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Inter-tumor heterogeneity
Personalized medicine



Grade IV glioma; Glioblastoma

Stupp et al. New Engl. J. Med. 2005



Inter-tumor heterogeneity
Molecular diagnosis
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Inter-tumor heterogeneity
Personalized medicine



Intra-tumor heterogeneity
Cell type specific treatment



Intratumor genomic heterogeneity
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Intratumor heterogeneity
Genomic diversity

Johnson et al. Science 2014



Tailored medicine

Patient Molecular characteristics 
Personalized 

treatment









Biopsies?

Brain tumors genomic characterization









Diaz et al Sci Trans Med 2014

Liquid biopsy applications



Diaz et al Sci Trans Med 2014

Gliomas

Circulating tumor DNA
All tumor types contribute the same?



Cerebrospinal fluid (CSF)





Circulating tumor DNA
All tumor types contribute the same?
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Is the ctDNA in the CSF?
Whole exome sequencing CSF cell free DNA

MAF



Restricted CNS disease Disseminated disease

CSF ctDNA versus plasma ctDNA

Synchronous Plasma, CSF, tumor samples (warm autopsies)
Targeted capture massively parallel sequencing,

6 patients

5 patients
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De Mattos-Arruda et al. 2015 Brain metastasis
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Martínez-Ricarte et al. 2019 Diffuse glioma
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Restricted CNS disease Disseminated disease 

Sensitivity: CNS somatic mutations 

CSF ctDNA versus plasma ctDNA
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Longitudinal monitoring of CSF ctDNA recapitulates the 
treatment courses of patients with brain tumors



•ctDNA derived from primary brain tumors and brain metastasis is more
abundantly present in the CSF than in plasma.

•Massively parallel sequencing of CSF ctDNA better characterizes the
genomic alterations of brain tumors than plasma allowing the identification of
brain tumor ‘private’ somatic mutations.

•CSF ctDNA fluctuates in response to changes in tumor burden and may
serve for monitoring brain malignancies,

•CSF ctDNA may facilitate the diagnosis of leptomeningeal carcinomatosis.



Could the CSF ctDNA complement and facilitate the molecular diagnosis 
of diffuse glioma patients?



Brat et al. NEJM 2015

Genomic landscape of diffuse glioma



IDH1/2 TERT promoter

ATRX

P53

M OligodendrogliomaOligodendrogliomaM

IDH1/2 M M AstrocitomaAstrocitoma

IDH1/2 WT TERT promoter M GlioblastomaGlioblastoma

648 diffuse gliomas 

Gene panel platform:The status of TERT, IDH, ATRX, p53 sub-classify
diffuse glioma



The status of TERT, IDH, ATRX, p53 sub-classify 
diffuse glioma

Martínez-Ricarte F & Mayor  R, Clinical Cancer  Res. 2018



The status of TERT, IDH, ATRX, p53 sub-classify 
diffuse glioma

Martínez-Ricarte F & Mayor  R, Clinical Cancer  Res. 2018
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Experimental design

IHC

Circulating biomarkers

Amplicon sequencing
IDH1/2
ATRX
P53

TERT
IDH1/2



1

GBM IDH WT
Gliosarcoma
GBM IDH mut

Diffuse astrocytoma
Anaplastic astrocytoma 

Oligodendroglioma
Diffuse midline glioma

CSF

18

H3F3A K27M

No mutation
0.2-5%
5-20%
20-50%
>50%
Undetermined

CSF

CSF
T

Histologic
class

IDH1

IDH2

TP53

ATRX

TERT promoter

T
CSF

T

T

CSF

T
CSF

2 3 4

19 20

5 6 7 8 9 10 11 12 13 14 15 16 17

Martínez-Ricarte F & Mayor  R, Clinical Cancer  Res. 2018

Gene mutational analysis of tumor and CSF DNA
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de mama 1

•The in silico analysis of a cohort of 648 diffuse gliomas indicated that 79% of them can be
subtyped by analyzing IDH, ATRX, P53 and TERT.

•We developed a platform to simultaneously and rapidly genotype mutations in 7 genes by
targeted sequencing and droplet digital PCR.

•CSF ctDNA could facilitate and complement the molecular diagnostic of diffuse glioma
patients.



CNS lymphoma Meduloblastoma Leptomeningeal
carcinomatosis



Medulloblastoma



Group 4Group 3SHHWNT

Medulloblastoma
Subtyping and risk stratification

Escudero et al Nature Comm. 2020



Medulloblastoma
ctDNA is present in the CSF

Escudero et al Nature Comm. 2020



Medulloblastoma
CSF ctDNA recapitulates intratumor heterogeneity

Escudero et al Nature Comm. 2020



Medulloblastoma

Escudero et al Nature Comm. 2020



Medulloblastoma

Escudero et al Nature Comm. 2020



Rubio-Pérez, Planas et al Nature Comm. 2021

CSF immune landscape to 
characterize brain metastatic lesions



CSF as a biomarker to predict response to immune checkpoint 
inhibitors in brain metastasis

Treatment ICI



Seoane et al Annals Oncol. 2019
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