Mean (%('V) Pharmacokinetic Parameters

Pharmacokinetic Selegiline  N-desmethylselegiline L-amphetamine I-methamphetamine _Alprazolam
Parameter  lTreatmen1?  Mean (%CV) Mecan (%CV) Mcan (%CV) Mean (%CV) Mean (%CV)
AUC Sel 08594.2 (16) 33292.5 (34) 63646.7 (28) 161494.9 (31) -
,h(/";“j) Sel+A  39160.3(18) 31641.8 (34) 61543.1 (30) 156621.2 (34) 141.43b (22)
el A - - - - lmsehs)
Sel - 0.5 (30) 0.9 (26) 2.4 (30) -
~ AUCT M/P Scl+ A - 0.5 (28) 1.0(26) 2731 -
A . - - - -
Sel 3857.3 (23) 1721.4 (36) 3111.0 (28) 7964.4 (30) -
Cmax (pg/mL) Sct+A 31514 (23) 1601.2 (33) 3047.1 (28) 8040.9 (24) 22.69¢ (22)
A - - - - 22.98¢ (19)
Sel 2066.2 (20) 1026.9 (36) 2138.4 (33) 53363 (37) -
Cnin (p&/mL)  Sel+ A 1708.3(16) 974.9 (32) 2027.0 (35) 5024.6 (40) 13.29¢ (24)
A - - - - 13.55¢ (18)
Sel 2857.5 (16) 1387.0 (34) 2651.7 (28) 6728.0 (31) -
Css (pp/mL)  Sel+ A 2465.0 (18) 1318.4 (34) 2564.3 (30) 65259 (34), 17.65¢ (22)
A - - - - 17.94¢ (15)
Sel 298 4 (16) - - - -
CL (L/mrd Sel + A 347.7(17) - - - 3.69 (22)
A - - - - 3.55(14)
Sel 7.17 (59) 9.50 (39) 9.38 (64) 10.33 (44) -
Tpax (hr) Sel+ A 6.02 (50) 7.51 (62) 9.68 (50) 11.01 (39) 1.38 35)
A - - - - 1.34 (53)
Sel 90.91 (53) 69.66 (45) 48.68 (38) 52.95 (40) -
Fluctuation %  Sel + A 86.18 (42) 64.41 (25) 53.36 (28) 63.52 (33) 72.26 (18)
A - - - - 70.49 (26)
Sel 11.67{4) 11.98 (3) 12.15 (3) 12.08 (3) -
MRT (hr)2 Sel+ A 11.68 {4) 11.90 (4) 11.97(4) 11.90 (5) 3.72(2)
A - - - e 32
Sel - - - - -
Ty, (hey| Scl + A - - - - 10.00 (33)
: A - - - - 9.18 (35)
Sel - - - - -
Kef (hry Sel + A - - - - 0.0756 (29)
A - - - - 0.0824 (28)
@Treatments were Sci=Selegiline (STS 20mg/20cm2) alone; Sel + A=Selegiline {STS 20mg/20cm?) + Alprazolam; A=Alprazolam alone

bUnits for Alprazolam are ng*hr/mL
CUnits for Alprazolam are ng/mL

dApparent plasma clearance of the metabolites could not be catculated, as the metabolites were not dosed scparately.

€MRT for metabolitcs are uncorrected values (uncorrected for parent selegiline).

fCalcnlated for Alprazalam enly

AUC((_vy=2rea under the concentration-time curve calculated by the trapczoidal rule (over tay, the dosing intervat); AUCT=area under the
~ concentration-time curve: CL=total cleasance; Cpyay= maximum concentration over the entire sampling phase: Cinip=minimum
concentration over the dosing interval tau; Cge=concentration at sicady-state; CV=coefficient of variation; Kej=apparent elimination rate
constant; M/P=mectabolitc to parent; MRT=mean residence time; Tpax=time 10 atlain Cmay;: Ty;=apparent climination half-lifc calculated

as 0.693/K,

Note: R(-)}-N-desmethylselegiline, R(-}-amphetamine, and R(-}-methamphetamine are interchangeable terms for
N-desmethyliselegiline, L-amphetamine, and L-methamphetamine.

Data Sourea Appondin .1
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Study #13

Title: Steady-state pharmacokinetic drug interaction study between risperidone and
selegiline transdermal system in healthy volunteers (Study #S9303-P9921).

This was an open-label, randomized, 3 period, 3-treatment, 6-way latin square
crossover study in 12 subjects (6 males and 6 females, 18-41 years of age). Six groups of .
subjects (2 each group) were randomized to one of six treatment sequences of three
treatments for 7 days each (3 weeks total):

Treatment A : STS 20 mg/20 cm? alone.
Treatment B : STS 20 mg/20 cm?2 + risperidone
Treatment C : Risperidohe alone.

Selegiline was administered once daily for 7 days for treatment A and B and 1 mg
risperidone tablets three times daily for seven days for treatments B and C. Blood
samples were collected at predose and on day 7 at regular intervals till 24 hours for the
determination of selegiline and its metabolites as well as risperidone and its metabolite
9-OH risperidone. '

The results of the study indicated that risperidone did not alter the steady state
pharmacokinetics of STS. Furthermore, STS produced no effect on the
pharmacokinetics of risperidone.

APPEARS THIS WAY
ON ORIGINAL
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Pharmacokinetic Parameters of Selegiline and Metabolites

(Al Subjects)

_ Selegiline N-desmcthylselegiline L-amphetannne L-methamphetamine
[ Parameter Treatment | Mean %CV Mean %CV Mean %CV Mean %CV

AUC(0-1) Sel  |57155 24 [3109 40 |56404 43 133078 a0

| (pgstw/ml) | Sel +tR {53244 28 130750 40 [o1118 56 139135 45

AUC(O-1) Sel - 0.55 33 0.97 28 230 28

M/P Sel+R - - 0.58 34 112 35 2.60 33

. Sel 2984.5 27 |15956 39 [27784 41 6506.5 39

Coax PFMDL 4R o267 33 flsex? 39 30557 | s7 68836 47

Sel 1726.1 22 950.3 15 [18004 46 4317.8 45

Conin GE/ML) | gy 1 15860 23 972.8 39 ]1886.1 46 4385.1 40

Cos WL Set 2387.3 34 [12085 40 {23576 43 5560.4 40

sel+ R [2226.1 28 12858 40 25533 56 5816.6 45

Sel 368 23 - - Z _

CL (L) Sel+R | 398 23 - - - - - -

Ty () Sel 8.50 27 9.83 27 14.33 35 11.33 4l

Sel+R 8.56 13 8.59 42 16.33 24 13.75 kT

Fluct Set 74.87 52 69.69 37 57.49 34 53.67 29

Crin% Set + R 77.66 41 6325 50 58.16 30 55.56 36

Fluct Sel 50.60 68 39.45 36 17.16 60 2166 39

Cirough® Sel+R 60.27 74 49.14 67 28.92 34 29.30 80

MRTA ey Scl 1.74 3 12.02 3 12.52 3 12.36 2
Sel +R 11.67 4 11.79 3 12.26 4 12.17 4

APPEARS THIS WAY
ON ORIGINAL
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Pharmacokinctic Parameters of Risperidone and 9-OH Risperidone

Risperidone 9-OH Risperidone Risperidone® 9-OH Risperidonc*
N=12 =12 =11 N=11
Parameter Treamment | Mean %CV Mecan %CV Mean %OV Mean %CV

AUC(0-7) Ris 5426 | 166 | 14738 74 2838 a7 5115 23
ogahriml) | Sel+R | s678 | 17 150.16 30 29.18 55 151.94 31
Ris ~ - 545 43 - N 592 30

AVCOOMP) g4 R - - 5.33 40 - - 578 2%
Ris 10.73 98 15.87 25 7.80 39 16.29 24
Coax G| v | 1066 | 106 15.52 29 7.57 48 15.83 29
o gLy Ris 187 | 286 278 27 033 87 8.80 73
min PEFWLI] - gel+ R 167 | 284 | 914 32 0.30 86 9.18 34
e ol | LS 452 | 166 12.30 24 238 [ 47 12.60 23
ss (P Sel +R 4713 | 12.51 30 2.4 55 12.66 3t
Ris 38.30 52 - - 41.51 41 - -
CLAMD) | gvp | 3949 | 57 - - 42.82 48 . .
T (he) Ris 1.46 o | 3 70 1.50 39 782 73
max Sel+ R 1.25 50 313 55 127 1 51 3.36 47
Fluct Ris  |2350.59 75 84.17 36 |2597.46 €5 87.52 33
Crnin% sel+R 223787 59 73.32 2% |2467.90 47 76.30 24
Fluct Ris  |1884.24 78 5681 .| 64  |2046.77 70 60.28 60
| Crroueh% Sel+ R [1326.12 75 44.51 45 145027 65 48.08 14
MRT (hr) Ris 367 ] 571 3 3.53 1% 5.69 2

Sel+ R 3.57 17 | 568 3 3.43 1 5.67 3
Tor () Ris 3.98 83 28.55 83 3.04 16 22.06 38
) Scl+ R 458 | na 25.03 a1 3.08 13 | 2593 41
Koy () Ris o218 30 0.0340 s 02101 17 0.0365 24
1 Sel+ R 021311 30 0.0311 22 | 0204 14 0.0311 42

%CV=coefficient of variance; AUC(q.)-area under the cancentration-time curve calculated by the trapezoidal rule; Sel=Selegiline
monotherapy; Sel + R=Sclegiline + &jsperidone; M/P=metabolite-to-parent drug ratio; Cpnax=maximum concentration over the
entire sampling phase; Cyyi=pre-dose concentrations {trough levels) for assessment of steady-state atiainment; Cgs=concenmation at
steady-state; CL=total clegrance; Ty = tine 10 attain Cpyax; Fluct Cpaip %~=the percent fluctuation (relative 1o Crpin):
Cirough=Pre-dosc concentration prior to the 1ast three consecutive moming doses; Fluct Cirongh % the percent fluctuation (relative
10 Cirgugh); MR F=mean residence time, Ti,= apparent elimination half-life; K¢=apparent elimination rate constant

Data from Subjeet #10 were deleted because this subject was determined o be a slow metabolizer based on cytochrome P450-2D6
genotyping results.

Data Source: Appendix C.1

APPEARS THIS WAY
ON ORIGINAL
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Study #14

Title: Steady-state pharmacokinetic drug interaction study between olanzapine and
selegiline transdermal system in healthy volunteers (Study #S9303-P9922).

This was an open-label, randomized, 3 period, 3-treatment, 6-way latin square crossover
study in 12 subjects (5 males and 7 females, 20-43 years of age). Six groups of subjects (2 each
group) were randomized to one of six treatment sequences of three treatments for 10 days each:
Treatment A : STS 20 mg/20 cm? alone.

Treatment B : STS 20 mg/20 cm?2 + olanzapine
Treatment C : Olanzapine alone.

Selegiline was administered once daily for 10 days for treatment A and B and 5 mg
olanzapine tablets once daily for ten days for treatments B and C. Blood samples were collected at
predose and on day 10 at regular intervals till 24 hours for the determination of selegiline and its
metabolites as well as olanzapine and its metabolite desmethylolanzapine.

The results of the study indicated that olanzapine did not alter the steady state
pharmacokinetics of the STS.

90% confidence interval for selegiline (natural log transformed) is as follows:
AUC = 85.6-102.3
Cmax = 84.7-101.1

The STS produced no effect on the pharmacokinetics of olanzapine.

PPEARS THIS WAY
A ON ORIGINAL
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Mean (%CV) Pharmacokinetic Parameters of Selegiline and Metabolites

R(-}N-
Phartacokinctic N=12 Sefegiline desmethylselepiline R(-)-amphetamine R{-} nwthamphietamine
N : slepili nphe ine
Parameter freatment Mean (%CV) Mean (%CV) Muan (%('V) Mean (%CV)
AUCQ tau) Sel 7799846 (18) 430019 (31 7003226 30) 17293165 (39)
(perhvml) S+ 0  69419.83 (26) 43289.93 (3t) 7406203 (37) 17752740 (40}
. Sel - 0.61 (31 096 (20) 2.33 (29)
AVCOanMP—— c1i g 064D 1.07 {25) 236 .30)
D Sel 28102 (16) : - -
il Sel+O 30476 @3) : R S
- Cona (ppim) Sel 391186 (17) 22226 (29) 34744 (20) 85180 39
~ M max (PRI Sel+ O 3635.10 (27) 21328 (31) 35875 (3%) 89527 (43)
Coic (p/ml) Scl 22512 (20) 13360 (30) 23090 34 56279 (43)
min ML) gl g 2098.7 (29) 13922 39) 24020 39 53837 (37
Coc (pg/mL) Sd 30413 (18) 18201 (31 9429 (30) 7205.1 (39)
38 PR/ Sel + 0 2892.5- (26) 18037 {31)_ 3085.0 (37) 7397.0 (40)
Pt Co % Sel 75.57 (26) 63.30 (29) 33.50 (35) 5483 (35)
min Sel+0Q 75.89 (3%) 58.43 (39) 54.06 (45) 67.87 (68)
et o Sel 58.94 (29) 46.57 (40 25.15 (74) 28.92 (63)
“Irough”y Sel +0 5547 (35) 3276 31y 20,44 (84) 28.63 (61)
e Set 1152 (3) 119107 1228 (43 12.18 (4)
MRT (hry Sel+ 0 1.8 Q) 12.04 (2) 227 () 1219 (3)
T (1) Sel 6.00 (49) 7.83°(43) 175 (39 1238 (54)
max Set+O 9.67 (43) _ 9.50 (34) 1304 (55) 11.85 {42) :

Mean (% CV) Pharmacokinetic Parameters of Olannpme and I)e\methylolamapme

o l)esmelh)lolanmpmc T

Phammac oklnchc T N2 o U(ani«"!pmv - ylolanzap: N
Parameter  Treatment? Mean (%CVY) o Mc.m (%SV)___ o
T e Lo
_C.I.(lfhf)b SC'('; 0 :2?2 8;’: - -
Cratgoly  G° 2028 (6) 3o 06
Cmm—(i‘i/-"'l) geg_f) lgolv!a (?;(3) ;73 g’?i:
G togmt) e S0 0N 2000
T i
neun e oo
e e
e e
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Study #15

Title: Steady-sfate pharmacokinetic drug interaction study between levothyroxine and
selegiline transdermal system in healthy volunteers (Study #S9303-P9925).

~ This was a single-center, open-label drug interaction study in 10 subjects (6 males and 4
females, 18-35 years of age). Subjects received a single oral dose of levothyroxine (150 pg) on
day 1. Subjects then received STS once daily (20 mg/20 cm2) for 13 consecutive days starting on
day 4. On day 14, a single dose of levothyroxine was given in the presence of STS. STS dosing
continued till day 16.

Blood samples were collected for 72 hours for the determination of levothyroxine. From
day 9 to 12, blood samples were collected for the determination of trough levels of selegiline. On
day 13, blood samples were collected at regular intervals for 24 hours for the determination of _ '
selegiline and its metabolites. For the next 72 hours (day 17), blood samples were collected at
regular intervals for determination of selegiline and thyroxine.

The results of the study indicated that thyroxine did not alter the steady state
pharmacokinetics of the STS. 90% confidence interval for selegiline (natural log transformed):
AUC = 86.4-101.6
Cmax = 82.5-102.1

The STS produced no effect on the pharmacokinetics of thyroxine but the Tmax of
thyroxine prolonged in the presence of STS. The Tmax of T3 was 43.6 hours (range: 1-72) in the
presence of STS as compared to 16.9 hours (range: 1-60) when thyroxine was given alone. The
Tmax of T4 was 14 hours (range: 2-72) in the presence of STS as compared to 4.7 hours (range: 1-
14) when thyroxine was given alone.

APPEARS THIS WAY
ON ORIGINAL

90



Pharmacokimene | Freatmentd _____Selegiline _’_‘: i[\'l;;l.c-;ﬁ:lclhyl.s_elegilinc _l::a_rg-\phclaminc L-niethamphetamine
Parameter (N=-10) Mean "/_..(,'V __h_/lrﬂn %V Muean _:‘:-(“\r Mean %(_"\’__
Sel 76704.64 36 35569.88 40 76000.52 25 203385.45 24
AUCT (pe*briml ) . N ] . i o X
2 i Sel+ 1. | 7089593 | 30 337126 | 43 | 7769339 | 21 | 20570293 | 20
i Sel - 0.47 3R L.0S 29 279 22
AT MAP? . e .
i o Sct - 1. - - 048 I N L A - 1.07 %
!L.L Lenry b Sel 290.50 33 - - - -
..
L selvL | 30725 | 3 - - - .
" ‘ . Sel 4089.2 32 1919.7 45 39188 25 10443.7 24
. /0Nl . 8
| s P wo Sel+L 37937 | M 16703 40 3792.1 2 101137 |2
o (pgrmL) Scl 23139 34 11177 50 23339 3 6345.1 27
i mL.
~min (PET Sel+ L 23593 | 27 | 0733 45 | 24206 | 25 | 65571 %
. Sel 3196.0 36 1482.1 46 3169.2 25 8474.4 24
Css (pg/ml) . , . . )
Sel+1. 20540 | 30 1390.5 2 |72 | om 85710 | 0
Sel 7741 23 7195 34 73.14 31 67.12 36
Fluctuation Cryn % Sel L 5856 | 40 57.66 27 | sso8 24 55.77 24
Sel 43.60 29 55,78 46 35.54 74 3794 6y
Fluctuation Ugraugh % setal |- s021 2 45.53 41 21.04 6% 28.60 58
) Set 11.72 3 ti.06 2 12.07 3 12.14 3
MRT {lr) ¢ . ~ )
i Sel+ L 11.53 4 _nm 3 12.35 4 12.18 3
Sel 52 3 8.0 16 10.9 40 @4 40
Tmax (hr} )
Sel+ L 5.1 72 11.0 30 13.4 23 10.6 42
8¢l =Sclegiling (STS [20mg/20cm?]) alone; Sel 1 1.=Selegiliae (STS (20mg/20cm?]) + Levathyroxine
b Apparent plasma clearance of the metabolites coutd nut be calculated, as the metabolites were not dosed scparatety.
EMRT for metabolites are uncorrected values (uncorrected tor parent scicgiline).
AUCt=arca under the concentration-time curve over tau, the dosing interval; Clxtotal clearance; Cgpy=maximium concemration over
the dosmng interval 1auq): CV=eoetticient of variaton; Cpip=tninituum plasima concentration uver the dosing interval ()i
Cggmsteady-state concentration of drug; M/P=metabolite/parent; MRT=mean residence time; Ty =time Lo attain Cryy
Data Source: Appendix C. 1

The following table presents the mean {%CV) non-comparimental pharmacokinetic parameters for T3 and
Ta. atter levothyroxine was given alone and concomitantly with selegiline.

Ad09 3191SS0d 1S3
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Fil:umacok{li‘l'ic Treatmem¥ Ty O Y S
|Parameter {N=10) Mean ___h_%(.'V Mean WV
ALICT (g hr7mL) L %.10 9 557.53z 10
i ) Set+1. 86.67 4 556 28 9]
T T T 1.603 1 9.44° 9
Cmax tng/mt.) Sel+1, 1453 9 934¢ "
“—l\r’1.l{'l'—(hr) - T 36.01 2 3537 2|
SelvL | 3618 2 3530 3
) ' 16.9 108 4.7 §7
Timay (h) - Sel+ 1. 436 B 140 (48
521 + 1. =Selegiline (STS [20 mg/20 cn?]) + Levothyroxine; |.=Levothyruxine alone
[’nwg‘llr/dL
CmeptdL




Study #16

Title: Steady-state pharmacokinetic drug interaction study between ibuprofen and
selegiline transdermal system in healthy volunteers (Study #S9303-P9926).

This was a single-center, open-label drug interaction study in 10 subjects (7 males and 3
females, 19-44 years of age). Subjects received a single oral dose of ibuprofen (800 mg) on day 1.
Subjects then received STS once daily (20 mg/20 cm2) for 11 consecutive days. On day 12, a
single dose of ibuprofen was given in the presence of STS. STS dosing continued till day 13.

Blood samples were collected at regular intervals till 24 hours for the determination of
ibuprofen. From day 7 to 10, blood samples were collected for the determination of trough levels
of selegiline. On day 11, blood samples were collected at regular intervals for 24 hours for the
determination of selegiline and its metabolites. For the next 24 hours (day 12), blood samples were
collected at regular intervals for determination of selegiline and ibuprofen. '

The results of the study indicated that ibuprofen did not alter the steady state
pharmacokinetics of the STS. 90% confidence interval for selegiline (natural log transformed):
AUC = 86.6-103.6
Cmax = 85.2-98.1

STS produced no effect on the pharmacokinetics of ibuprofen.

APPEARS THIS WAY
ON ORIGINAL
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-N-desmelhylse legitine L fmphclaminc

L-nethamphetamine

")llp[()ﬁ‘:‘l‘l‘ ’

Pharmacokinetic ~ N=10 Selegitine ne
P: 1 T: ¥ Mean (%CV) Mean (%4CV) Mean (%CV) Mean {%CV) Mean (%(V)
i et 49490 (27) " 30034 (60) 52500 (30) 121900 (25) T
AUC(O-taw ) 2 28535 A7675 (32 07133 2 -
u]g,hr/ml‘)l. &cl]' 1 4708 (8) ..8.3" (66) 07 () 07133 @3)
Sa 0.60 (d5) 113 (39 3,69 (43) T
AUC(O-au) M Sel+ 0.57 (42) 103 (32) 2.42 (39)
I . - .
Sl T : - -
AUCI
Seb+ 1 - - - 254.53 (22)
(mcg*hr/mL), . ) N . B . 264.14 (17)
Sel X » :
(rm:AE":f;rmL) Sclt 1 - 248.93 (21)
® ] e e e o e 2380317
Sel N2 0 1583.9 (56) 25717 (29) 5 (23) -
Cnuax (pg/mL)° sl 1 24861 (24) 1410.4 (62) 23410 (31) 5359.8 (27} 58.7(13)
1 - - - - . 63.7 (15)
Set 1336.6 (39) 1009.3 (73) 1781.9 - (32) ©3104.6 (27) - ’
Cmin (pg/ml) Scl+1 1472.1 29) 8834 (67) 15904 (35) 3600.3 (26}
TTTTTTTTTTTT T e - 2885 (60 31873 (30) 3079.2 (35) B -
Css (pg/mL) Sei+ 1 1957.6 (28) 1186.7 (66) 1958.6 (32) 4458.7 (25) -
1 - - - - -
Sel 43426 (30) . ) - A
CL(1/hr) Sel+ 1 453.01 (25) - - 3.27 (19)
. t - - - - 3.10 (J6)
Sel 6.95 (95) 10.20 {52) 8.51 (54) 6.93 (60) -
Tmax (hr) Sel+ 1 6.25 (93) 9.06 {72) 10.2% (61) 10,18 (69) 1.80 (44)
1 . - - - 2.00 (71)
Sel 107.94 (105} $2.83 (98) 46,27 (26) 50.70 (36) .
Flner Cmin% Sel + 1 72.74 (A1) 64.17 (50) 49.91 (48) 50.08 (39) -
] - - - - -
Sel 4857 {67) 5048 (51} 3573 (62) T41.98 (60) .
Fluct Ctrough%s Sel + | 47.66 (27) 31.30 (37) 34.68 (1) 33.47 (74) -
1 - - . ) .
Sel 1.8 (3.5) 11.83 (3.3} Y188 (3.2) 11.65 {1.2) -
MRT‘I(hr) Sel+1 11.92 (2.2) 12.13 .(2.5) 196 (1.9) 11.96 (4.0) 3.80 (12)
! - - - : 393 (01
Sel - - - N :
T4 () Sel + 1 - - - 2.33 {15)
t - - 230 (1)
Sel - - -
Kel (o) Sel + 1 - - - 0.3045 (15)
- 03048 (13)

1

n alone

@Treatments were Scl=Selegiline (STS 20 mg20 cnr’) alone: Sel + 1= Selegilive (STS 20 mg/20 cw?) + ibuprofen; I=ibuproft
AUnits for buproten are meg*he/mi.

<Units for fhuprufen are scg/mlL

“Uncomecied MRT for metabolites
AUC/q 1ay)=2vea under the concentration curve, over tav [t} the dosing interval; AUCI=area nnder the concentration-time curve to infinity;

AUCT~area under the concentration time curve; Cl=total clearance; €, ~maximuni concentration over Lhe entire sampling phase; Cyp, ~iinimum
plaste concentrativu vver the dosing interval tau; Cy=concentration at steady-state: Fluct C ;%= the percent fluctuation (relalive to Cyn)
calcutated a3 (Crngy-CrrinVC min) *190; Fluct Cypgygn %= the percent fuctuation ¢relative to Cypyypp) calcutated a5 (Crpy Cirgugh¥Crrough? *100:
CV=coetlicient of variation: K y*apparent climination rate constant; MRT=mnean residence mne; T, =time to attain Cy 2Ty =apparent
climination half-tife

Note: R{-)-N-d hylselegiline. R(-)-amphet: and R(-}-mxthamphetainine are interchangeable teoms for N-desmethylsclegiline,

L-amphetaniine, and L-metharmph p 'vc!y.

93

Ad0) 3181SS0d 1539



Study #17

Title: Pharmacokinetic/pharmacodynamic drug interaction study between alcohol and
selegiline transdermal system in healthy volunteers (Study #S9303-P9927).

This was a single-center, open-label drug interaction study in 15 male subjects (21-
44 years of age). Subjects received a single oral dose of alcohol or placebo on two
separate occasions, days 1 and 2. Subjects then received STS once daily (20 mg/20 cm2)
for 10 consecutive days. On days 11 and 12, subjects received alcohol in combination
with STS. Alcohol was given in the form of commercially available Everclear (0.75 g/kg)
mixed in grape juice (20% v/v) and was ingested on two separate days (days 1 or 2 and
days 11 or 12). Behaviour and mood assessment tests were performed and compared with
STS + placebo or STS + alcohol.

On days 1 and 2 blood samples were collected at regular intervals till 8 hours for
the determination of alcohol. From day 7 to 10, blood samples were collected for the
determination of trough levels of selegiline. On days 11-13 blood samples were collected
at regular intervals for the determination of selegiline and its metabolites and alcohol. The
results of the study indicated that alcohol did not alter the steady state pharmacokinetics of
STS. STS produced no effect on the pharmacokinetics of alcohol. '

90% confidence interval for selegiline (natural log transformed):
AUC=98.2-120.1
Cmax =98.5-133.6 ‘

The combination of the STS and alcohol did not produce any significant effect on

memory, learning, psychomotor performance as compared to alcohol given alone. '

APPEARS THIS WAY
ON ORIGINAL
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Pharmacokinetic Parameters of Selegiline and Sclegiline Metabolites

N=15 _ 1. _Selegiline R{-}-N-desmethylselegilinc| R(-)-amphetarnine -}'{_(_—):;nethan‘;;:maminc |
Parameter | Lenc | Mean [%CV|  Menn %CV | Mean | %CV | Mem | %CV
TAUCe. | s |8039121] 25 | 4207604 44 73947 | Al | 19705102 | 33
(pg*he/ml) | Sel + A |87869.72| 26 | 44501.88 41 . 169642.41| 34 | 19342336 | 24 |
1 - - 0.52 3 0.9 3t [ 2
AUCuns MIP Se 5. 0 2 :51 33
Sel+ A - - 0.50 29 0.82 33 2.35 35
c Sel | 269661 [ 21 1434.33 41 291439 | 46 7791.32 37
rough 1 gel+ A | 266265 | 23 1493.29 44 2700.7L | 39 7392.43 28
CL/F Sel 26339 | 24 - . - -l - -
(L/hr) Sel+A | 24343 | 28 . _ . . X . .
] Sel | 46004 | 25 22106 44 37774 | 40 10335.8 33
Caax (PE/IL) - I, )
Sel+A | 53476 | 28 2515.1 40 36638 | 36 101930 | 25
Sel 23919 | 28 1225.7 44 23324 | 40 6275.4 32
Cmin (pg/mL)
Sel+A | 23054 | 19 1279.8 41 23247 | 37 6427.6 30
Sel 33496 | 25 1753.2 44 3030.8 | 4] 82105 33
Cs (ppfml.)
Sei+A | 36612 | 26 1854.2 41 2901.8 | 34 8059.3 24
T hr) Sel 7.85 60 793 49 11.78 56 11.52 51
- Set+ Al 6.62 47 8.45 22 8.36 45 8.21 6l
Sel 9809 | 45 81.93 38 63.88 56 65.64 39
Fluct Cmin% . 3
| Sel+ A | 12448 | 48 99.77 35 60.28 37 63.30 41
Fluct C.o s % Sel 7306 | 51 54.24 47 34.96 82 36.85 66
vouh Plsel+ A 10587 | 63 I 29 3814 | 66 41.36 59
Sel 11.46 5 11.65 3 12.47 4 12.17 4
MR
TOP caral 1005 | 8 11.24 7 177 |7 11.80 7

Pharmacokinetic Parameters of Alcohol (N=15)

o pawmmeter [ Treamemwd Mean T
| AUC(-ing (meg*hrfmL.) Se’eg"j\'i‘:;l (‘:;l"“h“l :g??)‘:gi
e i v il I 5+
T | e e
Cmﬁ (mca/ml.) Seleglir;:c;; (I:;Icoh(?l | [90799(,4;7 B
T%‘ —(hr) Selegiii\n:: 0+h :;lcohol g;g
am | S AT
MRT (hr) Selegl.zl.\r;;:h ;ﬂ;lcohol ;g;
T (hT) Selcgll:;:o; ;\!'lcohol :%
aSelegiline=STS (20mg/20cm?)
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Study #18

Title: Steady-state pharmacokinetic/pharmacodynamic drug interaction study between
pseudoephedrine and selegiline transdermal system in healthy volunteers (Study #S9303-

P9928).

This was a single-center, open-label drug interaction study in 12 subjects (9 males and 3
females, 19-27 years of age). Subjects received pseudoephedrine or STS (20 mg/20 cm?)

according to the following schedule:

Trcatment Period

I {Days t-3) ) 2 (Day 4-10} . 3 (Days 11-13)
Day | : Days 2 and 3 ~ Days 4-10 Day 11 Duys 12 and 13
Single Dose Muitiple Dose STS Single Dosc Multiplé Dosc
All Subjects? | Pseudoephedrine  Pseudoephedrine (20 mg/2U em2) | Pseudoephedrine  Pseudoephedrine
{60 mg) (60 mg TID) applied daily (60 mg) (60 mg TID)
+
STS (20 mg/20 em?)
applied daily

On day 1, blood samples were collected at regular intervals till 24 hours and on days 2 and
3 at 1 and 6 hours after each pseudoephedrine dosing for the determination of pseudoephedrine.
From day 5 to 10, blood samples were collected for the determination of trough levels of
selegiline. On day 11, blood samples were collected at regular intervals till 24 hours for the
determination of pseudoephedrine and selegiline and its metabolites. On days 12 and 13, sampling
occured pre-dose and at 1 and 6 hours after each pseudoephedrine dosing for the determination of
selegiline and pseudoephedrine concentrations.

The results of the study indicated that STS produced no effect on the pharmacokinetics of
pseudoephedrine. 90% confidence interval for pseudoephedrine (natural log transformedy is as

follows:
AUC=904-111.3
Cmax=90-110

Effect of pseudoephedrine on the steady state pharmacokinetics of STS was not determined.
The following Table summarizes the pharmacokinetic parameters of pseudoephedrine given with

and without selegiline.

96
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N=10) Selegiline N‘-desmcl.hylsclcgilim: ‘L--nmphclaminu L- methan;;l;.car-nﬁ\z Pseudo—c;h_c:i-n?e_l
Parameter rLicril,; Mean  |%CV]|  Mean %CV Meun %Y Mean %V Mean W%V
A2 | g 4 p - - 0.63 38 116 24 30 3 . -
M/P [N N ——— S SRR ST S — .- -
AUC gin Sel - p - - - - - - . - 1970.39 26
mgrhmly | P | - ) S . . - - [ 1979467 | 28
AUCi.mn | 561+ P | 5265142 [ 23 | 34634.92 54 |62283.271 40 158547881 s1 | 177360} 32
(e*heimL¥? | p . : - L S -1 . lumear 33
Con L Sef+ [ { 284573 19 i786.7 49 3136.3 37 §19.8 46 231 20
ak m
o Y/ P - - - - . - . 226.4 23
Cuwe (p/miy | Sel+ P} 1803.1 24 | 11307 58 21232 46 5145 35 -
-
i Sel+P| 21938 } 23 1443.1 34 2595.1 40 6606.2 51 - -
{(pzmL) - _ L -
Set+P | 400.61 25 - - - - - - 3192 20
CL (L/ary
P - . . - . - - 32.34 26
o () Sel+ P 3.69 195 -8.79 19 199 23 3.60 25 2.19 28
nas (BT .
P} - - - . - - - . 231 | M@ £
St Aseter| stz [ 3| e 4 | st | 3; 6539 | 29 . - e
i /
Fluct Cuap™ | Sel + P 49.91 | 58 57.60 35 43.89 43 57.52 41 - - -@
el +P| 1146 | 4 11.28 4 11.60 2 1149 3 849 19
MRT (he)" | €
| P - - - - - - - - R.44 12 m
Sel+ P - -0 - - - - - - 5.02 30
TV (v m
P - - - . - . - - | 489 13 it
Kel (Whr) | Set+P | - - - - - - - - 0.1438 24 w
p - - - - - - - - 0.1440 13 [ el
N-desmethylselegiline=R(~)-N-desmecthylselegiline; L-amphetamine=R(-)}-amphetamine; m
[.-methamphetamine=R({-}methamphetamine;
agel + P=selegiline (STS (20 mg/20 cm?)) + pseudoephedrine; P=pseudoephedrine monotherapy n
Ing*nu/mL for pscudocphedrine
€ng/mL for pseudocphedrine c

APPEARS THIS WAY
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No statistically significant differences were observed for maximum changes in SBP
within 90 minutes of dosing with pseudoephedrine in the absence or presence of
selegiline. No trends were observed among subjects in maximum changes in systolic
blood pressure after single dose pseudoephedrine with respect to time of occurrence after
dosing, plasma concentration, the value of the change, or the effect of concomitant
selegiline.

For medical reviewer: Please evaluate if changes in blood pressure following the
administration of pseudoephedrine or pseudoephedrine with the STS are indeed of
no clinical significance as claimed by the Sponsor.

APPEARS THIS way
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" Study #19

Title: Steady-state pharmacokinetic drug interaction study between ketoconazole and
selegiline transdermal system in healthy volunteers (Study #S9303-P9931).

This was a single-center, open-label drug interaction study in 10 subjects (5 males and 5
females, 20-43 years of age). Subjects received STS (20 mg/20 cm2) for 7 consecutive days once
daily. From day 8 to 14, ketoconazole (200 mg once daily) was given orally with STS. Pre-dose
blood samples (30 minutes prior to dosing) were taken on days 1 to 7 and days 9 to 14. On days 7
and 14, blood samples were taken at regular intervals for 24 hours to determine the concentrations
of selegiline and its metabolites as well as ketoconazole. '

The results of the study indicated that ketoconazole produced no effect on the
pharmacokinetics of the STS. Ketoconazole, however, increased the AUC of selegiline
metabolites by 30%. The failure of ketoconazole to produce any effect on the
pharmacokinetics of selegiline indicates that selegiline may not be metabolized by 3A4 or
only a small fraction of selegiline is metabolized by 3A4.

90% confidence interval for selegiline and its metabolites: (natural log transformed) is as follows:

90% Confidence Interval
In AUC(0-tau) (pg*hr/mL) in Cmax {pg/mL)
Selegiline ) 92.19 — 125.54 87.60- 12242
R(-)-N-desmethylselegiline | 115.72 - 163.96 106.90 - 156.44
R{-)-amphetamine 111.98 — 147.69 11138 - 151.25
R({-)-methamphetamine 104.66 — 143.36 26.98 - 158.08
APPEARS THIS WAY
ON ORIGINAL
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Pharmacokinetic values for selegiline, its metabolites, and ketoconazole are sumnmarized in the following

table.
N=10 Selegiline N-desmethylsclegiline] L-amphetamine | L-methamphewmitie | Ketoconazale |
[~ Parameter ‘Treaiment Mean  |CV% Mean CV% " Mean CV% Mecun CV% Mean  [(veg
AUC gy Sl [65197.6 | 4L [3710377 60 | 517606 | 40 | 1173960 | 31 . -
(m;‘hr/ml.} Sel + K [68148.0 26 139846.0 31 66046.6 38 | 149308.0 44 26.68 | 42
AUC(p. ) Sel - 0.46 21 081 20 190} 29 .
[ g Set+K - - 0.58 18 098] 10 222} 36 - -
o ogm| 35872 |40 | 17321 6t 27322 | 48 | 59150 | 36 - )
max ‘1 set+K | 36626 | 30 | 20841 36 34424 | 36 | ®3806 | 35 5.00% |36
o egmy| 19223 |3t | 9102 43 £654.0 | 31 38799 | 26 -
min set+K | 19706 |30 | 11004 20 20254 | 41 4707.0 | 40 000° | -
C.. (og/ml) Set 27166 | 41 | 12032 a0 21567 | A0 | 4go1s | 31 | - :
8 Sel+K | 28395 |26 | 16602 3t 27519 | 38 6242 | 44 nirt jan
Sel 1413 F29 - A - - } - -
LA | sk | 3122 | 2 - . . - : . 913 | 37
B T Sel 680 | 37 825 a3 1won] W | 1nes] ss o )
max M| g K 860 | 43 8.90 48 1225] 65 136 | 35 250 | 66
Fluct G % | 5% 8927 | 50 82.78 45 6183 50 5029 | 43 } -
Sel + K 8940 | 47 7354 4 7495 41 82.27| 46 - .
Eluct Sel 6454 | 51 56.98 19 3987| 8 27.44] 62 -
Crough®% | Sel+K s1.01 | s0 47.70 57 480l 76 42341 g0 .
Sel 1157 | 3 - - R N ; N .
MRTED | gark 1180 | 4 . ; : ; 456 | n
Uncorrected Sel - - 11.67 2 12,15 E 12.17 4 - -
MRT (hr} Sel+K - - 11.90 4 12.29 s 11.75 9 - -
Sel 057 137 0.89 60 %44] 30 929 26 N -
ki I 0.45 [102 070 | 47 632} 36 7491 41 - :
Set 0.t6 [109 0.14 60 289 33 $80| 40 ;
YeFe Sel + K 0.6 103 0.15 47 2700 3 630] 30 -
Sel - - ; - - - - : -
Tl | syik : - . - . - . - | 235 [
Sel . R ) ; N N - : : -
Kt 00 | vk . . - ; . . . - 03t15 | 25

® units for Ketoconazole are meg/mlL

APPEARS THIS WAy
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Sel = Selegiline monotherapy. Sel + K = Selegiline + Ketaconazole; N-deSnwlhyls_clcgiline=R(—)-N-desmethylseIegiIine; L-|
amphetamine= R(-}-amphetamine; L-methamphetamine= R(-)-methamphetamine
* units for Ketoconazole are meg*hr/mL
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Study #20

Title: Single dose pharmacokinetic drug interaction study between carbamazepine and
selegiline transdermal system in healthy volunteers (Study #S9303-P9933).

This was a phase I, single-sequence, three-treatment drug interaction study in 10
subjects (7 males and 3 females, 19-45 years of age). Subjects received a single dose of
STS (20 mg/20 cm?) on day 1 and removed 24 hours later. Carbamazepine 200 mg bid)
was given orally for the next 13 days starting on day 4. On day 17, STS was given with
carbamazepine and was removed 24 hours later. Blood samples were taken at regular
intervals till 72 hours for determination of selegiline and its metabolites on days 1 and 17.
Pre-dose blood samples were taken from day 6 to 16 for the measurement of
carbamazepine. The results of the study indicated that carbamazepine increased the AUC
and Cmax of STS by 92% and 71%, respectively. The AUC of desmethylselegiline was
lower by 28% but amphetamine and methafnphetamine AUC:s increased by 100% and
52%, when selegiline was given with carbémazepine as compared to selegiline given
alone. 90% confidence interval for selegiline (natural log transformed) is as follows:
AUC=165.2-2425
Cmax = 138.5 -226.0

The STS did not alter the pharmacokinetics of carbamazepine.
The results of the study are rather surprising as carbamazepine is an enzyme

inducer and it should decrease selegiline levels. No explanation was provided by the
Sponsor for this contrasting effect of carbamazepine on STS.

APPEARS THIS WAY
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Single Nose Pharmacokinetic Parameters of Selegiline and Metabolites

Pharmacokinetic) (N-9) | _Selegiline _|N-desmethyisclegiline| I-amphetamine | L-methamphictaming |
Parumeters  (Treatment: Mean | %CV Mean %wCV Mean__ | %CV Mean WGV
AUC(O-inty Set 22757.62) 57 1535009 ¢ 55 13137962 48 | 7131936 |38
(pohriml) | "Sel v C |43987.03] 57 | 11427.38 | 85 [62519.15] 49 | 109756.54 | 50
AUC@-24) | Sel [1373238] 54 | 7i2103 | 39 Tasaan3 | a1 [ 1731855 | 33 |

| (pg*he/mL} | Sel +C |28908.38] 63 | 6305.34 61 |1573648| 52 | 3084322 | 49 |
AUC(0-1) Sel |21337.74] 58 | 1348000 | 52 |21377.46| 42 | 5997305 | 35 |
(pg*hrimL) { Sol+C 141558.98) 59 | 974325 79 {51503.86| 47 | 92784.15 | 47

Set - : 0.75 48 (53 | 35 | 375 4

o AV reev e | T - T oz 151 [ has [l 258 | ™ B
v Sel - - 0.71 53 (16 | 43 | 336 42
AUCTM meave |- 024 | 53 129 | 12 | 233 15
Sel | - - 0.59 47 040 | 49 144 39

AU OMP e - - 0.3 | 40 | 057 |18 112 i

oL (ko Sel [ 17634 | 55 S - 1 - - -
Sel+C | 553.85 | 38 - - - - -]

sel | 074 | 102 | 083 40 684 | 37 | sm3 1

Clrh sve [ om | 9 ] 0% 57| 535 | 39| sa8 | 34

(gt 52| 10535 | s | 5590 41 5769 | 37 [ isw04 | 30

max (PEIMLY TS c | 18023 | 57 | 3910 59 12967 | 43 | 23326 | 4l
e | S| 007 | 80 | o0 59 139 | 49 | 344 | 30
' Sel+C | 006 | 83 0.63 83 230 | 71 3.67 61

Ty the) Sel {1792 | 52 | 1401 60 [ 3362 [ 90 | 2112 | 7
: Set+C | 2010 { 34 | 1304 | 7 2212 [ 22 | 2081 24
« Sel | 00477 | 44 [ 00687 | 59 | 00275 | 34 | ousa9 | 27
O [Sevc ooy | 32 | ooms | a7 | oows | 30 | o032 | 26
Sei | 2700 | 24 | 3002 29 | 6508 | 67 | 4447 18
MBI sdac | 2635 | 18 | 2624 34 | 4598 |15 | 4295 17
Trnge (hr) Sel | 1978 | 24 [ 2400 10 [ 2756 [ 9 | 2067 7
Sel+C | 1667 | 33 [ 1289 27 | 2578 [ 27 | 2333 | 20

APPEARS THIS WAY
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Sel=Selegilinc [STS (20mg/20cm?)] alone; Sel + C=Selegiline [STS (20mg/20cm?2)) + carﬁamazepine

Ad0J 3181SS04 1534



Steady-State Pharmacokinetic Parameters of Carbamazepine and Carbamazepine-10, 1 1-Epoxide

Tharracokinctie (N:?).N._ Carbamuzepine | (’aﬂ;?}i};gs;zz'm‘ 3
Parameters Treatmenl | Mean %CV Mecan %CVY
R Scl+C | 31805 | 47 37.26 38
AUC(0-inf) (meg*hr/ml.) —“‘"(T““‘ e ' : — -
o Sel+C | 26021 36 | 3372 T35
AUC(0-t) (mep*hriml.) = : : :
AUC(()-I"(_);(-;;;; N SeliC | 6020 | 28 | 799 35
- ! T C 5990 | 26 T 8.02 33
AUC(0-10) WP Sel+C i - 0.14 29
C - i 0.14 32
) Sel + C 3.54 26 -1 .
CL (L/hr) C 1.51 22 . -
TSel+C | 6424 | 26 0.8547 | 35
Cmax (meg/ml) C 6.437 23 0.8677 33
i Sel+C | 5.627 30 0.7489 36
Cnin (meg /mi.) C 5.660 28 0.7451 34
Cs Sel+C | 6019 28 0.7987 35
{meg/mlL) C 5.984 2 0.8008 33 il
Fluct Sel +C 15.61 54 14.59 59 <
Cmin % C 15.01 47 17.16 46 S
Fluct Sel +C 8.30 58 9.66 76 -
Ctrough % C 1006 |65 11.77 53 o
Top () Sel+C | 2567 30 18.78 20 H
2 C ) . . .
Sl +C | 0.029 35 0.0385 23 (7]
Kel () C . . } . Semmc
Sel+C 8.45 59 6.78 93 o
Trmax (bry C 5.22 72 378 86
Sel=Selegiline [STS (20mg/20cm?)} alone; Set + C=Selegiline [STS (20mg/20cm?)] + carbamazepinc m
| g
o
)
g

APPEARS THIS way
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Study #21

Title: Pharmacokinetic interaction between the selegiline transdermal system and cocaine
(Study #98-2).

The objectives of this study were to evaluate the effect of STS (20 mg/cmz)
administered once daily for 10 days (7 days pre-cocaine and 3 days post) on the
pharmacokinetics of cocaine and its inactive metabolite benzoylecgonine (BE) as well as
effect of single dose cocaine (10 days apart) on the pharmacokinetics of selegiline.

This was a single-center, open-label drug interaction study in 12 subjects (11
males and 1 female, 21-45 years of age). A single dose of cocaine (0.5 mg/kg over 10
minutes followed by 2 mg/kg over 4 hours) was intravenously infused to experienced,
nondependent cocaine users. STS (20 mg/20 cm?2) was administered on day 4 and
continued thrbugh day 12, patches being removed every 24 hours. The second cocaine
infusion took place 2 hours after the administration of STS on day 11. Blood samples
were taken at regular intervals till 45 hours for determination of cocaine and its -
metabolite. Blood samples were also taken for the measurement of selegiline and its
metabolite concentrations on days 4 through 9 (pre-dose) and on day 11 at regular
intervals till 48 hours. Pharmacodynamic parameters such as systolic and diastolic blood
pressure, heart rate, respiration rate and rate pressure product were measured.

The results of the study indicated that the STS produced no effect on the
pharmacokinetics of cocaine or its metabolite. Single dose cocaine did not effect the
trough levels of selegiline and desmethylselegiline. The effect of the STS on the
pharmacokinetics of cocaine has been summarized in the Tables below.

APPEARS THIS WAY
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Table TL. Summary of session 1 and 2 plasma cocaine pharmacokinetic parameters (mean * SD) and
their statistical comparisons (p-values between treatinents) (a)

TRubject | Cmax | Fmax | AUC(O-) Az TR AUCO-m  AlICext
(ng/mL) (hrs} __ {ng*W/mbL)  (I/hrs) fhrs)  (ne*h/ml) %)

TN
(mL/min/kg) (I/kg)

Session L

Mcan 721 266 2642 0453 1.7¢ 2675 140 18.3 2.49
5D 773 1.74 1470 0.126 0.808 1471 1.03 6.17 0.RgS
Session 2
Mean 640 227 2359 0.450 .57 2398 1.78 8.0 244
sD 332 2,04 499 0.087 0.30 - 437 1.87 134 0.640
Friedman Test p-Values Between Sessions
0.248 0.999 0.564 0.564 0.564 0.564 NI 0.504 0995

APPEARS THIS WAY
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Fable 111. Summary of plasma BE pharmacokinetic parameters (mean = SD) from sessions 1 and 2,

AliCex

_and their statistical comparisons (p-values between treatments) (a) -
Subject Cmax Tmax  ALCO-D 7 12 AUC{0~)
— Luganly  hsy  gngthimly o (Wasy o (brs)  geethvmly o BR)
Session 1
Mcean 1045 477y 13028 0.0028 8.63 11649 545
SP 180 04906 3028 0.0229 5.36 3817 0.4
Session 2
Mean 957 S04 12879 0.0571 7.52 13238 2.21
50 184 0.631 3757 0.0237 §.82 4181 2.4
Friedman Test p-Yalues Between Sessions
01.9999 0.9999 ND

0.504

0.t57 .9999.

0.9999

Mean + SD selegiline and metabelite trough (prepateh) plasma concentrations (ng/ml.) on

Table V.
Days 11, 12 and 13, and p-values associated with their differences.
DRUCG DAY 11 DAY 12 DAY 13 . pvalue
Selegiline 1.43£0.79 P44+ 1.02 1.80 £ 0.61 0.054
R(-}-N-Desmethylselegiline 0.854 = 0.669 0.982 1 0.770 0.992 1 D.61R 0.26
R(-}Mcthamphetamine 3.52% |11 4,38+ 1.98 546197 0.038
(Day 13>11)
R(-)-Amphetamine 1.50 & 0.56 172 £0.78 227+ 091 0.047
{Day 13>11)
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Cocaine infusion led to a clinically acceptable increase in systolic blood pressure
but not in diastolic blood pressure. With cocaine infusion, the subject's skin
temperature decreased by 5.4 + 2.7 0C but returned to normal within 2.5 hours. No

difference in any pharmacodynamic parameter of cocaine was found when given with or

without the STS.

Protocol ISEL C19803 (Study 98-2)

PHARMACOKINETIC INTERACTIONS BETWEEN THE
SELEGILINE TRANSDERMAL SYSTEM AND COCAINFE

Subjective Measures — Summary of Peak Changes (Mean 3 SD for 12 Subjects)

Session 1 ) Session 2

Measures Peak Peak Time Peak Peak Time

Mean £+ SD (Hr Postdose) Mean + SD (Hr Postdose)
Physiologic Measures .
Systalic Blood Pressure (mmHg) 1748 2219 {7+9 1.9+ 1.7
Diastolic Blood Pressure (mmHg) 10£5 2824 12+6 2+2
Heart Rate (beats/min) 26+ 10 0.8+09 27+12 09+ 1.7
Rate Pressure Product (sbp*hr) 4224 + 1638 1415 4437 + 2333 09+ 16
Respiration Rate (inhal/min) 38+4 09+13 3.8£3.6 0403
Skin Temperature (°C) 5427 0.8+0.4 532 1.0£12
Core Temperature (°C) 07402 45416 0.7+0.5 4219
Subjective Measures
VA - Good Drug Effect (0-100) 66 323 0.9+1.5 60 + 21 1+13
VA - Bad Drug Effect(0-100) 46 £ 31 1.9+£23 55+25 14£19
VA - Desire for Cocaine (0-100) 35418 1.8£23 327 0709
Global Intoxication (0-100) 5727 0.7+ | 53+23 06+09
Cocaine Craving (0-100) 3325 L1£13 2021 0.6+0.7
Monetary Value ($) 38+ 44 1+£1.2 © 3323 0.74£09
POMS Scales
Tension (0-28) 75+6.1 10 4839 1 +0
Depression (0-64) 3+65 3+£0 15+24 3+0
Anger (0-28) 28464 6£0 21x£57* 60
Vigor (0-32) -3.6+34 60 -39 +6.1 60
Confusion (0-20) 25+28 60 2747 320
Fatigue (0-28) 59459 6£0 2853 610

* Significantly different from session | (p<0.03).
Session 1: First cocaine infusion, performed on day 1, before selegiline administration.
Session 2: Second cocaine infusion, performed on day 11, following one week of selegiline administra-
tion by STS patch (20 mg/day). Infusion began 2 hours after application of the selegiline daily patch.
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Study #22

Title: Steady-state pharmacokinetic and pharmacodynamic drug interaction study

between phenylpropanolamine and selegiline transdermal system in healthy volunteers

(Study #S9303-P0046).

This was a single-center, open-label drug interaction study in 11 male subjects

(20-44 years of age). Subjects received phenylpropanolamine or STS (20 mg/20 cm?2)

according to following schedule:

Treatment Period

1 (Days { through 3) - 11 (Days 5 through { 1) U1 (Davs 17 through 14)
Day 1 Day2t03 Days 5 through 11 Day 12 Day 1350 14
Single Dose Multiple Duse (6) © STS (20mg/W0cm?) Single Dose Multipte Dose (6)
phenylpropanofamine  phenylpropanofamine | applied daily phenylpropanolamine phenylpropanofarnine
(25 mg) (25 mg qdh)? (25 mg} (25 mig qah)7

+
51S (20mp/20cm?)
Applied daily

qdh =~ every 4 hours

[ as1 two doses of multiple dosing occurred on Days 3 and |4, respectively, for Treatment Periods 1 and il

On day 1, blood samples were collected at regular interevals till 24 hours and on

days 2 and 3 at 1 and 4 hours after each phenylpropanolamine dosing for the

determination of phenylpropanolamine. From day 8 to 11, blood samples were collected

for the determination of trough levels of selegiline. On day 12, blood samples were

collected at regular intervals till 24 hours for the determination of phenylpropanolamine

and selegiline and its metabolites. On days 13 and 14, sampling occured pre-dose and at

1 and 4 hours after each phenylpropanolamine dosing for the determination of selegiline

and phenylpropanolamine concentrations. Blood pressure was measured 30 minutes

before each dose of phenylpropanolamine on days 1,2, 3, 12, 13, and 14. On days 1, 2,

3, 12, 13, and 14 blood pressure was measured every 10 minutes for 2 hours after dosing.
Eleven subjects completed the study. The results of the study indicated that STS
produced no effect on the pharmacokinetics of phenylpropanolamine. 90% confidence

interval for phenylpropanolamine (natural log transformed) is as follows:

AUC=88-107; Cmax=90-109

Effect of phenylpropanolamine on the steady state pharmacokinetics of the STS

was not determined.

The following Table summarizes the pharmacokinetic parameters of phenylpropanolamine

with and without the STS.
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_ NS - R "N:T(ir:’
Sclegitine R(-)- R{-)-amphetamine R{-)- . Phenylpropanolarnine
: N-desmethylselegiline : methamphelamine R
Parameter | % | Mean | %CV ]| Mean | %CV | Men | %CV | Mean | %ev | Men | wev
T : : - _ e -
m;*ér/ml.) Scl+P | 6982163 | 25 | 38633.13 9 07720.27 | 47 168675-_45___13_ I
AUC ?l;'ﬂ“) Sel+P - - 0.55 26 095 24 2.40 18 . .
AUC(-inpy | SeI+P - - . - - I - 480.89 28
{ng*hr/ml.} p - - L. . - - - - | 51595 37
| AUCgy | SeltP - - - - - - - - 408.80 30
(ng*hr/ml) | p . . . . - . - - 41211 27
AUC(24.43) Sel+ P - -} - - - - - - 1927.65 18 m
(ng*hemb) P - - - - - - - - 1996.87 14 1
AvECrrough | go 4 p | 230493 | 23 1272.84 % 25343 53 5981.01 36 ] ]
(pg/mL) (o)
Cmnx Sel+P 3795.9 27 2080.4 " 38 3433.6 49 8503.4 35 79.59 27 q
{pg/mL)" P - - - | . - - - - $0.70 28
Cirin (p/mL) | Sel+P | 21543 | 21 1130.4 41 22073 45 5137.7 3| - v
Cos(peymLy §Sel 1 ] 20092 | 25 1609.7 30 28221 47 7028.1 13 - - °
c L Sel + P _ . - - . - - - 11.65 M
. m
lage (ngfml) | ) ; ; . ; ; . - 13.18 50 ma’
Sel+P| 30334 | 25 - - . - - - 53.02 30
CL (L) i _—
P - - - - - - . - 54.34 35 w
Set+P|  5.89 a7 3.80 29 .98 27 8.07 33 1.60 51 g
Trnax () ' ¥
p . . . - . - . . 1.60 60 m %
Fluct Cppjin % [ Sel +P | 75.37 34 79.72 34 54.67 33 59.20 28 ~ - §
Fluet Cuough | ge14-p | 65.27 | 607 43 38.98 59 43.63 47 . - °
Ya
Sel+P| 1126 3 11.25 3 11.74 3 t1.66 3 | 730 25 °
MRT (hr)¢
; P . ] ; : ; - ; ; 752 30 ~
Sel+ P - . - - - - - . 469 31 <
T2 (hr)
P - . - - - - - - 4.70 a0
K (ks Sel+ P - - - - - - - . 0.1609 30
1
o) (/) p . ) . ) A ; ; 0.1689 38

No statistically significant differences were observed for maximum mean changes in SBP
or DBP after dosing with phenylpropanolamine in the absence or presence of selegiline. Although
a statistically significant increase in mean maximum heart rate was observed on Day 3 after dose 6
(p=0.0246), this maximum mean change in heart rate was not considered clinically significant by
the Sponsor.

No mean changes in vital signs and individual subject changes were considered clinically
significant by the Sponsor. No subject experienced an increase from baseline in SBP of>60
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mmHg. Four subjects experienced an isolated protocol-defined, endpoint pressor response [three
(3) consecutive SBP measurements ->30 mmHg above the previous baseline].

For medical reviewer: Please evaluate if changes in blood pressure following the
administration of phenylpropanolamine or phenylpropanolamine with the STS are
indeed of no clinical significance as claimed by the Sponsor.

APPEARS THIS way
ON ORIGINAL

- APPEARS THIS WAY
ON ORIGINAL
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Study #23

Title: Pharmacokinetics of selegiline in patients with depression.

In order to evaluate the pharmacokinetics of selegiline via the STS in patients
with major depression, trough blood samples were obtained in Phase Il efficacy studies
(20 mg/20 cm?2). A total of 177 patients participated in the study. Eighty-eight were on
placebo and 89 on STS (20 mg/20 cm?) for a 6-week period. Blood samples were
obtained at baseline and at the week 6 visit in all cases. Of the 82 patients for whom data
were available 6 patients were excluded from the database because of compliance issues.

Considerable fluctuations in selegiline trough concentrations occurred over the 6-
week treatment period. A 2-fold variation in steady-state trough selegiline concentrations
is apparently not uncommon in these patients; with some patients exhibiting far greater
changes. It is likely that patient compliance issues compromise the accuracy and
reliability of the data but the overall mean values were actually quite similar to the
theoretical value of 1.0. Thus, it appears that a 2- to 3-fold fluctuation in selegiline
trough plasma concentration falls within the normal clinical variability seen with the
STS.

Comparison of the results from this trial to those generated in the Phase I steady-
state studies, where subject compliance and sample processing were better controlled,
reveals fairly good general agreement. The average trough concentration in patients,
using the 6-week data generated in 73 patients, was approximately 2800 pcg/mL (CV
39.5 %). For comparison, the average trough concentration 24 hours after the last patch
application in 11 male volunteers based on the S9303-P9923, was 2449 pcg/mL (CV
18.9%). The overall similarity in the data generated in the major depression patients to
that seen in the healthy volunteer program for STS, demonstrates that no major
differences exist between the patients and the healthy volunteer population in the
pharmacokinetics of transdermally administered selegiline via the STS (20 mg/20 cm?2).

Table 30. Trough Plasma Concentrations (pg/mL) for Selegiline and its
Metabolites Obtained During the Conduct of Study S9303-E106-96B
Week 1 Week 3 Week 6 Ratio Ratio
(N=16) N=27) (MN=73) | wk l/wk 6 | wk3/wké
Selegiline 3151 2095 2829 1.1 i1
N-Desmethylselegiline | 1617 1660 1502 R 1.1
Amphetamine 2370 2565 2530 0.94 1.0
Methamphetamine 5653 5422 5450 10 1.0
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Study #24

IDENTIFICATION OF THE PRINCI PAL HUMAN LIVER MICROSOMAL
CYTOCHROME P450 ISOENZYMES INVOLVED IN THE METABOLISM OF
SELEGILINE, N-DESMETHYL SELEGILINE, AMPHETAMINE AND
METHAMPHETAMINE IN VITRO

This study was conducted to identify the principal human liver cytochrome P450
isoenzymes involved in the metabolism of selegiline, N-desmethylselegiline,

amphetamine and methamphetamine. This study was conducted at* ~-" "~
T T T T Selegiline HCI Lot No. 9803007 and N--

desmethylselegllme HCI Lot No 245- C-Rl -01-21-0 were used in this study.
An  —— —Hquid chromatography/tandem mass

spectrometry - —==""- LC/MS/MS) method was used to profile the in vitro metabolism of
" selegiline, N-desmethylselegiline, amphetamme and methamphetamine by human liver

microsomes. , _

A preliminary experiment was conducted with selegiline, desmethylselegiline,
amphetamine and methamphetamine to optimize the in vitro incubation conditions. Based
upon the results of this study (no metabolism of amphetamine or methamphetamine was

detected over the concentration range of 0.015 to 1.5 pM), a correlation analysis
P — . . . e
reaction phenotyping program; -

A S

e

— _ »was carried out using human liver microsomes from 15 individual
donors. Microsomes, were incubated with selegiline or N-desmethylselegiline at 0.5 and
5 microM in the presence of an NADPH-regenerating system.

From these data a chemical inhibition study was also conducted to determine
whether the rate of metabolism of selegiline and N-desmethylselegiline at 0.5 or 5
microM was decreased in the presence of CYP isoform-selective substrates or inhibitors.

Results of the study indicated that CYP2B6, CYP2C9 and CYP3A/5 appeared to
be the major contributing CYP enzymes in the formation of methamphetamine from
selégiline with CYP2A6 having a minor role. CYP2B6 and CYP3A4/5 appeared to
contribute to the formation of amphetamine from selegiline and N-desmethylselegiline.

_ Under the experimental conditions, no CYP enzyme could be clearly identified as
having a significant role in the formation of N-desmethylselegiline from selegiline. The
possible involvement of CYP2D6 was indicated but only at the high selegiline _
concentration of 5 microM. The correlation coefficient, however, was relatively weak at
0.62 and N-desmethylselegiline formation was not inhibited by I microM quinidine (a
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~ selective and potent inhibitor of CYP2D6). Although not supported by the correlation
analysis, the results of the chemical inhibition study suggested that CYP2B6, CYP2C9
and CYP3A4/5 might be involved in the formation of N-dcsmethylselegiline from
selegiline. |

Conclusion:

The results of the correlation study combined with those from the chemical
inhibition study indicated that CYP2B6, CYP2C9 and CYP3A/5 appeared to be the major
contributing CYP enzymes in the formation of methamphetamine from selegiline with
CYP2A6 having a minor role. CYP2B6 and CYP3A4/5 appeared to contribute to the
formation of amphetamine from N-desmethylselegiline. '

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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Study #25

DETERMINATION OF THE POTENTIAL FOR SELEGILINE AND
N-DESMETHYLSELEGILINE TO INHIBIT CYTOCHROME P450
ENZYMES (CYP2C9, CYP2C1 9, CYP2B6, CYP2D6, CYP3A4/5
AND CYP2A6) IN VITRO

This study was conducted to evaluate the potential for selegiline and N-
desmethylselegiline to inhibit human liver microsomal P450 activities. This study was
conducted at S —

Selegiline HC1 Lot No. 9803007 and N-desmethylselegiline HC] Lot No. 245-C-R1-01-
21-0 were used in this study.

The effect of selegiline and N-desmethylselegiline on CYP2C9 (tolbutamide |
methyl-hydroxylation), CYP2C19 (S-mephenytoin 4'-hydroxylation), CYP2B6 (S-
mephenytoin N-demethylation), CYP2D6 (dextromethorphan o-demethylation),
CYP3A4/5 (testosterone 6B-hydroxylation) and CYP2A6 (coumarin 7-hydroxylation)
enzyme activities was assessed in pooled human liver microsomes over a concentration
range of 2.5 to 250 microM. Known CYP isoform-selective substrates or inhibitors were
used as positive controls.

Selegiline and N-desmethylselegiline caﬁsed a concentration-dependent inhibition
of CYP2D6 activity at 10-250 microM. Selegiline and N-desmethylselegiline caused a
concentration-dependent inhibition of CYP3A4/5 activity at 10-250 microM and 25-250
microM, respectively. CYP2C19 and CYP2B6 activities were inhibited by selegiline and
N-desmethylselegiline, but only at high concentrations (100-250 microM). There was no
significant inhibitory effect on CYP2A6 or CYP2C9 activities by selegiline or N-
desmethylselegiline. Positive control incubations showed moderate to complete inhibition
of the appropriate enzyme activities using the CYP isoform-selective substrates and
inhibitors.

The cytochrome P450 enzyme activities were inhibited by selegiline and N-
desmethylselegiline, at concentrations that were several orders of magnitude higher than
are observed in humans at steady-state (0.01 microM) following daily application of the
Selegiline Transdermal System. Consequently. it would not be expected that thc
inhibitory effects observed in vitro by selegiline and N-demethylselegiline would translate
into any clinically significant drug-drug interactions.
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TABLE 1

THE EFFECT OF SELEGILINE AND N-DESMETHYLSELEGILINE ON
TOLBUTAMIDE METHYL-HYDROXYLATION (CYP2C9) ACTIVITY IN
POOLED HUMAN LIVER MICROSOMES

Test Article Test Articles
Concentrations -

(uM) Selegiline N-Desmethyiselegiline

0 249 .(100) 25.1 (100)

2.5 | 28.1 (112.9) 23.7 (94.4)

10 27.0 (108.4) 26.4 (104.9)

25 29.3 (117.5) 25.4 (101.1)
100 253 {101.4) 25.6 (102.0) -

250 | 27.9 | {112.1) 22.3 (88.7)

Tolbutarnide methyl-hydroxylation activity was assessed at a final tolbutamide concentration of 50 uM.
The activity is oxpressed in pmol/mg pratein/min. :

The values In parentheses indicate the percent of tolbutamide methyl-hydroxylation activity in the
presence of Selegiline or N-Desmethyiselegiline.

APPEARS THIS WAY
-ON ORIGINAL

121



TABLE 2

THE EFFECT OF SELEGILINE AND N-DESMETHYLSELEGILINE ON
S-MEPHENYTOIN 4-HYDROXYLATION (CYP2C19) ACTIVITY IN
POOLED HUMAN LIVER MICROSOMES ‘

Test Article Test Articles
Concentrations

{1} Selegiline N-Desmethylselegitine

0 147.5 (100) 147.8 (100)
25 147.3 (99.6) 163.1 (110.4)

10 1416 (95.8) 146.6 (99.2)
25 144.9 | (98.1) 157.7 (106.7)

100 76.1 (51.5) 942 (6‘3.8)‘.

250 56.6 (38.3) 72.5 (49.1)

S-mephenytoin 4'-hydroxylation activity was assessed at a tinat S-mephenytoin concentration of 50 uM.

The activity is expressed in pmo¥mg protein/min.
The values in parentheses indicate the percent of S-mephenytoin 4-hydroxylation activity remaining in
the presence of Selegiline or N-Desmethylselegiline.

APPEARS THIS WAY
ON ORIGINAL
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TABLE 3

THE EFFECT OF SELEGILINE AND N-DESMETHYLSELEGILINE ON
S-MEPHENYTOIN-N-DEMETHYLATION (CYP2B6) ACTIVITY IN
POOLED HUMAN LIVER MICROSOMES

Test Article Test Articles
Concentration -

@M) Selegiline ‘ N-Desmethylselegiline
0 63.4 (100) ey (100)
2.5 625 (98.6) 71.2 (112.4)
10 58.1 (91.8) 60.0 (94.5)
25 59.0 (93.1) 62.4 (98.4)

100 39.1 (61.8) 429 (67.7)

250 38.9 (61.3) 35.0 (55.2)

S-mephenytoin N demethylation activity was assessed at a final 5-mephenytoin concentralion of 50 pM.

~ The aclivity is expressed in pmol/mg proteln/min.
The values in parentheses indicate the percent of S-mephenytoin N demcthylation activity remaining in

the presence of Selegiline or N-Desmethyiselegiline.

APPEARS THIS WAY
ON ORIGINAL
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TABLE 4

THE EEFECT OF SELEGILINE AND N-DESMETHYLSELEGILINE ON

DEXTROMETHORPHAN O-DEMETHYLATION (CYP2D6) ACTIVITY IN

POQLED HUMAN LIVER MICROSOMES

Test Article Test Articles
Concentrations

(M) Selegiline N-Desmethylselegiline

0 216.5 (100) 241.8 (100)

25 207.7 (95.9) 225.3 (93.2)

10 193.1 (89.2) 207.2 (85.7)

25 183.8 (84.9) 168.2 (69.6)

100 118.3 (54.6) 77.1 (31.9)

250 60.8 (28.1) 35.4 (14.6)

Dextromethorphan O-demethylation activity was assessed at a final dextromethorphan concentration of 25 pM.

* The activity Is expressed in pmol/my protein/min.

The values in parentheses indicate the percent of dextromethorphan O-demethylation activity remaining in

the presence of Selegiline or N-Desmethyiselegiline.

APPEARS THIS WAY
ON ORIGINAL
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THE EFFECT OF SELEGILINE AND N-DESMETHYLSELEGILINE ON

TABLES

TESTOSTERONE 6p3-HYDROXYLATION (CYP3A4/5) ACTIVITY IN

POOLED HUMAN LIVER MICROSOMES -

Test Article Test Articles
Concentrations

() Selegiline N-Desmethylselegiline
0 44846 (1;;))'— 4107.6 (100)
25 4531.7 (101.1) 4035.8 (98.3)

10 4096.9 (91.4) 3641.9 (88.7)
25 3989.7 (89.0) 3613.5 (88.0)
100 3128.5 (69.8) 30515 (74.3)
250 2316.0 (51.6) 2113.1 (51.4)

Testosterone 68-hydroxylation activity was assessed at a final testosterone concentration of 50 M.

The activity is expressed in pmol/mg protein/min.
The values in parentheses kndicate the percent of Testosterone 68-hydroxylation activity remaining in the

presence of Selegiline or N-Desmethylselegiline.

APPEARS THIS WAY
ON ORIGINAL
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TAB

LEG

THE EFFECT OF SELEGILINE AND N-DESMETHYLSELEGILINE ON
COUMARIN 7-HYDROXYLATION (CYP2A6) ACTIVITY
IN POOLED HUMAN LIVER MICROSOMES

Test Article Test Articles
Concentrations Selegiline N-Desmethylselegiline
um |
0 1 439..3 (100) 1439.3 (100)
25 1450.2 (100.8) 1337.6 (92.9)
10 1386.9 (96.4) 1277.7 {88.8)
25 1310.2 (91.0) 1322.2 (91.9)
100 1193.4 (82.9) 1184.8 (82.3)
250 1127.8 (78.4) 1174.9 {81.6)

Coumarin 7-hydroxylation activity was assessed at a final coumarin concentration of 25 uM.
The activily is expressed in pmalimg protein/min.
The values in parentheses indicate the percent of coumarin 7-hydroxylation activity remaining in
the presence of Selegiline or N-Desmethylselegiline.

APPEARS THIS waY
- ON ORIGINAL
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Analytical Method

For the simultaneous quantification of selegiline, N-desmethylselegiline,

amphetamine, and methamphetamine, the assay is a J extraction procedure

coupled with a high performance liquid chromatographic mass spectrometric detection.

————

The assay utilizes -

S

. All the assays demonstrated acceptable within and between day accuracy and

as an internal standard (IS) —

precision. The lower limit of quantification for selegiline, N-desmethylselegiline and
amphetamine and methamphetamine was _— respectively.'
The stability of extracted specimens for re-injection was at least 48 hours.

Selegiline and its metabolites are stable for extended periods in the frozen state,
irrespective of the assay employed, and stable for at least 5 freeze/thaw cycles. With

emc—

respect to the . LC/MS/MS procedure, an extended stability program confirmed

the freezer stability at -20 C for 830 days for selegiline, N.desmethylselegiline and

amphetamine. Stability for methamphetamine could only be demonstrated for 278 days.
The following Table summarizes the linearity, recovery, inter-and intra-day

accuracy and precision of selegiline and its metabolites analytical method.
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Protein binding and plasma/red blood cell partitioning

Protein binding of selegiline was determined in the absence and presence of
selegiline metabolites. Heparinized human plasma was fortified with selegiline or R-
desmethylseligiline at 2, 10, 100 and 500 ng/mL. Human plasma was also fortified with
selegiline (2 ng/mL) in the presence of desmethylselegiline (2 ng/mL), amphetamine (2
ng/mL) and methamphetamine (4 ng/mL). The concentrations of selegiline and its
metabolites used in this study are the maximum concentrations observed following
administration of 20 mg/cm? selegiline patch. The plasma samples were incubated for
four hours at 370 C prior to ultracentrifugation (centrifuged at 4300 rpm for 12 minutes).
The results of the study indicated that selegiline and desmethylselegiline are 89-92% and
78-83% bound to human plasma proteins, respectively. Selegiline (90%) and
desmethylselegiline (74%) were bound to plasma proteins to the same extent as that seen
when evaluated separately. Amphetamine and methamphetamine were bound 79% and
28%, respectively to human plasma proteins.

Selegiline partitioned into red blood cells with a partition coefficient ranging from
0.54 t0 1.59.

APPEARS THIS WAY
ON ORIGINAL
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Dissolution

The Sponsor's proposed dissolution method for STS is as follows:

Apparatus: Apparatus 5 (paddle over disk)
Medium: 0.1 M Phosphate Buffer, pH = 5.0

Volume: 500 mL
Temprature: 320C

~ Paddle speed: 50 rpm
Specification:

1 hour: ~— ;(range: —

4 hours” ~— (range: —
8 hours: — (range: — )

24 hours: NLT _—

Sponsor's proposed dissolution method for STS is acceptable to the FDA

The multipoint drug release profile, effect of pH and paddle speed on drug release

and the impact of various sizes of STS on in-vitro drug release and lot-to-lot QC

comparison have been shown in the subsequent sections. The data indicate that the

dissolution of STS is not affected between pH 3 to 6, and various paddle speeds.
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DISSOLUTION PROFILE SUMMARY ~ Table I

Lot 26EDO7D

20 mg/20 cm? - 50 RPM
Time Point | Amount of Drug (mg) | % Drnug Release | RSD
{(hours) : ’
1 6.05 30 29
2 ‘ 8.34 ) 42 2.6
4 11.20 -56 22
6 ' 12.96 65 1.5
8 14.18 . 71 1.6
10 15.10 76 - 1.5
12 15.78 79 1.1
14 16.44 82 1.1
16 16.88 85 1.1
18 . 17.26 86 1.1
20 17.65 . NEB 0.9
22 17.89 89 0.9
24 18.23 91 0.9
Lot 26E006L
20 mg/20 cm2 — 50 RPM
Time Point { Amount of Drug (mg) | % Drug Release | RSD
(bours)
1 .6.11 31 1.7
2 .39 42 1.6
4 11.25 ' 36 0.7
6 12.99 65 0.0
3 14.19 71 0.0
10 o 1507 75 0.7
12 15.74 79 0.5
14 16.36 82 Q.5
16 16.80 24 0.0
18 17.15 86 0.7
20 17.47 37 0.6
22 17.73 89 0.6
24 17.99 90 0.7 »
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6.D.1.2 Multipoint Drug Release Data

Multipoint drug release proﬁlcs were obtained for two batchcs (26E007D and 262006L)
of the STS (20 mg/20 cm?) using the proposed dissolution methodology. Figure 3
displays the results for these two lots.

As shown, the drug relcase profile is well characterized, with 13 time points defining the
curve. The relcase after 24 hours is = 90%. The drug release profiles for the two lots arc
virtually identical with an RSD of less than 2% at each time point for both lots. The
results for the two lots are virtually qupenmposable confirming the drug ; releasce proﬁle
and appropriateness of the proposed test times (I , 8 and 24 hours).

100 e
90 ...

80 _

70
60 .
50
40 |
30 | -
20| . —. e e — .
101 . - - .. = —
ol. ..

Amount Selegiline Released (%)

Figure 3. Maultipoint Drug Release Profiles

~ APPEARS THIS WAY
ON ORIGINAL
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6.D.1.3 Effects of pH and Paddle Speed om Drug Release

The effects of pH and paddle speed on the drug release of selegiline from the STS was
evaluated. The drug release profile was run over the range of pH from 3.0 to 7.0 at 50
RPM and at pH 5.0 a1 100 RPM. Figure 4 shows the results of these evaluations. These
data demonstrate that the method is robust for both paddle speed and pH. The method
produced identical results for 50 and 100 RPM. The results were also comparable
between pH 3.0 and 6.0. 'The proposed method parameters of pH 5.0 and 50 RPM arc
well supported by these data.

e o
i
i 100, o e
' — m . B H
L= .
§ a0 . g
@ 70 —u—p ;
| $ el _ —a—pH45 |
[ : !
;@ 50 —»—PpHS |
B . —g—pH5 @ 100 rpm°”
%’) o ] —a—PH55
9 3ol |
S ——pHG |
8 20|~ i
g P |
wl - .

Figure 4. Effects of pH and RPM on Drug Release

APPEARS THIS WAY
ON ORIGINAL

136



6.D.1.4 Drug Release Results for Various Sizes of STS

Figure 5 shows the drug release results for all batches of the cutrent formulation and
strength (1 mg/cm?-) and four patch sizes. As shown, the drug releasc results for all lots of
drug product are comparable with between 91 and 96% of the drug released trom all four
sizes of the patch (5, 10, 15 and 20 cm?) within 2 hours.

| 120 .. . o =

. _e—26D002J(5/5)
| 260002, (10/10)
—&— 26B003 (10/10)
3 2BE005N (15/15) :
—w_ 260044 (15/15)
—a— 26D001G {15/15)
. 26BO02N (20/20)
e 26C008B (20/20)
! e 2600028 (20/20)
— e 26C001N (20/20)
, —m 26ED07D (20/20)
: 20 . —_— e — — e = —&— 26ED06L (20/20)
: @ 26E007N (20/20) |
—o— 26E008N (20120) |
—a— RGB0016 (20/20) -

Amount Sglegifine Relsased (%)

0 4 8 12 16 20 24

Figure 5. Summary of STS Drug Release Results For Various Sizes of the
Proposed Market Formulation

APPEARS THIS WAY
ON ORIGINAL
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6.12.1.5 Lot-to-Lot QC Comparisons

Table 11 compares the assay and drug release results for all lots of the current STS
formulation (20 mg/20 cmz). As shown, the assay valucs for all batches of the proposed
market formulation/size (20 mg/20 cm?) are consistent, ranging from " mg/paich
 ——, tr — mg/patch’ ~ ). The drug release results at ail time points show very
high lot-to-lot reproducibility among all batches of the market formulation/size produced.

Table 11. Lot-to-Lot Comparison of the Assay and Drug Release Results

Assay Drug Released %/hr

i Lot No. mgem’ | mg [ % 1] 2] 4 | 8 [mﬂ“
26D0027 575 50
26C002) 10/10 97

B 26B003) 10/10 [ 100
26E005N 15715 150 / /
2600041 15/15 145
26D001G 15115 | 153
26BO02N 20/20 | 199 / .
26C0088 20/20 193
26D002B 2020 | 202 /
26C00IN 20/20 19.6 .
26E007D 2020 | 203 '

| 26E006L 2020 | 201
26E007N 20120 | 204
260NN 2020 | 200
RG60016 2020 [ 206

For the proposed marketing product, the comparability of the drug release results was
high across nine lots of product, as shown in Table 12.

Table 12. Comparison of the Drug Release Results for 9 Lots of Product

Time

(hr)

. Percent Released
{range)

I

2

4

3

24
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6.C.4

Drug Formulation

The formulations of the pilot lots and proposed market product are shown in Table 7.
The formulation of the pilot batches used in the bioavailability, pharmacokinetics and
clinical trials supporting this NDA is the same as the proposed markct formulation.

Table 7. Formulations of the Pilot Lots and Proposed Market Product
" Quantity Per Batch j Quantity P
\ S e e e e —ee— =k Quantity Per

Component Function Pllot_ _[ Commercial Finished System

Selegiline Base B Active / 20 mg

Acrylic Adhesive Adhesive p / o

//l
[ / ]/ Release Liner /
; /
T / /| Backing [ / T
/ / Material I -

i / : .

The pilot batch size of most 20 mg/20m2 lots used in the pharmacokinetics and clinical
trials was ~——— which produces a maximum theoretical yield of ——— aansdermal
systems. The proposed maximum commercial batch size is " _ which represents a

— fold scale-up of the pilot lots.

The formulation ™ — e —————————— __—

Rl in order to maintain its transdermal flux for 24-hour

dosing pefiod.
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Description of the Selegiline Transdermal System (STS):

The proposed STS market product consists of the Following components:

1. Backing film ( T B i [translucent]
—————

2. Release liner { —_— Lo .

3. Drug/Adhesive Matrix (selegiline base/acrylic adhesive  —————

4. The STS is packaged in a paper/foil/ ~—— pouch stock.

The STS used in all clinical trials employeda —— . pigmented backing
film. Recently, non-pigmented backing material has been used resulting in a translucent

patch. i / , / /
/ /
/ ( L /

_ Description of Patch Manufacturing:
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Patch Performance

The STS monolithic technology is intended to disperse selegiline
uniformly throughout the adhesive. The high drug content in the patch is
required in order to maintain an adequate flux rate across the skin to
achieve pharmacologically active concentrations of the drug during 24
hour dosing period. Like other transdermal products, the actual dose of
selegiline administered from STS is significantly less than that actually
contained in the patch. Therefore, residual selegiline concentrations in
the patch have been measured to determine the actual delivered dose
based on in-vivo performance. On average, the STS (20 mg/20 cm?2)
delivered 5.12 mg of selegiline over the 24-hour application period.

Table 13. - Amount of Selegiline Delivered (mg) from the STS (20 mg/20 cm?)
Following Dermal Application for 24 Hours

Study Number of Lot Mean Dclivered " Min-Max
Number Patches Number Dose (mg) CV (%) (mg) i

$9303-031-95B 60 26C0088 4.35 14.8 o

S9303-P9R0O 12 26E007D 4.78 220

$9303-P9811 12 26E607D 4.01 23.1

$9303-P9312 8 26E00TD 3.96 20.0 N

$9303-P9923 107 26E007N 4.64 223 -

$9303-P9927 157 26E008N 5.75 ) 223

$9303-P9932 192 R6G0016 5.24 20.7

$9303-P0045 131 R6G0016 4,86 383

$9303-P0046 99 R6G0016 5.45 23.1
ALL STUDIES 778 - 512 26.4
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Figure 7. Relation between Applied Dose and Delivered Dose of Selegiline
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Office of Clinical Pharmacology and Biopharmaceutics

New Drug Application Filing and Review Form

General Information About the

Submission

Information Information
NDA Number 21-336 Brand Name Emsam
OCPB Division I HFD-860 Generic Name Selegiline
Medical Division HFD-120 Drug Class MAQO inhibitor
OCPB Reviewer Iftekhar Mahmood Indication(s) Depression
OCPB Team Leader ‘Raman Baweja Dosage Form Transdermal

Dosing Regimen 20 mg/20 cm-/day

Date of Submission May 24, 2001 Route of Administration Transdermal
Estimated Due Date of OCPB Review | January 2002 Sponsor Somerset
PDUFA Due Date March 24, 2002 Priority Classification S
Division Due Date January 2002

Clin. Pharm. and Bio

harm. Information

“X” if included | Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and
sufficient to locate reports, tables, data, | X
etc.
Tabular Listing of All Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X
Methods : I
l._Clinical Pharmacology
Mass balance: X 1 1
Isozyme characterization: X 2 2
Blood/plasma ratio: X 1 1 As one study
Plasma protein binding: X 1 1 Part of a study
Pharmacokinetics (e.g., Phase I) -
Healthy Volunteers-
single dose: | x 3 3
multiple dose: { X 3 3
Patients-
-single dose:
multiple dose: 1 1
Dose proportionality -
fasting / non-fasting single dose: | x 1 1
fasting / non-fasting multiple dose:
Drug-drug interaction studies -
- In-vivo effects on primary drug: | x 12 12
In-vivo effects of primary drug:
In-vitro:
Subpopulation studies -
ethnicity:
gender:
pediatrics: | x 1 1
geriatrics: | x 3 3
.renal impairment: | x 1 1
hepatic impairment: | x 1 1
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PD:

Phase 2:

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

. Biopharmaceutics

Absolute biocavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Part of absolute bioavailability
study

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

Ili. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric development plan

Literature References

Total Number of Studies

34

34

Filability and QBR comments

“X” if yes

Comments

Application filable ?

1 35 oy filable {er an

1 the same as the fe-be-ma

Comments sent to firm ?

No Comments have bee
if applicable.

QBR questions (key issues to be
considered)

Other comments or information not
included above

Primary reviewer Signature and Date

Iftekhar Mahmood

Secondary reviewer Signature and Date
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