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            Abstract
Definitive diagnosis of intracranial tumors relies on tissue specimens obtained by invasive surgery. Noninvasive diagnostic approaches provide an opportunity to avoid surgery and mitigate unnecessary risk to patients. In the present study, we show that DNA-methylation profiles from plasma reveal highly specific signatures to detect and accurately discriminate common primary intracranial tumors that share cell-of-origin lineages and can be challenging to distinguish using standard-of-care imaging.
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                    Fig. 1: Tumor-specific plasma methylomes can distinguish gliomas from extracranial cancers and healthy controls.[image: ]


Fig. 2: Plasma cfDNA methylomes can discriminate common intracranial tumors with similar cells of origin.[image: ]
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                Data availability


The data used to deconvolute healthy plasma cell type were previously published and available in the Gene Expression Omnibus (GEO) repository under accession code GSE122126.

All the cell line datasets analyzed during the present study were previously published and available in the GEO repository under accession code GSE68379.

Processed cfMeDIP-seq data and intermediate data objects are available in a Zenodo archive at https://doi.org/10.5281/zenodo.3715312. Preprocessed cfMeDIP-seq data generated in this manuscript are available on request from the corresponding authors (D.D.C. and G.Z.) to comply with the Princess Margaret Cancer Center Institute ethics regulations to protect patient privacy. All requests will be promptly reviewed by the Technology Development and Commercialization team to verify whether the request is subject to any intellectual property or confidentiality obligations. Any data and materials that can be shared will be released subject to a data transfer agreement.



Code availability


R markdowns of the code used to generate the results in this paper are available in a Zenodo archive at https://doi.org/10.5281/zenodo.3715312
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Extended data

Extended Data Fig. 1 cfMeDIP-seq signals of gliomas compared to extracranial cancers and healthy controls.
a, Bar-chart showing the distribution of samples in the 447 sample cfMeDIP cohort. b, Flowchart of machine learning algorithm used to train and evaluate cfMeDIP-seq in glioma detection and classification c, heatmap showing cfMeDIP-seq signals (log2 counts per million) of all DMRs (rows) derived from training sets for patients (columns) in the machine learning analyses detailed in (b). d, MDS plot of the features depicted in the heatmap in (c) in gliomas (nâ€‰=â€‰59) as well as other cancers and healthy controls samples (nâ€‰=â€‰388). e, scatterplot showing difference in plasma cfDNA methylation signals of gliomas vs healthy controls after restricting to windows typically unmethylated in healthy plasma (nâ€‰=â€‰138,328 windows) against differences in methylation levels of glioma tumors vs healthy control plasma, with associated density contours. Pearson correlation coefficient (râ€‰=â€‰0.42) and two-tailed p values (pâ€‰<â€‰2.2â€‰Ã—â€‰10âˆ’16) are shown. f, Boxplots showing the distribution of per-sample median signal (counts per million) in gliomas (nâ€‰=â€‰59) as well as other cancers and healthy controls samples (nâ€‰=â€‰388) of windows unmethylated in healthy plasma and hypermethylated in glioma cell lines compared to cell lines from 33 other cancer types (delta-Beta > 0.3, FDRâ€‰<â€‰0.01). Central bars indicate medians, the box defines the upper and lower quartiles of the distribution, and whiskers define the 1.5x interquartile range. Two-tailed p-value (pâ€‰=â€‰1.767Ã—10-12) from Wilcoxonâ€™s Rank Sum Test is shown.


Extended Data Fig. 2 Algorithm for machine-learning analysis of plasma-based brain tumor classifier.
a, Bar-chart showing the distribution of samples in brain cfMeDIP cohort. Hemangiopericytoma (nâ€‰=â€‰9), Meningioma (nâ€‰=â€‰60), low-grade glioneuronal (nâ€‰=â€‰14), IDH mutant glioma (nâ€‰=â€‰41), IDH-wildtype glioma (nâ€‰=â€‰22), brain metastases (nâ€‰=â€‰15). b, Flowchart of machine learning algorithm used to train and evaluate cfMeDIP-seq in brain tumor detection and classification.
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