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Maladie du greffon contre l’hôte (GVHD) 
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ab
stract

PURPOSETotalbodyirradiation (TBI)beforeallogeneic hematopoieticstemcell transplantation (HSCT) inpediatric

patients with acute lymphoblastic leukemia (ALL) is efficacious, but long-term side effects are concerning. We

investigated whether preparative combination chemotherapy could replace TBI in such patients.

PATIENTS AND METHODS FORUM is a randomized, controlled, open-label, international, multicenter, phase III,

noninferioritystudy.Patients# 18yearsatdiagnosis,4-21yearsatHSCT, incompleteremissionpre-HSCT,andwith

an HLA-compatible related or unrelated donor were randomly assigned to myeloablative conditioning with frac-

tionated 12 GyTBI and etoposideversusfludarabine, thiotepa, and either busulfan or treosulfan. Thenoninferiority

margin was8%. With 1,000 patientsrandomlyassigned in 5 years, 2-year minimum follow-up, and one-sided alpha

of 5%, 80% power wascalculated. A futilitystopping rulewould halt random assignment if chemoconditioningwas

significantly inferior to TBI (EudraCT: 2012-003032-22; ClinicalTrials.gov: NCT01949129).

RESULTSBetween April 2013 and December 2018, 543 patients were screened, 417 were randomly assigned,

212 received TBI, and 201 received chemoconditioning. The stopping rule wasapplied on March 31, 2019. The

median follow-up was2.1 years. In the intention-to-treat population, 2-year overall survival (OS) wassignificantly

higher following TBI (0.91; 95% CI, 0.86 to 0.95; P , .0001) versus chemoconditioning (0.75; 95% CI, 0.67 to

0.81). Two-year cumulative incidence of relapse and treatment-related mortality were 0.12 (95% CI, 0.08 to

0.17; P , .0001) and 0.02 (95% CI, , 0.01 to 0.05; P 5 .0269) following TBI and 0.33 (95% CI, 0.25 to 0.40)

and 0.09 (95% CI, 0.05 to 0.14) following chemoconditioning, respectively.

CONCLUSION Improved OS and lower relapse risk were observed following TBI plus etoposide compared with

chemoconditioning. We therefore recommend TBI plus etoposide for patients . 4 years old with high-risk ALL

undergoing allogeneic HSCT.

J Clin Oncol 39:295-307. © 2020 by American Society of Clinical Oncology

Licensed under the Creative Commons Attribution 4.0 License

INTRODUCTION

Total body irradiation (TBI) is widely used in conditioning

regimens for patients with acute lymphoblastic leukemia

(ALL) undergoing allogeneic hematopoietic stem cell

transplantation (HSCT).1-3 For children with high-risk ALL,

an allogeneic HSCT from an HLA-identical sibling donor

(MSD) or HLA-compatible related or unrelated matched

donor (MD)4-7 or mismatched donor,8 conditioned with

TBI and etoposide has resulted in excellent overall and

leukemia-free survival.

A small, randomized, controlled trial found signif-

icantly higher event-free survival (EFS) with TBI,

etoposide, and cyclophosphamide versus busul-

fan, etoposide, and cyclophosphamide condition-

ing in pediatric ALL patients receiving an unrelated

donor HSCT, but a nonsignificant difference for

those receiving a related donor HSCT.9 Moreover, a

meta-analysis in patients with leukemia found

significantly lower treatment-related mortality

(TRM) with TBI-based versus busulfan-based

conditioning.10 However, TBI has lifelong adverse

effects. Impairment of growth, gonadal function,

and cognitive function, cataracts, and secondary

malignancies are more frequent after TBI than

irradiation-free conditioning regimens.11-13
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Gemtuzumab ozogamycin (Mylotarg) 

Shefet-Carasso et al. 
Amadori et al., J Clin Oncol 2016 





Bi-specific T-cell engager (BITE) 



(34% CR) 

Kantarjian et al. 
NEJM 2017 



Kantarjian et al., N Engl J Med 2016 

81% RC 

30% RC 
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Maude et al., 
NEJM 2018 
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Préparation 

J-60 Collecte PBMC 

J-55 Chimiothérapie 

J-6 Unité stérile 

J-5 Cyclophosphamide + fludarabine 

J-4 Cyclophosphamide + fludarabine 
 

J-3 Cyclophosphamide + fludarabine 
 

J 0 Infusion CAR 



Complications des CARs (CRS) 

Symptôme ou signe Grade 1 Grade 2 Grade 3 Grade 4 

Paramètres 

Température 38.0°C oui oui oui oui  

Hypotension  

- adulte ≤ 100 mmHg,  

- enfant < 70 + (2 x âge 

(en années)) 

non 

Ne nécessitant 

pas d’amines 

(réponse au 

remplissage) 

Nécessitant une  

amine vasopressive 

(hors vasopressine) 

Noradrénaline  

≤ 0.25 µg/kg/min 

sur 24h  

Nécessitant Noradrénaline  

> 0.25 µg/kg/min sur 24h  

ou ≥ 0.50 µg/kg/min ≥ 1h  

ou plusieurs vasopresseurs 

(hors vasopressine) 

Hypoxie (besoin d’O2 

pour SpO2 > 90%) 
non 

FiO2 < 40% ou 

oxygénothérapi

e aux lunettes  

< 6 L 

FiO2 ≥ 40% ou 

oxygénothérapie au 

masque ou lunettes 

haut débit 

Pression positive requise 

(CPAP, BiPAP, ventilation 

mécanique) 

20% 



Complications des CARs (ICAN) 

Symptôme ou signe Grade 1 Grade 2 Grade 3 Grade 4 

Score ICE 7-9 (déficience légère) 3-6 (déficience modérée) 0-2 (déficience sévère) Score impossible à réaliser 

Niveau de conscience Eveil spontané Eveil à la voix Eveil seulement sur stimulus tactile 
Eveil requérant des stimuli tactiles vigoureux ou 

répétitifs, stupeur ou coma 

Convulsion NA NA 

Crise convulsive partielle  ou généralisée ou 

crise non convulsive à l’EEG, avec réponse 

rapide après intervention thérapeutique 

Crise convulsive prolongée (> 5 min)  ou convulsions 

cliniques ou électriques répétitives sans retour à la 

ligne de base avec traitement 

Signes moteurs NA NA NA 
Atteinte motrice focale profonde telle qu’hémiparésie 

ou paraparésie 

Augmentation de la pression 

intracrânienne* 
NA NA 

Œdème focal/local à l’imagerie 

neurologique 

Œdème cérébral diffus, signes de décérébration ou 

décortication, paralysie nerf VI, œdème papillaire ou 

triade de Cushing 



Préparation 

J-60 Collecte PBMC 

J-55 Chimiothérapie 

J-6 Unité stérile 

J-5 Cyclophosphamide + fludarabine 

J-4 Cyclophosphamide + fludarabine 
 

J-3 Cyclophosphamide + fludarabine 
 

J 0 Infusion CAR 

Complications 

J2 CRS grade 1 

J3 CRS grade 2 

J12 QS 

Cytopenias 

B-cell aplasia 
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Cas clinique # 2 

Maladie de Hodgkin 
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Younes et al., J 
Clin Oncol 2012 



Cas clinique 

2019                                                                                 2020    

HK scléro-
nodulaire 
stade IV 

Chimio 

Progression 

Brentuximab 

Jan.  Fev.  Mar.  Avr.   Mai.  Jun. Juil .  Aout   Sept.  Oct.  Nov.  Dec   Jan.  Fev.  Mar.  Avr.   Mai.  Jun. Jui. Aout  Sept. Oct. Nov. Dec    

RC RP 

Autogreffe de cellules souches hématopoïétiques 
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Ansell et al., N 
Engl J Med 2015 
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Progression 
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Greffes HLA-haploidentiques 
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Greffe non-myéloablative HLA-haploidentique 

Tacro 

MMF 

PBSC 

-11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1       0     3  4         28        42                         100                180              365 

 
Fludarabine  
30 mg/m²  

Chimerism  Analyses 
2 Gy TBI 

L Luznik et al. 

Cyclophosphamide  
Cyclophosphamide  



1. PTCy mitigates xenoGVHD 

GVHD score: 
- Hunching (2) 
- Anemia (2) 
- Mobility loss (2) 
- Weight loss (2) 
 Sacrifice score 6/8 

D0: 20x106  human  
PBMCs i.v. 

NSG mice 

Survival and scoring 

 D21:  Facs analysis for blood 
immune reconstitution 

D3: cyclophosphamide 
100 mg/kg i.p injection 

C
T
R
L

P
T
C
y

0

20

40

60

80

%
 h

C
D

4
5
+

 a
m

o
n

g

 l
y
m

p
h

o
c
y
te

s

**

C
T
R
L

P
T
C
y

0

10

20

30

40

%
C

D
4

+
C

D
2
5

+
F

O
X

P
3
+

 a
m

o
n

g
 C

D
4
+

 c
e
ll
s

***

FO
X

P
3

 P
E-

Te
xa

s 
R

ed
 

CD25 BUV395 



CTRL 

PTCy 

tSNE-1 

tS
N

E-
2

 
2. PTCy kills proliferative and activated T cells 

 PTCy kills proliferative and activated T cells and increases the 

frequencies of  naive and BCL-2+ T cells 

tSNE-1 

tS
N

E-
2

 

Human CD45+ cells from spleen 



Ahmed et al., Biol Blood Marrow Transplant 2019 
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Progression 
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Cas clinique #3 

Leucémie myéloblastique aigue (LMA) 



▶ Homme 65 ans 

▶ 10/2015: LMA (cytogénétique nle, NPM1 et 
FLT3 non mutés) 

Cas clinique 



L’allogreffe de CSH reste le traitement de premier 
choix pour les patients atteints de LMA 
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27 Jul 2017   18:08

Overall Score test: p=0.096

Intermediate-risk cytogenetic Adverse-risk cytogenetic 

Baron et al., American Journal of Hematology 2020 



L’allogreffe de CSH reste le traitement de premier 
choix pour les patients atteints de LMA 

Baron et al., American Journal of Hematology 2020 



Greffe non-myéloablative (Seattle) 

Tacro 

MMF 

PBSC 

                                    -4 -3 -2 -1       0                    28        42                         100                180              365 

 
Fludarabine  
30 mg/m²  

Chimerism  Analyses 
2 Gy TBI 

R Storb, B Sandmaier 



0 7 14 21 28 35 42 49
100

1000

10000

500

p75

médiane

p25

Days after allo-HSCT

N
e
u

tr
o

p
h

il
s
/µ

L



EORTC-
GIMEMA 
AML-21 

(M. Lübbert) 



▶ Homme 65 ans 

▶ 10/2015: LMA (cytogénétique nle, NPM1 et 
FLT3 non mutés) 

▶ Inclusion dans protocole EORTC AML-21, 
randomisé dans le bras décitabine. RC après 
2 cures. 

Cas clinique 



Décitabine + greffe non-myéloablative 

Tacro 

MMF 

PBSC 

-11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1       0                    28        42                         100                180              365 

 
Fludarabine  
30 mg/m²  

Chimerism  Analyses 
2 Gy TBI 

G. Huls 

Décitabine 20 mg/m²  





▶ Homme 65 ans 

▶ 10/2015: LMA (cytogénétique nle, NPM1 et FLT3 non 
mutés) 

▶ Inclusion dans protocole EORTC AML-21, randomisé 
dans le bras décitabine. RC après 2 cures. 

▶ Allogreffe: mini-décitabine 

▶ RC depuis lors 

Cas clinique 



Aza (75 mg/m2) vs Aza + venetoclax (400 mg) dans 
les LAM du sujet âgé 

DiNardo et al., N Engl J Med 2020 

CCR: 66% 

CCR: 28% 



▶ Thérapies ciblées:  

    Immunothérapie: mab,  bite, CARs 

    Inhibiteurs tyrosines kinases / BCL-2 inhibiteurs 

    Checkpoint inhibiteurs 

▶ Progrès allogreffe: greffes non-myéloablatives 
et greffes HLA-haploidentiques 

Take home messages 



Patients 


