Maladie de HUNTINGTON: Quoi de
neuf?
Recherche et Essais thérapeutiques
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Figure D-4: Effect of HD on the Basal Ganglia
__Normal Basaly(_s‘anglia . HD Basal Ganglia
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The basal ganglia of the human brain, showing the impact of HD on brain structure in this re-
gion. Note especially that the brain of a person with HD has bigger openings due to the death _—
of nerve cells in that region. IT-15 gene
Source: Singer, Jonathan. Huntington's Disease. Online. Available at: ATG
http:/fist-socrates.berkeley.edu/~jmp/HD.html|
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On le sait deja...

Maladie neurodégénérative héréditaire qui touche
environ 1000 personnes en Belgique (Prévalence en
Europe: 5-10/100 000 - > 50 000 patients-)

Elle est causée par une expansion hétérozygote
anormalement longue de répétitions trinucléotides
CAG (codant pour la Glutamine) dans le gene de Ia
Huntingtine

Le mode de transmission est autosomique dominant:
risque de transmission a la descendance de 50%

L'age de début est (en partie) déterminé par le nombre
de répétitions



On le sait déja...

La dégénérescence s’‘observe au niveau du SNC

L’atteinte neuronale prédomine du striatum: elle y
touche les neurones épineux moyens (impliqués dans
la voie indirecte du controle du mouvement). Ceci
explique le caractere hyperkinétique (chorée) de
I"atteinte motrice précoce dans la MH
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On le sait déja...

De 36 a 39 répétitions: la pénétrance est
complete et la maladie ne se déclare pas
systématiquement

40 répétitions et plus: certitude de developper
des symptomes en géneral a I'age adulte

La forme juvénile se retrouve chez les porteurs de
60 triplets. Ces patients ont heérite I'allele muté de
leur pere (phénomene d’anticipation

Mutations de Novo: chez les enfants ¢ie porteurs
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masculins de 27 a 35 répétitions




On le sait déja...

v Troubles moteurs; chorée,
impersistance maotrice,
dystonie, incoordination des
mouvements, rigidite,
dysarthrie,...

v’ Déficits cognitifs:
dysfonctionnement executif
précoce

v  Troubles du _
comportement: apathie,
irritabilite, agitation,
désinhibition, euphorie,
dépression, TOC, psychose

v’ Signes associes: troubles
sphinctériens, Crises
comitiales, troubles
vegetatifs, amaigrissement




On le sait déja...

* Traitements
symptomatiques

Absence de traitement
« causal », curatif,

« préventif » qui
empéche I'apparition
des symptomes
cliniques clinique ou qui
retarde I'évolution




L'Espoir ...

«Les batailles de la vie ne sont pas

gagnées par les plus forts, ni paries =
plus rapides, mais par COURQUIRSS
n'‘abandonnentjamaisy 5%




La Huntingtine

* On sait maintenant que:

La Huntingtine par ses nombreuses et interactions
avec diverses proteines dans differents organites
du neurone va provoquer de hombreux
bouleversements a I’échelle moléculaire et
cellulaire.

les gains de fonctions toxiques de la huntingtine
mutée et |les pertes de fonctions de la huntingtine
sauvage



HUNTINGTINE

Healthy protein




Huntingtine

Gene huntingtine Proteine huntingtine Neurone
non muté non mutée sain

|35 répétitions CAG
ou moins

ﬁ

Nb de répétitions
CAG augmenté

ﬁ

Geéne Protéine Dégénération
huntingtine mute huntingtine mutée du neurone




Mécanismes d’action de la Huntingtine muté:
gain de la fonction toxique

Perturbation de
I"homéostase proteique

Dérégulation
transcriptionnelle

Dysfonction mitochondriale

Altération du transport
axonal

Altération de la synapse et
des circuits neuronaux

Altération de 'Autophagie




HUNTINGTINE




Cibles potentielles pour les agents
modificateurs de la maladie

protein

https://il.wp.com/web.stanford.edu



Fonctions de la Huntingtine Normale

Protéine ubiquitaire

Région Niveau d’Expression

Cerveau

Cervelet

Cortex

Substantia Nigra Pars Compacta
Putamen

Noyau caudé

Thalamus

Tissus Périphériques

Testicules +++
Colon +
Foie +

Pancréas +




La Huntingtine est une molécule clé
pendant le développement

* Role dans le développement embryonnaire

* Réduction de I'apoptose des Neurones

* Signal transduction

 Endocytose

e Structure du cytosquelette, division cellulaire
* Transport de vésicules (BDNF)

* Métabolisme énergétique/Mitochondrie

* Régulation de la transcription

Huningtin Knock out: lethal
Knock out at time of birth: mild neurologic deficits.
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Huntington’s Disease Clinical Trials
Corner: February 2018

Filipe B. Rod; s*¢ and Edward J. Wild"*

Huntington’s Disease Centre, University College London, UK

®Laboratory of Clinical Pharmacology and Therapeutics, Faculty of Medicine, University of Lisbon, Portugal
¢Clinical Pharmacology Unit, Instituto de Medicina Molecular, Lisbon, Portugal

Abstract. In the second edition of the Huntington’s Disease Clinical Trials Corner we i
ical ummarise the top-line results of the recently-announced IONIS-HT Try trial (NCT
PRECISION-HD1 (NCT03225833) and PRECISION-HD2 (NCT03225846), and co
i the FIRST-HD deutetrabenazine trial (NCT0179585

Keywords: Huntington disease, clinical trials

INTRODUCT! ASO trials, PRECISION-HD1 (NCTO3!
and PRECISION-HD2  (NCT032258
The Huntington’s Disease Clinical Trials Corner and summarise the results of the FIRST-HI
is a regular section devoted to highlighting ongoing (NCTO17 ) [4, 5] trial of deutetrabenazine.
and recently completed clinical trials in Huntington’s Finally we tabulate all currently registered and
disease (HD). Clinical trials previously reviewed by ongoing ¢ al trials in Tables 2 to 4. F
the Huntington’s Disease Clinical Trials Corner are ther details on the methodology used please refer to
listed in Table 1. the September 2017 edition of Huntington’s Disease
Clini als Corn

Table 1 . .
. If you would i

cal trials previously reviewed by the Huntington’s D

IONIS-HTTRx  IONIS-HTTg,
2 LEGATO-HD  Laquinimod BREAKING NEWS
NCT02197130  Amary PF-0254;

NCToR006472 December 11th 2017 saw the initial announce-
ment of top-line results from the first-in-human phase
In th . we summari 1b/2a trial of IONIS-HT TRy, the first ASO designed
announced top-line results from the phas to lower huntingtin protein (HTT) to be tested in peo-
IONIS-HTTgx  huntingtin-lowering  an ple with HD (NCT02519036) [1]. The announcement
oligonucleotide (ASO) trial (NCT0251903 came in the form of a press release from the sponsor,
s [7], and was followed by sub-
verage [8, 9]. As we detailed in the

previous Clinical Trials Corner [6], the trial had s

highlight the new Wave Life Sciences allele-s¢

*Corresponds sdward J. Wild, UCL Hunti
ease Centre, Russell Square 10-12, London, WCIB
E-mail: e.wild@ucl.ac.uk.

N 1879-6397/18/ « 0 s and the authors. All rights reserved

“This article is published online with Open Access and distributed under the terms of the Creative Commons Attribution Non-Commercial License
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Huntington’s Disease Clinical Trials
Corner: August 2018

Filipe B. Rodrigues®"*¢ and Edward J. Wild**

“Huntington’s Disease Centre, University College London, UK

Laboratory of Clinical Pharmacology and Therapeutic.

Faculty of Medicine, University of Lisbon, Portugal

€Clinical Pharmacology Unit, Instituto de Medicina Molecular, Lisbon, Portugal

Abstract. In the third edition of the Huntington’s Disease Clinical Trials Corner we list all currently r ered and ongoing
clinical trials, expand on the SIGNAL trial (NCT02481674), and cover the recently finished CREST-E trial (NCT00712426).

Keywords: Huntington disease, clinical trials

INTRODUCTION

The Huntington’s Disease Clinical Trials Corner
regular section devoted to highlighting ongoing
and recently completed clinical trials in Huntington’s
disease (HD). Clinical trials previously reviewed by
the Huntington’s Disease Clinical Trials Corner are
listed in Table 1.

In this edition, we highlight the SIGNAL trial
(NCT02481674) [1], and summarise the results of the
recently published CREST-E trial (NCT00712426)
[2, 3]. Finally we tabulate all currently registered
and ongoing clinical trials in Tables 2 to 4. For fur-
ther details on the methodology used, please refer to
the September 2017 edition of Huntington’s Disease
Clinical Trials Corner [4].

If you would like to draw attention to
please feel free to email us at: f.rodri
and e.wild@ucl.ac.uk.

ONGOING CLINICAL TRIALS

A list of all ongoing clinical trials is given in
Tables 2—4.

*Correspondence to: Edward J. Wild, UCL Huntington’s Dis-

SIGNAL (NCT02481674)

Study title
VX15/2503 Treatment for Huntingto:
(SIGNAL) [1].

Intervention
VX15/2503 (20 mg/kg), an anti-semaphorin 4D
antibody [5].

Description

The SIGNAL trial, sponsored by Vaccinex
(Rochester, NY, USA), aims to evaluate the
safety, tolerability, pharm inetics and efficacy of
monthly intra-venous VX15/2503 in adults
years of age) with late prodro
Product superior to 200 and a Unified Huntington’s
Disease Rating Scale [UHDRS] Diagnostic Confi-
dence Level of 2 or 3) and early manifest HD (i.e.
a UHDRS Diagnostic Confidence Level of 4 and a
UHDRS Total Functional Capacity [TFC] above or
equal to 11), comparing with intra-venous placebo,
for disease modification.

This trial is phase 2, multi-centre, national, ran-
domized, placebo controlled, double-blind, parallel
study. It is divided into cohort A and cohort B, and

Table 1

Clinical trials previously reviewed by the Huntington’s Disease Clinical Trials Corner

Registration ID
NCT02519036
NCT02215616
NCT02197130
NCT02006472
NCT03225833
NCT03225846
NCT01795859
NCT02481674
NCT00712426

Trial name
IONIS-HTTRx
LEGATO-HD
Amaryllis
Pride-HD
PRECISION-HD1
PRECISION-HD2
FIRST-HD
SIGNAL
CREST-E

Intervention

IONIS-HT TRy
Laquinimod
PF-02545920
Pridopidine
WVE-120101
WVE-120102
Deutetrabenazine
VX15/2503
Creatine

Edition
September 2017 [4]

February 2018 [15]

August 2018




Qu’est ce qu’un essai clinique?

y Synonymes: étude clinique, essai thérapeutique,
clinical trial, research study

* Un essai clinique désigne la recherche scientifique effectuée
chez I’étre humain et destiné a améliorer la santé. Il permet
d’étudier et de s’assurer des propriétés de molécules, afin de
pouvoir en faire par la suite un usage efficace, sécurisé et
responsable

* Mettre un médicament a la disposition des patients est le
fruit d’un processus long et complexe (en moyenne 14 ans)

AFMPS



Essai Clinique

Le médicament testé est-il sUr et efficace?
Peut-il prévenir la maladie ciblée?

Peut-il avoir un effet positif sur la progression de Ia
maladie?

Permet-il une guérison complete?
La qualité de vie du malade est-elle améliorée?
Quelles personnes réepondront au nouveau traitement?

Quelle dose doit étre administree et pendant combien
de temps?

Le médicament testé peut-il étre associé a d’autres
traitements et comment?

AFMPS



ETUDES PRE-CLINIQUES ETUDES CLINIQUES

Animal Homme






ESSAI CLINIQUE: Les differentes
PhaSes wuwamsse

* Phase 1: petit nombre de volontaires pour:

Déterminer la posologie optimale, etudier la tolérance, étudier la
toxicité eventuelle

 Phase 2: centaine de patients pour:
Tester son efficacité, répertorier les effets indeésirables

 Phase 3: nombre plus important de patients pour:

Confirmer la balance entre les bénéfices et les risques, effets par
rapport a d’autres médicaments existants ou un placébo

* Phase 4: médicament mis sur le marché pour surveiller
plus étroitement les effets indésirables.



ISIS-HTT,,

- DPHARMACEUTICALS




ISIS-HTT,, ou 10SIS-HTT,,

Diminution de la HUNTINGTINE The HD gene The message
« silencage génique » ;

@ Gene
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Meécanisme d’action

NUCLEUS

Premature
termination

»
.
.
'
’

‘
'’
'
'
'

Small
molecules

Splicing
ASO

¢

RNAse H
degradation

CYTOSOL

Nuclear

Toxic RNA

Exon 1
mRNA

Translation

Exon 1
RNAI

Translation

RISC
degradation

Exon 1
protein

proteins

Wild et Tabrizi, Lancet Neurology 2017



IONIS-HTT,,: Histoire

2000: ASO: Antisens Oligonucleotides, médicaments révolutionnaires,

protéinopathies

ISIS-394343 (Nusinersen ou Spinarza®): Amyotrophie spinale (SMA) type | (autorisation pour usage

compassionnel depuis le 13/4/2018)

2013: partenariat avec Roche pour le développement d’'un ASO pour la MH

2015: Début de l'essai clinique

Sustained therapeutic reversal of
Huntington's disease by transient
repression of huntingtin synthesis

Holly B Kordasiewicz, Lisa M Stanek, Edward V

Wancewicz Curt Maziir Melissa M McAlonis

Neuron 74 (6), 1031-1044, 2012

The primary cause of Huntington's disease (HD)
is expression of huntingtin with a polyglutamine
expansion. Despite an absence of consensus
on the mechanism(s) of toxicity, diminishing the
synthesis of mutant huntingtin will abate toxicity
if delivered to the key affected cells. With
antisense oligonucleotides (ASOs) that catalyze
RNase H-mediated degradation of huntingtin
MRNA, we demonstrate that transient infusion
into the cerebrospinal fluid of symptomatic HD
mouse models not only delays disease
progression but mediates a sustained ...

Neurology Journals

Discovery and early clinical
development of ISIS-HTTRYX, the
first HT T-lowering drug to be
tested in patients with Huntington’s
disease (PL0O1. 002)

Blair Leavitt, Sarah Tabrizi, Holly Kordasiewicz,
Rernhard | andwehrmever Scott Henrvy Tom

" N

Neurology 86 (16 Supplement), PLO1. 002,
2016




Htt Lowering Interventions
1st generation

Phase 1/2a:
Essai exploratoire!

Multicentrique: 3 sites RU, 2 sites en
Allemagne et 1 site au Canada

Traitement administré en bolus IT
4 doses/patient espacées de 28 jours



|0SIS-HTT,, (RG6042)

Phase I/2a (juillet 2015 a nhovembre 2017):
inclusion de 46 patients a un stade débutant

Résultats:

-Réduction de la HTT (LCR) dose administrée
dépendante

-Tolérance et Innocuité

-Durée trop courte pour évaluer un effet
clinique (diminution ou arrét de progression de
ERNMEIELITE)




Résultats

Démonstration d’'une diminution moyenne de
40% (jusque 60%) du taux de Huntingtine dans
le LCR pendant 3 mois aux doses les plus
élevees.

« La réduction de la protéine mutante observée est supérieure a
la réduction nécessaire pour observer une modification de la
maladie chez les modeéles animaux » Tabrizi



HTT lowering therapies may slow or stop clinical progression

MoA schema adapted from Wild and Tabrizi, Lancet Neurology, 2017 . .
HTT lowering therapies generally target

Nucleus W_’T-:’W& DNA upstream pathogenic principles

Roche/IONIS ASO suppresses causal
ASO pre-mRNA PP

toxic protein (non-allele-selective
s ] R e >

RNaseH-mediated ASO
degradation

Sl Toxic mHTT* R
of disease

Impaired axonal Proteasome Neuronal dysfunction Excitotoxicity Oth
e er current SOC
Cellular transport inhibition and death
dysfunction Caspase/protease Synaptic Transcriptional Mitochondrial
activation dysfunction deregulation dysfunction

and advanced
clinical development
candidates target
downstream effects
Atrophy Cognitive and functional Motor likely addressing few

Clinical + Brain tissue loss + Psychomotor + Coordination or single domains
pathological * Muscle wasting + Inattention « Balance/gait

domains * Weight loss + Apathy/behavior + Chorea

» Progressive akinesia

| Speech and swallowing

*Toxic mMHTT=HTT 36+ CAG repeats.
ASO, antisense oligonucleotide; HTT, Huntingtin gene; HTT, Huntingtin protein; mHTT, mutant Huntingtin protein; MoA, mechanism of action; mMRNA, messenger RNA; SOC, standard of care.
Wild EJ, Tabrizi SJ. Lancet Neurol. 2017; 16:837-847.




Non-allele-selective ASO selected for clinical development
Data from RG6042 to date suggest the non-allele-specific approach is
well tolerated and has the broadest patient eligibility

* Non-allele-specific approach preferentially developed due to:

— broad eligibility for all HD patients irrespective of individual SNP

— ability to screen the entire HTT gene to identify a highly potent ASO with favorable safety profile

Preclinical safety Preclinical efficacy Pharmacology

+ Lowering of total HTT * Non-allele-specific ASOs * RG6042 results in the
in the CNS with have demonstrated dose-titratable, partial
irreversible (e.g. SiRNA) efficacy in transgenic and reversible reduction
or reversible (e.g. ASO) animal models, similar to of HTT
approaches appear safe allele selective

in normal animals’-3 approaches245 Approach appears well

tolerated in Phase I/lla
and OLE

>200 doses of RG6042
have been administered
in the OLE study to date

RG6042 (previously known as IONIS-HTTRKX) is an investigational medicine and has not yet received regulatory approval in any country.

ASO, antisense oligonucleotide; HD, Huntington’s disease; HTT, Huntingtin gene; HTT, Huntingtin protein; OLE, open-label extension; siRNA, small interfering RNA;

SNP, single nucleotide polymorphism.

1. Kordasiewicz HB, et al. Neuron 2012; 74:1031-1044; 2. Drouet V, et al. Ann Neurol. 2009; 65:276—285; 3. Stiles DK, et al. Exp Neurol. 2012; 233:463-471; 4. Stanek LM, et al. Hum Gene Ther.
2014; 25:461-474; 5. Boudreau RL, et al. Mol Ther. 2009; 17:1053-1063. For further details see poster JO3: Leavitt B, et al. Partial lowering of total huntingtin levels to treat adults with HD: Potential
benefits and theoretical risks from human studies and animal models.




RG6042 Global Development Program

Today

Phase I/lla study?? ® Open-Label Extension Study?

First-in-human study .
Safety, tolerability, PK and PD Long-term_safety, toler_ablllty, PK and PD
« Early manifest HD patients

Ezir‘% manifest HD patients « 15 months follow-up
- * N=46 (participants of Phase I/lla study)

HD Natural History Study*

Prospective, longitudinal study
Early manifest HD patients

15 months
Pivotal Phase Il Study

N=100
» Long-term efficacy and safety
* Manifest HD patients
* 25 months (plus follow-up)
* N=660

HD, Huntington’s disease; PD, pharmacodynamics; PK, pharmacokinetics.
1. ClinicalTrials.gov. NCT03342053; 2. Tabrizi S, et al. Neurology. 2018; 90(15 Suppl); Presented at AAN 2018 (Abstract CT.002); 3. ClinicalTrials.gov. NCT02519036;
4. ClinicalTrials.gov. NCT03664804.




|OSIS-HTT,., (RG6042)
Et la suite???

& Phase 3: Generation —HD1

@ Durée de I'étude 25 mois

€660 patients, agés de 25 a 65 ans avec une MH
symptomatique:

- 220 patients: Placebo

- 220 patients; RG6042 chague mois

- 220 patients: RG6042, un mois sur deux et
placebo un mois sur deux.

€ Ensuite: Open-Label extension Study




|OSIS-HTT,, (RG6042)
Et la suite???

Début 2019

80-90 sites a travers le monde (environ 15
pays)

1 journée a I’'hopital chague mois pendant 25
MoIs

Bonne tolérance de la Ponction Lombaire, des
prises de sang et de I'IRM

Monitoring des effets indésirables



|OSIS-HTT,, (RG6042)
Et la suite: Phase 3 Generation HD1

Criteres d’éligibilité (patient):
Age: 25-65 ans
CAP score >400

Echelle d’autonomie (Independance scale) > 70
... www.hdtrialfinder.org



Open-Label Extension (OLE) study of RG6042
Objective: Extend understanding of effects of anticipated therapeutic
dose over longer follow-up

Ongoing study
Countries: Canada, Germany, UK (9 sites)

Key study features Loading period Maintenance period
2 doses Monthly cohort: 14 doses, 28-day interval

Early manifest HD patients (Stage 1) 120mgIT  28-dayinterval  Every other month cohort: 7 doses, 56-day interval

Must have participated in Phase I/lla
study of RG6042 Mont(hlyzg;)hort
n=

Participants randomised to more vs. less
frequent regimen (all participants to
. ; . . Every other
receive active drug in open-label setting) month cohort
(n=23)

15 months

Long-term safety, tolerability, PK and PD of RG6042 120mg in more vs. less frequent regimen
+ Explore magnitude and sustainability of PD effect on CSF mHTT
« Explore effects on biomarkers and UHDRS clinical measures and linked digital clinical outcomes

CSF, cerebrospinal fluid; HD, Huntington’s disease; IT, intrathecal; mHTT, mutant Huntingtin protein; PD, pharmacodynamics; PK, pharmacokinetics;
UHDRS, Unified Huntington's Disease Rating Scale.
ClinicalTrials.gov. NCT03342053




|OSIS-HTT,, (RG6042)
Et la suite: Phase 3 Generation HD1

Criteres d’éligibilité (patient):
Age: 25-65 ans

CAP score >400
(Nombre de répétition anormale CAG-33,66) x age

Echelle d’autonomie (Independance scale) > 70
... www.hdtrialfinder.org



GENERATION HD1 — RG6042 Pivotal Phase Il study design
Objective: Evaluate efficacy and safety of intrathecally-administered
RG6042 in adult patients with manifest HD

Study launch planned for end of 2018 with patients enrolling by early 2019
Countries: ~15 countries worldwide (80-90 sites)

Randomised, multicenter, double-blind, placebo-controlled study

Key inclusion criteria

Clinically diagnosed RG6042 120mg monthly (Q4W) (n=220)
manifest HD (DCL=4) (Q4W IT bolus)

Aged 25-65 years Open-label

CAP >400 - RG6042 120mg bimonthly (Q8W) (n=220) extension
- (Q4W RG6042 120mg for doses 1-2, thereafter, RG6042 RG6042

Independence scale > or 120mg alternating with placebo Q4W IT bolus)

equal to 70 monthly or
bimonthly

Ambulatory, verbal (optional)*

25 months (plus follow-up)
Inclusion criteria for pivotal study are broader than OLE and HD NHS studiesT

*Provided participants meet eligibility criteria, the data for RG6042 support continued development and the study is approved by Authorities and Ethics Committees/Investigational Review Boards.
tPivotal Phase IlI study protocol is pending approval by Health Authorities, Investigational Review Boards and Ethics Committees.

CAP, CAG-age product; DCL, diagnostic confidence level; GENERATION HD1, Global EvaluatioN of Efficacy and Safety of Roche/Genentech AnTIsense OligoNucletide for Huntington's Disease;
HD, Huntington’s disease; IT, intrathecal; NHS, Natural History Study, OLE, open-label extension; Q4W, once-a-month.
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Céphalées post PL

Il existe une relation entre l'incidence des céphalées
et la taille de l'aiguille.

Le décubitus ne prévient pas leur survenue

Il faut encourager une bonne hydratation
(boissons, perfusion si nécessaire).

Des antalgiques simples comme le paracetamol, ou la
qodeme sont peu efficaces, tout comme ,
I'augmentation de |a pression abdominale qui N
augmente la pression péridurale. Le sumatriptan utilisé
pour |le traitement des migraines a éte propose. La

cafeine du thé, du café et du Coca-Cola sont utiles.

Les céphalees prolongées peuvent étre traitees par la
réalisation d'un blood-patch péridural de 15 a 20 m|
de sang préleve au patient et injecté selon une
procédure stérile






