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Table 1. Studies investigating circulating ¢NA in primary CNS tumours

Positive CSF maolecular

Pasitive blood molecular

Tumour Positive CSF cytology profiling profiling
Rhodes et al. [1] Glioblastoma ND/NR 1/1 {100%) ND/NR
Rhodes et al. [2] Glioblastoma ND/NR 1/1 {100%) ND/NR
Boisselier et al. [7] Glioma (low grade = 8, ND/NR ND/NR Low grade: 3/8 {37.5%
high grade = 17) High grade: 12/17
(70.6%)
Salkeni et al. [30] Glioblastoma ND/NR ND/NR 3/3 (100%)
Bettegowda et al. [19]  Glioma (n = 27) ND/NR ND/NR Glioma: <10%
Medulloblastoma (n = 14) Medulloblastoma: <50%,
Pan et al. [36] Meningioma (n = 1) ND/NR Meningioma: 1/1 (100%)  Meningioma: 0/1 (0%)
Schwannoma (n = 1) Schwannoma: 0/1 (0%) Schwannoma: /1 (0%)
De Mattos-Arruda Glioblastoma (n = 4} ND/NR Glioblastoma: 4/4 (100%)  Glioblastoma: /4 {0%)
et al. [20] Medulloblastoma (n = 2) Medulloblastoma: 2/2 Medulloblastoma: (/2
(100%) (0M%)
Wang et al. [22] Low-grade glioma (n = 8) ND/NR Low-grade glioma: 6/8 ND/NR
High-grade plioma (75%)
(m=13) High-grade glioma: 13/13
Ependymoma (n = 7) (100%)
Medulloblastoma (n = 6) Ependymoma: 5/7 (71%)
Other low-grade tumour Medulloblastoma: 5/6
(m=1) (83%)
Other low-grade tumour:
/1 (100%)
Pentsova et al. [21] Glioma (n = 8) Glioma: (/8 Glioma: 6/8 (75%) ND/NR

Connolly et al. [23]
Huang et al. [32]

Martinez-Ricarte
et al [31]

Pan et al. [33]
Panditharatna
et al [34]
Hiemcke-Jiwa
et al [37]

Miller et al. [24]

Ependymoma (n = 1)

Ependymoma (n = 3)

Dilluse midline glioma
in=3)

High-grade glioma
(m=15)

Low-grade glioma (n = 5)

Brainstem glioma
Dilfuse midline glioma

Lymphoplasmacytic
lymphoma (n = &)
PUNSL {n = 1)

Diffuse glioma (grade I1-
M-IV}

Ependymoma:
0/1

ND/NR

ND/NR

ND/NR

ND/NR
ND/NR

Lymphoplasmacytic
lymphoma: 2/6
(33%

PCNSL: 1/1 (100%)

TI80 9%

CSF cytology
not available in fve cases

Ependymoma: 0/1 (0%)

073 (%)
4/5 (80%)

High-grade glioma: 15/15
(100%)

Low-grade glioma: 2/5
(40%)

39/40 (98%)

24/27 (89%)

Lymphoplasmacytic
lymphoma: 5/6 (83%)

PCNSL: 1/1 (100%)

42785 (49%)

043 (0%)
ND/NR

ND/NR

/8 (38%)
34/40 (85%)

ND/NR

319 (16%)

Bertero L et al. Neuropathol App! Neurobiol 2019



Primary brain tumors

Diffuse midline glioma, H3 K27-altered
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Molecular diagnostic tools for the World Health
Organization (WHO) 2021 classification of gliomas,
glioneuronal and neuronal tumors; an EANO guideline

Felix Sahm", Sebastian Brandner”, Luca Bertero", David Capper’, Pim J. French",
Dominique Figarella-Branger”, Felice Giangaspero’, Christine Haberler’, Monika E. Hegi",
Bjarne W. Kristensen®, Kathreena M. Kurian®, Matthias Preusser’, Bastiaan B. J. Tops",
Martin van den Bent", Wolfgang Wick", Guido Reifenberger, and Pieter Wesseling

ADULT-TYPE DIFFUSE GLIOMAS

Astrocytoma, IDH-mutant

Oligodendroglioma, IDH-mutant and 1p/19q-
codeleted

Glioblastoma, IDH-wildtype

PEDIATRIC-TYPE DIFFUSE LOW-GRADE GLIOMAS
Diffuse astrocytoma, MYB- or MYBL 1-altered
Angiocentric glioma

Polymorphous low-grade neuroepithelial tumor of
the young (PLNTY)

Diffuse low-grade glioma, MAPK pathway-altered

PEDIATRIC-TYPE DIFFUSE HIGH-GRADE GLIOMAS

I Diffuse midline glioma, H3K27-altered

Diffuse hemispheric glioma, H3G34-mutant

Diffuse pediatric-type high-grade glioma, H3- and
IDH-wildtype

Infant-type hemispheric glioma

IDH1p.R132" or IDH2 p.R172"; no chr. 1p/19q°; ATRX?3; CDKN2A/B*%;
TP53%3; MP

IDH1 p.R132' or IDH2 p.R172'%; chr. 1p/19q°; TERT promoter?; MP; IHC:
retained nuclear ATRX expression

IDH-wt and H3-wt; TERT promoterZ; EGFR®; chr. +7/-107; MP; predictive:
MGMT promoter methylation®

MYB?, MYBL1; IDH1-wt and H3-wt; MP
MYB®; MP

MAPK alteration such as BRAF p.V600', FGFRZ, FGFR3®, or other;
IDH-wt; no 1p/19g®

MAPK alteration; IDH-wt and H3-wt; no CDKN2A/B* MP: absence of pro-
file of other FGFR- or BRAF-altered tumor

IHC: loss of H3 p.K28me3 (K27me3) in tumor cell nuclei; p.K28M (K27M)
or pK28I (K271) mutation in H3.3, H3.1, or H3.2 for H3 K27-mutant sub-
types'"; EGFR%5; EZHIP®; MP

H3.3 p.G35 (G34)"; MP; loss of ATRX expression, diffuse p53
immunopositivity

PDGFRA?®, EGFR*® or MYCNF; IDH-wt and H3-wt; MP

RTK alteration such as NTRK family gene®, ROS7¢, MET7, ALK®; MP



Primary brain tumors /

X
.5 fe
_{f ; $ S
5. e ;& 5. &
§ds &£ F /i 24
F088 £ Jaf 4 it
Y X 3 .

Neuro-Oncology

Updated EANO guideline on rational molecular testing
of gliomas, glioneuronal, and neuronal tumors in adults
for targeted therapy selection—Update 1

Martin J. van den Bent", Enrico Franceschi”, MehdiTouat", Pim J. French”, Ahmed Idbaih",
Giuseppe Lombardi, Roberta Ruda, Leonille Schweizer®, David Capper’, Marc Sanson”,

Pieter Wesseling, Michael Weller”, Marica Eoli*, Elena Anghileri’, Franck Bielle”, Phillipp Euskirchen,
Marjolein Geurts", Patrick Y. Wen", and Matthias Preusser

Astrocytoma, IDH-mutant
IDH-mutant, 1/

Glioblastoma, IDH-wildtype e

Diffuse astrocytoma, MYB- or MYBL1-altered
Anglocentric gioma

Polymorphous low-grade neuroepithelial tumor of the young .o
Diffuse low-grade glioma, MAPK pathway-altered .
Diffuse midline glioma, H3 K27-altered cee

Diffuse hemispheric glioma, H3 G34-mutant .
Diffuse pediatric-type high-grade glioma, H3-wildtypo, IDH-wildtype
Infant-type hemispheric glioma
Pilocytic astrocytoma 0w
High-grade astrocytoma with piloid foatures P
Pleomorphic xanthoastrocytoma e
Subependymal giant cell astrocytoma
Chordoid glioma
Astroblastoma, MN1 altered
Ganglioglioma and ganglion cell tumors
Dysembryoplastic Neuroepithelial Tumor (DNET)

Diffuse tumor nuclear
clusters (DGONC)
Papliilary glioneuronal tumor

Rosette forming glioneuronal tumor .o
Myxold glioneuronal tumor

Dittuse leptomeningeal glioneuronal tumor o

Multinodular and vacuolating neuronal tumor (MVNT)
Central neurocytoma
Extraventricular neurocytoma

ESCAT score:
1l
n
cm
“ IVorna.

Neuro-Oncology
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European Association of Neuro-Oncology guideline on
molecular testing of meningiomas for targeted therapy
selection

Felix Sahm", Luca Bertero", Sebastian Brandner, David Capper’, Roland Goldbrunner,

Michael D. Jenkinson, Michel Kalamarides, Katrin Lamszus, Nathalie L. Albert”,

Maximilian J. Mair, Anna S. Berghoff, Christian Mawrin, Hans-Georg Wirsching, Sybren L.N. Maas,
David R. Raleigh, Guido Reifenberger, Leonille Schweizer", Abigail K. Suwala, Ghazaleh Tabatabai",
Emeline Tabouret”, Susan Short, Patrick Y. Wen, Michael Weller', Emilie Le Rhun®, Pieter Wesseling,
Martin van den Bent, and Matthias Preusser

mTOR pathway activation

NF2 mutation

PIK3CA mutation

BAP1 mutation

PD-L1 expression

SSTR expression

AKT1 mutation

SMO mutation

CDKN2A/B loss, CDK4/CDK6 amplification
SUFU mutation

PDGFR alteration

Estrogen receptor expression
Progesteron receptor expression
SMARCET loss

KLF4 mutation

TERT promoter mutation
VEGF/VEGFR expression
ARID1A alteration

Homologous repair deficiency
TRAF7 mutation

Gene expression panel (for radiotherapy)
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Prevalence in unselected
meningioma cohorts
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Posterior fossa ependymoma H3 K27-mutant: an integrated radiological and histomolecular
tumor analysis
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OXFORD

Diffuse hemispheric glioma with H3 p.K28M (K27M)
mutation: Unusual non-midline presentation of diffuse
midline glioma, H3 K27M-altered?

Kliment Donev (), MD', Vanitha Sundararajan, MD*?, Derek Johnson, MD", Jagadheshwar Balan, MS®,
Meagan Chambers, MD?, Vera A. Paulson, MD, PhD’, Kathryn P. Scherpelz, MD, PhDS, Zied Abdullaev, PhD?,
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Tumor DNA methylation profling

Neuro-Oncology Advances

71}, vdae228, 2025 | https://doi.org/10.1093/noajnl/vdae228 | Advance Access date 3 January 2025 .

cIMPACT-NOW update 9: Recommendations on
utilization of genome-wide DNA methylation profiling _
for central nervous system tumor diagnostics Input requirement:

up to 500 ng DNA

Kenneth Aldape”, David Capper”, Andreas von Deimling”, Caterina Giannini”,

Mark R. Gilbert”, Cynthia Hawkins®, Jiirgen Hench”, Thomas S. Jacques”, David Jones,

David N. Louis, Sabine Mueller, Brent A. Orr, MacLean Masrallah®, Stefan M. Pfister”, Felix Sahm®,
Matija Snuderl”, David Solomon, Pascale Varlet"and , Pieter Wesseling

Key Points

* DNA methylation profiling is a valuable tool for the diagnosis of central nervous system
tumors.

* Results should be interpreted within the entire context of the case.
* Inclusion of methylation results into a layered diagnostic format is recommended.



CSF cfDNA - Primary brain tumors in adults
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CSF cfDNA - Primary brain tumors

Table 2
Selection of published studies investigating clinical applications of CSF ctDNA.
Disease Study Patient population Method Key findings
Glioma Martinez-Ricarte 20 diffuse gliomas ddPCR, NGS s CSF ctDNA allowed for glioma subtyping in 17/20 (85 %) pts
(2018) (Sn=85 %)
Pan (2019) 57 brainstem gliomas NGS o CSF ctDNA allowed for glioma subtyping in 47/57 (83 %) pts
(Sn=83 %)
Fujioka (2021) 34 diffuse gliomas ddPCR s CSF ctDNA allowed for glioma subtyping in 20/34 (59 %) pts
(Sn=59 %)
Miller (2019) 85 diffuse gliomas NGS e CSF ctDNA detection associated with tumor burden, radiographic
(Sn=50 %) progression, and survival
Cantor (2022) 24 DMG (prospective CT) ddPCR o Decrease in CSF ctDNA associated with longer PFS (13 pts with
(Sn=97 %) nonrecurrent tumor)
Other primary Bobillo (2021) 7 CNS lymphoma (1 primary, NGS, WES ¢ VAF increases with progression and decreases with treatment response (4
brain tumors 6 secondary) (Sn=86 %, Sp=100 %) pts)
e CSF ctDNA detected in one pt with systemic lymphoma but negative CSF
flow cytometry, who later developed CNS lymphoma involvement
Liu (2021) 123 medulloblastomas sWGS e Detectable CSF ctDNA (MDR) during/after treatment associated with
(prospective CT) (Sn=64 %, Sp=100 %) subsequent progression

Diaz M et al. Translational Oncology 2024



CSF cfDNA - Primary brain tumors

Table 1. Clinical characteristics of included patients

Overall (N=23)

Age (years)

Mean: 55.4

m MNGS successfull (CEF)
3 MNGS failed (CSF)

Total =29 ns
30
Sex :
Male 15 (51.7%) z -
— o
Female 14 (48.3%) 2 L4 °
=
Disease entity 2 E )
AEG 1(3.4%) i S 40
@
Astrocytoma, high grade 1(3.4%) i . a . .—}
g
Breast cancer 5(17.2%) Total = 29 0 .
; - r I 7T
Germinoma 2 (6.9%)

. f§‘°\ é\ﬁb k\;‘ .\5‘5‘
Glioblastoma 5(17.2%) A ooé g@‘
LPD 1(3.4%) R & ¥
Lung cancer 3(10.3%) & &

Lymphoma 1(3.4%)
Melanoma 4({13.8%) i
ok
nan-neoplastic 3 (10.3%) 8 . 4000+
Unknown 3 {10.3%) E g =) *
Blood analysis E g. 3000
Failed 0 (0%) 84 £
e 3 2000+
Successful 29 (100%) g 2 . ES
CSF analysis g, %" € 1000-
Failed 13 (44.8%) o Ld
Successful 16 (55.2%) 2 0-
SR
Abbreviations: AEG, esophagogastric junctional adenocarcinoma; CSF, 0«,‘5& &
cerebrospinal fluid; LPD, lymphoproliferative disorders; unknown, no s&" QE;J §°°
final diagnosis available. @0‘9 \;cf’

Kopp A et al. Neurooncol Adv 2026



CSF cfDNA - Primary brain tumors

B

Mutation

BRAF VB0OOE
CDKN2A loss
CDKN2B loss
CHEKZ R95*
ERBB2 R1030
MEN1 L294fs*70
MTAP loss

NF1 P2472fs*17
NF1 splice site
NF1 T586fs*18
NOTCH3 splice site
PALP2 splice site
PARK2 Q178*
PIK3CA E545K
PTCH1 v474l
PTEN loss

RAF1 rearr
TERT promoter
TETZ2 Q734

WT1 Y395H

Patient 2
Patient 8
Patient 24

private to tissue
private to CSF B
private to serum

shared CSF and tissue [
shared CSF and serum
shared serum and tissue -
shared all

Total=22, N=3

Total=20, N=3

Total=24, N=5

56 % tissue and CSF
18 % private to CSF

]
=
B 27 % private to tssue

18 % tissue and serum
73 % pnvate to tissue
8% private to serum

17 % serum and CSF
78 % private to GSF
5% private to serum

Kopp A et al. Neurooncol Adv 2026



CSF cfDNA/cfRNA

Table 2. Characteristics of cfDNA/cfRNA in the CSF of glioma
patients

GlioKit: a cfDNA/cfRNA gPCR-based assay targeting 8 ONAposiie =

clinically relevant glioma genes (IDH1, IDH2, H3F3A, Concordanc of ptholagy forDNA a3
HIST1H3B, TERT, BRAF, EGFR, MET) e e

RNA-negative 29/44
Concordance of pathnh?g\r for RNA 115
71 glioma CSF samples: EAmuaedaonss lonpmy ks
« cfDNA mutations detected in 55 (77%) with a T
H3-3A_G36R/
tumor-concordance rate of 89% N
« cfRNA alterations detected in 15/44 (34%) reRIsieT
evaluable samples with tumor-concordance rate of Poopey v ogmak | m
73 0/0 Abbreviation: CSF, cerebrospinal fluid.
. . ) B c D
«  Comparison with NGS: p=00s e
. . g n = o P=004 = 2009 = 204
*  GlioKit: 33/35 (94.3%) sensitivity N R : o
agn w20 I : - @
*  NGS: 30/35 (85.7%) sensitivity g g "™ g ' °
£ o § : ;
Eu o % o gu 0
P S ? gace

Sun M et al. Neurooncol Adv 2026



CSF cfDNA - Primary brain tumors in children and AYA

Table 1. Clinical Correlates of CSF cfDNA

Patient Characteristics (n = 45)
Demographics

Median age [years] (range)

Pediatric [n] (%)
Adolescent/Young Adult (AYA)
Male
Female

Pathological diagnosis
High-grade glioma
Medulloblastoma
Pineoblastoma
Low-grade Glioma

Diffuse leptomeningeal glioneuronal
tumor

Retinoblastoma
Ependymoma
Other

Number of samples per patient
One sample
Two samples

Three or more samples

14.4
(8 months-40 years)

25 {55.5)
20 (44.4)
30 (66.7)
15(33.3)

10 (22.2)
10 (22.2)
5(11.1)
4(8.8)
4(8.8)

4(8.8)
3(6.6)
5(11.1)

35(77.8)
6(13.3)
4(8.9)

Sample Characteristics (n = 64)

Disease stage at the time of CSF collection \
Newly diagnosed 16 (25.0)
Obtained at recurrence 21(32.8)
Obtained during treatment 17 (26.6)
Obtained during surveillance 10 (15.6)
Disease status at the time of CSF collection
Disseminated disease 27 (42.1)
Localized disease 24 (375)
\ No evidence of disease 13(20.3) j
Prior therapy
Prior surgery 58 (90.6)
Prior treatment 46 (71.9)

Disseminated disease at the time of CSF collection

Leptomeningeal disease (LMD) on 26 (40.6)

imaging

Positive CSF cytology 13(20.3)
LMD on imaging or positive CSFcy- 27 (42.2)
tology

Miller A et al. Neuro-Oncology 2022



CSF cfDNA - Primary brain tumors in children and AYA

Tumor derived mutations
were detected in about 50%
of samples

CSF cfDNA was associated
with the presence of
disseminated disease

High-grade liome
Medulloblastoma
Pineoblastoma
Other
Diffuse leptomeningeal glioneurcnal tumor [N
Retinoblastoma [ IEINIEGENEE

B councymons IR

Low-grade glioma | N S

0 2 4 6 8 10 12
= CSF GtDNA (+) ® CSF ctDNA (-)

Miller A et al. Neuro-Oncology 2022



CSF cfDNA - Primary brain tumors in children and AYA

» Low-coverage WGS (IcCWGS)
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

c

Glial/neuronal tumors (n=34 patients)

Embryonal tumors (n=10) Others (n=12)

0o R BEEE BB ARGENERE IS RRREREEBBE Bun  BRET aetslelg‘ FE%‘[P,atien”D
RN | | (T iagnosis
CTT T T T T T T T LT T T[] [T Sex
NNNENNNNEES NENEN NS BN BN EEN EES | ] Age at diagnosis

i B EEE B R BEN BE BR B | BN NN N | WS Tumor location
| I Bl 2§ §EN BN N N EEE N HNNNNE BENE EEEEN B CUEE

(NN EE I T T[] Tumor tissue
IR NI R SN W NN serum sample

(L] [T I ]] O T T T IS [T o ] | pre-OP ventricular | &
(W] B HEN | BER __EE BE B ¢ Jinra-OP 4
(LR T IEENEEENEENENEN | HEE EEEE postOP stagng | §
§ NN EEE LTI TITTT : tlllJ]lJ\lHH follow-up LP E
BN HENERNEREEN I HEE _EEREEEEEREN follow-up ventricular | ®
Diagnosis (n=56 patients) Sex Age at diagnosis Tumor location Relapse

Ependymoma (n=7) H F (n=26) |_| infant (n=4) supratentorial (n=26) H yes (n=26)

HGG, incl. DMG (n=3) M (n=30) child (n=41) suprasellar (n=3) | no (n=30)

LGG/LGNT (n=24) adolescent (n=11) pineal region (n=4)

ATRT (n=1) infratentorial (n=23)

Medulloblastoma (n=7)

Other embryonal tumors (n=2) Tumor tissue Serum liquid biopsy CSF liquid biopsy

Choroid plexus papilloma (n=2) yes (n=48) yes (n=53 with 67 samples) yes (n=36 with 56 samples)

CNS germ cell tumors (n=3) serial (n=8) no (n=3) no (n=20)

Other tumor types (n=5) no (n=0)

Pineal tumors (n=2)

T
()

Hkkk H

60
20 i

10

Control vs. Tumor

g

Tumor-]
Serum] 4.8%

1 1
0 250 500
#of CNVs

Sensitivity
]

CIDNA fraction [%]
"

Tumor: " _CSF(aUC=097)
CSF. 61.7% 3 ~Blood (AUC = 0.59)
0.00 e
0 250 500 Ctrl Patient Ctrl Patient oo 215 0% o 10
#0f CNVs Blood CSF - Specificity

g

Fischer TT et al. Acta Neuropathol Commun 2025



CSF cfDNA - Evaluation of KIAA1549-BRAF fusion
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Plasma-based liquid biopsy

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%

EGFRUVIII sensitivity: 71% (5/7)

T T T T
0 10 20 30
Months

* WHO 2
*+ WHO 3
+ WHO 4

- Low ciDNA
+ High ciDMNA

% 80
g
5 &0
g
& a0
8
s
g
< 20
=
% 0 S
p = 0.0067
C 40
304 [ p = <0.0001
2 204
=
104
p@ﬁ“‘b &
& qcé‘
Glioma Overall Survival
1001 =0.017
R o
H L
]
" I T S
£
e
2
a
[+

Jones JJ et al. Neuroonc Adv 2024

60+
p = 0.0002
- r=0.127
=1
B
£
= 40+ .
]
=
E - ‘
H
8
8
-
< 20+
=
g
o LI
(1] Py
' ey
o
0 50 10 150 200
Tumour velume (em?)
Gllema Progression Free Survival
1004, p=0.005

= b

2

£

3

2 50

£

el

a

[}

a

o
=

T T T 1
10 20 30 40
Months



Plasma-based liquid biopsy

A B
15 58
g 3
§ 5 %2 E
E 2 * 12 patients with 4 or more follow-
& up plasma samples available:
F pfb oF -ﬁ’q IDH1m concentration and VAF
& oF were not relibly associated
6 * In 4/12 patients only mutant copy
o a concentration and/or VAF

reflected changes in tumor
volume

Mutant copies/ul
m

150
-5 Tumor volume (cm?) -2 Tumor volume (cm3)

Figure 2. [A) Schematic showing results of IDHIm ddPCR in 36 patients, ranked from greatest to least by number of plasma samples. Red solid
square = IDH1m detected, blank square = not detected. {B) Bar graphs showing mean levels of IDH1m preoperatively (blue) and postoperatively
(red) with median value shown as black line. VAF% (left panel), mutant copies per milliliter {center panel), and paired difference (right panel). (C)

Scatterplot showing correlation between MRI-based tumor velume and IDH1m VAF% (left panel) and mutant copies/mL {right panel). Trend lines
with confidence intervals are indicated.

Jones JJ et al. Neuroonc Adv 2024



CSF-based liquid biopsy — Overall efficacy
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Liquid biopsy for CNS tumors — Overall efficacy

CSF detection rate

Study Events Total Proportion  95%-Cl
Juratli TA et al, 2018 35 38 —— 0.92 [0.79; 0.98]
Martinez-Ricarte F et al. 2018 17 20 —_— 085 [0.62 097
L JH et al. 2019 5 § —e——{] 1.00 [0.48; 1.00]
Miller AM et al. 2019 42 B85 —i— 0.49 [0.38; 0.60]
Hao Duan et al. 2020 8 9 —_— 0.89 [0.52;1.00]
Zhao Z et al. 2020 » 17— 053 [0.28;0.77]
Fujita ¥ et al. 2022 7 9 —_—— 0.78 [0.40;0.97)
Orzan et al., 2023 (Cohort 1: intracranial) 45 45 — 1.00 [0.92; 1.00]
Orzan et al., 2023 (Cohort 2: lumbar punctura) 24 38 — 0.62 [0.45;0.77]
Wang Q et al, 2023 24 27 —a— 0.89 [0.71;0.98)
Iser F et al. 2024 34 51 —— 0.67 [0.52;0.79]
Cabezas-Camarero et al. 2025 18 31 —8— 058 [0.39;0.75]
Zhu Z et al. 2025 112 —_—— 0.92 [0.62;1.00)
Random effects model 388 — 0.82 [0.66; 0.91]
Heterogeneity: I* = 65.0%, v = 12710, p = 0.0006 T r T r T 711
03 04 05 0.6 0.7 0.8 0.9 1
Proportion with 85% CI
Plasma positive %

Study Events Total Proportion 95%—CI

Juratli TA et al. 2018 3 38 —‘—v— 0.08 [0.02;0.21]

Li JH et al. 2019 5 5 ! I —] 1.00 [0.48; 1.00]

Miller AM et al. 2019 3 19 —//—— 0.16 [0.03; 0.40]

Cabezas—Camarero et al. 2025 2 14 —— 0.14 [0.02; 0.43]

Orzan et al., 2023 0 7 -—:— 0.00 [0.00; 0.41]

Common effect model 83 < 0.16 [0.09; 0.25]

Heterogeneity: /> = 0.0%, ©° = 4.4040, p = 0.9219 T T T T 1

0 02 04 06 08 1
Proportion with 95% CI

Tumor-CSF concordance Rate

Study

Juratli TA et al. 2018

Martinez-Ricarte F et al. 2018

Li JH et al. 2019

Miller AM et al. 2018

Hao Duan et al. 2020

Zhao Z et al. 2020

Fujita ¥ et al. 2022

Orzan et al., 2023 (Cohort 1: intracranial)
Orzan et al., 2023 (Cohort 2: lumbar puncture)
Wang Q et al. 2023

Iser F et al. 2024

Cabezas—Camarero et al. 2025

Zhu Z et al. 2025

Common effect model
Heterogeneity: I = 23.3%, ¥ = 6.8139, p = 0.2084

Events Total Proportion  95%-Cl
35 35 — 1.00 [0.90; 1.00]
17 17 —— 1.00 [0.80; 1.00]
5 5 —_— 1.00 [0.48; 1.00)
42 a2 — 1.00 [0.82;1.00]
B 8 e 1.00 [0.63; 1.00]
9 9 — 1 1.00 [0.66; 1.00)
= 7 — 1.00 [0.58; 1.00]
45 45 —H 1.00 [0.92; 1.00)
20 24 = 0.83 [0.63; 0.95]
22 24 — 0.82 [0.73; 0.89]
16 34— ' 0.47 [0.30; 0.85]
15 18 - 0.83 [0.59; 0.96]
11 1.00 [0.72; 1.00]

279 0.90 [0.86; 0.93]

03 04 05 06 07 0B 09 1
Proportion with 85% Gl

OR Positive in Plasma vs CSF

Experimental Control
Study Events Total Events Total Odds Ratio OR 95%~Cl Weight
Juratli TA et al. 2018 3 38 35 38 — 0.01 [0.00;0.04] 26.6%
LiJH et al. 2019 5 5 5 5 0.0%
Miller AM et al. 2019 3 19 42 85 — 0.19 [0.05;0.71] 29.7%
Cabezas-Camarero et al. 2025 2 14 18 31 — 0.12 [0.02; 0.63] 26.7%
Orzan et al., 2023 0 7 69 84 0.01 [0.00;0.27] 17.0%
Random effects model 83 243 = 0.05 [0.01; 0.24] 100.0%

Heterogeneity: I° = 72.0%, v = 1.9213, p = 0.0134

0.001 01 1 10 1000

Perez-Alfayate R et al. Front Oncol 2025



Disease monitoring ) amonas concen e
METHYLATION PROFILING REPORT

Top hit classifiers results MGMT Status

« PXA, BRAF V600E-mutant with extra-CNS e e LB
metastases = = [
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IDH-mutant gliomas: monitoring during vorasidenib treatment

Clinical/Neuro- . Tumor
oncological status/treatment
monitoring * Neurological status
(Prof. Ruda) (including seizures)

The NEW ENGLAND
JOURNAL of MEDICINE

.
ESTABLISHED [N 1812 AUGUST 17, 2023 VOL. 389 NO.7 I I I agl ng

* Volumetric MRI (Prof.
Morana)

+ PET-based monitoring
(Prof. Morbelli)

Vorasidenib in IDH1- or IDH2-Mutant Low-Grade Glioma

I.K. Mellinghoff, M.J. van den Bent, D.T. Blumenthal, M. Touat, K.B. Peters, J. Clarke, |. Mendez, S. Yust-Katz,
L. Welsh, W.P. Mason, F. Ducray, Y. Umemura, B. Nabors, M. Holdhoff, A.F. Hottinger, Y. Arakawa,
J-M. Sepulveda, W. Wick, R. Soffietti, |.R. Perry, P. Giglio, M. de la Fuente, E.A. Maher, S. Schoenfeld, D. Zhao,
S.5. Pandya, L. Steelman, |. Hassan, P.Y. Wen, and T.F. Cloughesy, for the INDIGO Trial Investigators®

* |DH mutation tracking

Liquid biopsy (Prof. Bertero)

+ 2-HG oncometabolite
(Prof. Mengozzi)
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CSF cfDNA — DNA methylation profiling
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Classification of Brain Tumors by Nanopore Sequencing
of Cell-Free DNA from Cerebrospinal Fluid
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DNA methylation profiling from
cerebrospinal fluid as a diagnostic tool for

pineoblastoma

Case Report | Open access | Published: 08 March 2025
Volume 13, article number 52 (2025) Cite this article
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system tumors using methylation profiling
of cfDNA from cerebrospinal fluid
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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
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Pre-analytical workflow — CSF
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«If the Mountain won’t go...»

Thermal Ablation Liquid Biopsy
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CTC and Extracellular Vesicles

Zone 1 : Necrosis

- Hypoxic endothelium

- Apoptotic cells (apoptotic bodies)
- Hypoxia adapted tumor celis

Zone 2 contrast enhancing tumor

- Classical/Proneural/Mesenchymal tumor cells
- Prenecrotic pseudopalisades

- Macrophages/Lympocytes/(Microglia)

- Endothelial cells

Zone 3 gradient of infiltrative cells

- Single glioma cells in "migration program”

- Reactive astrocytes, microglia, (macrophages)
- *Leaky" blood vessels

Combined

Westphal M et al. Neuroonc Adv 2022



Proteomics

Neuro-Oncology Advances

B8i1), vdag015, 2026 | https:/fdoi.org/10.1093/noajnl/vdag0ls | Advance Access publication February 5, 2026

Noninvasive detection and monitoring of glioblastoma
subtypes via dual-marker plasma proteomics

Patricia Rojas-Sanchez, Kirstine Juul-Elbaek, Henriette Pedersen, Dorte Schou Nerexe, Aleena Azam,
Hui Guo, Cong Zhou, Jiri Bartek®, Jane Skjeth-Rasmussen™, Ulrik Lassen™, Erwin Schoff,
and Petra Hamerlik®
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CNS tumors screening

+ 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%

.
DXCOVER
Brain cancer liquid

biopsy

Neurologist
clinical
decision

Dxcaver | 1 I
-] N;;E;we

Result
— Safety netting

Count | Detected DI:;‘:?;:“

Tumour | 1 127 89 70
Grade | 5 68 43 63
3 20 16 80

4 353 304 86
Unknown 129 81 63

Tumour | Glioma 352 277 79
Group | Meningioma 152 101 66
Brain Metastases 80 72 a0

Rare Brain Tumour 63 43 68

Pituitary Tumours 30 21 70

CNS Lymphoma 16 15 94

Unclear 4 4 100

Brennan PM et al. ESMO Open 2026



Take home messages

Liquid biopsy vyields 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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