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l. Backgr ound

Selegiline is a nonoam ne oxidase inhibitor (MAO) which
has been devel oped as a transdermal patch formrul ation for
the treatnment of major depression: Selegiline Transderna
Systemor STS, with the proposed trade nane EMSAM ( STS and
EMSAM are used interchangeably in this review. The
commerci al sponsor, Sonerset Pharmaceuticals, submtted an
original NDA supporting the use of STS for this indication
on 5-24-01. The review of this application reveal ed that
only one of four key efficacy studies was positive.?

Accordingly, this NDA was decl ared non-approvabl e (NA) due
to insufficient evidence of efficacy and an action letter
was issued on 3-25-02. In addition to the efficacy
deficiency, this letter also described a nunber of other
clinical, nonclinical pharmacol ogy; and chem stry,

manuf acturing and controls (CMC) issues to be addressed.

On 7-31-03, Sonerset responded to our NA letter. This
subm ssi on contai ned a new acute depression study which
utilized flexible dosing up to the 40ng patch (previous
studi es used a maxi mum patch strength of only 20ng). This
subm ssion was revi ewed and the new study was deened
positive. In addition, that subm ssion contained a new
rel apse prevention trial to support a maintenance cl aim
this study was al so deened to be positive. At that point,
t he application was declared to be approvable.? However,
since the maxi num | abel ed strength woul d now be 40ng, it
seemed necessary to require dietary restrictions for

! See ny Review and Eval uation of dinical Efficacy Data dated 2-28-02.
2 See ny Review and Eval uation of Clinical Efficacy Data dated 12-16-03.



tyram ne based on tyram ne challenge data at this patch
strength. An approvable letter was issued on 1-30-04

The current subm ssion was received on 5-27-05. On 6-6-05,
this subm ssion was deened to be a conpl ete response to our
1-30-04 approvable letter. dinical issues contained in
this subm ssion are addressed bel ow.



. Revi ew of Clinical |ssues

1. Clinical Trials Safety Data
a. Sources of Updated Safety Data

No STS clinical studies for any indication have been
initiated since the sponsor’s 7-31-03 NA response.

At the tinme of the NA response, three trials were ongoing:

« P0158 — one year, open-|abel study of flexible dose STS
20, 30, and 40ng in depression. This study is now conplete
(N=191). Safety data for the period 1-31-03 to study

conpl etion (8-28-03) are presented in the current

subm ssion. No new patients entered the trial during that
timefrane.



e P0204 - one year, open-|abel study of flexible dose STS
20, 30, and 40ngy in depression. This study i s ongoing.
Safety data are provided in this subm ssion from 3-31-03

t hrough 12-31-04. An additional 621 new patients were
studi ed during this period.

« P0043 - open-1|abel, open-ended, conpassionate use study
of STS 20mg in depression. This study is ongoing. Safety
data are provided here for the period 3-31-03 to 3-31-05.
There are currently seven patients still in this study, the
| ongest of which has been participating for over four
years.

| nformati on on serious adverse events was submtted from
these three trials during the above tine intervals. Also,

i nformati on on adverse events | eading to dropout and conmon
adverse events were provided from studi es P0158 and P0204.
These data are summari zed bel ow.

b. Serious Adverse Events
There were no deaths reported.

A total of 18 patients experienced non-fatal serious
adverse events (SAE's). A line listing of these events is
presented in Appendix 1 to this review

The narrative summary for each of these 18 patients was

exam ned by the undersigned reviewer; in sone instances,
the Case Report Form was al so exam ned when further

i nformati on was needed. Sixteen of the 18 patients were
from study P0204.

Among all 18 patients with new SAE's, the follow ng six
patients, all from study P0204, warrant sone di scussion:

Patient 02064 was a 58 year ol d Caucasian fenmal e who was
treated with STS for 371 days at a dose of 30ng during nost
of that tinme. At her week 52 assessnent (day 372), she was
noted to have bl ood pressure el evation (183/92 supi ne and
177/ 102 standing). At baseline, her blood pressure was
152/ 82 supi ne and 147/88 standi ng and readi ngs renmai ned
relatively stable until the | ast assessnment. She was
hospitalized and treated with a cal ci um channel bl ocker on
day 372, with resolution of her blood pressure el evation on
that day. Her dietary survey fromthe tine period of the
bl ood pressure el evation reveal ed i ngestion of the
following itens which, in the presence of MAO inhibition




may produce or contribute to a rise in blood pressure:
cheddar cheese (ingested 3 tines), sauerkraut (once), and
soy sauce (tw ce).

Comment: The bl ood pressure elevation in this patient may
have been related to excessive tyram ne from food sources
in the presence of STS therapy with the 30ng patch.
However, |ack of information about the timng and anmounts
of the above foods that were ingested preclude any
definitive concl usion.

Patient 02069 was a 46 year old Caucasian female with a
medi cal history remarkable for premature ventricul ar
contractions (PVC s) and hypertensi on, which was under
treatment. She was treated with STS 20ng until day 8, then
30ng until day 21, then 40ng. On day 53, she was adm tted
to the hospital with chest pain and increased PVC's. An
ECG reveal ed frequent PVC' s with ventricular trigemny. No
acute ST segnent changes were noted. STS was stopped for
one day (day 53). She was discharged on day 54 with
instructions for further cardiac evaluation. STS was
reduced to 30ng on day 56. She discontinued STS on day 66.
A final evaluation on day 70 reveal ed PVC s and bi gem ny.

Comment: The past history of PVC s nmakes it sonewhat
doubtful that STS played a significant role in this ECG
abnormality. Nonetheless, it is possible that STS

i ncreased PVC frequency in this patient. Results of the
cardi ol ogy eval uati on may have been hel pful in further
assessing this case.

Patient 08025 was a 57 year old Caucasi an mal e who was
treated with STS, nostly at 40ng, up to day 195, when he
experienced angi na and presented at the energency room
STS was di scontinued and he was adm tted for ball oon
angi opl asty and stent placenent for blockage of the |eft
anterior descending coronary artery. He was rel eased the
foll owi ng day and was fully recovered five days |ater.

Comment: In the context of the underlying coronary artery
pat hol ogy, it seemnms unlikely that STS played any
significant etiologic role in this event.

Patient 08050 was a 58 year old Black femal e who was
titrated to STS 40ng by day 22. On day 72, she experienced
two syncopal episodes which led to hospitalization for a
cardi ac evaluation. STS was discontinued on day 72. The




eval uati on was negative and the patient was di scharged on
day 75. Vital sign and ECG information at the tinme of the
syncopal episodes was not provided but, at other tine

poi nts during the study, these data were unremarkabl e.
This patient had a history of several nedical problens

i ncl udi ng hypertension, high cholesterol, anem a, and
hypot hyr oi di sm and was receiving nultiple concom tant

nmedi cations for these conditions.

Comment: STS has been associated with postural hypotension,
whi ch can produce syncope. However, this patient had been
on a steady dose of STS 40nmg for 50 days prior to these
events, making it doubtful that STS-induced hypotensi on was
the cause of the syncopal episodes.

Patient 11113 was a 56 year ol d Caucasi an mal e who began
STS 20mg with an increase to 30ng on day 8. On day 11, he
was seen in the energency roomfor shortness of breath.
Pneunoni a was di agnosed and he was sent hone. On day 13,
he experienced henoptysis and returned to the energency
room He was admtted with a diagnosis of pul nonary
enbol i smand started on intravenous heparin. The event was
reported as resolved on day 21 and the patient was

di scharged on Coumadi n. STS was di sconti nued on day 22.

H s past nedical history was unremarkabl e.

Comment: G ven the short period of STS treatnment before the
onset of pul nonary enbolism it seens unlikely that STS had
an etiologic role in this event.

Patient 13028 was a 37 year old Caucasian nal e who was
titrated to an STS dose of 40ng by day 22. On day 294, the
patient |ost consciousness for |ess than 60 seconds and was
taken to the emergency room At that time, his bl ood
pressure was found to be el evated (bl ood pressure val ues
were not provided). A cardiac stress test was perforned
and was positive. He underwent an angioplasty for a 35%

bl ockage. STS was continued during hospitalization. He
was di scharged on day 295 in stable condition on cl onidine,
atorvastatin, and warfarin. STS was di sconti nued on day
378. His nedical history was remarkabl e for angioplasty
for coronary bl ockage about 2 years prior to participation
in this study, hypertension, and hyperli pi denm a.

Comrent: Although it seens unlikely that STS played a role
in this patient’s cardiac pathology, it may have played a
part in the elevated bl ood pressure observed on



presentation in the emergency room Bl ood pressure

readi ngs several days before and after this event were

unr emar kabl e but, as noted above, the reading in the
enmergency roomwas not provided. This patient’s dietary
survey covering the period of this event was remarkable for
the ingestion of several itens which, in the presence of an
MAO , m ght produce a bl ood pressure increase: beef |iver
(eaten once), chicken liver (twi ce), snoked fish (tw ce),
and beer (five tinmes). Although this information does
suggest the possibility of a tyramne reaction, in the
absence of data regarding the amobunt and tim ng of these

i ngestions, a definitive conclusion is not possible.

C. Adverse Events Leading to Dropout

I n studi es P0158 and P0204, there were six and 142
patients, respectively, who dropped out due to adverse
experiences during the above tinme periods. |n study P0204,
five of the events |eading to dropout were considered
serious and were addressed in the above section.® The
remai ni ng 137 dropouts fromthat study and the six dropouts
fromstudy P0158 are listed in Appendix 2 to this review

Narrative sumaries and, in some cases, Case Report Forns,
for several patients were exam ned by the undersigned.*
Cases were selected for review based on clinically

i nportant adverse events possibly related to selegiline
(e.g., potential occurrences of acute bl ood pressure

el evation with STS) or the need to clarify the nature of

t he adverse experience (e.g., dropout due to “abnornma
ECG'). Al were fromstudy P0204. O the cases reviewed,
the followng are felt to nerit sone discussion.

Patient 03035 was a 45 year old Caucasi an nal e who recei ved
STS 20nmg for six days then 30ng. STS was di sconti nued on
day 17. On day 18, he devel oped facial edema, throat
constriction, cough, and henoptysis. These events resolved
on day 20.

Patient 04032 was a 36 year old Hi spanic femal e who t ook

STS 20nmg for 10 days then 30ng. On day 16, she experienced
noder ate shortness of breath and discontinued treatnent on
day 17. On day 18, she had mld throat constriction which

® Patient numbers 08025, 08050, 11113, 13034, and 22011.
“ Patient nunbers 03022, 03035, 03059, 04032, 04033, 05062, 07035,
07040, 08034, 10107, 11122, 12035, 12074, 17030, 19060, and 22010.



| asted for one day. There was a history of drug allergy to
codeine. lbuprofen was the only concom tant nedication.

Patient 04033 was a 23 year old Caucasi an fenmal e who
started STS 20ng. She experienced noderate itching
(generalized urticaria) on day 1 and di scontinued study
drug on day 4. The itching resolved on day 7. There was a
history of drug allergies to codei ne and norphine. The
only concom tant nedication taken was nasal decongestants.

Comment: The above three cases are felt to represent
possi bl e or probable occurrences of an allergic reaction to
STS treatnment. In tw of the three cases, there was a

hi story of codei ne allergy.

Patient 05062 was a 28 year old Black femal e who took STS
20ng for eight days, then 30ng until day 20, then 40ng.

Begi nni ng on day 89, she experienced psychosis (not further
described). STS was di sconti nued on day 107 and the
psychosi s resolved on day 126. There was no prior history
of psychotic synptons. Concomtant nedication included

di phenhydram ne, ibuprofen, cycl obenzaprine, and

par oxeti ne.

Patient 07040 was a 39 year old Caucasian fenmal e who took
STS 20ng to day 5, then 30ng to day 19, followed by 40ng
begi nni ng on day 20. She experienced auditory

hal | uci nati ons, paranoia, and hypomania on day 27. Study
nmedi cati on was stopped on day 31. The auditory

hal | uci nati ons and paranoi a resol ved on day 32 and the
hypomani a resol ved on day 43. The patient had a history of
irritability, insomia, and vertigo. Conconmitant nedication
i ncl uded acet am nophen, di phenhydram ne, and hydrocorti sone
cream

Patient 12074 was a 55 year ol d Caucasian fenmal e who took
STS 20ng for 10 days then 30nmg begi nning on day 11. She
devel oped del usi onal thoughts on day 8. On day 19, she

di sconti nued STS due to del usional thinking and drowsi ness.
The del usi onal thinking had resolved by day 21. Her past
hi story was remarkabl e for hypot hyroidism mgraine
headaches, osteoarthritis, and insomia. Conconitant

nmedi cations included thyroid replacenent and cel ecoxi b.

Comment: The above three reports suggest an associ ation
bet ween STS treatnent and psychotic synptons. In all three
pati ents, the absence of a previous history of psychotic



synptonms and, in the latter two cases, fairly rapid
resolution after stopping STS therapy are renarkabl e.

Onset in two of the three cases was within 3-4 weeks of
starting STS treatnent. A role for STS in these events is
bi ol ogi cal |y pl ausi bl e based on the enhancing effect of

sel egiline on the dopam nergic system

To further explore this potential risk, the adverse event
dat aset for the pool of the five short-term placebo-
controlled studies in the EVMSAM devel opnment program was
exam ned by the undersigned reviewer (Nsrs= 817, Ny acebo™
668).° Al verbatimterns were exanined to identify those
that coul d represent doubl e-blind treatnent-energent
psychotic synptons (e.g., delusions, hallucinations, and
paranoia). Only one such event was identified: Patient
E113/ 00808 experienced paranoia during treatnent with

pl acebo. A broader exam nation reveal ed two reports of
paranoi d reactions during open-|abel STS treatment.?®
Overal |, although an associati on between EMSAM and
psychoti c synptomat ol ogy appears unlikely, this possibility
cannot be entirely ruled out given the above cases and a
pl ausi bl e mechani sm

Patient 12035 was a 38 year old Caucasian fenmal e who
experienced headache and stiff neck begi nning on day 3 of
treatment with STS 20ng. She discontinued treatnment after
day 6 and these events resolved by day 8. Screening,
basel i ne, and day 8 bl ood pressure val ues were

unr emar kabl e.

Comrent : Bl ood pressure readi ngs during these events were
not performed. Thus, although headache and stiff neck have
been reported during MAO -associ ated hypertensive crises,
any bl ood pressure elevation in this patient at the tinme of
t hese synptons woul d have been undetected. It is noted
that this patient did consune sone cheeses during this tine
frame that m ght provoke a hypertensive crisis in the
presence of an MAO (cheddar, nozarella, and parnesan
cheeses). However, l|lack of information about the anmounts

i ngested and the timng of the ingestions in addition to
the lack of blood pressure data do not permt any
definitive conclusions about the nature of these events.

> AE.xpt file subnmitted on 8-7-03.
5 Patients 9806/17010 and E113/011109.



d. Common Adver se Events

Since the studi es enconpassed by this update were not

pl acebo-controll ed and were significantly |onger in
duration than other placebo-controlled studies in the STS
devel opnent program a conpari son of adverse event

i nci dence between these trials and the placebo-controll ed
study pool is not tenable and will not be addressed here.
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D. Label i ng

Based on the | abeling attached to our 1-30-04 approvable
| etter, Somerset has proposed a nunber of changes.
Clinical comments on the sponsor’s proposed revisions to
our approvabl e | abeling are offered bel ow.

| will discuss a major concern that pertains to several
sections of labeling first: the need for tyram ne dietary
restrictions with EMSAM

Tyramine Dietary Restrictions

We had proposed that all three EMSAM strengths woul d
require dietary tyramne restrictions. The sponsor has
nodi fi ed our proposed |abeling to indicate that the EVSAM
20nmg pat ch produces preferential inhibition of MAO B
activity (versus MAO-A) and therefore dietary tyram ne
restrictions are not needed at this dose. At this tine,
Somer set does agree that tyramine restrictions with the
30ng and 40ng patches are warranted due to limted safety
data at those doses.

In ny previous review, | asserted that tyram ne dietary
restrictions should be | abeled for EMSAM That position
was based in |arge part on data at the high dose (40ny).
The question of whether restrictions were necessary for the
| onest | abel ed dose (20ng) was not specifically addressed
inthat review. Following is a presentation of the
sponsor’s position followed by ny thoughts on this specific
guesti on.

Somerset Position

Somer set provides no new clinical data directly relevant to
the need for a tyramne restricted diet. |In support of
their position that the 20ng patch does not require
tyram ne restrictions, Sonmerset advances the follow ng
arguments.

Most Phase 1 tyram ne studies were conducted using the 20ny
pat ch and denonstrated tyram ne sensitivity factors (TSF s)

15



of 1.8 to 2.8 (i.e., approximately a 2- to 3-fold increase
in pressor sensitivity to orally adm nistered tyram ne).

In these studies, the average oral tyram ne dose to produce
a sustained increase in systolic blood pressure of =30 mtHg
(TYR30) was =200ng in fasted subjects. This would be

equi val ent to over 400ng of tyramne in fed subjects since
food appears to reduce the bioavailability of tyram ne by a
factor of about two.? Since it is currently thought that a
meal containing tyramne-rich foods m ght contain up to
40nmg of tyram ne, a safety factor of 10-fold was felt to be
shown.

In particular, Sonerset feels that the foll owi ng Phase 1
findi ngs support their position:

1) In study P9802, 12 subjects consuned a | arge tyram ne

| oad consisting nostly of aged cheeses (estimated tyram ne
content up to 320ng). Vital signs were nonitored after
these neals at baseline and after reaching steady-state
with STS. No subject reached the pressor endpoint after
STS 20ng al t hough one subject did reach the endpoint after
the tyram ne neal alone at baseline.

2) Conpared to oral selegiline (Eldepryl), STS 20ny
produced a nearly identical tyram ne sensitivity (TSF s of
1.70 £0.84 and 1.75 +0.54, respectively). El depryl has
been safely marketed since 1989 wi thout dietary
restrictions. [Conment: However, it should be noted that a
few cases of hypertensive reactions with ingestion of

t yram ne-cont ai ni ng foods have been reported in patients

t aki ng recommended doses of oral selegiline (see the

WARNI NGS section of Eldepryl labeling). Also, it should be
noted that the selegiline AUC is nmuch hi gher when delivered
via STS conpared to oral admnistration.]

3) Conpared with tranyl cyprom ne, an MAO which requires
dietary restrictions, STS 20ng denonstrated a TSF at | east
20 tinmes smaller. [Comment: This ratio is based on data
following 10 days of STS treatnent. Follow ng 33 days of
STS exposure, the ratio is closer to 14.]

As further support for their position, Sonerset points out
that, with the exception of the first Phase 3 study (E106-
95B), all of the EMSAM studies in depressed patients have
been conducted wi thout dietary restrictions and no cases of
hypertensive crisis were reported. This data enconpasses

15 See VanDenBerg C, et al. Tyram ne Pharmacokinetics and Reduced
Bi oavailability with Food. J Cin Pharmacol 2003;43: 604-609. Also, see
the results of study P0201 as described in nmy 12-16-03 clinical review
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over 2,500 depressed patients exposed to the 20ng patch and
an additional 750 patients exposed to the 30ng and 40ny
pat ches.

To further explore for any unreported occurrences of acute
hypertensive reactions, the sponsor searched their Phase 3
dat abase el ectronically for reports of any of 12 adverse
experiences that could be associated with a hypertensive

epi sode. ®* Then, a second level review was performed by the
Sonerset medi cal teamon 178 patients who nmet certain
criteria. No events judged to be hypertensive reactions
wer e di scovered.

Simlar reviews on the Phase 3 Al zheinmer’s studies (wth
t he 20ng patch) and Parkinson’s di sease studies (with the
15nmg patch) |ikew se produced no cases.

Sonerset states that they have continued to nonitor ongoing
studi es for any hypertensive events that m ght represent a
di etary-induced hypertensive crisis. This ongoing review
has not reveal ed any evidence of a dietary-induced
hypertensi ve crisis.

Comment: The absence of reports of hypertensive reactions
inclinical trials with the 20ng patch is only partially
reassuring. Quantities of tyrami ne ingested by patients in
these trials were not docunmented in sufficient detail to
eval uate the adequacy of the tyram ne chall enge experienced
by these patients. Also, blood pressure nonitoring may not
have been adequate to detect significant blood pressure
changes. As noted by one of the early researchers in this
field, some subjects nay be asynptomatic whil e experiencing
a substantial blood pressure el evation.?’

FDA Reviewer’s Position

Sonerset’s argunments for not requiring dietary restrictions
at the 20ng dose of EMSAM have sone nerit and cannot be

di sm ssed off-hand. As they correctly point out, follow ng
our review of their original subm ssion which provided for
use of only the 20ng patch, we were inclined to agree that
dietary restrictions were not necessary at that dose.?'®

18 A detail ed description of the nethodol ogy and results of this search
was submitted in the |ISS Anendnent (pages 179-184) of the 7-31-03 NA
response.

7 Blackwel | B, et al. Hypertensive Interactions Between Mnoamni ne

Oxi dase | nhibitors and Foodstuffs. Br J Psychiat 1967:113:349- 365.

18 See our 3-25-02 NA letter.
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Al t hough we expressed a concern at that tine that the
pressor dose m ght decline over time with chronic EVSAM
use, that concern has been addressed by a subsequent study
whi ch was submitted as part of their 7-31-03 NA response
(study P0201). That investigation showed a decline in
pressor dose over the first 30 days of treatnent with the
40nmg patch but little change after 60 and 90 days of

treat nent.

For the conveni ence of the reader, Table 1 bel ow summari zes
previously reviewed tyram ne chall enge data with STS.

TABLE 1: SUMVARY OF MEAN RESULTS FROM TYRAM NE CHALLENGE
STUDI ES W TH STS UNDER FASTI NG CONDI TI ONS

Drug (N) Dose/ Dur ati on Basel i ne On- Drug TSF
TYR30( m) TYR30( ng)
STS (47) 20ng/ 9- 10d 507+106 298+105 1.8+0.5
STS (12) 20ng/ 30d 483+139 204+86 2.9+1.5
STS (10) 30nyg/ 10d 470+178 210+88 2.4+0. 7
STS (12) 40nygy/ 10d 588+117 198+98 3.5+1. 3
STS (18) 40ng/ 30d 575493 84+70 11.546. 6
Oral Selegiline (21) 5ng BI D/ 9d 5294115 357+147 1.7+0.8
Tranyl cyprom ne (10) 30ny/ 8d 40071 10+0 40+7.1
Fl uoxetine (12) 60ny/ 48d 533+91 4081131 1.4+0.6

As a caveat, these data derive froma nunmber of studies
and, hence, conparisons across doses and drugs nust be
drawn with sone caution. Nevertheless, these data do
suggest the follow ng:

1) a dose-response for tyram ne sensitivity with STS,
hol di ng duration of treatnent constant.

2) a time-dependency for tyram ne sensitivity, as evidenced
by the higher TSF val ues after 30 days of STS treatnent
versus after 9-10 days of treatnent at the sanme dose. In
study P0201, continued treatnent to 60 and 90 days di d not
denonstrate an increase in tyramne sensitivity beyond the
first 30 days of STS exposure.

3) the nean TSF for the 20ng patch approxi mates that for
oral selegiline and is only slightly higher than for

fl uoxetine, the presunptive inactive control.

4) the mean TSF values for all STS doses are nmuch small er
than that for the active control, tranylcyprom ne.

The latter point raises the obvious question of whether
tyram ne precautions are necessary wth any of the three
doses of STS. Based on ny review of tyram ne pressor doses
with the 40ng patch from study P0201, there is an

18




i nadequate safety nmargin at that dose to justify om ssion
of tyramine restrictions, in my judgenent.!® The nean
pressor dose after 30 days of STS treatnent was 84ng, with
a range of 25-200mg. The |Iower end of that range only
slightly exceeds the anpbunt of tyram ne that m ght be
ingested in food or beverages (40ng) after adjusting for
the fact that this was under fasting conditions (i.e.,
50ng). Data under fed conditions in that study indicated a
mean pressor dose of 172ng, wth a range of 75-300ng. The
mar gi n of safety at the | owest pressor dose (75nmg) is not

| arge and the high-fat neal ingested in this trial may, in
fact, have underesti mated the exposure to tyramine in a
typi cal neal

Al so, in agreenment with the sponsor, | amnot inclined to
recommend approval of the 30ng patch w thout dietary
restrictions due to limted experience wwth that dose to
dat e.

Wth regard to the 20ng patch, these data | end sonme support
to the sponsor’s proposal. However, Sonerset’s argunents
tend to focus on nean data. Consideration of a potentially
significant hazard mandates deli beration of not just how
the average patient may be inpacted but whether a small
subset of susceptible patients may be placed at undue ri sk.
That is, attention nust also be paid to the range of
responses and the need for an adequate safety buffer when
data are quite variable. Al ong this line, the one
reservation | do have about approving the 20ng patch

wi thout tyramne restrictions is the variability in
tyram ne sensitivity. The followng points illustrate ny
concern.

O the above reviewed studies, the nost relevant here is
study P0045, which exam ned tyram ne pressor doses under
fasted conditions follow ng approximately 30 days of
treatment with the STS 20ng patch in 12 healthy nmales with
a nmean age of 32 years (range 19-50 years). As indicated
in Table 1, the nean pressor dose after STS treatnent was
204ng and the nean TSF was 2.9. The nodal pressor dose in
this study was 200ng (in eight subjects). But the range of
pressor doses was 50-400nmg, wth one subject attaining a
pressor response with 50ng of tyram ne and a second with
100ng of tyramne. TSF values in these subjects were 6.0
and 5.5, respectively. An exam nation of the selegiline

19 See ny 12-16-03 clinical review
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pl asma | evel s around the tine of the tyram ne chall enge
does not suggest that these increases in tyram ne
sensitivity were related to outlying plasma | evels of drug.
G ven that the tyram ne chall enge was perfornmed under
fasted conditions and one woul d not generally expect a
dietary ingestion of greater than 40ng of tyram ne, neither
pressor dose is alarmng. On the other hand, the
relatively high TSF's in these subjects do indicate
substantial inhibition of MAOOA. Also, it nust be borne in
mnd that the algorithns for determ ning pressor doses in
tyram ne chal | enge studi es may substantially overestimate

t he actual m nimum pressor dose in sone cases; a margin of
safety shoul d be demanded as a buffer for this source of
error. These consi derations raise the question of whether
a small proportion of patients in the target popul ati on nay
experi ence hypertensive reactions with the 20ng patch

W thout dietary restrictions.

As further evidence of variability in tyram ne sensitivity,
consider the difference in pressor doses between the two
basel i ne periods, about one week apart, for each subject in
study P0045. The protocol for determ ning pressor dose
during these periods in effect rounded the actual pressor
dose up to the nearest 100ng. This factor al one can
produce appreciable variability. Still, of the 12 subjects
inthis trial, three had a difference of 200ng and two had
a difference of 300ng. Due to the rounding process, it is
not possible to estimate the difference in actual pressor
doses but obviously a recorded difference of 200mg nust
represent an actual change of at |east 100ng in the pressor
dose and a recorded di fference of 300ng nust represent an
actual change of at |east 200ng. This degree of
variability over a one week interval in a small nunber of
untreated, healthy subjects points to the need for
insisting on a wide margin of safety in deciding this
guesti on.

In the above study, the sources of variability are unknown.
O her sources may be identifiable. One specific source in
the target population may be related to altered

phar macoki netics in older females. An analysis of STS
phar macoki netic data by age revealed a 62.5% i ncrease in
sel egiline exposure in females fromage 20 to age 70 years
(about a 1.25% i ncrease per year) and a 25% i ncrease in

mal es (about a 0.5% i ncrease per year).?° In this

20 See the 1-14-04 biopharnaceutics review (page 90).
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submi ssi on, Sonerset has provided an anal ysis of the effect
of age on selegiline plasna concentrations which
purportedly shows no effect of age on steady-state
selegiline levels in depressed patients up to age 87 years,
regardl ess of gender. This analysis is currently under
revi ew by the biopharnmaceutics reviewer, Dr. Ronald
Kavanagh. But, if the sponsor’s position is not accepted
and sone elderly female patients are expected to be exposed
to higher levels of selegiline, then such patients treated
with the 20ng patch may resenbl e younger patients treated
with the 30ng patch in terns of tyram ne sensitivity and
could be at risk for a hypertensive reaction in the absence
of tyram ne restrictions.

Anot her possi bl e specific source of variability is an
interaction with agents that el evate selegiline |evels.
One particular concern is a possible effect of oral
contraceptives on selegiline levels, as reported by Laine
and col | eagues.?* This Finnish study conpared sel egiline
and desnet hyl sel egi | i ne pharnacoki netics after oral
selegiline admnistration (5, 10, 20, and 40ng) in eight
femal e subj ects, four of whom were taking concomtant oral
contraceptives. The bioavailability of selegiline was
drastically increased (20-fold) in those subjects using
oral contraceptives, with marked increases in both Chmax and
AUC. This study is currently under review by Dr. Andre
Jackson of the biopharmaceutics staff and a deci si on about
| abeling this information will be nade foll ow ng conpl etion
of his review Since fenales using oral contraceptives are
likely to conprise a sizeable portion of the target

popul ation for EMSAM | ack of tyramne restrictions with
the | ow dose patch woul d present an obvi ous hazard to such
patients if the results of this study are borne out. O
course, it may be prudent to sinply contraindicate the use
of EMSAM (and per haps ot her selegiline products) with ora
contraceptives.

In conclusion, given the large variability in tyram ne
sensitivity and the need for a wide safety nmargin, | am not
persuaded that the risk associated with tyranm ne ingestion
with the 20ng patch is sufficiently distinct fromthat
with the 30ng and 40ng patches to warrant different safety
precautions. For this reason alone, | do not advocate
approval of the 20ng EMSAM pat ch w t hout tyram ne

2l Laine K, et al. Dose linearity study of selegiline pharmacokinetics
after oral administration: evidence for strong drug interaction with
femal e sex steroids. Br J Cin Pharmacol. 1999; 47:249-254.
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restrictions and recormend that the FDA proposed text for
| abeling this issue remain.

CLI NIl CAL PHARMACOLOGY

Phar macodynami cs

The sponsor has added | anguage to this section to indicate
that the EMSAM 20ng patch produces preferential inhibition
of MAO activity in the brain conpared to peripheral tissues
and therefore dietary tyramne restrictions are not needed
at this dose. At this tinme, Sonerset does agree to
tyram ne restrictions for the 30ng and 40ngy patches due to
limted safety data at those doses.

In the end, if tyramine restrictions are required for al

three patch strengths, the FDA proposed | anguage for this
and ot her pertinent sections of |abeling should stand.
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Hypert ensi on

The initial statenent tends to downplay the risk of a
hypertensive crisis with EMSAM versus other MAO's. This
statenent should be nodified to sinply state that
hypertensive crises are serious adverse events and have
been reported with MAO ' s.
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[11. Conclusions and Recommendati ons

Sufficient evidence has been previously submtted to
denonstrate the efficacy of EMSAMin the treatnent of
depression.?® Before we grant final approval to this
application, there are a nunber of safety-related issues

t hat nust be resol ved, many of which are dependent on
reviews fromother disciplines that are still in progress:

2 See ny clinical reviews dated 2-28-02 and 12-16-03.
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CC:

Gregory M Dubitsky,
August 19,

NDA #21- 336
NDA #21-708
HFD- 120 (Div. File)
HFD- 120/ GDubi t sky
/ TLaughr en
/ PAndr eason
/ DBat es
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APPENDI X 1
PATI ENTS W TH SERI OQUS ADVERSE EVENTS

St udy/ Pati ent | Serious Adverse Event(s)
St udy P0158
10094 | Chest pain (nuscul oskel et al )
St udy P0204
02064 Chest pain/ El evated bl ood pressure
02069 Chest pain/lncreased PVC s
04041 Col on cancer
05016 Fal |
07043 Chest wal |l contusion/Neck strain
08025 Angi na
08050 Syncopal epi sodes
11113 Pul nonary enbol i sm
13028 Loss of consci ousness/ El evat ed BP
13034 Sui ci dal ideation
14019 Ki dney stones
17040 Lam nect ony and bone graft
19043 Gal | bl adder renoval
21047 Mot or vehicl e acci dent
22011 Fal | / Fractured hi p/ H p repl acenent
22022 Sui ci dal ideation
St udy P0043
Cu021 | Lunpect ony
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APPENDI X 2: DROPQUTS DUE TO ADVERSE EVENTS

St udy/ Pati ent | Adverse Event(s) Leading To Dropout
St udy P0158
10058 | nsomi a
10096 | nsomi a/ | npot ence
10108 Decreased concentration/ Menory | oss
32009 Consti pati on/ Restl essness/ Hot fl ashes
32014 | nsomi a
33020 Application site reaction
St udy P0204
02010 Bi |l ateral breast |unps
02012 Application site reaction
02013 I ncreased anxi ety/Agitation
02023 Wor seni ng ast hnma
02028 Noct urnal di aphoresi s/ Hot flashes/
Pal pi tations
02045% Anor gasny
02056 Application site reaction
02061 Application site reaction
02063 Di zzi ness
03014 Anxi ety/ Rest| essness
03022 Exacer bati on of hypertension
03026 | nsomi a
03032 Application site reaction
03035 Faci al edema/ Throat constriction/
Cough/ Henmopt ysi s
03038 Di zzi ness/ Ot hostati c hypot ensi on
03041 Ner vous skin excoriation
03059 Abnor mal ECG
03064 Application site reaction
03067 Nausea/ St omach upset/ Di zzi ness
03069 Heart pal pitations
04032 Shortness of breath
04033 Generalized urticaria
04040 Application site reaction
04051 Di zzi ness
05036 Application site reaction
05044 Pedal edema/Dry nout h/ Dry cough/ Brui si ng/
Application site reaction
05058 Moder at e wei ght gain
05061 Hyponmani a
2 A Narrative Sunmmary was not provided for this patient. Information

was derived fromthe Case Report Form
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APPENDI X 2: DROPQUTS DUE TO ADVERSE EVENTS

St udy/ Pat i ent

Adverse Event(s) Leading To Dropout

05062 Psychosi s

05070 Application site reaction

05074 Ot hostatic hypotension

06012 Di zzi ness/ Bl urred vision

06017 Application site reaction

06019 Sexual dysfunction/lnsomia

07003 | nsomi a

07005 Irritability

07013 I ncreased suicidality/Rapid cycling
bi polar-1ike state

07014 Application site reaction

07016 Li ght headedness/ Di zzi ness/ Orthostatic
hypot ensi on

07018 | nsommi a/ Li ght headedness/ Di zzi ness

07019 Application site reaction

07022 M gr ai ne syndrone

07030 Hypomani a

07032 Application site reaction

07035 El evat ed AST/ ALT/ LDH

07039 St omach pain

07040 Application site reaction/Hallucinations/
Par anoi a/ Hyponani a

07041 Application site reaction/Inpaired
concentration/ | npaired menory/ Tinnitus/
Ni ght sweats/Vivid dreans/ D zzi ness/ Nausea

07044 Irritability

07048 Pr egnancy

07053 | nsommi a

08014 Application site reaction

08023 | nducti on of mani a

08026 Rash

08034 El evat ed gl ucose/ ALT/ AST

08041 I nsommi a/ Orthostatic dizzi ness

08042 Application site reaction

08043 Application site reaction

08044 Headache/ St omachache

08049 | nsommi a/ Ti nni t us/ Decr eased appetite

10060 Application site reaction

10080 Application site reaction

10088 Ner vousness/ Pal pitati ons

10092 Headache/ | nsommi a

10094 H p pain

10099 Headache/ I ncreased appetite
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APPENDI X 2: DROPQUTS DUE TO ADVERSE EVENTS

St udy/ Pat i ent

Adverse Event(s) Leading To Dropout

10107 Congestive heart failure/Edenma/lnsomi a

10110 Di zzi ness

11013 Wor seni ng i npot ence

11022 | nsomi a

11026 Nausea

11029 Application site reaction

11055 | nsomi a

11060 Decreased |i bi do/ Confusi on/ Di zzi ness/
Dr owsi ness

11070 | nsommi a/ Nausea/ Decr eased appetite

11079 Application site reaction

11089 Agitation/ Persistent insomia

11098 Application site reaction

11106 | nsommi a/ Dry nout h/ Anxi ety

11108 Application site reaction

11109 Headaches/ Raci ng t hought s/ Gbsessi ve
conpul si ve behavi or

11114 Acut e | ower back strain

11122 I ncreased bl ood pressure

12021 Broken capillaries on face

12022 Lower back pain

12024 Decreased |i bi do

12035 Headache/ Sti ff neck

12036 | nsomi a

12038 I nsommi a/ Wi ght gai n

12050 Headaches/ | ndi gesti on/ Consti pati on

12054 H p pain

12057 Severe sweating/agitation

12058 | nsomi a

12063 Application site reaction

12064 Insomi a/lrritability

12065 Vi ol ent thought s/ Hyponmani a

12067 Metallic taste

12069 Dr owsi ness

12071 Irritability/Insomial/ Mani ¢ synpt ons

12074 Del usi onal thought s/ Drowsi ness

12077 Di zzi ness

13017 Application site reaction

13055 D zzi ness

13059 Swollen lip

14017 Flu-1ike synptons

15016 | nsomi a
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APPENDI X 2: DROPQUTS DUE TO ADVERSE EVENTS

St udy/ Pat i ent

Adverse Event(s) Leading To Dropout

15017 Anxi ety

15019 Application site reaction

15037 Application site reaction

15048 Irritability

17030 Di zzi ness/ Pressure in head

17031 Application site reaction

17034 Application site reaction

17036 Al cohol i sm

17041 Irritability

17043 Agitation

17048 | nsomi a

19022 Application site reaction

19045 Hyper somi a/ Di zzi ness

19054 Li ght headedness/ Di zzi ness/ Dry Mout h/
Sl eepl essness/ Nausea/ Sharp abdoni nal pain

19059 Sl eepl essness

19060 Audi tory hal | uci nati ons

19071 Sl eep | oss

21016 Pregnancy

21017 Application site reaction

21025 | nsomi a

21026 Application site reaction

21035 Nausea

21041 Di zzi ness

21042 Hypomani a

21053 Application site reaction

21057 | nsomi a

21059 | nsomi a

22005 I nsommi a/ Sui ci dal ideation

22008 Insomi a/lrritability/ Headache/ Verti go/
Hot fl ashes/ Heart pal pitations/Anorgasm a/
Sui ci dal i deation/Hypotension

22010 Di zzi ness/ Headache

22015 Anxi ety/ I nsomi a/ Erectil e dysfunction/

Orthostasi s
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This is arepresentation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

G eg Dubit sky
8/ 19/ 2005 05: 05: 07 PM
MEDI CAL OFFI CER

Thomas Laughren

9/ 21/ 2005 07:28: 37 AM

MEDI CAL OFFI CER

We are bringing these NDAs to the PDAC for

di scussion of the dietary restriction issue--TPL



