U.S. Food and Drug Administration www.fda.gov
FIDYA

Protecting and Promoting Public Health

Naproxcinod
FDA: Efficacy and Safety Review

Jacqueline A. Spaulding, M.D., M.P.H
Medical Officer

Feng Li, PhD
Statistical Reviewer

Center for Drug Evaluation and Research
Food and Drug Administration



U.S. Food and Drug Administration www.fda.gov
FIYA

Protecting and Promoting Public Health

Presentation Overview

l. Background — Naproxcinod
. Regulatory History
. Clinical Development Program
Il. Clinical and Statistical Review of Efficacy
. Efficacy versus placebo
. Non-Inferiority analyses
lll. Major Safety Findings
. Deaths, Serious Adverse Events, Discontinuations, Common

Adverse Events, Gl Adverse events

IV. Special Safety Studies

. Gl endoscopy studies
. Effects on blood pressure

V. Conclusions



U.S. Food and Drug Administration www.fda.gov
FIYA

Protecting and Promoting Public Health

Naproxcinod: Overview

* New Molecular Entity

« Cox-inhibiting and nitric oxide-donating
properties

 |Intact Naproxcinod has no Cox-inhibiting activity;
enzymatic cleavage in vivo results in 2 active
metabolites:
1.Naproxen: anti-inflammatory/analgesia
2.Nitric oxide (NO): purported 1 GI/BP safety profile
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Naproxcinod - Overview

Proposed:

 Indication: Relief of signs and symptoms
of osteoarthritis

 Dosage form: 375 mg hard gelatin
capsule

* Dosing regimen: 375 mg or 750 mg twice
daily
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Key Regulatory History

Efficacy
« Claim of efficacy for proposed indication requires superiority to
placebo or active comparator in 12 — week, replicated, adequate and
well-controlled studies
* Primary endpoints
— WOMAC pain
— WOMAC function
— Patient Overall rating of disease status
« Pivotal studies involving target joints (hip, knee) should be separate

« 1° statistical analysis should be change from baseline at 13 weeks

Safety

« Database must meet ICH guidelines (21500 total patient exposures,
= 300 patient exposures X 6 months, 2100 patient exposures X 1
year at maximum proposed dose)



Key Regulatory History

Gastrointestinal safety claims

* Division recommended replicated 12-week
endoscopy studies.

* Not acceptable to have combined analysis
of studies of different design and duration
and using different comparators for
inclusion in label.




Key Regulatory History

Blood Pressure Safety Claims

 Ambulatory blood pressure monitoring (ABPM)

— Need studies to assess naproxcinod effect on BP
over time (adequate monitoring in 3 month trial could
support BP effect in clinical section)

— Obtain readings at baseline & end-of-study
— Include full-dosing interval

— BP monitoring program should discuss methods of
BP measurement and whether standardized across
studies

« Timing of BP measurements to dosing time in PC studies
* Proportion of elderly pts who underwent orthostatic tests
 Description of BP data pooling and methods used




Clinical Development Program
(35 Completed Studies)

 Phase 1 studies (26): single and escalating
doses, comparative BA & BE, mass balance, PK
In healthy young and elderly subjects and
Japanese subjects, DDI, HTN, OA with HTN,
special population (hepatic and renal impaired),
ABPM, Gl endoscopy, QT study

* Phase 2 studies (5): dose-range studies (2),
single-dose studies for acute dental pain (2),
and1 Gl endoscopy study

* Phase 3 studies (4): 3 adequate and well
controlled studies (OA of knee/hip), 1 long-term
safety extension study
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EFFICACY
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ase 3 Efficacy Studies
Study 301/301(E)

« Design: Randomized, double-blind, placebo and naproxen-
controlled, parallel group, efficacy and safety study

* Population: OA of the knee

 Treatment groups:

— Naproxcinod 750 mg twice daily

— Naproxcinod 375 mg twice daily

— Placebo twice daily

— Naproxen 500 mg twice daily
« Conduct: 13-week, R/DB/PC/AC efficacy treatment period
* Primary Efficacy Endpoints:

— WOMAC pain subscale score

— WOMAC function subscale score

— Patient overall rating of disease status

10
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Phase 3 Efficacy Studies

Study 302 Study 303
« Similar to Study 301 « Similar to Study 301
» Differences » Differences
— 26-week naproxen — Target joint (hip)
controlled portion — Countries: US, Europe
— 26-week naproxen — No naproxcinod 375

safety study mg dosage group

11
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Efficacy Analyses

* Superiority comparison
1. Naproxcinod 750 mg twice daily to Placebo
(Study 301, Study 302, and Study 303)
2. Naproxcinod 375 mg twice daily to Placebo
(Study 301and Study 302)

12
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Applicant’s Results

Study 301

www.fda.gov

Naproxcinod 750 mg

Naproxcinod 375 mg

Naproxen 500 mg bid

(N=224) (N=234) (N=220)
Change from Baseline at Week 13 in WOMAC™ Pain Subscale Score (mm)
Differences in LS mean -10.67 (2.55) -9.49 (2.52) -12.77 (2.56)
(SEM) versus placebo
p-value for treatment effect <0.0001 0.0002 <0.0001

Change from Baseline at Week 13 in WOMAC™

Physical Function Subscale Score (mm)

Differences in LS mean -10.62 (2.53) -8.66 (2.50) -13.73 (2.54)
(SEM) versus placebo

P-value for treatment effect <0.0001 0.0006 <0.0001
Change from Baseline at Week 13 in Patient Overall Rating of Disease Status

Differences in LS mean 0.51 (0.10) 0.42 (0.10) 0.65 (0.01)
(SEM) versus placebo

p-value for treatment effect <0.0001 <0.0001 <0.0001

« Study 302 and Study 303 had similar results (naproxcinod beat placebo for all 3

endpoints)
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Evaluation of Superiority

* Primary analysis
— Analysis of Covariance

« Comparisons

— First, compare Naproxcinod 750 mg to placebo
(Studies 301, 302, and 303)

— Second, compare Naproxcinod 375 mg to placebo
(Studies 301 and 302)

14
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Evaluation of Superiority

« Applicant’s imputation
— Study 301

» LOCF: last post-baseline observation carried forward

— Studies 302 and 303

« mLOCF: Dropouts due to treatment-related adverse events,
the worst observation was carried forward, otherwise, LOCF

« Agency’s imputation
— BOCF: baseline observation carried forward

15
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Naproxcinod 750 mg

Naproxcinod 375 mg

Naproxen 500 mg

" Evaluation of Superiority

Study 301
Study 302
Study 303

Study 301
Study 302

Study 301
Study 302
Study 303

WOMAC Pain

«—— Favors Study drug

www.fda.gov

Favors Placebo —
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Naproxcinod 750 mg

Naproxcinod 375 mg

Naproxen 500 mg
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WOMAC Function

«— Favors Study drug

Study 301
Study 302
Study 303

Study 301
Study 302

Study 301
Study 302
Study 303

Favors Placebo —

valuation of Superiority

10

15

20

www.fda.gov
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Evaluation of Superiority
Patient’s Overall Rating of Disease Status

«— Favors Placebo Favors Study Drug —

Study 301

Naproxcinod 750 mg Study 302
Study 303

Naproxcinod 375 mg Study 301

— s
———
——
Study 302 | —e—
———
———

Study 301
Study 302

Naproxen 500 mg Studv 303 1
udy | -

-0.8 -0.4 0 0.4 0.8 1.2
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Study 301
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Continuous Responder Curve
Study 302
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Evaluation of Non-inferiority

* In general, NI design seeks to show that a
difference in response between an active
control and a test drug is less than some

margin
e Reasons for use

— To demonstrate efficacy when placebo is
unethical

— To demonstrate comparative effectiveness

22
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Evaluation of Non-inferiority

«<— Favors Study drug Favors Control —

—

Study drug not non-inferior to control

T
L 2
ja-

{ 4 ] Study drug non-inferior to control
Non-inferiority margin
-10 -5 0 m 5 10

Study Drug - Control
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Evaluation of Non-Inferiority

* Active control: Naproxen 500 mg bid

* Applicant’s rationale:

— Show similar efficacy between naproxcinod
and naproxen

— Attempt to make comparable safety claims
regarding Gl safety and BP effects

24
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Evaluation of Non-inferiority

Naproxcinod 750 mg vs Naproxen (Study 301, Study 302)
Naproxcinod 375 mg vs Naproxen (Study 301)

WOMAC pain and function (Study 301, Study 302)
— Upper limit of 95% Cl < 8 mm

Patient’s overall rating of disease status (Study 301)
— Lower limit of 95% CI > -0.4

25
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Egéiaéfion of Non-inferiority
WOMAC Pain

«— Favors Naproxcinod Favors Naproxen —
Naproxcinod 750 mg BOCF - :
Study 301 Per-protocol - :
|
|
|
Naproxcinod 750 mg BOCF . [
Study 302 Per-protocol . :
|
|
+ I
Naproxcinod 375 mg BOCF . :
Study 301 Per-protocol 1 . I
{ I

[} } } 1 I 1 N N
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Egéiaétion of Non-inferiority
WOMAC Function

«—— Favors Naproxcinod Favors Naproxen ——
. . I
Naproxcinod 750 mg BOCF 1
Study 301 Per-protocol - :
|
1
Naproxcinod 750 mg BOCF ’ :
Study 302 Per-protocol * |
|
|
1 1
Naproxcinod 375 mg BOCF . i
Study 301 Per-protocol " :
|
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Evaluation of Non-inferiority
Patient’s Overall Rating of Disease Status

<—— Favors Naproxen Favors Naproxcinod—
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Efficacy Summary

Superiority to Placebo

Naproxcinod was superior to placebo in 3
adequate and well-controlled studies involving
osteoarthritis of the knee and hip

Non-inferiority to Naproxen

The Applicant has not provided replicated
evidence to support the non-inferiority of
naproxcinod to naproxen even using a NI
margin that was 70% of the treatment effect
size (8 mm for WOMAC pain and function, 0.4
for patient overall rating of disease status)
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SAFETY

30
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Naproxcinod Exposure

« 4033 subjects/patients treated with at least
one dose

e Duration
— 893 patients for at least 26-weeks

— 621 patients for at least 52-weeks

— 264 patients at maximum dose (1500 mg/day)
= 52 weeks
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Deaths

Naproxcinod Placebo Naproxen Rofecoxib
(N=4023) (N=1412) (N=1633) (N=342)
Deaths 3 (0.07%) 0 1 (0.06%) 0

Deaths in Naproxcinod Treatment Group

« Patient 011-006 (79 y/o F): Motor Vehicle Accident
« Patient 112-005 (69 y/o M): Coronary Artery Disease

« Patient 147-004 (73 y/o F): Asphyxia secondary to
homicide
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Serious Adverse Events
(Placebo — Controlled OA Studies up to 13 - weeks)

All Naproxcinod Placebo Naproxen
(N=2411) (N=1114) (N=1175)
Any SAE 32 (1.3%) 20 (1.8%) 13 (1.1%)
System Organ Class
Preferred Term
Gastrointestinal 7 (0.3%) 4 (0.4%) 3 (0.3%)
Gl hemorrhage 3 (0.1%) 0 1 (<0.1%)
Upper Gl hemorrhage 1 (<0.1%) 0 0
Duodenal ulcer 1(<0.1%) 0 0
Cardiac disorders 6 (0.2%) 5(0.4%) 1 (<0.1%)
Atrial fibrillation 2 (<0.1%) 1 (<0.1%) 0
Myocardial infarction 1 (<0.1%) 0 1 (<0.1%)
Arteriosclerosis Coronary Artery 1 (<0.1%) 0 0
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Adverse Events Leading to Discontinuation
(Placebo - Controlled OA Studies up to 13 - weeks)

All Naproxcinod Placebo Naproxen
(N=2411) (N=1114) (N=1175)
Overall Incidence 154 (6.4%) 71 (6.4%) 72 (6.1%)
System Organ Class
Preferred Term
Gastrointestinal 61 (2.5%) 32 (2.9%) 45 (3.8%)
Dyspepsia 15 (0.6%) 4 (0.4%) 9 (0.8%)
Nausea 11 (0.5%) 6 (0.5%) 7 (0.6%)
Abdominal pain (Upper) 9 (0.4%) 5 (0.4%) 12 (1.0%)
Nervous system 30 (1.2%) 15 (1.3%) 7 (0.6%)
Headache 10 (0.4%) 7 (0.6%) 3 (0.3%)
Dizziness 9 (0.4%) 4 (0.4%) 1 (<0.1%)
Paraesthesia 2 (<0.1%) 0 1 (<0.1%)
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Summary of Gl TEAEs
( Placebo — Controlled OA studies up to 13 - weeks)
Term All Naproxcinod Placebo Naproxen
(n=2411) (N=1114) (N=1175)
Gl AEs 615 (25.5%) 199 (17.9%) 315 (26.8%)
Most Common Gl
TEAES
Dyspepsia 129 (5.4%) 37 (3.3%) 67 (5.7%)
Diarrhea 123 (5.1%) 44 (3.9%) 49 (4.2%)
Nausea 116 (4.8%) 38 (3.4%) 44 (3.7%)
Constipation 81 (3.4%) 17 (1.5%) 42 (3.6%)
Upper abdominal 66 (2.7%) 21 (1.9%) 54 (4.6%)
pain
Gl SAEs 7 (0.3%) 4 (0.4%) 3 (0.3%)
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Common Adverse Events
(22% Placebo - Controlled OA studies up to 13 - weeks)

Naproxcinod
Preferred All doses 750 mg bid 375 mg bid Placebo Naproxen
Term (N=2411) (N=1470) (N=598) (N=1114) (N=1175)
Headache 399 (16.5%) 230 (15.6%) 52 (8.7%) 136 (12.2%) 187 (15.9%)
Dyspepsia 129 (5.4%) 90 (6.1%) 15 (2.5%) 37 (3.3%) 67 (5.7%)
Diarrhea 123 (5.1%) 72 (4.9%) 22 (3.7%) 44 (3.9%) 49 (4.2%)
Nausea 116 (4.8%) 64 (4.4%) 20 (3.3%) 38 (3.4%) 44 (3.7%)
Back Pain 113 (4.7%) 57 (3.9%) 20 (3.3%) 36 (3.2%) 43 (3.7%)
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Special Safety Studies

 Nitric oxide (NO) donating group effects:

— Gastrointestinal System

* Endoscopy Studies in healthy subjects and OA
patients

— Cardiovascular System (BP)
« Ambulatory blood pressure monitoring studies

« Pooled orthostatic BP analysis from three Phase 2
studies

» Pooled BP analysis of phase 3 OA trials

37
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Conclusions

* Naproxcinod (375 mg and 750 mg twice a
day) is more effective than placebo in the
relief of signs and symptoms of OA

« Similarity to naproxen has not been
demonstrated

* General safety profile of naproxcinod is
consistent with that of the NSAID drug
class

38
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BP effect of naproxcinod

DCRP Review

Joint Meeting of the Arthritis Advisory
Committee (AAC)

and Drug Safety and Risk Management
Advisory Committee (DSaRM)

May 12, 2010
Suchitra Balakrishnan MD, PhD
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Disclaimer

 All data presented is from sponsor’s
analyses, DCRP did not perform any
iIndependent statistical analyses
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Issues related to BP effect

 Efficacy:
— antihypertensive (vs. placebo equivalent)
— relative effect compared to active comparator
(naproxen)
« Safety issues related to hypotensive effect
at peak

* (No acute withdrawal data e.g. within 72 hrs of treatment
cessation are available)
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Comparative claim for superiority
related to BP effects

e |Ssues:

— across class comparison for (CINOD
compound vs. naproxen) superiority related to
a safety issue

— relevance of effect on BP has to be balanced
against comparative efficacy and other safety
(cardiac and non-cardiac) and approvability
Issues



How IS a drug approved as a

antinypertensive?

» Superior to placebo or is superior in ABPM
studies compared to baseline
measurements in two adequate and well
controlled studies

— active comparator in 2 studies for a superiority
claim

— the effect is persistent throughout the dosing
interval

— peak/trough ratio not more than factor of 2

« References-ICH E-10, Antihypertensive guidance, 97" DCRP advisory
committee meeting July 18, 2002 to discuss superiority claim for
candesartan vs. losartan
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rom the naproxcinod
program

Ambulatory Blood Pressure Monitoring (ABPM) to evaluate the 24-
hour BP effect (Studies HCT-3012-X-104, 111 and 112).

Office Blood Pressure Measurements to evaluate the peak effect
(pooled phase 1 & phase 2 and Phase 3 program).

Orthostatic Blood Pressure Measurements to evaluate the effects on
BP and HR after orthostatic challenge tests
* first dose effect- SP-NON-0005, 0010 and 0017

» chronic effects- phase 2 studies-3012-X-111, SP-NON-0005, 0010 and
0017; phase 3 study-3012-X-302

Drug-drug interaction studies [SP-NON-22, 21 (NTG), 3012-X-
107 (siladenafil)].
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Efficacy-ABPM studies only

* Only ABPM studies have trough effect
reported.

« Cuff BP used to qualify subject in trial,
concurrent placebo arm is not needed with
ABPM since change from baseline reflects
drug effect
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ABPM studies
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, rence in SBP, Study 3012-X-
104, naproxcinod 750 mg minus naproxen 500
mg

Mean SBP Delta (mmHg)

6.0 B End-of-treatment minus baseline naproxcinod-naproxen
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Hours Elapsed Post Dose

Source: Table 14.5.1
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, rence in DBP, Study 3012-X-
104, naproxcinod 750 mg minus naproxen 500

20 ¢ B v
— 0.8
™
I
E 0,0
—_— L2
z D2 o s o8
S 1.0 -1 R 4.1 A4
o A8 A%

20 F :
g 2.0 2
c 24
- 2.8
- 44

o LU o 3.7

45 44
B End-of-treatment minus baseline naproxcinod-naproxen EE
H0 -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hours Elapsed Post Dose

Source: Table 14 52



Mean SBP Delta {(mmHg)

U.S. Food and Drug Administration www.fda.gov
Protecting and Promoting Public Health

ge from baseline SBP- Study

3012 -X-112, naproxcinod 750 mg vs. naproxen
500 mg
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, difference in SBP, Study 3012-X-
112, naproxcinod 750 mg minus naproxen 500
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ge from baseline DBP- Study
3012 X-112, naproxcinod 750 mg vs. naproxen
500 mg
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, difference in DBP, Study 3012-X-
112, naproxcinod 750 mg minus naproxen 500
mg
s B

Mean DBP Delta (mmHg)

B End-of-treatment minus baseline: naproxcinod-naproxen
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Source: Figure 112_ABPM 019 (B):
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, rence in SBP, Study 3012-X-
112, naproxcinod 375 mg minus naproxen 250
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, difference in DBP, Study 3012-X-
111, naproxcinod 750 mg minus naproxen 500
mg
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Conclusion for efficacy

The BP effect due to naproxcinod was not consistently
less than baseline through the dosing interval.
Naproxcinod is therefore not approvable as an
antihypertensive agent.

Relative to equimolar doses of naproxen, with
naproxcinod there appears to be a replicable lowering
effect on SBP and DBP at peak (i.e. 1-4 hours post-
dosing) across studies but not at trough.

More than two-fold changes in peak-trough effects
were noted in some ABPM recordings suggesting that
the proposed dosing regimen does not have a
consistent effect throughout the dosing interval .
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Safety issues- first dose effects at peak-
phase 2 (exploratory analyses)

Effect of Treatments on Mean Change in SBP during 3 Hours Postdose
Relative to Placebo (OA Subjects)
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Source: Figure 18, Inteqgrated BP report, Module 5.3.5.3
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| Phase 2- subgroup analyses- < 65 and > |
65, first dose effect

Figure 20: Effect of Naproxcinod on Mean Change in SBP during 3 Hours Post dose
Relative to Placebo in Age Groups <65 and =65 Years

— — <05 years
=BS5S yaars

=10 A

B .

14 -

-16

g 125rmg ATE iy TS0 Mg 1125 my
HAPHROXCINOD

The beold lines represent the two different age groups with 95% CI (dashed lines).

28
Source: Figure 20, Integrated BP report, Module 5.3.5.3




Hypotension-related adverse
events

In all placebo controlled OA studies up to 13 weeks, potential
hypotension-related AEs were- 4.7 % (1500 mg/day or 750 mg bid/
n=1470),3.7% (750 mg/day or 375 mg bid/n=598), 2.9% in placebo
and 2.6% for naproxen -Source- table 21, ISS.

The most common potential hypotension-related AE was dizziness

[3.2% at 750 mg bid and 2.5% at 375 mg bid], 2.2% of placebo
patients, 2.0% of naproxen-treated patients

In the pooled analyses of the phase 2 studies SP-NON 0005,
00101and 0017, hypotension related AEs were only seen with
naproxcinod but incidence was equal in all doses (table 8.1-
orthostatic BP report).

In summary there was a slight increase in hypotension related AEs
with naproxcinod with a trend for a dose-dependent effect.
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HR effects

* First dose effects recorded in Phase 2 studies
(SP-NON 0010 and SP-NON-0017) —mean
change less than 3-4 bpm and not consistent

— similar result with HR over time reported in
other studies

— acute withdrawal data (e.g., within first 72
hours) for HR and BP not available
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Subgroup-elderly (contd)

* Analyses of peak effect in subjects over 75 yrs
of age from all placebo controlled studies was

limited by small sample size of 85 subjects
spread over four treatments.

* Decline in SBP persistent at week 6, small
effects on DBP, no consistent effects on HR.
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Drug interactions

Table 19: Maximum Fall in Blood Pressure in Hypertensive Patients Treated with
Various Classes of Antihvpertensive Agents after Administration of a Single
Dose of 750 mg Naproxcinod or Placebo
Maximal fall in BP (mm He = SD)
Anti-
' . , Within 4 hr after first dose In 2 min within 4 hr
hypertensive Group
agent Supine Supine Orthostatic Orthostatic
SEP DEP change in SBP | change in DEP
B-blockers Naproxcinod 24907 17856 16108 8682
(n=18) Placebo 162=103 109257 TR=83 59251
Ca-antag | Naproxcined | 248=07 17.1 5.6 74+84 7.8=5.1
(n=17) Placebo 131203 109=54 77487 0.4=101
ACE inhib | Naproxcinod 284475 21538 77294 T4£76
(n=11) Placebo 15866 13.0+/-57 77+73 47487

Source: SP-HNON-0022, Tables 17, 19, 21 and 23,
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Safety-Outcome data

 Information available to date is insufficient with respect
to cardiac outcomes due to limited safety database and
limited time period (1 yr)

« Sponsor submitted a post-hoc analyses of data from
completed Phase 2/3 studies for Treatment Emergent
Coronary Artery Disease/Myocardial Infarction, Cardiac
Failure, Cerebrovascular and Renal -related Adverse
Events by Preferred Term and Overall Study Group to
DCRP- number of events low and results no better than
naproxen
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Comparative claim for BP and

safety issues

« DCRP view

based on information available to date a consistent effect on
both systolic and diastolic BP is mainly present at peak.

the effect through the dosing interval is variable

typically drugs with meaningful effects on cardiac outcomes have
an effect on systolic and diastolic BP that persists through the
dosing interval. In this case the potential impact on cardiac
outcomes is unclear.

potential safety issues due to hypotensive effect at peak in
vulnerable subjects would have to be considered. Caution
should be advised regarding concomitant use with PDE-5
inhibitors like sildenafil, nitroglycerin and antihypertensive

treatments especially at first dose.
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BP effect of naproxcinod

DCRP Review

Joint Meeting of the Arthritis Advisory
Committee (AAC)

and Drug Safety & Risk Management
Advisory Committee (DSaRM) ,

May 12, 2010
Suchitra Balakrishnan MD, PhD
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Hourly 24 hour profile vs. 24 hour
Mean BP

Hourly change in BP
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change in SBP
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Time Naproxanod placsbo Naproxen
First dose- [hr 6.0z 143 L1184 %62
First dose-hr 302167 06196 2]
Lweek-lhy flz116 222146 0789
Iweek 3y 312162 L1209 Lk 140
Wazk ] 312167 Jl] 388
Weekd B4z 13 03133 3RS
Week 6 J 12183 fiz 146 k1]
Endpoint 4&1 %136 LE&54

(rom Sponsor's data, chane= 1n 8BP at pealtn subjects over 73)
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Orthostatic hypotension,
hypotension related AEs

« Orthostatic hypotension at peak effect, especially at first dose may
be a safety issue in the elderly

* In the phase 2 studies sporadic orthostatic BP reductions were seen
with similar incidences in the HCT 3012, placebo and active
comparator arms (naproxen and rofecoxib) at any time over the
observation periods except for the first dose of 750 mg and above of
HCT 3012

« Orthostatic hypotension was defined in the study protocol as a
decrease in SBP = 25 mmHg or in DBP = 15 mmHg at least once
during the study.

— in all double blind, placebo-controlled OA studies upto 13 weeks,
subjects who experienced a potentially hypotension-related
treatment-emergent AE (TEAE) was 5.6% for naproxcinod
treated patients [4.7% at 750 mg bid and 3.7% at 375 mg bid],
2.9% for placebo-treated patients and 2.6% for naproxen-treated
patients (500 mg bid). (source ISS table 21)
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Back up-dDBP phase 3

Figure 33: Dvifference in DBP LS Mean changes between treatments

HCT 312 >34 Diference n OHP LS Mean changes between ireasimenis

Maproxcinod 730 mg bid vws Maproxen 500 mg bid: LS Mean Diff. (95% CI1)

Al Wesk 2 TES wm H523 -1.46 [-2.21 . -0.71] O.0001

Al WWesk & TI4 wm SET -0.80 [-1.6Q . -0.1Z] 0.0248 e

Al Wesk 13 EEZ ws 522 -1.24 [-2.09 . -0.39] 0.0042 . mm—

Sy We=k 12 E5E ws 518 -1.21 [-1.B2 | -0.55] 0.0002 ——
Maproxcinod 730 mg bid vws Flaceba: LS Mean Diff. {(95% C1)

At wWesk 2 TED ws THE -0.80 [ -, -0u21] O.0128 -

At Wesk S 734 wm B33 -84 [ -, 0.01] 0.o524 F——— ]

Al Wesk 135 SEZ ws BO7 -0ss[-,0.13] O.oo04a F———m—h

Sy Wesk 13 S5 wm 535 -0.FE [ -, -0U2E] 0.00&8 -
Maproxen 300 mg bid vs Flacebo: LS Mean Diff. (35% CI)

Al Wesk 2 E23F ws TAE O.ES [-, 1.25] 0.0411 ---l—

Al Wesk & SET wm §33 0.29 [ -, 0.96] 0.2371 - -

Al Wesk 13 =22 w= BO7 O.Ea -, 1.43] 0.0597 H—---—

Sy We=k 13 =18 ws 535 0.45[-, 0.9 0.0874 H-l—
Maproxcinod 375 mg bid ws Naproxen 300 mg bid: LS Mean Diff. {95% CI)

Al Wesk 2 474 wm B23 -0.45 [-1.31 . 0.41] 0.3091 —.——

Al Wesk & 445 wm SET -1.16 [-2.08 | -0.24] 0.0138 L - .

Al Wesk 13 40 wm 5232 -1.02 [-1.99 . -0.04] 0.0408 -

Sy Wesk 13 400 ws 518 -0.79 [-1.52 | -0.05] 0.0338 ——t
Maproxcinod 375 mg bid ws Flacebo: LS Mean Diff. (95% C1)

Al WEesk 2 474 w= THE 0.22 [-.0.93] 0.3064 - - Hil—

At WWesk & A4= wm H533 -0.87 [ -, -0.1d] 0.03z21 F--———

Al Wesk 135 4 wm BOF 0.3 [ -, 0.4 O.2543 I E——T

Sy Wesk 12 400 ws 599 4034 [-, 0.27] 0.17e4 -l

-3 == -1 1] 1 =2 3
Poyaihuees wene obeiimes poct hoc: Fr=t group belier Secmsd groan belher
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~ Study- 104-cross-over multicenter
study (120 subjects ) with HTNH

Active Treatment Period 1 Active Treatment Period 2
(14 days) (14 days)
naproxcinod naproxen
placebo / \ placebo / :
]I HAProxen H naproxcinod
Placebo Treatment Period 1 Placebo Treatment Period 2
(14 dayz) (14 days)
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'Design -111

PH sub-siudy napraxcinod 1125 mg Mg

e naproxcinod 750 mg md. | 'f 1

naproxcined 375 mg + | . '

P g
L B . e
. : 1 N ' 1 : 1 )
P bl R :
P L P || E
[ PK ! i P :
L '] W N " H : 1 1 1 [
! — P D . e
' 1 H 1 ! - )1 I : !
| : i S b § i :
: : ' ' I *ﬂ ! | naproxen TS0 myg . : E
: H ! H : Naproxen 500 mg ' | i
i i ! naprozsn 250 rn?n#:i_l | ! :
' ! P ' P ; placeno b i
i o P b P 1
' : o b ro Voo :
H ; i i Lo . : Lo :
L L 1 L1 1
r T T 1 I | r 1 r 1 1

pre.2 o e va Bacsling ve v ve  wT Ve - F|1r’|:1
Day -T} Dy 1) Ewur (Day 330 [Day21) (Day 41 (Day &£2) Dy B2) Dy B33 (Day 7T}
: ot} .
Scrasning Madication Adunctive tharapy: Omeprazols 20 mg gd
Acetaminophen [1000mg d) Rescws Medication: Acatamincphan FRH (4000mg dally maximum)
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JDﬁesign 112

Figure 1 Study Design (Protocol YVersion 20
naprozcinod 750 mg bid placoha sd
I 1 1 l
] i 1 i
Naproxen 500 mg bid ' .' i]:l:h:l.'n'l:l:l.u.i i
B0 me Ad i | R plcebo <8
: E ' B :
E : maproxcined 375 me bid i plmccho =4 l
: ; : P ]
: E on 251 mp bid l x| placebo nd '
] s T
: | | B -
k L > — — !
Doy -7y Wwp-li (i i by wy S iy ST Dy 185,
Seresring s s Dy 425 1
i — i o
Seresuing b= s bon Hemos Medicaicn (acasmimsphen PR daimg doily aakmem;

Acermsimsphen |8 Sanp i
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Back up-drug interaction slide

Talble Z0: Statistical Analyses of the Comparisons Between a Single or Ddaily bid doses
for S Davs of 750 mg Dose of Waproxcinod vs. Placebo on the hWMlaximmal Fall in
Blood Pressure im Hypertensive Subjects Treated with Antihwvpertensive

Agents
Alaxirnal fall in bBlood Contrast estimates between naproxzcinod and placebo
. Antibypertensive azent
pressure: variable Estimate (SE}™ Bses CI
B-blockers 2.8 (2.5} 3.5.14.1
= i sBF ithim 4 lar =
‘P‘:“F ﬁ:: 1 ‘: Ca antazonists 10,8 (2.3) S.@: 159
ACE inmbhibitors 126 {1213 TEBE; 173
B-blockers 6.8 (1.3 4.1:9.4
= i DEF ithim 4 N
‘P‘:‘; ﬁr::’. “: Ca antazonists S.7 (1.5) 3.5; 9.8
ACTE inhibirors S22 {1.9) 2AT; 128
Orthostatic chanze in B-blockers 8.3 (2.6) 2 7. 139
SEBP within 2 min within Ca antagsonists 1.4 (1.9% -5.5; 2.7
4 br afrer first doze ACTE inhibirors —0.1 (3.0 e P
Orthostatic chanze in B-blockers 3.7 (1.9 OB TTF
DEBPF within 2 min within C o antagonists -2.B (2.5 -B2. 2.8
4 h frer first d
ra stohoee ACE inhibitors 4.3 ¢2.1) -0.5: 9.1
B-blockers 5.1 (2.4 00 101
Supine SBPF within 4 hr - B
i Iazt dose on day 5 Ca antagonists 5.1 {1.53 1.8;: 8.5
ACE inhibitors 5.7 (3.4 -2.5:; 138
B-blockers 3.1 {1.60 I
Supine DBEF within 4 hr N - i
o Lozt dose on day S Ca antagonists 2.2 (1.4 -0.8; 52
ACE inhibitors 3.9 ¢1.3) Q.8 7.0

E5E = standard s1zor.
Sowwrce: SF MNON-OO0Z22 Tables 15 20 22 24 28 and 30
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NSAID-Induced GI Tract Lesions*

* Erosion: superficial mucosal lesion
<3 mm, not penetrating muscularis
mucosa

* Peptic ulcer: Mucosal lesion extends

through muscularis mucosa into
submucosa or deeper.

*From Crawford. Robbins Pathologic Basis of Disease. Philadelphia, W.B.
Saunders, 1999, p 793.



U.S. Food and Drug Administration www.fda.gov
FIDYA

Protecting and Promoting Public Health

Diagnostic Gl Pathology:
Gastric Erosion vs. Peptic Ulcer

Crawford. Peptic Ulcer Disease. In Cotran (ed.) Robbins Pathologic Basis
of Disease. P796, 1999.
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Chronic inflammation & peptic ulcer

A (7 PR B
5 '\ Activated
s mnnruphagﬂ
Mecrotic i ~
- debris anftigen to WX
' = _ Tcells |
acute == N = \\:\
inflammation /}/ W Rl \
Granulation / \
i il inﬂa?n“r:‘?arlnry
i inflammatory .
Gt mediators mediators

Macrophage

Crawford. Peptic Ulcer Disease. In Cotran (ed.) Robbins Pathologic Basis of Disease. P796, 1999;
Picker. Acute & Chronic Inflammation. P82, Ibid.
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Summary of Clinical Findings*

Erosion Peptic Ulcer
Disease category | Acute erosive Chronic peptic
gastritis ulcer disease
Spontaneous Yes No
healing
Complications None Intractable bleeding,
Perforation,
Obstruction

*From Crawford. Robbins Pathologic Basis of Disease. Philadelphia, 1999, p 793;

Owen. Diagnostic Surgical Pathology. Philadelphia, 1999, p 1316.
7
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Pathogenic Association*

* Erosion is not a precursor of chronic peptic
ulcer, having a totally different pathobiology.

* NSAID toxicity & H. pylori infection are strongly
associated with peptic ulcer development.

*From Crawford. Robbins Pathologic Basis of Disease. Philadelphia, 1999, p 793;
Owen. Diagnostic Surgical Pathology. Philadelphia, 1999, p 1316; Malfertheiner.
Peptic ulcer disease. Lancet. 374:1449-1461, 2009.
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Risk Factors for NSAID-related Gl Complications®

» Risk Factors for NSAID-related Gl Complications include:*
" age > 65 years
* high dose NSAID therapy
= previous history of peptic ulcer disease
* H. pylori infection

= concurrent use of aspirin (including low dose aspirin),
corticosteroids, or anticoagulant

* H. Pylori is an independent and additive risk factor and
needs to be addressed separately”

*Lanza FL, Chan FK, et.al (2009). “Guidelines for Prevention of NSAID-Related Ulcer
Complications:” The American Journal of Gastroenterology. 104(728-738).
9



Current DGP Regulatory Approach

(Risk Reduction of NSAID-associated Ulcers Indication)

* Acceptable Primary Endpoint. The proportion of
patients who develop ulcers (where ulcers are
defined as =2 3 mm diameter and with depth)

* Unacceptable Primary Endpoints: Erosions
(transient superficial lesion; not linked with peptic
ulcer)

* An acceptable study duration is > 6 months
— Efficacy
— Safety

» Erosion data not included in labeling

10



Endoscopy Studies
(0002, 0027, 0005)
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Overview of Study Design Features

EQ':;J oy e Population Design Erue;rigﬁnt 1° Endpoint
3-way crossover
Sé%dzy Healthy — Naproxcinod 12 days glrl:)r:ilca)ﬁrs%t
_ subjects — Naproxen (per period) .
J #
(n=31) _ Placebo ulcers™
S-treatment 2-period
S(t)%d?y Healthy crossover 12 days Zrl:)g]igﬁrs%t
- subjects — 3 Naproxcinod armst (per period) g
(n=75) — 2 Naproxen armst ulcers™
Study Osteo- 3-arm parallel _
0005 arthritis — Naproxcinod 6 weeks InCIdeilce of
-970 fient — Naproxen ulcers
(n= ) |patients — Placebo

*Ulcer defined as =2 3 mm diameter and with depth
#10 erosions defined as one ulcer in Studies 0002 and 0027
'3 different regimens of Naproxcinod and 2 different regimens of naproxen in 0027

12
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Studies 0002 & 0027

13



Study Design (0002 & 0027)

Study 0002 (n=31)

Study 0027 (n=75)

Population |= Healthy volunteers = Healthy Volunteers
= Naproxcinod 750 BID
stud = Naproxcinod 750 BID = Naproxcinod 375 BID
Armg = Naproxen 500 BID = Naproxcinod 750 QD
= Placebo BID = Naproxen 500 BID
= Naproxen 250 BID
Desian = 3-way crossover = 2-period crossover
9 » 12 day washout period = >13 day washout period
Treatment : :
Duration 12 days per period 12 days per period
= Number of erosions and ulcers |*= Number of erosions and ulcers
Primary = Ulcer defined as =2 3 mm = Ulcer defined as =2 3 mm
Endpoint diameter and with depth diameter and with depth

10 erosions defined as 1 ulcer

10 erosions defined as 1 ulcer

14
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Demographics and Disposition
(0002 & 0027)

Study 0002 (n=31) Study 0027 (n=795)
= 28 males; 3 females = 49 males; 26 females
Demo- |= 30 Caucasian; 1 unspecified |= 75 Caucasian
graphics |« Median age: 32 years = Median age: 27 years
(Range: 22 to 57 years) (Range: 20 to 60 years)

Dispo- |* 31 randomized and treated = 75 randomized and treated
sition = 29 analyzed for endoscopy |= 73 analyzed for endoscopy

15
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Endoscopy Results — Total Number of Ulcers
(0002 & 0027)

Study 0002 (n=29%) Study 0027 (n=73%)

Naproxcinod: 0O ulcers
Baseline |= Naproxen: 0 ulcers
Placebo: 0 ulcers

Naproxcinod armst: O ulcers
Naproxen arms*: 0 ulcers

Naproxcinod: 0O ulcers
Day 12 |= Naproxen: 1 ulcer
* Placebo: 0 ulcers

Naproxcinod armst: 0 ulcers
Naproxen arms*: 0 ulcers

* n=29 in each treatment arm of Study 0002 (3-way crossover design)

#n=73 total in Study 0027 (2-period crossover design)

T n=48 in Naproxcinod arms (n=24: Naproxcinod 750 QD / 375 BID; n=24: Naproxcinod 750 BID / 375 BID)
*n=25 in Naproxen arms (Naproxen 500 BID / 250 BID) 16
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Proposed Labeling Language (Special Studies*)

Study Proposed Labeling Language (Special Studies™)

In a double-blind, randomized, cross-over short term study,
31 healthy subjects received either {TRADENAME®} 750 mg
bid or an equimolar dose of naproxen 500 mg for 12 days.
Mucosal injury was evaluated by endoscopy. The number of
gastro-duodenal erosions and ulcers was 50% lower with
{TRADENAME®} than with naproxen (p<0.05).

0002

In another double-blind, cross-over endoscopy study in 75
healthy subjects, {TRADENAME®} 375 mg bid or 750 mg bid
were compared with equimolar doses of naproxen 250 mg or
0027 |500 mg bid. There were fewer gastro-duodenal erosions
with {TRADENAME®} (2.71 and 3.08 for {TRADENAME®} 375
mg bid and 750 mg bid, respectively) than with equimolar
naproxen doses (6.16 and 6.68) (p<0.05).

*Special Studies: Section 14.3 of Proposed Label 17
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Study 0005

18
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Study Design (0005)

Population

Osteoarthritis patients
Current users of an NSAID or acetaminophen

Randomized 7:7:2

Study = Naproxcinod 750 mg BID
Arms = Naproxen 500 mg BID
= Placebo BID
Design = 3-arm parallel design
Treatment . 6 weeks
Duration
Primary * Incidence of Ulcers (Ulcer defined as = 3 mm
Endpoint diameter and with depth)

19
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Demographics and Disposition
(Study 0005)

5 » 27% males; 73% females
g;r;r?i-cs = 80% Caucasian; 3% Black; 17% Other
» Median age = 59 yrs (range: 38 to 76 yrs)
Dispo- = 970 randomized and treated
sition = 898 analyzed for endoscopy

20
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Selected Baseline Characteristics
(Study 0005)

History of = Naproxcinod: 4%
gastroduodenal [= Naproxen: 3%
ulcers » Placebo: 2%

= Naproxcinod: 49%
= Naproxen: 48%
» Placebo: 48%

H. pylori (+)

21



Proportion of Patients With at Least One Ulcer
(Study 0005)

Proportion Of Patients With At Least One Ulcer:

Naproxcinod 750 mg | Naproxen 500 mg| Placebo

Baseline 0.2% 0.5% 0%
(1/404) (2/394) (0/100)

9.7% 13.7% 0%
Week 6 (39/404) (54/394) (0/100)

Incidence of Ulcers (Naproxcinod vs. Naproxen):
Point Estimate (95% CI) P-value

Naproxcinod 750 mg /
Naproxen 500 mg 0.70 (048, 103) 0.07

22
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Subgroup Analysis by H. pylori Status
(Study 0005)

H pylori (+) H pylori (-)
Naproxcinod|Naproxen Naproxcinod|Naproxen
750 mg 500 mg FEIEESE 750 mg 500 mg FEIEESE
Baseline 0% 1% 0% 0.5% 0% 0%
(0/214) | (2/199) | (0/56) | (1/218) | (0/215) | (0/59)
Week 6 12.2% 16.0% 0% 6.9% 11.0% 0%
(24/197) |(31/189)| (0/50) | (14/202) |(22/204)| (0/49)

*From Clinical Study Report, SP-NON-0005, Table 23 (Page 99)
*H. Pylori status at Baseline and at Week 6

23
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Proposed Labeling Language (Special Studies®)

Study | Proposed Labeling Language (Special Studies™)

In a large 6 week endoscopic study in 970 OA
patients, the incidence of patients with at least
one ulcer was_30%b lower for {TRADENAME®}
750 mg bid than for naproxen, although the
difference was not statistically significant

(p=0.07).

0005

*Special Studies: Section 14.3 of Proposed Label 24
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Overall Summary

25



Summary of Clinical Findings

= Studies 0002 and 0027
» Small studies of short duration
* DGP does not accept erosions as the primary
endpoint
= Only 1 ulcer identified in the naproxen group of
Study 0002 (no other ulcers in either study)
« Study 0005
— Proportion of patients with > 1 ulcer at Wk 6:
» 9.7% (Naproxcinod) vs. 13.7% (Naproxen)
— Difference not statistically significant (p=0.07)
— H. pylori (+) patients not excluded at baseline

26
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Conclusion

27
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Conclusion

= Erosion is not an acceptable regulatory
primary endpoint.

= A 2-week or 6-week study of peptic
ulcer is inadequate.

* Proposed labeling language in the
Special Studies section should be
removed.

28
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BACK-UP SLIDES

30
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L anza Scale

Lanzal Lanza 2
4 Uleer Uleer and/or more than 10 erosions
3 Uleer and/or more than 10 erosions No ulcers and more than 5 and less than 11
2051013

2 Noulcers and more than one and less than  No ulcers and one or more erostons and
11 erostons less than 6 erostons

I Noulcers and one erosion No ulcers and erosions but any petechiae

0 Noulcers or erosions No ulcers, erostons, and petechiae

31



Proposed Labeling Language (Special Studies*)

Study

Proposed Labeling Language (Special Studies™)

0002

In a double-blind, randomized, cross-over short term study, 31 healthy
subjects received either {TRADENAME®} 750 mg bid or an equimolar
dose of naproxen 500 mg for 12 days. Mucosal injury was evaluated by
endoscopy. The number of gastro-duodenal erosions and ulcers was
50% lower with {TRADENAME®} than with naproxen (p<0.05).

0027

In another double-blind, cross-over endoscopy study in 75 healthy
subjects, {TRADENAME®} 375 mg bid or 750 mg bid were compared
with equimolar doses of naproxen 250 mg or 500 mg bid. There were
fewer gastro-duodenal erosions with {TRADENAME®} (2.71 and 3.08
for [TRADENAME®} 375 mg bid and 750 mg bid, respectively) than with
equimolar naproxen doses (6.16 and 6.68) (p<0.05).

0005

In a large 6 week endoscopic study in 970 OA patients, the incidence of
patients with at least one ulcer was 30% lower for {TRADENAME®} 750
mg bid than for naproxen, although the difference was not statistically
significant (p=0.07).

All 3

The clinical significance of these findings is unknown.

*Special Studies: Section 14.3 of Proposed Label 32
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Pharmacokinetics of Naproxcinod and
Naproxen

Joint Meeting of the Arthritis Advisory Committee (AAC)

and Drug Safety and Risk Management Advisory
Committee (DSaRM)

May 12, 2010
Wei Qiu, Ph.D
Clinical Pharmacology Reviewer

Office of Clinical Pharmacology
CDER, FDA
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1,4-butanediol-
4-mononitrate
(BDMN)

Naproxen

Naproxcinod

» Naproxcinod by itself is devoid of Cox-1 and Cox-2 pharmacological
activity

» Naproxcinod molecular weight is 347
« Naproxen molecular weight is 230

« Naproxcinod 750 mg is equimolar to naproxen 500 mg
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MetébolicPathways of Naproxcinod
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Metabolism of Naproxcinod

* Naproxcinod is extensively metabolized via carboxyl
ester hydrolysis to form Naproxen and BDMN

« The metabolic profile of naproxen generated from
naproxcinod is consistent with the known metabolic
profile of administered naproxen

« BDMN is devoid of pharmacological activity and further
metabolized to release NO

* Nitric oxide is quickly converted to nitrates excreted in
urine

A downstream metabolite of BDMN, GHB concentration
IS within the range of baseline levels
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Single Dose Administration of Naproxcinod 750 mg and
Naproxen 500 mg
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Naproxen PK with Equimolar Single Doses of
Naproxcinod (750 mg) and Naproxen (500 mg)

Study Parameter 750 mg 500 mg Change
naproxcinod naproxen
0013 Cmax (uM) 210 (40.8) 317 (49.6) 34%]
AUCO0-24h 2772 (238) 3337 (376) 17%)|
(uM.hr)
Tmax (hr) 2.0 (2.0-4.0) 2.0(1.0-4.0) --
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Multiple Dose Administration of Naproxcinod 750 mg bid
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Naproxen PK with Equimolar Multiple Doses of
Naproxcinod (750 mg bid) and Naproxen (500 mg bid)

Parameter 750 mg 500 mg Change
naproxcinod naproxen
SP-NON- Cmax (uM) 360 (42.5) 466 (75.5) 23% |

0002

AUCss (uM.hr) | 3347 (462) 3624 (679) 8% |
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Summary

« The metabolic profile of naproxen generated from
naproxcinod is consistent with the known metabolic
profile of administered naproxen.

« Qverall, naproxen generated from naproxcinod has lower
exposure as compared to equimolar naproxen
administration. More so, in terms of Cmax compared to
AUC values.
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Discussion Question 1

1. Based on the results of the studies assessing the efficacy of naproxcinod and
naproxen:

a. Isthere evidence that naproxcinod is as effective as
naproxen?

b. Isthe applicant’s choice of a noninferiority margin of
70% of the treatment effect size appropriate to
determine that efficacy of the two products is similar?

I. If not, what would be an acceptable noninferiority margin
for this situation?

c. Do you think that the reduced relative bioavailability may have been a
factor in failure to demonstrate noninferiority?
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Drug Safety and Risk Management (DSaRM)
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May 12, 2010

Discussion Question 2

2. The data presented demonstrate that there is an average difference in blood

-l pressure measurements, but no sustained effect throughout the dosing l-

-l interval. Discuss whether the blood pressure effects of naproxcinod are likely l-
to improve cardiovascular outcomes in patients requiring long-term treatment

with naproxen.
a. Will the lack of sustained effect throughout the dosing interval result
in a failure to reduce the risk for adverse cardiovascular outcomes?
b. Does the peak effect on blood pressure pose a potential safety
concern for patients?

1t
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May 12, 2010

Discussion Question 3

3. The data presented describe an effect on the occurrence of erosions, but were
not of adequate design to assess an effect on the occurrence of ulcers. l-

-[ Discuss whether the effects of naproxcinod to reduce the number of erosions l-
in the absence of demonstrating an effect on gastric ulcers has clinical value in
patients requiring long-term treatment with naproxen.

a. Are the studies submitted adequate to assess whether there is a
meaningful effect on GI outcomes?

b. If not, what changes should be made for future studies?

c. Can the effect on GI outcomes be explained by the lower relative
exposure to naproxen that result from dosing with naproxcinod?

1t
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Drug Safety and Risk Management (DSaRM)
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May 12, 2010

Vote Question 4

4. Please vote on whether naproxcinod should be approved for the indication of
the treatment of the signs and symptoms of osteoarthritis, taking into account l-
the efficacy, pharmacokinetic and safety findings. l-

(YES/NO/ABSTAIN)
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