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A. Prerequisite Criteria
- persistent cytopenia in one or more cell lineages

- exclusion of all other (non)hematopoietic disorders

B. MDS-related (decisive) Criteria
- dysplasia in >10% of all cells in one of the lineages
- or > 15% ring sideroblasts (iron stain) in BM smears

or 5–14% RS and SF3B1 mutation
- 5–19% blast cells in bone marrow smears 
- typical chromosomal abnormality (karyotyping or FISH)

C. Co-criteria
- abnormal findings in histology/immunohistochemistry of

bone marrow  biopsies
- abnormal immunophenotype of bone marrow cells
- evidence of a clonal population of myeloid cells

determined by molecular (sequencing) studies (NGS)
revealing MDS-related mutations

Integrated diagnostics in Myelodysplastic Syndromes



WHO-2016 guidelines on FC in MDS

• Percentages myeloid progenitors are informative
- cannot replace differential blast counts on smears
(fibrosis, hemodilution)

• Abnormal phenotypes of CD34+ may be additional evidence of dysplasia

• Aberrant differentiation patterns (myeloid and erythroid) can indicate dysplasia

• Aberrant findings in at least three tested features (not specified) and at least two cell 
compartments are highly associated with MDS or MDS/MPN

• FC in suspected MDS if performed acc. to recommended panels (ELN)

• FC as part of an integrated report

Arber DA and Hasserjian RP. Hematology 2015;294-298
Porwit A, et al., Leukemia 2014:28:1793-98
Arber DA, et al., Blood 2016;127:2391-2405



Reproducibility of myeloid progenitor cell count in MDS by FC

Johansson U, et al. Cytometry B Clin Cytom 2021: Dec 21. doi: 10.1002
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ELN Multicenter study on MDS and FC: myeloid progenitors (MPC)
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Recommendations 2022 of the ELN iMDS Flow WG on
pre-analytical and technical issues

Recommended antibodies



Antigen expression during neutrophil differentiation:
the concept
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Standardization of FC in MDS:
ELNet 2012-2021 recommendations
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Standardization of FC in MDS:
ELNet 2012-2021 recommendations



Aberrant antigen expression on the CD34+ myeloid progenitor population 
a 30y pregnant female presenting with rapidly progressive anemia and no clear evidence of 

dysplasia by cytomorphology
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Kern W, et al., Cytometry B Clin Cytom 2022; (provisionally accepted)

ELN Multicenter study on MDS and FC: myeloid progenitors (MPC)
Univariate analysis



Kern W, et al., Cytometry B Clin Cytom 2022; (provisional accepted)

Multicenter study: myeloid progenitors



Schematic representation of FC results: Integrated Flow Score (iFS)
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Cremers EMP, et al., Haematologica 2017, 102(2)
Van de Loosdrecht AA and Westers TM. J Nat Compr Cancer Netw 2013;11:892-902)

Porwit A, et al. Cytometry B Clin Cytom 2022 (provisionally accepted)

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

not  enough to consider MDS
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Recommendations 2022 on pre-analytical and technical issues
Impact of lysis
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Prospective multicenter trial on FC in MDS by the ELN iMDS Flow 
working group 2022
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Prognostic scoring systems in MDS: integrated flow score (iFS) vs. IPSS-R
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FC in CMML: Normal monocyte subset definitions



Selimoglu-Buet, L, et al., Blood 2015;125:3618-26

ROC: cut-off: 94% MO1
sensitivity 90% 
specificity 95%

Abnormal repartition of monocyte subsets in CMML
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Validation of monocyte subsets in CMML by ELN iMDS Flow WG



Selimoglu-Buet D, et al, Blood 2017

CMML-like MDS (not fulfilling
CMML criteria) with >94% MO1 
evolve to overt CMML (A-F/M)

(K-L): Associated inflammatory
conditions give rise to false-neg 
FC CMML diagnosis



Immunophenotypic aberrancies in a case of MDS/CMML

A. MyProg B. MyProg C.
Granulo+monocytes

93.7%

D. Monocytes E. Monocytes   F.
Monocyte subsets

Westers TM, et al., Cytometry B Clin Cytom 2022: Feb 18
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Several types of analysis

Saeys, Y., Van Gassen, S. & Lambrecht, B. Nat Rev Immunol 16, 449–462 (2016).



Computational FC in MDS

Duetz C, et al. Curr Opin Oncol. 2020;32:162-169
Duetz C, et al. 2021; Cytometry A. 2021;99(8):814-824



Per patient & MC:
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Abundance

Computational FC in MDS

Duetz C, et al. Curr Opin Oncol. 2020;32:162-169
Duetz C, et al. 2021; Cytometry A. 2021;99(8):814-824



Expression heatmaps and cell subset identification 
For each tube a heatmap visualizes the median marker expression levels and scatter signals (columns) over FlowSOM

metacluster (rows)

Duetz C, et al. 2021; Cytometry A. 2021;99(8):814-824
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Computational FC in MDS



Computational flow cytometry in MDS

Duetz C, et al. 2021; Cytometry A. 2021;99(8):814-824



Computational FC as a diagnostic tool in suspected-MDS
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Computational FC in MDS
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Computational FC in MDS
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Computational FC as a diagnostic tool in suspected-MDS

Duetz C, et al. 2021; Cytometry A. 2021;99(8):814-824



Conclusions and future directions
Unsupervised computational FC in MDS

• High diagnostic accuracy
• Prospectively validated
• < 30 seconds – 3 minutes
• Reduced number of cells needed including antibody use up to 86%
• Known and unknown cellular features

• (Prospective) multi-center validation ongoing
• Challenges with scatter harmonization
• Differences in sample preparation
• Exploration of more MDS-specific panels
• Optimization of the computational workflow 

Duetz C, et al. Curr Opin Oncol. 2020;32:162-169
Duetz C, et al. 2021; Cytometry A. 2021;99(8):814-824
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