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Whole Genome Sequencing results  
returned by June, 2019 – 12K patients 

2 



3 25 June 2019 

Return of results:  
somatic small variants  
 

TP53 mutations in AML patients are associated with a worse overall survival 
Papaemmanuil et al. NEJM (2016) 

 



Validation of WGS against  
standard of care: panel testing  
 
 
• 96 patients 

• 3 Genomic Medicine Centres  

• Lung and colorectal tumours 

• Well-studied cancer genes 

• Qiagen Human Clinically Relevant Tumour Panel, Thermofisher 
Oncomine Focus assay, Thermofisher Ion Ampliseq hot spot 
cancer panel (two out of three are ISO-accredited tests) 

• The same DNA was used by both tests 

 

• Additional validation experiment was performed against high-
confidence high-depth exome data (TRACERx study): 
• SNV > 10% VAF: 99% recall, 90% precision 
• Indel > 10% VAF: 95% recall, 85% precision 
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Small variants validation  
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Confusion  
matrix 

NGS panel 
positive 

NGS panel  
negative 

WGS positive 
True positive 
155 variants 

False positive 
1 variants 

WGS negative 
False negative 

2 variants 
? 

• Positive percentage agreement, PPA = 155/157 = 98.7% 
• Positive predictive value, PPV = 155/156 = 99.4% 
• All discrepant variants had support < 5% in WGS 
• There were too few indels to calculate the accuracy of indel calling separately 



6 25 June 2019 

AML 5q- syndrome with common deleted region at 5q31-q32 

Return of results: somatic Structural 
Variants and Copy Number Aberrations 

Myelodysplastic disorders carrying both isolated del(5q) and JAK2(V617F) mutation:  
Concise review, with focus on lenalidomide therapy    Musto et al. Onco Targets Ther, (2014) 

cytogenetic analysis was not performed due to myelofibrosis 
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Return of results: somatic Structural 
Variants and Copy Number Aberrations 

ETV6-RUNX1 fusion is associated with a favourable outcome and 
has been associated with late relapse in childhood B-ALL  

Negative FISH test 
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• 46 patients 
• 5 Genomic Medicine Centres  
• Patients with pediatric ALL, AML, CLL, multiple myeloma, lymphoma 
• Broad spectrum of variants: ABL2, BCR-ABL1, BCL6, CDKN2A, CSF1R, 

ETV6-RUNX1, IGH-MYC, IGH-BCL2, HLF, KMT2A, MECOM, MYC, 
PDGFRB, STIL-TAL1, TLX1, TLX3, TCL1, TCF3-PBX1, TRG, TRB, TRAD, 
ATM, TP53, FLT3 ITD, PML-RARA, RUNX1-RUNX1T1, CBFB-MYH11, 
CBFB-MYH11 
 
 

• Additional data available: 80 ALL samples with FISH, SNP arrays, 
karyotypes, MLPA; FISH data for sarcoma patients; HER2 status for 
breast cancer patients   

Validation of WGS against  
standard of care: FISH testing  
 



Confusion  
matrix FISH positive FISH negative 

  

WGS positive 
True positive 
46 variants 

False positive 
1 variant 

47 
 

WGS negative 
False negative 

10 variants 
True negative 

13 variants 
23 

  56 14   

CNV validation 
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• CNVs: Positive percentage agreement, PPA = 46/56 = 82% 
• CNVs: Positive predictive value, PPV = 46/47 = 98% 
• CNVs: False Positive Rate, FPR = 1/14 = 7% 
• Discrepancies are due to: sub-clonal variants with < 15% VAF (3), low quality sample (3), 

low tumour purity sample (2) 



SV validation 
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Confusion  
matrix FISH positive FISH negative 

  

WGS positive 
True positive 
25 variants 

False positive 
5 variants 

30 
 

WGS negative 
False negative 

1 variants 
True negative 
123 patients 

124 

  26 128   

• SVs: Positive percentage agreement PPA = 25/26 = 96% 
• SVs: Positive predictive value PPV = 25/30 = 83% 
• SVs: False Positive Rate, FPR = 5/128 = 4% 



FLT3 ITD 
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Confusion  
matrix FISH positive FISH negative 

  

WGS positive 
True positive 

5 variants 
False positive 

0 variants 
5 
 

WGS negative 
False negative 

1 variants 
True negative 

7 patients 
8 

  6 7   

• CNVs: Positive percentage agreement, PPA = 5/6 = 83% 
• CNVs: Positive predictive value, PPV = 5/5 = 100% 
• CNVs: False Positive Rate, FPR = 0/7 = 0% 
• Discrepancy is due to sub-clonal variant with < 5% VAF  
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Return of results:  
pan-genomic markers  
 
 
 

Standard of care test: 
IHC for MMR genes MLH1, 
MSH2, MSH6 and PMS2 

Pan genomic markers 

Mutational signatures Mutation burden 

Genomes with deficiency in DNA mismatch repair (MMR) machinery 



Validation of WGS against  
standard of care: IHC test for MMR genes  
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TMB, somatic non-synonymous small variants per Mb of coding sequence, log10 

IHC for MMR genes:  
MLH1, MSH2, MSH6 and 
PMS2 
         Abnormal 
         Normal 

POLE somatic variant that are 
missed by IHC 

High/low MMR + POLE signatures 

Total 200 cases 
45 abnormal MMR IHC 

Low/High TMB 



Impact of WGS: molecular testing 
for colorectal tumours  

IHC for 
Diagnosis 

IHC for 
MMR 

RAS panel 
testing 

DPYD 
deficiency 
testing? 

WGS 

Germline 
testing 

By Nirupa Murugaesu 



Strategy for utilising WGA 
Current: 

1. Enhance recruitment to existing clinical trials 
- Better curation of existing national stratified oncology trials: 
                          FOCUS-4, MATRIX/SMP2 
- Enhance recruitment to Phase 2 targeted therapy trials 

 

Next steps: 

2. Pan genomic markers 
- Utilise WGA for stratification as a companion diagnostic 
- Better molecular characterisation of tumours/patients 

3. Designing clinical trials 
- Utilise WGA for stratification  
- To better identify potential biomarkers for stratification 
- Better molecular characterisation of tumours/patients 
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WGS 
Analysis  

SOC tests  
FISH, CBA, panels 

Clinical  
Actionability 

+ signatures, mutational burden 
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