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Acute myeloid leukemia

morphology

cytochemistry

immunophenotype
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Acute myeloid leukemia

(cyto)genetics

the most important
diagnostic test in
acute leukemia



AML: Cytogenetic stratification

Genetics | Frequency 5-yr survival

t(8;21)
Favorable t(15;17) ~259% ~60%
inv(16)

Normal
+8
t(9;11)
1(1;22)

Intermediate

-5,-7
inv(3)
complex
monosomal
t(11923)
1(6;9)

Unfavorable
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AML: Predicting the genetics
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Another morphologic flavor of APL

Cottage loaf




Variants of acute promyelocytic leukemia

* morphologic
classical (hypergranular) vs hypogranular (microgranular)

« cytogenetic
most (~98%) were t(15;17), involving RARA and PML
rare variants (~10), involving RARA and another partner
ZBTB16 most common (ATRA resistant)

« molecular
variant breakpoints in PML gene (bcrl, bcr2, ber3)
some associations; mostly not significant



AML with t(8:21)(g22:022); RUNX1-RUNX1T1




AML with inv(16)(p13.1q22); CBFB-MYH11




AML with t(6;9)(p23;q34); DEK-NUP214




AML with inv(3)(q21926.2); GATA2, MECOM




Mutations in AML




AML mutations: the (old and) NKOT7B
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NPM1

« (one of the) most frequently mutated genes in AML

- ~60% of cytogenetically normal AML

- ~30% of all AML

- shuttles between nucleus and cytoplasm (lives in nucleus)
- mutations (typically 4bp insertion):

* lose nucleolar localization signal/creates export signal - takes PU.1 with it into cytoplasm

- good prognosis:

* but only if FL73 wild type (and perhaps if /DH2 mutant?)
* but high VAF (>44%) - unfavorable




Various sizes of ITD mutant
protein representative of
base pair insertion length

FLT3
receptor
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Disrupt the

Juxtamembrane auto-inhibitory

domain | function of the

FLT3 inhibitore = = = === ="~ 1 ITD mutatlﬂﬂﬁl juxtamembrane
domain

*

Tyrosine kinase
domain 1

TKD
mutations

Activation loop

Tyrosine kinase

domain 2
Activation of Tvrosine . Leads to
P13K/AKT, Kinase ligand-independent
Ras/MAPK, activity of activation of
Slide courtesy of Ashkan and STATS FLT3 FLT3 receptors

Emadi via Sasha Perl
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FLT3-ITD: numerous variables to consider

 Allelic ratio (vs wild type): « Length: does size matter?
more = worse (but what is more?) - some >48bp, others >39bp
- most studies >0.5
- some studies >0.7 - Site of insertion
- some trials >0.1 = positive > worse
« Substrate * Number of ITDs
- RNA analysis prognostically superior - >1 = adverse
to DNA

« Typical vs atypical

- typical: inserted sequence matches WT
- atypical: exogenous nucleotides = worse response to FLT3i and chemoRx




Class I mutations

FLT3
RAS
KIT
PTPN11
JAKZ

Signal transducers:
e [+] proliferation
e [+] survival

Class III
mutations

Epigenetics

IDH1/2
TET
DNMT3A

: Cooperative mutations

Class II mutations

PML-RARA
RUNX1-RUNX1T1
CBFB-MYH11
RUNX1 muts
CEBPA muts

Transcription factors:
e [-] differentiation
e [-] apoptosis




AML: But wait, there’s more ...

Activated signalling

DNA methylation

NPM1 mutation

Chromatin modifiers

Transcription factor fusions

Transcription factor mutations

Tumor suppressors

Cohesin complex

Spliceosome
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RA CBFB-MYH11
CEBPA

~60%
~45%
~30%
~30%
~20%
~20%
~15%




AML with inv(16)(p13.1q22); CBFB-MYH11




AML with PML-RARA: t(15;17) no longer required

« 67% have additional mutations

- mutated in 40-50% of cases
- ITD in ~30-40% of cases: not prognostic
- TKD in ~10%: adverse prognosis

—> ATRA resistance I 29%, of

/Z/7//B8 > ATO resistance relapses




AML with FL73 or NPM1 or IDH1/2 mutation




NPM1I: effect of coexistent mutations

NPM1 | FLT3




AML (and related neoplasms) according to WHO 2016/7

t(8;21) RUNX1-RUNX1T1

AML with recurrent
genetic abnormalities inv(16) CBFB-MYH11

PML-RARA

Therapy-related
myeloid neoplasms

t(6;9) DEK-NUP214

AML with myelodysplasia-
related changes inv(3) GATAZ, MECOM

AML. NOS t(1;22) RBM15-MKL1

t(9;22) BCR-ABL1 (provisional)

Myeloid sarcoma

Mutated NPM1

Myeloid proliferations Biallelic mutations of CEBPA
related to Down syndrome Mutated RUNXZ (provisional)




What else in the genetic classification of AML?

_ In addition to WHO...
European Leukaemia
Network (ELN) e oo naror

In addition to WHO...
Cancer Genome

Project
Wellcome Trust

Sanger Institute
’




Why its so important to do genetic testing in AML

Current WHO favorable intermediate @

Classification/

Before 2017 mNPM1 @ I

CBFt @ _ @ Enasidenib
AML-MRC IDH2
II 201
MFLT3 Midostaurin

Quizartinib Creno'a”‘b
MALT3
In 2018 m7P53 @
and beyond
mIDH1 fKMT2A @
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Any questions ...
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