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WHO Classification 2001 to 2017

Genetically defined entities:   5 
AML (n=4), MDS (n=1)

Genetically defined entities: 24 
AML (n=10), MDS (n=2), 

MPN (n=3), ALL (n=9)

Genetically defined entities: 31 
AML (n=12), MDS (n=2), 

MPN (n=6), ALL (n=11)

2001 2008 2017



Cytomorphology

MGG



Immunophenotyping: AML (10-color-staining)



Karyotype: 46,XX,del(5)(q15q32)



• APC
• ASXL1
• ASXL2
• ATM
• ATRX
• BCOR
• BCORL1
• BRAF
• BRCC3
• CALR
• CBL
• CDH23
• CDKN2A
• CEBPA
• CREBBP
• CSF3R
• CSNK1A1
• CTCF
• CUX1

• DDX41
• DDX54
• DHX29
• DNMT3A
• EP300
• ETNK1
• ETV6
• EZH2
• FANCL
• FBXW7
• FLT3
• GATA1
• GATA2
• GNAS
• GNB1
• IDH1
• IDH2
• JAK2
• KDM5A

• KDM6A
• KIT
• KMT2D
• KRAS
• MPL
• MYC
• NF1
• NOTCH1
• NPM1
• NRAS
• PHF6
• PIGA
• PPM1D
• PRPF8
• PTPN11
• RAD21
• RB1
• RUNX1
• SETBP1

• SF1
• SF3A1
• SF3B1
• SH2B3
• SMC1A
• SMC3
• SRSF2
• STAG2
• SUZ12
• TET2
• TP53
• U2AF1
• U2AF2
• WT1
• ZBTB7A
• ZRSR2

MLL Myeloid panel

73 genes 
+ 23 loci for Pat ID

MLL data



Z = Cytomorphology

C = Cytogenetics

F = FISH

M = Moleculargenetics
I = Immunophenotyping

Composition of goldstandards in hematology

MLL data





AI-based peripheral blood cell differentiation

10,082 patient samples (Jan 2021 – Jul 2021)

∑ = 988,130 cells
differentiated

∑ = 4,937,389 
cells differentiated

Capture time for 500 
cells: 4:37 min

Highly skilled technicians
(median 5y in lab)

52% Segmented neutrophils 53%

2.25% Eosinophils 3.36%

0.72% Basophils 0.72%

7.5% Monocytes 6.64%

31.7% Lymphocytes 24%

0.97 % Pathogenic blasts 1.65%

Concordance of 95% for
pathogenic cases

Model for 21 predefined
classes

MLL data

NCT04466059



AI-based bone marrow object detection

MLL data

Manual object definition AI based object detection





AI-based diagnostic using flow cytometric data

Training data (80%)
∑ ~29,329 Samples

Test data (20%)
∑ ~7,332 Samples

XGboost training

Evaluation

Final algorithms

T-NHL

B-NHL

MGUS, MM

MDS

AML

Retraining

T-ALL

B-ALL

Accuracy: 82-94%

• Optimization to detect small populations & perform MRD

• To be used for all flow machines/workflows

Intended diagnostic workflow

Sample & suspected
diagnosis

Yes

No
T-NHL

T-ALL

B-ALL

MLL data





Manual 
classification



AI-based
classification



AI-based classification – optimized version





Predictor Score

PROVEAN -3.92

VEST3 0.872

M-CAP 0.735

SIFT 0.005

Polyphen-2 1.000

FATHMM -7.28

FATHMM-MKL 0.980

Mutation Assessor 2.935

LRT 0.000

Mutation Taster 1.0

• Model trained on ~500 
manually curated variants

• Variants where observed at 
least 10x in the MLL data set

• Variants where 
unambiguously classified as 
either “somatic mutation” or 
“benign polymorphism”

MLL Predictor 0.997

TP53: c.743G>A

A variant with pathogenic
in silico predictions

Random forest
model

MLL Predictor: A hematological ensemble predictor

MLL data



Predictor Score

PROVEAN -0.26

VEST3 0.175

M-CAP 0.047

SIFT 0.045

Polyphen-2 0.238

FATHMM -3.23

FATHMM-MKL 0.815

Mutation Assessor 2.05

LRT 0.023

Mutation Taster 1.0

MLL Predictor 0.066

TP53: c.1027G>C

A variant with conflicting in 
silico predictions

Random forest
model

MLL Predictor: A hematological ensemble predictor

MLL data



Data Interpretation: NGS
= Variant annotation & interpretation 
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Variant discovery

Variant Calling for
SNVs

(Pisces)

Variant Calling for
small SVs

(Pindel)

Combination of SV 
calls

(Scylla)

Analysis-ready
variants

Data pre-processing

Raw Reads

Mapping to reference
(H.sapiens hg19)

Indel Realignment

Analysis-ready
reads

Variant interpretation

Report-ready
variants

Variant annotation

Variant interpretation
• DB (COSMIC, 

ClinVar, etc.)

• In-house database

• MLL predictor

AML: 209

ALL: 3

Other: 29

MDS: 46

Not specified: 14

Reactive condition: 3

MPN: 6
MDS/MPN: 12

COSMIC

ClinVar

dbNSFP

DNMT3A
c.2644C>T



Cytomorphology

Molecular

Genetics

FISH

Cytogenetics

Immunophenotyping

RNA-Seq

WGS

Standard diagnostics Diagnostics of the future (?)

Structural variants
Fusion transcripts

Copy number
variants

Mutation 
profiles

Gene
expression

2
1
0

-1
-2

WGS and WTS as diagnostic tools



WTS
(1.5d)

DNA
(~6hr)

Library 
Preparation

Sequencing

Data 
Analysis

Processing steps
- Fragmentation
- End repair

- Adapter Ligation
- Amplification (RNA)

WGS (~44hr) 
90x coverage
2x151 cycles

WTS (~24hr) 
50 mio reads
2x101 cycles

turn around time
5-7 days

Data preprocessing (~7hr)
- FASTQ generation
- Alignment

- Variant calling (SV, SNV)

Data analysis
- Variant interpretation
- Gene expression
- CNV analysis

- SV analysis

Bridger



Sequenced Samples (n = 5008)

MLL 5k genomes
Project status

more than 30 entities

were sequenced

Additional 409 cases

are in process or

sequenced for other

projects

Σ 5,417 genomes

WGS RNA

WGS median coverage: 103x

RNA median read count: 68 Mio



Report

Copy Number Variants

Gain

Loss

Structural Variants

Translocation

Integrated application for WGS data 



MLL data

MLL 5k genomes
Confusion matrix for prediction



Sample decision plot

MLL data



Cloud-based infrastructure for application of AI in hematology



MRD

Personalized Medicine driven by Genetics

tumor
profile

germline
profile



The virtual medical coach
Model for individualized guidance

E. Topol, Nature Medicine, 25, 44-56, 2019



The analogy between self-driving cars and medicine

E. Topol, Nature Medicine, 25, 44-56, 2019



Deep Medicine

“AI will not replace physicians. 

However, physicians who use AI 
will replace those who don’t.”



See behind – Go beyond
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