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fusion oncogenes, including among other fusion partners ZNF532, are 
drivers of aggressive NUT carcinomas. Furthermore, NUTM1 can be a fu-
sion partner in CIC-rearranged sarcoma. The present case neither qualified 
as carcinoma nor sarcoma. As no clear response was evident after 3 cycles 
of HIT-MED Guidance therapy was switched to the Scandinavian Sarcoma 
Protocol. A similar case showing embryonal morphology has been recently 
reported (PMID 37203791). In conclusion, the spectrum of NUTM1-
rearranged tumours is expanding and rare unclassifiable CNS embryonal 
tumours should be checked for NUTM1 immunopositivity/rearrangement.
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BACKGROUND: The 2021 WHO classification update highlights the 
necessity of integrating molecular alterations for precise central nervous 
system (CNS) tumor diagnoses. However, current molecular reporting 
methods are hindered by significant initial investment, labor-intensive proto-
cols, and lengthy turnaround times. Methylation-based classification has 
emerged as a pivotal diagnostic tool but is currently limited to array-based 
techniques. This necessitates exploration of novel technologies to stream-
line molecular analysis. METHODS: We implemented Rapid-CNS2 - our 
adaptive sampling-based nanopore sequencing workflow- on 190 adult 
and pediatric samples at University Hospital Heidelberg and University of 
Nottingham. Intraoperative potential was assessed through real-time ana-
lysis followed by 24-hour sequencing for comprehensive genomic insights. 
Additionally, we developed MNP-Flex, a platform-agnostic version of the 
Heidelberg methylation classifier covering 184 CNS tumor classes. We 
evaluated MNP-flex on a global cohort of over 78,000 samples from methy-
lation arrays, whole genome bisulfite sequencing, nanopore whole genome 
sequencing, methylation panels and Rapid-CNS2. RESULTS: Rapid-CNS2 
validation yielded accurate integrated diagnoses in all 190 samples. Within 
a crucial 30-minute timeframe, we reported accurate methylation families 
and arm-level copy number profiles followed by next-day reporting of 
fine-grained methylation classification, SNVs, focal CNVs, MGMT status, 
fusions and novel structural variants. Moreover, MNP-Flex achieved 92% 
accuracy over the validation dataset spanning over 78,000 samples from 
five different technologies. CONCLUSIONS: The adoption of Rapid-CNS2 
and MNP-Flex enables rapid intraoperative broad methylation classification 
and copy number alteration reporting within 30 minutes, with additional 
clinically relevant, fine-grained molecular insights available the following 
day. It offers clinicians rapid access to comprehensive molecular information 
critical for treatment decisions. Furthermore, MNP-Flex extends the utility 
of the Heidelberg methylation classifier to diverse sequencing-based data. 
By overcoming the limitations of currently available methods, our workflow 
represents a paradigm shift in the field, promising improved management of 
CNS tumor patients. Rapid-CNS2 can be executed with a single command, 
while MNP-Flex is publicly available as a web service, enhancing accessi-
bility and usability for clinical applications.
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BACKGROUND: Array-based DNA methylation profiling is the gold 
standard for molecular classification of brain tumors. However, it relies 
on significant amount of input DNA extracted from surgical tissue, thus 
limiting its use for tumors where biopsy is challenging or limited in quantity. 
Cell-free tumor DNA (cfDNA) in cerebrospinal fluid (CSF) presents alter-
native opportunities for brain tumor diagnosis and disease monitoring fol-
lowing treatment. Novel enzymatic DNA methylation sequencing (EM-seq) 
methods may allow us to overcome input DNA limitations and accurately 
quantify methylation from cfDNA. METHODS: We performed methylation 
sequencing using the NEBNext EM-seq kit on cfDNA from archival CSF 
samples collected from three brain tumor patients with confirmed histo-
pathological diagnoses. Variable amounts of input cfDNA (0.1ng-10ng) were 
tested. We utilized the methylseq pipeline for data processing. For tumor clas-
sification, data was limited to CpG sites overlapping the MethylationEPIC 
array before analysis using MNP-Flex, a modified platform-agnostic ver-
sion of the Heidelberg methylation classifier RESULTS: Using the EM-seq 
method, genomic coverage for 10 and 1ng input DNA samples (average: 46x 
and 26x, respectively) was sufficient for generating global methylation pro-
files. Samples with 0.1ng input showed an average coverage of only 5.32x 
due to high levels of read duplication. However, methylation levels for CpG 
sites with at least 5x coverage were highly correlated across varying input 
DNA amounts, suggesting that lower input cfDNA could still be used for 
tumor classification based on relevant CpG sites. CONCLUSIONS: Using 
the MNP-Flex classifier, which was originally trained with methylation array 
data from tumor tissue, we successfully predicted brain tumor types (both 
high-grade glioma and medulloblastoma) with cfDNA methylation data 
down to only 0.1ng of input cfDNA, matching diagnosis based on tissue 
methylation and histopathology in this pilot study. Further classification of 
additional tumor types using CSF cfDNA is required to confirm the clinical 
utility of this platform.
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BACKGROUND: DNA methylation-based classification has been trans-
formative in the molecular diagnostics of pediatric brain tumors, while 
additionally providing foundational insights into disease biology. Current 
diagnostic pipelines integrate histopathology and molecular tools in ac-
cordance with the WHO classification of CNS tumors which rely on the 
availability of tissue specimens. However, sometimes tumors are not amen-
able to neurosurgical resection due to their high-risk locations. Likewise, 
tissue collection is not routinely performed longitudinally. Liquid biopsies 
(LBs) have emerged as a minimally invasive, serially collectable source of 
tumor-derived material that have shown promise in detecting minimal re-
sidual disease (MRD) in pediatric neuro-oncology. Still, success rates of 
LB profiling have varied between studies, warranting the deployment of 
more reliable and reproducible assays. METHODS: In the current study, 
we implemented a novel cell-free DNA (cfDNA) methylation sequencing 
(EM-seq) workflow in a large cohort of cerebrospinal fluid (CSF) samples 
(n>200 patients) representing most pediatric brain tumor entities. Opti-
mization of EM-seq for CSF specimens enabled the generation of genome-
wide cfDNA methylation profiles from minimal starting material. Utilizing 
well-established CNS tumor DNA methylation datasets as references, we 
trained a deep neural network specializing in the classification of low tumor 
burden and sparse methylation profiles. Implementation of a novel tumor 
enrichment algorithm, coupled with DNA methylation imputation and sub-
sequent deconvolution, facilitated detection and classification of low tumor 
burden samples, including those with balanced genomes that would have 
been overlooked using previous generation assays. RESULTS: Our LB-based 
classifier allowed for highly accurate tumor detection and entity prediction 
(AUC=0.9) across the cohort. Case examples highlight the potential of this 
approach in establishing tumor classifications in inoperable cases and in 
performing serial disease monitoring. CONCLUSIONS: Collectively, this 
study provides a blueprint for developing a CSF-based tumor classifier from 
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