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Measurable residual disease in AML

Bone Marrow

v Diagnosis : v/ MRD after chemotherapy : v Relapse
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MRD techniques

Method Availability Sensitivity
Morphology 100% 5 x 1072 (5%)
Cytogenetics 70% 1-5 x 1072
HSH 40% 1 x 10-2
(Real-time) RT-PCR* 20-40% 1x 1071 x 1078
Next generation sequencing” 80-90% 1x 1071 x 107*
Flow cytometry 80-90% 1x 1071 x 107°
(Immunophenotyping)

FISH, fluorescant in situ hybndization; RT-PCR, reverse transchiption-polymerase chain reaction.

“Sensitivity dependent on gene.

Ngai et al, 2020. Fron in Oncol
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Prognostic relevance of MRD

Figure 2. Estimated Survival Curves, Stratified by Measurable Residual Disease (MRD) Status
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Meta-analysis:

81 publications

64% reduction in risk of
death for MRD-negative
patients

Combination of MRD
techniques = Multicolor
Flow cytometry (MFC)

Short et al, 2020. JAMA Oncology
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Other use of MRD in AML

MRD-guided treatment in HOVON trials

Consolidation
c MRD- -—» Auto-PBSCT

c MRD+ —» Allo-PBSCT

Induction Cycle1  Induction Cycle 2

c MRD- —» Auto-PBSCT

Intermediate

c MRD+ -» Allo-PBSCT

—» Different strategy/trial
very poor risk

Allo-PBSCT, allogeneic peripheral blood stem cell transplantation; AraC, cytarabine; auto-PBSCT,
autologous peripheral blood stem cell transplantation; DNR, daunorubicin; HOVON, Haemato
Oncology Foundation for Adults in the Netherlands; Ida, idarubicin; MRD, minimal residual disease

Ida 12 mg/m?
AraC 200 mg/m?

DNR 60 mg/m?
AraC 1000 mg/m?

+/- experimental drug

Ossenkoppele et al, 2019. Best Practice & Research Clinical Haematology
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How to ensure harmonised flow data

°
lee Journal of Visualized Experiments www.jove.com

Video Article
Comprehensive Protocol to Sample and Process Bone Marrow for Measuring
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'.) Check for updates
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Standardisation/Harmonisation and Qualification

Questionnaire - live discussions = Delphi poll

What must be standardized?
« What can be harmonized?
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Tettero et al, 2021, Hemasphere
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Bone marrow

sampling

« Bone marrow aspirate
* Which anticoagulant
« Hemodilition
« Small volume (<5 ml)
« Estimate peripheral blood

contamination
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Formula for Detecting Hemodilution

Bone marrow purity = [1-(erythrocytes BEM/erythrocytes PB) =
(leukocytes PB/leukocytes BM)] = 100%

PB contamination index = -3.052 + 0.065 = (3%CD10+
neutrophils of granulocytes) -0.609 x (%CD34+)-2.008 =
(stplasma cells)

Normalized blast count = (80% /% dim CD16) = blast count

Predicted bone marrow purity = [1 - (Lymphocytes FCM /
Lymphocytes PB) x (Leukocytes PB | Leukocytes FCM)] =
100%

suggested blood contamination if mast cell population
(CD117 * ) < 0.002%

BM = bone marrow; FCM = flow cytometry; PB = peripheral blood.

Additional Requirements

Matched PB'®

CD10, CD34 positive cells
and plasma cells™

cp1613
Matched PR

CD117 positive mast cells'

1E5

Tettero et al, 2021. Hemasphere
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Transport
A 3 :
« Transport at room temperature : :
: :
« Preferably <72 hours : :
* Assess viability and report - I k
Forward Scatter vs. Side Scatter Conteg| N . S

>80% non-C D
viable g g
: :
~$§ 1§

\ J

Tettero et al, 2021. Hemasphere
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Flow cytometer
settings &
quality control

» Setup based on Euroflow or Harmonemia instructions both
on BD or BC machines
* Checks:
» Daily CST beads run

* Weekly check if spectral falls into target channels

= * Yearly maintenance of flow cytometer

eie
RN




Lysis & staining

W

Reserve enough cells to stain for having a good and reliable
result - 2,000,000 cells viable WBC per tube
Stain-lyse-wash (SLW) and lyse-wash-stain-wash (LWSW)
approach

* No additional sample fixation - changes in morphology

* Maintain optimal FSC and SSC properties

IVDR validated assay e B -
1 cD7 CD56 CD34

2 CD15 cD22 CD34

3 CD36 CD14 CD34

cD2 CD133 CD34

PeCy7

cD117

cD117

cD17

cD117

APC APC-HT BvVa21 HV500c
CD33 HLADR  CD13 CD45
CD19 HLADR  CD13 CD45
CD11b  HLADR  CD13 CD45
CD33 HLADR  CD13 CD45

Created with biorender.com
Nexcelon.com



Acquisition

Regular
cleaning

W

« Stable event rate per second
* Flow rate is the same for all tubes
* Enough cells to acquire
« Diagnosis: min 50,000 in blast
gate
« Follow up: min 500,000 to
1,000,000 CD45-expressing

events

A Normaltimeplot

B Fluidic alteration over time

A Low event rate
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SSC-A
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50000 100000 150000 200000 250000

B Medium eventrate C High eventrate
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Tettero et al, 2021. Hemasphere



Data analysis & (D Cross lineage
interpretation CD45

cp33 |\

() Asynchronous
+ CD34/CD117/CD133 CD45

CD13

/7 cD34/cD117/CD133

CD11b

T e « Standardized gating strategy - 013
S Y o Exclude aggregates e
S anl gg g (mLack of expression () Overexpression
e < « CD45 (WBC marker) Cpas  CD34/CD117/0D133 | coss -
T w0 4o w0 s 1w o | / O ECD34/CD117/CD133
o « CD34/CD117/CD133 (primitive ’ HLADR
marker) CD33? HLA-DR

« CD13/CD33 (myeloid marker)

Find Leukemia Associated Immuno-
] ;”“nggg;il"v: Phenotype (LAIP)
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Created with BioRender.com.
Adapted from Grimwade D, 2014. Blood



Survival
5

Data analysis &

interpretation

Flow cytometry

200 400 600 800 1000

FSC-A

MRD-negative
MRD-positive

Time

Approach

1. LAIP

2. Different from normal
(DfN)

Age-matched “control” BM
and regenerating BM samples
Cut-off 0.1% LAIP from WBC
(prognostic after 2 cycles of

chemotherapy)

2

>

CD117

CD7

N

D117

N

C

CD117

CD7

- (D34

cp7.

Tettero et al, 2021. Hemasphere
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Data analysis &

interpretation

Flow cytometry Re po rti n g

 MRD-negative or MRD-positive

o “Technical MRD” below 0.1% treshold

200 400 600

FSC-A

800 1000

« Accurate knowledge of assay % MRD by LAIP/ DfN

performance: e

 Limit of blank (LOB) 01%

0.1% = MRD positivity by ELN criteria
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Survival
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. . . oy oF Lilioeyies ® : Prognostic significance of <0.1% ivents in LAIP/DfN gate depends on:
D—\Ll—l_t * L] mi t Of d eteCt] on ( LO D ) Sample:qualltyediﬂl'background (LOB)*

80 MRD-negative 0.05% § ) | - - ‘ - - 3 .

i MRD-posi ° L.Im.lt Of quant.lf.lcat.lon(LOQ) ‘ § \ Genetics/treatment/differentiating non-onco

‘ 0.005% —_— Absolute LOQ if 1 million leukocytes acquired from good quality BM
20

— * Monitoring with short follow-up  <0celsdeteced Y Absolute LOD

Buccisano et al, 2022. Haematologica,
Freeman, 2022. Haematologica
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Inter-laboratory validation

6 samples measured in 4 centers using
a consensus ELN tube
» Outliers revoked after discussion

by adjusting the gates

ELN Tube

Antigen CD34 CD13 CD7 CD33 CD56 CD117 HLA-DR CD45
Clone 8G12 L138 M-T701 D3HL60.251  NCAM16.2 104D2D1 Immu357 HI30 133
Manufacturer BD BD BD BC BD BC BC BD BC
Order No. 345801 347406 561602 B92408 341027 B92450 B36291 560777 B36294
Amount 5l 5ul 5 ul 5l 5 ul 5l 5l 5l 5ul

Hovon P1 Tube
Antigen CD7 CD56 CD34 CD117 CD33 HLA-DR CD13 CD45
Clone M-T701 MyY31 8G12 104D2D1 P67.6 L243 (G46-6) WM15 J33
Manufacturer BD BD BD BC BD BD BD BC
Order No. 555360 345810 347222 B49221 345800 641411 562596 B36294
Amount 5l 5l 5 ul 5 ul 5 ul 5 ul 5 ul 5 ul

MRD (%)
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Tettero et al, 2021. Hemasphere
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Future perspectives MRD
« Further harmonization > Better understanding of hemodilution l 'K N EQAS
» United Kingdom National External
Quality Assessment Site to standardize

International Quality Expertise
MRD (UK-NEQAS)

« Optimal cut-off and » Reduce false-negative results
time-point > LAIP specific LOB/LOD/LOQ
» Implementing PB-MRD
« Computational » Reduce subjectivity (requires
(automated) analysis standardised data)
. D;( QR Relapse
CD7 CDSg, f% ,D %F?,, 2% i ot Ao | ©, | ’
Patient 1 with - (77 v - ‘%ﬁ
relapse e -

& .

Lacombe et al, 2019. Hemasphere
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Take home messages

« Having MFC-MRD detected after induction therapy is a bad sign;

It is extremely important to have comparable MRD-results among different laboratories

and different clinical studies;

» Consensus approach shows which facets need to be standardized and which needs to be

harmonized to achieve this.
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