CENTER FOR DRUG EVALUATION AND
RESEARCH

APPLICATION NUMBER:
21-641/S-008

MEDICAL REVIEW




CLINICAL REVIEW

Application Type
Submission Number
Submission Code

Letter Date

Stamp Date
PDUFA Goal Date

Reviewer Name
Review Completion Date

Established Name
(Proposed) Trade Name
Therapeutic Class
Applicant

- Priority Designation

Formulation

Dosing Regimen
Indication

Intended Population

NDA o
21641
SE8

2/6/09
2/9/09
12/9/09

- Leonard P. Kapcala, M.D.

December 2, 2009

rasagiline

Azilect

Monoamine Oxidase Inhibitor
TEVA Pharmaceuticals

S

Oral tablets
Once daily _

Treatment of Parkinson’s Disease
Adults



Clinical Review
Leonard P. Kapcala, M.D.

NDA 21641

Azilect (rasagiline)

TABLE OF CONTENTS
1 EXECUTIVE SUMMARY 3
2  INTRODUCTION AND BACKGROUND 6
3.  STUDY TVP-1012-120-TYR RESULTS ! 7
3.1 S’I“UDY DESCRIPTION (STUDY DESIGN AND DETAILS) ..covveieieeeereereeereeseesneseannaad esiiesiestrten i e rraesnnes 7
3.2 STUDY RESULTS ettt ettt s e b e sttt e st R e ettt et et s b et et be s s ettt s 32
32,1 Subject DISPOSITION ..c..cuieuiuiieicicctitet ettt ne et a e s a e sesenene 32
3.2.2  Subject Demographics and Other Baseline Characteristics ......ueeimveecreriniiseresveecrssecereeseeseceessessssee 34
3.2.3  Evaluation of Primary Endpoint (Characterization of Tyramine Sensitivity Factor-TSF) .................. 36
324  Sensitivity Analyses For Characterizing TSF by TYR30 Threshold Pressor Responses........cccecvevennee 60
32.5  Tyramine PreSSOT DOSES .....ccieieieriniinenenteeienirieestssecereeserereestesessssnenssesssaseassssssessansssesssssessessessseseases 65
3.2.6  Evaluation of Maximal Increments From Pre-Tyramine Dose Systolic Blood Pressure (SBP) .......... 67
32.7 Secondary Endpoint — Orthostatic HYPOIENSION .....cceeeeteveerrtriiniereeienprraeieireemreneseesesnesesaesesssssssensans
32.8 Sponsor and Reviewer Study Result Conclusions
3.2.9  Pharmacokinetic / Pharmacodynamic Evaluation
3.2.10 Safety EVAIIALION ....coouiciiieieiienecteret ettt et sttt s s ssaes et sn st asrnesaen
4  STUDY TVP-1012/TYR-400 RESULTS 89
5. LABELING SUPPLEMENTS FOR NDA 21641 FOR RASAGILINE/AZILECT 114




Clinical Review )
Leonard P. Kapcala, M.D.
NDA 21641

Azilect (rasagiline)

1 EXECUTIVE SUMMARY

Background / Introduction

Rasagiline is a monoamine oxidase (MAO) inhibitor (MAOI), that the spons:)r has purported as
being selective for MAO B. The sponsor had submitted an NDA for approval for treatment of
early and advanced Parkinson’s Disease. After several review cycles, rasagiline (AZILECT;
NDA 21641) was approved in 5/06. However, because the sponsor had not provide adequate
documentation of the selectivity for rasagiline for inhibiting solely MAO-B and not also MAO-
A, rasagiline was approved as a non-selective MAO-B inhibitor requiring dietary tyfamine
restrictions. One of several Phase 4 commitments was for the sponsor to conduct an adequate
tyramine challenge study characterizing the tyramine sensitivity after rasagiline treatment. The
DNP gave the sponsor specific, detailed recommendations for conducting an adequate tyramine
challenge study at the time of rasagiline approval and also subsequently provided the sponsor -
with detailed feedback for conducting this study and also for analyzing the study and presenting
results. The present submission provides results for the final study report for study TVP-1012-
120-TYR.

Brief Summarv of Study Design

The sponsor has conducted a randomized, double-blind, placebo-controlled study in which -
healthy subjects were studied at baseline/pre-treatment (Period 1) for the ability of increasing
tyramine doses to produce a threshold systolic blood pressure increase of at least 30 mm Hg on 3
consecutive occasions at least 5 minutes apart (TYR303). Subjects were then randomized to one
of several treatments (placebo, rasagiline 1, 2, 4, or 6 mg daily, or selegiline 10 mg daily, as 5
mg BID, or phenelzine). All treatments, except phenelzine were conducted under double-blind
conditions and phenelizine was conducted under open-label conditions. After treatment were 14
days (Period 2), subjects were studied for the ability of increasing doses of tyramine to produce
tyramine threshold, pressor response (TYR30s)after various treatments. The effect of treatment
on tyramine sensitivity was assessed by determining the tyramine sensitivity factor (TSF). The
TSF is calculated by assessing the ratio of the TYR30; before treatment in Period 1/ TYR30s
after treatmént in Period 3. The effect of the various treatments on TSF is shown in the summary
table below here.
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Summary of Tyramine Sensitivity Factor-TSF (TYR303in Period 3 After
Treatment/TYR30; Before Treatment)

Arithmetic Mean Geometlric Mean Median

Phenelzine {1} 2014 1F3Z 17
Selegifine {2} 3587 247 2 ’
1 mg Razsagiine (3} 258 203 2

2 mg Rasagitine i4a) 457 333 4

2 mg Rasagiiine (4b) 273 245 3

4 mg Rasagiline {5} 822 453 4

& my Rasagiline [5) 7.3 510 5

Poolad Placebo (4523568 498 1.50 i

The following table shows the frequency of TYR30; threshold pressor responses after treatment

to various, relatively low dose of tyramine (< 200 mg).

Table A (Reviewer Table) Frequency of Post-Treatment TYR30; Threshold Dose at <200
mg According to Treatment

Reviewer Summary of Study Results

k]

Tyramine Treatment (Period 3)

Potentiation Phenelzine | Selegiline | Pooled Rasagiline | Rasagiline | Rasagiline | Rasagiline | Rasagiline
of SBP to =15(%) | N=15(%) | Placebo | 1 mg/day 2 mg/day 2 mg/day 4 mg/day 6 mg/day

. N=38 N=15 (%) | (14 days) (30 days) N=17(%) | N=13(%)

Threshold (%) N=13 (%) | N=14 (%) V
Increment

Smg 1)

12.5 mg 1(7) 2(5) 1(7) 2(12) 1(8)

15 mg 1(7) 17

25 mg 7(47) 1(7) 1(3) 1(6) 1(8)

35 mg 3.(20)

45 mg 2(13)

50mg 3(20) 1(3) 1(8) 2{15)

75 mg 1(7)

100 mg 5(33) 1(3) 0(0) 323 32D 5(29) 4 (31)
200 mg_ - 320 1(3) 7 (47) S (38) 7 (50) 8 (47) 5 (38)
<50 mg 14 (93) 2(13) 4 (11) 1(7) 2(15) 0 3(18) 4(31)
<100 mg 15 (100) 747 5(13) 1(7) 5 (38) 32D 8 47) 8(62)
<200 mg 15 (100) 10 (67) 6 (16) 8(53) 10 (77) 10 (71) 16 94) 13 (100)

e Rasagiline (1 mg daily) treatment produced increased TSF (geometric mean,
median, arithmetic mean) compared to placebo treatment.

¢ Increased tyramine sensitivity of 1 mg rasagiline treatment is exhibited by :

3



Clinical Review
Leonard P. Kapcala, M.D.

NDA 21641

Azilect (rasagiline)

1) the increased incidence of TYR30; responses to lower tyramine doses after
treatment (n Period 3) compared to baseline-pre-treatment responses (in Period
3); and

2) the increased incidence of TYR30s responses to lower tyramine doses

compared to placebo treatment. R

* Rasagiline-induced increased tyramine sensitivity is dose-dependent (across daily
doses of 1-6 mg) but the effect at 6 mg (highest dose studied) is numerically less than
the increased tyramine sensitivity produced by phenelzine, a completely non-
selective MA O inhibitor.

* Increased tyramine sensitivity produced by 1 mg rasagiline treatment appears to be
similar to the increased tyramine sensitivity produced by 10 mg selegiline treatment.

Reviewer Conclusions

1. Rasagiline (1 mg daily) treatment (presently FDA approved) is a relatively selective
MAO-B inhibitor '

2. Tyramine dietary restriction is not ordinarily required with 1 mg rasagiline
treatment. However caution should be exercised about ingesting large amounts of
tyramine (e.g., > 150 mg tyramine, possibly in certain products such as aged cheese)
because of the possibility of a hypertensive, “cheese” reaction because of the mildly
increased tyramine sensitivity associated with 1 mg rasagiline treatment.

3. The relative selectivity of 1 mg daily rasagiline for MAO-B appears to be similar to
the relative selectivity of 10 mg daily selegiline for MAO-B.

4. The rasagiline label (and oral swallowed selegiline label ) should be revised to reflect
this new information.
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2 INTRODUCTION AND BACKGROUND

Tyramine is formed by the degradation of protein in foods. Protein, with ageing, breaks
down into free amino acids one of which is tyrosine, which is then converted to tyramine.
Therefore, tyramine is found in relatively large amounts in many foods that have
undergone aging such as many aged cheeses, sausages, salami, sauerkraut and tap

beer. Once systemically absorbed, tyramine is taken up by adrenergic neurons and
displaces norepinephrine from synaptic vesicles. This causes large amounts of
norepinephrine to be released into the synaptic cleft. Clinically this produces what is
known as the .cheese effect.. One of the classic signs is a large increase in systolic blood
pressure (SBP). An increase in pulse and palpitations are also characteristic of the
.cheese effect.. In rare cases there may be hypertensive emergencies with acute target
organ injury.

Monoamine oxidase (MAQ) A acts as a natural protective barrier to guard against
excessive tyramine by catalyzing the oxidative deamination of tyramine. Most of this
occurs presystemically by MAO-A in the intestinal wall and by some MAO-A in the liver.
Thus very small amounts of tyramine are normally absorbed systemically.

Traditional inhibitors of MAO such as phenelzine and tranylcypromine, indicated for the
treatment of depression, are non selective i.e., in addition to inhibiting the MAO-B enzyme
they also inhibit MAO-A at clinical doses and thereby allow large amounts of tyramine to
enter the systemic circulation. Therefore, when these agents are used foods and

beverages with high tyramine content are prohibited.

The large majority of the clinical development program for rasagiline was performed
without dietary restrictions. There was no indication that rasagiline, at clinical doses of 0.5
to 1 mg, is non-selective. The purpose of this tyramine challenge study was to confirm the
selectivity of rasagiline for MAO-B.

Relevant Regulatory History

‘Rasagiline is a monoamine oxidase (MAO) inhibitor (MAOI), that the sponsor has purported as
being selective for MAO B. The sponsor had submitted an NDA for approval for treatment of
early and advanced Parkinson’s Disease. After several review cycles, rasagiline (AZILECT;
NDA 21641) was approved in 5/06. However, because the sponsor had not provide adequate
documentation of the selectivity for rasagiline for inhibiting solely MAO-B and not also MAO-
A, rasagiline was approved as a non-selective MAQO-B inhibitor requiring dietary tyramine
restrictions. One of several Phase 4 commitments was for the sponsor to conduct an adequate
tyramine challenge study characterizing the tyramine sensitivity after rasagiline treatment. The
DNP gave the sponsor specific, detailed recommendations for conducting an adequate tyramine
challenge study at the time of rasagiline approval and also subsequently provided the sponsor
with detailed feedback for conducting this study and also for analyzing the study and presenting
results. The present submission provides results for the final study report for study TVP-1012-
120-TYR.
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3. STUDY TVP-1012-120-TYR RESULTS

3.1 Study Description (Study Design and Details)

STUDY OBJECTIVES S

Primary

To assess tyramine sensitivity when administered with rasagiline, and the selectivity of
rasagiline for MAO-B.

Secondary

To investigate orthostatic BP and pulse timed to rasagiline dosing.

INVESTIGATIONAL PLAN

Overall Study Design and Plan

Type of study

This was a double-blind, placebo-controlled, randomized, positive control comparator,

"%+ multiple dose study in 7 groups. The positive control group (Group 1) included 16 subjects,

all receiving active drug as open label. The other groups were to include 24 subjects, 16
subjects on active drug treatment and 8 subjects on placebo in each group.

Each group had 3 treatment periods. All subjects were enrolled in Period 1 (Days 1-10) to
determine baseline tyramine sensitivity (tyramine threshold). Subjects were selected

based on their response to tyramine challenge without concomitant receipt of the test drug.
Subjects experiencing significant elevation of BP, defined as an increase in SBP of > 30
mmHg for 3 consecutive measurements in a 10 minute or more period [thereafter referred
to as .the predefined target elevation in SBP.], were randomized to receive treatment in
Period 2 (active drug or placebo) and in Period 3 (tyramine challenge in the presence of
active drug or placebo).

The study was executed in 2 steps.

Step 1: Subjects in Period 2 received 2 mg rasagiline or placebo for 14 days

(Group 4a), or for 30 days (Group 4b).

Step 2: Subjects in Period 2 received phenelzine 15 mg t.i.d., selegiline 5 mg b.i. d or
placebo, or rasagiline 1 mg, 4 mg, 6 mg q.d. or placebo for 14 days.

Screening and pre-study

Subjects reported to the medical screening facility in Zuidlaren for the eligibility screening
within 4 weeks prior to the first drug administration of the study. Eligibility screening
consisted of full physical examination, body temperature, AEs, previous and concomitant
medication, vital signs and orthostatic BP, 12-lead ECG, medical history, bicycle exercise
test, serology, alcohol and drug screen, cotinine test and pregnancy test (females only). A
blood and a urine sample were taken for routine hematology and clinical chemistry tests.

Treatment period
Subjects arrived at the clinic at approximately 15:00 h on the aftemoon preceding the day -
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of the first drug administration (Day 1) and they ultimately left the clinic no later than
Day 36, or Day 52 (Group 4b only), i.e., no sooner than 24 hours following the last drug
administration of tyramine that caused the predefined target elevation in SBP in Period 3.
Subjects who did not reach the predefined target elevation in SBP during Period 1 were
confined until at least 4 hours after their last tyramine dose on Day 10.

»
In Period 1 the subjects left the clinic approximately 24 h after last tyramine administration
that caused the predefined target elevation in SBP and returned for the start of Period 2 on
the day before first drug administration in Period 2 (Day 11, Groups 1 [phenelzine], 2
[selegiline], 5 [4 mg rasagiline] and 6 [6 mg rasagiline]). Subjects in Groups 3 and 4 (1 mg
rasagiline and 2 mg rasagiline, respectively, once daily (0.d.) during Days 11-35 in
Groups 3 and 4a, Days 11-51 in Group 4b) were ambulatory, i.e., not confined in the
clinical research unit, from the start of Period 2 (Day 11) until the evening of Day 22
(Groups 3 and 4a), or Day 38 (Group 4b). During this period, dosing was at home or at-a
site close to home, in a staggered fashion, and always in the presence of a single
authorized (by Sponsor or —= independent witness who also documented the dosing. In
the morning of Day: 11, subjects visited the clinical research centre to receive a
randomization number, take the first dose of rasagiline and receive the medication for
dosing at home or at a site close to home.

On Day 25 of Period 2, a telephone interview was conducted with subjects in Group 4b.
Subjects were asked about their health status, AEs, use of any medication, any visit to
healthcare facilities and/or physician since Day 11. A summary of this telephone 1nterv1ew
was documented in the source documents.

Upon first admission (Day -1), clinical laboratory and the pregnancy test were repeated
from screening. Upon first admission (Day -1) and on Day 11 (Groups 1, 2, 5 and 6),
Day 22 (Groups 3 and 4a) and Day 38 (Group 4b), drug and alcohol screen and a cotinine
test were repeated from screening.

For Groups 3, 4a and 4b the pregnancy test (females only) was also repeated upon
admission in Period 2 (Day 22 for Groups 3 and 4a, Day 38 for Group 4b). The occurrence
of baseline complamts/AEs and the use of concomitant medication were checked and
recorded.

Orthostatic BP measurements and pulse rate were measured on Day -1 for Groups 3, 4a
and 4b, 5 and 6; the test was repeated 3 times within approximately 10-20 minute intervals
between each measurement. The average of the readings served as the integrated
baseline/pre-treatment value for comparison to post-treatment values.
During the study, orthostatic BP, vital signs and 12-lead ECGs were recorded at regular
intervals. Continuous ECG monitoring was performed on each day of tyramine
administration. Blood samples for pharmacodynamics (PD; DHPG) and PK (rasagiline and
tyramine) were taken at regular intervals. AEs and concomitant medication were recorded
throughout the study. Clinical laboratory and pregnancy test (females only) were

8

b(4)
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performed at discha}ge in Period 1. Physical examination was performed at final
discharge.

Follow-up :

The follow-up medical examination was performed following the last drug administration,
before subject discharge (Day 36 or before in Groups 1-3, 4a, 5 and 6; Day 52 or before

in Group 4b). In case of early withdrawal of a subject in Period 1, Period 2, or Period 3, a
complete follow-up medical examination was performed upon discharge, if possible. If not
possible (e.g. the subject was at home at the time of withdrawal), an appointment for
follow-up was to be made as soon as possible. In case of early withdrawal of a subject in
Period 1, the daily telephone interviews 7 days following the last drug administration were
not conducted. Follow-up medical examination consisted of: full physical examination,
body temperature, vital signs, orthostatic BP, 12-lead ECG, clinical laboratory tests,
recording of concomitant medications and AE monitoring.

Daily telephone interviews were conducted with all subjects for 7 days following the last
drug administration. Subjects were asked about their health status, use of any medication,
any visit to healthcare facilities and/or physician since the last drug administration.
Summaries of the telephone interviews were documented.

See also the summary of clinical procedures and assessments in Table 6.

- e
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Table § Schedule of Assessments

Commnament’ X X x X X

Cutpalleat’ j X . | xigowpssamtay |7 x

safeemned congent snd medical tisley X

DEmOoYFREhIcs. : X

Paysical examinatlon X * X
Boty ismparsiia x X

wital signg® x X ¥ x X

Crthostalic 5P ¥ X x x
mclusiondencigion orfispa - X

B0G {t2-lead) - X X x x

ECE {3ead) X ¥

Eicycie fest x _

Chmleal iabosatosy x X % {Discharge) ) %

Urine drug, colining and S0l sereen’ % x X {D‘"'%g; ’fi‘;’ 2zor

HEBsAg, HOV and Hi tesls: X

Pregnarcy test (fematas onlyj X X X {Discharge) A X
Shady g adminisiraban tyamne’ ] X %

Study drug admintsiradon” X X

Frevious and eoncomiiant medicsiion X LY X % x x X
PX sampng ploos framne” X{Days =19 *x

PX samping blood rasagiine® - . ¥ {Day 23 o 38)

PO sampling Hozd DHPE™ X sy 1) X {Day 24 of &5

Ats x X - X x X X

Telephons foliowup f AEE X {C4p ony, Day 25} X

Footantes are on fe nexipage:

1 Eraups X #rkl 4 conined from evening of Tray 32, or Day 35 (Gepup 4b Cafyh, oneards; dischange ulimately Day 35, o Day 52 (Group 40 only), anbulalery visli on
Day 11 1or Groups 3 and 4 . .

2 wilal signs: During Periods 1 and 3 Supinie BF and HR approximately svery S minutes dunng ine 35 minules praceding administration af fyramine. From 5 mirates
after tyraming adminisiralion, SBF and HR approximately svesy 5 minuies for 5t lzast 2 boure and appraximatesy every 15 minubss toran adiskanal 2 ficurs. In £55s
aof significant 5P slevatizas, HR redwslian, £ AEs supgesiive of a cinically significant byraming reaclion SEP apt HR Rpproemalely every 5 minstes undl e 55P
was tecreazad 1o 1265 inan 30 mmikHg sbove basstine Tor 2 consacséve madings, arunill the HR refurnes b basaling, oe AF was mEowed, tespeciively. Then the
ustal vital signs montioring profooes was Tofowas agaln. Subjecks hat dvs ned aciteve tyramine patentation on Oy 16 of Pesed 1 bad an zaditional 2 hours of
=upine 5P ard HR measuremenis perfarmed every 15 minules (appiicabie caty for pariof Group 't and Groups 3, 5 g ). o
Durng Perind & SEP and HR every day fefove rasagling, phenelzine, saisgpine or placsho sAminisiration and approxmalesy t and 2 fows fost-cose on Diays 1402
{11-40 for Sroup 48, except Groups 3, 43 an8 40 when ambulstory

3 Drihostatio BP measursmenis and puse rale afterat lessl S minutes In Supine posiSon and after 7 minutes In stanting posifon: Fast of Group 1 2nd Groups 3, 43
and 4y, 5 and £on Day -1; ihe fest was repealed 3 iimes wilitn approximately 16-20 minute lenvals bebveer sach messurement. Fov Sroup 43 00 Day 23 ant for
Group 45 on Day 39-ihe dest was repeated 3 fimes wiltin spproxmalety 10-28 minute Sntereals Delween saoh measuremand:tafore dosing sad ona tost at )
Appramately 0.38 BE, 0.75, 1, 1.5, 3 and 4 hours post-dose reeagiine dmiisiration. Forpart of Graup ¢ and Groaps 3, 5 and & on Day 23 ihe fest was repeaied 2
Smes wililn approximataly 10-20 minue Infervals Dedaarn sach measuremnent befire dosing 3rd one fesd 3t approstmately 025, 0.5, 575, 1, 1.5, 2, 3.5.8, 12, 15
and 25 hurs abisr g sominlstation ) o

& 12-Eat SCG: 3t sorsering, betoe tyramine adminisialion and @3, . 2, apd.4 h ihersatier on each day of ywamine adminisiation and at Snal disctarge

5 Continyous TCE: fom &5 K betere tyramine adminlsiration untE 4 hiereaiter on sach day of fyramine adainistatian, by alam, accesding io manufatiurers
spesifications snd PRA SOPS ) )

& Tneg ang alcongd soreen and ootinine test ad sorsening, upon Zret admission andon Day 11 {Goups 1, 2, 5 3nd 6], Day 22 {Zmups 3 3nd 43) and Cay 33 {Smoup 4b}

7 Period 1 increasing doses o hramine Jevels 25, 50, 06, 300, 300, 408, 500, 500, FR0 and §00 myy Perod 37 Soup 1 ICreasing doses of framng {levals 5, 15,
25, A5, 45, 85, B8, 75, &5, 95 and 195 myg); Farlod 2 Sroups. 245 fyraming Jevels 13,5, 55, 50, 100, 205, 300, 400, 500, 683, 790 and 208 mg)

8 Phengiing (Eroup 1) selegiing (Group 2], meagiine {Emups 3-6) or placebe (3roups 6} ) .

g Fre-dose fwnnin 60 minuizs beforz fyamine agministrationy, 5, 15, 30 and €3 (Par of Group 1 and Groups 3,5 and € only} min alfer iyramine adminisiralion eharding
onDay 3 urdl 33t acmintsfation of tramine [Petiod 1% pre-dase jaiiin 53 mikules befor= byramine admnistatany, 35, 45, 60 and f (Fartof Broup 1 and
Groups-& § and 5 onlyymin ster frst ramine dreing @ Perod 3 unld st administradion of fyramne .

ia Pra-gose and 13, 30, 45 min and 4, 1.5, 3, 4 b sfer rasagiiine adminisiration (Group 5 Oy 23, Group St Dy 38% pre-dose 3nd 15, 30, 45 minand 1, 1.5, 3,3, 5,
8, 12, 16 3nd 24 hatter rasagiine adminisialian (Broups 3, 8 sng & Day 23 )

bl Sefare and 2 hours alter freming acmiristcstion on Day 1, and 0.5 and 2.5 Bours afer drg adminisiralion on Day 24 0 Day 45; s3amples to be fsken at fhe sams
%me efday o Days fand 22740
12 Pregmzncy test upon aEnisslon a0 Disy 22 {Eroups. 3 2t &3} or DAy 58 {Croup 3bY
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Discussion of Study Design

This study was intended to provide additional data on the potential interaction between
rasagiline and tyramine. A comparison was made between the effect on SBP of escalating
doses of tyramine at baseline and after achieving a steady state of plasma rasagiline.

In Period 1, all subjects received ascending dose levels of tyramine up to 800 mg
(tyramine challenge). Subjects who did not present an increase in SBP of > 30 mmHg for
3 consecutive measurements in a 10 minute or more period were excluded from
participation in the remainder of the study.

Step 1 of the protocol (Groups 4a and 4b, 2 mg rasagiline once daily during 14 and

30 days, respectively) was executed first, in order to assess whether an interaction
between rasagiline and tyramine, if any, is dependent on prolonged (over 14 days)
rasagiline dosing. Based on previous studies, a steady state PD effect of rasagiline was
expected to have been reached by 14 days of dosing, and a difference was not expected
between 14 and 30 days of dosing. Therefore, in the current study, the interaction between
tyramine and rasagiline, if any, was assessed after 14 days of dosing at 2 mg rasagiline
once daily in Group 4a, and compared to the interaction between tyramine and rasagiline,
if any, after 30 days of dosing at 2 mg rasagiline once daily in Group 4b.

Following the start of Step 1, Step 2 proceeded in slight parallel to Step 1, with 14 days
dosing of rasagiline, phenelzine and selegiline. In the blinded evaluation of Step 1, all
relevant safety, tolerability, PK and PD observations were taken into account in a
comprehensive approach, with the tyramine interaction data as the primary factor. Based
on this, it was decided that unblinding was not necessary and no interim analysis would be
performed. : :

Phenelzine was administered to Group 1 as a positive control for tyramine interaction.
Selegiline was administered for comparison with rasagiline. Placebo controls were added
to assist the medical assessment whether or not any abnormalities observed were related
to the study medication or to study procedures, and not for a formal comparison between
active drug and placebo. The study was performed in different groups of subjects since the
number of doses to be tested, and all assessments associated with these sessions, were .
too extensive to be performed in a single group of repeatedly participating subjects.

Selection of Study Population :

In total, 160 subjects were to be enrolled in Period 2. The subjects were healthy males or
females, at least 85% non-smokers, at most 15% smokers (smoking was-allowed up to

10 cigarettes/day until screening; no smoking during the study); up to 3 subjects who were
smokers were allowed per treatment group. A non-smoker was defined as someone who
stopped smoking at least 6 months prior to Day 1 of the study. All groups were to include
at least 40% subjects of each gender.

Key Inclusion Criteria
Subjects were eligible for the study if they met all the following inclusion criteria:
e Gender : male or female;

11
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Age : between 40 and 70 years of age, inclusive;
Body Mass Index (BMI) : 19.0 . 30.0 kg/m?2;

Exclusnon Criteria
Subjects were excluded from participation if any of the following exclusion criteria applied:

Clinically significant illnesses, as judged by the Medical Investigator, within 8 weeks
prior to the first administration of tyramine.

Abnormal laboratory tests judged clinically significant.

The mean of 3 consecutive supine SBP and diastolic BP (DBP) readings taken

within 10 minutes exceeded 140 mm Hg and 90 mmHg, respectively, and/or was not
stable (supine SBP exceeded a maximum range of 10 mmHg between the lowest

and highest value

History of significant alcohol abuse or drug abuse within 1 year prior to the screening
visit. \ :
Regular use of alcohol within 6 months prior to the screening visit (more than

24 units of alcohol per week [1 unit=150 mL of wine, 360 mL of beer, or 45 mL of
40% alcohol]).

Use of any drugs known to induce or inhibit hepatic drug metabolism (examples of
inducers: barbiturates, carbamazepine, phenytoin, glucocorticoids, omeprazole,
crisrofulvin; examples of inhibitors: cimetidine, ciprofloxacin, fluvoxamine, furafylline,
methozsalen, diltiazem, macrolides, imidazoles, neuroleptics, verapamil,
fluoroquinolones, antihistamines) within 30 days prior to the first administration of
tyramine.

Use of an investigational drug with unknown mechanism of action/unknown half-life
or participation in an investigational first-in-man study within 90 days prior to the first
administration of tyramine, or participation in any other investigational study within 60
days or 5 half-lives of the investigational study drug, whichever is longer, prior to the
first administration of tyramine.

Use of prescription medication within 14 days prior to the first administration of
tyramine or over-the-counter products within 7 days prior to the first administration of
tyramine, especially sympathomimetics (including cold remedies - nasal or oral,
natural food supplements, vitamins, garlic as a supplement, dextromethorphan,

petltidine, St. John’s Wort and gentamicin) and except for topical products without

systemic absorption or hormonal contraceptives.

Use of grapefruit products (e.g., fresh, canned, or frozen) within 7 days prior to

Period 1.

Known adverse reactions associated with ingestion of tyramine-containing food.
History of orthostatic hypoten51on (and/or SBP decrease of >20 mmHg 2 minutes

after standing, compared to supine SBP).

Use of tricyclic antidepressants, selective serotonin re-uptake mh1b1tors (SSRIs), and
selective norepinephrine re-uptake inhibitors (SNRIs; applicable for Groups 1A, 3, 5,

6 only that were included after approval of Protocol Amendment No. 3) within

14 days preceding the first administration of tyramine, MAO inhibitors (MAOIs) within
90 days preceding the first administration of tyramine, and fluoxetine within 5 weeks ~e

12



Clinical Review

Leonard P. Kapcala, M.D.
NDA 21641

Azilect (rasagiline)

preceding the first administration of tyramine.
e Requirement for any medication contraindicated for use with a MAOI.

Treatments

Treatments Administered

The following treatments were administered:

Period 1, all groups

All subjects received escalating doses of tyramine in Period 1, i.e., on Days 1-10.
Tyramine was administered under fasting conditions to each subject

with 240 mL of water. Tablets were ingested within 5 minutes.

Tyramine was administered as presented in Table 1.

Table1 Administration of Tyramine in Period 1

Day 1 2 3 4 5 1 3 B g 10
Total dose fmgy| 35 50 00 200 A 400 ET A aG0 Ficii; Bo0
No. of units x
strength [mg}

%25  2x25  ixiBD Zx1E80 Zx100 4x100 BHIR &x180 To100 Sxi0n

When the predefined target elevation in SBP was reached, tyramine dosing was
terminated. Subjects who did not meet the predefined elevation in SBP within 4 hours after
their last, highest tyramine dose on Day 10 were released from the study.

Subjects who met the predefined target elevation in SBP were administered the following
treatments, according to the randomization schedule (randomization to active drug or
placebo within groups only).

Period 2, Groups 1,2, 3, 5 and 6

Subjects in Group 1 received 15 mg phenelzine three times a day (t.i.d.; after gradual
titration of dose), for 14 consecutive days in Period 2 (Days 11-24). Phenelzine was
administered to each subject of Group 1 with 240 mL of water, t.i.d. and at the same time
every day, except for Days 11, 12 and 13, when only one or two doses was administered
(0.d. dosing'of 15 mg phenelzine on Day 11, twice a day (b.i.d.) dosing of 15 mg
phenelzine on Days 12 and 13).

Subjects in Group 2 received 5 mg selegiline b.i.d., for 14 consecutive days in Period 2
(Days 11-24). Selegiline or placebo was administered with 240 mL water, in the morning
(AM dosing) and 12 hours later (PM dosing), at the same time every day.

Dosing in Period 2 was as follows for Groups 3, 5 and 6: .

Group 3: 1 mg rasagiline or placebo, o.d. for 14 days (Days 11-24)

Group 5: 4 mg rasagiline or placebo, o.d. for 14 days (Days 11-24)

Group 6: 6 mg rasagiline or placebo, o.d. for 14 days (Days 11-24)

Rasagiline or placebo tablets were administered to each subject with 240 mL of water
0.d., and at the same time every morning.
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Period 2, Group 4

Subjects in Group 4a were randomized to receive 2 mg rasagiline or placebo o.d. for

14 days in Period 2 (Days 11-24); subjects in Group 4b were randomized to receive

2 mg rasagiline or placebo o.d. for 30 days in Period 2 (Days 11-40). Rasagiline or
placebo tablets were administered with 240 mL of water, o0.d., and at the same time of day
every morning. o

Period 3, Groups 1, 2, 3, 4a, 4b, 5 and 6

In Period 3, Days 25-35 (Groups 1 to 3, 4a, 5 and 6) or Days 41-51 (Group 4b), subjects
received the same treatment as they received in Period 2, co-administered with escalating
doses of tyramine, starting from 12.5 mg (see schedule below, except Group 1 starting
from 5 mg), until the predefined target elevation in SBP was obtained.

For Group 1, tyramine was administered in Period 3 as presented in Table 2. For Groups 2
to 6, tyramine was administered in Period 3 as presented in Table 3.

Table2 Adminisiration of Tyramine in Period 3, Group 1

Day 25 25 27 28 25 36 b3 | az 33 34 35
Total doge {mg)| & 15 5 a8 25 55 85 75 85 g5 105
of Units x 1x25 25 I5 s 163G Tx25 400
!‘dp_ af ﬁntfsx Cd4xE 3xE 105 1x25 ﬂx2:;a- ‘ Mﬁ ».@5 BynE Mﬁ Ix25 + *lx“lﬁiﬂ
strength: (g . +2:5 +4xfE +9s5 +3xb + 2x8 4xB  +1x5
Table 3 SAdministration of Tyramine in Period 3, Groups 210 &
Day &5 25 27 28 22 5. 3t 32 33 34 35
Day * : F.3 42 43 44 45 A% &7 48 A5 &9 51
:;:’ dose 125 25 50 100 206G 300 400 500 B0D 700 80D

Mo, of Linits x i 1= 2x 1z Zx 3x 3 S Hx % 8x
strength {mg) 125 25 25 oo 105 300 83 )8 4§08 100G D@

* for Group 2k only

- In Period 3, phenelzine was administered to each subject of Group 1 with 240 mL of water,
t.i.d. and at the same time every day.

To each subject of Group 2, selegiline or placebo was administered with 240 mL water, in
the morning (AM dosing) and 12 hours later (PM dosing), at the same time every day.

To each subject of-Groups 3 to 6, rasagiline or placebo tablets were administered with

240 mL of water, at the same time every morning.

Tyramine was administered to each subject with 240 mL of water, 30 minutes following the
daily morning dose of phenelzine, selegiline, rasagiline or placebo, in escalating doses

over Days 25-35 (Days 41-51 in Group 4b) until the predefined target elevation in SBP

was observed. Tablets were ingested within 5 minutes.
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Administration of the medication was supervised by the Investigator or his/her deputy.
After drug administration, a mouth and hand inspection took place.

Physical activity

In Periods 1 and 3, for safety reasons and due to procedural requirements, subjects were
required to remain supine and completely at rest (unless activity was medicafly necessary,
procedurally required, or subject needed to go to the bathroom) from 30 minutes prior to
tyramine administration until 4 hours post-dose. All ambulant activity, except for scheduled
procedures, was documented in source documents. Subjects were accompanied by a staff
member during ambulant activity.

On Day 23 (Day 39 in Group 4b), i.e., PK sampling days, subjects of Groups 2 to 6 were
engaged in normal activity and avoided lying down or sleeping, unless medically
necessary or procedurally required, for 4 hours after rasagiline/placebo. administration.
Vigorous activity was prohibited at all times during the confinement.

Daily outings were allowed during confinement. Subjects were under supervision while
outside the clinic.

Selection and Timing of Dose for Each Subject

Timing of Doses for Each Subject in Relation to Meals and Snacks '

In Period 1, Days 1-10, and in Period 3, Days 25-35 or Days 41-51 (Group 4b), no food
was allowed from at least 10 hours before tyramine administration and until at least

4 hours post-tyramine dose. The last evening snack or light supper on the days before was
consumed before 22:00 hours. Medication was administered between 08:00 and 11:00 h,
and lunch was consumed at least 4 hours after dosing.

During Period 2, breakfast could be consumed starting 30 minutes after drug intake.
Except for water given with medications, no fluids were allowed from 1 hour before every
dosing occasion until 1 hour post-dose. In cases where the administration of rasagiline,
phenelzine, selegiline or placebo was followed by the administration of tyramine

30 minutes later (i.e., every morning of Period 3), no fluids were allowed from 1 hour
before rasagiline, phenelzine, selegiline or placebo dosing until 1 hour after tyramine
dosing. Water was provided ad libitum at all other times.

Meals During the Study

Meals were served by the clinical facility while subjects were confined, and subjects were
given dietary instructions, and instructed to avoid intake of tyramine-rich foods and drinks,
when entering ambulatory days. For the duration of the entire study, all meals had low
tyramine content according to the recommended low tyramine diet (i.e., avoid
tyramine-rich foods and beverages).

Standardized meals, with calculated caloric content, were provided during hospitalization

on Day 23 (Day 39 in Group 4b), i.e., on PK sampling days. In the event such standard
meals were provided, food that was not eaten was documented in the source documents.
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On all other study days, when subjects were confined, meals were provided according to
standard practice of the institute, without documentation in the source documents or CRF.
A light supper was provided on the evening before those days where fasting was required
until lunch time.

L4
Snacks (such as decaffeinated coffee, herbal tea, fruit, biscuits) were provided during
every morning (except in Periods 1 and 3), afiernoon and evening.
An example of the daily menu during the study was provided for review by the Sponsor,
and was documented in the site file.

Blinding

Period 1 was open-label. All subjects were administered tyramine according to the study
design. Only subjects experiencing the predefined target elevation in SBP were assigned a
3-digit study number and were randomized according to the randomization scheme. Group
1 included 16 subjects, all receiving active drug. Groups 2-6 included 24 subjects each
with 2:1 ratio of active dose vs. placebo.

Periods 2 and 3 were blinded for active drug and placebo within each group (Groups 2-6).
Subjects in Group 1 were administered the positive control phenelzine. Subjects in

Group 2 were administered either selegiline or matching placebo according to the

randomization scheme, and both subjects and clinical personnel were blinded regarding

whether subjects received selegiline or its placebo. Subjects in Groups 3 to 6 were

administered either rasagiline or matching placebo according to the randomization scheme

and both subjects and clinical personnel were blinded regarding whether they receive

rasagiline or its placebo. All subjects were administered tyramine according to the study

design, in an open-label fashion. The block randomization scheme was produced by the Sponsor.

Prior and Concomitant Therapy and Other Restrictions During Study

No concomitant drug therapy was allowed during the study except one(s) used due to an

AE. Any concomitant medication use, other than hormonal contraceptives, was evaluated
“on a case-by case basis by the Sponsor. In the event medication was used, the name of

the drug, the dose and dosage regimen were to be recorded in the CRF.

The use of food or beverages containing xanthine derivatives or xanthine-related
compounds (e.g., coffee, caffeine-containing sodas, tea, cola, chocolate, or caffeinated
products), energy drinks or alcohol was not allowed from 48 hours (2 days) prior to
Period 1 until after the end of Period 3.

The use of cold medication (ephedrine, pseudoephedrine) was not allowed from 7 days
prior to Period 1 until after the end of Period 3.

The use of vitamins and any food supplements (including garlic as a supplement,
St. John.s wort) was not allowed from 7 days prior to Period 1 until after the end of
Period 3. .
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The use of grapefruit products (e.g., fresh, canned, or frozen) was not allowed from 7 days
prior to Period 1 until after the end of Period 3.

The use of charbroiled-grilled meat and vegetables such as broccoli and Brussels sprouts
was not allowed during the entire study as these could be inducers of CYP1A2.

Strenuous activity was not allowed from 48 hours (2 days) prior to Period 1 until after the
end of Period 3.

Subjects were advised that they were not allowed to take MAOI for 90 days before
Period 1 and until 14 days after the last drug administration.

Smoking was not allowed during the study from the first screening visit until the last
follow-up visit.

Consumption of foods or beverages with a high concentration of tyramine or dopamine
was not allowed for 48 hours prior to Period 1 and until 14 days after the last drug

. (phenelzine, rasagiline, selegiline or placebo) administration. Foods and beverages to be
""avoided are listed in an Appendix.

Female subjects of childbearing potential who had sexual intercourse with a non-sterile
male partner, were required to use an acceptable method of contraception prior to

Period 1 until 7 days following the end of Period 3. The accepted methods of contraception
are listed under section .exclusion criteria.. '

Subjects who completed the study according to protocol were advised that they should not
participate in other studies at least 60 days after termination.

Endpoint Variables

Description of Study Days
An assessments flow chart is presented in Table 6.

Blood Samples for Tyramine

From Day 3 until the last day of tyramine administration of Period 1 and from Day 25 or

Day 41 (Group 4b) until the last day of tyramine administration of Period 3, blood samples

were collected before tyramine administration and at the time points indicated in Table 6.

Blood sampling was done using butterfly needles (or via iv cannula when present).

Each blood sample was 5 mL. Blood was collected in chilled NaEDTA tubes kept on ice.

To separate the plasma, the samples were centrifuged for 10 minutes at 2000 g, at 4°C, as

soon as possible after collection, but starting within 30 minutes from collection. Plasma

was stored in 2 polypropylene tubes, each containing at least 1 mL. Plasma samples were

stored at -70°C or below until analysis. At ~————————— _samples were stored in a h(4)
freezer at -75°C & 10°C. These samples were analyzed to determine tyramine plasma \ Y
concentrations.
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Blood Samples for Rasagiline

Blood samples were collected on Day 23 (Group 4a) or Day 39 (Group 4b), before
rasagiline or placebo administration and 15, 30, 45 minutes and 1, 1.5, 3 and 4 hours
post-dose. These time points were chosen given the rapid absorption of rasagiline, and the
terminal elimination half-life for rasagiline at clinical doses being in the order of 0.6-2h.
Following recommendations of the FDA that were incorporated through Protocol
Amendment No. 3, for Groups 3, 5 and 6 blood samples were collected

on Day 23, before rasagiline or placebo administration and 15, 30, 45 minutes and 1, 1.5,
2,3,5,8,12, 16 and 24 h post-dose. (A longer collection period for the higher doses was
considered necessary since preliminary data suggested that the terminal elimination halflife
increased to approximately 6-7 h at 6 mg.) Blood samples were collected via an iv
cannula. If applicable, appropriate procedures were followed to assure that the blood
sample collected was not contaminated with the saline (or heparin) that was used to
prevent blockage of the catheter.

Each blood sample was 6 mL. Blood was collected in chilled lithium heparin tubes and

centrifuged for 10 minutes at 2000 g, at 4°C, as soon as possible after collection, buit

starting within 30 minutes from collection. Plasma was stored in 2 polypropylene tubes,

each containing at least 1.2 mL. Plasma samples were stored at -70°C. During the b(4)
process, care was taken to ensure that blood and plasma were not unnecessarily exposed

to direct light. At : samples were stored in a freezer at -24°C + 6°C.

These samples were analyzed to determine rasagiline and 1-Al plasma concentrations.

Blood Samples for DHPG

On Day 1, 2 blood samples for determination of DHPG as a measure of MAO-A activity
were collected, one before and one 2 hours after tyramine administration. On Day 24 or
Day 40 (Group 4b), blood samples were collected 0.5 and 2.5 h after the rasagiline,
phenelzine, selegiline or placebo administration. On both sampling days, the blood draws
were made at the same time of the day.

Each blood sample was 5 mL. Blood was collected in chilled EDTA tubes. Immediately

after manual agitation, the blood was spiked with 100 pL of a sodium metabisulfite solution

‘(15% in water). Tubes were put on ice immediately. Blood was centrifuged for 10 minutes

at 2000 g, at 4°C, as soon as possible after collection, but starting within 30 minutes from

collection. Plasma was stored in 2 polypropylene tubes, each containing at least 1.1 mL. b\M
Plasma samples were stored at -70°C. At. samples were stored in a

freezer at -75°C + 10°C. These samples were analyzed to determine DHPG plasma

concentrations.

-

Blood Sampling - General ’

The exact date and time of each blood sample collected was recorded. When blood draws
and vital signs coincided, blood draws were performed as soon as possible after the
scheduled vital signs.

T

Safety and Tolerability Measurements ' -
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Safety and tolerability assessments consisted of AEs, vital signs, ECG, clinical laboratory
and physical examination. Assessments were performed in accordance with the
assessments flow chart presented in Table 6.

Adverse Events -, .

Just before drug administration and throughout the entire study, subjects were asked
non-leading questions to determine the occurrence of AEs. Subjects were asked in

general terms about any AEs at regular intervals during each study period. In addition, all
AEs reported spontaneously during the course of the study were recorded. For Group 4b
on Day 25, the subjects were called at home for AE monitoring and concomitant
medlcatlons

All answers were interpreted by the Investigator, using the Medical dictionary for .
Regulatory Activities Terminology (MedDRA; Version 10.1) for AEs and were recorded in
the AEs Record.

ECG
3-lead continuous ECG was monitored (by alarm, according to manufacturer’s

specifications and .— SOPs) from 30 minutes before until 4 hours after administration of
tyramine on Days 1- 10 and 25-35 or 41-51 (Group 4b only).

A standard supine 12-lead ECG was performed before and at regular intervals during the
first 4 hours after each administration of tyramine on Days 1-10 and 25-35 or 41-51 (Group
4b). The following ECG parameters were recorded: heart rate (HR), PR-interval,
QRS-duration, QT-interval, QTc-interval and Medical Investigator’s conclusion on ECG
profile.

IfECG and vital signs measurement times coincided, ECG was performed prior to the
scheduled vital signs, for practical reasons relating to the measurement of supine and
standing BP. If deemed necessary by the Investigator, additional ECGs could be
performed.

Vital Signs

In Periods 1 and 3:

Supine BP and HR were measured approximately every 5 minutes during the 35 minutes
preceding administration of tyramine. Once SBP was stable (3 consecutive readings with a
maximum range of 10 mmHg between the lowest and highest values), the mean of these 3
readings was taken as the pre-tyramine baseline value and further readings before
administration of tyramine were not performed. If this criterion was not reached within the
35 minutes, the mean of all 7 readings were taken as the baseline value.

If the average baseline BP was too high (SBP > 140 mmHg), the baseline could be
repeated after 1 hour. If it was still too high, no tyramine was to be dosed on that day and
the measurement was to be repeated the next day. If more than 2 dosing occasions were
skipped this way, the subject had to be withdrawn from the study.
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Beginning 5 minutes after tyramine administration, supine BP and HR were measured
approximately every 5 minutes for at least 2 hours and then approximately every
15 minutes for an additional 2 hours. Subjects that did not achieve tyramine potentiation
on Day 10 of Period 1 had an additional 2 hours of supine BP and HR measurements
performed every 15 minutes.

»
Subjects who experienced at any time during the active monitoring period significant
elevation of BP, defined as an increase from baseline in SBP of > 30 mmHg maintained for
at least 3 consecutive measurements in a period of 10 minutes or more, had reached the
tyramine threshold dose. The dose escalation of tyramine and administration of rasagllme
phenelzine, selegiline or matching placebo was terminated.

Subjects that reached the tyramine threshold dose on Day 1 of Period 1 (25 mg tyramine)
were withdrawn from the study out of a safety point of view.

Subjects who experienced significant BP elevations (increase in SBP of > 30 mmHg for

3 consecutive measurements in a 10 minute or more period), HR reduction (bradycardia
with HR <40 bpm lasting for 10 minutes or more), or AEs that were suggestive of a
clinically significant tyramine reaction in the opinion of the Investigator at any time during

"i7 the active monitoring period had SBP and HR measured approximately every 5 minutes

until the SBP had decreased to less than 30 mmHg above baseline for 3 consecutive
readings, or until HR returned to baseline or AE was resolved, respectlvely Then the usual
vital signs monitoring protocol was followed again.

Only if a significant BP elevation took place during the 15-minute interval monitoring period
(i.e., 2-4 h post-tyramine administration), the vital signs measurements were measured

every 30 minutes for 2 additional hours (i.e., 4-6 h post-tyramine administration). This was
not done if the significant BP elevation took place during the S-minute interval monitoring
period (i.e., the first 2 h post-tyramine administration).

The above mentioned is elaborated for specific cases in the following table:
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Orthostatic hypotension was measured for Groups 3, 4a, 5 and 6 on Day 23 and for
Group 4b on Day 39 at the time points indicated in the flow chart (Table 6, time points
paralleling the PK measurements).

Unless otherwise specified or for subject safety, when vital signs measurements and other
procedures coincided, vital signs measurements had precedence and other soheduled
activities followed within 5 minutes. The maximum SBP, HR and threshold systolic blood
pressure (TSBP) were recorded when observed.

A vital signs measurement had to be repeated at least once under the following conditions:
1) scheduled SBP measurement lower than 90 mmHg, or equal or higher than 160 mmHg;
2) scheduled DBP measurement lower than 40 mmHg, or equal or higher than 90 mmHg;
3) scheduled HR measurement lower than 35 bpm, or equal or higher than 120 bpm; or

4) upon physician‘s request. The physician had to be notified of all repeated vital sign
measurements that were still outside the normal range values mentioned above to

evaluate the significance of the results and decide further action if needed.

Physical examination was performed according to SOPs at - “@\
Clinical Laboratory testing consisting of Hematology, biochemistry, urinalysis and urine

pregnancy test (for all female subjects of childbearing potential) were performed during

screening, on Day -1 (i.e., before first tyramine administration), at discharge in Period 1 (i.e.,

before rasagiline, phenelzine, selegiline or placebo administration) and at final discharge. For

Groups 3, 4a and 4b, the pregnancy test was also repeated upon admission after the ambulatory

part of Period 2.

Urine samples for drug and alcohol screen and the assessment of cotinine were collected
at screening, upon first admission and on Day 11 (Groups 1, 2, 5 and 6), Day 22 (Groups 3 and
4a) and Day 38 (Group 4b).

Bicycle exercise test , : _

The bicycle exercise test at screening was performed accordingto = SOP. During the bm‘)
bicycle exercise test vital signs were measured at different time points at different work

loads. Only ‘the last BP measurement at the maximum work load (Wmax) was recorded in

the CRF. All vital signs during the bicycle exercise test were measured by hand and not

with an automated device, as was used for all other vital sign measurements during the

study. Therefore these values were only valid for this test and not used for any other

assessments or exclusion criteria.

Exercise testing was performed using a Marquette . Hellige EC-1200 (Tunturi) exercise
bicycle.

During the screening period, the subjects performed a bicycle exercise test to determine
the Wmax, using a modified Bruce protocol. The work load was increased until the subject

indicated that he/she was exhausted and had reached at least 85% of the theoretical -
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Table S Measurement of Vital Signs in Case of Significant BP Elevation

AND was resolved™  within the | wilal signs were measured svery 15 minules,. 2-
Sawinute interval moniforing period | 4 hours afier tyramine adninistration.
{(t-2  hours after  fyramine | Noaddifional 2 hours were measursd
adminizirstion}
at the end of the S-minute interval | vilsl signs were continued fo e messured svery
monioring perod {first 2 hours after | Sminutes until the signficant BP elevefon had
yramine adminisiration) resobved.
YWital signs were then measured every 15 minutes, 2-
4 hours after tyramine adninistration.
e .addiﬁﬁnai 2 hiours were measured.
ANE wsas resoled wilhin  the | vital signe were measured svery 15 minutes, 24
15-minute interval monitoring period | hours afier yramine sdministralion. ‘
(24 hours  after  tyramine | vl signs were then measured every 30 minutes for
administration} an mddittonal 2 hours {45 howrs after bramine
A adninistration).
at the end of the H5-mimute inferval | vital signs were measured every 5 minutes untll the
moniforing perdod {24 houra afler | significant BP slsvstion had resolved.
fyraming sdminiztration} wital signe were then measured every 20 minutes for
an addiional 2 howrs {48 hours after tyramine
. adminiziration)
and was NOT resolved within the | vilal signs were messured every 5 minutes untll the
$o-minute inferval awnEtm;ingz pedod | - significant BF slevation had resolved.
(&4  hours  after  hramine | vital signs were fhen messured svery 30 minutes,
adminisfration} 4-8 hours after tyremine adminisiration.
*  Significant BP elevation’ means an increase from baseling in SBP of 2 30 mambg maintained
for at least 3 consecutive measurements in a perod of 10 minules or more
*  ‘Resohed mesng that SBP hes decressed fo less than 30 meHg sbovs Daseling for
- 3 consecutive readings with 5 minutes infersal bebwesn messuremenis

If during the 15-minute interval monitoring period one SBP was measured of 30 mmHg or
more above baseline, 2 more measurements were done with a S-minute interval. If these 2
measurements were also 30 mmHg or more above baseline, vitals signs were continued to
be monitored every 5 minutes, as described above. If 1 or 2 of these measurements were
less than 30 mmHg above baseline, the normal 15-minute interval monitoring period was
continued. '

In the event that orthostatic tests and vital signs had to be measured at exactly the same
scheduled time point, ONLY orthostatic tests were performed.

-

Period 2 -

For all study groups, except Groups 3, 4a and 4b when ambulatory, supine BP and HR

were measured every day before rasagiline, phenelzine, selegiline or placebo

administration and approximately 1 and 2 hours post-dose on Days 11-24 or 11-40

(Group 4b) (i.e. Days 22-24 for Groups 3 and 4a and 38-40 for Group 4b). ,

Orthostatic hypotension -~
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- maximum HR (220 - age). The maximal test was performed with emergency equipment
nearby. Wmax is the highest work load that could be maintained during at least 2 minutes.

The starting work load was 50 Watt for males, 30 Watt for females, and this was increased
by 25 Watt every 3 minutes. There was continuous monitoring of the ECG (change from
baseline), and BP was recorded at the start and during the last minute of cach work load.
Stopping criteria were:

* ST depression on the ECG of more than 0.1 mV in a lead without Q, with complaints of
chest pain

* Decrease in BP of more than 10 mmHg or BP remaining below baseline values

* Moderate to severe complaints of angina pectoris

* Central nervous system symptoms (dizziness, ataxia, fainting)

* Decreased circulation (cyanotic, pale)

» Persisting ventricular tachycardia (VT)

* Technical problems which impair proper safety momtormg of the Volunteer (e.g.,no
ECG monitoring, no BP measurement)

+ Exhaustion of volunteer

Following the exercise, there was a 3-minute cool down at 50 watts on the bicycle,
followed by rest on the bed. Subjects were monitored until:

* ECG returned to baseline rhythm

* BP returned to within 10% of baseline

Evaluation of cardiovascular symptomatology included:

» (the absence of) cardiac ischemia

* normal BP response, i.e., especially no decrease during exercise

Treatment of clinically s1gmf1cant hypertension

In case of a noteworthy increase in BP, or based on subjects. complaints, the Medlcal
Investigator could decide to insert an iv cannula for the management of a hypertensive
crisis, if any.

If SBP was > 60 mmHg higher than baseline or> 190 mmHg, if DBP was > 30 mmHg
higher than baseline or > 115 mmHg, or if the Investigator believed that the subject was
experiencing a clinically significant tyramine reaction that required therapy,
anti-hypertensive therapy was initiated according to the following protocol:

1. Administration of labetalol, an alpha-beta adrenergic blocking agent could be given in
a dose of 5 mg in 2 minutes, followed by continuous infusion of 1 mg per minute. After
5 to 7 minutes, the effect was to be checked. Further labetalol treatment was
discontinued only after a decrease of 10 to 20 mmHg in SBP appeared. If no

decrease in the SBP appeared, the infusion rate of the labetalol was increased to

2 mg per minute and the effect judged after 5 minutes. The subject had to remain in

the supine position to avoid orthostatic hypotension for at least 30 minutes (or until the
reaction was over).

2. Alternatively, if there was an absolute contraindication to the use of labetalol (i.e.,
history of bronchial asthma, sick sinus syndrome, first degree atrioventricular block
with PR > 0.24 seconds), the subject was to be treated orally with nitroglycerin spray
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Sl and was to be immediately taken to the Intensive Care Unit for treatment with
nitroprusside iv according to standard guidelines in a unit capable of continuous

cardiac and BP monitoring.

3. If neither therapy yielded acceptable clinical results, the subjects had to be transferred
to the nearest emergency department for further evaluation and treatment.

4. Ganglionic blocking agents, including guanethedine, guanadrel and reserpine were
not to be given. '

Timing of Assessments

For PK, pre-dose samples were obtained between waking up and dosing; and post-dose
samples were obtained with time margins of +/- 5% of the time that passed since (last)
dosing. o

For safety assessments, pre-dose assessments were also performed between waking up
and dosing; serial post-dose assessments (e.g., multiple assessments within any given .
day) were performed with time margins of +/- 20% of the time that passed since (last)
dosing, incidental post-dose assessments (e.g., 1 or 2 assessments within a given day)
were performed within +/- 1 hour of the planned scheme time.

The actual assessments times were recorded in the CRF and any deviations were
explained according to *~ SOPs.

In the event assessments were planned for the same scheme time, the order of the
assessments had to be arranged in such a way that ECG was performed prior to vital
signs (for practical reasons related to the measurement of supine and standing BP), and
these were followed by blood sampling. '

QOutcome Measures

Primary Outcome Measure

TYR30 is defined as the tyramine dose associated with an increase from baseline in SBP
of > 30 mmHg maintained for at least 3 consecutive measurements in a period of

10 minutes or more. Once a subject reached the TYR30, dose escalation of tyramine and
administration of rasagiline, phenelzine, selegiline or matching placebo were terminated.
TYR30 ratio is calculated as the tyramine dose associated with 3 consecutive increases
from baseline in SBP > 30 mmHg in tyramine threshold test at Period 1, divided by the

-dose associated with the same change in SBP in Period 3.

Secondary Outcome Measures »

Orthostatic BP timed to rasagiline dosing. Orthostatic hypotension was defined as a fall in
BP from supine to standing position of > 10 or > 20 mmHg for DBP and SBP, respectively.
Subjects for whom the orthostatic BP was measured in Period 2 (Groups 3-6 only) were
included in the analysis of the secondary endpoint.

Pharmacokinetic and Pharmacodynamic Measures

PD: plasma DHPG concentrations

PK: plasma tyramine, rasagiline and 1-Al concentrations, PK parameters.

Using non-compartmental analysis, the following PK endpoints were calculated from
rasagiline, 1-Al and tyramine concentration.time profiles:
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Cmax Maximum observed plasma concentration
tmax Nominal time to reach max C
kel (if possible) Terminal elimination rate constant, determined by linear regression on the

Ln-transformed concentration versus time data of the data-points that
belong to the terminal elimination phase. This phase was determined by
visual inspection of the semi-logarithmic concentration time profiles and
contained at least three timepoints

t1/2 (if possible) Terminal elimination half-life; calculated as In 2 / kel

AUCO-]ast Area under the plasma concentration-time curve up to time Jast ¢, where
last t is the last point with a concentration above the lower limit of
quantification (LLQ) (calculated using the log-linear trapezoidal rule)

AUCO-24 (if possible) Area under the plasma concentration-time curve from time zero

extrapolated to 24 hour; calculated by:

&, €
g by

Rounded concentration data (as defined by the Bioanalytical Study Protocol) and actual

blood sampling and dosing times were used in the PK calculations. In the PK calculations,

for time points t<tmax values below the LLQ were set to zero; for time points t>tmax incidental
values below the LLQ were regarded as missing. In case of 2 or more consecutive values

below the LLQ, the subsequent data (if any) were not taken into account.

~ AUC values were calculated using the log-linear trapezoidal rule.

For tyramine, only Cmax and tmax were calculated.

For tyramine, only Cmax and tmax were calculated.

Safety and Tolerability Measures

Additional safety end-points include AEs, vital signs, ECG (12-lead and continuous 3-lead)
recordings, clinical laboratory test results, and physical examination.

The evaluation of these parameters was done on the subjects who were treated with at

least one dose of MAOI or placebo. Safety measures for the subject who only participated

in Period 1 were listed only.

Drug Concentration Measurement

The drug concentration measurements were performed by validated methods

(tyramine: LLQ = 0.500 ng/mL, ALQ = 50.0 ng/mL; rasagiline: LLQ = 0.250 ng/mL, ALQ =
10.0 ng/mL; 1-AI: LLQ = 0.500 ng/mL, ALQ = 10.0 ng/mL; DHPG: LLQ = 50.0 pg/mL, ALQ
= 2000 pg/mL). The bioanalytical methodologies and procedures for the determination of
tyramine, DHPG, rasagiline and 1-Al in plasma samples were documented in a combined
Bioanalytical Study Report (included in an Appendix).

Statistical Methods Planned in the Protocol and Determination of Sample Size

Determination of Sample Size

In total, 160 subjects were to be enrolled in Period 2. No formal statistical analysis was -
planned. Therefore, no power calculations were performed.
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All provided p-values (as requested by FDA) are given without Type I error correction for
multiplicity.

Interim Analysis

Although interim reporting was originally planned after completion of step 1, it was decided
not to unblind Groups 4a and 4b and to continue to step 2 with 14 days of treatment with
rasagiline (as described in Protocol Amendment No. 4).

Randomization

Only subjects who reach tyramine potentiation during Period } were randomized to the
study. Within each treatment group (Groups 2 to 6 only) subjects were randomized to
active drug or matching placebo in a ratio of 2:1 respectively.

Stratification for smokers and non-smokers were to be performed in a ratio of up to

2 smokers for active drug and up to 1 smoker for matching placebo such that there are at
least 14 non-smokers on active drug and at least 7 non-smokers on matching placebo.
Randomization of non-smokers was always preferable/superior to that of smokers.

A randomization number was assigned to the subjects after admission in Period 2. In
addition to the subject number, randomized subjects received the lowest available
randomization number for the stratum that they belonged to. Since Group 1 (phenelzine)
did not include a placebo arm, subjects entering group 1 were not randomized. Each
subject that entered Period 1 of the study and was dosed with at least one dose of
tyramine received a subject number. Subject numbers were assigned depending on the
group as indicated in Table 4.

Primary Study Population
Subjects who completed all 3 periods of the study were included in the analysis of the
primary endpoint. - '

Demographics and Baseline Characteristics

All demographic and baseline characteristics are listed. Individual demographic data are
listed and the parameters age, gender, race, height, weight and BMI are summarized by
-descriptive statistics.

Baseline Definition
In general, baseline is defined as the last non-missing value before the first dose.

Baseline Vital Signs for the Purpose of Assessing Tyramine Potentiation
Baseline supine SBP, diastolic blood pressure (DBP) and HR before tyramine uptake were
“ calculated as the rounded mean of the first 3 stable pre-dose measurements on each of
the tyramine dosing days. Pre-tyramine uptake measurements were considered stable
when the range of 3 consecutive SBP measurements did not exceed 10 mmHg. If the
measurements were stable, further measurements until tyramine administration were not
needed and thus (even if these extra measurements were done) they were excluded from
analysis. If this criterion was not reached during the 35 minute period from the first -
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baseline measurement up to the tyramine dosing, then the baseline value was calculated
as the rounded mean of all valid pre-tyramine readings available. All valid measurements
for baseline calculation were flagged as such in the database by the Investigator. These
indications were used for baseline calculation. See Note to File No. 27 for detail of
discrepancies in baseline determination.

4 .

Baseline Vital Signs for the Purpose of the Secondary Endpoint Assessment (Orthostatic
Hypotension)

Baseline SBP and DBP as well as HR is defined as the rounded mean of 3 pre-dose
measurements performed on Day 23 (all groups except Group 4b, end of Period 2) or

Day 39 (end of Period 2 for Group 4b).

Baseline ECG for the Purpose of the QTc evaluation
Baseline ECG for evaluating QTc changes is defined as the last QTc measurement before
tyramine uptake on each day tyramine was administered.

Imputation of Missing Values

In general, missing values are not imputed. In case that a subject did not reach the TYR3O
endpoint (i.e. the increase in SBP of > 30 mmHg for 3 consecutive measurements in a

10 minute or more period) during Period 3, a dose of 800 mg tyramine is used for TSF
calculation. There was one subject in the study for whom imputation was required
(Subject 405).

Repeated Measurement

Repeated measurements are listed in the individual data listing together with the
Physician’s comment. Repeated measurements for all but vital signs measurements are
excluded from the descriptive statistical analysis, except for repeated measurements that
were performed immediately after the scheduled measurement in case of a previous
measurement error (e.g. equipment failure). In these cases, the repeated measurement is
used, and the original erroneous measqrément is. excluded from the analysis. For vital
signs (BP) measurements, all unscheduled (additional/repeated) measurements were
done because of reasons stated in the protocol or to monitor safety. Therefore, none of the
additional measurements invalidate any previous measurement. Also the additional
measurements themselves are regarded as valid measurements and were also used by
the Medical Investigator in the evaluation. Therefore all unscheduled BP measurements
are included in the primary endpoint analysis.

Primary End Point - TYR30 Ratio

TYR30 is defined as the tyramine dose associated with an increase from baseline in SBP
of > 30 mmHg maintained for at least 3 consecutive measurements in a period of

10 minutes or more. Once a subject reached the TYR30, dose escalation of tyramine and
administration of rasagiline, phenelzine, selegiline or matching placebo were terminated.
TYR30 ratio is calculated as the tyramine dose associated with 3 consecutive increases
from baseline in SBP > 30 mmHg in tyramine threshold test at Period 1, divided by the
dose associated with the same change in SBP in Period 3.
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Primary End Point - Analysis

Individual values of TYR30 and TYR30 ratios (i.e., TSF) are presented, together with
descriptive statistics describing the number of subJects geometric mean, minimum,
median and maximum by treatment group.

Additions to the Primary End Point - Analysis as Defined in SAP = »

Descriptive statistics of TYR30 are presented by period (pre treatment and post treatment)
for each treatment group (i.e. Groups 4a, 4b, 2, 3, 5, and 6) versus matching placebo.
Because the TYR30 ratio is log-normal distributed, the geometric mean is also calculated.
Geometric mean and median are the statistics of choice when reporting the TYR30 ratios
results in-text. Wilcoxon rank test is used to compare TSFs between each group and its
matching placebo. Kaplan Meier (KM) survival curves are presented by group (SAS
LIFETEST Procedure with STRATA=period). The graphs X-axis on these graphs presents
the TYR30. Early terminated subjects who did not reach TYR30 were right censored with
their last tyramine dose. A table with the 50% quartile value of TYR30 along with its
confidence interval as derived from the KM analysis is presented by group. Graphical
presentations showing individual subject changes from baseline in SBP, DBP and HR on
all tyramine challenge days is also provided.

Plots showing change from baseline in SBP, DBP and HR on all tyramine challenge days
are presented for each subject by period (for Periods 1 and 3).

Secondary Endpoint — Orthostatic Hypotension (Groups 3 - 6)

Orthostatic hypotension is-defined as a change in BP from supine to standing position of
220 or > 40 mmHg for systolic BP and > 10 or > 20 for diastolic BP, measured after

5 minutes at supine position and after 2 minutes at standing position.

On Day -1: for Groups 3, 4a and 4b, 5 and 6 the test was repeated 3 times within
approximately 10-20 minute intervals between each measurement. The average of the
readings serves as the integrated baseline/pre-treatment value.

On Day 23 for Groups 3 and 4a and on Day 39 for Group 4b, the test was repeated

3 times within approximately 10-20 minute intervals between each measurement before
-dosing and one test at approximately 0.25, 0.5, 0.75, 1, 1.5, 3 and 4 hours post-dose
rasagiline administration. On Day 23 for Groups 5 and 6 the test was repeated 3 times
within approximately 10-20 minute intervals between each measurement before dosing
and one test at approximately 0.25, 0.5, 0.75, 1, 1.5, 2, 5 and 7 hours after drug
administration (paralleling the PK measurements). The average of each 3 pre-dose
readings serves as the integrated on-treatment values for comparison to post-treatment
values. Individual results of orthostatic BP and HR measurements are listed, and
occurrences of orthostatic hypotension are indicated. Outlier analysis for each vital sign
parameter change from pre-dose on treatment, for each position (supine, standing or
standing-supine) are conducted according to threshold values presented in Table 7.

28



Clinical Review

Leonard P. Kapcala, M.D.
NDA 21641

Azilect (rasagiline)

Table 7 Threshold Values for Outlier Analysis for Vital Sign Parameters

Test name Becrement from Increment from
Pre-Dose Pre-dose
Supine-Standingf Standing-Supine SBP {mmBg) = -0 mmHg = 20 mmHg
< -40 mmHg - = 40 rarpHg
Supine-Standingf Sianding-Supine DBR £ -1 mmHg = 10 ramHg
tmmHg)
< -20 romHg = 0 mmHg
Supire-Standing’ Stanting-Suping Pulse dipm) £ 15 bpm =15 bpm
' % -30 bpm & 30 bpm

Incidence of vital sign outliers at each post-dose time point and at any time post-dose are
summarized for placebo and for rasagiline treatments separately (as well as for all
rasagiline treatments combined. '

Descriptive statistics of vital sign parameters are presented for placebo, rasagiline
treatments separately, and for all rasagiline treatments combined. Descriptive statistics of
vital sign parameters, changes from pre-dose, are presented for placebo, rasagiline
treatments separately, and for all rasagiline treatments combined.

Prevalence of orthostatic hypotension over time is summarized and expressed as a
percentage of all subjects tested, as well as a percentage of all subjects with orthostatic
hypotension at baseline. '

Pharmacokinetic/Pharmacodynamic Evaluation
Pharmacodynamic evaluation -
The pharmacodynamic evaluation was performed for the primary study population (i.e,

subjects who completed all 3 periods of the study). The DHPG plasma concentrations are -

listed and descriptive statistics are presented by treatment group and time point. Results
for rasagiline treated subjects of Groups 4a and 4b are presented both separately and
pooled.

Pharmacokinetic evaluation

All subjects who received rasagiline treatment and for whom the PK data were considered
to be sufficient and interpretable and who did not have any protocol violations interfering
with pharmacokinetics, were included in the statistical analyses.

Using non-compartmental analysis, the pharmacokinetic endpoints presented-in Table 8 are

calculated from rasagiline, 1-Al, and tyramine concentration-time profiles.
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Table 8 Pharmacokinetic Endpoints

Parameter Dezeription/calcutation

Cmax maxinur ohiserved plasms concentrafion
tnax nominal fime toreach €
K teminal efirnination constant, determined by insar regression on theln-

fransformied concentration versus time data of the data-points that belang to the
feminal elimination phass. This phase will be detenmninesd by visual inspeciion of
{he send-logarithmic concentration time profiles and contained at least three time

painis. .
73 ferminal elimination halfife; calculsled asin 271 ke
AUC it ares urder the plasma conceniration-fime curve up to time 1, . where §,, isthe

imzt point with 8 concentration sbove the lower Emit of guantification {calculated
uging the logJdinear irapezpidal nile)

MU o area urder the plasms concentrationdime cunve from ime zer extrspolated fo
24 hour; calculated by
A = by L
A»Lﬁif(}ﬁg =AUC, ,  +—5 %
T Yuf

Rounded concentration data (as defined by the bio-analytical study protocol) and actual
blood sampling and dosing times are used in the pharmacokinetic calculations. In the
pharmacokinetic calculations, for time points t<tmax values below the LLQ are set to zero;
for time points t>tmax incidental values below the LLQ are regarded as missing. In case of
two or more consecutive values below the LLQ, the subsequent data (if any) are taken into
account. AUC values are calculated using the linear trapezoidal rule.

For tyramine, PK parameters are calculated if applicable.

Statistical Analysis of Concentration Data

Descriptive statistics including the number of observations (n), arithmetic and geometric
mean (except for tmax), standard deviation (SD), coefficient of variation (%CV), median,
minimum value (min), and maximum value (max) are presented. '

The rasagiline and 1-Al plasma concentrations are listed and summarized by descriptive
statistics in tables by treatment and time-point. Results for rasagiline-treated subjects of
Groups 4a and 4b are presented both separately and pooled.

The tyramine plasma concentrations are listed and summarized by descriptive statistics in
tables by treatment and time-point.

N

Protocol scheme times were used to calculate and present descriptive statistics on the
concentration data. For the calculation of geometric mean and median concentrations,
values below the LLQ were set to half the LLQ value. If more than half the values are
below the LLQ no statistics were presented. Geometric mean plasma concentration-time
profiles are presented by treatment group. Combined individual concentration-time profiles
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are presented for each treatment. Individual PK parameters for rasagiline, 1-Al and
tyramine are tabulated together with descriptive statistics.

Evaluation of Safety and Tolerability Parameters
AEs, clinical laboratory data, ECG parameters, physical examination, and early
terminations due to AEs were assessed.

Changes in Conduct of the Study or Planned Analyses
Changes in Conduct
The original protocol was issued on 10 October 2006. Changes to this protocol were
instituted by way of 4 formal protocol amendments and by the SAP. The first amendment
was issued on 21 November 2006, before the start of the study. The second amendment
was issued on 20 March 2007, at which point 44 subjects had entered at least Period 1.
The third and fourth amendments were issued on 07 August 2007 and 23 August 2007, at
which point 99 and 105 subjects had entered at least Period 1, respectively (at that time
Groups 4a and 4b were completed and Groups 1, 2 and 3 were still ongoing). The more
substantive changes introduced to this study via amendment are summarized in Table 11.
The SAP was completed and signed off on 02 October 2008. It was subsequently
submitted to the FDA on 06 October 2008 (SN 276). The study blind was broken on 06

October 2008.
Table 11 Substantive Changes Made to Original Protocol via Protocol Amendments

Change Made To Change Made Via | Description of Change Reason for Change

1. Planning of clinical phase | Amendment No.1 | Step 2 of the study proceeded in i order to reduce the overall ime
slight paraliel to Step 1 of the study. | for this study.

2. CTRF Armendment No.1 | An eleclronic CRF was 1o be used

. instead of 2 paper CRF.

3. Vital signs AmendmentNo. 2 | Additional vilzl signs measuroments
for specific detailed cases were
included.

4, Orthosialic BP Amendment No. 3 | Additiona! orhostalic BP To adopt 5 number of
measursments and | measuremenis and yramine and reconmendations received from the
tyramine and rasagiling rasagiline PK blood samplingime | FDA on 30 July 2007.

PK blood samgling time points were added for part of Sroup .
points 1 {subjects who entered the study
B . after the amandment was
approved) and Croups 3, S5and B

b Exclusion griterion Mo. 28 | Amendment No. 3 | The use of SNRis was addedt o To adopt 8 number of

exclusion criterion No. 29, recommendstions received from the
FDA on 33 July 2007.

6. Dose level Amendment No. 4 | The dose fevels have been To adopt & number of
increased for Groups 5 {from 310 | recommendations reesived from e
4 mg rasagiline} and & (frem 410 | FDA on 30 July 2007.

‘ £ Mg rasagifinel .

7. Interim Analysis Amendment No. 4 | After Step 4, the study was 1o be It couid be assumed from the
continued without performing he blinded data of Step 1 {Groups 4a
interim analysis and without and 4b} that there was no increase
unblinding Step 1 of the study. in TYR30 ratio when compating

36 days exposure b 14 days
exposure-fo rasagiline.
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Changes in Planned Analysis
* In the SAP it was mentioned that the terminal elimination phase would be determined
by visual inspection of the semi-logarithmic concentration time profiles. In consultation
-with TEVA, the standard WinNonlin algorithm for determination of terminal elimination
. phase was used.

. 1 4
« In the SAP it was specified that descriptive statistics in tables would use the same
precision for decimal places as the raw data. In practice, the arithmetic and geometric
means for TSF ratios are presented with 2 decimal places, while the median results
are rounded to an integer.

Changes in BP Automatic Scheduling

In line with protocol guidelines, BP measurements were taken every 5 minutes during the
first 2 hours after tyramine administration, and every 15 minutes from 2 to 4 hours after
dosing. Due to automatic scheduling of the BP measurements during the tyramine
challenge days, and the way the equipment performs the automatically scheduled
measurements, these were not always exactly 5 minutes apart during the first 2 hours after
tyramine dosing or 15 minutes during the period between 2 and 4 hours after dosing.
Therefore, for the time interval calculation the last measurement in the sequence of

> 30 mmHg change from baseline minus the time of first measurement in the sequence of
> 30 mmHg change from baseline +1 was used to determine valid measurements.to use
for potentiation calculation. In two cases (see Note to File No. 27) the potentiation was
measured over an interval of 9 minutes (Subject 422, Period 1, Day 9 and Subject 508,
Period 3, Day 31). For these cases potentiation was also confirmed by the Medical
Investigator.

3.2 Study Results

3.2.1 Subject Dlsposmon

Dlsposmon of Subjects

A total of 509 subjects were screened for study eligibility. Three hundred and fourteen
‘subjects failed.screening mainly due to not meetlng the exclusion cnterlon no. 7 relating to
blood pressure (Figure 1).

Of the 195 subjects found eligible, 179 subjects commenced with Period 1. During

Period 1, 14 subjects were withdrawn or dropped out (one of whom reached potentiation at
25 mg) and 9 subjects did not reach the tyramine threshold dose (i.e., did not show a
tyramine reaction in Period 1 even at 800 mg tyramine). These subjects were not
randomized in Period 2. Thus, a total of 156 subjects were randomized in Period 2. During
Periods 2 and 3, 7 subjects dropped out (2 during Period 2 and 5 during Period 3; 3x
withdrew consent, 3x baseline BP too high and 1x AE). Therefore, altogether 149 subjects
completed all 3 period of the study and comprise the population for the primary analysis.
The disposition of the subjects from screening to randomization in Period 2 is given below
in Figure 1. The disposition of the subjects per treatment group is given below in Figure 2.
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MN=508
Subjecis sereensd
H=185 T H=314
Suhjects spproved Boreenimg fallures
Heasons:
BF exclusion critaris 118
: | | _ . | Bicyele test abnicrmality 48
N=15 N=173 Medical history 2
Fpproved but not dosed Subjects rapeived Venous accessibifity 23
Ressons: - lymmine ECG sbromnality 22
Fesorys 2] in Pardod 1 Labaratory results 15.
Croup full 5 Sersening not compleied {persans! reasens
flot in clinic due o or group full) 2
personalreasons 5 Orihostatic B2 8
Mot ire clingc due to ECG +BP 7
miscommunication FELR] _ T
Physical exsminalicn ¥
Personal ¥
Drug scresn / history of dnug abuse 8
Smicking ' 4
Medication use 24
Blond donalicn 1
ot within soreaning term k|
I
M=23
Subjscts dropped out
during Period 1
Reasans:
Mo iyramine reaclion B
Telemetry 4
AE= 3
e Withdresw consant 3
Vemous acoessibily 2
Bascline BP oo high 2
M= I’lﬁﬁ
Randamized in
Pegicd 2 .

Figure 1 Disposition of Subjects from Screening fo Randomization in Period 2
Source: Sgbject enrdlment log {dats on file) and Lisling 17.2.5-2
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| Group | | Periedd | Period 2 | [ Pericd3 | { Completed ]
14{Pheneizing 15 mg) |«» | n= 17 dosed wy| = 1B dosed phenelzine  |=n| n= 18 dosed phenelzine  |en | 1= 15 phancizine
n =1 withdrawn n = 1 vithdrawn
- BAE (Subject 103} - Bageline BP
(Subject 101}
2 {Seleglne Emgy |« | n=24 dosed | = 15 dosed selagiine | 0= 15 dosed selegifine # | m= 15 selegiline.
n =2 withdesawn
~ Mo fyramine reaction {Subject 223} : 2
- Tetemetny {Subject 205} i = 7 dosed plageba n = 7 dosed placebo 5 =T placebho
3{Rasagliine 1mg) |=»|n=75dpsed zs| 1= 1B dosed rasagiline =»{ R =15 dosed rasagfine =» | n= 15 rasagiline
n = Zwithdrawn n= % withdrawn:
- Wanous seoessibility (Subfect 2085 - Basefine BP
- Bassline BP {Subfact 324} ISubiact 318}
n = 7 dosed placebo: n = 7 dozad placebo =7 placebo
48 {Rasagiline 2 myg)} |=x| n=28 dosed «»| B= 15 dosed rasagiline w5 =14 dosed rasagfine s | B= 13 rassgiliea
n=4 withdrawmn n = 1 withdrawn n = 4 withdrawm:
- Mo fyramine reaction {Subject 415} - Withdrew-consant - Basaline BP
- Fetametry {Subject 408} {Subiact 4053 {Bubject 426)
- Bassaline BP {Subjact 441} n = g dosed placebo e = 8 dosed placebo n =8 plagebo
- Yiithdrews consent {Subject 415}
4h {Rasagilies 2 mg, [=s]| n=28 dosed ' e n = Y4 dosed msagiline [a3| n=14dosed asagline |ws | = 14 rasagiline
20 days desing) n =Bvithdramn
- Mo fyramine reaction
{Subjects 452, 472, 473, 477) n = § dosed placebo n = 8 dosed placeba n =9 placebo
- Tetametry {Subject 454} :
~ \iithdrews eonsent {Subject £53}
5 {Rasagfine 4 mg) |=»| n=27 dosed =»| = 17 de=ed rasagiiine #%| n="17 dosed asagiine = | n= 17 rasagiline
n = Zwithdrawn :
- Mo iyraniine reasction —= = =
{Subjects 511, 523} n = ¥ dosed plaeebo n = 7 desed placebo n =7 placeba
- & {Subject 513§
B{Rasagiine Smg} [w»| n=2Vdosed =] n= 15 dosed rasagiine = =14 desed rasagiine = | B=12rasagiline
n =5 withdrawn n = 1 withdrawn n = 2 withdrawn: .
- No fyramine reaction {Subject 68} - Withdnzw corsant -Vithdrew eorsant
- Withdravr eonsent {Subject 810} {Subject 817} {Subject 605)
- Wencus ascassibility (Subjact 691) - AE {8ubject 827}
- AE {Subject 514} n = g dosed placebo: n = @ dosed placebo 1 =9 placebe
- Tetemetry (Sublact 8283
Overall =% | 0= 179 dosed =y 1= 158 dos=d w5 1= 154 dosed ws | m=148
n =23 withdrawn. . n = 2 aithdramn 6 = Swithdrawn:
Figure 2  Disposition of Subjects per Treatment Group from Pericd 1 to Completion of Study
Seurce: Subject ennsiment log {data on file}, Lisfing 17.2.1-1 and bisling 17.25-2
3.2.2 Subject Demographics and Other Baseline Characteristics
Demographics :
A summary of demographic data for all randomized subjects is given in Table 12.
- o
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Table 12 Summary of Demographic Characteristics (Randomized Subjects)

Flacebo Placebo +Smg Smg Al randomized
Groups 2,3, Groups 2, PHETID  SEL-BID
43,48, 5,6 3,43,56

K =48 =38 =18 =15 = N=158
Age {yr} Mean (SO} 55 {8) 58 8) 57 {8) 54 (8} " sam)
Range 4 -70 4170 4085 4088 40- 70
Weight (kgy  Mean (8D} 737 (10.5) 724103} 7T84(03) TISOT}  T4.1(08)
Rangs 482-1021 4831029 OBEB-B893 525-804 4821145
Height{m}  Mean (SD) 171 {8 170 {8} 173{8 17100 171 {8
Rangs 1E-192  150-182  18B-191 155 1EG 150~ 184
. BN (kg ?éein 252 {2.6) Mo2T  BEES  BILEH 257 (25)
Rangs 193-301 193-301 201-290 213-200  19.3-307
%;m; -n  Female 22{45.8%)  18{462%) T (43.8%) 2(53.3%) 74 (4T 4%}
Male 26 (54.2%)  DU(538%) 0(36.3%) 7 (406.7%) 82 (52.5%)
+mg 2 mg 2mg 4 mg & mg
RAS-0D RASOD  RAS-OD/I0D RAS-OD  RASOD
N=18 M="15 N= 14 N=17 M=15
Age fyr} Maan (STY 55 8Y 58 (7] B8 54 {7) 568
Range 45— 88 44~ 70 48 -89 4170 40— 67
Weight (kg}  Mean(SD) 70.8{8.8) 7aS{i2m) TI2(04)  TRE(ND3 7RO
: Range 54E—807 57.0-1008  524-88D  SG8-E13 630- 1148
- Height {mj Mean (SO} 17D(T} 174 (10} 169 {10} 172(8) 72 (1)
: Rangs T -85 164182 152 — 184 155~ 488 158194
BMI (kg'n’)  Mean (SD) D246(1.0) 25527 248{22} 246{28] 25630
; Range W/E-72  203-301  ML-283 212-307  Z01-305
t%mr-n Female 11{68.5%)  5(32.3%) 8{57.1%) B353%) T (40.7%)
o} ,
Male 5(31.3%) 10(58.7%) £ {42.9%) 11{64.7%)  5{53.3%)

" Spures: Tabig 15.1-1, Table 15.1-2 and Table 15,93

A total of 156 subjects were randomized and dosed in Period 2 of the study. Of these
subjects, 144 were Caucasian, 6 were Asian / oriental, 1 was black of African heritage, 1
was a native Hawaiian or other Pacific Islander and 4 were of another race. On average,
all treatment groups were similar with regard to age, height, weight and BMI.

The male to female ratio was between 40/60 and 60/40 in each treatment group, with the
exception of Group 3 in which the male to female ratio was 39.1/60.9.
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3.2.3 Evaluation of Primary Endpoint (Characterization of Tyramine Sensitivity
Factor-TSF)

Data Sets Analyzed

The following study populations were defined:

~ Primary Study Population T

Subjects who completed all 3 periods of the study.

All Subjects Treated (AST) Population

All subjects who were treated with at least 1 dose of tyramine. This population.included the
subjects that did not receive treatment with a MAOI or placebo. These subjects received a
subject number and the measurements that were done prior and during the tyramme
treatment were listed. (NB: AST = MIT + TO)

MAO Inhibitor Treated (MIT) Population

All subjects who were treated at least once with a MAOI (phenelzine, selegiline or
rasagiline) or placebo. For these subjects, safety measurements were included in the
summaries. This population is sometimes referred to as the .all subjects randomized.
population, although Group 1 was not actually randomized to treatment.

Tyramine Only (TO) Population

All subjects belonging to the AST populations but not to the MIT population. In other
words: all subjects not having shown tyramine potentiation in Period 1 up to the highest
tyramine dose (800 mg) and subjects that dropped-out prior to administration of
phenelzine, selegiline, rasagiline or placebo. These subjects received a subject number
and the measurements that were done prior and during the tyramine treatment were listed
only and not included in the safety summaries.

PK Population

All subjects who received rasagiline treatment and for whom the primary PK data are
considered to be sufficient and interpretable and who did not have any protocol violations
interfering with PK, were included in the PK calculations.

-A summary, of the number of subjects per study population is presented in Table 14.
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Table 14 Summary of Study Populations

. Population

Group ' : Primary AST 111 T PK
FPhenelzing {1} 15 17 15 1 §]
Selegiline or placebo {2} 22 24 2 - 3 i}

4 mg Rasagﬂiﬂ:e’ or placebo {3) 22 25 23 2 16

2 myg Ragzagiline or placebo {45} 22 25 24 4 14

2 myg Hasagiline or placebo {4b} 23 29 23 & 14

4 mg Razagiline or placebo §5) 24 el 24 3 7

6 my Ragagiline or placebo ) 2% 29 24 5 hE
todal 148 178 156 23 75

Source: Listing §7.2.3-%

Primary Endpoint - Tyramine Challenge Results
TYR30 Ratios and Tyramine Pressor Doses

Table 15 summarizes the effects of various treatments on various central tendency presentations
of tyramine sensitivity factor (TSF or TYR30s). The central tendency (e.g., arithmetic mean,
geometric mean, median) TSF (TYR303) is determined by assessing the tyramine threshold dose
that increases systolic blood pressure by > 30 mm Hg (vs the mean of several pre-treatment
measurements) for at least 3 consecutive measurements obtained 5 minutes apart (e.g., minimum
duration of at least 10 minutes) for each treatment in the pre-treatment period and dividing this
number by the tyramine threshold, pressor dose after treatment. ‘

Table 15 Summary Table of TYR30; Ratios
Arthmetic Mean Geometric Mean  Median

Phenelzing {1} 2844 1raz 17
Sefegiine {2y - 3.57 247 2
1 mg Rassgiline 3} 25838 203 2
_ 2 mig Rassgiline {48} 467 ) 333 .3
2 mg Fazadiine (4} 279 245 3
4 mg Rasagiiine (5) . B2 4.50 4
& myg Rasagiling (&} 7.3 S 5
Pooled Placebo (482356) 498 1.50 1
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Table 15.2-1. Summary Table and Siatistical Analysis of TYR30 and TYR30 Ratio (TSF)
by Treatment Group vs. Matching Placebo

Study Period
. N ‘ » ISF
TYP-10E3-120-TYR i ] Peried {PericdEPeriodd}
Af Mstching P Valus*
Pheuskrine (1}
“Gelegitine () = Rl I 3 15 T B
Mean 47143 [ 30657 | 37500 | 15150 54 387
Cenmetric Mear | 43008 | 38007 | 25747 | 13404 167 X3
sD 1o760 [wsen] 2;zeinessl seel _sm 7T
Fedizn i HB| 480 - sBF|  E| 0 L] 2}
Alax
1mg Rmagitine () | N ¥ I -9 15 i I o
Adeaw 43571 | 456235 | 38750 [ 833 405 108
Geometric Mean £45.01 | 49158 | J6671 | 215.60 157 FAE]
5D 0354312093 I8215| ed47E[ | 13E3| 4% 00ZBN1
Medinn S0E| 400 | #O1 Wl . R 2
N © bia)
2mg Razapiline (423 | N g 15 2] 13 g 13
Adean 49580 | 48667 | 35130 [ 17404 014 367
Geomeiric Mean 46247 | 44558 | 21838 [ 33501 312 233
i) F7638 | 17674 2503%| 9536 0% 553 | 00801E)
i - - t
Afedian | N7 U I 1T S 1
AMax  }
dmg Rmssgiline (5 |3 1 D - R A . i T 7
Afean FRIT[EITE]|  A7857 [1812 13 312
Geometric Mean 40585 | 48044 39702 [ 10668 118 450
i) WERT | TI08T| 19766 8210 0.5z 173 | 6001141
Min
Fdedian aua| S0 | Zon| 90| L 4!
Adax i
©  Tomg Rasagiline (6} | X - g 15 X ¢ ] 13
Kean F4444| 45000 ] 53750 [11827 105 731
Geometric Mean 5273739758 | Susng| mese 1 518
- _ i) 4240 | 1TXA7 | 1060 | wamn ¥z 803 Q066187
Aledian EET 4601 eel  teal . EI 5
| Mz —— -
*Wilcoxon Rank Test

Reviewer Comments

e Table 15 and Table 15.2-1 above shows TSF results for each active drug group vs each,
respective matching placebo group (with exception of phenelzine). Because each
matching placebo consists of relatively small numbers of subjects, some comparisons
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results are extremely important because they provide perspective about the possible
significance of this mild increased tyramine sensitivity. Selegiline has been marketed
for many years and we are not aware that the approved 10 mg daily dose of
selegiline is associated with notably increased sensitivity to tyramine and a
significant risk for serious hypertensive “cheese” reactions/hypertensive crises.
These observations seem to be reasonably reassuring that treatment with 1 mg
rasagiline ought to have a similar safety profile for serious hypertensive reactions
from eating and drinking without any dietary tyramine restrictions

Although selegiline, was considered to be a potential “negative” control for increased
tyramine sensitivity, inclusion of this treatment showed that it can also increase tyramine
sensitivity mildly. I do not believe that this observation is recognized because selegiline
was approved many years ago without a good tyramine sensitivity challenge study
submitted at the time of the NDA review prior to approval. Neither am I aware of any
randomized, double-blind, placebo-controlled studies in which 10 mg daily selegiline was
evaluated for its effect on tyramine sensitivity. If the rasagiline label ultimately describes
a mild increase of tyramine sensitivity from the approved dose of 1 mg daily, I believe
that the selegiline label should similarly describe this observation if it is possible from a
regulatory perspective because these results have been derived from a different sponsor
than the sponsor for selegiline.

» Table 15.2-2 further provides perspective about the markedly increased sensitivity to
tyramine produced by a recognized non-selective MAO inhibitor that was included in this
study as a “positive” control. The dose (45 mg daily; 15 mg TID) used in this study is the
initially recommended dose for treatment of depression. The recommended dose for
maximal benefit is considered to be at least 60 mg daily, and can be increased as high as
90 mg daily. Phenelzine treatment with this submaximal dose markedly increased
tyramine sensitivity by all central tendency comparisons. Whereas TSF for pooled
placebo was 1.50 for geometric mean, 1 for median, and 4.98 for arithmetic mean, TSF
for phenelzine was 17.32 for geometric mean, 17 for median, and 20.14 for arithmetic
mean. All these presentations showed that phenelzine treatment markedly increased
tyramine sensitivity.

. Alth'ough increasing doses of rasagiline dose-dependently increased tyramine sensitivity,
the magnitude of increased tyramine sensitivity (approximately 5 fold) for the highest
rasagiline dose (6 mg daily) evaluated was considerably much less than the increased
tyramine sensitivity (approximately 17 fold) for phenelzine. These results further support
the relatively selective effect of rasagiline on MAO-B inhibition. However, these
results also demonstrate the phenomenon that has been recognized previously, that the
selectivity for MAO-B inhibition decreases (and may ultimately bé lost if dose is
sufficiently increased) as one uses increasing doses of “selective” MAO-B inhibitors.
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with active drug are not statistically significant. Also, the mean placebo TSF for some
groups (1 and 2 mg rasagiline) is greater than that of the active groups while the
geometric mean and median for these placebo groups are less than those for the
respective active drug groups. These results suggest that more useful and reliable active
drug group comparisons with placebo can be seen when-active drug groups are compared
to a pooled placebo population derived from pooling the small, “matching” placebo
groups. Nevertheless, the statistical comparisons with the highest rasagiline dose groups
(4 and 6 mg) are highly statistically different and show that TSF for these groups are
considerably greater than the matching placebo.

e In contrast, Table 15.2-2 below shows comparative central tendency TSF results for each
active drug group with pooled placebo (derived from pooling each of the 4 rasagiline
matching placebo groups and the selegiline matching placebo group). Each active drug
group (notably including 1 mg rasagiline and 10 mg selegiline, both of which are
FDA approved doses) are highly statistically greater than pooled placebo for TSF
indicating that each treatment increases the sensitivity to tyramine.

e Table 15 also shows that central tendency presentations by geometric mean or median
are better than the presentation by arithmetic mean TSF, which is commonly quite higher
than the geometric TSF or median not only for each active drug group but also for the
pooled placebo.

e Whereas the geometric mean TSF for pooled placebo was minimally increased at 1.50,
the geometric mean TSF was numerically and statistically greater for 1 mg rasagiline
(2.03), 2 mg rasagiline (3.33), 4 mg rasagiline (4.50), and 6 mg rasagiline (5.10),
indicating all treatments with rasagiline dose-dependently increases sensitivity to
tyramine, and the risk for increasing blood pressure.

e Whereas the median TSF for pooled placebo was “normal” at 1, the median TSF was
increased for 1 mg rasagiline (2), 2 mg rasagiline (4), 4 mg rasagiline (4), and 6 mg
rasagiline (5), similarly indicating (as geometric mean) that all these rasagiline
treatments dose-dependently increase sensitivity to tyramine, and thereby the risk for
incréasing blood pressure.

o A major goal of this study was to determine if the approved dose of rasagiline (1 mg)
increases sensitivity to tyramine and these results suggest that this dose does mildly
enhance tyramine sensitivity.

¢ In view of this increased tyramine sensitivity to the approved rasagiline dose, it is
particularly important to note that the approved dose of selegiline (10 mg) also increases
tyramine sensitivity (numerically and statistically). The geometric mean TSF was 1.50
for placebo and 2.47 for selegiline. The median TSF was 1 for pooled placebo and 2 for
selegiline. Thus, the increased tyramine sensitivity from approved selegiline
treatment is similar to that for approved rasagiline treatment. These comparator

-~ e

39



Clinical Review .
Leonard P. Kapcala, M.D.

NDA 21641

Azilect (rasagiline)

Table 15.2-2. Summary Table and Statistical Analysis of TYR3§ and TYR30 Ratio (TSF)
by Treatment Group vs. Pooled Placeho
Stedy Period
Period 1 (Feriod] Pecinds
S — Period Peﬂnﬂs Feriod]Feriod3)
TVE-IR-LI-TVR Pooled Ponled Pooled
FPlaceho Placebo Placebo
(422356 | Active | (423,56} | Active | a2 386 | Relive | P-Value*
Phewelzine (1) N g 15 38 B 38 15
Mean 0513 | 48125 A57%] 30 108 pIAT]
Genmatric kissn 47315 | 46336 e T 150 373 _
A7) 1T 13276 IBKIT | 1595 1324 3156 <hHu
Min e _—
NMedian 2001 4501 0] 251 ¥ w
Aax L S— e
Selegiline {7) N i 15 3% B 38 15
Mean S0513 | 30667 A157% | 15250 108 357
GeometricMean | 47335 | 30139 21397 | 13404 1.58 14T
i) 5 4| 15500 Ta027 | 150.56 1524 =71 Dougss:
Min. T ——
Medisn SOB] AW 466 mm] I Y
Afax . : —
1mg Rasepiline (3} | N 3 16 || 15 Bl 15
Mean 50513 | 45625 {575 ] 1033 PLT] 155
Geometric Mean 7315 | 40158 31307 | EGT 150 103
3] 17514 | 12083 I06IT| P47 133 52 | 8002641
Min ‘ :
Median ELRIE 3| 00) T T06T A D 3
Max
Pmg Raszpiline (12} | N 39 15 3| 13 3] 13
Aesn 50513 | 48657 JIETE [ 110 08 457
Geometric Mean £7335 | 44558 FI39T] 13841 150 333
(7] 17634 17674 Io027] 9536 1334 5531 0000267
Min ‘ —
Median R sl FIT Y Ty Il ES
Max
4mg Rosapitine (8} | N ED) 17 £ % B/l 17
Mean 50513 | 5I196 157 | 14912 458 85
Geomaitic Mean §7315 | 45044 31387 | 106.68 150 450
3] T 193 TEEIT| BLID FERT] T173 | 0000026
-1, Min. , ,
Aledian el 01 08T  100] 13 B § 1
Max ]
fmg Rasagiline (6) | kL] 15 g5 B3 28 13
Mean 0513 [ 45000 1T | 11827 £58 TH
Crometric Mean. 47335 | 3978 31397 | BOLRD 150 X1
1] R AT RN AT | GALE( [ERT] $62 0000033
Min
Median BG40 T BT ) I 3 S
Max —~ — —
*Wilcoxon Rank Fest
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Tabile 15.2-3. TYR30 Ratios M&t{ix of Statistical Cgmparismzs Across all Drug Treaimemts

lmg 4mg fmg 3me - 2me
Selemiline | Kasspiltne | Rasagiline | Rasagiline | Rasapiline | Raszgiline

&) 3 5 {8 Ha} {45
*Poyaloe | *Poalne | *Povalne | *Focslnee | *Fosloe | ,*Pvalne
Phenelxine {1} <JB8E <01 0.8009 0.BS =000 =41
Sline £ 12665 LRI Lgn 32842 QETI
Stk 1.0013 0BT L1359

f.430% 04230 L6217

B1k4¢ BEETE
7

Reviewer Comments

e Table 15.2-3 above shows nominal statistical differences between different active
treatments without correction/adjustment for multiple comparisons. Rasagiline (1 mg) is
not statistically different from selegiline, suggesting similar effect on tyramine
sensitivity. However, 1 mg rasagiline is statistically different from progressively higher
doses of rasagiline (2,4,6 mg) and associated with a lower increase in tyramine sensitivity
than these higher doses. This statistical difference for 1 mg is only observed for the 2 mg
dose (group 4 a) that was studied at a similar time (after 14 days treatment) than the 2 mg

group studied at a much later time (30 days for group 4 b) but the p value (0.1369) is
trending toward statistical significance.

Phenelzine is highly statistically different from each of these treatments.
The two different 2 mg dose groups (4 a and 4b) studied at different times are not

statistically different suggesting similar effects.

Table 15.2-4. Summary Table and Siatistfical Analysis of TYR30 and TYR30 Ratio {TSF}
for 2mg Rasagiline from Group 4a vs. 2myg Rasagiline from Group 4b

Stwdy Perisd .
Perind 1 Period 3 TSF {PeriodLiPeriod3}
TYR-WR-IN-TYR [ Img Tmg Tms Tmg Tmg Tmg
Bazszifine | Rassgilfine | Rasapiline | Rasapiline | Rasapifine | Rasapifine | F-Valee™
Ha) {48 s} {41y ) {4
N 15 14 13 123 13 14
Aesa 48667 492 b 174684 28714 467} 78 b(4)
Geomeiric dfean £45. 47442 13581 19357 313 145
5D 17674 1354810 o5 26 T340 593 155 4276001
Mim . i
Xedian B 450 | 200 | 06| ail 3
Mar e o]
*Wileoxon Rank Test .
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Reviewer Comments

 Table 15.2-4 above further shows various data for tyramine threshold responses in period
1 (before treatment) and period 2 (after treatment) for the two 2 mg groups studied after
different treatment times and the effect of longer time on tyramine threshold dose and
TSF. In both periods the mean, geometric mean, and median tyramme threshold doses are
relatively similar. The most notable possible difference is that the geometric mean
tyramine threshold dose for group 4a is somewhat lower (136.mg) than that (194 mg) for
group 4b.

The reason this evaluation was conducted because of the possibility that TSF increases -
after treatment based upon previously results suggested by the study of a different MAO
B inhibitor. These results clearly show that TSF does not increase for rasagiline with
continued treatment after achieving pharmacokinetic (PK) steady state and presumably
even pharmacodynamic steady state. If there is any effect of longer treatment period,
there does not seem to be a concern for increasing TSF but the possibility exists that TSF
may become somewhat lower or perhaps that tyramine sensitivity may potentially
decrease over time.

It is not possible to determine if these modest, possible differences are related to duration
of treatment and if they may or may not be real and reproducible or if they could be
shown statistically by studying larger numbers. More specifically, it is not possible to
know if the results for group 4b after 30 days of treatment are merely random variance
and that if a similar study were conducted that opposite results might be observed further
supporting the random variance of these results. However, because results for the other

~ treatment groups were not similarly studied at 30 days, I would argue that all

-comparisons for the 2 mg dese should focus on results for group 4a that was studied
after a similar treatment duration (14 days) as most of the other treatment groups
(1, 4, and 6 mg rasagiline, phenelzine, selegiline, and most of the placebo subjects)
because it is possible that all other groups could have somewhat different results
suggesting a consistent effect of longer treatment duration.

Even if all TSF results for 2 mg rasagiline treatment groups 4a and 4b were
averaged, these mean results for geometric mean (2.89), median (3.5), and
arithmetic mean (3.73) are consistently numerically greater than the geometric
mean (2.03), median (2), and arithmetic mean (2.98) for 1 mg rasagiline and
suggests that there is an additional increase in tyramine sensitivity produced by 2
mg treatment vs 1 mg treatment. This observation further supports the view that
there is a dose relationship for increasing tyramine sensitivity for-the 2 mg dose
above the increased sensitivity observed at the 1 mg dose.

Reviewer Comments

e Table 15.2-5 below shows the distribution of tyramine threshold, pressor dose before
(open-label Period 1) and after (double-blinded Period 3) treatment for subjects who were
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randomized to placebo and were included in the pooled placebo group (matching placebo
subjects for selegiline, 1, 2, 4, and 6 mg rasagiline treatments after 14 days of treatment).
In period 1, the lowest tyramine threshold dose was 200 mg for only 5 % of subjects and
the highest threshold dose was 800 mg for 13 % of subjects. Approximately 74 % of
subjects showed threshold responses between 300-600 mg tyramine. Of additional
interest, comprehensive results of all subject studied in Period 1 showed that 95 % of 174
subjects exhibited a threshold, pressor response at some tyramine dose up to 800 mg.

Interestingly, there is some shift of these same subjects to demonstrating threshold,
pressor dose to a lower distribution of tyramine doses ranging between 12.5 and 100 mg
tyramine for five subjects. This seems to be a “placebo effect” associated with the
double-blinded study conditions in Period 3 but cannot easily be explained. This
observation further underscores the critical importance of utilizing a placebo-group
in characterizing tyramine sensitivity for a drug because if these same subjects were
treated with a drug that is clearly known not to increase tyramine sensitivity, there
would be a concern that the drug increased tyramine sensitivity when in fact all that
had occurred was the subjects had demonstrated a “placebo effect.” Still, the vast
majority of responses in Period 3 were at similar doses (300-600 mg) for 76 % of
subjects. Overall, there was a slight shifting of the distribution of threshold, pressor doses
to lower tyramine doses for the whole group of pooled placebo subjects associated with
conducting the same testing under double-blinded conditions after initially conducting the
same study under open-label conditions.

Figure 15.2-6 visually illustrates this slight shifting of tyramine doses with treatment
but overall shows that there is relatively little change in the tyramine threshold,
pressor doses for placebo-treated subjects. '

I strongly believe that more robust and reliable comparisons with placebo.can be
obtained by reviewing various pooled placebo results. I have not focused much
attention on results of the matching placebo groups because these matching
“treatment” groups for various tfeatment are very small (N = 7-9) and much
smaller than the active drug treatments (N = 13-17). Thus, my comments and
analyses throughout this review will typically focus on active drug comparisons with
pooied placebo (N = 38) instead of matching placebo. I recommend that the reader
also focus attention on comparisons of active drug treatment with pooled placebo
rather than those of matched placebo. I am unable to accept a convincing argument
why it would not be best to make comparisons with pooled placebo rather than
matching placebo. Furthermore, results for the various, individual, matching
placebo groups are generally quite similar to those for the much larger pooled
placebo group. ' -
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Table 15.2-5. Distribution of Subjects by Pressor Dose at each Period
~Pogied Placebo (2,3 4a, 5, 6)

Eimdy Period T ’
Period I Persod 3
TS T TR Pooled Pooled
TYR101Z-120-TYR Placebs Placeho
' 2 l388 | #1358
TYR3E {Tyramine Potenfiafion)
125 . - Z 53
IS4 . . 1 18
SEA . - 1 I
10048 . . 1 1TE
1000 P &1 1 1&
30040 7| 178 S| 158
AQED 7| 17% 3| 211
500K 7l 178 ] 1y
500 8| s & 15%
gl E 3 T 1 hE ]
FI 51 128 2 53
Alt 39| lgga 35 | 300.0

Figure 15.2-5. Dose to Pressor Endpoint — Pooled Placehn

Troatment Groiyr Podlsd Fleeabd (46,35,5,9)
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o
E
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g ki: g X0 0 0
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JIRGTA: drigpoed= Poclert Plysbs (882358 FERDD=1 = dhgpel= Fookd Plsio (023568 PERON=2
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Reviewer Comments

e Figure 15.2-7 shows tyramine threshold doses for individual subjects in the pooled
placebo group. In the vast majority of cases, tyramine threshold doses are identical or
similar in each study period (1 and 3). The difference may be a lower or higher response
in each period. In the vast majority of cases where there is a'differenee, the difference is
relatively small (almost always <200 mg and frequently < 100 mg). When there is a
more marked difference, the difference usually shows the pattern that the threshold
dose is much lower in Period 3 after double-blinded treatment, further emphasizing
the importance of characterizing tyramine sensitivity of a drug with a placebo group
and double-blinded treatment conditions.

Figure 15.3-7. Pressor Doses for Each Placebo Subject at Each Perlod

Pressor Boses For Each Placebo Subject
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Table 15.2-8. {Hstribution of Subjects by Pressor Dose at each Period

— Phenelzine {Group 4}
Study Period
. . Period 1 Period 3
TYP-12-133-TYR Active Aciive
Xl % kd & - ) »

TYR3E (Fyramine Pefentizfion)
2.0 . 1 6.3
158 - i [ &
25.8 - F 8T
EET] . 3] 200
45.8 - 2] 333
5.8 - |1 [l
396.6 3| 188 R .
4008 ¥ 13 . -
080 1 43 - -
600G & 378 - -
FAGH 1 63 - -
AlE A5 1088 | IS| 1000

Reviewer Comments

* Pre- and post-treatment results for the non-selective MAO inhibitor, phenelzine (45 mg),
that was studied as a positive control, show a marked shift in the distribution of tyramine
threshold, pressor doses (Table 15.2-8). Pre-treatment (Period 1) distribution was similar
to that for the pooled placebo but there is overall markedly lower distribution of doses in
Period 3 after treatment. There is no overlap in distribution and post-treatment doses
range from 5-75 mg, with the vast majority occurring at 25-45 mg tyramine, a range of
tyramine content that could occur with ingestion of tyramine-rich food or beverages.
Figure 15.2-9 further shows this marked change in distribution of doses visually.

Figure 15.29. - Eosé 1o Pressor Endpeint — Phenelzing {Group 1)

Cohori~Phanszii {1

1]

-
o -

=
ot
i

-

Bunivak DISTFButon Funetion
; 4
B

-
]
)
[ pp—_—
4

‘w»mu

j

R . . i
i hie] i EE Lt X axd s )

STRARM ——dngrum=Pueclsre 4 FEROO= - = Sugaers Pareyioe (i PERGD=2 Lol d
U O Comofd dgive Predalng (1) FERG=3 -

47



Clinical Review

Leonard P. Kapcala, M.D.
NDA 21641

Azilect (rasagiline)

Table 15.2-10.  Distribution of Subjects by Pressor Dose at each Period
- Selegiline {Group 2} vs. Matching Placebo

Study Period _ .
Period 1 Period 3 L4
TYE-1812-11-TYR Matching Aaiching
Placebo Addive Placgbe | Active
X % | N| B N % | N &
| TYR30 {Tvramine Potentistion)

125 . 4. . . 1 6.7
350 . d . - 1] 143( 1 5.7
50.9 . 1] &7 . 4 - -
1668 . ] 1 6% 1] 3143] §{ 333
280.8 I 3] 1) &% . ] 3] 8
350.8 2| 36| 3| 204 . -] 4] 63
4608 3| e 1| 193] 1] 47
5006 . 3| e %] ] . R
500.0 3] 4201 1| 67 1] 143
To0d $] M3; T} 133 . . . -
All 7] 3600] 15] 1880 T HBL] 15] 1008

Reviewer Comments

e Pre- and post-treatment results for 10 mg selegiline, that was studied as a comparator for
a U.S. marketed “selective” MAO B inhibitor, show a modest shift in the distribution of
tyramine threshold, pressor doses (Table 15.2-10). In the pre-treatment (Period 1), the
bulk of doses were distributed between 200-600 mg but after selegiline treatment the bulk
of doses were distributed between 100-300 mg indicating an increase in tyramine
sensitivity. Two subjects also showed very low dose responses (12.5 or 25 mg). Figure
15.2-11 further shows this change in dose distribution visually for selegiline treatment.
Attention to this table and figure-and similar ones for other active drug treatments should
focus on active drug treatment results and not those of matching placebo.

Figure 15.2-11. Dose fo Pressor Endpoint — Selegitine, Matching Placebo {Group 2}
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Table 15.2-12.  Distribution of Subjects by Pressor Dose at each Perinod
-t mg Rasagiline {Group 3) vs. Maiching Placebo

Study Period
: Period 1 Period 3
TVP-1012-128-TYR Matching Matching

Placebo Active Placebo Axtive

N[ & |KN]% | N % [N] ®
TYR30 (Tyramine Potentiztion)
15 . . . 1| M3| . .
0 - - - - - 1 [
2056.0 1/ 13| . . - T] 463
EI 1| K43] 2] 188 - _] 5| 33
4006 1| KM3| &) 373 4| 571) x| 133
HTX 1 143] 3| 188 1] 343) . . .
600.0 2| MM6] 3| I88]° 1] I3
F60.6 . | 1] 63 N -
8an.0 1] 13| . - . NI .
Alt T11800] 16| 3008 7| Mp0| 15| 30640

Reviewer Comments

» Pre- and post-treatment results forl mg rasagiline show a modest shift in the distribution
of tyramine threshold, pressor doses (Table 15.2-12). In the pre-treatment (Period 1), the
bulk of doses were distributed between 300-600 mg but after rasagiline treatment the

~ bulk of doses were lower (200-400 mg). One subject also showed a very low dose
response (25 mg). Nearly half (47 %) of the subjects showed a tyramine, threshold,
pressure response at 200 mg, a dose that is rarely a threshold pressor dose for subjects in
the pre-treatment Period 1 or even in the post-treatment Period 3 for pooled placebo
(previous Table 15.2-5). Eight subjects (53 %) treated with 1 mg rasagiline showed
threshold, pressor response at 200 mg or lower compared to a much smaller
percentage (16 %) of pooled placebo patients, clearly indicating that this dose of
rasagiline increases tyramine sensitivity. Figure 15.2-13 further shows this change in
distribution of doses visually for rasagiline treatment.

Figure 15.2-13. Dose to Pressor Endpoint — 1 myg Rasagiline, Matching Placebo (Group 3}
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Table 15.2-14.

Distribution of Subjects by Pressor Dose at each Period
- 2 mg Rasagiline {Group 42} vs. Matching Placebo

Study Period
Perivd 1 _ Perind 3
TVE-1613120-T¥R Afatching Matching

Placebo Artive Placeba Active

X 4 | N ]| % N EIREAR:)
| TX¥RA0 {Tyramine Potentizion)
115 R . 1) 111 1| %7
568 . j - 1] 113 1§ %7¥
10068 - 1§ &7 - 31 B
360.0 . N . 1] 113| S| 38%
360.8 2| 22 Y| &7 | 222 3| 3t
400.8 3| 333] »| 333 . q - N
3560 3| 132| 3| 2648 3| 333
5608 3| 1p¥| 2| 133 . -
[T 1] B3| | 133 N .
3008 3} 113] 1| &T 1} 13x] . .
Alt #1008 15| 1068 91 1060] 131 1060

Reviewer Comments

e Pre- and post-treatment (14 days) results for 2 mg rasagiline show a shift in the
distribution of tyramine threshold, pressor doses (Table 15.2-14). In pre-treatment Period
1, the bulk of doses were distributed between 400-700 mg but after rasagiline treatment
the bulk of doses were considerably lower (100-300 mg). Two subjects also showed very
low dose responses (12.5 and 50 mg). Most subjects (77 %) showed a tyramine, threshold
response at doses of < 200 mg, doses that rarely exert a threshold pressor response for
subjects in pre-treatment Period 1 or even in the post-treatment Period 3 for pooled
placebo (previous Table 15.2-5). These responses indicated that 2 mg rasagiline increases
tyramine sensitivity and a dose-dependent effect because increased tyramine sensitivity
was greater for 2 mg vs 1 mg. Figure 15.2-15 further shows this change in distribution of

doses visually for rasagiline treatment and that the shift is greater for 2 mg vs 1 mg.
Dose to Pressor Endpoint — 2 mg Rasagiline, Matching Placebo {Group 4a)

Figure 15.2-15.
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Table 15.2-16.  Distribution of Subjects by Pressor Dose at each Period - 2 mg Rasagiline {Group 4b}
vs. Matching Placebo

) Study Peciod
Periad 1 Poriod 3 - »
TYP-1011-120-TYR Matching Matching
Placebo Active Flacebo Artive
N g% | N | % N EHERK:
TYR30 (Fyramine Pefentiztion) :
125 - - i) 1| . -
106.0 . . 3] 24
pii] Bl . 0. - 2] 222 7| S04
3000 3] 33| 2] 143 1] 113 £| &6
4000 3] 2| 8| BY¥ 3] 333] . .
S00.0 1 1p3] 1] 7% - -
6000 2 23] 4] 286 ¥| 232
7800 N A oa)ass) -
3806 [ E] . - . NIEAE :
All %] 1000| 14| 30040 4| Hetl 14| 1066

Reviewer Comments

e Pre- and post-treatment (30 days) results for 2 mg rasagiline show a shift in the
distribution of tyramine threshold, pressor doses (Table 15.2-16). In pre-treatment Period
1, the bulk of doses were distributed between 300-600 mg but after rasagiline treatment
all doses were considerably lower (100-300 mg). Most subjects (71 %) showed a
tyramine, threshold response at doses of <200 mg, doses that rarely exert a threshold
pressor response in the untreated state. These responses were similar to those after 14
days treatment and indicated that rasagiline-induced increased tyramine sensitivity
does not increase with duration of treatment after achieving PK steady state. 15.2-17
visually shows that the shift in sensitivity in distribution of threshold doses visually is
similar for 2 mg rasagiline treatment after 30 days vs-14 days (Figure 15.2-15).

Figure 15.2-17. Dose to Pressor Endpoint — 2 mg R&saéiﬁn&, Matching Placebo {Group 4b}
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Table 15.2-18. Distribution of Subjects by Pressor Dose at each Period - 4 mg Rasagiline {Group 5)
vs. Matching Placebo

Stody Perind
Periad 1 Period 3
TVE-IIZ-120-TYR Maifching Matching
’ Placebs Active Placebo Active.
N % IN I B N % | XN

{ T¥R30 {Tyramine Potentiztion) .
125 - . . - ¥ 1E%
158 . . . 1] 52
1608 . . . . 5| 204
iR . d 1] 89 . -1 &) &T1
3006 Il 1431 2] 118 4] 3] 1| B3
4008 3] 428] 3| 176] 1] 143
500.0 . ] 8] 333 . .
500 1| 143] 1| 3§ 1] 143
TR . RIEI . .
[T 2| 288 3| 176 1] 343)] . .
Al 7{1608| 17| 30090 7{H00.0] 17| 1600

Reviewer Comments

e Pre- and post-treatment results for 4 mg rasagiline show a marked shift in the distribution
of tyramine threshold, pressor doses (Table 15.2-18). In pre-treatment Period 1, the bulk
of doses were distributed between 300-800 mg but after rasagiline treatment the bulk of
doses were much lower (100-200 mg) with minimal overlap with threshold dose in the
pre-treatment period. Three subjects also showed very low dose responses (12.5 - 25 mg).
Almost all subjects (94 %) showed a tyramine, threshold response at doses of <200 mg,
doses that rarely exert a threshold pressor response in the untreated state. These responses
indicated that 4 mg rasagiline dose-dependently further increases tyramine sensitivity
beyond that of 2 mg. Figure 15.2-19 further shows this change in distribution of doses
visually for rasagiline treatment and that the shift is greater for 4 mg vs 2 mg.

Figure 15.2-19. Dose o Pressor Endpoint — 4 mg Rasagiline, Matching Placebo {Group 5)
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Table 15.2-28. Distribution of Subjects by Pressor Dose at each Period - 6 mg Rasagiline {Group 6}
vs. Matching Placebo

Study Period
FPorind 1 Peried 3
TVRIGIH-IN-TYR Matching Matching

Placebe Actve Placeho Active .

N % | N | & N @ | ¥ w ) ’ [
TYRJ0 (Fyramine Polentizfion)
115 . . . . . AR IEA
28 . NI . Il 7%
504 . N 2 A2 354
ladd j . . . .| 4| a3
2000 . . . - .| 5] 385
3060 1] FLE| Z] 133 . . .
4000 B .1 51 333 HET)
5800 §| ER§| 4] 7 2] 2540] .
[ ] Il 13X . 3] 335) .
To0R0 1| 133] [ 0@ 1| 125
3000 | BB1| . . - NN f
AH 8| 1600] 15| 1088 5| 100608] 13| 1000

Reviewer Comments

e Pre- and post-treatment results for 6 mg rasagiline show a very marked shift in the
distribution of tyramine threshold, pressor doses (Table 15.2-20). In pre-treatment Period
1, the bulk of doses were distributed between 300-700 mg but after rasagiline treatment
the bulk of doses were much lower (100-300 mg) with no overlap with threshold dose
in the pre-treatment period. Four subjects (31 %) also showed very low dose responses
(12.5 - 50 mg). All subjects showed a tyramine, threshold response at doses of < 200 mg,
doses that rarely exert a threshold pressor response in the untreated state. These responses
indicated that 6 mg rasagiline dose-dependently further increases tyramine sensitivity
beyond that of 4 mg. Figure 15.2-19 further shows this change in distribution of doses
visually for rasagiline treatment and that the shift is marked and greater for 6 ing vs 4 mg.

Figure 15.2-21. Bose o Pressor Endpoint — 6 mg Rasagiline, Matching Placebo {Group 6)
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Reviewer Comments

I have created Table A to summarize the frequency of tyramine threshold pressor
responses and corresponding TSF for relatively low tyramine doses (<200 mg) for
all the different treatments. Table A shows that phenelizine was an excellent positive
control for tyramine threshold responses and that 93 % of subjects showed a threshold
response at < 50 mg and that 100 % showed a threshold response at < 100 mg. Table A
also clearly shows that rasagiline treatment at all doses 1-6 mg) increased tyramine
sensitivity. At 1 mg, this increased tyramine sensitivity occurs at a dose of 200 mg
tyramine hydrochloride (i.e., 158 mg free tyramine; as tyramine occurs in food) based
upon an increased percentage (53 %) of subjects treated with 1 mg rasagiline showing a
tyramine threshold, pressor response compared to a much lower percentage (16 %) for
placebo-treated patients. At tyramine doses up to 200 mg, all higher rasagiline treatments
showed progressively higher percentages of subjects showing tyramine threshold pressor
responses, ranging from 77 % at 2 mg (14 days) to 100 % at 6 mg. There is also an
increased tyramine sensitivity (vs placebo and 1 mg rasagiline) at doses up to 50 mg or
up to 100 mg for these higher than recommending doses (2-6 mg) in the label and this
increase tyramine sensitivity is dose-dependent.

It is also. quite noteworthy that the approved/recommended dose of selegiline (i.e.,
Eldepryl) also increased tyramine sensitivity (vs placebo). This increased tyramine
sensitivity for selegiline was demonstrated by the increased percentages of subjects
(vs placebo) who had tyramine threshold pressor responses at all tyramine doses up
to either 100 mg (47 % vs 13 %) or 200 mg (67 % vs 16 %). This demonstration of
selegiline-induced increased tyramine sensitivity appeared to be similar to that
caused by 1 mg rasagiline. '

Table B, which I also created, shows the percentage of subjects who had various high
TSF thresholds (e.g., > 5, > 10, > 20) for the various treatments. Both 4 and 6 mg
rasagiline treatment groups had increased percentages of subjects with TSFs > 5, > 10,
and > 20 vs pooled placebo. The 6 mg dose had higher numerical percentages of subjects
for TSF > 5 and > 10 compared to percentages for 4 mg. The percentage of subjects with
TSF > 20 was slightly lower for the 6 mg group than the 4 mg group.

The subsequent listing shows results for individual TSFs and tyramine threshold, pressor

dose for Periods 1 and 3 for each treatment. This listing shows the variability of results
for individual subjects in all treatment groups including those for placebo subjects.
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Table A (Reviewer Table) Frequency of Post-Treatment TYR30; Threshold Dose at <200 mg According to Treatment

Tyramine : Treatment (Period 3)

Potentiation of SBP to. Phenelzine Selegiline Pooled Rasagiline 1 | Rasagiline 2 | Rasagiline 2 | Rasagiline 4 | Rasagiline 6
: N=15 (%) N=15 (%) Placebo mg/day mg/day (14 mg/day (30 mg/day mg/day

Threshold Increment N=38 (%) N=15 (%) days) days) N=17(%) N=13(%)

n N=13 (%) N=14 (%)

5 mg 1(7) . .

12.5 mg 1 (D) 2(5) 1(7) 2(12) 1(8)

15 mg 1(7) 1(7)

25 mg 7(47) 1(7) 1(3) 1(6) 1(8)

35 mg 3 (20)

45 mg 2(13)

50 mg 3(20) 1(3) 1(8) 2(15)

75 mg 1(7)

100 mg 5(33) 1(3) 0(0) 3(23) 321 5(29) 4 (3D

200 mg 3(20) 1(3) 7(47) 5(38) 7 (50) 8 (47) 5(38)

<50 mg 14 (93) 2(13) 4 (11 1(7) 2 (15) 0(0) 3(18) 4(31)

<100 mg 15 (100) 747 5(13) 1(7) 5(38) 32D 8 (47) 8(62) .

<200 mg 15 (100) 10 (67) 6 (16) 8 (53) 10 (77) 10 (71) 16 (94) 13 (100)
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Table B (Reviewer Table) TYR303/TSF in Periods 1
Thresholds According o Treatment

and 3, and Frequency of Various Increased Tyramine Sensitivity Factor (TSF)

TYR30; Potentiation Dose of

Treatment (14 Days for Phenelzine, Selegiline, and 1, 4, and 6 mg Daily Rasagiline for Treatments Not

SBP in Periods 1 and 3 and Specified)
Various Tyramine Sensitivity Phenelzine Selegiline % Rasagiline 1 | Rasagiline 2 | Rasagiline 2 | Rasagiline 4 | Rasagiline 6
Factor (TSF) Thresholds _ mm_nun%vm mg/day ﬂmmam% N%mamw mg/day mg/day
ays ays

30 Days E&w%ﬁ ’

14+30 Days
TYR30; Period 1 0/16 (0 %) 3/15 (20 %) 2/39 (5 %) 0/16 (0 %) 1/15 (7 %) 0/14 (0 %) 1/17 (6 %) 1/15 (7 %)
(Pre-treatment) <200 mg 0/9 (0 %) 1/29 (3 %)

2/48 (4 %)
TYR30, Period 3 14715 (93 %) | 2/15 (13 %) | 4/38 (11 %) 1715 (7 %) 2/13 (15 %) 0/14 (0 %) 3/17 (18 %) 4713 (31 %)
(Post-treatment) <50 mg 1/9 (11 %) : 2127 (7 %)

5/47 (11 %)
TSF = 15/15 (100 %) | 2/15 (13 %) 5/38 (13 %) 115 (7%) 3/13 (15 %) 1/14 (7 %) 3/17 (18 %) 7/13 (54 %)
TYR30; Period 1 1/9 (11 %) 4/27 (15 %)
TYR30; Period 3 6/47 (13 %)
>35.0
TSF = 13/15 (87 %) 115 (7 %) 3/38 (8 %) 115 (7 %) 1/13 (8 %) 1/14 (7 %) 2/17 (12%) 2/13 (15 %)
TYR30; Period 1 179 (11 %) 2127 (7 %)
TYR30; Period 3 4/47 (9 %)
>10.0 .
TSF = 7/15 (58 %) 1/15 (7 %) 2/38/ (5 %) 1/15 (7 %) 1/13 (8 %) 1/14 (7 %) 2/17 (12 %) 1/13 (8 %)
TYR30; Period 1 19 (11%) 2/27 (7 %)

TYR30; Period 3

3/47 (6 %)

* Placebo (Pooled) for 14 Days and 14+30 Days; 30 Day Placebo (Not wooHo&
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Listing of Tyramine Threshold Pressor Doses in Periods 1 and 3 and TSF for Individual
Subjects According to Treatment

Bubject
Numbex

Treatment Group

TYR30

Potentiation
ab Period 1

(P1)

Tyramine
Senaitivity
Factoxr {TSF)

u.u-u’-u»’.a.--_.«au‘u..no-u...--unus«»w.....~.n..o-..-..u-«a.u.uunu.‘.m»’-.«».»-...no--.w»-.«—..‘»nuuho\;u‘nu-
% h "

101
102
103
104
165
197
108
109
1190
111
112
113
114
118
116
i17
20
202
203
204
206
207
208
209
210
211
212
213
214
215
216
217

218
213
228
231
232
224
30T
302
303
304
308
206
367
369
1
- 311
312
313
314
315
4
317
318
313
320
351
3322
323
33%
40L
462
4063

Phenelzine (1)
Phenelzine (1)
Phenelzine (1}
Phenelzine (1}
Phenelzine (1)
Phenelzine {1}
Phenelzine (1)
Phenelzine (1}
Phenelzine (1)
Phenelzine {1}
Phenelzine {1)
Phenelzine (1)
Phenelzine (1)
Phenelzine (1)
Phenelzine (1)
Phenelzine (1)
Selegiline {2)
Selegiline. (2)
Placebo for Selegiline (2}
Placebo for Selegiline (2)
Selegiline (2}
Selagiline (2)
Selegiline (2}
Selegiline (2)
Placebo for Selegiline (2}
Selegiline (2)
Selegiline (2}
Placebo for Selegiline (2}
Selegiline (2)
Selegiline (2)
Selegiline {2)
Placebo for Selegiline (2}

Plagabo for Selegilina (2)
Selegiliine {2§ .
8=legiline £2)

Placalw for Selegiling {2j
Belegiline {2
Sslegiline {2}

Pilagebo for img Rasagiline
img Ragagiline (%}

Img Rasagllina {3)
lmg Rasagilize {3}

Img Razagiline {3}

Placebic for lmg Rasagiline
Piavehe for img Rasagilina
Img Rasagliine (%)

Plagebo for img Rasagiline

_lmg Rasagiline (%}

Img Hasagiline (%)
img Rasagilins {3)

Img Ragaglline (%)

Piacebo for 1mg Rasagilins
Img Rasagiline {2}
img Rasagiline (3)

Img Rasagiline {3)

Img Easagiline (3}

Piacabo for img Ramagiline
Img Razagiltne (3}
img HEasagiline {3)

Img Rasagiline {3}
Placebo for img Rasagiline
Plagebo for 2mg Rasagiline
Plaegsbo for 2mg Easagiline
img Ragagiline {4a)

3}

2}
{2}

{3}

3

{3} \
3}

{3)

{3z)
{4a)
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Listing of Tyramine Threshold Pressor Doses in Periods 1 and 3 and TSF for Individual

Subjects According to Treatment (Continued)

404
205
0%
408
408
410
412
413
414
217
418
419
420
421
422
423
424
415
428
427
429
450
451
455
456
457
159
459
460
461
462
453
464
465
466
257
169
469
-470
47T
474
4785
478
478
BOL
502
503
504
50%
506
507
508
509
510
512
B4
531
516
517
519
513
5230
5311
532

img Rasaglline (4a)
Placebo for 2mg Rasagiline
2mg Rasagiline {4a)
2mg Rasagilins (2a)
Plagebe for 2mg Rasagiline
img Rasaglline {4a)
2mg Rasagiline {4a)
2mg Rasagilina {4a)
Placebo for Img Rasagfline
2myg Rasaglline (4a)

Placeb for 2mg Hasagiline.

img Rasaglline (4a)
Flacebo for Zmg Rasagiline
Imy Rasagiline (4a)
2mg Rasagilins {4a}
2mg Rasagiline {4a)
2mg Rasaglline {4a)
Plaveho Ifor 2mg Pasagiline
2mg Rasagiline {4a}
Placsbo for Zmg Rasagiline
2mg Rasagiline {da)
2mg Ragagilins {4d)
img Rasaglline (4b)
Flacebo for 2mg Rasagiline
Placabo [or 2mg Rasagiline
2mg Rasaglline (4b)
dmg Rasagiline (4b)
Placelbo for 2mg Razagiline
img Rasagiline {4b)
2mg Rasagiline {4b}

Piacelo for 2my Rasagiline

2mg Rasagilineg {4b)

img Rasagilline (4b}
Placebo for 2mg Rasagiline
img Rasagilina {4d)

2mg Ravagiling (4b)
Placelo [or 2mg Rasaglline
2mg Rasaglline {(4b)
Plagebo for 2mg Pasagiline
2mg Rasagilins {4b)
Placebo for 2mg Rasagiline
2mg Rasagiline {(4b)

2mg Raeaglline {4b}
Placebo for 2mg Rasagiline
amg Ragagiline {5}

4mg Rasagilins (5}

Placebo for 4mg Rasagiline
Piacebo for 4mg Razsagiling
4mg Rasaglline {5)

4mg Rasagiline {5}

amg Rasaglline {(5)

Placebo for 4mg Rasaglline

_ 4mg Rasagilina (5}

4mg 'Raaaginna {5}
4mg Rasagiline {5}
4mg Rasagiline (&)
4mg Rasagiline {5}
amg Rasagiline (5}

Placebo for 4mg Rasagiling

4mg Rasaglline {5}
4mg Rasagiline (5)
Placebo for 4mg Rasagilins
4mg Rasagiline {5}
Piacebo for 4mg Rasagiline

{4a}
{#aj
{2a}

ida}

f4ai

{dai

{42}

{4}
{25

£33
{aby
{4p}

41
{am

{4b)
{4

53
{83

£:3]

{5}

{5}
{53
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Listing of Tyramine Threshold Pressor Doses in Periods 1 and 3 and TSF for Individual
Subjects According to Treatment (Continued) '

523
525
526
527
801
602
603
602
605
50T
608
509
512
613
615
616
LT
&1
619
520
621
622
623
623
625
626
617
529

dmg Rasaglline (&)
4mg Razagiline {(5)
Placebo Ior 4mg Rasagiline
4mg Rasagiline {5}
cmg Rasagiling (6)

. 6mg Ragagiline {&)

smg Rasaglline {5}
Placebe Inr 6mg Rasagiline
Placebo for 6mg Rasagiline
emg Ragagiiine {(6)
&mg Ragagiline {5}
Placebr for Smg Rasagiline
Placebe for Smg Rasagiline
Smg Rasaglline {6}
mg Ragagiline (6)
émg Rasaglline (6)
¢mg Razagiline ()
Placebo for fmy Fasagiline
6mg Rasagiline {5)
Flacebro rfor fmg Rasagiline
6mg Rasagiline {6}
Placelbo for 6mg Rasagiline
Placebo for 6mg Fasagiline
Placebic for 6mg Rasagiling
émg Ramagiline (&)
6mg Rasagiline {6)
émg Rasaglline {8}
émg Rasaglline (6)

Reviewer Comments

Listing

subject
numbex

104
1190
6§03
108
17
105
114
103
308
107
112
115
116
220
428
456
509
102
£18
621
821
103
310
427

(5}
(6}
{6}
{8)

{6)

{8}

{63
{8}
[1:3]

h

b(4)

-

Listing 17.2.6-6 below shows individual results for very high TSF (> 20). Although most
of these subjects were in the phenelzine group, 5 subjects were also in the 4 or 6 mg
rasagiline group. Of significant interest, there was one subject in the 1 and 2 mg
rasagiline groups, one subject in the selegiline group, and three subjects in the
placebo group. This observation further emphasizes the critical importance of
characterizing tyramine sensitivity with placebo subjects under double-blinded

conditions.

17.2.6-6  List of Subjects with TSF>10

Treatment Group

Phenelzine {1}
Phenelzine (1)
6mg Rasagiline (6}
Phenelzines (1)
Phenelzine (1)
Phenelzine (1}
Phenelzine (1)
Phenelzine (1)
lmg Rasagiline (3}
Phenelzine (1)
Phenelzine (1)
Phenelzine (1}
Phenelzine (1}
Belegiline (2)
2mg Rasagiline (4a}

Pladebo for 2mg Rasagiline (4b)

4mg Rasagiline (5)
Phenelzine (1)
4mg Rasagiline (5)
6mg Rasagiline (6)
4mg Racagiline (5)
Phenelzine (1}

Placebo for 1lmg Rasagiline (3)
Placebo for 2mg Rasagiline (4a)

- TSP

-
59
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3.2.4 Sensitivity Analyses For Characterizing TSF by TYR30 Threshold Pressor
~ Responses

Sensitivity Analyses of TYR 30/TSF Ratios with Different Criteria for Threshold Response

Based upon DNP recommendations, the sponsor conducted various sensitivity analyses of the
TYR30/TSF) ratios. Not infrequently, a single elevation of SBP to > 30 mm Hg above the pre-
treatment SBP might be considered to be a tyramine threshold, pressor response. However, the
DNP has been concerned that a single threshold increment might be a non-specific increase for
some unknown reason and has thought that a more sustained increase to the threshold value or
above it ought to represent a more specific response to tyramine. In addition, previous DNP
experience has shown the requiring a more sustained SBP increase to determine a threshold,
pressor response provides more reliable TSF data.

The following sensitivity analyses show data comparisons for different tyramine pressor
thresholds requiring : 1) three consecutive SBP threshold increases (> 30 mm Hg above the
mean pre-treatment value) 5 minutes apart (Table 15); 2) two consecutive SBP threshold
increases 5 minutes apart (Table 18); and 3) a single SBP threshold increase (Table 19).
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Table 15 Summary Table of TYR30;3 Ratios

Arithmetic Mean Geometric Mean  Median
Phenalzine {1} 2814 1732 17
Setegiline (2} 3.87 247 2
1 mi Razagiing (3) 2.98 203 2
2 mg Rasagifine (4a) . 467 333 4 4
2 mg Rasagiline (4b) 273 245 3
4 mg Razagiline {5) 832 450 4
6 mg Rasagtine (6} 7.31 51 5
Pooled Placeho (42,2,3,58) 488 1.50 14
Table 18 Summary Table of TYR302 Ratios
Arithmetic Geomelric Mean Median
Mean
Phenelzine {1) 1825 14.20 13
Selegiline {2} - 358 252 2
4 mg Rasagiine {3} 318 215 2
2 mg Rasagiline {4a) 458 3.12 3
2 mg Rasagitine (41} 267 231 2
4 mg Rasagtine (5} §.38 4.95 4
8 mg Rasagiline {5} 873 546 5
Pooled Placebe (45,2 3,56 586 161 1
Table 19 Summary Table of TYR30; Ratios
Arithmetic Geometric Mean WMedian
Mean
Phensizine {1} 1534 11.37 16
Selegiine {2) fo 278 2
1 mg Rasagitine (3) £84 218 2
2 mg Fasagiine (4a} 712 407 3
2 mg Rasagiine (4b) 54 245 3
4 mg Rasagiine {5} §.12 257 3
5 myg Rasagitine (6} 11.82 5.12 5
Pooled Placebo 48,2,3 5,6) &M 218 1

Reviewer Comments

o I have created Table C which integrates results of Table 15, 18, and 19 and allows a
comparison of geometric mean, arithmetic mean, and median for each treatment
according to the three different tyramine pressor thresholds.

e Table C shows results for TYR30; (i.c., TSF based upon at least 3 consecutive SBP
increases of 30 mm Hg or more at 5 minute intervals) (e.g., a sustained increase for a
least 10 minutes) for different presentations of central tendency (e.g., arithmetic mean,
geometric mean, and median). In this comparative analysis, results for geometric mean
and median appear to make more scientific sense than results for arithmetic mean. The
lowest ratio is observed for pooled placebo and the highest ratio is for phenelzine as
would be expected/predicted. Results further show that the 1 mg rasagiline ratio is

numerically greater than placebo and that the ratios dose-dependently, and prqgress‘ively
increase such that the highest rasagiline ratio is observed at the 6 mg dose. In contrast, -
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comparison of arithmetic means does not make as much scientific sense because pooled
placebo is numerically greater than several active drug treatments and the 4 mg rasagiline
ratio is greater than that for 6 mg. Geometric mean and arithmetic mean for 1 mg
rasagiline is somewhat less than that for selegiline but median TSF is similar for both
drugs.
[ 4

e Table C also shows results for TYR30, (i.e., TSF based upon at least 2 consecutive SBP
increases of 30 mm Hg or more at 5 minute intervals) (e.g., a sustained increase for a
least 5 minutes) for different presentations of central tendency (e.g., arithmetic mean,
geometric mean, and median). In this comparative analysis, results for geometric mean
and median appear to make more scientific sense than results for arithmetic mean. The
lowest ratio is observed for pooled placebo and the highest ratio is for phenelzine as
would be expected/predicted. Results further show that the 1 mg rasagiline ratio is
numerically greater than placebo and that the ratios dose-dependently, and progressively
increase such that the highest rasagiline ratio is observed at the 6 mg dose. In contrast,
comparison of arithmetic means does not make as much scientific sense because pooled
placebo is numerically greater than several active drug treatments and the 4 mg rasagiline
ratio is greater than that for 6 mg. Geometric mean and arithmetic mean for 1 mg
rasagiline is somewhat less than that for selegiline but median TSF is similar for both
drugs.

o Table C finally shows results for TYR30; (i.e., TSF based upon at least a single SBP
increase of 30 mm Hg or more) for different presentations of central tendency (e.g.,
arithmetic mean, geometric mean, and median). In this comparative analysis, geometric
mean is similar for placebo and rasagiline 1 mg and all higher doses (2-6 mg) are
numerically greater than that for 1 mg. However, geometric mean TSF for 2 mg (4.1) is
numerically greater than that for 4 mg (2.7) but less than that for 6 mg (5.1). Median TSF
for 1 mg rasagiline is greater than placebo and all higher doses (2-6 mg) are greater than
that for 1 mg. Whereas median TSF is similar for 2 and 4 mg, median TSF is highest for
6 mg. Median TSF for phenelzine is greatest among all treatments and similar for 1 mg
rasagiline and selegiline. Results for arithmetic mean were not very discriminating.
Arithmetic mean for placebo was greater than that for selegiline and 1 mg and 2 mg
rasagiline and quite similar for 4 mg rasagiline but less than that for 6 mg. Not
surprisingly, arithmetic mean for phenelzine was greatest among all treatments.

Overall, geometric and arithmetic mean results were not sensitive for showing that 1 mg
rasagiline increased TSF compared to placebo. Neither did arithmetic mean TSF make
scientific sense nor provide much useful information because TSF for active drugs was
frequently less than that for placebo despite that facts that many other analyses suggest
that rasagiline and selegiline increase tyramine sensitivity.
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Table 15.2-26 compares results for statistical comparisons of active drug treatments with placebo
(matching placebo and pooled placebo) for TSFs based upon the different TYR30 thresholds
(e.g., TYR30;=TYR30, TYR30,, TYR30,). All comparisons with each rasagiline dose vs either
matching placebo or pooled placebo were statistically different (i.e., p < 0.05) for
TYR305TYR30, and TYR30,. Based upon TYR30y, 6 mg rasagiline was the only rasagiline
dose that was statistically different from either matching placebo orpooled placebo. Selegiline
was statistically different from placebo only when TYR30;5,TYR30, and TYR30; threshold
criteria were applied and only for pooled placebo but not matching placebo.

Table 15.2-26. Comparison Of Statistical Analyses Between TYR30 Threshold Doses Of Each Group
Vs. Matchmg And Pooled Placebo

THR30 Threshold
TYR30, TYR30, TYR3O
*P-Value *P-Value *P-Value
Active Treatment .

Selegiline (2) 0.830576 0.62032 0.322748

S Ak DI 1mg Rasagiline (3) 0.914877 0.015519 0.021931
Active Treatment vs Matching Placebo 15 2 ciline (40) 0.460958 0.07471 0.069151
4mg Rasagiline (5) 0.111323 0.000736 0.001141

om; Rasagiline {6) 0.017534 0.000137 0.000187

Phenelzine (1) 0.000121 0.0001 <06.0001

Selegiline (2) 0.193266 0.002811 0.008553

Active Treatment vs Pooled Placebo Img Rasagiline (3) 0.382769 0.002081 0.002641
2mg Rasagiline (4a) 0.059286 0.000627 . 0.000267

4mg Rasagiline (5) 0.421087 0.000044 0.000026

6mg Rasagiline (6) 0.030563 0.000128 0.000083

*Wilcoxon Rank Test

Reviewer Conclusions/Comments

e TYR305/TSF for all central tendency assessments seems to provide the best
characterization of TSF.

. TYR303/TSF is a much better and more rigorous criterion than the less rlgorous criterion
of TYR30, but only seems to be marginally better than TYR30,,

e TYR30,/TSF appears to be a reasonably good minimal standard criterion but may not be
quite as good as TYR303/TSF.

e TYR304/TSF does not appear to be a good method for accurately characterizing TSF.

¢ Geometric mean or median for TSF (based upon TYR30;, TYR30,, or TYR30,)
provides better characterization of TSF than arithmetic mean.
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low pressor dose was obtained in non-treated subjects (placebo and Period 1) subjects, or for the
large intrasubject pressor dose variability seen in placebo subjects. Nevertheless, these
observations in placebo subjects clearly underscore the necessity of incorporating placebo
subjects in a double-blind study design after randomization for characterizing a drug’s
tyramine sensitivity accurately and adequately.

, :
For the non-selective comparator phenelzine, the geometric mean and median pressor doses
required to achieve pressor endpoint at baseline were 463.4 mg and 450 mg respectively.
Following 14 days of dosing with phenelzine (Period 3), the geometric mean and median pressor
doses required to achieve pressor endpoint were reduced to 27.0 mg and 25 mg, respectively
(Table 16). There was a clear dichotomy of tyramine pressor doses between Periods 1 and 3. The
minimum pressor dose went from 300 mg in Period 1 to 5 mg in Period 3. . .
The geometric mean and median pressor doses required to achieve pressor endpoint for 1

mg rasagiline at baseline were 441.6 mg and 400 mg respectively. Following 14 days of
dosing with 1 mg rasagiline, the geometric mean and median pressor doses required to

achieve pressor endpoint were reduced to 218.6 mg and 200 mg, respectively (Table 16).

The minimum pressor dose went from 300 mg in Period 1 to 25 mg in Period 3 which is within
the variability range seen for placebo subjects.

A negative association or inverse correlation was evident between rasagiline dose and geometric
mean pressor dose in Period 3. There was no association between rasagiline dose and minimum
pressor dose.

As described above, in Period 3 several individual subjects (both on placebo and on treatment

-+ with selegiline and rasagiline) reached potentiation at surprisingly low tyramine doses or with

unexpectedly high TSF values. There is no clear explanation for this high variability in response
but this reflects the variability of TYR30 in the study.

As described above, in Period 3 several individual subjects (both on placebo and on

treatment with selegiline and rasagiline) reached tyramine threshold pressor potentiation at
surprisingly low tyramine doses or with unexpectedly high TSF values. There is no clear
explanatlon for this high variability in response but this reflects the variability of TYR30 i in the
study.

Reviewer Comments

e In a very general sense, various central tendency representations (e.g., geometric mean,
arithmetic mean, median) reflected various increases in tyramine sensitivity in Pediod 3
after the different treatments including 1 mg rasagiline and all higher rasagiline doses,
selegiline, and phenelzine (Table 16). Geometric and arithmetic mean doses allowed
discrimination of the dose-dependent increase in tyramine sensitivity induced by all doses
of rasagiline and these mean doses were inversely related to the increase in tyramine
sensitivity. However, representation of median doses did not exhibit this dose-dependent
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e Although median TSF appears to be a reasonable method for characterizing central
tendency, geometric mean appears to be the best central tendency characterization
presentation for TSF and appears to be a more sensitive and more discriminating method
than that based upon median TSF. '

3.2.5 Tyramine Pressor Doses
Table 16 summarizes information about mean and median tyramine threshold, pressor doses for
Periods 1 and 3 according to treatment. Table 17 summarizes minimum pressor doses in each
period according to treatment.

Table 16 Summary Table of Mean and Median Pressor Doses (mg)

Period 1 Period 3
Arithmetic ﬁgameﬁrkz Median Anthmetlc Gggmelric Npedian

Mean Mean Mean Mean
Phenelzine {1} 4813 46834 45 M0 pr: 25
Belegiline {2} 3887 3313 469 1825 1240 280
1mg Rasagiline {3} 4553 2446 409 2483 2188 200
2mg Rasagiline {4a) S8BT L3048 50 LD 1358 260
2mg Rasagiline {4b} 4529 4744 450 2871 183.8 20
4mig Rasagiline {6} 5118 4304 500 441 1087 200
fmg Rasagiline {5} £59D 3878 £00 1IR3 BB 1o

Pooled Placsbo :

(4a.23.5.8) 505.1 4732 BB 4158 4.8 400

Source Table 1521, Table 15.2-2

Table 17  Summary Table of Minimum Pressor Doses {mg)

Period 1 Period 3

Phenelzine (1) 300.0 5.0
Selegiline (2) 500 125
1mg Rasagiline (3) 300.0 250
2mg Rasagiline (4a) 100.0 12.5
_ 2mg Rasagiline (4b) 300.0 100.0
4mg Rasagfline (5) 200.0 125
6mg Rasagiline (6) 50.0 12.5
Pooled Placebo (4a,2,3,5,6) 200 125

Source: Table 15.2-1, Table 15.2-2

For the pooled placebo group, the geometric mean and median pressor doses required to achieve
pressor endpoint at baseline were 473.2 mg and 500 mg, respectively. Following 14 days of
dosing with placebo (Period 3), the geometric mean and median pressor doses required to
achieve pressor endpoint were reduced to 314.0 mg and 400 mg, respectively (Table 16). The
minimum pressor dose went from 200 mg in Period 1 to 12.5 mg in Period 3 (Table 17).
Moreover, one subject in Period 1 (baseline/pre-treatment) reached potentiation at 25 mg
tyramine, but this subject was not randomized into the study. Three placebo subjects had a
minimum pressor dose of 12.5 mg in Period 3. There is no clear explanation as to why such a
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Table 15.2-27. Maximal lacrement in SBP — P4 and P3 Phenelzine

Study Period

Period 1 Period 3

TVP-I0I2-130-TYR | SBP Mar Intrement SBP Max |
ASIS LOCFE ASIS 1GCF
X {Meze| N |Mean | N[Mean] N [Mean - : »

Tyramine Die
3] - q . S| 16] 1768 16| 1760
158 . N 35| 23.07] 18] 2703
254 6] 1638 15| 1635 | 14| 465F] 16| 473
358 . . N EITIROEED
458 _ 1. -] 3] 4833] 15| SR
50.08 16| 1750 16| 1750 . N .
580 . R L) 1] 2766 15| 5618
68 . 1 L] 1Y 2s66] 157 AELS
jei-X: - . -1 3] 3506] 3165| 5081
820 - A . N -] 16} 50.81
958 R N NI 15| 59:81
1oh0 16| 1935] 16 I93S d . .
1650 . . NG NIEEIEXN
1800 6] 1700 16| 170a] . .
3600 6] 27.06] 16 2086 . N
4808 |41 16 381 . d . .
R 8] 3z . -
0608 bR - -
000 1! 6500 - R
8603 [ B . -

Reviewer Comments

e Table 15.2-27 shows that phenelzine treatment (Period 3) facilitated low tyramine doses
(5-45 mg) to produce a significant mean maximal SBP increase (18-49 mm Hg). Table
15.2-29 further shows the marked mean, maximal SBP potentiation by phenelzine when a
single common low dose of tyramine (25 mg) produced a mean 46 mm Hg increase
compared to only 16 mm Hg for placebo for “AS IS data (i.e., actual, observed data).

Table 15.2-29, Maximal increment in SBP - P3 Phenelzine vs P2 Pooled Placeho

SBP Max Increment
A58 LOCE
D 1A . Poolad Pooled
TVEII-20TYR | byt | Phensloie Placbe | Phemstrine
(2 355) 3 . 422358 E
N [Mean| N [Xean |*Panlue | N [Mesn| N | Meam | *Povalue
Tyramine Dose ’
38 . 18] e . A ] 16| e B
firs, 3 [ 1735 j . NIEA RS B .
EET] R | 15| 2507 N ) |16 163 _
58 IV IA8 | 34| 4607| <OG01| 39| Wix| 16| €013 | <B00F
358 _ . 7] 3300 ) . 16| 3156 R
450 . . I an . . S| 16| %613 N
X 36| 1458 _ 4 [ #w1e . - .
558 B . 1] 7560 - . _| 36| 56a%
[+X] ‘ ij 2600 . N _|__36| 5648
750 . AT . . | 1| sest .
858 B B & B . . RIS N
() . _ T B N | 16] 981 .
1003 - 38| 1700 . . | s aas , . .
165 “ . [ . ] R | 16| SsL -
1605 3| aa _ . EIRER .
000 I B _ ) N IS ,
4000 ) 7| 335 . - AEDETS B
600 19 | 4058 . . RN .
£60.9 ol 4522 . . AT B R
TO0.5 HEY: R j IS .
8600 HEX] . , NN .
*Tvo Sampls T-Test

3



Clinical Review

Leonard P. Kapcala, M.D.
NDA 21641

Azilect (rasagiline)

effect because median doses for 1, 2, and 4 mg rasagiline were similar at 200 mg despite
the fact that rasagiline dose-dependently increase tyramine sensitivity.

e All central tendency representations of pooled placebo tyramine threshold, pressor dose
were lower in Period 3 (than in Period 1), presumably indicating a “pjacebo effect” after
subjects had been randomized and studied under double-blinded conditions. Although
one might expect that determining/characterizing tyramine threshold dose might be
purely objective and not susceptible to a placebo effect and subjective influences, it
would appear that there might be some subjective influences involved in this
characterization. However, it is not possible to discern how subjective influences may
precisely play in making this determination. '

e Minimum tyramine threshold, pressor doses after treatment in Period 3 were not helpful
in discriminating the extent or magnitude of increased tyramine sensitivity. The minimum
tyramine threshold dose was quite low at 12.5 mg and similar for many treatments
including 2, 4, and 6 mg rasagiline, selegiline, and even placebo.

3.2.6 Evaluation of Maximal Increments From Pre-Tyramine Dose Systolic Blood
Pressure (SBP)

As a result of DNP requests/recommendations, the sponsor conducted and submitted various
analyses of the maximal increase blood pressure (systolic-SBP and diastolic-DBP) with various
tyramine doses in Periods 1 (pre-treatment) and 3 (after treatment). Various analyses of maximal
increase in SBP according to treatment are shown in the following tables. Tabular results show
the effects of treatment on maximal SBP increases to various tyramine doses in Period 3 (vs
Period 1) and in Period 3 (vs Placebo). Data analyses for only SBP are presented here because
they appeared to provide better discrimination of an increase in tyramine sensitivity than data
analyses for DBP which showed less pronounced effects than those on SBP. Analyses of active
drug vs placebo in each period are presented for actual, observed data and also according to the
principle of last observation carried forward (LOCF) in which missing data at a specific tyramine
dose are imputed. Based upon my past experience with actual observed data appearing to provide
‘more useful information, my review will focus on results of actual observed data indicated in the
tables by the terms “AS IS.” '

The various analyses of TSF previously presented indicate whether treatment produces an
increase in tyramine sensitivity and the extent or magnitude of the increased tyramine
sensitivity. However, these various analyses of the effect of treatment on maximal SBP
increase provide a different perspective and useful insight into the specific effect and
potential of different tyramine doses to increase blood pressure after treatment.
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Table 15.2-33.

Maximal Increment in SBP — P3 Selegiline ve P4 Selegiline

SBP Max Incoement
ASIS . N 1.OCF
y o SHPAdax SEP Max SBP Max SBP Max
TYRHI-I-TVR Iocrement st | Increment xf Increment at | Inceement at
Pericd 1 (P1) | Period 3 (P3) | SHP Difference PA-F1 | Period 1 {F1} | Period 3(P3) | SBF Differcuce PI-FE

N |Mean| ¥ [Mean| N [Mean [*FValne] X [Mexn| ¥ [Mean| N [Mean [ P ¥aine
Tyramine Dose 4
118 ] . 5| 3337 & - . # 15| 3327 ¢ . .
256 15| B3 34| IEAT| M| 4H 53333 15 1813 15| 2406] 15| 537 $2184 |
0.4 15| 133 13| 346 R3] W4 20065 15| 31633 15| 3046] 35| 1497 [FERS
1608 15| 1993 13| 3438 B3] 1408| o0080 15| 93 15| 33| 1| 1700 (R
Xk 13| 2185 5] 3013] 5| M3 REHT 15| 24353 15| 4747 18| 2293 {0006
3600 13| 3153 Bl 4380 &) 1300] 62513 15| 3530 I5| 8033] 15| 1693 40265
A0 D ¢ 3480 1| 8100 © . R 15| 4383 15| ®oi] 15| 1087 H0765
IR §| 4433 i N . 15| 5113 12| 54808| 35| 347 §.476%
[E I 4333 (]l ] 6 . . 15| 5173 15| s460] 15| 137 [E255
ToRD 3| 5800 ] NN . . 15| 5627 15| B460] 15| 147 $.7468
SokH ] . ] B . 1F| 5627 15| B460| 15| 387 {L.7468
*Paired T-Tezd

Reviewer Comments

Table 15.2-33 shows that selegiline treatment (Period 3) potentiated lower tyramine doses

(50-200 mg) to produce statistically greater mean maximal SBP increases (10-20 mm Hg,
“AS 1S”) than in untreated Period 1. Table 15.2-35 shows that selegiline treatment

potentiated lower tyramine doses (50-300 mg) to produce statistically significant or
borderline significant mean maximal SBP increases that were 10-18 mm Hg greater than
placebo for actual observed data (i.e., “AS IS”).

Table 15.2-35.

Waximal Increment in SBP — P3 Selegiline vs P2 Pooled Placebo

SBP Max Increment
. ASTS LOCF
VLT Tooled Puuted
‘I’}_’P-MIZ-H&-TYR Placehe FPlaceho
{da 2 3 85 Setégi[m [#4] {42235 5) | Selegiline {7}
N |ddean Mean | *Pvalue | N |[Mean| N | Afesn | *F-valoe
Tyramine Bose .
125 DIMIS| 15 2337 4151 AT 15| 2337 4R
56 37| I6S8) 140 21ST| LIFT3 911913 15| 4460 0235
566 36] KSR 13| 2546 DOUAS 3| 1568 18| 3040 40133
160.8 AR 1768 ] 13| 3415 00007 3%) 2133| 15 3792| 4901
008 EER R ET 5] 31| 40037 39] 2582 15| 4747 4002
3800 33| 2784 5| 4380| fOn3i| 39 3387| 15| R213| o0Om
4604 27| R15 1| 6160 083 30| 3068 15| 5468 4028
5000 12| 4658 $ . - 39) 4703 IS| S468| B1350
[ 8] 4222 g - - 39| S188| 15) &460| 4555
T604 3] 38467 i3 - . 3] 535Y) 18| 5460 07533
8000 Y| 5050 L - R 38| 5440 15| S460| DUTRS
*Twn Sample T-Test
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o Table 15-2-36 shows that the placebo treatment in the placebo-matched group for 1 mg
rasagiline did not potentiate any tyramine doses to produce statistically significant and
greater mean, maximal SBP increases in Period 3 compared to those in untreated Period
1. This result serves as a negative control for active drug treatment that potentiated
tyramine doses to produce statistically greater mean, maximal SBP increases in Period 3
compared to responses in Period 1 or to effects of placebo treatment in Period 3.

Table 15.2-38. Maximal Increment in 3BP _
— P3 PlacebolRazagilined mg] vs P11 Placebo[Rasagilinet mal

SBP Max Incrament
ASIS 10CF
o SBP Max SBP Max - SBP XMsr SBP Mazx.
TVEIAMTYR | o vement at | Encrement st Imcrement ot | Increment at
Peripd 1 (P} | Period 3 {P3) | SBP Difference P3-P1 | Period 1 {PY} | Pesiod 3{P3) | SBP Differevce P3-P1
N Mesn| X [Msan | N |Sfean | *PWalue | X [Mean| ¥ [ Mesn| N | Mesn | *P-Value
Tyramine Bese :
18 [i] . 7] ¥i4 9 - . I3 N Tl 2114 & . .
2 7| 1600 6| 23233 & BIF H428 T 15480 7| 2657 T | HLST $0237
7] 1806 §| 1567 &| -L67 47144 7] 1680 TF| 2086 T 486 §.5300
7] 1443 Gl 21T 6| T #3513 T 1443 Tl 2648) T ILSY VISXE
5137 6| 1433 & 857 $2327 130N Ti BT T -4.08 G55
5] 2983 &1 2817 5| 15D G35 Tl 3434 T1 3157 T -L&T [RZET
4800 HIE X & 3383 4] 1225 #3017 HE X T 4506| TF| 8432 [RETT
1] - 41 43735 ME LI 4.9440 TLATHY T 4271 T &% BE5TS
LR 3 4299 1| 5L.08 1] &6d . T| &I 78T T| wo@ 18060
I 1| 3308 [{] . [} . . T H.80 ki L 7] &M 43504
SRE 1] &0 [F] . 1] . . F] 8614 T EN 7| -443 QATE
*Paired T-Tesd .
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Table 15.2-38.

Maximal Increment in SBP

—P3 Rasagiline 1 mg vs P11 Rasagiling 1 mg

SBF Mar Increment
ASIS 18CF
o TR SBP Mar SBP Max . SBP SBF Wax
TVE-TNZ-IU-TVR Iocrement 3t | Focrement at Innmf:t;ai Increment at
Pericd 1 (P} | Peried 3 P3) | SBP Difference P3-P1 | Period 1 {P1) | Period 3(P3) | SEP Differsnce P3-P1
N [Measn| N |Mean | X |Mem |[*PValue | N |Mesn| N | Mean| N | Mean | *FValne

Tvramine Bose

1z5 & - 16) 1313 & . . i . 16) 1313 4 . .
| 15.0 16| 1550 In| 1783 15| 283 AT 16| 1550 16| FPae| 18] 169 {5107
S0 16| 1893 B 14580 14| 404 JITEE 16| 1804 18] BB8E| 18] 246 45006
168 16| s 4] 1786 4] 11 {2258 5] 4.4 16| 198 18] 538 {123
3600 16| 1713 4] 3843 14| IL5T Q0068 18] 1713 16| 37385 | 16| 20460 f.a8a7
Jog 15| 7748 71 5834] 7| 3548 {0043 if| 3788 15| 5388 16| 2600 | 00002
4608 13 | 39459 Y| 6250| 2| 4450 2628 15| 42.6% 6| &#656] 16| F38% G113
5008 57| 3357 [ A . . 16| 5013 16| 3656] 16| 644 [E3E5
SALE RS [ ¢ . - 16| 350 I EEIREEL 0.8460
TO0 3 1] 4208 4 [ . j 16| 5731 5] 5656 18] 475 GETTE
R ] j ] L@ . Y EER IIEEIREERS [ERES
*Psired T-Texi

Reviewer Comments
®

Table 15.2-39 shows that 1 mg rasagiline treatment (Period 3) potentiated tyramine

doses (200-400 mg) to produce statistically greater mean maximal SBP increases (22-45
mm Hg, “AS IS”) than in untreated Period 1. Table 15.2-41 shows that 1 mg rasagiline
treatment potentiated tyramine doses (200-400 mg) to produce statistically significant
mean maximal SBP increases that were 17-30 mm Hg greater than placebo for actual
observed data (i.e., “AS IS™). ’

Table 15.2-41.

Maximal Increment in SBP

— P32 Rasagiline 1 myg vs P3 Pooled Placebo

71

SBP Aax Increment
ASIS LOCY
o — Pocled Tmg Poaled T Img

IVEINIANTYR | peby Raszgiline Placebin Rasagiine

{42 23 56) £33 faTE3E )

N (Mesn| N [Meap|[“Pvalpe| N {Mean| X | 3fean | *Poyalus
Tyramine Boce :
118 30 1738 | 1333 03067 39| 1715 | 1213] 02957
R 37| 16468 I5| 1783 4709 3% 1813 | 17| o638
SAE 36| 1458 M| §19785 ECBRE] 16| 1638 038535
1600 35| 1768 13| 1786 09443 38| 2L 6] 198| DWW
1600 3| 341 4] 3543 BOAME 39| Xs2 | 3581 90433
Ja0 8 33] 2T TIS8H| <bonl 381 28 16| 5388| CO0D&
ETED 271 3215 Y| 6258 #0148 391 303 W| 5656] 00036
ELE i} 4038 4] . 39| 4703| 16| SEEE| HOTIS
G000 g 458722 @ . . 3% | 5185 | S5R6| 9340
SO00 3| 388 i . . 3¢} 535 15| 658 04002
860 HIEE [4 . . FIEY] 5| #6356 96218
*Troe Sample T-Test
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Table 15.2-45.

Maximasl Increment

in S8P

~ P2 Rasagiline 2 mg {4a) vs P11 Rasagiline Z myg {4a)

5SBE Max Increment
ASIS LOCE
: ) .| SBEAMax SBF Mazx SBP Maz- SBEP Af:
TVRHI-H-TYR Increment of | Fncremnent st Increment at Inzrame:?fx at
Period 1 {(PY} | Period 3 (F3) | SBE Differerce PI-F1 | Period Y (P1) | Period I {P3) | SBP Difference P3-P1

N |Mean| N [Mesn| N |3ean | *P-Value | ¥ [Mean| X | Mesn| N | Mean | *F-Value
Tyramine Baze
125 8 . H|IT7| o . . 3 . 14 FRME) & . R
250 151 1560 19081 B3] 4351 03883 1] 1560 15| 2056 34| 5464 B3348
0.0 15| 1788 13 X€77) 13| L8 05260 15| 17.50 34] 4] 4| 35T 63352
1000 15 | BOT M| |18l BIIES 15] 1967 14| 23281 14 1321 [EEE
2000 13| 1007 8] 000 | 8| 3185 [XETH 15| 2267 14| 45.43] 14 3331 40005
R 14| 3108 3| 5508 3| 4367 [ZEE 15| 33586 14| 20.7¢| 14| 1743 {0215
4000 13| 37315 [ NI . 15 | 4660 14| 50.7%| 14| 1193 B.13060:
000 8 3338 8 1 8 - . 15| 44.40 14| 5073 4] 3321 D3846
SO00 5| 4340 ] .l @ N - 15| 5180 14| 307%| 4| 071 9177
Jo0.0 3| 5067 [{ 1 8 - j 15] 5683 14| 50| 14| 521 {1843
3006 j 113900 [{ {8 . 15| 5360 14] 270 14| 800 4. 1338
*Paired T-Te:

Reviewer Comments

e Table 15.2-45 shows that 2 mg rasagiline treatment (14 days, Period 3) potentiated
tyramine doses (100-300 mg) to produce statistically greater mean maximal SBP

increases (12-43 mm Hg, “AS IS”) than in untreated Period 1. Table 15.2-47 shows that 2
mg rasagiline treatment potentiated tyramine doses (200-300 mg) to produce statistically
significant mean maximal SBP increases that were 29-31 mm Hg greater than placebo for
actual observed data (i.e., “AS IS”). This treatment also potentiated a nearly statistically

significant (p=0.0644) mean maximal SBP increase vs placebo after 100 mg tyramine.

Table 15.2-47. KMaximal Increment in SBP
~P3 Rasagiline 2 mg {48} vs P3 Pooled Placebo
5BP Max Increment
ASIS ) LOCEF
3 19 Pooled Tmg Pooled Img
- [ TVRMRAER | ibe | Rasagine Placebe | Rasagiline

{42, 2355) {4a} 432356 {42

X |Mean | X (Mean | *Povndne | N |Mesn| X | Mesn | *Povalee
| Tyramime Dose
115 - 39| 1715 F 3 B ei ] {43839 39| 1715 M| 1T 05830
5.0 37| 1668 13| 1808 44033 39| 1213 14| 2650 [ l3T]
ALE 35| 1438 BB = 39| 1768 | 2134 [E VR
1600 35| 1380 IN| 501 [ETEEY gl 2133 14| 2829 41761
2000 3| B &1 5008 | <00 39| 2592 B} 4543 00010
3060 EEY RS 3l =00 20827 i nn 14| 56.7% [EDEH
4000 37| 3215 [F] - - 39| 32.03 14| 3873 00372
3800 19| 3858 2] - - 3% 47.03 4| sa78| G005
200 9| $52% [:] . 38| 51.9% 14| 50.7¢ 08179
00 3| 3867 [ - - 39| 3351 14| 30.78| 03502
IS HIEE] [ ERI TS | 56.7% $.383%
*Two Sample T-Test
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Table 15.2-51.

Maximal Increment in SBP

— P3 Rasagiline 2 mg {4b} v& P1 Rasagiline 2 mg (4b}

SHP Maz Increment
ASIS LOCE
S SBP Max SBR Max SHP XMax SBF Maz 4
TVRAGTIZTYR | 1o roment at | Increment a6 Increment st | Inerement at
} Pegiod 1 {P1} | Perind 3 (PA) | SBP Difference F3-F1 | Perind 1 (PI} | Period 3 (P3) | SBP Difference P3-P1
. N |Mesu| N {Megn | ¥ [Mesn |¥P-Valne] N [Meun | N |[Mean | X | Mean | *P-Value

Fyramine Dase

) £ { . #1331 a . . 9 - K| 1A 1] . .

=1 14| 1628 4] 167 18] 038 09132 14| 1538 H|1671] 14] 035 39132

510 13| 1637 18] 33401 18} 732 PRy 15| 1627 | 2340 IX] 713 00811

e 14| 3878 4] 93| 4] 214 00150 18] 1379 M]3 | B4 0.@_51

2808 14| 1944 1] 4655 | 11| 2755 00610 13| 1064 M| 4893 14| 2030 =01

3000 14| 3087 A1 70001 4]2008] 0333F[ 14| W7 M| 6314| I4] 3307| €06H

0.8 12| 4167 ) N ] - - 14| 439 | 62| 14| 1086 0616

5040 713914 ] - 8 - - 14| 4714 14| 6334} 14! 1680 0.!1@9__3_‘

600.08 £ 4833 & - 5] - - 14| 507 M| 6314] 4{ 867 $115%
-1 7800 R g - ] - - 14| 3379 M| 6314] 14| 438 4610

3006 ] . & [ - . 14| 5839 M| ¢314] 14| 436 J40810

*Paired T-Text :

Reviewer Comments

Table 15.2-51 shows that 2 mg rasagiline treatment (30 days, Period 3) potentiated tyramine
doses (100-200 mg) to produce statistically greater mean maximal SBP increases (12-28 mm Hg,
“AS IS”) than in untreated Period 1. This treatment also potentiated a trending statistically
significant (p=0.0901) mean maximal SBP increase after 50 mg tyramine. Table 15.2-49 shows
that 2 mg rasagiline treatment potentiated tyramine doses (200-300 mg) to produce statistically
significant mean maximal SBP increases that were 24-36 mm Hg greater than placebo (i.c.,
matching placebo x 30 days) for actual observed, “AS 1S”) data. Mean maximal SBP increases
after lower tyramine doses (50-100 mg) were numerically greater (vs placebo) and nearly
statistically significant. Overall, 2 mg rasagiline-induced increased tyramine sensitivity was
similar for 14 vs 30 days treatment relative to stimulating mean maximal SBP increases.

Tabile 15.2-49. Maximal Increment in §BP
—P3 Rasagiline 2 mg {4b} vs P3 PlacebofRasagiline 2 mp] (4b)
L]
SBP Max Increment
ASTS ] LOCF
Placebs for Flacebo for
TVE-HI2-1HTYR Img Img Zmg - Zmg
Raszgifine | Ruasagiline * Rassgifine | Rasxgiline
) {4y £41) £45)
N [Men| N |[Mean |*Poslue | N [Mesu| N [ Mean | *Povsfee
Tyraming Bose
118 9] 3167 1411371 O44m7 91 2167 LR ki G467
REE [EEE 14] 1671 | 007 0114611 R R TR 09086 |,
50.8 8)1388| 15)2348| €O554 S{1589| 15| 2340| G4495
1668 £ 2058 14) 2093 €0087 913478 4] 3083 0.3630
208068 8| 1313 11] 4685 0028 $12711 14 3863 0.6224
3603 8] 3433 4] 70868 00188 9] 3011 14} 634 $.6016
4600 5] 4138 [ - 9 3678 141 6214 G152
5003 | 3b5p [ - B 9] 4722 4] 6314 D069
SU00 | 37.80 [ - - 9] 5099 14} 6314 [E:E
Te04 [ . ] . Q15039 ] 6314 0.6415
600 [F] ] - 9| 5039 1] 6314 00415
“Twa Sample T-Test
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Table 15.2-55. Maximal increment in SBP
— P32 Rasagiline 4 myg vs P1 Rasagiline 4 myg

SHP Mas Bcrement
ASIS : 10CF
- y o SBP Mux SBP Mar SBY Max SBP Mfax
TVEHIZ-1-TYR Tocrement 2t | Tacrement st Increment af | Tncrement at ’
Period 1 (P1}) | Period 3 (F3) | SBP Differsnce P3-P1 | Period I (P1} | Peried 3{P3) | SBP Difference P3-P1

N |Mean| ¥ |Mown| N |Mean |*P-Valne | X |Aean| N | Mezn| X |Afesn | *P-Valne
Tyramice Doze
125 ] . 17| 2147| @ . . { . IT| 2147 € . .
258 . 17| 1IF% IS| 1687 15| 047 e8| 17 17RO IT] 2232 17] 48k 62368
5640 17| 3465 34| ZTIad| 4| T2 40068 71 1468 17] 2332 17| 1347 00053
1608 171508 | 34| 4179 34| 2836 O008G| 17| I5.06! 17| 447E| 17| 2Bh65| G.0009
260D ] 17 638 | 2832 9| $0.8% 40068 17| 2038 17] 84406] 17| 4318 <0003
3600 - 181 WIS 1| 6109| 1] 5188 1 17| 2838 17] 5841 27| 3806 <DDE1
4600 1| 07 a .l @ . R EEET 1I7{ £8.41| 17| 3247 <0b0i
500 i1} #9 8 -1 & . N 17| 46.52 17| 664E| 17| B350 (1211 ¥d
Ll IR 5| 3148 8 .l 8 - .| 178D 17] 664 17| 1812 80334
TeLD 4| 3475 [ N . ) BT EX4E| 17) 641 17| H0B 10873
3600 ) 3| 6557 [] | @ . . 17| 88% 17| 664%| 37| 753 P 2I8T
*Paived T-Text

Reviewer Comments

Table 15.2-55 shows that 4 mg rasagiline treatment (Period 3) potentiated tyramine doses (50-
200 mg) to produce statistically greater mean maximal SBP increases (7-41 mm Hg, “AS IS”)
than in untreated Period 1. Table 15.2-57 shows that 4 mg rasagiline treatment potentiated
tyramine doses (50-300 mg) to produce statistically significant mean maximal SBP increases that
were 7-33 mm Hg greater than placebo for actual observed data (i.e., “AS IS”).

Table 15.2-57, KMaximal Increment in 387
— P3 Rasagiline 4 myg vs P3 Pooled Placebo

SBP Max Incroment i
ASIS LOCY
TUR 01 THTUR Pooled 4mg Pooled 4mg
TVEIRAWIYR | procehs | Resagibime Placehn | Rasagibie
{42 1355} £5) {42356 &}

N (Afesn| X | Mean |*Powalnz| N [Mean| N | 3dfenn | *Pxalee

Tytramine Dose:

128 30| 1738 17] 1A4F| 43511 38| 1715 Y| 2147 03511
Pl 37 | 1648 15 1687 0046 ECTETAE] PP 2113 05122
0.0 36| 1438 14 2164 00283 38| 1780 IT| 3812| 00310
1600 : 35| 1760 4417 00003 33| 21X 7| 4471 000803
2600 34 2141 91 832321 <padl 38| % | 6306| <0001
360 33| T 1{6108| €054 ER RS 17| 68d1| <0001
40600 . 27| RIS ] B . 39 3003 | 6641 <0001}
5606 19| 4058 ] - . 33| 472083 17| 6641 | 0.0019
5006 9] dE3X g - - 39| 5195 I7) 6641 08057
000 3| 3967 ] . . EE IR 7| g541] ~ D.0B56
SEd FAEET] 1 - - 39| M 1I7] 6641 ©0IM

*Five Symple T-Test
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Table 15.2-81. Maximal Increment in SBP
—P3 Rasagiline & mg vz P1 Rasagiline 6§ mg

SBP Max Fncrement
: ASIS - JOCF
0T R TR SBPAax SBP Xax SEP Max SBP Max
TVE-IIATYR Increimendat | Increment st Tncrewent st | Increment at
Pericd 1 {PT} | Pectod 3 (P3) | SBP Difference P2-P1 | Pegiod 1 {P1} | Period 3{P3} | SBP Differsnce P3-P1
N (Mean| ¥ (Mesn| N |3ean | *P-Value| ¥ |Mesn| N |Mesn| ¥ [Mean | 5P-Volue
Tyramise Bose
125 8 | MM e R . 13 . 4] I67F| & . .
2540 - 15| 1540 13| 1377 13| a3 40368 15| 31540 4] 2528 14| B57 Q0458
a0 15| 1593 1|28 N| 81| 81X 5] 1593 | Me3| 14| 857 41041
1600 4] 143 O 4X89] 9| 2823 $0190 15} 3593 14| 4136 14| 2450 078
004 14 | a7 3] 68D & 4650 G024 15} 2140 14| 88431 14| 3538 4087
3000 4|30 [} -1s B f 15§ 3573 14] 58.43] 14| 3350 40035
4HE0 13 | £250 [} le . . 1E] 4460 4] 5843 4| 1393 43633
5000 T | 4718 ] -1 8 . . 15| §9.087 14] 58431 4| 047 0.9948
S0l 3| 2833 2 ] 8 . . 15| 6040 14 5843 14| -1.38 45988
3] 3| 4000 [ N j . 15| 6493 14 3843] 4| &1 A 8050
S 1] . [4 N R . 15| 6493 4] 5843 14| 631 95058
*Paired T-Text
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Table 15.2-61 shows that 6 mg rasagiline treatment (Period 3) potentiated tyramine doses (100-
200 mg) to produce statistically greater mean maximal SBP increases (29-47 mm Hg, “AS IS”)
than in untreated Perjod 1. This treatment also potentiated a trending statistically significant
mean maximal SBP increase after 25 and 50 mg tyramine. Table 15.2-63 shows that 6 mg
rasagiline treatment potentiated tyramine doses (25-200 mg) to produce statistically
significant/borderline significant mean maximal SBP increases that were 7-47 mm Hg greater
than placebo for actual observed data (i.e., “AS IS”). In general, rasagiline-induced
potentiation of progressively lower tyramine doses for augmenting mean maximal SBP
increases was dose-related.

Table 15.2-83. Kaximal increment in SBP
—7P3 Rasagiline 6 mg vs P3 Pooled Placebo

5SBP Max Increment.
AS1S LOCF
TUB_ I HT Pooled Gme Fooled | Ome
TVP-HRAN-TYR Placebo Rasagiline Placebo Rasggiline
{42.23.58) 6} a2 35.6) {213
N |Meon| 8§ [Mean |[*Povalne | W {AMesn| N |3fean | *Poralne
Tyramine Dose -
115 39| 1738 | 1831 4918 3gi 1715 Hi 1871 09199
350 37| 1868 3| 2337 9048 3% 1813 4§ 25131 01341
56.0 35| 1458 || 49330 3| 1760 M) 3433| 01489
1008 35| 1750 o 4149 | oabd 3] 2133 M| 4136 08016
B0 3|4 5] 680a| <dE01 39| 203 4] 3343 <08B1
3608 33| 2T [ . . 39| 3x42 4| 5843 [ECIA
4000 T 335 & . - 3] 3963 4] 5843 60022
2600 19| 40.58 @ . . 39| 4703 I4) 5843 00655
SO0 9| 4832 i . . 3| 5195 M| 3843| 833318
FE0 3| 3847 [£] . . RIS 14| 5343 43447
o3 X | Shse [ . . 39| 5449 14] 5843 04209
*Tyo Sample T-Fest
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3.2.7 Secondary Endpoint — Orthostatic Hypotension

The sponsor conducted and presented various analyses (mean absolute values and mean change)

of orthostatic vital signs (VS) for supine and standing systolic and diastolic blood pressure and
pulse.

. 14
The sponsor noted that post-baseline differences between the treatment groups in the descriptive
statistics of vital sign parameters seemed random, and without evidence of a consistent pattern or
dose response. The sponsor also noted that increments of SBP > 20 mmHg seemed to occur with
a higher incidence in the 4 mg and 6 mg rasagiline treatment groups compared to the lower dose

groups of 1 and 2 mg rasagiline, and compared to placebo.
With respect to the secondary endpoint, the sponsor did not that there was evidence of higher
orthostatism/orthostatic hypotension in rasagiline-treated subjects compared to placebo subjects,

nor for a dose response.

Additional Vital Sign Analyses

The DNP requested additional VS outlier analyses to assess the effects on VS change, VS
increase above certain absolute levels (on one or two consecutive occasions), and orthostatic VS
and the treatment difference/effect (i.e., rasagiline % - placebo %) of these analyses.

Table 5 shows the incidence of orthostatic hypotension at baseline and after treatment (end of
treatment Period 2).

Table 5: Frequency of Orthostatic Hypotension (OH) at Any Time Post Dose

Rasagiline
Poaled Placebo
42,2330 1mg Rasagiiine (3) 2me Rassgiilae (42) 4mg Rasagliine (5) Ging Rasagﬂine > {6), All Rasnglltne
TYP-1012-120-TYR H#OW #OH? HOH/ #OH/ SO 2O
YXotat | HOWS Hfolxl | ¥OH! STotal { HOW/ fTotal| HOHZ #Tota) | JOW #Yolal | FOW
Tested | #Baseline Tested | ¥Baseline Tested { #Baseline Tested | Baseline Tested | £Baseline Tested | #Baseline
N (%) | OHM) | N | (%) | OH() | N 1 6) | OH(%) | N | (%) | OHG) | N | (%) | OH%) |N| (%) § OH(%)
Baseline SBP OH > 20 mmHg (] 2.4 40 09 -l o 0.6 40 0.0 Jq._ 0 0.4 -1 0.0 .
SBP OH > 40 immHy [ [X] [] 0.8 [] 0.6 [] [X}) [ (%] N 6.0
DEP O >= 10 mwlly 0 [X] [ 0.0 [ 0.0 [ 0.6 (] 0.0 LB 0.0
DBP OH > 20 msiHz 0 0.8 0 0.4 Q X [ 0.0 ) 8.0 k] 0.0
SBP OH >= 20 mmHg
and DBP OH >= 18
mmHe 0 0.6 . '] 090 » ] 0.8 . 0 0.6 4 0 &8 j0 0
SBP O >+ 40 mmlilg
and DBP OH >= 26
minHe 0. ] 9 i 0 A 0 .10 . .
Any Time Point | SHP OH > 26 minHg 1, N 2 12.8 2 11.] 3 s 1 .
On Treatment | SBP OH >= 40 mnHg [ s X ) X [] .
DBP O1 >= 10 mnHg 3. 6.3 R X . i (X N X 2 .2
DBP O > 28 mumHy 9.0 [ 0.0 [ 0.0 i 0 0.9 .16 .6 [] 0.0
SBP OF >~ 20 mmHe -
and DBP OH >= 16 -
sl 0 00 . ] 0.9 - 0 0.0 . 1 55 - ] 0.0 -3 1.6
SBP Off >= 40 mmHg
and DRP OH >= 20
runtle L] 0.0 [ 09 0 0.8 5. [ X o [X] BEK) a9
Any pattent with the eategorical abnormality cax be counted at gach. ﬂmt point sad thys can be ronu‘ﬂ across many time poluts when abrormal. )

Orthostatic Hypotension (OH) = SBY or DBP decrease to at least a certaiu defined level while changisg from suplne to ding position and is cal § a5 Toltows ; standing BP — supine BP
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 There were few instances of specific blood pressure outliers (as shown in Table 5)
indicating orthostatic hypotension for any treatment while changing from a supine to
standing position. There was no clear effect of rasagiline on the incid’ence of orthostatic
hypotension for systolic or diastolic blood pressure, nor a suggestion of dose-dependence.

Table 1 below here shows the incidence of various threshold blood pressure increments or
decrements. Table 7 shows the incidence of the treatment difference/effect (rasagiline % -
placebo %) for the incidence values shown in Table 1.

Table 1: Incidence of Threshold Blood Pressure Changes at Anv Time Post
Dose: Change of Blood Pressure (BP) Parameters Relative to
Baseline/Pre-treatment BP

Rasagiline
Pooled Img 2mg 4mg 6mg
TVP-1012-120-TYR . Placebo Rasagiline | Rasagiline | Rasagiline | Rasagiline All
(4a,2,3,5,6) 3) (4a) (%) - (6) Rasagiline
: N % N % N Y% N % N % | N %
Supine SBP increment >= 20 mmHg 1 3.1 1 6.3 ] 6.0 1 3.9 4] 267| 6 9.7
SBP increment >= 40 mmHg [ 0.0 0} 0.0 0] 6.6 0] o0 8] 60] © 0.0
SBP decrement >= 20 mmHg 8 0.0 2| 125 0| 0.0 1 5.9 0| 6o} 3 4.8
SBP decrement >=40 mmHg 0 0.0 0 0.0 ] 0.0 0 0.0 0 0.0{ 6 0.0
DBP increment >= 10 mmHg 4] 125 2] 125 8| 6.0 4] 235 2| 133| 8] 129
DBP increment >= 20 mmHg 8] 0.0 0 0.0 g} 0.0 0 0.0 al 60] o 0.0
DBP decrement >= 10 mmHg 2 6.3 5] 313 2| 143 3| 176 2| 133112 194
DBP decrement >= 20 mmHg 0 0.0 0 0.0 [ 0.0 0 0.0 0 0.0] @ 0.0
Standing SBP increment >= 20 mmHg 6| 188 3| 188 2| 143 7] 412 §| 333[17] 274
SBP increment >= 40 mmHg 0 0.0 1 6.3 8| 0.0 6| 09 0 00] 1 1.6
SBP decremernt >= 20 mmmHg 0 0.0 8| 0.0 8] 0.0 2| 118 0 0.0 2 3.2
SBP decrement >= 40 mmHg ] 0.0 0] o0 9| 0.0 0 0.0 6] 00| o 0.0
DEP increment >= 10 mmHg 71 219 6] 375 4| 286 5] 294 31 200) 18} 290
DBP increment >= 20 mmHg [ 0.0 1 6.3 6| 0.0 0 0.0 6 6.0} 1 1.6
DBP decrement >= 10 mmHg 3 9.4 5| 313 i 71 3| 17.6 1 6.7 16 16.1
DBP decrement >= 20 mmHg 0 0.0 1 6.3 0} 0.0 1 5.9 0} 00| 2 3.2
Change from | SBP increment >= 20 mmmHg 6] 313 3] 188 1 7.1 41 235 4| 267 12 19.4
Supine to SBP increment >= 40 mmHg (1] 0.0 1 6.3 a 6.0 0 0.0 Q 00! 1 1.6
Standing SBP decrement >= 20 mmHg 1 3.1 0 0.0 2] 143 2] 118 1 67] s 8.1
SBEP decrement >= 40 mnmHg 9 0.0 0 6.0 1] 0.0 0 0.¢ 0 060) 6 0.0
DBP increment >= 10 mmHg 7] 219 5| 313 4| 28.6 8] 471 1 67(18] 290
- «| DBP increment >= 20 mmHg 1 3.1 1 6.3 1] 0.0 0 0.0 1] 60{ 1 1.6
DBP decrement >= 10 mmHg 6] 188 5] 313 31 214 4] 235 3] 200]15] 242
DBP decrement >= 20 mmHg 0 0.0 0 0.0 0 0.0 0 0.0 ] 00 6 6.0
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Table 7: Incidence of the Treatment Difference/Effect (Active Drug % -
Placebo %) for Threshold Blood Pressure Changes at Any Time

Post Dose
lmg 2mg 4mg - © 6mg
Rasagiline | Rasagiline | Rasagiline | Rasagiline All
TVP-1012-120-TYR 3) (4a) ) (6) Rasagiline
. % Diif % Diff % Diff % Diff % Diff
Supine SBP increment >= 20 mmHg 3.1 -3.1 2.8 23.5 6.6
SBP increment >= 40 mmHg 0.0 0.0 0.0 0.0 0.0
SBP decrement >= 20 mmHg 12:5 0.0 5.9 0.6 4.8
SBP decrement >= 40 mmHg 0.0 0.0 0.0 0.0 0.0
DBP increment >= 10 mmHg 0.0 -13 11.0 0.8 0.4
DBP increment >=20 mmHg 0.0 0.0 0.0 0.0 0.0
DBP decrement >= 10 mmHg 25.0 8.0 114 7.1 13.1
DBP decrement >= 20 mmHg 0.0 0.0 0.0 0.0 0.0
Standing SBP increment >= 20 mmHg 0.0 -4.5 224 14.6 8.7
SBP increment >= 40 mmHg 6.3 0.0 0.0 0.6 1.6
SBP decrement >= 20 mmHg 0.0 0.0 11.8 0.0 32
SBP decrement >= 40 minHg 0.0 0.0 0.0 0.0 0.0
DBP increment >= 10 mmHg 15.6 6.7 7.5 -1.9 7.2
DBP increment >= 20 mmmHg 6.3 0.0 0.0 0.0 1.6
DBP decrement >= 10 mmHg 21.9 -2.2 8.3 -2.7 6.8
DBP decrement >= 20 mmHg 6.3 0.0} 5.9 0.0 3.2
Change from | SBP increment >= 20 mmHg -13 24 7.7 4.6 -12
Supine to SBP increment >= 40 mmHg 6.3 0.0 0.0 0.9 1.6
Standing SBP decrement >= 20 mmHg -3.1 11.2 8.6 35 4.9
SBP decrement >= 40 minHg 00 0.0 0.0 0.0 0.0
DBP increment >= 10 mmHg 9.4 6.7 25.2 -15 7.2
DBP increment >= 20 mmHg 3.1 -3.1 -3.1 -3.1 -1.5
DBP decrement >= 10 mmHg 12.5 2.7 4.8 1.3 54
DBP decrement >=20 mmHg | 0.0 0.0 0.0 0.6 0.0

% diff =% of subjects with BP change relative to baseline on any rasagiline dose — % of subjects with BP change
relative to baseline on placebo

Reviewer Comments

¢ The most notable effects appeared to be an increased incidence of mild-moderate increase
in SBP while supine for the 6 mg dose and an increased incidence of mild-moderate
increase in SBP while standing for the 4 and 6 mg doses. There was.no apparent effect on
these outlier thresholds for the approved rasagiline dose (1 mg).

Table 3 below here shows the incidence of increased blood pressure at or above certain increased
thresholds. Table 9 shows the incidence of the treatment difference/effect (rasagllme % - placebo
%) for the incidence values shown in Table 3.
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Table 3: Incidence of Threshold BP Parameters at Any Time Post Dose

Pooled ling 2mg 4mg 6mg
Placebo Rasagitine | Rasaglise | Rasaglline } Rasagiline Al
{41,2,.3.5,6) {3) 43 5) (] Rasasiltae
N b N % N (73 N k) N 3% N *%
1L8 (%] St 81

TV EXR

At Least One Supine SBP > 140 tnmHy 9

0.0 1
Occurvence SBP >= 180 samig L0 [X 81 0.0 0] op
SBP >~ 140 mmiie or DB >~ 90 mnmieo 2 5 21 M. iL8 1] 67 s 8.1

$BP >= 140 minHg and DBP >= 90 mmHg X 0 0§~ - 0 7 .6
DBP >« 9 minke X ) [ 4 o) " .7 £
SBE >« 130 mmifa or DBY >= 110 mmlig
SRP > 180 mmip and DRP >~ 10 kg
ding SBP >~ 140 titnfls
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Table 9: Threshold Blood Pressure (BP) Parameters: Incidence of the
"~ Treatment Difference/Eifect (Active Drug % - Pooled Placebo %)
for Threshold Blood Pressure at Any Time Post Dose

Img 2ing 4mg émz
. Rasaglitue | Rasagiliuge | Rasapiline § Rasagiline All
TVP-10R-20-TVR &) {df) () - {6 ‘Rasaglline
. % DifY % Ditl %% Ditf b Dift Y DIIE

Al Least One Supine SBP > 140 mnHy [X] i43 11.8 &7 [X)
Oceurrence SBP >= 180 mmHp § 0.5 4.9 6.0 1.0 0.0
SBY > 140 mmilp oF DBE > 90 mmHg XS 112 8.6 3.8 49
SBP >~ 140 My and DBP >- 90 wllp & 0.1 [ [ .6
DR = 90 winHg 34 -3, 3. 3.5 -£5

DEP > 110 mmily - & [X [X 0.0 X
SBE > 180 mmig or DBP > 110 mmnily [] 0 0.3 2.0 A
SBP >= 130 mmHy aad DBP > 110 mmByg [X7] 0.9 0.0 a0 .0
Standing SBY >= 140 miallo -3.1 129 2.0 9.0 0.5

SBP >= 180 mwHg N 0.0 0.0 0.0 8.0 001

SBP >= 140 mmHg or DBP >« 90 mmHg -9.4 13.8 134 ~151. 0.3
. SBP >= 140 mmHg and DBP >< 950 mmHg ~6.3 8.5 5.5 0.4 L8

- DBP > 90 iy ~13 89 16.9 5.8 X

DBP =110 mmHe 0.0 5 B s X

$SBP >=180 minHe or DBP >- 116 amHg 46 - X X . 2
SBP >= 180 mmlig and DBP >= 110 munlig 0.8 X . . X
At Least fwo Supine SBE > 140 mmily . 9.6 7.3 0.0 9. 15
Consecntive SBP >= 180 mpHe 8.0 0,0 3 X 0.0
Qceugrences on | SBP >=140 mmHo or DBP = 90 mmnte . kX] D : X £
Diffexent Thne SBP >= 140 mmi{e and DRP >= 50 mmile [X] 0.0 X [X 10
Points DRP > 90 mmig [X] [X] [X] 9.0 __he

DBY > 110 mmile 2.6 9.9 [ AN .

SBP >= 180 musHg or DBP »= 110 mmy [ 0.0 [X] .8 1.4

SBP >~ 180 wrulig and DBP >~ 3110 mmHg [ 6.9 (1] IR X
Standing SBP > 140 minHg [X] 143 39 (] 48
SBP > 180 mimHy 0.6 (2] 5.9 KX -0
SBP >» 140 wulle or PBP = 90 mmHg 6.3 152 114 94 0
SBP >= 140 mmHy aud DBP > 99 samfg 0.6 7.1 X 9.01- 6
DB >= 90 iy 5.3 84 114 0.4 34
DBP > 110 ke 9.8 0.0 X 2 00
SBP >= 180 minllp oy DBP >=» 118 mamilg 1.0 0.0 3.0 0. 1.0
SBP >= 180 mmHg and DBP >~ 11¢ muHe a.0 0.9 .0 [X [X]

% diff %6 of sitbjects with threshold BE an any rasagilifie ddse ~ % of subjects with thyeshold BP on placebo
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Reviewer Comments

e The most notable effects appeared to be an increased incidence of increased SBP (> 140
mm Hg) while supine for 2, 4, and 6 mg and an increased incidence of increased DBP (>
90 mm Hg) while supine for 6 mg rasagiline (Table 9). There was no apparent effect on
these outlier thresholds for the approved rasagiline dose (1 mg). = »

Sponsor Orthostatic Hypotension Conclusion :

e With respect to the secondary endpoint, there was no evidence of higher orthostatism in
rasagiline-treated subjects compared to placebo subjects and there was no evidence of
dose response. ’

Reviewer Comments

e This reviewer agrees with the sponsor’s conclusion and in particular notes that there was
no clear evidence that rasagiline treatment was associated with an increased incidence of
orthostatic hypotension or any blood pressure outlier change at a particular time after
dosing.

3.2.8 Sponsor and Reviewer Study Result Conclusions

SDOHSOI‘ Conclusions on Primary and Secondary Endpoint Evaluation

* The geometric mean and median TYR30 ratios were highest for the non-selective
comparator phenelzine and lowest for the pooled placebo group. '

* The geometric mean and median TYR30 ratios for rasagiline 1 mg were 2.03 and 2,
while those for pooled placebo were 1.50 and 1, respectively. These were clearly
differentiated from the results for phenelzine (17.32 and 17). Even for the highest
rasagiline dose of 6 mg the TYR30 ratios were lower than those of phenelzine.

« The minimum pressor dose was similar across all study groups (other than phenelzine),
including placebo. :

« Sensitivity analyses support the conclusions from the primary analysis.

 With respect to the secondary endpoint, there was no evidence of higher orthostatism in
rasagiline-treated subjects compared to placebo subjects and there was no evidence of
dose response.

« In conclusion, the primary endpoint and supportive analyses of the study provides
unequivocal evidence for the MAO-B selectivity of 1 mg rasagiline and the lack of
inhibition of MAO-A. '

Reviewer Summary of Study Results

e Rasagiline (1 mg daily) treatment produced increased TSF (geometric mean,
median, arithmetic mean) compared to placebo treatment.
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e Increased tyramine sensitivity of 1 mg rasagiline treatment is exhibited by :
1) the increased incidence of TYR30; responses to lower tyramine doses after
treatment (n Period 3) compared to baseline-pre-treatment responses (in Period
3); and
2) the increased incidence of TYR30; responses to lower tyramine doses
compared to placebo treatment.

e Rasagiline-induced increased tyramine sensitivity is dose-dependent (across daily
doses of 1-6 mg) but the effect at 6 mg (highest dose studied) is numerically less than
the increased tyramine sensitivity produced by phenelzine, a completely non-
selective MAO inhibitor.

» Increased tyramine sensitivity produced by 1 mg rasagiline treatment appears to be
similar to the increased tyramine sensitivity produced by 10 mg selegiline treatment.

Reviewer Conclusions

1. Rasagiline (1 mg daily) treatment (presently FDA approved) is a relatively selective
MAO-B inhibitor :

2. Tyramine dietary restriction is not ordinarily required with 1 mg rasagiline
treatment. However caution should be exercised about ingesting large amounts of
tyramine (e.g., > 150 mg tyramine, possibly in certain products such as aged cheese)
because of the possibility of a hypertensive, “cheese” reaction because of the mildly
increased tyramine sensitivity associated with 1 mg rasagiline treatment.

3. The relative selectivity of 1 mg daily rasagiline for MAO-B appears to be similar to
the relative selectivity of 10 mg daily selegiline for MAO-B.

4. The rasagiline label (and oral swallowed selegiline label ) should be revised to reflect
this new information.

3.2.9 Pharmacokinetic / Pharmacodynamic Evaluation

This reviewer also directs the reader’s attention to the Clinical Pharmacology Review by
Dr. Kristina Dimova.

Pharmacokinetic/Pharmacodynamic Results

Performance of Bioanalytical Methods

The drug concentration measurements of rasagiline, its metabolite 1-AI and tyramine were
performed by validated methods (rasagiline: LLQ = 0.250 ng/mL, ALQ = 10 ng/mL; 1-Al:

LLQ =0.500 ng/mL, ALQ = 10.0 ng/mL; tyramine: LLQ = 0.500 ng/mL, ALQ = 50.0 ng/mL).

The bioanalytical methodologies and procedures for these determinations are documented -
in a combined Bioanalytical Study Report, written under the supervision of Teva
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Pharmaceuticals.

All study samples were analyzed within analytical runs that complied with the acceptance
ranges for the quality control samples.

Pharmacokinetic Results for Tyramine T e
Tyramine Cmax showed a relatively high variability.

Pharmacokinetic Results for Rasagiline and 1-Al
Mean plasma concentration-time data (linear and semi-logarithmic) of rasagiline and 1-Al are
shown in Figure 3 and Figure 4, respectively.

The summary statistics of PK parameters of rasagiline and 1-Al are presented in Table 22.

The mean plasma concentration-time profiles of rasagiline showed a rapid increase in
plasma concentrations after drug administration, with maximum mean plasma
concentrations being reached at about 30 minutes post-dose. Thereafter, an initial rapid
decrease in plasma rasagiline concentrations was followed by a slower terminal
elimination phase. There was a dose-dependent increase in rasagiline plasma
concentrations following multiple dose administration of increasing doses of rasagiline. In
addition, after treatment with 2 mg rasagiline during 13 days and 29 days, respectively, the
mean rasagiline plasma concentration-time profiles were similar.

During treatment with 1 mg rasagiline (Group 3), rasagiline plasma concentrations were
below LLQ during the terminal elimination phase. In addition, during treatment with 2 mg
rasagiline (Groups 4a and 4b), blood samples for measurement of rasagiline plasma
concentrations were taken for only up to 4 hours post-dose (since these 2 cohorts were
conducted prior to Amendment No. 3), and therefore the terminal elimination phase could
not be determined accurately.
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Figure 3 Mean Plasma Concentration Versus Time Profiles of Razagiline

83



Clinical Review

Leonard P. Kapcala, M.D.
NDA 21641

Azilect (rasagiline)

ng/ml;)

o - ™ (ﬂ_ﬁh Lo m'gﬂ«‘», =

Time {(h}

1—Al geometric mear

—— ng RAS—OD
meaed Orne AAS-CIYEID
== 4y RAG—CID

=
=)

=
R

'

Flasma gone. ngfml)

G4

a 4 B8 2 6 20 o]

Time {H)

Figure 4 WNMean Plasma Concentration Versus Time Profiles of 44l

After once daily administration of rasagiline, a dose-dependent increase in mean Cmax and
AUC plasma rasagiline values was observed in the dose range of 1 mg to 6 mg rasagiline.
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The median tmax for plasma rasagiline was approximately similar across the dose range
studied, ranging from 0.33 h to 0.55 h. The terminal elimination half-life appeared to
increase at the higher doses (4 mg and 6 mg rasagiline). The geometric mean t1/2 was
between 1.19 h to 6.78 h across the dose range studied. However, it should be noted that

the t1/2 of rasagiline could not be determined reliably for the 1 mg dose (Group 3) since
more than half of the rasagiline plasma concentrations decreased to below LLQ within

8 hours after dosing. Similarly, the t1/2 could not be accurately estimated for Groups 4a and
4b as profiles were only sampled up to 4h post-dose. Since the half-life was

underestimated for Groups 3, 4a and 4b, the AUC0-24 values were also somewhat
underestimated for these groups.

The mean plasma concentration-time profiles of 1-Al showed a rapid increase in plasma
concentrations after drug administration, with maximum mean plasma concentrations
being reached at approximately 1-1.5 h post-dose. Thereafter, a gradual decrease in
plasma 1-Al concentrations was observed. There was a dose-dependent increase in 1-Al
plasma concentrations following multiple dose administration of increasing doses of
rasagiline.

As for rasagiline, a dose-dependent increase in mean Cmax and AUC plasma 1-Al values
was observed across the dose range studied. The median tmax for plasma 1-Al ranged from
1.07 h to 2.07 h. The geometric mean t1/2 was between 11.0 h to 15.8 h across the dose
range studied. Due to the fact that for Groups 4a and 4b profiles were only sampled up to
4h post-dose, the actual terminal elimination phase could not be accurately determined.
Overall the PK profile of rasagiline and 1-Al is consistent with the profile seen in previous
studies.
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Table 22 Summary Statistics of PK Parameters of Rasagiline and 1-Al

Coprne Yiax e AU a0 A0
Treatment group  {ngiml} {h) X {h} , inghiml}] = {nghiml}
Rasagiline
Group 3 =16 5% 03 442 838 ' 707
{1 mg RAS-0D} Wo-127) {30982 {DB2-536) (3R {4 H4-48.0)
Group 4a (=147 1.3 045 1.19% 137 MBS
{2 mg RAS-OD) 24213 (0323077 091119 {£ BB (1072388
Group 4b {N=14 151 9.38 123 18.2 kIf
2mg RASODMBIDE (FBe-242) (025057 {0671.83) {18.1-21.6} {12.0-23.5}
Group 5 =17} i 055 474 £4 5 484
4 mg RAS-D0) {1255167 {0.32083) {230-740 {28.4-76.1) {20.1-78.1%
Group & {N=15} 3640 .33 6.78 842 G55
{8 mg RAS-00) {156 7081 {095083) {25t111) {20206 {21,208 5}
' . Al
Group 3 {N=18} ' 24 13 138 5 ) 323
£1 my RAS-0D} {128 (@.82300) (B25R0.4) (158487 {11488}
Group 4a {H=147 45 107 11.0% 14.5 54.6%
{2 mg RAS-OD} {2085 082407 {72243 (824267} 34 1-59.6)
Group 4t (H=14F 85 108 13.2" 182 FOAY
Emg RASODEID} (3485 ({55308 {46744 f2324m £38.5-950)
Group 5§ (=17 102 267 92 52 152
4 mg BAS-00) FA12Tr 825077 {(BE3I183 B 61y {HE F-184)
Group § =15} 13.1 157 158 100 104
- (@ mg RAS-O0} ME-187y {060-807) {11.5-34.9 {50.9-275} {80.1-275)
For G tyg. A g g 8nd BUCy;, the geometric mean {rangs} is presentad; for tyy, the median (range} is
gﬁnr Groups 43 and 4b profiles were sampled only for 4 howrs post-doss.
* N=13 % s S 2

Source: Takde 15.3-8

Pharmacodynamic Parameters
Summary statistics of DHPG plasma concentrations are presented in Table 23.

e
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Table 23 Summary Statistics of DHPG Plasma Concentrations

OHPG plasma | DHPG plasma concentration

Treatment concentration Day 24 or Bay 40 B Ch
Day 1 {pofmb) osh {poimL} osh
o Th £
Bassdins® | Basebne /05h
= pnsi-duses g«nst—da,se’ sEne
. . . N .
Flaseho {N=48) A {230} 1222 riH 1283 £317) 182 {21.5)

15 mg phenelzine TID{N=16] 844 {257y 633 (184} 630 {232) -ME (D
& mg selagiline BID {N=15} B4 {(17E)Y® 7E2 (178} D4 {i&T) -8 (W05

1 mg RAS-OD (N=18} 083 {358 14T (208 1955 (230 229 {25@)
2 mg RAS-OD {N=14} 1036 fIM0) 1024 (2%4) 1084 {328)  OF {114
2 mg RAS-CDIS0D {N=14} 1045 (233 998 {78 1022 {23%)  -108 (13§,
4 mg RAS-OD §N=17) 842 22m TS {18}  ve5 (M08 183 {177
6 mg RAS-OD (N=10} 086 (203 TF3 {174y TTA {219 483 {2LY)

The arthmelic sears 5D} is presentad.

*  pricr o tyrsmine dosing

¥ time redafive to MADE diosing; inhihifion is af steady slate st end of Period 2. The % change pre:s&nf@d is
caleulated based on the 0.5 by post M&DI dose measurement versus the baseline measurement.

 oN=1g

Bource: Table 15.3-9

Blood samples for the determination of DHPG (metabolite of noradrenaline produced by .
the action of the enzyme MAQO-A) concentrations in plasma were collected on Day 1 and
on Day 24 or Day 40 (Group 4b) after the rasagiline, phenelzine, selegiline or placebo
administration. »

For the positive control compound phenelzine and the comparator compound selegiline, a
decrease in mean DHPG plasma concentration was observed at the doses studied which
indicates an inhibition of MAO-A. The inhibition was stronger for phenelzine than for
selegiline. Treatment with 1 mg rasagiline during 14 days impacted on mean DHPG
concentrations similarly to placebo. After treatment with 4 mg and 6 mg rasagiline during
14 days, an obvious decrease was observed indicating inhibition of MAO-A. In conclusion,
it seemed that rasagiline became less selective for MAO-B at doses of 4 mg rasagiline o.d.
and higher.

SPONSOR'Conclusions on Pharmacokinetics and Pharmacodynamics

+ After once daily multiple dose administration of rasagiline, a dose-dependent increase
in mean Cmax and AUC plasma rasagiline and plasma 1-Al values was observed in the
dose range of 1 mg to 6 mg rasagiline.

» Similar exposure to rasagiline and 1-Al was observed after 14 or 30 days of daily
rasagiline 2 mg.

* On average, maximum rasagiline plasma concentrations were reached between 0.33 h
and 0.55 h post-dose. The median tmax for 1-Al was between 1.07 h and 2.07 h
post-dose.

+ After multiple dosing with rasagiline, the geometric mean t1/2 across the 1-6 mg dose
range was between 1.19 h to 6.78 h for rasagiline and between 11.1 hto 15.8 h for
1-Al

*» The mean DHPG plasma concentrations before and after 14 days of treatment with
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rasagiline 1 mg support the conclusion from the primary endpoint that rasagiline 1 mg
is selective for MAO-B. The selectivity of rasagiline seems to wane at doses of 4 mg
rasagiline or higher.

3.2.10 Safety Evaluation

’
Extent of Exposure

In total, 179 subjects were exposed to oral doses of tyramine in Period 1 of the study.
From these subjects, 156 subjects were exposed to a MAOI or placebo in Period 2.
Ultimately, 154 subjects entered Period 3 and were exposed to oral doses of tyramine in
combination with a MAOI or placebo.

Subjects who completed all 3 periods of the study (149 subjects) were included in the
analysis of the primary endpoint. Subjects for whom the orthostatic BP and HR were
measured in Period 2 (Groups 3-6 only) were included in the analysis of the secondary
endpoint.

The sponsor presented data and analyses for adverse events, vital sign, ECGs, and clinical
laboratory evolutions.

Sponsor Safety Conclusions

e Overall, the most frequently reported AEs were nervous systern disorders (mainly
headache, dizziness and somnolence), general disorders and administration site
conditions (especially fatigue) and gastrointestinal disorders (especially nausea).

e There was no clear difference between rasagiline and placebo treated subjects with
respect to AEs.

o There were 3 SAEs during the study, one in Period 1 (ventricular tachycardia) and two
in Period 3 (intervertebral discitis and acute coronary syndrome).

e With regard to administration of study medication (rasagiline, phenelzine or selegiline),
there were no findings of clinical relevance with respect to 12-lead ECG, continuous

ECG monitoring, clinical laboratory and physical examination.

Reviewer Comments

» There was no clear change in the safety profile that has already been characterized for
rasagiline.
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