Extended Data Table 1: Baseline Demographics
	Variable
	Total
(n = 123)

	Group A
(n = 43)
	Group B
(n= 41)
	Group C
(n=39)

	Median age (range) - yr
	9 (0-21)
	6 (0-21)
	10 (0-21)
	11 (0-21)

	Sex, no. (%)
Female
Male

	
51 (41.4)
72 (58.6)
	
15 (34.9)
28 (65.1)
	
20 (48.8)
21 (51.2)
	
16 (41.0)
23 (59.0)

	Disease status at enrolment, no. (%)
Diagnosis
Relapse
Progression
Refractory

	
91 (74.0)
16 (13.0)
15 (12.1)
1 (0.8)

	
36 (83.7)
4 (9.3)
2 (4.7)
1 (2.3)
	
28 (68.3)
5 (12.2)
8 (19.5)
-
	
27 (69.2)
7 (17.9)
5 (12.8)
-

	Cancer type, no. (%)
	
	
	
	

	CNS tumor
Glioneuronal and neuronal tumor
Circumscribed astrocytic glioma
CNS mesenchymal tumour
Pediatric-type diffuse LGG
Other

	31 (25.2)
10 (8.1)
8 (6.5)
3 (2.4)
2 (1.6)
8 (6.5)
	13 (30.2)
6 (14.0)
4 (9.3)
2 (4.7)
1 (2.3)
-
	8 (19.5)
1 (2.4)
3 (7.3)
-
-
4 (9.8)
	10 (25.6)
3 (7.7)
1 (2.6)
1 (2.6)
1 (2.6)
4 (10.3)

	Solid tumor
Sarcoma 
Adrenal cortical tumour
Carcinoma
Other solid tumor

	73 (59.3)
30 (24.3)
3 (2.4)
4 (3.3)
36 (29.3)

	20 (52.6)
10 (23.3)
1 (2.3)
-
14 (32.6)

	25 (62.5)
13 (31.7)
-
2 (4.9)
11 (26.8)

	21 (55.2)
7 (17.9)
2 (5.1)
2 (5.1)
11 (28.2)


	Hematological malignancy
Leukemia
Lymphoma
Histiocytosis

Sequencing performed
   WGS+WTS
   WGS alone
   WGS+Panel
   WGS+WTS+Panel
   Panel alone
   Methylation

	19 (15.4)
9 (7.3)
4 (3.4)
6 (4.9)


80 (65.0)
29 (23.6)
2 (1.6)        
2 (1.6)
10 (8.1)
70 (57.0)
	5 (11.6)
3 (7.0)
-
2 (4.7)


25 (58.1)
13 (30.2)
1 (2.3)
1 (2.3)
3 (7.0)
30 (70.0)
	7 (17.1)
3 (7.03)
2 (4.9)
2 (4.9)


29 (71.0)
6 (14.6)
1 (2.4)
1 (2.4)
4 (9.8)
22 (53.7)
	7 (17.9)
3 (7.7)
2 (5.1)
2 (5.1)


26 (66.7)
10 (25.6) 
-
-
3 (7.7)
18 (46.2)



















Extended Data Table 2. Definitions of change in diagnosis, molecular clarification, molecular refinement, clinical impact categories.
	Diagnostic
	Revised diagnosis
	Made, clarified, or revised the diagnosis, resulting in a change in provisional histopathological diagnosis, as confirmed with the treating clinical team.


	
	Molecular confirmation
	Molecular findings confirmed the favored histopathological diagnosis for the clinician and/or provide confirmation where a molecular profile is essential for WHO diagnostic criteria


	
	Molecular refinement
	Molecular findings provided additional diagnostic information and/or further refined a molecular subtype of diagnosis.


	Conventional treatment
	Informed decision to give, omit or adjust standard of care treatments including chemotherapy, radiation therapy, surgery or HSCT.


	PGT recommendation
	Received a recommendation for precision guided therapy.


	Therapeutic PGT
	Received precision guided therapy.


	Prognostic
	MTB discussion and/or report reflect disease relevant prognostic impact of molecular findings, and/or diagnostic impact resulting in prognostic significance 


	Germline
	Identification of a cancer predisposition not previously known, resulting in cancer surveillance and/or cascade testing


	Other
	Other clinical impact identified by treating clinician. 


















Extended Data Table 3. Molecular profile and clinical impact of patients with change in diagnosis
	Enrolment diagnosis 
ID

	Integrated molecular diagnosis
	ZERO Molecular findings
	Clinical impact and vignette 


	Change in diagnosis leading to change in clinical management


	Unknown (M1) 
zccs1211
	MPNST-like high grade CNS tumor
	NF2 loss, activation of MAPK pathway, CDKN2A/2B loss, ATM homozygous mutation
	Informed chemotherapy regimen and reduced radiation field (decision not to give craniospinal radiation)

	Unknown 
zccs1219

	Inflammatory myofibroblastic tumor 
	No WGS or panel findings. Methylation match IMT
	Undifferentiated splenic lesion in a patient with previous osteosarcoma. Informed decision that adjuvant chemotherapy and radiation not indicated

	Unknown
zccs1344
	Diffuse leptomeningeal glioneuronal tumor (ME) 
	KIAA1549-BRAF fusion, 1p/19q co-deletion, BCOR mutation. Methylation match DLGNT
	Informed decision to treat with chemotherapy and avoid a second high risk surgery to obtain further tissue; molecular profile also facilitated clinical trial enrolment13 

	Unknown- giant cell rich epithelioid neoplasm (M2)
zccs1310 
	Giant cell rich tumor, HMGA2::NCOR2 fusion positive
	HMGA2::NCOR2 fusion, high CSFR1 and CSFR RNA expression
	Informed decision to utilise targeted therapy with profound clinical response in a baby with refractory head and neck tumor11

	Undifferentiated sarcoma (C3)
zccs332
	Infantile fibrosarcoma
	ETV6::NTRK3 fusion
	Informed decision to change to targeted therapy in a patient with intolerable chemotherapy toxicity 

	High grade renal tumor (I4)
zccs1342
	Malignant rhabdoid tumor of the kidney
	Compound heterozygosity - germline and somatic SMARCA4 variants. 
Methylation match MRT
	Recognition of underlying rhabdoid tumour predisposition syndrome and cascade testing demonstrating paternal inheritance

	High grade renal tumor
zccs1370
	DICER-associated anaplastic sarcoma of the kidney
	Biallelic DICER1 somatic loss. Methylation match RMS

	Patient had undergone total nephrectomy with no metastatic disease, informed surveillance strategy

	Atypical spindle cell neoplasm (I5, C6)
zccs1461
	Infantile fibrosarcoma
	EML4::NTRK3 fusion
	Informed decision to utilise targeted therapy and avoided mutilating surgery

	Low grade spindle cell lesion of myofibroblastic lineage (M7)
zccs1519
	APC-driven desmoid fibromatosis
	Germline APC mutation with somatic copy loss of APC. Methylation match desmoid-type fibromatosis
	Recognition of underlying cancer predisposition syndrome with cascade testing

	CNS embryonal tumor NOS
zccs1431
	CIC-rearranged sarcoma, CNS (ME)
	CIC::DUX4 fusion
Methylation match CNS Ewing sarcoma with CIC alteration
	Informed chemotherapy using an Ewing-based approach; patient was concurrently enrolled on another study on DNA methylation testing which also yielded diagnosis.

	Infiltrative astrocytoma
zccs1703
	High grade astrocytoma with piloid features (ME)
	FGFR1 mutation, NF1 loss. 
Methylation match high grade astrocytoma with piloid features
	Informed decision to give adjuvant radiation therapy12 

	Diffuse astrocytoma, grade II
zccs1548 
	Pilocytic astrocytoma
	KIAA1549::BRAF fusion. Methylation match pilocytic astrocytoma
	Reinforced decision to continue a watch-and-wait approach

	Glioma NOS
zccs1629
	Pilocytic astrocytoma
	BRAFV600E mutation, RAD51D germline mutation. Methylation match LGG, midline pilocytic astrocytoma
	Informed decision to utilise targeted therapy. Identification of germline variant with appropriate cascade testing. 

	Myeloproliferative neoplasm unclassifiable (M8)
zccs1400
	Variant acute promyelocytic leukaemia
	TBL1XR1::RARB fusion
	Informed decision to utilise AML-directed chemotherapy only plan rather than HSCT in first remission

	Congenital mature B cell lymphoma
zccs1329
	Maternally derived mature B cell lymphoma
	MYC-IGHE fusion; ID3/ASXL2, TET2, MAP2K1, TP52, RAF, MYC mutations. Copy neutral LOH of 17p and chr1. Methylation match lymphoma
	Bioinformatic analysis identified presence of a different genome in the tumor sample prompting further investigation of the mother resulting in a diagnosis of materno-fetal placental transmission of lymphoma



	Change in diagnosis with no change in patient management


	Unknown- unclassified spindle cell and epitheloid malignant neoplasm (I9)
zccs188
	Extrarenal rhabdoid tumor
	Biallelic SMARCB1 somatic loss
	Difficult to characterise tumor despite multiple expert opinions. No change to management.

	Unknown- diffuse low-grade glioma or glioneuronal tumor
zccs1711
	Ganglioglioma
	FGFR3::TACC3 tandem duplication. Methylation match ganglioglioma
	No change to management. Patient undergoing surveillance however revealed therapeutic opportunity if required in future. 

	Astroblastoma-like tumor (M10)
zccs1338
	Papillary glioneuronal tumor (ME)
	SLC44A1::PRKCA fusion
	No change to management. 

	Inflammatory myofibroblastic tumor M11
zccs1457
	ALK-positive histiocytosis
	KIF5B::ALK fusion
	No change to management.

	Undifferentiated round cell sarcoma C12, M13
zccs1539
	CIC-rearranged sarcoma, non-CNS (ME)
	Complex CIC rearrangement. Methylation match small blue round cell tumor with CIC alteration
	No change to management.

	HGNET with BCOR alteration 
M14, I15
zccs1590
	Astroblastoma / HGNET, MN1-altered vs. Astroblastoma, not elsewhere classified
	EWSR1::BEND2 fusion. Methylation match high grade neuroepithelial tumor with BEND2::MN1 alteration
	No change to management.

	Dermatofibrosarcoma protruberans M16
zccs1610
	Infantile fibrosarcoma
	BRAFV600E mutation
	No change to management.

	
The enrolment diagnosis is presented along with results of pertinent clinical testing performed either prior to, or concurrently with enrolment on ZERO. This included cytogenetic (C), immunohistochemistry (I), molecular (M) and flow cytometry (F) analyses. The relevant results are indicated by the superscript numbers:  
M1 Non-diagnostic DNA-based NGS small panel; M2 Negative TSO500 panel; C3 Cytogenetic analysis suggestive but not diagnostic of potential 12p/15q alteration; RT-PCR failed twice; I4 Normal BRG1/SMARCA4 immunochemistry; I5 Pan-TRK IHC positive; C6 NTRK FISH not available at site; M7 Non-diagnostic RNA fusion panel; M8 Non-diagnostic core myeloid gene panel and RNA fusion panel; I9 Inconclusive IHC1 IHC; M10 Non-diagnostic RNA fusion panel, M11 Concurrent identification of diagnostic fusion by RNA fusion panel, C12 Negative FISH for CIC rearrangement, M13,14 Concurrent identification of diagnostic fusion by RNA fusion panel, I15 BCOR IHC positive, M16 Non-diagnostic RNA fusion panel
ME Molecular profile essential for WHO diagnosis.

















Extended Data Table 4: Validation Cohort Characteristics

	
	ZERO Cohort (n=123)
	KiCS Validation Cohort (n=41)

	
	
	KiCS Pipeline
	ZERO Pipeline

	Comprehensive molecular profiling has high diagnostic yield in rare pediatric cancers

	Overall diagnostic utility
	43/123 (35%) 
	18/41 (43.9%)

	20/41 (48.8%)

	Revised diagnosis
	22/123 (17.9%)
	13/41 (31.7%) 

	15/41 (36.6%)

	Revised diagnosis in setting of diagnostic uncertainty

	20/43 (46.5%)
	12/22 (54.5%) 

	13/22 (59.1%)

	Comprehensive molecular profiling improves clinical management of patients with rare pediatric tumors

	Conventional treatment
	25/123 (20.3%)
16 Chemotherapy
6 Radiation
7 Surgery
2 HSCT
	10/41 (24.3%)
9 Chemotherapy
2 Surgery
2 HSCT
1 RT
	

	PGT recommendation
	83/123 (67.5%)

	10/41 (24.3%) 
	13/41 (31.7%)1 or 2M 

	PGT therapy
	30/83 (36.1%)

	3/10 (30%)
	

	Germline
	17/123 (13.8%)

	4/41 (9.6%)
	

	Prognosis
	46/123 (37.4%)

	18/41 (43.9%) 
	19/41 (46.3%)

	Other


	9/123 (7.3%)

	0
	

	The multi-omic platform provides definitive answers to real-world clinical molecular queries

	ZERO/KiCS
	40/41 (97.6%)
	11/11 (100%)
	

	Clinical
	7/13 (53.8%)
	0/5 (0%)
	






