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Flow cytometric MRD in AML  is a high risk test (IVDR C)

Intended Purpose
• To monitor response to treatment
• As an aid to treatment choices 

•     intensification and transplant related decisions 
           time-points post induction, pre-transplant, post-transplant
•   more recently enrollment criterion for some trials 

Components of Clinical Evidence 
according to IVDR 2017/746

Adapted from from MedTech Europe 2023 IVDR ebook
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MRD ASSESSMENT and VALIDATION in AML

Why

Expert Consensus Recommendations



Antibody panels Analysis strategy Sample quality assessment

Cytometer and settings Wet protocols 

Equivalent MRD results between laboratories

Control BMs Denominator

Harmonisation as an aid to evidence of Analytical and Clinical Performance 



2021 ELN Recommended core combination

CD34   CD117    CD33     CD13     HLADR     CD45     CD7     CD56

Also highly relevant 

v Myeloid maturation / monocytic markers 

v CD38 with CD34 and ‘LSC’ markers  (markers absent on normal CD34+CD38low/neg cells)

Antibody Panels 



Progress in technology

• More colours  with new cytometers 

• More / new markers

gene expression array  
28 markers but identified <1% further MRD+ 

plasma membrane proteomics
overlap in identified aberrant markers

Adapted from Coustan-Smith et al. JCI Insight 2018 Adapted from de Boer, et al. Cancer Cell 2018 

Antibody Panels 

August 2023Wang et al 



• AML MRD panel composition survey: 11 ELN  Laboratories
     Belgium (1), France (2), Germany (2), Israel (1), Netherlands (1), Poland (1), UK (1), USA (2) 

Excluding 8c ELN core combination - 29 markers in use.     

Asynchronous Lymphoid LSC-specific Monocytic Misc

CD38 CD19 CD38 CD64 CD123

CD133 CD22 CD45RA CD14 CD36

CD2 CLL-1/CLEC12A CD300e CD54

CD11b CD5 TIM3 CD25

CD15 CD9 CD90 CD71

CD65 CD97

GPR56

CD81

CD97

CD200

CD44

Antibody Panels 

Work in progress:
• Updating Consensus markers for:

• 10c tube
• 12c tube
• 13-16c tube
• LSC specific
• Monocytic specific



Analytical performance

Use of proficiency testing material to harmonize results

1. Sample exchange schemes
2. External quality assurance schemes 

o UK NEQAS Leukocyte immunophenotyping

Control
Diagnostic AML

MRD sample



98 laboratories  participating in current UK NEQAS programme
• Uses stabilised EQA material with 4 distributions per year
• Test for panel, processing and analysis
• MRD samples now also contain ‘normal’ progenitors (PB stem cells) 

Matthew Fletcher, 
Liam Whitby, 
Stuart Scott

August 2023 Exercise

ELN MRD threshold 0.1%

Robust SD - 0.07%  to 0.12% 

EQA shows harmonising Flow AML MRD results continues to be a challenge 



Issues for Flow Cytometric MRD      Panels vs Processing   vs  Analysis &  Interpretation

EQAs are a tool to inform issues and guide changes in practice

ELN-NEQAS Interlaboratory study for molecular MRD

• NPM1mut PCR MRD  -High proportion of false positive results in EQA negative sample

• Proportion attributed to use of a specific highly active  reverse transcriptase 

– more likely  to introduce errors (less of an issue for rearranged genes).

Understanding Obstacles for harmonisation

Scott et al Blood Advances 2023



Analytical performance – development of an electronic EQA     NEQAS /ELN

Items for harmonization

• Denominator used to calculate the MRD population size

• ELN Marker Staining Intensity of Diagnostic Blasts

• Presence and Ranking of Diagnostic LAIP(s) 
• What is the Aberrant Immunophenoype quantified in the MRD 

sample?  Diagnostic or emerging Different from normal

• MRD value (% and events) in MRD sample
                                            & Normal Control (ie background)

• LOQ by events criteria (to assess sample quality)

Lessons learnt from initial pilots: 

Confounder for harmonized values

CD34+ vs  CD117+ for reporting MRD %
particularly if dominant aberrant IP 
changes 34 or 117 expression  between 
diagnosis and MRD

EQA pilot - Flow files (FCS) of diagnostic, control and MRD samples stained with ELN tube 

Matthew Fletcher
Liam Whitby
Stuart Scott



Analytical performance – development of an electronic EQA

n

Control BM Diagnostic LAIP blasts

+
In silico dilution

MRD sample  with n LAIP cells
n = reference / maximum MRD events

→

Control BMDiagnostic                       MRD BM

CD
33

CD7

117+ blasts

z-score for MRD %, but also   performance by reference value 
 

Participant-specific  Report 



Use of absolute Limit of Quantification in AML MRD

Myeloma / CLL / ALL MRD     LOD 20-30 cells   LOQ 50 cells

Absolute LOQ  - allows harmonization of sample quality assessment for AML MRD
                             Critical to qualify a negative result

Sample LOQ of 0.01% if 500,000 leukocytes acquired

Next steps to consider 
•    blast “LOQ” - need 500 blast events to detect MRD target present in 1 in 10 blasts
                   
•    assessment of hemodilution  - particularly if MRD <0.1%



Use of absolute Limit of Quantification in AML MRD

Control BMDiagnostic                       MRD BM

CD
33

CD7

117+ blasts

significance of  <0.1% events in LAIP/DfN gate depends on:   

sample quality /  target  background

biological background from non-AML cells

<20 cells detected

0.05%

0.1%

% MRD by LAIP/ DfN

0.1% = MRD positivity by ELN criteria  

%
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Absolute LOD

0.005% Absolute LOQ (50 cells)  if 1 million leukocytes acquired from good quality BM 

Flow MRD target

60 cells in 760,000 cells
>50 cells but <0.01%

Target background 
may be higher than 
absolute  LOQ



Improving Flow cytometric MRD prognostic accuracy - Clinical Performance

HOVON-SAK 132 Trial  

low MRD+

MRD+ ≥ 0.1%

Survival by post course 2 MRD level

J Tettero et al EHA 2023 Hemasphere. 2023 Aug; 7(Suppl)F. Buccisano, personal communication
& Buccisano et al Haematologica. 2022 

Time from CR

GIMEMA 1310 Trial  

Time from CR

MRDneg <0.01% (LOQ)

low MRD+

MRD+ ≥ 0.1%

Survival by post consolidation MRD level

P<0.0001P=0.0042

MRDneg <0.01% (LOQ)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10429573/


Analysis strategies: considerations for performance and harmonization

LAIP  - leukemia immunophenotypic footprint    

• number of Boolean gates  and exact gate positions varies between  SOPs, operators and samples

• can achieve MRDnegative < absolute LOQ  with multiple Boolean gates + empty space footprint

Different from Normal 

• applicable to:  immunophenotypic shifts, when no diagnostic sample & longer-term monitoring

• screens several plots of  2 marker combinations, usually focused on blast compartments 

• can be standardized by fixed gates for the most useful empty spaces  

• allows rapid analysis

• may have higher background from normal controls than multiple Boolean gates



Flow cytometric MRD target assessment needs control bone marrows

Leukemic Aberrant ImmunoPhenotype LAIP
= abnormal immunophenotype of diagnostic leukaemic blasts

Sensitive / specific LAIPs for tracking MRD amongst normal regenerating 
blasts are in immunophenotypic ‘empty spaces’ of normal blasts

Ø Control BMs required to  interpret positive result  vs background 

Different from Normal DfN analysis relies on these empty spaces defined by set panel
Ø Control BMs required to  define empty spaces and their background

Empty spaces?  - Consider “aberrant immunophenotypes with indeterminate leukemic potential” 



Aberrant immunophenotypes with indeterminate leukemic potential

Impacts: Reporting, scientific validity and clinical performance
•  Library of  reference ‘control’ bone marrows  - need sufficient number and subtypes 
   

HLADR

Diagnostic blasts Normal BM CD34+ FU with CHIP only BM CD34+ Other Lab Control BM CD34+

CD
11

7

Adapted from Wang et al, Clinical Cytometry 2023



Jevremovic et al, AJCP 2022

Immunophenotypic abnormalities in CCUS 
80 patients

On CD34+ blasts

Aberrant immunophenotypes with indeterminate leukemic potential

On MPCs

W Kern et al, Cytometry Part B Clinical Cytometry  2023

Also observed for aberrant lymphoid expression    



Range of control BMs impacts MRD result specificity - especially results <0.1%

Computerised Flow MRD

FlowSOM 
clustering 

Unsupervised pipeline to predict 
DfN immunophenotypes 

Training ‘normal’ ‘cohort (LPD staging BMs) 
(up to 50)

+

Identifies DfN immunophenotypes in non-relapse APML progenitors

Include  APML samples with DfN immunophenotypes 
in control BM training cohort  (ML)
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N McCarthy & S Freeman UK 
G Gui NIH USA / F Dumezy, C Roumier, A Plesa ALFA  France 



Conclusions

Harmonisation leading to equivalent MRD results between laboratories - key step for Clinical Evidence 

• Processing including stable cytometer settings – newer cytometers

• Using recommended antibody core markers -  to be updated by ELN for >10 colours by 2024

• Development of an analytical EQA with reference value to monitor performance & competency

Includes:  identification and ranking of common useful LAIPs /DfN for AML MRD

                  MRD % from 1) CD34+ blasts 2) CD117+ blasts

                  Integration of control sample for % background by LAIP /DfN gating

• Sample quality assessment – absolute LOQ /   blast events   /   hemodilution 

• Range of control bone marrows to exclude false positives from ”aberrant immunophenotypes with 

indeterminate potential”

• LOQ or <0.01% may  differentiate deeper  responders in future


