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AI in Neuro-Oncology

Khalighi S, Reddy K, Midya A, Pandav KB, Madabhushi A, Abedalthagafi M. Artificial intelligence in neuro-oncology: 
advances and challenges in brain tumor diagnosis, prognosis, and precision treatment. NPJ Precis Oncol. 2024;8(1):80.





t-SNE projection of methylation array profiles 
from ependymal tumours

T-SNE: t-distributed stochastic neighbor embedding 2021 WHO



High-grade astrocytoma with 
piloid features (HGAP)

2021 WHO



Infinium MethylationEPIC (850K) 
BeadChip microarray

(Modified from Wikipedia.org.)

1. 850,000 CpG (cytosin-phosphate-guanine) sites

2. Bisulfite conversion: 

Any methylated C stays as a C

Any unmethylated C is converted to a U (uracil)

3. Hybridization on BeadChip, fluorescently labeled and scanned

4. Analysis through bioinformatic pipelines

Illumina 

BeadChip



DNA methylation-based classification of 
CNS tumors (DKFZ Heidelberg)

Capper D, Jones DTW, Sill M, Hovestadt V, Schrimpf D, Sturm D, et al. DNA methylation-
based classification of central nervous system tumours. Nature. 2018;555(7697):469-74.
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Figure 1 | Establishing the DNA methylation-based CNS tumour reference cohort.

CNS tumor reference cohort



≥ 0.9:matching to a defined
         DNA methylation class

< 0.9: no match

Figure 2 | Development and cross-validation of the DNA methylation-based CNS tumour 

classifier. 

DNA methylation-based classification of 
CNS tumors (DKFZ Heidelberg)

1. Machine learning random forest 
classifier

2. Generated 10,000 binary decision trees 
with data from all 2801 references 
samples

3. Each tree assigns a given tumor 
sample to one of the 91 classes 
resulting in an aggregate raw score

4. Raw scores are transformed calibrated 
scores to enable inter-class 
comparability

5. Calibrated scores represent an 
estimated probability measure of 
methylation class assignment. 

Capper D, Jones DTW, Sill M, Hovestadt V, Schrimpf D, Sturm D, et al. DNA methylation-
based classification of central nervous system tumours. Nature. 2018;555(7697):469-74.
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Figure 3 | Implementation of the classifier in diagnostic practice.

DNA methylation-based classification of 
CNS tumors (DKFZ Heidelberg)
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Figure 4. Reassessment of discrepant cases and establishment of new diagnosis

DNA methylation-based classification of 
CNS tumors (DKFZ Heidelberg)



Molecularneuropathology.org



Among the received cases in consultation, a 
high-confidence methylation classifier score 
(>0.84) was reached in 66.4% of cases. The 
classifier impacted the diagnosis in 46.7% of 
these high-confidence classifier score cases, 
including a substantially new diagnosis in 
26.9% cases. 

Among the 289 cases received with only

a descriptive diagnosis, methylation was able 
to resolve approximately half (144, 49.8%) with 
high-confidence scores. Additional methods 
were able to resolve diagnostic uncertainty in 
41.6% of the low-score cases.

DNA methylation-based classification of 
CNS tumors (NIH/Bethesda)



Methylscape Analysis-NIH



Methylscape Analysis-NIH



Benefits of methylation profiling 

1. Accurately classify brain tumors into 
specific molecular tumor types

2. Identify new tumor types



UNMC Case presentation

63-year-old male with a 5.8 cm 
heterogeneously enhancing mass 
along the anterior inferior frontal lobe

GFAP

FISH: polysomy 7, monosomy 10, homozygous deletion of CDKN2A

NGS (POP300): RB1 and TP53 mutations

NF



Methylscape Analysis-NIH



High-grade glioma with pleomorphic 
and pseudopapillary features (HPAP)



Challenges/limitations of 
methylation profiling 

1. Expensive
2. No specific CPT code
3. Only available in a few large referral centers
4. Long turnaround time (2 weeks ~ months)
5. Requires high tumor concentration
6. 20 ~ 30% cases can’t be classified confidently



Future directions: 
Improve algorithm / classifier

Molecularneuropathology.org



Future directions: 
Nanopore sequencing?
Advantages:
1. Directly detect methylated cytosines without bisulfite conversion
2. Rapid, real-time data generation
3. Relative low setup cost

Disadvantages:
1. Can only generate very sparse methylation profiles
2. Requires separate algorithms / classifiers 

Schatz, M. Nanopore sequencing meets epigenetics. Nat Methods 14, 347–348 (2017)

Methylated base alters ionic current 



Future directions: 
Nanopore sequencing?



Summary

1. Whole-genome DNA methylation profiling is a 
robust technique that utilizes machine learning to 
improve diagnostic accuracy and to identify new 
tumor types.

2. DNA methylation array is expensive, time-
consuming, and not widely available.

3. Nanopore sequencing may potentially perform 
rapid methylation-based classification in a low-
throughput setting



T h a n k  y o u !
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