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Traitement précoce des sclérodermies systémiques cutanées diffuses:
place de l'autogreffe de cellules souches hematopoietiques périphériques
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ADWP — Number of HSCT: 3947
EBMT Reqistry — Auqust 2022

» MULTIPLE SCLEROSIS 2004 » HAEMATOLOGICAL

> CONNECTIVE TISSUE 985 ITP 39
SSc 799 AIHA 32
SLE 121 Evans’ 24
PM-DM 18 Other 53

Sjogren 6 » VASCULITIS 67

Antiphosph. Syndrome 6 (G:-};;:nulomaiosis with Polyangiitis 12
Other/Unknown 35 Behcet'’s 17
> ARTHRITIS 205 Eosinophilic GPA y)
Rheumatoid arthritis 81 Polyarteritis 4
Juvenile chronic arthritis : Takayasu 3
*Systemic JIA 72 Other/Unknown 29
*Articular JIA 21 » OTHER NEUROLOGICAL 143
*Other JIA 19 NMO 27
Psoriatic arthritis 3 CIDP 65
Other 9 Myasthenia gravis 10
> INFLAMMATORY BOWEL 283 Other/Unknown 41
Crohn's disease 232 > INSULIN DEPENDENT 20
DIABETES
Coeliac disease 18 p» OTHER 8992

Other 33



20 YEARS - 3 Randomized Control TRIALS : GRADE 1 evidence for AHSCT in SSC

1997 Special Report : Blood and marrow stem cell transplants in auto-immune deases: a consensus report written on
behalf of the European League against Rheumatism (EULAR) and the European Group for Blood and Marrow
Transplantation (EBMT) Tyndall A, Gratwohl A et al . BMT

Phase |-l

— 2002 Autologous bone marrow transplantation in the treatment of refractory systemic sclerosis: early
results from a French multicentre phase I-1l study.Farge D et al., Br J Haematol.

~ 2004 Autologous stem cell transplantation in the treatment of systemic sclerosis: report from the EBMT/EULAR
Registry. Farge D et al. Ann Rheum Dis.

~ 2008 Long-term follow-up results after autologous haematopoietic stem cell transplantation for severe systemic
sclerosis. Vonk MC et al, Ann Rheum Dis.

Phase II-1lI

Autologous non-myeloablative hasropoietc stem-cell ransplantation compared with puise cyclophospharnide once
201 per month for systemic slerosis (ASSIST): an open-label, randomised phase 2 tial. Burt RK et al, Lancet.

| Haematopoietic SCT in severe autoimmune diseases: updated guidelines of the European Group for Blood
2012 and Marrow Transplantation. Snowden JA et al, BMT

Recommandations

.

|~ 2014 cutaneous systemic sclerosis: a randomized clinical trial. van Laar JM and Farge D, et al JAMA.

—2015 SCT for severe autoimmune diseases: consensus guidelines of the European Society for Blood and
Marrow Transplantation for immune monitoring and biobanking. Alexander T et al , BMT

Cardiopulmonary assessment of patients with systemic sclerosis for hematopoietic stem cell transplantation:
recommandations from the European Society for Blood and Marrow Transplantation Autoimmune Diseases
Working Party and collaborating partnerts.Farge D and Burt R, etal BMT

2017

2018

—2018 2018 EULAR endorsed recommendation Kowal-Bielecka O at al Ann Rheum Dis . *

| 2019 Indications for HSCT for haematological diseases, solid tumours and immune disorders:

current practice in Europe, 2019. Duarte R et al, BMT
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Haematopoietic+SCT+in+severe+autoimmune+diseases:+updated+guidelines+of+the+EBMT

Indications for AHSCT in early rapidly progressive SSc

Age: 18to 65years + SSc diffuse/limited with disease duration:

< 2 yrs + mRSS 2 20 and trunk involvement
* ESR2>25
* Hb < 11 without any other cause but SSc

< 5 years + mRSS 2 15 + Internal organ involvement
* Lung: FVC and / or DLCO < 80% plus radiological interstitial disease
* Kidney : Hypertension, abnormal urinary sediment, altered renal function
* Heart : arythmia or conduction abnormalities

< 5 years disease duration + mRSS < 14 + progressive pulmonary disease
* Fallin FVC greater or equal 10 % and / or DLCO greater or equal to 15 %

SnowdenJ etal BMT 2012
Farge D. et al. Bone Marrow Transpl 2017
www.mathec.com Moraes D Journal of Blood Medicine 2021



http://www.mathec.com/

Life after Autologous Hematopoietic Stem Moraes D, Oliveira MC
Cell Transplantation for Systemic Sclerosis Journal of Blood Medicine 2021:12 951-964

IMMUNOABLATIVE
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Life after Autologous Hematopoietic Stem Cell Transplantation for Systemic Sclerosis
Moraes D, Oliveira MC Journal of Blood Medicine 2021:12 951-964

Burt 2011 (ASSIST) van Laar, Farge 2014 (ASTIS)  Sullivan 2018 (SCOT) Del Papa 2017

10 HSCT +9 CY arm 79 HSCT + 77 CY arm 33 HSCT + 32 CY 18 HSCT +36 C
Age 45y 43.8y 459y 41y
Dis D 13.6 mo 16.8 mo 27 mo 24 mo
oS 100% both groups 80% vs 65% at4y 86% vs 51% at6y 89% vs 39% at5y
TRM 0% 10.6% (8/79) 3% (1/33) 5.6% (1/18)
PFS 100% vs 11% CY 77% vs 65% at 5.8y NA NA
DIS PROG 0vs 89% (8/9) 11% vs 35% at 5.8 y 18% vs 41% at 6 NA

www.mathec.com



http://www.mathec.com/

St Louis Hospital MATHEC before and 6 years after HSCT April 2018



Association of AHSCT in Systemic Sclerosis With Marked Improvement in Health-Related Quality of Life

Maltez N, Puyade M, Wang M, Lansiaux P, Marjanovic Z, Charles C, Steele R, Baron M, Colmegna |, Hudson M, Farge D; Canadian Scleroderma
Research Group and the MATHEC-SFGMTC Network
Arthritis Rheumatol. 2021 Feb;73(2):305-314

20-

p<0.001

15+

o
8
AHSCT Conventional care g
(n=41) (n =65) R p<0.001
Age, yrs 44.7 +13.3 53.1+10.7 =
Dis duration, yrs 2.6 +1.5 1.5+1.0 § =
MRSS (0-51) 25.0 £ 10.5 [275+81 £ s =
LD, no. (%) 38(92.7) 32 (49.2) T
FVC, % pred 78.9+17.5 83.4+198 £ "
DLco, % pred 55.2+15.5 622+17.6 . -
Previous renal crisis, no. (%) 0 [2] 14 (21.5) . i NS
Creatinine 111.2+34.1 85.0+46.7 e

1 1
Physical component summary Mental component summary

Change  vivo  v2vo | v3vo [ vavo il vsvo [} vevo i v7-vo



Mapping and predicting mortality from Ehnpr:]ffdx.gpi.%rgﬂﬂill1]_3E8}
systemic sclerosis annrheumdis :

Muriel Elhai,' Christophe Meune,* Marouane Boubaya,? Jéréme Avouac,

Primary heart disease: 30% of the deaths
SMR : 1.03 (2000) to 0.6 (2011) per 105 men and women
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2011: EUSTAR cbhort deaths + French death certificates

Pulmonary
No. of Cardiac No. of interstitial No. of No. of Renal

Subgroup studies involvement studies involvement studies studies involvement

Organ manifestation criteria
Standard 9 3.26 (2.3, 4.6) 10 2.77 (2, 3.84)* 4 3.73 (1.67, B.34)~ 6 3.17 (2.16, 4.65)**

Komocsi Rheumatology 2012



Autologous stem cell transplantation in scleroderma

Dou‘limque Farge L2 * Nasshn:A.it A‘bdaJ.lah ! Zora Marjanovic 3, l\ixcoler—m Del Papa4 Presse Med 50 (2021)

Bone Marrow Transplantation (2017)

MULTIDISCIPLINARY MEETING (W\wxf.mathec.com):
- Evaluate indication,
- Search for absolute or transient contra-indication

- Evaluate potential risk factors for aHSCT treatment-related complications

EXCLUSION CRITERIA FOR AHSCT APPROPRIATE CANDIDATE

e e e Any cardiopulmonary risk factors * No cardiopulmonary risk factors *
No indication ' )

Or

o Alternative conditioning regimens Standard conditioning regimens
Absolute contra-indication using low doses éth 200 mgkg CYC total dose
- Age =65 years.
- Resprratory failure, DLCO < 40%, FVC < 60%
- LVEF < 45% . severe coronary artery disease,
untreated severe arrhythmia, cardiac tamponade.,
constrictive pericarditis. * Cardiopulmonary risk factors for aHSCT treatment-related complications
) Renlal failure LQFR < 40 m/min) . - Baseline (resting) PASP > 40 mmHg or mPAP > 25 mmHg, PASP > a5
- Active neoplasia or myelodysplasia.. = = =
- Acute or chronic uncontrolled infection. mmHg or mPAP > 30 mmHg after fluid challenge Decrease or lack of
- High risk of no compliance augmentation of CO after fluid challenge

- Pulmonary vascular resistance > 3 Wood units
- D-sign of septal bounce on cardiac MRI



. Autologous stem cell transplantation for pro- 10
Haematologica 2021 gressive systemic sclerosis: a prospective 0s | T os 90%
Volume 106(2):1-9 non-interventional study from the European 0s ]
Society for Blood and Marrow Transplantation PFS
Autoimmune Disease Working Party " o
Patients 80 6 81.8%
Age at aHSCT, years, median (range) 43 (20-62) 7
Sex, female 57 (71.3%) zs‘
Disease duration from S5c diagnosis, median (months) 238 (5.3-103.T) 0'2_ Progression
(Cardiac involvement o NRM
Systolic blood pressure (mmHg) , median (range) 110 (76-145) ' —— .
Diastolic blood pressure (mmHg) , median (range) 70 (40-90) o T I I poi-
Heart rate, median (range) 82 (50-105) ° T;me from transplent earzs) s ‘mic
Resting ECG, abnormal 480(5%) Py
24h Holter ECG, abnormal 12/60 (20%) Post-transplant non-infectious complications in 21 (26%) patients Events
Echocardiography, done 80 (100%) (n=24)
;ﬁ&géli;ﬁ)éfﬁiﬁiﬂg::ggg 65}5:;3 ((%75%) CYC-related acute cardiomyopathy / 4 deaths 4
SPAP by cardiac echo (mmHg), median (range) 29 (8-59) Cardiomyopathy with myocardial infarction 1
Cardiac MRI, done 59/80 (74%) — 0, ARDS + acute heart failure 1
Cardiac MRI, abnormal** 11 (18.6%) T R M = 6 ° 2 5 A) Arthythmias 9
Right heart catheterization, done, median (range) 17/80 (21.3%) Pericardial effusion .
Conditioning regimen Atrial flutter/or fibrillation 2
gg 2?3 m%/kg e 73 goﬂgﬁ?} Allergy to ATG with respiratory failure + Pulmonary hemorrhagic syndrome |
other dose m I
CYC 100mgkg + Thiotepa 10mgkg 4 (5.0%) Sb E
Rabbit ATG, yes 80 (100%) Acute pulmonary edema 1
Thymoglobulin (Sano[ﬂGenzyme), rngfkg,_median (range) 75(2515) Renal failure 3
Grafalon (Neovi/Fresenius), mg/kg, median (range) 40 (30-41) Psychosis / depression 3
Previous immunosuppressive 5S¢ medication, yes**** 76 (95.0%) Epistaxis 1
Cyclophosphamide (iv/oral) 48 (60%) Oral mucositis 1
Dose (g), median (range) 6 (1-17) Anal fi 1
Methotrexate 46 (58.29%) oS
Mycophenolate mofetil 16 (20.3%) Hemorrhagic cystitis .
Prednisone or equivalent 64 (81.0%)

Azathioprine 8 (10.0%) Y P : .
ATG rabbit 2 (2.5%) Post-transplant infections reported in 60 (75%) patients :1‘:'9?] "
Cyclosporine 3 (3.8%)




Cardiac safe hematopoietic stem cell transplantation for systemic
sclerosis with poor cardiac function: a pilot safety study that
decreases neutropenic interval to 5 days

Table 2 Transplantation inpatient and 1-year toxicity.

Richard K. Burt

!+ Xiaogiang Han' - Kathleen Quigley' - Indira Arnautovic' + Sanjiv J. Shah? - Daniel C. Lee? -
Benjamin H. Freed® . Borko Jovanovic® - Irene B. Helenowski® Bone Marrow Transplanation
Published onling: 01 Julv 2020 https://doi.omg/10.1038/541409-020-0978-2

Parameter: where indicated includes mean/ All patients Flw'Cy/ATG FIWCy/ATG P vaue berween

standard deviation (range) with rimximab regimens with and
+ IVIG without rituximab

Transplant-related deaths 1/42 14 1728 0.99

All deaths 4/42 214 218 0.99

Infections during inpatient hospitalization 042 04 28 NA

Day of discharge 1013 (B-14) 91 (B-12) 10/1.3 (8-14) 0.03

Days absolute neurophil count <3500/l 52422 (1=-10) 4.4/2 (1-8) 5622 (2-10) 0.07

MNumber PRBC transfusion 18572 (0-9) 1L6471.3 (0-4) 1.96/2.3 (0-9) 0.90

Number Platelet transfusions 0.3/0.97 (0-5) 0.0780.3 (0-1) 0.46/1.2 (0-5) 0.31

MNumber of patients with fever (=38.0°C) 10v42 414 628 0.7

Upper respiratory tract infections 542 4714 3 restart MMF 1/28 0.0

(sinusitis, bronchitis. bacterial preumonia)

Viral (BK uremia, influenza) 242 014 2128 0.54

Number of secondary autoimmune diseases 342 14 28 0.03

hypothyroidism (2), rheumatoid arthritis (1)

Table 3 Outcome after ransplantation between regimens with and without rituximab.

TRM:2.4%

= > CONDITIONING LESS TOXIC:

CYCLO 60 mg/kg x 1

+ Fludarabine 30mg/m2 x 3

— RATG at least 12 h iv

0.5 mg/Kg/D at D-5, 1 mg/Kg/D-4,
1.5 mG/kg D-3 to

=> steroids 1 mg/Kg/ D-5to D-1

Parameter FIw'Cy/ATG mean/SD Flu/Cy/ATG rituximab + IVIG P value between regimens
{range) Mean/SD (range) with and without rituximab

Relapse at 1 year 514 (36%) 128 (4%) 0.01

Owerall survival at 1 year 12114 (86%) 2728 (96.4%) 025

mRESS pre-HSCT 17.8/9.9 (5-36) 17.9/13 (3-48)

mRS5 change at 12 months 6.1/3.6 (1-13) 25/10.1 (0-34)

mRSS net change after 1 vear —11.7% —0 4" 0.28

FVC pre-HSCT (percent predicted) 560.3/16.1 (32-94)
FVC at 6 months 62.3/13.3 (41-86)

65.8/15.6 (41-95)
69.6/17.5 (42-98

RITUXIMAB

Clinical responses ?
Lower relapse rates
Secondary auto-immune diseases



WHO IS CANDIDATE FOR HSCT in SSc and HOW TO PROCEEDE in 2022 ?

1.PATIENT with early organ involvement with disease progression : a potential candidate
2. PATIENT SELECTION +++

Not too early ..but not too late before 5 years disease duration

Early detection of internal organ invovement

Rule out any contra-indication

https://www.mathec.com/soignants/rcp-mathec/
3. MATHEC mutidisciplinary experts online evaluation T

4. BONE MARROW TRANSPLANT CENTER : EXPERT CENTER ACCREDITED FOR ALLOGENEIC
BONE MARROW TRANSPLANTATION

5. MOBILISATION and CONDITIONNING: towards lower toxicity

centre de referenue

maladles rares fa I 2 r

6. Good Clinical Pratice Guidelines : JACIE accredited center

2021 Copyright MATHEC



auto-HSCT

Systemic Sclerosis
Auto / country — 1994-2022 (n = 798) — August 2022

Systemic sclerosis (SSc)

50 -

Country (=3 autos)




Immune reconstitution after AHSCT: renewal of the immune repertoire
Type | : replacement of mature T/B memory repertoire with naive, non-pathogenic cells
Type Il : reinstatement of Immune Regulation T nb and/or function of regulatory cells
immunophenotyping, TREC (Thymic output), CDR3 spectratyping / nucleotide sequencing

Pre-transplant !
host '

O —

HSC mobilization

pool

' Post-transplant host

Lymphopenic

HSC-enriched

autologous graft HSC transplant 6 months

O O g NK cells, B cells
ool
e®0® | e

@
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Farge Arthritis Rhum 2008 (n = 7), Barault BMT2013 (n = 7),
Michel BMT 2016 (n=7), Farge Hemato Oncol 2017 (n=12),
Arruda Blood Advances 2018 (n=31)

Nalve Memory Senescent

TRENDS in Immunology

1 T regulatory cells Foxp3
1 naive B cells after HSCT
1 CD4*CD25"g"FoxP3 fregulatory T cell BERSE83
1 CD8*FoxP3 1 1 suppressive function

Differential gene expression analysis

Hl CYC
Bl HSCT

8 14 20i26 38 48/54
Months

adaptive immune system

B celi proliferation

B cell receptor signaling pathway
hematopoietic cell lineage
lymphocyte activation

leukocyte differentiation
hemaopoiesis

immune system development
immune response

immune system process
leukocyte activation

cell activation involved in immune response
myeioid leukocyte activation
granulocyte activation
neutrophil activation

response to inferferon-alpha
protein transport

focal adhesion

ribosome biogenesis

eukaryotic translation elongation
cytosolic ribosome

protein targeting to ER
translational initiation

rRNA processing

e . Franks, Ann Rheum Dis 2020
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Hematopoietic Stem Cell
Transplantation and Cellular
Therapies for Autoimmune Diseases

NTIC
Multidisciplinary
Common procedures,

R GRECO, T ALEXANDER,
M LABOPIN M BADOGLIO
JHENES, N DEL PAPPA
M PUYADE , G PUGNET

Evaluation

Indication, Z MARJANOVIC, R BURT
EBMT -ADWP members

Follow-up

FBMIT Data base https://doi.org/10.1201/9781315151366
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