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General and Stroke Unit care: Rehabilitation
BP, glycemia, nursing (mobilization,
infection prevention...) GF / Cell therapy: Neural graft:
- GCSF, EPO... - Precursors
IV thrombolysis - Cell therapy (MSC, - Neural SC
Thrombectomy MNC, HSC, EP...) - Neurons
Craniectomy

Gutiérrez, Cerebrovasc Dis 2009
Detante O, Rev Neurol 2014



Diagnostic



Evaluation of Cryptogenic Stroke With Advanced
Diagnostic Techniques

Oh Young Bang, MD, PhD; Bruce Ovbiagele, MD; Jong S. Kim, MD, PhD

Conventional classification Incorporation of advanced technigue
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Bang, Stroke 2014



« Intelligence artificielle  »

e Deep learning sur TDM
« stroke » ou « trauma »
avec hemorragies

« 313 000 TDM |
« AUC >90%

Chilamkurthy , Lancet 2018
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Thrombolyse / Thrombectomie



« TIME 1S BRAIN »
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Saver J., Stroke 2006
Detante, EMC 2014

Artery =
occlusions

e 1 minute =
- 1.9 millions de neurones
- 12 km de fibres myélinisées



ESO-ESMINT Guidelines 2019
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Pronostic post-thrombectomie
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Campbell , Lancet Neurol 2019



Prevention secondaire



Fibrillation atriale :
AOD mieux que les AVK

AVK vs. : RRor HR
Placebo & 0.36*
ASA 4 0.62*
ASA & clopidogrel ., 0.69*
Dabigatran 110mg 2x/d — 10— 1.10 (/hemorrh.)
Dabigatran 150mg 2x/d & 1.92%
Rivaroxaban 20mg/d T 1.12 (| hemorrh.)
Apixaban 5mg 2x/d & 1.27* (| hemorrh.)
| 1 1 1
-100% -50% O +50% +100%
AVK better Alternative better

Review: Hankey and Eikelboom Lancet Neurology 2010; Meta-analysis: Hart Ann Int

Granger NEJM 2011

m '007; RELY: Connolly NEJM 2009; Rocket-AF Mahaffey AHA 2010; ARISTOTLE y



Medecine regénératrice

Thérapie cellulaire
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Plasticité post-AVC

» [Fonctions du tissu survivant
» Reéorganisation des circuits lésés, croissance des fibres

> Processus cellulaires :

e Cellules neurales : neurones, astrocytes, microglie et
oligodendrocytes

e Synaptogenese et activation de connections inactives
» Angiogenese / vasculogenese

Niche glio-
vasculaire pour
neurogenese

Neurons Dcx+

Homme a 1 mois

Ohab, J Neurosc 2006 Jin, PNAS 2006

DCX =
neuroblastes




IV injection of MSC — Mechanisms for stroke?
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Moisan, Cell Transplant 2016
Chopp, Lancet Neurol 2002



Intravenous Stem cell therapy for Ischemic Stroke
ISIS-HERMES trial (2010-2016)

o Ethics committee 2008 / Regulatory Agency 2009
o 3 parallel groups, controlled, randomized, opened
 Autologous MSC (from bone marrow)

 Objective: Feasibility and safety of IV MSC after stroke

e Inclusion : 18 to 70 yo (mean = 52 yo) / Ischemic stroke < 14 days
(NIHSS 2 7) (mean = 18; n=21 left stroke)

o 31 patients in 3 groups (already recruited):
1. 100 million of MSC (n=10)
2. 300 million of MSC (n=10)
3. Controls (n=11)




Safety and efficacy of multipotent adult progenitor cells
in acute ischaemic stroke (MASTERS): a randomised,
double-blind, placebo-controlled, phase 2 trial

David C Hess, Lawrence R Wechsler, Wayne M Clark, Sean | Savitz, Gary A Ford, David Chiu, Dileep R Yavagal, Ken Uchino, David S Liebeskind,
Alexander P Auchus, Souvik Sen, Cathy A Sila, Jeffrey D Vest, Robert W Mays

Dose-escalation, 3 groups (400 or 1200 million MAPC ), randomized vs
placebo

33 centers (USA, UK)

IV injection of allogenic  MAPC (from bone marrow), 24h-48h post-stroke
Objective: safety and efficacy

Inclusion : 18 to 83 yo / Ischemic stroke (NIHSS = 8 - 20)
Non inclusion: splenectomy

8 patients (safety) + 129 patients (2011 to 2015)

Safety at 7 days and efficacy at 3 months (NIHSS, Rankin, Barthel) / 1-year
follow-up

No cell related adverse events
Trend for benefit ? Decrease of infection (at 1 year)

Hess, Lancet Neurol 2017



A/

RESSTORE 1 trial
= (phase 1, 139 patients) RESSTORE

* « Toxicity » (phase 1a): 15 patients (8 patients included)

/

d

4 doses: 1/1.5/ 2/ 3 million of allogenic ADSC / kg
Primary endpoint: life-threatening adverse events at 7 days after injection

= « Dose-effect » (phase 1b): 124 patients /4 groups
3 doses, double blind, vs placebo
Dose-effect « curve »: motor NIHSS at 6 months  / activation fMRI
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Clinical database
BioBank : Barcelona (Spain)
MRI database : ShaNoir (France)

Health economics

Experimental studies:
- Effect of intensive rehabilitation and co-morbidities

- Explore neurobiological mechanisms
- Safety of IV infusion of human ADSC in mice
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Clinical Outcomes of Transplanted Modified Bone
Marrow-Derived Mesenchymal Stem Cells in Stroke:
A Phase 1/2a Study

Gary K. Steinberg, MD, PhD; Douglas Kondziolka, MD:; Lawrence R. Wechsler, MD;
L. Dade Lunsford, MD; Mana L. Cobum, BA; Julia B. Billigen, RN, BS:
Anthony §. Kim, MD, MAS; Jeremiah N. Johnson, MD; Damien Bates, MD, PhD;
Bill King, MS; Casey Case. PhD; Michael McGrogan, PhD: Ermest W, Yankee, PhD:
Neil E. Schwartz, MD, PhD

18 patients ] Steinberg, Stroke 2016
MSC San Bio SB623 Notchl+

Human neural stem cells in patients with chronic ischaemic
stroke (PISCES): a phase 1, first-in-man study

Dheeraj Kalladka, John Sinden, Kenneth Pollock, Caroline Haig, John McLean, Wilma Smith, Alex McConnachie, Celestine Santosh, Philip M Bath,
Laurence Dunn, Keith W Muir

13 patients

Cell line CTX OEO3 from fetal neuroepithelium Kalladka. Lancet 2016



Biomaterials: smart or not...
a) b} : el __ “ -_
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Boisserand , Stem Cell Int 2016



« No cell » therapies

e Secretome: cytokines, growth factors...
 Microvesicles (exosomes)
o Extracellular matrix

Xi H, Frontiers Cell Neurosci 2014 Bang OY, J of stroke 2016



Qu’est-ce gue la récupération ?

e NIHSS / Rankin / Barthel... ICF (functioning) / EuroQolL
e Récupération « vraie » vs Compensation

e Récupération « vraie » + Compensation

e Quelle mesure ? Quand ?
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Cell therapy In stroke: which score?

Study Phase RCT "° MUP,;‘)"'” Treatment Cell Dose Immunogenicity Cryopreservation Delivery time S.M.D.(95% CI)  S.M.D.(95% CI) % weight
mRS
Lee et al 2010 | Y 1636 i.v.MSCs 100M Autologous No 25w-9w 0.28 (-0.32-0.87) 15.13
Monicheetal2012 Il N  10/10 i.2.MNCs 159M Autologous No 5d-9d 0.00 (-0.88-0.88) 9.63
Chen et al 2014 I Y 155 i.c.CD34+ cells 3-8M Autologous No 6m-5y e 1.42(0.60-2.23) 1063
Prasad etal 2014 |l Y  60/60 i.v.MNCs 280.75M Autologous No 185d -0.13 (-0.49-0.24) 2160
Ghali et al 2016 | N 2118 i.a.MNCs 1M Autologous No 1w-3m 0.33(-0.30-0.97) 14.12
Hess et al 2017 I Y 6561 i.v.MSCs 400M/1200M  Allogeneic Yes <48h Ho—t 0.17 (-0.18-0.52) 21.94
Bhatia et al 2018 1 Y 10/10 i.a.MNCs 610M Autologous Yes 8d-15d [m] 0.78 (-0.32-1.89) 6.94
Overall: P=0.078 (I*=54.3 %) 0.30 (-0.03-0.64) 100.00
mBI
Lee et al 2010 | Y  16/36 i.v.MSCs 100M Autologous No 259w - 1.44 (0.40-248) 6.40
Bhasinetal 2012 | N 1212 i.v.MNCs 54.6M Autologous No 3m2y - 0.80 (-0.04-1.64) 8.93
Moniche et al 2012 Wil N 10/10 i.a.MNCs 159M Autologous No 59d "'I‘ 0.00 (-0.88-0.87) 8.34
Prasad etal 2014 |l Y  60/60 i.v.MNCs 280.75M Autologous No 185d " -0.02 (-0.38-0.34) 2274
Bhasin etal 2016 | Y 1010 i.v.MNCs 1M/kg Autologous No 7-12m o 0.81(-0.39-201) 8.14
Ghali et al 2016 | N 2118 i.a.MNCs 1™ Autologous No 1w-3m o—i 0.11(-0.52-0.74) 13.21
Bhasin etal 2017 | N 45 i.v.MSCs 50-61.5M Autologous No 3m-2y 1.70(0.02-3.38) 275
Hess et al 2017 I Y 6561 i.v.MSCs 400M/1200M  Allogeneic Yes <48h »-E‘ 0.23 (-0.12-0.58) 23.20
Bhatiaetal2018 Wl Y 10110 i.a.MNCs 610M Autologous Yes 8-15d 0.09 (-0.96-1.13) 6.28
Overall: P=0.032 (I*= 36.1%) 0.32(0.03-0.61) 100.00
NIHSS
Monicheetal2012 I N  10/10 i.a.MNCs 159M Autologous No 59d A 0.08 (-0.80-0.96) 30.74
Chenetal2014 Il Y 1515 ic.CD34+ cells  3-8M Autologous No 6mS5y e 1.68(0.83-253) 31.19
Hess et al 2017 I Y 8561 i.v.MSCs 400M/1200M  Allogeneic Yes <48h .T._‘ -0.02 (-0.37-0.33) 38.07
Overall: P=0.298 (1°=85.0 %) 0.54 (-0.48-1.56) 100.00
FMS
Bhasin etal 2012 | N 1212 i.v.MNCs 54 6M Autologous No 3m2y - 0.20 (-0.60-1.01) 44.23
Bhasin et al 2016 | Y  10M10 i.v.MNCs 1M/kg Autologous No 7-12m ! 0.52(-0.37-1.42) 39.84
Bhasin et al 2017 | N 45 i.v.MSCs 50-61.5M Autologous No Im2y —e— 1.78 (0.06-3.47) 14.03
Overall: P=0.112 , P= 24.3% Tl' 0.55 (-0.13-1.23) 100.00
5 0 5
Favors Control Favors Cell Therapy

Cui, inpress 2019 Boncoraglio , Cochrane 2019



Compensation - Adaptation

v

Aimée MULLINS

Role de I'entourage et societé pour limiter
la perte d’autonomie

Difficile a quantifier (médico-sociale) !

« L’homme augmenteé, ’lhomme réparé ou
I'homme amélioré » ?






