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Computational cytometry?
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Typically, you look at cytometry data like this …
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… or maybe sometimes like this …
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… but this is what computational cytometry looks like

1 
ro

w
 =

 1
 e

ve
n

t 
m

ea
su

re
d

cytometer channels



Manual analysis vs computational cytometry
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manual analysis

• subjective
• difficult to standardize
• biased

• time consuming
• not feasible for analysis of

high-dimensional data

automated analysis

• more objective
• easier to reproduce
• more unbiased

looks at all cells/parameters
simultaneously

• faster
• is able to handle

high-dimensional data

find optimal synergy between both approaches



Automated computational analysis pipeline
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Automated computational analysis pipeline
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marker names

compensation controls

fluorochrome names

machine settings

Cy 79a

CD79A CITOCD79 CITO

cCD79a

c79A cCD79A

cy 79a

CD79

CD79 A-CITO

cyCD79a

CITO79A

CD79a

standardization

AF488

AlexaFluor 488

A488 AF_488

AF 488

AlexaFluor_488

Alexa-Fluor-488

Alexa_488

Blenman et al 2021 Cytometry A



Automated computational analysis pipeline
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compensation transformation
remove
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Preprocessing overview
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read
fcs file

remove
margin events

compensation transformation
remove

doublets

Remove events that are outside, or at the borders of, the detectable range of the cytometer

PeacoQC



Preprocessing overview
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read
fcs file

remove
margin events

compensation transformation
remove

doublets

e.g. overcompensation correct compensation
matrix applied- 10000

AmCyan-APacific Blue-A

90000



Preprocessing overview
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compensation transformation
remove

doublets

without transformation biexponential transformation (e.g. logicle)

drawing © Katrien Quintelier



Preprocessing overview
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Automated computational analysis pipeline
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Quality control on two levels
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per file between files

e.g.
• clogs during acquisition
• changes in flow rate

e.g.
• new antibody batch
• change in machine settings

check the signal consistency over time check for batch effects between samples



Within-file quality
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changes in flow rate and signal

changes in signal



Impact of no quality filtering

16 Emmaneel et al, 2022, Cytometry A



PeacoQC for automated quality control

17 Emmaneel et al, 2022, Cytometry A



PeacoQC for automated quality control

18 Emmaneel et al, 2022, Cytometry A



PeacoQC for automated quality control

19 Emmaneel et al, 2022, Cytometry A



PeacoQC for automated quality control
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PeacoQC for automated quality control

changes in flow rate and signal



PeacoQC for automated quality control

empty tube



Between-file consistency
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Impact of no batch effect correction
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not normalized after normalization

batches



Batch effect correction approaches
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sample 1

sample 2

sample 3

aligning quantiles or percentiles aligning density peaks

e.g. min-max normalization, percentile normalization e.g. gaussNorm, fdaNorm

Hahne et al, 2009, Cytometry A



CytoNorm for batch effect correction

26 Van Gassen et al, 2019, Cytometry A



CytoNorm for batch effect correction
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not normalized CytoNorm normalized

keep track of possible batch effects
be careful not to lose biologically relevant differences



Automated computational analysis pipeline
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Two-level clustering

 simple but fast
Self-Organizing Map (SOM)
overclustering

Automated gating using FlowSOM

Van Gassen et al, 2015, Cytometry A
Quintelier et al, 2021, Nature Protocols
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Two-level clustering

 simple but fast
Self-Organizing Map (SOM)
overclustering

every circle (“cluster”) represents
a group of cells with a 
similar marker expression profile

Automated gating using FlowSOM

Van Gassen et al, 2015, Cytometry A
Quintelier et al, 2021, Nature Protocols
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Two-level clustering

 simple but fast
Self-Organizing Map (SOM)
overclustering

Automated gating using FlowSOM

Van Gassen et al, 2015, Cytometry A
Quintelier et al, 2021, Nature Protocols

high expression of
CD7, CD3, cyCD3, CD45
(low expression of other markers)
→T cells



Automated gating using FlowSOM
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Van Gassen et al, 2015, Cytometry A

Quintelier et al, 2021, Nature Protocols

Two-level clustering

 simple but fast
Self-Organizing Map (SOM)
overclustering

 more sensitive
hierarchical consensus clustering
on the SOM nodes

metaclusters
~ cell populations

B cells

T cells

myeloid cells



Cell type vs cell state markers

33 Dietz, Quintelier, et al, 2023, J Immunother Cancer



Automated computational analysis pipeline
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FlowSOM output

What’s next?

level: cluster and metacluster
features: counts, percentages, MFIs

compare abundances/population MFIs between outcomes of interest
predictive modeling
…



Translating computational cytometry to the clinic
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Computational flow cytometry as a diagnostic 
tool in suspected-myelodysplastic syndromes
Duetz C, Van Gassen S, et al (2021) Cytometry A



Automated analysis for more accurate and faster 
distinction between MDS and non-neoplastic cytopenias

MDS patients

computational preprocessing
- QC
- removal of doublets
- compensation
- transformation

FlowSOM features per metacluster
- percentage
- MFI per parameter
- CV per parameter

machine learning classifier
(random forest)tr
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independent validation

MDS

no MDS

automated analysis

manual analysis

sensitivity specificity

97% 95%

81% 86%

identification of the cellular features most relevant for diagnosis

time

30 sec

1 hour

controls
features
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Duetz et al 2021 Cytometry A
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Immune response after immunotherapy
for malignant peritoneal mesothelioma
Dietz M, Quintelier K, et al (2023) Journal for ImmunoTherapy of Cancer



Clinical trial for malignant peritoneal mesothelioma

Dietz MV et al, 2023, J Immunother Cancer

clinical trial design

cytoreductive surgery with hyperthermic intraperitoneal chemotherapy

dendritic cell vaccine

computational analysis



Computational analysis allowed for a comprehensive and complete analysis 
where co-expression of all phenotypic markers could be studied on the cell-type level

Dietz MV et al, 2023, J Immunother Cancer

increase of CD8+ Temra cells after 
one vaccination is correlated with 
longer progression-free survival
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Unraveling the immunophenotypic
landscape in acute myeloid leukemia
Couckuyt A et al (2023) manuscript submitted



preprint available

mutations/translocations cell populations identified by FlowSOM (multiple tubes)

Genotype-phenotype associations
outcomes
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AML patients
Ghent University Hospital (BE)

2015-2019
n = 122
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Genotype-phenotype associations

preprint available
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Prediction of outcome
Patients with above-median expression levels of CD34+ CD117+ HLA-DR+ cell populations showed the shortest time-to-relapse

preprint available
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Improved diagnosis of primary 
immunodeficiences using explainable AI
Emmaneel A et al (2023) manuscript in preparation
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unpublished data (manuscript in preparation)



And more…
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CytoNorm 2.0
normalization without control samples
manuscript submitted

compensation QC

automated MRD detection

spectral flow
preprocessing pipeline
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