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(Re)Introducing…
The Human Genome

human karyotype



The Hallmarks of Cancer:Cancer is a disease of the genome

Ref: Hallmarks of cancer: the next generation (https://pubmed.ncbi.nlm.nih.gov/21376230/)
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Clinical Utility Clinical Utility

Germline variant testing    vs Somatic variant testing
Sample type: Blood Sample type: Tumour tissue



Clinical Utility Clinical Utility

• Confirm presence or absence of germline variant, 
provides answers to the diagnosis

• Determine risk of developing a cancer associated with 
germline variant detected in family member

• Access to preventative treatment, prophylactic 
surgery or screening

• Determine risk of passing on cancer risk to offspring

• Useful information for family planning

Germline variant testing    vs Somatic variant testing
Sample type: Blood Sample type: Tumour tissue



Clinical Utility Clinical Utility

• To help confirm a particular diagnosis

• To provide useful and accurate prognostic 
information

• To provide targeted treatment options

• To identify germline variants 

Germline variant testing    vs Somatic variant testing
Sample type: Blood Sample type: Tumour tissue

• Confirm presence or absence of germline variant, 
provides answers to the diagnosis

• Determine risk of developing a cancer associated with 
germline variant detected in family member

• Access to preventative treatment, prophylactic 
surgery or screening

• Determine risk of passing on cancer risk to offspring

• Useful information for family planning



Germline variant testing 
• Hereditary Breast and Ovarian Cancer (HBOC)

• BRCA1 and BRCA2 variants
• Up to 85%-90% risk of developing breast cancer
• Up to 40-60% risk of developing ovarian cancer
• Increased risk of prostate, skin and pancreatic cancers
• Accounts for ~15% of all breast cancer cases

• Lynch syndrome

• Variants in DNA repair genes (MLH1, MSH2, MSH6 and PMS2)
• Increased risk of colon cancer (75% risk), endometrial cancer (50%), prostate cancer (20%), 

breast cancer (18%), and other tumour types
• Accounts for ~3% of all colon cancer cases



Germline variant testing 



Germline variant testing - Family case study
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Germline variant testing - Family case study



50% risk of carrying the germline variant = Stress, regular screening, ?risk-reducing 
surgery ...

1967-2020
OvCa

1968- 1970-2022
BrCa

1972- 1974-

1945-1985
OvCa

1949-1980 1955- 1958- 1960-1946-19441941-1940-

1920-1990 1922-1999 1921-2006 1927-1977

Germline variant testing - Family case study



Variant present… Stress, regular screening, ?mastectomy/oophorectomy...
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Variant absent… General population risk, 
less stress, no further screening or 

preventative surgery
Germline variant testing



Service Genes Clinical utility

Inherited Cancer 
NGS Panel

Genes associated 
with: Lynch 

syndrome, breast & 
ovarian cancer, other 

cancer syndromes

Germline testing of cancer-predisposition genes in 
affected or at-risk individuals
Detection of clinically significant variants very 
important for clinical management of patient and 
family members 

Cascade Testing
(Predictives & 
Confirmations)

Gene/variant of 
interest

Targeted testing of specific familial variants to 
determine whether an individual has inherited the 
variant previously detected in their family member.

Deceased Index 
Testing 

(of tumour 
tissue)

Genes associated 
with: Lynch 

syndrome, breast & 
ovarian cancer, other 

cancer syndromes

Offered for families with no living affected relatives 
but there is pathology tissue available. This can be 
very beneficial in the management of asymptomatic 
family members to determine their risk status and 
whether they may need germline testing.

RB1 & NF1 RB1 & NF1 Germline testing of retinoblastoma and 
neurofibromatosis patients for the detection of 
causative variants in the RB1 and NF1 genes

Inherited cancer testing: All services



Inherited cancer testing: Case study

• 26-year-old female diagnosed with 
triple negative breast cancer

• Qualifies for BRCA1 & BRCA2 germline 
variant testing due to young age and 
type of breast cancer

• BRCA1/BRCA2 germline variants most 
common in the ‘triple negative’ breast 
cancer subtype



= classified as PATHOGENIC

Inherited cancer testing: Case study
NGS panel testing:

Reference sequence:

Patient sequence:



Inherited cancer testing: Case study
Triple negative.
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Somatic cancer services 
Service Gene targets Clinical utility

Lung cancer EGFR
KRAS
BRAF
MET

Patients with driver variants are eligible for EGFR-inhibitors (e.g. gefitinib)
Patients with the KRAS G12C variant are eligible for the KRAS inhibitor sotorasib
Patients with driver variants are eligible for clinical trials (BRAF/MEK inhibitors e.g. dabrafenib)
Patients with an exon 14 skipping variant are eligible for MET inhibitors (e.g. capmatinib)

Ovarian cancer BRCA1/BRCA2
HRD

Patients with BRCA1/2-mutant or HRD positive tumours are eligible for PARP inhibition therapy (e.g. olaparib)

Colorectal cancer KRAS/NRAS
BRAF

PIK3CA

Patients with KRAS/NRAS drivers predicted to be resistant to anti-EGFR monoclonal antibodies
Patients with BRAF drivers may benefit from doublet/triplet therapy regimens
Patients with PIK3CA drivers may be eligible for clinical trials (e.g. P13K/AKT pathway inhibitors 

Melanoma BRAF
NRAS

KIT

Patients with BRAF V600 driver variants eligible for BRAF/MEK inhibitor therapy (e.g. vemurafenib/trametinib)
Patients with NRAS driver variants have a poorer prognosis 
Patients with KIT driver variants may be eligible for imatinib therapy or other clinical trials

Brain tumours IDH1/IDH2
1p19q co-deletion

KIAA1549::BRAF fusion
RELA fusion

Glioma patients who are IDH1/2 wildtype – consistent with diagnosis of grade IV glioblastoma
Glioma patients with 1p19q co-deletion – consistent with diagnosis of oligodendroglioma
Glioma patient with KIAA1549::BRAF fusion – consistent with diagnosis of pilocytic astrocytoma
Glioma patient with a RELA fusion – consistent with diagnosis of supratentorial ependymoma

GIST KIT
PDGFRA

Oncogenic drivers in KIT or PDGFRA confirm a molecular diagnosis of gastrointestinal stromal tumour (GIST)
Also provides information on treatment options (e.g. imatinib) and likelihood of response/resistance

MLH1 promoter 
hypermethylation

MLH1 promoter As part of the Lynch Syndrome screening pathway; MLH1 promoter hypermethylation increases likelihood of CRC being 
somatic in origin therefore not referred for Lynch syndrome germline screening

Microsatellite instability 
(MSI)

5 repeat markers As part of the Lynch Syndrome screening pathway; MLH1 promoter hypermethylation increases likelihood of CRC being 
somatic in origin therefore not referred for Lynch syndrome germline screening
MSI-high used as treatment biomarker for immunotherapy (e.g. pembrolizumab) in certain tumour types

Fusion panel 
(all cancer types)

Oncogene panel

Sarcoma panel

Patients with oncogenic fusions involving genes such as ALK, ROS1, RET, NTRK are eligible for gene specific inhibitors (e.g. 
crizotinib, entrectinib, selpercatinib)
Oncogenic fusions may confirm a diagnosis of a specific sarcoma (e.g. NAB2-STAT6 is diagnostic of solitary fibrous tumour)

Treatment Diagnostic Prognostic



Somatic cancer testing: 
Case study Dhawan

Myra
20/07/1980 987 654 3210

F CS000123

Dr Sanderson

Histopathology

Stage 4 Lung cancer (NSCLC)
Non-smoker. lung biopsy.

N4321/24 A1 
02/05/24

• 43-year-old woman recently diagnosed 
with stage 4 lung cancer (non-smoker)

• Lung biopsy -> tumour embedded into 
wax -> mounted on to slides

• Four tumour slides from a right upper 
lung biopsy have been sent for Lung 
Cancer NGS panel testing to determine 
targeted treatment options

x 4
Tumour in wax block



E G F R c . 2 5 7 3  T > G  p .( L e u 8 5 8 A r g )
Gene name

Base affected

Base change

Amino acid change: Leucine to 
Arginine at amino acid 858 of EGFR

Somatic cancer testing: Case study

Tumour tissue received DNA extracted
Pre-sequencing 
laboratory work

Sequencing



Variant Interpretation 

Result: EGFR c.2573T>C p.(Leu858Arg)

• Variant type

• Population data

• Cancer databases
• Functional studies

• In silico evidence 

Pathogenic
Likely Pathogenic

Variant of Uncertain Significance (VUS)
Likely Benign

Benign



= Patient eligible for EGFR-inhibitor drugs

Median overall survival:

EGFR-mutant: 3-4 years
EGFR-wildtype: ~ 10 months



• Cell free DNA (cfDNA) is present in plasma fraction of blood
• Patient’s with tumours have more cfDNA in plasma
• Proportion of cfDNA comes from the tumour ctDNA
• Known as ‘liquid biopsies’

Recent Advances in Genomic Testing…
Circulating tumour DNA





Uses of Liquid Biopsies

Patient / Tumour timeline



Future Uses of Liquid Biopsies

Patient / Tumour timeline



o An early cancer detection trial

o Healthy volunteers, aged 50 to 77

o Galleri® is a blood test that can detect early signs 
of many different cancer types

o Shown to detect more than 50 cancer types

o Positive result -> further testing to confirm / rule 
out cancer diagnosis



Thank you!

Any questions?


