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AML MRD flow  

1)   Why? 
• Flow Labs and French Clinical Trial organisation
• ELN 2017 Guidelines requirements- MRD mandatory (molecular and/or flow)
• Harmonisation of Flow Clinical MRD report

2) How? 
Methodology multicentric approach:
• panel design: simple, reproductible, sensitivity, cut
• CANTO vs NAVIOS « mirroir » 
• gating strategy

3) Ready to start
• CQA: verify gating strategy
• CQE: global check of panel implementation ( n/reg BM)
• Patient follow up 
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25 Flow Labs: 13 BD (Canto / Lyric) - 12 BC (Navios)

2 Molecular Labs





• Nb of patients / 
year: 180-200

• Dg and 4 time MRD
• Aim: >80% of 

patients included in 
this trial
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New paradigm in MRD LAM: LSC approach

nHSC

LSC



M Terwijn, PLOSOne 2014

New concept of AML follow up: Scoring of MRDflow
(LAIP/DFN/LSC)
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MRD Flow panel design rational
Aim: simple, reproductible, sensitivity, cost
1) LAIP approach (Leukemia Associated ImmunoPhenotype)- at diagnosis
2) DFN approach- Different of Normal- pattern of normal myeloid differenciation (reactionel vs 
regeneration BM) 
3) LSC approach : 34+38-

Rational
• LAIP (Kern, Venditti, Wood, Schuurhuis, Freeman …)
• Backbone 34/38 CSH/LSC approach (Dick&Bonnet, Nature 2009)
• LMPP-like/GMP-like LSC approach (Goardon, Cancer Cell 2011)
• LSC Flow Signature (Schuurhuis, PlosOne2014): quantification at dg and in MRD follow up

FL1 FL2 FL3 FL4 FL5 FL6 FL7 FL8

T 1 CD7/56 CD13 CD33 CD34 CD38 CD117 CD19 CD45

T 2 CD90 MIX*

TIM3+CLL1

CD123 CD34 CD38 CD117 CD45RA CD45

*New markers of LSC prospectively evaluated in addition to TIM3 and CLL1: CD97, GPR56… 
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LSC Gating Strategy (nBM) 



LSC Gating Strategy (AML patient) 



Challenge : to achieve harmonisation of MRD results between 25 FlowLabs

CANTO vs NAVIOS « mirroir » 

1) Harmonisation of preanalytical treatment of the sampels: BM dilution ctr, Bulk Lysis, 
nb of events aquisition (mandatory >500 000/tube)

2) « Mirroring » CANTO vs NAVIOS platforms
- Setting of  voltage for the chosen chanel trough acquisition of rainbow beads without

compensation to reach target of MFI values Multicentrique on the CANTO platform;
- transposition to NAVIOS platform by:  New  MFI Target= CANTO target / 256

PE PErCPcy5.5
PEcy7

APC
APCH7

BV421FITC

CANTONAVIOS

3) Evaluation of the homogeneity of the resultas using normal BM cells labeld with the 
panel after elaboration of  compensation matrix using single labelds Ab

Comparable flow cytometry data can be obtained with two types of instruments, Canto II, and Navios. A GEIL study.
Solly F, Rigollet L…Lacombe F, Béné MC. Cytometry A. 2013 Dec;83(12):1066-72. 



T1 NAVIOS (Lille)

Merged dataset obtained from 10 BM samples
shared between Lyon and Lille Labs

CD19

Gate Ly CD45

CD38

CD117

Gate MNC CD34+

T1  CANTO (Lyon)

Gate Ly CD45

Gate MNC CD34+



T2 Navios (LSC markers)

CD90

CD45RA

CLL1/Tim3

T2 Canto (LSC markers)

Gate CD34+CD38+hi

Merged dataset obtained from 9  BM samples
shared between Lyon and Lille Labs

Gate CD34+CD38+hi



14 ev
0,0003%

MRD LSC LOD

LAIP-P6(34+38-) Boleene MRD
LOD<0,0003%(3x10-6)

5X10 6 ev
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Harmonisation of detection of LSC using gating strategy
adaptated to CANTO and NAVIOS softwares 

in an AML CD34- patient 
(BM sample shared between Lyon and Lille Labs)
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Concordance 
before training

Concordance 
after training



DIVA

CQA 23 centers (2 sets 
of data not integrated)

DIVA vs KALUZA
LMD nBM

KALUZA



LOD AML  LAIP in NBM

Mean 11,9%

Mean : 6,2*10 -4

+/- 1 SD

+/- 1 SD

Mean : 9,1*10 – 3

+/- 1 SD

Mean : 1,6*10 – 3

+/- 1 SD

AML LSC (gate P6) %/LC

CQA LMD Files  shared among 23 centers 

AML LSC (gate P7) %/LC

AML LAIP %/LC



Ratio FSC of   P6/HTG

Mean : 1,50
Up Limit: 1,66
Low Limit: 1,34

CQE nBM sample shared among 22 centers

Mean : 1,92*10 -4

+/- 1 SD

Mean : 2,75*10 -3

+/- 1 SD

Mean : 2,2*10 -4

+/- 1 SD

Canto      Navios

Canto      Navios

- staining validation
- stability at 24h
- homogeneity of the 
results

% P6/LC T1

% P6/LC T2

% P7/LC T2



Ready to start

Minimal information should be given in Clinical FlowReport:

- Quality of BM (dilution)

- Strategy of identification of MRD: LAIP/DFN/LSC

- Description of the LAIP used

- LOD based on nBM

- Thresholds < 10-3 for LAIP or <10-4 for LSC

- Interpretation of the result:

- MRD+ 

- MRD- with LOD value

- MRD detectable but nonquantifiable



• This methodological validation protocol is a mandatory step to consider the use of

MRD flow in AML clinical trials;

• 3 MRD approach are complementary: LAIP/DFN/LSC

• Prospectively Lyofilised Ab approach

• Choosing a multicentric approach could be challenging, but our first results are

promising and showed the feasibility of this concept when:

(i) a straight harmonisation of the instruments sensitivity and samples preparation

are established, and

(ii) training and systematic education among the analytical operators are regularly

performed.

Take home message
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