pooled APM group was + 3 msecs The most outstanding finding 1n the categorical analyses was
that one patient who recerved 6 mg showed a 76 msec QTc mcrement up to maximal value of
514 msecs at 20 minutes and a 54 msec increment at 90 minutes

Overall, I conclude that these results support a concern about potentially sigmficant QTc
prolongation and that these results may underestimate the QTc prolongation that actually occurs
when assessing QTc with more sensitive methods such as using standard ECGs, and assessing
QTc at 40 minutes after treatment with various doses up to 10 mg The nsk of QTc prolongation
may be greatest at high doses (¢ g 8 or 10 mg) However, individuals recerving < 6 mg, but who
have decreased renal and/or hepatic clearance of APM, could potentially generate increased
plasma levels similar to those from patients with normal clearance who receive high doses of
APM

Preclimical Concerns

I believe that the sponsor should conduct preclinical carcinogenicity, reproductive toxicity and
metabolic studies However, considering that this 1s a fast track product for an unmet need and
that the overwhelming population of patients who should use this product appropnately 1s
relatively elderly and has advanced Parkinson's disease, I am not convinced that reproductive
toxicity studies need to be conducted prior to approval Neither am I absolutely convinced that
carcinogenicity studies need to be conducted prior to approval However, I am less convinced
that these studies should not be conducted prior to approval because the sarcomas observed at
mjection sites (in only female rats that were able to tolerate high dose subcutaneous APM, males
did not tolerate highest doses) occurred during APM exposures that are relatively similar to those
expected m Parkinson's disease patients using mtermittent subcutaneous APM Animal metabolic
studies can be completed 1n parallel with human studies conducted to characterize metabolism
and metabolic pathways

Conclusions

1 Iconsider this application to have shown efficacy of APM m treating "off" episodes in 3
pivotal tnals

2 Although there 1s sigmficant toxicity associated with the use of APM, I consider this
application to show sufficient safety considering the nsk-benefit ratio to support an

approvable action

3 The sponsor needs to address several 1ssues before an approval for APM can be granted

Recommendations

Action Recommendation

I recommend an approvable action -
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The following 1ssues need to be addressed prior to approval

1 Charactenze the magmtude of QTc prolongation 1n a randomized, double-blinded, placebo
controlled parallel group fixed dose study 1n which patients are slowly titrated to their
randomized doses of APM ranging between 2 to 10 mg Ths study should be performed with
standard 12 lead ECGs that should be read centrally under blinded conditions ECGs should
be collected at several times (e g > 3) before dosing and at various post-treatment timepoints
including 20, 40 ,60 ,90, and 120 minutes Orthostatic (supine and standing) VS should also
be collected n such a study at similar timepoints after ECG collection

2 Analyze results of pivotal trials (APO 301, 302, 303) separately to show the whether the
"Off" that was treated was an end of dose "wearing off" or an "on/off" "Off" occurnng at
least 1 hour after morning antiparkinsonian medications was treated 1 these pivotal studies
and antiparkinsoman medications were held until an "off" had been treated This study design
would allow treatment withheld induced "off" if patients were treated beyond their normal
dosing nterval with levodopa/dopa decarboxylase inhibitor You should propose a defimtion
for end of dose "wearing off" and "on"/off' and obtain agreement from DNDP regarding your
analysis plan for addressing this 1ssue

3 Charactenze the local reaction profile to administration of a range of higher doses (1e > 2
mg, up to 10 mg single doses) containing benzyl alcohol You only studied
single imections of 2 mg with benzyl alcohol There could be an increased incidence of local
mjection site reactions to much higher doses containing larger amounts of alcohol

4 Collect a safety expenence of patients using the cartridge device for injecting APM and show
that the toxicity profile 1s not dissimilar than the one demonstrated for using APM from
ampoules There could be a lugher error rate involving APM administration via the pen
device and potentially a more toxic safety profile The sponsor might randomize patients to
both APM formulations and observe and compare the safety profile of each formulation after
treatment for some prolonged period

5 Analyze and present the results of Holter data (from study APO303) for cardiac rhythm
abnormalities 1f Holter data were collected for a prolonged peniods during different treatment
exposures 1n Study APO303

6 Analyze and present laboratory result of study APO303 (patients naive to APM) and show
shift tables at various times such as after the forced titration period and at the end of the tnal
(e g after 6 months after forced dose titration or last treatment the study)

7 Address the 1ssues of abnormal laboratory shifts results from normal to high for serum
cholesterol, triglycendes, glucose, alkaline phosphatase, ALT, AST, BUN, creatinine, and
percentage of eosmophils Although these findings were observed most commonly 1n the
open-label experience m study APO401, some similar abnormal shifts were also observed n

Page 13



other studies The sponsor should also provide a shift analysis for all APM treated patients
for the total eosmophil count from baseline to any time and also to the end of the study or last
treatment

8 Analyze and present shift tables for laboratory abnormalities 1n subjects 1n the climcal
pharmacology studies separately (for studies m which this has not been done) The sponsor
should also integrate these findings across similar clinical pharmacology studies

9 Provide an analysis and description of how patients used the ampoule formulation of APM
Thas analysis could include such information as indicating 1) the frequency APM was
administered by the patient vs a caregiver, 2) the frequency APM was drawn 1nto a syringe to
treat an acute episode vs used from a pre-filled syringe, 3) the frequency of the setting
(home/residence vs outside home/residence) in which APM was admimistered, and 4) the
frequency a patient or caregiver was unable to administer APM and when unable, the reason
for this You should also indicate storage information (e g temperature kept, how long, etc )
when APM was pre-filled into a syringe for the next use

10 Address the labeling changes shown in DNDP edits, questions, and recommendations

The following 1ssues can be addressed after approval

11 Conduct drug-drug interaction studies assessing the interactions of APM with alcohol and
APM with vasodilating drugs (especially both short and long acting mitrates) particularly for
hypotension, orthostatic hypotension, and syncope

12 Conduct studies to show the PK of APM 1n patients with all sevenities of renal and hepatic
dysfunction

13 Charactenze the metabolism of APM m humans and animals
14 Imtiate carcinogenicity studies as soon as possible

15 Imtate reproductive toxicity studies as soon as possible
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2 INTRODUCTION AND BACKGROUND

2.1 Background and Rationale for Clinical Development of Apomorphine

(APM)

Parkinson's disease (PD) 1s a neurodegenerative disorder of uncertain etiology Hallmark
charactenstics include clinical symptoms of tremor, ngidity, and bradykinesia, and pathological
evidence of degeneration of the dopaminergic mgrostriatal pathway, marked striatal dopamine
deficiency), and the presence of laminated inclusions (Lewy bodies) 1n the neurons of the
substantia mgra Although incompletely understood, the pathophysiology of Parkinson's disease
mvolves basal gangha dysfunction In Parkinson's disease, a decrease in dopaminergic
stimulation of the strtatum unbalances the complex electromechanics of motor function

Pharmacological treatment of Parkinson's disease has been primanly directed towards stnatal
dopamine replacement The oral admimstration of the dopamine precursor, levodopa (LD),
remains the foundation for the current symptomatic treatment of Parkinson's disease Early
clinical results, especially in patients with advanced disease, were impressive, and at times
dramatic However, long-term use of LD has been associated with decreasing effectiveness and
mcrease 1n adverse events

Combined use of a peripheral dopa decarboxylase (e g carbidopa - CD) with LD to provides
additional therapeutic benefit by decreasing the peripheral degradation of LD Thus
pharmacological effect of CD results 1n increased plasma levels of LD and a longer half-life of
plasma LD that ultimately increases the central delivery of LD to the bramn and central dopamine
levels Levodopa /carbidopa (1 ¢ LD/CD) remains the mainstay of treatment for Parkinson's
disease However, approximately 10 percent of all subjects treated with LD will develop motor
fluctuations per treatment year, so that approximately 50 percent are affected after five years of
LD therapy Although the pathophysiology of these "Off" episodes 1s not completely understood,
1t has been proposed that these episodes of hypomobility are the result of the pharmacokinetic
and pharmacodynamic properties of LD As the disease progresses and dopaminergic nerve
termmnals are lost, the buffening capacity of the stnatum 1s lost because of the short plasma half-
hfe of LD The "efficacy half-life" becomes shorter and shorter In the advanced stages of
Parkinson's disease, the short duration of action of LD 1s thought to have secondary
pharmacodynamic consequences resulting in complex patterns of drug response

Apomorphine (APM) 1s a non-selective dopaminergic agomst with potent D, and D,
pharmacological actions There 1s a significant preclinical and clinical hiterature base
demonstrating antiparkinsoman effects of APM APM 1s the oldest and one of the most potent
dopamunergic agonists APM HCl 1s identified chemically as 4H-Dibenzo[de,g]quinoline-10,11-
drol, 5,6,6a,7-tetrahydro-6-methyl-, hydrochloride, hemihydrate, and 6af-Aporphine 10,11-d10l
hydrochlonide hemihydrate APM HCI 1s manufactured as a sterile solution (10 mg/mL) in 2-mL
ampoules and 3-mL cartridges (for manual injector pens) for subcutaneous injection using the
following mactive mgredients sodium metabisulphite, sodium hydroxide, hydrochloric acid,
—_ and water for injection Hydrochloric acid and sodium hydroxide are used
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to adjust the pH of the final product between: Sodium metabisulphite 1s added to the

product — Benzyl alcohol 1s added to the cartridge as a preservative To further
— the ampoule headspace 1s filled —_—
H OH
HO HO
H
R | 2
CHsj
Apomorphine Dopamine
Figure 1 Chemical Structure of Apomorphine and Dopamine

Although known for decades to possess potential antiparkinsonian effects, APM has not been the
subject of complete chinical development because subcutaneous injection of APM was
mconvement and because penpheral dopaminergic agonist activity, expressed as nausea/vomiting
and hypotension (especially orthostatic), was considered to be inconsistent with practical chimical
development The successful development of newer oral dopamine agonists has demonstrated
that peripheral dopamine agonist activity does not represent a significant limitation to practical
therapy , possibly because of reduced sensitivity of peripheral dopamine receptors 1n patients
receiving long-term dopaminergic therapy Although new oral dopamine agonists might delay the
onset of late stage motor fluctuations, 1t 1s estimated that approximately 50,000 U S patients
suffer "Off" events despite admimstration of optimized regimens of available oral antiparkinson
drugs Under these circumstances, interest in APM was renewed specifically to take advantage of
the rapid therapeutic response following subcutaneous admimstration

2.2 "Off" 1n Parkinson's disease

A bnef discussion of the nature of these motor fluctuations 1s helpful to understand the nisk /
benefit and efficacy of a medication such as APM for the treatment of Parkinson's disease Two
areas of particular concern are noted The first 1s the characterization of the types of hypomobility
states ("Off" episodes) The second 1s the chinical importance of these "Off" episodes

Motor fluctuations, periods of hypomobility or immobility, can be divided into two major
categories The first category 1s termed "Wearing Off"'or end of dose "Off" episodes "Wearing
Off" ep1sodes are usually the first "Off" episodes encountered by Parkinson's disease 1n the
course of their disease These predictable fluctuations, as the name suggests, occur 1n association
with the end of LD dosing intervals They usually occur approximately three to five hours after
each dose of LD Imitially these episodes can be treated by shortening the dosing interval and to
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some extent by adding controlled release LD The second category of motor fluctuations, random
on-off fluctuations are not predictable based on the LD dosing schedule These "Off"episodes can
occur abruptly and without warmng and are also known as "On"/Off"

Having discussed the types of "Off" episodes expenenced by Parkinson's disease PD, it 1s
important to consider the clinical sigmficance of these events The disability associated with
these events can be characterized as direct and indirect The direct impact depends on the degree
of hypomobility associated with the individual "Off" episodes The less severe episodes may be
associated with the mability to perform basic hygiene, eat, or perform other activities of daily
living Symptoms associated with these "Off" periods can include sensory (pain) symptoms,
autonomic symptoms and psychiatric symptoms Some of these "Off" episodes are so
pronounced as to result in complete immobality, which has resulted in the terms "Off" and
"frozen" or "freezing" being used to describe these events These episodes can be accompanied
by fixed and painful dystonic posturing, profuse sweating, tachycardia, and panic Perhaps
equally debilitating are the indirect effects of "Off" episodes Patients can become fearful of
having an "Off' episode while away from home that they no longer leave their houses

Recogmzing that Parkinson's disease 1s that 1t 1s a progressive neurodegenerative disease, the
quantity and quality of the episodes of hypomobility or immobility (e g "Off") typically increase
as the disease progresses Despite treatment with LD/CD and the more recently approved
prophylactic treatments consisting of dopaminergic agonists, selegiline, and catechol-ortho-
methyl transferase (COMT) inhibitors, and amantadine, which often reduce the amount of "Off"
time per day, patients with Parkinson's disease, especially those with later stages of disease, often
continue to experience "Off" episodes

There currently 1s no approved medication to treat (1 € abort) the symptoms of established "Off"
episodes acutely Such a treatment could possibly improve the quality of life for patients with late
stage Parkinson's disease suffering debilitating "Off" episodes The FDA has granted this
application Fast Track status, a rolling submission and a 6 month prionity review because APM
was deemed potentially capable of providing a new treatment (1 € acute treatment to reverse
"Oﬁ")

APM by either intermuttent subcutaneous injection or by continuous subcutaneous mfusion 1s
approved 1n the United Kingdom, France, and the Netherlands to control motor fluctuations The
current NDA focuses on the use of itermittent subcutaneous 1njections of APM as acute
("rescue™) treatment of "Off" events 1n patients with more advanced Parkinson's Disease

2.3 Pharmacokinetic and Pharmacodynamic Considerations

To appreciate the potential benefit of APM treatment 1t 1s helpful be understand some important
pharmacokinetic (PK) and pharmacodynamic (PD) considerations Absorption of APM after
subcutaneous administration 1s relatively rapid and virtually complete with bioavailability
approaching 100 % Based upon many studies in the hiterature and the sponsor's own PX studies,
Tmax reflecting Cmax shows considerable vanability and ranges in most patients from
approximately 15 to 45 mmutes with perhaps most patients showing Tmax near 30 minutes
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Recogmzing that that the PD effect of APM 1s relatively immediate and mindful of its Tmax, 1t 1s
not surprising that significant PD effects are observed beginmng at a few minutes after
administration and peaking between 15 and 45 minutes in many patients Thus, the PK/PD
relationships support that potential for rapid onset of therapeutic benefit and somewhat sustamed
actions of APM after subcutaneous administration

2.4 Intended Indication

The sponsor notes that this NDA presents data in support of the effectiveness of
subcutaneous mjections of APM for the following indication

L ]

2.5 Regulatory History

Mylan Pharmaceuticals Inc (Mylan), (a wholly-owned subsidiary of Mylan Laboratonies Inc ,
the Sponsor) currently holds IND #52,844 that details thc investigation of APM HCl injection n
the acute symptomatic (rescue) treatment of "Off" episodes in patients with "On/Off"

or "Wearing-Off" effects associated with late stage Parkinson Disease Bertek Pharmaceuticals
(another wholly-owned subsidiary of Mylan Laboratories) 1s Mylan's marketing division for
branded products and would be the sponsor's marketing orgamization for the product in this
NDA should the application be approved This NDA 1s being re-submitted by Bertek
Pharmaceuticals after it was mitially submitted by Mylan i 2000 but 1t was not accepted for
filng (1 e Refuse to File) Mylan and Bertek are used interchangeably throughout the apphcation
1n referring to the sponsor

In Apnl 1993, -_— recerved Orphan Designation for the use of APM 1n the
above mdication This designation was subsequently transferred to Mylan In a January 1999
meeting with the Agency, the Sponsor presented 1ts plans for NDA submussion after the
completion of study APO202 demonstrated the significant treatment effects of APM to reverse
induced "Off" episodes under medically observed conditions and those occurring in patients
during one month of use (1 ¢ outpatient conditions) Dunng a discussion with Dr Robert
Temple (ODE 1 Office Director), Mylan learned that the NDA could not be approved without
evidence of effectiveness alter continual use (defined as at least 3 months in duration), which
could be conducted 1n patients already receriving APM Although the sponsor understood that
additional toxicology and safety data would be required prior to approval, the sponsor originally
believed that this information could be provided as amendments to the NDA Thus m Apnl 2000,
Mylan Pharmaceuticals Inc submutted an NDA (assigned NDA #21-264 to the DNDP) for
Apomorphine Hydrochlonide Injection, 10 mg/mL However, the FDA notified the sponsor that 1t
refused to file NDA #21-264 on grounds of inadequate pharmacology/toxicology, and clinical
safety information

DNDP held several meetings (face to face or teleconferences) subsequently to help the sponsor
address shortcomings identified in the 2000 NDA submussion DNDP gave the sponsor
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significant feedback particularly about collecting safety data desired by DNDP prospectively In
addition, DNDP recommended collecting particularly adequate safety data assessing the effects
of APM on orthostatic hypotension and potential adverse events related to APM's potent effects
on the cardiovascular and central nervous system More specifically, DNDP recommended
studying patients who were naive to APM from immediately prior to APM administration up
until at least 1 hour later and to assess the effect of admimstration of APM mmtially, after a
relatively short repeated treatment period (e g weeks), and after more prolonged

treatment (months) DNDP also recommended that the sponsor collect 12 lead ECG data to
exclude or at least charactenize potential QTc prolongation, at various times shortly after dosing

On 1/10/02 DNDP held a pre-NDA meeting with the sponsor to plan for the NDA resubmission
During subsequent discussions that outlined the requirements for NDA filing the FDA offered
the option of a rolling submission Bertek formally accepted the offer of a rolling submussion n
December 2001 The FDA also granted NDA #21-264 Fast Track status on June 27, 2001

2.6 Identification of Studies Supporting Effectiveness

This NDA submutted 4 pivotal studies to show efficacy of APM but Table 1only shows
summarnies of 3 pivotal studies Studies APO202 and APO301 are two prospective multi-center
randomized placebo-controlled pivotal tnals that the sponsor proposes documents the efficacy of
APM to reverse the hypomobility associated with "Off" episodes in APM-nar e patients
(AP0O202) and 1n patients recerving APM for at least 3 months (APO301) APO401 was
designed as the main safety study to increase the U S expenence 1n the long term use of APM
and to assess the safety of outpatient self-admimistration of APM on a prospective basis Patients
enrolled in APO401 could also enroll in three compamon sub-studies Patients, naive to APM,
were mitially enrolled n APO303 (a substudy of APO401) and were studied under double-
blinded, placebo controlled conditions using a cross-over design (4 mg vs placebo) to assess the
efficacy of APM on reversing "Off" APO303 1s also considered to be a pivotal study showing
efficacy of APM Patients enrolled in APO303 underwent a more controlled forced dose
titration/escalation regimen than patients in APO401 1n order to document orthostatic vital sign
changes and potential electrocardiographic changes due to APM and to 1dentify dose escalation
methods that might acutely mimmize adverse cardiovascular effects of APM Patients enrolling
m APOM-0073 participated 1n open-label pharmacokinetic and pharmacodynamic assessments to
ident1fy pharmacokinetic and pharmacodynamic relationships in APM's actions

Results of pivotal study APO302 conducted by the sponsor were submutted with the Safety
Update Patients enrolling in APO302 (parallel group design), another substudy of APO401,
participated 1n efficacy assessments 1n a randomized, double-blinded, placebo-controlled study to
demonstrate the continued ability of APM to reverse "Off" events after at least three months' use
of APM In APO302 there was also collection of safety information, especially orthostatic vital
sign changes and potential electrocardiographic changes timed to dosing APO302 1s not
described 1n the tabular summary of trials (Table 1)
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3 TABULAR SUMMARY DESCRIPTION OF CLINICAL STUDIES

Studies AP0O202, APO301, and APO303 are pivotal studies conducted by the sponsor and shown

m the Table 1 Another pivotal study APO302 that was not submutted in the original submission
of chmcal data 1s not shown 1n this tabular summary APO302 results were submitted with the
ISS Safety Update APO401 was the main safety study (including long-term treatment)

conducted by the sponsor APO073 1s a substudy of APO401 that was conducted by the sponsor
and investigated acute pharmacokinetic and pharmacodynamic relationships of APM 1n a few

patients with Parkinson's disease APO073 1s histed as a supportive study APONIH and APO101

are considered supportive studies and were not conducted by the sponsor APO1611sa
retrospective review of a safety expenience of APM treatment 1n the United Kingdom

Table 1 Overview of Chnical Studies Conducted with Apomorphine HCl Injection
| Study No ! Gudy | Drugs Dosage | n | As )
Study Type Study Title Study | 4 Durauon of Range e Results
| (Ref No) Design | pyposure | AP | (o M/F

Abbraviations Used (S)AE = (senous) adverse event A/P= actve to placebo rabo AP = apomorphine BID = twiCe ally b = Dio0Q PresSUTe UD - suuw b u «
LD = Jevogopa MD = Maintenance Dose MPI = Maxmum % Improvement NA = Data not available NS = Not Statistcally

= bent, IV =

Ty

ous inh

—_—

TV=Tr

Srgmf’ cant_ oP= outpauent. P= ptacebo PC = placebo controlle PD = Parkinson s Disease PG & paralfel groups PK PD = pharmacokinetic-pharmacodynamc R =
4 SC= Visit, UPDRS({ MS) = Unified Parinson s Disease Ratng Scate (Motor Scores) XO = crossover

PivOTAL EFFICACY STUDIES

‘ Inpatent mean post injeckon UPDRS
. Scal “ scorepsowere reduced by‘ 2? gv 0001 osg;ms
{ tnavicualize by APO v PL respectively (p <
A Prospective Randomized based on LD Dyskinesia was significant 20 minutes
Doublo-Blind Placebo- response after dosing and was of a magnituds
Phase i Controlled Parallel Groups ~ equal to that after oral LD Dunng the 1
Study Of The Satety And Avg Apo Dose = month outpatient phase the mean %
Efficacy and Efficacy Of Subcutaneous 08 R S4amg 20 injections resulting i successful OFF
Safety APO202 | Injections Ot Apomorphme tn | 5 o | inpabent dose 4580 | 69131 | was 95% and 23/ for APO and PL (p=
US Study The Treaimant Of Off based on 20/9 0 0001) The outpatient response to APO
astes OFF O Wearog OF Encre” response lo LD ebtr AEs rconied n 8500 of APO
Associated With Late Stage Outpatient DB patients included injection site reactions
Parkinson s Disease R PC treatment yawning dyskmesia
on vomiting dizziness rhunorrhea,
duration was one
month hal;ucmatnns or confusion and chest
pain
Study No. Drugs, Dosage | N ] Age
Study Type Study Title Stdy | 0d Duration of { Range l M/;F Results v
i (Ref. No) Design Exposure (N
I . 1 1
Abbrovlaﬁons Usad (S)AE (senous) adverse event. A/P= active lo placebo ratio APO = apomorphne BID = twice daily BP = bicod pressure DB = double-blind IP
=i LD = levodopa MD = Maintenance Dose MPt = Maximum % Improvement, NA = Dala not avalable NS = Not Statishcally
Signiicant OP outpatient P =placebo PC = placebo controlled PD = Parkinson s Disease PG = parallel groups PK PD = phar ki dynamic R =
randomized SC = subculaneous TV = Trealment Visit UPDRS(-MS) = Unified Parkinson s Disease Rating Scale (Motor Scores) X0 = crossover
PIvOTAL EFFICACY STUDIES

Phase !

Efficacy ana
Safety

Foreign Study
2 UK Sites

APO301
(APOS-
001)

A Prospective Randomized
Placebo-Condrolled Crossover
Study of the Safety and

Effectr of Subct
Injections of Apomorphine in the
Treatment of Cff" Episodes in
Patients With On/Off” or
“Wearing-Off” Effects
Associated With Late Stage
Parkinson s Disease

sC
individuahzed 17
based on past 8
tustory (at least 3
gg ;R(o months)of APQ | AP
Avg ApoDose= | 9
39mgoverthe2 | P/A
dosing days

48-72

7129

At the average dose of 3 91 mg mean
post injection UPDRS scares at 20
mimutes were reduced by 20 0 and 3 00
pomnts by APQ and P respectively (p<

0 0001) These results were conoborated
by non-parametnc analyses using the
exact Wilcoxon Rank Sum Test

(p=0 0005 for rreatiment effect p=0 6058
for sequence effect) At 10 minutes and
60 minutes APO versus P changes in
UPDRS molor scales were also
significant (10 minutes 154v 270 p=
00086 60 minutes 126v 04

p=0 0009) AEs occurred in 3 of 17

{17 6%) patients dunng placebo testing 0
of 16 patients dunng APO lesting and in
2 of 17 patients on non-treatment days
There were no deaths or SAEs
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Study No. Stud Drugs, Dosage | v | AR “
St y Range (o
UAY TIPS | et N Study Title I Desipy | 9nd Durationof | | RATEE |\ Results
1 1 | | et AL |

Abbreviations Used (SJAE = (senous) adverse event AP= active to placebo ratio APO = apomorphine BID = twice dally BP = blood pressure DB = double-biind 1P

= mpatient, IV = mtravenous wrfusion LD = levodopa MD = Maintenance Dose MP! = Maxumum % Improvement NA = Data not available NS = Not Statistically

Significant OP = outpatient, P = placebo PC = placebo controlled PD = Parkinson s Disease PG = paraliel groups PK PD = pharmacsiunetic pharmacodynamic R =
randomuzed SC = subcutaneous TV = Treatment Vist, UPDRS( MS) = Unified Parunson s Disease Rating Scale (Motor Scores) XO = crossover
PivOTAL EFFICACY STUDIES
se 56 patignt lled 51 patients
patignts envo patien
IP forced biration participated in the 1P efficacy
{p | doseintroduction assessmant. The mean change i pre-
Phase i Forced | from210mg at dose UPDRS-MS was significantly
Titration | 2 Mg Increments greater afler 4 mg APO v P at 20 (-11 v~
Prmarity Study of Orthostatic Changes | Dose | pg R, PC XOat 3) 40 (~14 v-3) and 90 munutes (-5 v-
Safaty APO30 upon Apomorphine Dose intiation | the 4-mg dose 2) Results were confirmed by non-
3 Initiaton in Late Stage pB R, | introduction tevet paramegtric mgthods. As of January 2002
Efficacy {sub-study } Parkinsons Orsease Patients | o 30 s6 | 45.82 | sgra2 | 8 sublect completed and 27 subjects
Component of A Dose Escalation Study with a 6-month open continue OP therapy 86% pabents had al
APO401) Double-Bind Placebo- compo- | OP reat ment at least 1 AE. 15 patients discontmued due
Controlled Efficacy nentat | optimat dose to AEs C AEs included y o
US Study Detenmination at 4 mg 4mo Ongoing Study dizzmess nausea rhinorthea sedabion
6 month BP reduction and headache The
22 US Sttes orP (Data through ncidence of AEs and orthostatic was
Phase January 2002 related to dose One of 3 SAEs (sinus
SAEs updated arrest gyncope) was drug related One
through March death was not considered drug related
l 2002)
T
Study No Drugs, Dosage | N Age o
Study Type P, Study Title S:‘s‘z and Duration of » Range “/ f Results l
4 ) 1 1 v | { |

3
Abbroviations Used {S

~pharm y

JAE = (sentous) adverse event, A/P= active to placebo ratte APQ = apomorphine BID = twice dally BP = blood pressure DB = double-blind iP
= mpatient IV = mtravenous infusion LD = levodopa MD = Maintenance Dose MP| = Maximum % Improvement NA = Data not available NS = Not Statistically
Significant OP = outpatient P = placebo PC = placebo controlled PD = Parkinson s Disease PG = paraliet groups PK PD = pt L
randomized SC = subcutaneocus TV = Treatment Visit UPDRS( MS) = Unified Parkmson s Disease Rating Scale (Motor Scores) XO = crossover

KEY SAFETY STUDY
488 patients received APO 278 are
sC active 129 on APO for at least 12
months Most patients withdrew because
m't"aml"d‘gs of AEs The average single dosa for
An Open Label Study to optimal dose patrents receiving APO for at least 12
Phase it APO401 | Evanate the Long_‘rgn“ Safety Treatment for 1 months was 3 91 mg Ten deaths were
{parent | and Effectiveness of Open | year with reported—none attributed to APO  Most
Long Term study for | Subcutaneous Ingections of Titraton | optonal AEs were mild to moderate and included
Safety APO303 | Apomorphine in the Treatment o extension 488 | 38 99 | 66/3¢ | UTZNOSS nausea Oyskinesia and
and of Off° Episodes in Patients optmal orthostatic hypotension  No chnically
US Study APOM- | With On-Off or “Wearing-Off" gose Ongoing Study significant laboratory trends were
61 Sites 0073) | Effects Assoclated With Late- (Data through observed Seven SAEs occurred that
Stage Parkinson s Disease Decomber 2002 involved orthostasis or syncopal type
SAEs updated emisodes  Two of these events occumed
* hpM rch within 30 minutes of injection and within
rough Ma 60 The remaining events occurred
2002) greater than 2 hours after the last

apomorphine dose
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po” i
Study No Study Drugs Dosage N %
Range d
Study Type Ret N Study Title Design zndrl)uzu(ion of B! WF Results ]
i i | | I AT i

Abbreviations Used (S)AE = (senous) adverse event, A/P= active to placebo rato APO = apomorphing BID = twice daly BP = blood pressure DB = double-biind IP
—inpatrenl. IV = intravenous infuslon LD=kmdopa MD = Maintenance Dose MPI = Maximum % Improvement NA = Data not avaxlable NS = Not Staﬁstmlly

ifi OP = P= PC = placebo controlled PD = Parkinson s Disease PG = paraliet groups PK PO = ph kinetic-phar y R=
randomized SC= subcutaneous. TV = Treatment Visit, UPDRS(-MS) = Unified Parkinson s Disease Rating Scale (Motor Scores) X0 = crossover
SUPPORTIVE STUDIES
The mean peak APO concentration
occurred at 13 6 minutes after the SQ
Phase ! injection and dechned with a half Iife
Open of 43 minutes and with an elimination
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PK PD APO401) on
with lmlg:'slcas Parkinson s slable TV4 MD every The correlation of plasma APO
US Study ® apQ | 99 minx3 doses concentrations with paramelers
dose describing pharmacological outcome
3 Sites {both efficacy and safety) provides
independent substantiation of drug
effectiveness
Study No Drugs Dosage Age
Study Type (Rof N Study Title s:::g' and'Duratlon of { Range \;/IF Results
1 | | _~rcc 1 opem | 1

Abbreviations Used (S)AE = (senous) adverse event A/P= active to placebo ratio APO = apomorphine BID = twice dady BP = blood pressure DB = double-blind [P
l"Di_went. IV = ntravenous infusion LD = levodopa MD = Maintenance Dose MPI = Maximum % Improvement NA = Data not available NS = Not Statistcaily

OP = outp P =placebo PC = placebo controlled PD = Parkinson s Disease PG = paraliel groups PX PD = ph, okinetic-pharmacody R=
randomlzed SC = subct TV=T it Visst UPDRS(-MS) = Unified Parkinson s Disease Rating Scale (Motor Scores) XO = cossover
SUPPORTIVE STUDIES
A Double-Blind Placebo-
Controfied Dose-Response
Phase !l Study Of Apomorphine In The
Academic - T Of Off Episodes In
Govemnment Par 3D P, Max % improvement n modified
Grouped By Response to s¢ Columbia Rating Score produced by APO
Bastc Sdence Levodopa / Carbidopa (based indvidualized by umbia Rating Score pro by
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Study Type Study Title g'“i"y and Duration of Range \;/71-‘ Results
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1
Abbreviations Used (S)AE = (serious) adverse event A/P= active to placebo raio APO = apomorphine BID = twice daily BP = blood prassure DB = double-blind IP
= inpatient, IV = Infravenous infusion LD = levodopa MD = Maintenance Dose MPI=Maxmum 4 Improvement NA = Data not avadlable NS = Not Statistically
Stgnificant, OP = outpatient P = piacebo PC = placebo controlled PD = Parkinson s Disease PG = paraltel groups PK-PD = pharmacokinetic pharmacodynamic R =
randomized SC = subcutaneous TV = Treatment Visit, UPDRS( MS) = Unified Parkinson s Disease Rating Scale (Motor Scores) XO = crossover

SUPPORTIVE STUDIES
A Double-Bliind Placebo
Controtied Study With 4 h
Supportve Apomorphine In A Pen Given ;atnselirt;??l:czxs‘l:eet:d d::: t;h:ldy;otgnsmn
To Parkinson s Patients With
sc {3) unsatisfactory effect (2) exanthema
Phase it On-Oft Phenomsna (1) unclear Off penods (1} and lack of
pB pc | indwidualizedby | 22 motivaton (1) APO produced a
£t APQO101 | Pen Injected Apomorphine ttration on basis 4472 | 45/55 ! p
icacy and Against Off Phenomena In Late X0 of Columbia X0 statistically significant reduction in the
Satety Parkinson s Disease A Double Rating Scale mean daly duration and severy of Off
Bind Placabo Contiofied S g penods Efficacy and safety was
Foreign Study abo Controlied Study demonstrated for two months under
{J Neurol Neurosurg Psychiatry outpatent condiions
1995 58 681-687)
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Study Type

Study No
{Ref No)

Study Title

Study Drugs, Dosage

Exposure

1.0P =

Arat,

i

sSigni

t, P = i

placebo ¢

Hod Dark

N | Jee

and Duration of

AR

Range
(424]

%

PD=P

sD

PG=p

p

Results

sooreviations Used (SJAE = (senous) adverse event A/P= active to plac;bo ratio APO = apomorphine BID = twice daly BP = blood pressure DB = doubie-blind IP
= mpatient, IV = intravenous infusion LD = levodopa MD = Malintenance Dose MP! = Mamum % Improvement. NA = Data not available NS = Not Statistically
PK PD = pharmacokinatic-phammacodynanic, R =

randomized SC = subcutaneous, TV = Treatment Visn, UPDRS({ MS) = Unified Parkinson s Disease Rating Scale (Molor Scores) XQ = crossover

SUPPORTIVE STUDIES

Supportve
Phase IV
Safety
Foreign Study

APO161

(APOD-
401)

A

Retrospective Safety Review
of Subjects Treated with
Apomorphine for Parkinson s
Disease at One Centre Overa
13 Year Period (1988 to 1939)

Middlesax Study

Individualized
Retro- dose
SC intermittent,
SC continuous
nasal IV and
rectal

Raview

188

26-76

82/38

188 patiants were reviewed with 159
s ized with complete CRF 60
deaths were documented with a mean of
almost 6 years belween APO
introduction Time of death and cause of
death was similar to that expected of late
stags Parlunson s disease The most

d events related to
davelopment of skin lesions and
neuropsychiatnc reactions that can
require treatment discontinuation.
Adverse events lack of effect, and
complexity of dosing contnbuted lo
discontinuation of therapy by 20% of
patients within 1 year Overall population
median treatment duration {s currently 70
months
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4 FOREIGN MARKETING HISTORY

Bertek Pharmaceuticals, the sponsor of this NDA, has not yet marketed the product under review
However, Britanma has marketed APM that 1s administered subcutaneously I will review the
foreign marketing history of Britannia’s product briefly

Overview of Worldwide Experience with Apomorphine
European Experience with Apomorphine

Britanma has distributed APM 1n the UK since 1991, imtially as compassionate use for treatment
of the "Off" events associated with Parkinson's disease In 1993, the 2 mL ampoules (10 mg/mL)
were approved, followed by approval of the 5 mL ampoule in 1994 A prefilled synnge was
approved m 1996 The 5 mL ampoule 1s primanly used for subcutaneous continuous mfusion
Brnitannia has now recerved EU mutual recogmtion for APM APM has also been hicensed for use
n Parkinson's disease patients in France, Argentina Austraha, Italy and Lebanon It 1s also used
on a compassionate use basis in Canada, Ireland, Spain, Denmark, Norway, Poland, and the
Czech Republic

In the UK, APM 1s used to treat "Off" phenomena. The daily dose of APM 1s typically between 3
mg and 30mg per day in divided doses Injection frequency ranges from 1 to 10 injections per
day The total recommended daily dose of apomorphine should not exceed 100 mg and an
imndividual injection should not exceed 10 mg

Britannmia used a "named" patient program to track patient distribution prior to its approval in the
UK After approval 1t has continued to use the same distribution program since approval of the 2
mL ampoule that captures a significant percentage of the users m the UK As of July 30, 1999,
~ patients had been included 1n this program

The post-marketing experience as mamntained by Britanma 1s reviewed later (see Post-Marketing
Experience)

Apomorphine (Britaj ectTM) has been distributed 1n the UK, as ampoules for subcutaneous
mjection, by Britanma Pharmaceuticals Ltd, since July 1991, mitially on a compassionate basis A
marketing authorization for the 2 ml ampoules (10 mg/mL) was granted in August 1993 Five mL
ampoules (10 mg/mL) were introduced in 1994 and a 3 mL(10 mg/mL) multidose, prefilled pen

(Britaject PenTM) has been available since October 1996

Apo Go Pen 1s 2 3 mL multidose pen containing 10 mg/mL of apomorphine hydrochloride

In the UK, APM hydrochlonde 1s also available as 2 mL and 5 ml ampoules, each containing
10mg/mL of apomorphine hydrochloride Apo Go Pen was authorized through the Mutual
Recogmtion Procedure It should be noted that the last national Marketing Authornization for Apo
Go Pen was not granted until 2001 Followng this, a type II variation concerning a minor change
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to the pen design was submitted and has recently been approved (November 2001) Furthermore,
reimbursement negotiations are still ongoing in some countries Hence, distribution of the
hicensed product has not commenced 1n any of the concerned Member States, with the exception
of the UK A letter was 1ssued by Forum Products on 23 October 2001 notifying all the
concerned Member States of the above, 1n explanation for the delay in the submission of the first
PSUR Although the licensed product has still not been introduced 1n any of the Member States,
beyond the UK, 1t has been available mn Ireland, Sweden, Spain, Portugal, Germany and more
recently Denmark on a imited compassionate basis It 1s estimated that ~— patients receive
APM 1 ternitories outside of the UK. The safety data included in this review is, therefore, largely
from the UK and territonies where the product 1s established (the Netherlands, Tarwan) It should
be noted that many patients in the UK receive APM by subcutaneous infusions and the majonty
of safety data contained within this review relates to that route of admimstration, which 1s
unhicensed 1n the other European countries

APM has been licensed for use in patients with Parkinson's disease by Laboratoire Aguettant in
France and Argentina and by Chies: 1n ltaly It has been estimated that currently there are —
patients receiving treatment 1n these countries

There has been no pertinent safety information received from those territories There have been
no Marketing Authorization withdrawals or suspenstons in any country Or restrictions on
distribution Likewise there have been no chinical trial suspensions, dosage modifications,
formulation changes or changes 1n target population or indications

In summary, Bntannia Pharmaceuticals has distributed APM for the treatment of the late stage
symptoms of Parkinson's disease in the UK since 1991 and more recently in other countries
outside the UK During this time there have been relatively very few adverse events and those
reported have generally been related to thc pharmacology of the drug and consistent with those
observed i chimcal trals Only two serious unexpected reports have been recerved, which were
both associated with the off label mtravenous admimstration of APM 1n patients with young
onset, long standing Parkinson's disease

APPEARS THIS 1av
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5 PRECLINICAL SUMMARY

I have provided a brief summary of preclinical data to support this NDA For greater details, see
the review of the Pharmacologist/Toxicologist (Dr P Roney)

The sponsor has submuitted repeat toxicology studies (including chronic studies 1n rats and
monkeys), genotoxicity studies, hmited pharmacokinetic studies and local irmitation studies  The
sponsor did not submut any studies on pharmacology, safety pharmacology, carcinogenicity or
reproductive toxicity To address some of these data gaps, the sponsor submutted papers from the
scientific literature to provide data on pharmacology, safety pharmacology, pharmacokinetics and
reproductive toxicity The data from the literature are of limited utility in assessing the potential
effects of apomorphine because 1t 1s not possible to conduct a detailed examination of the data

In addition, there are substantive 1ssues that have not been addressed n the hiterature In
particular, there 1s a lack of data on the potential effects of APM on reproductive function and on
the heart conduction system (e g QTc)

The primary toxicity observed in APM treated amimals (rats, monkeys) are related to clinical
signs assoctated with excessive stimulation of dopamine receptors Weight loss has been
observed 1n treated amimals, but no consistent effects on hematology or chinical chemistry
parameters were observed One potential concern is male reproductive tract toxicity Decreased
testes weight and altered testes histology were observed 1n rats and monkeys at doses comparable
to what would be used clinically The potential effects on male reproduction have not been
examined m segment I reproductive toxicity studies The sponsor also submtted a study
examinng the potential effects of levodopa/carbidopa on APM toxicity 1n rats, but the
levodopa/carbidopa doses were too low to permit meaningful compansons This study should be
repeated

APM 1s genotoxic in multiple 1n vitro systems It induced frameshift mutations in Ames assay,
especially n TA1537 It was also positive in the mouse lymphoma assay causing an increase in
both large colomes (indicative of mutations) and small colomes (1ndicative of clastogenic events
APM 1nduced chromosomal aberrations 1n cultured human lymphocytes APM was negative 1n
the 1n vivo mouse micronucleus test However, this test only used once daily dosing Because
APM will be used multiple times during the day, 1t 1s desirable that the in vivo micronucleus test
be conducted using a multiple dose per day regimen

The sponsor cites ICH guidelines 1n requesting a waiver to conduct carcinogenicity studies post
approval This 1s permitted when the drug 1s meant for the treatment of a serious debilitating
disease  However, the pharmacology/toxicology reviewer (Dr Roney) does not believe that the
sponsor has taken steps to mnitiate these studies (e g, at least starting to conduct dose range
finding studies 1n mice and submitting a carcinogenicity study protocol to Executive
Carcinogenicity Assessment Commuittee)

The sponsor has also requested a warver from conducting reproductive toxicity studies
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Dr Roney does not consider the sponsor’s arguments to be persuasive, especially considering
that 1ts own chinical studies included patients with reproductive potential There are also reports
1n the scientific hiterature of pregnant patients with Parkinson’s disease who expernience
worsening of "Off" , the imndication that the sponsor intends to treat with this drug It seems that
the sponsor’s arguments do not adequately support the waiver of reproductive toxicity studies for
the pharmacology/toxicology reviewer, Dr Roney This 1s a major data gap 1n the prechimcal
database

The chemustry section of the application sets specification of — for a pair of degradation
products 1n the drug product This 1s above the threshold for qualificahon —.  at the proposed
chinical dose levels Dr Roney beheves that the sponsor needs to erther lower the specification
for these impunties or conduct a qualification study (a four to 13 week study 1n a single species)
to assess the potential for the degradation product to affect the safety of the drug product Dr
Roney dose not consider 1t necessary to conduct genotoxicity studies to qualify the degradation
products because APM 1s strongly genotoxic in 1ts own rnight

Recently we learned that carcinogenicity studies at the highest dose in females resulted 1n

sarcomas at mnjection sites using a p-53 amimal model ~
- o for sublinual
APM - Males were not able to tolerate the highest dose These

sarcomas occurred at an exposure similar to that planned for humans This 1ssue 1s of potentially,
significant concern

The sponsor has not conducted preclinical studies on metabolism Neither 1s the metabolism of
APM 1n humans clearly understood There appears to be a need for studies to clarify metabolic
pathways i both amimals and humans Both species should be studied Despite the fact that
human metabolic data would be of paramount interest, collecting information on metabolism 1n
amimals would also be important to show that metabolism 1s relatively similar and therefore
preclimcal studies conducted 1n amimals have potential relevance to humans There could be a
concern 1f humans generated a umque metabolite not generated in animal toxicology studies or 1f
humans generated much higher amounts of one or more metabolites than are generated 1n
animals species upon which toxicology conclusions rest If either of these possibilities 1s the
case, then additional toxicology studies would be needed 1n a species that mimics human
metabolism to show that toxicological results from that species are relevant to humans

In summary, preclinical studies suggest that the dose limiting toxicity associated with APM are
central nervous system signs associated with excessive pharmacological stimulation of dopamine
receptors The studies also suggest that there 1s potential for effects on the male reproductive
system, but definitive reproductive toxicity studies have not conducted in male or female
anumals Carcinogenicity studies have not been conducted, but the sponsor has requested
permission to conduct these studies post approval, which 1s acceptable The sponsor should also
conduct dose range finding studies for carcinogenicity studies in mice prior to approval Studies
that can be conducted as phase IV commitments include the carcinogenicity studies, 1n vivo
micronucleus test, and the combination study Preclinical metabolism studies are also needed
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6 FINANCIAL DISCLOSURE

All principal investigators 1n the pivotal efficacy studies (1 ¢ Studies APO- 202, 301, 302, 303 )
completed financial disclosure forms certifying that there were no financial conflicts
Considening the individuals who had completed the forms, there did not appear to be any
mstances 1nvolving a financial confhict

7__DATA SOURCE DESCRIPTION

The source of data for this NDA review was contained 1n the original rolling NDA submuission
that began 1n 5/02 The Clinical section (#8) was submitted in S eptember 2002 In addition, the
sponsor has made numerous document submissions in response to my questions and requests for
additional data, data presentations, and/or data analyses The sponsor also submutted a ISS Safety
Update that was recerved on 1/2/03 and started the review clock because critically desired ECG
data and analyses were not submitted until then

8 FDA BIORESEARCH MONITORING PROGRAM INSPECTIONS

Inspections of 3 sites (Study 202, Investigator-Hutton, 14 patients, Study 303 Investigator-
Trosch, 8 patients, Study 303, Investigator-Murphy,10 patients) involved 1n p1votal trials were
conducted by the Division of Scientific Investigation (DSI) n May and early June 2003 Reports
have not been wntten and provided yet Ihave been told by Dr N1 Khin 1nn DSI that there were
no 483 regulatory violations with Investigator sites Hutton and Trosch There were three minor
483 1tems related to adverse event reporting 1n the study subject files

9 HUMAN PHARMACOKINETICS and PHARMACODYNAMICS

APM 1s a potent, short-acting, dopamine agonist Its mechanism of action 1s beheved to mvolve
primanly the stimulation of dopamine receptors n the corpus striatum, which leads to anti-
parkinsonman activity

The hiterature showed that for subcutaneous (SC) admimstration, APM 1s rapidly absorbed with
complete absorption The plasma to whole blood concentration ratio was equal to one Plasma
protemn binding of APM was estimated at greater than 99 9% over a range of 1257 ng/mL to 3112
ng/mL Tmax ranges from approximately 10 to 60 munutes with most subjects achieving
maximal plasma concentrations between 20 to 40 minutes APM 1s distributed into CSF with
peak concentrations of less than 10% of the peak plasma concentration and occurring 10 to 20
minutes after those 1n the plasma .
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APM 1s rapidly cleared from plasma Renal ehmnation of unchanged or comugated R-
apomorphine is not a major route of ehmination mn humans The catechol-O-methyl transferase
(COMT) metabolite 1s undetectable In vitro study showed that APM 1is subject to photo
degradation and autooxidation Following SC admimstration to the abdomen, APM
pharmacokinetics are most commonly described as biphasic The tj; o was 14 2 + 6 8 munutes
and ti; 3 was 69 7 + 26 minutes Although the Ty, elimation for subcutaneous apomorphine
based upon literature and Bertek’s PK program 1s considered to be approximately 1 hour, the ty
elimnation for sublingual APM ) - L.
was approximately 2-3 hours The influences of age, gender, weight, duration of Parkinson's
disease, L-dopa dose and duration of therapy, and clinical state were not sigmficant for APM
clearance i humans Possible pharmacokinetic (PK) as well as pharmacodynamic (PD)
mteractions between levodopa and APM have been reported

A strong correlation between the CSF concentration of APM and i1ts effect have been
demonstrated The pharmacokinetics and pharmacodynamics have been described as "quantal”
with a threshold concentration below which no therapeutic response 1s seen Increasing
concentrations above the threshold may prolong the duration of therapeutic response, but do not
elicit a greater magnitude of response

Although lhiterature studies provide a general understanding of the clinical pharmacology of
apomorphine, there are several 1ssues of concemn It 1s not clear what the major route of
elimmation 1s and what proportion each route accounts for elimimation of APM Neither 1s the
precise quantitative role that autooxidation plays in the clearance of APM clear The mmpact of
renal and hepatic impairment on the pharmacokinetics of APM had not been previously clanfied

The applicant conducted 3 in vitro metabolism studies and 6 human pharmacokinetic studies
The 1n vitro studies explored the metabolic routes, mnduction and mhibition potential of APM
These results suggested that it 1s unlikely that there would be metabohsm-based drug-drug
interactions between APM and other drugs via CYP enzyme metabolic transformations The
pharmacokinetic parameters for APM HCl obtained mn these studies were simlar to those
reported 1n the hiterature The results indicated pharmacokinetic dose proportionality over the
dosage range (2 mg to 8 mg) n 1diopathic Parkinson's disease patients APM did not have a
tendency to accumulate 1n patient's with 1diopathic Parkinson's disease A PK/PD analysis
patients with Parkinson’s Disease showed that the improvement 1n motor function following
subcutaneous APM admumistration occurred within 10 minutes (peak effect occurred around 40
minutes after dosing) and persisted for approximately 90 minutes The ECso 1in patients with
Parkinson's disease 1s 10 7 ng/mL and 5 3 ng/mL for the UPDRS motor scores and the modified
Webster step second test scores, respectively A simulation based on this model showed that
doses more than 6 mg did not produce significant extra improvement of UPDRS scores
compared to lower doses whereas dose-dependent decreases were shown for blood pressures
(systohic and diastolic) and pulse Based upon results of this simulation, 1t might also be desirable
to increase dose by 0 5 mg mstead of 1 mg

Page 30



The apparent clearance of 280 L/h, which 1s higher than hepatic blood flow, supports the
exastence of autooxidation of APM as an elimmation route However, the m vivo evidence of
autooxidation was not provided Furthermore, autooxidation could not account for most of the
APM ehminated The major route of elimination 1s not clear In addition, B

) T A mass balance study
1s recommended to clanfy this 1ssue Neither 1s the metabolism of APM clearly understood 1n
animals

The patients with moderate hepatic impairment had 24% higher C.x and 9% higher AUC
compared to the normal subjects The patients with moderate renal impairment had 50% higher
Crax and 15% higher AUC compared to the normal subjects In patients with moderate renal
immparrment, the starting dose 1s recommended to be 1 mg (reduced from the proposed starting
dose 2 mg) by the Biopharmaceutical review, Dr Duan A cartndge (3-mL) was developed for
use 1n a multiple use pen with benzyl alcohol as preservative, while the 2-mL ampoule was used
1n all the chinical tnals conducted by the applicant In an amendment, two bioequivalence studies
were submitted Based on the study results, and considering that benzyl alcohol 1s not expected to
interfere with the pharmacokinetics of apomorphine, the cartridge formulation 1s considered to be
bioequivalent to the chnical formulation (ampoule formulation)

There did not appear to be a significant problem with adverse events related to local injection of
the APM formulation (2 mg) contaiming benzyl alcohol I asked the chemistry reviewer and
pharmaocology/toxicology review what 1s the maximal amount of benzyl alcohol that 1s
permitted 1n other approved products contaming benzyl alcohol I would like to compare this
with the amount to be mjected with a high dose of APM such as 10 mg I have not recerved an
answer It would be desirable for the sponsor to charactenize the local reaction profile to
administration of a range of hugher doses (1 € > 2mg, up to 10 mg single doses) contaming the
preservative benzyl alcohol Considening that the sponsor only studied single injections of 2 mg
with benzyl alcohol, 1t 1s possible that there might be an increased incidence of local mjection
site reactions to much higher APM doses contaimning larger amounts of benzyl alcohol

A more detailed review of PK/PD information and 1ssues can be found i the review of the
Biopharmaceutical reviewer, Dr John Duan

10 EXPOSURE AND DOSING FOR APOMORPHINE

A total of 536 umque patients (as of Safety Update) were treated 1n the trials conducted by the
sponsor Table 2 shows the breakdown of the various numbers of patients who were treated in
the controlled tnals and /or 1n the open-label safety trial (APO401) Most patients (1 e 508) were
treated 1n the safety study based upon mitial treatment 1n that study or imtial treatment in a
controlled study followed by subsequent treatment 1n this open-label extension, safety study
There were 33 patients who were mitially treated in a randomized, controlled study who did not
subsequently enroll in study APO 401 Table 2 further indicates that 121 patients received APM,
104 patient recerved placebo, and 66 patients recerved both study medications in the randomized,
controlled studies
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Table 2 Exposure of Nuinber of Patients to APM and / or Placebo in Controlled
Studies and/or Open-Label Safety Study
Treated with | Not Treated
APM n V\(lth APM 1n
Treated 1n Controlled Study Open-Label Open-Label
Any Sponsor Safety Study | Extension
Study APO401 Safety Study
After Treat-
ment 1n
Controlled
Study
Any Rx
APM, APM Placebo
Placebo or
Both
APO 202* 29 20 9 13 16
(controlled) (8 ¢ -APM, (12°-APM,
5 *-Placebo) | 4-Placebo)
APO 301° 17 16¢ 17 0 17
(controlled)
APO 303 ¢ 51 50 51 51°¢ 0
(controlled)
APO 302 ¢ 62 35 27 51° 0
(controlled) (not counted | (not counted | (not counted | (not counted
1n total 1n total 1 total 1 total
because because because because
counted as counted as counted as counted as
part of study | part of study | partofstudy | partof study
APO401) APO401) APO401) APO401)
APO 401 444 °¢
(open-label
safety)
Total 159 121 104 508 33
# Parallel group study design of patients who were naive to APM
® Cross-over study design of patients who had been treated with APM for > 3 months
¢ Cross-over study design of patients who were naive to APM (except for single dose exposure to 2 mg) APO303

was substudy of APO401 Patients were simultaneously enrolled 1n studies APO303 and 401 and were subsequently
treated 1 APO401 at the completion of APO303
9 Parallel group study design of patients who had been treated with APM for > 3 months in study APO401 APO302
was a substudy of APO401 and patients were simultaneously enrolled 1n both studies Patients enrolled 1 study
APO302 came from Study APO401 and were subsequently returned to Study APO401 at the completion of treatment

m APO302

€ Counted as 1 of 536 umque patients treated with APM in development program (25-AP0202, 51-AP0303, 16-
APO301, 62-AP0302, 444 directly treated in APO401) This exposure mcludes 20 new patients who entered
APO401 between data cut-off dates for the ISS and Safety Update
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The safety mformation contained in the ISS and Safety Update 1s denved from 5 phase 2/3studies
conducted by the sponsor A total of 536 unique patients participated in all studies as of the
Safety Update Based upon the cut-off dates used for the ISS Safety Update, the sponsor
presented data and analyses for 536 unique patients and provided a prospective safety expenience
of approximately 419 patient years of APM treatment consisting of 311 patients treated for > 6
months and 171 patients treated for > 12 months The Safety Update provided updated safety
expertence on 20 new patients who enrolled in study APO401 between data cut-off dates for the
ISS and Safety Update and on the 278 patients who had continued 1n study APO401 The vast
majority of patients (1 e 508 as of 5/31/02) had participated in the main safety study (APO401)
The ISS submutted had provided data on 306 patient years

The sponsor makes a point 1n the ISS that 1ts patient exposure estimates are based upon
completed CRFs Considenng this, the sponsor noted that not every patient in APO401 had a 6
month visit after the scheduled 4 months visit but that the next visit was at 8 months Thus, CRF
data would shightly underestimate the experience in patients treated up to 6 months but whose
exposure was not captured on CRFs

I created tables showing patient exposure by gender at > 6 months and > 12 months based upon
ISS tables using CRF data presented 1n the Safety Update Table 3, Table 4, and Table 5 show
the tabulation of cumulative long-terrm APM exposure of patients by the average prescribed APM
dose using vanous dose cut-off thresholds (e g 4, 6, or 8 mg) These tabulations also indicate a
further breakdown by gender and the cumulative exposure time (e g > 181 days and > 366 days)
When the 6 mg dose cut-off 1s applied (Table 4), 1t 1s apparent that a relatively small number of
patients (e g 41) and percentage of patients (e g 13 %) were exposed to APM for 6 months or
longer considering an average single injection dose of > 6 mg When this same dose cut-off 1s
applied for exposure to APM for 1 year or later, not surprisingly, the number of patients (e g 19)
and percentage of patients (€ g 11 %) become smaller When the next cut-off of 8 mg 1s applied
(Table 5), it 1s clearly apparent that there 1s mumimal exposure to an average single mjection dose
above 8 mg For example, only 11 patients (4 %) were treated with an average single injection
dose above 8 mg for 6 months or longer and only 2 patients (1 %) were treated with an average
single 1mjection dose above 8 mg for 1 year or longer Based upon these data analyses, 1t would
seem that there 1s significant long-term exposure safety data to support 6 mg as the maximal
single mjection dose Considering data in Table 4 and Table 5, 1t appears that the number of
patients who were treated with a single injection dose that was greater than 6 mg not but did not
exceed 8 mg was 30 patients for 6 months or longer and 17 patients for 1 year or longer Thus, a
relatively small experience of long-term exposure safety data has also been collected at the
average single dose range of > 6 — 8 mg In view of all these data, I believe that there 1s
substantial long-term safety experience to support a single dose of APM up to 6 mg and himted
data to support consideration of 8 mg as the maximal single dose
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Table 3 Tabulation of Cumulative Apomorphine Exposure data by Average a
Prescribed Apomorphine Injection Dose and Gender Using a Cut-Off of 4 mg

Average Cumulative Apomorphine Exposure | Cumulative Apomorphine Exposure

Prescribed

Apo- > 181 days (6 months) > 366 days (12 months)

morphine

Injection (311 total Parkinson’s disease (171 total Parkinson’s disease

Dose patients) patients)

Males Females | Total Males | Females | Total
<4 mg 121 6 189 (61 %) | 70 37 107 (63 %)
>4 mg 88 34 122 (39 %) | 47 17 64 (37 %)
Table 4 Tabulation of Cumulative Apomorphine Exposure data by Average

Prescribed Apomorphine Injection Dose and Gender Using a Cut-Off of 6 mg
Average Cumulative Apomorphine Exposure | Cumulative Apomorphine Exposure
Prescnbed
Apo- > 181 days (6 months) > 366 days (12 months)
morphine
Injection (311 total Parkinson's disease (171 total Parkinson's disease
Dose patients) patients)

Males Females | Total Males | Females | Total
<6mg 181 89 270 (87 %) | 105 47 152 (89 %)
>6mg 28 13 41 (13%) | 12 7 19 (11 %)
Table 5 Tabulation of Cumulative Apomorphine Exposure data by Average

Prescribed Apomorphine Injection Dose and Gender Using a Cut-Off of 8 mg
Average Cumulative Apomorphine Exposure | Cumulative Apomorphine Exposure
Prescrnibed
Apo- > 181 days (6 months) > 366 days (12 months)
morphine
Injection (311 total Parkinson's disease (171 total Parkinson's disease
Dose patients) patients)

Males Females | Total Males | Females | Total
<8 mg 203 97 30096 %) | 116 53 169 (99 %)
> 8 mg 6 5 11 (4 %) 1 1 2(1%)
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Dose and Frequency of Use of APM

Table 3, Table 4, and Table 5 provide information on the average prescribed APM dose for long-
term exposure for all patients and also according to gender Considering all 536 patients treated
with APM for any time, 19 % used an average dose of <2 mg, 45 % used an average dose of > 2
mg up to 4 mg, 24 % used an average dose of > 4 up to 6 mg, 9 % used an average dose of > 6
mg up to 8 mg, and 4 % used an average dose of > 8 mg up to 10 mg The most common dose
range used was > 2 mg up to 4 mg and the vast majonty (~ 87 %) of patients used an average
mjection dose of <6 mg Thus, a total of 69 patients had received an average dose of > 6 mg for
any duration and 22 patients had received an average dose of > 8 mg for any duration There
were 110 patients who received at least a single dose > 6 mg and only 34 patients received at
least a single dose > 8 mg for any duration Overall, the extent of expenience with doses above 6
mg 1s relatively limited

Although study APO202 (maximum number daily mjections permutted = 5) collected diary data
about the frequency of APM use, the bulk of this expenence about use comes from study
APO401 (maximum number daily injections permitted = 10) Diary data were collected by 436
out of 508 patients in study APO401 and provided information about the frequency of dosing
Most patients (73 %) administered an average of 1- 4 injections daily Some patients used a
higher range of daily injections such as >4 up 7 (20 %) and > 7 (4 %) Few patients (3 %) used
APM relatively rarely such as on an average basis of less than 1 injection daily The average daily
mjection frequency of all patients was 3 0 with a range of 0 to 9 3

Patients m studies APO202 and APO401 (including substudy APO303) were allowed the option
to repeat an 1yection of APM if a patient had not expenienced an adequate therapeutic response
by at least 20 minutes after injection Considering that the mean Tmax 1 many subjects 1s around
20 minutes and that Tmax usually occurs in most subjects between 20 — 40 minutes after
mjection, it seems that repeating an injection as early as 20 minutes after APM could be
unnecessarily premature 1n many patients Although study of patients showed statistically
signmficant benefit/improvement in UPDRS motor score at 20 minutes, this may be a relatively
early time to repeat an injection 1n significant numbers of patients based upon pharmacokinetic
and pharmcodynamic considerations and the vanation of mdividual responses Furthermore,
study APO303 showed that changes in UPDRS motor scores from baseline were greater at 40
minutes than those at 20 minutes and the mean Tmax 1n some of the sponsor’s PK studies was
approximately near 40 mmutes Repeating injections at too frequent intervals could result in
significant plasma accumulation of plasma APM levels and also increased and possibly
unnecessary toxicity Study 073 that investigated PK and efficacy effects of repeat dosing in a
few patients (e g 6) repeated dosing at 90 minute mtervals Thus, 1t 1s not clear how “safe” it 1s
to repeat an 1njection an short intervals and what the minimal dosing interval should be

The sponsor presented limited information about repeat APM dosing at short mntervals because of
inadequate therapeutic response The sponsor’s Listing 29 0 in the ISS Tables showed diary
mformation (e g timing data for 133 injections) about repeat dosing within 30 minutes of a
previous mnjection m 59 patients The majority (71 mjections or 53 %) of these repeat imjections

Page 35



appeared to be a protocol violation because they occurred before 20 minutes after the previous
mjection There were many nstances (21 mnjections n 15 different patients) m which a repeat
mjection occurred within 5 minutes and 3 nstances in 3 different patients in which the repeat
mjection was recorded to have occurred at 1 minute!

It was difficult to understand how commonly shortly repeated injections occurred overall, the
distnibution of when 1t occurred within a 2 hour dosing interval and what was the outcome 1n
terms of efficacy and safety Consequently, I asked the sponsor the following questions to try to
understand what was the expenence for repeating an injection “shortly” after one mjection of
APM I consider this to be important information that needs to be considered relative to
describing an appropnate dosing interval in the label

1 How many different patients (in all studies) took a repeat injection of APM a "short"” time later
if they did not experience a response within a "short time after their injection ?

2 Do you know the total number of times that a repeat injection was administered (in all studies)
because of no response or an inadequate response "shortly” after the injection of APM?

3 Do you know the average number of times this occurred on a per patient bass for each patient
who ever did this?

4 Do you know the average time interval between the original injection and the repeat
injection?

5 Do you know the range (mimimum and maximum times) for the time interval between the
original injection and the repeat injection?

6 Do you know the frequency distribution of repeat injections relative to the time interval
between the original injection and the repeat injection? For example, you nught show that 20
patients adnministered repeat injections between 20 to 30 minutes, 50 patients administered

——— repeat injections between 31 to 60 minutes, and 30 patients administered repeat injections
between 61 to 120 minutes after the "failed"injection

7 Do you have any information on the efficacy and safety of repeat injections such as how
[frequently a repeat injection was successful for reversing "Off” and the frequency of developing
adverse reactions (if so, what were they by type and number?) associated with the repeat
injections?

As of 6/3/03 I had not yet received a response
The sponsor has not yet conducted studies showing the expenience of patients and caregivers for
using the cartndge myection device for APM It would be desnable to see an experience of

patients and caregivers using the cartnidge device for injecting APM and to show that the toxicity
profile 1s not dissimilar than the one demonstrated for using APM from ampoules Conceivably,
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there could be a higher error rate involving APM admmustration via the cartridge device and
potentially a more toxic safety profile

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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11 INTEGRATED SUMMARY OF SAFETY (ISS) AND SAFETY

UPDATE

11.1 Reviewer’s Approach to Reviewing the Safety Data Presented and

Analyzed 1n the ISS and Safety Update
The Chmnical section of NDA 21264 contamning the ISS was submutted to the Agency by the
sponsor on 9/17/02 However, ECG data that DNDP considered to be a critical part of the safety
data desired were not included 1n that submission NDA 21264 was being submutted as a rolling
submussion (beginmng 1n 5/02) of various components over time but the review clock was not
supposed to start until DNDP considered that all important data for all disciplines including all
significant safety had been submitted Thus, DNDP told the sponsor that 1t would not consider
“starting the review clock” by filing the NDA until critically desired ECG data were also
submitted By the time that the sponsor was ready to submut these ECG data , the sponsor was
also ready to submit the Safety Update Thus, the sponsor submitted the Safety Update along the
ECG data presentations and analyses and this submission was received by the Agency on 1/2/03
Imtially, DNDP had concerns that the sponsor had not submitted ECG data
presentations/analyses adequately according to recommendations and requirements outlined n
the minutes of the pre-NDA However, after discussions between the DNDP and the sponsor,
DNDP eventually decided toward the latter part of February 2003 to file the NDA as of the
1/2/03 submission date

When I began safety reviewing of this NDA, I already had the Safety Update The sponsor had
incorporated data from the additional Safety Update period into the data contained 1n the oniginal
ISS tables Thus, the ISS tables submitted when the review clock began (1/2/03) contamned all
safety data mcluding mformation from the Safety Update Consequently, when I review safety
data, my review will evaluate information that integrates the ISS safety data from the Safety
Update with safety data submutted 1n the onginal ISS I will focus on all the combined ISS data
and will not usually make a distinction between safety data from the original ISS with data from
the ISS Safety Update Table 6 shows the sponsor’s cut-off dates used for presenting and
analyzing safety data

Table 6 ISS Safety Data Cut-Off Dates
ISS ISS Safety Update
Received by FDA 9/17/02 1/2/03
CRF Data Clock Date * | 12/31/01 5/31/02
SAE & Death 3/31/02 5/31/02
Clock Date Cut-Off

* Study APO303 used a CRF data clock of 1/31/03
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11.2 Reviewer’s Overview of Data Sources for ISS and Safety Update

The safety information contamned 1 the ISS 1s derntved from 5 phase 2/3studies conducted by the
sponsor All studies except APO301 (conducted in the U K ) were conducted inthe US A total
of 536 umique patients participated 1n all studies as of the Safety Update Based upon the cut-off
dates shown 1n Table 6, the ISS Safety Update presented data and analyses for 536 umque
patients and provided a prospective safety expenence of 419 patient years of APM treatment
consisting of 311 patients treated for > 6 months and 171 patients treated for > 12 months The
Safety Update provided new safety experience on 20 new patients who had enrolled in study
APO401 between the oniginal data cut-off date and the new data cut-off date and updated safety
experience on the 278 patients who had continued 1n study APO401 The vast majonty of
patients (1 ¢ 508 as of 5/31/02) had participated in the main safety study (APO401) Table 2 (in
Exposure to Apomorphine section) shows the number of patients participating in the various
studies There were two, stand-alone, controlled, efficacy studies (APO202 and APO301) that
were not substudies of the main safety study (APO401)

Study APO202 was a double-blind, placebo-controlled parallel group study of 29 patients (naive
to APM) who were studied as mpatients over approximately 1 week followed by an outpatient
phase over 4 weeks Patients from this study were allowed to enter an open-label, extension
phase (Study APO401) to collect additional safety expernience

Study APO301 was a double-blind, placebo-controlled cross-over study of 17 patients were
treated with a single mjection of APM or placebo on 2 separate days Prior to study enroliment,
these patients had been treated chronically with intermattent injections of APM for a period of at
least 3 months These patients, who were studied in the U K, did not have the opportunity of
participating in Study APO401 to collect additional safety expernience

Study APO401 was an open-label trial designed to collect safety experience in newly enrolled
patients or patients who had participated 1n a controlled, efficacy study This trnial was the mamn
basis upon which the sponsor collected safety data prospectively Two other tnals (Study 303 and
302) were substudies of APO401 The schedule of events for APO401 1s shown 1n Table 7

Study APO303 was a substudy of APO401 designed manly to collect orthostatic vital sign (VS)
and electrocardiographic (via Holter) data with respect to dosing 1n patients who were naive to
APM Patients recerved mcreasing single doses of APM (starting at 2 mg and escalating at 2 mg
mcrements up to 10 mg, e g 2, 4, 6, 8, 10 mg) over several days as tolerated under open-label
conditions except at the 4 mg level The sponsor also incorporated a controlled, cross-over
efficacy design evaluation in this tnal by having patients receive either 4 mg APM or placebo on
separate days under double-blinded conditions when patients were escalated to the 4 mg level
After collecting safety data at the 10 mg or highest tolerated level, patients (51) were then
followed for a period up to 6 months to collect safety data before offered the opportunity of
contmuing to be followed in APO401 to collect additional safety experience Patients were
simultaneously enrolled in Study APO303 and APO401 and were followed in APO401 after
completing APO303
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