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Sample PK Sampling 20 mg/kg 80 mg/kg 400 mg/kg
Parameters Day a [ @ 9 & ?
{Plasma |C,, (ug eq/g) 1 3.45 3.72 5.90 6.81 954 | 113
37 2.06 2.86 3.09 6.53 5.04 6.50
86 1.84 2.03 2.77 4.12 497 7.54
T uax (hr) 1 3 3 6 6 6 6
37 3 3 4 3 8 3
86 3 6 4 6 8 6
IRBC Caar (48 €9/8) 1 11.7 13.0 16.1 224 18.8 234
37 12.5 13.5 16.3 19.7 20.5 22.8
86 13.4 13.2 17.0 16.2 21.5 25.6
Ty (Br) 1 3 8 4,6 6 2 6
37 3 3,3 3 3 4 6
86 3 6 8 3 6 6
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¢ Excretion of Radioactivity- The major route of excretion of radioactivity was through the feces.
Following administration of 20, 80, and 400 mg/kg of [14C] SC-58635 on Day 1 and Weeks 6
and 13, the percentage of the dosed radioactivity excreted in the feces ranged from 72.1% to
92.2% over the 168-hour collection period with urinary excretion accounting for 1.51% to
9.18%. As the dose increased, the percentage of dosed radioactivity excreted in the feces
generally increased. No changes were observed in the excretion pattern following Day 1, Week 6
and Week 13 of the dosing regimen. The following table reveals mean cumulative % radioactive
dose in urine, feces, cage rinse and total radioactivity excreted during 0-168 hr period postdose
with [14C] SC-58635 on Day 1, Weeks 6 and 13.

% of Radioactive Dose
Dose Urine Feces Cage Rinse Total

mg/kg o 9 o ) o [} J ?
Day | 20 | 548+245 [ 7594370 | 87.7+342 | 72.1+11.7 | 5661+3.69 [ 1541116 99.2+0.90 | 959+10.05
1 80 | 334+042 | 36611.15 81.5+225 | 809+848 [122+172 10.6 +8.2 98.0+4.77 | 954+1.66
400 | 2.11+1.83 1.69 +0.87 797+174 | 874+6.02 | 9.12+125 5251234 | 91.5+288 | 948+3.11
Week| 20 [9.18+3.10 | 670+1.74 | 88.5+201 | 7871129 [ 1.59+049 937+740 | 99.9+198 | 97.3+247
6 80 | 490+3.67 | 3.42+091 8484253 | 83.31+7.87 | 4.8014.32 535+2.95 | 95.1+031 | 93.5+5.45
400 | 1.51+047 | 1.71+021 9021192 | 90.5+6.47 | 1.62+2.25 405+085 | 93.6+1.74 | 97.1+5.57
Week| 20 | 9.06+539 | 474+198 | 824+180 | 83.8+349 | 1.79+1.19 3091197 | 9411396 | 92.5+2.32
13 80 | 269+134 | 328+0.65 88.5+390 | 85.7+620 | 1.89+2.26 3341223 | 9371361 | 942+1.04
400 | 1.93+083 | 156+096 | 90.6+6.87 | 922+4.74 | 3.93+5.12 3474285 | 965+1.11 | 97.5+1.17

3.4.1.5. 26-Week Repeated Dose Oral Gavage Toxicity Study In Rats With SC-58635, SA4366,
_ Document No.: MRC95C-30-950233; Date: 23-Feb-1996 (Vol. 1.73, p.1-71)

Report N<:
Study N2
Study Aim:

Compound:

. Control Vehicle:
Dose-& Route:

Animals:

Study Location:

Compliance

*MRC95C-30-950233
SA4366/CHV 700-331 and CHW 6157-192
To evaluate the chronic toxicity of SC-58635 in rats following a daily oral

gavage administration for >26 weeks.

SC-58635 (Lot N® 94K014-A2B), [14C]SC-58635 (Lot N® GDS4021-68, specific

activity 7.68 uCi/mg & Lot N2 4404-145, specific activity 143 nCi/mg)
0.5% (w/v) methylcellulose and 0.1% Polysorbate 80 in distilled HyO
0, 20, 80, 400 mg/kg/day po by gavage

Sprague-Dawley rats, Crl:CD®(SD)BR, ~6 weeks of age, weighing 194-268 g
for ¢ and 131-192 g for ?, 25/sex/group for main (15/sex/group) and recovery

with

i 10/sex/irouii studxesi 18/sex/ioui for satellite PK studi
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Study Date (In-Life): 03/06/95 - 10/12/95

Study Design: Animals were given SC-58635, 0, 25, 80, or 400 mg/kg/day by oral gavage once
daily for at least 26 weeks. Ten rats/sex from groups 1-4 were allowed to have a 4-week recovery
period after the last dosing. Animal group designation and dosing levels are shown in the following
table. On Days 1 and 177, [14C] SC-58635 was given to Groups 5, 6, and 7 animals. Blood samples
were collected at 0.5, 1.0, 2.0, 3.0, 4.0, 8.0, and 24 hr post doing from 3 rats/sex/time point. Urine
and fecal samples were collected over 168 hr after dosing with [14C] SC-58635 (Days ! and 177) in

24 hr intervals. Plasma, red blood cells. urine. and feces were analyzed fi adioactivity
by liquid scintillation counting at the

Main and Recovery® Study Satellite PK Study
Group Dose N¢ of Animals Group Dose N¢ of Animals
(mg/kg/day) | & 9 mg/kg/day) d' 9
= APPEARS THIS WAY
1 0 (MC) 25 25 5 20 (Low) 18 18 G ' NAL
2 20 (Low) 25 25 - 6 80 Mid) 18 18 ON ORl
3 80 (Mid) 25 25 7 400 (High) 18 18
4 400 (High) 25 25  [*The recovery group comprised of 10/sex/group
Results:

e Radioactivity in Plasma and RBC- Mean concentrations of radioactivity in plasma on Days 1 and
, 177 for rats receiving 20, 80, and 400 mg/kg/day are shown in the following graphs.

Group 5, Day 1 ; Group 6 Day I Growg 7, Day |
,,! - ~— e | W 10 o M « 104
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o F 3 % —O— Femals ) k|
i 2 3
1+ S I3 & 13
b = i N
, g ! :
o § o1+ § o1 -
'i ) 3 —a— Male
1 * : 2 —O Female
001 . — — r 0.01 1 — T 0.0/ T T T T
0 I n 8 24 0 6 12 18 24 0 s 12 18 2
Time (Hous) Time (Howrs) Time (Howrs)
Growp 5, Day 177 (Week 26) Group 6, Day 177 (Week 26) Group 7, Day 177 (Week 26)
9 H
jo 4 —a— Male 10 4 A Male l
E —O— Female § i —O— Female | & to 3
: 2 ) :
) 2 i 3 !
1 E ‘G | oy 1
i L i o i
i : 3
i ! g i
o1 i (X 0.1
i - 3 3 A Male
:i - < 1 H .j —O-~ Female
: : , — 00 = 4 . o0r - T T
0 6 n i 24 0 ¢ 12 3 24 0 6 12 I8 bZ]
Time (Howrs) Time (Hows)

Time (Howrs)

| APPEARS THIS WAY
o ON ORIGINAL
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The following table shows Cyyyax and Tpyax values for radioactivity in plasma and RBC following
oral administration of [14C] SC-58635 on Days 1 and 177.

Sample PK Sampling 20 mg/kg 80 mg/kg 40Q mg/kg
Parameters Day & Q Ly ? d 4 -
Plasma [C_,, (ug eq/g) 1 2.79 2.84 6.79 5.73 6.75 11.6
177 2.46 3.13 3.90 6.15 295 7.15
T ax (1) 1 4 3 6 6 6 6
177 3 3 2 3 3 6 -
RBC Crax (148 €G/8) 1 112 12.8 16.1 18.2 19.8 245
177 12.1 13.2 19.7 16.3 134 17.0
T ax (hr) 1 2 8 3 6 6 6
177 3 3 3 6 6 6

Mean concentrations of radioactivity in plasma on Days 1 and 177 for rats receiving 20, 80, and
400 mg/kg/day are shown in the following graphs.

Growp S, Day | Group 6 !
K i
10 = 5
s 1 § 10 3 s
: 1 *
b H %
S 1 IR G
s 5 5 2
3 :
o1 o1 i i o1 -
. 3 —a— Male * b —A— Male ) 3 —b— Male
—O— Female 3 ~O— Famale] :" —O— Femals
001 — T T T 001 T T T T 0.0/ < T T T T
3 0 6 2 1" 24 0 6 n 18 2 0 6 12 ] 24
Time (Howrs} Tima (Howrs) Tisse (Howrs)
Growp S, Day 177 (Week 26) Group 6, Day 177 (Week 26) Group 7, Day 177 (Week 26)
1 M . <
- 10- 10 € O 10 ?m\j
5 é’""‘\ 5 § 73
. ; Pl
S 1 g | 5 14
X ! $ S
! 1
015 01 5 i 01
) i —a— e . —&— Male P F —o— Mals
1 —O— Femaie —O— Female '4: «O— Female
0.01 - . T ‘ - 0.0/ : — - 7 00! ~ T T
0 § 2 Iz b 0 '3 2 13 24 0 6 2 It K

Time (Howrs)

Tome (Howrs)

Time (Hours)

¢ Excretion of Radioactivity in Urine and Feces - The primary radioactivity execration route was
via feces. Mean cumulative and total percent radioactivity excreted in feces and urine during
0-168 hr following oral administration of [14C1SC-58635 on Days 1 and 177 are summarized in
the following table.

Dose |Sampling Feces Urine Cage Rinse Total Excretion
mg/kg Day d Q d 9 J e d @ )
20 1 817 | 8.7 | 398 | 491 | 017 | 448 | 953 | 934 APPEARS THIS WAY
177 859 81.0 9.18 874 | 032 3.06 95.6 934
80 1 88.5 73.5 2.12 435 7.69 172 98.6 96.2 ON OR‘GiNAL
177 83.7 83.6 6.11 729 2.49 334 93.2 94.7
400 1 89.1 86.4 1.74 291 5.54 4.18 96.8 94.0
e Vi 89.8 89.3 1.31 120 0.51 0.90 920 91.5

3.4:1.6. Effect Of SC-58635 Oral Administration On Liver Microsomal Enzyme Activities And
Cytochrome P-450 Content In Male And Female Rats, Document No.: MRC-94S-0088;
Date: 16-May-1995 (Vol. 1.73, 72-155) :

Report N2 MRC-94S-0088
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Study Aim: (1) To examine the time course of induction by SC-58635 of its own
metabolism.

(2) To evaluate the potential effect of SC-58635 on metabolism of concurrently
administered drugs by determining its effects on metabolism of several in vitro

substrates.

Compound: SC-58635 suspension in 1.5% methylcellulose and 0.1% Tween 80, 20 mg/ml
for oral administration; [14C]SC-58635, 100,000 dpm/0.5 ul DMSO.for in vitro
study

Dose & Route: 200 and 400 mg/kg, po (by gavage)

Animals: 16 & 16¢ Sprague-Dawley rats, Crl:CD(SD)BR, 8-12 wk old, 6 and
10/sex/group

Study Location: ~ G.D. Searle & Co, 4901 Searle Parkway, Skokie, IL 60077 & 800 N. Lindberg,
St. Louis, MO 63167

Compliance with GLP/QAU: N/A
Study Design: Animal grouping, dose of administration, and sampling schedule were presented
in the following table.
Group | Treatment | Dose Dose | N2 Animals Sampling Day
N (mg/kg) | (Days) Blood Liver

1A |Control 0 4 3/sex [None 5

1B  {Control 0 10 3/sex  |None 11

2A__ |SC-58635 | 2002 4 Tsex |5 5 APPEARS THIS WAY
2B [SC-58635 | 20002 | 7 Isex |8 3 ON ORIGINAL

2C  [SC-58635 | 200x2 10 4/sex [2,5,8,10,11] 11

Animal received the indicated dose twice per day, at 8 AM. and 4 P.M. for 4, 7, or 10 days.
Selected rats were sacrificed on days 5, 8, and 11. Plasma concentration of SC-58635 were
determined for Cpyax at 3 hr post dose on days 2, 4, 8 and 10, and for Ciyjp on days 5, 8, and 11 just
prior to sacrifice. Liver microsomes were prepared from SC-58635 treated and control rats and
analyzed for protein, cytochrome P-450 content and activity using different substrates.

Results: Treatment with SC-58635 at 400 mg/kg for 4, 7, or 10 days did not affect liver weights,
liver weight/body weight ratios, or microsomal protein/g liver, but induced a significant increase in
cytochrome P-450/mg microsomal protein in male rats.

The microsomal enzyme activities/mg microsomal protein which included ethoxyxoumarin
o-deethylase (ECOD), p-nitroanisole o-demethylase (NADO), p-nitrophenol hydroxylase (NPH),
pentoxyresorufin o-dealkylase (PROD; Day 10), testosterone 6-8 hydroxylase and testosterone 16-3
hydroxylas¢ (Day 4 only) were significantly increased by SC-58635 treatment in male rats at both
days 4 &10 unless otherwise indicated.

SC-58635 plasma Cyax dropped ~60% between day 2 and day 10 in both & & ¢ during repeated
daily dosing. Male Cpy3x appeared to be near steady state by Day 4, while female Cyyax did not
reach steady state until Day 8. Mean plasma levels of SC-58635 (Cipax & Cmin) during daily oral
administration of 400 mg/kg to both & & 2 rats are summarized in the table listed below.

Group (N) | Day Time SC-58635 Concentration (ug/ml)
- ' (hr) J ¢
3C (@) 2 P(forCoy | 933:100 | 282:33 APPEARS THIS WAY
: 2 5.18+0.24 21354
- 8 415 0.65 120+17 ON ORIGINAL
10 378017 115
7A (3) S |0(forC,g) | 1172026 101£15
2B (3) 8 283 +1.53 114+14
2C (4) i1 0.53 £0.05 774 £1.08
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No significant increases in female microsomal enzyme activities/mg microsomal protein were
observed on Day 4, but the activities of ECOD, PROD, benzyloxy resorufin o-dealkylase and
testosterone 6-3 and 16-f hydroxylase were increased significantly on Day 10.

CYP2B but not CYP1A, or CYP2A or CYP3A1 was demonstrated to be intreased in both ‘male and
female rat microsomes by Day 4 of SC-58635 treatment.

3.4.2. MOUSE/RAT/DOG/RABBIT _
3.4.2.1. The Metabolism Of SC-58635 In The Mouse, Rat, Rabbit And The Dog, Document No.:
M3096266; Date: 02-Dec-1997 (Vol. 1.73, 156-207)

Report N%: M3096266

Study Aim: To determine if the glucuronide conjugate of SC-62807 is a urinary metabolite
of [14C]SC-58635 in mouse, rat, rabbit or dog. Due to the instability of
glucuronide conjugates in alkaline pH 7, following the administration of
[14C]SC-58635 to mouse, rat, rabbit and dog, the urine was collected at a pH of
5.0 or below to insure the stabilization of any acy! glucuronides that might be
present.

Compound: [14C]SC-58635 ((Lot N®¢ GDS-4671-84, 141 uCi/mg) and SC-58635 (Lot Ne:
94-031-A74 & 94L-013-A1A) in the polyethylene glycol (PEG) 400:saline (2:1)
at a concentration of 5 mg/ml.

Dose & Route: 5 or 10 mg/2 ml/kg iv

Animals: 3% Charles River CD-1 mice, weighing 20.1 -23.2 g

i 27 male Sprague Dawley rats, weighing 296 - 336 g
1 New Zealand White rabbit, weighing 3.6 kg
1" pure-bred Beagle dog, weighing 11.3 kg

Study Location:  G.D. Searle & Co, 4901 Searle Parkway, Skokie, IL 60077

Compliance with GLP/QAU: N/A

Urine Sampling: The urine was collected over 48 hr from the mouse, rat, rabbit and dog by free
catch into containers packed in dry ice containing 0.1M sodium acetate buffer,
pH 5.0 to stabilize any glucuronide conjugates that may be formed. The urine
samples were thawed in an ice bath and 0.1M sodium acetate buffer, pH 5.0, was
added to adjust the pH to approximately 5.0. The following table shows the
sampling times and the doses for each species.

JSpecies Mouse Rat Rabbit Dog

{Dose/Route 10 mg/2 mi/kg iv 10 mg/2 ml/kg iv 5 mg/2 ml/kg iv |5 mg/2 mlkg iv

Time of Urine Collection 0-24 & 24-48 hr 0-24 & 24-48 hr and 0-24 & 24-48 hr  J0-4, 4-24, and 24-48 hr]
04, 4-24, and 24-48 hr

Sample Determination: __The distribution of radioactivity in urine from each species dosed was
determined by _ The identification of the
(b)(4)(CC)

Results: SC-58635 is metabolized through a single pathway in all species examined. The
argmatic methyl group of SC-58635 is oxidized first to a hydroxyl methylene group (SC-60613)
followed by complete oxidation to the carboxyl moiety (SC-62807).

Mouse - 100% of the radioactivity in thMproﬁles of urine collected in buffer at pH 5.0 was
at the same retention time as SC-62807 indicating that SC-62807 was a major urine metabolite.
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Rat - Approximately 92.3% and 2.60% of the radioactivity in thproﬁles of urine collected
in buffer at pH 5.0 was at the same retention time as SC-62807 and SC-58635, respectively. These
results indicate that SC-62807 was the major urine metabolite of SC- 58635 in the rat.

Rabbit - Four metabolites, SC-62807, two

CHy

glucuronide conjugates and a glucuronide/glycine N

conjugates of SC-62807 (a dual conjugate of s (EO

SC-62807), were identified in the urine by Lo N
Mﬂe position of the conjugation at the scsaens -
carboxylic acid moiety of SC-62807 was - O/(‘_‘N
determined byData showed that the two WOJ:‘ -— HOCH, X
acid glucuronide conjugates of SC-62807 were (EEO Ego
likely positional isomers generated by acyl i N
migration. The majority (92.3%) of the SC-60613
radioactivity in the urine collected in buffer at pH l cHy cHy
5.0 was SC-62807 where only a minor portion of o /OJ;‘N . Lo »O/l;‘"
the radioactivity (<3%) in urine were conjugates of Ny ot € O
SC-62807. The proposed metabolic pathway in LA o Ay wo LA, e
rabbit urine is depicted in the right figure. Positional Isomers Gheine

Dog - the majority of the radioactivity in the Proposed Metabolic Pathway of SC-58634 in Rabbit Urine
Mproﬁles of urine collected in buffer at pH 5.0 was at the same retention time as authentic
SC-62807, indicating that SC-62807 was the major urine metabolite of SC-58635 in the dog.

distribution of radioactivity in the urine collected after the intravenous administration of
[1*€]SC-58635 to the mouse, rat, rabbit and dog is enlisted in the following table.

Collection % Radioactivity in HPLRC Chromatogram Present at
Species Dose Period 6-10.5min  10.5-11.0min  11.0-19.5min 19.5-20min
(Animal #) | {(mg/kg) (Hours) (Tr=SC-62807 {Tr=SC-58635)
Mouse #1 12.9 0-24 <1 100 <1 <1
Mouse #2 9.32 0-24 <1 100 <1 <1
Mouse #3 12.2 0-24 <1 100 <1 <1
Rat 10.0 0-24 NA NA NA NA
Rat 10.0 24-48 NA NA NA NA
Rat 10.6 04 <1-1.56 92.3 <1 2.60
Rat 10.6 4-24 NA NA NA NA
Rat 10.6 2448 NA NA NA NA
Dog 5.24 04 1.11-3.18 86.1 <1-6.36 1.02
Dog | B24 | 404 <1-1.63 95.5 1.00-1.58 <1
Dog 5.24 24-48 NA NA NA NA
Rabbit 5.18 0-24 2.69-4.70 923 <1 <1
Rabbit 5.18 24-48 NA NA NA NA
NA Not Analyzed

3.4.3. DoG

3.4%.3. 1. Preparation Of Postmitochondrial Supernatant And Microsomes From Dogs Known To Be
- Either Slow Or Fast Metabolizers Of SC-58635, Document No.: MRC-95S-0104; Date:
27-Nov-1995 (VOL. 1.73, p. 208-253)

Report N MRC95S8-0104
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Study N2 CHW 6127-245

Study Aims: To prepare microsomes and postmitochondrial supernatants from both slow and .
fast metabolizer dogs and analyze for total protein and P450 content.

Sudysic: S

Study Date: 4/9/95 - 4/10/95 » o

Study Design: Seven male and eight female purebred beagles previously characterized as fast

or slow metabolizers of SC-58635 were sacrificed, and livers and jejunal mucosa scrapings were
collected from each animal. Liver microsomes and postmitochondrial supernatants were prepared.
The liver microsomes were analyzed for total P450 content and total protein. The postmitochondrial
supernatant was analyzed for total protein.

Results:  Approximately one quarter of each liver was used for preparation of postmitochondrial
supernatant and one quarter for microsomes. The protein yields of postmitochondrial supernatants
ranged from 91.4 to 116 mg/g of liver and were similar regardless of the rate of clearance and sex.
The protein yields of microsomes ranged from 14.5 to 19.9 mg/g of liver in males and 17.4 to 22.4
mg of protein/g of liver in females. Similar yields were obtained from dogs with either fast or slow
clearance rate groups within the same sex. The total microsomal P450 content ranged from 0.384 to
0.623 nmol /mg protein and was similar for both clearance rate groups and sexes. Results from this
study were similar to those in Report N¢ MRC-95C-100-950295

3.432. The In Vitro Metabolism of [14C]' SC-58635 In Rat, Human, Dog Liver S9 (A Pilot
Study), Document No.: MRC-94S-0168; Date: 09-Jan-1995 (VOL. 1.73, p. 254-283)

Report N2: MRC-945-0168

Study Aim: To evaluate the metabolism rate of [14C]SC-58635 in vitro and the metabolic
profile of SC-58635 in rat, dog and human liver S9

Compound: [14C]SC-58635, 100,000 dpm/0.5 :1 DMSO

Study Location: ~ G.D. Searle & Co, 4901 Searle Parkway, Skokie, IL 60077 & 800 N. Lindberg,
St. Louis, MO 63167

Compliance with GLP/QAU: N/A

Study Design: Liver S9 fractions of & & 2 rats, dogs and humans were incubated with various

concentrations of [14C]SC-58635 and an NADPH-generating system with or without

UDP-glucuronic acid for the appropriate times. Reactions were terminated by the addition of formic
acid to the final concentration of 2.1%. Sample were then subjected to them
Results:

Km and Vpax values for [14C]SC-58635 metabolism in rat, dog and human liver S9 were present
in the following table.

Species K, (ug/ml)  |Vp., (ng/min/mg protein)
— T LT - APPEARS THIS WAY
t E R
Dog 3.61f 2.00 19.4 4.20 ON ORIGINAL
Human 17.2 3.98 56.0 2.60

The data showed that male rat liver metabolized [14C]SC-58635 greater than female rats. There was
a tremendous variation (7x) in the metabolic rate of [14C]SC'-58635 in different human liver S9
preparations (N=7). The liver S9 preparation from one human donor did not show any metabolic
activity for [14€]SC-58635.
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3.43.3. In Vitro Metabolism Of SC-58635 By Dog Liver Microsomes And Cytochrome P450,
Document No.: M3095157; Date: 08-Jan-1998 (VOL. 1.73, p. 284-319)

" NDA 20-998 Celecoxib (Celebrex™)

Report N2: M3095157 ,

Study Aims: To establish that the slow and fast phenotypes correlate with hepatic P450
mediated metabolism and to determine which enzymes are involved.

Compound: SC-58635 and [14C]SC-58635

Specimens: Liver microsomes were isolated from 10 beagle dogs known to be either fast or
slow metabolizers of SC-58635.

GLP/QAC Compliance: N/A

Results: The in vitro metabolism of SC-58635 was investigated using liver microsomes isolated
from two distinct populations of beagles that were either slow or fast elimination of SC-58635 in
vivo. Hepatic microsomes from fast SC-58635 clearance dogs metabolized this drug at a higher rate
than microsomes from slow clearance dogs. Correlation analysis of in vitro metabolism rates with in
vivo clearance rates (N=20 dogs) showed that correlation coefficients. (r) were of 0.944, 0.901 and
0.743 at in vitro SC-58635 substrate concentrations of 2.6, 10 and 100 M (1.0. 3.8 and 38 ug/ml),
respectively as shown in below figures.

250 700 1800
o P
§ R=0.944 £ s00{ R=0.901 ¢ 216004 R=0.743 .
200+
[ 1400 4
i 150 e 8 1200
& . § 1000
% 1094 . 800
« ) 600 4
o
§ 504 L XY 400+
& . 2.6 pM SC-58635 ® 200 . 100 uM SC-58635
c ¥ L T L ¥ 1} ¥ e T T T ) L T
0 S5 10 15 20 28 30 as 0 S5 10 1S 20 25 30 35 0 5 10 15 20 25 30 35
in Vivo Clearance, mL/minkg In Vivo Clearance, mi/minkg In Vivo Clearance, mUminkg

The major metabolites of SC-58635 generated by dog liver microsomes were SC-60613 and
SC-62807 which are the same as the major (unconjugated) metabolites in vivo. The in vitro
metabolism of SC-65872 was NADPH-dependent, and was prohibited by carbon monoxide (CO), an
inhibitor of cytochrome P450 (CYP) enzymes. Separate studies showed that human recombinant
CYP2C9, CYP2C19 and CYP3A4 but not CYP2D6 metabolized SC-58635 and CYP2C9 was
responsible for the major portion of SC-58635 metabolism by human liver microsomes. A series
experiment with recombinant canine P450 isozymes to determine which isozymes contribute to
SC-58635 metabolism showed that isoforms in the CYP2D subfamily had high activity for the
oxidative nretabolism of SC-58635, whereas CYP2B11, CYP2C21 and CYP3A12 had low activities
activity for the oxidative metabolism of SC-58635.

Bufuralol, a putative marker substrate for CYP2D, was CH, (CH:

readily metabolized by 4 CYP2D15 isoforms and to O/CN /@/é: h?

lesser extent by CYP2B11, CYP2C21 and CYP3A12. HocH

Bufuralol hydroxylase activity was highly correlated Hooc @ @

(r=0.961) with SC-58635 metabolism with recombinant o=s=0 0=s=0

protein. Furthermore, microsomes from both fast and NH, NH,
S SC-62807 SC-60613

slow dogs were significantly inhibited by quinidine, a
potent CYP2D inhibitor. Altogether, these results suggest CYP2D15 is the major P450 responsible
for SC-58635 metabolism in the dog. The complexity of the canine CYP2D15 system, with the
presence of several variants, might be attributable to the differences in the rate of SC-58635
metabolism in the populations of slow and fast dogs.
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3.43.4. Analysis Of Plasma, Urine And Fecal Samples From Dogs Dosed With [14C]SC-58635
During A 4-Week Oral Toxicity Study Of SC-58635 In The Dog (SA4260), Document -
No.: MRC-94S-0144; Date: 29-Nov-1994 (VOL. 1.74, p. 1-125)

Study Ne: SA4260 ' L
Report N2 PSA-94S-0144
Study Aim: To determine absorption of the test article, the relationship of plasma

concentrations of SC-58635 with dosage and duration of dosing, the-metabolism
of [14C)SC-58635 and evidence for sex-related differences in any
pharmacokinetic parameters.

Compound: SC-58553 (Lot N° 94K014-A1B) and [14C]SC-58635 (38.4 1Ci/mg) in gelatin
capsule

Dose & Route: 20, 25, 50, 100 and 250 mg/kg/day in gelatin capsule po

Animals: o & ? beagle dogs, 9 - 11 months old, weighing 9.5 to 14.3 kg, 4 or 8/sex/group

Study Location: ~ G.D. Searle, Skokie, IL

Compliance with GLP/QAU: No

Study Design: SC-58635 was administered orally in a gelatin capsule to dogs at a dose of 25

mg SC-58635/kg/day for 28 days and at a dose of 100 mg SC-58635 /kg/day for 15 days (Groups 6
and 7). [14C]SC-58635 was administered on Days 1 and 28 to the dogs @ 25 mg/kg (Group 6) and
on Days 1 and 15 to the dogs @ 100 mg/kg (Group 7). The dogs were dosed with unlabelled
SC-58635 on the intervening days. Blood was collected at 05,1,1.5,2,2.5,3.5,5, 7, and 24 hr on
Days 1 and 15 from dogs @ 100 mg/kg group or on Day 28 from dogs @ 25 mg/kg. Urine and feces
were collected over a 7 days period (-18-0, 0-24, 24-48, 48-72, 72-96, 96-120, 120-144 and
144-168 hr) following dosing with [14C]SC-58635. Urine was collected by free-catch in containers
surrounded by dry ice and feces were collected into Stomacher bags. Whole blood, plasma, red
blood cells, urine and feces were analyzed for 14C by a Liquid Scintillation Counting (LSC)
method. The concentrations of SC-58635 in plasma were determined using a validated HPLC
procedure. The metabolic profiles of selected plasma, urine and fecal samples were determined
using a high performance liquid radiochromatographic (HPLRC) procedure.

Group Dose | N® Animals | N® Animals/Sex Sacrificed
) (mg/kg) | /Sex/Group Day 17 Days 29-31

[Toxicology | 1 0 4(4) - [

R i < [ APPEARS THIS WAY
4 | 100 2@ 3 ) ON ORIGINAL
5 | 250 4@y 4 7]

PK Swudy~_ | 6 25 2
7 100 2

*  The numbern the parenthesis indicating the number of animals were used in the 2 week reversal phase study.

** Animals in group 6 & 7 were treated with [*C]SC-58635.

Results:  One female dog in Group 7 (100 mg/kg) was moribund and sacrificed on Day 12. This

animal was not given a second dose of radiolabeled SC-58635 and a single 0 hour blood sample was

collected for analysis for SC-58635.

e 14C Concentrations in Plasma, Red Blood Cells and Whole Blood PK Parameters - SC-58635
was absorbed and systemically available. The exposures to SC-58635 increased with dose.

- Accumulation of SC-58635 might have occurred as higher Cax and AUC values were noted

~“on Day 28. The mean Cmax and AUC values for SC-58635 were higher in female dogs than

—male dogs.

I,
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SC-58635 Concentration (ug eq/ mi)
Time 25 mg/ kg 100 mg/ kg
(hr) Day 1 Day 28 Day 1 Day 15
i s | ¢ s | ¢ s ] ¢ s | ¢
PLASMA B .
0.5 0.761 0.960 0.853 | 0.306 0.841 0.339 0.430 1.31 T
1 1.33 1.59 1.05 0.763 2.05 2.05 1.36 2.19
1.5 1.42 1.66 1.27 1.30 3.30 3.28 231 3.82
2 1.23 1.40 1.38 1.49 3.64 441 347 5.70 -
2.5 1.06 1.31 1.29 2.02 5.18 6.47 3.23 6.14
35 0915 1.10 1.10 2.80 6.64 14.1 3.17 5.25
5 0.780 0.924 1.03 3.50 8.21 21.5 3.06 5.72
7 0.587 0.864 0818 | 3.29 8.87 24.7 2.76 5.42
24 0.250 0.224 0344 | 1.19 9.93 17.1 1.55 2.89
RBC
0.5 1.43 2.16 1.37 0.625 1.40 0.603 0.564 1.40
1 2.49 3.30 1.61 1.34 391 3.32 1.38 1.88
1.5 2.13 3.25 1.65 1.78 4.39 4.62 2.50 2.66
2 2.03 3.07 1.88 225 5.58 5.66 3.53 4.04
2.5 1.96 3.01 1.87 2.68 7.33 8.44 3.04 434
3.5 1.85 247 1.78 3.44 8.30 12.5 322 3.95
5 1.40 2.07 1.49 3.69 9.48 18.5 3.38 4.19
7 1.01 1.57 1.39 341 10.3 19.7 332 3.99
24 0.466 0.402 0.508 1.51 8.24 15.0 2.46 2.84
: WHOLE BLOOD
0.5 1.23 1.58 1.16 0.474 1.34 0.733 0.387 0.993
1 2.01 2.38 1.30 1.06 3.10 2.56 1.13 1.78
1.5 2.02 242 1.46 1.56 4.03 4.33 2.13 2.96
22 1.69 2.28 1.69 1.97 5.00 5.26 3.25 4.51
2.5 1.61 2.15 1.65 325 6.25 7.39 3.17 5.10
3.5 1.73 1.79 - - 8.30 13.9 3.19 4.59
5 1.13 1.53 1.27 3.75 8.81 22.0 2.87 4.66
7 1.71 1.19 1.20 331 9.48 22.5 2.79 4.46
24 0.433 0.324 0438 | 134 | 8.81 16.3 1.87 2.79
PK PARAMETERS
T pax (h1) 1.5 1.5 2 5 24 7 2 25
Conax (148 €¢/ml) 1.42 1.66 1.38 3.50 9.93 24.7 3.47 6.14
H:M. (ug eqehr/ml) 132 16.7 16.9 544 | 200 445 54.8 103
e Plasma SC-58635 PK Parameters -
- PK 25 mg/kg 100 mg/kg
Parameters Day 1 Day 28 Dayl Day 15
2 Q d 9 J ? d 9
Tmax (hr) 1.5 1.25 2 3.25 13.75 6 1.5 2
Cmax (ug/ml) 1.24 1.525 1.835 3.167 9335 20.65 7.305 135
AUCO0-24 (ugehw'ml) | 10.57 12.33 23.401 | 42.049 | 160.812 | 374.449 113.788 | 236.855

¢ Metabolic Profiles in Plasma - HPLRC analysis showed that SC-58635 was the major (97.56 -
100%) circulating compound for both o and ¢ @ 25 or 100 mg/kg on Days 1, 15 or 28 of
dosing.

¢ Metabolite Profiles in Feces -

Mean (+ SEM) % Dose Excreted in Feces
Metabolites 25 mg/kg 100 mg/kg

%) Day 1 Day 28 Day 1 Day 15
- 0-24 hr 24-48 hr 0-24 hr 24-48 hr 0-24 hr 24-48 hr 0-24 hr 24-48 hr
SC=58635 [72.6+2.0 0.54+045] 58.0+148 | 0.86+0.43 | 39.1+148 | 147145 60.1+57 [ 113+692
SC-60613 NP NP NP NP NP NP NP NP
SC-62807 1365+52 1 594+033]| 17.8+6.7 [189+73 11.7+29 | 324+145| 4.19+22]1| 828+73
NP = No peak present in HPLRC profile in the SC-60613 position.
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Metabolic Profiles in Urine -

Metabolites

Mean (+ SEM) % Dose Excreted in Urine (0-24 hr)
(%) 25 mg/kg 100 mg/kg
Day 1 Day 28 Day 1 Day 15
SC-58635 0.00482 + 0.00280 | 0.00157 £ 0.00157 0.00196 £ 0.00196 | 0.0122 £0.0122
SC-60613 NP NP NP NP
SC-62807 0416+0.114 0.662 + 0.227 0.812 +0.313 0.635+0.398
Mi* 0.0142 + 0.0321 £ 0.0156 0.0383 + 0.0125 0.0374 £ 0.0217

NP = No peak present inmmﬁlc in the SC-60613 position.
* Radioactivity eluted as a position between [14C]SC-58635 and [14C]SC-62807.

e Total 14C in Urinary and Fecal Excretion - The majority (greater 90%) of the recovered dose
was excreted in the feces as [14C]SC-58635 and [14C]SC-62807 as shown in the following
table.

Mean Cumulated (0-168 hr) % Radioactive Dose in Feces and Urine
Sample 25 mg/kg 100 mg/kg
Day 1 Day 28 Day | Day 15
o 9 J ? J Q J 9
Urine 0.523 0.979 0.525 2.71 220 5.63 1.38 2.82
Feces 85.5 103.5 99.7 101 116 102 85.9 97.3
Total 86.1 104 100 104 119 108 87 100

3.43.5. Metabolism Support For A 13-Week Capsule Toxicity Study With SC-58635 In Dogs,
SA4324, Document No.: MRC95S-30-950263; Date: 27-Nov-1995 (VOL. 1.74, p. 126-193)

Report N MRC95S-30-950263
Study N2 HWI 6127-233/SA4324
Study Aim: To determine PK, metabolism and excretion of SC-58635 during a 13-week oral
capsule toxicity study in dogs.
Compound: SC-58635 (Lot N® 94K014-A2B) and [14C]SC-58635 (Lot N2 GDS 4404-164,
2.13 uCi/mg & GDS 4404-165, 1.07 .Ci/mg) in gelatin capsule
Vehicle: Empty gelatin capsule
Dosage: 0, 15, 25, and 35 mg/kg/day po for >13 weeks
Animals: 305" & 302 beagle dogs, ~7-9 months old. Weighing 8.2-12.2 kg
] Main and Recovery* Study Satellite PK Study
Group Dose Dose N2 of Animals| Group Dose Dose N2 of Animals
(mg/kg/dose)| (mg/kg/day) (mg/kg/dose) | (mg/kg/day)

1 0 0 6/sex® 6 7.5 15 3/sex

2 75 15 4/sex 7 12.5 25 Isex

3 12.5 25 4/sex *Animals in Group 1-4, 6 and 7 were dosed twice daily at 12-hg

) intervals for 213 weeks.
4 17.5 35 6/sex®  [PTwo animals/sex in group 1, 4, and 5 had a recovery phase for 28]
days after a 13-week treatment.
5 25 25 4/sex®  [FAnimals in group 6 and 7 received ["*C]SC-58635 at the first daily]
dose on day 1 and once during weeks 6 and 13.
Study Location: [(JIG(e®)
<. Yo D. Scarle, Skokie, IL (PK analysis).

Study Date: March 10, 1995 - July 10, 1995
Compliance with GLP/QAU: Yes
Study Design: Three dogs /sex/group were administered SC-58635 at a dose level of 7.5 or 12.5

mg/kg bid for 13 weeks. A single dose of [14C]SC-58635 was administered on Days 1, 39 (Week 6)
and 87 (Week 13) and nonradiolabeled SC-58635 was given in the intervening days. Blood samples
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were collected at 30 min, 1, 2, 3, 5, 7, 12, 13, 14, 15, 18, and 24 hr post dose on Days 1, 39 and 88
for radioactivity determination. Urine and feces were collected at 24 hour intervals through 168 .
hours after each radiolabeled dose. Post-mitochondrial supernatant fractions and microsomes were
prepared from the liver samples from selected animals in Group 1 *(control), Group 2 (15
mg/kg/day), Group 3 (25 mg/kg/day), Group 4 (35 mg/kg/day) and Group 5 (25 mg/kg/day). Whole
blood, plasma, red blood cells, urine and feces were analyzed for 14C by a Liquid Scintillation
Counting (LSC) method. The concentrations of SC-58635 in plasma were- determined using a
validated

procedure. The metabolic profiles of selected plasma, urine and fecal samples were
determined using 2SS ...

Results: In this report, the results of theroﬁles of plasma, urine and fecal samples and
in vitro incubations of liver microsomes were presented.

The majority of the radioactivity circulating in plasma was [14C]SC-58635 with values ranging
from 62% to 100%. [14C]SC-60613, the hydroxylated metabolite of [14C]SC-58635, also circulated
in plasma, but at lower levels (0-28.7%). The metabolic profile of SC-58635 in plasma differed in
dogs characterized as having fast and slow SC-58635 clearances. Higher plasma levels of SC-60613
were found in fast SC-58635 clearance dogs than dogs with a slow SC-58635 clearance. The
majority of the urine (0-48 hr) radioactivity was excreted as SC-62807. SC-58635 was also excreted
in urine (0-48 hours), but at low levels on Days 1 and 39. No parent compound was excreted in
urine on Day 88. There were no differences between sex and dose in the urine excretion profile.

The majority of the radioactivity excreted in the feces was [14C]SC-58635 and (14C]SC-62807.
There were no differences between sex, dose or duration of dosing in the fecal excretion profile. The
following table shows mean (+SEM) percent of dose excreted in feces (0-72 hours) as SC-58635
and SC-62807 during Weeks 1, 6 and 13 in J and ¢ dogs or in dogs characterized as having a fast or
slow SC-58635 clearance.

% of dose excreted as SC-58635 % of dose excreted as SC SC-62807

Week _7.5 mg/kg bid 12.5 mg/kg bid 7.5 mg/kg bid 12.5 mg/kg bid

d ? d ? d ? d ?
1 756199 87.11+3.8 774146 6261136 | 194195 171+£108 ({ 11507 2794139
6 656+120 | 6971125 | 758+2.7 684+ 9.5 240196 22.3+122 |1 146128 2561172

13 782+115 | 705+ 7.8 77312127 [ 63.7+£104 | 1561104 | 199176 143+11.1 | 26.11£9.9
Fast Slow Fast Slow Fast Slow Fast Slow

1 780+115 | 84.7+163 | 829110 57.1£9.7 | 2671108 9.78+44 | 103115 29.2+13.0
-6 689+132 | 664£112 | 755126 68.8+9.7 2091108 | 2541109 | 13.7+34 26.5+16.8
13 70.7+17.7 780+11.7 | 689+12.0 | 720+13.0 | 20.6+82 149197 2141105 | 19.1+£12.0

Mean (SEM) percent of SC-58635 and SC-60613 in dog liver microsomes from ¢ and ¢ dogs or
from dogs characterized as having fast or slow SC-58635 clearance incubated with [14C]SC-58635
are tabulated as follows. The percentage of [14C]SC-58635 converted to [14C]SC-60613 was
greater in liver microsomes from dogs characterized as having a fast SC-58635 clearance than in
liver microsomes from dogs characterized as having a slow SC-58635 clearance.

Dose % SC SC-62813 % SC-58635
(mg/kg/day) =y ? Fast Slow d ? Fast Slow
[Control 146144 140+ 1.4 16.1+£25 |9.00 71316.0 78117 73.7+4.0 71.7
5 15.5+53 148146 224437 [7.88+0.62 779+5.7 845147 73.7+43 88.7x2.1
.30 19.7+6.7 108+12 22.1+£53 [845+0.28 79.6+£6.7 889+12 774+54 912103

3.43.6. Metabolism Support For A 52-Week Capsule Toxicity Study With SC-58635 In Dogs,
SA4425, Document No.: M3097112; Date: 17-Jun-1997 (VOL. 1.74, p. 194-225) '

CHV 700-338/SA4425
M3097112

Study N2
Report N¢:
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Study Aim: To determine the metabolic profiles in plasma, urine and feces.
Compound: SC-58635 (Lot N 94K014-A2B); [14C]SC-58635 (Lot N2 GDS 4671-90, 2.08
#Ci/mg)
Vehicle: Empty gelatin capsule i
Dosage: 0, 15, 25, and 35 mg/kg/day po for 52 weeks N
Animals: 56 & 56 beagle dogs, ~7 months old, weighing 6.6-10.4 kg for the J" and 4.8-
9.3 kg for the ¢. : -
Main and Recovery Study Satellite PK Study
Group Dose Dose N® of Group Dose Dose N¢ of
(mg/kg/dose)| (mg/kg/day) | Animals/Sex (mg/kg/dose) | (mg/kg/day) | Animals/Sex
1 0 0 12 6 75 15 4
2 75 15 [] 7 17.5 35 4
3 12.5 25 8 4/sex from Groups 1-5 were sacrificed at Week 26.
4 17.5 35 12 Dogs in Groups 1-4 & 6-7 received SC-58635 2x/day.
5 25.0 25 8 Dogs in Groups 6 & 7 received ["“C]SC-58635 as 19
daily dose on Day1 and Weeks 26 and 52.

Study Location: [CIQI(&®)

(b)(4)(CC) G. D. Searle, Skokie, IL for metabolic
profile determination.
Compliance with GLP/QAU: Yes
Experimental Design:

Dogs were given SC-58635, 0, 7.5x2, 12.5x2, 17.5x2 or 25x1 mg/kg/day in gelatin capsule orally
gavage for at least 52 weeks; dosing continued through the day before terminal sacrifice (Weeks
52).-Recovery animals were kept without treatment for an additional 4 weeks. Dogs in the
companion PK study group received [14C]SC-58635 on Day 1, and Weeks 26 (Day 176) & 52 (Day
358) and received nonradiolabeled SC-58635 on other days during the study. Blood samples were
collected at 0.5, 1, 2, 3, 4, 5, 7, 12, 13, 14, 15, 18 and 24 hr following the ingestion of radiolabeled
[14C]SC-58635. Urine and fecal samples were collected for 168 hr after each radiolabeled dose
approximate 24-hr intervals. Necropsies were performed on all animals at the end of the study. The
metabolic profiles of selected plasma, urine and fecal samples were determined using a [NYPNG

foco e

Results:  This report summarized the metabolic profile data from plasma, urine, and feces. The
majority of the radioactivity circulating in plasma samples collected 4 and 18 hours post radiolabel
dose administration on Days 1, 176 and 358 was parent drug. The hydroxyl, [14C]SC-60613, and
carboxyl, [14C]SC-62807, metabolites of [14C]SC-58635, also circulated in plasma at lower levels.
Group 7 dogs with a fast SC-58635 clearance had >75% of SC-60613 in the circulation at Week 52.
The following table presents the percent of SC-58635, SC-62807 and SC-60613 in{)gN(@®rofiles of
pooled plasma samples. ‘

APPEARS THIS WAY
ON ORIGINAL

"
Wy
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Group | Week | Time % SC-58635 % SC-60613 % SC-62807
hr slow fast slow fast slow fast
Ll ¢ d ? J ] d Q d TR d 9

6 1 4 872 [100d 98.5 a 12.8 |b,d 1.50 a b b, d b T a
7 1 4 | 871 |100c | 69.0c| 68.0 129 |b,c 31.0c] 28.8 b b, ¢ b, c 3.21
6 1 18 ]100d [100d | 95.6 a b, d b, d 439] a b, d b, d b a
7 1 18 50.7d] a 100 d a 493d| a b,d a b, d a b,d Aa
6 | 26 4 {61.0d{ 98.1d{100d | 53.8d |b,d 194di{b,d 40.0d]b, d b, d b, d 6.15d
7 |26 4 | 783c|l100c {100d | 65.6d ] 21.7clb,c b, d 3444d(b, c b,c b, d b, d
6 |26 |18 | 91.0 {100 1004 {100d 9.03 |b,d b,d b, d b b, d b, d b, d
7 26 |18 | 934 ]100d [100c a 6.56 |b, d b, ¢ a b b,d b, ¢ a
6 | 52 4 1100d a a 75.0d |b,d a a 25.0d]b, d a a b, d
7 52 4 [100c 78.0 86.8¢c{ 745 |b,c 144 13.2¢c} 16.7 |b,c 7.68 |b,c 8.79
6 52 18 74.2 a a 78.1 7.59 a a 414 | 15.1 a a 17.8
7 |52 |18 |482 | 621 122 232 46.0 | 36.7 83.6 | 768 220{ b 131 b

Plasma samples with radioactivity levels less than 1000 DPM/ml were not analyzed.
No peak detected.

The amount of radioactivity injected onto thMas < 500 DPM.
The amount of radioactivity injected onto th as <200 DPM.

[ -

Dueg to < 2% of the dose was excreted in urine from 0 - 168 hours, urine samples were not profiled
by The radioactivity excreted in the feces was mostly SC-58635 and SC-62807 with the
mean percent of dose excreted 0 - 72 hr post-dose ranging from 27.8-93.6% and 6.45-71.2%,
respectively. The % of dose excreted in pooled fecal homogenates (0-72 hr) as SC-58635 and
SC-62807 on Weeks 1, 26 and 52 in dogs characterized as having a fast or slow SC-58635 clearance
are shown in the following table.

Group| Week % of dose excreted as SC-58635 % of dose excreted as SC-62807
Fast SC-58635 Clearance | Slow SC-58635 Clearance | Fast SC-58635 Clearance |Slow SC-58635 Clearance
d ? d ? J ? d 9
6 1 64.4 279 46.3 24.6 224 59.0 38.1 62.8
7 1 435 41.7 72.9 452 459 131 15.8 457
6 |26 71.2 81.1 43.1 83.1 18.3 9.95 419 8.00
7 |26 68.4 55.8 429 84.9 14.4 7.19 38.9 5.85
6 | 52 823 73.6 64.4 79.6 5.84 15.1 228 11.4
7 |52 69.4 385 67.4 69.8 20.5 46.6 17.8 17.0

_3. 4.4. HUMAN IN VITRO

3.4.4.1. In Vitro Metabolism Of [14C]Celecoxib ([14C]SC-58635) By Human Liver Microsomes
- And Cytochrome P450, Document No.: M3095130; Date: 26-Feb-1998 (Vol. 1.74, p. 226-
257)
The in vitro metabolism of [14C]Celecoxib was Investigated using human liver microsomes and
cDNA-expressed human cytochrome P450 enzymes.

Results:

e The major metabolites, SC-60613 and SC-62807, of celecoxib generated by human liver
microsomes were similar to the major unconjugated metabolites found in vivo. The apparent Ky,
(Km(app)) for celecoxib metabolism by a pool of human liver microsomes was 49.3 M (~18.8

"= pg/ml).

¢. Human recombinant CYP2C9, CY152C19, and CYP3A4 but not CYP1A2, CYP2A6, CYP21B6,

~ CYP2D6, CYP2EI and CYP3AS were able to metabolize [14C]celecoxib to [14C]SC-60613 in
vitro. '

e Results from the comparison analysis of specific enzymatic activities for [14C]celecoxib
metabolism by human microsome samples (N=16) with the known (phenotyped) specific
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enzymatic activities of the same microsomes for a series of cytochrome P450 isoform specific
substrates are shown in the following table.

P450 Isoform Celecoxib @ 2.6 uM Celecoxib @ 10 uM
(Substrate) Regression (r?) | Correlation (r) | Regression (r?) | Correlation (r) ~

ICYP1A2 (Ethoxyresorufin) 0.315° -0.561 0.223 -0.472
CYP2A6 (Ethoxycoumarin) 0.078 0279 0.018 0.135
ICYP2C9 (Tolbutamide) 0.616™ 0.785 0.560" 0.748 &
CYPZCI9 (Mephenytoin) 0.005 0.072 0.005 0.069 APPEARS ..
CYP2D6 (Bufuralol) 0.010 0.102 0.051 0225 ON ORIG}!
ICYP2E!1 (Chlorzoxazone) 0.093 0.305 0.326° 0.571
ICYP3A4/5 (Testosterone) 0.259° 0.509 0.186 0.432
CYP3A4 (Dextromethorphan)| _ 0.253° 0.503 0.137 0.370
ICYP4A9/11 (Lauric Acid) 0.021 -0.143 0.114 -0.338

*p<0.05; p=<0.001

e In addition, sulfaphenazole, a potent and specific CYP2C9 inhibitor, inhibited both
[14C]celecoxib and tolbutamide to the same extent (80-90%) in a series of individual human
microsome samples.

Therefore, human recombinant CYP2C9, CYP3A4, and CYP2C19 were capable of metabolizing

[14C]celecoxib. CYP2C9 was found to be most important in human metabolism of celecoxib based

on correlation analysis using a series of characterized human microsome samples, and by the effect

of isoform-specific inhibitors of P450 metabolism in vitro.

3.4.42. In Vitro Inhibition Of Cytochrome P450 Marker Activities In Human Liver Microsomes
By Celecoxib (SC-58635): Determination Of Potential For Drug-Drug Interaction,
Document No.: M3097243; Date: 13-Feb-1998 (Vol. 1.74, p. 258-301)

This study was to examine the ability of SC58635 to inhibit cytochrome P450 (CYP) isoform
specific catalytic activities associated with CYP2C9, CYP2C19, CYP2D6 and CYP3A4. In vitro
interactions were conducted by incubating marker substrates with human liver microsomes in the
presence of SC58635 or CYP isoform-selective chemical inhibitors to furnish initial predictive
information on the potential for drug-drug interactions.

Results: The following table shows the inhibitory effects of celecoxib (SC-58635) and selective
CYP inhibitors on the CYP isoenzyme activities expressed as K; values.

" P450 Marker K; (uM)

Isoforms Celecoxib| sulfaphenazole [omeprazole| quinidine | ketoconazole
CYP2C9 jtolbutamide 4-hydroxylation 444 0.585 - - -
CYP2C19 [(S)-mephenytoin 4'-hydroxylation 17.8 - 5.64 - -

YP2D6 |()-bufuralol 1'-hydroxylation 4.19 - - 0.466 -
CYP3A4 |testosterone 6B-hydroxylation 106 - - - 0.0483

Based on the data presented, celecoxib was not a potent in vitro inhibitor of CYP2C9, CYP2C19 or
CYP3A4, and had little effect on the metabolism of substrates mediated by these cytochrome P450s.

3.4.43. In Vitro Metabolism Of Celecoxib By Human Liver Microsomes: Determination Of
Potential For Pharmacokinetic Interactions Between Celecoxib And Glyburide, Document
No.: M3096335, Date: 27-Feb-1998 (Vol. 1.74, p. 302-336)

In vitro metabolism of Celecoxib (0.3 - 10 ug/ml) and glyburide (0.025 - 1.25 ug/ml) by human
liver microsomes was determined. Glyburide metabolism by human recombinant CYP2C9,
CYP2C19, CYP2D6 and CYP3A4, and the effect of celecoxib on this metabolism, was also
determined.

Results:
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e At concentrations of 0.025-1.25 ug/ml, the rate of glyburide metabolism by human liver
microsomes was approximately linear, indicating the human microsomal apparent Ky,
(Km(app)) for glyburide was > 1.25 ug/ml.

e At the highest concentration, 10 ng/ml, celecoxib inhibited glyburlde metabolism by 24%,
indicating that celecoxib was a weak noncompetitive inhibitor of glyburide metabolism.
Glyburide was readily metabolized by human recombinant CYP3A4, CYP2C19, but not by
CYP2C9 or CYP2D6. Metabolism of glyburide by recombinant human CYP3A4 in Sf9
microsomes was inhibited by celecoxib.

e Glyburide (0.025-1.25 wg/ml) had little or no effect on human microsomal metabolism of
celecoxib (0.3 - 10 ug/ml).The apparent Ky, for celecoxib metabolism by the human liver
microsomes was 7.29 ug/ml (19.1 uM).

3.4.44. In Vitro Drug-Drug Interaction Of SC-58635 And Warfarin [(9ICI(ele)
Document No.: M2097288; Date: 18-Sep-1997 (Vol. 1.74, p. 337-357)

Report N¢: M2097288
Study Aims: To identify potential clinically 51gmﬁcant drug-drug interactions of SC-58635
with warfarin using pooled human microsomes.

Compound: S)-Warfarin, 2.5, 5, 10, 25, and 50 «M; SC 58635, 0, 1.0, 10, and 100 M.
Study Site:

GLP/AUC Compliance: Yes
Study Design: The metabolism of SC-58635 was shown to be mediated in part by CYP2C9 (see
3.4.4.1: Report N® M3095130), which metabolizes warfarin  Reciprocal Piot of the labibition of (5} 7-Hydrexywarfarin
to 7-hydroxywarfarin. Warfarin, at levels of 2.5, 5, 10, 25, Formmadon by Varylag Levels of SC-53633

and 50 uM, was incubated with pooled human microsomes 2-°T
(0.5-1.0 mg protein) in the presence of SC-58635, 0, 1.0, 10, 15+
and 100 uM. Both the depletion of racemic warfarin and the 1o
formation of (S)-7-hydroxywarfarin in vitro were measured.
Warfarin and 7-hydroxywarfarin _in in vitro buffer were
extracted and analyzed by{@QI@(¢l®)

0s -

01 00 01 02 03 04 05
05+

Results: Increasing concentrations of SC-58635 had s)

increasing effect on the disappearance of warfarin and oo T Tmmw s
formation of 7-hydroywarfarin with an apparent K value of = :——10micromolarsC 523635 —8-100 micromolar SC 5305
21.6 uM as illustrated in the figure.

3.5. EXCRI%TION PATTERN
3.5.1. DoG

3.5.1.1. Evaluation Of The Total 14-Carbon Analyses And Liver Microsomal And
Postmitochondrial Supernatant Preparation In A 13-Week Capsule Toxicity Study With
SC-58635 In Dogs (SA4324), Document No.: MRC95C-30-950253; Date: 27-Nov-1995

- (Vol. 1.75, p. 1-130)

Stidy N HWI 6127-233/SA4324

Study Aim: To obtain information on the absorption and excretion of the radiolabeled test
material, determine the relationship of plasma and erythrocyte concentrations of
the radiolabeled test material with dosage and duration of dosing, and evaluate
evidence for sex-related differences in the absorption and elimination data.
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Compound: SC-58635 (Lot N° 94K014-A2B) and [14C]SC-58635 (Lot N2 GDS 4404-164,
‘ 2.13 uCi/mg & GDS 4404-165, 1.07 uCi/mg) in gelatin capsule
Vehicle: Empty gelatin capsule
Dosage: 0, 15, 25, and 35 mg/kg/day po for > 13 weeks
Animals: 309 & 309 beagle dogs, ~7-9 months old. Weighing 8.2-12.2kg
Main and Recovery* Study Satellite PK Study
Group Dose Dose m of Animals/Sex | Group Dose Dose Ne of Animals
(mp/kg/dose)| (mg/kg/day) (mg/kg/dose) (mg/kg/day)
1* 0 0 6° 6** 1.5 15 3
2t 7.5 15 4 7 12.5 25 3
3 12.5 25 4 "Animals in Group 1-4, 6 and 7 were dosed twice daily at 12-hr]
intervals for $13 weeks.
42 17.5 35 6° "Two animals/sex in group 1, 4, and 5 had a recovery phase for
28 days after a 13-week treatment.
5 25 25 4 ‘Animals in group 6 and 7 received [C]SC-58635 at the first]
daily dose on Day | and once during weeks 6 and 13.

Study Location: [(QI&)(ele)}

Study Date: March 10, 1995 - July 10, 1995

Compliance with GLP/QAU: Yes

Study Design: Three dogs /sex/group were administered SC-58635 at a dose level of 7.5 or 12.5
mg/kg bid for 13 weeks. A single dose of [14C]SC-58635 was administered on Days 1, 39 (Week 6)
and 87 (Week 13) and nonradiolabeled SC-58635 was given in the intervening days. Blood samples
were collected at 30 min, 1, 2, 3, 5, 7, 12, 13, 14, 15, 18, and 24 hr post dose on Days 1, 39 and 88
for radioactivity determination. Urine and feces were collected at 24 hour intervals through 168
hours after each radiolabeled dose. Microsomes and postmitochondrial supernatants were prepared
from liver samples from selected animals in Groups 1-5 and analyzed to determine total protein
concentrations and cytochrome P450 enzyme content.

Results: This report contained the results of the radioanalytical portion of this study, liver
microsome and postmitochondrial supernatant preparation, results of microsomal analysis for total
protein and cytochrome P450 enzyme concentrations, and analysis of the postmitochondrial
supernatant for total protein concentration. Following oral administration of [14C]SC-58635 to male
and female dogs at dose levels of 7.5 and 12.5 mg/kg, individual plasma and erythrocyte total
radioactivity concentrations were highly variable which could be attributed to polymorphism in the
metabolism of SC-58635. Double peak concentrations were observed in plasma and erythrocyte
total radioactivity concentrations-time profiles. The first peak occurred between 1 and 5 hours, and
the second peak occurred between 12 and 24 hours. Erythrocyte concentrations were ~2x of the
plasma coficentrations, an indicative of high partitioning into erythrocytes. The following table
shows mean (¥SD) Cpax > Tmax, and AUC.¢ radioactivity in plasma and RBC on Say 1 and
during Weeks 6 and 13 after a single oral dose of [14C]SC-58635. Cppyax values appeared to be
higher in females, this difference might be as the result of differences in the rate of elimination by
fast and slow metabolizers.

S APPEARS THIS WAT
= ON ORIGINAL

g
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Dose PK Parameters Day 1 Week 6 Week 13
mg/kg d ? J ? . d . 9
{Plasma | 7.5 |C,.. (g eq/ml) 0.370+0.180 { 0.226+0.099 | 0.331+0.188 | 0.311+0.293 | 0.248 + 0.118] 0338+ 0.319
E(hr) 57155 12.7+£9.2 9.7+ 6.7 6.016.1 57+ 64 57164
KL—J_CM (ug eqehr/ml) | 3.40+1.96 1.87 £1.07 3321135 3161322 219+ 1.38 3301343
12,5 |Coax (g eg/ml) 0390+0.242 {1 1.14£0.902 | 0.212+0.032 | 0.812+0.834 | 0.270+0.164 | 0.851 £ 0.412
T o (NF) 93155 40+1.7 7.0+53 10.0+6.1 50+6.1 9.7+6.7
AUC,, (ug eqehr/ml) | 4.42 £4.38 10.0 £ 8.55 2.52+1.09 7.98 + 8.28 226+ 1.85 7.63 £ 5.41
IRBC 7.5 JComax (g €g/ml) 0.768 +0.362 | 0.504+0.114 | 0.677 £0.529 | 0.659+0.531 | 0.521 £0.367 | 0.727£ 0.570
T ax (h) 5755 12,7492 9.7+ 6.7 6.016.1 57+ 64 13.0+11.0
FJ-CQ4 (ug eqehr/ml)| 7.78 £ 5.14 4871371 7.16+4.33 622+529 5.091+4.26 6.70+£5.86
12,5 {C . (g eq/ml) 0.440+2.53 |2.73+£0.774 | 0.066+0.619 | 1.38+1.17 0.664 +0.465 | 1.61 £0.825
T ax (BT) 59+5 43+12 53413 9.7+5.8 50%6.1 97+5.8
AUC,, (ug eqehr/ml) | 7.35+3.54 195+152 1.80 £ 4.37 13.9+£13.1 499 £4.06 14 41846

Summary of Cpax, Tmaxo

and AUC of plasma and erythrocyte radioactivity concentrations
following a single oral dose of [14C]SC-58635 on Day 1, and During Weeks 6 and 13 of a 13-week
dosing regimen in dogs classified as fast or slow metabolizers of SC-58635 are showed in the
following table. Plasma AUC values were higher in slow metabolizers compared to the fast
metabolizers at both the 7.5 and 12.5 mg/kg dose levels on Day 1, and during Weeks 6 and 13.

Sample Dose Duration Coax (18 €a/g) Trax (hr) AUC,, (ug eq.ehr/g)
| mg/kg/day Fast Slow Fast Slow Fast Slow
Plasma 15 Day 1 0.322 0.274 10.7 7.7 2.40 2.87
. Week 6 0.270. 0.373 6.0 9.7 2.39 4.09
Week 13 0.231 0.350 5.7 5.7 2.12 3.37
12.50 Day 1 0.213 1.310 5.7 7.7 1.42 13.00
Week 6 0.214 0.809 9.7 73 1.99 8.51
Week 13 0.444 0.677 8.7 6.0 3.01 6.88
RBC 7.50 Day 1 0.771 0.501 10.7 7.7 737 527
Week 6 0.652 0.684 6.0 9.7 5.99 7.40
Week 13 0.581 0.667 | 13.0 5.7 5.60 6.20
12.50 Day 1 1.230 2.320 6.7 73 5.16 24.60
Week 6 0.561 1.320 9.7 7.0 5.14 14.50
Week 13 1.180 1.100 8.7 6.0 7.51 11.90

APPRARS Tnis oovn

ON ORIGINAL

The radioactive dose was excreted rapidly following oral dosing. Greater than 80% of the dose was
excreted in the first 48 hours after dosing. The primary route of elimination of total radioactivity
was fecal excretion. Approximately 90.3% - 105% of the dose was excreted via the feces suggesting
extensive biliary and/or intestinal secretion of radioactivity. The total recovery of the radioactive
dose in urine and feces combined ranged from 91.3% to 106% at 168 hours postdose. No sex
differences were noted in the excretion total radioactivity. Summary of the percent of radioactive
dose excreted in urine and feces of dogs (Groups 6 and 7) following a single oral dose of
[14C]SC-58635 on Day 1, and during Weeks 6 and 13 are presented in the below table.

Dose Dosing % Radioactive Dose
mg/kg/day | Interval Urine Feces Total

d 9 =) ? J 9

750 | Dayl 0.49 0.56 96.2 105 96.9 | 106
S Week 6 0.77 0.73 91.8 92.2 92.8 93.2
= Week 13 0.41 0.87 94.1 90.9 94.8 92.4

12.50 Day 1 0.64 1.25 93.9 92.5 95.1 94
Week 6 0.43 1.06 90.8 96.4 91.3 97.9
Week 13 0.37 1.35 92.2 90.3 93.3 92.3

APPEARS THIS WAY
ON ORIGINAL

There was no apparent induction of microsomal cytochrome P450 following the daily oral
administration of SC-58635 for 13 weeks to male and female dogs. The mean microsomal
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cytochrome P450 contents from males ranged from 0.577 to 0.688 nmole/mg protein and were not
dose-dependent. The mean microsomal cytochrome P450 contents in females ranged from 0.586 to
0.653 nmole/mg protein and were also not dose-dependent. The following table shows total
Cytochrome P450 Content, microsomes and total protein yield of dog liver, following oral
administration of SC-58635 for 13 weeks. -

Group Dose P450 (nmole/mg protein) Microsome Yield (mg/g liver) Total Protein Yield
mg/kg/day Male Female Male Female Male Female
1* [Control 0.641 +0.0526°] 0.606 £ 0.0387 | 14.5+096 | 17.0+1.52 99.8+7.19 9731591
2 15 0.577+£0.0659 ] 0.613+0.0668] 179194 | 15.3+242 107£4.79 95.7+ 893
3 25 0.620+0.0313 | 0.586+0.0400| 16.9+2.01 | 17.5+1.31 103 £8.33 112 £ 6.60
4 35 0.619+0.0780{ 0.597+0.0410] 182+334 | 152233 109 +7.02 101+ 7.87
5 25 0.69 0.65 15.10 16.90 105 107

? Total daily dose administered. Animals in Groups 1 through 4 were dosed twice daily for at least 13 w;eeks. Animals in Group 5 were
dosed once daily for at least 13 weeks.
® Mean % SD.

3.5.1.2. Evaluation Of Total Radioactivity Data For A 52-Week Capsule Toxicity Study With
SC-58635 In Dogs, SA4425, Document No.: M2096056; Date: 09-Apr-1997 (Vol. 1.75, p.

131-254)
Study N¢: CHYV 700-338/SA4425
Report N M2096056 :
Study Aim: (1) To identify toxic effects of SC-58635 when administered orally to dogs for at
least 26 or 52 weeks and (2) to assess the reversibility of any toxic effects of the
: test compound following a 4-week recovery period; (3) To determine the
relationship of plasma concentration of test material to the duration of dosing;
and (4) To evaluate evidence for sex-related differences in PK parameters.
Compound: SC-58635 (Lot N® 94K014-A2B), [14C]SC-58635 (Lot N¢ GDS 4671-90, 2.08
uCi/mg)
Vehicle: Empty gelatin capsule
Dosage: 0, 15, 25, and 35 mg/kg/day po for 52 weeks
Animals: 56 & 56 beagle dogs, ~7 months old, weighing 6.6-10.4 kg for the ¢ and 4.8-
9.3 kg for the 9.
Main and Recovery Study Satellite PK Study
Group Dose Dose Ne of Group Dose Dose N2 of
(mg/kg/dose)| (mg/kg/day) | Animals/Sex (mg/kg/dose) | (mg/kg/day) | Animals/Sex
i 0 0 12 6 7.5 15 4
2 7.5 15 ] 7 17.5 35 4
3 12.5 25 8 4/sex from Groups 1-5 were sacrificed at Week 26.
4 H.5 35 12 Dogs in Groups 1-4 & 6-7 received SC-58635 2x/day.
5 25.0 25 8 Dogs in Groups 6 & 7 received [CJSC-58635 as 14
daily dose on Day! and Weeks 26 and 52.
Study Location:

: es
Dogs were given SC-58635, 0, 7.5x2, 12.5x2, 17.5x2 or 25x1 mg/kg/day
in gelatin capsule orally gavage for at least 52 weeks; dosing continued through the day before
terminal sacrifice (Weeks 52). Recovery animals were kept without treatment for an additional 4
weeks. Dogs in the companion PK study group received [14C]SC-58635 on Days 1, 176 & 358 and
received nonradiolabeled SC-58635 on other days during the study. Blood samples were collected at
05,1,2,3,4,5,7, 12, 13, 14, 15, 18, 24 and 96 hr following the ingestion of radiolabeled

Compliance with
Experimental Design:
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[14C]SC-58635. Urine and fecal samples were collected for 168 hr after each radiolabeled dose
approximate 24-hr intervals.

Results: In the current report, information on plasma and RBC radioactjvity concentrations and
excretion data following [14C]SC-58635 administration to Groups 6 and 7 dogs on Days. 1, 176 and
358 was included.

e Plasma and RBC Radioactivity - The concentrations of radioactivity in the cellular fraction of
blood were higher than in plasma. Plasma Tpyax on Day 1 was 2 to 4 hours postdose in both
males and females. Plasma Ty,4x on Days 176 and 358 was 14 hours postdose in ¢ and 2 to 4
hours postdose in €. The time versus concentration profiles show an initial absorption and
elimination phase followed by a second increase in concentrations of radioactivity subsequent to
the p.m. dose of nonradiolabeled SC-58635. In males, this second increase in plasma
concentration was higher than the initial increase on Days 176 and 358, accounting for the
delayed Cppax values in males. The plasma Cyyax values for radioactivity were higher in ¢ than
? on Days 1 and 176 but not Day 358. The plasma Cy5x values increased with increasing dose.
RBC Tjax on Day 1 occurred from 2 to 4 hours postdose in both ¢ and 2. On Days 176 and 358
it occurred from 13 to 14 hours postdose in J and from 2 to 4 hours postdose in ?. The red blood
cell Cipax values for radioactivity were higher in o than ¢ on Days I and 176. The red blood cell
Cmax values increased with increasing dose.

A comparison of plasma and red blood cell concentrations from animals identified
phenotypically as slow or fast metabolizers of [14C]SC-58635 showed concentrations in slow
metabolizing animals to be higher than fast metabolizers.

APPEARS THIS WAy
ON ORIGINAL

'
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- Sampling Concentration of Radioactivity (ug equivalents/g)
Time PLASMA RED BLOOD CELLS
(hr) 7.5 mg/kg/dose 17.5 mg/kg/dose 7.5 mg/kg/dose 17.5 mg/kg/dose
7 | ? J ] g ¢ | 9 s T ¢
Day 1
0.5 | 0.010+£0.006 | 0.027+0.017 | 0.040+0.026 | 0.011+0.011 | 0.013£0.013 | 0.087+0.055 | 0.113+£0.071 | 0.036+0.036
1 0.115+0.034 | 0.191:0.025 | 0.203+0.10! | 0.106+0.057 | 0.306+0.079 | 0.533+0.154 | 0.529+0.24Q-] 0.275+0.140
2 0.382+0.098 | 0.307+0.052 | 0.614+0.308 | 0.305+0.068 | 0.901+0.152 | 0.916+0.276 | 1.460+0.585 | 0.825+0.216
4 0.413+0.170 | 0.188+0.025 | 0.952+0.354 | 0.445+0.138 | 0.957+0.302 | 0.587+0.095 | 2.130+0.576 | 1.040+0.232
7 0.226+0.116 | 0.079+0.020 | 0.429+0.130 | 0.234+0.092 | 0.575+0.278 | 0.286+0.049 | 1.320+0.290 | 0.566+0.171
12 0.12720.079 { 0.053+£0.037 | 0.149+0.041 | 0.320+0.219 | 0.336+0.200 | 0.12730.069 | 0.481+0.088 | 0.793+0.539
13 0.129+0.084 | 0.078+0.063 | 0.145+0.030 | 0.397+0.291 | 0.355+0.221 | 0.178+0.134 { 0.43420.113 | 0.873+0.669
14 0.140+:0.087 | 0.086+0.070 | 0.14240.022 | 0.325+0.243 | 0.31330.189 | 0.168+0.118 | 0.529+0.101 | 0.696+0.526
15 0.205+0.120 | 0.075+0.064 | 0.142+0.022 | 0.288+0.214 | 0.450+0.262 | 0.145+0.119 | 0.338+0.072 | 0.650+0.505
18 0.253+0.153 | 0.069+0.052 | 0.102+0.010 | 0.210+0.165 | 0.54440.339 | 0.138+£0.096 { 0.248+0.037 | 0.521+0.423
24 0.117£0.068 | 0.059+0.052 | 0.053+0.013 | 0.175+0.148 | 0.296+0.174 | 0.110+0.093 | 0.138+0.021 | 0.356+0.305
48 0.01420.008 | 0.010+0.010 ND 0.013+£0.013 | 0.027+0.016 | 0.017+0.017 ND 0.032+0.032
96 ND ND ND ND ND ND ND ND
Day 176
0.5 ] 0.029+0.014 ] 0.009+0.009 | 0.030+0.016 | 0.020+0.020 | 0.075+0.051 | 0.042+0.025 | 0.078+0.040 | 0.029+0.029
1 0.090+0.034 | 0.088+0.018 | 0.118+0.052 | 0.124+0.054 | 0.251+0.115 | 0.269+0.048 | 0.321+0.136 | 0.217+0.062
2 0.085+0.014 { 0.153+0.039 | 0.140+0.034 | 0.315+0.055 | 0.254+0.039 | 0.435+0.093 | 0.384+0.112 | 0.615+0.106
4 0.057+0.013 | 0.123+0.036 | 0.150+0.059 | 0.243+0.070 | 0.144+0.024 [ 0.411+0.168 } 0.352+0.095 | 0.520+0.074
7 0.025+0.015 | 0.069+0.018 | 0.377+0.327 | 0.152+0.067 | 0.085+£0.037 | 0.234+0.087 | 0.91320.752 | 0.29640.103
12 0.1640.131 | 0.044+0.020 | 0.54120.276 | 0.07720.042 | 0.467+0.340 | 0.123+0.044 | 1.520+0.667 | 0.151+0.090
13 0.245+0.110 | 0.045+0.022 | 0.586+0.339 | 0.063+0.038 | 0.724+0.292 | 0.120+0.045 | 1.630+0.769 | 0.143+0.087
14 0.307+0.125 | 0.047+0.025 | 0.605+0.357 | 0.060+0.038 | 0.913+0.329 | 0.089+0.044 | 1.750+0.848 | 0.120+0.079
15 0.291+0.130 | 0.040+0.022 | 0.588+0.352 | 0.055+0.035 | 0.778+0.313 | 0.085+0.039 | 1.380x0.655 | 0.058+0.034
18 0.183+0.099 | 0.032+0.021 [ 0.428+0.256 | 0.042+0.029 | 0.479+0.248 | 0.062+0.033 | 0.975+0.543 | 0.076+0.056
24 0.099+0.069 § 0.017+0.017 | 0.198+0.131 | 0.027+0.020 | 0.236+0.159 | 0.031+0.031 | 0.564+0.386 | 0.056+0.043
48 0.011+0.011 | 0.004+0.004 | 0.021+0.017 | 0.007+0.007 | 0.022+0.022 ND 0.033%0.033 | 0.011+0.011
96 ND ND ND ND ND ND ND ND
Day 358
0.5 | 0.019+0.011 1 0.008+0.008 | 0.070+0.045 | 0.029+0.029 | 0.057+0.034 | 0.025+0.025 | 0.186+0.113 | 0.038+0.038
1 0.051£0.019 | 0.054+0.013 | 0.12420.040 | 0.107+0.025 | 0.159+0.061 | 0.147+0.041 | 0.296+0.098 | 0.24140.043
2 0.065+0.018 | 0.177+0.040 | 0.265+0.152 | 0.281+0.050 | 0.178+0.033 | 0.497+0.131 | 0.532+0.237 | 0.698+0.187
4 0.038+0.015 | 0.093%0.029 | 0.173+0.108 | 0.690+0.214 | 0.095+0.040 | 0.293+£0.076 | 0.390+0.188 | 1.750+0.604
7 0.022+0.014 | 0.055+0.021 | 0.093+0.050 | 0.417+0.128 | 0.057+0.037 | 0.155+0.041 | 0.260+0.133 | 1.040+0.304
_ 12 0.067+0.042 | 0.026+£0.016 | 0.288+0.184 | 0.251+0.100 | 0.202+0.117 | 0.054+0.031 | 0.753+£0.407 | 0.617+0.228
13 0.142+0.119 | 0.028+0.019 { 0.390+0.237 | 0.226+0.104 | 0.420+0.350 | 0.064+0.038 | 0.993+0.510 | 0.574%0.237
14 0.193£0.179 { 0.028+0.021 | 0.409+0.278 | 0.286+0.175 (| 0.468+0.411 | 0.062+0.039 | 0.815+0.457 | 0.629+0.341
15 0.185+0.173 | 0.026+0.020 | 0.377+0.261 | 0.287+0.196 | 0.403+0.375 | 0.044+0.029 | 0.702+0.422 | 0.547+0.330
18  ['0.106+0.098 | 0.018+0.018 | 0.300+0.235 | 0.252+0.174 | 0.273+0.255 { 0.028+0.028 { 0.569+0.391 | 0.432+0.275
24 0.044+0.039 | 0.013+0.013 | 0.195+0.178 | 0.148+0.113 | 0.113+0.113 | 0.018+0.018 | 0.360+0.318 | 0.293+0.231
48 ND ND 0.017£0.017 | 0.030+0.030 ND ND 0.030+0.031 | 0.055+0.055
96 ND ND ND ND ND ND ND ND
ND = Not Detectable (<2x background)
APPEARS THIS WAY

Tt

ON ORIGINAL
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CONCENTRATION OF RADIOACTIVITY
Sampling PLASMA Red Blood Cells
Time SLow METABOLIZER FAST METABOLIZER SLOW METABOLIZER FAST METABOLIZER
(hr) J5mgkg | 17.5mghkg | 7.5mg/kg [ 17.5 mg/kg 75mghkg | 17.5mgkg | 7.5mgkg [ 17.5 mp/ke
Day 1 -
0.5 ] 0.015+0.010 { 0.025+0.014 | 0.022+0.016 | 0.027+0.027 | 0.030+0.030 0.076+0.044 | 0.07120.055 | 0.074+0.074
1 0.169+0.033 | 0.151£0.053 | 0.138+0.045 | 0.158+0.110 | 0.395+0.092 0.387+0.145 | 0.445+0.172 | 0.418+0.259
2 0.374+0.104 | 0.28620.053 | 0.316+£0.043 | 0.634+0.305 | 0.806+0.202 0.680+0.124 | 1.010£0.227 }.1.600+0.546
4 0.464+0.141 | 0.650+0.275 | 0.13840.016 | 0.749+0.332 | 1.020+0.274 1.330+0.481 | 0.526+0.090 | 1.840+0.556
7 0.263+0.097 | 0.375+0.115 | 0.042+0.01 | 0.289+0.131 | 0.711+0.200 | 0.951+0.289 | 0.150+0.031 | 0.93120.351
12 0.18140.055 | 0.386+0.196 ND 0.082+0.032 | 0.452+0.140 | 0.986+0.469 | 0.012+0.012 | 0.287+0.114
13 0.208+0.064 | 0.457+0.267 ND 0.083+0.030 | 0.534+0.145 1.020+0.618 ND 0.291+0.154
14 0.223+0.070 | 0.381+0.221 | 0.00410.004 | 0.085+0.034 | 0.470+0.135 0.939+0.453 | 0.011+0.011 | 0.287+0.129
15 0.280+0.091 { 0.340+0.195 ND 0.091+0.040 | 0.59640.198 0.764+0.464 ND 0.224+0.114
18 0.322+0.120 | 0.258+0.147 ND 0.054%0.032 | 0.67340.277 0.610+0.391 | 0.009+0.009 | 0.160+0.081
24 0.176+0.052 | 0.204+0.137 ND 0.024+0.017 | 0.406+0.132 0.425+0.282 ND 0.070+0.045
48 0.024+0.008 | 0.013+0.013 ND ND 0.044+0.015 0.033+0.033 ND ND
96 ND ND ND ND ND ND ND ND -
Day 176
0.5 | 0.022+0.008 | 0.027+0.019 | 0.016+0.016 | 0.023+0.018 { 0.063+0.021 0.045+0.028 | 0.054+0.054 | 0.063+0.044
1 0.103+0.019 | 0.115+0.061 | 0.101+0.024 | 0.128+C.044 | 0.247+0.057 0.182+0.084 | 0.274+0.111 | 0.357+0.109
2 0.145+0.042 { 0.188+0.046 | 0.093+0.016 | 0.266+0.079 | 0.336+0.117 0.347+0.080 | 0.353+0.046 | 0.652+0.104
4 0.101+0.016 | 0.278+0.066 | 0.080+0.043 | 0.115+0.031 | 0.236+0.061 0.503+0.093 | 0.320+0.190 | 0.370+0.087
7 0.065+0.009 | 0.492+0.293 | 0.058+0.040 | 0.038+0.010 | 0.178+0.034 1.0802:0.698 | 0.141+0.107 | 0.127+0.019
12 0.180+0.126 | 0.557+0.265 | 0.028+0.019 | 0.063+0.058 | 0.462+0.334 1.420+0.689 | 0.128+0.083 | 0.249+0.249
13 0.232+0.110 | 0.589+0.334 | 0.058+0.046 | 0.059+0.059 | 0.602+0.300 1.490+0.803 | 0.241+0.191 | 0.288+0.288
14 0.293+0.127 | 0.594+0.357 | 0.061+0.050 | 0.071+0.071 { 0.764+0.362 1.500+0.904 | 0.238+0.215 | 0.363+0.363
15 0.288+0.129 | 0.570+0.356 | 0.044+0.035 | 0.07440.074 | 0.707+0.337 1.100£0.716 | 0.158+0.129 | 0.034+0.034
18 0.201+£0.078 { 0.415+0.258 | 0.015+0.010 | 0.055+0.055 | 0.488+0.241 0.869+0.570 | 0.052+0.037 | 0.183%0.183
24 0.11620.062 | 0.214+0.124 ND 0.011+0.011 § 0.267+0.147 0.564+0.383 ND 0.055+0.055
48 0.015+£0.010 | 0.029+0.015 ND ND 0.022+0.022 0.043+0.031 ND ND
96 ND ND ND ND ND ND ND ND
Day 358
0.5 | 0.011+£0.011 { 0.029+0.029 | 0.017+0.010 | 0.070+0.045 | 0.025+0.025 0.038+0.038 | 0.058+0.034 | 0.186+0.113
1 0.043£0.017 | 0.124+0.029 | 0.062+0.013 | 0.107+0.038 | 0.100+0.047 0.226+0.058 { 0.206+0.036 | 0.311+0.086
2 0.142+0.051 | 0.326+0.141 | 0.099+0.032 | 0.22140.063 | 0.301+0.115 0.563+0.246 | 0.374+0.145 | 0.666+0.182
4 0.095+0.029 { 0.384+0.175 | 0.036+0.012 | 0.479+0.264 | 0.233+0.085 0.730+0.336 | 0.155+£0.076 | 1.410+0.719
7 0.065+0.016 | 0.276+0.140 | 0.011£0.006 | 0.31240.144 | 0.157+0.044 0.582+0.264 | 0.055+0.032 | 0.955+0.404
12 0.085+0.035 | 0.389+0.173 | 0.008+0.008 | 0.151+0.069 | 0.219+0.107 0.852+0.397 { 0.037+£0.037 | 0.519+0.212
13 0.164+0.112 { 0.437+0.228 | 0.006+0.006 | 0.18140.096 | 0.466+0.335 0.950+0.487 | 0.020+0.020 | 0.618+0.300
- 14 0.22240.170 | 0.549+0.280 ND 0.147+0.074 | 0.515+0.396 0.980+0.481 | 0.017+£0.017 | 0.462+0.232
15 0.211+0.165 | 0.544+0.272 ND 0.121+0.062 | 0.448+0.361 0.91310.454 ND 0.337+£0.174
18 0.124+0.093 | 0.474+0.243 ND 0.079+0.029 | 0.302+0.247 0.793+0.408 ND 0.208+0.094
24 0.05740.036 | 0.324+0.172 ND 0.020+0.008 { 0.131+0.108 0.603+0.322 ND 0.049+0.017
48 ND 0.046+0.029 ND ND ND 0.086+0.053 ND ND
96 .ND ND ND ND ND ND ND ND

ND = Not Detectable (<2x background).

e Excretion - The major route of excretion of radioactivity was via the feces. The percent of dosed
radioactivity excreted in the feces ranged from 76.1 % to 91.8% over the 168-hour collection
period with urinary excretion accounting for 0.26% to 1.05%. There were no apparent effects of
dose, duration of dosing, or sex in the patterns of excretion on different days or at different dose
levels. The mean total recoveries ranged from 77.3% to 93.4% for males and females at all dose

- levels on all dose days.

specified intervals postdose for & and ¢ dogs following a single oral dose of [14C]SC-58635,

7.5 or 17.5 mg/kg, on Days 1, 176 and 358 are presented in the following table.



* NDA 20-998 Celecoxib (Celebrex™) Page 143
% RADIOACTIVE DOSE
Dose [Collection s | 9 s ] ? d | ¢ [Collection Q | J
mg/kg | Time (hr) URINE FECES PAN RINSE Time (hr) |CAGE WASH, CAGE/URINE WIPE
DAY 1
7.5 0-24 0.44+0.01 | 0.5840.16 |57.9+16.6 | 78.745.25 0.1010.01] 0.26+0.15] 168* <0.005 ~0.1140.08
24-48 0.3040.14 | 0.20+0.07 [24.7+14.0 | 8.03+2.56 | 0.12+0.07] 0.14+0.10] 168° 0.0140.00-|~ 0.03+0.03
48-72 0.1040.05 | 0.1040.06 ]| 5.10+2.88 | 2.42+1.28 | 0.0310.01] 0.04+0.02] 168° 0.0310.01 | 0.0440.03
72-96 - 0.031+0.02 | 0.041+0.03 | 0.89+0.61 | 0.19+0.13 | 0.01+0.01]0.04+0.02| 1687 0.05+0.02 | 0.14+0.09
96-120 | 0.0110.01 | 0.05+0.04 | 0.0940.06 | 0.1240.12 {<0.005 0.1110.07 : R
120-144 ND 0.0110.01 | 0.01+0.01 | 0.0410.03 ND 0.01+0.01
144-168 | 0.01£0.01 } 0.01+0.00 ND 0.03+0.03 | - -
Subtotal - | 0.8840.21 | -0.994+0.21.{88.840.32 | 89.5+1.54 0.25140.08{ 0.59+0.37| Total® 90.010.61 | 91.410.97
17.5 0-24 0.5840.21 | 0.33+0.09 [78.743.70 | 66.1117.9 0.2140.07{ 0.12+0.03] 168* 0.0140.01 | 0.04+0.01
24-48 0.24+0.07 | 0.21+0.07 110.6£3.26 | 8.87+4.25 | 0.06+0.01] 0.10+0.04] 168° 0.0410.02 | 0.030.01
48-72 0.05+0.01 | 0.07+0.04 | 1.85+1.06 | 0.73£0.36 | 0.02+0.00] 0.02+0.01] 168° 0.10+0.06 | 0.0740.04
72-96 0.0340.01 | 0.02+0.01 |} 0.52+0.40 | 0.27+0.19 | 0.0240.00[ 0.02+0.01]| 1687 0.15+0.09 | 0.0240.00
96-120 | 0.0210.01 | 0.02+0.01 | 0.04+0.02 | 0.0540.02 |<0.005 0.04+0.01
120-144 | 0.0440.02 § 0.0140.00 | 0.02+0.01 | 0.08+0.06 [<0.005 0.0140.00
144-168 [<0.005 0.01+0.00 ND 0.07+0.07 | - -
Subtotal - {0.96+0.26 | -0.66+0.11-]91.8+0.49 | 76.1+18.9 0.3110.08{ 0.3040.06] Total*® 93.440.49 | 77.3x18.8
DAY 176
1 75 0-24 0.1710.06 | 0.22+0.08 {59.0+12.9 | 87.3%1.71 0.031+0.01] 0.07+0.02; 168* 0.01+0.01 | 0.01+0.00
2448 0.1240.06 | 0.10+0.04 J25.6+10.8 | 3.9440.75 | 0.05+0.03]0.04+0.02 168° ND ND
48-72 0.0310.01 | 0.0240.01 | 2.7240.92 [ 0.3580.16 | 0.04+0.01]0.0310.02] 168° 0.0140.01 | <0.005
72-96 0.0240.01 | 0.01+0.00 | 0.5740.26 | 0.12+0.11 | 0.01+0.01] 0.01+0.00] 1687 0.0310.01 | 0.01+0.00
96-120 | 0.0120.01 | 0.0110.00 | 0.1630.13 | 0.01+0.01 | 0.02+0.01] 0.01+0.01
120-144 | 0.0110.00 | <0.005 0.0310.03 | 0.0110.01 | 0.02+0.01f 0.0110.00
144-168 1<0.005 <0.005 0.01+0.01 ND
Subtotal | 0.3740.11.| - 0.3540.10.{188.241.43 | 91.7411.64 | 0.17+0.07] 0.1740.06] Total® 88.8+1.34 1 92.3+1.60
17.5 0-24 0.3310.16 | 0.13+0.02 |68.448.32 |73.8+14.9 | 0.20+0.05] 0.50+0.42| 168* 0.0140.00 | 0.1130.11
24-48 0.08+0.03 | 0.03+0.02 j13.3+4.25 | 2.60+0.94 | 0.1110.03] 0.49+0.43| 168° <0.005 0.01+0.01
48-72 0.0410.01 | 0.02+0.01 | 4.7143.16 | 0.3410.16 | 0.10+0.04] 0.38+0.37] 168° 0.01+0.00 | 0.06+0.06
72-96 0.0240.01 | 0.0240.01 | 1.13+1.04 | 0.3510.18 | 0.02+0.01] 0.08+0.06] 1687 0.02+0.00 | 0.1810.17
96-120 | 0.0140.00 | 0.04+0.03 | 0.124+0.09 | 0.13+0.10 | 0.04+0.01]0.21+0.20
120-144 [<0.005 <0.005 0.0240.01 | 0.0510.05 | 0.01+0.00{ 0.28+0.27
144-168 |<0.005 0.01+0.01 | 0.0240.01 [ 0.1610.16
Subtotal. ;| 0.4910.17:] - 0,2610.06 }87.811.63?77;5&14.0;;@ 0.4710.12] 1.93+1.76] Total® | 88:8+143" ] 80.0+11.9
DAY 358
7.5 0-24 0.08+0.02 | 0.2610.05 |68.9+19.4 | 86.313.03 0.1240.03] 0.15+0.04] 168* 0.0310.01 | 0.02+0.01
2448 0.1540.11 | 0.0610.04 17.6£15.5 | 3.2041.40 | 0.1240.09{ 0.03+0.01] 168° 0.01+0.00 |ND
.| 48-72 0.0140.01 | 0.0240.01 | 1.1940.99] 0.40+0.28 | 0.0310.02] 0.02+0.01] 168° 0.01+0.00 | <0.005
72-96 0.01+0.00 | <0.005 0.2310.14 | 0.1410.12 | 0.0310.02] 0.01+0.01| 168° 2.04+1.34 | 0.3740.10
96-120 | 0.01+0.00 ND 0.0410.02 | 0.03+0.01 | 0.03+0.01} 0.01+0.00
120-144 | 0.0110.00 ND 0.0310.02 ND 0.0110.01}<0.005
144-168 ND ND 0.0110.01 | 0.01+0.01
Subtotal - || 0.2640.11:} :0.34+0.03 |89.313.18 §90.041.79 | 0.3540.15] 0.2240.06{ Total® - | 92,0+1.60. | 91.0+1.70
17.5 0-24 0.1610.04 | 0.74+0.34 |73.0+7.72 | 59.4%11.4 0.1640.07] 0.13+0.05| 168* 0.0410.02 0.04+0.02
24-48 0.16£0.06 | 0.2240.07 |12.145.06 | 25.6+12.8 0.10+0.04] 0.03+0.01]| 168° 0.0110.00 }0.01+0.00
48-72 0.0410.02 | 0.06+0.03 | 2.48+1.42] 1.25+0.41 | 0.0310.02] 0.02+0.01] 168° 0.0310.02 }0.03+0.02
72-96 0.0240.01 [ 0.02+0.01 | 0.52+0.46 | 0.61+0.52 | 0.0110.00[ 0.01+0.00] 168° 2.04+0.70 |2.04+0.70
96-120 | 0.01+0.00 | 0.01+0.00 | 0.05+0.03 | 0.17+0.09 | 0.0120.00] 0.01+0.00
120-144 | 0.0140.00 [ 0.01+0.00 | 0.04+0.02 | 0.0540.03 |<0.005 0.0110.00
144-168 |<0.005 <0.005 0.01+0.01 | 0.03+0.02
Subtotal | 0.40+0.07.}-1.05+0.39 }88.2+1.65 | 87.1+1.99 0.31+0.11] 0.2040.06 )| Total® 91.0+1.43 -} 91.0+1.43

ND = Not detectable; < 2x background; * Cage wash (MeOH); ® Cage wash (TSP); © Cage wipe; ¢ Urine wipe; ‘Includes urine, feces, pan rinse,

- cage wa*sg, cage wipe, and urine wipe.

3.6. BIOANALYTICAL PROCEDURES

The following study reports related to analytical method development and validation were submitted
to the present NDA but were not reviewed.
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4. LABELING REVIEW:

(b)(4)(CC), (b)(5)
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5. SUMMARY AND EVALUATION:

5.1. PHARMACOLOGY/PHARMACODYNAMICS

5.1.1. ACTION-RELATED PHARMACOLOGY

SC-58635 was demonstrated to have following properties.
5.1.1.1. InVitro-

SC-58635 preferentially inhibited COX-2 mediated PGE) production by human whole blood and
dog whole blood.

5.1.1.2. InVivo-

e Anti-inflammatory Activity - SC58635 was effective in the following animal models.
(1) carrageenan-induced rat paw edema model with an ED5( value of 7 + 1 mg/kg;
(2) adjuvant induced arthritis in rats by the inhibition of cartilage destruction, bone lysis, bone
proliferation, soft tissues edema and synovial iflammation with an EDj5qp value of
0.3 £ 0.1 mg/kg; and
(3) carrageenan-induced air pouch in rats by the inhibition of PGE7 and 6-keto PGE |y with an
EDj5( value of 0.2 £ 0.1 mg/kg.

e Analgesic Activity - SC58635 was effective in the following animal models.
(1) Hargreaves' hyperalgesia model with an EDg( value of 0.35 mg/kg;
(2) formalin induced hyperalgesia in the mose hindpaw modei;
(3) pheyl-benzoquinone induced doxoflexion in mice; and
(4) acetic acid-induced writhing in mice.

e Anti-pyretic Activity - SC58635 was shown to reduce LPS-induced fever but did not alter
normal temperature in rats.

e Chemoprevention Properties - Reports indicated that administration of SC58635 in the diet to
rats at 1500 ppm inhibit azoxymethan-induced colonic aberrant cryptic foci and tumors. Reports
show that NSAIDs use in the general population is associated with a reduced risk (40-50%) of

- colon cancer deathl4. It has been demonstrated that colorectal tumors have elevated levels of
COX-215,16, The mechanism of chemoprevention by NSAIDs is not clear. However, NSAIDs
induced apoptosis in human colorectal cancer cells has been demonstrated17.

-

APPEADS THIS WAY
ON ORIGINAL

14 Thun, MJ, 1995. Gastroenterol Clin North Am. 25: 333-348.

15 Tsujii, M. and Bubois, RN, 1995. Cell 83: 493-501

16 Morin, PJ, Vogelstein, B and Kinzler, KW, 1996. Proc. Natl. Acad. Sci. USA 93: 7950-4820.
17 Chan, TA, et al., 1998. Proc. Natl. Acad. Sci. USA 95: 681-686.
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A sﬁmmary of safety pharmacology study reports is presented in the following table.

Study Type | Species | Dose/Route | Results . -
JEffect on General Activity and Behavior
KGeneral Activity and Behavior ice, 0, 50, 150, or {50 & 150 mg/kg: slightly 4 locomotive activities.
/group 500 mg/kg po {500 mg/kg: T in locomotive activities in ¥ mice. _
JEffect on Central Nervous System
[Spontaneous Locomotor Activity Mice, 0, 50, 150, or {500 mg/kg: significantly 4 spontaneous locomotive activities by
10/group 500 mg/kg po  [87% as compared to control animals at 3 hr post dosing.
Effect on Hexobarbital-Induced Sleep T hexobarbital-induced sleep dose-dependently
Electroshock-Induced [Synergestic >150 mg/kg: slightly ¥ the incidences of clonic convulsions, the
Convulsions incidences of tonic and mortality were not affected.
lAntagonistic + incidences of tonic convulsions dose-dependently, the incidences
jof clonic and mortality were not affected.
Chemical-Induced  [Synergestic =150 mg/kg: significantly ¥ the incidences of clonic convulsions,
IConvulsions the incidences of tonic and mortality were not affected.
IAntagonistic dose-dependently ¢ the incidences of tonic convulsions and
mortality, the incidences of clonic were not affected.
Analgesic Activity Significantly ¥ acetic acid-induced writhing in dose-dependent
fashion, but had no effect on tai! pinch-induced pain.
Body Temperature Rat, 8/group 10, 50, 150, or &> (no effect)
500 mg/kg po
JEffect on Autonomic Nervous System and Smooth Muscle
Spontaneous Motility Guinea Pig  [4x10° to >4x10*: significantly + the amplitude of spontancous motility

Agonist-induced Contraction Isolated Ileum J4x10° M

>4x10”7 M: 1 BaCl,-induced contractions; 24x10< M: 35-HT-
induced contractions; >4x10-* M: { ACh-, Histamine-induced
contractions.

flect on Digestive system ice, 0, 50, 150, or [« on the rate passage of charcoal meal in small intestine.
10/group 500 mg/kg po
JEffiect on  Respiratory  and[Dog, 3/group [0, 50, 100 or {200 mg/kg: T biood flow significantly,
ICardiovascular Systems 200 mg/kg k> on the ECG, and PR, QT, and QRS interval times, systolic,
diastolic, and mean blood pressure, heart rate and respiratory
[pressure
ffect on Urine Volume, Urinary[Rat, 8/group [0, 50, 150,0or [ urine volume significantly up to 6 hr postdose, and Na*, Cl-
GE,, and Urinary Elcctrolytcsk 500 mg/kg po |excretion;
xcretion T urinary osmolarity significantly;
l> on K* excretion and pH.
0, 5, 15, 50, 50 mg/kg: similar effects were obtained as previous test.
img/kg po 15 mg/kg: { urine volume at 3 hr postdose; T urinary osmolarity for
16 hr, excretion of urine electrolytes were not affected.
} " Rat, 6/group}600 mg/kg/day [« urine volume, urinary PGE,
X7 { kidney PGE,
¢ Rat, 8/group{600 mg/kg/day f> urine volume, urinary PGE,
X3 or x7

5.2. TOXICOLOGY

5.2.1. ACUTE (SINGLE-DOSE)

APPEATS THIS WAY
ON ORIGINAL

Single-dose oral toxicity of celecoxib was accessed in the rat, dog and cynomolgus monkey. Results

are listed in the following table.

Species Dose Length of Observations NOAEL

N? of Animal/Group (mg/kg)/Route | Observation (mg/kg)
SPF-€1j:CD(SD) Rats |0, 1000, or 2000 2-Week |White stool was seen in & & 2 @ 2000 mg/kg on the day of 2000
S/sexigroup po by gavage dosing.
J Beagle Dogs 1000 and 2000 po| 2-Week |Vomiting and test article like substance in the stool were noted. 2000
2/group
? Cynomolgus 25 and 250 po 2-Week |Watery stool was seen on Day 1 in one animal from each 25
Monkeys treatment group. The one receiving 25 mg/kg/day also showed
3/group blood in the stool on Day 2 but not on Days 3-14.
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5.2.2.  REPEATED-DOSE

study are summarized as followings.
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The repeated-dose toxicity of SC-58635 was evaluated in mice, rats, and dogs. Findings from each

Species Dose Duration and Route Findings NOAEL
N2 of Animal (mg/kg) (mg/kg)
CD-1 Mice 0, 100, 300, {2-Wk 21000: Deaths occurred with clinical signs of hunched posture, d: 100
10/sex/group 1000 & Diet Admix shivering, reduced activity and reduced fecal output; { in body 2:300
3000 qd weights and food consumption; a slight T (7 to 13%) in liver/body
weight ratios; GI (perforated ulcers with secondary peritonitis) and
kidney (renal tubule degeneration/regeneration) were the major
target organs.
CD-1 Mice a:0,7s, 13-Wk Deaths (15" @ 75 mg/kg, one & @ 150 mg/kg, 54 & 12 @ 300 d: Not
20/sex/group 150, 300 qd |Diet Admix mg/kg and 159 @ 1000 mg/kg) observed as a result of SC-58635  [Determin-
2:0, 150, treatment related GI toxicity and secondary peritonitis; a significant {able
300, & 1000 { in food consumption (85-94%) in ¢ @ 1000 mg/kg; a dose- 2:150
qd dependent 4 in serum triglycerides (" & ¢ @ 2150 mg/kg); G1
(perforated ulcers with secondary peritonitis) was the major target
organ. Inconclusive nephropathy was noted.
Crl:CD®(SD)BR [100—> 200 [15-Day Dose Escalation |mild—»moderate liver enlargement; 7 cytochrome P-450 content per
Rats —>»400—>600 |(3-Day/Dose) mg protein (1.8x); slight mild hypertrophy of centrifobular
5/sex/group —800 qd  |Oral Gavage hepatocytes.
Crl:CD®(SD)BR |20, 40, 80, [4-Wk with 4-Wk Deaths (19 @ 600 and 1" @ 400) occurred as a result of SC-58635 |4 80
VAF/Plus® Rats 400, & 600 |Recovery treatment related toxicity (perforation of Jejunum with peritonitis in | 2: 400
10-15/sex/group |qd Oral Gavage 9 -and pyelonephritisin ); statistically significant T absolute liver
weights and liver/body weight ratios without corresponding
microscopic findings were identified for 2 @ 400 or 600 mg/kg.
Crl:CD®(SD)BR {0, 20, 80, & [13-Wk with 4-Wk Marked elevations in ALT (524 and 574 U/, respectively), AST d 400
Rats 400 qd Recovery (640 and 815 U/, respectively), and sorbitol dehydrogenase (SDH) |¢: 400
25/sex/group Oral Gavage (134 and 136, respectively) at Week 18 in 15" each at 20 and 80
mg/kg and TALT, AST, and SDH (~2-3x relative to control values)
in " at Weeks 6 and/or 14 (1 @ 20, 2 @ 80 and 3 @ 400 mg/kg)
without corresponding histopathological alterations were identified.
Minimal—slight changes in the liver with centrilobular to midzonal
hepatocellular enlargement was seen in both high dose o and ¢ rats.
Minimal or slight degeneration of the renal papilla was noted in 14"
@ 80 mg/kg/day and 35" @ 400 mg/kg/day but not in ¢ or rats in
recovery phase. There were no treatment-related microscopic
changes in the GI tract.
Crl:CD®(SD)BR |0, 20, 80, & {26-Wk with 4-Wk Deaths (12 @ 80 and 69 @ 400) occurred as a result of SC-58635 |o*: 400
Rats 400 qd Recovery treatment related Gl injury (necrosis in jejunum with 9:20
25/sex/group Oral Gavage moderate—severe peritonitis).
d"& 9?Beagle 0, 15,40 qd |7-Day High levels of PGE, were present in the stomach and colon. 15
Dogs iv SC-58635 caused { in blood TBX and PGE, levels. GI lesions
3/group (pyloric-duodenal ulcer/erosion) in one dog @ 40 mg/kg after
repeated iv dosing for 7 days.
Beagle Dogs 0,20,25, [4-Wk with 4-Wk Treatment caused deaths (ulceration of pylorus, jejunum, 25
4-8/sex/group . |50, 100, & [Recovery duodenum, and ileum) were seen in dogs @ 250 mg/kg day. Low
250 qd Oral incidence of interdigital pyoderma and subcutis abscess was noted
in dogs at @ >50 mg/kg/day. Inconclusive histopathological
changes in the brain (mild—>moderate periventricular/perivascular
tymphocytic infiltration) were noted.
Beagle Dogs 0,7.5, 12.5, |13-Wk with 4-Wk No remarkable findings were attributable to the treatment. 17.5 bid
4-8/sex/group 17.5bid & [Recovery
25qd Oral .
Beagle Dogs 0,75, 12.5, [52-Wk with 4-Wk Not remarkable. 17.5 bid
4-8/sex/group 17.5bid & |Recovery
.- " |25 qd Oral

523.  CARCINOGENICITY

The carcinogenic potentials of SC-58635 were accessed in rats and mice.
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Rat Study - Groups of rats were given SC-58635 in 0.5% methylcellulose (w/v) + 0.1% polysorbate
80 as a suspension once daily by oral gavage at a dose schedule as shown in the following table for -

104 weeks.
Dose mg/kg/day . ol
Group | WKI-17 WK 18-77 Wk 78-104
&9 d ? o 9
\ne T

T (Control) 0 5 = 5 5 APPEADNS THIS WAY
2 (Low) 20 20 20 20 5 CH CRIGINAL
3 (Mid) 80 30 80 80 10
4 (High) 400 400 200 200 200 '

The doses selected in this study were based on the results of a 4-week oral gavage study at doses of
0, 20, 80, 400 and 600 mg/kg in which it was shown that absorption of SC-58635 attained a plateau
at dosages 2400 mg/kg/day for J" rats and deaths were seen at 600 mg/kg/day for ¢ rats. Based on
GI (necrosis/perforation/inflammation with secondary peritonitis) and kidney (pyelonephritis, o
only) toxicity findings as well as mortality observed in this study, MTD was reached for both & and
. There was no treatment-induced increases in the tumor incidence rates. The exposure to SC-
58635 in the high dose ¢ rats, as measure by AUC(_74 was ~20 and 10x of that observed in humans
at the doses of 200 and 400 mg/day, respectively. The exposure of the high dose o rats to SC-58635,
was ~10 and 5x of that observed in humans at 200 and 400 mg/day, respectively. The NOAEL for &
was 20 mg/kg and was not perceptible for ¢.

Mouse Study - Groups of mice were given celecoxib at the doses shown in the following table via
dietary admix.

Dose (mg/kg)
Group J 9
Wk1-18 | Wk 19-104| Wk1-18 | Wk19-22 | Wk 23-104 PNTARNS TIIIO )
N = 5 5 5 - A ",A 3 .”-) ‘\NAY
1 35 125 50 25 25 TN
2 50 25 100 50 50
3 75 37.5 150 75 150

The doses selected in this study were based on toxicity findings of a 13-week dietary admix (J" 0,
75, 150 and 300 mg/kg; ¢: 0, 150, 300 and 1000 mg/kg). Due to excessive toxicity, high dose group
(¢ and ?) was terminated at Week 80. Treatment-caused histopathological changes were limited to
the GI tract (erosion/ulceration with associated chronic active inflammation in the glandular
stomach, duodenum, jejunum, ileum, cecum, and colon at one or more sites). Low incidence of
pyelonephritis was noted in the ¢ mice. The GI injury was the most common cause of death in high-
dose animals. Therefore, the MTD was reached. No treatment-induced increases in the tumor
incidence fates were identified. The exposure to SC-58635 in the high dose o and ¢ mince was
equivalent to ~2-3x of values seen in humans (200 or 400 mg/day). The NOAEL for either ¢ or ¢
could not be determined for this study as treatment-induced toxicity was observed in all SC-58635
treated groups.

| APPEARS THIS WAY
o ON ORIGINAL
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5.2.4.  REPRODUCTIVE TOXICOLOGY

The following table summarizes the effects of SC-58635 on fertility, reproductlve functions,
embryo-fetal development, and peri-/post-natal development.

Animals Species | Dose Duration of Treatment Observations NOAEL

| (me/ke) (mg/kg)
|FERTILITY , EARLY EMBRYONIC DEVELOPMENT—> IMPLANTATION i _
& ¢ Rats 0, 60, 300,{c: >28 days prior to mating — the end of study |> 60 mg/kg: ¥ live fetuses and implantation sites;[c": 600

ICrl:CD®(SD)BR {600 ¢: 14 day prior to mating—Gestation Day 7 1 preimplantation loss. 9: <60
¢ Rats 0, 15, 30,{14-day prior to mating—Gestation Day 7 >50 mg/kg: ¥ live fetuses and implantation sites;[30
ICrl:CD®(SD)BR {50, 300 1 pre- and post-implantation loss.
300 mg/kg: { corpora lutea
? Rats 0, 60,300 |l4-day followed by a 14-day reversal period|No effects. 300
ICr1:CD®(SD)BR before mating
[TERATOLOGY- EMBRYO-FETAL DEVELOPMENT :
¢ CD Rats 0, 10, 30,|Gestation Days 6—17 100 mg/kg: slight ¥ live fetuses. 30
IVAF 100 >30 mg/kg: T incidence of wavy ribs
2 Rats 0, 10, 30,|Gestation Days 6—>17 >30 mg/kg: T incidence of diaphragmatic hernia |10
ICrl:CD®(SD)BR |100 5 sternebrae incomplete ossification
2 Rabbits 0, 6, 30,|Gestation Days 7—18 600 mg/kg: + body weights and food intake;|300
iHra (NZW)SPF |60, 300, Tpost-implantation loss; { live fetuses.
600
¢ Rabbits 200, 400,|Gestation Days 19/21-»23/25 600 mg/kg: 4 body weights (5%) 600 (?7)
|Hra: NZW)SPF |600
¢ Rabbits 0, 60, 150,|Gestation Days 7-»18 2150 mg/kg: slight T sternebrac fused and|60
Hra: NZW)SPF 300 sternebrac misshapen
300 mg/kg: slight T rib fused; T post-
- . implantation loss; { live fetuses. }
|PERINATAL/POST NATAL DEVELOPMENT
? Rats 0, 10, 30,|Gestation Day 6—>Days 21-23 post partum F, - 10
ICri:CD®(SD)BR {100 >30 mg/kg: Deaths or Moribund (1 @ 30, 8 @
100 mg/kg) with GI lesions; transient { in food
consumption (Gestation Days 6-9); { live pups; T
dead pups.
F, & F, - Normal.

A comparison of exposure to SC-56835 on the last day of dosing in rat and rabbit reproductive study
to human clinical exposure is presented in the following table.

Species | NOEL Exposure in Animal Ratio of Animal Exposure/Human Exposure to SC-58635
- (mg/kg) Cuax AUCq,, 200 mg/day* 400 mg/day*
(ug/ml) (ugehr/ml) Coax | AUCoouy Co | AUCoy

Embryo-Fetal Developmental A P P E A RS T H l S WAY
Rat 10 3.20 47.6 4.7 5.7 24 2.8
Rabbit 60 237 41.5 35 49 1.8 2.5 ON OR‘GINAL
Pre-Mating and Early Pregnancy
Rat 30 | 517 I 63.3 | 7.7 | 7.5 ] 3.8 ] 3.8

* The mean Cy,, and AUC,,, values for the 200 mg/day dose were 0.675 pug/ml and 8.40 ugehr/ml, respectively and the mean C,, and
AUC,,, values for the 400 mg/day dose were 1.35 pg/ml and 16.8 ugehr/ml, respectively. Ratio was calculated by dividing animal
Day last AUC 4, OF Cp,, Values by respective human values.

APPEARS THIS WAY
o ON ORIGINAL
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5.2.5. GENETIC TOXICOLOGY
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The mutagenic potentials of celecoxib were evaluated in both in vitro and in vivo systems and
results are summarized in the following table.

Assay System Indicator Cells

SC-58635 Conc.

Findings -

[Ames Salmonella typhimurim strains

TA100, TA1535 and TA1538

(histidine auxotrophs) TA97a, TA98,

10, 50, 100, 500, 1000, and 5000
ug/plate

Toxic at concentrations of 2500 ng/plate
INot mutagenic at concentrations up to 500

ug/plate

ICHO/HGRT [CHO cells (subline K1-BH4) Range-Finding: 0.08 - 800.0 g/ml [Not mutagenic at doses up to 16 ug/ml and

Mutation -S9: 4, 8, 12, and 16 ug/ml 45 ng/ml in the absence and presence of S9
+S9: 15, 30, 45, and 60 ng/ml activation, respectively.

IChromosome |CHO-WBL cells Range-Finding: 0.08 - 800.0 ug/ml [+S9: T frequency in cell endoreduplication.

jAberration -/+ S9: 10, 20, and 40 ug/m} Slight but not significant T in % cells with

aberration.

Micronucleus

Assay Marrow Cells

d & ¢ Crl:CD®(SD)BR Rats - Bone

150, 300, and 600 mg/kg/day po
for 3 days

Not clastogenic

5.2.6. SPECIAL TOXICOLOGY

The antigenic properties and the potentials to cause skin sensitivity, dermal or ocular irritations of
celecoxib were evaluated and the observations are summarized in the following table.

Testing System | Species | SC-58635 (Dose/Route) ] Observations/Comments

ANTIGENIC PROPERTY

IASA, HmPCA (4 hr), and d" Guinea Pigs Sensitization: 5, 25 po or 25 mg/kg sc |Not antigenic.

HtPCA Rxns* Challenge: 5 mg/kg iv

SKIN CONTACT SENSITIVITY/DERMAL/OCULAR IRRITATION

Guinea Pig Maximization Test |Cri:(HA)BR Sensitization: 5% in FCA/H,0 id® No concurrent + control was performed.
Albino Guinea  [Induction and Challenge 25% in Therefore, the study was not valid.
Pigs Petrolatum dermal topical

Primary Skin Irritation d Hra:(NZW)SPF 10.5 g dermal occlusion No dermal irritation.
Rabbits -

Primary Eye Irritation ¢ Hra:(NZW)SPF 0.011 g (0.1 ml wt equivalent) iower {Minimal ocular irritation.
Rabbits everted eye lid

* ASA = Active Systemic Anaphylaxis; HmPCA = Homologous Passive Cutaneous Anaphylaxis; HtPCA = Heterologous Passive

Cutaneous Anaphylaxis; Rxns = Reactions.

® FCA = Freund’s Complete Adjuvant; id = intradermal injection

APPEARS THIS WAY
ON ORIGINAL
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5.2.7. ToxiClIty RELATED TO THE STATING MATERIAL (SC-70986, 4-SULFONAMIDOPHENYL
: HYDRAZINE HYDROCHLORIDE) FOR SYNTHESIS OF SC-58635

The following table shows the summary of toxicological findings for the stating: material
(SC-70986, 4-sulfonamidophenyl hydrazine hydrochloride) in various studies.

Testing System Species/Indicator SC-70986 Dose/Route Findings
IAcute Toxicity J & ? Rats 250, 500, 1000, and 2000 LDs,: &, 1000 (558-1792); ¢, 707 (483-1036).
Crl:CD*(SD)BR mg/kg/ ml po Clinical Signs: Hyporeactivity, staggered gait, absence of
gasping/righting reflex, prostration, clonic convulsions,
thin appearance, hunched posture, red-stained face,
excessive salivation, lacrimation, mydriasis, dyspnea, soft
stool, wet and/or yellow-stained urogenital area
Primary Eye Rabbits 73 mg lower eyelid Unflashed: corneal and iridal involvement and moderate
rritation Hra:(NZW) SPF conjunctival irritation.
Flushed: corneal involvement and slight conjunctival
irritation.
Primary Dermal  [Rabbits 0.5 g in 0.4 ml dist. H,0 Slight skin irritant.
Irritation Hra:(NZW) SPF applied to skin directly
[Dermal Sensitivity |guinea pigs Sensitization: 5% in H;O or  |Extreme dermal sensitizer: mild—intense skin reactions
(Guinea Pig Crl:(HA)BR FCA/H,0 id® were noted in all animals in the test group; Some animals
Maximization Induction and Challenge: 25%](12/20) in the test group showed subcutaneous
Test) in Petrolatum, dermal topical Jhemorrhaging, necrosis, and desquamation in the test sites
) ) following challenge.
iSalmonella/micro- {Salmonella typhimurium: |10-5000 ug/plate Mutagenic:
Jsomal Ames Assay thistidine auxotrophs >50 wg/plate, -S9 - TA97a and TA102
'TA97a, TA98, TA100, 2100 ug/plate, + S9 - TA97a
TA102, and TA1535 5000 ug/plate, +/- S9 - TA98 and TA100
5.3. ADME
5.3.1. ABSORPTION (BIOAVAILABILITY) AND TOXICOKINETICS APPEARS TH ls WAY
ON ORIGINAL

5.3.1.1. Single IV Studies

Assessment of the intravenous (iv) pharmacokinetics of celecoxib was conducted in five species.
The following table presents the summary of mean plasma PK parameters (SEM) following single
dose iv administration of SC-58635.

Species Dose ty, (hr) Vd, (I/kg) Vd,, (I/kg) Cl (m/min/kg) | AUC, o (ugehr/ml)
(mg/kg) d 9 d 9 d 9 J Q J 9
Rat (N=3) 1 3.73 14.0 2.51 242 ND ND 7.76 1.99 2.15 8.38
Rat (N=3) - 10 3.49 1.86 ND ND 5.81 28.7
Guinea Pig (N=2)] 6 1.16 1.98 ND ND 20.5 5.49
Dog (N=3) ~ | S 3.92 4.09 230 230 ND ND 10.0 7.98 2.00 2.52
(141) | (1.92) | (0.32) | (0.59) (2.9) (2.00) | (0.49) (.52)
Dog (N=2) 5 8.84 2.42 ND ND 3.08 31.2
Dog (Fast) (N=3) 5 1.77 1.66 2.63 232 2,18 1.98 19.2 16.9 495 5.20
(0.25) | (0.16) | (0.43) | (0.15) | (0.20) 0.05) | (2.2) (1.6) (0.47) (0.47)
Dog (Slow) 5 4.69 5.54 295 3.27 226 2.45 7.43 695 | 11.5 12.5
J(N=3) (0.44) | (0.36) | (0.21) | (0.21) | (0.09) (0.09) | (0.44) (0.45) | (0.7) 0.7)
Cynomolgus 1 1.66 3.58 3.22 227 0.736
Monkey (N=3) (0.50) (1.02) (0.88) (1.0) (0.032)
Rhesus Monkey 1 1.50 2.73 234 17.8 0.957
N=9 0.10) (0.34) (0.41) (1.9) (0.096)

NP = Not determined.
Fast = Dogs of the phenotype that eliminate SC-58635 from plasma at a fast rate
Slow = Dogs of the phenotype that eliminate SC-58635 from plasma at a slow rate.
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5.3.1.2. Single Oral Studies

administration is shown in the following table.

Species (N) Dose Sex Tnax Crax AUCy 0 BA

(mg/kg) (hr) (ug/ml) (ugehr/ml) %

Rat (3) 2 J 3.00 0.599 ND ND

Rat 3) 10 7 3.00 2.01 185 64.5

Dog (3) 1 d 1.00 0.309 1.57 74.4
(0.50) (0.015) (0.32) (5.6)

Dog (3) 1 9 0.667 0.553 2.12 85.9
(0.167) (0.070) (0.47) (20.7)

Dog (2) 5 ? 0.500 2.19 162 571

Dog (2) 5 g 3.00 0.517 4.80 169

Dog-Fast (3) S F& 9 0.667 0.822 2.63 63.7
(0.167) (0.219) (0.59) (10.5)

Dog-Slow (3) 5 c&? 0.500 1.54 10.5 88.0
(0) (0.19) (1.6) (5.8)

ND = Not determined; N = The number of animals.

Fast = Dogs of the phenotype that eliminate SC-58635 from plasma at a fast rate.

Slow = Dogs of the phenotype that eliminate SC-58635 from plasma at a slow rate.

Page 155

A shmmary of mean (SEM) plasma PK parameters for SC-58635 following single dose oral

APPEANS THIS wiar
ON ORIGINAL

The following table presents the food effect on mean SC-58635 PK (+SEM) parameters in beagle

dogs.
Site of Absorption and Food Effect Studies in Beagle Dogs
Dose Route Diet Toax (hr) C e (eg/ml) AUC, ,, (ugeht/ml)
(mg/kg) d Q J ¢ d ?
10 1G* Fasted 0.688 +0.277 1.62+£0.36 103+2.0
n=4 Duodenum?* 1.1310.63 1.46+0.20 9.69 + 1.57
Jejunum* 2251192 1.06 £ 0.21 9.37+£0.97
Colon* 8.50+£2.02 0.789+£0.118 10.01£0.9
5 IGP Fasted 1.50+£0.29 7.50 £5.27 0.356+0.163 10.364 £+0.035{ 1.89+1.01 3.3240.28
n=3/sex Low Fat | 3.00+0.50 3.67+1.17 0.712£0.227 10.775 £ 0.064 | 5.63 £1.94 5.58+£1.09
Med. Fat | 5.33 £ 0.67 4.67 +£0.67 0.706 £ 0.148 | 0.631 £0.080 | 5.07+1.35 5.07+£0.83
High Fat { 6.00+1.15 533+1.76 0.737+£0.115 10.808 £ 1.06 | 6.64+1.73 6.66+1.34

*SC-58635 was administered as a solution in PEG:H,0, 2:1, (v/v) or in PEG:Saline, 2:1, (v/v).

®SC-58635 was administered as neat chemical in a gelatin capsule.

Med. Fat = Medium Fat ; IG = Intragastrically.

APPEARS THIS WAY
ON ORIGINAL
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5.3.1.3. Repeated-Dose Oral Toxicity Studies
Mouse Studies
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The following table summarizes PK parameters obtained from 2-, 13-, an& 104-week oral toxicity

studies.
2-Week Diet Admix Study in Mice, EX4325 R
Dose Conax (g/ml) AUC,,; (ugehr/ml) B
(mg/kg) J ] 9 ) ?
100 3.52 1.52 55.8 204
300 104 4.54 148 60.5
1000 19.7 10.6 288 162
13-Week Diet Admix Range-Finding Study in Mice, EX4357
Dose (mg/kg) C pax (2g/ml) AUC, o (ugehi/ml)
d ? d 9 d ?
Day 1 |Day 45|Day 87| Day 1 | Day 45 { Day 87 | Day | | Day 45 | Day 87 | Day | [ Day 45 | Day 87
75 150 278 | 2.00 | 2.44 2.99 1.92 2.04 38.7 322 39.6 42.1 242 30.8
150 300 6.71 | 462 | 3.79 6.22 2.79 3.55 84.7 70.7 57.2 853 47.0 48.0
300 1000 [12.8 827 | 6.65 | 14.6 12.8 11.5 216 153 123 226 181 183
104-Week Diet Admix Carcinogenicity Study, SA4452
Week Dose (mg/ kg) Crnax AUC,,,
(Days) | Wk1-18 [ Wk 19-104 | Wk1-18 | Wk19-22 [ Wk 23-80 (ug/ml) (ugehr/ml)
d - 9 : d 9 d Q
1 25 12.5 50 25 25 0.973 0.807 11.1 12.3
(G-4 50 25 100 50 50 1.73 2.73 22.0 29.9
75 37.5 150 75 150 2.55 2.65 34.7 33.8
19 - 25 12.5 50 25 25 0. 865 0.555 13.5 7.05
(126-127) 50 25 100 50 50 1.75 0. 815 32.8 14.3
75 37.5 150 75 150 2.69 0.699 50.8 13.8
52 25 12.5 50 25 25 0.328 0.290 6.43 4.31
(357-358)| 50 25 100 50 50 0.723 0.558 13.2 8.14
75 37.5 150 75 150 1.24 0.967 22.8 17.6
78 25 12.5 50 25 25 0479 0.335 9.22 5.99
(540- 541)| 50 25 100 50 50 0.933 0.813 16.4 12.9
75 37.5 150 75 150 1.22 1.84 25.0 26.5

ArPEALS This viAv
ON GRIGINAL
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Rat Studies
The following table summarizes PK parameters obtained from 4-, 13-, 26-, and 104-week oral
toxicity studies. o
4-Week Oral Toxicity Study (SA4261)
Dose Conax (ug/ml) AUC,.,, (ugehr/ml)
(mg/kg) Day | Day 26 Day 1 Ddy 26 -
s 9 d 9 d 9 d ?
20 2.60 3.44 1.57 2.63 303 41.8 192 36.0
80 5.19 7.64 3.09 5.55 732 118 29.7 82.0
400 10.3 12.3 5.85 9.60 196 245 60.7 159
600 6.71 13.9 5.53 16.2 97.6 276 58.2 315
13- and 26-Week Oral Toxicity Studies (SA4346 and SA4366°)
Dose Coax (g/ml) AUC,,, (ugehr/ml)
(mg/kg) |[Dayl Day 42 Day 91 Day 182° [Day | Day 42 Day 91 Day 182°
20 2471291 1.68}13.061175]220|203{405]22.0](383]17.6 [369 [189 [342 [26.5 [525
80 37915991 258| 686|249 42612971 694| 424 | 83.5({234 [903 [36.3 [754 [41.5 [101
400 6.50 {11.6 | 4.36| 6.80 1391 ] 7.19| 5.12 [10.5 | 78.8 ]149 [66.1 {100 [583 |105 [54.6 {150
104-Week Carcinogenicity Study (SA4367)
Group |Dose PK Day 1 (Wk1) Day 180 (Wk 26) Day 359 (Wk 52) Day 541 (Wk 78)
mg/kg/day |Parameter | 9 J ? J ¢ d 9
Low 20 {Cux 1.93 2.65 2.16 341 2.00 475 1.45 1.11
5 (ug/mi)
Mid 80 3.42 5.63 3.09 7.46 2.88 7.44 0.893 2.00
10
High 400 6.09 10.1 4.62 4.71 428
- 200 . 7.93 9.47 13.0
Low 20 |AUG,,, 18.7 39.1 22.6 51.6 24.8 72.8 20.8 17.9
5 |(ugehr/mi)
Mid 80 42.6 812 39.0 111 382 114 11.6 277
10
High 400 95.1 163 56.8 73.4 66.7
200 118 158 132

APPEARS THIS WAY

ON CRIGINAY
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The following table summarizes PK parameters obtained from reproductive toxicity studies.

Pre-Mating and Early Pregnancy Study in Rats

Dose Co (ug/ml) AUC,,, (ugehr/mi)
(mg/kg) Day 1* Day 23° Day 1 Day 23
5 1.84 1.63 25.6 233
15 3.59 3.35 57.6 472
30 3.96 5.17 70.6 633
50 593 5.25 95.7 90.9

* Animals were dosed 14 days prior to mating, throughout the mating period until day 7 of
gestation. The total dosing period was approximately 23 days.
b Gestation Day 7

Embryo-Fetal Development Toxicity Studies in Rat (n=6/dose¢)

Dose Conae (ug/ml) AUG,,, (ugehr/ml)
(mg/kg) | Gestation Day 6 |Gestation Day 16/17] Gestation Day 6 [ Gestation Day 16/17
SA4362 - Animals were dosed once daily from day 6 to day 16 of gestation.
10 1.79 2.81 203 37.1
30 3.01 5.03 439 67.0
100 6.37 7.45 134 115
SA4599 - Animals were dosed once daily from day 6 to day 17 of gestation.
10 3.79 3.20 457 47.6
30 491 5.43 54.3 104
100 7.66 7.41 140 115
Embryo-Fetal Development Toxicity Studies in Rabbit, SA4342 (n=6/dose)
Gestation Day 7 | Gestation Day 19 Gestation Day 7 Gestation Day 19
60 0.951 1.49 14.9 22.5
150 1.41 2.37 245 41.5
300 1.76 5.14 37.4 89.0
Dog Studies

APPEARS THIS WAY

ON ORIGINAL

Mean PK (+SEM) parameters for SC-58635 obtained from 4-, 13-, 26/52-week oral toxicity studies

are summarized in the following tables.

4-Week Oral Safety Assessment Study in the Dog, SA4260
‘Day of Dose Coax (1g/ml) AUC,.,, (ugehr/ml)
Dosing | (mg/kg)* J e o+ J Q g+e
1 25 (n=4) 1.90+0.79 1.72 £ 0.42 1811042 | 21.7+109 | 18.7+6.7 20.2+6.0
50 (n=4) 4.15+142 1.94 + 0.66 3041084 | 47.7+133 | 254+104 | 36.6+89
100 (n=8) 6.89 1+ 1.54 3.96 +0.89 5421094 [104+30 71.0+199 | 8731179
250 (n=8) 103+3.1 844 +2.05 937+1.82 (153153 120+ 36 136 + 31
15 100 8351271 8.72+3.34 8.51+2.02 ([117+41 104 +36 111 +27
250 7.72+298 | 120+39 9.85+2.43 {135+67 21180 173 £+ 51
27 25 4621258 2.27+0.65 345+131 | 71.5+£509 | 22.2+7.8 46.9+25.6
50 -« -6.77+2.10 4.66 +2.04 3.86+1.43 | 83.7+302 | 60.6+30.0 | 73.8+20.3

* The 100 and 250 mg/kg dose groups were sacrificed on day 15 of dosing. The 25 and 50 mg/kg dose groups were sacrificed on day
27 of dosing. Reference: Document Number MRC-94S-0185.

APPEARS THIS WAY
ON ORIGINAL
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13-Week Oral Safety Assessment Study in the Dog (SA4324)
Dose |{Phenotype® C e (ug/ml)* AUC,,, (ugehr/ml
i (mg/kg) Day 1 Day 39 Day 88 Day | Day 39 Day 8§
7.5 |Fast 104 £0.11 1.03+0.11 0.802 £ 0.251 6.88 +1.33 579+ 1.13 7.11+2.70
(bid) |[Slow 2191036 1.75 +0.23 2.191£0.32 173129 193125 21.0+3.0
12.5 jFast 1751032 1.55+0.14 1.33+0.15 10.1+£1.0 126 £0.6 11.0+1.7
(bid) |Slow 1.81 +£049 2391015 2.1310.35 152+4.6 248 5.0 229155
17.5 |Fast 1.53+0.26 2.16 £ 0.41 2.121 041 128422 173+34 17.01 39
(bid) [Slow 276+ 043 3.74 £ 040 3141043 258135 43.0147 380144
25 Fast 0.800+0.329 | 0326£0.119 | 0.490+ 0.046 6.18+2.54 2.77+1.52 3.18+0.74
(qd) {Slow 0916+0.215 | 0.846+0.182 | 0.860+ 0316 7274152 941 +3.67 109451
26/52-Week Oral Safety Assessment Study in the Dog (SA4324)
Dose | Phenotype Couax (ug/ml)® AUC, ,, (ugehr/ml
(mg/kg) Day 1 Day 178 Day 360 Day 1 Day 178 Day 360
7.5 |Fast 0.917+£0.238 | 0.832+0.091 0.725 + 0.083 5.16+0.96 5.89+0.63 5.61£1.39
(bid) |[Slow 2.01+0.36 1.91+0.38 1.91+£0.12 18.2+2.1 212146 22.8+4.7
12,5 |Fast 1.141£0.28 2.15+032 1.79£0.36 922+229 | 15.6+39 15.1+52
(bid) [Slow 2.04 £0.30 2.86 £ 0.39 2.53+£0.36 20.1+34 309132 334165
17.5 |Fast 1.07+0.13 1.76 £ 0.23 1471020 8924142 | 114113 118+1.7
(bid) |Slow 2.61 +0.40 3.6110.19 3.11+029 287153 40.6+3.1 372450
25 Fast 0.774+0.254 | 0.537+0.160 | 0.651 £0.235 4.00+2.02 298 +0.88 3.86+2.02
(qd) |[Slow 1.94 1 0.56 0951 +0.186 | 0.886+£0.153 | 23.7+74 106 +3.9 7384128

The Ci,, value reported is the maximal plasma SC-58635 concentration obtained over a 24 hour dosing day.
Phenotype: Fast are dogs of the phenotype that eliminate SC-58635 from plasma at a fast rate. Slow are dogs of the phenotype that
eliminate SC-58635 from plasma at a slow rate.

b

The following table shows the comparison of exposures to SC-58635 on last day of dosing in rat and
dog toxicity studies to clinical human exposures at 200 and 400 mg/day.

Species|Duration -Sex/ NOEL Animal Exposure Animal/Human Exposure Ratio?
Pheno-type® (Last Day of Dosing)
(mg/kg) Coax AUCq,, 200 mg/day 400 mg/day .
wg/ml) | eehr/mi) [ Cowe [AUCon| Com [AUConm APPEARS THIS WAY
Rat 4-Wk d 80
? 400 9.60 159 142 18.9 7.1 9.5 ON ORIGINAL

Rat 13-Wk d 20 1.75 18.9 2.6 23 13 1.1
I 9 20 220 342 33 4.1 1.6 2.0
Rat 6-Mon ¢ 20 2.03 26.5 3.0 32 1.5 1.6
| ? 20 4.05 52.5 6.0 6.3 3.0 31
Dog 4-Wk d 25 2.27 222 34 2.6 1.7 1.3
I - ¢ 25 4.62 71.5 6.8 8.5 34 43
FDog 13-Wk [Fast (" & ?) 35 2.12 17.0 31 2.0 1.6 1.0

Slow (" & ¢)| 35 3.14 38.0 4.7 45 23 23
Dog 6-Mon {Fast (& & 9) 35 1.76 11.4 2.6 14 13 0.7

Slow ( & ¢)| 35 3.61 40.6 53 48 2.7 24
Dog 1-Year |Fast (6"& 9) 35 1.47 11.8 22 1.4 1.1 0.7

Slow (¢ & ¢)| 35 3.11 372 4.6 44 23 22

* The mean C,,, and AUC,,, values for the 200 mg/day dose were 0.675 pg/ml and 8.40 pgehr/ml, respectively. The mean C,,,, and
AUC, 14, values for the 400 mg/day dose were 1.35 pg/ml and 16.8 pgehr/ml, respectively. Ratio was calculated by dividing animal
Day last AUC, ,, or C,, values by respective human values.

Phenotype: Fast are dogs of the phenotype that eliminate SC-58635 from plasma at a fast rate. Slow are dogs of the phenotype that

eliminate SC-58635 from plasma at a slow rate.
APPEARS THIS WAY
5.3.2 ,TISL_S’UEDISTRIBUTION ON ORIGINAL

Celecoxib was well distributed into the majority of tissues as demonstrated by a rat tissue
distribution study. Following an oral dose of 2 mg/kg [14C]celecoxib, the gastrointestinal tract
tissues contained the highest concentrations of radioactivity, with high levels of radioactivity also
found in liver, red blood cells, adrenal glands, lacrimal glands and bone marrow. The concentrations
of radioactivity in skin were the same as that of plasma, indicating that there was no preferential
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partitioning of celecoxib and/or its metabolites into skin. The concentrations of radiodctivity in
pigmented and nonpigmented skin were similar and decreased at similar rates, indicating no -
irreversible or extensive binding of celecoxib to melanin. By 96 hours post dose, concentrations of
radioactivity in most tissues were below the limit of detection. -

Data from the whole-body autoradiography study (iv bolus loading dose of [14C]celecoxib at 2
mg/kg followed by a 5-hour IV infusion dose of [14C]celecoxib at 0.4 mg/kg/hr) showed that highly
perfused tissues, namely liver, heart, lungs, and kidney, and intestinal contents contained the largest
amounts of radioactivity. Smaller levels of radioactivity were observed in the stomach, lining of the
cecum and intestines, harderian gland, adrenal gland, pancreas, bone marrow, blood, brain, spinal
cord, testes, skin and hair follicles.

5.3.3. METABOLISM

Celecoxib was metabolized by a single metabolic pathway in all species studied (mouse, rat, dog,
rabbit, and monkey). Hydroxylation of the aromatic methyl group of celecoxib to form SC-60613
was the initial step in the metabolism of SC-58635. Then, the hydroxyl group of SC-60613 was
further oxidized to a carboxyl to form SC-62807. SC-60613 and SC-62807 were metabolites
produced by rat, dog, cynomolgus monkey and rhesus monkey. The glucuronide conjugates of SC-
60613 and SC-62807 were present in bile of rat. The glucuronide conjugate of SC-62807 and the
dual glucuronide glycine conjugate of SC-62807 were present in rabbit urine. SC-60613 and SC-
62807 have been synthesized and shown not to have any inhibitory activity to COX-1 or COX-2.
The metabolism of celecoxib by the animal species studied was similar to that for human, i.e.
hydroxylation of celecoxib to SC-60613 and further oxidation to the carboxylic acid, SC-62807.
The I-O-glucuronide of SC-62907 is a minor metabolite in human.

In vitro metabolism of celecoxib was studied in the rat, dog, and human. Data showed that (D)
celecoxib was a mild inducer of CYP2B but not CYP3A in the rat; (2) CYP2D15 was important for
the metabolism of celecoxib in the dog; and (3) CYP2C9 and CYP3A4 were the most important
cytochrome enzymes involved in the metabolism of celecoxib in the human.

5.3.4. PLASMA PROTEIN BINDING

The plasma protein binding of SC-58635 was evaluated in vivo. Approximately 95% of celecoxib
bound to plasma protein following oral administration to the mouse, rat and dog. Similar data were
noted in the in vitro studies. The following table summarizes results expressed as % binding of
[14C]SC-58635 obtained from in vitro protein binding studies.

[“CISC-58635 Mouse Rat Dog Human Human Human
(ng/ml) Plasma Plasma Plasma Plasma Albumin AAG
(40 mg/ml)* | (1.8 mg/ml)*
94 .4 98.4 98.2 98.2 100 924
ND 94.3 96.7 97.9 100 91.6
ND 914 97.0 96.5 99.8 91.0
ND 959 97.0 96.7 99.9 88.4
93.5 842 97.1 96.3 99.8 78.6
ND 95.6 ND 973 ND ND
ND 853 ND ND ND ND
ND 88.3 ND 90.6 ND ND

"ND - Not Determined.
AAG = a, acid glycoprotein.
* These concentrations reflect values in normal human.
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5.3.5. EXCRETIONS

Studies in the rat, dog, cynomolgus monkey, and Rhesus monkey showed that biliary/intestinal
excretion was the major route for the elimination of celecoxib following a single iv dose with values
of 90%, 90%, 65%, and 80%, respectively. The remaining dose was eliminated through urine.
SC-62807, the carboxylic acid metabolite, was the major metabolite excreted in both urine and
feces. Celecoxib was metabolized extensively in all species studied by the evidence of little or no
unchanged drug excreted in urine or bile.

5.3.6. PLACENTAL TRANSFER AND MILK SECRETION

Secretion of celecoxib through milk was evaluated in the lactating SD rats by given a single oral
dose of 5 mg [14C)SC-58635 via gavage. The concentrations of celecoxib in maternal plasma and
milk were similar, indicating that celecoxib was distributed to milk and available to the neonate. In
addition, celecoxib was present in plasma of neonates from dams that were administered the test
article.

Placental transfer of celecoxib was studied by giving a single oral dose mg/kg [14C]celecoxib to
pregnant rats (n=18) at approximately day 18 of gestation. Results showed that the concentrations of
celecoxib in maternal plasma and fetuses were similar, indicating that celecoxib crossed the
placenta and was available to the fetus.

APPEARS THIS WAy
ON ORIGINAL
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6. CONCLUSION AND RECOMMENDATION:

It appeared that GI and kidney were major target organs for SC-58635 induced tox1c1ty followmg
repeated oral administration to the mouse and rat. _

GI injury with low incidence of interdigital pyoderma/subcutis abscess were observed in dogs
treated with doses >50 mg/kg/day (equivalent to 1.3-4.4x of human exposure at 400 mg/day dose as
measured by AUC(.24) for 4-week. Similar findings of cutaneous lesions were observed in dogs
treated with other COX-2 inhibitors. Although these observations occurred at low incidence
and did not appear to be dose-dependent, test-article caused toxicity through the mechanism
by inhibiting phagocytic cell functions could not be ruled out. Therefore, close monitoring of
adverse events of microbial infections in addition to GI injury in humans is highly
recommended. Additionally, there were lesions with slight—>mild chronic multifocal
perivascular/periventricular lymphocytic infiltrate identified in a dog 4-week toxicity study. These
pathological changes within brain are often seen in dogs with viral infection with CNS involvement.
Information from a rat study implied that SC-58635 could pass blood-brain-barrier (BBB) and
rapidly distribute into CNS tissues as the levels of SC-58635 in CNS were higher than blood
following an oral administration of 10 mg/kg. Therefore, the observations of theses changes may be
attributable to drug-caused toxicity. It would be beneficial to conduct additional studies to
distinguish whether such lesions are drug-induced or due to underlying viral inflammatory diseases
of the CNS or other causes.

The effects of SC-58635 on pancreatic functions were not investigated in the current submission. It
has been shown that COX-2 constitutively expressed in the pancreatic tissue (HIT-T15 cells, Syrian
hamster islets and human pancreatic islets) under basal and stimulated conditionl8. Thus, the
pharmacological or undesirable toxicological effects of SC-58635 on B-cells and blood glucose
levels following long term use need to be addressed.

Approval of Celebrex™ is recommended.

“APPEARS THIS WAY
ON ORIGINAL W.C. Josie Yang, Ph.D.

Concur by team leader: Yes O No O
; Andrea Weir, Ph.D.

APPEARS THIS WAY
ON ORIGINAL

18 Sorli CH, et al., 1998. Proc. Natl. Acad. Sci. USA 95: 1788-1793.
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PSRN,

7. APPENDIX:

1. Executive CAC Recommendations and Conclusions on Carcinogenicity Studies *



s L

Executive CAC
“October 27, 1998

Committee: Joseph DeGeorge, Ph.D., HFD024, Chair il
Joseph Contrera, Ph.D., HFD-900, Member
Barry Rosloff, Ph.D., HFD-120, Alternate Member
Josie Yang, Ph.D., HFD-550, Preseating Reviewer ' -
Andrea Weir, Ph.D., HFD-550, Division Team Leader

Author of Draft:Josie W. C. Yang, Ph.D.

The following information reflects a brief summary of the Committee discussion and its recommendations.
Detailed study information can be found in the individual review.

NDA 20-998
Name of Drug: Celecoxib; Celebrex™; SC-58635
Spousor: G.D. Searle & Co

Background: Celecoxib (SC-58635 - C17TH14F3N302S), a newly developed cyclooxygenase-2 (COX-2)
inhibitor, is a diarylsubstituted pyrazole compound. Celecoxib is proposed for the treatment of the signs and
symptoms of RA and OA, and for the management of acute and chronic pain. Celecoxib was not mutagenic in
an Ames test and a mutation assay in Chinese hamster ovary (CHO) cells, nor clastogenic in a chromosome
aberration assay in CHO cells and an in vivo micronucleus test in rat bone marrow.

~ Mouse C;lrcinogenicity Study: Groﬁps of mice were given celecoxib at the doses shown in the following
table via dietary admix.

Dose (mg/kg)
Group 4 ?
Wk1-18{Wk 19-104] Wk1-18| Wk19-22 | Wk 23-104
N 0* 0 0 0 0
1 25 12.5 50 25 25
2 50 25 100 50 50
3 75 37.5 150 75 150

The doses selected in this study were based on toxicity findings of a 13-week dietary admix (d% 0, 75, 150
and 300 mg/kg; ?: 0, 150, 300 and 1000 mg/kg). Due to excessive toxicity, high dose group (" and ¢) was
terminated at Week 80. Treatment-caused histopathological changes were limited to the GI tract
. (erosion/ulceration with associated chronic active inflammation in the glandular stomach, duodenum,
jejunum, ileum, cecum, and colon at one or more sites). Non-dose dependent pyelonephritis was only
observed in drug-treated & with low incidence rates. The GI injury was the most common cause of death in
high-dose animals. No treatment-induced increases in the tumor incidence rates were identified.

Rat Carcinogenicity Study:  Groups of rats were given SC-58635 in 0.5% methylcellulose (w/v) + 0.1%
polysorbate 80 as a suspension once daily by oral gavage at a dose schedule as shown in the following table
for 104 weeks.

Dose mg/kg/da
Group | Wk 1-17 Wk 18-77 Wk 78-104
T EX X d ) d [
1 (Gontrol) 0 0 0 0 0
2 (Cow) 20 20 20 20 5
3 id) 80 80 80 80 10
14 (High) 400 400 200 200 200

The doses selected in this study were based on the results of a 4-week oral gavage study at doses of 0, 20, 80,



RS

400 and 600 mg/kg in which it was shown that absorption of SC-58635 attained a plateau at dosages 400 _
‘mg/kg/day for & rats [AUCo.24 (ugehr/ml) for 400 and 600 mg/kg o 195.9 and 97.6 on Day 1 and 60.7 and
38.2 on Day 26, respectively] and deaths were seen at 600 mg/kg/day for ¢ rats.* Treatment-related deaths
mcrmsedmthdoseandooamedmthcmxd—andhlgh-dosed'andalltxmtedfemalegroups(ﬁt‘oipZ 49;
Group 3: 40" & 20 2; Group 4: 190 & 319). Duetoexmswetoxxaty,hlghdoscfemalwmremﬁcedat
Week 79. The major non-neoplastic findings were dose-dependent increased incidence of GI
necrosis/perforation/inflammation with secondary peritonitis and pyelonephritis (6 oaly). No treatment-
induced increases in the tumor incidence rates were ideatified.

Executive CAC Recommendations and Conclusions

1. The Committee found that both rat and mouse carcinogenicity studies were acceptable.

2. Based on observed GI and kidney toxicity findings as well as mortality, the MTD was reached for both
mouse and rat studies.

3. Celecoxib was not carcinogenic in rats or mice.

! / o
i >

cc:\
/Division File, HFD-550
/TYang
/AWeir
/ASeifried, HED-024
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Agenda

8:00 Call to Order, Introductions: Steven Abramson, M.D.,
Acting Chair, Arthritis Advisory Committee
Meeting Statement: Kathleen Reedy, Executive Secretary
Arthritis Advisory Committee
Introductory Comments: Robert DelLap, M.D., Director, ODEV
John Hyde, M.D., Acting Deputy Director
Division of Anti-Inflammatory, Analgesic and Ophthalmic Drugs

8:30 Searle Presentation
Introduction: Dr. P.Needleman, Ph.D., Co-President Searle
Chief Scientist Monsanto

Non-clinical Overview: Dr. P. Isakson, Ph.D.

Executive Director and Senior Fellow COX-2 Technology
Clinical PK: Dr. A. Karim, Ph.D., ABCP Distinguished Scientist,

Senior Director, Clinical Pharmacokinetics and Bioavailability
Clinical: Dr. G. Steven Geis, Ph.D., M.D, Vice President
Celecoxib Clirical Development

10:00 Break

10:15 FDA Presentation
Introduction, Ostecarthritis, Rheumatoid Arthritis:
James Witter, M.D., Ph.D., Medical Officer,
Division of Anti-Inflammatory, Analgesic and Ophthalmic Drugs
Pain: Mordechai Averbuch, M.D., Medical Officer,
Division of Anti-Inflammatory, Analgesic and Ophthalmic Drugs
Renal: Douglas C. Throckmorton, M.D., Medical Officer,
Division of Cardio Renal Drug Products
GI: Liawrence Goldkind, M.D., Medical Officer,
Division of Gastro-Intestinal and Coagulation Drug Products
Pharmacology/Toxicology: Josie Yang, Ph.D.
Division of Anti-Inflammatory, Analge51c and Ophthalmic Drugs
PharmacoKinetics: Sue-Chih Lee, Ph.D.
Office of Clinical Pharmacology and Biopharmaceutics
Conclusion: James Witter, M.D., Ph.D., Medical Officer,
"~ Division of Anti- Inflammatory, Analge51c and Ophthalmic Drugs
11:15~6pen Public Hearing
12:15 Lunch
1:30 Discussion and Questions
3:00 Break
$:00 Adjourn
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Questions

Efficacy
1. Should celecoxib be approved for the indications of the treatment of the signs and
symptoms of OA and RA?

2. For the Indication "Management of Acute Pain”, the Division's usual requirement is
replicated evidence of efficacy in at least two different types of pain models.
Traditionally, one type should be a single-dose model (e.g. dental pain) while the
other type should be a multiple-dose model (e.g. post-operative, dysmenorrhea, etc.)
studying patients with short-term (usually several days) therapy. While the

replicated dental pain studies in this NDA support the analgesic efficacy of

" celecoxib, the multiple-dose studies are inconclusive (failed studies). The trials in
OA are felt to be only supportive of the analgesic acute efficacy of celecoxib. The
Agency believes that additional data are needed to support the acute pain indication.
Does the committee agree? If so, what additional evidence should be provided?

Gastrointestinal

3. At prior AAC meetings on this subject, endoscopic studies have been viewed as
surrogates of clinically meaningful endpoints. Given that celecoxib, in these
endoscopic studies, has demonstrated consistent statistical superiority to only two of
the three NSAIDs studied, what comparisons (if any) should be allowed in the

* labeling between celecoxib and these NSAIDs? Can these data be extrapolated to
make comparisons between celecoxib and all other NSAIDs as well?

‘4. An underlying concept of the celecoxib development program has been that COX-2
selectivity would provide enhanced Gl safety. While the celecoxib studies completed
to date suggest that endoscopically diagnosed ulcers may occur less frequently with
celecqxib treatment compared to NSAID comparators, studies completed to date have
not included definitive comparisons of clinically significant Gl adverse events. Is the
NSAID-warning template still appropriate, pending completion of appropriately powered

trials to assess the incidence of significant Gl events with celecoxib compared to one or
more NSAID products? Or should qualifications be made to the NSAID Gl warning
template, while noting the limited experience with the new molecular entity?



5. NSAID \abeling currently recommends against concurrent use of aspirin and
NSAIDs. In view of the apparent tack of antiplatelet effect and the limited data from
contro\led endoscopy studies, what recommendations. if any. should bé made
concerming us of prophy\actic low ¢"s€ aspirin concurrent\y with celecoxib?

Renal
6. The sponsor and the FDA have agreed that the overall renal effects of celecoxib,
“including the incidence of peripheral edema and other renal adverse effects, aré similar
to those of currently approved NSAIDs.
a. Do you agree with this assessment?
b. How should any conclusion be reflected in |abeling?

7. The NDA did not collect-data on serum picarbonates. Given the other laboratory
apnormalities noted in the NDA:

a. Should additional safety studies be required?

b. How should this absence be reflected in |abeling?

Other lssues
8. information obtained from pharmacokinet'rc studies indicates that elderly subjects
have a 40% increase in Cmax and a 70% increase in AUC. The FDA proposed label

calls for initiating therapy with the lowest dosé and titrating upP slowly. Does the

9. Celecoxib is alimost entirely dependent upon hepatic metabolism (via p450 2C9).
\n patients with mild or moderate hepatic insufficiency should the dose of dosage
regimen be altered?
Mild hepatic insufficiency (plasma celecoxib levels 1.3-1 4x normal)
Moderate hepatic '\mpairment (plasma celecoxib levels > 2X normal)

"~ 40. Atthe present time there are no studies in subjects with severé hepatic failure.

Should the sponsor be required 10 do studies which monitor both pharmacok'\net'\cs and
clinical outcome (i.e. adverse events) prior to making labeling recommendat'\ons for this
patient popu\ation’?

44. Please provide recommendat'\ons for any Phase 4 studies for Celebrex"‘l .
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Indications

1. Acute or Chronic use in the Treatment of the
Signs and Symptoms of Osteoarthritis and
Rheumatoid Arthritis

2. Management of Pain

CELEBREX ™
(celecoxib)
Capsules
Agenda
I.  Introduction Dr. Richard Spivey
Il Ovefview Dr. Philip Needleman
lil. Discovery & Pre-Clinical Dr. Peter isakson
Development
V. Pharmacokinetics/ Dr. Aziz Karim
Pharmacodynamics
V. Clinical Efficacy Dr. G. Steven Geis
VL. Clinical Safety Dr. G. Steven Geis
VII. Summary Dr. Philip Needleman

Major Conclusions

1. Celecoxib is effective in treating OA, RA, and Pain

2. In osteoarthritis, celecoxib given once daily or in
divided doses is equally effective

3. Celecoxib is a specific COX-2 inhibitor that has
an improved safety profile compared to mixed
COX-1/COX-2 inhibitors

4. The clinically significant differences in Gl effects
compared to NSAIDs warrant specific changes in
NSAID GI Class Labeling

APPEARS THIS WAY
ON ORIGINAL
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Mechanism of Action of NSAIDs:
The Vane Hypothesis

1990 Hypothesis: 2 COX Isoforms Exist

Arachidonic Acid
NSAIDs:

Cyclooxygenase { Anti-inflammatory
Aralaaal

X
)

Prostaglandins

Support Renat and Protect Inflammation and Pain
Platelet Function Gastroduodenal
Mucosa
1

Gastrointestinal Toxicity
Renal Toxicity (rare)

1112008 — AdCamttan

Arachidonic Acid
Glucocorticoids
/ \ {block mRNA expression)
COX-1 CcoX-2
(Constitutive) (Cytokine Inducible)
NSAIDs

Stomach Inflammatory Site:

Intestine * Macrophages

Kidney * Synoviocytes

Platelet * Endothelial cells

1:30 1 — AdComban

COX-2 Inhibitors:
Mechanism Based Drug Targeting

Arachidonic Acid

N

COX-1 COoxX-2

Breakthroughs in Anti-Inflammatory Therapy

specific COX-2
(Constitutive) (Inducible) inhibitor
Celebrex
(celecoxib)
Stomach Disease Targets:

Intestine -

Kidney *(Pain =

Platelet * Colon Cancer
* Alzheimer's

1120198 — AdCamMan

* 1897 Invention of aspirin
* 1963 Development of NSAIDs
e 1971 Mechanism of aspirin
* 1990-91 Paradigm shift - Discovery of COX-2
* 1992 Rational drug development begins
* 1998 Delivery of a new class of drugs
- Delivers the effectiveness of NSAIDs in arthritis and
ain
- E’rovides greater safety than the NSAIDs
— Differentiated class with a clear therapeutic index

11,30 9 — AdCamben

COX-2: Targeted Drug Discovery

Identification and Evaluation
of COX-2 Inhibitors

Scientific Objectives:
- Mechanism of Specificity
- Evaluation of the COX-2 Hypothesis
- Efficacy and Safety Profile Consistent with
: COX-2 Specific Mechanism

> Clinical Evaluation

11/3098 — AdCamidan

¢ In vitro pharmacology
—BRecombinant human COX-1 and COX-2
—~ Cells

¢ In vivo pharmacology
- Selectivity
- Anti-inflammatory and analgesic activity

¢ Safety
- Acute and chronic

117209 — AdCamblan
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Enzyme Inhibition Profiles of
Celecoxib and NSAIDS

Enzyme Inhibition Profiles of
Celecoxib and NSAIDS

Enzyme + Drug Naproxen Ibuprofen Naproxen
® hCOX-1 ! & hCOX-t
+ Arachidonate - ~@- hCOX-2 8 -8~ hCOX-2
g [
§
Measure ; . «
Prostaglandin 20
o 0
Recombinant human enzymes assayed in vitro ° 3" 2 88 ez -2 8 g ° ;"2 83§
uM uM uM
7 17090 — AdCormbben 8 11,3058 = AdCamban
Enzyme Inhibition Profiles of Enzyme Inhibition Profiles of
Celecoxib and NSAIDS Celecoxib and NSAIDS
Celecoxib Ibuprofen Naproxen Celecoxib Ibuprofen Naproxen
& hCOX-t ® hCOX-1
- ~-@®- hCOX-2 - @~ hCOX-2
[ 2
£ -
H § 1C,,
2 *
uM uM uM
Glerse ot al , Blochem. J. 305:479, 1996
Penning et al, J Med.Chem. 40:1347, 1997
9 113098 - AdCambtan 10 11708 — AdCamiten

Inhibition of Cyclooxygenases in vitro

ICsq (HM)
Diclofenac 0.03 0.01 3
Etodolac >100 54 >2
Ibuprofen 38 117 0.4
Nabumetone (6-MNA) 82 >1000 <0.1
Naproxen 32 235 0.1

Glerse ot ol BiGohem. J. 305:479, 1996

11

1173094 — AdComMain

Inhibition of Cyclooxygenases in vitro

1Cso (1M)
Celecoxib 15 0.04 375

NH,
#
O/
N
{©/‘§>_C F3
Hs:

Penning ot al, J.Mad.Chem, 40:1347, 1897

12

1173000 - AaCombdan
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COX-2 with celecoxib in the
active site

COX-1 with flurbiprofen in the
active site

Kurumbail et al, Science
(In prens)

Plcot, Loll and Geravito
Nature 367:243. 1964

Mechanism of Celecoxib Enyzme Selectivity

¢ Binds to a side pocket unique to the COX-2
active site
* Selectivity is due to a novel mechanism:
-~ Low affinity, competitive inhibition of COX-1
- High affinity, non-competitive inhibition of COX-2; very
slowly reversible
—Duration of action longer than pharmacokinetic T,,

14 14309 — ACemiien

Identification and Evaluation of
COX-2 Inhibitors

* In vitro pharmacology
~ Recombinant human COX-1 and COX-2
-Cells
¢ In vivo pharmacology
— Selectivity
-~ Anti-inflammatory and analgesic activity
o Safety

— Acute and chronic

15 112088 - AdCamiten

Assessment of Specificity with Human Platelets

o%ea «
0%

cox-1
°es o +Arachidonale ——> TxA, — Aggregation

Platelets
{in vitro)
Subject dosed
with drug
$ ™ Clot
Blood TxA Serum TxB.

Bleeding Time {in vitro)  COX-1 2 2
16 11309 ~ AdComuan

Effect of Single Dose Celecoxib on
Human Platelet Aggregation and Serum TxB,

-4~ Celecoxib 400 mg
&~ Celecoxib 800 mg
-¥- Ibuprofen 800 mg

- Ptacebo
~@- Celecoxib 100 mg

Effect of Single Dose Celecoxib on
Human Platelet Aggregation and Serum TxB,

< Celecoxib 460 mg
4~ Celecoxib 800 mg
~¥- tbuprofen 800 mg

- Placebo
@ Celecoxib 100 mg.

Aggregation Aggregation Serum TxB,
)f 2 = ).( 2 too
§m é"’ g«
&Y s 28
3; “ 2; '_g" .
't 2 Q
3 3 £S.
i z e i
-100" -100° v\lw
Pre® 2 4 8 g 24 Pre0 2 4 8 g 24 Pre0 2 4 6 3 24
- Poes Hours Dose Hours Doss Hours
Single doses;n= 7 * P< 008 ve. bassing McAdem ot of, PNAS (in prees) Single dose; n = 7 P $008 ve. haswine
17 113000 — AaContian 18 141909~ AdCambien

BEST POSSIBLE COPY




BEST POSSIBLE COPY

Effect of High Dose Celecoxib on Serum TxB,

Whole Blood Assays of COX-1 and COX-2

4 Placebo (n=11) COX-1
@ Celecoxib 200 mg BID (n=11)
- Celecoxib 400 mg BID (n=10) ° 00,
300 -y~ Naproxen 500 mg BID (n=10) 2 °: o COX-1
250 0 00 o + Ar i TXA2 TXBZ
=5 o® TxSynthase
gb'j 200 Platelets
C »
= § 150
[::)
X E 100 COX-2
0 -
, . LPS ~—> —» PGE,
Day 1 Day1 Dey 7 Day 7
predose 2hrs <30 min 2hrs
*p<0.06 ve. Bassline-overall comparison Monocyte
19 1113008 — AdGamMen 20 117309 — AdComblan
. . Relationship of COX Inhibition
Whole Blood Assay of Celecoxib ex vivo to Celecoxib Doses in Humans
Range of
therapeutic
] plasma levels
70 - 48 250 200- 400mg/day a8
200 200 i
£ Fao E g N SNECOX-1L, §
% 150 - * % g 150 y * g
£ £ £ £
P 100! o’ T r00 o
§ 100 [ 1s .>_< ;yl 100 18 :
2T «COX-24 ®TeCOX-2 |
LPS -> PGE, - b
¢ T T T ] ¢ T T T °
0 0.1 1 10 100’ 0 0.1 1 10 1007
Celecoxib (pM) Celecoxib (uM)
21 1113098 — AdComMan 22 117309 — AgComidan
- ificati Evaluation of
Celedoxi t ects Identification and_ \
ecoxib Platelet Eff COX-2 Inhibitors
» No effect of celecoxib at 2X the maximum * In vitro pharmacology
therapeutic dose on: - Recombinant human COX-1 and COX-2
— Platelet aggregation I_ Cells h |
o
— TxB, production n ;'nllot?;rmaco ogy
- oelectivi
— COX-1 sparin . A -
paring - Anti-inflammatory and analgesi¢ activity
* Safety
K — Acute and chronic
23 1112098 —~ AdCemblan 24 117399 = AdCemiien
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Effect of Celecoxib on Acute Inflammation

-0~ Vehicle

12. -~ Naproxen

e
-
)

-o— Celecoxib

04 -

02 -

A Paw Volume {ml)
o

Effect of Celecoxib on Acute Inflammation

-0- Vehicle 54
w2. ~ ~ Naproxen I
o
.. —o— Celecoxib Normal
Inflamed

PGE, (ng/paw)

ik

T T -‘!
Vehicle Celecoxib Naproxen

C'"IV""‘“ Time (hr) C‘"ID“"‘“ Seibert ot &), PNAS 91:12013, 1994
Zhang e! al, JPET 283:1069, 1997
25 113098 — AdCom ke 26 11702 — AgComblan
Cyclooxygenases in Acute Inflammation Specific COX-1 Inhibitor
5 HN
L o o
o 5 N o®
5 X
s \ COX-2 — Inflammation NN N
E Pain '
g | \ ; CFs N
° k i °
& | 5/ a
/ COX-1 .
/, SC-560 Celecoxib
Basal Inflamed ) ICo: COX-1 0.009 15
(M) COX-2 6.3 0.04
27 11 30,54 — AdComMer 28 : 11 30% — AdComMan

In vivo Specificity of SC-560

Inhibition of COX-1 is Not
Anti-inflammatory or Analgesic

g 100 « Air Pouch (COX-2)
= s
g
80
2
g 40
< a 2 = Gastric Mucosa (COX-1)
) 0+ T T - —_—
. . 0.1 1 10 100

——— SC-560 (mg/kg)

Smith st al, PNAS 95:13313, 1968

29

1130730 < AdCamban

Edema Hyperalgesia

1.5 15

0.8
03 3

" Normal  Vehicle SC-560 Celecoxib

A Paw Volume (ml)
{oes) Aoume) emeapylm ¥
esuodsay umy

+ Carrageenan
11309 — AdCamian

Smith et o), PNAS 95:13313, 1998

)
-
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Rapid Reduction of Pain by Celecoxib

Ketorolac, p.o. Celecoxib, p.o.
I i Vehicle

i, 3
3 B —3 3
g ‘ \T Vehicle g
& INGUT :
i %

30 mg/kg a

Time (hr) Time (hr)

¥ Pc.0s

Zhang ot o, JPET 283:1069, 1967
31 112004 — AdCamMan

Rat Adjuvant Arthritis

*Mononuclear Cell Infiltrate ™=

*COX-2 expression ~® Normal Paw
*Marked PG Production - “"."'53'“ thaci
i hr 3 + Ingome cin
*Edema and Joint Destruction =+ Calecoxib
. -w + Dexamethasone
3s 3
Begin dosing
= 23
E
; 25 2.
g 2 2
z
g s 1.
, Nmz., } gna dosing
o 4 8 12 16 20 24 [

Day After Adjuvant injection
Lipeky and (sakeon J. Rheum 24:9, 1997
113058  AaCamiban

Effect of COX Inhibitors on Rat Adjuvant Arthritis

Conclusions

]
-": Celecoxib I |
I3 =300 ng/m
S * o.M
g s
£ |
£
£ ”:
104
0 U‘! 1 Al
Dose (mg/kg/day)
33 11:30:98 — AdCamMan

* Specific inhibition of COX-2 by celecoxib resuits in
the same maximal efficacy as inhibition of both
COX-1 and COX-2 by NSAIDs

* Therefore, in animal models COX-2 is the
therapeutic target for NSAIDs

34 11209 — AaCamitan

Identifigation and Evaluation of
COX-2 Inhibitors

¢ In vitro pharmacology
— Recombinant human COX-1 and COX-2
- Cells
» In vivo pharmacology
- Selectivity
- Anti-inflammatory and analgesic activity
¢ Safety
— Acute and chronic
.t Rat (6 months to 2 years)
—..2 Dog (1 year)

35 11 2 — AdGmbtn

Two Forms of Cyclooxygenase

Arachidonic Acid

SN

COX-1 COX-2
l PGs l PGs
G.l. Tract Inflammatory Cells
Platelet (TxA) Female Reproduction
Kidney Kidney
Most tissues Brain
36 120 AsComiben




Preclinical Toxicology of Celecoxib
Relevant to Mechanism

* Pregnancy

— No effect on ovulation or fertility

— Effects on embryo viability (implantation) at exposures
6-12 foid therapeutic

* No adverse effects related to:
~ Bleeding
- CNS
* Renal
- No renal papillary necrosis
- Transient anti-natriuresis in rats
* Gastrointestinal
- Chronic safety established at exposures 3 to 6 fold
therapeutic in sensitive species (rat and dog)

37 197008 — AdComiden

COX-2 Inhibitors:
Mechanism Based Drug Targeting

.
v
v

COX-1

|

Gl Tract
Platelet

Specificity

38

Celeco

xib

N

COX-2

l

Arthritis
Pain

Maximal Efficacy = sPe,:Z’;.zifgx'z

1130 M — AaCambtan

APPEARS THIS WAY
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Celecoxib: Clinical PK

O Basic PK Profile

Celecoxib PK

Assessad In
1566 Subjects
From 32 Studies

® PK in Special Populations

© Drug-Drug Interactions

O Population PK/PD Analysis of
Pivotal Clinical Trial Data

O Bioequivalency: Clinical Trial
Batches vs. Commercial Formul.

Plasma Conc., ng/mi

Mean (SD; N = 24) Plasma Concentrations of Celecoxib Following 200 mg
Single Doses Given Under Fasting State or With High Fat Breakfast

1200 —v T T T
Celecorih Single Dowe PK
Dese = 200 mg; Fasting
1000 e
- C-x~1“.d-' ')
" s00 b Twax -390 1
High Fat| - AUC (0-laf) ~ 7008 (mg/wel)* N .
600 | (57 2EI7 N . )
\ - V¥ - 400 L
00 Fasting Rffective T (- 11 br
200 L
0 .
0 4 8 12 16 20 2

h lj xib in M
CF,y
N
N/
P450 2C9 ‘
ilydroxylation @
{Rate Determining)
Lnactive Aleobol
Metabalite SONH,
Crine = <1% H
Fecers <1% =
=
x
S Ry

Conjugution

Glucuronide-OO

Glucurogide of the Tnnctive Acid

Acid Metabolite Metablite (major) 50,5,
Urine =1.5% SOMNH, Urine = 1R3% ] 1 7329
Fecen = S4.4% [ 1* i

Feces = <1 %

Celecoxib: Clinical PK

PK in Special Population
O Effect of Age, Gender, Weight and Race
@ Effect of Hepatic Impairment
© Effect of Chronic Renal Impairment
O Effect of Diabetes (NIDDM)
O Effect of Osteo- and Rheumatoid Arthritis

Relationship BeMeen Celecoxib CL/F (Adjusted For 70 Kg) and Age (N=112)
[-010 Renul Elderly; 015X oung vs. Elderly PK; 017 MTX Interuction; 043 BID vs QD PK |

Lcul‘ (70 Kg) = 40,1< 0.226% Age (r = 0.334; p < 0.001) ]

100 T T T T T
+ Ne Gender Effect on CL/F
= r « CLIF 30-40% Lower in
5 sl © African Americans
= + Luwest CLF in Sub. 221
2 b © o (2C9 Poor Metabolizer)
23
Ls 60
=3
g
8z
<3
40
&
<
7]
>
I
E \

Age, Yeurs

Mean (SD; N = 11-12) Steady State Plasma Conc.-Time Curves of Celecoxib
in Hepatic Impaired Patients (@ ) and Matching Healthy Subjects ( O)
Following Cetecoxib 100 mg BID

Child-Pugh Severity Classification B
Evidence of Hepatic Syathetic Dysfunction
T PTe/o0: L Abamin » /or: T Blirabin

Child-Pugh Severity Classification A

1200 v T T T T T A T T v T T

Plusma Cone., ng/mt




Six Subjects (Out of 1566) Showing Unusually High Exposure of Celecoxib

22 | s | 6 | 793 | F | Coucmian | O | 204 828 320
; 200
ot [ w12 | 3 | 700 | M| Coucasian | W ) sisige | 366 184
827 | 424 | 68 | 62 | F | Afr Amer. oo NA NA 239
ey
461 | 8214 | 80 | N9 [ F |AfrAmer. we NA NA s97
7.0 dary

Note: Subject L. study S5 and subject 4631, stady -7 ware the same rubject participeting in twe dAfferont £udies

Drug-Drug Interactions

NSATDs Decrease NSAIDs Undergo | NSAIDs are Highly |
Renal Blood Flow I' Hepntic Metabolism [] Protein Bound
Effect on Drugs Effects on Drugs Protein Binding -
Eliminated Mostly. that are also Displacements and
by the Kidney Metabolized by ;i Clearance of
the Liver (2C9) Other Drugs
= # Methotrexate . Warfarin-: ¢ Glyburide
* Lithium » Tolbutamide -
; « Phenytoin

Effect of’Celecnxib 200 mg BID on Pharmacodynamic Response
(Prothrombin Time) to Warfarin QD

l (@ ) Warfarin Alone (A; Nz 12} —> (@ ) Warfarin + Placebo
40 | QO ) Warfari Alune (B; N = 12) —3( Q) Warfaria + Celecoxib

35 || [ WarfarinDose Tiration |

. Mean (SD) Prothrombin Time, Seconds
8
T

o 1 2 3 &4 S 6 7 8 9 10 11 12 13 14

Meun (N=12) Steady State COX-1 Mediated Pharmacodynamic Responses st Two Hours
on Day 8 Following Celecuxib (600 mg BID) , Ibuprofea (800 mg TID) or Placebo
Study N49-97.02-065

H a

% Platelet Aggregation Response
to Arachidonic Acid
/4

Pinerbe (Nul2)
Cotorenth (Nal2
Caecanth (Nal)
raprofen (NeiD)

Mean (N = 14) Methotrexate {MTX) Plasma Conc. In Patients Following
Their Usual Therapeutic Doses of MTX (5-15 mg Weekly) Given Alone, and
After 7-Day Treatments With Placebo (BID) or Celecoxib (200 mg BID)

300 —r T T T T T T - .
\/{3. .v'ﬂ 14 g

250 4 /

O =MTX Alone .
£ A
E o} A =MTX + Placebo | /{, /
€ © = MTX + Celecoxib J:’!e’ LD
g s} i S
(&} N Jf!
= o=
g 100 | E ii x 4
z H
so | J
o . .
0 4 [] [} 16 20 2
Time, Hours

Celecoxib: PK Summary

© Achiral, Low-Solubility-High-Permeability Drug With Systemic
Availability of ~73%

® CUF -500 mUmin (-30 L/hr); Vss/F ~400 L; Effective T,;, ~11 hr; -
Extensive Hepatic M. lism To Inactive lites via P450 2C9;
Protein Binding ~97% and Concentration Independent -

© Advantages of Dosing With or Without Food and Potential For
Once a Day Dosing
— T ———————
© Lower CL (higher AUC) in Elderly Women {Lower Body Weight), in
Patients With Moderate to Severe Hepatic Impalrment and in African
Americans

©® tack of Drug-Drug { C y Er ed With NSAIDs
(MTX, Lithium, Warfarin, Phenytoin, Glyburide, Tolbt
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Hypothesis

__ Celecoxib Specific inhibitors of COX-2 will be
CIInIca' Efflcacy and anti-inflammatory and analgesic without
Safety

the typical side-effects of NSAIDs

30 Nev 08 - Advaary Camemewe 2 20 Nov 4 - Adveory Commae

Celecoxib - Clinical Objectives Celecoxib Clinical Program Overview

Indications Differentiation * Studies: k_/ / . —
+ “Osteoarthritis * Gastrointestinal * PatlentslSubjects 13’072"“*""‘ ’

¢ Endosco \ > 4, 700 atlents~ e

¢ Rheumatoid * Platelet Py P2

Arthritis * No. Patients wnh > 1 Year Exposure:

* General Safety

» Management 981 - NDA

of Pain 2,443 - Safety Update

* Patient Years: 3,283 - NDA
5,005 - Safety Update
PeTereve—— 2 prrwpr——

Celecoxib - Clinical Objectives Pivotal OA Studies

Indications Differentiation j ’ * 12-week studies
¢ Osteoarthritis » Gastrointestinal -2 knee
¢ Rheumatoid * Platelet -1 hip

Arthritis

+ General Safet ) * 6-week studies

+ Management y w) -

of Pain -2 knee

30 Nev 94 - Advaery Comminme. 6 30 Nov 98 - Advamry Commme
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[
i
{ i
Design: 12-Week Studies Measures of OA Efficacy
Placebo BID * Patient’s Assessment of Pain (VAS)
Celecoxib 50 mg BID * WOMAC OA Index
Osteoarthritis Flare Celecoxib 100 mg BID - Pain
Celecoxib 200 mg BID — Function
Naproxen 500 mg BID .
T T ] - Stiffness
Week 0 2 6 12 « Patient’s Global Assessment
Arthritis Assessments X X X X * Physician’s Global Assessment
* SF-36 Health Survey
7 Py yve—— 8 P rve—
12-Week OA Studies Patient Disposition: 12-Week Studies
Study No.
—_—— 80 O Placebo (n=664)
020 021 054 O Celesoxib 50 mg BID (n=871)
Index Joint Knee Knee Hip Total 2 & © Celacorib 100 mg BIO (net44)
) —_—— -—_ ———e —_— E B Celecoxib 200 mg BID (n=648)
Treatment Group (n) KT B Naproxen 500 mg BID (n=631)
Placebo 204 242 218 664 S
Celecoxib 50 mg BID 203 252 216 671 s
Celecoxib 100 mg BID 197 240 207 644 e 20/
Celecoxib 200 mg BID 202 233 213 648 °
Naproxen 500 mg BID 198 226 207 631 o]
Total 1004 1193 1061 3258 Completed T Adh Other
Failure Event
Planned sampls size - 200/group Pooled data diftorent trom piscebo; p<0.05 Withdrawals
9 YT ve—— 10 PP RT—
Patient’s Assessment of Pain Patient’s Assessment of Pain
i Placebo -&~ Calecoxib 100 mg 81D -¥- Naproxen 500 mg 8ID - Placebo —A— Celecoxid 100 mg BID -¥- Naproxsn 500 mg BID
@ Celecoxidb 50 mg BID - Celecoxib 200 mg BID —@- Celecoxib 50 mg BID -9 Calecorxib 200 mg BID
-~ 80 - 80 80
') w
7] 7]
#70 H70 70
2 60 5 60 60
: 2
E = E 50 50
;;40 :’;40 40
; 01—1—*1"——7———| ; 0’1;' Y T » O Trw—r T v
0.2 & 12 02 & 12 02 & 12
“Weeks Weeks
Study 020 (Knee) Study 020 (Knee) Study 021 (Knee)
Scale = 0-100 Scais = 0-100
11 T — 12 e Aoy o
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Patient’s Assessment of Pain

WOMAC - Physical Function

4 Placebo A~ Celecoxib 100 mg BID -~ Naproxsn 500 mg 8ID & Placebo & Celecoxid 100 mg BiD ¥~ Naproxen 500 mg BID
4@ Ceolecozib 50 mg BID -~ Celecaxib 200 mg BID @ Celecorit 50 mg BID -« Ceiecoxib 200 mg 8ID
oy} 8 80 40 40 40
@ @
g 70 70 70 (:: 35 3 3
60 60 60 H 1
2 3. » w
E S0 50 50 g 4
2 40’ s 4 o ' ‘x 25’ 251 25'
o v 0 ——— v 0 : o s 0 by v O .
02 6 12 o 2 6 12 0 2 6 12 o 2 12 o 2 12 0 2 12
Weeks Weeks
Study 020 (Knee) Study 021 (Knee) Study 054 (Hip) Study 020 (Knee) Study 021 (Knee) Study 054 (Hip)
Scale = 0-100 Score = 0- 68
13 P ySw— 14 0 o 50 Ay Gt
Hip OA Pivotal Study - 054 -
SF-36 - Physical Health Domains Design: 6-Week Studies
O Placebo (ne218)
20 . O Coeconi 100 mg B (207 Placebo BID
‘. B Gelecoxib 200 mg BID (n=213)
g, 15 * @ Naproxen 500 mg BID {n=207) Ostecarthritis Flare Celecoxib 100 mg BID
&
g 10 ]
o Celecoxib 200 mg QD
§ ) Week ; I
s o eel 0 6
Arthritis Assessments X X X
-5 Physical Role Bodily General
Functioning Physical Pain Health
Scale = 0-100
. Sllnlﬂelnlt_! ditterent from Elnobe; ] «<0.08
15 20 e 98 vy G 16 20 Mov 94 Advacry Cammes
B£-Week OA Studies Patient Disposition: 6-Week Studies
100 - 0O Placebo {nad76)
Study No. . O Celecoxib 100 mg BIO (ned74)
060 087 a 80 0 Celecoxib 200 mg QD (n=454)
Index Joint Knee Knee Total -
— —_— _— -
Treatment Group (n) g
Placebo 232 244 476 5 %1
Celecoxib 100 mg BID 2N 243 474 3 2
Celecoxib 200 mg QD 223 231 454
Total , 686 718 1404 0
_ . [= T Adh Other
RIEN Faiture Event
o Pooied dats Withdrawals
Pianned sampis size - 200/group * Significanty different from piacebo; p<0.0§
17 P vS— 18 25 4 Ay Cormrtms
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Patient’s Assessment of Pain

WOMAC - Physical Function at Week 6

% Placebo as 35
@ Celecoxib 100 mg BID -
Py 80 80 & Celecoxib 200 mg QD u
w "
@ 1 70 § 30 30
8 o £
2 :
3 25 25
£ a2 ﬁ 7
2 40 O piacebo © 100mg | mm "7 Placebo 100mg 2oomg
> ( BID BID
° : A T o p : . Celecoxib Celecoxib
Weeks Study 060 (Knee) Study 087 (Knee)
Study 060 (Knee) Study 087 (Knee) Scorew0- 68
Scale = 0 - 100 * Significantly dilferent from piacebe based on changs irom Baseline; p <0.05
19 T —— 20 T rve—

Conclusions: Celecokib in OA

e Effective in OA
¢ Recommended dose
—200 mg per day

—Can be administered in
single or divided doses

» Efficacy similar to naproxen

Celecoxib - Clinical Objectives

21 30 Nov 08 - Advmary Commiwe.

Indications Differentiation

* Osteoarthritis ¢ Gastrointestinal
* Rheumatoid * Platelet
Arthritis
* General Safety
¢ Management
of Pain

29 30 Nov 98 - Advarery Commime

Design: 12-Week RA Studies

Measures of RA Efficacy
» ACR-20

Ph_“bo 20 * Number of Swollen Joints

Celecoxib 100 mg BID

Rheumatoid Arthritis Flare Celecoxib 200 mg BID * Number of Tender/Painful Joints
Celecoxib 400 mg BID * Patient’s Global Assessment of
Naproxen 500 mg BID Arthritis
I I I

- Weeko 2 & 12 * Physician's Global Assessment
Artiritis Assessmonts X X X b of Arthritis
- * SF-36 Health Survey
23 ) 20 Ny 98 - Adviery Cammaine 24 20 e 88 - Advmary Casmmatre
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12-Week RA Studies

Patient Disposition: 12-Week Studies

80 O Placebo (ned$2)

Study No. O Celecoxib 100 mg BID (nedds)
- . 0 Celecoxib 200 mg BI0 (nedsd)
022 023 Total .g 60 @ Cosecoxib 400 my BID (ned3s)
- - - H W Naproxen 500 mg BID (ns443)
Treatment Group (n) %
Placebo 231 221 452 a ¥
Celecoxib 100 mgBID 240 228 468 s
Celecoxib 200 mg BID 235 219 454 ® 204
Celecoxib 400 mg BID 218 217 435
Naproxen 500 mg BID 225 218 443 0 4 &
Compieted Treatment Adverse Other
Total 1149 1103 2252 Fallurs  Event
Withdrawals
Pooled data
Planned sample size - 200/group * Significantly difterent from placebo: p<0.05
25 P ye—— 26 P vor—
ACR-20 at Week 12 ACR-20 at Week 12
s Study 022 0 Study 022 50 Study 023
40 20
- -
& 2 s 2
o o
2 B3

Placebo 100 200 400 500

Celecoxib  Naproxen
(mg BID)  (mg BID)

* Significantty different from placabo; p <0.05

30 Nov 38 - Advesory Camunite

Placebo 100 200 400 500
Celecoxib  Naproxen Colecoxib  Naproxen
(mg BID) {mg BiD) (mg BID) (mg BID)

Placebo 100 200 400 500

* Significantly different from placebo; p <0.05
= Significantly ditferent from celecoxib 100 mg BID; p <0.08

20 Nov 08 - Adwmory Commame

27 28
Pivotal RA Study - 023
Number of Swollen Joints SF-36 - Physical Health Domains
& Placebe A Celecoxib 200 mg BID ¥~ Naproxen 500 mg BID
@ Celecoxib 100 mg BID - Celecoxib 400 mg BID g z:::i:"":: ::' 81D (nez28)
24 24 20 O Celecoxib 200 mg BID (n=218)
B Colecoxib 400 mg BID (na217)
- o 15 B Naproxen $00 mg BID (n=218)
@2 20 2
5% S 10
- s - (5]
°8 15 16 c 5
22 3
= 0
12 l’ 12 I/
RN S 2 °To 3 % 12 5 1 physicat  Role Bodily  General
.- Functioning Physical Pain Health
Weeks
Study 022 Study 023
- Scale=0-100
68 joints aXamined (sxcludes hipe) * Significantly different from placebe; p <0.06

30 Mev 98 - Advmery Cammame

29

20 Nov 88 - Advmsry Commeme
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Design: 6-Month RA Study

Celecoxib 200 mg BID

Rheumatoid Arthritis
Symp i Dictof SR 75 mg BID

T T T T T 1
Week 0 4 8 12 16 20 24

Arthritis Assessments X X X X X X X

6-Month RA Study

Tender/Painful Joints* Swollen Joints®
I 25 16 @ Celecoxib 200 mg BID (n=328)
7] - Diclofenac SR 75 mg BID (ne329)
L]
[4
§ 20
E
2
£
£
3
3 -
$ w0
04 S S — o+ v
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Weeks
different from di p<0.08

* 68 joints examined
* 86 joints examined (sxchides hips)

31 P pyve—— 30 FT I —
Conclusions: Celecoxib in RA Celecoxib - Clinical Objectives
« Effective in RA Indications Differentiation
-« Recommended dose * Osteoarthritis * Gastrointestinal
-100 mg BID ¢ Rheumatoid * Platelet
. . Arthritis
- §ome patients may benefit by « General Safety
increasing the dose to a + Management
maximum of 200 mg BID of Pain
« Efficacy similar to naproxen - acute pain
. . - short term pain
¢ Sustained efficacy - chronic arthritis pain
a3 P v— 34 T ——
.« Pain Program Pain Program
Model # 1 Model # 1 Model # 2
ACUTE PAIN ACUTE PAIN SHORT TERM PAIN
(0 - 24 HOURS) (0 - 24 HOURS) (1-7DAYS)
* Post-dental surgery * Post-dental surgery * OA flare
- 3 pivotal studies - 3 pivotal studies - 3 pivotal studies
- single dose - single dose - multiple dose
* Post-orthopedic surgery * Post-orthopedic surgery
-:1\supporting study - 1 supporting study
- repeat dose - repeat dose
35 T — 36 Yo ve——
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Model # 1
Design: Post-Dental Surgery Studies

Celecoxib 25 - 400 mg

Model # 1
Measures of Efficacy

* Time to Onset of Pain Relief

S . cgn . .
ey NSAID * Time Specific Pain Relief
Placebo . - .
] 1 * Duration of Pain Relief
Hour 0 12 24
Pain Assessments crssarteererrnnys -
37 Py e—— 38 sV —
Model # 1
Model # 1 ) Time Specific Pain Relief
Post-Dental Surgery Studies @ Placabe e Colvcorih 200 mg SO > uproten 400mg 5D
- @~ Colecoxib 100 mg SO -¥- Naproxen Na 550 mg SO
Study No. oy g —— oy ——
——— momg ———i e ey ] F——— memg ——

025 027 070 Total

Treatment Group (n)

Placebo 50 55 50 155
Celecoxib 100 mg - 55 50 105
Celecoxib 200 mg 50 56 50 156

-

Mean Score

P e p—— R e T e —
1

Ibuprofen 400 mg 50 - - 50
Naproxen Na 550 mg - 54 35 89
% T i e s 02 i s i nm NP i e s en
Hours
Soorn0.e Study 025 Study 027 Study 070
Bars s L mignificant pe0.08
39 PP pvp— 40 T rr——
Model #1 Model # 1 - Supporting Study
TOTPAR(12) Scores Design: Post-Orthopedic Surgery Study
Study 025 Study 027 Study 070

Mean Score

Placebo 200 . 400
Naproxen

Celecoxib
(mg) Sodium

. (mg) (mg}
Score = 0-48
* Significardly different from piaceba; p<0.05
** Sigrificanty difterent from celecoxib 100 mg; p<0.05

41

30 Nev 08 - Advascry Commewes

Placebo QID PRN

Celecoxib 100 mg BID PAN
Orthopedic Surgery
Cel ib 200 mg BID PRN
Darvocet N-100 QID PRN
I |
Hour 0 12 24
Pain Assessments errrrereeresenen .

30 Naw 08 - Advisery Commatwe
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Model # 1
Dosing Regimen: Post-Orthopedic Surgery Study

Model # 1
Time Specific Pain Relief

~@- Placebo (nat$)
~@- Colecoxib 100 mg BID (n=68)

— Colecoxid 200 mg BID (nes8)
~9- Darvocet-N 100 mg OID (1)

First Dose Second Dose Third Dose Fourth Dose 100 mg —»p—i P ——
————— 200 mg ————§ — ] —
Darvocet N-100 + + . . 5 2.0 k Darvacet i
Colecoxib 200 mg + + Pbo Pbo 2 15 ~—
4 =
Celecoxib 100 mg . + Pbo Pbo S 10
®
Piacebo Pbo Pbo Pbo Pbo S os —_—
2 =z
o+ 1
0o 2 4 8 10 12 18 24
Remedication was allowed >4 hours after the first dose of study medication Searn 0.4 Hours
indicate y mignific. et p<0.06
a3 prree—— a4 Py ve—
Model # 2

Pain Program

T oy D
_ Modei #1 Model # 2
-ACUTE PAIN SHORT TERM PAIN
(0 - 24 HOURS) (1 -7 DAYS)
* Post-dental surgery * OA flare

- 3 pivotal studies - 3 pivotal studies

- single dose ~ multiple dose
* Post-orthopedic surgery
- 1 supporting study

— repeat dose

45 0 20 Ay Corre

Rationale: OA Flare Pain Model

¢ Pain is the primary symptom of OA

* Non-anti-inflammatory analgesics
(e.g., acetaminophen and opiates)
are efficacious in treating OA pain

* OA model has been used to
evaluate the efficacy of a variety of
analgesics including opiates and
centrally acting analgesics

Bradiey, JD. Brandt, KO, N Engl J Med 1991; 325:47-91
Jensen, EML, Ginsberg. F., Drug inves! 1994; 8:211-218

46 30 e 94 - Advaary Camemewe.

Model # 2
Design: Three Pivotal 12-Week OA Studies

Placebo BID

Celecoxib 50 mg BID

Osteoarthritis Flare Celecoxib 100 mg BID

Celecoxib 200 mg BID

Naproxen 500 mg 81D
1 T I 1
2 3 4

T
) 0 1 H
APS pain measures X X X X X X

T T
Day 6 7
X X

47 20 Mo 28 - Advmnery Comanrme.

Model # 2
American Pain Society (APS) Pain Measure

1. Have you experienced any pain in the last 24 hrs?
2. How much pain are you having right now?

3. Indicate the worst pain you have had in the past
24 hrs.

4. Indicate the average level of pain you have had in
the past 24 hrs.

5. Indicate how pain has interfered with function.

JAMA, December 20, 1996, Vol. 274, No. 23

48 PLRp e m—"
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Model # 2

Average Pain in Past 24 Hours

& Placebo
& Colecoxib S0 mg BID

4 Celecoxib 100 mg BID
4 Celacoxib 200 mg 8ID

-9~ Naproxen 500 mg BID

Model # 2
Average Pain in Past 24 Hours

& Celecoxib 100 mg BID
o Celecoxib 200 mg BID

@ Placeda - Naproxen 500 mg BID

@ Colecoxd 50 mg BID

7 .—E‘E‘—-‘ 7 —mme— T S
1] 6
H g®
] 3
g5 e S s
8 o
2 2
of K K
01234567 Er e ar s o oy ou 01234567
Day Day
Study 020 (Knee) Study 020 (Knee) Study 021 (Knee)
Score = 0-10 Score = 0-10
* Baru indicate atatistically significant difterence om placebo; P <0.06 * Barsindicete differencs from placebo; £ <0.0%
29 PP ve— 50 TV Veasrs—
Model # 2
Average Pain in Past 24 Hours Celecoxib in Analgesia
. s BD o by T Meereantiome 8D « Efficacy was demonstrated by replicate
100 S — studies:
7 — 200 me. 7 —— 200mg —4 T —_ i,
PR o — Koo — Model # 1: acute pain - 3 post-dental
es . s surgery studies; single dose
«§ s — Model # 2: short term pain - 3 OA flare
g s 8 studies; multiple dose over several days
=
;‘f :T :f * Recommended dose:
"01234567 013234567 01334867 - 100 mg or 200 mg BID
Day
Study 020 (Knee) Study 021 (Knee) Study 054 (Hip) - For acute pain, the second dose may be
2 s indionts diffecsncs trom piscabe; P<6.08 administered as early as 4 hrs
51 30 Now 08 - Advisory Comemnes 52 30 Nov 08 - Advisery Camnerarive
Celecoxib - Clinical Objectives Safety Database
Active
s e . e Celecoxib |
Indications Differentiation Flacebo Contro
. . Pharmacokinetic Studies 281 1,023 280
* Osteoarthritis * Gastrointestinal Analgesia Studies 205 748 295
« Rheumatoid « Platelet North American Arthritis Trials 1,864 5,704 2,768
Arthritis International Arthritis Triai 0 672 670
* General Safet it - -
» Management y Long-term Open Label Arthritis ~ — 4499 -
of Pain 2,450 12,646 3,343
L T~
Total 18,439
= * 13,072 unique
53 30 Nev 90 - Adviary Cammitime 54 20 Naw 08 - Advery Commmos
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General Safety Analyses

* Serious adverse events and deaths

* Incidence of adverse events and
withdrawals:

Serious Adverse Events

Active
Placebo Celecoxib*  Control
{n=2450) {n=12,646)  (n=3343)

SAEs Incidence, No. (%) 4 (1.4) 341 (2.7) 61 (1.8)
— North American Arthritis Trials Events/100 patient-yrs 159 104 13
- Gastrointestinal, No. (%) 6(0.2) 39(0.3) 10 (0.3)
- :__o‘nlg-term Open Label Arthritis Events 100 patient-yrs 28 12 19
ria
Cardiovascular, No. (%) 7(0.3) 53 (0.4) 4(0.1)
* Laboratory results Events/100 patient-yrs 33 16 0.7
* Al doses
55 PPy — 56 T v———
North American Arthritis Trials
Deaths Adverse Events with >5% Incidence in Any
Treatment
Active Celecoxib
. Placebo Celecoxib* Control Placebo  Celecoxib* 400 mgBID NSAID
- (n=2450) (n=12;646) (n=3343) Adverse Event (n=x1864)  (n=4146) (n=615)  (n=2098)
Deaths Incidence, No. (%) 0(00)  22(02)  4(0.1) Any Event 546 60.4* 602 66.7"
Events/100 patient-yrs 0.0 0.5 0.7 Headache 20.2 15.8° 14.5° 14.8°
Dyspepsia 6.2 8.8* 8.1 12.0°
Cardiovascular deaths, No. (%) 0 (0.0) 16 (0.1) 2(0.1) URT! 6.7 8.1° 7.0 9.9
Events/100 patient-yrs 0.0 0.3 0.4 Diarrhea 3.8 5.6° 6.5 6.1
Sinusitis 43 5.0 5.4 46
Abdominal Pain 28 41 33 ¥
Nausea 42 35 36 56"
* Patienta who received sither celecoxib 100 mg S0, 200 my BID or 200 mg Q0
* Signifcantly difterent irom ;e
* All dosea * Significantly differsnt from celecoxib 100 g BID, 200 mg BID or 200 mg 00
57 P v—— 58 P ve—

North American Arthritis Trials

Adverse Events Causing Withdrawal with
Incidence >0.5%

Celecoxib
Adverse Placebo  Celecoxib* 400 mg BID NSAID
Events {n=1864) {n=4146) {n=615) {n=2098)
Any Event 6.1 71 6.8 9.7
Abdominal Pain 0.6 0.8 0.3 21"
Dyspepsia 0.6 0.8 0.8 1.6*
Rash 0.6 0.8 1.1 03"
Diarrhea 0.3 0.3 0.3 0.4
Nausea 0.6 05 0.3 0.9
Pruritis . 0.2 0.2 0.5 0.0
Esophageal -
Ulceration 0.0 <0.1 0.0 0.6*

* Putionts whe receved wither celecori 100 mg BID, 200 mg BIO or 200 mg 0

* Significently Wi erent frem placelso; pcd 06

- m’ gvmml“gn.mgw.:mgbﬂ

59 P —

Adverse Events With an Incidence >5%

Incidence, %

Long-term
North American Open

Adverse Event Arthritis Trials* Label Trial

(n=4146) {n=4499)
Headache 15.8 16.0
URT? 8.1 14.1
Dyspepsia 8.8 101
Sinusitis 5.0 92
Diarrhea 56 7.7
Accidentat Injury 29 72
Abdominal Pain 41 55
Nausea 35 54

* The column shows the incidence of adverse svents for celecoxib 100 myg BiD, 200 mg QO and BID

60 0 Now 08 - Ay Conmonn
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Laboratory Analyses

* Hepatic

¢ Rena!

61 20 Nov 0% - Adveary Commems

All Arthritis Trials
Incidence of Elevated ALT (%)

Q X ULN
. 0 &xWN

Incidence of
Elevated ALT (%)
>

°.2,[—L-,D [1

Placebo C P o P
{n=1786) (n=6138) (n=1322) (n=1018) (n=327)

* Significantly differsnt from celecoxib; p <0.05
AN doses

62 Py vemr—

North American 12-Week Placebo and Active-Controlled Arthritis Trials

Incidence of Abnormal Renal Lab Tests (%)

Celecoxib
100 and 200 Naproxen
Placebo mg BID 500 mg BID

Creatinine

>1.8 mg/dL 0.1 0.1 0.0

>3.0 mg/dL 0.0 0.0 0.0
Potassium

>5.5 mmol/L 0.3 04 0.8

>6.0 mmolL 0.0 0.0 0.0
Uric Acid

<148.7 umolL 0.5 0.8 0.7

<119 pmolL 0.2 01 0.1

Placebo n = 1003 - 1080; celecoxib n = 2058 - 2189; naproxen n = 978 - 1072

63 20 New 94 - Advemary Commutios.

Conclusions: General Safety of Celecoxib

Well tolerated
Similar short and long term safety profiles

Incidence of adverse events

—less than NSAIDs

- higher than placebo

* Laboratory tests resuits similar to placebo

¢+ Incidence of elevated liver function tests
lower than with diclofenac

64 Py —

Two Forms of Cyclooxygenase

Arachidonic Acid
COX-1 cox-2
l PGs i PGs
Gl Tract Inflammatory Celis
:  Platelet(TxA) Female Reproduction
*. Kidney Kidney
__ Mosttissues Brain
65 P —r—

North American Arthritis Trials
Incidence of CNS/Psychiatric Adverse Events >0.5%
Placebo Celecoxib* NSAID

Adverse Event (n=1864) (n=4146) (n=2098)
Any Event 28.4 25.4* 23.5°
Headache 20.2 15.8* 14.8*
Insomnia 23 23 23
Dizziness 1.7 20 23
Hypertonia 0.8 1.1~ 0.2*
Anxiety 0.6 0.8 0.6
Migraine 1.1 0.7 0.7
Leg Cramps 0.5 0.7 09"
Somnolence 0.4 0.6 03
Paresthesia 0.4 0.5 0.3
Withdrawals: 0.7 1.1 0.7

* doses of 100 mg BID, 200 mg QD and BID

__significantly ditferent fom piacebo; p <0.08  * significantly different rom NSAID; p <0.08

66 PPy —
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Effects on Renal Function

* Renal-related adverse
events

* Effects on blood pressure

* Renal pharmacology
studies

- healthy elderly

—chronic renal
insufficiency

67 20 Nov 8 - Advory Cormename

North American Arthritis Trials

Incidence of Renal Adverse Events >0.5%

Placebo Celecoxib®* NSAID

Adverse Event (n=1864) (n=4146) {n=2098)

Any renal event 25 4.3 4.1
Generalized Edema 0.0 0.1 0.5
Peripheral Edema 1.1 2.1 2.1
Hypertension 0.3 0.8 0.7
Aggravated Hypertension 0.4 0.6 0.3
Withdrawals 0.2 0.3 0.3

* 100 mg BID end 200 mg QD or BID
* Significantly diffecent from placebo; p <0.06

68 0 toow $4 - Advwery Commime

Placebo- and Active-Controlled Arthritis Trials

Effects on Blood Pressure in 12-Week

Arthritis Trials
- Blood Pressure (mm Hg)
n Baseline Mean Change + SE
Placebo 2194 132/79 -1.9+03/-1.0+0.2
Celecoxib* 4410 132/79 -0.5+0.3/-0.4+0.1
Naproxen 2150 133/79 <09 +£0.3/-0.5+0.2
* doses of 50-400 mg BID
Treatments were not significantly different
Y) 20 e 4 A vy Carres

Renal Pharmacology Studies

* Objectives:
— Assess effects vs. placebo and naproxen
* Design:

- Healthy eiderly and patients with chronic
renal insufficiency

— Duration - 7 to 10 days
* Results:
- No effects on GFR

- Transient reduction in sodium excretion
(24-48 hrs) similar to naproxen

70 2 N 4 Aty Comts

Conclusions: Celecoxib Renal Safety

Celecoxib - Clinical Objectives

* Renal adverse events - uncommon and
similar to NSAIDs

* No effects on blood pressure

* Transient reduction in sodium excretion
similar to naproxen

* Low incidence of edema

¢ No evidence of serious metabolic
abnormalities with celecoxib or NSAIDs

71 PTPYS—

Indications Differentiation

* Osteoarthritis

* Gastrointestinal

* Rheumatoid ¢ Platelet
Arthritis
* General Safety
* Management
of Pain

72 30 Now 08 - Advmcry Comuntton
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Effects on Platelet Function

* Bleeding-related adverse
events

* Platelet studies
-single dose

—multiple dose

73 0o 30 Ay G

North American Arthritis Trials

Incidence of Bleeding-Related Adverse
Events >0.5%

Placebo Celecoxib® NSAID

Adverse Event (n=1864) (n=4146) (n=2098)
Any Bleeding-Related

Event 1.6 1.8 3.8**
Anemia 04 0.5 1.6**
Ecchymosis 0.3 0.4 1.0°
Withdrawals 0.0 <0.1 0.3

* 100 mg BID and 200 mg QD or BID
* Significantly different from placebo; p <0.06

Significanty different from celecoxib; p <0.08

74 DI T r—

Platelet Studies

* Objectives: B
~ Assess effects vs placebo and NSAIDs
= Design: .
-5 studies in healthy volunteers
- Duration - 1 to 10 days
¢ Results:
- No effect at 2X the therapeutic dose:
* platelet aggregation
* TxB, production
* bleeding time

75 30 Now 08 - Adwasary Commime.

Conclusions: Celecoxib Effects on
Platelet Function

* Bleeding-related adverse events -
uncommon, significantly lower than
NSAIDs and similar to placebo

* No effect on serum TxB, levels, platelet
function or bleeding time at 2X the
therapeutic dose

* Platelet studies supported the COX-1
sparing effect of celecoxib

76 e 8- Ay G

Celecoxib - Clinical Objectives

Indications Differentiation

* Osteoarthritis

¢ Gastrointestinal

Rheumatoid * Platelet
Arthritis

* General Safety
* Management
of Pain

77 PITR Y —

MUCOSA Trial

0.0124 —@— Placebo + NSAID« (n=4439)
—v— Misoprostol + NSAIDs (ne4404)

Probability of
UGI Event

p =003t

. 5§ §

-

0 6 9% 120 150 180
Time (Days)

o

Derived from Silverstein ot al., Ann Intern Med 1998,123:241.248

78 50 Advacry Camns
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Prospective Evaluation of Gl Effects

* Gl symptoms
¢ Endoscopy findings
-5 arthritis trials

* Analyses of UGl ulcer
complications

30 R 58 - Advaery Commeme

79

North American Arthritis Trials

Gl Adverse Events

50 -
O Placebo (n=1864)
o 40 M 0] Calecoxib 200400 mg/dey (n=4148)
€ - S B NSAID (n=2080)
€ -
20! B - ;
= o
5 20- e
R . . e .
o
10 - - ..
NiiE Ny 1 =n Hus Wan B
Any | Dyspepsia Abdominal N: Diarrhea
Event \ . “Pain
-
* Signifi different trom pi .0
- scxn:::: u:nmm trom c::srfpﬁ‘o{

30 Now 08 - Advamey Commme.

80

North American Arthritis Trials -
Gl Adverse Events Causing Withdrawal with an

Incidence >0.5%

. Treatment Group

- Placobe  Celecoxib® NSAID
Adverse Event (n=1864)  (n=4146)  (n=2098)
Any Gi Event 2.0 27 6.3
Abdominal Pain 0.6 1.0 2.1+
Dyspepsia 0.6 0.8 1.6*
Diarrhea 0.3 0.3 0.4
Nausea 0.6 0.5 0.9
Esophageal Ulceration 0.0 <0.1 0.6

* Patients who received sither celacoxib 100 mg BID, 200 mg BID or 200 mg QD
* Significantty different from placebo; p<0.05

** Significantly differsnt from celecoxib: p<0.08

30 Now 00 - Advisary Commatums

81

Prospective Evaluation of GI Effects

* Gl symptoms
* Endoscopy findings
-5 arthritis trials

* Analyses of UGl ulcer
complications

20 Nov 00 - Advaey Cametas.

82

Endoséopic Ulcers are Surrogates for
UGH Uicer- Complications

* Rationale:

— NSAIDs reduce mucosal prostaglandins
and cause ulcers

— Ulcers can result in bleeding, perforation or
outlet obstruction

- Exogenous prostaglandins reduce both
endoscopic ulcers and ulcer complications
~ by ~50% over six months*®

a Agrawakot al.; Dig Dis Sci 1985; 40:1125-1131
b_Sitveratsin atel., Ann Intern Med 1905; 123:241-249

30 ow 38 - Adveory Comenties.

83

Design: 12-Week Studies

Placebo BID

Arthritis Flare Celecoxib 50 - 400 mg BID

Naproxen 500 mg BID
T T 1
Week 0 2 6 12

Endoscopy X X

0 e 98- Advwary Zamemmna
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Mucosal Grading Scale
Grade Description

No visibie lesions (normal mucosa)
1-10 petechiae

>10 petechiae

1-5 erosions*

6-10 erosions

11-25 erosions

>25 erosions

Ulcer—

NGO s ON =0

. MMH““"N‘MNM“MOMM
-~ M“ll“um“nlﬁ.m.hﬂﬂ!mm‘mmwm

85 20 8- St G

12-Week Endoscopy Studies

Study No.
021 022 Total
Treatment Group (n)
Placebo 247 231 478
Celecoxib 50 mg BID 258 - 258
Celecoxib 100 mg BID 240 240 480
Celecoxib 200 mg BID 237 235 472
.Celecoxib 400 mg BID - 218 218
Naproxen 500 mg BID 233 225 458
Total 1215 1149 2364
Planned sampie size - 2004group
86 Lo

Incidence of Gastroduodenal Ulcers
12-Week Studies

RA and UG Safety Study - 022
Incidence of Ulcers

z 25 Study 021 - OA S Study 022 - RA . " Gastric L Duodenal
§ - ) §> ]
3 5 . s
e 18 15 g
3 10 0 g 10 1 .
$ s s 2 s
z 0 ﬂ ] L H B ﬂ d [ 1 0 e ._
Placebo 50 100 200 500 ﬁmoomwosou 10 200 400 500 Placabo 100 200 400 500
Iy -yresereaa Calecoxih Naprozen Calecoxid Neproxen
prog- ol s 'm"” gy mgBD)  (mgaiD) {mgBID) (g BID)
* Signifleantly different from ail sthar trestments; p $0.02¢
* Signifiesntty different frem ol sther trestments: p <0.001 = Significanty differeni from placsbe and celesenh 200 snd 400 my BID: p 50.033
87 20 M 98 - Advery Conurrem 88 I e 08 - Advemry Comevum
St
ﬁ -
ALY
e o
- i e of Gastroduodenal Ulcers
Design: 6-Month RA Study 6-Month Study
g 25
Celecoxib 200 mg BID § 20
Rheumatoid Arthritis 5 15 .
Symptomatic Diciofeniac SR 75 mg BID g o
T nl
Week 0 12 24 'E
© S5
Endoscopy X : o
kS - Calk b Di o sa
) 200 mg BID 75 mg BID
_ (n=212) (n=218)
—— * Signifiaanty differant frem ssiesexib: p @.001
89 T e—— %0 Y =yyyve——
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/
M of Ulcers

6-Month Study

I 25 O Celecorib 200 mg
o
~ = Diclotensc SR 7S mg
o 20
L2
p]
15
£ .
2 1o
] ae
€
o §
®
& o

Gastric " Duodenal

* Significantly different from celecoxib; Pa0.002
** Significanty different from celecaxib; Pu0.003

91 PIp T —

Rationale for Serial Endoscopy Trials

¢ Asymptomatic ulcers may form
and reheal without detection
(with long intervals between
endoscopies)

» Serial endoscopies might better
estimate the true incidence of
ulcers

92 Py S—r—

Design: 12-Week Serial Endoscopy Studies

- Celecoxib 200 mg BID
[+] thritis or
Rheumatoid Arthritis
NSAID
[ I 1
Week 0 4 8 12
Endoscopy X X X X
93 P ——

12-Week Serial Endoscopy Studies

Study No.
062 071 Total
Treatment Group (n)
Celecoxib 200 mg BID 270 366 636
Naproxen 500 mg BID 267 - 267
Diclofenac 75 mg BID - 387 387
Ibuprofen 800 mg TID - 346 346
Total 537 1099 1636
Planned sample size - 200 to 240/group
94 20 o 80 Abrmy Cormemn

UGI Safety vs Dicbienac and Ibuprofen Study - 071
Cumulativerncidence of Gastroduodenal

Ulcers
3 50, O Celecoxib 200 mg BID
< 0 Diclofenac 75 mg BID
& 40 W Ibuprofen 800 mg TIO
1]
5 3l .
£
=
2 201
[2]
€
8 19
s .
= o 0+
Weeks
. Slgnllkm‘u dl!;onm fram celecoxib and diclofenas; p <0.001
95 PTyv—

UGI Safety vs Diclofenac and Ibuprofen Study - 071
Cumulative Incidence of Gastric & Duodenal

Ulcers

g% 50 O Cotecoxib 200 mg BIO
= O Diclotenac 75 mg 810
E 40 40 & 1buprofen 800 mg TIO
]

5 30

3

g 20

= 10

K]

o

Weeks

* Significantty different trom ib; p <0.08

96 20 Now 08 - Adviaary Cammanme.
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UGI Safety vs Naproxen Study - 062 UGI Safety vs Naproxen Study - 062
Cumulative Incidence of Gastroduodenal Cumulative Incidence of Gastric & Duodenal
Ulcers O Cuveons 2mg 30 Ulcers
;\:‘ 50, Bl Raprozen 500 mg BID g so 50 E ::T::::::::
5 4] g .
L . 5
5 Ll e .
£ 3
§ 204 * 8 20 3
2 § 10
§ 10 £,
® 04 08 0-12 04 o8 0-12
& o Gastric Duodenat
0-4 0-8 0-12
Weeks Weeks
* Significantly ditferant from celecoxib; p <0.001 * Significantly different fram celecoxib; p «0.05
97 Py Sr——— 98 PreRv—
Celecoxib Endoscopy Studies ' Prospective Evaluation of Gl Effects

* Endoscopies in over 4,700 arthritis

patients * Gl symptoms
«Incidence of UGI ulcers —
* Endoscopy findings

- similar to placebo in replicate studies L.
-5 arthritis trials

- statistically lower compared to:
* Analyses of UGI ulcer

* naproxen . s
complications
+ diclofenac
s ibuprofen
99 S rv—— 100 T v—
Identifying UGI Ulcer Complications UGI Ulcer Complications Committee

e External Com}ninee
prospectively defined UGI ulcer
complications ¢ Fred Silverstein, M.D.

* Investigators reported potential * Naurang Agrawal, M.D.
cases from OA and RA trials « Jay Goldstein, M.D.

* Committee reviewed and
adjudicated cases

*.» Committee was blinded to
~ patient, study and treatment

101 s 30 N 98 - Advaery Camevnme. 102 30 Nev 98 - Adveery Commeme.
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Categories of UGI Ulcer Complications

UGI Ulcer Complications Program Overview

Open Label Trial

. Controlled
*  Bleeding Trials  NDA  Safety Update
4 Perforation No. Studies 14 1 -
. Gastric Outlet Obstruction No. Patients 11,008 4499 5155
No. Patient-Years 1763 2672 5002
103 Yy v—— 104 T rve——

UGI Uicer Complications
Controlled Trials

= Ne. No. K-M Patient Events/ Annual
Treatment Patients Events Est* Years 100 Pt Yrs. Incidence
Placebo 1864 0 0 208 0 0.00%
Celecoxib 6376 2 0.036% 1020 0.20 0.20%
NSAIDs 2768 9 0.393% 535 1.68 1.68%"*

“ Estimates of cumulative svent rate through 12 Weeks
** Significantly differsnt from celecoxib and placebo; p < 0.06

105 20 Mo 50 Avacey Coms

UGI Ulcer Complications
Celecoxib Open-Label Study

No. No. K-M Patient  Events/ Annual
Patients Events Est® Years 100 Pt Yrs. Incidence
NDA 4493 7 0219% 2672 026 0.26%
Safety
Update 5155 9  0226% 5002 0.18 0.18%

* Estimates of cumulative svent rate through 18 Months

106 2 M 90 Ay Gt

UGl Ulcer Complications

No.  No. KM Patient Events/  Annual
Patients Events Est* Years 100Pt Yrs. Incidence
NDA 4499 7 0.219% 2672 0.26 0.26%
Safety
Update 5155 9 0.226% 5002 0.18 0.18%
CONTROLLED TRIALS

Celecoxib 6376 2 0.036% 1020 0.20 0.20%

* Estimates of sumulative event rate through 18 Months

107 [T —,

Conclusions: Gl Effects of Celecoxib
¢ NSAID Gi class labeling is obviated:
— similar to placebo:
* UGl ulcers

* ulcer complications

- compared to NSAIDs showed a
significant reduction in:

* Gl symptoms
* UGl ulcers
» ulcer complications

108 P ve—
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Celecoxib - Differentiation Summary

NSAIDs Celecoxib
Gastrointastinal Gastrointestinal
- Ulcers - Ulcers and complications
- Complications similar to placebo
- - in
Symptoms :ﬂm mulm and
~ Reduction in symptoms
Hemostasis Hemostasis
- inhibit piatsiets = No effect on plateiet function
Hepatic Hepatic
- Elevated LFTs = No sievation in LFTs

109 Py yyem—

COX-2 Inhibitors:
Mechanism Based Drug Targeting

Celecoxib
<N\
COX-1 cOoX-2
Gl Tract Arthritis
Pht:ln an:Pain
Specificity + Maximal Efficacy = Spo;?uzx-z

110 Py yem——

APPEARS THIS wAY

ON ORIGINAL
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EXECUTIVE SUMMARY: OVERVIEW OF THE ROLES AND
DISTRIBUTIONS OF COX-1 AND COX-2 IN ANIMALS AND MAN
AND POTENTIAL IMPLICATIONS FOR SELECTIVE COX-2

INHIBITION
m

When aspirin and nonsteroidal anti-inflammatory drugs (NSAIDs) initially were
developed, it was thought that all NSAIDs produced anti-inflammatory effects by
inhibiting a single cyclooxygenase enzyme. NSAID-mediated inhibition of
prostaglandin production led to a variety of promising anti-inflammatory,
antiphlogistic, and analgesic effects, although it soon became apparent that not all
NSAID-mediated effects were beneficial. Inhibition of prostaglandin synthesis in
the gastrointestinal (GI) tract had deleterious effects on gastric mucosal protection
and, in the kidney, led to decreased renal blood flow under certain conditions (see
review by Donnelly and Hawkey, 1997). (It is recognized, however, that there are a

number of other factors that méy contribute to the deleterious effects of NSAIDs.)

Since the discovery of two isoforms of cyclooxygenase (COX), COX-1 generally has
been considered to be expressed constitutively and is responsible for production of
prostaglandins that participate in normal physiologic processes and protective
functions (eg, maintaining integrity of GI mucosa, mediating normal platelet
functioil, regulating renal blood flow and sodium resorption). In contrast, COX-2
was considered to be rapidly inducible in response to inflammation (Crofford, 1997;
- DeWitt et al, 1993; Donnelly and Hawkey, 1997; Jouzeau et al, 1997; Smith and
DeWitt, 1995) and to produce prostaglandins involved in inflammation. It was
hypothesized that inhibition of the “housekeeping” COX-1 enzyme resulted in many
of the adverse effects associated with the use of NSAIDs and that COX-2 inhibition

led to anti-inflammatory and analgesic effects.



This simplified view now appears to be misleading based on the following

information:

COX-1 is not just constitutive, but also is inducible.

COX-1 has a role in certain types of inflammation.

— Data from COX-1 and COX-2 knockout mice suggest that COX-1 plays a role
in inflammation, and that COX-2 is not obligatory for an inflammatory effect.
The relative importance of COX-1 and COX-2 in inflammation may depend,

in part, on whether the inflammation is acute or chronic.

COX-1 is not essential in preserving GI integrity and may not necessarily be

involved in the development of GI toxicity associated with NSAIDs.

— The role of COX-1 in homeostasis may have been overstated because COX-1
knockout mice do not exhibit excessive GI damage and remain susceptible to
gastric damage with indomethacin (Langenbach et al, 1995; Mahmud et al,
1996). There are effects of NSAIDs unrelated to cyclooxygenase inhibition
(eg, effects on mitochondria) that may be important (Chavez et al, 1993;

Somasundaram et al, 1997).

COX-2 is expressed constitutively in several tissues.
- Although COX-2 is expressed in response to inflammatory stimuli, such as
lipopolysaccharide and interleukins (Donnelly and Hawkey, 1997), it also can

be detected in a variety of normal animal and human tissues.



e (COX-2 has important physiologic activities, in addition to its role in
" inflammation.
— COX-2 appears to be involved in a variety of physiologic or homeostatic
functions, including:
Gastric cytoprotection
Ulcer healing and repair of mucosal injury
GI epithelial integrity and resistance to infection (peritonitis)
Renal salt and water homeostasis
Cardiovascular repair following injury
Pulmonary repair following injury

Central nervous system function

YV V.V V V VY V VY

Reproduction (ovulation, fertilization, implantation, maintenance of
pregnancy, parturition), and

» Normal organogenesis in the fetus.

A more specific summary of the expression and roles of COX-1 and COX-2 in

various body systems follows.
ROLE OF COX-1 AND COX-2 IN INFLAMMATION

During inflammation, COX-2 clearly is upregulated (Anderson et al, 1996; Crofford,
1997; Sano et al, 1992). Although COX-1 was not thought to be directly involved in
inflammation, r:ecent étudies have demonstrated that both cyclooxygenase isoforms
are detected in synovial cells from inflammatory joints (Crofford et al, 1994; Gilroy
et al, 1998; Iniguez et al, 1998). In vitro analyses of cultured human synovial
tissues show that macrophage, fibroblast, endothelial, and mononuclear
inﬂammatory cells express both COX-1 and COX-2. In addition, in studies of COX-2
knockout-mice, experimental challenges with inflammatory agents resulted in
inﬂammatory responses that did not differ significantly from those in wild-type

animals (Dinchuk et al, 1995; Morham et al, 1995). Thus, the presence of the



COX-2 enzyme is not essential for inflammation to occur. In contrast to findings in
COX-2-deficient mice, inflammatory challenge in COX-1 knockout mice resulted in
reduced inflammatory response (Langenbach et al, 1995). These findings are
contrary to established views that COX-1 is a constitutive, housekeeping enzyme
résponsible only for maintaining normal cell function and that COX-2 is inducible

and solely responsible for inflammatory response.
GASTROINTESTINAL TRACT

In the GI tract, COX-1 is expressed constitutively in almost all tissues (Kargman et
al; 1996). However, COX-2 is also expressed constitutively (to a much lesser
extent), with highest concentrations found in the cecum and distal intestine in rats
(Kargman et al, 1996). In rats, COX-2 is expressed in gastric epithelial cells (Sasaki
et al, 1998) and is necessary for proliferation (Sawaoka et al, 1997).

In humans, constitutive COX-2 was found in intestinal mucosa (Mahida et al, 1997).
In patients with ulcerative colitis, COX-2 is upregulated in colonic apical epithelial

cells (Singer et al, 1998).

COX-2 appears to have an important role, which was previously attributed only to
COX-1, in preventing or repairing GI mucosal damage. In COX-1 knockout mice,
the absence of COX-1, which is purported to provide the majority of cytoprotective
prqstaglandins,‘did not cause spontaneous GI ulceration (Langenbach et al, 1995),
indicating that compensatory protective mechanisms (possibly COX-2-mediated)
must be involved. In addition, these mice remained susceptible to NSAID-induced
damage, which could not have been COX-1-mediated. (Other explanations,
unrelated: to éyclooxygenase inhibition, for NSAID-induced damage to the GI tract
have been proposed, including local, physicochemical effects [Lichtenberger et al,
1995] and effects on mitochondrial function [Chavez et al, 1993; Somasundaram et

-al, 1997]). Selective COX-2 inhibitors increase ischemia/reperfusion injury (Maricic

~1



et al, 1998) and decrease adaptive cytoprotection (Brzozowski et al, 1998; Ehrlich et
al, 1997; Gretzer et al, 1998a). Studies in rats and mice indicate that specific
inhibition of COX-2 may delay ulcer healing (Mizuno et al, 1997; Schmassmann et
al, 1998; Shigeta'et al, 1998; Tsuji et al, 1997).

In the colon, COX-2 may protect against invasive bacteria because COX-2 knockout
mice develop peritonitis (Morham et al, 1995; Morteau et al, 1997a). In addition,
selective COX-2 inhibitors exacerbate experimental colitis in rats, with resultant
septicemia (Reuter et al, 1996), and COX-2 stimulates fluid secretion by colonic

epithelial cells (Blume et al, 1998; Eckmann et al, 1997).

Inhibition of COX-2 enhances apoptosis, which may inhibit tissue repair (Von
Knethen and Briine, 1997). This effect may be advantageous in preventing colonic
polyps but may be disadvantagéous in normal GI mucosa that is subject to repeated
toxic ihsult and is characterized by one of the highest turnover rates of all body

tissues.
KIDNEY

In the kidney, COX-1 activity occurs primarily in medullary collecting ducts and
interstitial cells. However, COX-2 also is expressed constitutively in the kidney and
has an important role in renal homeostasis (Harris et al, 1994). In the human
kigi_ney, COX-2 is preéent in endothelial cells, smooth muscle cells, and glomerular
podocytes (Komhoff et al, 1997). Under basal conditions, COX-2 has been located in
the renal cortex (Seibert et al, 1994). The presence of COX-2 in the macula densa of
the juxtaglomerular apparatus and ascending limb of Henle suggests that COX-2
expression- may correlate with volume expansion or contraction. Chronic volume

depletion-increases renal COX-2 expression in rats (Harris et al, 1994).



A recent study confirms that selective COX-2 inhibitors affect renal function in man
(Rossat et al, 1998). The role of COX-2 in human renal homeostasis, and its
importance relative to COX-1 inhibition, will need to be delineated by studies on the
effects of specific COX-2 inhibitors in patients with conditions in which COX-2 is
rupregulated.

REPRODUCTIVE TRACT

In the reproductive tract, both cyclooxygenase isoenzymes are expressed at various
times during pregnancy (Vane et al, 1998). During early pregnancy, expression of
COX-2 is necessary for ovulation, fertilization, implantation, and decidualization.
COX-2 appears to be necessary for delivery of the fetus, and COX-2 levels increase
significantly before and after labor (Gibb and Sun, 1996). Studies in COX-2
knockout mice indicate that ferﬁales lacking COX-2 have reproductive defects and
are infertile (Dinchuk et al, 1995; Lim et al, 1997). Although ovarian follicular
development was normal, ovaries were small because of absence of corpora lutea
(Dinchuk et al, 1995). COX-2 knockout mice also have impaired oocyte maturation,
defective implantation of blastocysts in the uterus, and failed decidualization of the
uterus (Lim et al, 1997). In contrast, both male and female COX-1 knockout mice
remained fertile in the absence of COX-1, although the newborns were not always

viable (Langenbach et al, 1995).

Dg:_velopment o% luteinized unruptured follicles associated with infertility has been
reported in women taking NSAIDs and could be associated with COX-2 inhibition
(Smith et al, 1996). These data suggest that constitutive COX-2 is absolutely
necessary for maintaining fertility. The potential long-term consequences of
inhibiting normal luteal function, with consequent hyperestrogenemia, on

endocrine-sensitive tissues need to be explored.



CENTRAL NERVOUS SYSTEM

The human brain contains equal amounts of messenger ribonucleic acid (mRNA) for
COX-1 and COX-2 (O’'Neill and Ford-Hutchinson, 1993). Although the exact
function of COX-1 and COX-2 in the brain remains to be determined, it is important

to note that both isoenzymes are expressed constitutively.
CARDIOVASCULAR AND PULMONARY SYSTEMS

In cardiovascular tissue, COX-2 knockout mice develop diffuse myocardial fibrosis
(Dinchuk et al, 1995), and COX-2 is found in fibrotic cardiac tissue of patients with
dilated cardiomyopathy (Wong et al, 1998). In pulmonary tissue, COX-2 also is
expressed constitutively in rat lung (Brannon et al, 1998; Charette et al, 1995;
Ermert et al, 1998) and is responsible for maintaining intrinsic tone in the guinea
pig trachea (Charette et al, 1995); inhibition of tone may be greater with a selective
COX-2 inhibitor than with a nonselective COX-1/COX-2 inhibitor (Charette et al,
1995). Patients with idiopathic pulmonary fibrosis are unable to induce COX-2
(Wilborn et al, 1995), suggesting that COX-2-mediated prostaglandin formation
may be important in healing lesions and preventing fibrosis from occurring. This
may be particularly relevant when selective COX-2 inhibitors are used to treat
patients with rheumatoid arthritis, in whom the incidence of interstitial fibrosis is

‘already increased (Anderson, 1993).
SUMMARY AND CONCLUSIONS

The view that COX-1 is purely a constitutive enzyme functioning in housekeeping
roles (such that inhibition of COX-1 is necessarily bad), whereas COX-2 is purely an
isoenzyme induced during inflammation (such that inhibiting COX-2 only

suppresses inflammation and is therefore necessarily good) is, clearly, an

10



oversimplification. COX-2 has important physiologic functions, and the potential

impact of inhibiting these functions should be considered carefully.

A common theme surrounding the known roles of COX-2 and the known effects of
selective COX-2 inhibitors is that COX-2-mediated prostaglandins participate in
cellular proliferation in inflammatory cells, angiogenesis, tissue repair (in the GI,
cardiovascular, and respiratory systems), neoplasia, reproduction, and osteogenesis
(Majerus, 1998; Majima et al, 1997; Onoe et al, 1996; Sarrazin and de Brum-
Fernandes, 1998; Sato et al, 1997; Stenson, 1997; Tsuji and DuBois, 1995; Vane et
al, 1998). As stated by William Stenson, MD, in a recent Gastroenterology editorial
(1997), it may well be that "...inflammation and wound healing form a seamless

continuum; drugs that inhibit inflammation may also retard healing.”

It should be noted that the effeéts of inhibiting COX-2 are not necessarily restricted
to selective COX-2 inhibitors. Indeed, many typical adverse effects associated with
nonselective NSAIDs (such as impairment of ulcer healing, effects on renal function,
effects on fertility) may be due to inhibition of COX-2. Therefore, selective COX-2
inhibitors should be considered similar to nonselective NSAIDs in sharing these

typical adverse effects.

In contrast, it is not self-evident that sparing COX-1 will have no effects other than
obviating toxicity mediated by COX-1. Selective COX-2 inhibitors may exhibit
diminished the;apeufic activity for certain applications because they lack associated
COX-1 inhibition. Furthermore, the complex relationship between COX-1 and
COX-2, and connections between the cyclooxygenase system and inducible nitric
oxide synthase or other intracellular pathways, make it difficult or impossible to

predict what effects will be associated with unopposed suppression of COX-2.
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Finally, not all of the beneficial or detrimental effects of NSAIDs are necessarily
associated with cyclooxygenase inhibition. NSAIDs, through effects on divalent
cation translocation, have important effects on mitochondrial function that are
independent of any effect on cyclooxygenase function (Chavez et al, 1993;
Somasundaram et al, 1997); and this may be more important than inhibition of
cyclooxygenase in GI toxicity. Another physicochemical effect of NSAIDs, unrelated
to cyclooxygenase inhibition, involves alterations in hydrophobicity of the
phospholipid barrier in the gastric mucosa (Lichtenberger et al, 1995; Lugea et al,
1997). NSAIDs (both nonselective and COX-2-specific) may have important effects
on apoptosis and polyp regression that are independent of effects on cyclooxygenase

(Piazza et al, 1997) or on prostaglandin formation (Chan et al, 1998).

In view of the evolving science in this area, the following points need to be

considered when evaluating more highly selective COX-2 inhibitors:

e (COX-1 and COX-2 have overlapping functions. It is unlikely that the
pharmacodynamic profile of a drug can be predicted by knowledge of its effects

on these isoenzymes.

e Because COX-1, as well as COX-2, is involved in inflammation, it is not
immediately apparent that inhibition of COX-2 alone will provide optimal anti-
inflammatory activity. However, because of the variability inherent in clinical
trials design;d to éompare active agents, definitive differences in relative

efficacy will be difficult to demonstrate.

e Because the functions of the cyclooxygenase isoenzymes are interrelated with
_each other, and with other intracellular pathways, the effects of isolated
inhibition of one of the isoenzymes (ie, COX-2) cannot easily be predicted. It
'V cannot be assumed that an agent that does not inhibit COX-1 is either

completely safe or has a safety profile that can be predicted.
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In addition to any effects or lack of effects on prostaglandins produced by COX-1
" or COX-2, NSAIDs have other pharmacologic properties that may affect their
safety profile.

Because inhibition of COX-2 by both conventional NSAIDs and selective COX-2
inhibitors contributes to their efficacy and side-effect profiles, selective COX-2
inhibitors should be considered NSAIDs. As with other NSAIDs, the individual
safety and efficacy profiles of selective COX-2 inhibitors should be determined by

clinical trials and clinical experience.
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