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CNS tumors represent a leading cause of cancer-related mortality in chil-
dren, asking for precise molecular profiling and longitudinal disease sur-
veillance for optimal therapeutic management. In particular, intensified
investigation into the biological mechanisms underlying metastatic dissem-
ination is essential, as leptomeningeal spread confers poor prognosis in
pediatric brain tumors.

Through a multicenter initiative within the Bavarian Center for Cancer
Research within the KIONET network, we analyzed CSF samples from
36 brain tumor patients, comprising ATRT, medulloblastoma, and other
high-grade entities. We performed single-cell transcriptomic profiling of
the cellular fraction of cerebrospinal fluid (CSF) and integrated these
data with matched primary tumor profiles to identify molecular pro-
grams specific to circulating versus tissue-resident tumor cells. As antic-
ipated, tumor cell content was sparse (<5%) within CSF samples, with
the cellular landscape dominated by macrophages/microglia (~60%) and
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NK/T-cells (~10%). Pilot experiments analyzing matched tumor tissue
specimens and CSF-derived cellular material from atypical teratoid/
rhabdoid tumor (ATRT) and medulloblastoma revealed that
CSF-circulating tumor cells co-clustered with primary tumor cells but
exhibited a distinct transcriptional signature enriched for stemness and
plasticity markers (SOX2+, OLIG2+) alongside invasion and
motility-associated genes (CYRIB+, ELMO1+). Notably, these
CSF-specific programs were absent in matched primary tumor popula-
tions, indicating selective pressure within the CSF microenvironment.
These findings suggest that tumor cells within the CSF microenvironment
activate specialized survival and dissemination programs. Ongoing anal-
yses determine whether pan-entity molecular programs characterize
circulating tumor cells across pediatric CNS tumor subtypes and whether
these programs harbor therapeutically actionable vulnerabilities in this
clinically aggressive cell population.
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