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Supplementary Tables 
 
 
 
 
 
 
Supplementary Table 1. List of genes analyzed in approach 1 

Cancer predisposition genes (n=114)* 
ABCB11, ALK, APC, ATM, AXIN2, BAP1, BLM, BMPR1A, BRCA1, BRCA2, BRIP1, BUB1B, 

CBL, CDC73, CDH1, CDK4, CDKN1B, CDKN2A, CEBPA, CHEK2, COL7A1, CYLD, DDB2, 

DICER1, DIS3L2, DKC1, DOCK8, EGFR, ELANE, ERCC2, ERCC3, ERCC4, ERCC5, 

EXT1, EXT2, FAH, FANCA, FANCC, FANCG, FH, FLCN, GATA2, GBA1, GJB2, GPC3, 

HFE, HMBS, HRAS, ITK, KIT, MAX, MEN1, MET, MLH1, MSH2, MSH6, MTAP, MUTYH, 

NBN, NF1, NF2, PALB2, PDGFRA, PHOX2B, PMS2, POLD1, POLE, POLH, PRKAR1A, 

PRSS1, PTCH1, PTEN, PTPN11, RAD51C, RAD51D, RB1, RECQL4, RET, RHBDF2, 

RMRP, RUNX1, SBDS, SDHA, SDHAF2, SDHB, SDHC, SDHD, SERPINA1, SH2D1A, 

SLC25A13, SMAD4, SMARCA4, SMARCB1, SMARCE1, SOS1, SRY, STAT3, STK11, 

SUFU, TERT, TGFBR1, TMEM127, TNFRSF6, TP53, TRIM37, TSC1, TSC2, UROD, VHL, 

WAS, WRN, WT1, XPA, XPC 

Glioma risk genes (n=50)# 
ADAR, ADAMTS8, BAP1, BARD1, CASC4, CASC5, CCDC26, CMTF1, COL4A1, CTNND1, 

DCAF8L2, DDN, DMBT1, EPCAM, FLOT2, FOCAD, GREM1, HERC2, HP1BP3, IFIH1, 

IGSF9, IP6K1, KAT5, KIAA1549, LRRK2, LSM11, MAST4, MYO7A, PC, PCNXL4, PCYT1A, 

PIK3R4, POT1, PPP1R16B, RNASEH2A, RNASEH2B, RNASEH2C, RNU7-1, SAMHD1, 

SCG5, SESTD1, SLC4A7, TFAP2E, THSD7A, TREX1, TRPC4AP, TRPM1, WDR7, 

XRCC2, ZC3H7B 

*Based on Rahman 2014; additional references: Förster et al. 2021; Weber et al. 2023 
#Based on Bainbridge et al. 2015; Beyer et al. 2017; Brand et al. 2020; Brockschmidt et al. 
2012; Catalano et al. 2021; Choi et al. 2023; Crow and Stetson 2022; Mitchell et al. 2025 
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Patient ID Gene Germline 
variant Sex 

Primary glioma Non-brain 
tumors 

diagnosed in 
the patient 

Tumors diagnosed 
in family members 

Age 
at 

Dxa 
Localization Histology WHO 

gradeb 
Molecular 
character-

istics 
WI99-III.1 APC p.(P1960L) F 60 Insula (L) Glioblastoma IV IDH-WT - Breast tumor 

WI89-III.1 
APC p.(G2164V) 

F 46 Pons Anaplastic 
astrocytomac III NA Thyroid tumor  Brain tumor NOS, 

colon cancer SLC4A7 p.(Y960C) 

WI105-III.1 ATM c.901+2T>A M 48 Thalamus (L) Diffuse midline 
gliomac IV IDH-WT 

H3 K27M-mut - Prostate cancer 

WI37-III.1 ATM p.(Y1957C) M 25 Cerebellopontine 
angle Astrocytoma 3 IDH-mut - Thyroid tumor, 

neck tumor 
Fam004-III.1 ATM p.(A2274T) M 65 Frontal (L) Glioblastoma IV IDH-WT - Glioblastoma 
WI207-III.1 ATM c.7630-2A>C M 35 Parietal (R) Astrocytoma 2 IDH-mut - Meningioma 

WI166-III.1 ATM p.(D2625_A262
6delinsEP) F 22 Frontal (R) Astrocytoma 4 IDH-mut - Stomach tumor 

GBA1 p.(N409S) 

WI160-III.1 ATM p.(L3010*) F 37 Temporoparietal 
(R) 

Anaplastic 
astrocytoma III IDH-mut - Breast tumor, 

uterine tumor 

WI14-III.1 BRCA2 c.316+5G>C M 30 Precentral (L) Anaplastic 
astrocytoma III IDH-mut - Breast cancer, 

small-cell lung cancer 
WI60-III.1 BRCA2 p.(Q742*) M 49 Temporal (R) Astrocytoma 4 IDH-mut - Colon tumor 

WI226-III.1 BRCA2 p.(K944*) F 63 Parietal Glioblastoma 4 IDH-WT Melanoma 
Basal cell carcinoma, 

breast cancer, 
lung tumor 

WI175-III.1 BRCA2 p.(I1470Kfs*11) M 59 Frontal (R) Glioblastoma IV IDH-WT Basal cell 
carcinoma 

Bladder cancer, breast 
cancer 

WI191-III.1 
BRCA2 p.(S3366Nfs*4) 

F 65 Frontal (R) Anaplastic 
oligodendroglioma III IDH-mut, 

1p/19q-codel - Brain tumor NOS COL7A1 p.(V2448V) 

WI86-III.1 BRIP1 c.205+5G>T M 29 Frontal (L) Anaplastic 
oligodendroglioma III IDH-mut, 

1p/19q-codel - Colon cancer 

Supplementary Table 2a. Clinical features and tumor characteristics of 56 glioma patients from 54 families carrying at least one pathogenic germline 
variant in a cancer predisposition gene and/or a glioma risk gene, and tumors diagnosed in family members: results from approach 1  
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Fam002-III.1 

CDH1 p.(A817V) 

M 37 Frontal (L) Oligodendroglioma II IDH-mut, 
1p/19q-codel - 

Kidney tumor Fam002-III.2 F 38 Frontal (L) Anaplastic 
oligodendroglioma III IDH-mut, 

1p/19q-codel - 

Fam002-II.2 M 51 Frontal (L) Oligodendroglioma II IDH-mut, 
1p/19q-codel - 

WI04-III.1 CDKN2A p.(M53I) F 72 Precentral (L) Anaplastic 
astrocytomac III NA Melanoma - 

WI122-III.1 CTNND1 p.(R885W) F 26 IV ventricle Pilocytic 
astrocytomac I NA Lymphoma - 

WI61-III.1 DICER1 p.(I846S) F 72 Frontal (L) Anaplastic 
astrocytomac III IDH-WT Breast cancer - 

WI239-III.1 DICER1 p.(Y1835C) F 68 Parietal (R) Glioblastoma 4 IDH-WT - Glioma NOS 

WI163-III.1 DIS3L2 p.(R274Q) M 85 Parietooccipital 
(L) Glioblastoma IV IDH-WT - 

Abdominal tumor, 
adrenal tumor, brain 

tumor NOS 

WI201-III.1 EGFR p.(C251S) M 58 Temporal (R) Glioblastoma 4 IDH-WT - Bladder tumor, 
prostate cancer 

WI177-II.1 EGFR p.(L730R) M 61 Parietal Glioblastoma IV IDH-WT Testicular cancer 
Anaplastic 

astrocytoma, 
breast cancer 

WI33-III.1 EGFR p.(R962H) F 22 Frontal (R) Astrocytoma II IDH-mut - Breast cancer 

WI165-III.1 EPCAM p.(R138*) M 82 Frontal (R) Glioblastoma IV IDH-WT Bladder tumor, 
melanoma - 

WI153-III.1 ERCC2 p.(D681N) M 45 Temporoparietal 
(L) Glioblastoma IV IDH-WT - Breast cancer, 

colon cancer 

WI126-II.2 ERCC3 p.(I407S) F 57 Frontal (L) Glioblastoma IV IDH-WT - Colon tumor, 
leukemia 

WI72-III.1 ERCC5 p.(R138*) M 49 Frontal (R) Oligodendroglioma II IDH-mut, 
1p/19q-codel Prostate cancer - 

WI50-III.1 FAH c.1062+5G>A M 58 Parietal (R) Oligodendroglioma II IDH-mut, 
1p/19q-codel - Colon cancer 

WI209-III.1 FANCA p.(T1131A) M 73 Frontal (R) Glioblastoma 4 IDH-WT - 
Brain tumor NOS, 

prostate tumor, 
testicular tumor 
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WI22-III.2 

FLCN p.(S406G) 

F 47 Parietal (L) Glioblastoma IV IDH-WT - 

Basal cell carcinoma, 
melanoma, oral 
squamous cell 

carcinoma 
PCYT1A p.(R335*) 

WI205-III.1 GBA1 p.(N409S) M 73 Bi-hemispheric Glioblastoma 4 IDH-WT - 
Breast tumor, 

esophageal tumor, 
stomach tumor 

WI214-III.1 GBA1 p.(N409S) M 61 Parietooccipital 
(L) Glioblastoma 4 IDH-WT - 

Brain tumor NOS, 
colon cancer, 

laryngeal tumor, 
tumor NOS  

WI09-III.1 GBA1 p.(R502H) F 73 Frontal (R) Glioblastoma IV IDH-WT 
Neuroendocrine 

tumor in the 
digestive tract 

- 

WI48-III.1 GJB2 p.(V37I) F 28 Frontal (R) Astrocytoma II IDH-mut - Leukemia TRPM1 p.(D1392Lfs*11) 
WI49-III.1 GJB2 p.(V37I) M 52 Frontal (R) Glioblastomac IV NA - Brain tumor NOS 

WI75-III.1 GJB2 p.(Y155*) M 53 Temporooccipital 
(L) Glioblastoma IV IDH-WT - Breast cancer 

WI169-II.2 HMBS p.(R32H) F 55 Frontal (L) Glioblastoma IV IDH-WT Eye tumor  Brain tumor NOS  

WI106-III.1 IFIH1 p.(R598C) M 38 Frontal Oligodendroglioma II IDH-mut, 
1p/19q-codel - Breast cancer 

WI53-III.1 KAT5 p.(R448*) M 61 Frontal (L) Anaplastic 
oligodendroglioma III IDH-mut, 

1p/19q-codel - Colon cancer 

WI70-III.1 MUTYH p.(R217H) M 75 Frontoparietal 
(R) Glioblastoma IV IDH-WT - Brain tumor NOS, 

small-cell lung cancer 

Fam003-III.1 MYO7A p.(G1159V) M 79 Frontal (R) Glioblastoma IV IDH-WT Testicular tumor 
(benign) Glioblastoma 

WI222-III.1 NF2 p.(R588*) F 72 Frontal (L) Glioblastoma 4 IDH-WT 
Breast cancer, 

ovarian & uterine 
tumors (benign) 

Brain tumor NOS, 
breast tumor, 
skin cancer 

WI103-III.1 PMS2 p.(I292F) F 39 Central (L) Oligodendrogliomac III IDH-mut, NA Skin tumor - 

WI11-III.1 PMS2 p.(V306A) F 72 Frontal (R) Glioblastoma IV IDH-WT Breast cancer Bladder cancer,  
stomach tumor 
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WI88-III.1 POLE p.(M1L) M 55 Frontal (L) Astrocytoma II IDH-mut - Breast tumor, stomach 
tumor 

Fam016-III.1 POLE p.(R1136W) M 44 Temporooccipital 
(L) Glioblastoma IV IDH-WT - Breast cancer, 

glioblastoma 

WI78-III.1 SAMHD1 p.(S23*) F 35 Cerebellopontine 
angle (L) Astrocytoma 2 IDH-mut - Hodgkin lymphoma 

WI87-III.1 SDHA p.(R31*) F 67 Frontal (L) Glioblastoma IV IDH-WT - Kidney cancer, 
tumor NOS 

LI06-III.1 SDHA p.(R31*) F 70 Parietal (L) Glioblastoma IV IDH-WT - Colon tumor, 
skin cancer GATA2 p.(W10C) 

WI183-III.1 SDHA c.1795-3C>G M 64 Temporal (R) Glioblastoma IV IDH-WT - Stomach tumor 

WI145-III.1 SLC25A13 p.(G283E) M 40 Temporal (L) Astrocytoma II IDH-mut - Testicular cancer, 
tumor NOS 

WI51-III.1 TFAP2E p.(S298L) M 66 Bi-hemispheric Glioblastoma IV IDH-WT Basalioma - 

WI236-III.1 TP53 p.(N131S) F 46 Operculum (R) Glioblastoma 4 IDH-WT Breast tumor Breast cancer 

WI08-III.1 WDR7 p.(P1064L) M 61 Parietooccipital 
(R) Glioblastoma IV IDH-WT - Colon cancer, 

stomach cancer 

Codel, codeleted; Dx, diagnosis; F, female; fs, frameshift; IDH, isocitrate dehydrogenase 1/2; L, left; M, male; mut, mutant; NA, not available; NOS, not 
otherwise specified; R, right; WHO, World Health Organization; WT, wildtype; *, stop codon 
aAge at diagnosis of primary glioma in years 
bWHO grade of primary glioma according to the WHO classification used at the time: roman numerals are used in the WHO classification of 2007 and 
2016, arabic numerals are used in the WHO classification of 2021 
cThis glioma was grouped into the category “other glioma” because it could not be classified as a “glioblastoma, IDH-wildtype”, an “astrocytoma, IDH-
mutant”, or an “oligodendroglioma, IDH-mutant and 1p/19q-codeleted” 
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Supplementary Table 2b. Additional tumor characteristics and survival data of 56 glioma patients from 54 families carrying at least one pathogenic 
germline variant in a cancer predisposition gene and/or a glioma risk gene determined by approach 1 

Case Germline variant(s) Histology of the 
primary glioma 

Histology of the 
recurrent glioma 

Molecular characteristics of primary (p) or 
recurrent (r) glioma including second hit 
and tumor mutational burden (TMB) 

Survival 
(mo) 
PFS OS  

WI99-III.1 APC p.(P1960L) Glioblastoma NA - IDH-WT (p) 
- CDKN2A/B deletion (p) 
- EGFR amplification and point mutation 
(extracellular domain) (p) 

NA NA 

WI89-III.1 APC p.(G2164V), 
SLC4A7 p.(Y960C) 

Anaplastic 
astrocytomaa 

NA NA NA 165 

WI105-III.1 ATM c.901+2T>A Diffuse midline 
gliomaa 

NA - IDH-WT (p) 
- Loss of nuclear ATRX expression (p) 
- H3 K27-altered (H3F3A p.(K27M)) (p) 

NA 14 

WI37-III.1 ATM p.(Y1957C) Astrocytoma NA - IDH-mut (IDH1 p.(R132G)) (p) 
- Loss of nuclear ATRX expression (p) 

NA NA 

Fam004-III.1 ATM p.(A2274T) Glioblastoma NA - IDH-WT (p) NA 11 
WI207-III.1 ATM c.7630-2A>C Astrocytoma NA - IDH-mut (IDH1 p.(R132H)) (p) 

- Loss of nuclear ATRX expression (p) 
- Strong nuclear expression of p53 (p) 

NA NA 

WI166-III.1 ATM 
p.(D2625_A2626deli
nsEP),  
GBA1 p.(N409S) 

Astrocytoma NA - IDH-mut (IDH1 p.(R132H)) (p) 
- Loss of nuclear ATRX expression (p) 
- TP53 p.(F134V) (p) 
- MGMT promoter methylation (p) 

NA NA 

WI160-III.1 ATM p.(L3010*) Anaplastic 
astrocytoma 

Astrocytoma - IDH-mut (p, r) 
- Loss of nuclear ATRX expression (r) 
- Strong nuclear expression of p53 (r) 
- Homozygous CDKN2A deletion (r) 

51 53 

WI14-III.1 BRCA2 c.316+5G>C Anaplastic 
astrocytoma 

NA - IDH-mut (IDH1 p.(R132C)) (p) 
- Strong nuclear expression of p53 (r) 
- EGFR overexpression (r) 
- Second hit in BRCA2: - (p) 

67 NA 
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WI60-III.1 BRCA2 p.(Q742*) Astrocytoma NA -IDH-mut (IDH1 p.(R132H)) (p) 
- Loss of nuclear ATRX expression (p) 
- Strong nuclear expression of p53 (p) 
- Second hit in BRCA2: - (p) 

NA NA 

WI226-III.1 BRCA2 p.(K944*) Glioblastoma NA - IDH-WT (p) 
- Second hit in BRCA2: - (p) 

NA NA 

WI175-III.1 BRCA2 
p.(I1470Kfs*11) 

Glioblastoma NA - IDH-WT (p) NA 13 

WI191-III.1 BRCA2 
p.(S3366Nfs*4), 
COL7A1 p.(V2448V) 

Anaplastic 
oligodendroglioma 

Anaplastic 
oligodendroglioma 

- IDH-mut, 1p/19q-codel (p) 
- MGMT promoter methylation (p) 
- Strong nuclear expression of p53 (p, r) 
- Reduced nuclear expression of H3 
p.K27me3 (p, r) 
- Second hit in BRCA2: - (p) 

13 NA 

WI86-III.1 BRIP1 c.205+5G>T Anaplastic 
oligodendroglioma 

Anaplastic 
oligodendroglioma 

- IDH-mut (IDH1 p.(R132H)), 1p/19q-codel (p, 
r) 

34 76 

Fam002-III.1 CDH1 p.(A817V) Oligodendroglioma Oligodendroglioma - IDH-mut, 1p/19q-codel (p, r) 121 NA 
Fam002-III.2 CDH1 p.(A817V) Anaplastic 

Oligodendroglioma 
NA - IDH-mut, 1p/19q-codel (p) NA NA 

Fam002-II.2 CDH1 p.(A817V) Oligodendroglioma Anaplastic 
Oligodendroglioma 

- IDH-mut, 1p/19q-codel (p, r) 24 NA 

WI04-III.1 CDKN2A p.(M53I) Anaplastic 
astrocytomaa 

NA NA NA NA 

WI122-III.1 CTNND1 p.(R885W) Pilocytic 
astrocytomaa 

NA NA NA NA 

WI61-III.1 DICER1 p.(I846S) Anaplastic 
astrocytomaa 

NA - IDH-WT (p) NA 3 

WI239-III.1 DICER1 p.(Y1835C) Glioblastoma NA - IDH-WT (p) NA NA 
WI163-III.1 DIS3L2 p.(R274Q) Glioblastoma NA - IDH-WT (p) NA 5 
WI201-III.1 EGFR p.(C251S) Glioblastoma NA - IDH-WT (p) 

- TERT promoter mutation (TERT: p.(C228T)) 
(p) 
- H3 K27-altered (p) 
- EGFR amplification, suspected (p) 

NA 19 
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WI177-II.1 EGFR p.(L730R) Glioblastoma NA - IDH-WT (p) 
- MGMT promoter methylation (p) 
- TERT promoter mutation (TERT p.(C228T)) 
(p) 

NA 10 

WI33-III.1 EGFR p.(R962H) Astrocytoma Anaplastic 
astrocytoma 

- IDH-mut (IDH1 p.(R132G)) (p, r) 
- Loss of nuclear ATRX expression (r) 
- Strong nuclear expression of p53 (r) 

23 48 

WI165-III.1 EPCAM p.(R138*) Glioblastoma NA - IDH-WT (p) NA 13 
WI153-III.1 ERCC2 p.(D681N) Glioblastoma NA - IDH-WT (p) 

- MGMT promoter methylation (p) 
NA NA 

WI126-II.2 ERCC3 p.(I407S) Glioblastoma NA - IDH-WT (p) 
- MGMT promoter methylation (p) 

NA 19 

WI72-III.1 ERCC5 p.(R138*) Oligodendroglioma Oligodendroglioma - IDH-mut, 1p/19q-codel (p, r) 
- MGMT promoter methylation (r) 
- Heterozygous CDKN2A deletion (r) 
- Loss of p16 expression in most tumor cells 
(r) 
- Reduced nuclear expression of H3 
p.K27me3 (r) 

40 NA 

WI50-III.1 FAH c.1062+5G>A Oligodendroglioma NA - IDH-mut (IDH1 p.(R132H)), 1p/19q-codel 
(p) 

NA NA 

WI209-III.1 FANCA p.(T1131A) Glioblastoma NA - IDH-WT (p) NA 5 
WI22-III.2 FLCN p.(S406G), 

PCYT1A p.(R335*) 
Glioblastoma Glioblastoma - IDH-WT (p, r) 

- MGMT promoter methylation (p) 
- +7/-10 chromosome copy-number alteration 
(p) 
- PTEN deletion (p) 

6 21 

WI205-III.1 GBA1 p.(N409S) Glioblastoma NA - IDH-WT (p) 
- MGMT promoter methylation (p) 

NA NA 

WI214-III.1 GBA1 p.(N409S) Glioblastoma NA - IDH-WT (p) 
- Strong nuclear expression of p53 (p)  

NA 6 

WI09-III.1 GBA1 p.(R502H) Glioblastoma NA - IDH-WT (p) 
- MGMT promoter methylation (p) 

NA NA 
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WI48-III.1 GJB2 p.(V37I), 
TRPM1 
p.(D1392Lfs*11) 

Astrocytoma Astrocytoma - IDH-mut (IDH1 p.(R132H)) (p, r) 
- Loss of nuclear ATRX expression (r) 
- (Partial) strong nuclear expression of p53 
(p, r) 

120 NA 

WI49-III.1 GJB2 p.(V37I) Glioblastomaa NA NA NA NA 
WI75-III.1 GJB2 p.(Y155*) Glioblastoma NA - IDH-WT (p) 

- MGMT promoter methylation (p) 
NA NA 

WI169-II.2 HMBS p.(R32H) Glioblastoma NA - IDH-WT (p) 
- MGMT promoter methylation (p) 
- Individual multinucleated giant cells (p) 

NA NA 

WI106-III.1 IFIH1 p.(R598C) Oligodendroglioma Oligodendroglioma - IDH-mut (IDH1 p.(R132H)), 1p/19q-codel (p, 
r) 

32 NA 

WI53-III.1 KAT5 p.(R448*) Anaplastic 
oligodendroglioma 

NA - IDH-mut (IDH1 p.(R132H)), 1p/19q-codel 
(p) 

NA NA 

WI70-III.1 MUTYH p.(R217H) Glioblastoma NA - IDH-WT (p) 
- TP53 p.(K139N) (p) 
- MGMT promoter methylation (p) 
- Second hit in MUTYH: - (p) 
- TMB: 8.59 mut/Mb (p) 

NA 14 

Fam003-III.1 MYO7A p.(G1159V) Glioblastoma Glioblastoma - IDH-WT (p) 
- Strong nuclear expression of p53 (p) 

2 NA 

WI222-III.1 NF2 p.(R588*) Glioblastoma NA - IDH-WT (p) NA 7 
WI103-III.1 PMS2 p.(I292F) Oligodendrogliomaa Oligodendroglioma - IDH-mut (p) 91 106 
WI11-III.1 PMS2 p.(V306A) Glioblastoma NA - IDH-WT (p) 

- TP53 p.(H179L) (p) 
- DPYD p.(M166V), p.(S534N) (p) 
- EGFR overexpression (p) 
- TMB: 6.11 mut/Mb (p) 

NA 3 

WI88-III.1 POLE p.(M1L) Astrocytoma Astrocytoma, NA - IDH-mut (IDH1 p.(R132H)) (p) 
- TP53 p.(Y220C) (p) 
- MGMT promoter methylation (r) 
- CDKN2A deletion (r) 
- Loss of nuclear ATRX expression (r) 
- (Partial) strong nuclear expression of p53 (r) 
- TMB: 8.45 mut/Mb (p) 

34 NA 
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Fam016-III.1 POLE p.(R1136W) Glioblastoma NA - IDH-WT (p) 
- MDM2 amplification, suspected (p) 
- AKT1 amplification, suspected (p) 
- TMB: 6.02 mut/Mb (p) 

NA 15 

WI78-III.1 SAMHD1 p.(S23*) Astrocytoma NA - IDH-mut (IDH1 p.(R132C), p.(I130V)) (p) 
- TP53 p.(Y220C), p.(Y220H) (p) 
- Strong nuclear expression of p53 (p)  

NA NA 

WI87-III.1 SDHA p.(R31*) Glioblastoma Gliosarcoma - IDH-WT (p, r) NA NA 
LI06-III.1 SDHA p.(R31*), 

GATA2 p.(W10C) 
Glioblastoma Glioblastoma - IDH-WT (p) NA NA 

WI183-III.1 SDHA c.1795-3C>G Glioblastoma Glioblastoma - IDH-WT (p) NA NA 
WI145-III.1 SLC25A13 

p.(G283E) 
Astrocytoma Astrocytoma, NA - IDH-mut (p) 7 77 

WI51-III.1 TFAP2E p.(S298L) Glioblastoma NA - IDH-WT (p) 
- (Partial) strong nuclear expression of p53 
(p) 

NA 5 

WI236-III.1 TP53 p.(N131S) Glioblastoma NA - IDH-WT (p) 
- MGMT promoter methylation (p) 
- TERT promoter mutation (TERT p.(C228T)) 
(p) 
- Second hit in TP53: TP53 p.(Q104*) (p) 

NA NA 

WI08-III.1 WDR7 p.(P1064L) Glioblastoma Glioblastoma - IDH-WT (p, r) 22 NA 

Codel, codeleted; IDH, isocitrate dehydrogenase 1/2; mut, mutant; NA, not available; OS, overall survival; PFS, progression-free survival; TMB, 
tumor mutational burden; WT, wildtype; *, stop codon 
aThis glioma was grouped into the category “other glioma” because it could not be classified as a “glioblastoma, IDH-wildtype”, an “astrocytoma, IDH-
mutant”, or an “oligodendroglioma, IDH-mutant and 1p/19q-codeleted” 
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Supplementary Table 3. Genes significantly enriched for LoF GVs and non-silent GVs with a 
CADD score ≥30 that are ultrarare (MAF <0.0001) or LP/P according to the ClinVar database 
(referred to as pathogenic GVs) in the glioma compared to the control cohort: results from 
approach 2 

Gene 

No. of pathogenic 
GVs in 

Comparison 
of no. of 

pathogenic 
GVs in 

glioma vs. 
control 
cohorta 

Pathogenic GVs in 
glioma cohortb 

Family ID 
(glioma cohort) 

glioma 
cohort 
(n=206 

families) 

control 
cohort 
(n=391 

families) 

BRCA2 5 0 0.0233 

c.316+5G>Cc, p.(Q742*)c, 
p.(K944*)c, 

p.(I1470Kfs*11)c, 
p.(S3366Nfs*4) 

WI14d, WI60d, 
WI226d, WI175d, 

WI191d 

CFTR 5 0 0.0233 
p.(Y109*)c, c.489+3A>G, 
p.(G542*)c, p.(R1158*)c, 

p.(Q1476*)c 

WI192, WI21, 
WI58, WI169e, 

WI14e 

PHYH 4 0 0.0344 c.135-2A>G (n=2)c, 
p.(D177G), p.(G227R) 

LI07, WI54, 
WI103e, WI106f,g 

TRMT5 4 0 0.0344 p.(I105Sfs*4) (n=4) WI110, WI117, 
WI121, WI175e 

MAP3K20 3 0 0.0448 p.(C346*), p.(G355V), 
p.(S568C) 

Fam012, WI45, 
WI105e 

MYO1G 3 0 0.0448 p.(R155C), p.(Y624*), 
p.(R880C) 

WI153e, WI06, 
WI22e,f 

SERPINA3 3 0 0.0448 p.(F221Pfs*7) (n=2), 
p.(V378Sfs*9) 

WI04e, WI32, 
WI71 

TG 3 0 0.0448 p.(R1530*)c, p.(C2154*), 
p.(A341Vfs*21)c 

WI106f,g, WI19, 
WI62 

TMC1 3 0 0.0448 c.1763+3A>G (n=3)c Fam008, LI06e, 
WI215 

CADD score, combined annotation dependent depletion score; GV, germline variant; LoF, 
loss-of-function; LP, likely pathogenic; MAF, minor allele frequency; no., number; P, 
pathogenic 
aListed are Q values obtained by a false discovery rate (10%) approach according to 
Benjamini, Krieger, and Yekutieli based on P values calculated by Fisher’s exact test 
bLoF variants included start-loss, frameshift, splice region (±5) with an effect on splicing 
according to MaxEntScan, and stop-gain variants, but excluded in-frame indels; a CADD 
(https://cadd.gs.washington.edu) score ≥30 is equivalent to the top 0.1% most deleterious 
variants; MAF values were retrieved from the Genome Aggregation Database (gnomAD) 
browser v4.1.0, non-Finnish European population (https://gnomad.broadinstitute.org)  
cClassified as LP/P according to the ClinVar database (https://www.ncbi.nlm.nih.gov/clinvar) 
dThis variant was also identified in approach 1 (Table 1, Supplementary Table 2a, b) 
eThe index patient also carries a pathogenic GV in a cancer predisposition gene (Table 1, 
Supplementary Table 2a, b) 
fThe index patient also carries a pathogenic GV in a glioma risk gene (Table 1, Supplementary 
Table 2a, b) 
gIndex patient with pathogenic GVs in PHYH and TG  
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Supplementary Table 4. Comparison of our study and other reports with respect to established cancer predisposition / associated genes mutated 
in the germline of (familial) glioma patients 

 This study Jonsson et al. 2019 Choi et al. 2023 McDonald et al. 2023 
Number and type of 
studied cases  

n=206  
families with ≥1 glioma patient: 
glioma families, brain tumor 
families, tumor families, glioma 
patients with multiple tumors 
(≥1 syn- or metachronous non-
brain tumor) but an 
unremarkable family history 

n=764 (cases with germline analysis) 
glioma patients (family history of tumors 
not documented) 

n=304  
glioma families 

n=152  
glioma patients (some 
with family history of 
tumors) 

Number of established 
CPGs / cancer-
associated genes 
considered 

n=114  
Known CPGsa 

n=341-468b 
Cancer-associated genes 

n=32  
Known CPGs 

n=46  
Known CPGs 

Number of families with 
GVs in CPGs / cancer-
associated genes 
designated as 
pathogenic 

At least one pathogenic GV in 
46/206 (22.3%) families 

At least one deleterious or likely 
deleterious GV in 103/764 (13.5%) 
families 

LoF or previously 
identified likely 
pathogenic or 
pathogenic GVs 
in 15/304 (4.9%) 
families 

Pathogenic GVs in 
15/152 
(9.8%) families 

Mutated CPGs / 
cancer-associated 
genesc 

APC, ATM, BRCA2, BRIP1, 
CDH1, CDKN2A, COL7A1, 
DICER1, DIS3L2, EGFR, 
ERCC2, ERCC3, ERCC5, 
FAH, FANCA, FLCN, GATA2, 
GBA1, GJB2, HMBS, MUTYH, 
NF2, PMS2, POLE, SDHA, 
SLC25A13, TP53 

ALOX12B, APC, AR, ATR, BARD1, 
BLM, BRCA2, BRIP1, CASP8, CD274, 
CHEK1, CHEK2, CSF3R, EPCAM, 
ERCC2, ERCC5, FAM175A, FANCC, 
FAT1, FGFR1, FGFR3, FH, FLCN, 
FOXP1, HIST1H3B, HLA-A, IL7R, 
LATS2, MITF, MPL, MRE11A, MSH2, 
MSH6, MUTYH, NBN, NF1, NOTCH3, 
NOTCH4, PALB2, PARK2, PIK3C2G, 
PMS1, PMS2, PTCH1, PTEN, PTPN11, 
RAD50, RAD51, RB1, SDHA, SDHAF2, 
SH2B3, SMAD3, SOX17, TCF3, 
TGFBR2, TMEM127, TP53, XRCC2 

ATM, BRCA1, 
BRIP1, CDKN2A, 
MLH1, NBN, 
PMS2, POLD1, 
POLE  

ATM, BRCA1, 
BRCA2, CHEK2, 
MSH2, MSH3, 
MUTYH, NF1 
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CPG, cancer predisposition gene; GV, germline variant; LoF, loss-of-function 
aListed in Supplementary Table 1 
bThree versions of the MSK-IMPACT sequencing platform were used, targeting 341, 410, or 468 genes, respectively 
cGenes affected by deleterious GVs in more than one study are given in bold print and listed in Supplementary Table 5 
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Supplementary Table 5. Cancer predisposition / associated genes mutated in the germline 
of (familial) glioma patients in two or three of the four studies listed in Supplementary Table 4 

Gene Number of studies with 
germline variants in 
(familial) glioma patientsa 

ATM 3 
BRCA2 3 
BRIP1 3 
MUTYH 3 
PMS2 3 
APC 2 
BRCA1 2 
CDKN2A 2 
CHEK2 2 
ERCC2 2 
ERCC5 2 
FLCN 2 
NF1 2 
POLE 2 
SDHA 2 
TP53 2 

aGenes affected by deleterious GVs in three studies are given in bold print; each of these 
genes was mutated in at least one family of our study 
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Supplementary Fig. 1 Pedigrees indicating familial and/or personal tumor spectrum of glioma 
patients with pathogenic GVs in the recurrently affected genes APC (and SLC4A7 in one case), 
DICER1, or EGFR. Whether an individual is alive or deceased is not indicated. BTF, brain 
tumor family; Dx, age at diagnosis of primary tumor; GF, glioma family; GV, germline variant; 
MT, multiple tumors: glioma patient with ≥1 syn- or metachronous non-brain tumor but an 
unremarkable family history; NA, not available; NOS, not otherwise specified; TF, tumor family; 
V, variant; WT, wildtype; y, years 
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Supplementary Fig. 2 Pedigrees indicating familial and/or personal tumor spectrum of glioma 
patients with pathogenic GVs in the recurrently affected genes GBA1 (and ATM in one case) 
or GJB2 (and TRPM1 in one case). Whether an individual is alive or deceased is not indicated. 
BTF, brain tumor family; Dx, age at diagnosis of primary tumor; GV, germline variant; MT, 
multiple tumors: glioma patient with ≥1 syn- or metachronous non-brain tumor but an 
unremarkable family history; NA, not available; NOS, not otherwise specified; TF, tumor family; 
V, variant; WT, wildtype; y, years  
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Supplementary Fig. 3 Pedigrees indicating familial and/or personal tumor spectrum of glioma 
patients with pathogenic GVs in the recurrently affected genes PMS2 and POLE. Whether an 
individual is alive or deceased is not indicated. Dx, age at diagnosis of primary tumor; GF, 
glioma family; GV, germline variant; MT, multiple tumors: glioma patient with ≥1 syn- or 
metachronous non-brain tumor but an unremarkable family history; TF, tumor family; V, 
variant; WT, wildtype; y, years 
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Supplementary Fig. 4 Pedigrees indicating familial and/or personal tumor spectrum of glioma 
patients with pathogenic GVs in BRIP1, CDH1, CDKN2A, CTNND1, DIS3L2, EPCAM, and 
ERCC2. A double horizontal line indicates consanguinity between two individuals. Whether an 
individual is alive or deceased is not indicated. BTF, brain tumor family; Dx, age at diagnosis 
of primary tumor; GV, germline variant; MT, multiple tumors: glioma patient with ≥1 syn- or 
metachronous non-brain tumor but an unremarkable family history; NA, not available; NOS, 
not otherwise specified; TF, tumor family; V, variant; WT, wildtype; y, years  
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Supplementary Fig. 5 Pedigrees indicating familial and/or personal tumor spectrum of glioma 
patients with pathogenic GVs in ERCC3, ERCC5, FAH, FANCA, FLCN, and PCYT1A. Whether 
an individual is alive or deceased is not indicated. BTF, brain tumor family; Dx, age at diagnosis 
of primary tumor; GV, germline variant; MT, multiple tumors: glioma patient with ≥1 syn- or 
metachronous non-brain tumor but an unremarkable family history; NA, not available; NOS, 
not otherwise specified; TF, tumor family; V, variant; WT, wildtype; y, years 
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Supplementary Fig. 6 Pedigrees indicating familial and personal tumor spectrum of glioma 
patients with pathogenic GVs in HMBS, IFIH1, KAT5, MUTYH, MYO7A, and NF2. Whether an 
individual is alive or deceased is not indicated. BTF, brain tumor family; Dx, age at diagnosis 
of primary tumor; GF, glioma family; GV, germline variant; NA, not available; NOS, not 
otherwise specified; TF, tumor family; V, variant; WT, wildtype; y, years  
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Supplementary Fig. 7 Pedigrees indicating familial and/or personal tumor spectrum of glioma 
patients with pathogenic GVs in SAMHD1, SLC25A13, TFAP2E, TP53, and WDR7. Whether 
an individual is alive or deceased is not indicated. Dx, age at diagnosis of primary tumor; GV, 
germline variant; MT, multiple tumors: glioma patient with ≥1 syn- or metachronous non-brain 
tumor but an unremarkable family history; NA, not available; NOS, not otherwise specified; TF, 
tumor family; V, variant; WT, wildtype; y, years 
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Supplementary Fig. 8 Expression analysis of ATM, BRCA2, phospho-H2AX, RAD51 and 
PARP1 on formalin-fixed paraffin-embedded glioma sections from nine patients with GVs in 
the CPGs ATM, BRCA2, FANCA and SDHA associated with DNA damage response by 
immunohistochemistry. For semi-quantitative determination of the immunoreactivity score of 
nuclear ATM, BRCA2, phospho-H2AX, RAD51 and PARP1 staining five fields per tumor were 
analyzed, one of which per stain and tumor is shown here. A2, astrocytoma, IDH-mutant, CNS 
WHO grade 2; A3, astrocytoma, IDH-mutant, CNS WHO grade 3; A4, astrocytoma, IDH-
mutant, CNS WHO grade 4; CPG, cancer predisposition gene; O3, oligodendroglioma, IDH-
mutant and 1p/19q-codeleted, CNS WHO grade 3; Gb4, glioblastoma, IDH-wildtype, CNS 
WHO grade 4; GV, germline variant; pt, patient 
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Supplementary Fig. 9 Expression analysis of EGFR and phospho-EGFR (Tyr1068) on 
formalin-fixed paraffin-embedded tumor sections from the two glioblastoma patients with GVs 
in EGFR by immunohistochemistry. EGFR is expressed and Tyr1068 phosphorylated in both 
glioblastomas. Gb4, glioblastoma, IDH-wildtype, CNS WHO grade 4; GV, germline variant; pt, 
patient 
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