SUPPLEMENTARY TABLES




Suppl. Table 1. Noonan syndrome (NS) patients with (n=8) or without (n=66) a solid tumor in FPG cohort.

	
Affected gene
	Amino Acid substitution
	NS patients with solid tumors (n=6), n (%)
	
Tumor type
	NS patients without solid tumors (n=37), n (%)
	
P a

	

	
Glu139Asp
	
2b (33.3)
	in situ melanoma, neuroblastoma + glioma
	
0.0
	
<0.02

	
	Ile282Val
	1 (16.7)
	in situ melanoma
	0.0
	0.14

	PTPN11
	Asn308Ser
	1 (16.7)
	glioma + spinal neurofibroma
	0.0
	0.14

	
	Gly503Arg
	1 (16.7)
	glioma
	1 (2.7)
	0.26

	
	Met504Val
	1 (16.7)
	glioma
	1 (2.7)
	0.26

	
	
	
	
	
	

	
Affected gene
	Amino Acid substitution
	NS patients with solid tumors (n=1), n (%)
	
Tumor type
	NS patients without solid tumors (n=9), n (%)
	
pa

	SOS1
	Ser548Arg
	1 (100)
	in situ melanoma
	0 (0.0)
	0.10

	
	
	
	
	
	

	
Affected gene
	Amino Acid substitution
	NS patients with solid tumors (n=1), n (%)
	
Tumor type
	NS patients without solid tumors (n=3), n (%)
	
pa

	RIT1
	Ala57Gly
	1 (100)
	giant cell lesion of the jaw
	0 (0.0)
	0.25


aTwo-tailed Fisher’s Exact test.
b Familial case (one affected subject with multiple tumors).








Suppl. Table 2. Costello syndrome (CS) patients with (n=11) or without (n=12) a solid tumor in FPG cohort.

	
Affected gene
	Amino Acid substitution
	NS patients with solid tumors (n=11), n (%)
	
our type
	NS patients without solid tumors (n=12), n (%)
	
pa

	
HRAS
	
Gly12Ser
	
11b (100)
	bladder tumors (14)c, breast neoplasia (2)d, neuroblastoma (1), gastric leiomyoma (1) rhabdomyosarcoma (1), Melanocytoma (1), Melanoma in situ (1), 
	
8 (66.7)
	
0.09


aTwo-tailed Fisher’s Exact test.
b Multiple tumors were observed in three patients.
c 7/14 Papillary Urothelial Neoplasia of low malignant potential (PUNLMP) and 7/14 low-grade urothelial carcinoma
d multiple intraductal papilloma of the breast.





Suppl. Table 3. Patients with cardiofaciocutaneous syndrome (CFCS) with (n=3) or without (n=38) a solid tumor in FPG cohort.

	
Affected gene
	Amino Acid substitution
	CFCS patients with solid tumors (n=2), n (%)
	
Tumor type
	CFCS patients without solid tumors (n=0), n (%)
	
pa

	
BRAF
	Thr470Pro
	1 (50.0)
	giant cell lesion
	0.0
	0.06

	
	Lys499Asn
	1 (50.0)
	Pylocytic astrocytoma
	0.0
	0.06

	
Affected gene
	Amino Acid substitution
	CFCS patients with solid tumors (n=1), n (%)
	
Tumor type
	CFCS patients without solid tumors (n=2), n (%)
	
pa

	MAP2K1
	Tyr130Cys
	1 (100)
	Multiple spinal neurofibromas 
	2 (100)
	-


a Two-tailed Fisher’s Exact test.




Suppl. Table 4. Noonan syndrome (NS) patients with (n=79) or without (n=3002) a solid tumor reported in literature*.
	
Affected gene
	Amino Acid substitution
	NS patients with solid tumors (n=45), n (%)
	
Tumor type
	NS patients without solid tumors (n=2330), n (%)
	
pa

	
	Asn58Asp/Lys
	3 (6.7)
	DNET3 (2), glioma
	58 (2.5)
	0.11

	
	Gly60Ala
	3 (6.7)
	neuroblastoma, glioma, DNET
	52 (2.2)
	0.08

	
	Asp61Gly
	2 (4.4)
	DNET (2)
	92 (3.9)
	0.70

	
	Tyr62Cys/Asp
	2 (4.4)
	neuroblastoma, giant cell lesion
	76 (3.3)
	0.66

	
	Asp106Ala
	3 (6.7)
	giant cell lesion (2), breast cancer
	29 (1.2)
	<0.02

	
	Glu139Asp
	2 (4.4)
	glioma, DNET
	121 (5.2)
	1.0

	
	Ile282Met/Val
	2 (4.4)
	neuroblastoma (2)
	51 (2.2)
	0.27

	PTPN11
	Phe285Leu
	2 (4.4)
	giant cell lesion (2)
	27 (1.2)
	0.10

	
	

Asn308Asp/Ser
	

13 (28.9)
	neuroblastoma (2), glioma (2), other CNS (2), DNET (2), giant cell lesion (2), granular cell tumour, hepatoblastoma, ganglioneuroma
	

685 (29.4)
	

1.0

	
	Ser502Thr
	2 (4.4)
	neuroblastoma (2)
	16 (0.7)
	<0.05

	
	Gly503Arg
	2 (4.4)
	granular cell tumour (2)
	75 (3.2)
	0.66

	
	Met504Val
	3 (6.7)
	colorectal cancer (2), angiosarcoma
	118 (5.1)
	0.50

	
	
	
	
	
	

	
Affected gene
	Amino Acid substitution
	NS patients with solid tumors (n=21), n (%)
	
Tumor type
	NS patients without solid tumors (n=413), n (%)
	
pa

	
SOS1
	Arg552Lys/Gly/Ser/Thr
	
8 (38.1)
	
giant cell lesion (7), granular cell tumour
	
105 (25.4)
	
0.21

	
	Glu846Lys
	4 (19.0)
	giant cell lesion (4)
	26 (6.3)
	<0.05

	
	
	
	
	
	

	
Affected gene
	Amino Acid substitution
	NS patients with solid tumors (n=2), n (%)
	
Tumor type
	NS patients without solid tumors (n=35), n (%)
	
pa

	NRAS
	Gly12Arg
	2 (100)
	rhabdomyosarcoma, CNS tumour
	-
	<0.002


*Only amino acid substitutions that recur in at least two NS patients with neoplasia are shown. Updated to December 2023.
2Two-tailed Fisher’s Exact test.






Suppl. Table 5 Noonan syndrome (NS) patients with (n=88) or without (n=3068) a solid tumor reported in literature1 and FPG cohort.

	
Affected gene
	Amino Acid substitution
	Patients with solid tumors (n=51), n (%)
	
Tumor type
	Patients without solid tumors (n=2367), n (%)
	
P a

	
	Asn58Asp/Lys
	3 (5.9)
	DNETb (2), glioma
	58 (2.5)
	0.14

	
	Gly60Ala
	3 (5.9)
	neuroblastoma, glioma, DNET
	52 (2.2)
	0.11

	
	Asp61Gly
	2 (3.9)
	DNET (2)
	92 (3.9)
	1

	
	Tyr62Cys/Asp
	2 (3.9)
	neuroblastoma, giant cell lesion
	76 (3.2)
	0.68

	
	Asp106Ala
	3 (5.9)
	giant cell lesion (2), breast cancer
	29 (1.2)
	<0.03

	
	Glu139Asp
	4c (7.8)
	Glioma (2), DNET, melanoma, neuroblastoma 
	121 (5.1)
	0.33

	
	Ile282Met/Val
	3 (5.9)
	neuroblastoma (2), melanoma
	51 (2.2)
	0.10

	PTPN11
	Phe285Leu
	2 (3.9)
	giant cell lesion (2)
	27 (1.1)
	0.12

	
	

Asn308Asp/Ser
	

14 (27.5)
	glioma (3), neuroblastoma (2), other CNS (2), DNET (2), giant cell lesion (2), granular cell tumor, hepatoblastoma, ganglioneuroma
	

685 (28.9)
	

0.88

	
	Ser502Thr
	2 (3.9)
	neuroblastoma (2)
	16 (0.7)
	0.05

	
	Gly503Arg
	3 (5.9)
	granular cell tumour (2), glioma
	76 (3.2)
	0.23

	
	Met504Val
	5 (7.8)
	colorectal cancer (2), angiosarcoma, glioma
	119 (5.0)
	0.33

	
	
	
	
	
	

	
Affected gene
	Amino Acid substitution
	Patients with solid tumors (n=22), n (%)
	
Tumor type
	Patients without solid tumors (n=422), n (%)
	
P a

	
	Ser548Arg
	2 (9.1)
	rhabdomyosarcoma, melanoma
	21 (5.0)
	0.32

	
SOS1
	Arg552Lys/Gly/Ser/Thr
	
8 (36.4)
	
giant cell lesion (7), granular cell tumor
	
105 (24.9)
	
0.22

	
	Glu846Lys
	4 (18.2)
	giant cell lesion (4)
	26 (6.2)
	0.05

	
	
	
	
	
	

	
Affected gene
	Amino Acid substitution
	Patients with solid tumours (n=3), n (%)
	
Tumor type
	Patients without solid tumors (n=32), n (%)
	
P a

	NRAS
	Gly12Arg
	2 (100)
	rhabdomyosarcoma, CNS tumour
	-
	<0.002


1Only amino acid substitutions that recur in at least two NS patients with neoplasia are shown. Updated to December 2023.
aTwo-tailed Fisher’s Exact test.
bDysembryoplastic neuroepithelial tumors
cFamilial case (one affected subject with multiple tumors).








Suppl. Table 6. Costello syndrome (CS) patients with (n=27)1 or without (n=307)1 a solid tumor in literature.

	
Affected gene
	Amino Acid substitution
	Patients with solid tumors, n (%)
	
Tumor type
	Patients without solid tumors, n (%)
	
P a

	
	
Gly12Ser
	
18 (66.7)
	gastric leyoma (1); rhabdomyosarcoma (13); bladder neoplasia (2); neuroblastoma (2)
	215 (70.0)
	0.83

	HRAS
	Gly12Ala
	7b (25.9)
	rhabdomyosarcoma (4); bladder neoplasia (5); neuroblasoma (1)
	20 (6.5)
	0.003

	
	Gly12Cys
	2 (7.4)
	rhabdomyosarcoma (2)
	7 (2.3)
	0.16


1Only CS patients with a molecular diagnosis were included. Updated to December 2023.
aTwo-tailed Fisher’s Exact test.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]b Multiple bladder tumors were detected in one patient (Sovik et al. 2009).




 Suppl. Table 7 Costello syndrome (CS) patients with (n=38) or without (n=319) a solid tumor in literature and FGP cohort.

	
Affected gene
	Amino Acid substitution
	CS patients with solid tumours (n=38)a, (%)
	
Tumour typeb
	CS patients without solid tumors (n=319)1,(%)
	
P c

	






HRAS
	


Gly12Ser
	


29 (76.3)
	gastric leiomyoma (1); 7 PUNLMP; low grade urothelial carcinoma (9); melanocytoma (1); melanoma in situ (1); intraductal papillomata of the breast (2); 1 ganglioneuroblastoma (1); rhabdomyosarcoma (14); neuroblastoma (1)
	215 (67.4)
	0.26 (chi2)

	
	Gly12Ala
	7 (18.4)
	rhabdomyosarcoma (4); 5 bladder tumours (5); ganglioneuroblastoma (1)
	20 (6.3)
	0.016 

	
	Gly12Cys
	2 (5.3)
	rhabdomyosarcoma (2)
	7 (2.2)
	0.25 



aOnly CS patients with a molecular diagnosis were included.
bMultiple tumors were observed in five patients.
cTwo-tailed Fisher’s Exact test.




Suppl. Table 8. Patients with cardiofaciocutaneous syndrome (CFCS) with (n=7) solid tumor in literature and FPG cohort.

	
Affected gene
	Amino Acid substitution
	CFCS patients with solid tumors (n=4), n (%)
	
Tumor type

	
BRAF
	Gln257Arg
Thr470Pro
	2 (50)
1 (25)
	giant cell lesion (2)
giant cell lesion

	
	Lys499Asn
	1 (50.0)
	glioma

	
Mutated gene
	Amino Acid substitution
	CFCS patients with solid tumors (n=3), n (%)
	
Tumor type

	
MAP2K1
	
Tyr130Cys
	
1 (100)
	Multiple spinal neurofibromas (1), giant cell lesion of the jaw (1), hepatoblastoma (1)







Suppl. Table 9. PTPN11-positive Noonan syndrome with multiple lentigines (NSML) cases with (n=16)1 or without (n=404) a solid tumor in literature.
	
Affected gene
	Amino Acid substitution
	NS patients with solid tumors, n (%)
	
Tumour type
	NSML patients without solid tumors, n (%)
	
P a

	PTPN11
	Tyr279Cys
	5 (31.2)
	neurofibroma (3), melanoma (2)
	99 (24.5)
	0.56

	
	Thr468Met
	9 (56.2)
	brain tumors (4), melanoma (2), granular cell tumor, giant cell lesions, neurofibromas
	150 (37.1)
	0.19


1Only amino acid substitutions that recur in at least two NS patients with neoplasia are shown. Updated to December 2023.
aTwo-tailed Fisher’s Exact test.


Suppl. Table 10.  Other genes involved in NS and NS-like phenotypes associated with solid tumors#
	
Affected gene
	Amino Acid substitution
	N° of individuals reported
	
Tumour type

	KRAS
	Gln22Arg
p.Asp153Val

	1
1
	Brain tumor (1)
tenosynovial giant cell tumor (1)

	
LZTR1
	
Arg284Cys
	
1
	
brain tumors (1),

	RAF1 

RRAS2 
	Gly361Ala

Gly23Cys
	1

1
	brain tumors (1),

embryonal RMS (1)

	SHOC2

CBL
	Ser2Gly

Gln367Pro
	1

1

	tenosynovial giant cell tumor (1)

ovarian mixed immature teratoma (1)

	RIT1
	p.Ala57Gly
Phe82Leu

	1
1
	multiple giant cell lesions of the jaw (1)
gastrointestinal stromal tumor associated with neuroendocrine tumor (1)
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