il Amsterdom UMC

University Medical Centers

Advances in Multiparameter Flow Cytometry for the
Diagnostic Work-Up of Myelodysplastic Syndromes

A collaboration between Amsterdam UMC & Erasmus MC Rotterdam

[




W

Disclosures

* Nothing to disclose




Content

* Flow Cytometry in the Diagnostic Work-Up of MDS
 ELN iMDS-Defined Immunophenotypic Markers: Validation and Application

* Future Perspectives



1),
Myelodysplastic Syndromes (MDS)
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* Group of heterogeneous clonal hematopoietic stem cell diseases \ .
— Peripheral blood cytopenia
— Morphologic dysplasia of hematopoietic cells ey
— Potential for rapid progression to acute myeloid leukemia (AML) 9 o
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* Risk classification I 1T 3 1 1 & ¢t 5 & 3
- IPSS'MO/ECU/GI"; Years
— 94% of MDS carry genetic lesion No. at risk
VL-344 267 224 180 126 82 57 42 28 24 18
L-852 640 49 382 270 176 112 83 57 40 31
ML-295 214 152 111 72 35 18 8 7 4 3
MH-278 191 134 80 48 27 20 9 4 2 1
H-367 235 121 65 37 15 12 6 3 3 3
VH-460 200 77 37 14 9 6 3 3 2 2

1. Arber et al, Blood, 2022

2. Khoury et al, Leukemia, 2022

3. Bernard et al, NEJM Evidence, 2022

Figure adapted from: Bernard et al. NEJM Evidence. 2022
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The role of flow cytometry in MDS
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Current Panel in use Amsterdam UMC

FL-1 FL-2 FL-3 FL-4 FL-5 FL-7 FL-2
FITC PE PerCP- PCT APC APC-HT V450 KO
Cy5.5
CD34 CD117 HLA-DR | CD45

CD16 CD13 CD34 | CD117 | CD11b
CD2 CD6&4 CD34 | CDN17 | IREM2
CD36 CD105 CD34 | CD117 | CD33
CD5 CD56 CD34 | CD117 | CDY

CD15 CD25 CD34 | CD17 | CD123
CD7Y CD235a CD34 | CDN117 | CD13
BB BB

HLA-DR | CD45
HLA-DR | CD45
HLA-DR | CD45
HLA-DR | CD45
HLA-DR | CD45
HLA-DR | CD45
BB BB

= | S| W R | ] P s

NB! BB: backbone labeling

Euroflow-like;
Slightly different from published MDS/AML panel by van Dongen et al.
Leukemia, 2012

Porwit et al, Cytometry B Clin Cytom, 2023
van Dongen et al. Leukemia, 2012; doi:10.1038/leu.2012.120
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Current approach in Amsterdam UMC

Ogata Score Integrated Flow Score (iFS)
# Parameters 4 40+
Lineages assessed Mainly progenitors Multi-lineage
Erythroid evaluation No Yes
Output format Low (0-1) / High (=2) A / B / C classification
Specificity 94% 86%
Sensitivity 57% 79%

Accuracy 65% 80%

Table adapted from: Porwit et al, Cytometry B Clin Cytom, 2023 & Oelschlaegel et al, Cytometry B Clin Cytom, 2023
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Example of the Ogata score (normal)
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Figure by courtesy of dr. Westers, Amsterdam UMC

Westers and Van de Loosdrecht, 2025 in book review
(Multiparameter Flow Cytometry in the Diagnosis of Hematologic Malignancies; ed. Porwit and Bené)
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Example of the Ogata score: indicative of MDS
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Figure by courtesy of dr. Westers, Amsterdam UMC

Westers and Van de Loosdrecht, 2018 in book review
(Multiparameter Flow Cytometry in the Diagnosis of Hematologic Malignancies; ed. Porwit and Bené)
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Examples of diagnostic FC aberrancies in suspected MDS - iFS

40

e

density ;
) data from
» ; » ammoniumchloride-
—> CD71 £ 3 £ based lysed BM
3 NBM T —— 3 MDS —— Eu MDS aspirates
01E2 1E3 1E4 1E5 01E2 1E3 1E4 1E5 1E & 1E2 1E3 1E4
CD71:APC-H7-A LOGICAL CD71:APC-HT7-A LOGICAL CD71:APC-H7-A LOGICAL
CD71: decreased expression, increased CV
ELNet iMDSFlow-WG previously also defined: —
* increase in CV of CD36 expression 2 or more aberrancies associated with
* de/increase of % of CD117* erythroid progenitors erythroid dysplasia (2017)
Westers et al., Haematologica, 2017, 102(2):308-319 :T:l-

eryth roid Figure by courtesy of dr. Westers, Amsterdam UMC Porwit et al. Cytometry B Clin Cytom 2023; 104:27-50 vU e
Hematologie
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Schematic representation of flow results
Integrated Flow Score (iFS)

Ogata score <2 <2 (<2 |<2 (<2 |<2 |<2 |<2 22 |22 (22|22 (22|22 |22 |22
D .
yspla.s1a by FCM o N R B I _ A I IR A I R
myeloid progenitors
Dysplasia by FCM
Neutrophils -l -1+ +! -|-|+] + @ - |-|+]|+]|-|-|+]+
Monocytes
Dysplasia by FCM
Nucl. erythroid YR T * ) * ) S i i B
Conclusion AlB(B|C|B|C|C|C B|lC|C|C|C|C|C|C

A = ‘results show no MDS-related features’
B = ‘results show limited number of changes associated with MDS’

Figure by courtesy of dr. Westers, Amsterdam UMC

not enough to consider MDS

VU
Hematologie

Cremers EMP, et al., Haematologica 2017, 102(2)
based on Van de Loosdrecht and Westers. J Nat Compr Cancer Netw 2013;11:892-902)
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ELN iMDS FC WG - Problem

229 laboratories surveyed’

— Large variability in MDS flow protocols

— Median 20 + 4.5 markers per laboratory

— Low adherence to iMDS recommendations
— Limited use of standardized scoring systems

Need for harmonization and optimization

Focus on lower-risk MDS - greatest diagnostic challenge

1. Grille Montauban et al. 2019; Jensen et al. 2019 in Porwit et al, Cytometry B Clin Cytom, 2023; 104:27-50:
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ELN Scoring System W

Multicenter prospective evaluation of diagnostic potential of
'I 68 2 pgtients flow cytometric aberrancies in myelodysplastic syndromes by
the ELN iMDS flow working group

. Wolfgang Kern g4, Theresia M. Westers, Frauke Bellos, Marie Christine Bene, Peter Bettelheim,
Lisa Eidenschink Brodersen, Kate Burbury, Sung-Chao Chu, Matthew Cullen ... See all authors ~

tometry

Cy

‘4‘.. "’a..‘ :. * .:
3 independent e ettt . %
aberrations . . Erythroid * “ee Lates é’gqg”“”t
= CD71 P %
i * 17 immuno- e CD117
; .: - . % HLA-DR
~80%  .i | |3 Pphenotypic 2 opy3
*ea on® Concordunce . -..'io. .-"'- .::. ..: ... markers ......t CD5
: (>90 % in high-risk Monocytes “e, ot gggé
...:... MDS thientS) ._.... % c:lberrc:lnt i:..:n.i ‘
: : HLA-DR/CD11b e+, Neutrophils
CD13 e 2 % aberrant

CD56 “e* SSC
CD33

o
Cut-off
>3 % MPCs CD13/CD16
cut-off of 23 of these aberrancies associated with MDS

(not necessarily in two lineages!)

v
Cut-off
=b % blasts

Figure by courtesy of Prof. dr. med. Wolfgang Kern, MLLL, Munich, Germany

Kern et al., Cytometry B Clin Cytom. 2023; 104:51-65;
Porwit et al. Cytometry B Clin Cytom 2023; 104:27-50
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Validation of the ELN Scoring System

e Results validated in two independent cohorts

— Amsterdam UMC , Amsterdam, The Netherlands’
— University Hospital Carl Gustav Carus TU Dresden, Dresden, Germany?

1. Veenstra et al. (2025) HemaSphere; doi:10.1002/hem3.70075
2. Oelschlaegel et al. (2025) HemaSphere; doi:10.1002/hem3.70235
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Validation of the ELN Scoring System

Dresden, German
Amsterdam, The Netherlands : y

(A) allMDS  MDS MDS MDS MDS
Risk a(-‘ﬂ'oml'ﬂg to IPSS-M <5% 25% IPSS-M IPSS-M
blasts blasts (VL, L, ML) (MH, H, VH)
number of patients 359 205 154 63 49
Ogata Score iIFS < 7 ELN Score sensitivity 89% 84% 7% 86% 94%
100~ accuracy
(MDS/PC) 290% 86% 97% 20% 296%
80~ accuracy
(MDS/HBM) 920% 86% 7% 89% 95%

60

40+

Specificity as determined by pathological controls
* ELN Orginal paper (78%), Amsterdam (76%), Dresden (98%)
« HBM cohort in Dresden specificity of 97%

20+

_— e o o o S e e S oy,

& .@9% ‘1.0" & ¢o°’ '&0‘3 I & & &
q}q}*' é_\d}‘-' q—‘&* Q-§* Q}q‘," @n’h" . . . . .
& & & & A * Likely influenced by differences in pathological control
/ i
= Positive Semmm- - composition
mm Negative * Example: proportion of iron deficiency cases with

dyspoietic changes?

PC = Pathological control

1. Veenstra et al. (2025) HemaSphere; doi:10.1002/hem3.70075
2. Oelschlaegel et al. (2025) HemaSphere; doi:10.1002/hem3.70235
3. Van de Loosdrecht et al. (2023) Cytometry B Clin Cytom; doi:10.1002/cyto.b.22044
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ELN Scoring System

Independent validation confirm that “>3 of the identified 17 aberrancies” shows high

concordance with Integrated diagnostic approach, including high sensitivity in Low

Risk MDS patients

12 color single tube approach
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Take Home Message

The ELN iMDS Flow Working Group provides extensive recommendations to
harmonize MDS flow cytometry

The ELN Scoring System is an accessible and sensitive tool in the diagnostic work-up
of lower-risk MIDS

Spectral flow cytometry enables high-dimensional immunophenotyping in MDS and
supports integrated single-tube diagnostic strategies
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