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Supplementary Figure 1 | Patient recruitment by study center and over time
a, Patient recruitment by recruiting study center. 
b, Patient recruitment (left y-axis) and participating centers (right y-axis) over time.
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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 Registry8. Y-axis scale is 
square root transformed for improved visibility of tumor groups occurring at low frequency.
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Supplementary Figure 4 (continued) | Significant regions of DNA copy-number alterations by DNA methylation class
Plots show the q-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 
q-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 q-values (x-axes, indicating the false discovery rate) determined 
by GISTIC2.0 with respect to significant lost (blue) and gained (red) genomic 
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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
Rate of chromosomal gains and losses by DNA methylation class (as depicted in Fig. 1) in DNA methylation classes with
≥ five samples. Each panel depicts one DNA methylation class as labelled. Numbers in brackets indicate sample size for each 
class.
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Supplementary Figure 6 | Comparison of DNA methylation-based and WHO-based CNS tumor classification
Comparison of assigned DNA methylation classes (left semicircle) and WHO based diagnoses (right semicircle) across 
low-grade gliomas (LGG, a), high-grade gliomas (HGG, b), medulloblastomas (MB, c), ependymal tumors (EPN, d), embryo-
nal/pineal tumors (EMB/PIN, e), other classes (f), and samples with a DNA methylation profile matching non-neoplastic 
control tissue or none of the established reference classes (g). Colors correspond to tumor types and classes as indicated in
Fig. 1 and Extended Data Fig. 1. Categories in a–g are composed by DNA methylation class; see Fig. 2 and Extended Data
Fig. 5 for composition by WHO based tumor type. See Supplementary Table 1 for underlying data.

10



1 0 −1Phi correlation coefficient

1 12 15 6 11 12 1 2 122

2 4

1 11

19 4

1 2

6 2

1

1 2

1

1

1

1112 51

21

2 177

1

2 1

4 2

2

6 7

22 3

1

11 4

1

21 2

2 18 2

112

1

47 3 31 3

55 7 6 101

11

14

1

1

116 4

1

1864 3 81 257

21 2

1132 2

3

1 10

99 1107 4 1 223

1

1

5

1

1

2

1

1

4 2 3

13

46 274 7

1620 1

2 17 1

1

8 1

1

1

11 112 1112 1 162

1

1

1 2113 5

11

1

1

1 1 1612 21155 43 1 4311 1

1 37 1

1

2

1

1

2

1

1

1

2

219

1

1 1 1 2

1

2 5

112

2 1

1

PA (269)
GG (66)

DNET (22)
LGA, NOS (9)

DA (6)
DA, IDH (1)
DIG/DIA (5)

RGNT (5)
ABL (3)

SEGA (3)
O, IDH (2)
PGNT (2)

PMA (2)
PLNTY (1)

ANET (1)
OA (1)

PXA (12)
aPXA (3)

GBM (63)
aA (38)

DMG, H3 K27 (36)
aPA (11)

GBM, H3 G34 (1)
aA, IDH (6)

GBM, IDH (5)
aO (3)

aGG (3)
aOA (1)

aOA, IDH (1)
aO, IDH (1)

HGG, NOS (1)
MB, non-WNT/SHH (129)

MB, SHH (37)
MB, WNT (20)

MB, NOS (4)
EPN °III (79)
EPN °II (21)

EPN, ZFTA (14)
MPE (11)

EPN, YAP (1)
ETMR (21)
ATRT (17)

PBL (12)
CNS NB (6)

HGNET, BCOR (5)
PTPR (2)

RB (1)
eRMS (1)

ioMEPL (1)
GNB (1)

CRINET (1)
RT (1)

PPTID (1)
PAT (1)
PC (1)

PNET (1)
CPH, ADM (13)

MNG °I (9)
aMNG °II (8)

MNG °II (1)
aCPP (14)

CPP (7)
CPC (2)

SCHW (13)
GERM (11)

CNS SARC (7)
CNS EFT (4)

CNS EFT, CIC (1)
CHORD (3)

GCT (3)
HMB (2)

MM (1)
PG (1)
NF (1)
OT (1)

TER (1)
MPNST (1)
HYPAD (1)

non-LCH (1)
LCH (1)

evNCT (1)
CHONDR (1)

descriptive (30)
non-neoplastic (13)

PA
, P

F 
(1

73
)

PA
, m

id
lin

e 
(5

7)
PA

/G
G

, h
em

is
ph

er
ic

 (3
0)

G
G

 (1
4)

D
N

ET
 (2

3)
A,

 ID
H

 (5
)

LG
G

, M
YB

/M
YB

L1
 (6

)
D

IG
/D

IA
 (3

)
R

G
N

T 
(1

)
D

LG
N

T 
(4

)
SE

G
A 

(2
)

O
, I

D
H

 (2
)

PX
A 

(2
7)

H
G

G
, p

ed
. R

TK
 (1

0)
H

G
G

, M
YC

N
 (1

0)
IH

G
 (1

0)
H

G
G

, m
id

lin
e 

(8
)

D
M

G
, H

3 
K2

7 
(3

3)
aP

A 
(3

)
H

G
G

, H
3 

G
34

 (1
1)

H
G

G
, I

D
H

 (2
)

M
B,

 G
ro

up
 4

 (7
7)

M
B,

 G
ro

up
 3

 (5
0)

M
B,

 G
ro

up
 3

/4
 (2

)
M

B,
 S

H
H

 in
fa

nt
 (2

1)
M

B,
 S

H
H

 a
du

lt 
(1

6)
M

B,
 W

N
T 

(1
7)

EP
N

, P
FA

 (6
2)

EP
N

, P
FB

 (1
0)

EP
N

, Z
FT

A 
(2

1)
M

PE
 (1

5)
EP

N
, s

pi
na

l (
3)

EP
N

, Y
AP

 (1
)

SU
BE

PN
, s

pi
na

l (
1)

ET
M

R
 (1

6)
AT

R
T,

 T
YR

 (8
)

AT
R

T,
 S

H
H

 (7
)

AT
R

T,
 M

YC
 (3

)
AT

R
T,

 N
O

S 
(1

)
PB

, G
ro

up
 B

 (7
)

PB
, G

ro
up

 R
B 

(1
)

C
N

S 
N

B,
 F

O
XR

2 
(5

)
C

N
S,

 B
C

O
R

 (6
)

N
ET

, M
N

1 
(4

)
PT

PR
, G

ro
up

 B
 (3

)
PP

TI
D

 (1
)

C
PH

, A
D

M
 (6

)
M

N
G

 (1
5)

C
PT

, p
ed

. A
 (1

1)
C

PT
, p

ed
. B

 (9
)

C
PT

, a
du

lt  
(3

)
SC

H
W

 (1
2)

G
ER

M
 (1

)
C

N
S 

SA
R

C
 (2

)
EW

S 
(1

)
C

N
S 

SA
R

C
, C

IC
 (4

)
C

H
O

R
D

 (2
)

H
M

B 
(2

)
PC

 (1
)

M
EL

N
 (1

)
N

C
 (2

37
)

C
TR

L,
 re

ac
tiv

e 
(1

8)
C

TR
L,

 c
er

eb
el

la
r (

3)
C

TR
L,

 h
em

is
ph

er
ic

 (2
)

C
TR

L,
 p

in
ea

l (
1)

C
TR

L,
 in

fla
m

m
. (

1)

W
H

O
-b

as
ed

 tu
m

or
 ty

pe
s

DNA methylation classes

Supplementary Figure 7 | Correlation between DNA methylation-based and WHO-based CNS tumor classification
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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 (c), 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



e
D

N
A 

m
et

hy
la

tio
n 

cl
as

se
s

PPTID (1)
PTPR, Group B (2)

CNS, MN1 (4)
CNS, BCOR (6)

CNS NB, FOXR2 (5)
PB, Group RB (1)

PB, Group B (7)
ATRT, NOS (1)
ATRT, MYC (3)
ATRT, SHH (7)
ATRT, TYR (8)

ETMR (15)

Alterations

Fraction of altered tumors 1.0 0.75 0.5 0.25 1.0 0.6 0.3Fraction of constitutional alterations

S
M

A
R

C
B

1

B
C

O
R

D
IC

E
R

1

C
TN

N
B

1

G
N

A
S

M
E

T

P
IK

3C
A

P
TE

N

R
B

1

TP
53

f

D
N

A 
m

et
hy

la
tio

n 
cl

as
se

s

MELN (1)
HMB (1)

CHORD (2)
CNS SARC, CIC (4)

EWS (1)
CNS SARC (2)

GERM (1)
SCHW (12)

CPT, adult (3)
CPT, ped. B (9)

CPT, ped. A (11)
MNG (12)

CPH, ADM (6)

Alterations

Fraction of altered tumors 1.0 0.75 0.5 0.25 1.0 0.6 0.3Fraction of constitutional alterations

N
F2

C
TN

N
B

1

D
IC

E
R

1

TP
53

A
R

ID
1B

B
R

C
A

2

D
A

X
X

E
W

S
R

1

H
TR

A
1

P
IK

3R
1

P
P

M
1D

S
M

A
R

C
B

1

V
H

L

g

D
N

A
m

et
hy

la
tio

n 
cl

as
se

s

NA (12)
CTRL, inflamm. (1)

CTRL, pineal (1)
CTRL, hemi. (1)

CTRL, cerebellar (1)
CTRL, reactive (13)

NC (197)

Alterations

Fraction of altered tumors 1.0 0.75 0.5 0.25 1.0 0.5 0.1Fraction of constitutional alterations

B
R

A
F 

V6
00

E
N

F1
TP

53
FG

FR
1

A
LK

AT
M

ID
H

1_
R

13
2

D
IC

E
R

1

B
R

C
A

2
S

M
A

R
C

E
1

C
R

E
B

B
P

E
G

FR
LZ

TR
1

M
E

T
M

S
H

2
P

IK
3C

A
S

E
TD

2
AT

R
X

C
TN

N
B

1
K

R
A

S
M

S
H

6
N

O
TC

H
2

PA
TZ

1
P

IK
3C

2G

P
TC

H
1

R
A

D
50

R
B

1
TS

C
2

A
B

L1
A

P
C

AT
R

B
C

O
R

B
R

P
F1

D
2H

G
D

H
FB

X
W

7
FL

T3
N

F2

N
TR

K
2

P
TE

N
R

E
T

S
M

A
R

C
A

4
AC

V
R

1
A

R
ID

1A
A

R
ID

1B
A

R
ID

2
B

R
C

A
1

C
H

E
K

2
C

S
F1

R
D

D
X

3X
FG

FR
2

FG
FR

3
FU

B
P

1
G

N
A

S
H

3F
3A

 K
27

H
D

AC
2

ID
H

1
K

D
M

6A
K

D
R

K
IT

M
LH

1
M

Y
B

N
B

N
N

D
R

G
2

N
O

TC
H

1
N

R
A

S
P

C
D

H
8

P
D

G
FR

A
P

LA
G

L1
P

TC
H

2
S

M
A

R
C

A
2

S
M

A
R

C
B

1
S

TA
G

2
TE

R
T

A
K

T2
A

K
T3

B
R

A
F

C
C

N
D

1
C

C
N

D
2

C
D

H
1

C
D

K
4

C
D

K
N

2A
C

D
K

N
2C C
IC

E
ZH

2
FG

FR
4

FO
X

O
3

H
3F

3A
H

IS
T1

H
3B

H
N

F1
A

ID
H

2
JA

K
3

M
D

M
2

M
Y

B
L1

M
Y

C
M

Y
L1

N
TR

K
3

P
IK

3R
1

P
P

M
1D

P
R

K
A

R
1A

R
A

F1
R

O
S

1
S

M
A

R
C

D
1

S
M

O
TB

R
1

TC
F4

TR
A

F7
TS

C
1

YA
P

1

B
R

A
F 

fu
si

on

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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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 t-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 (c), and WHO grade (d). Colors in (a) and (c) 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,c), 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. 17
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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,c) 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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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,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 % 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 (t-SNE) analysis of DNA methylation data from the study cohort color-coded by 
random forest (RF)-based DNA methylation class prediction score (version v11b4). t-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 c, Correlation of predicted cancer cell fraction (b) and tumor purity (c) and DNA methylation class prediction score 
(using version v11b4 of the random forest class prediction algorithm).
d and e, t distributed stochastic neighbor embedding (t-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. t-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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