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Objectives

To discuss changing concepts on the nature of
Parkinson’s disease

To understand how this might impinge on clinical
trial design

To briefly discuss new approaches to treatment —
dopaminergic and non-dopaminergic

The dilemma of treating non-motor symptoms




Current drug treatment of Parkinson’s disease

L-dopa Ropinirole

Decarboxylase inhibitors — carbidopa, Pramipexole

benserazide
Pergolide

Bromocriptine

COMT inhibitors — entacapone, Cabergoline

tolcapone

MAO-B inhibitors — selegiline, rasagiline

Combination forms — Stalevo Extended release — Requip XL
Controlled release — Sinemet CR Transdermal administration — NeuPro
Dispersible — Madopar dispersible Rescue therapy — Apokyn

Liquid formulations — L-dopa methyl

ester Subcutaneous infusion - apomorphine

Intraduodenal administration - DuoDopa




New levodopa formulations — overview

Description
Extended-release CD-LD

Route
Oral

IPX066, Rytary, Numient

Company

Impax

LD prodrug

Oral

XP21279(-CD)

XenoPort

Gastroretentive CD/LD

Oral

DM-1992

DepoMed

Accordion pill CD/LD

Oral

AP-CD/LD

Intec Pharma

Microtablets LD/CD 5/1.25

Oral

LC-5, Flexilev

Sensidose

LD/CD oral device

Oral

DopaFuse

SynAgile

Metal coordinated LD

Oral

MCP-311 bismuth-levodopa

Synthonics

Liquid LD methylester+CD

Oral

Sirio, V1512, melevodopa

Chiesi

Inhaled LD

Pulmonary

CVT-301

Acorda

LD/CD for patch-pump

SC

NDO0612L/H

Neuroderm

LD solution

scliv

Infudopa

Dizlin

LD/EN/CD intestinal gel

Intestinal

Lecigon

Lobsor




Device orientated drug delivery in
Parkinson’s disease




APL-130277 — sublingual apomorphine

« APL-130277 is an
apomorphine delivery system
using a sublingual, thin film
strip which rapidly dissolves
when placed under the
tongue.

APL-130277 quickly produces

blood levels in normal

volunteers that in patients with

PD are known to restore
APL-130277:

+ Rapidly converted PD patients’ morning OFF to full ON ;elatlyely normal motor
+ Provided statistically significant and clinically meaningful unction

improvement in motor function as assessed by MDS-UPDRS e Avoids first pass metabolism
Part Il scores

Average duration of benefit was nearly 60 mins, and most patients
had a sustained benefit through 90 mins

Phase 3 studies are underway

Hauser, R. et al., 2016




Pathology and biochemistry is wide and
diverse

‘Parkinson’s disease (PD) is no

_— longer considered a complex

Neuropathology of Sporadic Parkinson’s Disease: Evaluation and mOtor disorder CharaCterized by
Changes of Concepts extrapyramidal symptoms, but a
progressive multisystem or —

more correctly multi-organ disease

with variegated neurological and

Brain Regions Affected by Parkinson’s Disease non-motor deficiencies’

Motor Cortex ..

Caudate Nucleus ~_*
Putamen”

Striatum { _
Substantia Nigra ~

Locus /|

Substantia Nigra (detail) Gorlete’ )8

Pars Reticulata 9 Ra phe'

Pars Compacta Nuclei

Parkinson’s disease




Parkinson’s disease has a spreading
but variable pathology

Progression of PD-related intraneuronal pathology

&
pr:-ini':-:' glinical

FD |Late onset)

Pathology sweeps through
the brain

No agreement on the origin
or pattern

Not just a basal ganglia

disease Braak et al, 2003; Halliday et
al, 2011




Non-motor symptoms — early and late in
the progression of Parkinson’s disease

Neuropsychiatric and
Cognitive
e.g. depression, anxiety,
Autonomic apathy and dementia Drug induced

dysfunction e. g. Hallucinations,
ICD/DAWS

Gastrointestinal Non-motor Sensory disorders

disorders symptoms e. g. pain, RLS, olfaction,
vision

Sleep Urinary
disorders disorders
Fatigue, Sexual
Chaudhuri et al. Lancet dysfunction

Neurology
2006;5:235-245

Chaudhuri and Schapira.
Lancet Neurology 2009




Subtype based on phenotype

D - sleep

D - pain

D — depression
D-cognitive

D — fatigue

D - autonomic

NMS - with ‘OFF’

NMS — no effect of
‘OFF’
Chaudhuri et al., 2016




Parkinson’s disease as a syndrome

Tahle 1 Parkinson's disease subtypes identified by data driven

studies
Author, year

Graham 1999°

Gasparoli 2002*

Dujardin 2004°

Lewis 2005%

Schrag 2006”
Post 2008°

Reijnders 2009°

Van Rooden 2011

Subtypes identified
Short duration (mean 5 years):

1. Good motor control without cognitive impairment

2. Good motor control, executive cognitive deficits

3. Older age at onset, poor motor control +
complications, mild cognitive impairment

Longer duration (mean 14 years):

1. Poor motor control, no cognitive impainment
2. Poor motor control, moderately severe cognitive

impainment

Rapid progression

2. Slow progression

e

s il

L0 el e el e

. Mild motor impairment, relatively preserved cognition
. 'Reduced oversll cognitive efficiency’, subcorticofrontal

syndrome and more sewere motor dysfunction
Young onset

Mon-tremor dominant, cognitive impairment and
depression

Rapid progression without cognitive impainment
Tremor dominant

Young onset

Older onset, more rapid progression, less dyskinesias
and fluctuations

Young onset with slow progression

Intermediate age onset with amdety and depression
Oidest onset

Rapid progression

Young onset with motor complications
Mon-tremor dominant and psychopathology
Tremor dominant

Mild all domains, young

Severe motor complications, sleep and depressive
symptoms, youngest

Medium severity, older

Most sewvere, except mild tremor, prominent motor
complications, older

Mon-tremor dominant

Rapid disease progression

Young onset

Tremor dominant

Marras and Lang (2013)

Different clinical
presentations

Different genetic
backgrounds

Late versus early onset

Slow versus rapid
progression

Akinetic-rigid versus tremor
dominant

Different response to drugs




Queen Square Brain Bank Diagnostic
Criteria

Bradikinesia (sbowness of initiation of voluntary mowvement

with progressive reduction in speed and amplitude or

repetitive actions)

And at least one of the following:

=  Muscular rigidity

= 4—6 Hz rest tremor

=  Postural instability not caused by primany visual,
westibular, cerebellar, or proprioceptive dysfunction

. Commonly used to select
History of repeated strokes with stepwise progression of

parkinsonian features
History of repeated head injuny

patients for clinical trial

MNeuroleptic treatment at onset of symptoms

More than one affected relative

Swustained remission =

Stricthy unilateral features after 3 years Motor SI nS based
supranuclear gaze palsy

Cerebellar signs

Early sewvere autonomic involvement

. ]
Early severe dementia with disturbances of memory, d I a g | I O S I S

Presence of a cerebral tumour or commumnicating

hydrocephalus on CT scan
Megative response to large doses of L-dopa N M S m a b e a n
[if malabsorption excluded)

MPTP exposure

n
Step 3 Supportive prospective positive criteria of eXCl u S I O n fa Cto r
Parkinson's disease

Three or more required for diagnosis of definite
Parkinson's disease:
Unilateral onset
Rest tremor present
Progressive disorder
Persistent asymmetry affecting the side onset most
Excellent response (70-100%
Severe L-dopa-induced chorea
L-dopa response for 5 years or more
Clinical course of 10 years or more
Hyposmia
Wiswal hallucination

Queen Square brain bank clinical diagnostic criteria

Lancet 2009; 373: 2055-66




Staging of Parkinson’s disease

MODIFIED HOEHN AND YAHR STAGING

Stage 0 —No signs of disease.

Stage 1 —Unilateral disease.

Stage 1.5 —Unilateral plus axial involvement.

Stage 2 —Bilateral disease, without impairment of balance.
Stage 2.5 —Mild bilateral disease with recovery on pull test.

Stage 3 —Mild to moderate bilateral disease; some postural
instability; physically independent.

Stage 4 —Severe disability; still able to walk or stand unassisted.
Stage 5 —Wheelchair bound or bedridden unless aided.

« PD staging is based on motor signs and disability

« Commonly used to select and balance patient groups in
clinical trials

Goetz et al. Mov Disord. 2004;19:1010-8




UPDRS as a clinical tool

(mm-dd-yyyy)

6 o5 o UPDRS does not reflect the

Patient Name or Subject ID Assessment Date

progression or severity of non-
motor symptoms

1A | Source of information Caregiver
Patient + Caregiver | >3 | Riidity-LUE

Part 1 33d | Rigidity- RLE
33e | Rigidity- LLE

o o o

1.1 | Cognitive impairment

!
I

o oo

12 | Hallucinations and psychosis 3.4a | Finger tapping- Right hand

1.3 | Depressed mood 34b | Finger tapping- Left hand

o oo

Individual patients may have a
mild or low UPDRS score but

high NMSS burden or vice
versa

14 | Anxious mood 3.5a | Hand movements— Right hand
15 ‘ Apathy 3.5b | Hand movements~ Left hand
16 [ Features of DDS 36a | Pronation- supination movements— Right hand

[ patent 36b | Pronation- supination movements— Left hand
1.6a | Who is filling out questionnaire D Caregiver —

| O Patient + Caregiver | 378 | Toe tapping-Right foot
1.7 | Sleep problems 3.7b | Toe tapping- Left foot

18 | Daytime sieepiness 38a | Leg agiity- Right leg

1.9 | Pain and other sensations 3.8b | Leg agility- Left leg

oo o o | oo

110 | Urinary problems 39 | Avising from chair
1.11 | Constipation problems 310 | Gait
headedness on standing

b olojoo

Start Over Print | Email

OPEN G ACCESS Freely available online @ PLOS o

A Proposal for a Comprehensive Grading of Parkinson’s

UPDRS iS almOSt Universa”y Disease Severity Combining Motor and Non-Motor

Assessments: Meeting an Unmet Need

u Sed to assess d ru g effe Ct i n Kallol Ray Chaudhuri', Jose Manuel Rojo?, Anthony H. V. Schapira®, David J. Brooks", Fabrizio Stocchi®,
clinical studies ot




NMSS: a grade rating scale

e e e e The first comprehensive grade
rating scale for PD

Domain §: Attention’ Memory
daily or all
18 e patient bave proble oy o el e el
(For example, reading or having
e patient forget thiag
that happened in the lnst £
he patient forg il E i i everitv Erequency Freguemcy
(For example, wme mhlets I Severit

RE. = O

2. Does the pacieut fll becanze o O
SCORE

ulation.

oo

Domain 6: Gastrointestinal tra

Addresses 9 domains and 30
qguestions

‘patient dribble saliv
hepatient baving i Domain 2: Sleep/fatigue
¢ off or fall aslesp umntentionally during &
cersation, during mealtimes, o whils w
CORE . c -

r
Domain 7: Urinary en old ab

Complementary to NMSQuest

oo oo o

patisus bave dEfficy

e patien bave to voit ing down

oooo o
I:IDDDDD I:ID

e patieus bave to get

To be administered by
healthcare professional

Domain §: Sexual function

htenad for no apparent re
d or has he/she raporied such fe

the patient Liave flat moods wishout the normal “highs™ and * I

Good clinimetrics in two
international studies and

_ validated in over 600
e | patients’-?

the patient Liave difficulty in experiencing pls from their usual

0 0800 oo
o Oooo oo

2 patient 1eport a ek

he patient

ooo
ooo
]:IDD | I:ID 0ooC oo

Sensitive to change in clinical
trials

Chaudhuri KR et al.. Mov Disord 2007;22:1901-11;
Martinez-Martin P et al. Neurology 2009;73:1584-91.




MDS Clinical Diagnostic Criteria for Parkinson’s Disease

Ronald B, Postuma, MD, MSc, "™ Derie Berg, MD Metthew Stem, MD.? Werer Pone, D'
C. Wanen Olanow, MD, FROPC. Woligang Oetel, MD José Obeso, MD, Phi,” Kemneth Marek, MD,2 rene Liven, MD,?
Anthory . Lang, OC, MD, FROPC, ™ Glenda Helicay, PAD, " Chritopher G. Goetz, MD,® Thomas Gasser, MD
Bruno Dubols, MD, PAD, " Pu Chen, MD, PAD.'® Bastiaan R, Bloem, MO, PhD,"® Chares H. Adr, MD, PAD,”
and Ginther Deuschl, MD®

MDS Research Criteria for Prodromal Parkinson’s Disease

Dariea Berg, MD, " Ronad B. Postuma, MD, MSe;2 Chates H. Ader, MD, PhD. Bastiaan R, Bogm, MD, PhD’

Pl Chan, MO, PrD,® Bruno Dubois, WD, PhD, Thomes Gasser, WD, Chistopher G Goetz, D, Glenda Halcey, PhD.”
Lawrence Joseph, PrD  Anihony E. Lang, OC, MD, FRCPC,® Inga Lispet-Scarione, PAD, e Livan, D,
Keneth Marek, MD, " José Obeso, MD, PAD,  Wofleng Oerel, MD, ™ C. Warren Olanow, MD, FRCPC,
Wemer Pogie, MD, ® Matthen Stam, MD," and Gintrer Desct, MD'®

S Criteria

Motor abnormalities remain
central but increasing
recognition has been given to
non-motor manifestations

The new criteria represent the
first step in the formal
delineation of early stages of
PD




Non-dopaminergic targets in
Parkinson’'s disease

- Alterations in basal ganglia * Widespread pqthology
circuitry in non-dopaminergic throughout brain that affects

neurones non-dopaminergic neurones

) Glutamate (excitatory)
q GABA (inhibitory)

s Dopamine (excitatory via Dy)

q Dopamine (inhibitory via D7)

GPe = External globus pallidus

SNc = Substantia nigra pars compacta

STN = Subthalamic nucleus
SNr = Substantia nigra pars reticulata
GPi = Internal globus pallidus

100
1]
o
-]
u
P Cau PAL SN ACC HY Amg FC EC 3C RN




Diverse pathological and biochemical
effects offer opportunity

Brain Regions Affected by Parkinson’s Disease

Non-dopaminergic
actions
_. i / 7 Multimodal drugs
w A : Motor and non-motor
st [ " 4 symptoms
e AN Repurposing of existing

Ceruleus

e || O drugs

Nuclei

Motor Cortex

Parkinson’s disease




Istradefylline — the first in class A2a
adenosine antagonist

(LS means and 95%CI)

Nouriast approved in Japan for treatment of Parkinson’s disease




Istradefylline and neuropsychiatric
disturbance

ORIGINAL INVESTIGATION

Effects of the adenosine A,, antagonist istrade ne
on cognitive performance in rats with a 6-OHDA lesion
in prefrontal cortex

Takako Kadowaki Horita - Minoru Kobayashi -
Akihisa Mori - Peter Jenner - Tomoyuki Kanda

line on extmcellular dopamine levels in

”
mance of PFC-ksioned

gnition - Working memory - Dopamine
and methamphctamine A deno cptor - Istradefylline
ve performance were examined. In addition, the

availabie 8t Scenceliee!
Pharmacology, Biochemistry and Behavior

journal homepage: www.glsevier.com | pharmbio ehembeh

Antidepressant-like activity of the adenosine Ay receptor antagonist,
istradefylline (KW-6002), in the forced swim test and the tail suspension
testin rodents

Koji Yamada*, Minoru Kobayashi®, Akihisa Mori‘, Peter Jenner”, Tomoyul Kanda **

* Develapment Reearch
Mangenent (e

Istradefylline active in animal
models of depression, anxiety
and cognition.

Potential use in treating motor
and non-motor symptoms of

PD




Clinical trials should reflect preclinical
science

Trials consistent with FDA
Guidelines

Effect in addition to optimised
Study of Istradefylline in Patients with Parkinson’s Disease dopamlnerglc thera py
on Levodopa with Motor Fluctuations

Akihisa Mori, PhD,” Rocco Ballerin

Rt . s, MDJ* L M. S, VD o .o M Synergistic effect with low

doses of L-dopa

No additive effect with high
doses of L-dopa

Clinical trial design important




Zonisamide — a multifunctional drug for
PD

Adjunct to levodopa
treatment with low
incidence of dyskinesia and
psychosis

Inhibition of striatal
GABAergic transmission
Zon_isamide Improves _Wearing-Of'f in _Parkinson‘s Inhlbltlon Of SOd|um and
Disease: A Randomized, Double-Blind Study Ca|C|um Channe|S

Inhibition of MAO-B
Activation of dopamine
synthesis and release




Non-dopaminergic nature of non-motor
symptoms

Review for the treatment of depress

[-08-00834R2

51474-4422(09)70068-7 {Lentinued from peevious colum|

G tnal

Neuropsychiatric symptoms Dribdding of sabwa
. . . . Depression, apatfy ariety
Non-motor symptoms of Parkinson’s disease: dopaminergic b 2::'gh ki

pathophysiology and treatment Cogritieedysfunction - Refue, warriting

Attengion defict - M

P

¥ Ray Hallwdratiors, llusions, delusions - Comstipation
Dlished that Kt " Dementia - Uneatisfartony voiding of bowel

the nom-motor symploms of PD oare common, ocour across all eq of PO, are underreported, and are a key Gt of Bxcellence, King's Confusion Farecal incon tirvend
b I I; College Hasmital and University ! L =

pant of quality of life. Research suggests that the noonem ms of the disease are [regue " -

Ly < : : T - Hospital Lewisham, London, Panic attadk= Wes (when refated to~off Sensory symptoms
e by clinicians and rema : ven when ide i a common perception LUK [ & Chaatbur FRCP, M0 Dd

these symptoms are untreatable. The role of dog ic dr e various non-motor problems of PD, - D5 King's Gollege and penod) Fain

although clinically recognised, has received little alten i ¥ | Ittt of Paychiabry, Sleep disorders .
oug) v recognise v I i el B Prirrary pain related to Parkinsonss

the ran; ki i symploms that oLe ro Tmh as sI;:| ap: University Department of Resthess lesgs and periodic limb movements  Yes diseze {central paing

movement behaviour disorder), and erectile dysfunction, We discuss the evidence thal these symploms are trealable,  Cinical Neursscisses, PEM behari e N

at least in part, with various dopaminergic strategies and, where relevant, we also refer 10 the use of deep-brain  Intitute of Neurology, Queen aciour dsarder et Secondary pain

stimul; v of appropriale targets in the brain. This Review provides a comprehensive overview of the management :;'- ”L':o':""::“"? REM loss of atonia - Fluctuation- refabed pain ferearing off,
= e, n, Lomdon, L. h

of this challenging aspect of PD, (A HV Schapira FRCR MD, Dk Mon-REM sleep-related movement dsomders - dyskinesias)

Excessiee daytime sommclence - Paraesthesia

Wi dreaming - Oifactory disturbance

Irsomnia . Wizl dy=function (contrst sensitiity,

Autonomic srmptoms

. . . rrarvere— Hon-motor fluchabons
some improvement to dopaminergic
Meaocturia Vs Cognitive or peychiatric srmptoms

Some non-motor symptoms show Sesp e g : ki B
Bladder dsturbances
Urgency Wes (detrusor veracthity)
med ication Frequency i ) Slersor_.-zﬂnptmlndud.ing fin ;
Swrcati Fatigue ]
:l'thusr:hchfp-mcnsiﬂﬂ - YesTs0me anecriotal recrts of response to dopaminegic tretment. Some

Erectile impotence g unmariced syphoes might also respond bo treatment.

Related to motor state =l I Eorepomree————urra———

But clearly dopaminergic treatment is
not the whole answer to non-motor
symptoms




Non-dopaminergic drugs used to treat
non-motor symptoms of PD

Treat on a symptomatic basis using
Table 4 Examples of existing drugs used to treat drugs already available for other

non-motor symptomsofP0 0000 indications eg. cholinesterase
Non-motor Example Status

symptom inhibitors, atypical antipsychotics,
Bladder dysfunction Anticholinergics - oxybutinin Marketed antidepressants

k
Depression/arxiety  SSRI - paroxetine Marketed

ke

ke

SNRI - venlafaxine Marketed

Tricyclic antidepressants Marketad

nortryptyline, desipamine Examine non-dopaminergic agents
Dopamine agonist - pamipexole Marketed used |n PD for effeCtS on non-motor
Atypical antipsychotics - quetiapine Marketed Symptoms eg adenOS|ne A2a

5-HT antagonist - primavanserin Approved

Y USA antagonists
Dementia Cholinesterase inhibitors - rivastigmine  Marketed

;VJ—*;‘ df:',rurt:ar.:f—. - Hypnotic - 2olpidem Marketed
eomne Test using classical models of other

Excessive daytime Modafinil Marketed

somnolence disease states eg. depression,
anxiety, cognition

Jenner P, Trans Neurodegen, 4, 1-
9, 2015




Differences between NMS in animal
models and clinical PD

Phenomenology not established
Rating scales not established

Relationship to progression of pathology not
established

Relationship to motor fluctuations not established

Response to current dopaminergic treatment not
established

Relationship to pattern of pathological change and
progression — limited by models used




Neuroprotection or disease modification
IS difficult

in Parkinson Disease 38 clinical trials reviewed

Amad AlDakbod - Lorr sine V. Kalia - Anthony E. Lang

Pubished anine 2 Ocper X115

Dopamine agonists and L-dopa
Glutamate antagonists

Trophic factors

Antioxidants

Mitochondrial enhancers
Anti-apoptotic agents

Nothing proven to be
effective

Al Dakheel et al., 2014




Not a single approach to disease
modification

Parkinson’s disease is a syndrome

Differing patterns of pathology and biochemical
change

Different subtypes of PD

No single cause or pathogenic mechanism

Classical clinical trial design ignore subtypes
Unlikely to find that ‘one size’ drug fits all




Repositioning existing drugs from
other therapeutic areas

Development of neuroprotective drugs is a high risk strategy

Long development time — 15 years from molecule to medicine

Clinical trials complex and expensive

Reposition drugs already used in man for other indications that may
also be effective in PD — shorter time, less risk, less cost, side-effects
known, rapidly explored hypothesis — eg. anti-diabetics, anti-
hypertensives, anti-cancer drugs




Conclusions

Dopaminergic therapies remain the mainstay of the treatment of
Parkinson’s disease

New approaches are focused on delivery and devices

The definition of Parkinson’s disease is under review

This reflects on the assessment of Parkinson’s disease and the
design of clinical trials

New approaches to therapy are focussed on non-dopaminergic
drugs and the treatment of non-motor symptoms

Designing clinical trials for neuroprotective/disease modifying
therapies may require sub-type selection of patients




