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Trapianto di CSE nella SM: fondamenti

teorici

L'idea dell'impiego del
trapianto nelle malattie
autoimmuni nasce
negli anni 70, sulla
base dei modelli
sperimentali

Furono poi segnalati
casi in letteratura di
pazienti trattati per
patologia tumorale e
coesistente malattia
autoimmune

EXPERIMENTAL HSCT IN AUTOIMMUNE DISEASES
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The Immune Resetting Hypothesis

Environmental factors
(viruses, bacteria)
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Population at risk
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System Gone Haywire

Bone marrow transplantsiare a last-ditch experiment for many auto-
immune diseases. Assessingiow and why they work, and whether
they can help more patients,is‘an.exercise in perseverance

The Journal of Immunology
2009




Auto-HSCT for AD: 1994-2022 (n = 3947) — August 2022

HSCT has evolved over
the last 25 years as a
specific treatment for
patients with severe ADs
through the eradication
of the pathogenic
immunologic memory
and profound immune
renewal.

MS and SSc cover
around 80% of
transplants performed
for ADs, where HSCT
has become an integral
and standard-of-care
part of treatment
algorithms.
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Auto-HSCT

HSCT for AD per country

1994-2022 (n = 3947) — August 2022
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auto-HSCT
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Multiple Sclerosis
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Preclinical | Relapsing-Remitting MS | Secondary Progressive MS

Brain Volume
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measures

EDSS
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Pathology

MRI

Antiinflammatory/

: Myelin/neural repair
immunomodulatory

Therapies

First line treatment

* steroids (R)

* plasmapheresis (R)
* glatiramer-acetate
* interferon-b

* fingolimod

* fumaric acid

* teriflunomide

LS A
L

Second line treatment

* natalizumab (a-VLA4)

* mitoxantrone

* alemtuzumab (a-CD52)
* ocrelizumab (a-CD20)
*Cladribrine

A

Second/third line
treatment

* Autologous hematopoietic
stem cell transplantation
(aHSCT)

“Auxiliary”

* regular physical activity
* sun exposure, Vit D3
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Autologous haematopoietic stem
cell transplantation for treatment

of multiple sclerosis
Normalization of

Ablative Paolo A. Muraro’, Roland Martin?, Giovanni Luigi Mancardi**, Richard Nicholas’, !
conditioning Maria Pia Sormani® and Riccardo Saccardi® immune.gene
expression profile

‘ .. Autologous haematopoietic
. stem cell transplantation

2 years

@ @ New thymi
Enh Lyue New and diverse
% ©©® ir:maunr::eed function immune repertoire
@g regulation ® @ @}
Destruction of @ @
@@ A\ ®@

pathogenic Homeostatic @

immune expansion @ @}

repertoire 7 5 @ @
Antigenic T B @

Depletion of re-experiencing regs’ regs’ |\ “regs

CD# T /T 17...

CD8'CD161* MAIT @%@ Naive T el
© @© repopulation

Proposed model of therapeutic mechanisms of AHSCT
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Patient selection: Disease phase

* The evidence of a E:‘ 5
correlation between i £ ‘E‘:{
inflammatory activity and 2 g
HSCT efficacy is now well o e
accepted :3 3 3 > i H 3 N(:mb;.:,.s: e
* Patients transplanted in the e C MER e
relapsing-remitting phase ]
achieve a sustained, drug- B =
free remission o, m—_— ™
* Patients transplanted in the
progressive phase tend to T R S R T venssensar
stabilise/slow progression |
Muraro et Al, JAMA Neurol, 2017 Boffa G et Al. Neurology 2021



Percent survival
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Treatment intensity and clinical outcome
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Disease free survival
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High-intensity regimens

Patients (%)
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Figure 2: Timeline of clinical relapses (A) and active MRI scans (B)

Atkins H et Al, Lancet 2016
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Long-Term Clinical Outcomes
of HSCT in MS:

retrospective analysis of the
Italian database

210 patients from the Italian BMT-MS
Group were included - RR=122(58%).

Median baseline EDSS was 6(1-9), mean
follow-up was 6.2(£5.0) years.

Other Regimens included FEAM (1.9%),
BEAM (4.8%), TT/CYC (4.8%), CYC/ATG
(12.9%)

In RRMS patients,Jthe use of the

BEAM+ATG (74%) conditioning protocol
was independently associated with a
reduced risk of NEDA-3 failure
[HR=0.27(0.14-0.50), p<0.001]
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mmatory activity

MRI inflar
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1.00 -,H_"_‘
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0.25
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Boffa G et Al, Neurology 2021



Autologous haematopoietic stem cell
transplantation as a first-line disease-
modifying therapy in patients with
‘aggressive’ multiple sclerosis

J Das' 2, JA Snowden, J Burman‘ >, MS Freedman, H Atkins, M Bowman, RK Burt,
R Saccardi, C Innocenti, S Mistry( ), PJ Laud, H Jessop and B Sharrack
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EDSS Score
w

N N
25 NR==<
S
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Months from transplant
Conditioning Diagnosis | Pre-AHSCT Last post- Follow up
regimen to HSCT | EDSS score | AHSCT EDSS (months)
months
4 7(5-12) 3(2-6.5) 1.5(1-4) 27 (24 -50)
4 3(1-14) 3(1.5-8) 0.5(0-1.5) 90.5(48-118)
12 4(1-20) 55(2-9.5 3(0-6.5) 27 (12 -37)
20 5(1-20) 5(1.5-9.5 2(0-6.5)  30(12-118)

20 ‘aggressive’ MS patients
received AHSCT as a first-line DMT
in five European and North
American centres

Median interval between diagnosis
and AHSCT was 5 (1-20) months

After a median follow-up of 30 (12—
118) months, the median EDSS
score improved to 2.0 (0-6.5, p <
0.0001)

Following AHSCT, no patient had
clinical relapse or confirmed
disability progression.

When MRIs were re-baselined at 6
months, the cumulative NEDA rate
was 100%.

Multiple Sclerosis Journal, 2021 3



The complex interplay between MSCs
and the immune system
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Safety, tolerability, and activity of mesenchymal stem cells
versus placebo in multiple sclerosis (MESEMS): a phase 2,
randomised, double-blind crossover trial

Antonio Uccelli, Alice Laroni, Rehiana Ali, Mario Alberto Battaglia, Morten Blinkenberg, Lou Brundin, Michel Clanet, Oscar Fernandez,
James Marriott, Paolo Muraro, Seyed Massood Nabavi, Roberto S Oliveri, Ernst Radue, Cristina Ramo Tello, Irene Schiavetti, Johann Sellner,
Per Soelberg Sorensen, Maria Pia Sormani, Jens Thomas Wuerfel, Mark S Freedman, on behalf of the MESEMS investigators*

* Primary objectives were to test safety and
activity of MSC treatment. The primary safety
endpoint was to assess the number and
severity of adverse events within each
treatment arm.

« The primary efficacy endpoint was the
number of gadolinium-enhancing lesions
(GELSs) counted over week 4, 12, and 24
compared between treatment groups

» 144 patients were randomly assigned to first
receive early intravenous infusion of
autologous bone marrow-derived MSCs
(n=69) or placebo (n=75)

« MSC treatment did not meet the primary

oonAdnnint nf affiraryr nn thoe tAatal niimhoar AF

Adjusted number of 1-16 1-24 0-94 0.78
ST (020) (021 (058t

1-50)
Adjusted volume 4721 5482 0-21

of T2-weighted
lesions over 24
weeks

Ten (15%) patients in the early- MSC group and nine
(14%) patients in the early-placebo group had
confirmed EDSS progression during the first 24 weeks
(p=0-72).

MESEMS study does not support their use in
patients with multiple sclerosis with ongoing
inflammation, given the large number of
treatments affecting immune cells that are

availlable today. Lancet Neurol, 2021



Forthcoming prospective, comparative trials

Name (ClinicalTri- Type of study Country Conditioning §Comparator Primary end- Sample size: Age (years; MS form EDSS jEstimated Status
als.gov identifier) protocol point recruited/ range) completion
goal
RAM-MS Phase IIl RCT Denmark Cy + ATG Alemtuzumab, NEDA at 36/100 18-50 RR 0.0-5.5 §March 2024 Recruiting
(NCTO03477500) Sweden ocrelizumab 2 years
Norway or cladribine
Netherlandsj
BEAT-MS Phase [I RCT USA BEAM + ATG jNatalizumab, RFS at 3 years 0/156 18-55 R-MS (PP 2.0-5.5 |November Not yet recruit-
(NCT04047628) UK alemtu- excluded) 2028 ing
zumab,
ocrelizumab
or rituximab
NET-MS Phase IIRCT Italy BEAM + ATG jNatalizumab, NEDA at 0/90 18-50 Not yet recruit-
alemtu- 3 years ing
zumab,
ocrelizumab
or rituximab
COAST Phase IIRCT Germany Cy + ATG Alemtuzumab, NEDA at 0/50 18-55 Not yet recruit-
ocrelizumab 2 years ing
STAR-MS Phase IIl RCT UK Cy + ATG Alemtuzumab, NEDA at 0/198 16-55 Not yet recruit-
ocrelizumab 2 years ing

Mariottini Al et Al, Biodrugs 2020
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. b c CD19* B cell Neutrophils
Anti-CD19 CARTT cell therapy for refractory FY— w0 - cells p—
systemic lupus erythematosus 800 - Baiontod |« Patient_1
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Artur Wilhelm©24, Michael Aigner'2, Simon V5IkI'2, David Simon ©24, Arnd Kleyer ©24, 400 j ¥ Patient_3 . Patient 4 10,000
Luis Munoz**, Sascha Kretschmann'?, Soraya Kharboutli'?, Regina Gary'?, Hannah Rei 2, . ¢ Patient 4 200 « Patient | '
Wolf Résler'?, Stefan Uderhardt>*, Holger Bang®, Martin Herrmann ©24, Arif Billent Ekici ¢, g 200 - - Patient_5 \;' atient_5
Christian Buettner®, Katharina Maria Habenicht’, Thomas H. Winkler 7, Gerhard Kronke ©24#8 < - %
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disease duration of 4 (8) years and active - & .
. 0 0
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months
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HSCT in MS: Conclusions

Auto HSCT results in long term stability or improvement in a high
proportion of MS patients

Overall acceptable safety profile in a population with high risk of
severe disability

Specific supportive therapies and clinical monitoring have to
established to limit toxicity

Remarkable long-term efficacy in:
* Younger patients
* Relapsing forms
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