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• assure quality

• make results comparable

• foster collaborative research

Coordination: Michael N. Dworzak

iBFM

FLOW network

n=56 labs

• AIEOP-BFM

• ALL-IC

• UKALL

• NOPHO

• Moscow-Minsk

• AIEOP-BFM

• ALL-IC

• UKALL

• NOPHO

• Moscow-Minsk



FLOW-MRD in pB-ALL





FLOW-MRD in pB-ALL



FLOW-MRD in pB-ALL

Watch out for

weird phenotypes

� LAIPs



� Operator-based

iterative process

� Visual inspection

of a multitude of

bi-dimensional plots

FLOW-MRD



FLOW-MRD



ALL-BFM 95



FLOW-MRD in trial AIEOP-BFM ALL 2000
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homogeneous appearance as a cluster: not with all markers!

�Cluster gating

�Positive:             

≥ 10 events

�Quantifiable:

≥ 30 events
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BCP
total

total

AIEOP-BFM ALL 2000 

trial data



FLOW-MRD in pB-ALL

Antigen panel



FLOW-MRD
LAIPs in ALL: 

generic

aberrations



New markers for MRD – are they necessary?

CD9



New markers for MRD – are they necessary?





iBFM B-ALL-MRD 7-10-color panel

CD19 – CD10 – CD20 – CD34 – CD38 – CD45 – CD58

SYTO (41)

Additional markers (2 per tube) according to LAIP:

CD123 – CD371 – CD11a – CD22 – CD81 – CD99 



• DuraClone is BEC’s proprietary line of dry reagent 

cocktails which can be used on several cytometry 

platforms. 

• Shelf-stable (at least 1 year) at room temperature, 

don’t require cold chain. 

• These are unitized, ready-to-use, affordable and 

accurate.

• Simplified work flow, minimum hands-on-time and 

robust results

DuraClone Reagents

Beckman Coulter Flow Cytometry EMEAI – Version 1.0_2013
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PE-drop-in APC-drop-in SYTO41

CD11a CD22

CD123 CD81

CD371 (CLL1) CD99



�Procedure harmonization - SOP

�Discussion, meetings, education

�Cytometer performance monitoring

�Sample quality monitoring

�External QC-QA program

Steps of harmonization





Towards one voice in ALL FLOW-MRD: 

I-BFM standards



Time delay may hamper correct MRD-quantification

experiments comparing time from sampling to processing: 

< 12 hours vs. > 72 hours



� Educational rounds (wet-lab, plot review)

� Twinning – Maturation program

� UK Neqas trials (spiked sample send-arounds)

� LMD-file send-arounds

� Independent data survey

� Pre-acquisition standardization (cocktail tubes)

� Operator-independent analysis

External QC & QA in the iBFM-FLOW-nw



Innovative software-based pattern recognition for
automated MRD-assessment

Objectives at a glance

� Reduce subjectivity caused by manual operator gating; increase
result comparabiliy and reproducibility through automation and
standardization

� Develop a software-based tool for operator assistance in daily
practice (automated FLOW-data analysis supporting system)       
>> „TWINNING automate“ on WWW

29



MRD-data

cloud



The CLOUD concept – what cloud?

Cumulative clouds of experted annotated samples

to hold against new and unknown samples

• clouds of normal background cells >>  „different-from-normal“-concept

• clouds of leukemic cells >>  leukemia-associated phenotypes (LAIPs)
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iBFM/pan-EU pedAML-MRD 10-color panel



pedAML goes AutoFlow



Advantages of the AutoFLOW approach

� Established trial-associated FLOW-lab community

� 20 years of joint experience in FLOW-MRD assessment

� High-end machine learning software created towards

�Flexibility (LAIP or background-based MRD assessment)

�No data reduction (advantage over Principal Component Analysis-based methods)

�Rapid high throughput of very large data masses

�Self-adaptiveness (software-based calibration)

Visit our demo video of the analysis software flowView at: 

https://www.youtube.com/watch?v=fu0V76Cppa4&feature=youtu.be



Cytometry B Clin Cytometry, 2017

Harmonization of leukemia immunophenotyping

• multi-color (≥ 6) 

• single panel recommended for all ALs

• immunological gate: „Bermude“-area of

CD45 plus Lin marker

• in-sample cross-lineage negative controls

• semi-quantitative expression rating

• blast heterogeneities – subclone

resolution

• dominant lineage assignement

• MPAL distinction

• refined ALL subclassification



Consensus antibody panel

� Extensive single-platform panel for acute leukemia in children

Compatible with:

� WHO 2008/2016

� EGIL score

� „New“ ALL subtypes

o ETP

o Switch ALL

o CRLF2+ ALL



New entity: ETP



Slamova, Leukemia 2014

New entity: „switch“-ALL – CD371+



New entity: CRLF2r-ALL – CRLF2+





� In-sample cross-lineage negative control populations

Expression rating: neg / weak / strong



Dominant lineage concept





Gerr et al., 
BJH 2010

Therapy: BFM

Mejstrikova et al., 
Haematologica 2010

Therapy: BFM

Al-Seraihy et al., 
Haematologica 2009

Therapy: TTX 13

Steiner et al., 
JPHO 2010

Therapy: BFM

MPAL in 

pediatrics



MPAL – trial inclusion & treatment



Types of MPAL... 

bilineal complexsimple

MPAL – trial inclusion & treatment





Simple co-expressing MPAL

Bi-lineal MPAL



Heterogeneous blasts: MPAL - bilineal

Genetics: 46XY; t(4;11)

• Diagnosis: MPAL B/M

• Complex immunophenotype

• Separate blast subsets with 

differentiation drift into opposing 

lineage directions

• No common antigenic denominator 

of lineage

• Dominant lineage cannot 

be determined

• No inclusion into AIEOP-

BFM trial



• Diagnosis: MPAL B/M

• Complex immunophenotype

• Branched, interconnected blast 

subsets with differentiation drift 

into opposing lineage directions

• No common antigenic denominator 

of lineage

• Dominant lineage cannot 

be determined

• No inclusion into AIEOP-

BFM trial

Heterogeneous blasts: MPAL - complex

Genetics: MLLr & BCR/ABL negative



New entity: ETP



Dgn.: T-ALL 

EGIL: T-II

ETP: yes

MPAL: yes

BAL: yes

Blast clone heterogeneity: yes

Inukai-Score





“heterogeneous blast populations”

�immunophenotypic subclone formation

� may lead to divergent interpretation and reporting

� characterized by partial expression of certain markers:

� B-ALL: iIgM (in 40% of cases), CD10, K/λ-chain

� T-ALL: sCD3 (in 50% of cases), CD1a, TCR

� differentiation may even drift in a single case from

� B-I till B-IV

� T-I/II till T-IV

� cumulative designation adapted from

EGIL: e.g. TII/III/IV

Heterogeneous blasts: ALL subtype drift

T-III

T-I/II

T-IV

B-III

B-I/II

B-II

B-I



MPAL - BIL



Refined subclassification: prec-B-IV (non-Burkitt)
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Demo video of the analysis software flowView at: https://www.youtube.com/watch?v=fu0V76Cppa4&feature=youtu.be


