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MRD ASSESSMENT and VALIDATION in AML distinct applications? systematically combined? 



MRD ASSESSMENT and VALIDATION in AML

Process optimization



Introduction

• MRD should be in patients who achieve morphologic remission, with 
full or partial hematologic recovery (CR/CRh/CRi), independent of ELN 
2022 risk classification
• ELN favorable and intermediate risk patients: 1) after intensive chemotherapy 

or before allogeneic hematopoietic cell transplantation (HCT), 2) after 
consolidation chemotherapy/after alloHCT/EOT, 3) during follow-up

• ELN adverse risk patients: MRD has a proven prognostic value but is not 
recommended per se before HCT because it should not impact the choice of 
transplant



56 recommendations
• 22 on clinical implementation
• 15 on MFC-MRD
• 19 on molecular MRD
• /
Only six recommendations remain unchanged from 2021

Aligns MRD assessment explicitly with the ELN 2022 genetic 
risk classification, moving beyond methodological 
standardisation

Integrated clinical framework by strongly embedding MRD 
into treatment decision-making

Introduction

59 recommendations
• 29 on clinical implementation (8 and 8a)
• 12 on MFC-MRD
• 14 on molecular MRD
• 4 on future improvement

Methodological and technology-centred consensus 
on MRD

No concrete decision pathways based on MRD

Cloos, J., et al. (2025). Blood.



1) Detailed MRD guidance is tailored to each (genetic) 
subgroup, aligned with the ELN 2022 risk classification, 
for each treatment-deciding timepoint in adults 
receiving intensive chemotherapy

Key updates of the revised AML MRD recommendations

! Does not include guidance on MRD assessment in non-
intensively treated patients



ELN 2022 favorable risk

Key updates of the revised AML MRD recommendations

Adapted version of Table 2. of the original ELN 2025 update: Recommended MRD assay per ELN risk group and per mutational status. Cloos, J., et al. (2025). Blood.

Deng et al. Leukemia & lymphoma. 2019;60(9):2181-9; Vonk et al. HemaSphere. 2024;8(8):e141



Key updates of the revised AML MRD recommendations

Adapted version of Table 2. of the original ELN 2025 update: Recommended MRD assay per ELN risk group and per mutational status. Cloos, J., et al. (2025). Blood.

ELN 2022 intermediate risk



Key updates of the revised AML MRD recommendations

ELN 2022 adverse risk

Adapted version of Table 2. of the original ELN 2025 update: Recommended MRD assay per ELN risk group and per mutational status. Cloos, J., et al. (2025). Blood.



2) Every MRD answer, regardless of the technique, should be three-tiered: 
• MRD%
• MRD burden (categoric variable)

• Negative
• Low-level positive: detectable, prognostic?
• Positive 

• Qualitative MRD response (contextual)
! CML traffic light model
• Optimal
• Warning
• High risk of treatment failure

or
• MRD relapse

Key updates of the revised AML MRD recommendations

or < clinical cut-off

MRD relapse

High flexibility in interpretation based on AML subtype, timepoint, and sample matrix

Fig. 1 of the original ELN 2025 update. Cloos, J., et al. (2025). Blood.



Key updates of the revised AML MRD recommendations

3) No one-fits-all-principle: thresholds for MRD positivity and LOD differ between targets, assays, sample 
matrices and timepoints

• Timepoints:

• After induction/pre-alloHCT 

• After consolidation/after alloHCT (EOT)

• Follow-up

• Sample matrix

• PB

• BM

• PB or BM

• Assay

• Multicolour flowcytometry (MFC)

• Quantitative PCR (qPCR) 

• Ultrahigh-sensitivity (UHS) NGS 



4) MRD Relapse is defined by the conversion from undetectable to detectable MRD combined with AML (genetic) 
subtype-specific cut-offs (and sample matrix specific cut-offs in case of mutNPM1)*

• CBF AML qPCR: PB or BM: ≥0.1%
• LAIP/DfN: BM: ≥0.1%
• NPM1 qPCR

• PB: ≥0.01% 
• BM: ≥0.1% 

• Gene mutations UHS-NGS: PB or BM ≥0.01%
• PML::RARA qPCR: BM: ≥0.001%
• FLT3-ITD UHS-NGS: PB or BM: ≥LOD

Key updates of the revised AML MRD recommendations

? Repeat sample to confirm MRD relapse (within 4 weeks, preferably both in PB and BM)

Only if no high diagnostic LAIP/DfN certainty

*In patients who have never tested MRD-, a ≥1 log10 increase from the measured nadir within the same tissue regardless of threshold is required

+ Repeat sampling within 2–4 weeks is also advised when non-diagnostic immunophenotypic 
abnormalities are observed



MFC-MRD

• Applicable in ~90% of the AML patients, regardless of the ELN 2022 risk group
(including CEBPAm patients, KMT2Ar patients and FLT3-ITDm patients with no access to UHS-
NGS MRD)

• Q3 monitoring during follow-up for 1 year

• Minimal 500 000 WBC events, no minimal events in the blast compartment

• Only BM

• Report LOD and LOQ
• LOQ: minimal 0.01% (50 events / 500 000 WBC)

• LOD: minimal 0.004% (20 events / 500 000 WBC)

• Regular EQC

• (Automated analysis) 



Adapted version of Table 3. of the original ELN 2025 update: Cloos, J., et al. (2025). Blood.

Irrespective of the timepoint: same cut-offs, MRD burden and qualitative MRD response for each MRD%

MFC-MRD



• Build up experience with regenerating or “stressed” hematopoiesis

• Panel ELN2025: Table S5 

• Harmonized marker combinations

10c 12c 13-16c monocytic

CD38 CD64

CD11b CD14

CD15 CD11b

CD19 CD4

CD123 CD123

CD133

CD36

CD14

8c ELN MRD (2021): CD45, CD33, CD13, CD34, CD117, HLADR, CD7, CD56

MFC-MRD

Unpublished (ELN-DAVID WG)



• Harmonized LAIP+DfN approach: tracking diagnostic and emergent clones 

• MRD reporting based on the total sum of LAIP/DfN positive cells
• LAIP

+ sensitive

- immunophenotypic shifts (clonal evolution, therapy…)

- diagnostic material

• DfN

+ no diagnostic material

- ample experience in maturation

→Added value LAIP-based-DfN approach?

MFC-MRD



11,3% (69/615) additional MRD interpretations

Emerging LAIP: LAIP present at FU but not found at Dx

• Harmonized LAIP+DfN approach

MFC-MRD

1Ngai LL, et al. Blood. 2023;142(Supplement 1):1572–1572: Re-analysis of HOVON-SAKK132.

Reclassification of 23% MRD- results

! Critical note: no significant impact on relapse prediction
* 25% MRDneg patients relapsed within 5 years
* ‘old’ cut-off

Subsequent increase of 4% MRD+ results
Also consider emerging LAIPs: double # MRDpos!



• Harmonized sample quality control: check for hemodilution

• Request first-pull BM aspirate for MRD

• Process sample within 3 days of storage, undiluted, in ambient conditions

• Include hemodilution strategies and result in the MRD assay report

• If present, BM re-evaluation within 2 weeks to avoid unreliable MRD results.

• Panel experience: poor quality BMs more frequent after venetoclax/azacitidine regimens

Tettero, et al. HemaSphere 2021

MFC-MRD



• Harmonised Report (Table S2)

MFC-MRD

Parameter MFC-MRD

MRD technique MFC-MRD

MRD approach LAIP/DfN

Analyzed tissue BM

Time point of tissue sampling 

relative to treatment

PC2, EOT, follow-up etc.

Quality of sample/analysis Adequate (number of CD45 expressing

cells >500,000), inadequate

Number of CD45+ cells Cell number

Blast percentage Blast %

Target phenotype 1 Markers of LAIP/DfN no.1 

Quantification of phenotype Number of cells with phenotype 1 

Percentage MRD % LAIP or DfN positive cells of CD45+ cells

MRD burden Positive; LL-pos, negative

Qualitative MRD response Optimal, warning, high risk of treatment 

failure or MRD relapse

Limit of detection (LOD) 

(especially if MRD is negative)

LOD (for each phenotype)

4 sample-quality

4 interpretation-specific

5 disease-/sample-specific

Cloos, J., et al. (2025). Blood.



Examples

A. A CEBPA-bZIP mutated patient underwent 2 cycles of intensive chemo
and BM shows 60 LAIP/DfN events (total of 800.000 WBC measured)



Examples

A. A CEBPA-bZIP mutated patient underwent 2 cycles of intensive chemo
and BM shows 60 LAIP/DfN events (total of 800.000 WBC measured: 
LLOQ 0.0063%, LOD 0.0025%)

1. MRD%: 0.0075% (LOD<MRD% <0.01% )

2. MRD burden: negative

3. MRD qualitative respons: optimal



Examples

B. An ELN IR patient receives EOT a MFC-MRD evaluation in BM, which 
shows 300 LAIP/DfN events (total of 800.000 WBC measured)



Examples

B. An ELN IR patient receives EOT a MFC-MRD evaluation in BM, which 
shows 300 LAIP/DfN events (total of 800.000 WBC measured: LLOQ 
0.0063%, LOD 0.0025%)

1. MRD%: 0.038% (0.01%≤MRD%<0.1% AND MRD%>LOD )

2. MRD burden: MRD-LL

3. MRD qualitative respons: warning



Examples
C. A NPM1wt/FLT3-ITDm patient with no access to UHS-NGS MRD shows 6 

months after stop therapy in BM 3000 LAIP/DfN events (total of 800.000 
WBC measured : LLOQ 0.0063%, LOD 0.0025%) whereas nadir measurement 
was negative



Examples

C. A NPM1wt/FLT3-ITDm patient with no access to UHS-NGS MRD shows 6 
months after stop therapy in BM 3000 LAIP/DfN events (total of 800.000 
WBC measured: LLOQ 0.0063%, LOD 0.0025%) whereas nadir 
measurement was negative

1. MRD%: 0.38% (MRD%>0.1%)

2. MRD burden: MRD pos

3. MRD qualitative respons: MRD relapse
! Depending on the diagnostic LAIP/DfN certainty: ask for repeat sample 
to confirm MRD relapse (within 4 weeks, preferably both in PB and BM)



Summary

• Well-validated cut-offs, together with the newly introduced MRD burden and 
qualitative MRD response, are proposed to harmonise MFC-MRD reporting

• Main changes compared to ELN 2021

• MRD-LL

• No minimal blast events

• Q3 monitoring for 1 year

• MRD reporting based on the total sum of LAIP/DfN positive cells: tacit knowledge 
(ab)normal immunophenotypic expression patterns 

!  Stressed and regenerating haematopoiesis

! Low risk MDS and clonal haematopoiesis of indeterminate potential (CHIP)



Summary

• The updated MRD recommendations are summarized in the AML MRD guideline 
App (https://eln-aml-mrd-2025.vercel.app/)

• Review Belgian Journal Hematology (upcoming): practical must-to-knows 
(haematologist’s point-of-view)

Questions?

Barbara.Depreter@azdelta.be

https://eln-aml-mrd-2025.vercel.app/

