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CHAPITRE 8 :
Acute mveloid leukemia (AML) and related neoplasms
AML with recurrent genetic abnormalities

AML with 1(8:21)(q22;q22. 1):RUNXT-BUNX1 T1 MECOM passe sous le contrble de I'enhancer du
AML with inv(16)(p13.1922) or 1(16;16)(p13.1;922):CBFB-MYH11 gene GATA2 => hyperexpression de MECOM et
thise efcrmbnd haploinsuffisance de GATA2
AML with 1(2;11)(p21.3,q23.3); MLLT3- KMT2A
AML with 1(6;9)(p23;934.1);DEK-NUP214
AL {mageicanyotiastic) Wil K1.22)p13.9.G13.9),HEM I5-MKL1 4~9% des LAM (enfants, jeunes adultes)({ sujets agés)
G b S Mol i g Pronostic favorable ~ inv(16),t(8;21)
mt:: ::::«:dnt’z;s of CEBPA & Mutations de GATA2 fréquemment associées ~40%

. o . & Recherche anomalie constit
FProvisional entity: AML with mulated RUNX1 &

AML with myelodysplasia-related changes = AML-MRC

Therapy-related myeloid neoplasms Entlté prOViSOi re - BCR'A BL1

AML, NOS
. (o)
AML wilh minimal aifferentation <1% des LAM
p210 le plus souvent

AML without! maturation

AML with maturation Profil génétique distinct de transformation de LMC: FLT3-
Acute myslomonocytic leukemia ITD, NPM1 (peu fréquent), délétions IKZF et CDKN2A,
Acute monaoblastic/monocylic leukemia délétions cryptiques /IGH et TCR (Nacheva et al., BJH,
Pure erytroid leukemia 2013)

Acute megakaryoblastic leukemia Pronostic défavorable

Acute basophilic leukemia
Aculs panmyelosis with mysiolibrosis
Myeloid sarcoma

Entité provisoire : RUNX1
Myeloid proliferations related to Down syndrome 4~16% des LAM (T sujets égés)
Transient abnormal myelopowesis (TAM) Exclusion: LAM therapy-related, LAM avec autre anomalie
Myaloid leukamia associated with Down syndrome génétique récurrente , LAM MRC , NPM1 et CEBPa
Pronostic plutot défavorable surtout si associé a ASXL1
Recherche anomalie constit




Le diagnostic de LAM-MRC requiert la présence des 3 critéres suivants :
> 20 % de blastes dans le sang et/ou la moelle

Présence d’un des items suivants :

- ATCD de SMD ou SMD/SMP

- Présence d’'une anomalie cytogénétique associée aux myélodysplasies
- Dysplasie multilignée*

Absence des 2 items suivants :
- Thérapeutique (cytotoxique ou radiation) préalable
- Translocations ou inversions récurrentes désignées par I'OMS

Table 18. Cytogenetic abnormalities sufficient to diagnose AML .7
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Selon la littérature = 25 a 35% des LAM

LAM de I'adulte — CHU de Bordeaux — mars 2018 a aolt 2019

Présence d’un des items suivants :

- ATCD de SMD ou SMD/SMP : 12%

- Dysplasie multilignée * : 17%

Mais si on exclut NPM1mut et biCEBPAmMut : 12%

- Présence d’'une anomalie cytogénétique associée aux myélodysplasies : 30%
Mais si on exclut ceux qui ont déja un des deux lers items : 12%

Au total : 12%+12%+12% = 36%

0%

| cplexe
H-7/del(7q)
m del(5q)
mi(179)/t(17p)
H-13/del(13q)

73% m del(11q)
m del(12p)/t(12p)

M idic(X)(q13)
translocations équilibrées —— — Sur 20 ans :
t(3;21) : 3
t(1;3): 4

Autres : 0



Table 17. Classification of myeloid neoplasms with germ line
predisposition

Myeloid neoplasm classification

Myeloid neoplasms with germ line predisposition without a preexisting
disorder or organ dysfunction
AML with germ line CEBPA mutation
Myeloid neoplasms with germ line DDX41 mutation*
Myeloid neoplasms with germ line predisposition and preexisting platelet
disorders
Myeloid neoplasms with germ line RUNX1 mutation*
Myeloid neoplasms with germ line ANKRD26 mutation*
Myeloid neoplasms with germ line ETV6 mutation*
Myeloid neoplasms with germ line predisposition and other organ dysfunction
Myeloid neoplasms with germ line GATA2 mutation
Myeloid neoplasms associated with BM failure syndromes
Myeloid neoplasms associated with telomere biology disorders
JMML associated with neurofibromatosis, Noonan syndrome or
Noonan syndrome-like disorders
Myeloid neoplasms associated with Down syndrome*

*Lymphoid neoplasms also reported.

Rien qui ne le

laissait présager

Hémopathies myéloides
« pures »

thrombopenie

Hémopathies myéloides avec
thrombopénie préalable

Signes cliniques

préalables

Hémopathies myéloides
« syndromiques »



Mutations germinales de CEBPa

Transmission Autosomique Dominante
Mutations Nter >> Cter

Pénétrance >95% (Nter) vs 50% (Cter)
Profil LAM : LAM1,M2, caryo N, CD7+
Age médian = 24 ans (2-50)

Parmi les LAM CEBPA double mutées : 53 10%
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(Tawana et al, Blood 2015)



Mutations germinales de DDX41

Mutations number

L Transmission Autosomique Dominante ( MOS/AML ot o )
\
Loz o At least ooe DDXA1 variant
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n=48 pts
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Sébert et al., Blood 2019



Review Article

Diagnosis and management of AML in adults: 2017 ELN
recommendations from an international expert panel
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Karyotype is not dead !
Suppression des groupes pronostiques intermédiaires | et Il

Gunatic group Subiaats Risk Category* Genetic Abnormality

Favorable 1(8:21)(q22;q22); RUNX1-RUNX1T1 P TR RGNS
H . -y . .v A ' ; ¥
inv(16)(p13.1922) or t{16;16)(p13.1,q22); CBFB-MYH11 Inv(16Xp13.1G22) 0r 4 16:16Xp13.1,q22); CBFB-MYH11
Mutated NPM1 without FLT3-ITD (normal karyotype) Mutated NPM? without FL T3-ITD or with FLT3TD™
Mutated CEBPA (normal karyotype) Biallelic mutated CEBPA
Mutated NPM1 and FLT3-ITD (normal karyotype) Intermediate Mutated NPM1 and FLTITD™™
Wild-type NPM1 and FLT3-ITD (normal Karyotype) Wlﬂm'vr M": J MM; FLT3TD or with FLT3-ITD™ (wio adverse-
Wild-type NPM 1 without FLT3-ITD (normal karyotype) «9;11)(»2“ 1.3.:q23.3); MLLT3-KMT2A®

Intermediate-11 1(9:11)(p22;q23); MLLT3-MLL Cytogenetic abnormalities not classified as tavorable or adverse
Cytogenetic abnormalities not classified as favorable or P v— H6:9)p23:34 1); DEK-NUP214

adverset Yv,11q23 3); KMT2A rearanged
Adverse inv(3)(q21q26.2) or t(3;3)(q21;q26.2); RPN1-EVI1 19,22%q34.1.911.2). BCR-ABL!

Inv(3)(q21.3g26 2) or 1{3;3)(q21 3,926.2), GATA2 MECOM(EVI!)

1(6:9)(p23;q34); DEK-NUP214 5 or de¥5q); -7; -177abn(17p)
t(v;11)(v;q23); MLL rearranged Compiex karyotype,* monosomal karyotype'
—5 or del(5q); —7; abnl(17p); complex karyotypet Wild type NPM 1 and FLT3-TD"#
Mutated RUNX1®
Mutated ASXL1*

ELN-2010 ELN-2017 Mutated TP53"

IR (10)

e e
— AR Harada et al, Leukemia Research, 2018



Apparition de la notion de caryotype monosomique
Disparition de la notion de caryotype normal

Genetic group Subsets Risk Category* Genetic Abnormality

Favorable 1(8:21)(q22;q22); RUNXT1-RUNX1T1 Favorable (8, 21)Q22:q22.1). RUNXT-RUNX1T1
i ; 150\ ARFA w(16)p13.1922) or 1(16,16)p13.1.22), CEFB-MYH11
inv(16)(p13.1q22) or I1G.164p1aL2 RGN Mutated NPMT whout FLT3-1TD or with FL 73O
Mutated NP§IT without FLT3-ITD (normal karyotype) Ballelc mutaled CEBPA

Mutated CEBFPATT®- anotyD: Intermediate Mutated NPM1T and FLT3ITD™
Intermediate-1* Mutated NPM1 and FLT3-Ij2{normal karyotype) W“nm Loy —— FLT3TO of with FLT3ITD™™! (wio agverse-
Wild-type NPM1 and FLTAITD (normal karyotype) 19,11 Xp21 3,g23.3); MLLT3-KMT2A"
Wild-type NPM 1 without FL D (normal karyohus Cylogenetic abnormalfies not classified as favoradle of adverse
Intermediate-11 1(9;11)(p22;q23); MLLT3-MLL Adverse 1(6,9¥p23,934.1), DEK-NUP214
1(v;1123.3); KMT2A reamanged
Cytogenetic abnormalities not classified as favorable or J;_zz:ia.. ); qr12) :cag-aau
adversef nv{3)§Q21.3q26.2) or 1(3;3)q21.3926 2), GATA2 MECOM(EVT?)
2 8 = v i -5 or del(5q), -7, -17/abn(17p)
Adverse inv(3)(921926.2) or (3:3){q21,q26.2); RPN1-EVI1 Complex karyotype,* monosomal kanotype'
1(6:9)(p23;q34); DEK-NUP214 Wi type NPM? and FLTATD™™
t(v;11)(v;q23); MLL rearranged Mutated RUNX*
Mutated ASXL 1*
—5 or del(5q); —7; abnl(17p); complex karyotype$ Mutated TP5S

Caryotype monosomique :

1 monosomie (sauf =X ou —Y) + au moins une

autre monosomie ou une anomalie de structure
Breems, JCO 2008




100 HR for NPM T™YIK v NPMT™YNK, 1.25; P=.010
Py HR for NPM T™YAK v NPM T™YNK, 3.01; P < .001
S 80 .
S HR for NPM T™/AK v NPM T™YAK, 0.96; P = .77
T
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1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Time Since Diagnosis (years)
No. at risk
NPMT™UYNK 2,000 987 588 357 213 84 28 8 2
NPMT™YIK 329 154 76 52 26 6 0 0 0
NPMT™YAK 83 17 7 5 3 1 0 0
NPMTYAK 1,845 357 180 106 50 21 5 1 0

100 HR for NPM T™YIK v NPMT™YNK, 1.18; P = .031
HR for NPM T™Y/AK v NPM T™/NK, 2.63; P < .001
80 ~ HR for NPMT"AK v NPMT™/AK, 1.07; P = .68

Event-Free Survival (%)

0 2 4 6 8 10 12 14 16
Time Since Diagnosis (years)

No. at risk
NPMT™YNK 2,000 806 470 287 171 67 21 5 1
NPM ™YK 329 123 72 47 22 5 0 0 0
NPMT™AK 83 14 7 5 2 1 1 0 0
NPMT/AK 1,845 253 139 85 42 17 3 0 0

Impact des anomalies chr. chez 2426 patients NPM1mut/FLT3-ITDneg/low Tt intensif

9 groupes Européens, Australiens ou Américains

—) La valeur défavorable du caryotype I'emporte sur la valeur favorable de la mutation NPM1.
Les patients avec cytogénétique défavorable devraient rester en défavorable méme si NMP1

est muté.

Angenendt et al., JCO, oct 2019



FLT3-ITD low : <0,5

FLT3-ITD high :

ELN 2010

>

—

0,5

ELN 2017

NTLOD M A

WS g TN g e

(Sansfio group Subsets Risk Category” Genetic Abnormality
Favorable 1(8:21)(q22;q22); RUNX1-RUNX1T1
inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11 Favorable ‘(5-2:3!02%022- 1). RUNX1-RUNX1T1
S Inv{16){p13.1q22) of 5 16)D 022 COFE-MYH
Mutated NPM? without FLTS-ITD (normal karyotype) Mutated NPM 1 lwihout FL T3-ITD or with FLT3-TD"* ]
Mutaied CEBPA (normal karyotype) Biallelic mutated CEBPA
Intermediate-1* Mutated NPM1 and FLT3-ITD (normal karyotype) —
X Intermediate Mutated NPM1
Wild- NPM1and FLT3-ITD | ka
fld-type a. i o Wiid type NPM1 X F < fwio adverse-
Wild-type NPM 1 without FLT3-ITD (normal karyotype) risk genetic lesions)
Intermediate-1 1(9:;11)(p22;q23); MLLT3-MLL Y9, 11Xp21.3,q23 3); MLLT3-KMT24°
Cytogenetic abnormalities not classified as favorable or Cytogenetic abnormalities not classified as favorable or adverse
adverset Adverse 1(6:9)(p23,934.1). DEK-NUP214
Adverse inv(3)(g21926.2) A reamanged
wamasan r ESt-c@ que les ITK FLT3 changent la donne ? ) soraaes
- . . . 0r1(3;3)(q21.3,926.2), GATAZ MECOM(EVIT)
£ (‘nrwlnv kanmhmo+ | -5or d£|(5q). -7, -17/abnf ‘TD) ,
100 p=0,004 Z 100 £=0.0008 Complex karyotype,* monosomal karyotype
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Schlenk et al., Blood 2014

Yalniz et al, AJH, 2019




Mutations bialléliques de CEBPA

t(9;22) de type BCR-ABL1
3 nouveaux genes d’intérét : ASXL1, RUNX1 et TP53

Geneti Subset
ol camnies Risk Category® Genetic Abnormality

Favorable 1(8:21)(q22:q22); RUNX1-RUNX1T1

inv(16)(p13.1922) or t{16;16)(p13.1;q22); CBFB-MYH11 Favorable 1(8,21%q22,922.1), RUNX1-RUNX1T1

Mutated NPM1 without FLT3-ITD (normal karyotype) Inv(16)(p13.1q22) or 1(16,16)p13.1.q22). CBFB-MYH11

Mutated CEBPA (normal karyotype) Mutated-NR4{ 1 without FLT3-ITD or with FLT3-ITD™
Intermediate-I* Mutated NPM1 and FLT3-ITD (nommal karyotype) @ CEBPA

Wild-type NPM1 and FLT3-ITD (normal karyotype) Intermediate Mutated NPM1 and FLT3-ITD™™

Wild-type NPM 1 without FL T3-ITD (normal karyotype) Wild type NPM1 without FLT3-1TD or with FLT3-ITD™® (wio adverse-
Intermediate-1i 1(9;11)(p22;q23); MLLT3-MLL risk genetic lesions) .

Cytogenetic abnormalities not classified as favorable or U9:11Xp21.3:923.3); MLLT3-KMT2A

e Cytogenetic abnormalities not classified as favorabie or adverse

Adverse inv(3)(q21926.2) or (3;3)(q21;q26.2); RPN1-EVI1 Adverse

1(6;9)(p23,q34); DEK-NUP214
t(v;11)(v;q23); MLL rearranged
—5 or del(5q); —7; abnl(17p); complex karyotypet

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

INv(3)(q21.3926.2) of 1(3;3)(q21.3,926.2), GATA2 MECOM(EVI1)
-5 of del(5q); -7; -17/abn(17p)

Complex karyotype,* monosomal karyotype’

Wild type NPM1 and FLT3-ITD™

Mutated RUNX1*

Mutated ASXL 1*

Mutated TP53"
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