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Paediatric Sarcomas

 Two major ‘genetic’ subtypes:

 Complex genome without recurrent diagnostic abnormalities 

 ERMS & osteosarcoma

 Simple genome with recurrent diagnostic abnormalities

 Ewing sarcoma & ARMS



Molecular Genetics of Paediatric Sarcomas

 Discovery of recurrent genetic abnormalities in paediatric tumours 
“transformational”

 more precise diagnostic accuracy (e.g. FOXO1 rearrangements in RMS)

 discovery of prognostic markers (e.g. MyoD1 mutation)

 paradigm shift in tumour classification (e.g. EWSR1 and Ewing family of tumours)

 better understanding of biology

Somers et al Pediatr Dev Pathol 2006:9:132-142



Paediatric Sarcomas

Tumors Selected genetic abnormalities Technology

Ewing family of tumours Rearrangements of EWSR1; rare non-EWSR1

rearrangements (e.g. CIC/DUX4 & FUS/ERG)

NanoString/NGS

Synovial sarcoma SYT gene rearrangements NanoString/NGS

Rhabdomyosarcoma, alveolar FOXO1 gene rearrangements NanoString/NGS

BCOR sarcomas BCOR/CCNB1 gene rearrangement NanoString/NGS

Infantile fibrosarcoma ETV6/NTRK3 fusion transcript

Osteosarcoma – low grade Amplification of MDM2 and CDK4 SNP array

Chondrosarcoma – extraskeletal myxoid EWSR1/NR4A3 fusion gene NanoString/NGS

Chondrosarcoma – mesenchymal HEY1-NCOA2 fusion gene NanoString/NGS

Chordoma Monosomy 1 and 7; gain of 7q33 SNP array



Methodologies

 Traditional

 G-banding cytogenetics

 FISH

 RT-PCR

 Newer and Emerging
 Array technologies

 NanoString assay

 Next generation sequencing (NGS)

Newby R. et al., Cancer Genet. and Cytogenet., 2010 
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Array Technologies

 Single nucleotide polymorphism (SNP) arrays

 Originally designed to detect polymorphisms for GWAS & disease susceptibility 
studies

 Now increasingly powerful with ++ probes

 Detection of copy number variations (e.g. deletions and duplications)

 Detection of LOH

 Applications:
 Limited for paediatric sarcomas at present time

 Detection of LOH (e.g. loci 11 p, 11q and 16q in ERMS)

 Chromothripsis/disrupted genome in osteosarcoma



Whole Genome View

DNA index = 1.35

cnLOH cnLOH cnLOH cnLOH

Numerical chromosome alterations



Reporter Tag Sequence
Unique tag sequence 
assigned to each target 
sequence

Universal Capture Tag
Sequence
Same tag sequence used 
for all target sequences

Biotin

Nucleic acid target (fusion)

Capture Tag

Probe A Probe B

Reporter Tag

NanoString Assay

NanoString Applications:

• Fusion detection in sarcomas & leukemias

• Subgrouping based on gene expression 
profile (e.g. medulloblastoma)
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NanoString Results

Advantages of NanoString Assay:
1. Works off paraffin-embedded tissue
2. Small amounts of starting material
3. Multiplex assay (~800 probes)

Disadvantages of NanoString Assay:
1. Need exact sequence of bp to hybridize
2. Not able to discover novel transcripts
3. Addition of new probes requires revalidation



Next Generation Sequencing (NGS) technologies

 Based on sequencing either DNA or RNA

 DNA sequencing:

 Panel approach (targeted)

 Whole exome sequencing

 Whole genome sequencing

 RNA sequencing
 Panel approach (targeted – detect novel partners)

 Whole transcriptome



Next Generation Sequencing (NGS) technologies

 Many applications in paediatric sarcoma diagnostics:

 Detection of known and novel translocations

 Detection of single gene mutations

 Calculation of allele frequency of mutation (“load”)

 BUT:
 Expensive and labour-intensive

 Does not reliably work off FFPE tissue

 TAT issues

©LGC Group



Case Report 1 - Clinical History

 Four years old previously well female

 Presented with 1.0 cm soft tissue mass left thigh

 Non-tender, slow-growing

 Surgical excision was performed



Gross Examination

 Firm reddish nodule 1.5 x 1.2 x 1.0 cm

 Cut surface:

 tan parenchyma 

 several irregular blood-filled spaces
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Molecular Genetics

 Positive for the EWSR1/ATF1 [t(12;22)(q13;q12)] fusion transcript by NanoString

 The t(12;22)(q13;q12) translocation is associated with angiomatoid fibrous 

histiocytoma



Case Report 2 - Clinical History

 15 years old boy with progressive abdominal distension

 Presented with palpable liver and ascites

 Imaging showed multiple liver masses

 Core biopsies were performed
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Molecular Genetics

 Positive for the EWSR1/WT1 [t(11;22)(p13;q12)] fusion transcript by NanoString

 The t(11;22)(p13;q12) translocation is associated with desmoplastic small round 

cell tumor



Paediatric sarcomas – emerging molecular abnormalities

 Rhabdomyosarcoma:

 MyoD1 L112R mutations – detected in spindle/sclerosing RMS; poor outcome

 NCOA2 fusions – detected in spindle/sclerosing RMS; good outcome

 FOXO1 gene amplification – associated with PAX7 partner >> PAX3 partner

 FGFR4 & pathway gene mutations – potential therapeutic targets



Paediatric sarcomas – emerging molecular abnormalities

 Ewing sarcoma

 CDKN2A – copy number loss confers a poorer outcome

 NR0B1 microsatellites – role in susceptibility to fusion transcript growth promotion

 STAG2 – mutations seen at increasing clonal frequency with increased stage of 
disease

 Synovial sarcoma

 CCND1 & KRAS – mutations in older patients

 Small percentage with CTNNB1 gene mutations and WNT pathway activation



Paediatric sarcomas – emerging technologies

 NGS in the clinic

 Targeted vs. whole exome vs. whole genome

 Liquid biopsy 
 detection of circulating tumour cells/tumour DNA

 ‘3D’ assays
 Detection of DNA, RNA and protein in a single assay



Paediatric Sarcomas & Precision Diagnostics

 Recurrent abnormalities – fusion transcript detection 

 Complex genomes – copy number changes +++

 Emerging molecular abnormalities

 New fusion transcripts (in old tumours)

 Point mutations

 Copy number changes/LOH

 Emerging diagnostic assays

 NanoString & NGS

 Liquid biopsies



Approach to Precision Diagnostics

Morphology

• H&E

Ancillary

• Special stains

• Immunostains

• EM

Molecular 1

• NanoString

• FISH

• SNP

Molecular 2

• NGS

• RNA seq
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