Physiopathologie et classifications
moléculaires des LAM

Nicolas Duployez
CHU Lille, Laboratoire d’"Hématologie
Biologie moléculaire des hémopathies



45 ans de classifications des LAM
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| - Classification cytologique des LAM
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British Joural of Haematology, 1976, 33, 45I.
Proposals for the Classification of the Acute Leukaemias

FrencH-AMERICAN-BRITISH (FAB) CO-OPERATIVE GROUP

J. M. Bennerr,* D. Catovsky,} MAre-THERESE DANIEL, G. FLANDRIN,}
D. A. G. Garron,t H. R. GrAINICE§ AND C. SurTany

1976 (M1 3 M6), 1985 (M7), 1987 (MO0)

Chromosomal translocations  FAB Relative
classification  prognosis
1(8:21Xg22;q22) M2 fair to good
t(15;17)q22;q21) M3 fair to good
inv(16Xp13;q22) /1(16;16) M4eo good
(p13:922)
t(9;11)(p21;923) M3 poor
t(11g23) M4-M35 poor
t(6:9Xp23:q34) M2, M4 poor
((8;16)p11;pl3) M5 undetermined
inv(3Xq21;q26) /1(3:33} M4 undetermined
t(1;3Xp36:921)
t(1;22Xp13:;q13) M7 undetermined

Segeren CM, van 't Veer MB. Neth J Med. 1996;49(3):126-131.




Il - Classification cytogénétique des LAM

%0 suUrvie

Rowley J D. Identification of a translocation with quinacrine fluorescence in a patient
with acute leukemia. Ann, Gépét. Panis 16:109-12, 1973,
[Department of Medicine, Pritzker School of Medicine, University of Chicago, and Argonne
Cancer Research Hospital, Chicago, IL]
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Grimwade D, et al. (UK MRC) Blood. 2010;116(3):354-365.



Physiopathologie des LAM : multistep model

Class |

bcr-abl1

Class Il

1-runx1tl
a runx

ou cbfb-myh11 ENU (alkylant)

Class |

Chez 'Homme : .
U Persistance en RC prolongée a
U Détection chez des nouveau-nés sains /
Miyamoto T, et al. Blood. 1996;87(11):4789—4796.‘;_‘\lv_ ; / \
Wiemels JL, et al. Blood. 2002;99(10):3801-3805. . Downing JR. Current Opinion in Genetics

& Development. 2003;13(1):48-54.



Physiopathologie des LAM : multistep model

LAM = Prolifération clonale incontrolée de cellules hématopoiétiques bloquées dans leur différenciation (blastes)

@

Class | Mutations Class 11 Mutations
Conlfer proliferative and/or Serve primarily to impair
survival advantage, but do not hematopoietic differentiation

affect differentiation and subsequent apoptosis

« two-hit » model Induites (chimiothérapie, toxiques ...)

/ Constitutionnelles (thrombopénies familiales ...)
Accumulation « multi-étape » d’anomalies génétiques — . .,

Gilliland DG. Molecular genetics of human leukemias: New insights into therapy. Seminars in Hematology. 2002;39(4):6—-11.



1l — Vers une classification moléculaire des LAM

t(15;17);
PML-RARA (10%)

t(6;9);
DEK-NUP214 (1%)
t(8;21);
inv(3)/(3;3); RUNX1-RUNXIT1 (8%)
(1%) : — CBF

Réarrangements de MLL
dont t(9;11) (4%) inv(16)/t(16;16) ;
CBFB-MYH11 (6%)




a) Mutations de NPM 1

*  Nucléophosmine

e ~30% des LAM de novo
— Délocalisation cytoplasmique de NPM1
— M1, M2, M4, M5, morphologie « cup-like »
— Caryotype normal, CD34-, souvent FLT3-ITD

— Bonne réponse a la chimiothérapie Jost E, et al. AJH. 2015;90(9):847-848.
* Modulé par FLT3-ITD

Oligomerization domain (aa 1-110) Histone binding domain (2a 111-189} Nucleic acid binding domain (aa 130-294)
l 1l 1 [ |
NPM1
ittype " H N " ] | B
wild-type
NES NES NLS NLS NoLS
W288/W290

Nucleotides Aminoacids
Wild-type TC32 CTCTG GC TCOGAGCAAGTCTCTTTAAG! 29e-DLWRWRKSLEX-——-
Mutation A 23¢-DLELAVEEVSE LR KX
Mutation B 1t - DLEMAVEEVSLRKY

Mutation D

1ac-DLELAVEEVSLRKY

NES: Nuclear Export Signal NLS: Nuclear Localization Signal NoLS: Nucleolar Localization Signal

Falini B, et al. NEJM. 2005;352(3):254—-266.



b) Mutations de CEBPA

CEBPA : facteur de transcription myéloide (class Il) & & SRS S  S R
* ~5% des LAM de novo E “Re3
— Caryotype normal, FLT3-ITD négatif . i

CEBPA mut:
s

— Pronostic favorable restreint aux LAM avec
double mutation CEBPA

DNA binding and

Transcription activation dimerization

[ 1 [ Al
CEBPA | TS| S
. N TAD1 TAD2 bZIP C
wild-type
I_. L E . Overall survival F . Event-free survival
42kDa 30 kDa = e
N I—|_|_ N P
CEBPA 71”‘“ T 1 (i “‘W‘ => Frameshift mutations / stop codons ) - C.ci'f._._"'.f_"']_. 1 R
mutant N-ter i Il w = = i p dontt § ) R
{ TAD2 bZIP e CEBPA™ (N=488) = b
—————— g ‘ R T | g agmeen . GEBPA" (N=485)
- 2 e | 5 T ———
CEBPA =» Inframe mutations / SNV { - N pomeseio
mutant C-ter TAD1 TAD2 | | i S. _

Pabst T, et al. Nature Genetics. 2001;27(3):263-270.
Wouters BJ, et al. Blood. 2009;113(13):3088-3091.




c) Mutations de FLT3

FLT3 : RTK (class I)
~ 25-30% des LAM de novo

— Association +++ aux mutations de NPM1,
PML-RARA, CBF

— Pronostic défavorable de FLT3-ITD

1003 100 |
= %YH |
5 ® Ii’\"“‘nw 20/
2 % | W,
2 60 1‘% o NPMIHFLTSITD- | & o) ll Y NPM1+/FLT3TD-
(i = yH R R
g S NPMA+/FLT3ATD+| g L)
g 40 TR ; i g 40/ NEM .
sy, i . 1+/FLT3TD4|
€ 20 NPM1-[FLTITD+ 20- NPMi-/FLT3ITD- NPM1-/FLT3ITD+
o P=.001 ol P=.001|
0 12 24 36 48 60 72 84 96108120132 0 12 24 36 48 60 72 64 96108120132
Time (months) Time (months)

Dohner K, et al. Blood. 2005;106(12):3740-3746.
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Nakao M, et al. Leukemia. 1996;10(12):1911-1918.



Anomalies moléculaires des LAM a caryotype normal

1.2% NPMT*ICEBPA*  1.0% CEBPAYIFLT34TD"
1.2% NPMT'/CEBPA'IFLT3ATD® \ 0.4% CEBPA*IFLTSATDWT1*

0.2% NPMT'/CEBPA*IFLT3-TKD* \ | 0.2% CEBPA*IFLT3-TD*/FLT3-TKD*/WT1*
7.6% NPM1*INRAS* 4.2% CEBPA*

0.4% CEBPA"IWTT'INRAS*

2 5% CEBPA*IWT1* NPMl

/ 1.2% CEBPA*INRAS*
CEBPA
0.8% NPM1+FLT3-ITD*/NRAS*

0.8% NPMTWTT
0.6% NPMT/WT1+NRAS*

15.1% NPM1*

Pronostic

2.1% NPMTHFLT2ITDYWTT* \ | \T_/ 14.8% no mutation FLT3

0.4% NPM1*/FLT3-TKDWT1* _ | = T MLL
0.6% NPM1°IFLT3-TKD*INRAS" N\ ——0.2% FLTITD/NRAS*
> NRAS

0.2% NPMTIFLT3-ITDY WTT'!NRAS%
Wr1

2% NPMTYFLT3-ITD*/FLT3-TKD*IN RASf
0.4% NPMTYFLT3ATD*/FLT3-TKD* 6.1% FLT3-ITD*

4.7% NPMTYFLT3-TKD* IJ

17.4% NPM T {FLT3-ITD*
0.4% NPM1*/MLL*FLT3-ITD*
0.2% NPMTTIMLL*IFLT3-TKD*

0.2% MLL*FLT3ATD* FLT3-TKD* |

0.4% FLT3-TKD*/WT1*

0.2% WT1*NRAS*

\\ 0.4% FLT3-TKD*INRAS*
|

1.4% MLL*/FLT3-TD* 1.2% WTT*
0.6% MLL*/FLT2-TKD*/WT1*
2.7% NRAS*
0.6% MLL*/FLT3-TKD*
0.8% MLL*/NRAS* |
3.3% MLL*

Déhner H, et al. Blood. 2009;115(3):453-474.



Classification pronostique ELN 2017

Risk category*

Genetic abnormality

Favorable

Intermediate

Adverse

® 1(8;21)(g22;922.1); RUNX1-RUNX1T1

@ inv(16)(p13.1922) or 1(16;16)(p13.1;922); CBFB-MYH 11

@ Mutated NPM1 without FLT3HTD or with FLT3-ITD'"t

@ Biallelic mutated CEBPA

® Mutated NPM1 and FLT3ITDMSt

® Wild-type NPM1 without FLT3-ITD or with FLT3ITD""+ (without
adverse-risk genetic lesions)

® 1(9;11)(p21.3;q23.3); MLLT3-KMT2A%

@ Cytogenetic abnomalities not classified as favorable or adverse

@ 1(6;9)(p23;q34.1); DEK-NUP214

® 1(v;11g23.3); KMT2A rearranged

@ 1(9:22)(q34.1;q11.2); BCR-ABL1

@ inv(3)(g21.3926.2) or t(3:3)(g21.3;926.2); GATA2 MECOM(EVI1)

@ -5 or del(5q); —7; —17/abn(17p)

@® Complex karyotype,§ monosomal karyotypell

@ Wild-type NPM1 and FLT3-ITD™"t

©® Mutated RUNXT1Y

® Mutated ASXLTY

® Mutated TP53#

Dohner H, et al. Blood. 2017;129(4):424-447.

@ CConly
® ® Mol. Only (standard/NGS)
@ Mol. orcC

>

Overall Survival

Overall Survival

100%

75%

50%

25%

100%

75%

50%

25%

ALFA0702 (LAM 18-60 ans)
Fenwarth L, et al. Blood. 2020.

- Favorable | P=7x10°

= Intermediate

N — |P‘=4:<1U‘ Overall P<10*
0 1 2 3 4 5 6 7 8

Years

ELAMO2 (LAM 0-18 ans)
Marceau-Renaut A, et al.

Hemasphere. 2018;2(1):e31.
P<0.001 (Fav. vs. Interm.)

P=0.68 (Interm. vs. Adverse)

0 1 2 3 4 5 6 7 8
Years



IV — Paysage mutationnel et leucémogenese

* 1er génome de LAM publié en 2008 (Ley et al, NEJM)
puai-ea4 [T
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IV — Paysage mutationnel et leucémogenese

‘- Signaling -1

Late events : MPN dfrivers : -
FLT3, KIT, RAS JAK2, CALR, MPL
S

etabolic enzymes

IDH1, IDH2 ASXL1, EZH2,

f / BCOR, BCORL1

modifiers

Cohesin
DNA methylation R?I\elf:.l?’ é’;;’qcé;' Histone mar
DNMT3A, TET2 4

Methyl-cytosine

DNA damage
Cycle cell arrest
DNA repair
Apoptosis

Spliceosome
SF3B1, SRSF2,
U2AF1, ZRSR2

TP53
PPM1D

Transcription
CEBPA, GATA2, RUNX1




IV — Paysage mutationnel et leucémogenese

‘- Signaling
FLT3, KIT, RAS JAK2, CALR, MPL}"

Potentiel leucémogene « fort »

- Transcription (mutations &
fusions)
- NPM1

- Metabolic enzyme

modifiers
ASXL1, EZH2,

Metabolic enzymesI
IDH1, IDH2

f Cohesin

DNA methylation I
DNMT3A, TET2

Potentiel leucémogéne « modéré »

- Chromatin modifiers
- Cohesin
- Spliceosome

Methyl-cytosine

DNA damage

Cycle cell arrest
DNA repair
Apoptosis

C;j TP53
LepviiD

Spliceosome
SF3B1, SRSF2,
U2AF1, ZRSR2

Potentiel leucémogene « faible »

- DNA methylation

Mutations voie TP53

Mutations JAK2/CALR/MPL



V — Ontogénétique des LAM

LAM sans antécédent (de novo AML)

Secondary AML De Nove AML

. . Mutated cases, n (%) P value
. Mutations NPM1 et translocations CBF et MLL v : T e < o001
7 . - : !
. Plus fréquentes chez le sujet < 60 ans AliEg| = 7 ® D) 00005
SF3B1 - —_— 10 (1) 1 (1) 0.0004
. Meilleure chimiosensibilité ASXLT 4 —— % (%) 5 (@ < 0.0001
BCOR = | e | 7oE 2 (2) 0.035
EZHe - ——: 8 (9 3 (2 0,008
UZ2AFT = ==l ‘ 15 (16) 8 (4 0.002
STAG2 [ 13 (14) 3 (9 0.07
R . . o EE —— 5 ® 7 @ 0,008
LAM apres une hémopathie myéloide (secondary AML) AUNX] et 29 (31) 19 (1) <0.0001
. . . ope BL = | —— ) 5 (5 3 (2 0.13
*  Mutations spliceosome /chromatin modifiers o . I i -
. 5 ; TET2 o — 19 (20) 17 (8) 0.014
Plus fréquentes chez le sujet > 60 ans nrnn : o o
. Plus mauvaise réponse a la chimiothérapie TP53 == 14 (15) 16 (@) BLIE
KRAS = —=- 7 (8 8 (4) 0.4
PTPN11 —— 5 (5) 9 (s) 1
IDHT = = 10 (1) 20 (1) 1
IDH2 = —— 10 {11) 19 (1) 1
. L SMC1A = e 3 @ 7@ 1
LAM apres chimiothérapie (therapy-related AML) RAD21 4 — 2 (@ 5 (@ 1
\ " . FLT3 = 18 (19) 50 (28) 0.14
¢ Groupe tres hEterogene DNMT3A = &~ 18 (19) 51 (28) 0.14
. . SMC3 o ] 2 (2 7 0.7
. Inhibiteurs de topo Il = translocation CBF et MLL ] . — T P 058
° H NEMT = —— 5 (5) 54 (30) = 0.0001
Alkykants = Mutations TP53, caryotype complexe taarsamanand J o o " ® el
CBF-rearranged = e 0 (o 19 (9) < 0.0001
0.001 0.01 0.1 1 10 100 1000
Odds Ratio

Lindsley RC, et al. Blood. 2015;125(9):1367-1376.



V — Ontogénétique des LAM

Cas des LAM de novo des sujets 2 60 ans :
-~ 35% ont des mutations « secondary AML » sans ATCD

-  ~20% ont des mutations TP53

Clinically-defined
de novo AML
Age =60
No CR
Il CR

% total

Event-free survival (%)

Clinically-defined de novo AML, Age =60

=l De novo/pan-AML
—L- Secondary-type
=le TFP53 mutated

100

wl
(=]
]

Chromatin  Spliceosome

Modifier

Cohesin

Activated Signaling Myeloid

DA

Methylation

Genetic subtype:

TFs

SARSF2
U2AF1
SF3B1

ZRSR2

ASXL1

EZH,
BCOR
STAG2
SMC3
SMC1A

RAD21

RUNX1

CEBPA

Other TFs
NRAS
KRAS

PTPN11
NF1

CBL

KIT

FLT3
JAKZ
DNMT3A
TET2
IDH1/DH2
SETBP1
wr1
PHF6
TP53
NPM1

11923 rearrangement
CBF rearrangement

Normal
Complex

Clinical AML Ontogeny

'IIII |
2
[I00 SR

[
Il

e Y

I Clinically-defined de novo AML | Clinically-defined s-AML ﬂ Clinically-defined t-AML

Lindsley RC, et al. Blood. 2015;125(9):1367-1376.



Cohorte ALFA-1200

sAML-like mutations’
All patients Presentt Absantf Pt Not tested
Patients 500 296 245 —= 38
Sex, malaffamale 288/290 16E/70 1111134 <001 22116
Median age (range). y 68 (60-85) 59 (60-85) 67 (60-80] <001 69 (51-83)
ECOG-PS 0/1/2+/na 219/218/66/5 98/91/34/2 106/10/2712 .22 14418/5/0
HCT-Cl 0/1/2/34 fra 226/82/66/115410 S0/41/35/55/5 115/44/29/53/4 51 2117424711
Median WEBC (range], >10%L 459 (0.25-547) 48 (0.25-647) 5.9 (0.48-258) A3 29 {0.5-122)
WBC =50 % 10%/L 20 31 (41) 45 (50 o 4
SAMLE 74 56 (82 12118 <001 6
ELN-2017 subgroups =00
Favorable 138 33 (98] 100 (78) — 3
Intermadiate 157 49 (38] 80 (521 —_ 28
Adverse 200 141 (72) 54 (28| - 5
Mot classified 16 a(21) 11 [79] - &
—p 48% LAM secondary-like
n = 509 patients > 60 ans
e

Chimiothérapie intensive
14% LAM secondaires a SMD/LMMC
~30% ELN2017 favorables

~30% ELN2017 intermédiaires
~40% ELN2017 défavorables

ELN 2017

89 (18.9%)
83 (17.6%)
39 (8.3%)
38 (8.1%)
32 (6.8%)
26 (5.5%)
23 (4.9%)
10 (2.19%)

I Favorable i Intermediate I Adverse  NA

Gardin C, Pautas C, Fournier E, et al. Blood Adv. 2020;4(9):1942-1949.



Cohorte ALFA-1200

1.00 4 EFS 1.00 < OS

o 0757 B 0.75
g -
ELN 2017 - 5
E 0.50 = 0.50 1
== ]
=
£ £
0.25 & 0.25 4
0.00 0.00 4
0 1 2 3 4 5 0 1 2 3 4 5
Years i Years
e Fayorable — s ntermeodiate e Advarse
1.00 1.00 +
=
E 0.75 4 E 0.75 4
3
H B
Secondary-like 2 0504 S 050
= =
oo . = ", =5
classification 3 BRaCET T i
a- 0.25 + L et E 0.25 4
I
0.00 0.00 4
T T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Years = Favorable === Intarmediate sAML- Years
Advarse Intarmediate sAML+

Gardin C, Pautas C, Fournier E, et al. Blood Adv. 2020;4(9):1942-1949.



V — Ontogénétique des LAM

LAM de novo ou « de novo-like » LAM secondaire ou « secondaire-like »

Facteurs de transcription +++ Modif. chromatine, cohésine +++
- Blocage de différenciation, instabilité génomique Epissage ARN +++
Potentiel leucémogene « fort » Potentiel leucémogéne « modéré »

Fusion de genes : LAM post-SMD

RUNX1-RUNX1T1 - Précédées ou non d’un SMD « clinique »
PML-RARA

MLL-AF9 Adultes agés +++

LAM mutées TP53 LAM post-SMP

First cancer . -
Chamutherapy E = *
Radiation theray Jromplex R _.
7P53 fanatme 2
g complex JAKZ Complex
TP53 1 karyotype karyotype
753

post-traitement +++
Enfants, adultes jeunes +++ Caryotypes complexes +++

Mutations NPM 1

Mutations CEBPA

Mutations drivers : JAK2/CALR

Martignoles J-A et al. IJMS. 2018;19(12):3850.



V — Au-dela des classifications moléculaires ...

W ELN favorsble risk = ELM i igtelrisk  ® ELM il Ilrisk = ELM adverse risk

T T O T 1.0

imv(16)
t1537)
t{sz1)
€11q2i)

0.3

0.6

IDHZTE
NP1
RADZ1

MYC
CEQPpbisfisic

0.4

Probability of Survival

Gene Fusions

t(15;17)
1(8;21)

t(6:9) =

MLL fusions

inv(3)

1.0

0.8

0.6

0.4

No Gene Fusions

CEBpADFlielc

Lo . IDHZ™

Chromatin—spliceos

TP53-aneuploidy

1.0

0.3+

0.6

0.4

0.2—

0.0

Years
No Genomic Classification

No driver mutations detected

Drivers but not class-defining

Criteria for =2 subgroups

2 4 6 8 10

Years

= mutations “secondary-like” + RUNX1

111 genes / 1,540 AML patients
(AMLSG trials 1993 -2004)

Papaemmanuil E, Gerstung M,
Bullinger L, et al. NEJM.
2016;374(23):2209-2221.



V — Au-dela des classifications moléculaires ...

. Knowledge-bank algorithm
— Données cliniques
— Données cytogénétiques
— Données moléculaires
— Données thérapeutiques (HSCT)

~ 230 variables

Prédiction « personnalisée »

Gerstung M, Papaemmanuil E, Martincorena |, et al.
Nature Genetics. 2017;49(3):332-340.

Patients

Muitistage model

Induction
n=1540

n=475

(] (] |

Belapse death ]

Madel schematic d
E l l::(;:nc[;gs Concordance C =72%
w G P Misclassification = 282
500 A == l
| L Observed
1,000 - | : survival (years)
| ' 0
= —P\
i . 4
500 - | '
! \"' 8
. 12

0 A

0 100 200
Variable

Rates 0.0 05 1.0

(log hazard) Predicted survival at 3 years

Fraction of patients

Fraction of patients

0.8

0.6

0.4

0.2+

Alive without

_~ tomplete remission

Non-remissicn deaths

Non-relapse deaths

Relapse deaths

Alive after relapse

Alive in first remission

0.0
o

T
2

T
4

T T 1
6 a 10

Time after diagnosis (years)

== :lL—l 75-100%
BO-75%
o
L g
°
1 — @
25-50% =
7
Q
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=
=
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& S
A a é
“045’ & & vs‘e &



Patient zlive during/afer Patient died during/afiar:

Parsonalizad pradictions: —I\\-_. | Obssrnved status:

V — Au-dela des classifications moléculaires ... ===~ o= Emmmmm . SIS0 e

. Knowledge-bank algorithm
— Données cliniques
— Données cytogénétiques
— Données moléculaires
— Données thérapeutiques (HSCT)

D

~ 230 variables

D

Prédiction « personnalisée »

Gerstung M, Papaemmanuil E, Martincorena |, et al.
Nature Genetics. 2017;49(3):332-340.
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A Personalized Approach to Guide HSCT Indication in Younger Adults with AML E]
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Years from 6—month landmark

Fenwarth L., Thomas X., de Botton S., Duployez N., Bourhis J.-H., Lesieur A., Fortin G., Meslin P.-A., Yakoub-Agha I., Sujobert P., Dumas P.-Y., Recher C., Lebon D., Berthon C., Michallet
M., Pigneux A., Nguyen S., Chantepie S., Vey V., Raffoux E., Celli-Lebras K., Gardin C., Lambert J., Malfuson J.-V., Caillot D., Maury S., Ducourneau B., Turlure P., Lemasle E., Pautas C.,
Chevret S., Terré C., Boissel N., Socié G., Dombret H., Preudhomme C., Itzykson R. Blood. 2020.


https://alfa-group.shinyapps.io/alfa-hsct/
https://alfa-group.shinyapps.io/alfa-hsct/

Conclusion : classification des LAM
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biCEBPA mutant

4%

NPM1 mutant 33%

RUNX1 ~40% | MLL-PTD ~30%
ASXL1 ~30% | SRSF2 ~20%
U2AF1~15% | STAG2 ~15% | Secondary Typ
BCOR ~10% | SF3B1 ~10% 13%
EZH2 ~5% | ZRSR2 ~5%
Complex and
Monosomal
Kajotybs TP53 mutant/los
~90% 8%

Other 10%

DNMT3A ~50%

FLT3-ITD ~40%

Cohesin ~20%

IDH1 ~15%

IDH2-R140 ~15%

PTPN11 ~15%

t(15;17)(q22;q21)/PML-RARA FLT3-ITD ~35%
KIT ~25%
13% FLT3-TKD ~20%
ASXL2 ~20%
WT1~10%
ASXL1 ~10%
(8;21)(q22;q22)/RUNX1-RUNX1T1
7% NRAS ~40%
KIT ~35%
FLT3-TKD ~20%
inv(16)(p13q22)/CBFB-MYH11
KRAS ~10%
5% | |
KRAS ~20%
11q23/MLL-X 4% NRAS ~20%

t(9;22)(q34;q11)/BCR-ABL 1%
t(6;9)(p23;934)/DEK-NUP214 1%
(5;11)(q35;p15.5)/NUP98-NSD1 1%
inv(3)(q21q26)/GATA2-EVI1 1%

FLT3-ITD ~70%
FLT3-ITD ~85%

NRAS ~40%

” Other rare fusions 1%

SF381 ~20%

t(3;5)(q21~25;931-35)/NPM1-MLF1

ASXLI ~15%

t(8;16)(p11;p13)/MYST3-CREBBP

BCOR ~15%

t(16;21)(p11;922)/FUS-ERG

GATA2 ~15%

t(10;11)(p13;q21)/PICALM-MLLT10

RUNX1 ~15%

t(7;11)(p15;p15)/NUP98-HOXA9
1(3;21)(q26;922)/RUNX1-MECOM
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