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Rapid pace of molecular change

2000

2012 1,000 genomes

Sequencing

changes
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Which technologies should we use?

• Genomics- DNA/RNA

• Proteomics

• Metabolome

• Pathways

• Phenotype

• Test

– Fit for purpose

– Cost

– Changing
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Molecular changes in bowel cancer

• DNA

– Mutations – driver and 

passenger

– Amplifications 

– Deletions

– Chromosomal instability, 

– Microsatellite instability

– Fusion genes

– Methylation

p53PIK3CA

BRAF
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Increasing complexity with time

Normal           early adenoma           later adenoma    early invasive cancer       colorectal cancer

Gradual increase in genomic changes
Increasing mutations 

Increasing genomic instability

Classical adenomas, Serrated pathway, mismatch repair

Identification of subtypes

Early Later

APC, Ras, PIK3CA, BRaf p53, SMAD4 DNA repair, Copy number 
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Clinical uses 

• Genetic syndromes

• Outcomes

– DNA

• Deficient mismatch repair

• Kiras/Braf/PIK3CA

– RNA –

• oncotype Dx ?

• RNA subtypes?

• Prediction of response

– Anti-EGFr abs

• Ras

• Epiregulin/amphiregulin

• Her3

– Braf inhibitor

• Braf

– Her2

– Aspirin PIK3CA

– Immunotherapy

• dMMR and anti 

PD1/PDL1
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Genetic syndromes

Polymerase proof reading associated polyposis POLE & POLD1 Autosomal dominant

3%

1%
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HNPCC

• HNPCC 3%

• Germ line mutations in DNA repair genes leads to hyper 

mutation

• Inactivates key genes leading to CRC and other cancers

• Truncated proteins appear on cell surface – immune response

• Screening via MSI or immunohiostochemistry
– dMMR proteins 

• hMSH2 (40%, hMLH1 (40%), hMSH6 (10%), PMS2 (6%) POLD (1%) and POLE (1%)

– BRAF V600E wild type

• Germ line sequencing
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Nice recommendations Feb 2017
Routine testing in England



Leeds Institute of Cancer and Pathology

Pathology, Anatomy and Tumour Biology

Classification - DNA

• Prognosis

– dMMR/hypermutated 12-15%

– Genomic instability Rest

N= 276 with 97 undergoing WGS
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Sporadic deficient Mismatch Repair (dMMR)
Hyper mutated tumours

• Demographics

– HNPCC dMMR/Braf wild type

– Sporadic 

– Colon > rectum

– Females

– Stage II 12%  Stage III 7%, Stage 4 4% 

• Prognosis

– 50% lower recurrence risk in stage II dMMR tumours

– Prognostic effect dMMR remains in treated group

• Prediction

– US data suggests less responsive to chemotherapy

– NO evidence of worse outcome on chemo in Quasar



Leeds Institute of Cancer and Pathology

Pathology, Anatomy and Tumour Biology

Other mutations and prognosis

Recurrence Quasar1 – by KRas 12,13,61

Braf V600E not prognostic

PIK3CA mutations not prognostic

N=789 MRC Focus stage IV

BRAF/dMMR
3063 cases

Braf poor

prognosis
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Multi-Gene RT-PCR Colon Cancer Assay 

– Oncotype Dx colon

X

1035 816

HR = 1.47 (p=0.046)
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New RNA array patterns
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Transcriptome/Protein characterisation
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Predictors

• Targeted therapies CRC

– Anti EGFr ab’s

– Braf inhibitors

– Anti PD1 and dMMR

– Others

• Herceptin – anti Her2

• Aspirin – PIK3CA mutations
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KRAS and the EGFr signalling pathway in 

KRAS-wild type and KRAS-mutant patients

mutation

KRAS-WT KRAS-MUTANT

Anti-EGFr  monoclonal 

Abs block signalling 

Amphiregulin
Epiregulin

Amphiregulin
Epiregulin
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BRAF mutants

• BRAFinhibitors negative

• Block BRAF and others ?

• Early reports

– No

• BRAFi and MEK

– Yes 26-35% RR

• BRAFi. anti EGFr and anti PIK3CA

• BRAFi, anti EGFr and Mek inhibitor

• BRAFi, antiEGFr and Irinotecan

• Looks likely that dual inhibition

BRAFi and antiEGFr works

------
--
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PD-1 blockade phase 2 data
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Reapplying drugs from other sites
- small populations

• Challenge

– Agents positive in other cancers

• Her-2 
• Stage II Quasar 25/1767 (1.4%) all pMMR

• Stage IV CRC    29/1340 (2.2%)

– Ki ras/Braf wild type 24/461 (5.2%)

– Ki ras/Braf mutant      5/527 (0.95%)

• 96.4% amplified

• ? Others –fusion genes
Susan Richman

Katie Southward

Gemma Hemmings
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PIK3CA mutations

• Quasar1 

– 874 cases PIK3CA mutations 13.9 %. 83 exon 9 (9.5%) exon 20 (4.4%).

– No prognostic effect in stage II 

• Aspirin

– PIK3CA mutations reduced recurrence 

• NEJM HR 0.18 New Engl J Med. 2012 Oct 25;367(17):1596-606.

• Victor HR 0.11 J Clin Oncol. 2013 Dec 1;31(34):4297-305. 

Add Aspirin trials
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Changing clinical trials

aspirin
oral Her 1,2,3 inhibitor (AZD8931)

WEE-1 inhibitor

EME/CRUK Focus 4

n = 3,500

Testing NGS

Kras 12,13, 59, 61,146

Nras 12,13, 61

PIK3CA exon 9 & 20

Braf V600E

p53

PTEN immuno

dMMR immuno

Labs

Leeds and Cardiff

Susan Richman

Gemma Hemmings

Changing clinical trials – Focus 4
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Following disease
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Resistance develops on therapy

Emerging mutational 

Resistance Ras in CRC

with anti-EGFr Rx

Excite phase 2

Rectal cancer

19% gained mutations

35% lost mutations

after treatment
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Screening - DNA

• Screening/diagnosis

• Cologuard

• DNA mutations in stool

Imperiale TF, Ransohoff DF, Itzkowitz SH, et al. 

Multitarget stool DNA testing for colorectal-cancer 

screening. N Engl J Med. 2014;370(14):1987-97.

Kate Sutton
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Summary

• Diagnosis of hereditary disease

• Routine screening for HNPCC

• DNA subtypes

– Hypermutators/dMMR are important 12%

– Worse prognosis RAS mutants and BRAF in stage 4

– RNA profiles not yet clinically usable

• Predictors

– K and NRas mutations present insensitive to  anti EGFr

• Anti PD1/PDL1 and dMMR story developing

• Braf - ?anti EGFr and Brafi

• ? Her-2 and anti-Her2 therapy

• ? PIK3CA, 

• New trial methods
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Thanks to:

• Yorkshire Cancer Research

• Quasar1 Richard Gray, Kelly Handley, 

Gordon Hutchins

• Focus 1-4, Piccolo, Susan Richman, Matt 

Seymour, Jenny Barrett, Gemma Hemmings

• Tim Palmer, Susan Richman, Morag Taylor

• Trialists, collaborators and colleagues

• MRC, CRUK and Yorkshire Trials Units


