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Nuove frontiere applicative
-

Neoplasie gliali



Impact of 
BBB

DNA 
methylation

profiling

Role of 
molecular
hallmarks

CNS tumors: the “snowflake” ones

Clinical/diagnostic
challenges (tumor

location, 
heterogeneity…)



Role of BBB

Siravegna G et al. Nat Rev Clin Oncol 2017 Bertero L et al. Neuropathol Appl Neurobiol 2019



Primary brain tumors

Diffuse midline glioma, H3 K27-altered



Primary brain tumors



However…



Tumor DNA methylation profling

Input requirement: 

up to 500 ng DNA



CSF cfDNA – Primary brain tumors in adults

Miller A et al. Nature 2019

• Analysis of a series of 85 

adult gliomas:
46/85 (54%) WHO grade 4 gliomas
26/85 (31%) WHO grade 3 gliomas
13/85 (15%) WHO grade 2 gliomas

• Detection of one tumour-

derived genetic alteration in 

42/85 (49.4%)



CSF cfDNA – Primary brain tumors

Diaz M et al. Translational Oncology 2024



CSF cfDNA – Primary brain tumors

Köpp A et al. Neurooncol Adv 2026



CSF cfDNA – Primary brain tumors

Köpp A et al. Neurooncol Adv 2026



CSF cfDNA/cfRNA

Sun M et al. Neurooncol Adv 2026

• GlioKit: a cfDNA/cfRNA qPCR-based assay targeting 8 

clinically relevant glioma genes (IDH1, IDH2, H3F3A, 

HIST1H3B, TERT, BRAF, EGFR, MET)

• 71 glioma CSF samples:

• cfDNA mutations detected in 55 (77%) with a 

tumor-concordance rate of 89%

• cfRNA alterations detected in 15/44 (34%) 

evaluable samples with tumor-concordance rate of 

73%

• Comparison with NGS:

• GlioKit: 33/35 (94.3%) sensitivity

• NGS: 30/35 (85.7%) sensitivity



CSF cfDNA – Primary brain tumors in children and AYA

Miller A et al. Neuro-Oncology 2022



CSF cfDNA – Primary brain tumors in children and AYA

Miller A et al. Neuro-Oncology 2022

• Tumor derived mutations

were detected in about 50% 

of samples

• CSF cfDNA was associated

with the presence of 

disseminated disease



CSF cfDNA – Primary brain tumors in children and AYA

Fischer TT et al. Acta Neuropathol Commun 2025

• Low-coverage WGS (lcWGS) 

assay from picogram-level

cfDNA

• Analysis of 61 serum and 56 

CSF samples

• Based on CNV, ctDNA was

detected in 2/61 (3%) serum and 

25/56 (45%) CSF samples

• Potential for disease monitoring



CSF cfDNA – Evaluation of KIAA1549-BRAF fusion

Krynina O et al. Neurooncol Adv 2024

• 5/13 positive liquid biopsy

▪ 3/5 detection of KIAA1549-BRAF fusion (1 by CNV 

analysis and 2 by fusion-specific probe)

▪ 2/5 SNV (1 BRAF V600E and 1 FGFR1 N577K)



Plasma-based liquid biopsy

Jones JJ et al. Neuroonc Adv 2024

• 110 glioma patients

• 359 plasma samples (median 4 samples/patient)

• Method: ddPCR

• Total cfDNA associated with tumor grade, tumor volume, 

PFS and OS for all gliomas and glioblastoma subgroup, 

but not with postoperative tumor volume/progression

• IDH1 mutation overall sensitivity: 84% (77% in 

preoperative samples), but no association with pre-

/postoperative progression or survival

• TERTp mutations sensitivity: 

• C228T: 88%

• C250T: 49%

• EGFRvIII sensitivity: 71% (5/7)



Plasma-based liquid biopsy

Jones JJ et al. Neuroonc Adv 2024

• 12 patients with 4 or more follow-

up plasma samples available: 

IDH1m concentration and VAF 

were not relibly associated

• In 4/12 patients only mutant copy 

concentration and/or VAF 

reflected changes in tumor

volume 



CSF-based liquid biopsy – Overall efficacy

Khurana S et al. J Liq Biopsy 2025



Liquid biopsy for CNS tumors – Overall efficacy

Perez-Alfayate R et al. Front Oncol 2025



Disease monitoring

Raschio B et al. Neurooncol Adv (Submitted)

• PXA, BRAF V600E-mutant with extra-CNS 

metastases

• Monitoring by plasma LB using ddPCR for 

BRAF V600E during treatment with 

dabrafenib/trametinib



IDH-mutant gliomas: monitoring during vorasidenib treatment

Progetto – PNC- E3-2022-23683266 – DIAGNOSTICA 

AVANZATA (HLS-DA) DAL TITOLO “INNOVA” – Piano 

Nazionale Complementare Ecosistema Innovativo della 

Salute

Clinical/Neuro-
oncological
monitoring
(Prof. Rudà)

Imaging

Liquid biopsy

• Tumor

status/treatment

• Neurological status 

(including seizures)

• Volumetric MRI (Prof. 

Morana)

• PET-based monitoring 

(Prof. Morbelli)

• IDH mutation tracking 

(Prof. Bertero)

• 2-HG oncometabolite

(Prof. Mengozzi)

Grant to AA Ricci



CSF cfDNA – DNA methylation profiling



CSF cfDNA – DNA methylation profiling

• M-PACT (methylation-based predictive algorithm for CNS tumors): a deep neural network to 

classify pediatric brain tumors from subnanogram-input cfDNA methylomes

• Evaluation in a benchmarking cohort of 79 embryonal CNS tumors and 58 validation cohort

resulting 92% and 88% accuracy, respectively

Smith KS et al. Nat Cancer 2026



Pre-analytical workflow – CSF

Maass KK et al. Cancers 2021



«If the Mountain won’t go…»

Ozair A et al. Neuroonc Adv 2026



CTC and Extracellular Vesicles

Westphal M et al. Neuroonc Adv 2022



Proteomics



CNS tumors screening

Brennan PM et al. ESMO Open 2026

• EMBRACE study aimed at earlier detection

of brain tumors

• Spectroscopic-based liquid biopsy

• 2324 eligible patients enrolled at 7 centers

• Overall sensitivity: 77%

• Negative predictive value: 99%



Take home messages

• Liquid biopsy yields a great clinical potential in primary CNS tumors 

due to the clinical settings and the critical role played by molecular 

profiling in their diagnostic workup and monitoring

• This specific tumor location poses additional challenges which have 

to be addressed using highly-sensitivity methods and/or innovative 

approaches

• Novel strategies are enabling comprehensive molecular profiling 

including current diagnostic assays like tumor DNA methylation 

profiling

• Although clinical utility has been demonstrated in multiple settings, 

a role for the systematic implementation of liquid biopsy in the 

management of primary CNS tumors has to be defined yet
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