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Brain tumor resection
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Willman et al., 2023
Badza et al., 2020 



Standard practice for CNS tumors 
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Senders et al., 2018
Sturm et al., 2023

aim: intra-operative DNA 
methylation-based classification

• sequencing
• Immunohistochemistry
• methylation microarrays



DNA Methylation as biomarker

One genotype
– multiple phenotypes -

Epigenome
– 2nd layer of information -



Comprehensive training dataset 
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More than 2,800 samples covering 91 tumor classes
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Intra-operative classification approach
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Intra-operative classification approach
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Throughput (CpGs covered by Illumina 450k BeadChip)

~7,500 CpGs in 15 minutes

98% missing values



Naïve Bayes 
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Bayes’ Theorem

 
 

Independence assumption 
 

class prior
likelihood

predictor priorposterior

 



Methylation profiles are highly correlated
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Feature weighting to discern informative 
and non-informative features 



ReliefF-based feature weights

 

Kira and Rendell, 1992 
Kononenko, 2005



MethyLYZR Framework



Evaluation – Synthetic Data
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Using 450k data to simulate low-coverage Nanopore sequencing

Broad level accuracy:
97.72%



Evaluation – Nanopore data 

13

 



Feasibility – Tumor Purity
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Tumor purity cut-off [%]
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Training Naïve Bayes model

centroids

weights

Complexity



Model Scalability  

17Salomon et al., Scientific data (2018) 

Metastases

• Breast cancer (n = 30)

• Lung cancer (n = 18) 

• Melanoma (n = 37) 

Sarcomas

• m = 65 classes

• n = 1077 samples

Koelsche et al., Nat. Commun. (2021) 

Synthetic data

core MethyLYZR classes



Evaluation – Nanopore data 
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Feasibility – Liquid biopsy
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Cerebrospinal Fluid (CSF) from Lumbar Puncture

Afflerbach et al., 2023



Feasibility – Liquid biopsy
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Cerebrospinal Fluid from Lumbar Puncture

Afflerbach et al., 2023
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Evaluation – Nanopore cohort 
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Comparing Performance to Sturgeon

• Data augmentation to train neural network

• >35 million simulated runs from 2800 arrays

• 18/25 classified samples in under 90 minutes

• 20-40 minutes of sequencing 



Evaluation – Synthetic Data
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Using 450k data to simulate low-coverage Nanopore sequencing

Histological classes (m = 8) defined by Capper et al. (2018)

“histologically and biologically closely related tumour classes, the 
distinction of which is currently without clinical impact”



Benchmarking 

Training Prediction

• ad hoc RF
• 17-60 min

• neural network
• few seconds

• ad hoc RF
• no pre-training possible

• neural network
• days – weeks
• hundreds of GB to TB memory 
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RELIEF-based feature weighting

 

Kira and Rendell, 1992 
Kononenko, 2005
Urbanowicz et al., 2018 

 

 

  

 



Feature weighting in Naïve Bayes

 
proposed by Foo et al., 2021: 

 

 

 

Zaidi et al., 2013
Xiang et al., 2015
Jiang et al., 2018


