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• WHO classification
Acute Myeloid Leukemia and related neoplasms

Molecular testing in AML: WHO Classification

Recurrent translocations/inversions

Recurrent single gene mutations



AML with balanced translocations / inversions

• structural chromosome rearrangement (translocations and inversions)   
-> fusion gene

• t(8;21) -> RUNX1-RUNX1T1
• inv(16), t(16;16) -> CBFB-MYH11
• t(15;17) -> PML-RARA
• t(9;11) ->MLLT3-MLL
• t(6;9) -> DEK-NUP214
• inv(3), t(3;3)  -> RPN1-EVI1
• t(1;22) -> RBM15-MKL1
• t(9;22) -> BCR-ABL1

• AML without regard to blast count: t(8;21), inv(16)/t(16;16), t(15;17)

• Characteristic morphological and immunophenotypic features

• Prognostic significance

AML with recurrent genetic abnormalities



APL with PML-RARA (Hypergranular APL)
• 5-8% AML, adults mid-life

• Abnormal promyelocytes (FAB AML M3): kidney-shaped, bilobed nuclei, densely-

packed large pink granules, bundles of Auer rods: “Faggot cells”

AML with balanced translocations / inversions: example

AML with recurrent genetic abnormalities

Atlas of Genetics and Cytogenetics in Oncology and Haematology



APL with PML-RARA (Hypergranular APL)
• 5-8% AML, adults mid-life

• Abnormal promyelocytes (FAB AML M3): kidney-shaped, bilobed nuclei, densely-

packed large pink granules, bundles of Auer rods: “Faggot cells”

• CD34 w/-, HLA-DR w/-, CD33 ++, CD64 +

• T(15;17); PML-RARA

• Significant early death rates: association with DIC and increased fibrinolysis

• Best prognosis, particular sensitivity to treatment with ATRA and Ars trioxide

AML with balanced translocations / inversions: example

AML with recurrent genetic abnormalities

URGENT DIAGNOSIS



AML with gene mutations

• Gene mutations are common in AML 
(WHO2017 list p146-149)

Mutations in FLT3, NPM1, CEBPA, KIT, RUNX1, ASXL1, TP53 most      
widely studied

• WHO2017: class defining mutations:
NPM1
CEBPa (biallelic)
RUNX1 provisional
FLT3     prognostic!

• Limited association with morphologic and clinical features
Prognostic significance (NK AML patients)

AML with recurrent genetic abnormalities



AML with gene mutations

• Gene mutations are common in AML 
(WHO2017 list p146-149)

Mutations in FLT3, NPM1, CEBPA, KIT, RUNX1, ASXL1, TP53 most      
widely studied

• WHO2017: class defining mutations:
AML with mutated NPM1
AML with biallelic mutations in CEBPa
AML with mutated RUNX1: provisional entity
AML with mutated FLT3     prognostic!

• Limited association with morphologic and clinical features

• Prognostic significance (NK AML patients)

AML with recurrent genetic abnormalities



AML with mutated NPM1

• 30% adult AML
Prevalence increases with age, female predominance

• (myelo-)monocytic features, multilineage dysplasia, “cup-like” 
blasts

• Monocytic markers: CD33++, (CD14, CD11b), Lack of CD34

• Normal karyotype (50-60% AML NK)
• Secondary mutations : 40% FLT3-ITD, DNMT3A

Distinct gene expression profile

• Favourable prognosis (NK, in absence of FLT3-ITD mutation) 
Prognosis dependent on co-occuring mutations

AML with recurrent genetic abnormalities

AML with gene mutations: example



• Classification Papaemmanuil (NEJM 2016)
Genomic Classification and Prognosis in Acute Myeloid Leukemia. 

Papaemmanuil NEJM 2016

Molecular testing in AML: other classification



Molecular subclassification and overall survival

Panel shows Kaplan–Meier curves for overall survival among patients in the 11
genomically defined subgroups.

Papaemmanuil NEJM 2016

Molecular testing in AML: Papaemmanuil classification
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Cytogenetic and molecular abnormalities: ELN 2017

FLT3

Molecular testing in AML: Prognosis

Döhner et al Blood 2017



• FLT3-inihibitor: midostaurin, quizartinib, …

• IDH1 and IDH2-inhibitor: ivosideni, enasidenib

• DNMT-inhibitors (HMA): azacytidine (Vidaza), decitabine

• BCL2-inhibitor: venetoclax

• KIT-inhibitors: TKI imatinib, dasatinib

Molecular testing in AML: Targeted therapy
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Hematological diagnosis of AML based on WHO criteria  

@lab by bone marrow aspiration and biopsy using

morphologic, Cytology, anatomopathologie

immunophenotypic, Flowcytometry

cytogenetic/molecular analysis Molecular testing, genetics

Molecular testing @ the laboratory

Multidisciplinary approach: integrated conclusion ~WHO2017



ELN 2017:  Management of AML: Molecular testing
• Recurring rearrangements (translocations/inversions)

• Diagnosis/classification
• Prognosis/therapeutic
• MRD monitoring

• Gene mutations
• Classification:

• AML with mutated NPM1
• AML with biallelic mutation of CEBPA
• AML with mutated RUNX1

• Prognosis/therapeutic
• Mutations in TP53, ASXL1
• Mutations in FLT3
• (Mutations in IDH2(/1))

Molecular testing in AML: summary

Karyotype / FISH

RT-PCR

NGS / additional
techniques (PCR)

Presentator
Presentatienotities





Translocations/inversions

• Multiplex screening RT-PCR 
Hemavision®

• Qualitative
• 27 different translocations
• Diagnosis acute leukemia

• Specific Real Time-PCR 
• quanitative, sensit 10-5

• urgent diagnosis APL: PML-RARA
• MRD FU AML: PML-RARA, RUNX1-RUNX1T1, CBFB-MYH11
• MRD pediatric ALL
• FU Chronic Myeloid Leukemia: BCR-ABL1

Molecular testing: Translocations/inversions



Specific Real Time-PCR

• Diagnosis and classification
• Follow up: MRD monitoring

• Quantitative
• Sensitive (10-4 - 10-6)
• Reproducible
• Standardised

• Standardisation MRD EAC-protocol (Gabert et al 2003): Taqman technology
• ELN MRD consensus ( Schuurhuis et al 2018)

Molecular testing: Translocations/inversions



Specific Real Time-PCR 

RNA isolation cDNA RT-PCR

Reverse 
transcriptase

Taqman probes

Molecular testing: Translocations/inversions



Specific Real Time-PCR

Standardisation
• Quantification using standard curves
• Each analysis performed in duplicate/triplicate
• Controls included (negative, positive, nontarget)
• Results compared to housekeeping gene 

• ABL, B2M, GUS
 Normalised Copy Number (NCN/100 ABL)
• Sample to sample quality variations

• Gene expression quantitation
• Sensitivity (# copies housekeeping genes)
• “sample-specific LOD”

Molecular testing: Translocations/inversions



Gene Mutations

• Next Generation Sequencing (NGS) 
• “screening”, multiparametric
• Semi-qualitative, sensit 5%

• Specific RT-PCR + fragment analysis
• (Semi)-qualitative, sensit 10%

• semi-urgent for therapy: FLT3-ITD/TKD
• More sensitive technique: CEBPa (some NGS panels bad 

coverage)

Molecular testing: Gene mutations



Molecular testing: Gene mutations

DNA isolation

DNA enrichment / 
library preparation

Sequencing run

Next Generation Sequencing (NGS):

Analysis data:
Variant interpretation +

clinical report

5 
d
a
y
s

min



NGS: “Variant interpretation and clinical report standardization”
Pathogenic / Probably pathogenic / Variant Unknown Significance / Probably benign / Benign

on report

The Belgian next generation sequencing guidelines for 
haematological and solid tumours. Hébrant et al. BJMO 2017

Molecular testing: Gene mutations



RT-PCR + fragment analysis

• Specific (1 test per mutation type)

• (Semi)-qualitative test

• Sensitivity (1-10%)

• Easily standardized 

Murphy et al 2003

Molecular testing: Gene mutations

DNA Specific
PCR RE digest

TKD

Capillary
electrophoresis

Wild type FLT3-ITD

1 day



FLT3 molecular testing
Fragmentanalysis NGS

Specific (1 test per mutation type) Multigene myeloid mutation panel
Easily standardised Labor intensive, highly specialized 

interpretive skills
Duration test: 1 day Duration test: 5 days

~ 100 euro (in house) ~ 400 euro
False negative results (ITD>100bp)?

Molecular testing: Gene mutations: FLT3



Optimal approach to ensure patients receive precision
medicine diagnostics in an expeditious manner?

ATRA, all-trans retinoic acid; ATO, arsenic trioxide; CBF, core-binding factor; FISH, fluorescent in situ hybridization; GO, gemtuzumab
ozogamicin; HMA, hypomethylating agent; MRC, myelodysplasia-related change; RT-PCR, reverse transcriptase-polymerase chain 
reaction; t-AML, therapy-related AML; 713, cytarabine by continuous infusion (7 doses) plus anthracycline (3 doses).

Perl et al Blood Advances 2017

@ UZA RT-PCR <48h
Hemavision < 1 week

NGS <1 month

FA  <1 week
NGS <1 month

NGS <1 monthCommunication 
clinici

Molecular testing @ the laboratory



Case report

Day 0
Bone marrow: diagnosis of AML, based on morphology and flow 
cytometry



Case report

Day 1 Hemavision: no chromosomal aberrations/translocations detected



Case report

Day 5 Fragment analysis FLT3: detection FLT3-ITD (ratio >0,5)  

associated with bad prognosis and sensitivity to FLT3 Tyrosine
kinase inhibitors 



Case report

Day 
16

NGS: NPM1 mutation, confirmation FLT3 ITD

AML with mutated NPM1
Intermediate prognosis

Sensitive to FLT3-inhibitors



• WHO classification of tumours of haematopoietic and lymphoid tissues, revised 4th edition, 2017

• The 2016 revision to the World Health Organization classification of myeloid neoplasms and acute 

leukemia. Arber et al Blood 2016.

• The 2016 revision of the World Health Organization classification of lymphoid neoplasms. Swerdlow et al 

Blood 2016 

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

panel. Döhner et al Blood 2017

• Genomic Classification in Acute Myeloid Leukemia. Papaemmanuil et al NEJM 2016

• The role of targeted therapy in the management of patients with AML, Perl et al Blood Advances 2017

• Minimal/measurable residual disease in AML: a vonsensus document from the European LeukemiaNet MRD 

Working Party. Schuurhuis et al. Blood 2018

• Standardization and quality control studies of ‘real-time’ quantitative reverse transcriptase polymerase chain 

reaction of fusion gene transcripts for residual disease detection in leukemia – A Europe Against Cancer 

Program. Gabert et al. Leukemia 2003

• https://www.compermed.be

Literature
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