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Disclaimers

• Covers both adult and pediatric “type” tumors; the two are not totally 
separable

• Some opinions are personal ; you may not agree; colored by me being 
a pathologist and diagnostician

• Relate more to Asian than western situations

• Show some personal experience how we have used methylation, 
please excuse
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About 50% of the entities in WHO 2021
have methylation as an essential or recommended
diagnostic feature

WHO 2021 Classification and methylation profiling 

Singh, Suri.  NOP 2023
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Epigenetics of tumors

• DNA methylation

• Histone modifications

• Remodeling of nucleosomes

• Non-coding RNA

Basic assumptions

• Patterns of  methylation (methylomes) reflect cells of origin

• Methylation suppresses tumor suppressor genes in cancers

Therefore, useful for tumor classification

• Histology can be observer-dependent
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Treatment by sodium bisulfite distinguishes
between methylated and unmethylated CpG

Phoebe Lu
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Signal intensities are processed to Illumina 
format files

Binary
IDAT 
files
(1 for red, 
1 for green)

Capper et al. Nature 555, 469–474 (2018)

Reference cohort  of nearly 3,000 cases
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Steps involved in the Moleculasr
Neuropathology “plot”

Singh, Suri.  NOP 2023
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More difficult with cancers with an anatomical
boundary as a critical diagnostic criteria (e.g. muscularis
propria, muscularis mucosae, basement membrane) ?

Isocitrate dehydrogenase (IDH) mutation 
- Oncogenic metabolite D2-HG competes
with histone demyethylase and leads
to increased genomic methylation

Miller,  Wen.  NO 2022
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An epigenetic classification of 
adult gliomas
which  partially uses the original Verhaak’s
transcriptomal terminology of glioblastomas

Ceccarelli, Verhaak.  Cell 2016

Malta, Noushmehr.  NO 2018

Wong, Noushmehr, Ng.  Modern Pathology 2021

Use of G-cimp

IDH mutant Grader 4 astrocytomas
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The Ceccarelli epigenetic classification can be used quite well for clinicopathologic correlation

Liu, Noushmehr, Ng.  Brain Pathology 2022

IDHwt glioblastomas

For adult gliomas, both epigenetic classifiers identified
overlapping cases

Tesileanu, French.      NO 2021
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Uploading of IDAT files
to DKFZ  Classifier website

13S7108
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13S7108

Chr. 10 loss

Chr. 7 gain

Chr. 11p amplification

CDK4 amplification

13S7108
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Pratt, Sahm, Aldape
NO 2021

Methylation profiling – the add ons

• MGMT status

• 1p19q status

• Gene copy variation of some genes

• chromosome changes (eg +7/-10)

• Selected fusion genes ? 
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Capper D et al. Nature 2018

The tSNE plot of Capper ‘s 
by dimensional reduction

IDH glioma, subclass high grade astrocytoma 

IDH glioma, subclass 1p/19q codeleted oligodendroglioma

IDH glioma, subclass astrocytoma

IDH mutant glioblastomas (our cohort, n=86)

glioblastoma, IDH wildtype, subclass RTK I

glioblastoma, IDH wildtype, subclass RTK II

glioblastoma, IDH wildtype, subclass mesenchymal

O_IDH

A_IDH

A_IDH_HG GBM_MES

GBM_RTK I

GBM_RTK II

Methylation profiling

Of Adult gliomas

Figure 1. Unsupervised clustering of reference cohort samples and 85 IDH mutant glioblastomas using t-SNE dimensionality reduction. The reference cohort of the DKFZ

CNS tumor classifier includes 82 tumour and 9 non-tumour classes and they are shown as circles of different colors. The 85 primary IDH mutant glioblastomas of our

cohort clustered mainly to the (I) IDH mutant high grade astrocytomas; (2) glioblastoma, IDH wildtype, subclass RTK II and (3) subclass mesenchymal (green triangles).

Mutations of IDH in our samples were tested and confirmed by independent PCR and sanger sequencing.

Wong, Ng
Modern Pathology 2021
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Pediatric H3 wt high grade gliomas
Hong, Ng.  Laboratory Investigation 2022

HGG  of adolescents and young adults    
Shi, Ng.  NAN 2022
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WHO Classification 2021
Glial and glio-neuronal tumors

WHO Blue Book 2021

Advantages of methylation profiling

• Clarifying diagnosis – increase precision of diagnosis

• An uniform methodology – Illumina 

• Discovery of new tumor entities

• Molecular grouping of medulloblastoma (limitations of transcriptomic 
methods eg nanostring assay)

• Fine stratification/ characterization of known entities (examples : 
meningiomas, pineal gland tumors, “PNET”)
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Fine stratification of meningiomas

Fine characterization of existing tumors – pineal gland tumors

Liu, Huang.  Acta Neuropath 2021
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Liu, Ng.  Acta Neuropath 2022

Fine characterization of known rare tumors – pituitary blastomas

Discovery of new entities, recent examples

• High grade astrocytoma with piloid features (WHO entity)

• Neuroepithelial tumors with PATZ fusion

• Neuroepithelial tumors with PLAG1 fusion

• Oligosarcoma

• Glioneuronal tumor with ATRX alteration, kinase fusion and anaplastic 
features (GTAKA)

• More
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Methylation for precise diagnosis

• Probably more useful in pediatric type brain tumors

• Adult brain tumors less useful, especially for the common diffuse 
gliomas

• Extremely useful for medulloblastoma subgrouping where the other 
methodologies used, IHC or nanostring, have limitations

• Extremely useful or a must for the rarer tumors

Calibrated score >9 : 65%
Calibrated score >6 : 75%
Informative with tSNE : 88%

Series of 94 pediatric tumors

Tam, Ng, Liu.  Cancers 2023

Methylation profiling as a routine diagnostic tool – many studies
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Tam, Ng, Liu.  Cancers 2023

Methylation profiling as a diagnostic tool - issues

• Cost

• Time and batch issues - ?? nanopore sequencing

• ? Grading 

• Discrepancy with conventional testing, e.g. MGMT, 1p19q

• ? Fusion

• Not used in clinical trials yet

• Classifier not sync with WHO entities and nomenclature –significance of subclasses

• New versions and entities in the Classifier

• Actual case data of subsequent versions not available

• Scores >0.9 not always, what of scores of 0.5-0.9 ?

• Not pathway- or mechanism –related

• Medico-legal challenges
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Acta Neruropathologica 2022

Nanopore sequencing vastly reduces
turnaround time

NAN 2022

DKFZ’s own experience of pediatric brain tumors
Sturm, Jones.   Nature Medicine 2023

1,182 tumors

21% could not be assigned a class
(including tSNE)

2% of tumors classified as normal tissues

67.8% concordant with the histological (WHO)
diagnoses

Refinement in diagnoses in 50%

Clinically relevant discrepancy in  5%
(more in other series) 

Most common discrepancy being histological
APA or GBM assigned by methylation to PA, GG 
Or MYB/MYBL

Methylation part of the paper
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DKFZ Classifier website

Issues as a regular diagnostic tool

• Need for relatively high workload

• Time for results – difficulty of communication when dx changed

• ? Normal tissue ? Inflamed tissue as diagnoses

• Difficulty of communication with “undiagnosable” with patients and 
clinicians 

• Expertise required if tSNE is needed  - most studies used

• Gene fusions eg BRAF detection not always feasible 

• Terminology not fully sync with WHO classifications
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It is unclear how many cases are in the cohorts of the newer versions

Novel subtypes are introduced in new versions but the details of these cases which formulate
these subtypes are not available
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Correlation between WHO 2021 and 
DKFZ Classifier classification

Wenger, Caren.  Cancers 2022

The four levels of classification at the DKFZ Classifier

Wenger, Caren. Cancers 2022
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Methylation  - other technical issues

• Low tumor content – diagnoses of “control tissues” or lower grade 
tumors

• Amount of DNA, Quality of DNA

• The Heidelberg group formed a company for methylation profiling

• Are there alternative methods of clustering, e.g. RNAseq

Integrated approach to brain tumor diagnosis 

Bandopadhayay & Mardis.  Nature Medicine 2023
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But even integrated genomics for a diagnostic 
process has its problems

• Time and cost for multiomic approach

• Cannot replace some single gene tests, e.g. TERT

• Mental laziness – “just send for the NGS and/or methylation” lacking 
a “pathologic strategy” for reaching a diagnosis

Thank you
Please excuse personal opinions


