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Colorectal Cancer

• 4th most common cancer in Scotland

• 3rd most common in terms of mortality 

• Life-time risk of developing CRC is between 1 in 15 and 1 in 20.

• Incidence rates in Scotland are falling but still above rest of UK.

• Risk factors include:

− Obesity

− Sedentary lifestyle

− Low fibre diet

− Smoking and excessive alcohol

− Inflammatory bowel disease

− FH of CRC

− Inherited condition

• 5yr survival has increased over last 20 years

− 44% (1994);  65% (2014)



From the Scottish Public Health Observatory

Incidence



From the Scottish Public Health Observatory

Mortality



All cancer is genetic

But not all cancer is inherited!

From NIH National Cancer Institute



Gene Syndrome Inheritance Major Cancer

APC Familial adenomatous polyposis Dominant Colon, intestine

TP53 Li-Fraumeni Dominant Multiple, colon

STK11 Peutz-Jegher Dominant Multiple, intestine

PTEN Cowden Dominant Multiple, intestine

BMPR1A Juvenile polyposis Dominant GI

SMAD4 Juvenile polyposis Dominant GI

MMR Genes Lynch Dominant Multiple, colon, uterus

MYH MYH-associated polyposis Recessive Colon

POLD1/POLE Oligopolyposis Dominant Colon, endometrial

Major colorectal cancer syndromes



From NIH National Cancer Institute



Lynch syndrome

• 10-100s of polyps

• Colonic and extra-colonic tumours

• Predominance of right-sided tumours

• Age of presentation 44-52yrs

• Mutations in DNA MMR genes

• Partnership of Pathology and Genetics

• 90% of LS tumours display instability
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Lynch syndrome genes

•Protein complex corrects errors in cellular DNA

•Gene mutation results in defective repair and accumulation of genetic alterations

•Manifested by instability at regions of repetitive DNA (microsatellite instability, MSI)

•Testing for MSI effective first line test for MSI



The importance of 

testing tumours
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Targeted sequencing of MLH1



New sequencing technologies



Sporadic CRC

Molecular testing in CRC aimed at:

•Identifying individuals at high risk of Lynch syndrome

•Biomarkers and targeted treatments for metastatic cancer

−RAS status and anti-EGFR antibodies

•Identifying tumours that will not respond to chemotherapy

•Providing prognostic indication

−MSI and BRAF status.

•Targeting NHS resources – drugs can cost up to £100K/patient/year

•Increasing biomarkers across range of cancers 



Scottish CRC Pathway



• “All people, regardless of age, with colorectal 

cancer should have tumour-based testing to 

assess the risk of Lynch syndrome”.

• “Testing all tumours with IHC/MSI plus BRAF 

and MLH1 promoter methylation could be a 

cost effective use of NHS resources”.

• “IHC and MSI are broadly comparable in 

clinical accuracy”.

Proposed national testing pathway



Common biomarkers in CRC

MSI – prognostic / predictive 

RAS - prognostic / predictive

BRAF - prognostic / predictive

UGT1A1 - predictive 



The issue of heterogeneity

Types of heterogeneity to consider:

• Tissue heterogeneity within the sample

• Genetic heterogeneity within tumour

• Heterogeneity between primary tumour and 

metastases



Tissue Heterogeneity

Extract DNA and test Extract DNA and test

BRAF neg
BRAF pos



Genetic heterogeneity revealed by deep sequencing

Lu et al, 2016



The Liquid Biopsy – circulating tumour DNA

• Relatively non-invasive

• Ideal for difficult cases

• ctDNA relatively easy to extract

• Heterogeneity not such an issue

• Requires sensitive detection 

methodology



ctDNA - Applications 

•Screening tool – early diagnosis

•Monitoring residual disease

•Monitor response to therapy

•Monitor emergence of resistance

•Prognostic marker

•Genetic and epigenetic biomarkers



Royal Marsden – 4th Symposium Molecular Pathology in Oncology



Royal Marsden – 4th Symposium Molecular Pathology in Oncology
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