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Supplementary Figure 1: Concordance for SNVs. A) Percentage of SNVs reported by NGS recovered
in their respective Rapid-CNS2 libraries. X axis indicates on-target coverage for the library and Y-axis
indicates % overlap. B) Barplot showing number of shared and unique mutations across ONT and NGS.
Samples are grouped by flowcell they were run on. R9 flowcells displayed higher false positive rates than
R10.
C) Boxplots indicate variant allele frequency (VAF) for shared and unique mutations across ONT and NGS.
Box plots illustrate the median (horizontal line), with the box boundaries indicating the 25th and 75th
percentiles (interquartile range). Whiskers extend up to 1.5 times the interquartile range beyond the box
edges. Data points falling outside these limits are plotted individually as outliers. Despite high false positive
rate, ONT-specific variants can easily be excluded by VAF filtering.
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Supplementary Figure 2: MGMT concordance. X axis shows MGMT estimate by Bady's method, while
Y-axis shows the average CpG methylation over the best predictive 137 CpGs. Colour indicates
concordance. Shape indicates ground truth MGMT status. Red and blue lines indicate cutoffs for Rapid-CNS2
and Bady's method respectively.



Study ID 109 (melanoma metastasis)

Study ID 110 (metastasis cancer of unknown primary)

Study ID 111 (metastasis mammary carcinoma)

Study ID 112 (metastasis adenosquamous carcinoma of the lung)

Supplementary Figure 3: Copy number profiles of metastases samples. EPIC array generated profiles (left) and corresponding
Rapid-CNS2 profiles (right)
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Supplementary Figure 4: A) 19Mb duplication region on chr7.q34 detected by Rapid-CNS2
(highlighted in blue) in Study ID 78. B) IGV screenshot of the breakpoints in BRAF and KIAA1549,
blue and green bars below indicate duplicated region.
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Supplementary Figure 5: EGFR vIII detection- A) Copy number profiles showing EGFR amplification-
(left) EPIC array and (right) Rapid-CNS2. B) IGV screenshot of regions spanning exon 2 (left) and exon 7
(right) in two sequencing runs of the same sample. Read highlighted in orange indicates a single read
spanning both breakpoints. ~20 reads out of the average 100 reads covering the region display the
deletion.



Supplementary Figure 6: Boxplots show confidence scores for the A) Rapid-CNS2 and B) MNP-Flex
classifier across different concordance levels. "Compatible" includes cases predicted as tumour

microenvironment or similar, which indicate presence of tumour but are not an exact match.
"Not in classifier" includes cases belonging to classes outside the scope of the reference set.
Box plots illustrate the median (horizontal line), with the box boundaries indicating the 25th and 75th
percentiles (interquartile range). Whiskers extend up to 1.5 times the interquartile range beyond the
box edges. Data points falling outside these limits are plotted individually as outliers.
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Supplementary Figure 7: A) Training set for MNP-Flex. B) Confusion matrix and precision-recall curve for 78,883
methylation array samples with MNP-RF subclass scores >0.7 C) Accuracy vs score threshold for array validation set
(n = 78,883). Error bars represent the 95% confidence intervals calculated using a binomial proportion confidence
interval via the binom.confint function in R.
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Supplementary Figure 8: A) MNP-Flex accuracy for
different technologies for array samples with scores >0.7 (n = 58,416)
and non-array samples >0.3 (n = 339). Error bars represent the
95% confidence intervals calculated using a binomial proportion
confidence interval via the binom.confint function in R. Solid coloured
bars indicate subclass level accuracy and bars with increased
alpha indicate family level accuracy. B) Confusion
matrix for non-methylation array dataset with matched array data for
MNP-Flex, only samples with prediction score >0.3 are shown (n=339).
Colour indicates percentage. C) Sankey plot for low-confidence
samples i.e. with MNP-Flex score <0.3 (n=159)

Methylation arraybased subclass MNP-Flex subclass(Score < 0.3)

ATRT_SHH
ATRT_TYR

A_IDH_HG

A_IDH_LG

CHORDM
CN

CPH_PAP
CPP_PED
CTRL_HEMI
DLGNT_1
DLGNT_2

DMG_K27

DNET

EPN_PF_SE

EPN_SPINE
EPN_ST_SE

EPN_ST_ZFTA_RELA_A

GBM_MES_ATYP

GBM_MES_TYP

GBM_RTK1

GBM_RTK2

GG
GNT_A
GTAKA
HGAP
HGG_F
HMB
LCH

LGG_MYB_B
MB_G34_VI
MB_SHH_4

MNG_BEN_2

MNG_BEN_3

MNG_INT_A
MPNST_ATYP

OLIGOSARC_IDH

O_IDH

PA_CORT

PA_INF

PA_MID
PB_GRP1A
PLASMACYT

PXA

SCHW
SEGA

pedHGG_A
pedHGG_MYCN

pedHGG_RTK1A

pedHGG_RTK2B

ATRT_SHH
ATRT_TYR

A_IDH_HG

A_IDH_LG

CHORDM
CN

CPP_AD

CTRL_BLOOD

CTRL_CBM
CTRL_HEMI

DHG_G34
DLGNT_2

DMG_K27

DNET

EPN_PF_SE
EPN_SPINE
EPN_ST_SE

EPN_ST_ZFTA_RELA_A
EVNCYT

GBM_MES_ATYP

GBM_MES_TYP

GBM_RTK1

GBM_RTK2

GG
GNT_A
GTAKA

INFLAM_ENV

MB_G34_VI
MB_SHH_4

MNG_BEN_1

MNG_BEN_2

MNG_BEN_3
MNG_INT_A

MNG_INT_B

OLIGOSARC_IDH

O_IDH

PA_CORT

PA_INF

PA_MID
PB_GRP1A
PLASMACYT

PXA

RGNT
SCHW

SNUC_IDH2
pedHGG_MYCN
pedHGG_RTK1A

ATRT_MYC
ATRT_SHH
ATRT_TYR

DLBCL
CPP_PED

CTRL_CORPCAL
A_IDH_LG

O_IDH
A_IDH_HG

OLIGOSARC_IDH
LGG_MYB_C

HGG_B
DMG_K27
DHG_G34

ERMS
RMS_MYOD1

GBM_RTK2
GBM_MES_TYP

GBM_RTK1
DNET

DGONC
MB_G34_VIII
MB_G34_IV
MB_G34_III

MB_G34_I
MB_G34_VII

MB_G34_II
MB_G34_VI
MB_SHH_2
MB_SHH_3
MB_SHH_1
MB_SHH_4

MB_WNT
MNG_BEN_3
MNG_BEN_1
MNG_BEN_2

PA_INF
PA_MID

PITAD_ACTH
EPN_PFA_1C
EPN_PF_SE

SCHW
EPN_SPINE

EWS
CNS_SARC_CIC

CNS_SARC_DICER

AT
RT_M

YC

AT
RT_S

HH

AT
RT_T

YR
DLB

CL

CPP_P
ED

CTRL_
CORPCAL

A_ID
H_L

G
O_ID

H

A_ID
H_H

G

OLIG
OSARC_ID

H

LG
G_M

YB_C

HGG_B

DMG_K
27

DHG_G
34
ERMS

RMS_M
YO

D1

GBM_R
TK2

GBM_M
ES_T

YP

GBM_R
TK1

DNET

DGONC

MB_G
34

_V
III

MB_G
34

_IV

MB_G
34

_II
I

MB_G
34

_I

MB_G
34

_V
II

MB_G
34

_II

MB_G
34

_V
I

MB_S
HH_2

MB_S
HH_3

MB_S
HH_1

MB_S
HH_4

MB_W
NT

MNG_B
EN_3

MNG_B
EN_1

MNG_B
EN_2

PA
_IN

F

PA
_M

ID

PITA
D_A

CTH

EPN_P
FA

_1
C

EPN_P
F_S

E
SCHW

EPN_S
PINE

EWS

CNS_S
ARC_C

IC

CNS_S
ARC_D

ICER

True Labels

Pr
ed

ic
te

d 
La

be
ls

Percentage

0

25

50

75

100



0.4

0.6

0.8

1.0

FFPE tissue Frozen tissue

Pr
ed

ic
tio
n
sc
or
e

Material
FFPE tissue

Frozen tissue

NHST result: p = 8.97e-03 (significant)
TOST result: p = 2.04e-118 (equivalent)

Supplementary Figure 9: A) MNP-Flex prediction scores over tissue preparation types were compared
using a Wilcoxon TOST (two one-sided test) test with equivalence bounds +/- 0.01. The prediction scores
for FFPE (n=48,621) vs frozen (n=30,378) tissue had a detectable difference (NHST: p= 8.97e-03), but it
was small enough to be considered negligible (TOST: p = 2.04e-118). B) Comparison between R9 (n=95)
and R10 (n=116) flowcells on a GridION. (left) Boxplots indicate a statistically significant increase in
prediction scores for MNP-Flex with R10 flowcells (unpaired two-sided Wilcoxon rank sum test) despite
(right) number of missing sites not being significantly different (unpaired two-sided Wilcoxon rank sum test).
Box plots illustrate the median (horizontal line), with the box boundaries indicating the 25th and 75th
percentiles (interquartile range). Whiskers extend up to 1.5 times the interquartile range beyond the box
edges. Data points falling outside these limits are plotted individually as outliers.
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CNS−tissue with elevated cell density and satellitosis, tumor possible, although uncertain

PitNET DD craniopharyngeoma

cell dense tumor, suspected glioma

compatible with a central neurocytoma

compatible with a glioblastoma

compatible with glioblastoma

compatible with infiltration zone of a diffuse glioma

compatible with pilocytic astrocytoma

epitheloid tumor

glial tumor, compatible with an ependymoma

glioblastoma

glioma

glioma with no sign of increased malignancy

high grade glioma

infiltration zone of a diffuse glioma

isomorphic tumor, compatible with ependymoma

low grade astrocytic tumor

low grade glial / glioneuronal tumor, compatible with DNET

malignant glioma

malignant glioma, compatible with glioblastoma

malignant tumor, most likely glioblastoma

meningioma

meningioma DD SFT

meningioma without indication for atypia

meningioma, highly vasculated

reactive tissue, compatible with radionecrosis

schwannoma

small blue round cell tumor

small, blue, round cell tumor, compatible with medulloblastoma

spindle cell tumor without indication for higher malignancy

spindle cell tumor without signs of higher malignancy

spindle cell tumor, compatible with schwannoma

spindle cell tumor, fitting to meningioma. No indication of atypia.

suspected HGAP

suspected ependymoma

suspected recurrence of the known glioblastoma

astrocytoma IDH−mutant

cell dense tumor, morphologically suspected glioma, molecularly indicative of CIC−rearragend sarcoma

central neurocytoma

compatible with pilocytic astrocytoma by histology and CNVs

dysembryoplastic neuroepithelial tumor WHO grade 1

ependymoma, 22q deleted

ependymoma, 22q deleted, several additional CNVs

glioblastoma IDH−wildtype WHO grade 4

malignant glioma

medulloblastoma WHO grade 4, group 4

medulloblastoma, SHH−activated, WHO grade 4

meningioma WHO grade 1, 22q deleted, no high−risk CNVs

meningioma WHO grade 1, multiple chromosomal gains, indicating metaplastic subtype

meningioma WHO grade 1, no high−risk CNVs

oligodendroglioma IDH−mutant and 1p/19q−codeleted

pituitary adenoma / pituitary neuroendocrine tumour (PitNET)

reactive tissue, flat CNV

schwannoma WHO grade 1

spindle cell tumor without signs of higher malignancy, chr6 del

subependymoma

suspected HGAP, compatible CDKN2A/B home del

Frozen section
morphology inspection

Rapid-CNS2 based integrated
diagnoses after 30 min of sequencing

Supplementary Figure 10:We simulated an intraoperative setting for 51 prospective samples sequenced
from February to May 2024 at University Hospital Heidelberg. Sankey plot compares frozen section
morphology inspection to integrated diagnoses issued using methylation class and CNV profiles obtained
from Rapid-CNS2 within 30 minutes of sequencing.




