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1 EXECUTIVE SUMMARY

This NDA is a' 505 (b)(2) application for an Over-The-Counter (OTC) topical patch product,
Salonpas® —— | containing methyl salicylate | < 10%) and Zmenthol ( ———_ 3%)
(also named as FS-67 patch or FS-67-A patch in the NDA). The proposed indication is for the
temporary relief of mild to moderate aches and pains of muscles and joints associated with
arthritis, simple backache, strains, sprains and bruises. The Sponsor received an approvable
letter from the FDA in December 2006. With regard to Clinical Pharmacology, the following
deficiency is cited as Item #4 in the action letter:

4. In view of the analytical assay methodology issues and the unreliability of the data
submitted in the NDA, submit newly acquired pharmacokinetic data using adequately
validated analytical assay methods. The new data should include the pharmacokinetics of
methyl salicylate, salicylic acid, and I-menthol in male and female subjects dosed according
to the proposed labeling. These data may be acquired from a stand alone pharmacokinetic
study or from a subset of patients participating in a clinical study.

To address the deficiencies cited in the approvable (AE) letter, a post-action meeting between the
Sponsor and t?e FDA was held on February 8, 2007. With regard to Clinical Pharmacology, the
Sponsor reached agreement with the FDA regarding the design of the new PK study.

The Sponsor submitted their complete response to AE letter on July 17 (Amendment 17) and
August 17, 2007 (Amendment 18). The submission includes results from the new PK study
(Study 67-FS-15R). This review is mainly focused on the review of the newly acquired PK data
that addressed the Deficiency Item #4 in the approvable letter.

1.1 Recommendations

From a Clinical Pharmacology perspective, the Sponsor has addressed the Deficiency Item #4 in
the approvable letter and therefore, NDA 22-029 is acceptable.

1.2 Phase 4 Commitments

None.
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1.3 Summary of Clinical Pharmacology Findings

Pharmacokinetics of methyl salicylate (MS), its metabolite, salicylic acid, and /-menthol (LM)
following a single application of 4 patches were evaluated in 24 healthy male and female
subjects (12 males and 12 females) (Study 67-FS-15R). In terms of clinical use of the product,
the Sponsor proposes application of a single patch for 8 hours in the affected area followed by a
second patch for another 8 hours if pain persists. In general, the patients are expected to apply
less than 2 patches per day. Therefore, four patches are considered to represent the maximal

usage condition.

The PK results from Study 67-FS-15R are shown in Table 1.

Table 1. Baseline;corrected pharmacokinetic parameters for methyl salicylate (MS),
salicylic acid, and /~-menthol (four patches, single dose, patches were removed after 8 hours)

(Mean + SD, ranges are in parentheses).

Cmax AUCt Tmax T1/2
(ng/mL) (ngehr/mL) (hr) (hr)
Methyl Male 17.1+15.6 50.5+38.6 1.3+£0.7 N/C*
Salicylate (N=12) (3.63-60.1) (9.21-139)
Female 93+5.9 242 +18.7 1.4+0.5 N/C*
(N=12) (2.54-20.4) (3.72-56.9) '
All 13.2+12.2 37.4+32.6 . 136+ 0.6 N/C*
(N=24)
Salicylic Male 1658 £ 933 11065 + 5654 - 3.2+0.58 2.4+0.30
Acid N=12) (562-4100) (3651-24731) (N=12)
Female 1644 + 699 11260 + 4305 3.42 +0.67 22+0.24
(N=12) (638-3290) (4584-20361) (N=11)
All 1651 + 806 11162 + 4916 33+0.6 23+0.3
(N=24) (N=23)
[-Menthol Male 17+13 91 £ 69 3+0.6 45+2
' (N=12) (2.6-51) (11-273) (N=2)
Female 13+5.7 74 + 32 2.7+0.65 3.5+0.74
(N=12) (4.2-26.5) (16-137) (N=5)
All 15+9.9 82+ 54 2.8+£0.64 3.8+1.1
(N=24) N=7)

* N/C: Not calculated. Elimination half-life was not calculated for methyl salicylate (MS) because MS levels in

most subjects were below 2 ng/mL at 8 hours.

After application of four FS-67-A patches to healthy subjects, LM, MS, and salicylic acid were
detectable in plasma with the highest exposure observed for salicylic acid. Large variability in
exposure was observed (CV 40-80%). Baseline levels of LM, MS and salicylic acid for most
subjects were below limit of quantitation (LOQ) and thus exposure (Cnax and AUC) was
generally similar before and after adjusting for baseline for all analytes.
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The Tinax was approximately 1.4 hours for MS, 3.3 hours for salicylic acid and 3 hours for £
menthol. Half-lives were generally short, less than 6 hours. Methyl salicylate plasma levels
were less than 2 ng/mL (LOQ) in most subjects at 8 hours.

Males showed greater mean exposure to MS (2-fold) and LM (40% higher) compared to females
although there was considerable overlap in exposure between genders (Table 1). The higher
mean exposure in males was in part driven by data from one male subject (Subject 009) who had
significantly higher exposure compared to the rest of the group. There were no apparent gender
differences based on mean salicylic acid levels.

The maximum salicylic acid C, level obtained from this study (4 patches, single dose) was
4,100 ng/mL, ~3-6% of the therapeutic concentration for salicylate (150-300 pg/mL) and 3% of
lowest salicylate level associated with adverse medical events (122 pg/mL).

2 DETAILED LABELING RECOMMENDATIONS

The label for an OTC product does not contain PK information. Please refer to the appropriate
reviews from ONP/DNCE for details of labeling review comment.
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3.2 Individual Study Review

3.2.1 Study FS-67-15R: A Single Dose, One Period, Evaluation Designed to Determine the
Percutaneous Absorption of Methyl Salicylate and Menthol Following the Application of the
Topical Patch Product, FS-67-A, in Healthy Volunteers (REPORT NO. 7691-109)

Study Period: February 23, 2007 to March 30, 2007

Principle Investigator: StephenD. Flach, MD, PhD

Study Center: Covance Clinical Research Unit Inc., 3402 Kinsman Boulevard,
Madison, WI 53704

Analytical Site: Covance Clinical Research Unit Inc., 3301 Kinsman Boulevard,
- Madison, W1 53704

Analytical Dates: March 9, 2007 to May 30, 2007

Objectives: To determine the systemic exposure to the 10% methyl salicylate (MS) and 3% /- -
menthol (LM) components of the FS-67-A patch when applied to healthy subjects.

Study Design: This was an open-label, single-dose, single-center, 1-period, Phase 1 study in 24
healthy male and female subjects (12 males and 12 females). The study consisted of a screening
period, followed within 21 days by a dosing period including 4 days/3 nights of study
confinement (beginning the morning of Study Day -2 to Study Day 2). Subjects were confined to
the study center for approximately 2 days prior to the day of test sample application to ensure no
moderate to high levels of salicylate- or menthol-containing foods or drugs were ingested.
Follow-up was performed by telephone from 7 to 10 days after Study Day 2 (Final Day of
Confinement).

Subjects were instructed neither to shower nor bath 8 hours prior to dosing until 12 hours
postdose. Following application of the patches on Study Day 1, blood samples were collected at
specified intervals for 24 hours. The patches were removed after approximately 8 hours of
application.

Twenty-four subjects (12 males and 12 females) were enrolled and completed the study.
Subjects’ ages ranged from 19 to 45 years with a mean age of 32. Subjects had a mean weight of
73.3 kg (range of 53.0 to 97.5 kg) and a mean height of 171.1 cm (range of 156.1 to 188.4 cm).
Thie self-reported ethnicities of the 24 subjects were 2 (8.3%) Hispanic or Latino and 22 (91.7%)
not Hispanic or Latino. The self-reported races of the 24 subjects were 20 (83.3%) White and 4
(16.7%) Black or African American. See Attachment Table for details.

Treatment Administered: Four patches of FS-67-A (7 cm x 10 cm each; 280 cm? total)

containing 10% methyl salicylate (MS) | - "~ and 3% l-menthol (LM) h(‘“
' : (Batch No. FSA061201-04) were applied on the subject's back to

each side of the backbone in a fasted state. The patches were removed after approximately 8

hours of application.
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Sample Collection: Blood samples were collected in Monoject tubes containing potassium oxalate
and sodium fluoride. Samples were collected at approximately the following timepoints relative to
dosing: -24, -18, -12 hours, and 0 hour (approximately 10 minutes prior to patch application) for
assessment of baseline levels of MS, its metabolite, salicylic acid, and LM (10 mL each timepoint).

Following the patch application, blood samples were collected for 24 hours at approximately the
following timepoints relative to dosing: 0.5, 1,2, 3, 4, 5, 6, 8, 10, 12, 16, and 24 hours after
application (10 mL each timepoint). The blood draw at 8 hours was taken just prior to patch
removal.

Sample Analysis: The concentrations of salicylic acid in human plasma were determined using high
performance LC/MS/MS detection, and the concentrations of MS and LM in human plasma were
determined using GC with spectrometric detection at Covance Laboratories, Inc. (Madison, WI)
with validated analytical methods. The LLQ was defined as 2.00 ng/mL for MS and LM with a
sample volume of 0.5 mL, and 30.0 ng/mL for salicylic acid with a sample volume of 0.2 mL (Table
3.2.1.1). The assay is selective for the analytes with acceptable precision and accuracy.

The LM and MS and their respective internal standards were extracted from human plasma by
An aliquot of the organic layer was s
b(4)4)

analyzed using GC/MS.

The salicylic acid and the internal standard were extracted from human plasma by ———

' The elute was analyzed using LC/MS/MS. Due to the difficulty of finding salicylic
acid-free blank plasma, the QC samples, calibrators, blank matrix, and control zero (blank matrix
with internal standard only) samples was prepared using charcoal stripped plasma.

Table 3.2.1.1. Summary of Analytical Methods.

Analyte Matrix | Analytica | Internal Limit of QC Matrix
1 Method | Standard | Quantitation (ng/mL) | Stability
(Linear Range) (-10 to -30°C)
I-Menthol Human GC/MS Menthol- 2 ng/mL 5,50, 125 77 Days
Plasma —_— dy (2-150 ng/mL)
3(4)
Methyl Human GC/MS Methyl 2 ng/mL 5,50, 125 77 Days
Salicylate Plasma salicylate- | (2-150 ng/mL)
——— d4
1)
Salicylic Acid | Human | LC/MS/MY 'Salicylic 30 ng/mL 60, 200, 197 Days
~ Plasma S acid-de (30-2000 1600, 10000
; ' ng/mL) (10%
: dilution)
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Pharmacokinetic Results: Baseline levels of LM, MS and salicylic acid for most subjects were
below LOQ. Baseline adjustment was calculated as the overall mean of the -24 hour, -18 hour
and -12 hour prior to patch application concentrations. The baseline-adjusted data were very
similar to the unadjusted data. Mean concentration-time profiles for MS, salicylic acid, and LM
were shown in figures below.

Figure 14.2.1-lc: Msan Concentration-Time Profiles for Methyl Balicviate [MS)
in the Normsl and Log-linsar Scelss: Oversll
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Figure 14.2.1-3c:
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PK parameters were shown in Tables 11-1 and 11-4 (baseline-adjusted). Mean AUC and Cyax
values were approximately 2-fold higher in males than females. A few male subjects, in
particular Subject 009, showed significantly higher exposure than the rest of groups, making
mean exposure values in males subjects higher (Figure MS).

Table 11-1 Summary of Methyl Salicylate Pharmacokinetic Parameters

Coaax Taoae AUCy, AUC; .y ket tye  AUCS
Gender {ng/mL} (ho (g*homl)  (mg¥horml) (Vh () ADUC.e
M Mean 17.1 Lo 508 NA NA  NA NA
D (15.6)  (0.500,3.00) {38.6) (NA) (NAY (MAY  (NA)
N 12 12 i2 ] 0 0 H
F Mean 928 1.01 242 NA NA NA NA
KM GETY  (1L.00,2.02) (RN (NA)Y (NAY (MA)Y  (NA)
N 12 12 12 0 0 0 it

Note: The parameters kel, ts, AUCuq and the AUC/AUC,, . atio covld not be caleulated for subjects
with BLQ concentrations after 8 hours posidose due o the Jask of a distinct elimination phase,

NA: Not applicable.
Source: Table 14.2.2-1b.
! Median (min, max) shown for T
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Table 11-4 Summary of Methyl Salicylate Baseline Adjusted Pharmacokinetic

Parameters
(.:max Tmma Ai.«g(:o.; AUC it kel Y 12 ALICY
Gender {ng/mL) (hr) (ng*hrml) (og*he'ml) (Vhe) (') AUGC,
M Mean 17.1 1.00 50.5 NA MA  NA NA
5D (1563 {0.500, 3.00) {38.6) (NA) MA) (NAY  (NA)
N 12 12 12 ] ] 0 0
F Mesn 978 K i 24.2 NA NA NA  NA
&D (38T (100,202 {187 A HAY  (NA)  (NA)
N 12 12 12 ) 0 0 0

Note: The parameiers kel, 1y, AUCu and the AUC/AUC, ¢ ratio conld not be catentated for subjects
with BLO concentrations after B hours postdose due to the lack of o distinct elimination phase.
NA:  Not applicable.
Source: Table 14.2.2-1a,
* Median {min, max) shown for T,
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Figure MS. Scatter Plot of Methyl Salicylate Cmax and AUCt in Females (F) and Males
M).

Salicylic Acid
PK parameters were shown in Tables 11-2 and 11-5 (baseline-adjusted). Mean AUC and Cax

values of salicylic acid were similar between males and females.
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Table 11-2 Sammary of Salicylic Acid Pharmacokinetic Paramsters

Coasx AUC,, AUC,» kel tisz ALUC/
Gender {ng/mL} {ng*heiml)  (ng*he/ml) (V) {hr) AUy
M Mo 1658 HUOGS 11318 0.297 2.37 0.974
sD (933) (2.00,4.00) {56354) (3706) 00463y (0.301)  (0.0100)
N 12 i2 12 12 12 12
F Mean 1645 11257 11495 0319 2.1% {1.983
SD {698)  {2.00,4.02) (4302 {4566) (0.0313) (0.238) {0.00637)
N 12 12 i1 11 11 1

Note:  The paramsters kel, ty g, AUCyy, and the AUCIAUC, s ratio conld not be calentated for subjects
with BLG concentrations after 8 hoves postdose due to the Jack of a distinol climination phase.

Source: Table 14.2.2-2b.
* Median {min, max) shown {67 Ty

Table 11-5 Summary of Salicylic Acid Baseline Adjusted Pharmacokinetic

Parameters
Conax ALICy, AUCr kel fiz ALC/
Gender (ngfml) (ng*hrml)  g*hriml) (/A (hr) AUC,
M Moan 1658 11065 11318 4297 237 0.974
D (93 (5654) (5706)  (0.0405) (8301)  (D.6100)
N 12 12 12 12 12 12
F Mean 1644 11260 11495 8319 2.19 $5.983
sD (69%) (4305) (4566) (0.0313) (0.238) (0.00637)
N 12 12 11 il i3 3]

<

Note: The parameters kel, ty5, AUC,y, and the AUC/ATIC,, ratio could not be calenbated for subjects
with BLQ concentrations afier 8 hours postdoss due 1o the fack of s distinet olimination phase,

Sowrce: Table 14.2.2-2a.
* Median (min, max) shown $or T
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Figure SA. Scatter Plot of Salicylic Acid Cmax and AUCt in Females and Males.
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[-Mentho! (2.44)
PK parameters were shown in Tables 11-3 and 11-6 (baseline-adjusted). Mean exposure to LM

was approximately 40% higher in males than females. One male subject, Subject 009, showed
significantly higher exposure than the rest of volunteers in the study, making mean exposure
values in males subjects higher (Figure LM).

Table 11-3 Summary of Free Menthol Pharmacokinetic Parameters

Cnlm{ Tmua AUC;}.; AUCmf kel t} ) AUC/'
Gender {ng/ml) ) (ng*hriml)  (mg*hefmbl)  {(Vho) (ht) AUC,
M Meas 7y 3.0 102 204 0.170 4.32 1.518
D (122 (204,400 {66.0) {127 (00752 2.00)  (0.0168)
N i2 12 12 2 2 2 2
¥ Mean 2.8 3.00 738 103 {4.204 3.53 4.878
5D (566) (200,402 31.8) 219 (B.0446y  €0.739) (0.0491)
N 12 12 12 5 5 5 5

Notes: The parametors kel, e, AUC;,; smd the AUC/AUC,, ratio could not be caleulated for subjects
with BLQ concentrations after § hours postdose due o the lack of a distinct elimination phase.
Subjects 1, 6, and 17 showed positive predose values greator than 5% of C,. Thesc subjects were
incladed in the PK analysis and descriptive statistics.

Source: Table 14.2.2-3b,
* Median (min, max) shown for T,

Table 11-6 Summary of Free Menthol Baseline Adjusted Pharmacokinetic

“ Parametexs
Crax Tuwd  AUCyy AUC;, kel fin ALY
Gender (ngiml.) () (ng*hriml)  (g*hml) (L) ) - AUCye
Y] Mean 172 3.00 90.6 204 0.170 4.52 0.918
S0 (27 Q00,400 (60.4) (27 0.0752)  (200) (0.0168)
N 12 12 12 2 2 2 2
¥ Mean 128 300 730 165 0.204 3.53 0.878
sD {(3.66)  (2.00,4.02) (LY 279 004463 (0.739) (0.049D)
N 12 12 12 5 s 5 5

Notes: The parameters kel, 1. AUC,;. and the AUC/AUC, ratio could not be calculated for subjects
with BLQ concenirations after 8 hours postdose due to the lack of a distinet olimination phase.
Subjeets 1, 6, end 17 showed positive predose values greator than 5% of C,.,. These subjeets were
inchided in the PX analysis and descriptive statisties.

NA: Notapplicsble,

Sourece: Table 14.2.2-3a,
* Median (min, max) shown for T

NDA 22-029
Salonpas® e |
(10% Metfiyl Salicylate & 3% ZMenthol) b(4)

NDA Resubmission Review



60

50

40

30

L 4

20

Cmax (ng/mL)

10 +

oo0D &

& Female
s Male

Gender

AUCt (ng*h/mL)

a. Cmax

300

250 |

200 -

150 A

100 A

50

LK X - N X 2R 4

255 6 & W8

¢ Female
@ Male

Gender

b. AUCt
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Safety Results: Overall, 10 AEs were reported by 6 subjects. All of the 10 AEs were mild in
severity. Six treatment-related AEs were reported by 5 subjects. Systemic exposure of MS,
salicylic acid and LM in these 5 subjects are listed in Table 3.2.1.2. No deaths or SAEs occurred
during this study. No AE led to study discontinuation. All AEs resolved with no action taken.

Adverse events that were considered by the investigator to be related to study drug included the

following:

e General Disorders and Administration Site Conditions:
o application site erythema (Subject Nos. 001, 008, 009, and 010; all considered
definitely related to study drug);

o fatigue (Subject No. 023; possibly related to study drug).

e Skin and Subcutaneous Tissue Disorders:
o ecchymosis (Subject No. 009; probably related to study drug).

Table 3.2.1.2. Systemic Exposure in 5 Subjects who reported treatment-related AE.

Subject | Gender Methyl Salicylate Salicylic Acid /Menthol
Cmax AUCt Cmax AUCt Cmax AUCt
(ng/mL) | (ngeh/mL) | (ng/mL) | (ngeh/mL) | (ng/mL) | (ngeh/mL)
001 Male 10.2 35.9 2080 15014 17.9 119
008 Male 18.6 59 1700 10522 23.7 120
009* Male 60.1 139 4100 24731 51 273
010 Male 10.3 32.5 1930 13013 19.3 104
023 Female 2.54 3.72 1820 12663 12.8 70.3
Mean (All 13.2 37.4 1651 11162 15 82.2
Subjects)
*Subject 009 demonstrated the highest exposure to MS, salicylic acid and LM among 24 subjects enrolled in the
study.
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Conclusions:

After application of four FS-67-A patches to healthy subjects, LM, MS, and salicylic acid
were detectable in plasma with the highest exposure observed for salicylic acid. Large
variability in exposure was observed (CV 40-80%). Baseline levels of LM, MS and salicylic
acid for most subjects were below LOQ and thus exposure (Cp.x and AUC) was generally
similar before and after adjusting for baseline for all analytes.

The Tmax was approximately 1.4 hour for MS, 3.3 hours for salicylic acid and 3 hours for
LM. Half-lives were generally short, less than 6 hours. Methyl salicylate plasma levels were
below 2 ng/mL in most subjects at 8 hours.

Males showed higher mean exposure to MS (2-fold) and LM (40% higher) compared to
females although there was considerable overlap in exposure between genders. The higher
mean exposure in males was in part driven by data from one male subject (Subject 009) who
had significantly higher exposure compared to the rest of the group. There were no apparent
gender differences for mean salicylic acid levels.
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Attachment

Table 3.2.1.3. Subject Demographics.

Subject Date of Age Height Body Weight

Number Gender  Hispanic or Lating? Ruce Birth {years) {cm) (kg)
001 Male No White 4 1626 78.6
002 Male No Black or African American 43 182.0 78.1
003 Male No ‘White 24 1824 87.7
004 Male No White 32 168.0 79.4
005 Male No White 23 1728 65.1
06 Male No Black or African American 34 178.1 60,8
007 Male No White 1% 180.4 79.1
008 Male Ne White 44 1784 76.7
009 Male No ‘White 20 1760 76.3
010 Male No White 30 187.1 97.5
011 Male No White 23 188.4 76.7
012 Male No White 22 1846 8L7
013 Female No White 43 160.3 4.2
014 Female No White 38 165.9 774
015 Female No White 30 159.7 61,7
016 Female No White 21 1582 63.6
017 Femuale No ‘White 25 158.3 53.2
018 Femake Yes ‘White 35 1573 V 70.3
019 Ff;malc No White 23 1754 80.7
020 Female No Black or African American 38 162.5 65.0
021 Female No ‘White 27 1750 817
022 Female No White 38 163.0 846
023 Female No White 38 169.2 55.9
024 Female Yes Black or African American 45 156.1 53.0

b(6)
NDA 22-029 _3(4) 15
Salonpas

(10% Methyl Salicylate & 3% /-Menthol)
NDA Resubmission Review



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Lei K Zhang
1/8/2008 11:38:14 AM
BIOPHARMACEUTICS

Suresh Doddapaneni
1/8/2008 01:09:03 PM
BIOPHARMACEUTICS



q((&‘(-l

DEPARTMENT OF HEALTH AND Office of Clinical Pharmacology
HUMAN SERVICES L . .
PUBLIC HEALTH SERVICE . (DlVlS{Oll of Clinical Pharmacology 2)
FOOD AND DRUG ADMINISTRATION Tracking/Action Sheet for Formal/Informal Consults
From: Lei Zhang, Ph.D. To: DOCUMENT ROOM (LOG-IN and LOG-OUT)

Please log-in this consult and review action for the
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COMMENTS/SPECIAL INSTRUCTIONS:

The meeting package is for the Type-A meeting to discuss the approvable letter issued on December 27, 2006.
The meeting date is Feb 8, 2007.

The proposed indication of the drug product is for the OTC use for temporary relief of mild to moderate aches &
pains of muscles & joints. To address the clinical deficiency, the Sponsor needs to conduct new clinical studies to
establish a dosing interval to support the multiple patch use of the drug product in an OTC market. With regard to
Clinical Pharmacology, a PK study protocol (FS-67-15R) was attached to address the deficiency #3 in the
approvable letter: '

3. Inview of the analytical assay methodology issues and the unreliability of the data submitted in
the NDA, submit newly acquired pharmacokinetic data using adequately validated analytical assay
methods. The new data should include the pharmacokinetics of methyl salicylate, salicylic acid,




and I-menthol in male and female subjects dosed according to the proposed labeling. These data
may be acquired from a stand alone pharmacokinetic study or from a subset of patients
participating in a clinical study.

Protocol Outline
Title: A Single Dose, One Period, Evaluation Designed to Determine the Percutaneous Absorption of Methyl
Salicylate and Menthol Following the Application of the Topical Patch Product, FS-67-A, in Healthy Volunteers

Objective: To determine the systemic exposure to the 10% methyl salicylate and 3% /-menthol components of the
FS-67-A patch when applied to healthy male and female volunteers.

Study Design: single dose, 4 patch/subject, patch will be removed after 8 hour. 12 male and 12 female subjects
will be enrolled.

PK Sampling: -24, -18, -12 hours and approximately 10 minutes prior to patch application; 0.5 and 1, 2, 3, 4, 5,
6, 8, 10, 12, 16 and 24 hours after patch application.

Sample Analysis: (Site: COVANCE Lab, Madison, WI)

Plasma samples will be anal yzed for plasma methy salicylate, free salicylic acid and free menthol
using chromatographic pmcedures developed at’ CO‘\JANC& if the subjects complete the study.
Samples from dropouts will not be assayed.

LCASSIMS mathod: Analytical range:
Frze zalicylic acid 10-2000 nig/ml.

GC method! Analyiical rangs.
fethyl salicylale 2-150 ng/ml
Frag manthol 2150 ng/ml

Whenever possible, all samples from each subject w;l! be analyzed on the same standard curve.
Standard and quality control samples will be distributed through each balch of study samples
aSSﬁ}'@d Samples with drug concantrations greater than the upper limit of the validated range of
the assay will be diluted with the appropriate drug-free biclogical fluid or water for menthol and
reassayed; those whrch are below the lower limit of the range will be reported as belng below
LOQ. Repeat assays, If necessary, will be performed on the second tube of frozen sample rather
than on the remainder fromi the first tube, wherever possibile. The analysts will not have access (o
the randomization scheme,

Conclusion

The adequacy of the PK study protocol was reviewed. Results from this single dose PK study will provide
information on systemic exposure of methyl salicylate, salicylic acid and menthol for systemic safety and will help
putting into proper perspective the previous PK data submitted in the original NDA and obtained with
questionable analytical assay methodology. If warranted, PK of multiple doses could be estimated from the single
dose results.

The following is Sponsor’s question (Question 6) related to Clinical Pharmacology and agency’s response:
Clinical Pharmacology

6) The Agency commented in the Approvable Letter that Hisamitsu should “Submit newly
acquired pharmacokinetic data using adequately validated assay methods.”

2




The . ' methods underwent a method technical transfer and revalidation at

Covance Laboratories Inc. In general, the methods developed and validated by Covance are b( 4)
identical (or highly similar) to the oviginal == methods. However, Covance modified the . ~—

method in one significant aspect in that the employed LLOQ for salicylic acid was increased. In

addition, Covance has combined the quantification of I-menthol and methyl salicylate into one

assay method.

The protocol for the new pharmacokinetic study (FS-67-15R) required by FDA in male and female
subjects is provided in Attachment 5. This protocol was submitted to Hisamitsu IND #62,735
(A043) on January 23, 2007, and Hisamitsu will initiate dosing at the end of February 2007.

Does the Agency concur that the proposed pharmacokinetic study (FS-67-15R) will be sufficient to
satisfy the clinical pharmacology requirements for approval of this topical drug product?

FDA Preliminary Response:
This protocol appears acceptable.

At the meeting, the Sponsor sought confirmation from the FDA that successful completion of the proposed
pharmacokinetic study (see question 6) was the only additional pharmacokinetic study required. The FDA agreed
with this statement.

The final meeting minutes is signed-off in DFS on March 8, 2007.
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1 EXECUTIVE SUMMARY

This NDA /is a 505 (b)(2) application for an Over-The-Counter (OTC) topical patch product,
Salonpas® s , containing methyl salicylate ( —— _ 10%) and /-menthol = ——  3%) b(4;
(also named as FS-67 patch or FS-67-A patch in the NDA). The proposed indication is for the

temporary relief of mild to moderate aches and pains of muscles and joints associated with

arthritis, simple backache, strains, sprains and bruises. It will be the first topical analgesic patch

product under NDA if approved.

Methyl salicylate and /-menthol (both as single ingredients and in combination) have been
comprehensively reviewed by the Expert Panel for Over-The-Counter (OTC) Topical Analgesic
Drug Products, and were found to be generally recognized as safe and effective (GRAS/E)
(Category 1) for the intended indications in 1979. A Tentative Final Monograph (TFM) for OTC
External Analgesic Drug Products was published by the U.S. Food and Drug Administration in
1983 (48 FR 5852). The TFM provides for topically applied ointments (or lotions or creams)
containing methyl salicylate in the range of 10%-60% and menthol in the range of 1.25%-16%
(both as single ingredients and when combined) as counterirritants, but the TFM does not include
the dosage form of topical patch.

Several topical patch products are on the market prior to TFM (e.g., Salonpas Patch, Tiger Balm
patch and Bengay patch). The active ingredients in these patches include menthol, methyl
salicylate, camphor, or capsicum extract or in combination. The Sponsor of this NDA has
marketed the Salonpas patch for over-the-counter use as an external analgesic drug product for
70 years in 45 countries. The current marketed Salonpas patch includes methyl salicylate
(132mg, 6.3%), menthol (120mg, 5.7%), and dI-camphor (26mg, 1.2%) as counter-irritants for
the relief of minor aches and pains of the muscles and joints.
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The subject of this NDA (Salonpas® is a new formulation of Salonpas patch that

contains only methyl salicylate | - 10%) and l-menthol T 3%). In addition, it is b(4)
formulated with S — ‘backmg The size of patch, 70cm’, is wider than

Salonpas, 27. 3em™.

To support clinical efficacy and safety, one pivotal Phase 3 trial and 5 skin safety (3 Irritation
and 2 Sensitization) trials were conducted. They were reviewed by Dr. Christina Fang (efficacy)
and Dr. Joseph Porres (safety), respectively. The statistical analyses were reviewed by Dr.
Yongman Kim. The pivotal Phase 3 trial, Study FS-67-E02, was a single-dose, 12-hour, double-
blind, placebo-controlled, multi-center study to investigate the safety and analgesic effect of FS-
67 topical patch in subjects with muscle strain with a treatment period of 8 hours and observation
period of 12 hours. The study showed a statistically significant difference between FS-67 topical
patch and placebo patch in the summed pain intensity difference (SPID) with movement from
baseline to hour 8. However, from efficacy data, the patch may be applied less frequently (>12
hours interval) to maintain efficacy. The medium time to rescue/re-medication was not
identified with the single-dose efficacy data. In terms of safety, local irritation increases in
proportion to the length of application, the frequency of dosing, and the number of patches used
at the same time. Therefore, determining the optimal dosing interval to balance risk and benefit
is critical for the approval of this OTC topical product. Please refer to their reviews for details.

To support human PK and biopharmaceutics requirement, FS-67 patch was studied in a total of 6
in vivo PK studies (5 studies in male subjects and 1 study in female subjects). The studies
determined exposure of methyl salicylate, its major active metabolite, salicylic acid, and menthol
under maximal usage conditions per the proposed labeling (single and multiple doses),
interactions between methyl salicylate and menthol, exposure of methyl salicyalte/salicylic acid,
and menthol compared to respective ointment formulations defined by TFM, and PK data in
male and female subjects. The Clinical Pharmacology data contribute to understanding the
systemic safety of the drug product.

All samples were analyzed at the it s comes

== | The site was found to have multiple deficiencies that indicated “widespread problems”
following several FDA inspections. On 8/31/06, FDA issued a warning letter mmdrelated to
these problems (www_.fda.gov/cder/warn/2006, === | As apart of the resolution of

these problems, == 1agreed to undertake a review of b1oequ1valence studies conducted between
January 2000 and December 2004 ( a.k.a. "5-year review plan") to determine the validity of the

study results. During the review cycle, the Sponsor notified the Agency that two of the PK b(4)
studies in this NDA, Studies FS-67-03-L and FS-67-03-M, were reviewed under the “5-year

review plan” and they received the draft closure reports frorri;l:"j In the draft closure report

for Study FS-67-03-L,. ===|concluded that the validation method and study data for /-menthol

were considered valid. In their draft closure report for study FS-67-03-M, | == questioned the

validity of the salicylic acid (metabolite) method. In addition, === i found the method validation

results for methyl salicylate to be acceptable but questioned the validity of the production runs

for the FS-67-03-M study sample analyses.

Based on the deficiencies identified in the draft closure reports, the Agency can not accept either
methyl salicylate or salicylic acid results for Study FS-67-03-M.

NDA 22-029 3
Salonpas"

———
(10% Metityl Saficylate & 3% IMenthol) (&)
Original NDA Review




The other 4 PK studies were not reviewed, s because they were considered outside the
scope of the “5-year review plan”. However, the same analytical issues potentially apply to
these PK studies as well. Because analytical method is not validated for salicylic acid, the
Agency cannot accept salicylic acid data from the other 4 PK studies. For methyl salicylate and
menthol, although analytical methods were validated, without investigation, data validity for
methyl salicylate and menthol in the other 4 studies cannot be reliably confirmed due to the
widespread and systematic problems identified with this analytical site.

Nature of this product and general comparison of systemic levels with published data for similar
products' and known therapeutic/toxicity concentrations of methyl salicylate and salicylic acid
indicates that systemic toxicity for this product may be low and comparable with other marketed
products of this nature. However, in light of the unreliability of the data, sponsor should submit
newly acquired data using adequately validated analytical assay methodology.

An OCP briefing (Required Office Level) was held on November 9, 2006 to obtain input on the
action to be taken for this NDA from a Clinical Pharmacolo gy perspective. Attendees include:
Suresh Doddapaneni, Chandra Sahajwalla, Mehul Mehta, John Lazor, Atiq Rahman, Tapash
Gosh, Joel Schiffenbauer, Andrea Leonard-Segal, J oseph Porres, Keith Olin, Michelle
Williamson, Sang Chung, Jaya Vaidyanathan, Sally Choe, and Partha Roy.

1.1 Recommendat_ions

From a Clinical Pharmacology perspective, NDA 22-029 is not acceptable because the PK data
obtained were not reliable in the NDA submission due to the well documented analytical issues
atthe === |analytical site. Newly acquired PK data using adequately validated
analytical methodology are needed.

The following deficiency should be conveyed to the sponsor:

In view of the documented analytical assay methodology issues and the unreliability of the
submitted data in the NDA submission, submit newly acquired pharmacokinetic data using
adequately validated analytical assay methods. The new data should include pharmacokinetics
of methyl salicylate, salicylic acid, and /-menthol in male and female subjects under the likely
maximal usages conditions according to the proposed labeling.

1.2 Phase 4 Commitments
Not applicable.

1.3 Summary of Important Clinical Pharmacology and Biopharmaceutics (CPB) Findings

The Sponsor has included six pharmacokinetic trials (five in males and one in females) in
support of the FS-67 patch application. These studies monitored unconjugated concentrations of

Ip Martin, et.al., Dermal Absorption of Camphor, Menthol, and Methyl Salicylate in Humans, The Journal of
Clinical Pharmacology, 2004; 44:1151-1157.
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salicylic acid (the major metabolite of methyl salicylate present in plasma), methyl salicylate,
and menthol (Table 1).

The summary of PK results reported by the sponsor is listed in Table 2 and Table 3. Because
methyl salicylate, salicylic acid and menthol are commonly present in fruits, vegetables and
drinks, consequently, levels were detected in pre-dose samples. Therefore, PK data were
calculated with correction for baseline levels as well. The baseline corrected data were not very
different from the uncorrected data. See Appendix 4.2 for individual study reviews.

Table 1. Tabulation of Pharmacokinetic Studies

# Subjects
(M/F)
. : , Treatments
Stml:lvy Ref. Study Objective Study Design A 3)121 ian and
o- ge: Product ID
{range)
FS-67-A Patch (Containing 10% Methy! Salicylate
To compare the absorption of the 10% methy} 33 (33/0) and 3% 1-Menthol) = Batch No: FSA0002
salicylate component of the FS-67-A patch with Open-label Healthy Male
: two reference ointments, one containing 10% pe. ? Y 10% Methyl Salicylate Ointment : Batch No:
FS-67-03-M ) ) .. o randomized, 3-way Volunteers.
methyl salicylate and the other containing 60% FSAll
. ] crossover study 2y
methyl salicylate when applied to healthy male (19 -45)
volunteers. . 60% Methyt Salicylate Ointment : Batch No:
FSBI1
. 40 (37 FS5-67-A Patch (containing 10% methy] salicylate
To compare the absorption of the 3% menthol Open-label Completed) and 3% J-menthol) : Batch No: FSA0002
component of the FS-67-A patch with two randomized. 3 ’way (40/0) ’ i
R o o red, 3- i
F§-67-03-L | reference ointments, one containing ol 25% crossover single-dose Healthy Male 1.25% I-menthol ointment : Batch No: FSC11
menthol and the other containing 16% menthol study Volunteers.
when applied to healthy male volunteers (lé 7 ﬁ 4) 16% l-menthol ointment ; Batch No: FSD11
) F8-67-A Patch containing 10% methyl salicylate
1) To assess the effect of topical I-menthol (LM) weoe  patch) and 3% l-menthol
on the pharmacokinetics of topical methyl Openclabel, 18 (18/0) putcny : 1ot No: FSAQ003-1
salicylate (MS) and its primary metabolite, ran dofnize d Towa Healthy Male .
FS-67-14-P1 | salicylic acid CrOSSOver sin’ le- do)sl o Volunteers. F8-67-M patch containing 10% methyl salicylate
2) to assess the effect of topical methyl salicylate stud 2 24y ~~— patch) : Lot No: FSM0001-1
(MS) on the pharmacokinetics of topical 1- Y (18-39)
menthol (LM) FS-67-L patch containing 3% l-menthol e
patch) : Lot No: FSLO001-1
To determine the safety and tolerability of FS-67- 22 (22/0)
;; /p‘]’“:hesﬂcl‘)rta‘z'ng ].0% n:e:l:ly] sah.cy late;nd Open-label, single Healthy Male | F8-67-A patches containing 10% methvl salicvlate
FS-67-121 © I-mentho » WHER glven at the maxlmurp 03¢ period, single-dose Volunteers. e patch) and 3% J-menthol
possibly applied by product users, under single- study 2y paten) : Baich # FSAQ003
dose conditions, to healthy non-smoking male (19-42) . :
volunteers.
# Subjects
(M/E) Tr
- , eatments
Slugzy Ref. Study Objective Study Design A Z"}rl:aan and
o ’ ' ge: Product ID
(range)
1917
To determine the safety and tolerability of FS-67- completed)
A patch containing 10% methy} salicylate and 3% Open-label, single (19/0) FS-67-A patches containing 10% methy] salicylate
FS-67-122 | J-menthol when applied for five days at doses treatment, multiple Healthy Male e ' patch) and 3% l-mentho]  sasme
significantly exceeding the maximum labeling dose study Volunteers. patch) : Batch #: FSA0004
recommendation 31y
(20-4D
To determine the systemic exposure to the 10% 18 (018)
s Y P . s Open-label, single Healthy Female | FS-67-A patches containing 10% methy! salicylate
methyl salicylate and 3% l-menthol components , X )
FS-67-15 £ the FS-67-A atch wh lied to healtl period, single-dose Volunteers. semoan,  patch) and 3% l-mentho]  wessewes
ol the £5-6/-A pateh when applied to healthy study 29y patch) : Batch #: FSA0003
female volunteers (21 - 44)
Addition. For Study FS-67-03-M, 30 subjects completed the study.
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Table 2. Overall Summary of Pharmacokinetic Studies - Arithmetic Mean (SD) Pharmacokinetic Parameters for Salicylic Acid and Methyl Salicylate

Plasma Salicylic Acid Plasma Salicylic Acid Plasma Methyl Salicylate Plasma Methy] Salicylate
Uncorrected B Corrected Uncorrected Baseline-Corrected
Study No. Coux | Tom | AUCo, Cpons Toas | AUCphzc | Cuse | Tous | AUGH, Coax | T | AUCoas
Protocol TFreatment (ng/mL} | (hr} | (ngehr/mL) {(ng/mL) thr) | (ngehr/mbl) | (ng/ml) | () | (ngehr/ml) | (ag/mlk) (hr) | (agehr/mL)
No.
AxPachES | nmr | 324 | e7s 158 | 324 8187 385 | 345 403 350 | 345 321
e 369) | ©63) | (2601) @366) |63 | @5y | @02 | @an| @95 @3 |@ay| sy
10% Methy!
Fs.67.03. | Salieylate 713 | 300 | s003 691 300 | 4469 377 | 433 400 340 | 433 311
o Ointment (89 | s | (080 ass) |ooy|  ©m asoy | 3o | (149 (s3) |Goey| o2n
(N=30)
0% Methyl
Salicylate 1346 | 477 10932 1325 | 477 | 10433 3727 | 385 405 142 | 355 323
Ointment @ | emi e s lom| osen | 59 |dse| as asn L ase | e
(N=30)
AxPachfS 1 s | 361 | asoe 1277 | 361 | 8737 831 | 139 | 236 821 | 139 | 223
Ho18) es1 {18 ] @39 @s) lem| @m | @ |omw]| q4n wsy |79 (37
F§-67-14-
Pl 4x PatchOI:S-
673:(&" 1313 | 378 | sam 1306 | 378 | 9324 589 | 139 152 589 | 139 162
s @ |©sn | @asy 265 |©8)]| (4060 | o8y |©078]| w©en G3n | o] oos)
Salicylate)
(N=18) )
pseriat | CrasGA | sua | 367 | 3ss2s s196 | 367 | 38079 34 | 142 13 333 | 142 114
I Q589 | @] (2208 asse) jom| 06 | @) |©073)] (628 @9 |73 ©6)
Patch
. Day| 623 | 335 | 338 613 335 3274 440 | 1.44 122 ,
FEHAL T ] oy |en | (o2 %) |6 | o000 | @0y |aon| ©99 NA “| NA NA
FS-67-122 | peiches
Day | 1435 7628 1426 7551 152 274
(}‘,‘f:‘s) 51 oy | MM o8y 62 | N oeere | o | M| d3e NA | NA NA
AX FSGIA
ES67-15 Patches 1186 | 380 | 9339 13 | 380 | 7986 248 | 182 139 29 | 182 15
Females @30) | @98 @389 @iy | 09| 3858 | (165 | (49| (642 (165) |49 | @71
(N=18)
Correction for the table: N=17 for Study FS-67-122; AUC,.,4 should be AUC,.4 for Study FS-67-122.
Table 3. Overall Summary of Pharmacokinetie Studies - Arithmetic Mean (SD) Pharmacokinetic Parameters for Menthel
Plasma Menthol Plasma Menthol Urine Menthol Urine Menthol
Uncorrected Baseline-Corrected Uncorrected Baseline-Corrected
Study No Con | Tose | AUCoc | Cune | Tuer | AUCha | Aos | Rumx | Touwe | Atze | Rowe | Tum
Protocyol N;:. Treatment (ng/mL}) | (hr) | (ngehr/mL) | (ng/mL) | (hr) | (ogehr/mL) | (ug) | (ug/hn) | (br) (ug) | (pg/hn) | (hn)
4 x Patch FS-67-A 155 | 330 129 145 | 3.30 104 ,
(N=34) 6o | Gog | (a5 | @85 [Gon| Goe | NA | NA T NALNA | ONALNA
FS-6703-L |  1.25% I-Menthol Qintment 514 | 594 579 406 | 594 331
(N=34) o L@ | @6 | am 62| 75 NA | NA | NA | NA | NA | NA
16% 1-Menthol Ointrment 22 | 3m 220 B | 374 194 .
(N=34) gord) | @o0)| BLoYy | (102 || @26 NA | NA | NA | NA | NA | NA
4 x Patch FS-67-A 104 | 339 91.8 926 | 339 64.8 9374 { ot | 300 | 850z | 874 | 3.00
(N=18) 28) | O] 28 | G110 | 0| oLy | G5 | @33 | oo | s | c13 | 0o
FS-67-14-P1 _
4 ’;;“;“;fsﬂ‘L : 926 | 400 84.4 785 | 4.00 50.9 8201 | 781 | 300 | 6oas | 729 | 3.00
( “on oh) @) || @y | e || @8 |ean] @n || asy| @6 | oo
10 x FS-67-A Patches 205 | 328 319 391 | 328 275 NA
F$-67-121 (N=18) azey @] @7y | q29 |©75)] (803) Na [ NA f NA | NA | Na
651 | 339 336 506 | 3.39 25
Pach FS-67-A | P | oy {ay| a4 e o’ (26 NA | NA | NA | NA | NA | NA
F5-67-122 2 Patches g8h
(N=18) 212 97.4 19.8 85.5
Days | Gem | ML Ges | @im | VA | Gre NA | Na JnA | NA | NA | Na
4 x FS-67-A Patches
, 9.76 | 292 89.0 850 | 292 60.1
F5-67-15 ‘:;,“_‘j‘;; @3y | ooy @59 @is) |goo| @sn |-NA | NA | NA | NA | NA | NA
Correction for the table: N=17 for Study FS-67-122; AUCy.,, should be AUC,.4 for Study FS-67-122.
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Data for /-menthol in Study FS-67-03-L were considered valid. The results suggested that
exposure of menthol from four FS-67 patch application was within the range of menthol
exposure from 1.25% and 16% menthol ointment (the menthol concentration ranges defined by
TFM) when applied to the same size of the body surface area.

Salicylic acid data in Study FS-67-03-M were not considered valid because both analytical
method and production run were not considered valid. The main deficiency was that multiple
validation batches had interference (unexpected high levels) observed in blanks, reagent blanks,
zero standards and/or pre-dose samples that affected the accuracy and precision of QCs (Please
see Section 2.6.1 and 4.2.2 for details).

Methyl salicylate data in Study FS-67-03-M were not considered valid because although
analytical method was considered valid, the production run was not. The main deficiency was
that 38% samples were above the highest calibration standard (ULOQ) and were required to be
repeated with a dilution factor. Almost half of the values obtained with dilution factors did not
confirm with the original extrapolated values in the production runs (46% data with a difference
of >30%) (Please see Section 4.2.2 for details).

The other 4 PK studies were not reviewed! ™™ |because they were considered outside the

scope of the “5-year review plan”. However, the same analytical issues potentially apply to

these PK studies as well. Because analytical method is not validated for salicylic acid, the 5(4)
Agency cannot accept salicylic acid data from the other 4 PK studies. Although analytical

methods were validated for methyl salicylate and menthol, without investigation, data validity

for methyl salicylate and menthol in the other 4 studies cannot be reliably confirmed due to the
widespread and systematic problems identified with this analytical site.

Cross study data comparison for menthol and salicylic acid indicate data differences were within
2-fold (Tables 2 and 3). For methyl salicylate, data were more variable among studies (Table 2).

Although data were questionable due to analytical issues, methyl salicylate/salicylic acid and
menthol are not new molecular entities and PK data are available from various dosage forms and
routes. Systemic levels for menthol and methyl salicylate were compared to published data' for
similar products (Table 4 and Table 5). Menthol data were similar to the literature data and
methyl salicylate had lower exposure than data reported in the literature at the same dose if
assuming PK is dose-proportional. Salicylic acid was not monitored in the study reported in the
literature.
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Table 4. Exposure of Menthol (4 patches, single dose for 8 hours) (Mean and SD).

|Cmax Tmax AUCO0-24
: (ng/mL) (hr) (ng*hr/mL)
FS-67-03-L 14.5 3.30 104
(4.85) (3.04) [(30.6)
Literature’ 19.0 2.2 N.A.
(5.4) (1.2)
Salonpas: == menthol per patch

Literature patch: 37.44 mg menthol per patch (Mean Cmax was 16 ng/mL at a dose of 31 mg if assuming PK is
dose-proportional)

Table 5. Exposure of Methyl Salicylate (4 patches, single dose for 8 hours) (Mean and SD).

Cmax Tmax AUCO0-24

(ng/mL) (hr) (ng*hr/mL)
FS-67-14-P1 8.2 1.4 22

(4.8) [(0.78) (14)
Literature 16.8 1.3 IN.A.

(6.8) (0.6)

Salonpas: —==  methyl salicylate per patch
Literature patch: 74.88 mg methyl salicylate per patch (Mean Cmax was 23.6 ng/mL at a dose of 105 mg if
assuming PK is dose-proportional.)

In terms of dose, maximal proposed daily dose of methyl salicylate patch — j were low

compared to the maximal daily dose of aspirin (3.6 g). Aspirin also yields salicylic acid as its ‘B\M
metabolite and normally is 80-100% absorbed. It is likely that systemic levels of salicylic acid

from patch application are below the therapeutic level and levels that would cause adverse

events. Peak salicylate level obtained from the 10-patch single dose study (Study FS-67-121),
although not reliable, was reported to be ~5,200 ng/mL by the sponsor, ~20-30-fold lower than

the therapeutic concentration for salicylate (150-300 pg/mL) and lowest salicylate level

associated with adverse medical events (122 pg/mL). However, in light of the unreliability of

the data, sponsor will be required to submit newly acquired data using adequately validated

analytical assay methodology.
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2 QUESTION BASED REVIEW

2.1 General Attributes

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

Table 2.1.1.1. Physical-Chemical Properties of Methyl Salicylate.

Drug Name Methyl Salicylate
Chemical Name 2.Hydroxybenzoic acid methyl ester

O
]
Structure and

Molecular Formula OCH;3
OH
CsHgO3
Molecular Weight 152.15
Appearance Colorless to pale yellow liquid with a strong characteristic odor
Melting Range 219°C to 224°C.
Solubility Slightly soluble in water; soluble in chloroform and ether.

Table 2.1.1.1. Physical-Chemical Properties of I-Menthol

Drug Name ' /-Menthol
Chemical Name 5-Methyl-2-(I-methylethyl)-cyclohexanol

CHg

Structure and
Molecular Formula

: OH
HSC/\CH;j
CioH200
Molecular Weight 156.27
Appearance Colorless crystalline with a characteristic odor, and has an initial
burning taste followed by a refreshing taste
Melting Range 41°C to 44°C.
Solubility Slightly soluble in water; very soluble in alcohol, chloroform,

ether and hexane; freely soluble in mineral oil

The drug product contains the counterirritant agents methyl salicylate (10%) and /-menthol (3%)

as active ingredients. The FS-67 patch (7 x 10 cm) consists of S ————

— i backing cloth and a e film. The — emmmmme
NDA 22-029 ,
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contains the two active ingredients. The patch is applied to the skin by removing the —— film

and placing the adhesive mass in contact with the site, leaving the cloth backing as a protective b(’la
outer layer. The drug content of each patchis  .——methyl salicylate and. ——— I-menthol

(See Section 2.5.1).

L2.] 2 What is the proposed mechanism of drug action and therapeutic indication? ]

The FS-67 topical patch contains two active ingredients, methyl salicylate and /-menthol. Methyl
salicylate converts to salicylic acid in the body. Both methyl salicylate and salicylic acid have
anti-inflammatory and analgesic properties. Menthol is a counterirritant that causes a sensation
of coolness. '

In this application, the Sponsor is seeking the OTC indication for 10% methyl salicylate/3% /-
menthol topical patch to temporarily relieve mild to moderate aches and pains of muscles and
joints associated with arthritis, simple backache, strains, bruises and sprains.

2.1.3 What are the proposed dosage recommendations and route of administration of FS-67
topical patch for the proposed indication?

Topical patch.

The following language is proposed by the sponsor regarding dosage and administration:

b(4)

2.2 General Clinical Pharmacology

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

To support human PK and biopharmaceutics requirement, FS-67 patch was studied in a total of 6
in vivo PK studies (5 studies in male subjects and 1 study in female subjects). The studies
include exposure of methyl salicylate/salicylic acid and menthol under maximal usage conditions
per the proposed labeling (single and multiple doses), interactions between methyl salicylate and
menthol, exposure of methyl salicyalte/salicylic acid, and menthol compared to ointment
formulations defined by TFM, and PK data in male and female subjects.

To support clinical efficacy and safety, one pivotal Phase 3 trial and 5 skin safety trials were
conducted. They were reviewed by Dr. Christina Fang (efficacy) and Dr. Joseph Porre (safety),
respectively.

The pivotal efficacy trial, Study FS-67-E02, was a 12-hour, single-dose, double-blind, placebo-
controlled, multi-center study to investigate the safety and analgesic effect of FS-67 topical patch

NDA 22-029 : 10
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in subjects with muscle strain. In the study, 208 patients were randomized to FS-67 topical patch
single dose (n = 105) or placebo topical patch single dose (n = 103) in a 1:1 ratio. The primary
efficacy outcome variable was SPID8 (summed pain intensity difference to from baseline to
Hour 8) with movement. Secondary efficacy variables were SPIDS at rest, TOTPARS (total pain
relief with movement and at rest at hour 8), PID (pain intensity difference) with movement over
several assessment time points, onset of analgesia (perceptible and meaningful pain relief) based
on double stopwatches, and subject global satisfaction.

Overall, the study was successful in showing superiority of FS-67 topical patch over placebo in
terms of pain reduction in the acute setting. However, from efficacy data, the patch may be
applied less frequently (>12 hours interval) to maintain efficacy. The medium time to rescue/re-
medication was not identified with the single-dose efficacy data.

In terms of safety, local irritation increases in proportion to the length of application, the
frequency of dosing, and the number of patches used at the same time.

Therefore, determinihg the optimal dosing interval to balance risk and benefit is critical for the
approval of this OTC topical product. Please refer to their reviews for details.

2.2.2  Were the active moieties in the plasma appropriately identified and measured to assess
pharmacokinetic parameters?

Unconjugated concentrations of salicylic acid (the major metabolite of methyl salicylate present
in plasma), methyl salicylate, and menthol were monitored in human plasma.

All samples were analyzed at the —— |analytical site) e

{ The site was found to have multiple deficiencies that indicated “widespread problems”
following several FDA inspections. The site underwent a “5-year review plan” to retrospectively
review analytical data of all the bioequivalence studies for the past 5 years (Jan 2001-Dec 2004)
for validity of the results. During the review cycle, the Sponsor notified the Agency that two of
the PK studies in this NDA, Study FS-67-03-L and FS-67-03-M, were selected to be reviewed
under the “5-year review plan” and they received the draft closure reports’ T | Inthe
draft closure reports,- — {concluded that the validation method and study data for 1-menthol in

study FS-67-03-L were considered valid. In their draft closure report of study FS-67-03-M, === 1

questioned the validity of the salicylic acid (metabolite) method. In addition, — }found the
‘method validation results for methyl salicylate to be acceptable but questionemvalidity of the
production runs for the FS-67-03-M study sample analyses. Please refer to Section 2.6 Analysis
for analytical details.
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2.2.4 What is exposure of I-menthol from various studies?

Tabte 38. Cross-study comparisen of menihol Cuy Ty and AUC after administration of ¥8-67
patches and mentho! oiniments,

Plaspa Menthol Plasma Menthol
_ Uncorrected Baseline-Corrected
Study No. N Corax F ax AlCy., Crrex Frnx AUCqq -
Protocol No. Treatment {og/mL) | {(hr) | (ngshr/mL) | (ng/ml) | (hr) | (ng*hr/mL)
4 x Paich FS-67-A 15.5 3.30 129 14.5 3.30 104
(N=34) 507 | (3.04) (34.5) (4.85) | (3.04) (30.6)
FS-67-03-L 1.25% 1-Menthol 5.14 5.94 57.% 4.06 5.94 331
Ointment (N=34) (2.04) | {6.26) (22.6) (1.74) | (6.26) (17.5)
16% I-Menthol Ointment 242 3.74 220 - 231 3.74 194
{(N=34) {10.1d) | {0.90) (81.0) 10.2) | {0.90) (32.6)
4 x Patch FS-67-A 10.4 3.39 91.8 9.26 339 64.8
{N=18) (2.83) | (0.98) 22.8) {3.10) | (0.98) aLn
FS-67-14-P1
4 x Patch FS-67-L 926 | 4.00 84.4 7.85 4.00 50.9
(3% 1-Menthol) (N=18) (2.08) | (2.22) {27.1) 2.28) | .2 (26.8)
rs.crigy | 10XFS67-APaches | 409 | 328 | 319 390 | 328 | 275
' (N=18) (12.6) | (0.75) (87.1) (129) | (0.75) {89.5)
Davi | - 6.51 3.39 33.6 500 3.39% 22.5-
: - i Paich FS-67-A Y 2.93) | (1.73) (14.5) - 271 | (1.73) (12.6)
FS-67-122 2 Patches g8h -
R T e e RN S (Nzlg) . [ P 21-2 . BN PR DO . 97‘4 19"8 . . . 85'5
DS b gen | ML o@es | g3 | Y| ¢a9)
s 4sz};6&;$§;&6%€5_ 9.76 | 2.92 89.0 850 | 292 60.1
(N=1§) - (443} | (1.00) {35.9) 4.16) | (1.90) 28.7)

Correction for the table: N=17 for Study FS-67-122; AUC,.,4 should be AUCg for Study FS-67-122.

Data for I-menthol in Study FS-67-03-L were considered valid. The results suggested that
exposure of menthol from four FS-67 patch application was within the range of menthol
exposure from 1.25% and 16% menthol ointment (the menthol concentration ranges defined by
TFM) when applied to the same size of the body surface area.

Menthol data from the rest four PK studies were not considered reliable without investigation
due to widespread and systemic problems identified with the analytical site. Cross-study
comparison was made for general understanding of the variability of the data. When four (4) FS-
67 patches were applied (Studies FS-67-03-L, FS-67-14-P1 and FS-67-15), the Cmax and AUC
values ranged from 9.3 to 14.5 ng/mL and 60.1 to 104 ng*hr/mL, respectively (see Table 38).
When 10 patches (2.5 times of 4 patches) were simultaneously applied (Study FS-67-121), the
concentrations of menthol increased 3 to 4-fold as compared to 4-patch data. In addition when 2
patches were applied three times daily for five consecutive days (Study FS-67-122), the Day 1
NDA 22-029 i 12
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Cmax values were approximately half of those attained after single dose administration of 4
patches. Exposure of menthol in females (Study FS-67-15) were somewhat lower when

compared to males (Study FS-67-03-L) (AUC 60 vs. 104 ng*hr/mL). It is not clear whether the
difference is due to assay issues or gender differences.

| 2.2.5 What is exposure of methyl salicylate from various studies?

Table 39. Cross-study comparison of methyl salicylate C,,, and AUC after administration of

Correction for the table: N=17 for Study FS-67-122; AUC,.;4 should be AUC,.y for Study FS-67-122.

FS-67 patches and methyl salicylate ointiments.

Plasma Methyi Salicylate

Plasma Methyl Salicylate

Uneorrected Baseline-Corrected
S&u (:i Y Cmnx Tmnx AUCO-( Cmnx Tmnx AUC&-)O
Pro to.col Tr*catnlcnﬁ (mg/mb) | (hr) | (ngeby/ml) | (ng/mL) ) (ngehr/mL)
No. ‘
IxPAAES- | ags | 34s | 403 350 | 345 | 32
) 202) | 241)]  (195) 203) | (24| (189
10% Methyl
rser. | Salicylate 377 | 433 400 340 | 433 311
Ointment | (16.0) | 3.06) |  (149) (s3) | @oe| (27
03-M
(N=30)
60% Methyl
Salicylate 377 | 355 405 342 | 3.55 323
Ointment | (159) | (156)|  (145) s | ase| a9
N=30) v
4x 2‘;‘_“; ES- 1 831 | 139 23.6 821 | 1.39 03
o @9 |78 48 | @8 || @37
Fs-67- |——G-18)
14-P1 4 x Patch F'S-
" 3 0, .
57;;’;&;(]% 580 | 139 15.2 589 | 139 162
sty | G839 |78 | 057 689 | O78) | G0
(N=18)
Fs-67- | OXISOTA L Ty i | $B3 | 142 | 14
121 e 218 || 628 | @19 |03 ©36
Patch
‘ Day| 440 | 1.44 122
FSf’ 1 @) | aon| 699 NA | NA NA
FS-67-
122 P£2h D 15.2 27.4
atches | Day . . :
g | 5 1 oz | NA L (13 NA | NA NA
(N=18)
4 X FS6TA
FS-67- Patches 248 | 1.8 139 235 | 182 115
s Females a65) | 4| 42 | g6s) | a9 | @11
(N=18)

Data from Study FS-67-03-M were not considered valid (please refer to Section 4.2.2, individual

study review, for details). Methyl salicylate data from the rest four PK studies were also not
considered reliable without investigation due to widespread and systemic problems identified

with the analytical site.
NDA 22-029

Salonpas

®

(10% Methyl Salicylate & 3% [-Menthol)
Original NDA Review

bid)

13



Cross-study comparison was made for general understanding of the variability of the data. When

four (4) FS-67 patches were applied (FS-67-14-P1 and FS-67-15), the methyl salicylate Cmax

values were low and variable; the mean (SD) values for the two studies were 8.21 (4.82) ng/mL

and 23.9 (16.5) ng/mL, respectively (see Table 39). The mean (SD) AUC values were also
variable accordingly. When methyl salicylate concentrations are compared between men and

women receiving 4 FS-67 patches, the methyl salicylate AUC and Cmax values in women were
higher than those observed in males (Study FS-67-14-P1) (AUC 115 vs. 22 ng*hr/mL). It is not
clear whether the differences in exposure observed were due to assay issues or gender difference.

2.2.6 What is exposure of salicylic acid from various studies?

Table 37. Cross-study comparison of salicylic acid C,,,, Tyax and AUC after administration of

¥S-67 patches and methyl salicylate eintments.

Plasma Salicylic Acid Plasma Salicylic Acid
Uncorrected Baseline-Correcied
Sfﬂd}' NO- - Cmnx Tmnx AUCB-t Cmux - Tmnx AUCG-M
Protocol Treatment (ng/mL) | (hr} | (pgehr/ml) (ng/mL} (hr} | (ngrhr/ml)
No. '
4x i;‘,‘;fi FS- 181 | 3.24 8738 1158 3.24 8187
Nty G669 | ©63) | @601 (366) | (0.63) | (2454)
10% Methyl :
FS-67-03- Salicylate . 713 300 5003 691 3.00‘ 4469
o M ' Qintmént (189) (0513 {1080) (185) 0.9 97N
(N=30)
60% Methyl o ' R
Salicylate . 1346 477 . 10932 1325, 4.77 10433
Ointment @92 || @512 @5y | om | @s67
(N=30) , . Sl U A
AXPUAES ) g | 361 | 8804 1277 | 361 | w737
Nei8) @sn | 078 ] @139) @5y 1] o7
FS-67-14- T
P1 4 x Patch F"S~
671;23%?/” 1313 | 378 9482 1306 378 | o324
Salicybt) (267) | (©81) | (2454 (265) | (OBD) | (2406)
(N=18)
BS.67.121 10 ;ifhng 5214 | 3.67 38525 5196 3.67 | 38079
67 el as89) | 07| Q2204 1586) | .77y | (12106
oot | Day| 623 | 335 | 3348 613 335 | 3274
SR UL ey sy | o) (%) | s | (1009
F5-67-122 Patches
8h Day 1435 NA 7628 1426 NA 7551 .
g8 s | (603) (2988) (602) (2978)
(N=18)
4 x FS67-A "
FS6T1S Patches 1186 | 380 | 9339 1130 | 380 | 7986
Females @30) | 094) | (4389) @y | 0| (388
(N=18)
Correction for the table: N=17 for Study FS-67-122; AUC.34 should be AUC,y.4 for Study FS-67-122.
NDA 22-029
Salonpas®  eremera— Q](4)

(10% Methyl Salicylaté & 3% [-Menthol)

Original NDA Review

14



The analytical assay for salicylic acid was not considered valid. The low concentration samples
were likely to be impacted the most (please refer to Section 2.6 and Section 4.2.1 for details).
Cross-study comparison was made for general understanding of the variability of the data.

When four (4) FS-67 patches were applied (Studies FS-67-03-M, FS-67-14-P1 and FS-67-15),
the Cmax and AUC values were comparable (see Table 37). When 10 patches were
simultaneously applied (Study FS-67-121), the concentrations of salicylic acid increased (Cmax
= 5196 ng/mL), ~4-5 fold of the 4 patch data. When 2 patches were applied three times daily for
five consecutive days, the Day 1 Cmax values were approximately half of those attained after
single dose administration of 4 patches. When salicylate concentrations are compared between
men and women receiving 4 FS-67 patches, similar pharmacokinetic data were observed.

2.3 Intrinsic Factors
Not Applicable.

Gender: 5 PK studies were conducted in male subjects and one study in female subjects.
Because data were not considered valid, gender comparison would not be made.

2.4 Extrinsic Factors
Not Applicable.

2.5 General Biopharmaceutics

2.5.1 What is formulation (quantitative composition) of FS-67 topical patch?

The drug product, FS-67 Topical Patch, is formulated as a patch product and is intended to be

topically applied. The FS-67 patch (7 x 10 cm) consists of an adhesive mass that delivers the

active ingredients, which are contained between ¢ mee—=————  backing cloth and a

removable ~———film. The adhesive mass contains two active ingredients, methyl salicylate, NF

(MS) and /-menthol, USP (LM). The patch is applied to the skin by removing the - film and b(4)
placing the adhesive mass in contact with the site, leaving the cloth backing as a protective outer :
layer. The drug content of each patchis 10% MS ~ wnd 3% LM =" (Table

2.5.1.1).
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Table 2.5.1.1. Quantitative Composition of FS-67 Topical Patch

~ Reference to
Component Quality Function % wiw mg per patch
Standard
Methyl salicylate NF | Active ingredient 10.00*
I-Menthol Use Active ingredient 3.00*
Styrene-isoprene- JPE i
styrene block
copolymer 3
Polyiscbutylene NF . ‘
1,200,000
Polyisobutylene NF o I
Mineral oil Use
Synthetic aluminum Jp e
silicate
Alicyclic saturated HSE
hydrocarbon resin
T ‘ = =
Backing cloth HSE ; ' ) j - '
Film HSE T ee—
_ |

Due to the volatility of the active pharmaceutical ingredients, a! “* manufacturing overage of

both I-menthol and methyl salicylate corrects for losses during the manufacturing process. This

results in a final product containing _____  of methyl salicylate (10%) and ==w of [-menthol
* (3%) per patch.

* e b(4)

USP  United States Pharmacopeia

NF National Formulary

JPE  Japanese Pharmaceutical Excipient
HSE  In-house specification

P Japanese Pharmacopoeia
APpears 1, s Way
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| 2.5.2  Which batches were used in the pivotal clinical and bioavailability studies?

Table 2.5.2.1. FS-67 Topical Patch Batches Used in Clinical Studies and NDA Primafy

Stabilty Studies. ,
¥S-67 Lot Methyt Salicylate L-Menthol RS-67 F8-67 ¥8-67 Clinical Study Type
Number N ) Batch Size | Process DOM Study
Lot lsi.auh POM Lot gmi: poM and Numbar
ize ize Overage
_ B F8-67-02 Skin Safet
FSA00D1 | Y001 18 May 00 | 54-143 25 Sep 00 20Nov 06 | FS-67-10 7 Salely
study
. 4 F$-67-11
| FS-67-03-M | PKstudy &
FSA000Z | YOO1 18 May 00 { 54-143 25 Sep 60 21 Nov00 | FS-67-03-L | Skin Safety
F8-67-01 study
FS-67-121
FSI5301AR .| Y063 08 Feb 01 | 54-368 22 Feb 01 30 May 01 FS-67-15 St’;ﬁfi‘t“g‘fg
FS-67-14-P1 ¥ study
, Fs67az2 | EX Sy &
FS15312A7 | Y063 08 Feb Ol | 54.368 22Fb01 | T — | 3May O | FS6T01L | T pid
Stability study
FSI6013A | Y063 08 Feb 01 | 54-368 22 Feb 01 1 Jun 61 NA. S‘sﬁgjfy
. \
FS16044A% | Y063 i| 08Feb 0l | 54-368 22 Feb 01 4 Jun 01 FS-67-E01 | Bfficacy study
FS1030561 | Y224 11 Apr 03 | 56-306 20 Dec 02 21 May 03 | FS-67-E02 | Efficacy study

DOM = Date of Manufacture
1) The lot # FS15301A is same as the lot# of the clinical sample label, FSA0003
2) Thelot # FS15312A is same as the lotif of the clinical sampls Jabel, FSA0004

3) 'The lot # FS16044A is same as the lot# of the clinical sample label, FSA0006

2.6  Analytical

2.6.1 Were the analytical methods used to determine menthol, methyl salicylate, and salicylic
acid in biological fluids adequately validated?

Yes, assays for menthol and methyl salicylate were validated. However, assay for salicylic acid
was not validated.
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Table 2.6.1.1. Summary of Analytical Methods.

Analyte Matrix Analytical Method Internal Limit of
Standard Quantitation
(Linear Range)
{-Menthol Human GC/MS 1 ng/mL
Plasma . (1-44 ng/mL)
_ e
I-Menthol Human GC/MS 0.951 pg/mL
Urine Amm—— (0.951-47.57
pg/mL)
Methyl Human GC/MS 1.02 ng/mL
Salicylate Plasma i (1.02-15.25 ng/mL)
Salicylic Acid Human - LC/MS/MS D6-salicylic acid 5 ng/mL
Plasma R (5-2000 ng/mL)
(EDTA or —_
oxalate) |

Note: Sponsor used free menthol, methyl salicylate, and salicylic acid to represent unconjugated.
component in the report (free does not mean protein unbound).

Menthol:

The following table summarizes the validation method

the Sponsor.

NDA 22-029
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Table 2.6.1.2. Validation Summary for Determination of Menthol in Human Plasma.

Working  Instruction ' Standard Operating Procedure e

| et} A High Resolution Gas Chromatographic Method for the Determination o FTee Wemmol Th b(4)
Human Plasma by Mass Spectrometric Detection Specific to Misamitsu Pharmaceuticals Co.  Unless

specified otherwise, data for human plasma (EDTA) is presented.

Validation Summary

Analyte Free Mentho!
Matrix / Anticoagulant Human Plasma / EDTA or Potassium Oxalate
Preservative e (2.5 mgiml)
b(4)

Assay Volurme Requlired 500 mcL
Detection Method Electron impact (GC-MSD)
Standard Curve Range in Water 1.10 ng/mL to 43.92 ng/mL
Regression Type 1/Concentration Linear
Quantitation Method " | Peak Area Ratio
Sensitivity (Between-Batch) Precision:

18.9% (QC D)

Accuracy:

91.0% (QC D)
(Within-Batch) Precision:

17.0% (QC D)

Accuracy:

94.9% {QC D)

(Within-Batch) in  Human Plasma

(Potassium Oxalate) Precision:

8.1% (QC D)
Accuracy:
103.1% (QC D)

Between-Batch Precision and Accuracy | Precision:
12.2% {QC A}, 5.5% (QC B), 5.1% (QC C)

Accuracy:

95.3% (QC A), 98.5% (QC B), 102.2% (QC C)
Within-Batch Precision and Accuracy Precision:

8.4% (QC A), 2.0% (QC B), 1.7% (QC C)

Accuracy:

98.1% (QC A), 94.6% (QC B), 97.9% (QC C)

NDA 22-029 19
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Within-Batch Precision and Accuracy in
Human Plasma (Potassium Oxalate)

Precision:
3.7% {QC A), 3.0% (QC B), 0.8% (QC C)

Accuracy:
94.5% (QC A), 98.3% (QC B), 100.7% (QC C)

Dilution Integrity

118.85 ng/mi (DF : 5)

Freeze and Thaw Stability

5 cycles at -22°C

Freeze and Thaw Stab#lity in Human
Plasma (Potassium Oxalate)

4 gycles at -22°C

Freeze and Thaw Stability in Water

1 cycle at -22°C

Bench Top Stability

29.05 hours at room temperature

Bench Top Stability in Human Plasma
(Potassium Oxalate)

77.2 hours at room temperature

Bench Top Stability in Water

2.9 hours at room temperature

Long Term Stability

124 days at -22°C

long Term Stability in Human Plasma
(Potassium-Oxalate)

7 days at -22°C

Long Term Stability in Water

8 days at -22°C

Stock Solution Stability (Free Menthol)

202 day  ——e————-  at-22°C

Stock Solution Stability ey

153daye T o at-22°C

Processed Sample Integrity

103 hours (4.2 days) at room temperature

Processed Sample Integrity of Human
Plasma (Potassium Oxalate) extracts

158 hours (8.5 days) at room temperature

Autosampler Stability

18.9 hours

Baich size (ME Batch)

105 injections

Appears This Way
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Table 2.6.1.3. Validation Summary for Determination of Menthol in Human Urine.

AT o

Validation method SOP <

Pharmaceuticals Co., inc.

High Resolution Gas Chromatographic Method for the
Determination of Total Menthol in Human Urine using Mass Spectrometric Detection Specific to Hisamitsu

Analyte Total menthol
Matrix / Anticoagulant Human Urine
Asséy Volume Required 250 mcl.

Detection Method

Mass Spectrometry (GC-MSD)

Standard Curve Range

0.951-47.570 meg/mL

Regression Type

Quadratic (1/concentration)

Quantitation Method

Peak Area Ratio

Within Batch Precision and Accuracy
Sensitivity {LLOQ QC)

Precision: 4.6 %
Accuracy: 96.6%

Between Batch Precision and Accuracy
Sensitivity {LLOQ QC)

Precision: 8.6%
Accuracy: 93.6 %

Between Batch Precision and Accuracy
(LOW, MEDIUM AND HIGH QC)

Precision: 2.1 to 8.4%
Accuracy: 92.7 {0 954 %

Within Batch Precision and Accuracy
(LOW, MEDIUM AND HIGH QC)

Precision: 2.1 t02.7%
Accuracy: 86.81094.8%

Di%utién Integrity

1:5 and 1:10 at 203.180 mcg/ml

Freeze and Thaw Stability

4 cycles at -22°C

Bench Top Stability

17.0 hours at room temperature

Long Term Stability

49 days at —22°C

Stock Solution Stability

95 days - - at —22°C

e ——— ‘
~at-22°C

M
40 days, —

Menthol stock in rat —22°C is in progress

Processed Sarnple Integrity

99.8 hours at room temperature

Aulosampler Stability

11.7 hours at ambient temperature

Batch size (ME Batch)

T E——— |

NDA 22-029
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(10% Methyl Salicylate & 3% /-Menthol)
Original NDA Review

FAUES AT RTIATNRE 1

h(4)

21

b(4)

h(4)



Methyl Salicylate:

The analytical method for the determination of methyl salicylate in human plasma was developed

Human plasma (500 mel) containing methy! salicylate towhich ~ == inlernal standard)
was added, o A —
————r solution was added prior —_——— The tubes were then
o transferred to clean amber vials. The samples were injected
into a GC/MSD system using MS detection. Methyl salicylate is quantitated by peak area ratio to
its internal standard by mass spectrometry using a single ion monitoring mode.

- human plasma lots, free of significant interference, were pooled and used to

prepare calibration standard and human plasma lots, free of significant interference, were pooled

and used to prepare QC samples.

The following table summarizes the validation method ———_ for salicylic acid provided

by the Sponsor.

NDA 22-029
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Table 2.6.1.4

Table 8. Validation summary for the determination of methyl salicylate in human plasma by

mass spectromeiric detection

Validation Summary
Analyte Hsthyl Salicylate
Matrix / Anticoaguiant | Human Plasma / Potassium Oxalote
Presarvalive et (2.5 mygIML)
‘Assay Velume Required 500 mel |
Detection Method GOMass Speclrometric Delection
Standard Curve Range 1.02 6 15.25 ng/ml
Regression Type Linear ({/corcentration}
Quantitation Method Peak Area
Sensitivity (Between-Batch) Precision: 13.9% (QC D)
Accuracy: 83.7% ({OC D)
{WithirrBaich} Pracision: 10.8% {QC D)
Accuracy: 98.4% (QC D)
Betwesn-Batch Precision and Procision: 8.2% {QC A}, 5.1% {QC B), 4.1% (QCT)
Accuracy Accuracy: 87.1% (QG A), 105.3% {QC B}, 107.3% (QC C)
mggalch Procision and Precision: 6.6% (QC A}, 6.0% QG B), 4.2% (QC Q)
Accuracy: 87.4 % (QC A), 99.8 % {QC B), $9.7 % (QC O)
Ditulion Integrity 28185 nymL |
Frae_ze and Thaw Stabliity 5 cyclas at -22"(;
Rocovery Methyt Salicylete: 102.4% (QC A), 95.5% (0T B), 99.1% (QC C)

[ {01S): 105.0%

Bench Tep Stability

215 hours at Bm. T,

Long Term Stabiity { 154 vays at-20°C

82daysin] —=at-22°C
‘Siock Solution Stability ,

42 days iy S———, fat -22°C
internal Standard Stotk Stability 153daysin e, &t-22°C
Processed Bemple Integrity 128.2 hours at Bm. T

Autosempler Stabilily

16.1 hours 2t Am. T,

Bach s

iz¢ {ME Baich)

Source: Validation Report entitled: “Validation Of A High Resolution Gas Chromatographic Method For The
Determination Of Methy! Salicylate In Human Plasma (Potassium Oxalate) By Mass Spectrometric Detection
Specific To Hisamnitsu Pharmaceuticals Co.”

#1 Dated: July 22, 2002 (see analytical scctions of study reports).
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Salicylic Acid:

The method SOP was used for the measurement of salicylic acid assay in
human plasma. Because salicylic acid is commonly present in fruits, vegetables and drinks,
consequently, it is difficult to obtain salicylic acid free matrices. Therefore the calibration curve
standards are prepared in 0.6% acetic acid in water solution and QC samples in human plasma.

Samples confaining free salicylic acld, Dy-salioylic acid (internal standard) and 0.6% acetic
acid in weater solution are extracted on T
extraction plate. FEiuates are then subjecied to @ = high performance Jiguid
chromatographic (HPLC) analysis on a  column. Free salicylic
acid and its internal standard are detected and quantitated by mass spectrometry operating
under selected reaction monitoring {SRM} MS/MS conditions. Quantitation is by ratio of
peak area of the analyte to its internal standard. The concentration of the analyte in
samples is predicted from a weighed {1/concentration) linear regression of a calibration curve
of free saticylic acid in 0.6% acetic acid in water solution. The lower Fimit of quantitation
{LLOQ) is 5.00 ng/mb using 200 mcl of human plasma sample. Reference SOP

—

As indicated in the Executive Summary of this review, the draft “S-year review plan” closure
report indicated that this validation method is not valid. The main reason was due to

. “unexpected values” of Free Salicylic Acid, i.e., percent deviation greater than 50% of nominal
concentration, reported for QC samples at the LLOQ and low levels in validation PMC. These
unexpected values significantly impact the intra-and inter-batch precision and accuracy results”.

Summary of Investigation Report (IR-102):

eview of method validation 002417 PMC-PUF reported observations rel»atlng} to (a)
‘i;i?:ﬁg;fce at the drug retention time (analyle response = 20% of %{Jw@r firnit of quan’utatprj -
LLOQ) in blanks, reagent blanks, zero standards agcﬁa; pre-dose samples and (b}d?emafé
deviation greater than 50% of nominal concentration i calibration standards and/or
samples. These observations are raported for mgltr@? validatioh batches.

Y
The validation report excluded these “unexpected values” which was not appropriate.
The following facts indicate data vafigity issues for methac SD? —_—
1. Multivle occurences of interference levels in blank-related samples ] b 4)
5 Several QC samples with a deviation greater than 0% of nominal concentration » (
3, A frequency of 2.8% of the calibration stancigré; and ngsam;:ies at the LLOQ and low
levels present unexpected valuss s ¢ ‘ _ )
4. A cause for the unaxpecied values was nol idant‘itjedga{sd\ﬁ}srsfﬁm the unexpgozed values
should be includad in the intra-and inter“batch pricision and acsuracy evaluation
5. Inclusion of unexpacted QC values results i the failire of the inlra- and inter-baich

precision and accuracy ascording 19 current Criteria as welhas those In effect at the {ime.

inciusion of these values signiﬁégnﬂyﬂimpadtgtﬁ'epfeoi@ign b?@gc?g%sing the 'GV to 79.3%
and 29.3% for LLOQ and low QG saimples.and Ehe/éccurac\,(" 16:148.7% of nominal
concentration. NN N N & |
6. The cross-validation of Kuman-K/oxalate piasma religs on the validation data of the human
EDTA plasma which.does not meet intra-and inter:batch p:g\cas:on and accuracy.
Based on the above-mantioned ?agtsfvghe&yaﬁdaﬁc‘:m tiatg\mumansEDTA plasma) and cross-

validation data (hurman Kiaxalate plasma) ate ihersby considered 10 be not valid. Therefore,

analytical method-outined in SOP-LMS-6975:00 does nof mest he validation requirements as
per current critetia ﬁs\weﬂfé‘s’wthoé"e,}h%effeajtgt the.time vﬁlggaﬁ?m was performad.

N “. . M S, T N '
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3 DETAILED LABELING RECOMMENDATIONS

The label for an OTC product does not contain PK information. Please refer to the appropriate
reviews from ONP/DNCE for details of labeling review comments.
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4.2 Individual Study Review

Reviewer’s Note: The analytical site underwent a “5-year review plan” to retrospectively

review analytical data of all the bioequivalence studies for the past 5 years (Jan 2001-Dec 2004)

Sor validity of the results. During the review cycle, the Sponsor notified the Agency that two of

the PK studies in this NDA, Study FS-67-03-L and FS-67-03-M, were selected to be reviewed

under the “5-year review plan” and they just received the draft closure reports from .~ In

their draft closure reports, .= concluded that the validation method and study data for I- h(a)
menthol in study FS-67-03L were considered valid. In their draft closure report of study FS-67-

03M, —= questioned the validity of the salicylic acid (metabolite) method. In addition, ™~

Sfound the method validation results for methyl salicylate to be acceptable but questioned the

validity of the production runs for the FS-67-03M study sample analyses.

Based on the deficiencies identified in the draft closure report, the Agency can not accept either
methyl salicylate or salicylic acid results for Study FS-67-03-M.

Although the other 4 PK studies were not selected to be reviewed under the “5-year review
plan’’, the same issues are applied to them as well.

In this review, for studies that have questionable PK results, data were listed for reference
purpose, and no conclusion was drawn.

The actions taken by this Reviewer are:
e For menthol, data are accepted for Study 67-03-L but not other studies
o Although method was valid, validity of the production runs for other studies were
questionable due to the analytical site problems
e For methyl salicylate, data were not accepted for all the studies
o Although method was valid, production run for Study 67-03-M was not valid
o Validity of the production runs for other studies were questionable due to the
analytical site problems
e For salicylic acid, data were not accepted for all the studies
o Method was not valid

Appears This qu
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4.2.1 Study FS-67-03-L: A Three Treatment Randomized, Single Dose, Crossover. Evaluation
Designed To Compare the Percutaneous Absorption of Menthol Following the Application of the
Topical Patch Product, FS-67-A, and Two Reference Ointments in Healthy Male Volunteers
(Report No. 011450)

Date of Report: August 14, 2002
Date of Study: 21 October 2001 ~ 03 December 2001
Test Formulations: Treatment A:  FS.67-A Patch (containing 10% methyl salicylate

and 3% I-menthot)
Manufactured by: Hisamitsu Pharmaceutical Co.,
Inc. Batch No: FSA0002
Expiration date: October 2002

Treatment B: FS8-1.25L M-OINT (1.25% I-menthol ointment)
Manufactured by Hisamitsu Pharmaceutical Co.,
Inc.Batch No: FSC11
Expiration date: June 2003

Treatment C: FS-16LM-OINT (16% l-menthol cintment)
Manufactured by: Hisamitsu Pharmaceutical Co.,
inc. Batch No: FSD11
Expiration date: June 2003

Sponsor: Hisamitsu Pharmaceutical Co., Inc.
Protocol/Study No.: Sponsor Protocol No. FS-67-03-1,
) MDS Pharma Services Project No. 011450

Development Phase
of Study: Phase | pharmacokinetic study in healthy subjects

Number of Subjects: A total of 40 male healthy non-smoking adult volunteers were
enrolled in the study, and 37 subjects completed the study.

Principal Investigator: Mark J. Allison, M.D.

Clinical Site; MDS Pharma Services
4639 South 36" Street
Phoenix, Arizona 85040
Author(s):
B(4)
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Qbjectives: The objective of this study was to compare the absorption of the 3% menthol
component of the FS-87-A patch with two reference ointments, one containing
1.25% menthol and the other containing 16% menthol when applied to_ heaithy
male volunteers.

Study Design:  This was designed as an open-label, randomized, 3-way crossover, single-dose
evaluation to compare the absorption of l-menthol (LM} in healthy non-smoking
male volunteers following application of 4 (four) FS-87-A patches, 1.25% LM
oirdment and 16% LM oiniment,

Methods: Pharmacokinetic parameters were calculated from the plasma concentrations of
free mentho!l oblained foliowing application of the investigational patch and
ointment formulations. Endogenous menthol concentrations were also quantified
on the days preceding each drug administration fo allow calculation of haseline-
adiusted pharmacokinetic data.

In addition, residual data analyses were performed by the Sponsor.

Subject Demographics (N=40): 3 Subjects discontinued. The mean age of the subjects was 27
years (range 18 - 44 years), the mean height of the subjects was 69.1 inches (range 60.5 - 73.0
inches), and the mean weight of the subjects was 162.7 pounds (range 132 - 199 pounds). With
regard to race, 17 subjects were Caucasians, 19 were Hispanic, 2 were black, 1 was Asian and 1
was American Indian.

There were 3 subjects who were discontinued/withdrawn from the study:

Sub.

No.  Init Release Date Release Reason

5 ~ 30 Oct 2001 07:52 Due to an adverse event, subject was dropped

b(ﬁ) on Day 1 of Period 2 (after Treatment A) by

the Principai Investigator, )

19 b 29 Oct 2001 08:08 Due to an adverse eveni, subject was dropped
on Day -1 of Pericd 2 (after Treatment A) by
the Principal Investigator.

39 . 18 Nov 2001 07:59 Prior to dosing, subject withdrew from the

study on Day 2 in Period 2 (after Treatment B)
due to personal reasons.

Treatment Administered: Four patches of FS-67 -A, or an amount of ointment, 2800 mg /
280cm? were applied to each study volunteer on one occasion (Study Day 1 in each period)
according to a randomization scheme generated at MDS Pharma Services. Ville Saint-Laurent,
Canada.
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- Treatment A - 4 patches (FS-67-A, 10% methyl salicylate and 3% -menthol}
applied, 2 patches to each side of the backbone, one above
the other, covering an area of 20 cm in length and 7 em in
width,

- Treatment B~ 2.8 gm of FS-1.25LM-OINT (1.25% I-menthol cintrnent)
applied evenly to the designated dosing area, 20 cm in length
and 7 cm in width. The ointment was applied using the same
surface area and placement as the patches.

- Treatment C — 2.8 gm of FS-16LM-OINT {16% I-menthof ointment) applied
evenly to the designated dosing area, 20 cmin length and 7
et in width. The ointment was applied using the same
surface area and placement as the palches.

The dose of menthol in each patch is . ——=  so total dose of menthol in 4 patches is —~——
2.8 mg of 1.25% menthol ointment contains 35 mg menthol and 2.8 mg of 16% menthol
ointment contains 448 mg menthol.

Sample Collection: Blood samples (7 mL) were collected during each study period at hours -24, b‘ 4)
-18, -12, and 0 (predose) and at Hours 0.5, 1, 2, 3, 4, 5, 6, §, 10, 12, 16, and 24 (postdose).

Samples were collected and processed under fluorescent lighting at room temperature. Plasma

samples were separated by centrifugation, flash frozen in methanol and dry ice and then kept

frozen at -20°C, packed in dry ice, and sent to the MDS Pharma Services in Montreal, Quebec.

" Sample Analysis: Bioanalysis was performed on samples from 34 subjects that successfully
completed all three phases of the study.

The drug assays, dala analysis and statistics were performed at:
MDS Pharma Services
2350 Cohen Stireet,
Saint-Laurent (Montreal),
- Quebec, Canada

H4R 2N6
Analyte Validation Report | Analytical Method Analytical Range
No.
Menthol in plasma 002417-OUF GC/MS 1.01-40.40 ng/mL

Reviewer’s Note: The analytical method validation and production run were reviewed under “5-year
review plan” and considered valid.
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Pharmacokinetic Data Analysis: Statistical and pharmacokinetic analyses were performed on
data from 34 subjects: Nos. 1-4, 6, 9-11, 13, 14, 16-18, 20, 21, 24, 25, 27, 30 and 32 (Group 1),
37, 38.40 -49, 52 and 54 (Group 2). Subjects 50, 51 and 53 were considered alternates and did

not complete the study.

Non-zero pre-dose concentrations values were observed for free menthol in plasma, The 0-hr and
post-dose plasma concentrations for free menthol in plasma were baseline adjusted using the
mean of the pre-dose concentration values (values at -24, -18, -12 and 0 hours). In the case where
a pre-dose value was Below the Limit of Quantitation (BLQ), this value was set to zero in the
calculation of the mean baseline value for that subject. (Reviewer’s Note: Same was done for all
the PK studies where endogenous levels were detected.)

Pharmacokinetic Results:

Table 14. Study FS-67-03-L Overall Pharmacokinetic Summary: Arithmetic Means {SD)

Plasma Menthol Plasina Menthel
Uncorrected ] Baseline-Corrected
; Consx Tonax AUC C T AUC
Treatment Statisti X ma - 524
istie (mgmL) | (1) | (gshe/mL) | (ag/mb) | () | (ngehr/mL)
A Arithmetic Mean (SD 155 3.30 129 14.5 3.30 104
Patch FS-67-A OO | son |Goay| ois | wss | ooy | Gos
{N=34) LS Means - - . 13.76 - 100.83
B . . 5.14 5.94 57.9 4.06 5.94 33.1
Arith : :
1.25% 1-Menthol meteMean®D) | qon | @20 | @26 | am | 626 ] a7
0(‘;2;‘:;“ LS Means . - . 3.81 - 3112
C : : 24.2 3.94 220 23.1 3.74 194
Arith : - :
16% L-Menthol |~ nonmeticMean (D) | 70y | gio0) | (310 102) | 00 82.6
o 1-Ment ) i (0.50) (82.6)
intmen
(N=34) LS Means - - - 21.37 - 180.11
Ratio of
LS Meanis (%)
. Avs. B p-value - - - 0.0001 . 0.0001
tch 25Y% :
L
Confidence Bound . . . 1.169 1.035
Difference 1.284 1.176
Ratio of
LS Means (%)
Avs.C p-value - - - 0.0001 - 0.0001
Paich vs 16%
Ointment ’ 95% Upper
Confidence Bound . ; . -0.327 } -0.442
Difference -0.440 . -0.5801
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Residual Analysis:

The residual potencies (amounts of menthol as a % of the original doses) of each patch ointment

doses were determined and are summarized in Table below. It is noted that they may not

represent the amount of drug absorbed by the body. Drug may be lost due to other factors other

than transdermal absorption. FS-67 is formulated with =~ —onuwo___ {backing. b( 4}
Because /-menthol is volatile, it could be lost to the air durmg patch application. Thus, unlike

other transdermal systems, residual potencies may not be used to determine absorbed doses.

Study FS-67-03-1.: Residual menthol amounts (% of original potency) left after § hr
application period

e Residual Potency
Treatment (%)
A
Patch ¥8-67-A
{N=39)
1.25% I-Menthol Ointment
(N=38)
C
16% 1-Menthol Ointment

(N=37)

Safety: No serious Adverse Events were reported during the Study. 93% of the Adverse
Events were mild in severity and 7% were moderate in severity. Four (4) Adverse Events were
considered by the Investigator to be possibly or probably drug related.

Table B
(FS-87-A Patch)
Reported Adverse Medical Events While on Treatment

# Subjects Description Serious Severity Resolution Considered
Study Related
3 ) Cough NS Mild- Resolved None
Moderate
1 Watery Eyes NS Mild Resolved None
1 Dyspnoea NOS NS Mild Resolved None
g Haemoptysis NS Miid Resolved None
2 Headache NOS NS Mild Resolved Possible
2 Nasal Congestion NS Mild Resolved None
1 Rhinorrhoea NS Mild Resolved None
1 Throat irritation NS Mild Resolved None

Summary: The patch formulation produces systemic concentrations of menthol that are greater
than the 1.25% but less than the 16% /-menthol ointments when applied to the same size of the
body surface area.

W)
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4.2.2 Study FS-67-03-M: A Three Treatment Randomized, Single Dose, Crossover. Evaluation
Designed To Compare the Percutaneous Absorption of Menthol Following the Application of the
Topical Patch Product, FS-67-A, and Two Reference Ointments in Healthy Male Volunteers

(Report No. 011450)

Date of Report:

Date of Study:

Test Formulations:

Sponsor:
Protocol/Study No.:

Development Phase
of Study:

Number of Subjects:

Principal investigator:

August 16, 2002

18 Qctober 2001 — 12 November 2001

Treatment A:  FS-67-A Paich (containing 10% methyl salicylate
and 3% l-menthol)
Manufactured by: Hisamitsu Pharmaceutical Co., Inc.
Batch No: FSAD0D2
Expiration date: Ociober-2002

Treatment B: FS-10MS-OINT (10% methyl salicytate ointment)
Manufactured by: Hisamitsu Pharmaceuticat Co., inc.
Batch No: FSA1T1
Expiration date: June-2003

Treatment C: FS-60MS-OINT (60% methyl salicylate ointment)
Manufactured by: Hisamitsu Pharmaceutical Co., Inc.
Batch No; FSB11
Expiration date: June-2003

Hisamitsu Pharmaceutical Co., Inc.

Sponsor Protocol No. FS-67-03-M
MDS Pharma Services Project No. 011448

Phase | pharmacokinetic study in healthy subjects

A total of 33 subjects enrolled in the study and 30 subjects
completed the study.

Mark J. Allison, M.D.

Clinical Site: MDS Pharma Services
4639 South 36" Street
Phoenix Arizona 85040
Author(s):
nid)
[l .

Objectives: The objective of this study was to compare the absorption of the 10% methyl
salicylate component of the FS-67-A paich with two reference ointments, one
containing 10% methyl salicylate and the other containing 60% methy! salicylate
when applied to healthy male volunteers.
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Study Design:  This was designed as an open-label, randomized, 3-way crossover, single-dose
evaluation to compare the absorpiion of methy! salicylate (MS) in healthy non-
smoking male volunteers following application of 4 {four) FS-87-A patches, 10%
MS ointment and 60% MS ointment.

Methods: Pharmacokinetic parameters were calculated from the plasma concentrations of
froe salicylic acid and methy! salicylate obtained following application of the one
investigational patch product and two investigational ointments. Endogenous
levels of these analytes were also quantified on the days preceding drug
administration to allow calculation of baseline-adjusted pharmacokinetic data.

In addition, residual data analyses were performed by the Sponsor.

Subject Demographics (N=33): 3 Subjects discontinued (one due to high blood pressure, and 2
other due to personal reasons). The mean age of the subjects was 32 years (range of 19 through
45), the mean height of the subjects was 70.2 inches (range of 67 through 75), and the mean
weight of the subjects was 171.7 Lbs (range 125 through 214). With regard to race, 15 subjects
were Caucasians, 11 were Hispanic, 6 were black, and 1 was American Indian.

Treatment Administered: Four patches of FS-67-A, or an amount of ointment, 2800 mg /
280cm? were applied to each study volunteer on one occasion (Study Day 1 in each period)
according to a randomization scheme generated at MDS Pharma Services, Ville Saint-Laurent,
Canada. '

- Treatment A — four patches of FS-67-A {10% MS ‘—: ipateh; 3% LM~ patch)
- Treatment B ~ 2.8gm of FS-10MS-OINT ointment
- Treatment C ~ 2.8gm of FS-60MS-OINT aintment

(The dose of methyl salicylate in each patch is =™ so total dose of methylicylate in 4
patches is == 2.8 mg of 10% methyl salicylate ointment contains 280 mg methyl salicylate
and 2.8 mg of 60% methyl salicylate ointment contains 4667 mg methyl salicylate.)

Sample Collection: Blood samples (10 mL) were collected during each study period at hours -
24, -18, -12, and 0 (predose) and at Hours 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12, 16, and 24 (postdose).
Samples were collected and processed under fluorescent lighting at room temperature. Plasma
samples were separated by centrifugation, flash frozen in methanol and dry ice and then kept
frozen at -20°C, packed in dry ice, and sent to the MDS Pharma Services in Montreal, Quebec.

Sample Analysis: Sample analysis was performed at MDS Pharma Services, Saint-Laurent
(Montreal), Quebec, Canada.

Analyte Validation Report | Analytical Method | Analytical Range
No.
Methyl Salicylate in plasma 002417-QBB GC/MS 1.02-15.25 ng/mL
Salicylic Acid in plasma* 002417-PMC/PUF LC/MS 5.00-2000.00 ng/mL

* The validation method was not considered valid.
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Analytical data for this study were reviewed under “5-year review plan”. The method validation
and production run were not considered valid for salicylic acid.

Main deficiency for salicylic acid validation runs: ' b“)

The following facts indicate dala validity issues fg)r method SOP————
1. Multiple occurences of interference levels in blank-related sampies .
2. Saeveral QC samples with a deviation greater than 0% of nominal concentration
3. A frequency of 2.8% of the calibration standards and Qg;:samples at the LLOG and low
levels present unexpected values e < o |
4. A cause for the unexpected values was not ideéntified and therefore the unexpected values
5

should be included in the intra-and inter-batch precision-and'accuracy evaluation

. Inclugion of unexpected QG values resulis i the failure of.fhe intra- and mteﬁb:atch
precision and accuracy according 1 current oriteria as welhas thgse in effect at the time.
inclusion of these values significantlytimpacts the.precisign by»a{screaéamg the ‘C\.{ 1o ?9.9%
and 29.3% for LLOQ and low QC si‘éfm‘gie@,,and the giccuracy ‘to‘q:ls.?‘%éb of nominal
concentration. o, N S &£ Y

6. The cross-validation otthxrma&ra*mgpxé‘iaié‘**ggggsm%f fies oq the validation data of the human
EDTA plasma whichidoes n?r\riéeg iﬂt‘r%\«‘&n;gi@tetzséigh precision andAccuracy.

ht & X“% 5 YN ’\‘m -

Based on the abovg-manﬁ;\ﬁeﬁf f‘ag;;s\,\;héﬁwasid%aﬁ&éﬁ data“(aumarEDTA plasma) ard cross-

validation data (hurhan K'oxalate pia’srﬁa}é‘ts fhgreby wgsidergqﬂt?a bs not valid. Therefors,

analytical method-outlined in EQPX —— ‘tges npt ?nget?,,the validation requirements as

per current criteria as wetlf\;aﬁhoéajh@ffw;@t he.lime velidatidn was performed.

NN RN RN M %

Main deficiency for salicylic acid production runs:

Based on the fact that {g) unexpected values are observed in study 011449-QMK similar to
those observed in validation, (b) an assignable cause is not identified for these unexpecled
values, (c) the inter-batch precision of study 011449-QMK at the low QG l»evgf;gﬂects i;;hgi
obtained In validation and (d) this study relies on a method SOP in which the validation dgia is
considered not valid, bioanalytical data of study 011449-QMK is thereby considered not valid.

The analytical method was considered valid for methyl salicylate, however, the production runs
were invalid.

Main deficiency for methyl salicylate production runs:

Assay for methyl salicylate was validated for a concentration range of 1.02-15.25 ng/mL. The
concentration range was not appropriate for the study because at least 38% (559 of 1440) of the
subject concentration values were above the highest calibration standard, i.e., upper limit of
quantitation (ULOQ). These samples were repeated with a dilution factor. The difference
between the extrapolated original value and repeat value ranges from 0.3 to 126%. The repeat
value for almost half of the 559 subject samples that required repeat analysis with a dilution
factor (i.e., 46.2%) the repeat value does not confirm with the original value (>30% see Table
below). This discrepancy was not observed with the QC samples analyzed with a dilution factor.

In addition, 12 of the 30 subject pre-dose values of treatment period 1 (-0.17 hour prior to
dosing) present unexpectedly high levels of methyl salicylate. Other unexpected results include
no difference in PK of methyl salicylate with different treatments and removal of patch or
ointment did not result in lower levels of methyl salicylate in subject samples.
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Therefore, the analytical results are not considered valid.

Table 2: The percent difference batwsen the original {extrapalaled) value and repeat valis

# Repeats = 558
% Oifference ’
# Samples %

0~ 10% 96 17.2
0 - 20% it} 36,0
0 - 30% 301 53,8
30 - 0% 148 265

> 50% 110 197

Pharmacokinetic Results: _
(Data were not considered valid for either salicylic acid or methyl salicylate.)

5

Table 11. Study FS-67-03-M Pharmacokinetic Summary: Plasma Salicylie Acid

Plasma Salicylic Acid Plasma Salicylic Acid
Uncorrected Baseline-Corrected
T AUCy, : : . \ Half-
st Conax Tmax R Crpax Tinax AUC;54 AUCy., Kel .
Treatment Statistic | (nofml) | (hr) (';fdf‘)” (ng/mL) | () | (ngehr/mb) | (ngeheiml) | (hr) 5}’:;
Ireatmont A A’;‘d‘;‘;‘s“c 1181 | 324 8738 | 1158 324 8187 8317 | 02049 | 385
reaumen 369 0.63 2601 366 0.63 2454 24 095 1.
Patch FS.67.A (SD) (369) | (063)] (2601) (366) (0.63) (2454) (2465) (0.0958) | (1.30)
(N=30) LS Means ; . . 1119 - | 794194 8070 - -
Arithmetic 4625 0.2039 4.39
Treatment B Memn 713 | 300 | 5003 691 | 300 | 4469 0% | 01498 | (17
10% Methyl Salicylate (SD) (189) | (0.91) (1080) (185) (0.91) 977) (n=28) @=28) | (n=28)
Ointment (N=30) LS Means - . - 679.8 - 4441 4476 - o
Treatment C A’]’\‘;’e’;‘;“c 1346 | 477 | 10932 1325 | 477 | 10433 10537 | 02366 | 3.18
60% Methy) Saticylate (D) 492y 1077 (3512) (495) 0.77) (3567) (3549) (0.0829) | (0.81)
Ointment (N=30) LS Means ] : } 1263 - | 1002756 | 10148 - -
Ratio of
LS Means (%) 162.5 - 170.2 164.7 - 178.8 180.3 - -
p-value 0.0001 - 0.0001 0.0001 - 0.0001 0.0001 - -
Avs.B
Patch vs. 10% Methyl 95% Lower
Salicylate Ointment Confidence 0.41452 0.49592 0.50278
Bound - - - - - -
Difference 0.49872 0.58128 0.58950
Ratio of
LS Means (%) 88.7 - 79.9 88.6 - 792 79.5 - -
p-value 0.0184 - 0.0001 0.0198 - 0.0001 0.0001 - -
Avs, C
Patch vs. 60% Methyl 95% Lower
Salicylate Ointment Confidence -0.036541 -0.14783 -0.14468
Bound - - - - . B
Difference -0.12074 023318 | -0.22000
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Table 12. Study FS$-67-03-M Pharmacokinetic Summary: Plasma Methy! Salicylate

Plasma Methyl Salicylate Plasma Methy! Salicylate
Uncorrected Baseline-Corrected
redl Cm:x Tm:)x AUCO-! Cm:x Tmax AUCO—M
Treatment Statistic (ag/mL) | (hr) | (ogrheimL) | (ng/mL) | (he) | (ngehr/ml)
Treatment A Arithmetic Mean 38.5 3.45 403 3s5.1 345 321
Patch FS-67-A (SD) (20 | {241 (195) (20.3) (2.41) (184)
(N=30) LS Means 319 297.8
Treatment B Arithmetic Mean 377 4.33 400 340 4.33 311
10% Methyl Salicylate Ointment -__(8D) (16.0) | (3.06) (149) (15.3) (3.06) (127)
(N=30) LS Means 302 285.0
Treatment C Arithmetic Mean 37.7 3.55 v 405 342 3.55 323
60% Methyl Salicylate Ointment (8D) (159 [{156) (145) (as.n {1.56) (119)
(N=30) LS Means 31.6 306.1
Ratio of .
LS Means (%) 104.6 - 1019 105.7 - 104.5
Avs. B p-value 0.5069 - 0.5818 0.4585 - 0.3212
Patch vs.
. 95% L
10% Methyl Salicylate Ointment | ~ - d;n c:‘;;:u nd 0.069337 -0.02962
Difference 0.055893 0.044137
Ratio of
LS Means (%) 101.5 - 98.6 101.0 - 97.3
Avs.C p-value 0.8208 - 0.6875 0.8960 - 0.5388
Patch vs.
s R 95% Lower
60% Methy! Salicylate Ointment Confi d;nce Bound 0.13506 0.04648
Difference 0.009827 ) -0.02727

Residual Analysis:

The residual potencies (amounts of methyl salicylate as a % of the original doses) of each patch
and ointment doses were determined and are summarized in Table below.

Study FS-67-03-M: Residual methyl salicylate amounts (% of originai potency) left after 8

hr application period

Treatment

Residual Potency
(%)

A
Patch FS-67-A
{IN=33)

B
10% Methyl Salicylate Ointment
(N=33)

C
60% Methyl Salicylate Ointment
(N=30)
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4.2.3  Study FS-67-121: A single maximum dose study of FS-67-A methyl salicylate and
menthol patch in healthy male volunteers (Report No. 011527)

REPORT NO. 011527

A SINGLE MAXIMUM DOSE STUDY OF FS-67-A METHYL
SALICYLATE AND MENTHOL PATCH IN HEALTHY MALE
VOLUNTEERS

Test Formulations: Treatment A:  FS-87-A Paich (containing 10% methyl salicylate
and 3% I-menthol) Menufaclured by. Hisamiisu
Pharmaceutical Co., in¢c. Baich No: F3AD003
Expiration date: April 2003

Sponsor: Hisamitsu Pharmaceutical Co., inc.
Protocol/Study No.: Sponsor Protocol No. FS-67-121

MDS Pharma Services Project No. 011527
Development

Phase of Sfudy: Phase | pharmacokinetic study in heaithy. non-smoking subjects
Number of Subjects: A total of 22 male subjects were enroiled in and completed the
study.

Principal Investigator:  James C. Kisicki, MD

Clinical Site: MDS Pharma Services
621 Rose Street
Lincoln, Nebraska

68502 USA
Author(s):
e
Sponsor Signatory: Mr. Kenichi Furuta, General Manager
International Development Department
Hisamitsu Pharmaceutical Co., Inc.
500 Chiswick High Road
London W4 5RG
United Kingdom
Tel: +44 20 8956 2600, Fax: +44 20 8956 2599
GCP Compliance: This study was conducted in compliance with the ICH Harmonized
Tripartite Guideline for Good Clinical Practice (1996). including the
archiving of essentiat documents.
Date of Report: Juty 3, 2002
Date of Study: 19 October 2001 - 28 October 2001
NDA 22-029
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Objectives: The objective of this study was to determine the safety and tolerability of FS-67-A
patches containing 10% methyl salicylate and 3% -menthol, when given at the
mayximurn dose possibly applied by product users, under singie-dose conditions,
to healthy non-smoking male volunteers.

Ten patches Is more than twice the maximum deily dose recommended for this

product in thfa proposed labelling - —
\

Stuciy‘ Design: This was an open-iabel, one period study performed in 18 healthy non-smoking
' adult male volunteers and 4 aiternates. Subjects were housed from the evening
before Day -1 untif after their 24-hour blood draw following patch application on

Day 2.

Methods: The safety and iolerability assessments included adverse event reports, vital
signs measurements, physical examination results, electrocardiogram results and
serum chamistry, haematology and urinalysis data. The AUC 0+, Cmax and
tmax pharmacokinetic parameters were calculated for plasma free menthol, free
salicylic acid and methyl salicylate {unadjusted and adjusted for baseline data).
The AUCInf, AUC/AUCIN, kel and half-ife pharmacokinetic parameters were
calculated for plasma free salicylic acid {adjusted for baseline).

Subject Demographics (N=22): The mean age of the subjects was 22 years (range of 19 through
42), the mean height of the subjects was 70.8 inches (range of 65 through 76 inches), and the
mean weight of the subjects was 168.2 pounds (range 130 through 200 pounds). In terms of race,
20 subjects were Caucasian, one was Asian, and one was Hispanic.

Treatment Administered: Ten patches of FS-67-A were applied as a single-dose to each study
volunteer on one occasion (Study Day 1) for a period of 8 hours. Five patches were applied on

the subject's back, on each side of the backbone. The patches were paired one above the other on
each side of the backbone. Each volunteer was in the sitting position as the patches were applied.

Sample Collection: Blood samples were collected in vacutainers containing potassium oxalate
and 2.5 mg/mL ¢« ——— » (preservative) at each collection time point. Blood samples were
collected at -24, -18, -12 hours, predose, and at 0.5, 1, 2, 3, 4, 5, 6, 8, 10, 12, 16 and 24 hours
post-dose. A total of 16 blood samples (224 mL) were drawn during the study for drug analysis.
Samples were collected and processed as per protocol. Plasma samples were separated by
centrifugation, flash frozen, stored at -22°C + 10°C, and kept frozen, packed in dry ice, and sent
to MDS Pharma Services in St. Laurent (Montreal), Quebec.

Sample Analysis: The laboratory analyzed plasma from the first 18 subjects that completed the
study (as indicated in the protocol).

The drug assays, dala analysis and siatistics were performed at:
MDS Pharma Services :
2350 Cohen Sirest,
Saint-Laurent (Montreal),
Quebec, Canada
H4AR ZN6
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Analyte Validation Report | Analytical Method | Analytical Range’
No.
Menthol in plasma 002417-OUF GC/MS 1.03-41.28 ng/mL
Methyl Salicylate in plasma 002417-QBB GC/MS 1.02-15.25 ng/mL
Salicylic Acid in plasma* 002417-PMC/PUF LC/MS 5.00-2000.00 ng/mL

* The validation method was not considered valid.

Pharmacokinetic Results (N=18): (Data were not reliable due to the well documented assay
issues at the analytical site.)

Table 24, Study FS-67-121 Overall Pharmacokinetic Summary

Piasma Salicylic Acid Plasma Salicylic Acid
Uncorrected Baseline-Corrected
Cunax Toax AUC,, Coanx Toax AUC,.,4 AUC,,, Half-Life
(ng/mly | (br) (ngehr/mL) (ng/mL) (hr) (ngshr/mL} | (np*hr/mi) (hr)
5214 3.67 38525 5196 3.67 38079 38230 2.72
(1589 | (0.77) (12204) (1586) 0.77) (12106} {12151) - (0.26)
Plasma Methy! Salicylate Plasma Methy! Salicylate
Uncorrected Baseline-Corrected
Cm!x Tmsx AUC(H Cmax Tmax AUCD-N
(mg/mL) | &) {ngehr/mlL) {ng/mL) (hr) {ngshr/mL)
334 1.42 113 333 1.42 114
(21.8) 0.73) {62.8) (21.9) {0.73) (63.6)
Plasma Menthol Plasma Menthol
Uncerrecied Baseline-Corrected
Cmn Tmu AUCM Cmax Tmu AUCD-M
(ng/ml) | (br) | (ngehr/ml) {ng/mL) (hr) (ng+hr/mL)
40.9 3.28 319 39.1 3.28 275 -
(12.6) {0.75) (87.1) (12.9) (0.75) (85.5)

Safety: This study represents the maximal dose applied after a single 8-hour application (10
patches). There were two mild, treatment-emergent AEs reported by two subjects. No serious
adverse events were reported during the study. Subject 7 experienced erythema at the patch site
almost 24 hours following patch placement. The erythema lasted for approximately 11 days; very
slight erythema was noted at the discharge physical exam although the subject reported it was
resolved later. The Investigator considered the event definitely study drug related. Subject 10
experienced paraesthesia 13 minutes following patch placement. The episode lasted for seven
hours, resolving before discharge. The Investigator considered the event probably related to
study drug.
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4.2.4 Study FS-67-122: A multiple maximum dose study of FS-67-A methyl salicylate and
menthol patch in healthy male volunteers (Report No. 011529) .

REPORT NO, 011529

A MULTIPLE MAXIMUM DOSE STUDY OF
F3-67-A METHYL SALICYLATE AND MENTHOL PATCH IN
HEALTHY MALE VOLUNTEERS

Test Formulations: Treabment A FS-B7-3 paich (contaming 0% methw saiicyiate

and 2% lmenthol)
Manufactured by Hisaiowise Pharmaceutical
Co., Ing. Batch No.: FEADDDY, Expiration date:

Bpr 2003
Sponsor; Hisarmitsu Pharrnaceutical Co., Inc.
Protocol/Study No.: Sponsor Prolocol No. FS-87-122
MDS Pharma Services Project No. 011529
pevelopment
Phase of Study: Phase | pharmacokinatic study in healthy, nen-smoking subjects
Number of Subjects: A total of 18 male subjects were ervolled in the study, and 17

subjects completed the study.

Principal Investigator:  James C. Kisicki, MD

Clinical Site:

Date of Report:

Date of Study:

Objectives:

Study Design:

Methods:

NDA 22-029

MDS Pharms Semvices
821 Rose Strest
Lincoln, Nebraska
63502 USA

July 3, 2002

0% November 2001 - 19 Novamber 2001,

The objective of this study was to detérmine the safety and tolerability of FS-87-A

patches containing 10% methyl salicylate and 3% I-menthol when given at daily

dose (6 patches) exceeding the maximum labelling instructions —
—————e

This was an open-label, one period study performed in 19 healthy non-smoking
adult male volunteers. Subjects were housed from the evening before Day -1
through Day 6 (to at least 24 hours after the final patch application).

The safety and tolerability assessments included adverse event reports, vital
signs measurements, physical examination resuits. electrocardiogram results and
serum chemistry, haematology and urinalysis data. The AUC 0-7.92, AUC 95.83-
104, Cmax and tmax pharmacokinetic parameters were calculaied for plasma
free menthol {unadiusted and adjusted for baseline datz), free salicylic acid
{unadjusted and adjusted for baseline data) and methyl salicylate.
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Subject Demographics (N=19): 2 subjects withdrew due to adverse reactions (ringing in ears
and rash and itching in skin). The mean age of the subjects was 31 years (range 20 - 41 years),
the mean height of the subjects was 70.2 inches (range 64 - 75 inches), and the mean weight of
the subjects was 171.1 pounds (range 135 - 201 pounds). With regard to race, 16 subjects were
Caucasians, 2 were Hispanic, and 1 was black.

Treatment Administered: Two patches of FS-67-A were applied to the subjects' back on
thirteen (13) separate occasions (Study Day 1 through Study Day 5). Subjects received 2 patches
of FS-67-A approximately every 8 hours (+/- 1 hour) starting on the morning of Day 1. Prior to
the application of the new patches the ones previously applied approximately 8 hours earlier
were removed. On Day 5 the final application of the patches was the 8:00 application.

Sample Collection: Blood samples were collected in vacutainers contain potassium oxalate and
2.5 mg/mL disodium fluoride (preservative). On Day -1, blood samples were collected at -24, -
18, and -12 hours prior to patch application. On Study Day 1, blood samples were collected at .
the following times relative to dosing: 0 hour (approximately 10 minutes prior to patch
application), 0.5, 1,2 ,3 4, 5, 6, 8, 10, 12, 16 and 24 hours after application. On Days 2 - 5 (10
minutes prior to the morning patch application (time estimated)), blood was collected. On Day 5,
relative to the final patch application, blood samples were collected at 0.5, 1, 2, 3, 4, 5, 6, 8, 10,
12, 16, and 24 hours after final patch application. A total of 31 blood samples (434 mL) were
drawn during the study for drug analysis. Samples were collected and processed. Plasma samples
were separated by centrifugation, frozen at -20°C, and kept frozen, packed in dry ice, and sent to
MDS Pharma Services in St. Laurent (Montreal), Quebec.

Sample Analysis: Sample analyses menthol, methyl salicylate and salicylic acid in plasma were
performed by the same lab with the same methods as other studies.

Pharmacokinetic Results (N=17): (Data were not reliable due to the well documented assay
issues at the analytical site.)

All baseline data for methyl salicylate was BLQ. Therefore, only uncorrected data were shown
for methyl salicylate.

Appears This Way
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Table 28, Study ¥8-67-122 Overall Pharmacokinetic Summary

Plasma Salicylic Acid Plasma Salicylic Acid Piasma Methyl Salicylate
Uncorrected i} Baseline-Corrected Uncorrected
Siildy anxx Tm:x AUCo-s Cmsx Tmax .AUCO-{ Cmix T max AUCO-BV
Day (g/ml) ;) | agehr/ml) | (og/ml) | (br) | (agehr/ml) | (ng/ml) | (hr) (ngehr/mL)
Day 1 623 3.35 3348 613 3.35 3274 4.40 1.44 12.2
183y | (@en | (1023) (192) | (06D | (1009) (.09 | 1on| (699
1435 7628 1426 7551 15.2 27.4
9 5 J K
ay 63 | N oossy | @y | M @ | aos | M| (3
Piasma Menthol Plasma Mentho}
Uncorrected Baseline-Corrected
St“dy Cmax T!mx AUCO-B. Cmsx T‘n\ax AUCH.
Day ag/mi) | () | (agebr/ml) | (ag/ml) | (br) | (agehr/ml)
Dav 1 6.51 3.38 336 5.06 3.39 225
i {293y {1 (173 (14.5) 27 1073 (12.6}
21.2 ' 97.4 19.8 85.5
Day 3 @e7y | NA (36.8) @35 | NA (349
*AUC().g = AUCQ&.;Q@ for Day 5
Accumulation Ratio Cmax AUC
(Day 5/Day 1)
Menthol 39 3.8
Methyl Salicylate 3.5 2.3
Salicylic Acid 2.3 2.3

Safety: This study represents the maximal dose applied after multiple dose application —

This study repre

88% of adverse events experienced were administration site related.

.. No serious adverse events were reported during the study. All
subjects dosed (19) experienced some forms of erythema on application site during the study,
26% experienced gastrointestinal disorders, 11% experienced ear and labyrinth disorders,
nervous system disorders and skin and subcutaneous tissue disorders. Among all the subjects,

Two patients were discontinued from the study, one patient (Subject 2) after reporting tinnitus, a
known salicylate-related event. Another patient (Subject 14) was dropped for a faint rash and
itching on his torso, legs and arms. Both of these patients' symptoms resolved.
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4.2.5 Study FS-67-14-P1: A three treatment randomized single-dose crossover evaluation
design to examine the interaction between methyl salicylate and menthol following application of
single entity and combination patch products to healthy male volunteers (Report No. 011490)

REPORT NO. 811490

A THREE TREATMENT RANDOMIZED SINGLE-DOSE
CROSSOVER EVALUATION DESIGN TO EXAMINE THE
INTERACTION BETWEEN METHYL. SALICYLATE AND MENTHOL
FOLLOWING APPLICATION OF SINGLE ENTITY AND
COMBINATION PATCH PRODUCTS TO HEALTHY MALE VOLUNTEERS

Test Formulations:

Sponsor:
Protocol/Study No.:

Development Phase
of Study: :

Number of Subjects:

Principal investigator:

Clinical Site:

Date of Report:

Date of Study:

NDA 22-029
Sa]onpas® }

Treatment A: FS-67-A patch (containing 10% methyl salicylate
and 3% l-menthol) Manufactured by: MHisamitsu
Pharmaceutical Co Inc Lot No: FSAQD03-1,
Expiration date: April 2003

Treatment B: F8-67-M patch (containing 10% methy! salicylate)
Manufactured by: Hisamitsu Pharmaceuticat Co Inc
Lot No: FSMO001-1, Expiration date: April 2003

Treatment C: FS-67-L patch (containing 3% I-menthol)
Manufactured by: Hisamitsu Pharmaceutical Co inc
Lot No: FSL0001-1, Expiration date: April 2003

Hisamitsu Phammaceutical Co., Inc.

Sponsor Protocol No. FS-67-14-P1
MDS Pharma Services Project No. 011480

Phase | pharmacokinetic study in heaithy, non-smoking subjects

A total of 18 healthy non-smoking adult males were enrclied in and
completed the study.

Johnston Stewart, M.D,
MDS Pharms Services
Clinical Research Center
22-24 Lisburn Road
Belfast BT9 6AD
Northern Irelang

August 16, 2002

24 September 2001 ~ 18 October 2001
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Objectives: The objectives of this study were 1) to assess the effect of topical I-menthol {LM)
on the pharmacokinetics of topical methyl salicylate {MS) and its primary
metabalite, salicylic acid under fasting conditions, 2) to assess the effect of topical
methyl salicylate (MS) on the pharmacokinetics of topical l-menthol {LM) under
fasting conditions.

Study Design:  This was an open-label, randomized, 3-way crossover, single-dose evaluation
study performed in 18 healthy non-smoking adult male volunteers. Subjects were
housed from the evening before Day 1 uniil after their 24-hour biood draw
following patch application on Day 3.

Methods: Pharmeacckinetic parameters were calculated from the plasma concentrations of
free menthol, free salicylic acid and methyl salicylate obtained following
application of the three investigational patch products. Endogenous levels of
these analytes were also quantified on the days preceding drug administration to
allow calculation of baseline-adjusted pharmacokinetic data. -

Subject Demographics (N=18): The mean age of the subjects was 24 years (range of 18 through
39), the mean height of the subjects was 176 cms (range of 164 through 185), and the mean
weight of the subjects was 74.5 kgs (range 62.8 through 95.6). With regard to race, all subjects
were Caucasians.

Treatment Administered: Four patches of FS-67-A, FS-67-M and FS-67-L were applied as
single-dose to each study volunteer on three separate occasions (Study Day 2 of each period)
according to a randomization scheme generated at MDS Pharma Services. The patches were
applied on the subject's back, on each side of the backbone. The patch application on each side
covered an area of 20 cm in length and 7 cm in width. The patches were paired one above the
other on each side of the backbone. Each volunteer was in the sitting position as the patches were
applied. Each period was separate by a washout of at least 7 days.

Sample Collection: Blood samples were collected at each specified time point in vacutainers
containing potassium oxalate and 2.5 mg/mL sodium fluoride. Blood samples for all treatments
were collected at -24, -12, predose, and at 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 8.0 10.0, 12.0, 16.0 and
24 hours postdose. A total of 60 blood samples (420 mLs) were drawn during the study for drug

" analysis. Plasma samples were separated by centrifugation and transferred into aliquots. All
samples were then frozen at -20°C and kept frozen. The samples were subsequently packed in
dry ice, and sent to MDS Pharma Services, Montreal, Canada, for analysis.

Urine samples were collected -24 to -18 hours, -18 to -12 hours and -12 to 0 hour predose for
urine baseline assessments. Urine samples were also collected 0-6 hours, 6-12 hours and 12-24
hours post dose. At the end of each interval, the pH and total volume were measured and
recorded and four aliquots were taken and frozen at -20°C. At the end of the study the urine
aliquots were packed in dry ice and shipped to MDS Pharma Services, Montreal, Canada, for
analysis.
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Sample Analysis: Sample analyses for menthol, methyl salicylate and salicylic acid in plasma
were performed by the same lab with the same methods as other studies. Menthol in urine was
assayed with a GC/MS method (Validation Report No.002418-OYE). The analytical range is

1.00-50.03 pg/mL.

Pharmacokinetic Results: (Data were not reliable due to the well documented assay issues at

the analytical site.)

For methyl salicylate and menthol, the lower limit of quantitation (LOQ) of the analytical
method accounted for more than 5% of the observed average Cmax. These results suggest that
the pharmacokinetics of methyl salicylate and menthol calculated in this study was not robust.
Therefore 90% confidence intervals were not calculated for either Cmax or AUC.

Table 16. Study FS-67-14-P1 Overall Pha

rmacokinetic Summary

Plasma Salicylic Acid - Plasma Salicylic Acid
Uncorrected Baseline-Corrected

Half-

Treatment Couns T AUC,, Coux Tonx AUCyz AUCe, L?fe

(agimL) | (4) | ngehr/mL) | (ng/mL) | () | (npehr/mb) | (ngehr/ml) @r)

PT "*‘:‘;;‘Sﬁ'g?’:x 1284 | 361 8894 1277 | 3.6 8737 8794 3.16
miN=zs) - 257 1078 | (2139 (255) | (078) | (2077) (2093) (0.74)

Treatment B

¢ 1313 | 378 9482 1306 | 3.78 9324 9369 2.92

" :’t;;‘;“sgﬁc‘y‘;’"t‘:)(‘(g’;"’l g | @D |08 @9 265 | (080 ] (2406) @424 | (©.53

Plasma Methyl Salicylate Plasma Methyl Salicylate
Uncorrected Baseline-Corrected
Treatment % Cmax Tmax AUCU-{ Cm ax T‘ X &UC{],}.Q
c{ng/mL) | (br) | (ngehr/mL) | (ng/ml) | (hr) | (ngehr/mli)
Treatment A '
Patch FS-67-A 8.31 1.3% 23.6 8.21 1.39 22.3
{N=18) (4.92) (0.78) {14.8) {4.82} | (0.78) {13.7)
Treatment B
Patch FS-67-M (10% 5.89 1.39 15.2 5.89 1.39 16.2
Methy! Salicvlate) (N=18) (3.834) | (0.78) (9.97) (3.84) | (0.78) | « (10.5)
Plasma Menthol Plasma Menthol
Uncorrected Baseline-Corrected
Cmiu Ttnst AUC{M me Tmu AUCQ-M
Treatment @gimL) | @) | mghriml) | ogmi) | (o) | (ngehrimL)
Treatment A
10.4 3.3% 91.8 826 339 G4.8
e @8 || @y | 1o [0s8] 6Ly
P::;:;'.‘:’EECL 926 | 4.00 84.4 785 | 4.00 509
o . 2.22 27.1 228) | 222 26.8
(3% 1-Menthol) (N=18) (2.08) | 222) @rh @228 | ( >) (26.8)
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Table 18. Study FS-67-14-P1: Salicylic acid C,,,, and AUC least-square means, ratios and 90%

confidence intervals

Treatment A Treatment B Ratio
ES-67-A Patch FS8-67-M Patch
10% MS/ 3% LM 10% MS (90% Confidence Intervals)

In AUC,., ‘ 94.3%
(ng-/mL) 8358 5074 (90.0 - 98.8%)

In C,ppy 98.0%
(ag/mL) 1253 1279 (93.0 - 103.2%)

Urine data:

Table 40. Urinary total menthol excretion after administration of four FS-67 patches and four

NDA 22-029
Salonpas®

3% patches.
Urine Menthol Urine Menthol
Uncorrected Baseline-Corrected
Study Ne. Aeyss Ry Tz | Atpas Ruax Tonex
Protocal No. | Trement | 0" | womn | @an | e | quehn | @n
PatchFS-67-A | 9374 | 911 | 3.00 | 8502 | 874 | 3.00
(N=18) (3542) | (333) | (0.00) | (2888) | (313) | (0.00)
FS$-67-14-P1 |~ e
(§$c}11-§18e:;§f) 8201 | 781 | 3.00 | 6948 | 729 | 3.00
7 =18) (2437 | (237) | (0.00) | (1950) | (236) | (0.00)
Appears This W
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4.2.6 Study FS-67-15: A single dose, one period, evaluation designed to determine the
percutaneous absorption of methyl salicylate and menthol following the application of the
topical patch product, FS-67-A, in healthy female volunteers (REPORT NO. AA04248)

A SINGLE DOSE, ONE PERIOD, EVALUATION DESIGNED TO
DETERMINE THE PERCUTANEOUS ABSORPTION OF
METHYL SALICYLATE AND MENTHOL FOLLOWING THE
APPLICATION OF THE TOPICAL PATCH PRODUCT, FS-67-A,

Test Formulation:

Sponsor:
Protocol/Study No.:

Development
Phase of Study:

Number of Subjects:

Principal Investigator:

Clinical Site:.

Author{s):

Sponsor Signatory:

GCP Compliance:

Date of Report:

Date of Study:

NDA 22-029
Salonpas®

IN HEALTHY FEMALE VOLUNTEERS

FS-67-A Pateh | —=— wnethyl salicylate/ . —  I-menthol) patch.
Manufactured by: Hisamitsu Pharmaceutical Co., Inc. b(4)
Lot No: FSAG003

Expiration date: July 2004

Hisamitsu Pharmaceutical Co., Inc.

Snonsor Protocol No. FS-87-15
MBS Pharma Services Project No. AA04248

Phase | pharmacokinetic study in healthy females
A total of 18 female subjects enrolled in and completed the study.

Magdy Shenouda, M.D.
MDS Pharma Services
1930 Heck Ave. Bidg 2
Neptune, NJ 07753

()

Mr. Kenichi Furuta, General Manager

Hisamitsu Pharmaceutical Co., Inc.

PCP21F, 1-11-1 Marunouchi, Chiyoda-ku Tokyo, Japan, 100-6221
Tel: +81-3-5293-1712

Fax: + 81-3-5293-1730

This study was conducted in compliance with the U.S. Code of
Federal Regulations, Good Clinical Practice, 21 CFR Parts 50 and
312 and the ICH Harmonized Tripartite Guideline for Good Clinical
Practice {1996), including the archiving of essential documents.

July 29, 2004

. 0B May 2003 ~ 20 May 2003
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Objectives: The objective of this study was to determine the systemic exposure to the 10%
methyl salicylate and 3% l-menthol components of the FS-87-A patch when
applied o healthy female volunteers.

Study Design: This was an open-label, single-dose, one-period, evaluation to measure the
systemnic exposure of methyl salicylate (MS) and menthol (LM} in healthy non-
smoking female volunteers following application of four FS-67-A patches (two to
each side of the backbone) for eight hours. This study was conducted at one
study center by 2 single principal investigator. The study consisted of a
screening period, followed within 14 days by a dosing period consisting: of three
days of study confinement.

Methods: A general physical examination, medical and drug history, clinical laboratory
tests, a 12-ead elecirocardiogram (ECG), vital signs, and adverse event
assessments were evaluated during this study.

Pharmacokinetic parameters were calculated from the plasma concentrations
of methyl salicylate, free salicylic acid and free menthol obtained following
application of four FS-67-A patches for eight hours. Endogenous levels of these
analytes were also quantified on the day preceding drug administration to aliow
for the calculation of baseline-adjusted pharmacokinetic data.

In addition, the Sponsor performed residual data analyses, verified the results, and provided them

to MDS Pharma Services.

Subject Demographics (N=18): The mean age of the female subjects was 29 years (range of 21
through 44), the mean height of the subjects was 164 cm (range of 156 through 171), and the
mean weight of the subjects was 64.3 kg (range 51.5 through 84.3). In terms of race, eight
(44%) were Black, seven (39%) were Caucasian, two (11 %) were Asian and one (6%) was
Hispanic.

Treatment Administered: Four patches of FS-67-A (two to each side of the backbone) were
applied to each study volunteer on one occasion (Study Day 1). The patch application site on
each side of the backbone covered an area of 20 cm in height and 7 cm in width. The patches
were paired one above the other on each side of the backbone. The patches remained in place for
approximately eight hours and were removed following the eight hour post-dose blood
collection. The removed patches were then placed in tubes identified for each subject and sent to
Hisamitsu for analysis. There was no showering or bathing from eight hours prior to dosing until
12 hours post-dose.

Sample Collection: Blood samples (16 mL) were collected prior to patch application at -24, -18,
-12 and 0 hours (10 minutes pre-dose) and at 0.5, 1, 2, 3,4, 5, 6, 8, 10, 12, 16 and 24 hours post-
dose. Samples were collected and processed at room temperature under fluorescent light. Plasma
samples were separated by centrifugation, quick-frozen and stored at -20°C, kept frozen, packed
in dry ice, and sent to be assayed at MDS Pharma Services in Saint-Laurent (Montreal), Quebec,
Canada.
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Sample Analysis: Sample analyses menthol, methyl salicylate and salicylic acid in plasma were
performed by the same lab with the same methods as for other studies.

Pharmacokinetic Results (N=18): (Data were not reliable due to the well documented assay
issues at the analytical site.)

Table 32. Study FS-67-15: Overall pharmacokinetic summary after application of four {4) FS-67- A
patches to 18 healthy female subjects

Plasma Salicylic Acid Plasma Salicylic Acid
Uncorrected Baseline-Cerrected
Conx Tinax AUC,, Conax Tomax AUC 4 AUC,., Half-Life
{(ng/mlL) (hr) (ngehr/mL) {ng/mlL) {hr) (ng'hr/ml) | (ngehr/ml) (hr)
186 | 3.80 9339 1130 3.80 7986 8616 430
@30) | (094 | (@389 @ | (094 | (3858) (;‘f_??) @5
‘Plasma Methyl Salicylate Plasma Methy! Salicylate
Uncorrected Baseline-Corrected
Conx | Taax AUC,, Crx Tosx | AUCgaq AUC,., | Half-Life
(ng/ml) | (hn) (ngehr/mL) (ng/mL) (b} { (ngehr/mlL) | (ngehr/ml) _(hn)
248 | 182 129 239 182 115 105 7.14
(165) | (1.49 64.2 16.5 . . (5.7 (4.59)
Y} | (149) (64.2) (16.5) (149 (67.1) =12 n=12
Piasma Menthol Plasma Menthol
Uncorrected Baseline-Corrected
Crex | T AUC,, Cour Tuss | AUCgzq AUCy. | Hali-Life
{ng/ml) (hn) {ngehr/mlL)} {ng/mlL) (hr} {(sgrhr/mL) | (ngshr/mL) (kr)
976 | 2.92 8.0 | 850 2.92 60.1 305 126
“43) | 00| @59 @16) | 00y | @87 @91 (18.3)
n=4 nu=d
Residual Analysis:

The residual potencies (amounts of methyl salicylate and menthol as a % of the original doses) of

each patch were determined and are summarized in Table below. It is noted that they may not

represent the amount of drug absorbed by the body. Drug may be lost due to other factors other

than transdermal absorption. FS-67 is formulated with —— lbacking. 5(4)
Because both methyl salicylate and 1-menthol are volatile, these components are lost to the air

during patch application. Thus, unlike other transdermal systems, residual potencies may not be
used to determine absorbed doses.

Table 36. Study FS-67-15: Residual methyl salicylate and menthol amounts (% of original
potency) left after 8 hr application period

Residnal Potency (%)
Treatment Methy! Salicylate Menthol
A — b(4)
Patch FS-67-A —e e !
(N=18)
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4.3 OCP Filing and Review Form

New Drug Application Filing and Review Form

Office of Clinical Pharmacology

General Information About the Submission

Information

Information

NDA Number

22-029

Brand Name

N/A

OCPB Division (I, 11, III)

DCP2

Generic Name

10% methyl Salicylate &
3% L-Menthol

Medical Division

ONP/DNCE (HFD-560)

Drug Class

Methyl Salicylate: anti-
inflammatory, analgesic
and counterirritant
Menthol: Counterirritant

OCPB Reviewer

Lei Zhang, Ph.D.

Indication(s)

OTC use -- temporarily
relieves mild to moderate
aches & pains of
muscles & joints
associated with: arthritis,
simple backache, strains,
bruises and sprains.

OCPB Team Leader

Suresh Doddapaneni, Ph.D.

Dosage Form

Dosing Regimen

| _Topical Patch

\
Date of Submission 2/27/2006 Route of Administration Topical
Estimated Due Date of OCPB Review | 11/15/2006 Sponsor Hisamitsu Pharmaceutical
Co., Inc.
PDUFA Due Date 12/27/2006 Priority Classification
Division Due Date 11/27/2006 Relevant IND IND 62,735
Clin. Pharm. and Biopharm. Information
“X” if included | Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed

Table of Contents present and
sufficient to locate reports, tables, data,
etc.

Tabular Listing of All Human Studies

Human PK Summary

Labeling

Reference Bioanalytical and Analytical

Methods

Mass balance:

XEX|X|x

Isozyme characterization:

Blood/plasma ratio:

Plasma protein binding:

Pharmacokinetics (e.g., Phase I} -

NDA 22-029
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Healthy Volunteers-

single dose:

FS-67-121 (maximal usage
condition, all male subjects)

multiple dose:

FS-67-122 (maximal usage
condition, all male subjects)

Patients-

single dose:

multiple dose:

Dose proportionality -

fasting / non-fasting single dose:

fasting / non-fasting multiple dose:

Drug-drug interaction studies -

In-vivo effects on primary drug:

FS-67-14-P1 (effect of each
active ingredient of the
combination product on the
other active ingredient)

In-vivo effects of primary drug:

In-vitro:

Subpopulation studies -

ethnicity:

gender:

FS-67-15 (female subjects)

pediatrics:

geriatrics:

renal impairment:

hepatic impairment:

PD:

Phase 2:

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data spars

solute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

F$-67-03-M (compare to 10-
60% methyl salicylate
ointment, all males)
FS-67-03-L (compare to 1.25-
16% menthol ointment, all
males)

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food-drug interaction studies:

Dissolution:

(IVIVC):

Bio-wavier request based on BCS

BCS class

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Ask for waiver for pediatric
study requirements

Literature References

In Vitro Flux Study

Summary of results

Total Number of Studies

NDA 22-029 -
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Filability and QBR comments

X7 if yes Comments

Application filable?

X

Comments sent to firm?

QBR questions (key issues to be
considered)

*  Whatis the exposure of methyl salicylate, its metabolite salicylic acid, and
menthol under the maximal usage condition indicated by the labeling?

. Is there interaction between methyl salicylate and menthol in this
combination product?

Other comments or information not
included above

In vitro release test is under development at the time of NDA submission.

Primary reviewer Signature and Date

Lei Zhang, 4/20/2006

Secondary reviewer Signature and Date

Suresh Doddapaneni, 4/20/2006
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This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Lei K Zhang
11/16/2006 04:57:58 PM
BIOPHARMACEUTICS

Suresh Doddapaneni
11/17/2006 06:11:04 AM
BIOPHARMACEUTICS

Chandra Sahajwalla
11/21/2006 01:40:52 PM
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