9479 2.7748
SD 0.2033 0.7845 1.6606 1.2085 2.0121

180 QD Mean 0.4080 1.7296 2,7692 3.6768 2.5790
SD 0.1988 0.5867 1.1901 1.5622 0.9263

240 QD Mean 0.4527 2.2161 3.7307 3.3176 2.7253
SD 0.2879 2.2531 1.9687 1.5323 1.9807

30 BID Mean 0.5221 1.4831 2.9788 3.1964 3.2577
1 SD 0.2562 - 0.4057 0.8490 0.9286 1.2590

The 24-hour urinary excretion and renal clearance values for hypoxanthine on Days -1, 1, 8, 14,
and 15 are listed in Table 15. The mean total daily urinary excretion of hypoxanthine on Day -1
ranged from 4.28 to 10.22 mg. A statistically significant day by dose interaction was detected
among the QD dosing regimens on Days 1, 8, and 14 (p <0.05), with smaller changes noted on
Day 1 as compared to Days 8 and 14. Subsequent analyses on each day revealed a statistically
significant dose effect and an apparent linear trend (p < 0.05) on each day, with greater changes
with increasing doses. Following multiple dosing with TMX-67, on Day 14, the mean estimates
for total daily excretion of hypoxanthine reached 2 to 10 times those of the baseline (Day -1)
daily excretions. Even though there were no substantial changes in the hypoxanthine serum
concentrations, the total daily hypoxanthine urinary excretion increased substantially, due to -
significant increases in the renal clearance of hypoxanthine following the administration of
TMX-67. A statistically significant day by dose interaction was detected among the QD dosing
regimens on Days 1, 8, and 14 (p < 0.05), with smaller changes noted on Day 1 as compared to
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Days 8 and 14. Subsequent analyses on each day revealed a statistically significant dose effect (p

< 0.05) on each day and an apparent linear trend (p < 0.05) on Days 8 and 14, with greater
changes with increasing doses. On Day 14, the mean renal clearance value for hypoxanthine

increased to as much as 8 fold its baseline value. In general, the renal clearance of hypoxanthine
did not appear to change with increasing dose.

Table 15. Summary of 24-hour Mean Renal Clearance (Clr) and Total Daily Urinary
Excretion (Ae24) of Hypoxanthine in Urine on Days -1, 1, 8, 14, and 15 Following Oral

Administration of TMX-67 or lacebo in all Dosing Regimens to Subjects.

Clr(nL/min) Aez4(mg)
Dose Day- { Day | Day 8 | Day | Day Day- | Day { Day | Day | Day
mg 1 1 14 15 1 1 8 14 15
Placebo | Mean | 4.02 439 420 441 4.41 761 816 761 7.83 7.61
SD 185 227 166 147 2.59 318 365 253 272 3.01
10QD | Mean | 541 1245 857 1356 426 | 1022 22.17 1906 22.59 8.0l
SD 275 588 307 499 2.11 4.8 904 761 7.10 3.67
20QD | Mean | 400 16.03 17.17 1648 6.24 7.21 2374 2822 2424 11.64
SD 146 634 484 572 2.93 300 783 551 581 5.28
30QD | Mean | 3.00 15.62 2261 19.83 1422 | 428 18.13 25.12 2601 1836
SD 269 1091 974 9.08 1532 | 283 914 973 7.2 14.02
40QD | Mean | 3.57 9.64 1240 1541 6.99 593 1797 2376 28.12 14.39
SD 236 491 473 724 2.73 446 10.15 938 1235 4.30
50QD | Mean | 3.74 11.02 1370 1532 11.08 | 7.60 24.61 29,58 3245 21.21
SD 291 430 461 586 3.88 6.42 11.63 1079 1131 7.41

12.76 11.55

(12612 Mean | 3.17 1292 1685 2655 1372 | 603 2754 39.79 60.77 3291

SD | 195 608 717 1335 665 | 405 1261 1890 3331 1781

Clr(mL/min) Aez24(mg)

Dose Day- | Day | Day | Day | Day Day | Day1 Day8 | Day | Day
mg 1 1 8 |14 |15 1 14 |15
180 | Moan | 391 1443 2286 2335 1849 | 676 28.08 3998  38.15 3145
QD

SD | 164 333 694 711 624 | 354 529 960 1317 778
é‘g’ Mean | 333 1744 2257 2139 1017 | 578 3179 4552  41.14 2091

SD | 139 673 1228 576 534 | 2.60 965 2564 452 879
131?) Mean | 4.66 1546 2370 3620 1848 | 749 2944 4429 6291 3135

SD | 174 545 847 1504 960 | 229 698 9.98 1607 1171
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Discussion and Conclusions:

PK:

¢ Following oral administration, TMX-67 was rapidly absorbed with a Tyax of ~ 1hr. The
apparent terminal half-life was about 5-10 hr. There was little accumulation at steady-state
compared to single dose following QD dose regimen.

¢ Exposure (AUCp24 and Cnax) of TMX-67 was dose-proportional from 10-120 mg. The
proposed clinical doses are 80 and 120 mg. For doses above 120 mg, a greater than dose-
proportional increase in AUC of TMX-67 was observed, possibly due to a decrease in renal
elimination leading to an increase in the extent of enterohepatic recycling of TMX-67.

» Three oxidative metabolites, 67M-1, 67M-2, and 67M-4 (a secondary metabolite from 67M-
1), were also monitored for systemic exposure. AUC ratio of metabolite to TMX-67 at
steady state was about 0.03. Pharmacologically, these metabolites are equal or less potent
than TMX-67. However, because these metabolites all showed a much lower plasma
exposure than TMX-67, TMX-67 would be the prominent active molecule for the effect.

* A greater portion of the TMX-67 dose was excreted in urine as the conjugate of TMX-67
(25-47%) than as its oxidative metabolites and their conjugates (<10%) indicating that
conjugation is the major metabolic pathway in metabolism of TMX-67.

- e Despite the decreased Ciax and delayed Tpax, diurnal variability appeared to have no effect
" on the total exposure (AUC) to TMX-67 and its metabolites.

PD:

e Compared to the placebo arm, each regimen of TMX-67 resulted in decreased uric acid and
increased xanthine concentrations in serum (see summary Table 16). The maximum changes
were reached by Day 8. The effect also appeared to be reversible after stopping the dose of
TMX-67. In contrast, serum hypoxanthine concentrations were not affected by TMX-67.

o There appeared to be a dose-response relationship for the percent change in 24-hour mean
serum urate concentrations and the 24-hour mean serum xanthine concentrations. The effects
appeared to be linear for the initial doses and reach a plateau at higher doses. In addition, the
percent change in the 24-hour mean serum urate and the 24-hour mean serum xanthine
concentrations versus plasma TMX-67 AUC24 data appeared to follow a baseline Emax
model.

¢ Consistent with changes seen in serum, a decrease in the total daily urinary excretion and
urinary uric acid concentration and an increase in total daily urinary excretion, urinary
concentration, and renal clearance of xanthine from the baseline were observed.

» Although serum concentrations of hypoxanthine remained unchanged, there was an increase
in the urinary concentration and total daily urinary excretion and renal clearance of
hypoxanthine from the baseline.
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Table 16. Sumrhary of Change from Baseline (Day -1) in PD Parameters with 14 days of
TMX-67 Administration (10-240 mg QD) on Day 14.

X0 X0
Hypoxanthine 2> Xanthine > Uric Acid

Cmean,24 mn Serum « T l
(1.5-10 x) (27-76%)

Chean24 in Urine ) T )
(2-9 x) (5-40 x) (37-80%)

CLr 1 1 >
(2-8 x) (3-9x)

Total Daily 1 1 !

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

Appendix for Study TMX-99-001. Summary of Demographic Characteristics.

TMX-67 Group
QDb BID
lemographic Pbo 10 mg 20 mg 30 mg 40 mg 50 mg 70 mg 90 mg 120 mg 160 mg 180 mg 240 mg 30 mg TOTAL
“haracteristic | (N=26) (N=10) (N=10) (N=10) (N=8) (N=20) (N=10) | (N=10) (N=10) (N=10) (N=10) (N=10) (N=10) {N=154)
iender
Male ( 612?&) 8 (80%) 5(50%) 6(60%) | 5(63%) 9 (45%) 5(50%) 5(50%) 5 {50%) 4 (40%) 6 (60%) 5 (50%) 8 (80%) 87 (56%)
Female (3;?/0) 2(20%) 5(50%) 4(40%) | 3(38%) 11 (55%) 5(50%) 5 (50%) 5 (50%) 6 (60%) 4(40%) 5(50%) 2(20%) 67 (44%)
ace
4 (15%) 1(10%) | 3(30%) 0 0 0 0 2 (20%) 0 0 0 0 4] 10 (6%)
1 (4%) 2(20%) 1(10%) 2(20%) 0 3 (15%) 0 2 (20%) 1 (10%) 0 1(10%) 1(10%) 0 14 (9%)
Caucasian 19 5 (50%) 6 (60%) 7(70%) 8 12{60%) | 10 6 (60%) 9 (50%) 8 (80%) 8(80%) 9 (90%) 10 (100%) 117 (76%,;
(713%) (100%) (100%)

Hispanic 1(4%) | 2(20%) 0 1(10%) 420 |- o 0 0 2020%) | 1(10%) 0 11 (7%)
tther 1(4%) 0 0 0 1(5%) 0 0 0 0 0 0 0 2(1%)
1ge (yearst) )

19-30 12 6 (60%) 5 (50%) 3(30%) | 2(25%) 7(35%) 5(50%) 4 (40%) 5(50%) 5 (50%) 4(40%) 7 (70%) 7 (70%) 72(47%)
(46%)
3145 9(35%) | 4(40%) | 5(50%) | T(70%) | 3(38%) | 9(45%) | 3(30%) | 6(60%) | 2(20%) | 4(40%) | 5(50%) 2(20%) 3 (30%) 62 (40%)
46-65 5 (19%) 0 0 0 3(38%) 4(20%) 2(20%) 0 3(30%) 1 (10%) 1{10%) 1 (10%) 0 20 (13%)
Mean (SD) | 33.3 275 30.2 35.1 39.4 349 323 314 33.8 32,6 315 29.8 28.1 325(9.96
(9.85) (6.22) (6.86) (8.94) (10.21) (11.49) (11.52) (8.77) (12.09) (11.07) (9.62) (10.54) (8.75)
Range 20-51 19-36 19-39 19-44 25-53 20-54 19-52 1945 20-49 19-53 2149 20-50 2144 19-54
Veight
sounds)#
fean 175.9 167.1 165.7 1716 181.5 178.0 171.7 157.7 174.2 166.5 181.3 173.0 179.8 173.2
D) (34.61) (31.93) (21.16) (31.62) (57.11) (31.29) (38.14) (26.27) (23.32) (43.56) (31.59) (36.97) (19.70) 32.92
Range 122.0- 133.0- 140.0- 134.0- 111.5- 127.0- 88.0- 119.0- 138.0- 113.5- 144.5- ~119.0- 154.0- 88.0-275.(
& 252.0 234.0 208.0 215.0 275.0 241.0 219.0 200.0 220.0 238.0 231.0 245.0 226.0 i i
leight
mches)#
Mean (SD) | 67.5 68.4 67.0 66.8 67.3 68.0 66.7 68.2 68.4 61.5 68.7 68.9 70.1 67.9(3.71
(3.50) (2.58) (341) (3.58) (4.48) (4.63) (4.02) (4.36) (3.30), (4.45) (3.30) 299) (R}
61.0- 65.0- 63.0- 60.5- 61.5- 60.0- ' 62.0-
Range 77.0 720 g 70 740 61.5-76.0 | 60.0-72.0 74.0 64.0-75.0 76.0 62.0-74.0 | 65.0-73.0 | 65.0-74.0 60.0 -77.C
# At baseline
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4.2.3 Special Population Studies

4.2.3.1 Study TMX-01-008: A Multiple-Dose Safety, Pharmacokinetic, and Pharmacodynamic
Study of Oral TMX-67 in Healthy Volunteers

Study Period: May 16, 2001 to December 18, 2001
Sample Analysis Period:  July 20, 2001 to October 9, 2002
Principle Investigators: Multiple

Study Centers: 3 U.S. sites _ b(@}
Analytical Sites: " ‘ o -

Objective: To evaluate the safety, pharmacokinetic and pharmacodynamic profile of TMX-67
after 7 consecutive days of 80 mg once daily (QD) dosing in otherwise healthy.subjects with
varying degrees of renal impairment and subjects with normal renal function.

Study Design: This was a Phase 1, open-label, parallel group, multiple-dose study in 32
subjects (18 males and 14 females) between ages 26 and 76 (Table 1). The study population was
predominantly Caucasian (63%) and male (56%). One female subject (#1104) in the severe
renal impairment group was prematurely terminated from the study after receiving 5 doses of
TMX-67 due to personal reasons. She was later reenrolled as Subject #1110 and completed the
study. She had a positive drug screen due to Ativan use, but was approved for enrollment.
Please refer to Tables A.1 and A.2 in the Appendix for detailed demographic information. Eight
(8) subjects were to be assigned to each of 4 groups based on creatinine clearance results
(Cockcroft-Gault method) at the screening visit, as outlined below: :
' Group I Normal Renal Function (Cle; > 80 mI/min)

Group II: Mild Renal Impairment (Cl,; 50-80 mL/min)

Group HI: Moderate Renal Impairment (Cl; 30-49 mL/min)

Group IV: Severe Renal Impairment (Cl; 10-29 mL/min)

(Reviewer’s Note: Although the Cockcroft-Gault equation was used to estimate creatinine
clearance for enrollment, the 24-hour measured creatinine clearance on Day —1, rounded to the
nearest whole number, was used by the Sponsor to classify the subjects into four renal function
groups for PK and PD descriptive summary. Subject 1111 who had an estimated Clcr of 29.7
mL/min and without a Day -1 measured creatinine clearance was placed in Group III because
the sponsor used regression analysis to calculate its Day-1 creatinine clearance to be 32.8
mL/min. This subject was placed in Group III for all the PK analysis and was excluded from the
PD analysis (due to lack of Day-1 uric acid measurement) and analysis of renal impairment on
PK and PD.)

Each subject received TMX-67 80 mg (4 x 20-mg tablets) once daily for 7 consecutive days after
an overnight fast of at least 8 hours.

Safety of TMX-67 was assessed throughout the study by monitoring adverse events, laboratory
tests, physical examination with fundoscopic eye exam, concomitant medication use, vital signs,
and 12-lead electrocardiogram (ECG).
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Table 1. Summary of Demographic Data (Mean [ISD) by Renal Function Groups.

Age Height Weight Cly
Group | RenalFunction | N | Gender | {years) (iny (ib) ol Amin}
I Normal 11 8M3F 526+124 6751357 18061305 1118171

I Mild Impaitment 6 2MAF 512+140 639+31 1548+281 64.23+117
I |Moderate Impainment 7 3MMEF 5434125 63.3%£24 16401196  41.7+65
144 SevereImpairment 7° SMA2F 5734112 650+43 10271492 18.8+49
Group I Normal renai fimetion; Group 1T 3514 renal mmwatement; Group I Moderate renal supairment; Growp Iv
Severe rens} impairmest,

3 Subject 1104 prematurely terminated from e study and was therefore excluded from the descriptive statistics.

Test Articles:

Study Strength Dosage Manufacturer’s Lot Bulk Lot Finishing Lot

Drug “Form Number Number Number
TMX-67 20 mg TMXT020B 63-142-AL 76-631-S2

Formulation A3 '

Sample Collection: ,

Pharmacokinetics (TMX-67 and its metabolites)

Blood (Plasma):

Day Blood Sample Collection Time

1-6 | Pre-dose® .
7 0 (pre-dose), 0.25,0.5,1,1.5,2,3,4, 6, 8, 10, 12, 16, and 24 hours post-dose
a All pre-dose samples were collected within 5 minutes prior to dosing.

An additional 15-mL fasted blood sample was obtained from each subject on Day 1 prior to
dosing for protein binding analysis.

Urine:
Day Urine Sample Collection Intervals

1 Pre-dose ‘

7 0-6, 6-12, 12-24 hours post-dose (samples were pooled within those intervals,
volume measured and a 20-mL aliquot collected).

Pharmacodynamics (Uric acid, xanthine and hypoxanthine)
‘Blood (Serum):
Day Blood Sample Collection Time
-1 |24, 18 and 12 hours prior to Day 1 dose
1-6 | Pre-dose®
7 Pre-dose?, 6, 12 and 24 hours post-dose
a All pre-dose samples on Days 1-7 were collected within 5 minutes prior to dosing.
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Urine:

Day Urine Sample Collection Intervals

-1 | 24-18, 18-12, 12-0 hours prior to Day 1 dose (samples were pooled within those
intervals, volume measured, and a 20-mL aliquot collected)

7 | 0-6, 6-12, 12-24 hours post-dose (samples were pooled within those intervals,
volume measured, and a 20-mL aliquot collected)

Sample Analysis: Samples for PK and PD analyses were conducted at
———"" rhe same validated analytical methods used for sample analyses in Study
TMX-99-001 were used for analysis of TMX-67 and its metabolites in human plasma and urine,
and uric acid, xanthine, and hypoxanthine in human serum. Please refer to Review for Study
TMX-99-001 (Section 4.2.2.1) for details. A different validated analytical method which utilized
LC/MS/MS was used to analyze uric acid, xanthine and hypoxanthine in human urine (Table 2).

Table 2. Summary of Analytical Method for Uric Acid, Xanthine, and Hypoxanthine
Analyses in Human Urine in Study TMX-01-008.

~ Analyte Matrix Analytical Internal Standard Limit of
Method Quantitation
(linear range)
Uric Acid Human LC/MS/S 100 pM
Urine ! — 2S23151_5) | (100-4500 uM)
Xanthine | Human LC/MS/S ? ! 10 uM
Urine |/ — £S23151_5) (10-1000 uM)
Hypoxanthine | Human LC/MS/S 10 uM
Urine |/ — PS23151_5) ' (10-1000 uM)

Samples for in vitro protein binding of ['*C]TMX-67 at a nominal concentration of 1 pg/mL
were analyzed using an equilibrium dialysis technique by

Pharmacokinetic and Statistical Analysis: Pharmacokinetic parameters of TMX-67 and
metabolites were estimated from the plasma concentration values by standard noncompartmental
methods using WinNonlin Professional™ v 3.1 (Pharsight Corporation, Mountain View, CA).
The SAS System Version 8.2 was used to perform the statistical analyses.

Pharmacodynamic and Statistical Analysis: Pharmacodynamic parameters were estimated
using the serum and urine concentration values. The area under the serum concentration versus
time curve for uric acid, xanthine, and hypoxanthine was estunated by standard
noncompartmental methods using WinNonlin Professional™ V.3.1.

Subjects 1110 and 1111 (both with severe renal impairment) were excluded from the
pharmacodynamic analyses since their Day -1 (baseline) pharmacodynamic samples were
collected after the first dose of study drug on Day 1 and their change from baseline values would
be affected. Since the creatinine measurements for these subjects were also collected after the
first dose of study drug, the Day -1 Cler values were not obtained. A request was sent to the
Sponsor to also exclude these two subjects from the regression analysis to determine the effect of
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renal impairment on the pharmacokinetics and pharmacodynamics of TMX-67 and its
metabolites. Day 1 serum Clcr measurements for the rest of subjects were used in the analysis.

Subject 1114 (severe renal impairment) tested positive at screening for hepatitis C but was
allowed to enroll in the study because of normal liver chemistry levels (ALT and AST). After
calculation of the pharmacokinetic parameters for this subject, it was noted that the metabolic
ratios for metabolites 67M-1 and 67M-2 to parent drug were far less than those observed for the
other subjects with severe renal impairment, indicating that this subject may have had some
degree of hepatic impairment in addition to renal impairment. Given that it has been reported
that, even with normal liver chemistries (ALT and AST), hepatitis C patients could have
advanced liver histopathology, the pharmacokinetics of TMX-67 and its metabolites in this
subject could have been affected by decreased hepatic function as well as renal impairment.
Therefore, the effect of renal impairment on the pharmacokinetics and pharmacodynamics of
TMX-67 and its metabolites was evaluated using regression analyses excluding Subject 1114.

Subject 1104 (severe renal impairment) prematurely discontinued from the study due to personal
reasons and was excluded from the pharmacokinetic and pharmacodynamic analyses.

Pharmacokinetic Results:

Protein Binding

['*C]TMX-67 was highly bound to plasma proteins in all renal function groups, but on average
the binding was slightly lower in subjects with severe renal impairment (98.8%) compared to
that from subjects in the other renal function groups (99.1-99.2%) (Table 3).

Table 3. Mean (& SD) In Vitro Protein Binding Data for [14C]TMX-67
(1 pg/mL) in Human Plasma from Study TMX-01-008

Renal Function N Protein Binding
(fraction unbound)
Normal 11 0.009 =+ 0.002
Mild Impairment 6 0.009 & 0.001
Moderate Impairment | 7 0.008 £ 0.001
Severe Impairment . | 7 0.012 =+ 0.003

Subject 1104 (severe renal impairment) prematurely discontinued from the study and was therefore excluded from
the descriptive statistics.

Plasma PK Profiles

TMX-67:

Predose TMX-67 plasma concentrations on Days 1-7 were shown in Figure 1. Steady-state was
reached on Day 7. '
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Figure 1. Mean TMX-67 Pre-dose Plasma Concentrations Following Administration of a
Daily 80 mg Oral Dose of TMX-67 for 7 Days to Subjects in Study TMX-01-008.

Plasma concentration-time profiles. for TMX-67 in subjects with different degree of remal

function are shown in Figure 2.

Figure 2. Mean TMX-67 Plasma Concentration-Time Profiles on Day 7 Following
Administration of a Daily 80 mg Oral Dose of TMX-67 for 7 Days to Subjects in Study
TMX-01-008 (Left: Linear scale; Right: Semi-log scale).
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A summary of TMX-67 and unbound TMX-67 plasma pharmacokinetic parameter estimates for

subjects in each renal function group on Day 7 following administration of a daily 80 mg oral
dose of TMX-67 for 7 days is presented in Table 4.
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Table 4. Mean (SD) TMX-67 Plasma Pharmacokinetic Parameters on Day 7 Following
Administration of a Daily 80 mg Oral Dose of TMX-67 for 7 Days.

tmax Cumax Cmax,u AUC2z4 . AUCZd,u t1/2z 2 Clv/F : Clss,u/F
Group () | (pg/mL) | (mg/mL) | (pgOh/mL) | (ngOh/mL) (h) (L/h) (L/h)

1 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)
11} 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)
m 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 | 092 2.3147 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 I: Mild renal impairment; Group YlI: Moderate renal impairment; Group IV: Severe renal
impairment.

a tuzz arithmetic mean [harmonic mean in brackets]

b Subjects 1104 (prematurely discontinued) and 1114 (hepatitis C positive) were excluded from the PK analysis.

. The AUC and T, of TMX-67 increased in subjects with renal impairment in comparison to
subjects with normal renal function, but values were similar among three renal impairment
groups. AUCy4  of TMX-67 increased about 60% from normal to mild, moderate and severe
renal impairment (Table 4).

A summary of urinary pharmacokinetic parameter estimates for TMX-67 (unchanged) and total
(unchanged + conjugated) TMX-67 is presented in Table 5.

Table 5. Mean (SD) TMX-67 Urinary Pharmacokinetic Parameters on Day 7 Following

Administration of a Daily 80 mg Oral Dose of TMX-67 for 7 Days.

Unchanged Total
Aez2 fe Clr Ae2 fe
Group (ng) (L/h) (ng)

I 1360 0.017 0.24 28093 0.351
N=11 (1436) (0.018) (0.34) (5334) (0.067)

I 1381 0.017 0.12 24814 0.310
N=6 (679) (0.008) (0.06) (7134) (0.089)

I 1004 0.013 0.13 14185 0.177
N=7 (1114) (0.014) (0.20) (7054) (0.088)

ve 505 0.006 0.06 4698 0.059
N=6 (595) (0.007) (0.05) (2677) (0.033)

Group I: Normal renal function; Group II: Mild renal impairment; Group III: Moderate renal impairment; Group IV: Severe renal
impairment.
a Subjects 1104 (prematurely discontinued) and 1114 (hepatitis C positive) were excluded from the PK analysis.

As expected, amount of both unchanged TMX-67 and total TMX-67 (unchanged plus
conjugated) excreted in urine decreased with decreased renal function (Table 5). Consistent with
results from the ADME study (Study C03-40), renal clearance of intact TMX-67 is small
compared to total clearance. It was likely that increase of TMX-67 AUC and half-life with
increasing renal impairment was due to a decrease in the renal clearance of conjugated TMX-67
and hence an increase in the extent of enterohepatic cycling.

. Linear regression analysis was performed to determine the correlation between measured
creatinine clearance and AUCy4, of TMX-67. As shown in Figure 3, AUC,4,, is somewhat

NDA 21-856
Urolic (Febuxostat)
Original NDA Review

145



negatively correlated with Cler. With every 20 mL/min increase in Clcr, AUC,4, would
decrease 10 ng*h/mL). :

250
] *
200 - y=-0.5047x+123.78
- R =0.2638
E
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=
<
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Figure 3. Simple Linear Regression Plot of AUC,4, of TMX-67 versus Creatinine
Clearance.

Based on results from the regression models for AUC,4,, AUC,4, 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 6. The 95% prediction intervals
for AUC24,n were wide and had substantial overlap between groups which is con31stent with the
overall flat distribution of the data.

Table 6. Individual Predictions (Ind. Pred.) and 95% Prediction Intervals (95% P.1.) for
TMX-67 AUCy4, in Study TMX-01-008.

Predictions for Hypothetical Subjects with Indicated Clerin 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)
Ind. 95% Ind. 95% | Ind. Pred. Ind.
Parameter | Pred. | P.L Pred. P.L 95% P.1. | Pred. 95% P.L
AUCy, | 733 2.2, 91.0 | (20.6, 103.6 (32.5, 113.7 (41.3,
144.4) 161.3) 174.6) 186.0)
Units for AUCz4uare ng-h/mL.

67M-1, 67M-2, and 67M-4:

A summary of pharmacokinetic parameters of major metabolites, 67M-1, 67M-2, and 67M-4, for
subjects in each renal function group on Day 7 following administration of a daily 80 mg oral
dose of TMX-67 for 7 days is presented in Table 7.
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Table 7. Mean (SD) 67M-1, 67M-2, and 67M-4 Plasma Pharmacokinetic Parameters on
Day 7 Following Administration of a Daily 80 mg Oral Dose of TMX-67 for 7 Days.

tmax Cumax AUC: AUC24 ti2:z 2 dz AUC
Grou (h) | (ng/mL) | (ngOh/mL, (ngOh/mL) (h) (1/h) Ratio®
p . )
67M-1

I 141 64.202 207.540 209.524 5.6[5.2] 0.134 0.028
(0.38) (36.510) (98.689) (97.404) (1.8) (0.039) (0.006)

i 1.50 97317 335.220 335.882 7.9[5.9] 0.117 0.030
(0.77) (48.344) (108.168) (107.723) @7 (0.069) (0.008)

11} 1.57 87.580 454.930 454.930 9.8 [8.6] 0.081 0.042
(0.45) (41.750) (156.084) (156.084) . 4.0) 0.030) (0.012)

Ive 1.33 73.375 466.852 467.923 7.816.5] 0.107 0.049
0.41) (36.039) (299.534) (298.081) 3.7 (0.054) (0.005)

67TM-2

I 1.86  49.100 209.091 210.142 6.2 [5.2] 0.134 0.029
0.64) (13.373)  (78.291) (77.360) (2.6) (0.061) (0.008)

I 200 70.336 358.936 358.936 9.5[8.3] 0.083 0.033
(1.05) (24.479) (125.001) (125.001) 4.3) 0.027) (0.012)

I 1.68 84.822 546.657 546.657 12.0[10.3] 0.067 0.050
(0.66) (40.111)  (200.663) (200.663) (5.5) (0.025) (0.014)

Ive 1.83 90.168 764.962 764.962 9.6[8.1] 0.085 0.085
(0.61) (48.650) (511.599) (511.599) (4.3) (0.036) (0.022)

67TM-4

I.1 209 47876 210.725 211.557 7.1[6.1} 0.113 1.06
(0.63) (15.650)  (80.861) (79.967) 2.5) (0.050) (0.28)

I 2.08 71.625 366.388 366.388 9.5[8.9] 0.078 1.13
(1.02) (38.984) (132.167) (132.167) 2.3) (0.022) (0.42)

m 2.57 88.385 637.048 - 637.048 9.7 [8.8] 0.079 1.37
(1.59) (35.490) (338.309 (338.309) (3.4 0.023) (0.36)

Iv* 2.17 62.641 491.962 493.139 10.3[7.2] 0.096 1.032
(0.68) (33.363) (310.892) (309.342) (6.2) (0.071) (0.42)

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

a tizzarithmetic mean [harmonic mean in brackets].

b AUC24 ratios: For 67M-1, 67M-1/TMX-67 ratio; for 67M-2, 67M-2/TMX-67 ratio; for 67M-4, 67M-4/67M-1 ratio.
c Subjects 1104 (prematurely discontinued) and 1114 (hepatitis C positive) were excluded from the PK analysis.

Mean Cmax, AUC24 and T2 values for metabolites 67M-1, 67M-2, and 67M-4 generally
increased with the increasing renal impairment (Table 7).

A summary of urinary pharmacokinetic parameter estimates for unchanged and total
67M-1, 67TM-2, and 67M-4 is presented in Table 8.
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Table 8. Mean (SD) 67M-1, 67M-2, and 67M-4 Urinary Pharmacokinetic Parameters on
Day 7 Following Administration of a Daily 80 mg Oral Dose of TMX-67 for 7 Days.

Unchanged Total
Aezs fe Clr Aez fe
Group g (L/h) (1g)
67M-1

I 2793 0.033 13.84 4319 0.051
(1325) (0.016) (4.66) (1868) (0.022)

I 2937 0.035 8.27 4598 0.055
(1663) (0.020) (3.08) - (2321) (0.028)

11| 1454 0.017 3.28 2303 0.027
(626) (0.007) (1.04) (1013) (0.012)

v 529 0.006 1.08 905 0.011
417) (0.005) 0.41) (645) (0.008)

67M-2

I 2495 0.030 12.33 3260 0.039
(963) (0.011) (3.62) (1103) (0.013)

I 2402 0.029 7.03 3296 0.039
(879) (0.010) (2.30) (877) (0.010)

1 1715 0.020 3.39 2132 0.025
. (472) (0.006) (1.01) (525) (0.006)

A% 892 0.011 1.16 1175 0.014
(681) {0.008) (0.43) (829) (0.010)

67M-4

I 1955 0.022 9.40 2057 0.023
(752) (0.009) 2.21) (750) (0.009)

n 2224 0.025 5.87 2381 0.027
(1166) (0.013) (1.62) (1211) (0.014).

I 1549 0.018 2.59 1599 0.018
(835) (0.009) (0.88) (933) (0.011)

e 486 0.006 091 496 0.006
(323) (0.004) 023y (331) (0.004)

Group I: Normal renal function; Group 1I: Mild renal impairment; Group IiI: Moderate renal impairment; Group IV: Severe renal
impairment.
a Subjects 1104 (prematurely discontinued) and 1114 (hepatitis C positive) were excluded from the PK analysis.

Similar to TMX-67, amount of both unchanged 67M-1, 67M-2, and 67M-4 and total 67M-1,
67M-2, and 67M-4 (unchanged plus conjugated) excreted in urine decreased with decreased
renal function (Table 8), especially for moderate and severe renal impairment patients.
Consistent with results from the ADME study (Study C03-40), a greater portion of the total
metabolites was excreted in urine as unchanged metabolites. In contrast to TMX-67, it appears
that the kidney plays a greater role in elimination of metabolites. As a result, decreased renal
clearance of the metabolites with increased renal impairment would lead to a decrease in the
elimination of the metabolite from the body and hence an increase in the metabolites AUC.
Therefore, the increase in the metabolites AUC with increasing renal impairment was likely the
result of the increase in TMX-67 AUC and a decrease in renal clearance of the metabolites with
increasing renal impairment.
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Because the exposure levels for metabolites 67M-1, 67M-2, and 67M-4 were <10% in plasma
relative to that for TMX-67 in all the renal function groups, analysis of the effect of renal
impairment on these metabolites were not shown.

Pharmacodynamic Results:

A summary of serum Cumean,24 estimates for urate, xanthine, and hypoxanthine, and the
Day 7 percent change from Day -1 for urate following administration of a daily 80 mg
oral dose of TMX-67 for 7 days are presented in Table 9.

Table 9. Mean (SD) Serum Urate, Xanthine, and Hypoxanthine Cpean24 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 ! Xanthine | Hypoxanthine
%
Cremze T | Change |  Crmeanze(mg/dL) Cmemn24(mg/dL)
Group | Day-1| Day7 | Day7 | Day-1 | Day7 | Day-1 | Day7
i 5288  2.195 58.16 | 0.0291 0.1496 | 0.1260  0.1384
N=11 | (1.201) (0.708)  (11.17) | (0.0092) (0.0213) | (0.0525) (0.0373)
i 5053  1.892 6355 | 00291 02118 | 0.1265  0.1544
N=6 | (1.473) (0.881)  (6.93) | (0.0081) (0.0867) | (0.0173)  (0.0223)
Tig 6.801 2907 5671 | 00243 03817 | 0.1326  0.1544
N=6 | (0.862) (0.290)  (6.96) | (0.0020) (0.0857) | (0.0218)  (0.0231)
v 7509 3399  -5438 | 0.0232 05526 | 0.1050  0.1054
N=5 | (1390) (0.787)  (8.67) | (0.0097) (0.2353) | (0.0389)  (0.0354)

Group I: Normal renal function; Group II: Mild renal impairment; Group 1I: Moderate renal impairment; Group IV: Severe renal
impairment,

a Subjects 1111 (no baseline level) was excluded from the PD analysis. :

b Subjects 1110 (no baseline level), 1104 (prematurely discontinued) and 1114 (hepatitis C positive) were excluded from the PD
analysis. ’

A summary of urinary Cmean24, Ae24, and Clr values for uric acid, xanthine, and
hypoxanthine following administration of a daily 80 mg oral dose of TMX-67 for 7 days
is presented m Table 10.

Table 10. Mean (SD) Urinary Uric Acid, Xanthine, and Hypoxanthine Cmean,24,
Ae24, and Clr Values on Days -1 and 7 Following Administration of a Daily 80 mg Oral Dose
of TMX-67 for 7 Days to Subjects.

Cmean24(mg/dL) Ae24(mg) Clr(mL/min)
Group Day-1 | Day7 Day-1 | Day7 Day-1 | Day7
: Uric Acid :
I 21.915 7.550 603.74 213.16 8.33 7.09
N=11 (9.900) (4.183) (105.70) (86.51) (2.20) (3.03)
1I 23.368 5.110 433.58 115.02 6.03 T 478
N=6 (16.217) (0.776) (117.26) (3L.24) 0.9 (2.02)
e 14.128 2.810 358.60 67.37 3.71 1.59
N=6 (3.700) (2.486) (59.93) (51.82) (0.81) (1.12)
v° 15.276 5.160 344.70 108.79 3.15 2.26
N=5 (5.646) (1.130) (157.91) (31.53) 1.17) (0.67)
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Xanthine
I 0.2058 5.6938 5.10 159.50 12.34 74.63
N=11 (0.1489) (2.9368) (3.08) (43.40) (7.03) (19.21)
It 0.1854 6.8982 2.96 144 47 7.82 51.84
=6 (0.1903) (2.7559) (1.26) (18.27) (4.50) (14.52)
jlig 0.0190 4.9905 0.48 126.89 1.36 24.54
=6 (0.0300) (1.0051) (0.74) (32.54) (2.12) (8.63)
v° 0.0000 3.9906 0.00 79.56 0.00 9.77
=5 (0.0000) (2.0596) (0.00) (35.89) 0.00) (1.62)
Hypoxanthine
I 0.1835 0.9163 4.69 2597 3.11 13.84
N=11 (0.1525) (0.4527) 3.71) (7.02) (3.28) (5.29)
I 0.1575 0.9481 248 20.71 1.35 9.25
N=6 (0.1683) (0.2930) (147 (5.74) (0.73) (1.83)
ur 0.0067 0.4175 0.14 11.07 0.07 © 5.02
N=6 (0.0165) (0.2413) (0.33) (5.88) (0.18) (2.58)
v° 0.0000 0.1613 0.00 3.12 0.00 2.37
N=5 {0.0000) (0.0848) (0.00) (0.98) (0.00) (1.26)
Group I: Normal renal function; Group II: Mild renal impairment; Group III: Moderate renal impairment; Group IV: Severe renal
impairment.

a Subjects 1111 (no baseline level) was excluded from the PD analysis.
b Subjects 1110 (no baseline level), 1104 (prematurely discontinued) and 1114 (hepatitis C positive) were excluded from the PD
analysis.

Uric Acid:

Baseline uric acid serum level increased slightly with decreased renal function, but overall %
change from baseline after 7 days of TMX-67 administration did not differ among different renal
function groups (Table 9). As expected, renal clearance of uric acid decreased with decreased
renal function (Table 10). Both Ciean, 24 and Aeys of urinary uric acid decreased on Day 7 from
baseline for all the renal function groups. However, TMX-67 appeared to have little effect on
renal clearance of uric acid (as observed in other studies).

Regression analysis for the percent decrease in serum urate concentration indicated a statistically
significant quadratic relationship with Cler (Figure 4). The predicted percent decrease in serum
urate concentration from the regression model for a subject at about the midpoint Cler for each
renal impairment group differed from that of the normal renal function group by no more than
13%, and the 95% prediction intervals for percent change in serum urate had substantial overlap
between groups (Table 11), suggesting that the estimated percent change in serum urate is
expected to be similar regardless of renal function.
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Figure 4. Quadratic Regression Plot of Parameter Percent Decrease in Serum Urate
Concentration vs. Creatinine Clearance — Pharmacodynamic Parameter.

Table 11. Individual Predictions (Ind. Pred.) and 95% Prediction Intervals (95% P.IL.) for
Serum Urate Percent Change in Cyean;24-

Predictions for Hypothetical Subjects with Indicated Clein each Renal Function Group
Neormal Mild Impairment Moderate Severe Impairment
Impairment
(Cle=100 mlL/min) (Cle=65 mL/min) (Cla=40 mL/min) (Cla=20 mL/min)
Ind. . Ind. Ind. Ind.
Pred. 95% P.1. | Pred. | 95% P.L Pred. 95% P.1. | Pred. 95% P.1.
614 43.9—-78.8 63.7 | 46.1-81.2 59.6 42.3-77.0 53.0 35.0-71.0
Xanthine:

Baseline xanthine serum level did not differ among different renal function groups. However,
serum xanthine levels on Day 7 increased with decreased renal function (Table 9). Although
serum xanthine concentrations on Day 7 for subjects with severe renal impairment were higher
than those for subjects with normal renal function, the 24-hour mean serum xanthine
concentrations (0.55 £ 0.24 mg/dL) were substantially lower than the solubility limit of xanthine
in pH 7.4 serum (10 mg/dL), indicating the less likelihood of xanthine stone formation.

As expected, renal clearance of xanthine decreased with decreased renal function (Table 10).
The changes were more dramatic than what was observed for uric acid (about 100-fold
difference between normal and severe renal impairment patients). (It should be noted that the
lower limit of quantitation in the assay method for xanthine was approximately 0.152 mg/dL (10
umol/L). Urinary xanthine concentrations less than 0.152 mg/dL were considered as 0 mg/dL in
the calculation of Cmean,24values. Therefore, mean baseline urinary xanthine Cmean24 values for
subjects in the moderate and severe renal impairment groups may be artificially lower than
those for subjects in the mild renal impairment or normal renal function groups due to the
detection limits of the assay.) Both Ciean, 24 and Aey4 of urinary xanthine increased on Day 7
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from baseline for all the renal function groups. TMX-67 appeared to sxgmﬁcantly mncrease renal
clearance of xanthine (as observed in other studies).

Hypoxanthine: ‘

Baseline hypoxanthine serum level did not differ among different renal function groups. Similar
to what observed in healthy subjects, serum level of hypoxanthine on Day 7 did not change from
baseline in all the renal function groups (Table 9).

As expected, renal clearance of hypoxanthine decreased with decreased renal function (Table
10). The changes were more dramatic than what was observed for uric acid and similar to what
was observed for xanthine (>100-fold different between normal and severe renal impairment
patients). (Similar to xanthine, it should also be noted for hypoxanthine that the lower limit of
quantitation in the assay method for hypoxanthine was approximately 0.136 mg/dL (10 umol/L).
Urinary hypoxanthine concentrations less than 0.136 mg/dL were considered 0 in the calculation
Of Cmean,24 values. Therefore, mean baseline urinary hypoxanthine Cmean,24 values for subjects in
the moderate and severe renal impairment groups may be artificially lower than those for
subjects in the mild renal impairment or normal renal function groups due to the detection limits
of the assay.) Both Cppean, 24 and Aey4 of urinary hypoxanthine increased on Day 7 from baseline
for all the renal function groups. TMX-67 appeared to significantly increase renal clearance of
hypoxanthine (as observed in other studies).

Discussion and Conclusion:

e AUC and T);; of TMX-67 increased in subjects with renal impairment in comparison to
subjects with normal renal function, but values were similar among three renal impairment
groups. AUCy,, of TMX-67 increased about 60% from normal to mild, moderate and severe
renal impairment (Table 4). Based on ADME data (Study C03-40), renal clearance of intact
TMX-67 is not significant. It was likely that increase of TMX-67 AUC and half-life with
increasing renal impairment was due to a decrease in the renal clearance of conjugated TMX-
67 and hence an increase in the extent of enterohepatic cycling.

e AUC and Ty, of TMX-67 metabolites also increased in subjects with renal impairment in
comparison to subjects with normal renal function. Exposure levels of metabolites in plasma
relative to that of TMX-67 were <10% in all the renal function groups. Similar to TMX-67,
amount of both unchanged 67M-1, 67M-2, and 67M-4 and total 67TM-1, 67M-2, and 67M-4
(unchanged plus conjugated) excreted in urine decreased with decreased renal function
(Table 8), especially for moderate and severe renal impairment patients. Consistent with
results from the ADME study (Study C03-40), a greater portion of the total metabolites was
excreted in urine as unchanged metabolites. The increase in the metabolites AUC with
increasing renal impairment was likely the result of the increase in TMX-67 AUC, due to
increased enterohepatic cycling, and a decrease in renal clearance of the metabolites with
increasing renal impairment.

e Although exposure of TMX-67 and its metabolites increased in patients with renal
impairment, the maximum Cx and AUC values of TMX-67 and its metabolites obtained for
subjects with renal impairment did not exceed the exposure levels observed in healthy
subjects who were safely administered doses of TMX-67 in previously conducted studies.
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Because the exposure at 80.mg is towards the plateau of the exposure/PD response curve
observed in healthy subjects, a change in AUC (< 2-fold) did not result in big change in
serum uric acid reduction. The percent decrease in serum urate appeared to be similar
regardless of the renal function.

(&)

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 alone effectively removes uric acid.
Although 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, the 24-hour
mean serum xanthine concentrations (0.55 + 0.24 mg/dL) were substantially lower than the
solubility limit of xanthine in pH 7.4 serum (10 mg/dL), indicating the low likelihood of
xanthine stone formation. ’

Appendix (Study TMX-01-008).

Table A.1. Demographic Data for Subjects in Study TMX-01-008

Age Height Weight Cler Estimated
Subject | Group | Gender Race (vears) | (cm) | (in) | (kg) | @by | (mL/min) | Cler
(mL/min)
1102 I Male Cducasian 66 186.7 73.5 112.7 2483 140.1 94.8
1103 I Male Caucasian 41 1715 67.5 742 163.5 133.5 115.1
1108 I Male Caucasian 54 1759 693 91.6 201.8 122.8 99.6
1115 I | Male |Native 37 167 658 71.7 158 1183 114.3
American
2102 I Male Caucasian 35 1727 68 745 164 91.1 68
2103 I | Male Caucasian 50 177.8 70 .87.2 192 111.0 733
2105 I Male Caucasian 68 1854 73 844 186 87.0 63.1
2111 1 Female | Black 43 160 63 831 183 118.3 96.2
2112 I Male Caucasian 64 190.5 75 90.8 200 112.5 95
3101 I Female | Hispanic 67 1448 57 654 144 100.1 82.9
3102 I Female | Hispanic 53 1524 60 663 146 95.3 87.6
1101 I Female | Caucasian 56 1562 61.5 62.7 138 64.3 78.6
1107 I Female | Caucasian 26 174 685 66.7 147 50.2 49.4
1109 I Female | Caucasian 65 163.2 643 645 142 70.5 .- 56.8
2101 I Male Caucasian 62 1778 70 72,6 160 75.1 60
2104 I Male Caucasian 51 1829 72 949 209 49.8 55.6
3105 II Female | Hispanic 47 1499 59 604 133 75.5 76.4
1111° 1 Male Caucasian 40 1619 63.8  75.1 165.5 N/A . 297
1112 I Male Caucasian 40 1727 68  66.6 146.8 40.5 30.2
2106 111 Female | Black 66 1727 68 62.7 138 29.5 20.7
2108 HI Female | Caucasian 60 1575 62 - 749 165 47.5 44.8
2109 I Female | Black 70 1651 65 885 195 39.2 40.6
2110 I Female | Caucasian 59 161.3 635 831 183 41.2 38
3103 111 Male Black 45 1702 67 73.1 161 459 35.8
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1104°
1105
1106
1110°
1113
1114°
2107
3104

<433322<

Female
Male
Male
Female
Male
Female
Male
Male

Caucasian 45
Caucasian 66
Black 52
Caucasian 46
Caucasian 76
Black 53
Black 62
Hispanic 46

1575 62 104.7
1753 69 98
173.5 683 648
1575 62 1073
1588 625 62.7
1524 60 76.6
1842 725 1221
1702 67  80.8

230.5 13.9
215.8 24.9
142.8 12.9
236.3 N/A
138 19.0
168.8 23.2
269 204
178 19.5

26.71
34.51
12.04
24.6
153
24.9
19.7
19.2

Note: Subjects were placed into renal function groups based on the 24-hour Day -1 Cler values rounded to
the nearest whole number.
a Subject 1104 prematurely terminated from the study and was therefore excluded from both PK and PD analysis
b Subjects 1110 and 1111 were excluded from PD analysis due to lack of baseline creatinine clearance data.

¢ Subject 1114 was excluded from both PK and PD analysis due to hepatitis C positive that may have an impact on

liver function.

Table A.2. Demographic Data at Baseline.

g:;::al Mild Renal gle«:](le;rate Severe Renal Total
Demographic Function Impairment Impairment Impairment
Characteristic (N=11) {IN=6) (N=7) (N=8) (N=32)

| Gender

Male 8 (73%) 2 (33%) 3 (43%) 5 (63%) 18 (56%)
Female 3 (27%) 4 (67%) 4 (57%) 3 (38%) 14 (44%)
Race ‘
Black ) 1 (9%) 0 (0%) 3 (43%) 3 (38%) 7 (22%)
Caucasian 7 (64%) 5 (83%) 4 (57%) 4 (50%) 20 (63%)
Hispanic 2 (18%) 1 (17%) 0 (0%) 1(13%) 4 (13%)
Other 1 (5%) 0 (0%) 0 (0%) 0 (0%) 1(3%)
Age (years)#
25-45 4 (36%) 1 (17%) 3 (43%) 1(13%) 9 (28%)
46-65 4 (36%) 5(83%) 2 (29%) 5 (63%) 16 (50%)
66-80 3(27%) 0 (0%) 2 (29%) 2 (25%) 7 (22%)

Mean (SD) 52.5(12.42) 51.2(14.02) 54.3 (12.47) 55.8(11.22) 53.5(11.95)
Range 35-68 26-65 40-70 45-76 26-76
Weight (pounds)#

Mean (SD) 180.6 (30.31) | 154.8(28.10) 164.9 (19.59) 197.4 (47.47) | 176.5(35.31)
Range 144-248 133-209 138-195 138-269 133-269
Height (inches)#

Mean (SD) 67.5 (5.67) 65.9 (5.11) 65.3 (2.38) 65.4 (4.39) 66.2 (4.58)
Range 57-75 59-72 62-68 60-73. 57-75

Renal function was based on measured 24 hr creatinine clearance on Day -1.
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4.2.32 Study TMX-01-012: Safety, Pharmacokinetics, and Pharmacodynamic Study of TMX-
67 in Subjects with Normal or Impaired Hepatic Function

Study Period: September 12, 2001 to May 1, 2002
Sample Analysis Period:  February 26, 2002 to October 9, 2002
Principle Investigators: s T s T

Study Centers: T - -
/ &

Analytical Sites: ~
(for protein binding)

Objective: To compare the safety, pharmacokinetic and pharmacodynamic profile of TMX-67
in subjects with hepatic impairment to subjects with normal hepatic function.

Study Design: This was a Phase 1, parallel group, open-label, multiple-dose study in 28 male
(15) and female (13) subjects between ages 39 and 62 (Table 1). All 28 subjects completed the
study, but one subject (Subject 1123, Group I) was suspected of missing doses during the study.
Therefore this subject was excluded from all the analysis. Of the rest 27 subjects enrolled, 15
were Caucasian, 9 were Hispanic, and 3 were Black. Please refer to the Tables Al and A2 in the
Appendix for detailed demographic information.

Subjects were placed into study groups based on the Child-Pugh Classification of their hepatic
function: normal, mildly impaired (Child-Pugh A), or moderately impaired (Child-Pugh B). An
attempt was made to enroll subjects in the normal hepatic function group who matched subjects
in each of the impaired hepatic function groups with respect to gender, weight (+ 10 kg) and age
(% 4 years).

Table 1. Demographic Data (Mean + SD) at Baseline.

Age Height Weight
Group Hepatic Function N Gender (years) (cm) (kg)
I Normal 11° 6M/5F 50.2+5.7 169.95 +947 78.62+14.02
I Mild Impairment (Class A) 8 4M/4AF 529 £52 168.28+9.67 71.34+11.47
III | Moderate Impairment (Class 8 5M/3F 504 +54 173.04+11.31 84.84+1998
B)

a Subject 1123 (Hispanic female) was sﬁspected of missing doses during the study, therefore she was excluded from the
descriptive statistics.

Each subject received TMX-67 80 mg (4 x 20-mg tablets) once daily for 7 consecutive days after
an overnight fast of at least 8 hours. Blood and urine samples were to be collected for
determination of pharmacokinetic and pharmacodynamic parameters.
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Test Articles:

Study " | Strength Dosage Manufacturer’s Lot Bulk Lot Finishing Lot
Drug Form Number Number Number

TMX-67 20 mg TMXX020B 67-205-AL 78-847-S2
Formulation A3

Sample Collection:
Plasma, serum, and urine samples were collected for the determination of TMX-67, metabolites
67M-1, 67M-2, and 67M-4, uric acid, xanthine, and hypoxanthine concentrations, as outlined in
the following table:

Study Day(s)
Procedure -1 1-6 7
TMX-67 & )
Metabolites - Predose® xb
(Plasma)
Protein Binding Predose’
(Plasma) } (Day 1 only) j
UXH (Serum) 24, 18, and 12 hours prior Predose® X
to Day 1 dose
TMX-67 & Predose 0-6, 6-12, and
Metabolites (Urine) _ - (Day 1 only) 12-24 hours post-dose
UXH 24-18, 18-12, and 12-0 0-6, 6-12, and
(Urine) hours prior to Day 1 dose - 12-24 hours post-dose

UXH: Uric acid, xanthine, and hypoxanthine.

a: All predose samples were to be collected within 5 minutes prior to dosing,

b: Predose, 0.25, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0, 10, 12, 16, and 24 hours post-dose. )
c¢: Predose, 6, 12, and 24 hours post-dose. %{f

Sample Analysis: Samples for PK and PD analyses were conducted at’ —————— s, u@)
Same validated analytical methods used for sample analyses in Study TMX-

01-008 were used in this study. Please refer to Review for Study TMX-01-008 (Section 4.2.3.1)

for details.

The in vitro protein binding of [14C]TMX-67 at a nominal concentration of 1 pg/ml. was
determined in pre-dose plasma samples, obtained from each of the subjects who participated in h@}

the study. Samples were analyzed using an equilibrium dialysis technique by —~————
AR .

Pharmacokinetic and Statistical Analysis: Pharmacokinetic parameters of TMX-67 and -
metabolites were estimated from the plasma concentration values by standard noncompartmental
methods using WinNonlin Professional™ V.3.1 (Pharsight Corporation, Mountain View, CA).

Pharmacodynamic and Statistical Analysis: Pharmacodynamic parameters were estimated
using the serum and urine concentration values. The area under the serum concentration versus
time curve for uric acid, xanthine, and hypoxanthine was estimated by standard ’
noncompartmental methods using WinNonlin Professional™ Vv.3.1.
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The relationship of hepatic function and the pharmacokinetic plasma and urine parameter
estimates and the percent change from baseline in serum urate Cmean,24 were assessed via an
analysis of variance (ANOVA) that included hepatic function group as the factor.

Pharmacokinetic Results:

Protein Binding

The in vitro protein binding of ["*CJTMX-67 at a nominal concentration of 1 pg/mL was
determined in plasma samples obtained from each of the subjects who participated in the study
using an equilibrium dialysis technique, the results of which are summarized in Table 2.

Table 2. Mean (x SD) In Vitro Protein Binding Data for [14C]TMX-67
(1 pg/mL) in Human Plasma from Study TMX-01-012

Hepatic Function N | Protein Binding (fraction unbound)
Normal o 11 0.007 +0.001
Mild Impairment 8 0.007 +0.001
Moderate Impairment 8 0.006 +0.001

Subject 1123 (Group I) was suspected of missing doses durmg the study, therefore she was excluded from the
descriptive statistics

["CITMX-67 was highly bound to plasma proteins, and on average was nearly the same for all
hepatic function groups (99 3-99.4%).

Plasma PK Profiles

Predose TMX-67 plasma concentrations on Days 1-7 were shown in Figure 1. Steady-state
appeared to be reached on Day 7. Interestingly, the predose TMX-67 levels for patients with
moderate hepatic impairment decreased from Day 3 to Day 7.

.07 W Mild Hepatic impairment
g‘ ] | # Moderate Hepatic Impaimen
& ops]
5 ] N
@ 0.05
.5:3 ] A A
% 0.04 ] A a
N ] "
:B : » | | -
% 003 | n ]
£ ] ] . *
£ o002] ‘
a »
a
0.01 1
o T T T T T 1
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Day

Figure 1. Mean TMX-67 Pre-dose Plasma Concentrations Foﬂowing Administration of a
Daily 80 mg Oral Dose of TMX-67 for 7 Days to Subjects in Study TMX-01-012 (@ Normal
Hepatic Function).

Plasma concentration-time profiles for TMX-67 in subjects with different degree of hepatic
function are shown in Figure 2.
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Figure 2. Mean TMX-67 Plasma Concentration-Time Profiles on Day 7 Following
Administration of a Daily 80 mg Oral Dese of TMX-67 for 7 Days to Subjects in Study
TMX-01-012 (Left: Linear scale; Right: Semi-log scale).

A summary of TMX-67 and unbound TMX-67 plasma pharmacokinetic parameter estimates for
subjects in each hepatic function group on Day 7 following administration of a daily 80 mg oral
dose of TMX-67 for 7 days is presented in Table 3. Subjects with moderate hepatic unpalrment
showed big variability in PK parameters.

Table 3. Mean (SD) TMX-67 Plasma Pharmacokinetic Parameters for Hepatic Function
Groups I-ITI on Day 7 Following Administration of Daily 80 mg Oral Doses of TMX-67 for
7 Days.

e | Com | Coma | A0Ck | 50Cws | e | L | Chff

Gowp | 1) | ugil) | enl) | gebaly | @ebety | @ | @B | @w
I 1.23 23416 181204 76197 51.2183 35034 1181 178581
068 (00415 (71584 Q645D (189838 {19 .24 {71502}

i 1.25 35098 23.7(34 9 8898 03.6789 89[3.5] 831 1281 08
Q.33 (07800 64302y ({253337) (13203 4.3 {1.8%) (318.3H

I .75 43593 237438 11774 $3.5004 36049 1031 1328.61
0.27 (36415 (12,5733 (7.06520 (360860 {1.& (7531 (1265500

Group I: Normal hepatic function; Group 1I: Mild hepatic impairment; Group III: Moderate hepatic impairment.
a tizzarithmetic mean [harmonic mean in brackets].

A summary of urinary pharmacokinetic parameter estimates for TMX-67 (unchanged) and total
(unchanged + conjugated) TMX-67 is presented in Table 4.
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Table 4. Mean (SD) TMX-67 Urinary Pharmacokinetic Parameters for Hepatic Function
Groups I-III on Day 7 Following Administration of Daily 80 mg Oral Doses of TMX-67 for
7 Days. »

Unchanged “Total fimchanged + coningsted)
Aegy & (&8 Aeas A
Group g Ly {ug)
1 1911 0.024 DE}! 31084 £.400
{1507 {0015 .33 (5200} {£.079)
II 3523 0032 027 37528 £.4569
29013 5.035) 0.3 (9338} G117
JiEd 2623 0033 D32 41284 516
{E390% 0081T 10.22) (3883 LCEAAEY]

Groug I: Nomast hapasic function; Group I Aild hepetic Smpsimens; Group IT: 3foderate hepacic impairment.

An analysis of variance (ANOVA) with a factor of hepatic function group was performed on
tmax, Az, Ae24, Clr, and the natural logarithms of Cmax, Cmax,u, AUC24, and AUC24,. The p-values
from the ANOV A model are presented in Table 5.

Table 5. P-values from ANOVA for TMX-67 Pharmacokinetic Parameters from Study
TMX-01-012

ANOVA P-Values
Effect Comparisons

Hepatic Mild vs. Normal | Moderate vs. Normal
Parameter .

Function
tmax 0.095 0.924 0.054
In(Cmax) 0.376 0.285 0.209
In(Crmax.u) 0.574 0.297 0.682
In(AUCz4) 0.286 0.189 0.178
In(AUC24,0) 0.408 0.186 0.620
Az 0.784 0.853 0.593
Unchanged Aeza 0.704 0.520 0.454
Unchanged Cl 0.929 0.756 0.945
Total Aezs 0.059 0.152 0.020

Statistical significance was-defined at the a = 0.05 level for all effects.

ANOVA analysis conducted by the Sponsor showed that only total TMX-67 excreted in urine
was significantly different between moderate hepatic impairment patients and healthy patients.

The urinary excretion of TMX-67 following the administration of daily 80 mg oral doses of
TMX-67 for 7 days accounted for an average of 2.4% of the administered dose for subjects with
normal hepatic function, and 3.2% and 3.3% of the dose for subjects with mildly and moderately
impaired hepatic function, respectively (Table 4). The difference between the normal and mildly
and moderately impaired hepatic function groups was not statistically significant (p > 0.05, Table

5).

The urinary excretion of total (unchanged + conjugated) TMX-67 following the administration of
daily 80 mg oral doses of TMX-67 for 7 days accounted for an average of 40.0% of the
administered dose for subjects with normal hepatic function, and 46.9% and 51.6% of the dose
for subjects with mildly and moderately impaired hepatic function, respectively (Table 4). Total
TMX-67 Ae24 values for subjects with mild and moderate hepatic impairment were '
approximately 17% and 29% higher, respectively, than the Ae24 for subjects with normal
NDA 21-856
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hepatic function. The difference between the normal and mildly and moderately impaired hepatic
function groups was not statistically significant for total TMX-67 Ae24 (p > 0.05, Table 5).
However, the difference between the normal and moderately impaired hepatic function groups
was statistically significant for total TMX-67 Ae24 (p <0.05, Table 5).

Based on one-sided t-test analysis conducted by the reviewer, the 90% confidence interval of
total and unbound C,,.x and AUC,4 values for hepatically impaired groups (mild and moderate)
relative to those of normal subjects were not within 80% and 125% boundary (Table 6). Both
total and unbound C,,.x and AUC,4 values were higher in hepatic impaired patients compared to
healthy group. If combined both hepatically impaired groups, Cmaxn and AUCs4, were about
20% higher than the healthy group.

Table 6. Comparison of Geometric Mean Ratios and Confidence Intervals for TMX-67
Total and Unbound Cmax and AUC24, and Unbound CLss/F Following Administration of
TMX-67 (80 mg) for 7 days in Healthy Subjects and Subjects with Hepatic Impairment.
(Reviewer’s Analysis)

Parameter | Group Geometric Ratio 90%C1
Mean '

Craxu I 18

(ng/mL) II 22.89 127.2 (86.43,187.19)
I 19.76 109.8 (74.61, 161.58)
IT + 111 21.27 118.18 (85.73, 162.91)

AUCy4, I 47.92

(ng'h/mL) |1II 64.06 133.65 (92.85, 192.38)
1 53.34 111.3 (77.32,160.21)
I+ 101 58.46 121.97 (89.97, 165.35)

CLgsu/F I 1669.18

(L/h) I 1248.87 74.82 (51.98,107.7)
III 1499.69 89.85 (62.42,129.32)
I+ 1368.55 81.99 (60.48, 111.15)

Cmax I 2.70

(ng/mL) II 3.44 127.38 (87.23, 186.01)
181 3.59 133.10 (91.14, 194.36)

AUCy I 7.19

(ngh/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.

Data for metabolites were included in the Appendix (Tables A3-A4). The exposure levels for
metabolites 67M-1, 67M-2, and 67M-4 were only about 3% in plasma relative to that for TMX-
67, They are comparable to data obtained in healthy subjects from other studies. Hepatic
impairment appeared to have little effects on the plasma pharmacokinetics of metabolites 67M-1,
67M-2, and 67M-4.
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Pharmacodynamic Results:
Mean pre-dose serum concentrations of urate, xanthine, and hypoxanthine in mg/dL on Days -1

to 8 are illustrated in Figure 3. It appears that steady-state was reached on Day 7.
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Figure 3. Mean Pre-dose Serum Urate, Xanthine, and Hypexanthine Concentrations on

Days —1 to 8 Following Administration of Daily 80 mg Oral Doses of TMX-67 on Days 1 to

7 to Subjects with Normal or Impaired Hepatic Function.

A summary of serum Cmean,24 estimates for urate, xanthine, and hypoxanthine, and the Day 7
percent change from Day -1 for urate following administration of a daily 80 mg oral dose of

TMX-67 for 7 days are presented in Table 7.
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Table 7. Mean (SD) Serum Urate, Xanthine, and Hypoxanthine Cmean24 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 Xanthine Hypoxanthine
Crern e {mz’dl) % Charige|  Coemse (mgdl) Copam 2 {mgidL)
Group Day-1 Day 7 Day 7 Dayv -1 Day ? Day -1 Day 7
I 4.767 1.836 -62.48 0.0236 0.15393( 01224 0.5379
{1.284) (0.688) (7.48) (D.0058)  (0.034%)| (0.0373)  {0.0359)
I 4.930 2664 -48.8% 00342 01770 01104 01182
{1.853) (1.431) (13.48) {00073y (0.1013)| (0.0494y {0.0340)
I 3.448 2843 47383 0.0318 GI325(  0.0905 0.0788
{0.931)  (0.631) (6.82) {0.0117)  (0.0336) (0.0209y  {0.0298)

Group I Normal hepatic fimetion; Group II: 3ild hepetic impaimnzent; Group EE: Xoderate hepatic impairment.

A summary of urinary Cmean,24, Ae24, and Ck values for uric acid, xanthine, and hypoxanthine
following administration of a daily 80 mg oral dose of TMX-67 for 7 days is presented in Table
8.

Table 8. Mean (SD) Urinary Uric Acid, Xanthine, and Hypoxanthine Cmean.24,
Ae24, and Clr Values on Days -1 and 7 Following Administration of a Daily 80 mg Oral Dese

of TMX-67 for 7 Days.
Cmean.24(l‘ng/ dL) Aez4(mg) Clr(mL/mm)
Group #Day -1 Day 7 Day -1 ] Day 7 Day -1 | Day 7
Uric Acid

I 31.998 9.106 585.78 169.11 8.78 6.46
(18.864) (4.524) | (272.89) (67.83) (3.62) (1.27)

Im 25.392 8.958 434.45 171.73 7.05 5.69
(19.882) (5.537) | (111.63) (93.93) (3.27) (3.66)

i 31.013 14.614 | 489.31 216.49 6.57 5.17
(24.804) (12.048) | (312.64) (114.06) (4.49) (2.15)

Kanthine

I 0.4069 10.8584 7.63 205.12 22.30 91.04
(0.2235) (5.0377) (3.69) (52.25) (13.48) (20.24)

I 0.4551 6.8973 7.72 146.01 16.41 70.67
. (0.3094) (1.8752) (1.21) (49.43) 4.57) (33.10)

il 0.5973 8.4006 9.07 134,97 23.67 64.22
(0.4171) (2.5999) (4.60) (12.21) (16.23) (15.51)

Hypoxanthine A

I 0.3113 2.1414 5.41 37.96 3.51 20.21
(0.2507) (1.4711) 3.81) (16.90) (3.62) (10.68)

11 0.4186 1.5669 6.08 33.53 5.12 22.62
(0.4247) (0.4809) 3.47) (12.69) (4.35) (12.87)

451 0.4435 1.8055 5.41 27.39 5.06 24.53
(0.4698) (1.0384) (5.58) (15.25) (6.33) (14.84)

Group I: Normal hepatic function; Group II: Mild hepatic impairment; Group III: Moderate hepatic impairment.
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Table 9. P-values from ANOVA for Percent Change in Serum Urate Cmean,24 from Day —
1 to Day 7 in Study TMX-01-012.

ANOVA P-Values
Effect Pairwise Comparisons
Mild vs. Moderate vs.
Parameter Hepatic Function Normal Normal
% Decrease in '
serum urate Cmean,24 0.003 0.005 0.003

Statistical significance was defined at the a = 0.05 level for all effects.

Both baseline (Day —1) and Day 7 mean serum urate Cmean24 values in subjects with normal
hepatic function were lower than those in subjects with mild or moderate hepatic impairment.
Following the administration of daily 80 mg oral doses of TMX-67 for 7 days, Day 7 serum urate
Chmean,24 values decreased by an average of 62% (from 4.767 mg/dL to 1.830 mg/dL) from Day -1
values in subjects with normal hepatic function, and by 49% (from 4.950 mg/dL to 2.664 mg/dL)
and 48% (from 5.448 mg/dL to 2.845 mg/dL) in subjects with mild and moderate hepatic
impairment, respectively (Table 7). The effect of hepatic function on the percent change in serum
urate Cmean24 Was statistically significant between subjects with normal hepatic function and
those with hepatic impairment (p<0.05, Table 9).

Serum xanthine baseline (Day —1) Cmean,24 concentrations were slightly lower in subjects with
normal hepatic function compared to those in subjects with hepatic impairment. Following the
administration of daily 80 mg oral doses of TMX-67 for 7 days, serum xanthine Cmean,24
concentrations, urinary xanthine Cmean24, total daily xanthine excretion and the renal clearance of
xanthine all increased substantially from the baseline levels for each hepatic function group
(Tables 7 and 8). The increases in each parameter were lower in subjects with hepatic
impairment compared to the increases in those with normal hepatic function.

Baseline serum hypoxanthine Cmean,24 concentrations were higher in subjects with normal hepatic
function compared to subjects with mild or moderate hepatic impairment. Following the
administration of daily 80 mg oral doses of TMX-67 for 7 days, serum hypoxanthine
concentrations did not change substantially for any of the hepatic function groups (Table 7).
Baseline urinary concentrations of hypoxanthine were generally lower in subjects with normal
hepatic function compared to those with hepatic impairment. Following the administration of
daily 80 mg TMX-67 doses for 7 days, urinary hypoxanthine Cmean24 concentrations increased
substantially for each hepatic function group (Table 8). However, the magnitude of the increase
was less than that observed for xanthine. Likewise, the mean total daily excretion and renal
clearance of hypoxanthine increased from baseline following administration of TMX-67 for 7
days. All changes from baseline for Day 7 urinary hypoxanthine Cmean24, Ae24, and Clr, were
statistically significant (p<0.05) and similar for each hepatic function group.

Safety Results:

The overall incidence of adverse events during dosing was higher for subjects in the moderate
hepatic impairment (75% [6/8]) and mild hepatic impairment (63% [5/8]) groups as compared to
subjects in the normal hepatic function group (25% [3/12]). The most commonly occurring
adverse events in any group were abdominal pain (25% [2/8]) and headache (25% [2/8]) among
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subjects in the mild hepatic impairment group and diarrhea (25% [2/8]) and urinary frequency
(25% [2/8]) among subjects in the moderate hepatic impairment group. All other adverse events
in the mild and moderate hepatic impairment groups were reported by one subject only. No
adverse events were reported by more than one subject in the normal hepatic function group. All
adverse events were of mild intensity and most were considered either possibly, probably, or
definitely related to study drug.

Discussion and Conclusion:.

The plasma exposure to TMX-67 was greater in subjects with mild or moderate hepatic
impairment compared to subject with normal hepatic function following the administration of
daily 80 mg oral doses of TMX-67 for 7 days. An average of 20-30% increase was observed for
both Cmax and AUC24 (total and unbound) in hepatically impaired groups.

Greater exposure of TMX-67 in hepatically impaired groups did not translate to greater reduction
in serum uric acid levels on Day 7. %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. The data
are also consistent with the previous finding that 80 mg is approaching the plateau of the dose-
response curve for uric acid reduction.

Hepatic impairment appeared to have minimal effects on the plasma pharmacokinetics of
metabolites 67M-1, 67M-2, and 67M-4.

Based on the urinary pharmacokinetic parameters of TMX-67 and its metabolites, it appears that
phase-I metabolism of TMX-67 may have been minimally affected in subjects with hepatic
impairment. It was also shown that the urinary excretion of total TMX-67 was greater in subjects
with increasing hepatic impairment. This increase in the fraction of the dose excreted as total
TMX-67 with increasing hepatic impairment was likely the result of a decrease in the biliary
excretion of total TMX-67.

Based on exposure results and serum uric acid reduction activity results from this study, dose
adjustments for TMX-67 in subjects with mild or moderate hepatic impairment are not
necessary. PK or PD of TMX-67 in subjects with severe hepatic impairment has not been
studied. A dose recommendation could not be made for severe hepatic impairment patients.
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Appendix (Study TMX-01-012).

Table Al. Demographic Data for Subjects in Study TMX-01-012

Viatch: Aze Taight Weight
Subject | Initial Dose |Gender| Group |(Subject®| Race’ Dicotne Use {years) [ (m) ‘eny (Ib} gy
1130 26SEP0i  Male I 185 Black Ex-Tobacco User 46.00| 6800 |[17272 (17200 | 7849
112 g30CTO1 Male I 1104, 1111 Caucasian Nou- Tobacco User | 55.60| 7100 |18634 | 18600 | 8444
i3 030CT61 Male I 1193, {108 Hispanic  Ex-Tobacco User 52480 6700 17018 | 18208 | 7353
1134 ¢30CT 0! Female I 118 Hispanie Ex.Tobacco User 5600 63.00 |16002 |162.00 | 7355
1155 ¢30CTO1 Female I 1102 Hispanic  Non- Tobacce Uszer | 30.00| 6400 |162.36 |210.00 5.34
1117 @INOW Nl Msle 1 1183 Black Non- Tobacco User | 46.00| 69.00 [17526 | 20200 | 9171
1118 @2NOV 01 Male I 1106 Hispamic  Tobaceo User 6000 7200 |18238% 17208 | FR.00
11227 4DECO Malke 1 1819, 1125 Caucssian  Fx-Tobacco User 50646 | 72.00 |18288 (22600 | 1260
1123 11DECH! Female I 1107  Hispamie Nop-TobaccoUser | 5100 4200 |[13748 |160.00 | 7264
1124 14DECO] Feumale I 1120 Hispamic Non-Tebacco User | 5040 64.00 | 16256 |13400 | 60.84
2102 I3DECOL Femule 1 1121, 2101 Caucasien Non-Tobacco User | 4800 64.00 | 16256 | 15300 | £9.46
03 12FEB 02 Female I 1118 Cancasizn Non- Tobaoco Tiser | 3080 6200 15748 12608 | S7.%
1160 12SEPGi Female H 1114 Black Tobacco Usar 3960| 5200 |13748 {15200 | 8901
1105 12SEPDI  Male il 1110 Hispamic Non-Tobacco User | 4880| 6600 [i6764 |16298 | 7355
108  128EPD1  Msk e 1118 Caucssisz  Ex-Tobacco User G001 TO00 [ 17780 {19800 | 9089
1107 26SEPH: Femmle 13 1123 Caueasian Tobacca User 51401 6200 [13748 (14200 84,47
1168 28SEPD:  Mele i 1113 Caucasian Tuobacca User 34066 6900 [17326 [ 174058 | 00
1181 930CT oL Make I 1112 Hispanic  Tobacco User 3100 7100 | 13034 | 17000 { 7718
1186 170CT01 Female T 2103 Caucasian  Tebacco User S160| 6800 | 1727 | H3ed | S130
A6l 1IDECOL Female 1 2162 Caucssisn Ex-Tobacce User 43001 6200 | 13748 (14600 | 6638
1192 12SEP9! Femnls I 1113 Caucasian Fx-Tobacco User 4200 6700 17618 | 20500 | 83907
1103 12SEPOt  Aale HI 1113 Caucasian  Tobaces User 3100|6400 |162.56 13600 | 082
1154 12SEPOI  Male I 1112 Caucasiam Tobaceo User 38450 72.00 |18288 |20200 | 3171
1189 T0OCTOl Msle HI 1117 Hispamic Nono-TobaccoUser | 30.80| 72.00 |i2288 {19400 | 8848
1119 11DECH1 Malke I 1122 Caucasian Non- Tobacco Uzer | 4840 7200 | 18282 |251.00 [113%5
1123 11 DECO! Female HI 1124 Caucasizn Tobareco User 3440| 6300 (16310 (13000 | o2
1121 1IDECH! Femmle HI 2102 Hispanic  Tobacco User 4300 A100 13494 [ 13100 | 3947
1125 25APRO2 Mk I 1122 Caucasien Tobacco User 3400 72.00 18283 |22608 (18240

Table A2. Summary of Race/Ethnicity Distribution for Sﬁbjects.

8 Sulpject i suspecred of missing doses during e smiy, therefore ske is exciuded from the dascripiive statisics and soalvsis,

Number of Subjects
Male Female
Group | Caucasian | Hispanic | Black | Caucasian l Hispanic l Black

I 2 2 2 2 3 0
I 2 2 0 3 0 1
m 4 1 0 2 1 0

All

Subjects 8 3 2 7 4 !

Group I: Normal hepatic function; Group II: Mild hepatic impairment; Group III: Moderate hepatic impairment.
Subject 1123 (Group I) was suspected of missing doses during the study, therefore she was excluded.
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Table A3. Mean (SD) 67M-1, 67M-2, and 67M-4 Plasma Pharmacokinetic
Parameters on Day 7 Following Administration of a Daily 80 mg Oral

Dose of TMX-67 for 7 Days
fran Coanx AUC, ATCae g 72 AUC
Grovp | () | (wgml) | (ngdvml) | fagivel) | () (1) Ratio®
6IM-1
I 1.68 54.180  180.623 181.023 6457 0123 0.923
(0.60) {17.027) (58.041) (67.6003 (2.3 {9.632) {0.007)
i 1.56 60.838  226.830 327.815 8347 0146 0.023
(042} {28.309) (1064155 {105.548) (9.7 (0.081) {0.009)
1.56 53.731 203937 264571 6.1[32] 0132 0.022
D.73y  {30.333) (106931) (106474 (A (0.676) {0.613)
67M-2
I 1.7% 46,001 195.740 1985730 82[77] €090 0.027
M.56) {13912y (63.637) (63.657) 2.3 (0.022) {0.010)
I 1.81 36.077 233744 234302 85{39) 6117 0.024
{026}  (25.823) (107488  (106.750) (5.0 {0.076) 0.012
inn 1.88 48.119  2it.663 212.564 58[s0] 6139 0.026
0.23)  {33.236) (159.339) (138433 {19 (0.07G) {0.025
674
1 209 43.7234  26D.513 200.678 710671 0.103 1.075
(0.49)  (18.916) (108.116) (107.910) (1L.6) (0.025) €0.248)
I 1.75 41,387  190.030 190.634 7.1[5.1] 0.138 0.798
{0.27)  (23.768) (118.188) (117378 (3.0 {0.097) 0.337)
HI 1.81 35993 156.746 137.523 63[3.0] 0140 0.757
{0.26) (21487 {92039 (?1.63y (2.9 {0.03%) {0.264)

Group I: Normal hepatic fmction; Group II: %1d hepade inypairmens; Group IT: Moederzte hepatic impairment.

2 by, avithmetic mean Marmonic mean 2 brackats].

b AUC:: mtics: For 67M-1, 6 M-1/T24X-67 ratio; for 673:-2, 67M-2TMX-67 ratic; for 6704, 6TM-467%E-1 ratio.

Table A4. Mean (SD) 67M-1, 67M-2, and 67M-4 Urinary Pharmacokinetic
Parameters on Day 7 Following Administration of a Daily 80 mg Oral

Dose of TMX-67 for 7 Days

Unchanged Total (unckanzed + confuzated)
Aen & Ck Aey f
Group {ug} (L) {ug)
) 67M-1
i 3083 ¢.037 18.69 4667 0.036
£776) (0,009} (7.64) {1404) 017
I 3067 ¢.036 1414 4403 D052
{1244% 10,015} (5.23) (1832) {0.022
IH 2270 G.027 13.18 3771 0.045
{733y (G.009) {332 (1269) {0013
67M-2
i1 2687 £.032 1£.91 3541 {042
{671} {¢.008) (5.93% {943) {0.0§1)
I 2306 G.031 12,11 3446 0.041
{9335) (0.0%1) 73.38) (1282) (0.015)
Ji1 2034 0.024 11.49 2864 0.034
{1092y (0.013 (4.87 {1743) $0.021Y
§7M-4
1 1870 $.021 13,32 2218 0025
{530) {0.007) {3.3 {934) 0011)
I 1437 G016 9.24 C 917 0.022
(685) (0.008) {4.02) (88%) (0.010y
i1l 1349 0.015 10.16 1578 0.018
{682) (5.008) {4.42) {59 {0.009)

Group I; Normal hepatic fiunction; Greup II: Mild hepatic inspainnens; Group IE: Modarate kepatic impairment.
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4.2.2.3 Study TMX-01-016: The Effect of Gender and Age on the Safety, Pharmacodynamzcs
" and Pharmacokinetics of TMX-67 in Healthy Subjects

Study Period: December 6, 2001 to December 22, 2001.
Sample Analysis Period:  January 15, 2002 to September 5, 2002
Principle Investigator:

Study Center:
Analytical Sites:

Objective: To evaluate the effect of gender and age on the safety, pharmacodynamics and
pharmacokinetics of TMX-67 when administered for 7 consecutive days.

bty

_[ (for protein binding)

Study Design: This was a Phase 1, parallel-group, open-label, multiple-dose study in male and
female subjects between the ages of 18 and 40, inclusive and 65 years of age and older. Subjects
were categorized into different study groups based on age and gender.

Group I: Males, 18 to 40 years of age, inclusive
Group II: Females, 18 to 40 years of age, inclusive
Group III: Males, 65 years of age and older

Group 1V: Females, 65 years of age and older

Twenty-four adult male and twenty-four adult female subjects were enrolled and completed the
Study TMX-01-016 (Table 1). Of the 48 subjects, 35 (73%) were Hispanic, 10 (21%) were
Caucasian, and three (6%) were Black. Please refer to the Tables Al in the Appendix for
additional demographic information.

Table 1. Summary of Demographic Characteristics.

Age Height Weight
Category N (years) (in) | (cm) (b) I kg)
Subjects 18-40 y 24| 318469 649335 164.8+8.9  161.1+30.1  73.2+13.7
Subjects >65 y 241 69.9+43.6 64.614.0 164.1+10.2 166.8+260 75.7+11.8
Male Subjects 24 | 51.3+21.5 67.7+2.5 172.0+6.2 177.5+242 80.6x11.0
Female Subjects 24 150.5+18.8 61.842.0 156950 1504252 683114

Each subject received TMX-67 80 mg (4 x 20-mg tablets) once daily for 7 consecutive days after
an overnight fast of at least 8 hours. Blood and urine samples were to be collected for
determination of pharmacokinetic and pharmacodynamic parameters.

Test Articles:
Study Strength Dosage Manufacturer’s Lot Bulk Lot Finishing Lot
Drug Form Number Number Number
TMX-67 20 mg TMXT020B 63-142-AL 82-044-S2
Formulation A3 :
NDA 21-856 167
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Sample Collection:
Plasma, serum, and urine samples were collected for the determination of TMX-67, metabolites
67M-1, 67TM-2, and 67M-4, uric acid, xanthine, and hypoxanthine concentrations, as outlined in
the following table:

Study Day(s)
Procedure -1 1-6 7
TMX-67 & '
Metabolites : - Predose” xX°
(Plasma)
Protein Binding ' Predose” )
(Plasma) - (Day 1 only)
UXH (Serum) 24, 18, and 12 hours prior Predose® X
to Day 1 dose :
TMX-67 & Predose 0-6, 6-12, and
Metabolites (Urine) - {Day 1.only) 12-24 hours post-dose
UXH 24-18, 18-12, and 12-0 0-6, 6-12, and
(Urine) hours prior to Day 1 dose - 12-24 houts post-dose

UXH: Uric acid, xanthine, and hypoxanthine.

a: All predose samples were to be collected within 5 minutes prior to dosing.

b: Predose, 0.25, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, 6.0, 8.0, 10, 12, 16, and 24 hours post-dose.
c: Predose, 6, 12, and 24 hours post-dose.

Sample Analysis. Samples for PK and PD analyses were conducted at ~————

~ . Same validated analytical methods used for sample analyses in Study TMX-
01-008 < were used in this study. Please refer to Review for Study TMX-01-008 (Section 4.2.3.1)
for details.

The in vitro protein binding of ['*C]TMX-67 at a nominal concentration of 1 pg/mL was
determined in pre-dose plasma samples obtained from each of the subjects who partmpated in

the study. Samples were analyzed using an equilibrium dialysis technique by
A

Phérmacokinetic and Statistical Analysis: Pharmacokinetic parameters of TMX-67 and
metabolites were estimated from the plasma concentration values by standard noncompartmental
methods using WinNonlin Professional™ V.3.1 (Pharsight Corporation, Mountain View, CA).

A two-way analysis of variance (ANOVA) was used to investigate the effects of gender and age
on TMX-67 pharmacokinetic parameters. This ANOVA model included factors for age category,
gender and the interaction of age category and gender. Age was treated as-a categorical variable
with subjects either in the younger (18-40 years) or the older (>65 years) age categories. The
plasma parameters analyzed included tmax, Az, and the natural logarithms of Cmax, Crmax,a, AUC24
and AUC24,. The urine parameters analyzed included Ae and Ck.

When the main effect for gender was statistically significant for a parameter, analyses of
covariance (ANCOV As) were performed to explore the explanatory value of body weight by
including it as a continuous variable in the statistical model.
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Pharmacodynamic and Statistical Analysis: Pharmacodynamic parameters were estimated
using the serum and urine concentration values. The area under the serum concentration versus
time curve for uric acid, xanthine, and hypoxanthine was estimated by standard
noncompartmental methods using WinNonlin Professional ™ V.3.1.

A two-way ANOVA was used to investigate the effects of gender and age on the Day 7 percent
change from baseline in serum urate Cmean24. Age was treated as a categorical variable with
subjects either in the younger (18-40 years) or the older (=65 years) age categories.

When the main effect for gender was statistically significant for a parameter, analyses of
covariance (ANCOV As) were performed to explore the explanatory value of body weight and
AUCy4, by including them as continuous variables in the statistical model.

Pharmacokinetic Results:

Protein Binding '
["C]TMX-67 was highly bound to plasma proteins in all subjects, with the mean fraction
unbound (fu) in plasma determined to be 0.007, corresponding to 2 mean protein binding value of
99.3%. The observed differences of the mean fraction unbound between older and younger
subjects or between male and female subjects were minimal.

Plasma PK Profiles
Predose TMX-67 plasma concentrations on Days 1-7 were shown in Figure 1. Steady-state
appeared to be reached on Day 7. '
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Figure 1. Mean TMX-67 Pre-dose Plasma Concentrations Following Administration of a
Daily 80 mg Oral Dose of TMX-67 for 7 Days to Subjects in Study TMX-01-016.

Plasma concentration-time profiles for TMX-67 in subjects based on age are shown in Figure 2.
Plasma concentration-time profiles for TMX-67 in subjects based on gender are shown in Figure
3.
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Figure 2. Mean TMX-67 Plasma Concentration-Time Profiles on Day 7 Following
Administration of Daily 80 mg Oral Doses of TMX-67 for Seven Days to Subjects Aged 18-
40 and >65 Years in Study TMX-01-016 (Left: Linear scale; Right: Semi-log scale).
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Figure 3. Mean TMX-67 Plasma Concentration-Time Profiles on Day 7 Following
Administration of Daily 80 mg Oral Doses of TMX-67 for Seven Days to Subjects in Study
TMX-01-016 (Left: Linear scale; Right: Semi-log scale).

A summary of TMX-67 and unbound TMX-67 plasma pharmacokinetic parameter estimates for
subjects based on age or gender on Day 7 following administration of a daily 80 mg oral dose of
TMX-67 for 7 days is presented in Table 2.
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