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Abstract

Plasma microRNAs — novel markers for the detection of colonic polyps
and their progression to colorectal cancer.
Dr Ajay M Verma

Introduction: Bowel cancer screening programme (BCSP) subjects aged 55
are screened by bowel scope sigmoidoscopy, aged 60-75 by faecal occult
blood testing (FOBt - positive subjects undergo colonoscopy). Whilst effective,
FOBt lacks high sensitivity, specificity and accuracy, >90% sigmoidoscopies
and 50% colonoscopies are normal or non-adenoma diagnosis.

Endoscopy screening is invasive, resource intensive and can cause harm.
Uptake of FOBt and bowel scope is <60%. A blood based screening test is an
appealing alternative.

Methods: We investigated microRNAs (miRs) — short non-coding RNA
molecules as potential biomarkers. 181 FOBt+ subjects and 29 others
undergoing endoscopy were recruited — 128 males, 82 females. 117 with polyps
(99 adenomas), 12 colorectal cancer, 81 controls.

RNA was extracted from plasma and processed. Pooled groups were analysed
using microarray assay cards. Ten candidate miRs 19a, 98, 146b, 186, 331-5p,
452, 625, 222#, 664 and 1247 were identified. Cases were analysed for
candidate microRNA expression by quantitative polymerase chain reaction.

Results: Candidate miRs showed significant levels of expression in subjects
with adenomas on T-testing. miRs 98 & 19a; p=<0.05, miRs 146b, 625;
p=<0.01, miR-186 p=<0.001. The results were more significant for male
subjects.

Receiver operated characteristic curves for miR-panels showed: Polyps in
male subjects, miRs 98, 186, 452; sensitivity 0.600, specificity 0.872.
Adenomas in male subjects, miRs 98, 186, 452. Sensitivity 0.606/0.591,
specificity 0.875/0.900. Polyps with diverticulosis/haemorrhoids; miRs 186,
452, 331-5p; sensitivity 0.600/0.633, specificity 0.889/0.867. Adenomas with
diverticulosis/haemorrhoids; miRs 625, 452, 331-5p; sensitivity 0.714,
specificity 0.864.

Conclusion: This study suggest plasma microRNAs are potential screening
biomarkers for male subjects with colorectal polyps, adenomas and subjects
with adenomas and diverticulosis/haemorrhoids. Further study is needed to
validate these exciting findings.



Acknowledgements

| must thank Dr Howard Pringle — | have known Howard for 17 years, he has
always been a great conduit for advice and support during the projects | have

undertaken with him. Enjoy your retirement Howard!

| am grateful to Mr Baljit Singh, who expertly balances being a busy Surgeon
and manage a research team. Thank you for entrusting a Physician and giving
me the opportunity to do this project! Mr Singh has obtained funding from the
Bowel Disease Research Foundation (BDRF) for all the project consumable

costs.

Dr Peter Wurm and colleagues were very accommodating with allowing me to
recruit patients from their endoscopy lists, without this support the project would

not have succeeded.

| thank the Bowel Disease Research Foundation for the generous funding which

allowed this project to go ahead. Thank you.

| am very grateful to my Consultant colleagues at Kettering General Hospital
NHS foundation trust. They gave me a fellow post which paid me a salary and

allowed me to have two days per week to do my MD project work.

Many thanks to Maleene Patel for her advice and support over the years of the
MD project — always a friendly person to seek advice and counsel through the
ups and downs of research. | am also grateful to Dr Nicholas Sylvius for his

assistance with the microarray assay cards.

Finally, the support from my family has been invaluable over the years | would
not be where | am today. My rock is my wife Bhavini, who looks after us and our

children as well as having a successful career herself — truly inspiring.



Contents

RESEArCh t@aAM ......uuuueeiiiiiiiiiiiiiicccccccrr s 2
[0 T=Tol = T 1 o T RN 3
Y 2 1 T o S 4
ACKNOWIEAZEMENTS .. ccuuiiieeiiiiieieetieeiettteeeteeeneereeaseeetenseerenssesesnsessenssessesnssssennssesennne 5
L1011 =] 1N 6
LIST Of tADIES et s 9
T o] i =0 ] o - 10
List of abbreviations...........ccciiiiiiiiiiiiiiiiiiininir 11
INTRODUCTION ......iieuiiiiieiiiieeiitieiiireeiireneisrsnesisrenessrenssistenesssrsnssssnenssssssnsssssennns 13
1. Colorectal CanCer......uueeiiiiiiiiiiiiicirrrrr e 14
1.1 DEMOGTAPNICS cuveeeeeiersenesssissrsesss s s st 14
1.2 POLYPS & AEINIOIMAS .eucvureeieceesseisrsessssssessessessssssssssssssssssssssssssssssssssssssssssssssssssass st st sesssssssssesussasssnss 16
1.3 Colorectal cancer presentation, diagnosis & Management.......eeneessessssssseenees 21
1.4 Bowel Cancer Screening Programmes ... emnsmmesssssssssssssssssssssssssssssssssssssssssasssssss 26
1.5 PTOTOCOLS vttt s s e 30
2. IVICFORNAS ...ccvetiiiiiiiiciiiiiiiiiiieeneeeeeeeessssssssasssssssssssssssesseeeeeeeesssssssssssssssssssssnnes 34
2.1. The evidence for microRNA eXpression in CANCET .....ueeenesssesssssssssssssssssssssssesssens 34
2.2 Circulating PIasma MiCTORINAS .....cccvunnrnmmrnminiesnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssess 36
2.3. MicroRNA expression in COloTectal CANCET ......mensenessssssssssssessssssssssssssssssssssssesssens 36
3. Project aims and StUAY Plan......cccereeeieiieeiirieeieieeniereeeniereenneereensseesenseessnssessennns 40
TR0 R o 0 =T o 04 PP 40
3.2, STUAY PIAN ettt s b s s 41
IVIETHODS. ... ieeeiiieeiiiiiiiiireei st rree s re s s e ae s s e s e s s e ne s s enassssansssssennsssnenssasnennns 43
L B A T=T o U1 3 01T o N 44
4.1, EthiCal APPIOVAL ..ttt isesses s ssssssse s s sssssss s sssssssssssssssssssssssssssssssssssans 44
4.2, RECTUITIMENT ...ttt s 44
4.3 Sample cOolleCtion & ProCESSING .. s s ssssss s sssssssans 45



I =10 Yo Y =1 o] 4 VAL 1Y/ 114 T Yo £y 47

5.1. Extraction of MicroRNAs using Qiagen miRNeasy® serum/plasma Kit......ccoueerrernreenes 47
5.2 SAMPILE PIOCESSES .ovvreueerirseseireissisesssssssssssssss st s sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssansssnens 48
5.3 REVEISE TranSCIIPTION ciiiereerirsseseeserssssessesse et sssssssse s s ssssssssssssssssssssssssssssssssssssssssssssssssssssssnsns 48
5.4, Pre-ampPlifiCation ..t sss s ssss s s sssss s s sasssnens 49
5.5. Selection of pooled groups for PCR testing & microRNA array ... 50
5.6. Real time quantitative Reverse Transcriptase PCRu.... e 51
5.7. Reverse transcriptase qPCR SET UP . imnininensseesssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 51
5.8. Extraction and Processing Of FESUILS ......c.umeninenmenmsssssesssssssssssssssssssssssssssssssssssssssssssssssssens 54
5.9. Tagman® MiCrORNA array CArdS .....oeeereemseesreeseessesssesssessessssssessssssessesssssssessssssesssssssesasssses 54
6. STAtiSHICS .uveerenniniiciciciii e 56
6.1 POOLEA ISCOVETY weueeirieeererssessessssssessesssssssss s sssesss s sssssss s sssssssssssss s sssssssssssssssssssesssssssssssansssnsns 56
6.1.2. Selection of candidate target MiCrORNAS......ccovrnnesssenisssssssssssssssssssssssssssssssssssssssesssens 57
6.2. MICTORINA LAIZELES cuuvuirrenesrerssessessesssessessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsns 58
2 =] 0 62
7. Patient database .........ccccvueeeeiiiiiiiiiiiiiir 63
7.1. RECTUILS DIrEaKAOWI ...cuuetceeeeeresrereeserseese et sees s s s s s 63
7.2. Further cases available ... sess s s sasssaes 64
7.3. Total Cases aVAIlaDIE ... s s 65
7.4. REMARK GUIAEINES. ..ottt ssssss s s sssssssssssssssssssssssssssssssssssssssssssssssassssssns 65
7.5. Patient flow through the StUAY ... sssssssssens 65
8. Pool A MicroRNA T-test results.........ccceeviiiiiiinnunmrereiiniiiiiinsesereeeceee s 67
8.1. T-testing - disease groups versus CONtrol GroUPS. ..ouemmsenmssssesssssssssssssssssssssssssens 67
8.2. OVETAll T-LESE TESULLS .oueereeeeeerseesersereer st sees et e s s s s s s s s 68
8.3. MICIORNA 98 T-LEST TESULLS ..vurreuermerereereesseeseessessssessessesssesse s ssessesssesssssssesssessssssse s sasssssssasees 69
8.4. MICIORNA 192 T-tESt FESUILS ..ovreuererereereer st sesssesse s sesssssssessse s ssssssees 71
8.5. MiCIORNA 146D T-TEST TESULLS ..euevuerereerecr s ssessesssessss s sesssessssssse s ssssssesasees 72
8.6. MICIORNA 186 T-TEST TESULLS ..uuruuiruerereerees st sses s sesssssssessse s sssesasees 74
8.7. MICIORNA 625 T-TEST TESULLS ..urrruiruerereereer st ssessses s sesssss s s sssssasees 76
8.8. MICIORNA 191 T-TESE TESULLS .c.urruirerereereci st sses s seesssss s s sssssssees 77
8.9. The other target MICTORNAS ... ssssss st sssssssssssssesssens 78

9. Summary of microRNA targets for disease groups and potential screening tests.. 79

9.1. Summary of MICTORNA tarZELS....ccucrumienenrersmsssenessssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 79

9.2. Modelling of microRNA panels as a SCreening teSt....ummsenessssssssssessssssseens 79



DISCUSSION .....ouiiiiiiminiiiiinitiinniiiiniiinsssiiiiiieeassssiiiieeesssssissttssssssssssesssssssssssessssssssssss 84

10. Interpretation Of the results .......cccccceeeieeiiirieieriteriereereereeeeeeennreeteesseesenssessennes 85
10.1. T-test results and microRNA panels as SCreening testS ... 85
10.2. Detected microRNAs target in this study - role in other cancers. ... 86
10.3. Limitations Of the STUAY ... sssssssssssssssssssssssssssssssssssssssssssssassssess 87
10.4. Strengths Of the STUAY ...t st snes 90
11. Final CONCIUSIONS.....ceeeiiiiiiiiiiiiiiiiiiinnirirrere e e anes 91
11.1. Overall Summary Of this StUAY ... s ssssssssssssasessees 91
11.2. Current state of colorectal CanCer SCreENING ... sssasessees 91
11.2. Role of plasma Dased SCIrEENING ......uwrrrrnmrerressresssesssssssssssssssssssssssssss st sssssssssssssssassssess 93
APPENDICES ......cteuiiiiiiiiiiiiiiiiiiiiiieeiirenesi e resesesrsasstesasssstasssssessssssssnssssesnssssees 94
Appendix 1 — Publications resulting from project......ccccceeereeereereennerrenecereenneerenaneenens 95
Appendix 2 — Study documentation.......ccccceveeeiieerteirrenereeereererentereeereneernneernsesennenes 96
Research and Development APProval LETLET ....nesesssssssssssssssssssssssssssssssesssssssssssssens 96
Consent Form: Biomarkers for Bowel Disease Progression ... 98
Patient Information Leaflet: Colorectal Tissue Bank ... 102
Appendix 3 — Spreadsheet; analysis of microassay array data.........cccceeeereenneereennnens 104
P00l A MICTORNA tAIZELS ..vureurerirsnessessiessessssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssnns 104
P00l B MICTORNA tAr@ELS ..uvueereriesnesesssessessessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssns 105
Appendix 4 - REMARK GUIAEIINES ....ccuereeeiereeeeerennieieeneereeneereenneeressseesenssessennnnnns 106
Appendix 5 — Tables showing MicroRNA T-test data....cc.ccceeereereenerrennncereeneenennnens 108
P00l A = MICTORNA Ot ss s s ssssss s ssss st sanssnns 108
P00l A = MICTORNA 19 . ssssssssss s ssssssssssssssss s ssss s sssssssssssssssssssssssssssssesasssnns 110
POOL A = MICTORNA 146D ..ot ssssssssssssssss s s s s sssssssssssssssssasssssssssasssnns 112
P00l A = MICTORNA 186 sssssssssssssssssss s ssssssssss s sssssss s sssssssssssssssssssssssssssssssasssnns 114
P00l A = MICTORNA 33 1-5P iinireisinsreinssss s sssssssssssssss s sssssssssssssssssssssssssssssssssssssasssnns 116
POOL A = MICTORNA 452ttt ssssss s sssssss s ssssss s ssss s ssssssssssssssssssssssesasssnns 118
POOL A = MICTORNA B25 ..ottt ssssss s sssssss s ssssss s s ssss st sssssssssssasssnns 120
POOL B = MICTORNA 222H ..seretsiesneresssesesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssnns 122
POOL B = MICTORNA G644 ... ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssnns 124
POOL B = MICTORNA 1247 oererrereererssessessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssnns 126
Other MICTORNA tATZELS ..ovrererrirssesresssiseessssssss s s ssssssssssssssssssssss s ssssss s sssssssssssssssssssssssssssssssanssnns 128
REFERENCES ......cuuuiiieiiiiiiiiiiiiinieiirieeisneseisrsneesreses s rsae s e nassssenssssnenssssssnssssnens 130



List of tables

Table 1 — Investigations suggested for red flag symptoms ..............cccvvveeennnnnn. 22
Table 2 — Relation between Dukes' and TNM staging for colorectal cancer-.....25
Table 3 — Thermal cycling profiles for reverse transcriptase........c.cccccccvvnennnnn. 49
Table 4 — Thermal cycling profiles for pre-amplification ..............cccccvivnnnn. 50
Table 5 — Control measures used during PCR.........ccooiiiiiiiiiiiiiiin, 53
Table 6 — Thermal cycling profiles for Tagman low density microarray cards...55
Table 7 — Pooled diSEaSe QroUPS .........uuiiiiiiiiiiiee et 56
Table 8 — Classification of disease and control groups ..........ccccoovvvvvvvivveencennn. 59
Table 9 — Recruitment breakdown ... 63
Table 10 — BCSP reCruitS.......ooooiiiiieee e 64
Table 11 — Symptomatic patients recruited ...........ccccoeeeeiiiiiiiiiiii, 64
Table 12 — Patients recruited by Mr Aslam ..., 64
Table 13 — Final breakdown on recruits used in the study ...............cvvvveennennnn. 65
Table 14 — DiSEASE GrOUPS ...uuuuuiiiiiei e e ettt e e e e e e e e e e e e e 67
Table 15 — Heat map of microRNA T-test results.........ccccoovvivieiiiiiiiiiiiiieeeenn. 68
Table 16 — Summary table of strongest performing target microRNAs............. 69
Table 17 — T-test results for MIR-98 ............ouiiiii 70
Table 18 — Normality testing for miR-98 disease groups ............coovvvvvvvvvennnnnnnn. 70
Table 19 — T-test results for MIR-19a...........uuiii e 71
Table 20 — Normality testing for miR-19a disease groups ..........ccccevvvvvvvveennnnnn. 71
Table 21 — T-test results for MIR-146D............oooiiiiiiii e 73
Table 22 — Normality testing for miR-146b disease groups .........ccccccvvvvveunnnnnn. 73
Table 23 — T-test results for MIR-186............ooiiiiiiiiiii e 74
Table 24 — Normality testing for miR-186 disease groups ...........ccoovvvvvvvvennnnnnn. 75
Table 25 — T-test results for MIR-625............oooiiiiii e 76
Table 26 — Normality testing for miR-625 disease groups ...........ccoevvvvvvvvennnnnnn. 77
Table 27 — T-test result for MiR-191 ........oumiii e 77
Table 28 — Normality testing for miR-191 disease groups ...........ccoevvvvvvvvennnnnnn. 78



List of figures

Figure 1 — Adenoma Carcinoma SEQUENCE. .........ccceeeeeeeeeiieieieieiiiea e e e e e 17
Figure 2 — Kudo classification; pit pattern of polyps...........coovvmriiiiiiiiiii. 19
Figure 3 — Paris Classification; morphology of polyps.............uiiiiiiiiiiienennnn. 20
Figure 4 — Adenoma follow up algorithm ..., 21
Figure 5 — Dukes' staging of colorectal cancer.............cccoovvviiiiiiiciiiiic e, 23
Figure 6 — TNM staging of colorectal cancer..............cccoovvviiiiiiiiiciiee e 24
Figure 7 — Infographic of European colorectal cancer facts and statistics ........ 28
Figure 8 — BBC news article on funding for Bowel Scope screening ................ 29
Figure 9 — FOBt 3 day test card used for screening.............oovvvvviiiiiiiiiiieeeennn. 31
Figure 10 — Simplified summary of microRNA biogenesis ..........ccccceeeeiieeeeeenn. 35
Figure 11 — Processing of Whole Blood Samples..........ccooovvimiiiiiiiiiiiiieeeee, 45
Figure 12 — Workflow for gene expression profiling ............ooovviiiiiiiiiieneen. 48
Figure 13 — Patient flow through the study ... 66
Figure 14 — Box and whiskers plots for miR-98.............cccoriiiiii 70
Figure 15 — Box and whiskers plots for miR-19a............ccccoviiiiciiei 72
Figure 16 — Box and whiskers plots for miR-146b.............cccovviiiiiiiiiii 74
Figure 17 — Box and whiskers plots for miR-186..............cooovriiiiiiiei e 75
Figure 18 — Box and whiskers plots for miR-625.............cccovimiiciiii 77
Figure 19 — Box and whiskers plots for miR-191............ccciiii 78
Figure 20 — MiRs 98, 186, 452, polyps (excluding hyperplastic polyps) in male

SUDJECES .. e 80
Figure 21 — MiRs 98, 186, 452, detection of adenomas in male subjects......... 81
Figure 22 — MiRs 186, 452, 331-5p, polyps (excluding hyperplastic polyps) in

subjects with another endoscopic diagnosSis ............ceiveiiiiiiiiiieieeciiiie e, 82
Figure 23 — MiRs 625, 452, 331-5p (normalised with miR-191), adenomas in

subjects with another endoscopic diagnosSis ...........uceiviiiiiiiiiieeieeiiiie e, 83

10



List of abbreviations

AD: Anderson-Darling.

APC: Adenomatous polyposis coli.

AUC: Area under the curve.

BCSP: Bowel cancer screening programme.
BDRF: Bowel Disease Research Foundation.
BTN: Benign thyroid nodules.

CAC: Colitis associated cancer.

cDNA: Complimentary DNA.

Cl: Confidence interval.

CIMP: CpG island methylator phenotype.
CIN: Chromosomal instability.

CRC: Colorectal cancer.

CT: Cycle threshold.

CT scan: Computed tomography scan.
DNA: Deoxyribonucleic acid.

EDTA: Ethylenediaminetetraacetic acid.
FFPE: Formalin-fixed paraffin embedded.
FIT: Faecal immunochemical testing.

FOBt: Faecal occult blood test.

HNPCC: Hereditary nonpolyposis colorectal cancer.

IBD: Inflammatory bowel disease.

IRAS: Integrated research application system.
IRS-1: Insulin receptor substrate-1.

MDT: Multi-disciplinary team.

miRs: MicroRNAs.

MMR: Mismatch repair.

MRI: Magnetic resonance imaging.

MRNA: Messenger RNA.

MSI+: Microsatellite instability.

NHS: National Health Service.

NREC: National Research Ethics committee.

OSCC: Oesophageal squamous cell cancer.

11



PDA: Pancreatic ductal adenocarcinoma.
PCR: Polymerase chain reaction.

PhD: Doctorate of Philosophy.

PPV: Positive predictive value.

PSC: Primary sclerosing cholangitis.
PTC: Papillary thyroid carcinoma.

gPCR: Quantitive polymerase chain reaction.
R&D: Research and development.

RNA: Ribonucleic acid.

RNAi: RNA interface.

ROC: Receiver operated characteristic.
RR: Risk ratio.

RT-gPCR: Reverse transcriptase quantitative polymerase chain reaction.

SSA: Sessile serrated adenomas.

TNM: Tumour Node Metastasis (cancer staging classification).
TRIS: Tris (hydroxymethyl)-aminomethane.

UC: Ulcerative colitis.

UHL: University Hospitals of Leicester.

UK: United Kingdom.

UoL: University of Leicester.

UTR: Untranslated region.

12



INTRODUCTION



1. Colorectal cancer

1.1 Demographics

Colorectal cancer (CRC) is the fourth most common cancer in the UK. Around
41 300 people were diagnosed with CRC in 2014, 22 800 being men making it

the third most common cancer in men after prostate and lung cancer.

CRC is the third most common cancer in women after breast and lung cancer,
with around 18 400 new cases diagnosed in the UK in 2014. 95% of CRC cases

occur in people aged 50 and over. 1

CRC incidence rates have increased by 5% over the last decade. In Europe,
around 477 000 new cases of CRC were estimated to have been diagnosed in
2012. The UK incidence rate is 20" highest in Europe for males and 17"
highest for females. Worldwide, an estimated 1.36 million new cases of CRC

were diagnosed in 2012, with incidence rates varying across the world. *

CRC is the second most common cause of cancer death in the UK after lung
cancer (2014). Around 16 200 people died of CRC in 2012 in the UK. CRC
death rates have been falling since the 1970s. Over the last decade in the UK
(between 2003-2005 and 2012-2014), data from the Office of National Statistics
(November 2015) shows bowel cancer age standardised mortality rates have

decreased by 12% (decrease in males; 15% and females; 11%). "

In Europe around 215 000 people were estimated to have died from CRC in
2012. The UK mortality rate is 10" lowest in Europe for males and 14™ lowest
for females. Worldwide, around 694 000 people were estimated to have died

from CRC in 2012, with mortality rates varying across the world. "
A person’s risk of developing CRC depends on many factors, including age,

genetics, and exposure to risk factors (including some potentially avoidable

lifestyle factors).
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An estimated 54% of CRC cases in the UK are linked to lifestyle factors
including processed / red meat consumption (21%), being overweight / obese
(13%), alcohol (12%), smoking (8%) and ionising radiation (2%). "

It is well established that 5% of CRC is due to an inherited syndrome, the most
common being Lynch syndrome (also known as HNPCC - hereditary
nonpolyposis colorectal cancer) due to mutation of one of the many DNA
mismatch repair (MMR) genes. Familial adenomatous polyposis is due to a
mutation of the adenomatous polyposis coli (APC) gene on chromosome 5
given rise to a carpet of adenomas by the age of 20 requiring colectomy to
protect the individual from the inevitable CRC that usually occurs by the age of
30-35. 2

In October 2015, the World Health Organization released a statement
classifying red and processed meat as a carcinogen. * This was largely based
on a meta-analysis of CRC in ten cohort studies reported a statistically
significant dose—response relationship, with a 17% increased colorectal cancer
risk (95% CI 1.05 - 1.31) per 100 grams per day of red meat and an 18%

increase (95% Cl 1.10 — 1.28) per 50 grams per day of processed meat. *

Fibre consumption protects against CRC, the summary relative risk of
developing colorectal cancer for 10 grams daily of total dietary fibre (based on a
meta-analysis of 16 studies) was 0.90 (95% CI 0.86 to 0.94). ° Physical activity
protects against CRC in a meta-analysis of 21 studies, there was a significant
27% reduced risk of proximal colon cancer when comparing the most versus
the least active individuals (RR = 0.73, 95% CI = 0.66-0.81), an almost identical
result was found for distal colon cancer (RR = 0.74, 95% CI = 0.68-0.80). °

CRC risk has been higher in populations with inflammatory bowel disease (IBD)
(when it causes a colitis — ulcerative colitis (UC) or the rarer Crohn's colitis)
compared with the general population. This is known as colitis associated
cancer (CAC). A landmark meta-analysis study from 2001 estimated the
cumulative risk for any patient with UC to be 2% at 10 years, 8% at 20 years

and 18% at 30 years, following the onset of symptoms. ’

15



The CAC risk has decreased in recent times. A large cohort study from
Copenhagen County, Denmark published in 2004 followed up 1160 patients
with UC over a median follow up period of 19 years, the cumulative incidence of
colorectal cancer was 0.4% at 10 years, 1.1% at 20 years, and 2.1% at 30
years of disease. ® St. Marks Hospital (UK) have a database of patients with UC
who undergo surveillance colonoscopy. An analysis of their data reveals a
cumulative incidence of colorectal cancer was 0.07% at 10 years, 2.9% at 20
years, and 6.7% at 30 years, 10.0% at 40 years, and 13.6% at 50 years of
disease. °
(published in 2012) showed that the relative risk of CAC in UC patients was

1.07 (95% confidence intervals 0.95-1.21). 1

Another large Danish study looking at the whole population

The factors in inflammatory bowel disease that increase CAC risk are;
diagnosis as a child or adolescent, long duration of disease, extent and severity
of inflammation, and concomitant primary sclerosing cholangitis (PSC). * '
The St. Marks population are more likely to be complex cases of UC as they are
a tertiary centre, despite this the data still shows an improvement, as does the
Danish studies, when compared to the 2001 meta-analysis probably due to
improved IBD treatment, increased awareness of CAC risk, and endoscopic

surveillance of patients with IBD. °

1.2 Polyps & adenomas

CRC mostly arises from adenomas (95%), recognised as colonic polyps at
endoscopy and the progression of these adenomas to colon cancers is a multi-
step process which involves different sequential changes in DNA structure and

expression.

This model is likely to be an oversimplification, but it aligns observed clinico-
pathological changes with genetic abnormalities in the progression of
chromosomally unstable colorectal cancer (the gatekeeper pathway involving
genes that regulate cell growth). The initial step in tumour-genesis is that of

adenoma formation, associated with loss of APC.

16



Chromosomal instability Increasing CIN

Loss of 18q

SMAD4
AP( KRAS DC4 TPS3

P

S d Early adenoma and ntermediate .
Normal epithelium Cancer
dysplastic crypt adenoma
)
o ] =
E.( &2
- [« ] 2
() - 0
=y t t
BRAF
wnt signalling KRAS coC4
MMR gene inactivation
Microsatellite instability and hypermethylation

Figure 1 — Adenoma Carcinoma sequence.

The pathway with arrows from the top of the figure shows chromosomal instability which
accounts for 80-85% of CRC arising from adenomas. 10-15% of CRCs arising from
adenomas is thought to follow the microsatellite instability pathway which is illustrated

with arrows from the bottom of the figure.

Larger adenomas and early carcinomas acquire mutations in the small GTPase
KRAS gene, followed by loss of chromosome 18q with SMAD4, which is
downstream of transforming growth factor-g, and mutations in TP53 in frank
carcinoma. This chromosomal instability pathway is likely to account for 80-85%

of “sporadic” CRCs arising from adenomas (top pathway in figure 1).

Microsatellite instability (MSI+) CRCs characterised by a deficiency of the
mismatch repair system that leads to slippage in microsatellites (the caretaker
pathway involving genes that maintain genomic stability), only carry the above
changes infrequently; therefore, development of CRC must involve different, but
analogous, genetic changes to those described in chromosomal instability (CIN)
CRC. Microsatellite instability is uncommon in adenomas (10-15% of sporadic
CRCs), and the initial step is thought to involve alteration in Wnt signalling,

possibly involving axin.

Mutations in BRAF, common in MSI+ CRC, are likely to occur in the place of
KRAS mutations, although the latter do occur in a minority of cases. MMR
deficiency in sporadic CRC occurs predominantly by down-regulation of MLH1
through promoter methylation, and MSI+ status is increased by positive
selection of tumour cells with mutated microsatellites in MSH3 and MSH6.

Further positive selection occurs for mutations affecting microsatellites in TGF[3
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receptor 2, insulin-like growth factor 2 receptor and BAX, which in turn provides
a TP53-independent mechanism of progression to carcinoma. FBXW7 (F box
and WD40 domain protein) inactivation may precede TP53 mutation, leading to
increasing CIN, although it is not always associated with CIN and may also

have a role in the MSI+ pathway (bottom pathway of figure 1). '

The remaining 5-10% of CRCs arising from adenomas is thought to follow an
accelerated CpG island methylator phenotype (CIMP), which occurs in
approximately 10% sessile serrated adenomas. CRCs demonstrated as being
from CIMP pathway have many clinical correlations such as proximal location,
poor differentiation, female sex, MSI, high BRAF/KRAS and low APC/p53

mutations.

There are many different types of polyp — adenomas, sessile serrated
adenomas, hyperplastic polyps, inflammatory polyps, post-inflammatory
pseudopolyps. They are assessed endoscopically and for those that are
adenomas, they are classified by surface appearance (Kudo pit pattern),
morphology (Paris classification), size and location. Different adenoma types
have variable risk of progression to cancer. Molecular analysis of adenomas
and have revealed that different polyp types have varying prevalence of
KRAS/BRAF mutations and methylation which promote cancer. '* CRC tissue
samples have also undergone molecular analysis and been classified by
presence of KRAS/BRAF mutations, methylation and microsatellite instability —

suggesting which types of polyps these cancers have arisen from. '

Therefore, early detection (and removal) of these adenomas is a cornerstone
for screening and managing those individuals who are at a risk of developing
CRC. Endoscopic analysis of resected polyps is corroborated and augmented

by histopathologic assessment of tissue resected.

Kudo pit classification (figure 2) indicates the type of polyp and represents the
different types of polyps from normal colorectal tissue (pit pattern type 1), benign
hyperplastic polyps (pit pattern type Il), adenomas (pit pattern type Il and 1V,
representing tubular and/or villous components) and invasive lesions

representing cancer (pit pattern type V). *°
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Figure 2 — Kudo classification; pit pattern of polyps

The morphology of the polyp is assessed by the Paris classification (figure 3),
whether it is a protruded polyp that is pedunculated (on a stalk - Ip) or sessile
(Is). Pedunculated polyps are usually present in the left colon - due to traction
on the polyp surface by solid stool causing a stalk to form. As faeces are liquid

in the right colon, polyps in this area are usually sessile.

Flatter lesions are still described as polyps (though are less polypoid in
appearance) are classified as lla (slightly raised) or llb (flat), any depression of
the lesion (llc) is often characteristic of the invasion into deeper muscularis

layers representative of cancer. '®

19



Polyps Flat leslons Depressed lesions

”~ \.
N\
\
\
J
,'/
S L e e =
S = : e
Ip lla lic
.~ e ) - g B T —— g R e gy
b — = Y
Is Ilb lla + llc
‘\_\7 T A e e - —
- N_—
llc + lla

Figure 3 — Paris Classification; morphology of polyps

The size of the adenomas is important too. Larger polyps are much more likely
to have advance features such as high grade dysplasia or foci of invasive
cancer and have higher risks of endoscopic complications on removal (such as
bleeding or colonic perforation). In the UK, the size and number of adenomas at
colonoscopy are important as this is used to stratify patients’ risk of further
adenomas occurring — this guides the recommended interval for repeat

surveillance colonoscopy to look for more adenomas (figure 4). **

Interestingly the surveillance intervals in the UK do not take into account the
histology of adenomas — whether they are tubular, villous or tubulo-villous in
nature. Having villous component to adenomas is known to increase your risk to

colorectal cancer. 18
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SURVEILLANCE FOLLOWING ADENOMA REMOVAL

Baseline colonoscopy

4 y v
Low risk Intermediate risk High risk
1-2 adenomas 3-4 small adenomas 25 small adenomas
AND OR OR
both small (<1cm) at least one = 1cm 23 at least one 21cm

® ©

No surveillance
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Figure 4 — Adenoma follow up algorithm

There is also a sub-type of sessile adenomas, which were for a long time
thought to be hyperplastic lesions. Sessile serrated adenomas (SSA) are a
different sub-type of adenomas with appearances similar to hyperplastic polyps
but usually larger in size (usually from 5 mm and up to 30 mm in size). They can
occur throughout the colon, predominantly in the right colon, as opposed to
hyperplastic polyps (usually less than 10 mm in size), which occur throughout
the colon but predominate in the rectum. Approximately 10% of SSAs may be in
the CIMP pathway which can lead to rapid and aggressive colorectal cancer. '°

Therefore, SSAs are removed when discovered at colonoscopy. 2°

1.3 Colorectal cancer presentation, diagnosis & management

As a large colorectal adenoma progresses to an invasive cancer, it can have
classic symptoms or be relatively asymptomatic. Lesions in the left side of colon
& rectum can often result in symptoms of rectal bleeding (which can progress to
anaemia over time), altered bowel habit and tenesmus. Lesions in the right

colon often have vaguer symptoms; altered bowel habit and symptoms of
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anaemia. Cancerous lesions overtime will cause weight loss and as the cancer
enlarges and invades adjacent tissues it could cause localised pain. If the
cancer metastasises to the liver it could cause localised pain or jaundice, if it
spreads to the lungs it could cause shortness of breath. Metastatic disease will

usually cause or exacerbate weight loss.

Given the broad range of symptoms the colorectal cancer can cause, Doctors
are trained to be mindful of certain red flag symptoms and investigate as
appropriate. If a General Practitioner has a suspicion that a patient may have
colorectal cancer, they are advised to refer on an urgent 2-week cancer

pathway to a Gastroenterology or Colorectal Surgery service.

Symptoms Investigation if fit Investigation if unfit/frail
Rectal bleeding Sigmoidoscopy (if fresh rectal Sigmoidoscopy
bleeding)

Colonoscopy (if altered rectal
bleeding &/or normal sigmoidoscopy)
CT colonogram (as an alternative to
colonoscopy — patient choice or if

technically, colonoscopy not possible)

Iron deficiency anaemia | Colonoscopy CT (scan) of abdomen & pelvis

CT colonogram (alternative test)

Change in bowel habit Colonoscopy CT abdomen & pelvis

CT colonogram (alternative test)

Gastrointestinal CT abdomen & pelvis (+/- chest if CT abdomen & pelvis (+/- chest

symptoms & weight loss | suggestive symptoms) if suggestive symptoms)

Table 1 — Investigations suggested for red flag symptoms
Choice of investigation is based on the table. However, patients often have multiple

symptoms so choice of investigation is down the discretion of requesting Clinician.

Once a colorectal cancer diagnosis is suspected — it ideally needs a tissue
diagnosis via a biopsy of the lesion (via endoscopy) or of a metastatic lesion
within the liver. Occasionally a radiological diagnosis is convincing enough to

allow a surgeon to operate — (in all parts of the colon except the rectum).
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To complete the diagnostic process, a staging CT scan is required of the chest,
abdomen & pelvis (ideally with intravenous contrast). If the primary cancerous

lesion is in the rectum a staging MRI scan is also required.

Colorectal cancer is staged using two staging system. Dukes’ staging which
was described in 1932 by British Pathologist Cuthbert Dukes. This has been
largely superseded by the TNM staging system (figure 6) but is still in clinical
use today. Further modifications to Dukes’ staging has led to a Full Dukes’
Classification (figure 5). Table 2 shows the relation between Dukes’ and TNM

staging.

Figure 5 — Dukes' staging of colorectal cancer

Stage A Limited to mucosa

Stage B Extending into (B1) or penetrating through (B2) muscularis propria, lymph nodes not involved

Stage C Extending into (C1) or penetrating through (C2) muscularis propria, lymph nodes involved

Stage D Distant metastatic spread (eg to liver, lungs, peritoneum)

Dukes’ A Dukes’ B

Mucosa Mucosa
Muscularis Muscularis
Serosa Serosa

Dukes’ D
Lymph Nodes Q

Mucosa

Muscularis 3
Muscularis

Serosa
Serosa

The Dukes' staging system- A, B, Cand D
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Figure 6 — TNM staging of colorectal cancer

Primary tumour (T)

™ Primary tumour cannot be assessed

T Tumour invades submucosa

T2 Tumour invades muscularis propria

T3 Tumour invades through muscularis propria into the peri-colonic tissue

T4a Tumour penetrates to the surface of the visceral peritoneum

Tab Tumour directly invades or is adherent to other organs or structures

Regional lymph nodes (N)

NO No regional lymph node metastasis
N1 Metastasis in 1-3 regional lymph nodes
N2 Metastasis in 4 or more lymph nodes

Distant metastasis (M)

Mo No distant metastasis

M1 Distant metastasis

M1a  Metastasis confined to 1 organ or site (eg liver, lung, non-regional node)

M1b  Metastases in more than 1 organ/ site or the peritoneum

T1 T2
Mucosa

Mucosa Mucosa Muscularis
Muscularis Muscularis — Serosa
Serosa — Serosa

T4 N2 ﬁ .;:% M
Mucosa Mucosa Mucose
Muscularis Muscularis M1 e ioets
Serosa Serosa

— Serosa

‘ Lungs/Liver

TNM Staging illustration for Tumour (T) Nodal (N) and Metastasis (M)
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Dukes’ Stage |Spread of CRC TNM Stage
Submucosa T NO MO
A Into muscularis propria T2 NO MO
8 Beyond muscularis propria T3 NO MO
Into adjacent organs T4 NO MO
c 1-3 lymph node metastasis T1-4 N1 MO
2 4 lymph nodes metastasis T1-4 N2 MO
D Distant organ metastasis T1-4 NO-2 M1

Table 2 — Relation between Dukes' and TNM staging for colorectal cancer

All cancer cases are discussed at specialist cancer multi-disciplinary team
(MDT meetings, which has a core membership group of clinicians including
Gastroenterologists, Surgeons, Oncologists, Radiologists, Pathologists and

Palliative Care specialists).

The ultimate treatment aim is to operate and to resect cancerous lesions (T1-3).
If the lesion is too locally advanced (T4), or had metastatic spread (M1) it may
not be resectable. Neo-adjuvant radiotherapy and chemotherapy may shrink
tumours down to make surgery possible, also patients with a resectable primary
lesion and isolated metastases in liver and/or lungs may also be able to

undergo surgery with a curative intent. '

Postoperatively patients undergo further discussion at the MDT meeting and if
the histology of the cancer has adverse prognostic markers such as lymph node
metastasis, vascular invasion or poor differentiation, then a patient would be
offered adjuvant chemotherapy to reduce the risk of recurrence in the future (as

long as they are fit to receive chemotherapy). %'

If patients have a disease that is classified as inoperable due to metastases,
patients can be offered palliative chemotherapy (if fit) or best supportive care for
advanced cancer symptoms as disease progresses. Occasionally that may be

the case if surgery was not deemed to have cleared the cancerous tissue. %'
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1.4 Bowel Cancer Screening Programmes

The NHS CRC bowel cancer screening programme (BCSP) was rolled out
2006-10 with individuals aged 60-69 receiving a 2 yearly invite. The program
has age-expanded in 2011-2 to cover ages 60-75, individuals older than this
have the option to opt in. Patients are sent a faecal occult blood test (FOBt) kits
and patients with positive (abnormal) tests are invited for a screening

colonoscopy.

The evide