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‘[Mpodreccop dpapmakonorum B LLKONe Meanko-6Monornyecknx u
MeauuUMHCKNX Hayk B Koponesckom konnemxe JIoHgoHa.
[ MaBa nccregoBaTenibCKoU rpynnbl HempoaereHepaTUBHbIX
3aboneBaHui.
OnpekTop HaunoHaneHoro poHaa lNapknHcoHa LieHTp nepenoBoro
onbITa.
[Mpodoeccop [keHHep BHeCNa CBOW BKIlad B pa3BUTME HOBbIX
TepaneBTUYECKNX NOAXOO0B K nedYeHnto 06ornesHu NapknHcoHa.



[peaucnosue

B nocneaHue rogbl dounocodusa ansa nevyeHmna 6onesHu
[TapkuHcoHa (BbI1) 6bin nepeHeceH Ha boree wmpokoe
ncnosnb3oBaHne 6e3 cnopbiHbM aroHUCTOB AoddaMUHa flekapcTBa,
Takne Kak npammnekcon n ponnHMporsi, o0COBEHHO B paHHUX
ctaguax bonesHn. B aton npeseHTauum, obocHoBaHME NX
ncnonb3oBaHus B Ha4varne PD u B ero bosee no3gHux ctagmax
nayyvaertcs.licxoosa ns nx papmakonornyeckmx apdektos n dbonee
ONNTENbHbIM OENCTBMEM, NCMOSb3YeTC AN 0ObACHEHUS
KITMHNYECKOW 3(PJEKTUBHOCTM aroHUCTOB AodhamMuHa ur
NpUBEOEHHbIN NOoTeHUuan ans MHAyKUMn auckmHesnn. MNpobremsol
BO3HMKawoLWme npu godamMmmHeprmyeckux rnpenapartos B obLLeM,
Takune, Kak COH atak U KOMMYNbCUBHOIO NoBeaeHns, OObSACHATCA U
cTpaTternn ux KNMHUYeCcKoro BeAeHna npeacrasneHbl. HakoHel,
noTeHunasbHble doapMakoKMHETUYECKNE U hapMaKkoanHaAMUYecKne
B3aMMOOEeNCTBUA UCCcrefoBaHbl, YTOObI rapaHTUpoBaTh, YTO
aroHMUCTbl godhamMmnHa ncnonb3yeTca Ana nydwero apdekrta B
nedeHunn A1 n ¢ camon BbICOKOMN TOYKM 3peHNA BE30MacHOCTMW.

Yamamoto M, Schapira AH. Expert Rev Neurother 2008;8(4):671-7.
Jenner P. Neurology 2002;58(4 Suppl 1):S1-8.



ConepxaHue

* Ponb aroHncToB godammHa B fie4eHnn 6onesHu
[TapkuHcoHa (bI1)

* AroHncToB godamunHa - Papmakosrnornyeckme
npodpuns

* HenponpoTteKkuus

» HapyweHua cHa npu bl

* Mimnynbc ynpasneHusa pacctpoucts npu bl
* ®nodpo3 npu bl

» PapMaKkOKMHETUKA U NIEKAPCTBEHHbIE
B3aMMOOENCTBUS

* AroHucTbl gonamuHa n PD —
* BbiBOADI



Ponb aroHucToB fohaMuHa B
ne4vyeHuu oonesHu NMNapKMHCOHa



[pobnembi B neyenum bl

* [1IBUratenb CUMNTOMbI
Pa3Hoobpa3ne He-gBuratenbHbIX CUMITOMOB
3amensieHne nporpeccupoBaHua 3adborneBaHms
[1Buratenb OCNOXHEeHUU - "n3HalumBaHms",
"BKIMTHOYEHO-BbIKITOYEHO", ANCKNHE3NS
JlekapcTBEHHbIE B3aUMOAENCTBUA N DE30MacCHOCTb

Poewe W. Eur J Neurol 2008;15 Suppl 1:14-20.
Schapira AH. Mov Disord 2007;22 Suppl 17:S385-91.
Pahwa R. J Am Med Dir Assoc 2006;7(7 Suppl 2):4-10. c



Non-Motop Cumntombi PD

HepBHO-NCHUxU4eckne CMMNTOMbI Kenyno4yHo-KuLeYHble
[enpeccuq, Tpesora, CUMMTOMBI
NnaHM4ecKune aTaku, CnoHW, rMoTaHna 1 3anopbl
rannoumMHaumm, rncmxossol,
KOrHUTMBHbIE HapYLUEHNS CeHCcopHble CMMMNTOMBI

Bonb 1 0boHsHNE

HapyLUEHNA CHa ancdyHKUUm
CuHOpoMm 6eCnoKOWHbIX HOT
(CBH) n nepuognyeckue [pyrne cumntomsl
ABMXXeHuna koHeyHocten, REM YcTanocTb, NOXOAKN U
CHa noBeaeHUNs pacCTPONCTBO HapyLleHna banaHca, peyb
(PocbP), upeamepHoi gHEBHOM MMMNOTEHLMN

COHJINBOCTU, alilHO3 BO CHE

BEreTaTuBHbIE CUMMNTOMbI
®OyHKUMM MOYEBOTO Ny3bIpS,
NOTNNBOCTb, OPTOCTaTMYECKas

TMMNOTEeH3NA, na_/% eT
Ada/'ote from (%haudhurl % ef al. Lancet Neurol 2006:5:235-45.
IANANONNTAWLIIAGAG



Cumntombl y asuratens bll
CMMMTOMaTU4ecKoe neyeHune

JleBogona HenodamumnHeprmnyeckmx
[ekapbokcunasbl MHIMOUTOPBI: npenaparos
beHcepasnaa, kapbuaona AHTUXONUHEPTUYECKUE:
NHrmbutopol KOMT: benzhexol, TpurekcndpeHnann
9HTaKarnoHa, TonkarnoHa [MyTamaT aHTaroHucra:
aMaHTaguH

aroHMUCTbl gohamMunHa

Homepa npenapartbl CNOpPbIHLMY:
NpaMnNEKCOos, PONNUHMNPO,
rotigotine

[MpenapaTbl CNOPbIHLU:
BPOMOKPUNTUH, KabepronuH,
lisuride, nepronuga

MAO-B nHrmbutopos
cernerunvH, pasarunuHa

Nirenberg MJ, Fahn S. In: Principles of Treatment in Parkinson’s Disease; 2005.



CumnTOMaTUYeCKOro fie4eHns ABUraTesnibHbIX
cumnToMoB npwu bl

Entacapone Dopamine
Tolcapone transporter
3-OMD Synaptic . Potstsynapltic
: ; vesicle ermina
Presynaptic terminal in the striatum

from the substantia nigra

—— COMT

Tyrosine l DDC

Iyrosm _ LL)UI-’] @ _)

T

Benzerazide
Carbidopa
Blood-brain barrier ” A
Selegiline A )
Rasagiline VAC Glial cell

Tolcapone

CokpauweHuna: DDC, dopa decarboxylase; TH, tyrosine hydroxylase; L-DOPA, levodopa;
MAO-A, monoamine oxidase A; MAO-B, monoamine oxidase B; COMT,
catechol-O-methyltransferase; D, dopamine receptors; 3-OMD, 3-O-methyldopa

Adapted by permission from Macmillan Publishers Ltd: Youdim MB, et al. Nat Rev Neurosci 2006;7:295-309 © 2006.



AroHucTbl gocamuna npu bll
®apmakonoruyeckue lpenmyllectsa

* [paAmaga ctumynauma peuenTopoB gonamMumHa
HeT HeobxoanmocTn B MeTabonnyeckumm
TpaHchopMaunuamMm gonamMmmHa
AKTUBHOCTb HE3ABMCUMO OT OPYrnx Metabdbonmnyeckmx
nyten (KOMT, MAQO)

He 3aBUCUT OT npecnHanTU4ecKnx
OodaMMHEPIMYECKNX XPaHEHMNE B TEPMUHANAX

Poewe W. In: Principles of Treatment in Parkinson’s Disease; 2005.
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AroHucTtbl gochammHa B nevyeHuu bll

Tepanun nepsou NnuHUM B Hadvane PD
ObecrnevnTb KOHTPOMb ABUraTerbHbIX CUMNTOMOB B
TeYEeHMe HECKOIbKUX NEeT
Hun3kaga yactoTta aBuraTens OCrnoXXHeHuUn
3aJepKka Uucnonb3oBaHUA NeBoAonbl U CBSA3aHHbIX C
HUM OCINOXXHEHUW ABUraTens
[lpegnonaraemble BO3OENCTBUSA HA AENPECCUBHbIE
CUMMNTOMDbI
[lpeanonaraemble HENPOMNPOTEKTOPHOE
NeATenbHOCTU
XOpoLLUo nepeHocuUTcs

Yamamoto M, Schapira AH. Expert Rev Neurother 2008;8(4):671-7.
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ﬂonrocpquoe UCnoJib3oBaH1e npamMmuneKkcosia B

paHHeM Bl
JPdeKTMBHOCTb
|_|pOLI,eHT naymneHToB C ABUIraTesibHbIMW OCJ10O)KHEHNAMN
- ¥ npamwunekcona moHoTepanus(n = 44)
50| W [Tpumanekconz nesogona (n = 151)
B Jlesogona obwas(n = 150)
S 40-
T 30
>
— 20 1
10
0 —

OT4eT 0 gUCKMHE3NA [AUCKnHesnun Ha
Kak NOBOYHbIN AHKeTUpOBaHUS
adopekT

Moooepxkon npamunekcona nevyeHns MoHoTepanuu B Havane pesynesratos 1 B
3HauyuTenbHO Boriee HM3KMe NokasaTenu AUCKMHE3NM MO CPaBHEHUIO C IEBOAOMNOM

Corbin A, Koster J. Parkinsonism Relat Disord 2007;13 (Suppl 2):S106.
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AHTOroHUCTbI AohpamuHa B nevyeHuu bl

CpegHe-u no3gHemn ctagun 3aboneBaHus
[lononHmnTensHOW Tepanmn ¢ NeBo4onou
Pa3pellunTb CHMXeHMe O0o3bl NeBogornb!
PacLunpeHmne npogormknTernbHOCTb adodpekTa
3agepxka "nsHalumBaHua"

[lpegnonaraemble BO3OENCTBUSA HA AENPECCUBHbIE
CUMMNTOMBI
[lpegnonaraemble HENPONPOTEKLINA

Weintraub D, et al. Am J Manag Care 2008;14(2 Suppl):S49-58.
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[pamunekcona PacwunpeHHbIn Bl
JPheKTUBHOCTb

CkopocTtb oteeTa(%)

ITTT Per protocol
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0 0
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0 0
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59.7
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4 0 41.

40, 40,
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30, 30,

(0] (0]

20, | ,

(0]

10, | 10,

(0]

0, . C ,

0 Pramipexole Placebo Rotigotine Pramipexole' Placebo Rotigotine

o

oo ©So

M3MeHEHNA OT MCXOQHOro YPOBHS 40 KOHLA SKCMnyaTalMOHHOIo nepuoga Ans Tpex rpynn nevyeHms
(tf HamepeHue ana neYeHns 1 B COOTBETCTBUK C NMPOTOKONOM HacerneHus); *P < 0.0001 vs. placebo
TPatients with 230% reduction in absolute “off” time.

Reprinted from Poewe WH, et al. Lancet Neurol 2007;6:513-20; SP 515, with permission from Elsevier.
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AroHucTtoB gohammuHa
dapmMakonormyeckue npouns



MoaTunbl AothaMUHOBLIX peLienTopoB

D1-like receptors

D2-like receptors

D,

Dy

Missale C, et al. Physiol Rev 1998;78:189-225.

Poewe W. In: Principles of Treatment in Parkinson’s Disease; 2005.
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peLenTop B3auMoaeNCTBUSA

Homepa ansa crnopbiHbH CnopbiHbS aroHUCTOB

aroHNCTOB
HecenekTunBHble

CenekTuBHbIN OAnd

0o0dPaMUHOBbIX 3aKOH O

peLenTopoB HOopagpeHeprn4yeckon um
CEPOTOHNHEPITNYECKOU

CenekTuBHbin anga D2- peuenTop.l

noaobHble pelenTopsl

CEMbU HeT n3duparenbHOCTU
ansi noaTunoB

He B3anmMoOencTByeT C peLenTopoB AopamMmHa

D1-nogobHble

MillarRﬁ !'E?alzl-ygglr?};acol Exp Ther 2002;303(2):791-804.
Kvernmo T, et al. Clin Ther 2006;28(8):1065-78.



U3bupatenbHocTb ana D3 godamnHOBLIX peLenTopoB

7.8
NMpuManeKkcon iy

ponuHMpor W 1.3
Kabepronvs M 0.5
MNeprorivg N 0.4
BpomokpuntuH M 0.4

Ratio of binding affinity (K-values): the higher the number, the higher
the affinity for D, vs. D,

Reprinted from Kvernmo T, et al. Clin Ther 2006;28:1065-1078, with permission from Elsevier.
Brecht HM. Akt Neurol 1998;25:5310-S316. 18



D3 peuenTopbl B MO3ry
PacnpeaeneHue

“Motop obnactun" - D3 peuenTopbl
NOTEHUMANbHYO TEpaneBTUYECKYH
MULLEHb

Caudate nucleus

Accumbens “amen
al tegmental area

Amygdala
_ / Substantia nigra

D3 peuenTtopos B Mesonmm6mqe\0|<017|
noamMmnHepruieckon CUCTeMbI MOTFYT ObITh
BOBI1€Y€Hbl B HACTPOEHUM U NOBEAEHUN

mesolimbic pathway D, receptor

Joyce JN, et al. Brain Res 2002;955:138-52. .

Kvernmo T, et al. Clin Ther. 2006; 28:1065-78. 19



AroHucTbl godhammnHa
Cnocob npumeHeHus 1 bBuogoCTYNHOCTL

1/2°

L-DOPA Pramipexole Ropinirole
Total dosage, mg/d Up to 2000 mg/d | 0.375—4.5 (salt) 3—-24
No. of daily doses 3-8 K K
Oral bioavailability, % 99% >90 50
Elimination t, ., h 1.5 8-12 6

Poewe W. In: Principles of Treatment in Parkinson’s Disease; 2005.
Deleu D, et al. Clin Pharmacokinet 2002;41(4):261-309.
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HenpepbiBHas gothammHepruyeckon CTUMynaumm
(CDS)

* dusmonormyeckaa CTUMynsaums nNosiocaToun
00daMUHOBbLIX PELIENTOPOB ABMAETCS HEMPEPbLIBHLIM
N TOHUK
[lodbamuHeprmudyeckon ToH Tepsetca B PD
[Tynbcupytolero CTUMynaumm KoOpoTkoro 4encTeugd
TakuMx npenaparos, Kak nesBogorna npon3sBoanT
HEHOpMaJsibHOE OTBET M MOTOPHbIX OCITOXXHEHWUI
[lnnTenbHOro 4eENCTBUA aroHNCTOB AoPaMuHa, Takue
KaK npamuneKkcosn n ponnHMpon Nnpon3BoanTb
HenpepbIBHY 40daMUHEPTNYECKON CTUMYMALNN U
HUXXHME YacTOTbl ABUraTens OCroXXHEHNN MO
CpaBHEHUIO C N1IeBOAOMNOU

* dusmonormyeckaa CTUMynaums nosiocaToun

Olangil OCREAMIAHG BllXsPRUSATOREB ABRAETCA HENpepbIBHbIM
Barong R-Neyralegy 2003;61(6 Suppl 3):512-6.



OonamuH Ucnonb3ynte aroHUCTUYHO B PaHHEM
OuckuHesun PD

Dyskinesia by study’s end in the dopamine agonist and levodopa comparison studies

Dopamine agonist-treated subjects had a significantly lower risk for development
of dyskinesia

¥ Levodopa

B Dopamine agonist

% subjects with dyskinesia
o 6.? O S K01 KO W @ B &S o
|

Ropinirole Study Pramipexole Study ~ Cabergoline Study

Reprinted from Hubble JP. Neurology 2002;58(4 Suppl 1):S42-50, with permission from Lipppincott,
Williams & Wilkins.
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Continuous Dopaminergic Stimulation (CDS)

* A useful hypothesis for explaining differences between
L-DOPA and dopamine agonist drugs

* Not proven clinically or experimentally

Nutt JG. Mov Disord 2007;22(1):1-9.
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Continuous Dopaminergic Stimulation (CDS)
in Clinical Practice

« Dopamine agonists always compared to L-DOPA

* No comparison between short-acting and long-acting
dopamine agonists

* No comparison of drugs with different half-lives

* No comparison of standard oral L-DOPA with more
continuous delivery

(Exceptions: apomorphine and L-DOPA infusions)

Jenner P. Neurology 2004;62(1 Suppl 1):S47-55.
Nutt JG. Mov Disord 2007;22(1):1-9.

24



Continuous Dopaminergic Stimulation and PD

» Controlled-release levodopa + carbidopa produces
the same prevalence of dyskinesia as standard
levodopa + carbidopa — poor pharmacokinetic profile

 Long-acting dopamine agonists (pramipexole,
ropinirole, cabergoline) produce low levels
of dyskinesia, but there is no correlation between risk
of dyskinesia and biological half-life

Jenner P. Neurology 2004;62(1 Suppl 1):S47-55.
Nutt JG. Mov Disord 2007;22(1):1-9.

25



Dopamine Agonists and Dyskinesia

Risk Compared to Levodopa

< 044

o

o
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» o -
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o 0

t,,= 63-110h

Pramipexole Ropinirole

Inzelberg R, et al. Drugs Aging 2003;20:847-55.
Kvernmo T, et al. Clin Ther 2006;28:1065-78.

Cabergoline
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Continuous Drug Delivery and PD

» Levodopa plus COMT
iInhibitor
* Intrajejunal administration

— levodopa

 Transdermal
administration —
rotigotine, lisuride

Nyholm D. Clin Pharmacokinet 2006;45(2):109-36.

 Subcutaneous infusion
— apomorphine

- Extended release (ER)
preparations —
dopamine agonists

27



Continuous Drug Delivery and PD

—
o
(@)

* *Apomorphine 2 mg/kg injection

-
o
|

Apomorphine implant

1“\\\;/L

Apomorphine plasma concentration (ng/mL)

-

| L) ) I I
days

Bibbiani F, et al. Exp Neurol 2005;192(1):73-8.

6 months
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Continuous Drug Delivery and PD

10 Primate #
, 6,7
PULSATILE stimulation
dyskinesias within 7-10 days

o

o

o

(7))

©

‘0

9]

c

S

(7]

>

]

CONTINUOUS stimulation
NO dyskinesias up to 6 months
1 Primate #
0 it 1,2,3,4
| | L]
L weeks 3 months 6

Abnormal Involuntary Movement Scale

Bibbiani F, et al. Exp Neurol 2005;192(1):73-8.



Pramipexole Extended Release (ER)

Pramipexole
Arithmetic mean (linear

le)

1
> 0 4| —=— IRtablet 1.5 mg tid (N=24) —=—ER tablet 4.5 mg qd fasted (N=24)
8

Pramipexole plasma conc
JLng/mJ”]
1 1 I 1 L
| ; !
Q
()
i

Plasma concentration time profiles of
pramipexole after administration of
4.5 mg pramipexole ER g.d. or 1.5 mg
pramipexole immediate release (IR)
t.i.d under fasted conditions

12 Time [hours]

0

2 —
v= y T T T T T T T T T
9 10 10 10 112 116
6 0] 4 8
Pramipexole
Arithmetic mean (semi-log
13 scale)
s 0 3
= ]
& P'<=:::7:>‘
(&]
© 14 —a
IS 4
o
o —]
25
) =
x
Q
2
IS
o
o —e— |R tablet 1.5 mg tid (N=24) —=— ER tablet 4.5 mg qd fasted (N=24)
S T T T 4 I 4 I 4 I
1 9 10 10 10 112 116

6 0 4 8

For IR, only the plasma concentrations
after the first two daily dosages were
followed

12 Time [hours]

0

Hartter et al. Neurol 2008;3(S15):96(P1244). All rights reserved.
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Nocturnal Benefit — What the Patient Needs

A good night's sleep
Address disturbances in both patient and partner

Correct too little medication:
— Drug treatment wears off over night and parkinsonian symptoms return
— Patients cannot get to sleep, stay asleep, roll over or get up to use bathroom

Correct too much medication:
— Agitation/sleeplessness
— Dyskinesia disrupts sleep
— REM sleep behavioural disorder
— Vivid dreams, nightmares, hallucinations

Barone P, et al. Neurology 2004;63(8 Suppl 3):S35-8.
Guttman M, et al. CMAJ 2003;168(3):293-301.
Chaudhuri KR. Eur J Neurol 2002;9 (Suppl 3):40-3.
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Early Morning Akinesia — What the Patient Wants

* To wake up mobile
 To be able to get out of bed, wash and dress

e Usual scenario:
— Wakes up “off”
— Needs to take medication and wait for “on”
— Start of effective day delayed
— Quality of life reduced

Guttman M, et al. CMAJ 2003;168(3):293-301.
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Diagnosis - Treatment Options

| Diagnosis

Decision to refer
to neurologist

Y

| Decision to treat r

Yes

Evaluate patient
characteristics and
degree of disability

€

Mild motor disability and no
cognitive impairment

-

Moderate/Severe motor
disability and no cognitive
impairment

=
Moderate/severe disability
and age 70—75+ years
or with significant
co-morbidity including
cognitive impairment

¥

¥

Y

Begin dopamine agonist or
MAO-B inhibitor

‘ Begin dopamine agonist ‘ ‘

Begin levodopa*

*However, DAs may also be considered in patients aged 70-75+ if they have no cognitive impairment
Adapted from Schapira AH. Arch Neurol 2007;64(8):1083-8.

KK



Decision Pathway for Sequence and Combination
of Drugs in Advanced PD

I Levodopa I I Dopamine agonist I I MAO-B inhibitor

Y Y Y

I Additional symptomatic benefit required

Y

! Refer to neurologist !

Begin dopamine
agonist
if not already started

Y Y

Consider MAO-B Titrate to maximum
inhibitor response or as symptoms
if not already started progress

v v

I Disability requiring additional therapy I

Y

Start levodopa if
not already started

Titrate to maximum
response or tolerance

Adapted from Schapira AH. Arch Neurol 2007;64(8):1083-8.



Dopamine Agonists in PD

Combination with

Prevention of

Agonist: Monotherapy in L-DOPA in .mot.or Treatment c?f
early PD complications and| motor fluctuations
advanced PD .
dyskinesias

Pramipexole IR* Effective Effective Effective Effective
Bromocriptine Probably efficacious Effective Probably efficacious | Probably efficacious
Cabergoline Insufficient data Effective Effective Probably efficacious
Ropinirole IR* Effective Insufficient data Effective Effective
Rotigotine Effective Effective Insufficient data Effective
Ropinirole ERT Effective Insufficient data Effective

Rascol O, et al

Effective
ancet 2002:359:1589-98

el freaidiérddasliserd e0iantedvaihse

Horstink M, et al. Eur J Neurol 2006;13:1170-85;

Horstink M, et al. Eur J Neurol 2006;13:1186-202;

Pahwa R, et al. Neurology 2007;68(14):1108-15;

Stocchi F, et al. Curr Med Res Opin 2008;24(10):2883-95;
Poewe WH, et al. Lancet Neurol 2007;6(6):513-20;

Watts RL, et al. Neurology 2007;68(4):272-6.
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Treatment Resistant Tremor in PD
Effect of Pramipexole

Tremor score

14
12
10

8
)
4
2
0

0

k%%
—@— Pramipexole (n = 44)
—a— Placebo (n=39)
1 2 3 4 5 6 7 8 9 10 11 12

Treatment (weeks)

*** P <0.0001

Pogarell O, et al. J Neurol Neurosur 2002;72:713-20, © 2002 BMJ Publishing Group Ltd.



Neuroprotection
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Neuroprotection in PD
Mechanisms of Neuronal Death



Neuroprotection in PD

Actions of Pramipexole — In-Vitro and In-Vivo Models

* Protects cells against
oxidative stress

* Protects cells against
mitochondrial inhibition

» Protects mice against
6-OHDA-induced nigral cell
loss

* Protects mice against MPTP
and MPP+ induced nigral cell
loss

* Protects primates against
MPTP-induced nigral cell loss

Le WD, et al. Drugs Aging 2001;18(6):389-96.
Gu M, et al. J Neurochem 2004;91(5):1075-81.

Prevents toxin-induced
changes in mitochondrial
function

Prevents caspase cascades
Anti-apoptotic

Active through
non-dopaminergic
mechanisms

Abbreviations:

6-OHDA: 6-hydroxydopamine

MPTP: 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
MPP+: 1-methyl-4-phenylpyridinium

Cassarino DS, et al. J Neurochem 1998;71(1):295-301. 39



Neuroprotection in PD *
Pramipexole Prevents MPTP Toxicity in Primates

TH-ir" neuronal counts in the rostrocaudal plane TH-irT cell counts at the level of the 3™ cranial nerve

30 S 307 NS
» 0 o 0 [ NS
e = i
© 251 5 251 ‘
2 O ® 0
Zz 0
© 20" E 20

=2
:T: 0 ) (0]
= = —
"6 15 1 o 15 1 N
o 0] o 0]
E g -
= 10 1 ¥ 10 1
I .

O 0 = 0
c Level of -
S 5 3 nerve 8§ 5
= 0 , rootlets = (0]

0 -1 | | | | | | 0 -

0 500 1000 1500 2000 2500 c10[0]0) GroupA GroupB GroupC GroupD GroupE
Rostrocaudal Distance (um) Treatment Group
Group A
—@— Group B
*MPTP,

—— Group C
—— Group E
—— Group D

1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
T TH-ir, tyrosine hydroxylase immunoreactive

Reprinted from Iravani MM, et al. J Neurochem 2006;96:1315-21, with permission from Blackwell
Publishing. 40



CALM-PD
Early Treatment with Pramipexole vs. Levodopa

- Patients with early Parkinson’s disease
 CALM-PD

— Pramipexole versus levodopa

— 123|B-CIT* SPECTT to follow the rate of loss of dopaminergic
nigrostriatal cell density

* 2B-carbomethoxy-33-(4-iodophenyl)tropane
T Single photon emission computed tomography

Parkinson Study Group. JAMA 2002;287:1653-61. 41



Neuroprotection in PD
Advantages of Early Pramipexole and Disease Progression
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Assessment of Potential Impact of Pramipexole on Underlying

Disease (PROUD) - Trial Design

PPX
1.5mg

UPDRS
SPECT
QolL-CGl

UPDRS UPDRS UPDRS UPDRS
SPECT cal CcaGl Qol-CGlI
Qol-CGl
ole ® °
PPX
Early untreated 1.5 mg
PD
Placebo
co
0 3m 6m 9m
N I
Titration Titration
6wk 6wk

15

Abbreviations: CGl, clinical global impression; QoL, quality of life; SPECT, single photon emission

computed tomography

Schapira AH, et al. MDS 12" International Congress; 2008
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Sleep Disorders in PD

* Nocturnal disturbance
- REM sleep behavioural disorder
» Excessive daytime somnolence

» Sleep attacks

Chaudhuri KR, et al. Lancet Neurol 2006;5:235-45.
Arnulf I. J Neural Transm Suppl 2006;(70):357-60.
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Excessive Daytime Somnolence in PD
Treatment

Refer to neurologist
Decision on the level of individual patient

* Improve sleep hygiene

- Evaluate for contributing conditions such as
depression

» Modify dopaminergic medication to use lowest
effective dose

* Reduce or discontinue antihistamine, hypnotics or
stimulant drugs that disrupt the sleep—wake cycle

* If persistence or worsening of parkinsonism occurs,
use alerting agents such as modafinil

Barone P, et al. Neurology 2004;63(8 Suppl 3):S35-8.
Phillips B. Neurology 2004;62(5 Suppl 2):S9-16.
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Sleep Attacks in PD

Refer to neurologist

» Sudden onset of sleep without warning

- Rare but potentially dangerous adverse event
« Can occur while driving

» Patients advised not to drive

* Class effect

Arnulf I. J Neural Transm Suppl 2006;(70):357-60.
Barone P, et al. Neurology 2004;63(8 Suppl 3):S35-8.
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Impulse Control Disorders in PD



Symptoms of Impulse Control Disorders in PD

Refer to neurologist or psychiatrist

» Dopamine dysregulation syndromes
» Abnormal behaviours

 Pathological gambling

» Compulsive shopping

* Punding

* Hypersexuality

Mamikonyan E, et al. Mov Disord 2008;23(1):75-80.
Potenza MN, et al. Nat Clin Pract Neurol 2007;3(12):664-72.
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Symptoms of Impulse Control Disorders in PD

Refer to neurologist or psychiatrist

* Reported under dopaminergic treatment including
dopamine agonists and L-dopa

* Physicians, patients and caregivers should be
appropriately informed

 Refer to neurologist or psychiatrist if symptoms of
abnormal behaviour occur

Mamikonyan E, et al. Mov Disord 2008;23(1):75-80.
Potenza MN, et al. Nat Clin Pract Neurol 2007;3(12):664-72. 50



Impulse Control Disorders in PD
Management

Refer to neurologist or psychiatrist

Actively monitor for symptoms of impulse control disorders
Discuss the risks and benefits of treatment

Involve spouse or other family members (with consent of
patient)

Ensure medication compliance, checking for hoarding and
overuse of medication

Consider altering drug therapy
Refer to neurologist
Refer to psychiatrist

Mamikonyan E, et al. Mov Disord 2008;23(1):75-80.
Potenza MN, et al. Nat Clin Pract Neurol 2007;3(12):664-72.
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Fibrosis in PD

Refer to cardiologist

* Pulmonary fibrosis

* Fibrotic valvular heart disease
» Rare but potentially serious

 Associated with ergot derivatives (bromocriptine,
pergolide, cabergoline)

* No increased risk under use of non-ergot dopamine
agonists (e.g. pramipexole, ropinirole)

* Probably associated with serotonergic actions
(9-HT ;) of drugs

Antonini A, Poewe W. Lancet Neurol 2007;6(9):826-9.
Roth BL. N Engl J Med 2007;356(1):6-9.
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Risk for Developing Valvular Heart Disease in PD

80 ® Peralta et al.’
69** 2 Yamamoto et al.?

** P <0.001 vs. controls
*P <0.05 vs. controls

Valvular Regurgitation (%)

40 — -
31 29
25
20 14 18
O |
Pergolide Cabergoline Pramipexole Controls

Ropinirole

1. Peralta C, et al. Mov Disord 2006;21:1109-13.
2. Yamamoto M, et al. Neurology 2006;67:1225-9. 54



Fibrosis in PD
Management

Refer to cardiologist / pulmonologist

* Not always reversible
» Regular echocardiograms

» Withdraw ergot agonists and replace with alternative
dopaminergic treatment

 Avoid ergot derivatives

Antonini A, Poewe W. Lancet Neurol 2007;6(9):826-9.
Roth BL. N Engl J Med 2007;356(1):6-9.
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Pharmacokinetics
and Drug Interactions



Drug Interactions
Polypharmacy

An increasing number of patients are on multiple medications

>50% Drug visits account for the majority of physician office
©  visits made by adults aged 45 years and older

41 Since 1992, visits with multiple drugs prescribed have
°  increased by 41%

759 75% of American seniors (aged 65 or older) take 3 or
2 more prescription medications daily

Between 7% and 76% of PD patients may suffer from
[—76% depression. SSRIs are the most frequently used
medications for depression in PD

Woodwell DA, Cherry DK. Adv Data 2004;(346):1-44.
Safran DG, et al. Health Aff (Millwood) 2005;Suppl Web Exclusives:W5-152-\W5-166.
Taler GA. http://www.americangeriatrics.org/policy/taler_testimony.shtml. 57




Effect of Food on Drug Action in PD

Influence of food

Absorption affected by gastric emptying. High dietary protein
Levodopa reduces efficacy by competing for uptake through the blood—brain
barrier
o Increase of T _ by 2.5 hours and decrease of C_ by 25% after
Ropinirole high fat mealma ma
Pramipexole When taken with food, T__ increases by 1 hour

T, ., = time of maximum plasma concentration

m

C. .., = maximum plasma concentration

ma

Tsui JK, et al. Neurology 1989;39:549-52.
Brefel C, et al. Br J Clin Pharmaco 1998;45:412-5.
Deleu D, et al. Clin Pharmacokinet 2002;41(4):261-309.




Dopamine Agonists

Metabolism and Clearance

Urine clearance as

T,, Route of metabolism unchanged drug
Ropinirole 6h Liver <10%
Pramipexole 8-12h Practically not > 90%
metabolised
T, , = half-life

Kvernmo T, et al. Clin Ther 2006;28:1065-78.
Sweetman S, ed. Martindale: The Complete Drug Reference; 2008.
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CYP 450 and Dopamine Agonists
Metabolism / Interactions

CYP1A2 CYP2D6 CYP3A4
Pramipexole No No No
Ropinirole Yes Yes Yes

CYP = Cytochrome P450

Kvernmo T, et al. Clin Ther 2006;28:1065-78.
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CYP 450 and Dopamine Agonists

Inhibition
CYP1A2 CYP3A4 CYP2D6
Pramipexole No No No
Ropinirole Yes No Yes

CYP = Cytochrome P450

Kvernmo T, et al. Clin Ther 2006;28:1065-78.
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Drug Interactions
Commonly Used Drugs

Pramipexole has no predicted P450 drug interactions —
an important consideration in patients on multiple medications

Commonly prescribed medications that are metabolised by the P450 system include*

Antibiotics
Ciprofloxacin
Clarithromycin
Erythromycin

Anticoagulants
Warfarin

Antidepressants
Escitalopram
Sertraline

Antifungals
Fluconazole
Ketoconazole

Angiotensin receptor
blockers

Irbesartan

Losartan

Benzodiazepines
Alprazolam
Midazolam

Beta blockers Proton pump inhibitors

Carvedilol Esomeprazole

Lansoprazole
Calcium channel blockers Pantoprazole
Diltiazem

Felodipine Statins

Verapamil Atorvastatin
Rosuvastatin

Hormonal therapies Simvastatin

Oestrogen

Hypnotics

Eszopiclone

* Source: Prescribing Information for respective drugs. Please see respective Prescribing Information for more
information about drug—drug interactions.
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Drug Interactions with Pramipexole

« Cimetidine and other known inhibitors of the cationic
transport system decrease the clearance
of pramipexole.

« Carbidopa/levodopa, selegiline and probenecid

do not influence the pharmacokinetics of pramipexole.

 Amantadine may slightly decrease the clearance
of pramipexole.

* Other dopamine agonists may diminish the
effectiveness of pramipexole.

Nemeroff CB, et al. Am J Psychiatry 1996;153(3):311-20.
Wright CE, et al. J Pharmacol Therap 1997;61:182.
Kvernmo T, et al. Clin Ther 2006; 28:1065-78.
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Pharmacodynamic Interactions
MAO-B Inhibitors

 Selegiline can inhibit MAO-A at doses
of 10 mg and above

» Rasagiline selectivity may also be an issue
* “Cheese effect” with foods containing tyramine

* Risk of hypertensive crisis

Cersosimo MG, Koller WC. In: Principles of Treatment in Parkinson’s Disease; 2005.
Horstink M, et al. Eur J Neurol 2006;13:1170-85.
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CYP 450 and MAO-B Inhibitors

Metabolism
CYP1A2 CYP3A4 CYP2D6
. Yes
Rasagiline (major routs) ? ?
Selegiline Yes Yes No

CYP = Cytochrome P450

Laine K, et al. Eur J Clin Pharmacol 2001;57(2):137-42.
Taavitsainen P, et al. Pharmacol Toxicol 2000;86(5):215-21.
Benetton SA ,et al. Drug Metab Pharmacokinet 2007;22(2):78-87.
Hidestrand M, et al. Drug Metab Dispos 2001;29(11):1480-4.
Kivistd KT, et al. Eur J Clin Pharmacol 2001;57(1):37-42.

Oldfield V, et al. Drugs 2007;67(12):1725-47.



CYP 450 and MAO-B Inhibitors

Inhibition
CYP1A2 CYP3A4 CYP2D6
Rasagiline No No No
Selegiline Yes No No

CYP = Cytochrome P450

Laine K, et al. Eur J Clin Pharmacol 2001;57(2):137-42.
Taavitsainen P, et al. Pharmacol Toxicol 2000;86(5):215-21.
Benetton SA ,et al. Drug Metab Pharmacokinet 2007;22(2):78-87.
Hidestrand M, et al. Drug Metab Dispos 2001;29(11):1480-4.
Kivistd KT, et al. Eur J Clin Pharmacol 2001;57(1):37-42.

Oldfield V, et al. Drugs 2007;67(12):1725-47.



Pharmacodynamic Interactions
MAOQ Inhibitors

 In view of MAQ inhibitory effect of rasagiline, concomitant use of
antidepressants should be considered with caution because of
possible risk for serotonin syndrome.

» Selegiline and adjunctive SSRIs should be considered with
caution because of possible risk for serotonin syndrome.

« Combination of rasagiline and other MAO inhibitors and
pethidine is contraindicated because of risk for serotonin
syndrome.

Oldfield V, et al. Drugs 2007;67 (12):1725-1747.
Summaries of product characteristics. 67



Dopamine Agonists and PD
Conclusions
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Dopamine Agonists and PD
Conclusions 1

- Dopamine agonists provide effective treatment for the early and
mid-to-late stages of PD.

« When used as monotherapy, dopamine agonists are associated with
a low incidence of motor complications in comparison to L-DOPA.

* The non-ergot drugs, such as pramipexole, are pharmacologically
specific and selectively interact with D,/D, dopamine receptors.
* Their plasma half-life is longer than for L-DOPA
— More continuous drug delivery and dopaminergic stimulation.
 Early treatment with DAs like pramipexole may translate into
additional clinical benefits

— Further research is currently underway to examine the potential to modify
disease progression.

Yamamoto M, Schapira AH. Expert Rev Neurother 2008;8(4):671-7.
LeWitt PA, Taylor DC. Neurotherapeutics 2008;5(2):210-25.
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Dopamine Agonists and PD
Conclusions 2

» General practitioners should be aware that pulmonary and
cardiac valvular fibrosis may occur with ergot derivatives.

— In all cases, patients should be referred to the appropriate specialist for
assessment.

« The potential for drug interactions should be monitored in elderly
patients taking multiple medications.

* There are few known interactions for dopamine agonists such as
pramipexole.

Deleu D, et al. Clin Pharmacokinet 2002;41(4):261-309.
Kvernmo T, et al. Clin Ther 2006;28(8):1065-78. 70
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