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Molecular testing in hematology

Diagnosis 
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Prognosis
Risk 

stratification

Therapy
targeted

Follow up 
Minimal
Residual
Disease

Molecular genetic testing should screen for all the genetic 

abnormalities that define disease (diagnosis and 

classification), and risk categories (prognosis) or that are 

needed for targeted treatment modalities (therapy). 
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Molecular testing in hematology: Classification



Introduction

WHO 2022

Molecular testing in AML: Diagnosis and classification

Translocations / 

fusion genes

Gene mutations

85%
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ICC 2022

Molecular testing in AML: Diagnosis and classification
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Introduction
Molecular testing in AML: Prognosis and risk stratification

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

defined subgroups. Papaemmanuil NEJM 2016

Translocations

fusion genes

Gene mutations

ELN 2022
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MRD assesment in AML

• Establish a deeper remission status 

(monitoring respons to therapy)

• Refine postremission relapse risk 

assessment (prognosis)

• Identify impending relapse

Molecular testing in AML: Minimal Residual Disease (MRD)

Döhner et al Blood 2022

e.g. RT-qPCR of mutated NPM1, WT1 expression, 

PML::RARA, RUNX1::RUNX1T1, BCR::ABL1 gene fusions, …
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Molecular testing in AML: Targeted therapy

FLT3 mutated AML Standard CT + FLT3-inhibitor (eg midostaurin)

IDH1/2 mutated AML Standard CT + IDH1/2-inhibitor (eg ivosidenib, enasidenib)

PML-RARA fusion gene AML ATRA/ATO

CBF-fusion gene AML Frontline CT + gemtuzumab ozogamicin

NPM1 mutated AML Standard CT

Genetically defined MR-AML Standard CT vs CPX-351 vs Ven-HMA?

TP53 mutated AML Experimental therapy (eg magrolimab, eprenetapopt)

Döhner et al Blood 2022
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Molecular testing in AML

By bone marrow aspiration and biopsy using

morphologic Cytology, anatomopathologie

immunophenotypic Flowcytometry

cytogenetic/molecular analysis Molecular testing, genetics

Laboratory diagnosis of AML

Multidisciplinary approach: integrated conclusion WHO2022 + ICC2022 

DNA

Stable

Variability in breakpoints

1 copy/cell: less sensitive

RNA

Not stable (sample 4°C, RBC lysis <72h)

Less variability in fusion genes

> copies/cell: sensitive
Döhner et al Blood 2022



Molecular testing in hematology

Different techniques

• Conventional PCR

• RT-PCR

• Quantitative PCR

• Allele-specific PCR

• Multiplex PCR

• …

• Sanger Sequencing

• Next generation Sequencing

o Targeted next generation sequencing

o Whole genome sequencing

o Whole exome sequencing

o RNA sequencing

• …

PCR

Sequencing

Translocations (RNA)

Gene mutations (DNA)

Translocations (RNA)

Gene mutations (DNA)

Molecular testing is defined as any testing that reveals the changes in the nucleotide in  a DNA and 

RNA sequence.



Molecular testing in hematology

Different Techniques: Choice of technique

• Target? 

• Detection of fusiontranscripts / DNA mutations?

• Throughput? Single / Multiple genes / hotspot?

• Purpose?

• TAT: Diagnosis/Therapy? 

• Sensitivity (detection limit): MRD?

• Many commercial kits on the market

• IVDR?

• Labor intensivity?

• Price?

• Reimbursement from RIZIV/Inami?

• Guidelines (Belgium/European)

• minimum requirements

• rarely with a specific method or technology
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Molecular testing in AML

PCR

Multiplex screening Real Time-PCR 

Hemavision®

• 28 different chromosomal rearrangements/translocations

• (Semi)-Qualitative

• Diagnosis and classification of acute leukemia (AML, ALL)

• CE/IVD kit

Translocations: detection of fusion genes
Hemavision®

Internal Amplification QC

Cy5

Specific fusion transcript

FAM

3 house keeping genes

(ABL, GUS, B2M)

ROX
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PCR

Multiplex screening RT-PCR 

Specific Real Time-PCR 

• Quanitative, sensit 10-5

• Specific

• Urgent diagnosis APL: PML::RARA (<48h)

• MRD FU AML (PML::RARA, RUNX1::RUNX1T1, CBFB::MYH11, …)

• MRD pediatric ALL

• FU Chronic Myeloid Leukemia: BCR-ABL1

Translocations: detection of fusion genes



Molecular testing in AML

Translocations: detection of fusion genes

Specific real time PCR

• Diagnosis and classification

• Follow up: MRD monitoring

• Quantitative

• Sensitive (10-4 - 10-6)

• Reproducible

• Standardized

• Standardization MRD EAC-protocol (Gabert et al 2003): 

Taqman based quantitative RT-PCR for fusion gene transcripts RUNX1::RUNX1T1, CBFB::MYH11,     

PML::RARA, …

• ELN MRD consensus ( Schuurhuis et al 2018)

• ELN MRD updated consensus (Heuser et al. 2021)
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Translocations: detection of fusion genes

Specific real time PCR

RNA isolation cDNA RT-PCR

Reverse 

transcriptase
Taqman probes

Cycle threshold (Ct)

Taqman probes



Molecular testing in AML

Standardization

• Quantification using standard curves

• Each analysis performed in duplicate/triplicate

• Controls included (negative, positive, nontarget)

• Results compared to housekeeping gene 

• ABL, B2M, GUS

• Gene expression quantitation

➢Normalised Copy Number (NCN/100 ABL)

• Sample to sample quality variations

• Sensitivity (# copies housekeeping genes)

➢ “sample-specific LOD”

Translocations: detection of fusion genes

Specific real time PCR



Molecular testing in AML

Translocations: detection of fusion genes

Real time PCR

10 x 106 cells

1-2h

2h

1h2-3h

Red blood cell lysis: WBC Isolation

RNA extraction

Reverse transcriptionPCR

RT-qPCR
Primers and probes

(Target + CT gene)

HEMAVISION

Primers and Probes
(Target 1 (FAM) +  Target 2 (ROX) + 

IAC (Cy5))



Molecular testing in AML

Translocations: detection of fusion genes

Multiplex screening RT-PCR
• Many relevant translocations in 

one test

• Fast (1 working day)

• Not too labor intensive

• Simple method (PCR)

• CE/IVD

Multiplex screening RT-PCR
• Semi-quantitative 

• Expensive (~250 €)

• Limited to the list of targets 

Specific RT-PCR
• Quantitative, Very sensitive

• Fast (1 working day)

• Not too labor intensive

• Affordable

Specific RT-PCR
• Limited to 1 specific alteration

MRD monitoring

Classification / 

Diagnosis



Molecular testing in AML

NGS: RNA sequencing

• Qualitative

• Targeted; but not necessary to know the 
fusion partner

Much bigger panels than with RT-PCR

• Diagnosis and classification of acute 
leukemia (AML, ALL)

• Many commercial kits available

Translocations: detection of fusion genes

Archer FusionPlex Panel Heme v2 ® UZA
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NGS: RNA sequencing

Translocations: detection of fusion genes
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Translocations: detection of fusion genes

NGS: RNA sequencing

Bone marrow 

(Blood)

RBC Lysis

WBC pellet

RNA Extraction

Qiacube

Miseq Sequencer

Data Analysis

Fastq files

½ - 1 day

1-2 days

1,5 days

1 day

50ng

NGS Library prep

Archer Software
Sequencing



Molecular testing in AML

Translocations: detection of fusion genes

NGS: RNA sequencing
• Large panel of fusion transcripts

• No need to know the fusion 

partner

• Easy analysis

• Potential to expand to mutation 

and/or Expression analysis

NGS: RNA sequencing
• Long TAT (1 week)

• Labor intensive

• Expensive (~600 €)

Classification / 

Diagnosis



Molecular testing in AML

Conclusion

Translocations: detection of fusion genes

Quantitative 

RT-PCR

Translocation 

screening 

(RT-PCR)

RNA 

sequencing 

(NGS)

Sensitivity +++ ++ +

Quantitative +++ + +/-

Throughput - + ++

Labor Intensive No No Yes

TAT 1-2 days 1-2 days 1 week

Cost <100 € ~250 € ~600 €
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Molecular testing in AML

Gene mutations

Next Generation Sequencing (NGS) 

• Screening

• Targeted (panel), Multiparametric

• Semi-quantitative, sensitivity~5%

• Diagnosis and classification of AML

• Prognosis and risk stratification in AML

• Many commercial panels available

• ComPermed guidelines and workflows (2023)

UZA



Molecular testing in AML

Next Generation Sequencing (NGS)

Gene mutations

DNA isolation

DNA enrichment / 

library preparation

Sequencing run

Analysis data:

Variant interpretation + 

clinical report

1

w

e

e

k

min



Molecular testing in AML

NGS: Variant interpretation and clinical report standardization”

Variant calling and annotation

Biological Interpretation

Pathogenic

Probably pathogenic 

Variant Unknown Significance (VUS)

Probably benign

Benign

Clinical Interpretation

Gene mutations

on report
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Gene mutations

NGS

Bone marrow 

(Blood)

RBC Lysis

WBC pellet

Genomic DNA Extraction

Qiacube

Miseq Sequencer

Data Analysis

Fastq files

½  day

2 days

1,5 days

1-2 days

50ng

NGS Library prep

HaloPlex HS Target Enrichment 

System

SeqNext + Pindel

Sequencing
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Gene mutations

NGS
• High throughput

• All relevant genes in one test

• Flexible

• Sensitivity: 2-5% VAF

NGS
• Labor intensive

• Sensitivity: 2-5% VAF

• Long TAT (>1 week)

• Expensive (300-500 €)

Classification / 

Diagnosis
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Gene mutations

Next Generation Sequencing (NGS) 

Specific PCR + fragment analysis (PCR)

• (Semi)-qualitative

• Sensitivity ~10%

• Specific (1 test per mutation type)

• Easily standardized 

• Only used in special situations:

• Semi-urgent for therapy: FLT3-ITD/TKD

• More sensitive technique: CEBPa, large FLT3-ITD (some NGS panels bad coverage)



PCR + fragment analysis

Murphy et al 2003

Molecular testing in AML

Gene mutations

DNA Specific

PCR
RE digest

TKD

Capillary

electrophoresis

Wild type FLT3-ITD

1 day

WT 370bp

>370bpITD-mutant

ITD

PCR

Fragments analysis

(Capillary electrophoresis)



Molecular testing in AML

FLT3 molecular testing

Gene mutations

Fragmentanalysis NGS

Specific (1 test per mutation type) Multigene myeloid mutation panel

Easily standardised Labor intensive, highly specialized 

interpretive skills

TAT 3-5d TAT 2-3w

~ 100 euro (in house) ~ 400 euro

False negative results 

Targeted therapy (FLT3-inhibitor)
TAT <8days



Molecular testing in AML

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 < 3 weeks

PCR+FA  <1 week

NGS < 3 weeks

Communication 

clinici

Döhner et al Blood 2022

FLT3 mutated AML Standard CT + FLT3-inhibitor

IDH1/2 mutated AML Standard CT + IDH1/2-inhibitor

CBF-fusion gene 

AML

Frontline CT + GO

NPM1 mutated AML Standard CT

Genetically defined

MR-AML

Standard CT vs CPX-351 vs Ven-

HMA?

TP53 mutated AML Experimental therapy



Cytologie/immunofenotyping: Acute Myeloid Leukemia

Fusion genes (Hemavision) Gene mutations (PCR+fragmentanalysis) 

WT1 overexpression

Gene mutations (NGS)

Molecular testing in AML

Case report: Man 61y pancytopenia

AML with myelodysplasia related gene mutations

(mutated SRSF2 and RUNX1)

FLT3 mutated: sensitive for FLT3-inhibitors

standard CT + midostaurin

Associated with adverse prognosis

Allo-SCT

WT1 overexpression

MRD monitoring
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