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Supplementary Figure 1 | Patient recruitment by study center and over time
b, Patient recruitment (left y-axis) and participating centers (right y-axis) over time.

a, Patient recruitment by recruiting study center.
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Supplementary Figure 2 | Tumor categories by WHO- and DNA methylation-based classification and epidemiological
assessment

a, Tumor classification into WHO-based (upper panel) and DNA methylation-based (lower panel) CNS tumor categories.

b, Comparison of annual patient recruitment (2016-2018) with average numbers of newly diagnosed patients in Germany
(2009-2018). Tumors are aligned to epidemiological groups from the German Childhood Cancer Registry®. Y-axis scale is
square root transformed for improved visibility of tumor groups occurring at low frequency.
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Supplementary Figure 3 | Registration and sample processing timelines

a, Recorded processing times from operation to reporting date for 958 cases for which all steps were individually documented.
b, Processing times corresponding to steps indicated in (a) over time.

¢, Correlation of median time between operation and patient registration with number of enrolled patients per recruiting center.
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Supplementary Figure 4 | Significant regions of DNA copy-number alterations by DNA methylation class

Plots show the g-values (x-axes, indicating the false discovery rate) determined by GISTIC2.0 with respect to significant lost
(blue) and gained (red) genomic regions among the human chromosomes 1 to 22 (hg19) in DNA methylation classes with

> five samples. Numbers in brackets indicate sample size for each class. Green lines indicate the significance threshold of
g-value < 0.25. The cytobands of significantly altered regions are denoted on the y-axes. See Supplementary Table 2 for a
detailed overview of amplified/deleted regions.
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Supplementary Figure 4 (continued) | Significant regions of DNA copy-number alterations by DNA methylation class
Plots show the g-values (x-axes, indicating the false discovery rate) determined by GISTIC2.0 with respect to significant lost
(blue) and gained (red) genomic regions among the human chromosomes 1 to 22 (hg19) in DNA methylation classes with

> five samples. Numbers in brackets indicate sample size for each class. Green lines indicate the significance threshold of
g-value < 0.25. The cytobands of significantly altered regions are denoted on the y-axes. See Supplementary Table 2 for a

detailed overview of amplified/deleted regions.
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Supplementary Figure 5 | Summary of DNA copy-number alterations by DNA methylation class
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Supplementary Figure 7 | Correlation between DNA methylation-based and WHO-based CNS tumor classification
Correlation between DNA methylation-based and WHO-based CNS tumor classification. Phi correlation coefficient between

DNA methylation based classes and WHO based tumor types is represented by a color scale as indicated. Numbers in brackets
indicate the number of tumors per tumor type/class. All possible correlations between DNA methylation classes and

WHO-based tumor types are displayed. Numbers in tiles indicate the number of tumors per combination. See Supplementary "
Table 1 and Supplementary Table 3 for underlying data.
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Supplementary Figure 8 | Landscape of DNA methylation classes (by t-SNE analysis) and levels of concordance with
WHO-based tumor type

a, t-distributed stochastic neighbor embedding (-SNE) analysis of DNA methylation data from the study cohort alongside a
reference cohort of 89 published DNA methylation classes*. Each tumor from the study cohort is represented by a circle
indicating DNA methylation class assigned by visual inspection of ~-SNE analysis (fill) and WHO-based tumor type (outline).
Colors correspond to tumor types and classes as indicated in Fig. 1 and Extended Data Fig. 1.

b and ¢, --SNE analysis corresponding to (a), with samples colored according to the level of concordance between WHO-based
tumor type and random forest (RF)-based class prediction (b) and -SNE-based class assignment (¢) as depicted in (a). See
Supplementary Table 1 and Supplementary Table 4 for underlying data.
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Supplementary Figure 9 | Landscape of somatic and constitutional alterations per category

Frequency of alterations detected in tumors (indicated by circle size) and fraction of alterations detected in corresponding
constitutional DNA (color scale) across DNA methylation classes in low-grade gliomas (a), high-grade gliomas (b), medullo-
blastomas (¢), and ependymal tumors (d). Gene alterations (x-axis) are ranked by number of affected samples. Numbers in
brackets indicate tumors with available sequencing data. See Supplementary Table 6 for underlying data.

13



ETMR (15) .
ATRT, TYR (8) .
ATRT, SHH (7) .
ATRT, MYC (3)
ATRT, NOS (1)
PB, Group B (7) [l
PB, Group RB (1) [l [ )
CNS NB, FOXR2 (5) Il °
CNS, BCOR (6) o
cNs, MN1 (4) [l [}
PTPR, Group B (2) [l
PPTID (1)l

DNA methylation classes ®

SMARCB1
BCOR
DICER1
CTNNB1
GNAS
MET
PIK3CA
PTEN

RB1

TP53

Alterations

Fraction of altered tumors 1.0 075 05 0.25 Fraction of constitutional alterations 1.0 0.6 0.3

-

CPH, ADM (6) [ ]
MNG (12) ll [}
CPT, ped. A (11) Il -
CPT, ped. B (9)
CPT, adult (3) [ ] [ ]
scHw (12) [l . .
GERM (1)
CNS SARC (2) (]
Ews (1)l o
CNS SARC, CIC (4)=
CHORD (2)
HvB (1)l o

MELN (1) [

DNA methylation classes

NF2
CTNNB1
DICER1
TP53
ARID1B
BRCA2
DAXX
EWSR1
HTRA1
PIK3R1
PPM1D
SMARCB1
VHL

Alterations

Fraction of altered tumors 1.0 075 05 0.25 Fraction of constitutional alterations 1.0 0.6 0.3

NC (197) ]l ®@0 - 80000 cese-0sosssoctosscocacasaces creat taataetrastaetrasttettetatan aa et i
CTRL, reactive (13) [ll @@ ° . . .
CTRL, cerebellar (1) [l
CTRL, hemi. (1)
CTRL, pineal (1) I
CTRL, inflamm. (1)
NA (12) T .

DNA
methylation classes

HNF1A

Alterations

Fraction of altered tumors 1.0 075 05 025 Fraction of constitutional alterations 1.0 0.5 0.1

Supplementary Figure 9 (continued) | Landscape of somatic and constitutional alterations per category

Frequency of alterations detected in tumors (indicated by circle size) and fraction of alterations detected in corresponding
constitutional DNA (color scale) across DNA methylation classes in embryonal and pineal tumors (e), other tumors (f), and
tumors unclassifiable or assigned to a control class by RF-based DNA methylation class prediction (g). Gene alterations
(x-axis) are ranked by number of affected samples. Numbers in brackets indicate tumors with available sequencing data. See
Supplementary Table 6 for underlying data.
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a DNA methylation classes (t-SNE) in WHO-defined high-grade gliomas b Molecular risk groups (t-SNE) in WHO-defined high-grade gliomas
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Supplementary Figure 10 | Molecular risk stratification of pediatric patients with high-grade glioma

Kaplan-Meier analysis of overall survival in patients with WHO-defined high-grade gliomas according to DNA methylation
class assigned by ~-SNE analysis (a), and molecular risk group (b). Colors in (a) correspond to tumor types and classes as
indicated in Fig. 1 and Extended Data Fig. 1. Shaded areas indicate the 95 % confidence interval for each Kaplan-Meier
estimate (solid lines). See Supplementary Table 1 for underlying data.
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Supplementary Figure 11 | Risk stratification of patients with molecularly defined high-grade glioma
Kaplan-Meier analysis of overall survival in patients with DNA methylation-defined high-grade gliomas according to DNA

methylation class (a), molecular risk group (b), WHO-based tumor type (¢), and WHO grade (d). Colors in (a) and (¢) corre-
spond to tumor types and classes as indicated in Fig. 1 and Extended Data Fig. 1. Shaded areas indicate the 95 % confidence
interval for each Kaplan-Meier estimate (solid lines). See Supplementary Table 1 for underlying data.
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Supplementary Figure 12 | Event-free survival of patients with low-grade glioma

Kaplan-Meier analysis of event-free survival in patients with WHO-defined (a,c,e) and DNA methylation-defined (b,d.f)
low-grade gliomas according to WHO-based tumor type (a,d), DNA methylation class (b,¢), and WHO grade (e.f). Panel (b)
includes DNA methylation-defined PXA for comparison. Colors correspond to tumor types and classes as indicated in Fig. 1
and Extended Data Fig. 1. Shaded areas indicate the 95 % confidence interval for each Kaplan-Meier estimate (solid lines). See
Supplementary Table 1 for underlying data.
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Supplementary Figure 13 | Overall survival of patients with medulloblastoma
Kaplan-Meier analysis of overall survival in patients with WHO-defined (a,¢) and DNA methylation-defined (b,d) medullo-

blastomas according to WHO-based tumor type (a,d) and DNA methylation class (b,c). Colors correspond to tumor types and

classes as indicated in Fig. 1 and Extended Data Fig. 1. Shaded areas indicate the 95 % confidence interval for each
Kaplan-Meier estimate (solid lines). See Supplementary Table 1 for underlying data.
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a WHO-based tumor types in WHO-defined ependymal tumors b DNA methylation classes in DNA methylation-defined ependymal tumors
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Supplementary Figure 14 | Overall survival of patients with ependymal tumors

Kaplan-Meier analysis of overall survival in patients with WHO-defined (a,c¢) and DNA methylation-defined (b,d) ependymal
tumors according to WHO-based tumor type (a,d), DNA methylation class (b,¢), and WHO grade (e,f). Colors correspond to
tumor types and classes as indicated in Fig. 1 and Extended Data Fig. 1. Shaded areas indicate the 95 % confidence interval for
each Kaplan-Meier estimate (solid lines). See Supplementary Table 1 for underlying data.
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Supplementary Figure 15 | Overall survival of patients with other embryonal/pineal tumors

Kaplan-Meier analysis of overall survival in patients with WHO-defined (a,c¢) and DNA methylation-defined (b,d) embryonal
and pineal tumors according to WHO-based tumor type (a,d), DNA methylation class (b,c¢), and WHO grade (e,f). Colors
correspond to tumor types and classes as indicated in Fig. 1 and Extended Data Fig. 1. Shaded areas indicate the 95 % confi-
dence interval for each Kaplan-Meier estimate (solid lines). See Supplementary Table 1 for underlying data.
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Supplementary Figure 16 | Distribution of tumors with DNA methylation class prediction scores < 0.9
a, t-distributed stochastic neighbor embedding (--SNE) analysis of DNA methylation data from the study cohort color-coded by
random forest (RF)-based DNA methylation class prediction score (version v11b4). --SNE coordinates correspond to Fig. 3a

and Supplementary Fig. 8.

b, Comparison of certainty levels of WHO-based diagnoses and concordance with DNA methylation classes assigned by
RF-based class prediction for tumors with DNA methylation class prediction scores between 0.7 and 0.9.
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Supplementary Figure 17 | In silico analyses of tumor cell content

a, Correlation of cancer cell fraction and tumor purity predicted in silico using DNA methylation array data (see Online
methods). Each tumor from the study cohort is represented by a circle indicating assigned DNA methylation class (fill) and

WHO-based tumor type (outline).

b and ¢, Correlation of predicted cancer cell fraction (b) and tumor purity (¢) and DNA methylation class prediction score

(using version v11b4 of the random forest class prediction algorithm).

d and e, ¢ distributed stochastic neighbor embedding (-SNE) analysis of DNA methylation data from the study cohort

color-coded by predicted cancer cell fraction (d) and tumor purity (e). Reference non

neoplastic control DNA methylation

classes are outlined in black. Colors in (a—c) correspond to tumor types and classes as indicated in Fig. 1 and Extended Data
Fig. 1. +-SNE coordinates in (d) and (e) correspond to Fig. 3a and Supplementary Fig. 8.
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SUPPLEMENTARY TABLE LEGENDS

Supplementary Table 1 | CNS tumor classification; clinical patient data; levels of
concordance; interdisciplinary tumor board discussions; clinical patient follow-up data;

DNA methylation class prediction scores

Classification of 1,204 CNS tumors into WHO-based tumor types, DNA methylation classes, and
superordinate categories, as well as available FFPE tissue, generated NGS data and clinical patient
data. Levels of concordance (as depicted in Fig.3c and Supplementary Fig. 8b,c) between
WHO- and DNA methylation-based classification of 1,124 CNS tumors. Participants, available
data, information, and tumor board consensus (as depicted in Extended Data Fig. 9) for weekly
interdisciplinary tumor board discussions. Clinical follow-up data obtained through national study
headquarters for 952 patients. Random forest-based DNA methylation class prediction, and
calibrated class prediction scores of classifier versions 11b4 and 12.5 for 1,124 CNS tumors (as
depicted in Extended Data Fig. 10).

Supplementary Table 2 | Significant regions of DNA copy-number alterations by

DNA methylation class

Information on each copy-number alteration peak identified by GISTIC2.0 analysis including
genes contained in each peak. Details on amplifications and deletions (per DNA methylation class

with > five samples) are listed as separate sheets.

Supplementary Table 3 | Pairwise correlation between DNA methylation classes and WHO
tumor types

Phi coefficient and P-value for pairwise correlation between DNA methylation classes and WHO
tumor types (as depicted in Extended Data Fig. 6).

Supplementary Table 4 | t-distributed stochastic neighbor embedding (t-SNE)

Annotation and t-SNE coordinates of samples from the study cohort (n = 1,124) and reference
DNA methylation classes (89; n = 2,796) included in the t-SNE analysis (as depicted in Fig. 3 and
Supplementary Fig. 8).

Supplementary Table 5 | NGS gene panel
List of 130 gene loci and intronic regions covered by targeted next-generation sequencing.
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Supplementary Table 6 | Genetic alterations detected by NGS from tumor and blood samples

Per patient and gene catalogue of somatic and constitutional alterations detected by targeted gene
panel sequencing of DNA from tumor tissue and patient blood samples, as well as RNA sequencing
of selected tumor samples. Includes classification into WHO-based tumor types, DNA methylation
classes, and superordinate categories as indicated in Supplementary Table 1 and information about

known cancer predisposition.

Supplementary Table 7 | List of predefined cancer predisposing genes
List of 47 predefined cancer predisposing genes screened by targeted NGS of constitutional DNA.
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