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Human research participants
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Reporting on sex and gender

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

The raw cfDNA methylation intensity data files (EPIC Array; .idat), as well as generated classifiers, have been deposited to Mendeley Data under accession DOI:
10.17632/zrc982rvjm.2 [https://data.mendeley.com/datasets/zrc982rvjm/2]. The Whole genome bisulfite sequencing (WGBS) files generated in this study have
been deposited to the Sequence Read Archive at the NCBI under accession code PRJNA932734 [https://www.ncbi.nlm.nih.gov/bioproject/PRJNA932734/].
Additional tumor tissue molecular data analyzed in this study was obtained from Gene Expression Omnibus (GEO) under accession codes GSE42882 [https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE42882], GSE109381 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE109381], GSE85135 [https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE85135], GSE189521 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE189521] GSE183656 [https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE183656], GSE115783 [https://ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE115783], GSE54415 [https://
ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE54415], GSE164994 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE164994], GSE147391 [https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE147391] and GSE111165 [https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE111165]. Other sources of
tissue molecular data employed in this study also include Mendeley Data under accession DOI: 10.17632/5pzd2rg5ys.2 [https://data.mendeley.com/datasets/
zrc982rvjm/2] and The Cancer Genome Atlas’s GDC data portal [https://portal.gdc.cancer.gov/], as detailed in Table 2. Source of our data is provided with this
paper. Public data repositories employed throughout this paper include GENCODE (GRCh38.p12) https://www.gencodegenes.org/human/release_31.html, Infinium
Annotation Manifests (hg38) https://zwdzwd.github.io/InfiniumAnnotation, Ensembl (hg38) http://useast.ensembl.org/index.html, and GeneHancer (hg38) https://
www.genecards.org/. Gene-ontology and gene-set enrichment was performed using Ingenuity Pathway Analysis (IPA) https://digitalinsights.qiagen.com/products-
overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-ipa/.

Biological sex was annotated at time of sample collection, as reported through either medical records or by the respective
published material. In this investigation, biological sex was incorporated and analyzed for association with multiple results,
including: unsupervised k-means hierarchical clustering, predicted recurrence risk (p-MeLB), and other supervised analyses.
To remove the possibility of epigenetic contributions by differences in X & Y chromosomes, removal of CpG probes associated
with either was conducted prior to any and all analyses.

As detailed in Table 1, we had relatively balanced proportions of sex across both meningioma cohorts, with the female sex
predominating our tumor tissue cohort (tumor tissue: ~55% [n=49/89] and liquid biopsy (serum & plasma): ~47% [n=39/83]).
For the external cohorts (Harmanci et al., 2018, Choudhury et al., 2022, Bayley et al., 2022 and Gao et al., 2013), information
regarding sex was available across Bayley's (f: 67, m: 43) and Gao's (f: 14; m: 5) cohorts, only.

The "original" cohort was comprised of meningiomas (n= 63), gliomas (n= 109), pituitary tumors (n= 14), other CNS tumors
(lymphoma, n= 4), and non-neoplastic conditions employed as controls (total=14: abscess, n=2; colloid cyst, n=1; necrosis,
n=3; infection, n = 2; epilepsy, n =2; vasculopathy, n=2; non-specific/reactive, n=1; histiocytosis, n=1), further detailed in
Table 1. The liquid biopsy serum cohort included a majority of individuals with Caucasian descent, with a median age at
diagnosis of 60 and 54.0 years, for meningioma and non-meningioma groups, respectively.

"Additional" liquid biopsy cohorts (MNG: LB-serum: n=20; LB-plasma: n=10; Non-MNG: LB-serum: n=6), used for further
validation of machine learning classifiers exhibited similar characteristics including median age (~501 years of age) and
majority Caucasian descent.

Included internal tissue cohorts consisted of 66 meningioma collections (both primary [n=40] and recurrent [n=26]), spanning
all three WHO grades, primarily taken from patients of Caucasian descent. External tumor tissue cohorts consisted of
meningioma collections (Choudhury et al., 2022: 565; Harmanci et al., 2018: 96; Bayley et al., 2022: 110; Gao et al., 2013:
23), spanning multiple WHO grades, further detailed in Table 2.

Patients were recruited from pre-existing patient populations at both the Henry Ford Health (HFH) and University of Sao
Paulo (USP) sites. Only patients who provided consent for blood-draw and the use of their samples and associated clinical
characteristics for research purposes following tumor diagnosis were included in the study. We only included samples with
sufficient material for analysis and profiling. Liquid biopsy samples were collected either during surgery (before tumor
removal) or during routine MRI follow-up at the HFH site. We took care to address any potential biases or self-selection
issues that could have impacted our retrospective study design.

Our research complies with all ethical regulations within our Institution. This project was approved by the Institutional
Review Boards (IRB) and patients consented to have their specimens used for research purposes (Henry Ford Health (HFH):
IRB#12490; University of Sao Paulo (USP): IRB#1572/2016).




