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Review Article
BLOQD, 26 JANUARY 2017 - VOLUME 129, NUMBER 4

Diagnosis and management of AML in adults: 2017 ELN
recommendations from an international expert panel

Hartmut Dhner," Elihu Estey,? David Grimwade,® Sergio Amadori,* Frederick R. Appelbaum,? Thomas
Hervé Dombret,® Benjamin L. Ebert,” Pierre Fenaux,® Richard A. Larson,” Ross L. Levine,'® Francesci
Tomoki Nace,"" Dietger Niederwieser,'? Gert J. Ossenkoppele,'® Miguel Sanz,'* Jorge Sierra,'® Marti
Hwei-Fang Tien,'® Andrew H. Wei,'”'® Bob Léwenberg,'® and Clara D. Bloomfield®®

Monitoring of MRD. Two approaches can Yy detect
MRD, that is, multiparameter flow cytometry (MF Flecular
techniques, including real-time quantitative PCR TRT-qPCR),
digital PCR, and next-generation sequencing—based technolo-
gies. Standardized RT-qPCR assays are now available to detect

AML-associated genetic lesions (Table 4). Each methodology
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Table 6. Response criteria in AML

2021 Update on Measurable Residual Disease (MRD) in Acute Myeloid Leukemia (AML):
A Consensus Document from the European LeukemiaNet MRD Working Party

Michael Heuser', Sylvie D. Freeman?, Gert J. Ossenkoppele®, Francesco Buccisano®,
Christopher S. Hourigan®, Lok Lam Ngai®, Jesse Tettero®, Costa Bachas®, Constance Baer®,
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ELN MRD 2021
Mesurable
Residual
Disease

Sensitivity

Applicability

RTPCR
INGS
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Category Definition

Comment

Response
CR without minimal residual

disease (CRypp ) by RT-gPCR, or CR with negativity by MFC
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If studied pretreatment, CR with negativity for a genetic marker

Sensitivities vary by marker tested, and by method
used; therefore, test used and sensitivity of the
assay should be reported; analyses should be done
in experienced laboratories (centralized diagnostics)



AML clonal heterogeneity

génomique & phénotypique & fonctionnelle

clonal fractions at initial diagnosis day 170 first relapse

% ETVE, WNK1-WAC, -

Y DNMT3A, NPM1, FLT3, PTPRT, SMC3 MY0188

AML1 / UPN933124

E Chemotherapy

cell type: mutations:

' normal ‘ AML @ founding (cluster 1) relapse enriched (cluster 3) @ relapse specific (cluster 5) Yr pathogenic mutations
@ primary specific (cluster 2) @ relapse enriched (cluster 4) (O random mutations in HSCs

L Ding et al. Nature 000, 1-5 (2012) do0i:10.1038/nature10738
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MRDflow LAM: Comment? SFH-SFGM-TC, Paris 9 Septembre 2021

Définition MRD de type LAIP vs DEN vs LSC
(Panel ALFA Intergroup (coordination A Plesa/C Roumier selon ELN)

Patient au diagnostic MRDflow (avec panel fait au dg)
LAIP + DFN + LSC LAIP+DFN+LSC
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MRD evaluation of AML in clinical practice: are we there yet? .
P y Educationabook ASH

Sylvie D. Freeman' and Christopher S. Hourigan®

2019, Sylvie Freeman
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B Examples of InteLaboratory Quality Assessments

QA of marker expression profiles for dilarednormalbone marrow sampleq3]
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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

SFH-SFGM-TC, Paris 9 Septembre 2021
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nNHSC
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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)
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Integrate Unsupervised analyse in AML-LAIP&LSCflow
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Computer aided design (CAD) flow in assessment of AML MRD-BWA French Flow AML MRD Group

Florent Dumezy ChristopheRoumier, JorisGutrin, XavierThomas,CelineBerthon, HervéDombret, ClaudePreudhomme AdrianaPlesa

Laboratoryof Hematologyand Flow cytometry,Lyon-SudHospital, HCL-CHU Lyon, France
2Laboratoryof Hematologyand Flow cytometry,CHU-Lille, France
3Departmendbf Hematology SaintLouis Hospital, AP-HP, Paris,France

Study of 60 AML patientsising 8C panel CANTO platform or 10c panel NAVIOS platform
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Dumezyet al, EHA 2021
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New paradigm in MRD LAM: LSC approach

OPEN & ACCESS Freely available online @ PLOS | ONE

Leukemic Stem Cell Frequency: A Strong Biomarker for g % g
<

. . . . . - -
Clinical Outcome in Acute Myeloid Leukemia g o g
= 8- =

Monique Terwijn', Wendelien Zeijlemaker’, Angéle Kelder', Arjo P. Rutten’, Alexander N. Snel’, 2 § g N 2 §

Willemijn J. Scholten', Thomas Pabst?, Gregor Verhoef?, Bob Léwenberg*, Sonja Zweegman', g o 3 S g &

Gert J. Ossenkoppele’, Gerrit J. Schuurhuis™ a = 8. a E

1Department of Hematology, YU University Medical Center, Amsterdam, The Netherlands, 2 Department of Medical Oncology, Inselspital, Bem University Hospital, 8 3 8

University of Bem, Bern, Switzedand, 3 Department of Hematology, University Hospital Leuven, Leuven, Belgium, 4Depantment of Hematology, Erasmus University " , ] «

Medical Center, Rotterdam, The Netherlands o .‘..M °° 4 o —
-

0 200 400 600 800 1000 0 200 400 600 800 1000
C-Height FSC-Height

0 200 400 600 800 1000
FSC-Height

>
w
(o]

< <
g 2 ?)
£ e 21
58 g g}
© qwn 4w
2 se 82—
g a a
8 © - Q-
-] g (-] (=
e - i
D0 sl B ol agh L ¢ %
-
10° 10" 10® 10® 10 10° 107 102 10° 10* o
cD34 FITC CD34 FITC

&1 g e
Ty %§: . | zgz . ' zg P '
38 - 38 : sd !
gg_ : *g: 1 ;g 1
] ! g% ! 8 :
. .| UM NENCS—— T - EERE - —
) > /100 > “reprmmasey S TR CPTETTETE TR

cp34 Fifc CDA45 PeiCP

153
-
]
(1)
x
&
Z

1E2
o

23% 77%

=— 90/100~ G

CD38 APC

1€

%0

i

a0

00 800 £00 1000
m
800 1000

m
m
Z
SSC-Height
SSC-Height
SSC-Height

0
]
0

20
Ll
]
1
1
1
l e
1
1
1
Loo
)
1
)
1
1
1
1
i
1
1
1
1
1
P
1
1
1
1
‘ 1
_“l-
]
i
1
I

M Terwijn, PLOSOne 2014 0 4B | 660 | 800 1000 TAE 2 g 1Ea TRl

FSC-Helght CD34 FITC CD45 PercP



SFH-SFGM-TC, Paris 9 Septembre 2021
New concept of AML follow up: Scoring of MRDflow
(LAIP/DFN/LSC)

Leukemic Stem Cell Frequency in AML

Leukemia
https://doi.org/10.1038/541375-018-0326-3
1,0
ARTICLE
1 pLSC- n=42 Acute myeloid leukemia |
] E — . . .
3 oe H CD341CD38~ leukemic stem cell frequency to predict outcome in
: . pLSC+ n=49 'g acute myeloid leukemia
S 04 3
o o
o Wendelien Zeijlemaker' - Tim Grob? - Rosa Meijer® - Diana Hanekamp' - Angele Kelder! -
Jannemieke C. Carbaat-Ham' - Yvonne J. M. Oussoren-Brockhoff' - Alexander N. Snel - Dennis Veldhuizen' -
p<0.001 Willemijn J. Scholten' - Johan Maertens® - Dimitri A. Breems® - Thomas Pabst® - Markus G. Manz®’
il T T T v 1 T T g = . ; = - = Vincent H. J. van der Velden® - Jennichjen Slomp® - Frank Preijers'® - Jacqueline Cloos™"" -
oo e ”Mass (:;:mm)‘m soce weom B N AR BN WA e SN Arjan A. van de Loosdrecht' - Bob Léwenberg?® - Peter J. M. Valk? - Mojca Jongen-Lavrencic? -
A B RFS (months) Gert J. Ossenkoppele' - Gerrit J. Schuurhuis’
1,0
A B
100 — MIRD™E + LS
0,87 pLSC-/MRD- n=33 M == MRD"= & LSC"e
+ TP TR PR — - == MRD"* + L§CP*
p<0.001 N = ; = MRD>" + LSCP™
| | - ]
E— | p=0.01 =—p=0.14 I3 -
© | { &
2 0,6 | pLSC-/MRD+ n=9 | H 3
| o
g ! g = e g
7] W E =
E 1 £ g
S 0,47 pLSC+/MRD- n=31 | E E H
o E
5
=
p=0.04 o T T T T 1 o
0,24 pL5C+/MRD+ n=18 \ L] 12 24 16 48 60 o 12 24 36 48 60
Time (months) Time (months)
At risk 34y CIR (%) At risk 34705 (%) Median 05 {months)
MRD™ELSC™™E 136 96 7 46 15 5 35 (564 136 113 a5 52 16 §  6G{SE4)  notreached
MRDS ST 38 17 3 5 3 1 43 (529) 22 2 17 12 3 1 BE(SES)  nelreached
0,07 p<0.001 MRD™ELSCP= 58 8 20 7 ] 0 53 (5£ 7) 58 ] 2 ] 2 0 S3(SEE) 36.4(35%CI-)
T T T T T T T BRD™E L5020 3 0 o 0 0 100 (-} 0 5 1 0 0 o o) 6.5 (95% €1 5.1-7.9)
C ,00 10,00 20,00 30,00 40,00 50,00 60,00

RFS (months)

Fig. 3 Prognostic value of MRD/LSC status as defined at follow-up. patient groups: prognosis becomes better in the sequence MRD"™#/
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LEUKEMIC STEM CELL (LSC) QUANTIFICATION BY MULTIPARAMETER FLOW
CYTOMETRY (MFC): A TOOL TO EVALUATE PEDIATRIC AML PATIENTS WITH
GREATER BENEFIT FROM ALLOGENEIC HSCT?

g\ g?‘tf:n\;‘&i‘r‘(zpﬁfj?gaxetg/ for
Blood and Marrow Transplantation
£ EBMT 18-21 March, 2018 « Lisbon, Portugal
Patients:54 pediatric AML patients were treated in Lyon clinical center

(IHOP)
between 2008 and 2016 according to the ELAMO?2 clinical trial.

» 40 children (aged 0,3-19 years) undergoing m HSCT

HSCT based on the following criteria: high-risk

AML in CR1 (29/40) and 11/40 in CR2. B Chemotherapy

» The pre-transplant conditioning regimen was based on busulfan
combined with Cyclophosphamide or fludarabine for all patients.

» GvHD prophylaxis consisted in CsA alone after in vivo T cell depletion
(using anti-thymocyte globulin) for bone marrow unrelated donors and
prednisolone for cord blood cell stem cell sources.

» Half of the HSCT were from HLA-MSD (matched sibling donor) and the
Others from MURD (matched unrelated donor) or MMURD (miss-matched

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

I
M R D LS C Fonctions de survie
codelscmillioncorrigéhtg
10 104 —l -
! cut off 0,01% oo ey g L -
‘—g = = 0.5 &
- MRD LSC neg .
a 054 % 05
:
E ° MRD LSC pos ]
3 5 044
£ o
3 0,
02
RFS
0 500 1000 1500 2000 2500 3000
Legend: RFS

I- DFS according to MRD LSC level on pediatric AMLC

Récapitulatif de traitement des observations

Comparaisons globales :
P g Nombre Censuré
Khi- codelscmillioncorrigéhtg N total d'evénements N Pourcentage
deux ddl Sig. neg 18 2 16 88,9%
Log Rank (Mantel-Cox) 2,380 1 123 pos 17 5 12 70,6%
Breslow (Generalized Global 35 7 28 80,0%
Wilcoxon) 2,654 1 /103

Test d'égalité des distributions de survie pour les différents niveaux de codelscmillioncorrigéhtg.

- 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?

Clonal Hematopoiesis? Clonal selection? MRD LSC?

- 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
guantification...




(o]]g] research paper

Flow cytometric immunophenotypic alterations of persistent
clonal haematopoiesis in remission bone marrows of patients
with NPM1-mutated acute myeloid leukaemia

S Loghavi et al, BJH 2020

-61 AMLNPM1 deNovo(50 patients MRD NPM1neg suivi
en parallele avec MRDflow -PL/ NGS-CH)

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

- CHnegtous sont PLneg
CHpos: 51% PLneg et 49% PLpos
PreLeukemlc clone <1% CD34+ profil abb: 34+13+33+ et
CD117highCD123high et CD38lowHLADRIow

S. Loghavi et al.
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venetoclax

CPX-351

enasidenib

» mutant IDH?2

mutant IDH1

Ve

ivosidenib

midostaurin,

gilteritinib gemtuzumab

ozogamicin
glasdegib
Shyam A. Patel, Jonathan M. GerberClinical Lymphoma, Myeloma & LeukemiaMay2020

https://doi.org/10.1016/j.clml.2020.01.011
Bridge for Allegraft -LSC target identification-
personelised immuntherapy, CART... and time point



MRDflow&LSC- AML CPX-351

SFH-SFGM-TC, Paris 9 Septembre 2021

Measurable residual disease including AML leukemia stem cell flow evaluation of CR351 therapy

by multi-parameter flow cytometry
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Correspondence Leukemia Research 111 (2021) 106673
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MRDflow&LSC- AML-VENETOCLAX SFH-SFGM-TC, Paris 9 Septembre 2021

Developmental Plasticity of Acute Myeloid Leukemia Mediates Resistance to Venetoclax -Based Therapy
Figure 4
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MRDflow&LSC- Immunotherapy AML: Bridge Preallo, MRD relapse postallo

~haematologica
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Blinatumomab

I undetectable MRD

Acute myeloid leukemia stem cells and CD33-targeted immunotherapy

Efficiency of blinatumomab in a t(8;21) acute myeloid

Journal of The =errata Storti Foundation

leukemia expressing CD19

by Adriana Plesa, Hélene Labussiére-Wallet, Sandrine Hayette, Gilles Salles, Xavier Thomas,

and Pierre Sujobert

Haematologica 2019 [Epub ahead of print]

Roland B. Walter, Frederick R. Appelbaum, Elihu H. Estey and Irwin D. Bernstein
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Strong correlation between MRD status and Clinical Outcomes

Meta-analysis' Meta-analysis?

Assays across genetic subtypes

>60 years Flow <60 years Flow, WTI, NGS
g.

cOnsolidation e e e res s e e ae e pers s esre : Pre Transplant Post

MAC / RIC / NMA
Flow, WT1, NGS NGS

I Off-treatment I I

|

Genetic subtype-specific (QPCR) MOIeC;:;‘A';’;ar':]‘L’t‘:t’e"?apse

CBF

NPM1 mutated CBF NPM1 mutated DLI CBF

+/- FLT3-ITD

1. Short NJ, et al. JAMA Oncol. 2020 2. Buckley SA, et al. Haematologica. 2017

ELN 2021: MRD pos preallogreffe
- Ne dois pas influencer la décision de l'allogreffe

- Conditionnement myeloablatif a considérer
S Freeman SFHSFGMTC, Paris 9 Septembre 2021




Transplant decisions

Should pre-SCT MRD+ result alter decisions to transplant?

Summary of published data
*MRD testing across genetic subtypes™

Relapse by MRD status pre MAC SCT' Relapse incidences for transplant cohorts
T Other retrospective studies by flow or NGS
084 Remission (MRD+) 2-year CIR ~30% to 60%

Active disease

Large EBMT study CTN 0901
(retrospective)? (randomised [NGS MRD])3

2-year CIR ~25% MRD-vs ~40% MRD+

Remission (MRD-)

Cumulative incidence of relapse

0 T T T T
0 2 4 5] 8

Years since HCT

1. Adapted from Araki D, et al. J Clin Oncol. 2016.. 2. Gilleece MH, et al. Am J Hematol. 2018. 3. Hourigan CS, et al. J Clin Oncol. 2020

ELN 2021: MRD pos preallogreffe
- Ne dois pas influencer la décision de l'allogreffe
- Conditionnement myeloablatif a considérer

S Freeman SFHSFGMTC, Paris 9 Septembre 2021




Conclusion: MRDflow LAM & Allogreffe

Quand? Comment? Interpréetation avec les autres

marqueurs de suivi? (Biomol, NGS, chimerism...)

- Timing: preallogreffe (dans <1Mois preallo) et postallo
+1M/3+M/+6M/+9M/+12M...2 ans)

- Prélevement: 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 Marg 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
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Intergroupe MRDflowBIG Trial: ALFA & FILO
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Flow AML MRD Intergroup ALFA
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