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L Ding et al. Nature 000, 1-5 (2012) doi:10.1038/nature10738

AML clonal heterogeneity

génomique & phénotypique & fonctionnelle
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CN, NPM1+FLT3ITD- CN, NPM1+FLT3ITD+ +8, del20q-,NPM1-FLT3ITD+

EVI1+, del7q nBM

AML dg

Caryotype CX>5, WT1+, dupMLL

LSC/
nHSC

LAIP
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Educationalbook ASH 2019, Sylvie Freeman  
(A Plesa/C Roumier) Coordonnateurs MRDflowFrench Flow ALFAIntergroup



Définition MRD de type LAIP vs DFN vs LSC

(Panel ALFA Intergroup (coordination A Plesa/C Roumier selon ELN)

Patient au diagnostic

LAIP + DFN + LSC

MRDflow (avec panel fait au dg) 

LAIP+DFN+LSC

MRDflow (sans panel fait au dg)

LAIP+DFN+LSC

Ex dg LAIP: CD7+CD56+CD19+…

Ex dg LSC: CD34+CD38-CD45RA+MIX+CD33++

MRD DFN: CD7+CD56+CD19+…

MRD LSC: CD34+CD38-CD45RA+MIX+CD33++

MRD LAIP: CD7+CD56+CD19+…

MRD LSC: CD34+CD38-CD45RA+MIX+CD33++

Patient sans Panel MRD au dg

MRD possible évaluable mais 

parfois moins de 

sensibilité/spécificité --- panel 

dg NECESSAIRE!!!
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H

A    Schema of a  Flow CytometricAML MRD multi-centerHarmonisation Strategy   

PANEL CONSTRUCTION  [1]

H

HARMONISATION OF CYTOMETER SETTINGS
to achieve comparable fluorescent profiles  [2]
Canto cytometers used by 12 Laboratories
Navioscytometers used by 10 Laboratories

FL1 FL2 FL3 FL4 FL5 FL6 FL7 FL8

T 1 CD7+CD56 CD13 CD33 CD34 CD38 CD117 CD19 CD45

T 2 CD90 MIX LSC:

TIM3+CLL1+CD97

CD123 CD34 CD38 CD117 CD45RA CD45

T3 

option

CD36 CD11b CD33 CD34 HLA-DR CD117 CD4 CD45

H

HARMONISATION OF PRE-ANALYTICAL 
SAMPLE  PROCESSING
Bulk Lysis / Staining/Wash/ 
Acquisition of minimum 500,000 cells

CANTONAVIOS

FITC

C
o
u

n
t

Fluorescence

APCH7

C
D

3
8

CD34
NaviosCanto

Harmonised Calibration Target MFI Peaks Comparable  Antibody Fluorescent 
Profiles  between Cytometer Platforms

H
HARMONISATION OF GATING STRATEGY
to achieve reproducibility in detection of 
low frequency immunophenotypicaberrant profiles

INTER-LABORATORY COMPARISONS FOR 
QUALITY ASSESSMENT  OF  FLUORESCENT 
PROFILES AND GATING

Educationalbook ASH 
2019, Sylvie Freeman  
(A Plesa/C Roumier) 
Coordonnateurs MRDflow
French Flow ALFA
Intergroup
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B Examples of Inter-Laboratory Quality Assessments

CANTO

QA of marker expression  profiles for 10 sharednormal bonemarrowsamples[3] 

QA  from normal BM samplesharedamong22 centers [4] 

Mean: 1.92*10 -4

+/- 3 SD

H%  CD34+CD38- gatedfrom tube 1

Laboratories(1-22)%
 fr

e
q

u
e

n
cy

o
f 

C
D

3
4

+
C

D
3

8-/
fr

o
m

W
B

4
5

+

0.06
%

0.04
%

0.02
%

0%

SD :    0.2*10 -4
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CD117 
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NAVIOS
CD34+ GATED MN CELLS

Educationalbook ASH 2019, Sylvie Freeman (A Plesa/C Roumier)
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Minimal information should be given in Clinical
FlowReport:

- Quality of BM (dilution)

- Strategy of identification of MRD: LAIP/DFN/LSC

- Description of the LAIP used

- LOD based on nBM

- Thresholds < 10-3 for LAIP or <10-4 for LSC

- Interpretation of the result:
- MRD+ 

- MRD- with LOD value

- MRD detectable but nonquantifiable

Educationalbook ASH 2019, Sylvie Freeman (A Plesa/C Roumier)
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nHSC

1997 

John Dick & D Bonnet

LSC

CLL -1-, TIM3 -, CD97- CLL -1+, TIM3+,CD97+

CD96-, GPR56+,EPCR+,CD93+lo, CD81, CD200    CD96++,GPR56-/+, EPCR++CD93++ 

1963

Till & Mc Culloch

HLADR - HLADR -

CD90+CD45RA- CD90-CD45RA+

CD13+/CD33lo, CD117+ CD13+/CD33lo/++CD117-/lo

CD123-/lo CD123++

CD44+ CD44++

VLA4+ VLA4++

CXCR4+ CXCR4++

CD47+ CD47++

CD49f+ CD49f++

CD34+ CD34+

CD38- CD38-

Marqueurs fonctionnels

Side Population (SP)

Hoechst 33342 

ALDH

Quiescence G0/G1

5-FU

Rhod123

Xenograft, PDX
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Space 34+38+/- P6/P7/P8    Flow SOM (Self Organizing Map)

C Roumier/F Dumezy (CHU Lille) & A Plesa (CHU Lyon)

P6

P7

Van Gassen S, Callebaut B and Saeys Y (2017). FlowSOM : Using self - organizing maps for 
visualization and interpretation of cytometry data . http://www.r - project.org, 
http://dambi.ugent.be.
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LSC

Gate

manuel 

classique

FlowSom

Integrate Unsupervised analyse in AML-LAIP&LSCflow
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Study of 60 AML patients using 8C panel  CANTO platform or 10c panel  NAVIOS platform

CAD 

Script R

MRD Value
Metacluster1

RefBoneMarrow
positivitythreshold

MRD Value
metacluster2

RefBoneMarrow
positivitythreshold

CAD Flow MRD analysispanel Tube 1

Computer aided design (CAD) flow in assessment of  AML MRD flow -ALFA French Flow AML MRD Group

Dumezyet al, EHA 2021
SFH 2021 (Poster)

FlorentDumezy, ChristopheRoumier, JorisGutrin, XavierThomas,CelineBerthon,HervéDombret, ClaudePreudhomme, AdrianaPlesa

1Laboratoryof HematologyandFlow cytometry,Lyon-SudHospital,HCL-CHU Lyon, France

2Laboratoryof HematologyandFlow cytometry,CHU-Lille, France

3Departmentof Hematology,SaintLouis Hospital,AP-HP, Paris,France
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New paradigm in MRD LAM: LSC approach

nHSC

LSC

M Terwijn, PLOSOne 2014
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M Terwijn, PLOSOne 2014

New concept of AML follow up: Scoring of MRDflow

(LAIP/DFN/LSC)

W Zeijlemaker, Leukemia 2018

SFH-SFGM-TC, Paris 9 Septembre 2021



SFH-SFGM-TC, Paris 9 Septembre 2021



LEUKEMIC STEM CELL (LSC) QUANTIFICATION BY MULTIPARAMETER FLOW 

CYTOMETRY (MFC):  A TOOL TO EVALUATE PEDIATRIC AML PATIENTS WITH 

GREATER BENEFIT FROM ALLOGENEIC HSCT?

A Plesa, C Roumier, EBMT 2018
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Impact of LSC frequency at MRD1  time point in pediatric AML cohort

RFS

MRD LSC

cut off 0,01%

- Presence of the LSC  CD34+CD38- subpopulation representing more than 0,9% of total “bulk leukemic cells” at 

diagnosis could help to identify patients with  poor outcome. 

- Despite heterogeneity and complexity of the AML LSC  compartment, we  should still use LSC quantification as a 

biomarker of  response to HSCT therapy.  

- In our study, greater benefit of GVL effect seems  to be observed in the patients with low-level of LSC.

For the patients with  high-level of LSC other therapeutic modalities should be chosen to  eradicate LSC using 

targeting immunotherapy before allograft. 

- Monitoring  of the LSC fraction should be useful in most clinical trials to overcome chemoresistance of LSC.

A Plesa, C Roumier, EBMT 2018
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Que-est que c’est une MRDpos?

• CD34+CD38- distinct populations: 

1) nHSC

2) CH (clonal hematopoiesis)

3) LSC (clonal selection/evolution)

Crucial to integrate CD38 in MRDflowPanel:

-complementary of   MRDflow +rqPCR+NGS

-scoring MRD based on subtypes of AML in every time points 
(NPM1, CBF, …)

-integrating in KB scoring, Unsupervised integrative MRD 
quantification…

Clonal Hematopoiesis? Clonal selection? MRD LSC?
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S Loghavi et al, BJH 2020

-61 AML NPM1  deNovo(50 patients MRD NPM1neg suivi 
en parallèle avec MRDflow-PL/ NGS-CH) 

- 26% (#13) CHneg/ 74% (#37) CHpos(DNMT3a 
70%, TET2 27%, IDH2 19%, IDH1 11%)

- CHnegtous sont PLneg
- CHpos: 51% PLneget 49% PLpos
PreLeukemicclone <1% CD34+ profil abb: 34+13+33+ et 
CD117highCD123high et CD38lowHLADRlow

- IDH2, SRSF2 most in PL+CH+ (et 
dysplasie)

- PL+ pas correlé avec age, intensité 
induction, RFS

!!!!!Complementairitée dans les suivis 
MRD NPM1 et MRDflow

CHpos/PlnegCD34+CD117+loHLADR+CD123+lo

CHpos/PLposCD34+CD117+hiHLADR+CD123+hi
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Patient  AML4 15/06/2012 relapse 07/01/2013

minoritary subclone 34+38- du dg (0,4% from blastes)

at dg: WT1+, NPM1+, FLT3ITD-, EVI1-, CEBPa-, DNMT3A+, N caryotype 

relapse: WT1+, NPM1+, FLT3ITD+!!! N caryotype (Relapse Clonal sélection LSC)

Diagnostic

Relapse

Cas Lyon- CHLS SFH-SFGM-TC, Paris 9 Septembre 2021



Patient#4 Responsive induction VyxeosCPX351  CRi-MRDflowposLAIP/DfN+LSC+

MPN/ET JAK2+ dg 2002---Hydrea---AML sec  normal karyotypeJAK2+EVI1+ dg 27-7-2020  (20Y later)

Induction Vyxeos2cycles---AllogHSCT FLAMSA RIC EndoxBU2, CSP10/10 ---partial engraftment----Reject+4M chimerism>95%  

receptor--MPN/ET withmyelofibrosisJAK2+EVI1-, CR morphology

Dg

MRD1

MRD 
+8M allo

MRD 
preallo

Dg 
13%Bl/LSC6%
Jak2+/EVI1+

MRD1 pos
6% LAIP/0,2%LSC
EVI1+J/AK2nd

MRD preallopos
0,8% LAIP/0,7%LSC
EVI1-JAK2+(51%)

MRD pos +8M allo
0,2%SC
EVI1-JAK2+(20%)
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https://doi.org/10.1016/j.clml.2020.01.011

Shyam A. Patel, Jonathan M. GerberClinical  Lymphoma,  Myeloma  &  LeukemiaMay 2020-279
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A Plesa et al, Leukemia Research, July 2021

SFH 2021 (Poster) 

Measurable residual disease including AML leukemia stem cell flow evaluation of CPX-351 therapy 

by multi -parameter flow cytometry

MRDflow&LSC- AML CPX-351 SFH-SFGM-TC, Paris 9 Septembre 2021
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A Plesa et al, Leukemia Research, July 2021

SFH 2021 (Poster) 
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Developmental Plasticity of Acute Myeloid Leukemia Mediates Resistance to Venetoclax -Based Therapy

Shanshan Pei, Blood, 2019
Copyright © 2020 American Society of Hematology 

MRDflow&LSC- AML-VENETOCLAX SFH-SFGM-TC, Paris 9 Septembre 2021



nHSC

33-

LSC 

33+

MRDflow&LSC- Immunotherapy AML: Bridge Preallo, MRD relapse postallo

A Plesa et al, Hematologica 2019 R Walter et al, Blood  2012
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Conclusion: MRDflow LAM & Allogreffe
Quand? Comment? Interprétation avec les autres 

marqueurs de suivi? (Biomol, NGS, chimerism…)
• Timing: preallogreffe (dans <1Mois preallo) et postallo

+1M/3+M/+6M/+9M/+12M…2 ans)

• Prélèvement: Moelle-EDTA 0.5-1ml pour MRDflow (sang en cours 

d’évaluation) selon panel ELN2021

-MRDflow- clinical cut-off 0,1% LAIP (low level MRD cut-off 0,01% LSC)

-MRDflow : analyse classique (strategie nonsupervisé en cours d’evaluation)

• Intégration avec d’autres marqueurs de suivi :

• Si pas Marq Molec: MRDflow LAIP/DFN+LSC

• Si Marqueur moléculaire NPM1, AML1/ETO, WT1 + NGS : MRDflow

LAIP/DFN+LSC

- Chimerism (sang et/ou moelle, cellules totales, populations triés  CD34, 

CD3) 

Guidelines 2021 ELN/SFGM/EBMT, adultes et enfants
SFH-SFGM-TC, Paris 9 Septembre 2021



Flow CytometricLabs
ALFA ClinicalTrial (18 Labs)

Lyon: Adriana Plesa, Delphine Manzoni 
Lille: Christophe Roumier, Florent Dumezy
Paris St Louis: Stephanie Mathis, Anna Raimbault
Paris St Cloud: Valerie Bardet
Paris Creteil: OrianneWagner Ballon
Paris Versailles: Victoria Raggueneau
Paris IGR: VeroniqueSaada
Paris Pitie Salpetriere+Trousseau
: Magali Le GarfTavernier, Helene Lapillone
Paris Bobigny: Remi Letestu
Paris St Antoine: Frederic Feger
Lille St Vincent: AgnesCharpentier
Amiens: VeroniqueHarrivel
Rouen: Elsa Bera
Caen: VeroniqueSalaun, Edouard Cornet
Dijon: Julien Guy
Marseille CHU+Nice:  Isabelle Arnoux
Limoges: Jean Feuillard, Estelle Guerin
Valenciennes: Claire Hemar

Flow CytometricLabs
Part of FILO ClinicalTrial (12 Labs)

Toulouse: FrancoisVergez
Marseille IPC: Anne Catherine Lhoumeau
Angers:  Franck Geneviève
Paris Cochin:  Nicolas Chapuis
St Etienne:  Lydia Campos, JeremieStagnara
Grenoble: Marie Christine Jacob, Tatiana Raskovalova
Clermont Ferrand: Richard Veyrat Masson
Rennes:  Mikael Roussel
Moulhouse: Agathe Debliquis
Montpelier: Caroline Bret
Strasbourg: Caroline Mayeur-Rousse
Besançon: Anne Roggy, Thomas Fournet, Francine Garnache

Sept 2021: 30 Flow Labs: 18 BD (Canto / Lyric) - 12 BC (Navios)
Intergroupe MRDflowBIG Trial: ALFA & FILO
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Flow AML MRD Intergroup ALFA 
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