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Learning objectives

After attending this presentation, you will be able to:

1. Understand which tests need to be performed for the diagnosis of acute
myeloid leukemia.

2. Recoghize how morphology supplemented by immunophenotyping can
provide clues to specific cytogenetic/molecular anomalies and the
diagnosis of specific AML classification categories.

3. Discuss current classification systems.
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Acute myeloid leukemia

Mmarrow.

platelets.

Vakiti A, Reynolds SB, Mewawalla P. Acute Myeloid Leukemia. [Updated 2024 Apr
4 27]. In: StatPearls Publishing; 2024 Jan-. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK507875/

red blood

Acute myeloid leukemia (AML) is a rapidly progressing
myeloid neoplasm characterized by
expansion of immature myeloid-derived cells, known
as myeloid blasts, in the peripheral blood and bone

clonal

This expansion results in ineffective erythropoiesis
and megakaryopoiesis, clinically manifesting as
relatively rapid bone marrow failure compared to
chronic and indolent leukemias.
inadequate production of

leads to

and

§3eha



Classifications of ANMIL

HAEM3

FAB 1976 WHO 2001

months of correspondence and 2 days in Paris.

WHO 2008
HAEM4

A story starting with 200 AL cases, 7 hematologists, 8

WHO 2016

HAEM4R

WHO 2022

HAEMS5

Haematolymphoid Tumours
Part A

) ICC 2022
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Acute myeloid leukaemia with defining genetic abnormalities

Acute promyelocytic leukaemia with PML::RARA
fusion

Acute myeloid leukaemia with RUNX1::RUNX1T1
fusion

Acute myeloid leukaemia with CBFB::MYH11
fusion

Acute myeloid leukaemia with KMT2A
rearrangement

Acute myeloid leukaemia with DEK::NUP214
fusion

Acute myeloid leukaemia with MECOM
rearrangement

Acute myeloid leukaemia with BCR::ABL1 fusion

Acute myeloid leukaemia with NPM1 mutation

Acute myeloid leukaemia with CEBPA mutation

Acute myeloid leukaemia, myelodysplasia-
related

Acute myeloid leukaemia with RBM15::MRTFA
fusion

Acute myeloid leukaemia with NUP98
rearrangement

AML with other defined genetic alterations

Acute promyelocytic leukemia with t(15;17)(q24.1;921.2)/PML::RARA

APL with other RARA rearrangements*

AML with t(8;21)(q22;922.1)/RUNX1::RUNX1T1

AML with inv(16)(p13.1922) or t(16;16)(p13.1;922)/CBFB::MYH11

AML with t(9;11)(p21.3;923.3)/MLLT3::KMT2A

AML with other KMT2A rearrangementst

AML with t(6;9)(p22.3;934.1)/DEK::NUP214

AML with inv(3)or t(3;3)(q21.3;026.2)/GATA2; MECOM(EVI1)

AML with other MECOM rearrangementss

AML with t(9;22)(q34.1;q11.2)/BCR::ABL1§

AML with mutated NPM1

AML with in-frame bZIP CEBPA mutations = 10%

AML with myelodysplasia-related cytogenetic abnormalities
MDS/AML (10-19%) / AML (= 20%)

AML (= 20%) and MDS/AML (10-19%) with myelodysplasia-related

gene mutations
AML (= 20%) and MDS/AML (10-19%) with mutated TP53+t

AML with other rare recurring translocations

Acute myeloid leukaemia, defined by

AML not otherwise specified (NOS) 10-19% (MDS/AML

2 10%
2 10%
2 10%
2 10%
2 10%
2 10%
2 10%
2 10%
2 10%
2 20%
2 10%
2 10%
> 10%*

> 10%*
> 10%*

> 10%
\/

Tharapy-raliatad
a priar chemmotherapy, radicthesrapy, immune intsventians

Frogressirg Tom MDS
# MD5 shaud o confrmed by standars diagnostics

Frogressirg Tram MDSMPN [specily
s MDOSMPY should be contirnes by starozrd diagrostics

Germline predispasition

Amiidz~N rmvmrrmrlAIA LAt il amima A vari k-l AT id mm Attt A~ N

differentiation (AML)
Acute myeloid leukaemia with minimal MDS/AML, NOS
differentiation AML, NOS > 20%

10-19% ‘ % eha




Stairway to diagnosis

Molecular
Cytogeneti
CS
Immuno
h typi
Morpholog ﬁgeno yP!
Patient's y
history
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O]

\Vledical
PITSEPEIET jc medical history

= prior malignancy
» therapy for prior malignancy

Detailed family history
= potential germline predisposition

Patient bleeding history
Analysis of comorbidities

Dohner H, et al. Diagnosis and management of AML in adults: 2022 recommendations from
an international expert panel on behalf of the ELN. Blood. 2022 Sep 22;140(12):1345-1377.
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\Vlorpholog

Description
of blasts

Genetic
associations

How many
blasts?

Identify
blast cells

MILESTONE 1. MILESTONE 2. MILESTONE 3. MILESTONE 4.
Identification of myeloid blast- Quantification of blast equivalents Description of blast Morphological features pointing to
equivalents. in bone marrow and peripheral morphology and concomitant specific genetic aberrations/
Differentiation of myeloid from blood hematopoiesis nosological entities

o lymphoid blasts.
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Blast equivalents in ANIL

10

Myeloblast &
Promyelocyte

Mufti, G. J. et al. Haematologica 2008;93:1712-1717;
Palmer L et al, Int Journal Lab Hematology 2015; 37:287-303

Monoblast &
Promonocyte

| W

Goasguen et al, Morphological evaluation of monocytes and
their precursors. Haematologica. 2009 Jul;94(7):994-7.

Arber et al The 2016 revision to the WHO classification of myeloid neoplasms and acute leukemia. Blood. 2016;127(20)
Khoury et al, The 5th edition of the WHO of Haematolymphoid Tumours: Myeloid and Histiocytic/Dendritic Neoplasms. Leukemia. 2022;36(7) % (= ha
Arber et al. ICC of Myeloid Neoplasms and Acute Leukemias: integrating morphologic, clinical, and genomic data. Blood. 2022; 140(11)



Viyeloblasts vs Lymphoblasts

Lymphoblasts Myeloblasts

Heterogenei
ty |
Cell size

L¥ N ,
o
S A

Nucleus

Chromatin

Nucleoili e ' w4 ’ :
Cytoplasm A . e 2 <
Granulation ' | _j i |

< \

N 3 3
Auer rods MKora [TOHAKOra, BK/A.CHOMOBE-IVI3

Vacuoles MoHAKora [MoHAKora, 0CO6EeHO MOHOLUMUTHUTE



Not always easy to decide

Lymphoblasts Myeloblasts

| . :
PO+ C '+g117+i
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The monocuytic challenge

Varotto et al. Diagnostic challenges in acute monoblastic/monocytic leukemia in children. Front Pediatr. 2022;10:911093.; Sukhacheva,
13 https://clinlabint.com/the-role-of-monocytes-in-the-progression-of-sepsis/; Zini, Int J Lab Hematol. 2021;43:346-353. ; Lynch et al, How | % e ha
investigate monocytosis. Int J Lab Hem. 2018;40:107-114



Blast equivalents in specitic AVIL

Megakaryoblasts = 20% Erythroblasts > 80%
Proerythroblasts = 30%

microMe

14
ASH Image bank






How many blasts are needed tor

et y FAB, 1976 > 30%
WHO, 2001- | AML with recurrent genetic aberrations NA
17 All other AMLs >20%
AML with defining genetic abnormalities NA
WHO, 2022 AML defined by differentiation, AML-MR >20%
AML with defining genetic abnormalities >10%
MDS/AML with TP53™ 10-19%
with myelodysplasia-related cytogenetic 10-19%
abnormalities 10-19%
with myelodysplasia-related mutations 10-19%
Not otherwise specified (NOS >20%
ICC, 2022 _ P (NOS) ;
AML with TP53m >20%
with myelodysplasia-related cytogenetic >20%
abnormalities >20%
with myelodysplasia-related mutations >20%
16 Dohner et al. Diagnosis and management of AML in adults: 2022 recommendations from an inmﬁﬁorﬁltkﬂ)@ﬁ\éﬁiaﬁﬁbS’@ﬁﬁlilﬁi@dBléN.@)&)Sep 22;140(12):1345-1377. ?ﬂgj@ e h a
AML with t(9;22)(q34.1;q11.2)/BCR::ABL1




AML without maturation vs with
Nﬁr@i M{@,té@ﬁl of Gr lineage M2: > 10% maturing cells of Gr lineage

< 20% monocytoid cells

Khoury JD, et al. The 5th edition of the World Health Organization Classification of
17 Haematolymphoid Tumours: Myeloid and Histiocytic/Dendritic Neoplasms. Leukemia. 2022
Jul;36(7):1703-1719.



AML myelomonocytic vs monocytic

M4: >20% monocytes and Mo M5: > 80% monocytes and Mo precursors
precursors < 20% maturing granulocytic cells
220% matyrmme ocyti - - -

cells

Courtesy Marie-Therese Daniel
Khoury JD, et al. The 5th edition of the World Health Organization Classification of
18 Haematolymphoid Tumours: Myeloid and Histiocytic/Dendritic Neoplasms. @ e ha
Leukemia. 2022 Jul;36(7):1703-1719.



Acute basophilic leukemia

= Blasts & immature/mature basophils with metachromasia on toluidine
blue staining

= Blasts are negative for cytochemical MPO, SBB, and NSE

= No expression of strong CD117 e ast cell leukemia)

-

Khoury JD, et al. The 5th edition of the World Health Organization Classification of
19 Haematolymphoid Tumours: Myeloid and Histiocytic/Dendritic Neoplasms.
Leukemia. 2022 Jul;36(7):1703-1719.



What genetic

disorders are behind

a certain

morphology?

§3eha
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AML with detining genetic
a@plg%gmgb‘r!t 1€ C/;’UNX7::RUN‘X7T7 CB.B_

- -

)

MYHT1



Cup-like morphology is associated
wWith NPM1Imut and/or FLT3mut

POX(+}= =

Kroschinsky FP al. Cup-like e myeloid leukemia: new
22  disease o |f|C|al phenomenon? aaaaaaa logica. 2008 ; 93: % eha
283; Park BG, et al.. Ann Hematol. 2013;92(4):451.



B~=ALL Genetics: t(4;11)(q21;923) ; KMT2A-AFF1
NGS: KRAS mutation (G13D, VAF 49%)

Rieu et al, eJHaem. 2020;1:589-592.

S — R h) £ Oa¥a
B~=ALL Genetics: 72~80, XXY [5]/XY[12]
Kroschinsky FP, et al. Cup-like acute myeloid leukemia: new NGS: mutations in TP53 and DNMT3A
23 disease or artificial phenomenon? Haematologica. 2008; 93: 283; Wang et al. BJH. 2015;170(5):596. % e ha

Park BG, et al.. Ann Hematol. 2013;92(4):451.



Other surprises

Granules are not AML®

SaL on“granulgs?g

Burkitt

B-ALL  Ph'(+) B-ALL

Lyzozym+; CD56+

Literature: Song JY, et al. B lymphoblastic leukemia with granules mimicking @E e h a

24 acute myeloid leukemia. Int J Hematol. 2015;102(3):251-2.



Other misleading images

Promyelocytic disguise

B-ALL

CD19+ CD10+ CD34+ TdT+

Ma Y et al. IJH. 2019;110(6):645-646.

B-ALL

5933.2 rarrangement

Ma'Y, et al. Promyelocyte-like blasts in B-lymphoblastic leukemia of a 67-year-old male patient. Int J Hematol. 2019 Dec;110(6):645-646.
25 Gujral S et al. B-lymphoblastic leukemia/lymphoma with IGH::IL3 fusion. In: In: WHO Classification of Tumours Editorial Board. Haematolymphoid

tumours. Lyon (France): IARC; 2024. . (WHO classification of tumours series, 5th ed.; vol. 11). https://publications.iarc.who.int/637.
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Immunophenotyping

dentify SRS Ene léi:ggr;g:d
blast cells maturation ohenotype

27

Nosologic
association

Therapeutic
targets
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ldentitication oT blast cells
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28 Presentation title by Insert > Header / Footer texts AM L myelomonocytic @ e h d



Lineage and maturation

Precursor markers CD34, CD117, HLA DR

Myeloid markers Myeloperoxidase, or CD13, CD33 [>2]

Myeloid maturation CD11b, CD15, CD64, CD65

Monocytic markers CD14, CD64, CD11c, lysozyme [=2], CD36, CD4, CD38,

Megakaryocytic markers CDA41 (glycoprotein lIb/Illa), CD61 (glycoprotein Illa), CD42b (glycoprotein Ib)

Erythroid markers CD235a (glycophorin A), CD71, CD36

Core MRD markers CcD34, CD117, CD45, CD33, CD13, CD56, CD7, HLA-DR
If monocytic: CD64, CD11b, CD4 (in addition)

Dohner et al, Diagnosis and management of AML in adults: 2022 recommendations from an international expert panel on behalf of the ELN. Blood. 2022;140(12):1345-1377.; @ e h a

29 Khoury et al. The 5th edition of the WHO of Haematolymphoid Tumours: Myeloid and Histiocytic/Dendritic Neoplasms. Leukemia. 2022;36(7):1703-1719.



Normal immunophenotypic
patterns

30

Granulocytic Monocytic

1 1 R 1

i Blast Promyelocytei Myelocyte Metamyelocyte  Band  Neutrophil I Blast Promonocyte : Monocyte
CD45 1 ! . CD45 ! e
CD34 | i CD34 | I :
CD117 | i CDI3 | EE—  —
CDI13 — N CD33 |
CD33 1 I HLA-DR oSS
Y S — CD64 | O E—
CD64 | | '
epiE | _ CDI5 ! k|

| () O T
CD65 1 ; —_ S —
CDI1b ! ! —. S————
CDllc | i :
CD66a | | CD14 | _
CD24 | | cbi6 | ; 1
CD16 ! : —_—
CD35 | :
CD87 | i
CD14 | i
CDIO ! :

L 1

Wood, Cherian & Borowitz. Henry’s Laboratory Methods, 2017
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Acute myeloid leukaemia with defining
genetic abnormalities

Acute promyelocytic leukaemia with PML::RARA
fusion

Acute myeloid leukaemia with RUNX1::RUNX1T1
fusion

Acute myeloid leukaemia with CBFB::MYH11
fusion

Acute myeloid leukaemia with KMT2A
rearrangement

Acute myeloid leukaemia with DEK::NUP214
fusion

Acute myeloid leukaemia with MECOM
rearrangement

Acute myeloid leukaemia with BCR::ABL1 fusion

Acute myeloid leukaemia with NPM1 mutation

Acute myeloid leukaemia with CEBPA mutation

Acute myeloid leukaemia, myelodysplasia-
related

Acute myeloid leukaemia with RBM15::MRTFA
fusion

Acute myeloid leukaemia with NUP98
rearrangement

AML with other defined genetic alterations

Acute myeloid leukaemia, defined by
differentiation

Acute myeloid leukaemia with minimal
differentiation
Acute myeloid leukaemia without maturation

Acute basophilic leukaemia

Y U R [ . A [ [ A

Amgednyeledd detkrarniainsitissnatHiatislymphoid tu

Required tor diagnosis

Some entities require phenotype
tor diagnhosis

= AML with minimal differentiation:
> 2 CD13, CD33, CD117

= Acute erythroid leukemia:
CD235, CD71, CD36

= Acute megakaryoblastic leukemia:
CD41, CD42, CDo61

= Differential diagnosis:
MPAL — My/T; My/B

§3eha

mours. Lyon (France): IARC; 2024.



Or quick guide to diagnosis:

AP| PML:RARA

_.Hypergranular
: SS 100% - CD117, MPO, CD33
M sz
x|
| i Hyper Micro
0 ; ; A granula granular
i " colfecop ™ N r
s CD2 23% 90%
m.
iA =1z
CD3 2% 75%
o " ol o 409’6 - HLA DR
32 Fang et al. Acute promyelocytic leukemia: Immunophenotype and differential diagnosis by flow

cytometry. Cytometry B Clin Cytom. 2022;102(4):283-291.

§3eha



Or quick guide to diagnosis:

AP| PML:RARA

Hypergranula

1024

T p— SS 100% - CD117, MPO, CD33
7| APUblasts
M sz
256
Hyper Micro
0 -, ; A granula granular
10° 10 W0 10
codbeco r
CD2 23% 90%
CD3 2% 75%
4
No/Z _ LIl A ND
v /0 A N
33 Fang et al. Acute promyelocytic leukemia: Immunophenotype and differential diagnosis by flow

cytometry. Cytometry B Clin Cytom. 2022;102(4):283-291.

V/

CD117, MPO(+)

APL-like

NPM1™Mut AML

y7-A: PECy )

VEd
L

CD117 PEC

K3 @ 1§D

i+ CD117 positive

HLA-DR negative

)

SSC-A

CD34, HLA DR(-)

T Lol T =y
-iF o R kLB Ll

HLADR V450-A:

oG i ISOG0S 0006
i I i i i

PR
V450-A

CD34 negative

CD34 PerCP Cy5-5-A:_
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Aberrant phenotypes (LAP)

Abnormal expression Asynchronous Homogeneous instead Mixed lineage
intensity Tl @ "mature"” + "immature" of variable expression expression
normal normal normal normal
e
]
T me T oot e a’f’{‘{.;;m ey cD7 PE
AML AML -
i _ -.:‘.;{5-?&:
E El i, §
coi5 FITC E CD34 APC " cm[ PE h
CD33(-) CD34(+)CD15(+) CD34(+)bright CD7(+) My bla

34 Wood, Cherian & Borowitz. Henry’s Laboratory Methods, 2017



ldentitication ot therapeutic
Targets

Antibody conjugates
IMGNG32  Sette2unab
CD38-CAR-T Tagraxofusp
CAR-T IMGN779 Camidanlumab
%‘ tesirine
UnICART o "pag CD123 cp33 ?' sl
CD33/CLL-1-CAR-T M CD25 .
" s :ﬁcmzz \ AMG330
- CD33 AMG673
-t AMV564
CLEC12A/CLL- Myeloid blast D193 JNJ-67371244

Flotetuzumab %% CD123

DART Abs
Sabatolimab L‘I’IM& S
CD47

, cD70
Magrolimab }‘ $na
PD-1
Cusatuzumab

Monoclonal Abs

35 Schiirch CM. Front Oncol. 2018;8:152. ; Bbhme et al, Cancers (Basel). 2021;14:105.; Perna et al. Cancer Treat Res. 2022;183:225.

Vibecotamab 1 H &
o Bispecific Abs

CLEC12A/CLL-1
_}% MCLA-117

b= cTLas

Checkpoint-inhibitors

MIvoluman
Ipilimumab
Pembrolizumab

§3eha
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Cytogenetics

= Detection of chromosomal

aberrations

= (Classification of AML entities

= Risk stratification

. . L _ Filaeci . _ P
By Richard Wheeler (Zephyris)Vector version: NikNaks - File:Single Chromosome Mutations.png., CC BY-SA 3.0, gﬁ e h a

e https:/commons.wikimedia.org/w/index.php?curid=32951639



Detection o chromosomal
aberrations

|proca
trisomy translocations monosomy

.. TRl Complex karyotype:
u = presence of 23 different
chromosomal aberrations in the

same clone.

"o N
telomere unbalanced dicentric
loss translocations chromosome Monosomal karyotype:
di » presence of 2 2 autosomal
h |Centr|C polyplo|dy
chro

ome monosomies
ﬂm Ao o
J'-f B = presence of 1 autosomal monosomy
Hmm in combination with at least 1

rene structural aberration

deletion

37 de Oliveira Lisboaet al. "Chromosomal instability in acute myeloid leukemia." Cancers 13.11 (2021): 2655. @:@ e h a



Technical aspects

38

Conventional cytogenetics

1) D6hner et al, Diagnosis and management of AML in adults: 2022 recommendations from an international expert panel on behalf of the ELN.

Blood. 2022;140(12):1345-1377

Courtesy prof. G.Balatzenko

Fluorescence in situ hybridization

Within 5-7 days?

§3eha



Genetic abnormalities define

Acute myeloid leukaemia with defining genetic abnormalities

Acute promyelocytic leukemia with t(15;17)(q24.1;21.2)/PML::RARA
APL with other RARA rearrangements*
Acute myeloid leukaemia with RUNX1:RUNXIT1 fusion  ~ML With £(8;21)(q22;q22.1)/RUNX1::RUNX1T
. . . . AML with inv(16)(p13.1922) or t(16;16)(p13.1;q22)/CBFB::MYH11

Acute myeloid leukaemia with CBFB::MYH11 fusion .
Acute myeloid leukaemia with KMT2A rearrangement AML with £(9;11)(p21.3;423.3)/MLLT3::KMT2A

y g AML with other KMT2A rearrangements _
Acute myeloid leukaemia with DEK::NUP214 fusion AML with £(6;9)(p22.3;434.1)/DEK::NUP214

AML with inv(3)or t(3;3)(q21.3;426.2)/GATA2; MECON

Acute promyelocytic leukaemia with PML::RARA fusion

Acute myeloid leukaemia with MECOM rearrangement AML with other MECOM rearrangements PML::RARA, CBFB::MYH11,
. . . . . AML with t(9;22)(q34.1;q11.2)/BCR::ABL1 RUNX1::RUNX1T1, KMT2A
Acute myeloid leukaemia with BCR::ABL1 fusion AML with mutated NPM1 ’

Acute myeloid leukaemia with NPM1 mutation
Acute myeloid leukaemia with CEBPA mutation
Acute myeloid leukaemia, myelodysplasia-related

AML with in-frame bZIP CEBPA mutations = 10% rearrangements, BCR::ABL1
AML with myelodysplasia-related cytogenetic abnormalities

MDS/AML (10-19%) / AML (= 20%)
AML (= 20%) and MDS/AML (10-19%) with myelodysplasia-related gene
mutations

Acute myeloid leukaemia with RBM15::MRTFA fusion AML (> 20%) and MDS/AML (10-19%) with mutated TP53

Acute myeloid leukaemia with NUP98 rearrangement
AML with other defined genetic alterations

AML with other rare recurring translocations

Dohner et al, Diagnosis and management of AML in adults: 2022 recommendations from an international expert panel on behalf of the ELN. Blood.

2022;140(12):1345-1377 h
39 Arber et al. ICC of Myeloid Neoplasms and Acute Leukemias: integrating morphologic, clinical, and genomic data. Blood. 2022; 140(11) @ ena
WHO Classification of Tumours Editorial Board. Haematolymphoid tumours. Lyon (France): IARC; 2024.



AML, myelodysplasia-related

40

WHO 2022

del 11q
Monosomy13

Salman H. Comparative Analysis of AML Classification Systems: Evaluating the WHO, ICC, and ELN Frameworks and Their Distinctions. Cancers

(Basel). 2024 Aug 22;16(16):2915.

del(12p)/t(12p)/add(1
2p)

Complex karyotype (23
abnormalities)
Monosomy
17/add(17p) or
del(17p)
Isochromosome 17q
ASXL1

BCOR

EZH2

SF3B1

SRSF2

STAG2

U2AF1

ZRSR2

ICC 2022

Trisomy 8
del(20q)

§3eha



Risk classitication by genetics

Risk category

Favorable

Genetic abnormality

* 1(8;21)(922;922.1)/RUNX1::RUNX1T1

* inv(16)(p13.1922) or t(16;16)(p13.1;922)/ CBFB::MYH1
 Mutated NPM1 without FLT3-ITD

* bZIP in-frame mutated CEBPAk

Intermediate

 Mutated NPM1t,§ with FLT3-ITD

* Wild-type NPM1 with FLT3-ITD (without adverse-risk genetic
lesions)

o £(9;11)(p21.3;923.3)/MLLT3::KMT2A

» Cytogenetic and/or molecular abnormalities not classified as
favorable or adverse

Adverse

* 1(6;9)(p23.3;934.1)/DEK::NUP214

* t(v;11923.3)/KMT2A-rearranged

* 1(9;22)(934.1;q11.2)/BCR::ABL1

» £(8;16)(p11.2;p13.3)/KATGA::CREBBP

* inv(3)(g21.3926.2) or t(3;3)(921.3;926.2)/GATA2, MECOM(EVI)
* t(3926.2;v)/MECOM(EVI1)-rearranged

« 25 or del(5q); 27; 217/abn(17p)

« Complex karyotype, monosomal karyotype

 Mutated ASXL1, BCOR, EZH2, RUNX1, SF3B1, SRSF2, STAG2, U2AF1,
and/or ZRSR2

* Mutated TP53a

):1345-1377

§3eha



Qutcome prediction by ELN=Y==

genetic-risk classitication

42

1.0 -

0.8

0.6

0.4

Disease-free Survival

0.2

Favorable vs Intermediate: P<0.001
Favorable vs Adverse: P<0.001
Intermediate vs Adverse: P<0.001

Favorable (n=468)

Intermediate (n=229)

l } e
Adverse (n=240)

0.0

Overall Survival

Mrézek K, et al. Outcome prediction by the 2022 European LeukemiaNet genetic-risk
classification for adults with acute myeloid leukemia: an Alliance study. Leukemia. 2023

Apr;37(4):788-798.

1.0

0.8

0.6

0.4

0.2

Favorable vs Intermediate: P<0.001
Favorable vs Adverse: P<0.001
Intermediate vs Adverse: P<0.001

Favorable (n=562)

Intermediate (n=355)

Adverse (n=616)

ddldl L1 1 431
ELELLL i | P e e e i

0.0

Years

n=1637 adults with AML, treated with
cytarabine/anthracycline regimens

§3eha
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Suboptimal for elderly and

tor adults receiving less-intensive

therapies

Disease -free Survival

Favorable vs Intermediate: P<0.001
Favorable vs Adverse: P<0.001
Intermediate vs Adverse: P=0.27

Mrézek K, et al. Outcome prediction by the 2022 European LeukemiaNet genetic-risk
classification for adults with acute myeloid leukemia: an Alliance study. Leukemia. 2023

Apr;37(4):788-798.

Overall Survival
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Favorable vs Intermediate: P<0.001
Favorable vs Adverse: P<0.001
Intermediate vs Adverse: P=0.09

Favorable (n=132)

Intermediate (n=109)

0.0

Years
de novo AML patients,
aged 260 years
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Genetic risk classification ELN=024
tor adults receiving less-intensive

Risk category Genetic abnormality

Favorable e Mutated NPM1 (FLT3-ITD™9, NRAS", KRAS™, TP53"
e Mutated IDH2  (FLT3-ITD™9, NRAS", KRAS™, TP53")
e Mutated IDH1® (TP53")

e Mutated DDX41°

e Other cytogenetic and/or molecular abnormalities®
(FLT3-ITD"™9, NRAS", KRAS", TP53")

Intermediate e Other cytogenetic and molecular abnormalities®
(FLT3-ITD®® and/or NRAS™" and/or KRAS™"; TP53")

Adverse e Mutated TP53

Dohner H, et al. Genetic risk classification for adults with AML receiving less-intensive therapies: the 2024 g
ga ena

44 ELN recommendations. Blood. 2024 Aug 12:blood.20240254089.



05

Molecular
-tsﬁaatsicﬂgfor all the genetic

abnormalities that:
= define disease
= define risk categories

» that are needed for targeted
treatment modalities

https://pixabay.com/photos/dna-geneti@s-mutations#€ne-science® 6560897/

45 Dohner et al, Diagnosis and management of AML in adults: 2022 recommendations from an international expert panel on behalf of the ELN. Blood. 2022;140(12):1345-1377 Eig:@ e h a



\Vlolecular testing at ANVIL diagnosis

AML-associated gene fusions

= t(15:17)(q24.1;921.2)/PML::RARA
= £(8;21)(q22;922.1)/RUNXT::RUNXTTT

= inv(16)(p13.1922) or
t(16;16)(p13.1;922)/CBFB::MYH11

= £(9;11)(p21.3;923.3)/MLLT3::KMT2A
= t£(6;9)(p22.3;:934.1)/DEK::NUP214

= inv(3)or t(3;3)(g21.3;926.2)/GATA2;
MECOM(EVI1)

= 1£(9:22)(q34.1;q11.2)/BCR::ABL1

Detectable by RNA based PCR

AML-associated gene mutations

» FLT3-ITD/ FLT3-TKD, IDH1, IDH2
= NPM1T

= CEBPA, DDX41, TP53; ASXL1, BCOR,
EZH2, RUNXT, SF3B1, SRSF2,
STAG2, U2AF1, ZRSR2

= Additional genes recommended to
test at Dg: ANKRD26, BCORL1, BRAF,
CBL, CSF3R, DNMT3A, ETV6, GATA2,
JAK2, KIT, KRAS, NRAS, NF1, PHF®6,
PPM1D, PTPNT11, RAD21, SETBP1, TET2,
Wi

Detectable by DNA based PCR or NGS

{3
46 Dohner et al, Diagnosis and management of AML in adults: 2022 recommendations from an international expert panel on behalf of the ELN. Blood. 2022;140(12):1345-1377 ?cgﬁ e h a



Vlolecular markers quiding AML

Frequency Selected agent

AML with PML::RARA 1-25% All-Trans Retinoic Acid(ATRA), Arsenic Trioxide (ATO)
defining genetic RUNXT::RUNXTTT 1-5%  Anti-CD33 ADC (Gemtuzumab ozogamicin)
abnormalities
CBFB::MYH11 1-5% Anti-CD33 ADC (Gemtuzumab ozogamicin)
KMT2A rearranged 1-3% Menin inhibitors (not approved)
BCR::ABL1 1% Imatinib
NPM1 mutation 15-30%  Anti-CD33 ADC (Gemtuzumab ozogamicin)
Myelodysplasia relat 10-50%  CPX-351, Venetoclax
Signaling molecules FLT3 mutation 15-30% Midostaurin, Gilteritinib, Quizartinib
Epigenetic modifiers /DH7 mutation 6-8% lvosidenib, Olutasidenib
IDH2 mutation 10-15% Enasidenib
Tumor suppressor TP53 5-25% Nothing approved so far!
a7 Modified after: Dohner H., Progress in myeloid neoplasms: prognostic and therapeutic consequences of hierarchical % e ha
molecular genetic classification of acute myeloid leukemia. 22nd Meeting of the EA4HP, Dubrovnik, 21 to 26 Sept 2024.



Clinical and/or laboratory features suspicious for AML

Any recurrent . Mutations in Cytogenetic abnormalities .
}éenetiﬂ no TP5-3 mUtﬂtlE‘nq no ASXLT, ECDR, ﬂp in[:||_jding: cﬂmp|ex no Er:gt[ée‘lft;';lpgreg
abnormality? with VAF 210%*% EZH2, RUNX1, karyotype, del(5qg)/t(5q)/ genet -
SF3B1, SRSFZ, add(5q), -7/ del(7q), +8,
WHO does STAG2, U2AFT, del(12p)/t(12p)/add(12p), WHO =
not recognise and/or ZRSR2? i(17q), =17/add(17p), defined by

del(17p), del(20q), and/or differentiation

WHO no idiei®ya13y?
PB and/or BM PB and/or BM PB and/or BM PB and/or BM PB and/or BM
blasts 210% blasts 220% blasts 220% blasts 220% blasts =20%

{

AML with : AML with AML with AML

recurrent genetic itk MDS-related MDS-related not otherwise
= mutated TP53 e i AR e
abnormalities mutations cytogenetic abnormalities specified

Apply diagnostic qualifiers, when appropriate
(therapy-related; germline predisposition; prior MDS, MPN or MDS/MPN)

Final diagnosis

Pizzi et al. What’s New in the Classification, Diagnosis and Therapy of Myeloid Leukemias. Hemato 4.2 (2023): 112-134.; D6hner et al, Diagnosis and .
48 management of AML in adults: 2022 recommendations from an international expert panel on behalf of the ELN. Blood. 2022; 140(12):1345-1377; WHO gﬂgﬁ e h a
Classification of Tumours Editorial Board. Haematolymphoid tumours. Lyon (France): IARC; 2024.



INn conclusion

= AML is a complex and diverse disease characterized by a wide range of clinical

manifestations, morphological and immunophenotypic characteristics, as well as
chromosomal and genomic abnormalities.

" The assessment of morphology and immunophenotyping can provide valuable insights

49

into the potential cytogenetic aberrancies present in certain AML cases. Utilizing both
modalities together allows for a highly accurate diagnosis and can highlight the
necessity for prompt, targeted treatment even before cytogenetic or molecular
confirmation is available (e.g., in cases of acute promyelocytic leukemia, APL).

§3eha



INn conclusion

50

Genetic evaluation forms the foundation of contemporary classifications and risk
stratification in AML. Karyotyping, FISH for cases where karyotyping is not feasible, and
molecular testing should be conducted for every AML patient, regardless of their age.

The rapid growth in our understanding of AML genomics has driven a paradigm shift in
classification systems, moving from morphology-based to integrated genomic diagnosis.
This has enabled better risk stratification and paved the way for personalized therapy in
AML.

The importance of multidisciplinary diagnostics in a holistic approach to treating
patients with AML is crucial for achieving enduring therapeutic success.

§3eha
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