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AI-powered models for cancer diagnostics

• Diagnostic AI-powered models assign patient samples precisely and 

objectively to cancer classes to guide optimal patient treatment

• Cancer tissue biopsy samples are subjected to analysis in molecular 

pathology. DNA methylation molecular signatures are our core technology, 

we are expanding into cancer biomarkers and digital pathology

More than 180,000 patient samples analyzed to date demonstrate rapid 

adoption and a high unmet clinical need



Classifiers are locked machine learning models

• DNA-methylation signatures provide a unique fingerprint of cancer 
cells.

• Classifiers are locked machine learning models that apply a fixed 
algorithm. The software does not employ continuous learning, 
adaptive AI, or real-time model updates. It uses a predefined set of 
classification rules derived from a validated training dataset.

• Classifiers are trained on a curated dataset using supervised machine 
learning techniques. The model parameters remain unchanged after 
deployment, ensuring consistent and reproducible classification 
performance across all users.

• The output report offers highly robust, objective diagnoses with a 
well-calibrated confidence score. The large validation cohort enables 
reliable diagnosis of rare cancer subtypes.



Methylation-data is generated from tissue biopsy

Tissue Biopsy DNA Extraction Methylation Data Classifier Analysis Individual Patient 
Management Plan



Clinical utility demonstrated in broad body of evidence

• A detailed prospective study of approximately 1,000 brain cancers 
revealed in 27% of cases a change or refinement in diagnosis compared 
with the current standard-of-care

• Classification enables the selection of the most appropriate treatment 
from established treatment options

• Precise diagnostics will improve clinical management, benefiting 
healthcare providers, healthcare professionals and the patients & 
families
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Capper, D. et al. DNA methylation-based classification of central nervous system tumours. Nature 555, 469–474 (2018).



Enabling precision tumor diagnostics

• DNA methylation-based classification has become a central pillar of state-of-the-art 
diagnostics in neuro-oncology. 

• Most prominently, the 2021 edition of the World Health Organization classification of 
central nervous system tumors lists DNA methylation profiling results as a desirable or even 
essential criterion for diagnosing several tumor types. 

• Other guideline authorities and medical societies, such as the NCCN, EANO, ICCR or 
RCPath UK, have also integrated methylation profiling into their recommendations. 

• We recently introduced the Heidelberg CNS Tumor Methylation Classifier version 12.8, 
trained using 7,495 methylation profiles, thereby expanding recognized tumor types from 
91 classes in the previously published version 11 to 184 subclasses.

• This expansion is primarily driven by novel tumor types discovered further elucidating the 
heterogeneity of CNS tumors.

Louis, D. N. et al. The 2021 WHO Classification of Tumors of the Central Nervous System: a summary. Neuro Oncol 23, 1231–1251 (2021)
Horbinski, C. et al. NCCN Guidelines® Insights: Central Nervous System Cancers, Version 2.2022. Journal of the National Comprehensive Cancer Network 21, 12–20 (2023)
Sahm, F. et al. Molecular diagnostic tools for the World Health Organization (WHO) 2021 classification of gliomas, glioneuronal and neuronal tumors; an EANO guideline. Neuro Oncol 25, 1731–1749 (2023)
Wesseling P, et al. Tumours of the Central Nervous System (CNS) Reporting Guide. 2nd edition. International Collaboration on Cancer Reporting Preprint at (2024)



Four tier hierarchical structure established

• A four-tier hierarchical structure comprising superfamilies, families, classes, and 
subclasses was introduced.

• Established diagnostic categories generally reside at the family or class level, where 
sufficient clinical and molecular evidence supports robust demarcation. 

• Newly recognized entities - sometimes defined by rather subtle epigenetic 
variations - are often placed at the subclass level, acknowledging unknown clinical 
relevance at this early stage.

• In cases where the boundaries among subclasses remain poorly defined, the 
classifier defaults to higher-level group assignments as a conservative approach. 

• The hierarchical organization accommodates both well-characterized tumor 
subtypes and newly discovered clusters, offering a nuanced classification system 
that captures the current knowledge and complexity of the CNS tumor landscape. 



Proposed evidence level annotation established

• The available information on the new and existing classes and subclasses and their 
alignment with the current WHO classification has been captured in evidence level 
annotation.

• The annotation has been curated and reviewed among an international group of 
neuropathologists

• Level a - Tumor type/subtype identical to WHO 2021
• Level b - Large single or more than one smaller dataset published describing the             

type/subtype as molecularly and/or clinically distinct, or the methylation class 
represents a distinct fraction of an established WHO 2021 tumor class

• Level c - Single small dataset or case series 
• Level d - solely based on clusters in tSNE/UMAP

• The annotation is typically provided at the most granular layer, plus in part also a 
higher layer if that instead matches a WHO type/subtype.



Training and evidence level annotation illustrated 

Training dataset version 12.8

(a) UMAP projection of 
7,495 samples used for 
training. 

(b) Legend indicating color 
code for each subclass. 
Letters in rounded 
brackets before 
abbreviation of the 
subclass indicate 
‘evidence level’.



Independent clinical performance validation

• A prospective study with >1,200 cases showed that 
adding molecular profiling improved diagnosis in nearly 
50% of cases compared to the gold standard.

• Classification enabled diagnostics of brain cancer 
subtypes that are difficult to differentiate by histology

• Classification confirmed treatment selection, including 
innovative treatments for certain cancer subtypes and 
therefore supported payer dialogue and fast coverage 
decisions 

• Classification prevented over-treatment of tumors 
misclassified as malignant by histology, reducing 
treatment costs and patient/family burden

Sturm, D. et al.; Nat Med 29, 917–926 (2023).



Improved treatment outcome

Sturm, D. et al. Nat Med 29, 917–926 (2023).

But they are molecular low-grade 
with excellent survival 
 unnecessary over-
treatment with chemo- and 
radiotherapy could be avoided

Example of an independent 
validation of classifier utility

tumors originally diagnosed 
as ‘high-grade glioma’ according 
to standard practices



Deng et al., NAN 2020

Novel entities defined: DGONC



Wefers et al., ANP 2020

Novel entities confirmed: IDG



Example Report Methylation Profiling, MGMT-PM and CNV



Broad application across all cancer types

• The biological principles underlying 
methylation- based tumor 
classification have the potential to 
transform diagnostic practice for ALL 
types of human cancer 

• Preliminary data on classification for 
other tumor indications, including 
head&neck, breast, colon, lung, skin, 
prostate and CUP has been generated



Revolutionizing Cancer Diagnostics

Enabling Precision Oncology

Diagnostic AI-powered models assign patient samples precisely and 

objectively to cancer classes to guide optimal patient treatment

Technology Deployed in Routine Testing

More than 180,000 patient samples analyzed to date demonstrate rapid 

adoption and a high unmet clinical need
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