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EXECUTIVE SUMMARY

This submission is in response to the approvable letter dated February 28, 2006. The
sponsor has responded to all the deficiencies identified in the approvable letter. From the
perspective of the Office of Clinical Pharmacology, there was one comment regarding the
dissolution specifications that had to be addressed by the sponsor and the sponsor agrees
to change the dissolution specifications based on Agency’s recommendation. The
sponsor’s response to this comment is given in the following section on page 4.

The remainder of the review includes a review of three new studies conducted by the
sponsor (l vivo study to evaluate application site differences and 2 in vitro studies to
_idefitify_pathway of “metabolism) and three additional analyses (including pooled analysis
to evaluate “apphcatlon site differences and model dependent kinetics to estimate the half -
fife of rotigotine after patch application). The results of all the new studies and analyses
are used to support the sponsor’s proposed labeling. The new analyses were conducted by
the sponsor to address the labeling changes proposed by them. The review of these

studies is provided in the Appendix on page 28. Reviewer’s labeling recommeéndations

have been made based on the results of these new studies and analyses. -

The sponsor has also included a labeling justification document for their proposed
changes to the Agency label sent with the approvable letter dated F ebruary 28, 2006. The
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reviewer’s labeling recommendation is based on the sponsor’s labeling justification
document (in the EDR) and Dr. Kavanaugh’s review of the original NDA along with this
reviewer’s interpretation of the data.

RECOMMENDATION

The sponsor has provided a complete response to the Agency approvable letter dated
2/28/06 as it relates to Clinical Pharmacology issues identified in the letter. The reviewer
finds this response acceptable. The reviewer however recommends some changes in the

label. The labeling recommendations beginning on page 5 should be conveyed to the |
sponsor.

Veneeta Tandon, Ph.D.
Division of Clinical Pharmacology I

Team Leader: Ramana Uppoor, Ph.D.
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CLINICAL PHARMACOLOGY COMMENT FROM THE

Page 4 of 48

APPROVABLE LETTER

CLINICAL PHARMACOLOGY QUESTION NO. 1:

Please adopt the following proposed dissolution method, specifications, and acceptance

criteria for rotigotine transdermal systems as the regulatory method.

Table 1 Preposed Regulatory Dissolution Methad, Specificatious, and Acceptance Criteria for

Rotigotine Transdermal Systems -

Applicable Strengths: 4.5mg/ 10 cm?
9.0 mg / 20 cm?®
13.5 mg / 30 ca?
Apparatus: Paddle over Disk (Apparatus 5)
Test mediwm: Phosphate Buffer pH 4.5-
Volume: 900 mL
Temperature: 32£05°C
Speed: 50 rpm
Sampling Times: 0.25, 1.0, 2.0 hours
Sampling Times | % Eabeled Content
(Hours)
Specifications: 0.25 ]
: 1.0 1 v _
- 20 NLT

Acceptance Criferia:

Per USP XXIX( / NF 24 <724> Acceptance
Table 4 '

SPONSOR RESPONSE:

The proposed dissolution method is adopted for the to be marketed product. -[t-‘ap'p’iies for
all — strengths, i.e. from 4.5 mg/ 10 cm2to  “—— The analytical method, the
drug product specifications and acceptance criteria, and the justification of specification

are revised accordingly.
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In addition, the revision of the specification has been reflected in the related documents,
i.e. Pharmaceutical Development - Drug Product - Formulation Development, Batch

- Analyses and Stability data.

AGENCY COMMENT:

Acceptable. The sponsor has agreed to Agency recommendation.

LABELING RECOMMENDATIONS
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Assessment of Application Site Differences

Study SP 651: A single-ceater, randomized, open-label crossover trial to assess the
relative bioavailability of rotigotine after multiple-dose applications of rotigotine v
transdermal patch (18.0mg/40cm2 or 2 x 9.0mg/20 cmz2) at different sites of application in
subjects with idiopathic Parkinson’s disease

This is a new study not previously reviewed.

Obijectives:
The objectives of this trial were the following:
¢ to evaluate the relative bioavailability of rotigotine after application of 1
rotigotine transdermal patch (18.0mg [40cma2]) to 2 patches (9.0mg [20cmz}) in
subjects with idiopathic Parkinson’s disease '
o to-evaluate the relative bioavailability of rotigotine after multiple dose
applications of the 40cmz patch at different application sites in subjects with
" idiopathic Parkinson’s disease ‘
* to investigate the safety and tolerability (including local tolerability) and to-assess
the patch adhesiveness of rotigotine transdermal patch in subjects with idiopathic
Parkinson’s disease

Study Design: ‘
This was a Phase 1, open-label, randomized, cross-over trial. After a Dose-Escalation

Phase doses of rotigotine transdermal patch (18.0 mg [40cmz]) were applied once daily in
a random sequence to 6 different application sites (flank, shoulder, upper arm, thigh, hip,
and abdomen). Patches were applied to 5 of the 6 application sites, each application
lasting 24 hours (Days 16- 20). At the sixth application site, patches were applied in a
cross-over design (Days 21 and 22) in which subjects received treatment A (application
of one 18.0 mg [40cm2] rotigotine patch for 24 hours) and treatment B (simultaneous
application of two 9.0 mg [20cm2] rotigotine patches for 24 hours) in a randomized order.
Subsequently, doses were de-escalated in 9.0 mg [10cm2] steps by application of each
patch size for 2 days. ’ o
The overall trial was conducted according to the following scheme:
Eligibility assessment -
- D;iys‘i"i'-} once daily 4.5 mg(10cm:) : applied to the shoulder in all subjects
Days 4 - 6 once daily 9.0 mg(20cmz): applied to the hip in all'subjects
!
Days 7 — 12 once daily 13.5 mg (30cm2): applied to the shoulder in all subjects . - °
Days 13 ~ 15 once daily 18.0 mg (40cmz): applied to the shoulder, upper arm and flank in all
subjects

!

w
(1]
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Days 16 — 20 once daily (randomized o }
to 5 of 6 different application sites)
Day 21 (raudomized to the sixth " Treatment A: Treatméiit B:
application sitc) I x 18.0mg (40cm’) 2 % 9.0mg (20cm’)
l -
Day 22 (randomized to the sixth Treatment B: Treatment A:
application sitc) 2 x 9.0mg (20cm?) 1 x 18.0mg (40cm?)
l l

Days 23 — 28 De-Escalation :

The trial medication was down-titrated according to the followmg schedule:

* Days 23 and 24: 13.5 mg rotigotine transdermal patch

* Days 25 and 26 9.0mg rotigotine transdermal patch

* Days 277and 28 4.5mg rotigotine transdermal patch ' : -
* Day 29 no patch application in order to wash-out rotigotine

The Patch-On Period was 24 hours. for each patch. To evaluate the apparent dose, the
residual amount of rotigotine in used patches was determined. The apparent dose of |
rotigotine was calculated as the difference between initial drug content and residual drug
amounts in the patches

Trial population: ' : ' :§
36 male or female subjects w1th idiopathic Parkmson s disease (of at least 18 years of '
age)

Concomitant medications:

The following concomitant medications were not allowed during the trial and within 5
half-lifes prior to Baseline visit:

* Levodopa (in combination with benserazide or carbidopa and/or catechol-O-methyl
transferase [COMT] inhibitors)

* Dopamine agonists (eg, ropinirole, pramipexole, pergolide, etc:)

* MAO-A inhibitors (eg, pargyline, phenelzine, tranylcypromine, moclobemide)

* Dopamine-releasing substances (eg, methylphenidate or amphetamine)

* [2opamine- modulatmg substances (eg, reserpine, alpha- methyldopa)

o Budipine-- :

* Dopamine antagonists: anti-emetics (metoclopramide)

Blood Samples:
Samples were taken immediately prior to patch removal on Days 14 and 15 and at the

following time points on Days 16 to 22: 0 (immediately prior to patch removal) 2,4, 6, 8,
12, 16, 20 and 24 hours post application.

Pharmacokinetic Results:

. ,‘.Jl
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Comparison of Treatment A and B:

Ratigotine plasma concentration time profile for the two treatments is shown in the _
following figure; suggesting that the two treatments (one 18 mg vs two 9 mg doses) were
not very different. However, given that this comparison is at steady state, it is not very .

sensitive to detect differences.

Arithmetic mean and SD of rotigatine plasma concentrations hy treatment
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The mean apparent doses (7.133 + 1.915mg for Treatment A vs 7.717 + 2.132mg for
Treatment B) were similar for both treatments.
The PK parameters for the two treatments is shown in the following Table:

Ratie analysis (parametric) of primary PK parameters (Day 21-22)

Parameter | Treatment | Treatment | Ratio (A/B) of { 90% CI for Ratio | ANOVA |
A B Gea. Means (A/B) of Geo. CV (%0)
. (%) Means (%) 7

AUCwH 24 177446 17.8341 99.50 (93.67, 105.69) 15.2>
(ng/mL*h) : oo
AUCQ20mnonm |  2.5792 2.3901 107.91 (102.70, 113.38) 125
(ng/mL*h/mg) B . :

o ACamz | 11330 1.0739 105.51 (98.64, 112.85) 170

|eguny | _. |

Cinax ss,n0m 0.1647 0.1439 114.42 {107.49, 121.80) 158
(ng/ml/mg) '

Py L | == - F———— —— T - =

The mean Tmax for the two treatments is given below: .

i
1
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Parameter ' Treatment | Geametric Mean | CV {%%0)

| | Median | Range

| b, 5 (houIEs) A 16.0 0-24
B 180 0-24

T — o PE——— Ty  r——— T . —_— T P

The 90% confidence intervals for the ratios A/B were within the acceptance range for
bioequivalence of 80 - 125% for all PK parameters of rotigotine. :

Plasma concentration of rotigotine at different épplication sites:

The trough levels of rotigotine at Days 14 and 15 were similar, indicating steady-state
conditions. .

The mean concentration-time profile of rotigotine at steady state was similar for all
application sites. Within 2 hours after patch application the mean plasma concentration of
rotigotine decreased followed by an increase to plateau plasma concentrations. The
highest mean plasma concentrations were generally reached 16 to 20 hours after patch
application. Immediately prior to patch removal the mean plasma concentrations of -
rotigotine were similar to the corresponding concentrations at time of patch removal of
the day before. Highest mean plasma concentrations were observed for the patch
application site shoulder.

The figure below displays the mean plasma concentration-over-time course
separated by application site:

Arithmetic mean and SD of rotigetine plasma cancentrations by application site

SeM ln"ﬂleméw Qporatrotion (ag/mi)

Actuol Tima {houcs]

Uppec ata -
o

- Kpdoren
860 Aosk *e e G hgh

The higher variability at the application site shoulder at 12 hours is caused by one sample
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(Subject 80025). The respective concentration at 12 hours for Subject 80025 was
— ng/mL.

The PK parameters at different application sites is given in the following Table:

PK parameters far rotigotine by application site

~ Application site
_ Geometric Mean (CVY%) _
Parameter | Shoulder | Upper atm| Abdomen Flank Hip Thigh
AUCgaqes | 241130 182763 | 16.1391 18.5763 16.4484 14.7160
(ng/mL *h) (574 63.3) (54.5) (61.8) (56.5) (76.0)
AUCp29ss00m | 29232 2.5437 - 2.5034 26273 2.4743 2.1818
(ng/mL*h/mg) (41.6) (49.1) (42.3) (50.1) (46.1) (64.2)
Cruaxss 1.440 1.119 0.972 1.176 1.066 0.985
(ng/mL) (61.8) (57.6) (49.9) (56.5) (51.4) (63.8)
Ciraxstnom 0175 0.156 0.151 0.166 | 0.160 0.146
(ng/mL/mg) (54.2) (46.9) (40.4) 47.3) 43.1) (53.7)
' v ' Median (Range)
’t,,,.m (hours) | 12.0 (0-24) | 18.0 (0-24) | 16.0 (0-24) | 16.0 (0-24) | 16.0 (0-20) | 16.0 (0-24)

s b e e G T (€4 WA LA C TN AN 1A At At LA T

Comparable mean AUC(0-24)ss and Cmaxss values were obtained for upper arm, abdomen,
flank hip, and thigh. Patch application to shoulder resulted in higher mean AUC(0-24)ss and
Crmax,ss. The median tmaxss for shoulder was 12.0 hours and 16 hours for most of the other
application sites.

The parameters AUC(0-24)ss,n0rm and Cmax.ss norm normalized by apparent dose were slightly

higher for shoulder compared to the other applicaﬁon sites. . .

The relative bioavailability of rotigotine was compared for dlfferent patch application

sites. Point estimates (%) for the ratios of different application sites and the respective

9% conﬁdence intervals of the PK parameters based on the results from the ANOVA _
- are provnded in the following tables. for the parameters and the normalized parameters: "
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Ratia analysis (pn‘ametnc) of AUC@ Y 65ee (ng/mL*h) by apphcatum s:te

Application Sife 1 Appllcatmn Site 2 Ratia (1/2) of 90% CI for Ratic (1/2) of
Site Gea. Site Gea. Gea. Mean (%%) Gea. Means (Ya)
] Mean Mean
Shoulder |24.1130 |Upperarm| 18.2763 131.91 (117.18, 148.54)
Abdomen | 16:1391 149.41 (132.70, 168.22)
Flank | 185763 | - 12980 115.29, 146.15)
Hip 16.4484 146.60 (13021, 165.05)
Thigh 14.7160 163.86 (145.53, 184.48) B
Upper arm | 18.2763 | Abdomen | 16.1391 113.24 (100.58, 127.50)
Flank 18.5763 9839 (87.38,110.77)
— Hip 16.4484 11111 (9869, 125.10) .
Thigh | 14.7160 124.19 (110.31, 139.83)
Abdomen | 16.1391 |Flank 18.5763 86.88 . (77.17,97.8D)
Hip 164484 9812 | (87.15, 11047}
Thigh | 147160 | -~ 10067 (97.41, 123.48)
Flaok 185763 |Hip = | 16.4484 112.94 (10031, 127.15)
Thigh 14.7160 | 126.23 (112,12, 142.12)
Hip 16.4484 | Thigh 14.7160 111.77 (9927, 125.84) ’ }
“The ANOVA analysis on log-transformed values is carried out on application sites for 40 oo patches (Days 16 to 7

20, and from Day 21 or 22, whichever day had a dosing schedule of 1 x 18.0mg/40cm3)

Ratio Apalysis (Paramecric) of AGC(D-24)ss;norm (ng/mL*h/mg) (Days lc -22)
Population: Ehamaco:i.necr‘ Set

——Application Site L. ——npplhzl:lon Site 2 Ratio (1/2) of 90t CI for Racio (1/2) ANOYA 7
Sit= a Ged. Mean Site G2o. Mean G=zo. Means (%} of G2o. Means (%) (a) (%}
Shonlder 36 2.9232 Tppec ame 36 2.5437 114.92 {124.32, 126.%1) 23.5

36 2.9232 Abdcomen 36 2.5034 116.727 (l06.41, 129.14}

36 2.9232 Flanx 38 2.6273 111.26 {191.35, i

36 2.3232 Hip 36 2.4743 118.14 (107.66, 1319.64)

36 2.9232 Thigh 35 2.1818 - 133.93 {122.39, 147.02}

Tpper amm 35 2.5437 Abdomen 3§ 2.5034 101.61 { 92.59, 11}.56}
36 2.5437 ﬂank 36 2.8273 95.82 { 88.23, 1056.24)

36 2.54317 36 2.4743 102.80 33.69, 112.61)

3% 2.5437 'Dugh 36 2.1818 115.58 76.24, 127293}

Ahdomen 36 2.5034 Flank 34 2.6273 95.23 ( 86.83, 134_56)
36 2.3034 36 2.4743 191.18 { 92.29, 111.43)

36 2.5034 'ﬂuqh 36 2.1818 11£.74 (104.56, 125.91}

Flank 36 2.6273 Hip 36 "t 2.4743 105.18 { 95.76, 116.52}
o k) 2.8273 H'ﬂliqh 36 2.1818 120.42 {199.73, 132.14)

__Rig 3§ - 2.4743 Thigh 36 2.1818 ; 113.42 (103.34, 124.45)

Mozet Geo. Mean = Geametric mean

-"Hove: The ANGVA analysis on log-transformed values ix carried cur om application sites for 40 m"l patches
{Days 18 to 20, and from Day 21 or 22, whickevar dav bad a dosintig schadule of I x 18.0mg/40cm®=2}

Note: Geometric means are back-transformed from LS means from an ANOVA on log-transformed valu=s, which includes

X sequence, period, amd treacmant as fixed effects, aod subject within sequence as a random affect.

dote: Sequence = one of 12 poasibla raandomized application sire sequancss over Days 16-22.

Hote: (a) The 99% oconficence interval is tha classic (3hortest) confidence interval

S’
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_ Ratio analysis (paramefric) of Cpu s (ng/mL) by application site - _
Application Site 1 | Application Site2 | Ratio (I/2)of | 90% CI for Ratio (1/2) of
Site Geo. Site Gea. | G0 Mean (%) Geo. Meaas (%)
Mean Mean

Shoulder |14405 |Upperarm| 1.1188 12875 (113.28, 146.32)
| Abdomen | 09716 148.25 (130.44, 168 49)
Flank 11755 122.54 (107.82, 139.27)
Hip 1.0662 135.10 (118.87, 153.55)
Thigh 0.9846 14630 (128.73, 166.27)
Upper arm| 1.1188 | Abdomen | 0.9716 11515 (101.32, 130.87)
Flank 1.1755 95.18 (83.74,108.17)

_ Hip 1.0662 104 .94 (9233, 119.26)
Thigh 0.9846 113.63 (99.98, 129.15)

Abdomen | 09716 |Flank - L1755 82.65 (72.73,93.94)
Hip 1.0662 91.13 (80.18, 103.57)

Thigh 0.9846 98.68 (86.83, 112.16)

Flank 1.1755 |Hp 1.0662 11025 (97.01, 125 31)
Thigh ° 0.9346 119.39 (105.05, 135.69)

Hip 1.0662 | Thigh 09846 108.29 (9528, 123.07)

Thre ANOVA analysis on log-transformed values is carried cut on application sites for 40 cm?® patches (Days 16 to
20, and from Day 21 or 22, whichever day had a dosing schedule of 1 x 18 Omg/40cor™)

Ratio Analysis (Parametric) of Cmax,ss {ng/mL) {Pays 1§-22}
Popuiition: Pharmacokinetic Set

—3Application Site Y- -———Application Site 2 Ratio (1/2) of 90% CI for Ratio (l/2) ANOVA CV
ita n Geo. Me2an  Site o Geo. Hean Geo. M¥eans (%) of Geo. Means (%) (a) (%)
Shoulder 38 1.2405 Upper arm 36 1.1138 123.75 {113.28, 14‘6.32) 33.9
36 1.4445 Abdomen 36 0.971€ 143.25 (130.44, 168.49)
35 . 1.4405 . Flaok 36 1.1755 122.54 {107.82, 139.27)
36 1.440% Bip 36 1.0882 135.1Q {118.87, 153.55)
36 1.4405 Thigh 36 0.9815 145.30 {128.73, -166.27)
Gpper arm 36 1.11a88 Ahdamen 36 0.971l6 115.1% - {101.32, 130:87}
36 1.1138 Flank 36 1.1755 95.13 { 83.74, 103.17)
36 1.1188 Hip 35 1.0862 104.94 — { 92.33, 119.2&)
36 1.1138 Thigh 36 0.9846 113.83 ( 99.98, 129.1S5}
Abdmen 38 0.9716 Flank 36 1.175% 82.85 ( 72.73, 93.94%)
. 36 0.971a Hip 36 1.08862 91.13 { 80.18, 123.57}
3¢ 0.971% Thigh 36 0.984¢6 93.88 { 86.83, 112.1¢)
=:Flagke=z~ 36 1.1755 Hip 36 1.04662 119.25 { 97.01, 125.31)
o= 36 1.1755 Thigh 36 G.9346 113.3% {105.05, 135.69)
= —Hipeere— 36° 2. 1.0662  Thigh 36 7.9846 102.29 ( 95.2a, 123.07)

Note: Geo. Mean = Geometric mean X
Note=: The AROVA apalysis on log-cramsformed values is carrizsd but on agplication sites for 40 cm*¢2 patches
{Days 16 to 20, and from Day 21 or 22, whichever day had a dosing achedule of 1 x 18.0mg/40cm**2}

Not2: Geometric means are back-transfommed from LS means from an ANOVA on log-tranafomed valuss, which inciudes

sequence, perlod, and treatment as fixad effects, and subject wichin sequsnce as a random effect.
Noze: Sequence = one of 12 pessible randamizad application site sequences over Lays 16-22.

Noz=: {(a) The 99% confidance interval is thes classic {shorresr) coanfidence interval

14

L)
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The ratios of geometric means for pair wise comparisons between 5 of the 6 application : }
sites were around 100% indicating a comparable bioavailability. For the comparison of

shoulder with the other applications sites, higher ratios of geometric means were

observed.

The mean apparént dose determined for the different application sites, ranged between
6.6mg (abdomen) and 8.5mg (shouider).

Patch Adhesiveness:

Prior to patch removal, between 60% and 81% of the patches adhered with >90%
adhesiveness. Most other patches adhered with at least 50 to <75% adhesiveness. Patch
attachments <50% were rare (0-4.2%); 8.3-14% of patches were not assessable due to
fixation by the hypoallergenic tape. The patch adhesiveness was similar for the different
patch sizes (see Table below). , .

The patch adhesiveness was similar for all application sites and for the different

treatments.
Summary of patch adhesivehess prior to patch removal by patch size

Patch size | ‘ Patch adhesiveness ‘

6 1 2 3 4 5 6 Teatal

u(®%) | n(%) | n(%) | n(%) | n(%) | u(%) |n(%)| n(%) \%

10 cm’ 29 (81) |4(1l) 12(56) |0 ~ {12980 0 36 (100)
Wem’®  [17(7) {7019) [3(83) {383 128|504 |0 |36(100)
30cm®  {26(72) 41D [3@3) |o 0 3@83) {0 |36(100)
40cm’  |207(64)|33(10)] 20 (6.2){ 13 (4.0)| 5(1.5)| 46 (14)|0 {324 (100)
2x20cm’|26(72) 4 |18 |0 0 5 (i4) 0 36 (100)

Note: Patch Adhesiveness: 0: >=90% adhered; 1: 75-<90% adhered; 2: 50-<73% adhered; 3: <50% adhered;
4: patch detached; 5: not assessable duoe to fixation by hypoallergam: fape;
6: not aszessable due to new patch administration —
Note: The frequencies displayed in this table ate based on patches applied

_ef IR

PharmacoKinetics Conclusions: h

e The bioavailability for one 18mg (40cm2)-patch was similar to that of two 9mg
' (20cm2)-patches.

o The application sites hip, flank, upper arm, abdomen, and thigh provided similar
AUC©-24)ss and Cemax ss values. The ratio of geometric means for AUC(o 24)ss, and
Cmax,ss were around 100%.

¢ For shoulder, the mean plasma concentrations and PK parameters were higher
compared to the other application sites. Mean AUC-24)ss was 24.1130ng/mL*h

7
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for shoulder compared to 14.7160-18.5763ng/mL*h for the other application
sites; mean Cmaxss was 1.440ng/mL for shoulder and 0.972-1. 176ng/mlL for the
other application sites.

. The difference between shoulder and the other application sites was reduced
comparing AUC(-24)ss (111.26% — 133.98%) and Cmaxss (105.03% — 119.62%)
normalized by apparent dose indicating a higher absorption of rotigotine at the
application site shoulder.

-Reviewer’s Comment:

The sponsor has not reported arithmetic means at each application site.
Pooled analyses to evaluate application site differences

A pooled analysis of the relative bioavailability of rotigotine at 6 different application
sites based on AUC(0-24)ss data obtained in SP630 (Pharmacokinetic Set: 63 subjects) and
SP651 (Pharmacokinetic Set: 36 subjects) was conducted to obtain more reliable
estimates on the relative bioavailability of rotigotine at different application sites based
on a larger sample size (99 subjects). The results of this analysis are presented in this
report.

Clinical trial SP630 was conducted to investigate the 24-hour plasma concentration
profile of rotigotine under steady-state conditions in subjects with early-stage Parkinson’s
disease. Subjects received the E—— dose of 18.0mg/day rotigotine as a
combination of two 20cm2 patches. In the Maintenance Phase; the patch application site
was randomized for each subject for the Days 25 to 30 (6 days in total, each application
site only once). On Days 27 and 30, plasma concentrations were measured at 16 sampling
points (0, 1,2, 4,5,6,7, 8, 10, 12, 14, 16, 18, 20, 22, and 23.5 hours) to obtaia detailed
24-hour PK profiles, while on the other days reduced profiles of 5 blood samples were
taken (0, 4, 8, 12, and 23.5 hours).

Clinical trial SP651 has been described previously in this review.

According to the Sponsor,. poolmg of these data is considered to be adequate based on the

- following:

* Similar bloavallablhty of 18mg/day rotlgotme administered as 2x20cm2 and 1x40cmz
transdermal patches (SP651)

+ Adequate estimation of AUC(0-24)ss based on the reduced PK sampling

+ Similar absolute AUC(0-24ss values in both trials

* Complete AUC(0-245s data set available for all application sites for each subject -

+ For the comparison of the different application sites, log-transformed AUC-24)550f
rotigotine determined from plasma concentrations was analyzed using an analysis of
variance (ANOVA). The ANOV A model included “application site sequence” and

i
it
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“application site™ as fixed effects and “subject within application site scquen;g;'as
random effect. Based on these analyses, point estimates (I.S-Means) and 90% confidence
intervals were calculated.

Results of pooled analysis:

The ratio for the comparison “reduced versus complete profile” in SP630 was 0.95 with a

90% confidence interval of (0.93, 0.97) over all application sites (Table 3). For separate

application sites, this statistical evaluation resulted in ratios of 0.91 (90% confidence

interval of [0.88, 0.95]) to 1.00 (90% confidence interval of [0.96- 1.04]). These data -
clearly indicate that the reduced profiles are adequate to compare AUC(0-24)ss for all 6

application sites. Example for a few subjects is shown in the following Table:

Subject ADC(0-24) 33 after BEdwiniatration of 1Bng/diy/40cm2 Rotigotine Patches

—Subject Sequence . Applicacion AUC (0-24332 [sg/mLea] -
Trial Number Grdap Day Site : Redaced Full Rediced/Fall (1]
620 620080101 UA SH TE AB FL BT 25 Upper amm 743z 2143z 104.0
26 Shoulder 22300 2¢_300 10a.0
27 . Thigk 22.297 73 850 33.9
28 Abdomen . 26,807 28_802 100.0
29 Elank 20.584¢ 20584 100.0
2a Hip 17.021 19.014 89.5
630080102 UA TH &I 38 FL 38 25 Upper a=m 11248 11.244 100.a
26 Thaigh 11.15¢ 11.154 1ea.o
21 Hip - 10.45% 11.2768 91.8
za 2odonen 8574 a.974 100 0
25 Elank 11 148 11048 10 0
a9 Shouider 11.381 12.328 317
630080102 SE AB ST TH UX FL 25 Swoulder 14,548 44.543 L0a.9 co
26 Abdomen 36.256 262565 10a.0 \}
27 EHip 48 485 52 145 1150 E
23 Thigh 22,364 72.364 100_0 J
29 Upper amm - 22104 22.104 100-0 e
aa Flank 16.56¢ 19074 865
620080104 Ta T TL AS 9K KX 23 Upoar amm 27.778 27 218 L0d_6
26 Thigh 19.4628 18.023 1040

zZ? Tlack 26.559 23.8s1 931.2

Hote: Trial 3P639: reduced profile {hours D, 4. B, ]:2. and 22.5F is wtilised far days 27 and 22,
Nove: Trial JP651: only randomization scheme at days 21 and 27 for the Ix40cm? patch was saken intoe zccount.
Ho:c:!ﬂ=5hdcmm.ﬂ=ﬂip,ﬁ=i'lmk,ZE=3hunlder,1'H=ﬁ.i.gh,U3=Um=tam

Comparison of Full and Reduced Profileg for AODC(D-24})ss

. Geo. LSMean 90% 2-sidad Conf. Limits
Parameter . Site Redoced Full Ratio (%) Lower Upper
AUC{0-24)3s {ng*h/ml} H: Hip 19.162 20.46¢6 0.94 9.90 0.38

S: Shoulder 21.896 23.190 0.34 G.91 0.96 -
UA: Upper Arm 19.633 19.618 1.a0 0.9¢ 1.04
T: Thigh 14.27¢ 15.160 0.34 6.90 0.98
AB: Abdomen 16.404 17.258 0.3%5 G.91 0.99
LA SRR “F: Flank 17.64% 19.323 0.91 a.38 06.95

4 r o emme PN ALl 18.001 19.002 0.385 0.93 0.87

The geometric means of AUC(0-24)ss ranged between 15.28ng/mL*h and 21.58ng/mL *h in
SP630 and between 14.72ng/mL*h and 24.11ng/mL*h in SP651. In the pooled analysis,
the geometric means of AUC(o-24)ss ranged between 15.07ng/mL*h and 22.47ng/ml *h as
shown in the table below. '
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Descriptive statistics of AUC g 245, at different application sites — poaled analysis

Application site - N Geametric mean (ng/mL.*k) CV (%)
Abdomen 99 167960 | 56.9
Flank ' - 99 18.3188 60.6
Hip 99 16.7757 668
Shoulder 99 22 4705 60.3
Thigh 99 15.0709 63.6
Upper arm 99 19.2771 582

In the pooled analysis (as well as in SP630 and SP651), the mean AUC0-24)ss was lowest
after administration of the rotigotine transdermal system to the thigh and highest afier
administration to the shoulder.

Mean values of AUCo-24)ss for each application site were compared in an ANOVA. The

results of the pairwise comparisons from the pooled analysis are summarized in the table
below.

Summary of the analysis of variance of lag-transformed AUC@ 14y: — paoled analysis

Ratia of application sites Estimate | 90% confidence interval

Shoulder / Upper Arm 1.1657 (1.0871, 1.2499)
Shoulder / Abdomen 13378 (12477, 1 4345)
Shoulder 7 Flaak 12266 - (1.1440, 1.3153)
Shoulder / Hip 1.3395 (1.2492, 1.4363)
Shoulder / Thigh 1.4910 (1.3905, 1 5987
Upper arm / Abdomen 11477 (1.0704, 1.2307)
Upper arm / Flagk 1.0523 (0.9814, 1.1284)
| ¥pper aom / Hip 1.1491 (10717, 1.2321)
e [Upper arm / Thigh 1.2791 (1.1929.1.3715)
Abdomen / Flank 1 09169 (0.8551, 0.9831)
Abdomen / Hip | 1.0012 {0.9337, 1.0736)

Abdomen / Thigh 1.1145 (1.0394, 1.1950) -
ﬂank-(Hip; 1.0920 (1.0184, 1.1709)
| Flank / Thish 1 12155 (1.1336, 1.3033)
Hip / Thigh 11131 (1.0381, 1.1936)

o
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3

Reviewer'’s Comment:

This study SP 630 was considered not suitable for assessing application site differences
by the original Clinical Pharmacology reviewer Dr Kavanaugh, due to the following
reason:

“The patch was applied in a rotatmg sequence to one of six bilateral sites. Consequently,
the effect of application site cannot be adequately assessed due to the limited number of
subjects, and will add to the variability in exposure and PK metrics”

The sponsor has given reasons why pooling data from Study SP 630 to data with the new
study SP 651 is acceptable, due to difference in sampling times etc, which is acceptable,
because the sponsor has shown that the estimate of AUC with full and reduced sampling
are similar. However, the patch was applied to each site only once in a limited number
of subjects, therefore, not robust to estimate application site differences. Moreover,
_pooling can minimize differences seen across different applicatidn sites. Since Study ' _ .
SP651 has been conducted in adequate number of subjects (N=36), the application site

differences obtained from this study should be reported in the label.

Therefore, this pooled analysis car only be used as supportive information, but statistical
numbers on the differences due to application sites should be taken from the definitive
study SP 651.

Co}mparison of clinical efficacy in SP506 and SP512/SP513

. '
\ ;
. o

In order to estimate the impact of inter-day-variability due to different application sites
on efficacy, the results of trials SP506 and SP512 and SP513 were compared. In the first
trial (SP506), the subjects were asked to use the abdomen as the sole application site. In
the 2 latter trials (SP512 and SP513), application sites were changed daily among 6
different body sites (shoulder, upper arm, hip, flank, thigh, and abdomen).

In trial SP506, 1 of 4 target doses of rotigotine (4.5, 9.0, 13.5, or 18.0mg/day) or placebo
was used. In trial SP512, most subjects used a target dose of 13.5mg/day, and in trial
SP513, a target dose of 18.0mg/day was used by the majority of subjects.

The following table displays the net effects of rotigotine (UPDRS Parts I[+I) across the
3 trials.

-~ Effitacy: Phcelm—substracted ratigatine effect — SP506, SP312, and SP513

r.'v.c.—,,.,_‘_,_

T UPDRS ~ SP506

» RS Parts I + I - SPS12 SP513
Scare 13.5mg/day” | 18.0mg/day”
Change from baseline” 491 -5.04 -5.28 -4 49
20% responder 28 4% 23 9% 28 7% 21.7%

ANCOVA=analysis of covariance, FAS—Full Analysis Set, UPDRS={mified Parkinson’s Disease Rating

Scale
a. FAS s randomnzed
b. ANCOVA results
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Sponsor’s Conclusions:

Although in SP512 and SP513 rotation of application sites across 6 different body parts
was performed and in SP506 only abdomen as an application site was used, rotigotine
patch showed similar efficacy across all 3 trials. These results indicate that the site of
application does not have a clinically relevant impact on efficacy.

Reviewer's Comment:

This should also be evaluated by the Medical Officer.

1
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Model Dependent Pharmacokihetics of fotigotine to estimate the half lifeTs

The sponsor conducted compartméntal modeling on two different studies.

Comparfmental modeling of Study SP 502:

Compartmental modeling was conducted by the sponsor from the data of Study SP 502
(single dose 3-way crossover BE study) to estimate the half life of rotigotine.

During the 3 different periods, blood samples for the analysis of rotigotine were taken
predose and 1,2, 4, 6, 8, 12, 15, 23, 24, 25, 26, 27, 28, 30, 32, 36, 40, and 48 hours post -
patch application. Samples taken 25 to 48 hours after application were samples after B
patch removal. '
Limitation of the analysis: A 24-hour sampling period with 10 data points was available
for this trial, plasma concentrations in the later part of the concentration time course were
low, and therefore an adequate characterization of a second phase in the terminal part of
the curve was not possible.
| and 2 compartment models were tested.

The figure presented below shows a representative example of an individual plasma
concentration-time curve on a semllogarlthmlc scale.
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The dots represent the measured plasma concentrations, the dashed line shows a
simulation of the plasma concentration-time curve using the PK parameters obtained
from the 1-compartment model, and the continuous line represents the result of the-
simulation of the plasma concentration-time curve using the PK parameters calculated
with the 2-compartment model.

The correlation between the measured rotigotine plasma concentrations and the rotigotine'
plasma concentrations predicted by the 1- and 2-compartmental model are displayed in
the figures below.

®
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The coefficient of determination (r2) for L-compartmental model was 0.8795 and the
slope of the regression line was 0.8503. The coefficient of determination (r2) for 2-
compartmental model was 0.9995 and the slope of the regression line was 0.9755.

These figures and regression show that the 2-compartment model is more appropriate for -
describing the plasma concentration-time course of rotigotine after patch removal.

Ad09 181550 139"

The mean was 0.2918+0.1677 h.1 (arithmetic mean + standard deviation) for a,
0.0325+0.0413 h-1 for f, and 0.0874+0.1543 h-1 for k21. Because B was close to the
condition of boundary (§>0) in half of the subjects, an additional evaluation of
descriptive statistics for the PK parameters § and k21 was performed. Results are
represented in Table 3. In this evaluation, B was 0.0650+0.0356 h-1 and k21 was
0.1652+0.1912 h-t. Due to the different doses, Co was calculated separately for both
groups with 0.470+0.138ng/mL in the group receiving 1 silicone patch, and

- 094040741 2ng/mL in thie group receiving 2 patches.

The rate constant of transports corre~sp0nds to a tiz of 2.4 hours for the a-phase and ,
21.3/10.7 hours (all subjects/subjects with § near to boundary excluded) for the B-phase
(tu2=In2/rate constant). ’

Coanclusions:

After patch removal, the decline of rotigotine plasma concentrations can be described
using a 2-compartment pharmacokinetic model. The first phase (a-phase) has a short
half-life with approximately 2.4 hours in this evaluation and leads to a rapid decline in
rotigotine plasma concentrations after patch removal. The biggest part of rotigotine

3
1"
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disappears in this a-phase. In the second phase (§-phase), the decline is slower, with a
half-life of approximately 10 to 20 hours. The second phase could not be rellably
calculated in this analysis.

Compartmental nio(leling of Study SP 628:

Study SP628 was a open, parallel-group, drug-drug interaction trial to evaluate
pharmacokinetics of rotigotine TDS and levodopa/carbidopa in patients with 1d10pathlc
Restless Legs Syndrome. This study has been reviewed previously. This review '
summarizes the results of compartmental analysis only in order to determine the plasma
half-life of rotigotine. '

1In this trial, the sampling period after removal of the rotigotine patch was 36 hours and
included the collection of 7 blood samples (predose, 2; 4, 6, 12, 24, and 36 hours after
patch removal). Most of the trials performed with rotigotine only had a sampling period
of 24 hours after patch removal. Therefore, this trial was chosen to evaluate the
appropriateness of a two-compartment model for the terminal concentration time course
of rotigotine.

Limitation of analysis: With the total number of 7 samples collected with/after patch
removal, the pharmacokinetic modeling has a limitation according to the precision of the
results of the rate constants.

The coefficient of determination (2) is 0.966 and the factor for proportionality between
the measured and the predicted concentration‘is 1.0109.

Nonlinear regression gave the following mean values: The mean of Cowas

598422 1pg/mL (arithmetic mean + standard deviation), a was 0.2528+0.1'15/h, f was
0.04715:+0.03674/h, and ka1 was 0.1031+0.105/h. An additional evaluation of descriptive
statistics for PK parameter §§ was performed by the sponsor, in which Subjects 10006,
10010, and 10015 were excluded because P reached the condition of boundary ($>0) in

~ these subjects In this additional analysis, § was 0405422:t0 034/h.

The rate constants of transports correspond to a ti2 0f 2. 74h for the a—phase and 14.7h or

12.8h (for.2 a{l subjects or.Subjects 10006, 10010, and 10015 excluded) for the B-phase.
Concrusml-aﬁs .
After patch removal, rotigotine plasma concentrations decreases bi-phasically with half-
lives of about 3 hours (a-phase) and 13 hours ($-phase).

\
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In Vitro Studies

Study 734: Investigation of human sulfotransferases involved in the metabolism of
Rotigotine .

The objective of this study was:
* to identify the sulfotransferase involved in the metabolism of SPM 962 ia vitro
* to determine the kinetic parameter Kmand Vmaxof the reaction

The metabolism by the sulfotransferases SULT1A1*2, SULT1A2*1, SULT1A3
SULTIE and SULT2ALI were investigated in the study.

For the sulfotransferases ideatified to be capable to catalyze the sulfation of SPM 962,
the kinetic parameter Km (Michaelis Menten constant) and Vimax (maximal velocity at
saturation) were calculated together with the intrinsic clearance CLint (Vmax/Km)

Sulfotransferase Kn Vimax CLit

[nM] [pmal/min/mg pretein] [mL/min/mg protein]
SULT1A1*2 1.15 : 12951 1126
SULT1A2*] 441 | o 11326 2.57
SULTIA3 602 17225 ‘_ 2.86
SULTIE 078 2448 " 3.14

No significant (< 0.1 %) sulfation was observed in incubations with SULT2AL.

Conclusion:

The study indicates the involvement of the sulfotransferases SULT1A1*2, SULT1A2*1,
SULT1A3 and SULTIE in the metabolism of SPM 962. The SULT1A family is known
as:the-phenol sulfotransferase family. SULT1A3 catalyzes the sulfate conjugation of

- = catecholamine arid structurally related drugs and SULTIE conjugates estrogens and

catecholestrogens. Based on K values and the calculated intrinsic clearance values, the
SULTIA family is indicated to be an important rotigotine metabolizing enzyme family.
As all Kmand intrinsic clearances values are approximately within the same order of
magnitude, the clinical significance of polymorphism and potential enzyme inhibition by
co-administered drugs on rotigotine metabolism seems unimportant when ignoring
potential cofactor depletion issues, as several enzymes can take over the metabolism.
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Study 743: Investlgatlon of human U])P—glucuronosyltransferases mvolved in the
metabolism of rotigotine

The objectives of this study were:
« to identify the UDP-glucuronosyltransferases involved in the metabohsm of SPM 962

in vitro

« to determine the kinetic parameter Kmand Vwmax of the reaction

UDP-glucuronosyltransferases prepared from insect cells infected with a baculovirus
containing the cDNA for a specific human UGT were used. Control microsomes were
prepared from insect cells infected with a wild-type baculovirus.

Trifluoperazine (UGT1A4), eugenol (UGT2B17) and 7-hydroxy-4
trifluoromethylcoumarin (UGT1A8, UGT1A9, UGT2B4, UGT2B15) served as probe
substrates. Quantification of the glucuronide conjugates was performed by HPLC
analysis. For the UDP-glucuronosyltransferases identified to be capable to catalyze the
glucuronidation of rotigotine, the following kinetic parameters Km (Michaelis Menten
constant) and Vwax (maximal velocity at saturation) were calculated.

UDP-glucuronasyl- SPM 962 Vimax
transferase sM] (M [pmoVmin/mg pratein]
UGT1Al 0.1-100 nd nd.
UGT1A3 0.1-100 nd. nd
UGT1A6 0.1-100 nd. nd.
UGTIA7 0.1- 100 ad. nd.
UGT1A10 0771-7714 |> 1000 825
UGT2B7 0.1-100 nd. nd.

s

el e

‘\‘\._“,/

Qg



N21-829 . ’ ' Page 47 of 48
Rotigotine transdermal system .

UDP-glucuronosyl- SPM 962 Kan Vina
fransiicase fuM] fuM] [pmol/min/mg pratein]
UGT1A4 5- 100 Cfad nd
UGTIAS 5-100  |ar lax
UGT1A9 5-100 |23 19966
UGT2B4 5-100 nd. -~ {nd
UGT2B15 5-100 182 2952
UGT2B17 5-100 nd v ad.
nd.: not detected

nr.: czkculation not reasonable

No glucuronidation of rotigotine was detected for the UDP-glucuronosyltransferases
UGTI1AL, UGT1A3, UGT1A4, UGT1A6, UGT1A7, UGT2B4, UGT2B7 and UGT2B17.
For the nonhepatic but gastrointestinal UDP-glucuronosyltransferases UGT1AS and
UGT1A10 rotigotine was found to have a low affinity and the Kw values are expected to
be above 1000 pM.

Conclusion: _

From the 12 UDP-glucuronosyltransferases tested, the experiments indicate that
UGTIA9 and UGT2B1S5 are the enzymes responsible for the formation of the
glucuronide conjugate metabolite of rotigotine.
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2 EXECUTIVE SUMMARY

2.1 Recommendations

The Office of Clinical Pharmacology and Biopharmaceutics / Division of Pharmaceutical Evaluation |
(OCPB/DPE-1) has reviewed NDA #21-829 submitted January 19, 2005 and amendments 003, 007, and
017 submitted July 29, 2005, September 15, 2005, and January 30, 2006.

OCPB finds this application acceptable provided that currently outstanding issues are adequately
resolved, (i.e. agreement on dissolution and labeling).

2.2 Comments

Comments should be communicated to the sponsor as appropriate (see Section 2.2.2 Comments to the
Sponsor and §2.2.2.1 Comments to be Communicated to the Sponsor Only upon Approval on page 14).

2.2.1 Comments to the Medical Division

2.21.1 Summary of Major Conclusions

The entire development program and submission was very poor. Consequently, reliable estimates of
pharmacokinetic parameters cannot be assured. The concentration vs. time profile of rotigotine was very
erratic with Cmaxs and Cmins potentially occurring at any time of the day, with typical peak-trough
fluctuations of 2 fold. Typical concentrations at therapeutic doses of 13.5 mg and 18 mg patch content
were in the 0.25 — 3 ng/ml range with concentrations occasionally reaching 15 — 16 ng/ml. Part of the
variability was due to extensive depletion of drug from the patch so that delivery was not constant, and
part was due to rotation among 6 application sites. Application to different sites commonly results in
different bioavailability by site and this was shown for 3 of the sites, bioavailability from the other 3 sites
was not examined. Although application site rotation is likely to result in significant interday variability and
possibly infrasubject variability in response, Levodopa/Carbidopa intrasubject bioavailability and response
is also highly variable and so high intrasubject variability with rotigotine might be acceptable.

The studies were not adequately designed to assess time invariance, and with transdermally applied
irritating drugs such as rotigotine absorption can increase over time due to irritation. Due to the titration
phase and extensive application site rotation this does not appear to be a major issue with rotigotine.

There is a question of linearity with dose, i.e. a less than proportional increase in concentration at the
higher doses. This is supported by an apparent less than proportional increase in drug delivery with
doses from different studies. A less than proportional increase in concentrations might explain the lack of
difference in efficacy between the 13.5 mg and the 18.0 mg doses in the phase Il dose ranging study,
although this could also be due to lack of dose separation and normal variability.

The possible nonlinear drug delivery raises issues with specifying a nominal delivery rate, however using
an average rate and making it directly proportional to drug content as the sponsor has done is probably
the best solution, whereas other approaches might result in prescribing and dispensing issues. The
appropriateness of substituting multiple smalier patches for a larger patch is presently not known, and
should be advised against.

No clear differences were observed for effects of race/ethnicity, (Black, Caucasian or Japanese), gender
or age, however this could be due to poor study design. This is most significant for the effect of age as
only 3 subjects were between 80 — 85 years of age and changes in the skin and drug absorption can
become more pronounced at greater than 85 years of age. Increased absorption in the ‘older’ elderly
might result in a greater incidence of nausea, vomiting and somnolence at the lower doses during the
titration phase. With regards to maintanence dosing subjects are titrated to either a maximum labeled or
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maximum tolerated dose.

By S

Rotigotine is extensively metabolized. The primary oxidative enzymes involved appear to be CYP3A4,
1A2, and 2C19. CYP1A2 is induced by tobacco, and dietary polyaromatic hydrocarbons and indoles,
found in grilled meats and fish and certain vegetables, and 2C19 is geneticaily polymorphic. There are
significant gaps in our understanding of the metabolism, such as the enzymes involved in specific
pathways, the activity and inhibition potential of certain metabolites, lack of identification of 20% of
circulating species, and the metabolism and activity of cleavage products. Unless the chemistry reviewer
or pharmacology reviewer indicate that any of the structures are worrisome, the low total dose and the
concentrations achieved being in the single nanomolar range would strongly mitigate against the
possibility of problems. (The chemistry and pharmacology reviewers also need to assess the risks from
degradation products.) In vitro there was no signal for parent rotigotine to be either P450 inducer or
inhibitor.

No interactions were detected in vivo with rotigotine and either carbxdopa/levodopa or dompendone For
early Parkinson’s Disease the studies were acceptable.

Moderate hepatic insufficiency, (Child-Pugh Class B), and moderate renal insufficiency did not affect
rotigotine pharmacokinetics. However, exposure to total rotigotine, (i.e. rotigotine metabolites), increased
as renal function decreased and in severe renal insuffi iciency, (i.e. CICr < 30 ml/min) exposures were

T 77 S

The transdermal system performed very poorly. The degree of lift and incidence of detachment is clearly
much, much worse than other approved once daily transdermal products.

Irritabilty with the rotigotine transdermal system was also significant with the majority of subjects in short
term studies developing erythema and a significant percentage having edema, glazing, and itching. In
one pivotal phase Il study 8% of subjects dropped out due to skin reactions. There was also possible
signal for sensitization.

Due to the intrasubject varlablhty, and the issues with dermal tolerance and adhe5|on and based on
rotigotine’s 6 — 8 hour half-life- —-"—’\———Lw‘—v—\

~.

Effects on ECGs were not covered by this review and the safety review should be consulted for
conclusions regarding ECG effects.

The quality of the work performed was poor, resulting in uncertainty with regards to pharmacokinetic
metrics, however there does not appear to be any other issues that need to be addressed that would
necessitate redoing any of the in vivo studies submitted.

In conclusion, unless the medical and safety reviews reveal significant adverse events for which there
may be additional concern due to the high intrasubject variability in exposures, there does not appear to
be any indication from the pharmacokinetic and clinical pharmacology information available that would
suggest any major issues or problems.
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2.2.2 Comments to the Sponsor

2.221 Comments to be Communicated to the Sponsor

/s

1) Supplemental Studies

2) Subrhission Quality
The quality of this submission was extremely poor.

Protocols and study reports were so poorly written that frequently it was difficult or impossible to ascertain
with certainty the actual formulations, dosages, measurement, or sample timing. The sponsor’s
calculations of basic pharmacokinetic metrics such as Tlag, Tmax, Cmax, AUC and half-life were
frequently incorrect or in some cases were not even provided. Summary statistics were also frequently
not provided or were incorrect, and analyses for comparability of exposures were incorrect or not
performed. For other studies raw data was not even provided, and in the QT study, neither the analyses
nor the data for the primary ECG variables were provided.

Study designs were consistently so poor and incomplete that the studies don’t adequately address the
questions of interest. Factors such as insufficient samples and dosage, application site, duration of
treatment, and sampling times were consistently so poor that results and conclusions from the studies
cannot be relied on.

The electronic submission was extremely difficult to work with. Some studies didn’t even have folders,
and could only be reached by going to a cumulative list of studies in the summary section and reaching
the study via a hyperlink. For other studies that did have folders the links sent you to a totally different
study. Organization of the information in the study reports was inconsistent from study to study, for
example PK data was variously reported under appendices, listings, tables, in different subsections in the
clinical study report itself, in bioanalytical reports, or even in totally separate PK reports. In one case the
reviewer had to drill down through 28 layers of links to be sent to another section, then had to drill down
through another 30 layers to again be sent to another section. This was repeated 2 more times finally
resulting in a statement that if the data are needed to please request it from the sponsor. Instead of
descriptions of the results and tables in the study reports, the study reports frequently simply included
links to a series of unidentified tables, i.e. table1... table14, clicking on these links brought you to data or
summary tables without appropriate identifiers so it was impossible to tell if these tables were even
associated with the study of interest.

2222 Comments to be Communicated to the Sponsor Only upon Approval

2.2.2.21 Dissolution

Please adopt the following proposed dissolution method, specificétions, and acceptance criteria for
rotigotine transdermal systems as the regulatory method.
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Table 1 Proposed Regulatory Dissolution Method, Specifications, and Acceptance Criteria for
Rotigotine Transdermal Systems :

45mg / 10 cm?
9.0mg / 20 cm®
13.5 mg / 30 cm?

—

‘Applicable Strengths:

Paddle over Disk (Apparatus 5)
Phosphate Buffer pH 4.5

900 mL
32+0.5°C
50 rpm
0.25, 1.0, 2.0 hours

Apparatus:

Test medium:

Volume:

Temperature:

Speed:

Sampling Times:

samﬁ’,’gg,gmes % Labeled Content
Specifications: ‘
. 0.25 —
1.0 J—
2.0 NLT —

Acceptance Criteria:

Per USP XXIX / NF 24 <724> Acceptance Table 4
22222 Labeling Comments

Labeling comments should be communicated to the sponsor as appropriate (see Section 4 on page 188).
2.3 Commitments to be Performed Prior to Approval

None.

2.4 Commitments to be Performed Post-Approval

None.
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2.5 Summary of Clinical Pharmacology and Biopharmaceutics
Findings

2.5.1 Introduction and Background

Rotigotine belongs to the group of non-ergolinic dopamine agonists. It is the levorotary enantiomer of an
amino-tetraline compound and shows structural analogy to dopamine and apomorphine. It exhibits
agonistic activity at all dopamine and some non-dopaminergic receptors. The rank order of affinities
fowards the different dopamine receptors is similar to that of dopamine. However, its affinities are much
higher than those of dopamlne Thus, rotigotine resembles dopamine in respect to structure, receptor
binding and functional activity.* .

Mechanism of Action
The precise mechanism of action of rotigotine as a treatment for Parkinson’s disease is not known in

detail. It is supposed to directly stimulate post-synaptic dopamine D1, D2 and D3 receptors within the
caudate-putamen of the brain as suggested for dopamine agonists in general.'

Proposed Indication

The proposed indication for rotigotine is for the treatment of the signs and symptoms of early stage
idiopathic Parkinson’s disease.

Proposed Formulation and Strengths
Due to low bioavailability of rotigotine via the oral route and suitable physico-chemical properties for

transdermal application, rotigotine has been developed for transderma/ administration using patch
technology

— strengths of rotigotine transdermal systems are proposed as shown in Table 2.

Table 2 Proposed To-be-marketed Strengths for Rotigotine Transdermal Systems

elivery Rate |

Proposed Dosage Regimen

The patch is applied once a day with rotation of the application sites with at least a 14 day interval
between applications to the same spot. Proposed application sites include the front of the abdomen,
thigh, hip, flank, shoulder, and upper arm.

The recommended starting dose is 4.5mg (10 cm?) daily with the daily dosages increased in weekly
increments of 4.5 mg (10 cm ) up to —_— ., based on the individual patient response.
Proposed effective doses are 9.0 mg, 13.5 mg or ~ mg per day.

* talicized text is taken from sponsor’s submission.
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2.6 Pertinent Clinical Pharmacology and Biopharmaceutic Questions

/ _/ / v

What was the quality of this submission, and how did it affect the quality and reliability of this
review?

The quality of this submission was extremely pbor.

Protocols and study reports were so poorly written that frequently it was difficult or impossible to ascertain
with certainty the actual formulations, dosages, measurement, or sample timing. The sponsor’s
calculations of basic pharmacokinetic metrics such as Tlag, Tmax, Cmax, AUC and half-life were
frequently incorrect or in some cases were not even provided. Summary statistics were also frequently
not provided or were incorrect, and inappropriate statistical analyses for bioequivalence were performed.
For other studies raw data was not even provided, and in the QT study, neither the analyses nor the data
for the primary ECG variables were provided.

Study designs were consistently so poor and incomplete that the studies don’t adequately address the
questions of interest. Factors such as insufficient samples and dosage, application site, duration of
treatment, and sampling times were consistently so poor that results and conclusions from the studies
cannot be relied on.

The electronic submission was extremely difficult to work with. Some studies didn’t even have folders,
and could only be reached by going to a cumulative list of studies in the summary section and reaching
the study via a hyperlink. For other studies that did have folders the links sent you to a totally different
study. Organization of the information in the study reports was inconsistent from study to study, for
example PK data was variously reported under appendices, listings, tables, in different subsections in the
clinical study report itself, in bioanalytical reports, or even in totally separate PK reports. In one case | had
to drill down through 28 layers of links to be sent to another section, where | had to drill down through
another 30 layers to again be sent to another section. This was repeated 2 more times finally resulting in
a statement that if the data are needed to please request it from the sponsor. Instead of descriptions of
the results and tables in the study reports, the study reports frequently simply included links to a series of
unidentified tables, i.e. table1... table14, clicking on these links brought you to data or summary tables
without appropriate identifiers so it was impossible to tell if these tables were even associated with the
study of interest. : '

Due to the difficulty in reviewing this submission, the validity of the assays could not be reviewed.
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Consequently, almost all conclusions reached in this review are tentative and the reliability of the
conclusions reached cannot be assured.

What formulations were used in the pharmacokinetic, clinical pharmacology studies, and pivotal
phase lll studies?

Four formulations were investigated. The first two were development formulations, —_—

The two later formulations were qualitatively/quantitatively identical silicone based formulations that differ
only in their method of manufacture.

~ These

~ formulations are variously referred to in the review as formulation 3 and 4, the Clinical-Trial- Formulatior, -
(CTF), and the To-Be-Marketed formulation, (TBM), or by the sponsor as the phase II" and final’

formulation. .

The final TBM formulation was used in the pivotal phase IIl studies and in the multiple dose QT study,
and a few other phase | studies of intrinsic or extrinsic factors. The CTF formulation was used in the
phase |l dose ranging study and most PK studies.

Are there any differences between the To-Be-Marketed, (TBM), and Clinical Trial Formulation,
(CTF)?

The two formulations are qualitatively and quantitatively identical and differ only in the manufacturing

methods used. Specifically the ~ -’/\——7,—7 /

Are the CTF and TBM formulation bioequivalent? -

As the CTF and TBM formulations are qualitatively and quantitatively identical there is no need for this BE
study. Yet a single dose bioequivalence study at the lowest dose of 4.5 mg / 10 cm? applied to the fore
axillary line of the chest was performed. Aithough appropriate geometric means, geometric mean ratios,
and 90% confidence interals were not calculated, comparison of summary statistics, (i.e. means standard
deviations, ranges, medians), appears to indicate that these formulations perform similarly. However, the
TBM formulation used was produced at — scale and has a much faster dissolution than any other CTF
or TBM batch. Plus it's unclear if the site of application was studied in any other study. In any case this
site was not explicitly stated as used in either the phase Il dose ranging study or the pivotal phase Iil
studies.

What is the general concentration time profile of rotigotine TDS and What are the potential clinical
implications?

On single dosing typical lag times of 4 hours are seen as is expected with any transdermal formulation. A
smaller fraction of subjects have lag times of 2 hours, although lag times of up to 12 hours have been
seen. Maximum concentrations with single doses of 24 hours duration occur most frequently around 16
hours although ranges of 4 to 27 hours are observed. Thus on multiple dosing Tmaxs can occur at
anytime although there is a peak incidence around 16 — 20 hours. Minimum concentrations also occur at
almost anytime of the day although the distribution is opposite that of the Tmax with a peak incidence
around 2 hours post dose.
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Does rotigotine exhibit linear kinetics over the dosage range?

No adequate single or multiple dose studies of linearity were performed. However, several phase Il and
phase Il studies did have limited PK sampling over the dose range of 4.5 mg to 18 mg, or in one phase ll|
study, (SP512) to 13.5 mg.

_ In general it appears possibly linear to 13.5 mg with a plateau in exposure at 18 mg. However this could
also be due to variability due to inadequeate sampling, etc. with linear PK to 18 mg.

To summarize:

Study Description PK Sampling Comments
SP718 Ph | Rising MD Study Extensive Sampling Possibly linear from 2.25 mg to 9 mg
SP534 Pt I Ph 1l Rising MD Study C0, C2, C6, C12, C23 Appears to Plateau at 18 mg
: Days 1, 8, 15, 22 :
SP535 Ph 1l Rising MD Study Ibid. Appears to Plateau at 18 mg
SP506 Ph Il Fixed Dose Study C24 atwks 4,7, 11 Appears linear, although exposure at 13.5 mg '
. is high and at 18 mg low
SP630 Ph il MD QT study C24 during titration Appears linear
And C24 at 18 mg
SP512 Ph 1il Pivotal Efficacy Study C24 during titration Less than dose proportional increase.
. with Titratable Doses Possible plateau
SP513 Ph 1l Pivotal Efficacy Study C24 during titration Less than dose proportional increase.
with Titratable Doses Possible plateau

What is rotigotine’s mulitiple dose kinetics and does it exhibit time invariant kinetics?

Study SP503 was the only multiple dose study of sufficient duratian to possibly detect time invariance. In
this study of a 4.5 mg dose over 14 days the mean accumulation ratio was 1.54. Unfortunately, due to
flip-flop kinetics and the lack of samples on intermediate days time invariance can't be assessed.

Based on 24 hour concentrations obtained at weeks 4, 7, and 11 in the phase Il fixed dose study SP506,
it does not appear that kinetics are time invariant after the initial 4 week titration period.However, due to
the irritancy of rotigotine if the application site is not properly rotated, absorption and exposure could
increase over time. However, based on the possible less than dose proportional increase with rising
doses of the dose titration period induction and time invariance in the third week of treatment can 't be
ruled out. Although based on in vitro data it does appear unlikely.

What is the extent of exposure to rotigotine and what are the pertinent pharmacokinetic metrics?

At a dose of 18 mg daily typical Cmaxs are around 1.5 — 1.7 ng/ml, with most subjects having Cmaxs less
than 3 ng/ml although an occasional subject will have a Cmax above 5 ng/ml, with Cmins around 0.5 —
0.8 ng/mi depending on the study. In study SP630 the typical Cmax:Cmin ratio is 2.5, although the
distribution is log normal and the range is up to approximately 11 fold.

What is the bioavailability of rotigotine?

When radiolabeled rotigotine is administered in a patch approximately 50% of the drug content is
delivered to the skin. If the skin is washed immediately after patch removal approximately 5% of the drug
content can be recovered. Thus depending on if the skin is washed or not approximately 45% - 50% of
the drug in the patch is absorbed.
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Are there bioavailability differences by application site?

. Study SP630 examined pharmacokinetics of rotigotine 18 mg upon multiple dosing in young and elderly
men and women when applied to the 6 different proposed application sites. However due to insufficient
numbers of subjects in each group and differing application sites on the day before sampling, no
conclusions on the effect of applicaton site can be reached from this study. In contrast, SP626, a single
dose BE study of 3 application sites showed that none of the sites were bioequivalent, and the
exposure when applied to the arm was approximately 25% higher than when applied to the abdomen,
and was approximately 40% higher when applied to the thigh compared to the abdomen.

Are there pharmacokinetics differences by gender?

Study SP630 examined pharmacokinetics of rotigotine 18 mg upon multiple dosing in young and elderly
men and women when applied to the 6 different proposed application sites. However due to insufficient
numbers of subjects in each group and differing application sites on the day before sampling, no
conclusions on the effect of gender can be reached from this study. In contrast, study SP717 and SP718
in Caucasian and Japanese suggest that there may be higher exposures in women, which may possibly
be due to weight.

Do rotigotine’s pharmacokinetics change with age?

Study SP630 examined pharmacokinetics of rotigotine 18 mg upon multiple dosing in young and elderly
men and women when applied to the 6 different proposed application sites. However due to insufficient
numbers of subjects in each group and differing application sites on the day before sampling, no
conclusions on the effect of age can be reached from this study. In addition, only 3 subjects were greater
than 80 years of age and the old elderly, (i.e. > 85 years old), could have different skin characteristics
resulting in differing absorption characteristics. However, when applied to the abdomen it appears that
there may be increasing absorption with age.

What are the pharmacokinetic characteristics in children?
Rotigotine’s pharmacokinetics has not been studied in children.
Are there pharmacokinetics differences by Race or Ethnicity?

There was no indication that the single dose pharmacokinetics of rotlgotme differ between Blacks and
Caucasians, or Japanese and Caucasians. :

What are the population pharmacokinetics of rotigotine?

Population pharmacokinetics based on 24 hour concentrations was examined in the two pivotal phase il
studies. Due to the highly variable absorption characteristics from the patch and the lack of appropriately
timed samples the population pharmacokinetics cannot be considered reliable. In addition, the sponsor
inappropriately fixed the lag time and absorption rate and excluded a large fraction of the samples due to
their being greater than a certain percentage from previous values or from the mean. This also makes the
population pharmacokinetic estimates suspect. As the data was not presented in an easily reconstituted
format even description statistics were not calculated by the reviewer.

What is is metabolic profile of rotigotine?
Rotigotine is directly conjugated to both a glucuronide and sulfate conjugate.
Rotigotine also undergoes N-dealkylation to form both an N-despropyl- and an N-desthienyl-metabolite.

Coproducts from these metabolic reactons include propanol and thieny-ethanol respectively. Rotigotine is
also oxidized at the 6 position to form a catechol.
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The primary N-desalkyl metabolites can be secondarily oxidized to catechols, and any of the oxidative
primary or secondary metabolites can potentially be conjugated to 5-O or 6-O sulfates or glucuronides.

The elimination of the despropyl-catechol and the thienyl-ethanol has not been described. However, the
thienyl-ethanol could be oxidized, conjugated, and undergo S-oxidation.

How are Rotigotine and its’ metabolites eliminated from the body?

After application of a radiolabeled rotigotine transdermal system 70% of the absorbed radiolabeled dose
is recovered in urine and 20% is recovered in feces for an average recovery of 90%. No identification of
eliminated species was performed in this study.

In the pivotal bioequivalence study urinary recovery over 48 hours of unconjugated rotigotine was 0.1%,
23% for total rotigitone, 5% for total despropy! rotigotine, and 2% for total desthienyl-rotigotine, with
approximately 70% of the dose unaccounted for.

After IV dosing 22% of the dose is recovered the urine as rotigotine, 9% as rotigotine glucuronide, 13.5%
as rotigotine sulfate, 1% as despropyl-rotigotine glucuronide, and 8% as despropyl-rotigotine sulfate, with
another 23% of the dose recovered in feces as unidentified species. Thus the remaining 29% of the dose
was unaccounted for, and the eliminated species was only identified for 54%of the dose.

Are there any stability problems with rotigotine, and if so are there any potential clinical issues?

Rotigotine is = ~™—— — e R i U

. — ' This raises the
question whether any of these are formed in vivo and if so if they are formed in sufficient quantities to
cause problems as the ——— may be toxic andthe =~ could also be potentially
problematic.

What are the relative exposures to rotigotine metabolites relative to rotigotine?

Relative exposures to rotigotine and its’ metabolites was determined from pooled plasma samples after IV
administration of radiolabeled rotigotine. Relative Cmaxs and AUCs were similar for most measured
metabolites. For rotigotine sulfate the exposure was approximately 3 fold higher, for Despropyl sulfate
20% higher, for total desthienyi conjugates, approximately 30 — 40% lower, and for rotigotine glucuronide
approx1mate|y 20% to 44% lower. However approximately 50% - 55% of the circulating radioactivity
remains unidentified.

What is the receptor and transporter binding of rotigotine and its metabolites?

Except for binding to multiple dopamine receptors there did not appear to be any significant binding or
inhibition to human receptors or transporters by rotigotine at clinically achieved concentrations. The only
metabolites that were tested included the catechol, the despropyt and the desthienyl metabolites of
rotigotine. Of these only desthienyl-rotigotine appeared to inhibit D3 and D5 receptors at similar
concentrations to rotigotine. However, the in vivo concentrations of desthienyl-rotigotine are below the
level of quantitation, making the clinical significance of this metabolite uncertain.

What enzymes and transporters are involved in rotogotines disposition?

The primary isozymes responsible for rotigotine metabolism by appear to be CYP1A2 and 3A4 for both
the despropyl and desthienyl metabolites, and 2C183 for these as well as for the catechol. Although these
results are not totally consistent with the results of inhibition experiments performed with pooled human
microsomes. Extrapolation of these observations to clinical dosing may not be appropriate as clinical
doses are in the 3 — 30 nM/L range compared fo 70 mM in the experiments. Thus metabolism by certain
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isozymes may not be observed at the lower concentrations achieved clinically. No effects on pGP nor
were binding to other transporters observed.

Clinically 1A2 is induced by tobacco, dletary indoles and polyaromatic hydrocarbons, and 2C19 is
genetlcally polymorphic.

Does rotigotine induce or inhibit any of these or other disposition pathways?
There was no evidence of any induction or inhibition in vitro, for 1A2, 2C9, 2C19, 2D6, and 3A4.
What is rotigotine’s protein binding and the effects of changes in protein binding?

Rotigotine is 89% protein bound to albumin at a concentration of 62.5 ng/ml. Thus no protein binding
interactions are expected with albumin. However, rotigotine is cationic and no protein b|nd|ng studies
were performed with a1-acid glycoprotein.

What are the pharmacokinetic / pharmacodynamic characteristics of Rotigotine TDS?

Pharmacokinetics and Pharmacodynamics of rotigotine were examined in numerous studies.
Unfortunately they were not examined in a rigorous manner.

Pilot intravenous studies seemed to indicate that pharmacologically active concentrations for Parkinson’s
Disease were in the range of 0.25 — 1.5 ng/ml. The phase Il fixed dose study tends to support a
concentration response relationship. Although there was a the lack of clinical difference between the 13.5
mg and the 18 mg doses in the phase |l fixed dose ranging study this may or may not be due to reaching
a plateau in the dose response instead it may be explainable by lack of separation in concentrations for
these doses, although additional work would be needed to evaluate this.

Some data is evaluable to assess the relationships between rotigotine concentrations and somnolence,
effects on dopamine dependent hormone concentrations, nausea and vomiting, and intraccular
pressures. However, due to limited time these relationships could not be reviewed. If there is another
review cycle these relationships may be examined. -

Pharmacodynamic studies with continuous intravenous infusions indicate that diskinesias are due related
to concentration and are not related to pulsatile delivery.

What was the PK/PD relatlonshlp of rotigotine to QTc?

In spite of performing a full PK profile at a steady-state dose of18 mg, with simultaneous 12 ECG
measurements, the sponsor did not report the results. Instead the sponsor only reported C24
concentrations and holter measurements from surrounding days. This raises the question of why the
primary variables were not reported. Another QTc study with a positive control and usmg higher doses is
currently being planned.

What is the effect of renal insufficiency on rotigotine?

There was no effect of any degree of renal impairment, (including ESRD), on rotigotine pharmacokinetics.
With respect to total-rotigotine, with mild or moderate renal impairment, (CICr 50 — 79 ml/min and 30 — 49
ml/ min respectively), there were no observable changes in pharmacokinetics. However, in severe renal
impairment (CICr < 30 ml/min} exposures doubled. The effect of renal impairment on other metabolites
was not measured, although as known metabolites are formed via metabolism and are secondarily
conjugated prior to renal elimination, it seems that with at least moderate renal function or better, (i.e.
CICr > 30 ml/min), no dosage adjustment is indicated. With more severe renal impairment the effects of
accumulation of conjugates cannot be predicted.
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What is the effect of hepatic insufficiency on rotigotine?

In subjects with moderate hepatic impairment, (Child-Pugh Class B), there were no observable changes
in rotigotine pharmacokinetics compared to healthy volunteers. However, nonrenal clearance of rotigotine
conjugates was decreased and exposures to these conjugates were increased by approximately 40%,
effects on other metabolites were not examined. The clinical implications of these changes are unknown.

What are the results of the drug / drug interactions studies?
Three drug /drug interaction studies were performed:

¢ Rotigotine 9 mg/ 20 cm and Cimetidine 400 mg q12h
o Rotigotine 9 mg /20 cm? and Carbidopa / Levodopa 50/200 qd
» Rotigotine 4.5 mg /10 cm? and Domperidone 10 mg tid

There was no evidence of an effect of this regimen of cimetidine on rotigotine pharmacokinetics and
interactions at higher rotigotine doses would be even less likely. Although the effect on cimetidine was not
examined cimetidine is largely renally eliminated and has a very high therapeutic index so clinically
significant effects on cimetidine are not expected.

No interaction was detected between rotigotine and either carbidopa and levodopa. However the dose of
rotigotine was low and would not adequately stress the system. This is also true for the carbidopa /
levodopa combination which was even less than the labeled starting dose of CD/LD 25/100 tid, and it was
certainly less than the maximum labeled dose of 200 mg / 2000 mg per day. Consequently we cannot
extrapolate these conclusions to doses of CD/LD used in, or doses. of rotigotine that might be used in
Advanced Parkinson’s Disease. In addition, at these doses carbidopa is considered subtherapeutic and
the AE profile observed in this study is unlikely to reflect the situation in clinical practice. :

There was no evidence of an effect of domperidone on rotigotine. Unfortunately the domperidone dose
was below the maximum recommended dose of 20 mg g4h for nausea and vomiting in Parkinson’s
Disease. However, as both drugs were used at % of their maximum daily dosage (MDD), no interaction is
expected when both drugs are used at their MDD. Even if an interaction would occur at the 4.5 mg dose,
exposures might still be below that achieved with an 18 mg dose. It is noteworthy that one subject
experienced syncope during the study.

What are the adhesion characteristics of Rotigotine TDS?

Formal dedicated adhesion studies with the rotigotine patch were not performed. A number of studies did
assess adhesion however most of these studies did not use a sensitive adhesion scale, and evaluated
adhesion under ideal conditions, i.e. the smallest patch size, short duration, and possibly inpatient
studies.

The best adhesion data is from study SP630 which is the multiple dose PK study that assessed the effect
of age, gender, and application site. In this study, as expected adhe3|on tended to decrease as the patch
size increased. At the largest two patch sizes, (30cm and 40 cm ) ———~——

r ~ there is greater than 10% lift in 40% - 50% of patches, and greater than 25% lift in 15% - 30% of
patches. This indicates a poorly adhesive patch as most patches applied for a 24 hour period typically
have greater than 10% lift in only 5%-10% of patches and greater than 25% lift in about 5% of patches.

In addition, up to 14.6% of the 40 cm? patches couldn’t be assessed as the patches were taped down due
to extensive lift. Thus it's possmle that some of these patches could have become detached. In fact in the
pivotal BE study 10% of 10 cm® patches did become detached.
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What are the effects of bathing, exercise, clothing, skin treatments, etc. on the adhesion
characteristics of Rotigotine TDS?

The effects of bathing, exercise, tight clothing, skin treatments, and other factors on the adhesion of
rotigotine TDS was not examined, however, due to the poor adhesive properties observed a conservative
approach should be taken with any factor that might adversely affect adhesion.

What is the dermal tolerability and sensitization potential of Rotigotine TDS?

Two studies SP629 and SP673 examined the sensitizing potential of tiny 2.5 cm? and 5 cm? patches.
When 5 cm? patches were applied repeatedly to the same site for 3 weeks the degree of irritancy
approached the same levels as seen with a positive control and significant erythema and even edema
was observed. When the 2.5 cm? patch was applied three times weekly for 3 weeks followed by a
rechallenge period, 5% of placebo group exhibited sensitization, and 6.8% of the rotigotine group
exhibitied sensitization. This may indicate that the patch excipients are sensitizing possibly in addition to
the APl and sensitization may be more common when the larger therapeutically used patch sizes are
used.

With the largest patch 18 mg / 40 cm? administered —_— . 42.5% of applications
developed erythema over 6 days, and 0.4% exhibited edema and papules. Approximately 20% developed
glazing, and 0.4% also had cracked skin in addition to glazing, 12.3% also experience other site
reactions, primarily consisting of itching. In the pivotal phase Il study SP513 that went up to a dose of 18
mg 8% of subjects discontinued treatment due to dermal site reactions.

With single applications of the 4.5 mg/ 10 cm? patch 50% to 100% of subjects experienced slight
redness, 18% -43% experienced marginal edema, and 5% - 33% experienced slight edema, i.e elevated
skin.

In conclusion this appears to be a product that produces significant irritation and may potentially be
sensitizing.

What is the rotigotine transdermal delivery rate from Rotigotine TDS?

Apparent drug delivery was determined in a number of studies by measuring the amount of rotigotine
remaining in used patches. Most studles examined drug delivery from 4.5 mg patches and in these
studies delivery from the 4.5 mg/ 10 cm? patches typically averaged around 2.5 mg per day, (i.e. 55%
delivery), however average delivery rates ranged from 2 mg to 2.9 mg per day and individual patches
delivered up to 4.1 mg. Only one study examined delivery from a 9 mg patch and it was 5.2 mg/day. One
study, SP630, examined delivery from an 18 mg patch at steady-state in male and female middle aged
and elderly patients using the proposed rotating application sites. In this study mean drug delivery was
6.6 mg with individual drug delivery again ranging up to double the mean delivery. This data indicates that
drug delivery is not linear with drug content. The sponsor has proposed nominal drug deliveries that are
linearly related to drug content, (44.4% of labeled content).

Although the sponsor’s proposed drug delivery is not accurate it is approximately the mean % delivery
across various strengths, because of this and for ease in prescribing the sponsor’s proposed delivery
rates are acceptable.

What other factors might effect bioavailability and rate of drug delivery?

Although the influence of other factors such as inflamed skin, and heat application on the bioavailability of
rotigotine was not examined these factors typically increase absorption rate and bioavailability from
transdermal systems up to several fold. Certain skln treatments containing permeation enhancers might
also affect absorption. In addition, ' )
—_— Consequently, labeling should S ———
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Are the proposed dissolution method, specifications, and acceptance criteria acceptable?

The proposed dissolution method, is acceptable, however the specifications and acceptance criteria need
to be modified.

The sponsor’s proposed specifications were in milligrams rather than percent of the labeled content, and
were unacceptably wide. The acceptance criteria were not sufficiently specific as they did not reference
the specific edition of the USP/NF.

For the To-Be-Marketed product the dissolution at each time point was very tight with coefficients of
variation typically <1%. Consequently, the typical specification range of + — may be excessively wide
and may not detect changes in the manufacturing process or clinically significant changes in dissolution.
However, the differences in mean dissolution between the CTF batch and the pilot TBM batch used in the
pivotal BE study was 21.5% at 0.5 hours, and 28.8% different at 1 hour, —

—_————

APPEARS THIS WAY
ON ORIGINAL
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3 DETAILED REVIEW

3.1 Chemistry
3.1.1 Drug Substance
3.11.1 Description

Rotigotine is the levorotary S-(-) enantiomer of an’amino-tetraline compound.

3.1.1.2 Structural Formula

Rotigotine has the following structural formula, (see Figure 1):

Figure 1 —

[/

3.1.1.3 Molecular Formula

The molecular formula is: C19H25NOS
3.1.1.4 Molecular Mass

The molecular mass is: 315.48

3.1.1.5 Manufacturer — Drug Substance °

/ _
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3.1.1.6 Nomenclature

3.1.1.61 Non-Proprietary Names

International Non-Proprietary Name (INN): Rotigotine
United Stated Adopted Name (USAN): Rotigotine

3.1.1.6.2 Chemical Names

(6S5)-6-{propyl[2-(2-thienyl)ethyllJamino}-5,6,7,8-tetrahydro-1-naphthalenol (IUPAC)
(S)-6-~[propyl(2-thiophen-2-yl-ethyl)-amino]-5,6,7,8-tetrahydro-naphthalen-1-of
(S)-(-)-5,6,7,8-tetrahydro-6-[propyl{2-(2-thienyl)ethylJamino]-1-naphthalenol

3.1.1.63 CAS Registry Number

[99755-59-6]
3.1.1.64 Sponsor’s Laboratory Codes

SPM 962
N-0923

3.1.1.7 Physico-chemical Properties

3.1.1.71 Appearance

Rotigotine is a white to off-white powder.

31.1.7.2 Crystalline Structure and Polymorphism

——

3.1.1.7.3 pKa

pKa’s based on titration in water / methanol solution is shown below:

pKa 1> (acidic phenolic hydroxy aroup) = =~ —
pKa 2 (basic amino group) = . —
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3.1.1.7.5 Physical / Chemical Stability

Proposed degradation pathways are shown in Figure 2, This raises the question whether any of these are
formed in vivo and if so in sufficient quantities to cause problems as the = ™~ may be toxic and
the: = ould also be potentiall problematic.

Figure2 Degradation Pathways
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3.1.2 Drug Product
3.1.2.1 Description

Rotigotine patch is a matrix-type transdermal system consisting of the following three main components:
1. Backing Film (BF): Flexible beige to light brown color —_—

2. Silicone Drug Matrix (DM): Self adhesive, drug-loaded
3. Protective foil (PF): Release liner

3.1.2.2 Strengths

The composition per patch unit area is identical for all dose strengths, (0.45 mg/ cm?). Thus the strength
is determined by the patch size.

The strengths proposed for marketing are shown in Table 6.

Table 6 Proposed To-Be-Marketed Strengths
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3.1.3 Primary Packaging
3.1.3.1 Backing Film

The backing film is a flexible foil composed of . —_—— polyester)
. aluminized and color coated. The sequence of the layers and the
corresponding manufacturers of each part are shown in Table 8:

Table 8

Component Layers of Backing Film

3.1.3.2 Protective foil (release liner)

The protective foil covers the drug containing matrix and is removed prior to application. It is composed of
a transparent polyester foil and is coated with a fluoropolymer on the side that comes into contact with the
matrix.

3.1.3.3 Pouch

Each patch is sealed within a pouch (sachet). - — .,
and are shown in Table 9.

Table 9 Composition of Pouches Used for Primary Packaging
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3.1.4 Physicochemical Characteristics
3.1.4.1 Dissolution

See §3.9.2 on page 174.
3.14.2 Stability

Rotigotine is —_— aring Iéng term storage. / —_—

/ / / /

The primary packaged product must be stored at room temperature, —_—

~ APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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3.1.5 Clinical Trial Formulations

3.1.5.1 Intravenous qumulations

In the' L.V. studies N-0923/001-2601, 002-01, and 006-01 performed by —_— a
solution of —_— in sterile water for injection was used.

The solution was supplied in 5 ml ampoules.

3.1.5.2 Transdermal Patch Formulations

3.1.5.21 Overview of Development Formulations

Four patch formulations were used during the clinical development program, (i.e. phase | o il studies),
see Table 16. '

Table 16 Summary of Transdermal Formulations Used in Clinical Trials

Used in 2 formulation
development studies
Used in 2 formulation
development studies
Used in SD PK, MD PK, Compositionally
and initial phase Ii study identical. only
difference from
formulation 3 is the
change in the
manufacturing

Formulation 1 Prototype

Formulation 2 Prototype

‘phase IV’

Formulation3 | formulation

Rotigotine Silicone

Formulation 4 ‘phase Il or
CTF/TBM ‘Final’ formulation

Used in all other phase |,

Rotigotine Silicone | |, "and Iif studies.

The silicone ‘phase I’ formulation (formulation 3) was chosen for further development based on the in
vivo data of study SP502 (see Table 21 Summary of Rotigotine TDS Study Designs on page 48).

The final pivotal clinical trial / to-be-marketed (CTF/TBM) formulation, (formulation 4) is compositionally
identical to formulation 3. The differences between these formulations are due to changes in the
manufacturing process.
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3.1.5.2.1.3 Formulation 3 - Phase Il Formulation

The studies SP502, SP503, SP506, SP511, SP540, and SP591 were performed with the following patch
formulation:

Table 19  Formulation 3 - (Sponsor’s Phase 2-Formulation)

Rotigotine

Silicone adhesive —

ettt

Povidone

Sodium metabisulfite

Ascorbyl palmitate

— . (vitamin E, DL-a-Tocopherol)

/

3.1.5.2.1.4 Formulation 4 — Final (CTF/TBM) Formulation

As mentioned previously the qualitative/quantitative composition is identical to formulation 3 shown in
Table 19 above.

The qualitative / quantitative composition for all 4 proposed strengths along with the function of each
ingredient, the reference standard, and the % composition for this formulation may be found in Table 7 on
Page 32.

The production process uses a —_
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The final manufacturing process of rotigotine patch can be divided into the steps below and are partially

outlined in Figure 3, —_—

77

/ ./ /o

3.1.5.2.1.5 Differences in the Manufacturing Process between
Formulation 3 — (‘Phase I’ Formulation) and Formulation 4 - Final

(CTF/TBM) Formulation
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According to the sponsor:

“The pharmaceutical quality of patches produced according to both procedures is comparable. A slight
difference was only observed in the 3 hours dissolution test (see section P.2.2 Pharmaceutical
Development - Drug Product). Batches manufactured on a technical scale according to both procedures
were compared in a bioequivalence study and found to be bioequivalent (see section P.2.2
Pharmaceutical Development - Drug Product). Therefore patches manufactured according to the
improved phase 3 and final procedure and patches manufactured according to the ~ — . phase 2
procedure are equivalent and adequately characterized.”

APPEARS THIS WAY
ON ORIGINAL
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3.1.6 Batches Uséd in Clinical Trials

An overview of selected batches used in clinical trials performed by Schwarz is given in Table 100 on
paae 179 at the end of section §3.9.2 Dissolution. The batches were either packaged in.  —  pouches

Pt

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAy
ON ORIGINAL
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3.2 Clinical Studies

Organizing a logical presentation of the sponsor’s clinical studies was exceptionally difficult.

A number of studies were labeled with multiple different study numbers, especially the early studies.
Many studies had multiple parts which really could be considered totally separate studies. In addition a
number of studies had multiple amendments, which for a number of studies were total redesigns that
were undertaken in the middle of conducting the studies. Formulation. dosaae. annlication site,
undertaking multiple objectives in a single study, and —_— added to the
complexity in trying to understand and construct a logical organization. in addition, there were a number
of integrated study reports of multiple studies, (e.g. drug delivery, Pop PK, and cardiac PK/PD), that also
were included in the submission.

Table 21 on the following pages attempts to present a logical overview of the clinical studies and should
be referred to frequently when reading this review.

This table groups studies by their major objectives as follows:

Initial Exploratory PK/PD Proof of Concept Studies
‘Formulation Development

Mass Balance Studies

Initial SD PK with Final Patch Composition

Intrinsic Factors

Extrinsic Factors

Clinical Pharmacology Studies

Pivotal Bioequivalence Study

Phase Il Patient PD and PK/PD

Pivotal Phase 11l Efficacy and Population PK Studies
Phase Il Long Term Safety Studies

Other Trial Reports — Restless Legs Syndrome and Advanced Parkinson’s Disease

* & 6 6 ¢ S 6 S O O oo

The table gives the ‘SP coded study number’ and a brief description of the study design but the major
focus is on the formulation composition, API, total daily dosage, dosage strengths used, dosing,
application site, 'frequency’ of administration, and duration of treatment.

Colored text is used in Table 21 to highlight various aspects of the information presented in the table.

Green text is used to indicate use of the initial prototype formulation that was used in only 2 studies.
Royal Blue text is used to indicate use of an  ~— >ased formulation that was used in only 3 studies.

Orange st is used to indicate use the ‘Phase 1 formulation. This formulation is compositionally
identical to the final to-be-marketed (TBM) formulation. It only differs from the TBM formulation in the
manufacturing methods used. The ‘Phase [I’ formulation was used in 4 studies: a SD PK/BA study, a
MD PK study, a phase |l trial, and a pilot study in advance Parkinson’s Disease.

Red textis primarily used to indicate the £nal clinical rial / to-be-markeled formulation. (CTF/TBMY. It
is also used to highlight aspects of the study that are consistent with the proposed dosage and
administration.

Pink 1xtis used to indicate CTF/TBM patches using radiclabeled rotigotine.
Purple text is used to highlight especiaily noteworthy aspects of the protocol.

Light Blue text is used to indicate formulation dosages, or dosage and administration, that is different
than those proposed for mild fo moderate Parkinson’s Disease, e.g. these may be more appropriate
for Restless Legs Syndrome or Advanced Parkinson’s Disease. Or that may not be directly applicable
fo ciinical use.

Light Green background is used to highlight pivotal BE, Phase Ii, and Phase lll efficacy studies.
Population PK may have also been performed for some of these studies.

Taken together the information in Table 21 summarizes much of the applicability of the studies to actual
clinical usage.

In addition, to Table 21 there are a number of similarly laid out tabiles in this review, particularly in the
appendix that were created to help understand the and compare the various studies and their designs.
Although these tables are included in the review for completeness, some of the tables may not be
complete, there may be mistakes, and footnotes from the sponsor may have been left in that are not
applicable fo these tables. These tables should be identifiable as they deal primarily with study designs.
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Additional information on study designs may be found in Appendix 1 - Study D.

This appendix includes the following tables:

Table 103

Table 104
Table 105
Table 106
Table 107
Table 108
Table 109
Table 110
Table 111
Table 112
Table 113

Study Designs - List of Studies, Protocol Numbers, Study Dates, and
Study Location

Study Designs - Inclusion Criteria by Study
Study Designs - Exclusion Criteria

Study Designs - Exclusion Criteria

Study Designs - Concomitant Medications
Study Designs - Patch Application

Study Designs - PK Sampling

Study Designs - PD Measurements

Study Designs - Safety Monitoring

Study Designs - Tolerance and Adhesion
Study Designs — Assays and Sample Handling

APPEARS THIS wAY
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Page 228

Page 233
Page 237
Page 241
Page 246
Page 248
Page 253
Page 259
Page 263
Page 270
Page 276



3.3 Submission Amendments

5/25/05 | 5/27/05 Labeling .

Pharm Tox

CRFs

120 day safety update

6/23/05 | 6/24/05 Labeling

Drug Sub

Clin Response to Requests for
Data Anal 512 and 513

7128105 | 7/28/05 Response to OCPB request for data files for
clinical studies.

8/9/05 8/9/05 Response to CMC Request re: impurities in Drug
Substance

9/2/05 9/2/05 ? Delete

9/6/05. 9/9/05 Response to Req re: incomplete information re:

120 day safety update

9/13/05 | 9/15/05 Response to Req PK/PD Data for ECG Study
SP591 Response to Req re: SAS Codes

9/23/05 | 9/23/05 Additional infor re: req for safety infor.
9/29/05 | 9/29/05 Response to CMC Req.
10/6/05 Response to CMC Req re: Drug Product

10/31/05 Response to Req re: Database for possible
Malignant Melanomas

11/9/05 | Response to Req re: Subgroup Analysis by Age
in Pivotal Phase Il Studies

12/15/05 Response to Req re: Treatment Emergent
Malignancies

12/22/05 Response to Req re: AEs & Dose Response

1/5/06 Response to Req re: stability data

1/26/06 | Response to Req re: compulsive behaviors
1/30/06 Labeling as Word Document
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3.4 Submission Quality

The following is a list of comments reflecting the submission quality made while conducting the
review.

Can't find protocol numbers, sometimes one set of numbers is used for a protocol and other times a
dfferent numbering system is used for the same protocol.

Hyperlinks take you to the wrong place. It's unclear if this is due to the FDA or the sponsor.
Formulation differences are unclear.
Scanned images provided instead of alphanumeric data.

There are multiple places & numbers for protocols especially for the Phase Iil studies so it’s difficult to
know if you've already reviewed something or missed it.

Labeling was provided with line numbering that couldn’t be removed making editing difficult
No subanalysis of subjects by gender was performed when the data was available.

No information was provided on isomeric interconversion.

Half-lives were reported as 1 hour while the semilog plots révealed half-lives of 7 — 8 hours.
Early PK PD study protocols were so poorly written that dosage mistakes are highly probable.

Descriptions of dosing were inconsistent within protocols such that dosing could not be determined. This
was repeatedly noted in various protocols.

Studies were not performed with the highest strength patch.

More than one study is refered to as protocol 0923-002, i.e. both studies SP800 and SP804.

For study SP800 the inclusion criteria is subjects from study SP804.

Intravenous studies SP803 and SP804 performed at the NiH in Chevy Chase, MD were especially poor.
For example there were multiple protocol amendments before starting the protocol. Monitoring was not
specified in the protocol. Then in the clinical study report it was reported as every 2 minutes.

The protocol summary for SP804 is the same as for SP803. The wrong drug is stated in the CRF ie
loading dose is stated with buprenox rather than rotigotine. The IV bag is not blinded and the dose
escalation is improper such that the protocol isn’t actually blinded. In addition no dyskinesia scale was
included in the protocol even though one objective is to evaluate dyskinesias.

Figures are illegible as scanned. Spelling mistakes were common in the protocol, e.g. DEW for D5W.
Multiple dose admininistration is not blinded, only the rater is blinded.’

Study 803 presents data as image files of Excel spreadsheets.

The sponsor’s definition of lag time is incorrect and gives a bias of approximately 2 hours shorter than the
true lag time.

Assay method vaiidation is frequently incorrect as they threw out outliers and didn’t provide raw data.
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Assay method KA355 || for total rotigotine inappropriately threw out outliers.\WWhen outliers are included
the variability is excessive.

Assay method KA-355-[11 Validation Study Report: Simultaneous Determination of Despropyl- and
Desthienyl-SPM 962 in Human Urine by LC-MS/MS

ibid - many outliers CV goes from 30% - 40% to 50% to 100%.

Assay report MA036 / I (free rotigotine) incorrect calculation of bias and precision

Can't open folder for the urine enantiomer bioanalytic feasibility study

In the FDA review in the edr for phase Il studies almost no links work except to the legacy report. Adobe

acrobat tree links do not work, thus you have to go back to the table of contents.

Sponsor threw out a large fraction of PK data from the Phase Il pop PK analysis as it would show the
true variability.

Click on a link in Adobe Acrobat file and the tree structure closes and all folders collapse.
Some links open to acrobat files with tree structure. Some don’t have a tree structure.
Not all drug product batches were listed for all studies.

QT data was not provided.

The sponsor provided all dissolution data and proposed specifications in milligrams released and these
needed to be converted to % labeled content, (%LC).

When open a file or click on link to a different section of the studies, the computer doesn’t do anything for
several seconds. Then it goes back to the edr. This has happened repeatedly.

The following list of comments was sorted by protocol. In some cases this illustrates how finding
the way to get to study reports was by luck and varied on different attempts on different days.

SP503 had to drill down 19 levels to find information to go to another section then back up and down
again, then repeated multiple times.

For SP 503 the mean, minimum, maximum and median were correctly calculated, but the Standard
Deviation was approximately 30% off in every case even after checking for correct transcription of data.

SP503 for Tmax and Cmax on Day 14 the sponsor inappropriately excluded 0 hr data. Also there was no
18 hr sample, therefore can't identify the true Tmax and Cmax when Tmax occurs between 12- 24 hours.
Pages are not labeled with Protocol Number, Page number etc... When printed can't figure out what
protocol it belongs to.

SP506 Acrobat keeps closing when click on hyperlinks to go to another section.

SP506 also under fink to study SP512

SP506 baseline UPDRS not reported so can’t do PK/PD for change from baseline.

SP506 PK report was found under the informed consent subfolder.
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Data listings for JMP files for SP506 instead contains data listing for SP512
SP506 under link to SP535
SP512 has no link directly to study report.

SP512 part Il CRF for Subj 13001 found under Synopsis, Synopsis for SP513 Part Il found under CRF
folder for site 034. Study report can only be reached via from synopsis.

SP512 part Il no link to study. There is a subfolder to study SP513 Part Il but the link doesn’t work. Only
link to study page works to SP513 at Il

SP512 To get to SP512 part Il have to go to list of studies.

Links to phase Il and [l[ trials bring you to the wrong studies.

Synopsis folder under the pivotal efficacy study SP512 only has a link to documentation of audits
performed. Audit subfolder has link to a CRF. Same with the Randomization folder, and randomization
link is under the investigator signature page link, list of sites folder has link to bioanalytic report. Consent
Form has link to pop pk, Sample CRF, links to interlab standards, protocol link to statistical methods, and
study report folder to investigator's signature page and bioanalysitic report. Individual data list subfolder
has links to data listings for study 513. ' '

SP513 has same link problems. Links tor individual subject data listing goes to studySP 512.

SAS transport files for pop PK data sometimes lists the study id factor as SP513 and sometimes as 513.

SP513 lacks many aspects from other studies e.g. sample handling.

SP513 part || CRFs contains data files and a study report for study SP540, although the link to it doesn’t
open. A link to a ‘title page’ in a different CRF folder does open SP540 but not SP513 part Il

SP513 part Il no link to study.

SP515 — Study in Advanced Parkinsonism

SP534 - Part | CSR found. Reached when click on study report for study SP805.

SP534 Part | no link under folder. Have to go to list of studies at front of clinical study section.

SP534 Part | PK not in CSR but found in separate PK Study Report in appendices. Protocol amendment
for SP534 Part | are actually the rewritten protocol SP534 Part II. In protocol to find PK refers to appendix.

SP534 part Il (2) under link to SP534 part | (1)

SP534 Study SP 534 PK under Additional Appended Reports under Appendices

SP535 bioanalytical reports were found under case report form subfolders.

For studies such as SP535 when you click on the link under study synopsis subfolder it instead brings
you to a single page file containing the investigator’s signature page. You then need to open the tree

structure for the whole study report to find the file that contains the synopsis.

SP535 is under link to SP534 part 1l (2), but if you click on signature page link under SP535 link it does
open SP535. '
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Folder for SP535 has a subfolder for study SP506. However link under this subfolder doesn’t work

SP540 completed in 1999. Only link in edr is under 120 day safety update, but this is only to AE data
table. Could only find study report because the list of studies had a link to it.

SP540 folder only contains an AE data file.
Formulations used in study SP540 are inconsistent between tables and text.

SP581 sponsor excluded some values when they calculated summary statistics for an unknown reason.
Sponsor claimed this was due to patch adhesion, but measured plasma concentrations don’t seem to
indicate a problem. When | calc ulated the kels the elimination rate constant was in most cases a good to
very good fit. However, t1/2 was sometimes much longer and sometimes much shorter than indicated by
the sponsor. Mean AUCInf decreased but the 2 groups’ means were much closer

N VA

Folder to SP710 under Efficacy and Safety Studies opens subfolders to 7 new studies none or which are
SP710 :

In study SP610’s report there’s one table with radioactivity PK metrics in the study report, but it doesn't
indicate the treatment, i.e. IV or TDS and there’s no information on metabolite or BA. Have to go to the . .
appendix.

SP799 Confidence interval miscalc ulated and off by factor of 10.

SP803 No pk metrics reported in appendicies only raw data even though claimed in study report with
units given. Raw data disorganized would take too much work to sort it out.

SP804 AUC ng.ml.min appears to have been calculated by multiplying ng/mi/hr *60 instead of dividing by
60.

SP804 PK metric miscalculated. Sponsor’s valued don’t match mine based on raw data include AUC ClI
etc. PK equations inoorrect, ie AUCinf = AUCt + Cplast/Cp.

C:\dmautop\temp\FRotigotineN21 829 Review Clin Pharm.docPage 59 of 322
Last printed 2/23/2006 1:19:00 PM



Wd 00:64:} 8002/€2/Z Peiund isen
ZzZ€ 40 09 eBedoop uueld WD MalraY 628l ZNauURoBiaY \dwandonewpy:)

,SoijaupooBUIBYd 10} §1° L ¥ | XIpuaddy
998, 'UOIJEWIOJU] UOIIENSIUILIPE JO 3)N0J OU JOAIMOY ‘UOIIBLIION]
Aanooal pue Juajeainba Bu Ayaijoeoipel ewise|d pue poojq a|oUAA s}jnsay JijauUnOJBWIBYY 6 UONIAS

SO1I1BW M d PUE Bjep 0} ulpadAy ypm uoiduosap Jo 81y aq PINoys Bjep pue SoujaW Md
EleQ JBUINOSBULEYd 0)'L'EL
*sainbi4 pue sojqe] ¢| uondeg
) SUHOO0E 40 81T

abed apiL
Hoday Apmg Aoeba
suopanysuy| sJ0suodg Jo syuauod jo uonduasag Apnig 3av Al 3 ve aInjosqy
Hasy Apms
sjuaWWoH [ 8 4 G 14 £ 4 i 14
X 2A8" 18737 YN
6l ] L 1 bl et 4} L oL
SjaAST JO JaquINN aAlEINWING
Apmg INAY Al Pue Vg sjnjosqy
papiaoid Ajanoeoipey ejo) AluQ Apnmis INAY SAL sunobioy
salpms Atliqejieaeolg
sapn)s snasewseydoig Jo spoday
salpnig
Ainqessjo) ; Aajeg poazijeadg
Apmis an
spoday Apms Ajiqess|oy [eniu] pue Yd afqng Ayesy
Sa1pn)g daunjoorUEYd UBWNY JO spoday
spoday Apnjg fesiun9
oN uo|ssuugng
_ vai
MBIAAIY (I UM MIIA
*ou yan
¥a3
1830]dxg joudsiy] - Jauenul
Hesi Apmg oidolgns aido uondag QLo
¥ £ 14 b 9 g 14 € Z I
souepinl w4 0d 519A9 WON SjaA’T vYa<4 dLI?
sjuawwon ot & 8 A 9 S 14 £ 4 I
sjaAa

Apmig auQ uj ejeq Md 10j yoleas e jo ajdwexy £z a|qel



‘sa|y abew se papinosd poday siuy ul ejep ||y

‘Ejep puy 0) ybnouy) pajjolos

aq 0} pasu pue Buo| sabed Jo spaipuny saoipuaddy swos 'g'N
. w/Bd Ajuo eleqy mey

| xipuaddy asg

sjdwes yoea ui swdp jo Bupsi

BJEP SW} "SA UOBIUSDU0D Pajood SAleU
Uo paseq solaW Y d Ueal Jo UoRENdRy

JModas jeanAjeue o) 1ajal) BjeQ MEY JO4

SOIISHEIS JOYJ0 OU YlIMm
sajijoge}atlt oy} Jo awos AJuo 1o} Ejep UBsW A[UO SIAID
pauodal aq o0} alE JeY) SIBW Hd SaquIsaq

(say[ogejauwl Jo uopesyyuap|) Hoday [eonhjeueoig

(019dS) (le301) auun Ul 296 WAS Hodey [eonhleuy A-Z6EVY

(019dS) (leyoL) auun ut sayjogejawiiyjesaq - woday [eonAleuY Al-Z6EWM
(0L9ds) 82y aun wi sayljoqelaw|Ayjesag - Hoday [eolARUY [[-268WM
(019dS) auun ui 296 WS paiebnfuooun - podoy [eanhleuy |1-26€WM

synsay so|dweg 10algng | xipuaddy
sajdwes Apnig |L°g
Ss)nsay ¢
(019dS) ewseld uewny u} a6 WdS - Hoday [eonAleUY |-26EV)

Wd 0061} 9002/£2/Z PajuLd jse
22Z¢ 40 19 ebedoop wieyd w0 malnsy 6281 ZNaulobioy J\dwendonewpy:n

(s)ued - spoday [eanfleueaig £1°1 pL

sajdwes Apn)S ul suoneuadUo) L'Z's
souewIoNad ABSSY Z°¢C
synsay. ¢
(souejeg ssep) Woday |esnhjeuy

uonewo| [euL L'yl

saoipuaddy y

(s)ued - spoday [eondleueolg g1'1 vl

spoday eoyauly 5

BUWISE|d Ul SHNSaY JiaujoIRuEyd Z'h
SQL - sHnsay ayaunjodBULEBYd
Al - S}insay onaupjooBUEYd €

sofjaupooeuLRyd 2

uoyewIou) el L'l

saoipuaddy v

suoday ojsupjooEULEYd §L 'L bl

uojeuLO| [eUL |'bL

saoipuaddy ¢L



3.5 Pharmacodynamics

3.5.1 Exploratory Pharmacodynamics
3.5.1.1 Phase | — Proof of Concept IV PD and PK/PD Studies

The initial clinical studies with rotigotine were 3 proof-of-concept and dosing ranging studies conducted
with intravenously administered rotigotine in patients with mild to severe Parkinson’s Disease. A general
outline of the study designs are shown in Table 24.

Table 24 Overview of Study Designs for Intravenous Proof-of-Concept / Dose Ranging Studies

N-0923-001-2601

Male and Female Patients
with mild to Severe
Parkinson's Disease
(H&Y Stages 11 - V)

Single rising dose IV infusions
administered over 10 minutes with
two dosages administered daily for up
to 14 days. Start at 1 mcg/kg doubling
each dose.

4 hour infusionorupto 6 xt %
Range 80 - 400 minutes

N-0923-002-01

Elderly Male and Female
Pxts with Parkinson's
Disease

Single rising dose 1V infusions of 0.5 -
10 mcg/kg infused over 30 minutes
with dose increases each half hour
until an active and tolerated dose is
achieved. This is followed by a 1 hour
washout then the "active and
tolerated’ dose is repeated.

The ‘active and tolerated dose from
phase A is given as a LD over 30
minutes followed by a MD at 35% of
the infusion rate of the LD for 4 hours.

N-0923-006-01
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Male and Female Patients
with moderate to severe
Parkinson’s Disease
(H&Y Stages Il - 1V)

Single rising dose IV infusions of 1 - -
15 mcg/kg infused over 30 minutes
with dose increases each half hour
until a maximally tolerated dose is
achieved.

CIVI at 35% MTD then titrated at
investigator’s discretion to optimal
effect for a total duration of 7 days.
Max rate is 30 mcg/kg/hr




3.5.1.11 Study SP803

3.5.1.1.1.1 Study SP803 — Part A — 10 minute IV Infusion Dose vs. % Improvement in
Modified Columbia Rating Scale

Study SP803 was the initial proof of concept study.

Figure 5 shows the % improvement in the Modified Columbia Rating Scale Score for Parkinson’s Disease,
(MCRS), by dosage rate in 4 patients given a 10 minute infusion in part A of study SP803.

Figure.5 10 minute IV Infusion Dose vs. % Improvement in Modified Columbia Rating Scale
' Anti-Parkinson Efficacy of N-0923 Bolus Doses
(% Improvent in ETB Score)
(N-0923/001 PHASE A)

% Improvement -~ #004

et e 1ty e vy e e i e o e

0.0 0.5 1.0 15 20 - 28 3.0 35 40 45
Increasing N-0923,1.v.Bolus Doses (ngfkg/10 min)——3-

From Figure 5 dosage rates required for a therapeutic effect varied from approximately. 1 mcg/kg to 4 mcg/kg over
10 minutes.

Table 25 shows this range of infusion rates in varying units along with extended daily doses for a typical 75 kg
adult. However, it should be remembered that steady-state could not have been reached in 10 minutes so the
total daily dose is likely to be much less, and since the MCRS was measured after the infusion was terminated
concentrations would be decreasing giving another reason to suppose the actual daily dose will be lower. Subject
number 1 who received the 4 mcg/kg dose was the highest weight subject at 77 kg his extended dose would be
44 4 mg per day.

Table 25 Extended Infusion Rates and Daily Doses based on 10 minute IV Infusions

~InfusionRates Extended Daily -

| mecg/ kgt

6 144 0.45 10.8
4.0 24 : 576 1.8 43.2

a  based on 10 minute infusions; true daily dosages are likely much lower.
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3.5.1.1.1.2 Study SP803 — Part B — 4 Hour 1V Infusion Dose vs. % Improvement in
Modified Columbia Rating Scale

Figure 6 shows the % improvement in the Modified Columbia Rating Scale Score for Parkinson’s Disease,
(MCRS), by dosage rate in 7 patients given a 1 to 4 hours infusion in part B of study SP803.

Figure 6 Continuous IV Infusion Infusion Rate vs. % Improvement in Modified Columbia Rating Scale
Anti-Parkinson Efficacy of N-0923 4 Hour Infusion
(% Improventin ETBScore)
{N-0923/001 PHASE B)

From Figure 6 dosage rates required for a therapeutic effect varied from approximately 1 to 6 mecg/kg/hr, which is
approximately % to 1/6 of the extended dose rate from the 10 minute infusion in part A as shown in Table 25.

~ Table 26 shows this range of infusion rates in varying units along with extended daily doses for a typical 75 kg
adult. As indicated in the previous section the new extended daily dose is lower. However, even with a 4 hour
infusion steady state would not have been achieved and the true daily dose is likely to be even lower.

Table 26  Extended Infusion Rates and Daily Doses based on 10 minute IV Infusions

" megikgihr “meg/ hr/75 kg Adult

1 75

6 144 450

a based on 1 — 4 hour infusions; true daily dosages are likely much lower.
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Table 27 on the following page shows the pharmacokinetic metrics for 3 of the subject in part B of study
803.

In addition, Figure 7 of the concentration vs. time profiles when compared with the efficacy data in Figure
6 indicate that effective concentrations are in the range of approximately 250 — 1500 pg/ mi, (0.25 - 1.5
ng/ml), and when subject 5 who appears sensitive to drug effects is excluded the other 3 subjects had
effective concentrations around 1 ng/ml.

It should be noted that the sponsor’s calculated half-lives in Table 27 are around 2 hours, however
inspection of semi-log plots shown in Figure 8 indicate the half-lives are much longer, and are more likely
in a range of 7 — 8 hours.

Efficacy data by dose are shown for part B for a single subject, subject 10, in Figure 9. The sequence of
plots not only shows a dose response for effect on MCRS in this individual, but also a dose response for
a dyskinesia score at the 4 highest doses. Subjects 11 and 12 but no other subjects experienced
dyskinesiae. This possibly indicates a narrow therapeutic window.

APPEARS THIS WAY
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pEARS THIS WAY
APPON ORIGINAL

C:\dmautop\temp\FRotigotineN21829 Review Clin Pharm.docPage 65 of 322
Last printed 2/23/2006 1:19:00 PM



INd 00:61:| 9002Z/€2/2 pajuld jse
22¢ Jo 99 abedoop ueyd ud mainey 6zglLzNauiebnoy \dwspdoinewpy:n

(sanoy) awiy (sinoy) awiy

0L 8 9 14 14 0 04 8 9 14 4 0
f—
JuyBd)NT) (jwyBd)
‘eyjusauoy opjenuasuosy
N1
g Hed - £08dS Apms - |AID ‘ o g Hed - £08dS Apnis
Inoy ¢ 03 | e se uaalb uaym sajijosd awi] SA uoiesnuasuoy Hoj-jwag aujoboy. g ainbi4 =|AID Inoy ¥ 01 | B se uaalb uaym sajijoid awuty SA uopelnuasuog auobyoy 2 ainbiy
ElepYdUImE=u e
R MR I
[zg70l [5'0€] [s9°0] [oey) [64] [e'01] [89°€] [¥69€] [2zeg] [0901] [e] rosl [z081] Ivz] [} [e°88] [28]
€50-G€0 [ §2€-60Z | §20-8€0 | TLr-v22 | 02-61 | €LL-0G | p2E-€'L SE/E-v0EL | 80SE-/SLL | 09EL-862 £-c IroL-S2'L | spiL-z62 8Z-6 L-8ZL L'ZL-v'lS ¥9- 95
(5"12) (1'62) (6'1€) (5'se) (2'¢) (2'8€) (8°Lp) (e°2p) (1'6p) (b°09) (Lv2) (1'99) (1-99) (2v9) (VA7) (zer) (C9]
OLOF/p0| 98FG66Z | 6L0F90 | €ELFG.E | L'OF6L | GEFL6 | 6ELFET | ZOELFLI6C | QOEL F499Z | Z¥SFO06 | 90FET I8y T62L | 208FpIZL | €2LF6L | LeFev 98¥829 vy ¥ 065
— —_ — — —_ — — —_ — — — .58 BRIVl 0z S i Wl ss zl __
€50 50¢ S.0 ey 88} 601 GELE §GELE GJ2EE — z ¥9'6 72091 4 L N | ¥2s W | 95 1 __
250 §E 590 Ty [ 0'g ¥69'E ZV69E €'805€ — z Iv0l 8vr/L (22 9 | zeL W28 oL __
SE0 50z 8€°0 (72 202 €l [ ZPOEL 02511 —_ 3 Sl 5162 S A A | €85 EREZ) 3
Byl 1 ST X B G [ 2.; Myziew [ Bow : : ,
YA . N LAY X Juy ] {0 % uyBa) | (uisd) Y , 161 -
: ot EE g “lo0v- XEwg Xl asoq A%H WB1aM

g Ued £08dS ApnS - uoisnjul Inoy ¢ = | € JoAC UIAID Uaym aunijobljoy 10} SO Md pPajendje) sgosuods /g ajqel



A Page(s) Withheld

| /F rade Sécret / Confidential

Draft Labeling

Deliberative Process




Figure 15 shows the sponsor’s estimate of systemic clearance based on continuous 1V infusion rates in
study 805. This clearance estimate is somewhat suspect as it’s likely that infusions were not at steady
state and also as several outlying data points were excluded from the analysis. These ‘outliers’ would
conceivably have low clearances and exceptionally high exposures. This data is from subjects 2 6 and 10
who had uncommonly short infusion durations. It's conceivable that the short infusion durations could be
due to a lack of tolerability to the drug, aithough inspection of the AE data does not reveal anything
unusual about subjects 6 or 10. Subject 2 did have a nhumber of ECG findings, (see Figure 12).

Exclusion of outliers for no appropriate reason other than they're statistical outliers was a common theme
throughout this submission.

Figure 15 Sponsor’s Estimate of Rotigotine Systemic Clearance - Study SP805
 Correlation between infusion

rate and plasma N-0923
concentration
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3.5.2 Phase ll Dose Titration Studies

3.5.21 Overview

Five phase Il pilot efficacy studies in early Parkinson’s Disease were conducted and are shown in Table

~ 30. These include studies SP534 Part |, SP534 Part Il, SP535, SP540, and SP506. The first 4 studies will
each be discussed briefly as they were used as the basis for the dose titration scheme, which has bearing
on the QT study design.

Study SP506 is a large fixed dose efficacy study with PK/PD information and will be discussed in the Pop
PK section, §3.5.3 on page 82, along with the pivotal phase Il efficacy studies SP512 and SP513.

3.5.22 Study SP534 Part |

Study SP534 was a sequential multiple rising dose study initialiy designed to evaluate whether a range of
fixed doses of rotigotine could be administered without the need for a titration period. It was begun in April
of 1999. Doses of 3 groups of 4 subjects were to receive rotigotine 9 mg, 13.5 mg, or 18 mg patches for 3
weeks. Each dosage level was administered sequentially with the completion of dosing of one dosage
level before beginning administration to the next dosage level group.

Five subjects received the 9 mg dosage and 3 subjects received the 13.5 mg dosage before the study
was stopped due to intolerable nausea and vomiting. The incidence of nausea and vomiting for each
dosage group is shown in Table 28.

Table 28 Incidence of Nausea and Vomltmg in Study SP534 Part |

- Placebo

9mg
13.5 mg

The sponsor claims that employing a dose titration period may allow patients to acclimate to the effects of
rotigotine on the chemoreceptor trigger zone and allow more subjects to reach higher doses. Although
this is not clear from the data reviewed whether this is true or not.

Table 31 on page 77 shows all Treatment Emergent Adverse Events in Study SP534 Part | for each
subject along with maximum concentrations and when they occurred.

What's clear from the PK data is that two subjects with experienced vomiting had especially high
concentrations >0.7 ng/ml within several hours of applying the first patch. Other subjects achieved similar
concentrations but until after several days of dosing.

3.5.2.3 Study SP534 Part i

After the 13.5 mg dosage group, a new trial design was implemented in Protocol Amendment 2 which
changed the dosing schedule from a fixed dose design to using an escalating dose titration period, and
this design was named SP534 Part 1.

The titration period was begun with a lower dose, (4.5 mg/ 10 cmz), with titration steps of 4.5 mg at
weekly intervals. This study design was implemented in August of 1999 with 8 subjects.
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Table 32 on 79 shows a summary of treatment emergent adverse events by dose level in Study SP535
Part Il. No vomiting was observed at the 18 mg dose level 2 subjects had Gl complaints and 3-4 subjects
had heart rated and rhythm disorders.

3.5.2.4 Study SP533

Although not reviewed, in May of 1999 between the conduct of SP 534 Part | and Part Il the sponsor
implemented a study in 10 patients with Advanced Parkinson’s Disease, (Study SP533), using dosages
of 9 mg to 36 mg with titration steps of 4.5 mg every 2 — 3 days. It may be that data from this study
might support the sponsor’s contention that a slower titration schedule improves tolerability.

3.5.2.,5 Study SP535

Study SP 535 was another small dose titration study in 8 subjects that used a beginning dose of 4.5 mg,
with titration steps of 4.5 mg at weekly intervals up to 18 mg. No clear pattern of treatment emergent AEs
with dose was observed, (see Table 33 on page 80), although subject number 710 was discontinued after
achieving a dose of 18 mg due to a pattern of leukocytopenia and thrombocytopenia. However,
hematology values from when rotigotine was discontinued indicate either that the leukopenia and
thrombocytopenia was beginning to resolve or quickly resolved on discontinuation, (see Table 29 below).

Table 29 White Blood Cell and Platelet Counts in Subject 710 from Study SP535 by Treatment
Day and Rotigotine Dose

3.5.2.6 Study SP540

Study SP540 was a similar in design to studies SP534 Part Il, and SP535, beginning with a dose of 4.5
mg and titrating up-in weekly steps of 4.5 mgto a top dose of 18 mg. The primary difference is that study
SP540 enrolled 31 subjects. One subject was discontinued the first week due to noncompliance and one
subject was discontinued at a dose of 13.5 mg due to ventricular extrasystoles. Although incidence of
nauseas or vomiting doesn’t change much with dose, the severity of nausea does appear that it might be
increasing with dose, (see Table 34 Treatment Emergent Adverse Events by Dose Level in Study
SP540 on page 81).
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