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Colon (Bowel) cancer is set to overtake breast cancer as the number 2 killer
Occult blood testing and screening endoscopy can have a major impact
A first degree relative doubles your risk. Overall 30% of the cause is genetic
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10-year absolute risk of developing

colorectal cancer by age (%)

Age 20 30 40 50 60 70
Gen popn 0.01 004 0.15 051 | 1.31
Atleast | FDR 0.04 0.12 047 0.97
Atleast2 FDRs  0.05 0.15 0.59
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GWAS: 10 genes which collectively account for about a tenth of genetic susceptibility

920 B Chr 8924 (rs6983267)
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.’.Power of’the meta-analysis to identify each of the 10 colorectal cancer susceptibility alleles, stipul
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Juvenile Polyposis Syndrome (JPS)

e Autosomal dominant
 Hamartomatous polyps of the Gl tract
o 10-38% lifetime risk CRC

« Mean age diagnosis CRC 34 years

« SMAD4 and BMPR1A/ALK3 genes
— Involved in TGF-B signalling

2 oli— account for 40 — 50% cases 85 Newcastle
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Finding the 5%: early onset, strong family history, multiple polyps

Exracolonic features, tumour histopathology

Lynch Syndrome (HNPCC)
Familial Adenomatous Polyposis
MYH Polyposis

Hyperplastic polyposis

Mixed Polyposis

Peutz Jegher’s

Juvenile polyposis
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The Genomic Pathogenesis of Colorectal Cancer

FAP/ cin 85 %
APC, K-ras 12p, DCC 18q, p33 17p, ........

Normal

epithelium Adenoma Carcinoma Metastases
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The presence of activating mutations in the ras/MAP
pathway makes expensive receptor blockers

Ineffective
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Costello syndrome [HRAS]

Cardio-facio-cutanous syndrome (CFC)
[KRAS, BRAF, MEK 1/2]
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MSI and BRAF

BRAF is a kinase encoding gene from
the RAS/RAF/MAPK pathway

The BRAF-V599E hotspot mutation Is
found in 40% of sporadic MSI-H
tumours and 0% of HNPCC tumours

Presence of V599E mutations excludes

diagnosis of HNPCC
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SEQUENOM™ MALDI TOF MASS SPECTROMETER

Matrix Assisted Laser Desorption/lonisation Time of Flight mass spectrometry
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KRAS In colorectal cancer

23 KRAS activating mutations
Codons 12, 13, 61 and 146
BRAF V600E
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QPoc: hand held DNA sequencer
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APC protein domains and FAP phenotype associationw ith (truncati ng)
germline mutation position

Basic domain

Heptad repeats  15-amino acid repeats (Microtubule binding, tubulin
(dimerisation) (b-catenin binding) NESR3 SAMP1 polymerisation)
6 57 453 767 1020 1168262 2033 220400 2560 2843
Armadillo repeats 20-amino acid repeats EB1 and
(b-catenin binding, GSK3b phosphorylation ~HDLG
binding sites
168 1580
Classical FAP
1250 1309 1464
severe FAP
78 || | | 400 1580
AAPC AAPC
457 1444
CHRPE 1305 2000

Desmoids



Lynch Syndrome 16 years ago

Endometrial Ted
Carcinoma 3 CRC
Bertha O skin
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Family from which DNA used to

Demonstrate hMSH2 mutation by Fishel and Kolodner

group 1993: 1st of the MISMATCH REPAIR
GENE DEFECTS




el .
Bertha (HNPCC) due to
hMSH2 mutation
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Brian,
the forgotten brother



MMR genes are caretaker genes.

Think of computer spell checker




Important genes containing repeat

TGFBRI
BAX
IGFIIR
E2F4
TCF4

hMSHG6
ggatactcatatatatatatatatatatatatataggcttcgta



MSI testing with quasimonomorphic 5 marker panel:
no need to test normal tissue

Normal
\] /]

pattern
MSS Normal

pattern
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Loss of MLH1/PMS2 expression




9 year old male

Biallelic MMR mutations

NF1 style café au lait patches

Multiple colorectal
carcinomas/adenomas.

Glioblastoma multiforme

CHILHOOD CANCER
SYNDROME



Toronto outline

1 MLH1
2 HNPCC /
\ 1 MSH2

/ 15 MSI-H —
100 CRC \ 13 sporadic
\ <

1 FAP

85 MSS

1 MAP

INSIGHT meeting 2005
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Epigenetics

“The chemical and
physical code
superimposed on the ®
genome that influences
gene activity without
altering the DNA

sequence ”.
_ Methylated
Cytosine cytosine
NH, NH,
CH,
|\{4 5‘ I\{4 5‘
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Cytosine methylation at CpG

Islands
NH, NH,
. CH3
N4 cytosine N 4% .
‘ ‘ 5-methylcytosine

{ 6 CpG 2 6

1 ! m

HO HO CpG
Normal biallelic expression Biallelic methylation

— eg cancer cells
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CpG Island Methylation Phenotype: CIMP




Genomic DNA

A CAT CACGT GATTACA

J Treatment with sodium bisulphite
Unmethylated sequence

A TAT TATGT GATTATA

Methylated sequence

A TAT TACGT GATTATA




Constitutional epimutation of MLH1

Soma-wide mono-allelic promoter methylation
Detected by the presence of MLH1 methylation In
peripheral blood DNA

Transcriptional silencing of the affected allele
Normal gene sequence
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Classic example of epimutation carrier
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Methylated CpG
Unmethylated CpG

Goel et al. Int J Cancer (2010) in press



Molecular Classification of Colorectal

Cancer

/ACIMP-, CIN +, MSS,

- CIMP-low, Kras +, MGMT
methylation, CIN, MSS or MSI-L

579, || CIMP +, methlation of h(MLH1, CIN
-BRAF mut., MSI-H,

20%

M CIMP-+, partial methylation of
2 hMLH1, CIN -, MSS or MSI-L

LIMSI+, CIMP-, BRAF -, CIN -,

HNPCC associated FA P

Jass, Histopathology 2007, 50, 113-130



Genetically

Targeted Trials
*Highly motivated
*HOomogeneous
eUnder surveillance
*Few needed

ConcertedAction Polyp Prevention

Colorectal Adenoma/carcinomaPrevention Programme



NSAIDs Reduce
Colorectal Carcinogenesis —
Observational Data

Cancer Incidence

® Prospective
e Retrospective

Estimated Relative Risk

Hawk, et al. Epidemiology &
Prevention of Colorectal
Cancer, 2001



Polyp/Adenoma Incidence

NSAIDs Reduce
4 AU Colorectal Carcinogenesis —
bl ctive Observational Data

28

Cancer Incidence

® Prospective
® Retrospective

e Prospective
e Retrospective

Hawk, et al. Epidemiology &
Prevention of Colorectal ’
Cancer, 2001 T LA LT T A TR L
0] 1 2
Estimated Relative Risk




CAPP Factorial Design

2x300mg aspirin per day (Bayer Corp.)
Hylon Vll/potato starch in CAPPI , Novelose CAPP2
(National Starch and Chemical Co, NJ)




Timetable

Trial proposed ICG-HNPCC in Helsinki 1995
Structure agreed at Newcastle Workshop 1996
funding EU/Bayer/National Starch/ICRF 1998
1t randomisation 1999
MRC adoption 2002
+ continued Cancer Research UK support

Reached target 1000 randomisations 2005
Closed data file March 2007
First paper accepted 2008

Report on_cancer outcome 2011
Bayer
Starch and Chemical Company
A member of the ICI Group







The CAPP2 consortium

Appendix: CAPP2 has been made possible by all the participant s who

agreed to be randomised and take daily treatments f  or up to four years. Special
mention must also be given to Kirsi Pylvanainen, (J yvaskyla, Finland), Pascale
Ilves (Melbourne, Australia) and Su Werner (Dusseldor  f, Germany) for their
exceptional recruitment achievements and to Pam Cha  pman, the project manager
In its early stages. Recruitment has depended on a large number of colleagues
from around the world. The study collaborators not listed as authors are: Paul
Adamson; Olive Armstrong; Jan Ball; Lauren Baxter; Anne Birkett; Alex
Boussioutas, Nicola Bradshaw; Carole Brewer; Mary Br oughton; Barbara Bulman;
Monica Castiglione; Sue Clarke; Rowena Ching; Carol Chu; Julie Coaker; Susanne
Cina; Jackie Cook; Jonathan Coxhead; Gillian Crawfo  rd; Carole Cummings;
Rhodri Davies; Tadeusz Debniak; Celine de Moncuit; S arah Drummond; Tony Ellis;
Kath Farthing; Paulo Fidalgo; Steve Gallinger; Joan  ne Gascoyne; Sheila John
Gilroy; Goff; Selina Goodman; Chris Harocopos; Shir ley Hodgson; Roger Jeffcoat;
Lisa Jeffers; Sheila Jordan; Pip Killick; Christian Krauss; Jgrgen Kristensen
Caroline Langman; Julio Leite; Gunilla Lindgren; Lo uise Lynagh; Cristina Oliani;
Christopher Marks; Julie Miller; Tony Miles; Vicky Mu rday; Pedro Perez Segura;
Elize Pietersen; Ulla Platten; Lynn Reed; Giovanni Rossi; Paola Sala; Julian
Sampson; Beverly Schmocker; Joan Shaw; Allan Spigel man; Alfonso Tempesta;
Rachel Toes; Mary Velthuizen; Paula Wakelen; lan Wa Ipole. We are also indebted
to: The Trial Steering Committee: David Kerr (Chair  ); Sarah Perkins — (MRC); Jack
Cuzick ; Lynn Faulds Wood; Robert Steele; and the D  ata Monitoring Committee:

Doug Altman (Chair); Chris Paraskeva; Wendy Atkin; Mark Hull;



43 CAPP2 recruiting centres
1071 gene carriers 82.6% selected on molecular genetic grounds

Mean age 45 yrs Mean treat duration 29 months

UK Rest of Europe

Aberdeen, Edinburgh, Glasgow, Newcastle, Leeds :
: : o Finland, Sweden, Denmark, Germany,
Sheffield, Manchester, Liverpool, Birmingham, Cardif, .
. Belgium, Poland, Netherlands, France,
Belfast,Oxford, Bristol, St Marks, St Georges, Guyd ondon Hunaarv. Switzerland Portuaal. Spain. Ital
Southampton, Exeter, Guildford, Worthing, gary. ’ ga, opain, taly

Toronto
Hong Kong

Sao Paulo Australia

Cape TOW” Melbourne

Brisbane
Newcastle
Perth
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Mathers

Neither 600mg aspirin per day nor 30g Novelose
For a mean of 29 months had any impact on
adenoma development

Tim
Bishop




Avallable reports in 2009 showed a trend to reduced

CRC In aspirin group

Duration of therapy

00

Hazard rate = 0.60, p = 0.10

Placebc

29 participants

Aspirin

17 participants




Cancers in CAPP2 since randomisation

Aspirin AP
Number of participants 427 434 361
No. with first CRC since randomization 18 30 48
More than 2 yrs from randomization 3 20 28
No.with other LS cancers 16 24 40
More than 2 yrs from randomization 11 15 26
No.with LS cancers (including CRC) 34 52 386
More than 2 yrs from randomization 19 33 52

Number of participants with non-LS cancers 19 19 38



Intention to treat analysis of colorectal

cancers in CAPP2 follow-up

————— 95% CI ——&—— AP

_____ 95% CI ——e—— 600mg aspirin |

Small nos.
Wide CI

© | (HR) of 0.63 (95% CI 0-35-1:13 p=0-12).
Poisson regression Incidence Rate Ratio
(IRR) of 0-56 (Cl 0-32-0-99 p=0-05).

Proportion diagnosed with CRC

1 1 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 11
Years since CAPP2 entry



CAPP2 primary endpoint

“The number, size and stage of
colorectal cancers after a minimum of
2 years treatment”



CAPP2: Per protocol analysis (primary endpoint CRC
after 2 years treatment) significantly fewer color  ectal

cancers [paper under review]

HR 0.45 (0.22-0.93) p = 0.03
IRR 0.41 (0.20-0.84) p= 0.01

Aspirin/placebo taken..

D




CAPP2 per protocol analysis

All Lynch syndrome cancers

HR 0.48 (0.28-0.83)p= 0.008
IRR 0.44 (0.26-0.75)p=0.002

Aspirin/placebo taken..

D




CAPP3: Power Analysis

Using a 50% reduction in cancer on 600mg
aspirin 30% reduction on 300mg and 20%
reduction on 100mg: 10% loss to FU 2 sided
P=0.05 6 years follow up

80% 90%
All Lynch CA 2793 3492
Colorectal cancer 5440 6803

Barthel, F. M. S., P. Royston, et al. (2005).

A menu-driven facility for complex sample size
calculation in randomized controlled trials with
a survival or a binary outcome: Update.

Stata Journal 5(1): 123-129.




CAPP3 design: still under development!

WwWw.capp3.0rg

Proven MMR gene carriers between 18 and 70 randomised to 100,300,600mg

Postal distribution 3 monthly blister pack enteric coated

INSIGHT web recruits

Core
CAPP2
Registries
3000

Separate consent to baseline DNA (oragene) and
Regular collection FSP antibody levels



Dr Magnus von Knebel Doeberitz




Slippage in coding microsatellites

generates predictable novel peptides

Magnus von Knebel Doeberitz

TGT . AAA . AAA.AAA . A CG .TGC.TGG.CTA.GCT.GA.........

| 4
C K K K T CW L A

TGT . AAA.AAA.AAA CGT.GCT.GGC.TAG.CTG . A.....

CKKK'RAGSTOP

TGT . AAA.AAA. AAC . GTG.CTG.GCT.AGC . TGA....

CKKK'VLASSToP

e loss of function
frameshift mutations cause

e generation of cancer specific peptides



Lynch syndrome carriers develop FSP antibodies even

they have not had a recognised cancer: is this a
chemoprevention biomarker?

Schwitalle et al., Gastroenterology 2008



Truncating mutations in 32m are more common

with tumour progression but absent from mets

Only silent
mutations or single
AA exchanges, w/o

functional loss of
32m

A

uicc il uICcC IV
9/22 (40.9%)  2/26 (7.7%)

—

Hypothesis: MSI high tumours more likely to survive without
B2M but lose ability to express HLA antigens and ar e more
Easily destroyed in circulation

Kloor et al Int J Cancer 2007



CAPPG: ANVIL

Antl Neopeptide Vaccine In Lynch
syndrome

Stimulate cell based immunity to a panel
of neopeptides predicted in important
“tumour” genes using replication
deficient chimp adenovirus & MVA as
vectors

Framework 7 proposal with Riccardo Cortese of
Okairos Itd



summary

CIN and MIN: a valuable basic division

Kras and BRAF: pivotal to targeting cetuximab and
differentiating Lynch syndrome from sporadic MSI
high tumours

CIMP: CpG island methylation phenotype is a
marker of gene silencing

Epimutation: a rare cause of multiple cancers

“trapped” Darwinian selection: B2ZM mutations
allow local growth but suppress mets

Immunoprevention: a new approach to avoidance
of MIN cancers



Summary

WWW.capp3.0rg

Aspirin prevents cancer in Lynch syndrome

CAPP3 begins today- we have a budget of £4m
Minimum target 3000 gene carriers RCT
Receive 100mg, 300mg or 600mg for 5 years
Consent to baseline DNA for aspirin metab. variants

Reduced titres of FSP antibodies will be exploreda sa
biomarker

We have a sufficient basis to make aspirin an
Indication in Lynch syndrome

CAPP at InSIGHT Newcastle 2005



