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Introduction
EuroFlow consortium
Measurable Residual Disease (MRD)

From PCR methods to next generation flow (NGF)



European networks for laboratory diaanostics
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EuroFlow: independent scientific consortium,
aiming at innovation in flow cytometry

Flow

for improvement of diagnostic patient care

- Initiated in 2004 (FP6 STREP LSH-2004)

- Formal project duration: April 2006-Oct 2009 (LSHB-CT-2006-018708)
- Sustained based on collective IP and patents and collective revenues
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Aims of the EuroFlow consortium

1.

4. Continuous education: Seminars, Workshops, and Trainings

Research & Innovation of diagnostic patient care

» Development and standardization of fast, accurate, and highly sensitive flow cytometric tests for
diagnosis and prognostic (sub)classification as well as for evaluation of treatment effectiveness
during follow-up.

Hematological malignancies

Immune disorders, including immunodeficiencies

Immune monitoring in different medical conditions, including immunotherapies
Solid tumors (STOT tube)

Standardization of laboratory diagnostics

» All protocols/standard o_ﬁ)erating procedures (SOPs) that are developed and standardized by
EuroFlow are freely available (https://euroflow.org/)

Quality Assessment, including QA evaluation meetings
» external Quality Assessment program
» Current aim to get ISO 17043 Accreditation for organisation of EQA programs



https://euroflow.org/

Diagnostics for hematological malignancies

1. Making the diagnosis
Normal <> reactive/regenerating <> malignant
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Screening tubes

Annually > 300,000 new patients with a hematological malignancy in developed countries.
Consequently at least 4-fold more patients are annually being checked for exclusion of such

malignancy!

2. Classification of hematopoietic malignancies
Relation with prognosis: relevance of risk-group definition

Classification tubes

Based on differentiation characteristics and chromosome aberrations, resulting in fusion gene

transcripts or aberrantly (over) expressed genes

3. Evaluation of treatment effectiveness (MRD):
MRD-based risk-group stratification (treatment reduction or escalation)

Annually > 400,000 follow-up samples in protocol-based leukemia patients (ALL, AML, CML);

patients with CLL and NHL will follow soon (> 1,000,000 follow-up samples )
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MRD tubes




EuroFlow antibody panels for standardized n-dimensional flow
cytometric immunophenotyping of normal, reactive and
malignant leukocytes
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van Dongen JJM et al. EuroFlow antibody panels for standardized n-dimensional flow cytometric immunophenotyping of normal, reactive and malignant leukocytes. Leukemi
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New therapies warrant extensive patient monitoring euroFiow
In many different diseases

auto-immune diseases, infectious diseases, cardiovascular diseases, oncology

Changes in diagnostic strategies
» Many new therapeutics for targeted (immune) therapies are being developed

Many B-cell targets CD19, CD20, CD22, CD38, CD47, BCMA, ...
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sssss Bispecific F(ab), Trispecific F(ab);
555555 ) (~55kDa) (~1 DkD) (~110kDa) (~165 kDa) (om)

Jabbour et al. Blood 2015; Sawalha Y and Maddocks K. BMJ 2022; https.//W\MN.rapldnovor.com/what are-monoclonal-antibodies/




New therapies warrant extensive patient monitoring Flow
iIn many different diseases

» Most new immune-therapeutics block
or manipulate specific molecules.
* Frequently this leads to disease control

with significant increase of QOF (not
necessarily cure).

» The more targeted the therapy, the
more chance of mutation-induc
resistance
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https://lymphomahub.com/medical-information/educational-theme-or-tumor-intrinsic-resistance-mechanisms-to-car-t-cell-therapy-in-lymphomas



Detection of minimal/measurable residual disease Flow
(MRD)

NGS
oy OVTOF  ddPCR (yocanetics
new q-PCR FISH
techniques  FCM Morphology

1 (100%) 1 (100%)

o 10 1in 10
M - A e S TS —

» Complete remission (CR): less than 5% of
residual blast in BM and normalization of CBC
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Short N et al. Am. J. Hematology 2018; Letetsu R et al Leukemia 2020; JJM van Dongen et al. The Lancet 1998



Clinical VALUE of MRD detection

» Kinetics:

» tumor load reduction during and after induction treatment provides crucial information about the
response to treatment

» Prognosis:
» Predictor (independent prognosticator) of outcome of patients with leukemia
» Prediction of relapse
» Prognostic relevance of patients undergoing stem cell transplantation

» Treatment:

» Surrogate endpoint to define response to treatment and to define treatment allocation.

» MRD-based stratification: identification of low-risk (therapy reduction), intermediate and high-risk
(therapy intensification) patients

12/ VOETTEKST



MRD as prognostic marker

Relapse-free survival of the three MRD-based risk groups in childhood ALL
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* Data update, see JIM van Dongen et al., Lancet 352 (1998): 1731
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Short N et al. Am. J. Hematology 2018; Letetsu R et al Leukemia 2020; JJM van Dongen et al. The Lancet 1998



_[n]n]w MRD as surrogate endpoint to define treatment

MRD response and treatment allocation Flow
precursor-B-ALL
DCLSG 5257
IGK PCR target (10™)
0
Q@ MRD-based treatment intervention
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e
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Van Dongen et al, Lancet 1998; Van der Velden et al. Leukemia 2007; Van der Velden et al., Leukemia 2009



MRD incorporation in clinical trials

HAM —>[ HAE ]—»[ FLA ]
T/ HAM —{ FLA ] _

SR (standard-risk):

- Mo HR/RD characteristics

HR (high-risk)

215% LCin day 22 BM after course 1
KMT2A (excl. KMT2A/MLLT3) with
>0.1% LC after course 1in BM1
20.1-5% LC after course 2 in BM2 (EQI)
All FLT3-ITD/NPM1wt patients

All patients with RAM-phenotype
and/or CBFA2T3-GLIS2

RD (refractorydisease):

25% LC after course 2 in BM2 (EOI)
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Chip-AML22 Master Protocol: An Open-Label Clinical Trial in Newly Diagnosed Pediatric De Novo Acute Myeloid

Leukemia (AML) Patients Including a Linked Phase Il Trial with Quizartinib in FLT3-ITD/ NPM1wt Patients - a Study By the

NOPHO-DB-SHIP Consortium

15/ EUROFLOW MRD APPLICATIONS

Kaspers GJL, ASH abstract 2023




Comparison of different MRD techniques

» ALL as example

16 / VOETTEKST

Saygin C et al Measurable residual disease in acute lymphoblastic leukemia: methods and clinical context in adult patients. Haematologica, 2022

Sensitivity
Applicability
Advantages

Limitations

ALL: acute lymphoblastic leukemia; ASO: allele-specific oligonucleotide; DfN: different-from-normal; FDA: Food and Drug Administration; 1G:
immunoglobulin; MFC. multicolor flow cytometry; NGS, next-generation sequencing; gPCR, quantitative polymerase chain reaction; TCR, T-

cell receptor.

Multi-color flow
cytometry

g
>90%

- Rapid

- Relatively inexpensive
- DfN method does not
require access to dia-
gnostic specimen

- Variable sensitivity

- Requires technical
expertise

- Fresh cells required
- Less standardized

- Immunophenotypic
shifts can lead to false
negative results

qPCR for fusion
genes
104to 10°
40-50%
- Sensitive

- Standard primers used
for specific fusions

- Not applicable to all
patients

ASO-qPCR for IG/TR
genes

104to 10°
90-95%

- Sensitive

- Applicable to most
patients

- Standardized
guidelines in Europe

- Time-consuming

- Expensive

- Relies on pre-treat-
ment sample

- Requires extensive
experience and labor

High-throughput
NGS
106
>90%

- Very sensitive

- Applicable to almost
all patients

- Clone-unbiased (can
track multiple clones
and evolution)

- Only US FDA-appro-
ved assay (ClonoSEQ)
- Data for MRD use in
peripheral blood

- Expensive

- Longer turn-around
time than MFC

- Requires diagnostic
pre-treatment sample




Major limitations of MRD by flow cytometry

» Heterogeneity of blast cells, especially in AML (# subpopulations in ~75% of AML patients)

» Sensitivity and specificity depend on the discriminatory level of the LAIPs
» Expertise and knowledge required for LAIP recognition
» LAIP not always present at diagnosis
» Low frequency of LAIP expression on normal regenerative BM (reduced sensitivity)

» sensitivity depends on the numbers of cells analyzed (sample volume and cell concentration)
» Difficult to standardize > many laboratories/groups use their own MFC-MRD assay
» Analysis and interpretation of data require relevant expertise

» How to quantify residual MRD?
» percentage per MNC
» Percentage per leukocytes; including erythroid precursors?
» Log reduction of blasts?
» Correction of % LAIP at diagnosis?

17 / VOETTEKST




Solution:
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EuroFlow

EuroFlow Next Generation Flow cytometry (NGF)

Optimized two-tube antibody panels for
— improved MRD consistency and precision and
evaluation of sample quality.

. Standardized sample processing & acquisition
of 2107 for high-sensitivity

*
n“t o e
@ .
V800
g

EuroFlow

analysis wey Innovative multivariate and automated data
ies analysis software tools  for higher
reproducibility

18

Aimed at higher sensitivity
(<10°-10%)

Theunissen P, Standardized flow cytometry for highly sensitive MRD measurements in B-cell acute lymphoblastic leukemia. Blood. 2017
Flores-Montero J et al. Next Generation Flow for highly sensitive and standardized detection of minimalresidual disease in multiple myeloma. Leukemia 2017
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EuroFlow

Classical Flow Cytometry versus Next Generation FCM

19

Sample handling

Classical flow

cytometry
No standardization
(not needed?)

Next Generation Flow

Fully standardized

Immunostaining
procedures

No standardization
(we will harmonize later?)

Fully standardized (SOP)

Instrument settings

No standardization
(we use internal calibrator?)

Fully standardized (SOP)

Multi-color staining

Custom 8-10 colors tubes

Standardized 8-14 color tubes

Cell acquisition

50,000 to 100,000 cells

5 to 10 million cells

Data analysis:
gating procedures

Subjective eye-balling
("flow cytometry is art"”)

Objective (automated gating, based on

reference data bases)

Speed

4 to 5 hours, including ~1
hour for data analysis

2 to 3 hours, including 10-15 minutes

for data analysis




Technical aspects of FCM MRD

From bone marrow samples to bulk lysis procedure and data analysis



HemaSphere JEHA
Technical aspects
Of FC M I\/I RD S:;:iij:ecssﬂﬁicle - Evidence based

Technical Aspects of Flow Cytometry-based
» Sample preparation Measurable Residual Disease Quantification
in Acute Myeloid Leukemia: Experience of the

» Bone marrow sampling European LeukemiaNet MRD Working Party

» Sample transport
» Sample processing

» Flow cytometry
» Monoclonal antibody panels
» Cytometer settings
» Sample running
» Selection of control samples

» Data analysis
» Gating strategy
» Data analysis and interpretation
» Report

Jesse M. Tettera!, Sylvie Freeman?, Veit Buecklein?, Adriano Venditti4, Luca Maurillo*, Wolfgang Kern®,
Roland B. Walter®, Brent L. Wood®, Christophe Roumier?, Jan Philippé®, Barbara Denys?, Jeffrey L. Jorgensen'™,
Marie C. Bene'', Francis Lacombe'?, Adriana Plesa'?, Monica L. Guzman'#, Agnieszka Wierzbowska's,
Anna Czyz'®, Lok Lam Ngai', Adrian Schwarzer'”, Costa Bachas', Jacqueline Cloos', Marion Subklewe®,
Michaela Fuering-Buske'®, Francesco Buccisano®

‘ Standardization




Flow
Bone marrow vs peripheral blood sampling
» Early microscopic MRD studies in T-ALL suggested that blood samples might be used instead
of more invasive and traumatic BM samples samples in both BCP-ALL and T-ALL.

» Studies in T-ALL confirmed that blood MRD levelsin B RGPCRIR T-ALL REFGR N BEP- AL
T-ALL patients were comparable or up to 1 log lower (=149 palred semples) ~_ (DFG02 palied sampies)
than in BM 1004 h=0:n=6' ©<3 months 9’ n=1 n=0 . © <3 months 7

) 101 @>3months 1 © >3 months /' !
02 /o 1

» In BCP-ALL patients, blood MRD levels were 1 to 3 logs s 1 7 e
lower than in BM, making MRD studies via blood @ I i B 1 9 o ©
sampling impossible in BCP-ALL patients. 10_5: S /Do o 5 /,o’ o o © n=12c

ot | el @ r2|m e, eme—
= e e =
» Consequently, for both BCP-ALL and T-ALL n=82in=t1: ___  |lp=a2Sindi
. . . . . neg pos 10°10410210210110° neg pos 10°°10410310210"" 10° 10’
patients, BM sampling is a prerequisite B

22 /| VOETTEKST

Van Dongen JJM et al. Minimal residual disease diagnostics in acute lymphoblastic leukemia: need for sensitive, fast, and standardized technologies, Blood 2015



Bone marrow vs peripheral blood sampling (2
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Godwin CD et al. Acute myeloid leukemia measurable residual disease detection by flow cytometry in peripheral blood vs bone marrow, Blood, 2021
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TABLE 1 | Totel number of cels bo colect In dedection of rane events. Yoo

Frequency % of  Desired coafficlent of varlation % frare events
) AU of Rare total required) * Flow
Analytical sensitivity Frne

W[ 10{100) 5 [400] 3 [1,111)

20 5 208 2000 800 23 250

50 2 56 5000 20,000 55,558

100 1 1811 10000 40,000 11,111

» Rare event analysis = sensitivity 1,000 D1 11,111 100000 400000 1,111,111
10,000 BOT 111111 1000000 4000000 11,111,111
» Limit of detection (LoD) 100000 0001 1,111,111 10,000,000 40,000,000 111,111,111
1000000 00001 11,111,111 100,000,000 400,000,000 1,111,111,111

» Limit of quantitation (LoQ)

For very rare cefl populations, numbsr of cals fo be analyred increases substantaly

» Calculation LOD and LOQ depends on the total number of cells analyzed

» Smallest homogeneous population than can be detected is 20 events (10 events more liberal?)
» 19 events = maximum # of events < LOD
» 95% confidence interval for a count of 19 events = 11 - 30 events.
» Thus, the LOD can be estimated as (30/total number of cells analyzed) x 100%

» Similarly, it is also widely accepted that more than 50 (407?) events is a standard threshold for reproducible enumeration.
Consequently, the LOQ = (50/total number of cells analyzed) x 100%

24 | VOETTEKST




The sensitivity of the assay is important

Prognostic value of MRD in Ph-adult ALL
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Briggeman M and Kotrova M. Minimal residual disease in adult ALL: Technical aspects and implications for correct clinical interpretation, Blood Adv. 2017

Complete molecular
remission (MoICR) is
defined as MRD
negativity with an
assay sensitivity of at
least 104

High sensitivity
needed for optimal risk
stratification




Performance of FCM-MRD vs PCR-based MRD is Flow
dependent on the number of acquired cells.
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Theunissen P, Standardized flow cytometry for highly sensitive MRD measurements in B-cell acute lymphoblastic leukemia. Blood. 2017



Bone marrow sampling

Flow
1000 -
© ]
= . .
[ ]
>< ... ....... ... ....;
— | [ )
3 0 *esle e O’ $e, Number of cells for MRD
O 0 =St 44 . . .
O oege diagnostics during follow-
)] [ ]
2 o3 6 up:
o °
> N 5X1 O Ce”S - RQ-PCR: 2x106cells for 26ug of
o4 DNA (attention: recovery is 50% of
Q §) 13ug)
&) Mg
2 2X1 O Ce”S - NGS: 1x106cells for 23ug of DNA
S -EuroFlow-based FCM MRD:
= 5 to 10 x10 cells for below 107
0.1 ‘ ' ' ' ' I sensitivity (40 cells)
day 15 day 33 day 78 Smo 9mo 12mo

(n=67)  (n=71)  (n=65) (n=54)  (n=38)  (n=32)

Advise: Only use the first aspirate to have high cellularity (without hemodilution)

Collect > 2% ml, but not more than 5 ml of first aspirate (avoid hemodilution)
Include clear descriptions and guidelines in diagnostic protocols.

Briggeman M and Kotrova M. Minimal residual disease in adult ALL: Technical aspects and implications for correct clinical interpretation, Blood Adv. 2017



Impact of hemodilution on FCM based MRD
assessment in acute myeloid leukemia

» Hemodilution can yield
false-negative MRD results
in AML

28 / VOETTEKST

Tettero JM et al. Impact of hemodilution on flow cytometry based measurable residual disease assessment in acute myeloid leukemia, Leukemia 2024

~— MRD decrease 0.2%-0.06%
MRD decrease 0.05%-0.04%
MRD decrease 0.04%-0.02%
~— MRD decrease 0.02%-0.01%
— MRD decrease <0.01%
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How to assess BM
hemodilution

CD16%

» Different formula tested

» Best from the test:
» The

=

3 Tiree T T T T
g ral Reference Formula for detecting hemodilution :‘:\ec‘l:; Pull 1 Bull 2 Bull 3 A
Fig. 3 CD16dim expression in successive BM samples and PB.
> 9(
Holdrinet et al. [16] Bone marrow purity = [1-(erythrocytes BM/erythrocytes PB) x (leukocytes PB/leukocytes Matched PB No No
BM)] x 100%
PB contamination index = —3.052 + 0.065 x (%CD10+ neutrophils of granulocytes)
Delgado etal. [23] 4 609 x (96CD34 + ) - 2.008 x (%plasma cells) D10 marker ves ves
dh
| A
Predicted bone marrow purity = [1 — (Lymphocytes FCM / Lymphocytes
Aldawood etal. [24]  pp’| o kocytes FCM)] x 100% A
2 CD 0100 0,100
< O Loken et al. [25] Normalized blast count = (80%/% dim CD16) x blast count M“-. 0.0731
’ 0,050 0,050
£ nozsd Z nozsd
Schuurhuis et al. [8] = =90% mature neutrophils & - B
T oo B oamd
= =
Flores-Montero et s R ; high
uggested blood contamination if mast cell population (CD117797) = @
al. [26] 0,002 [T-E 8
0,000 = 0,004
Full 1 Full 2 Pull 3 PB
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Tettero JM et al. Impact of hemodilution on flow cytometry based measurable residual disease assessment in acute myeloid leukemia, Leukemia 2024



S uroFlow
100% o 5,E+06 100%
90% - 90%
80% - 5 4,E+06 80%
2 70%- E 70% _ _
. B s £ oo Using Bulk-lysis, on average
© % = g JE+ - % -
8 £ 3 12-fold more leukocytes
5 50% - S = 50% 4 monacyles .
@ = = | could be acquired
E 40% a= 2,E+06 - S 40% 4 W orenioenes P < .0001
= e BN B NK/T-cells ( y )
S 30% A 8 30% -
o E S : :
20% - = 1E+06 1 201 W MRD Bulk-lysis resulted in
10% A 10% ® normal BCP cells » Less debris (P =.032)
0% . : 0,E+00 - 0% - W Mature B-cells o MOre IGUkocyteS (P - -03)
FL BL FL BL FL BL
M debris M doublets M leukocytes

Each of the BM samples (day 15: n = 15; day 33: n = 15; day 78: n = 12) was processed
according to the standard EuroFlow protocol (FL) and in parallel according to the
EuroFlow bulk-lysis protocol (BL)

Theunissen P, Standardized flow cytometry for highly sensitive MRD measurements in B-cell acute lymphoblastic leukemia. Blood. 2017



Data analysis

Dependent on the tubes

» LAIP

» Identification of Leukemia Associated Immuno-Phenotype or
LAIPs, based on immunophenotypic aberrancies

» Different from normal approach (DfN)




The quality of a LAIP

1) Specificity
depends on the percentage of LAIP expression on normal cells

2) Sensitivity
depends on the percentage of LAIP expression on the leukemic

blast population at diagnosis (minimal 10%) and the number of
cells analyzed

3) Stability
phenotypic shifts can results in fals-negativity (especially dim
expression of markers is susceptible)




Choice of LAIP is important

« Background of LAIP in normal and regenerating BM
==)> NOT every LAIP = leukemic specific
m=) Sensitivity and specificity is variable

100,000 1

10,000 A

Aberant marker expression on
normal BM: % of primitive

1,000 -

marker compartment (CD34 or
CD117)

0,100 1

0,010 1

Percentage of leukocytes

0,001 -
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Feller et al, Blood Cancer Journal 2013




Flow cytometry: Improvement of data analysis

Conventional methods of manual data analysis

* Based on visualization of multiple bi-dimensional plots
* Operator’s selection of population of interest (subjective)
* Depending on the expertise of the operator

qmﬁ""‘icyt - . Womfbiicd FlowSom

* Enormous increase in number of data by merging and
calculations

* Automated method for analysis of flow cytometry
immunophenotypic data

» Reference picture will facilitate MRD analysis

* Reducing expert-based data-analysis
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Performance of the AG&l tool in

(a) Accuracy AGI tool
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Verbeek M et al. Minimal residual disease assessment in B-cell precursor acute lymphoblastic leukemia by semi-automated identification of normal hematopoietic
cells: A EuroFlow study. Clinical Cytometry 2023

(b) Accuracy AGI after review
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Inter-expert
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BCP-ALL

Comparison of MRD levels between manual
and AG&Ishowed a concordance rate of 83%.
After review of discordant cases by additional
experts, the concordance increased to 97%.

Furthermore, the AGItoolshowed excellent
intra-expert concordance (100%) and good
inter-expert concordance (90%).

In addition to MRD levels, also percentages of
normalcell populations showed excellent
concordance between manual and AGItool

analysis.




Automated detection of measurable residual
disease in acute lymphoblastic leukemia

» Three ML models to tackle MRD detection in B-ALL

37

MRD1

MRD2 (Weijler et al., Cancers 2022)

MRD3

MFC input data: preprocessed FCS files followed by quantile normalization and CD19+ selection
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FlowSOM unsupervised clustering
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FlowSOM unsupervised clustering

Blast detection
< 5% control events

EuroFlow
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Conclusion

MRD technique requirements:

- Broad availability, easy implementation and affordable

- Applicability in vast majority of patients (preferably 295%)

- Sufficient sensitivity (Quantitative range <10, preferably <107°)

- Fast (short turn-around time: 1-2 days)

- Standardization (# harmonization) with international QA prograry

1. MRD should be assessed from a sma \) Emodilution

EuroFlow-
- Broad availab
- Applicability in
- High sensitivity
- Fast: 3-4 hours (MRD report on the same day or next day)
- Fully standardization with EQA program

Attention: many cells required for reaching high sensitivity (5-10 x106)!
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MRD detection in BCP-ALL by NGF

BM sample Sample preparation & staining

1% pull of BM
aspirate

EuroFlow

-Add lysing buffer to 0.3 to 3mL of sample
containing >10 x 10°

J

-Incubate >10 x 10° cells in 100mL for 10
min (max volume 250 mL)

4
-Wash with 2 mL PBS (1x) |
4

-Stain with antibody mixture

\J

-Add 2mL FACSLyse &
incubate for 15 min

)
-Wash with PBS (2x) |

\

-Measure >10x10° cells in 2 tubes by FCM

40/ VOETTEKST
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8-color EuroFlow antibody staining panels
For BCP-ALL and T-ALL

P PO FITC PE  PerCPCy5.5 PECy7 APC  APCCTSO
CD66C! =
coo CD45 CDB1 D123 D34 cDi% CD10 CD3g
[:> oy
D20 CD45 CD34 (D19 CDi0 CD3B
081 pang

FCM Data acquisition and analysis

>10" BM cells measured
(2 tubes with >5 x 10° cells/tube)

Fprmmali el Msarelisn BRirnods

__-_.-_, IIIIIII _}H,.—- ;
.:ﬂ-"" 1

// cD3s AF:’-—M-H.—p

W 1)

i%Y MRD/blasts
" "B CELL MATURATION (Stages)
Theunissen P, et al. Blood 2017, 129 347-357

1 1 ]
Framipas o 1050 s | g

Theunissen P, Standardized flow cytometry for highly sensitive MRD measurements in B-cell acute lymphoblastic leukemia. Blood. 2017
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MRD based on maturation — new software tools

» Normal B-cell differentiation pathways

Maturation

1E5
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Events (S5tages)

Theunissen PMJ et al. Detailed immunophenotyping of B-cell precursors in regenerating bone marrow of acute lymphoblastic leukaemia patients: implications
for minimal residual disease detection BIH 2017



Dissection of normal precursor-B-cell differentiation EuroFlow
implications for MRD monitoring
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Theunissen PMJ et al. Detailed immunophenotyping of B-cell precursors in regenerating bone marrow of acute lymphoblastic leukaemia patients: implications
for minimal residual disease detection BJH 2017



New concept for differentiation pathway analysis

Dissection of normal BM Regenerating BCP cells ALL blast cells

Late maturation. .
stages . .7

Early matﬁFé‘tﬁ:n

APS 1 stages

- "'ll .
Early maturation
APS 1 stages

The immunophenotypic maturation of regenerating BCPs
differs from that of normal BCPs and from ALL blasts
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A Normal BM Regenerating EM ALL cells vs. normal BM

immature & ALL cells

mature

NGF-MRD

» Insights in the full normal BCP
pathway in BM APS 1
» Better define the degree of IF \ cout T T T
deviation of BCP-ALL cells ““a | ot s
normal BCP, also inge~™  § O 5 i
BM .\‘:\0“ SSC %
CcD34 8%
) Visugli=—" (OB rariate .. YO R e e
normal % 2
- e ‘a‘e BCPcells T CDB6c/CD123 3%
p&oc' APS 1 APS 1
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EATOSD -gﬂ_‘H‘JSD
j%g — normal mature B-cells gg 5o fegenerat‘inr;_;.BCP‘cellls
EE 25D EE 2sD
E£ 55D E;E 55D
. 10 SD C ALLcells e 108D
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B-cell maturation stages




Reference profile of normal and regenerating BM
samples
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Gating strategy for MRD in ALL

» Use correct and standard profile

» General principes:
= Dismiss debris (FSC-A/SSC-A) and doublettes (FSC-A/FSC-H)

» Define normal precursor B-cells
= proB: CD19-/CD34+/CD10-/CD20- ;

« pre BI:CD19+/CD34+/CD10+/CD20- :
- Pre Bll: CD19+/CD34-/CD10+/CD20- : All CD38/CD81
= immature transitional B CD10+: CD19+/CD34-/CD10+/CD20+ STRONG positive

= mature B: CD19+/CD34-/CD10-/CD20+ (CD38w/CD81w).

» Important to look back at CD45/SSC-A plot; during maturation CD45 expressing
gradually increases
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Early MRD timepoints: beware of phenotypic shifts
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Example 1 en 2
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EuroFlow NGF MRD ALL approach for detection of
CD19- leukemic cells
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Verbeek MWC. Flow cytometric minimal residual disease assessment in B-cell precursor acute lymphoblastic leukaemia patients treated with CD19-targeted
therapies —a EuroFlow study. BJH, 2021



EuroFlow NGF MRD ALL approach for detection of
CD19- leukemic cells

» Example 3

y



MM MRD
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MRD detection in Multiple Myeloma by NGF

BM sample

Sample preparation & staining

1% pull of BM
aspirate

-Add lysing buffer to 0.3 to 3mL of sample
containing >10 x 108

J

-Incubate >10 x 10 cells in 100mL for 10
min (max volume 250 mL)

4
-Wash with 2 mL PBS (1x) |
4

-5tain with antibody mixture

\J

-Add 2mL FACSLyse &
incubate for 15 min

4
-Wash with PBS (2x) |

\J

-Measure >10x10° cells in 2 tubes by FCM

8-color EuroFlow antibody staining panel
FE AFC i

PeriF
]
Pasal Tube  Beddl  BVEI0  Bvedd  FITC L ] Y T AR ATHO £TR

8- 1 L 3 it =7
coiMs  ena? TR T T -
et | : el &l

FCM Data acquisition and analysis

>10" BM cells measured
(2 tubes with >5 x 10° cells/tube)

L)

BM plasma cells (PC)
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Flares-Montero, et al. Leukemia 2017




NGF MRD vs conventional 2nd generation (8-color)
flow-MRD

n=3 n=34 & 5100 Case ID MM Conventional B-color FCM _ N&F (Tube 1 + Tube 2)
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- ® 5 WR 0 ] 0 (1o 0.008 0,000 4
E § 107 - . 6 mo 0 044 0 010 010 0.002 206
. E n* s : R LiF]| 0.1 o 024 02 0.02 1866
i 4 | o R 0 0 0 | ooz 08 0.0002 13
;f 10 o ARSI 9 ® 1 08 045 0 | os 06 0.008 36
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£0 104 _ B, ' 11 VGPR | o 0 0 a0l om 01,0007 10
ﬁ £ b | mweniTeR)  IRTR(EEN) it ® : . ¢ oo o 0.00¢ e
v 1 13 R | 023 0,23 0 air o7 0.008 480
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2016 IMWG criteria for MRD in MM

" « MRD negative in marrow (NGF or NGS) and by imaging as Evaluate CR

) Sustained defined below, confirmed 2 1 year apart. Subsequent

» | MRD negative evaluations can be used to further specify duration of ‘

) negativity (eg, MRD negative at 5 years)

3 When CR si specte:
O * MRD negative as defined below (NGF or NGS) PLUS Perform BM MRD
@ Imaain disappearance of all areas of increased tracer uptake by NGF and/or NGS
© MRD ng agtl?e observed at baseline or previous PETs/CTs or decrease to

B g less mediastinal blood pool SUV or decrease to less than

= that of surrounding normal tissue ‘

(&)

> + Absence of phenotypically aberrant clonal PCs by NGF on PP —
e Flow bone marrow aspirates using the EuroFlow standard d nen ov lFI*Er '
%S| MRD neaqative operating procedure for MRD detection in MM (or © imeging (PET-CT)
o) g equivalent validated method) with minimum sensitivity of 1

§ in 10° nucleated cells ‘

% + Absence of clonal PCs by NGS on bone marrow aspirates When BM MRD

p= where presence of a clone is defined as < 2 identical L

0] Sequencing sequencing reads obtained after DNA sequencing of bone S WS

= | MRD negative marrow aspirates using the LymphoSIGHT® platform (or Evaluate for

s equivalent validated method) with minimum sensitivity of 1 sustained MRD-neg

in 10° nucleated cells

CR, complate response; CT, computed tomography: IMWG, Intarnational Myeloma Working Group: MM, multiple myeloma; MRD, minimal residual disease; NGF, next-generation flow; NGS, next-
generation sequencing; PC, plasma cell; PET, positron emission tomography; SUV, standardized uptake value.
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MRD in MM

PFS in POLLUX, CASTOR, ALCYONE, and MAIA by (A) response and MRD status (10°), and (B) MRD status
among all MM patients who achieved >CR.

A B

48-month 48-month
100 PI;:S 100 - PFS
. I
| |
S . ! S : ' >CR and
@ o= . % 26 i MRD negative
=N =
e 70.4% e
2 60 - ' >CR and S 60 :
E MRD negative = -
= = 51.7%,
= 40 4 = 40+ 1 >CR and
= = | MRD positive
2 20- % 2 201 ;
= I oPR.GF ca I
' MRD positive !
O I 4 1 0 I * 1
0 30 60 0 30 60
Months Months
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Cavo M et al. Prognostic value of minimal residual disease negativity in myeloma: combined analysis of POLLUX, CASTOR, ALCYONE, and MAIA. Blood 2022



Examples AG&|

» GHE_003
» GHE_004
» MM_MRD 2023 1l 1
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Conclusions
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Next Generation Flow Cytometry (NGF)

Advantages

« Education and training still required

* Many cells needed to reach the required sensitivity,
(e.g. 5 x 108, if quantification down to 10-° is needed)

* Fresh (<24h) samples

Limitations
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