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Abstract 

Colorectal cancer is the second most common cause of cancer death in the Western World.  

Although staging and prognosis is presently based on pathological assessment of primary 

tumour invasion and the presence of lymph node and distant metastases, it is increasingly 

recognised that other factors pertaining to both the tumour and host may similarly affect 

outcome. The local and systemic environment, encompassing host inflammatory responses 

and the tumour microenvironment, are examples of such.  However, how such measures 

may compliment present TNM-based staging are not clear.  Furthermore, tumour and host 

factors, both modifiable and non-modifiable, which may determine the local and systemic 

environment, remain to be fully determined.  

The present thesis examined the clinical and prognostic utility of assessment of the local 

and systemic environment, and potential tumour and host factors which may determine 

these responses. The following conclusions were drawn: 

Examining patients from the United Kingdom and Japan, Chapter 2 and 3 concluded that 

assessment of the systemic inflammatory response, utilising the modified Glasgow 

Prognostic Score, provides further prognostic stratification in addition to TNM stage.  

Although the proportion of patients exhibiting an elevated systemic inflammatory response 

differed between populations, the prognostic value was comparable.  

Chapter 4 validated assessment of the tumour stroma percentage as a prognostic factor 

independent of TNM stage and the local inflammatory cell infiltrate (cancer-specific 

survival HR 1.84, 95% CI 1.17-2.92, P=0.009).  Chapter 7 further confirmed the 

prognostic value of a combined tumour microenvironment score, based on assessment of 

the generalised inflammatory cell infiltrate and tumour stroma percentage, in patients with 

primary operable colorectal cancer.  This score, termed the Glasgow Microenvironment 

Score, was able to stratify patients into a good prognostic group, with five-year survival of 
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89%, an intermediate group with a two-fold increased risk of death and five-year survival 

of 75%, and a poor prognostic group, with a four-fold increased risk of death and five-year 

survival of 51%.   

Chapters 5 and 6 identified the presence of mismatch repair deficiency and activation of 

the JAK/STAT3 as two potential mechanisms which may determine host local and 

systemic inflammatory responses.  However, the prognostic value of such candidate 

mechanisms was weak, suggesting that other pathways and tumour characteristics are 

implicated, and that molecular heterogeneity is likely to play an important role in 

determining not only the local and systemic environment, but also outcome. 

Chapter 9 concluded that the Immunoscore, an immunohistochemistry-based assessment of 

T-lymphocyte density within the tumour microenvironment, held greater prognostic value 

than assessment of the generalised inflammatory cell infiltrate using the Klintrup-Mäkinen 

grade.  However, assessment of tumour stroma percentage provided additional prognostic 

value irrespective of the methodology employed to examine the local inflammatory cell 

infiltrate.  Furthermore, the results of Chapters 7, 8 and 9 together suggested that loss of 

the local, anti-tumour immune infiltrate was the primary event which allows continued 

tumour growth, development of a tumour-supportive microenvironment and propagation of 

a systemic inflammatory response. 

Chapter 10 concluded that pre-diagnosis use of aspirin but not statins was associated with a 

lower modified Glasgow Prognostic Score, despite strong associations with comorbidity 

and BMI.  This did not translate into an improvement in survival, potentially reflecting the 

underlying indication for use of these drugs primarily as cardiovascular secondary 

prevention medications. 
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Finally, Chapter 11 examined the clinical utility of assessment of the tumour 

microenvironment using colonoscopic biopsy specimens, concluding that the use of 

biopsy-derived specimens was feasible.  Furthermore, in addition to identifying patients 

who may benefit from therapies targeting the tumour microenvironment, assessment of a 

biopsy-derived Glasgow Microenvironment Score had comparable prognostic value to full 

section assessment of the tumour microenvironment.  
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Summary 

Colorectal cancer is common, with over 1 million cases each year globally.  Although 

advances in staging, surgical technique and chemotherapeutics have led to improvements 

in survival, approximately half of patients undergoing potentially curative resection die 

within five years.  Currently, staging, prognosis and need for adjuvant treatment is based 

on pathological assessment of the tumour using the TNM staging system.  In addition, 

other high-risk tumour characteristics, such as venous invasion, may predict increased risk 

of recurrence.  It is clear however that current staging is inadequate and may fail to stratify 

risk effectively.  As such, there is a need to identify other tumour and host characteristics 

which may be used to determine prognosis and guide treatment. 

One such approach is assessment of the local and systemic environment, encompassing 

amongst other things the host inflammatory response and the tumour microenvironment.  It 

is recognised that the presence of a conspicuous inflammatory cell infiltrate is a good 

prognostic factor independent of TNM staging.  Several measures of the local 

inflammatory response have been proposed; whereas the Klintrup-Mäkinen grade provides 

a measure of the generalised inflammatory infiltrate, the Immunoscore is a more detailed 

measure of the predominantly cytotoxic T-lymphocytic response.  Conversely, elevated 

systemic inflammatory responses, as measured by acute phase reactants and differential 

white cell count, are associated with poorer survival.  One such systemic inflammatory 

response-based score, the modified Glasgow Prognostic Score, has been validated and 

reported internationally as a stage-independent marker of poor prognosis. 

However, how such measures may be utilised in combination with current staging is not 

clear.  In addition, how other components of the tumour microenvironment, such as the 

tumour-associated stroma, may relate to the local and systemic inflammatory response, and 

outcome, is unknown.  Tumour and host characteristics, including anti-inflammatory drug 
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use, which may determine the local and systemic environment have not been fully 

determined.  Finally, the feasibility of pre-operative assessment of the tumour 

microenvironment has yet to be established.  The aim of the present thesis was to examine 

these questions. 

Chapter 2 examined the prognostic value of combined assessment of the modified Glasgow 

Prognostic Score and TNM stage in patients with non-metastatic colorectal cancer.  Using 

this combination, it was possible to identify patients with lymph node negative disease 

with poorer survival than those with lymph node positive disease.  Furthermore, in patients 

with stage III colon cancer, it was possible to identify patients less likely to benefit from 

adjuvant chemotherapy. 

Chapter 3 examined the prognostic value of the modified Glasgow Prognostic Score in two 

cohorts of patients from the United Kingdom and Japan.  When compared to a cohort of 

patients from Japan, it was found that patients from United Kingdom were more likely to 

be systemically inflamed, even after controlling for clinicopathological characteristics 

determined to be associated with the presence of a systemic inflammatory response.  Of 

interest however, the modified Glasgow Prognostic Score had similar prognostic value in 

both cohorts. 

In Chapter 4, the relationship between tumour stroma percentage, other components of the 

tumour microenvironment and survival was examined.  Although inversely associated with 

the local inflammatory cell infiltrate, tumour stroma percentage remained an independent 

prognostic factor, suggesting that it may be of complimentary value to measures of the 

local inflammatory cell infiltrate. 

In Chapter 5 and 6, the relationship between mismatch repair status, STAT3 expression 

and the local and systemic environment were examined.  It was found that both local and 
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systemic inflammatory responses were associated with mismatch repair deficiency, 

although both remained independently associated with survival irrespective of mismatch 

repair status.  STAT3 expression was associated with loss of the local inflammatory cell 

infiltrate and elevated systemic inflammatory responses, however STAT3 itself was not 

independently associated with survival.  These results again highlight the complex nature 

and multitude of factors underpinning the local and systemic environment. 

Chapter 7 examined the prognostic value of a novel tumour microenvironment-based 

score, encompassing the Klintrup-Mäkinen grade and tumour stroma percentage.  This 

score, termed the Glasgow Microenvironment Score was able to stratify survival greater 

than either measure alone.  Furthermore, the associations between the components of this 

score suggest that it is loss of the local anti-tumour immune response which allows 

subsequent development and expansion of a tumour-supporting stroma. 

Chapter 8 found that increasing tumour invasiveness, as measured by T stage, was 

associated with the development of a pro-tumour local and systemic environment.  Similar 

to the results of Chapter 6, it was found that loss of the local inflammatory cell infiltrate 

preceded tumour stroma expansion and development of a systemic inflammatory response, 

again suggesting that loss of the local immune response is an important driver of disease 

progression.  Furthermore, it was found that such measures at both a local and systemic 

level have similar if not greater prognostic value compared to current lymph node-based 

staging. 

In Chapter 9, two different measures of the local inflammatory cell infiltrate, the 

Immunoscore and Klintrup-Mäkinen grade, were compared.  It was found that the 

Immunoscore had greater fidelity with respect to determining prognosis of patients.  

Despite this, the addition of tumour stroma percentage still stratified survival greater than 
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either measure alone, again supporting the rationale for a comprehensive assessment of the 

tumour microenvironment as opposed to assessment of individual components alone. 

In Chapter 10, it was found that aspirin but not statin use was associated with lower levels 

of systemic inflammation at time of diagnosis.  Aspirin use was however not associated 

with improved survival.  As these drugs were primarily prescribed for cardiovascular 

secondary prevention, it is likely that any oncological benefit in this patient group will be 

underestimated due to the high level of comorbidity associated with aspirin and statin use. 

Chapter 11 examined the clinical utility of pre-operative assessment of the tumour 

microenvironment utilising colonoscopic biopsies.  Both the local inflammatory cell 

infiltrate and tumour stroma percentage could be measured using biopsy specimens, with 

diagnostic accuracy of the former improved by the use of digital automated pathology.  

Furthermore, a derived, biopsy-based Glasgow Microenvironment Score had similar 

prognostic value to more conventional, full section based assessment of the tumour 

microenvironment in patients with colorectal cancer. 
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1 Introduction 

1.1 Epidemiology of colorectal cancer 

Colorectal cancer is common, with an estimated 1.2 million cases worldwide in 2008 (1, 

2).  Globally, it is the second most common cancer in females with over 570,000 cases in 

2008, and the third most common cancer in males with over 663,000 cases.  It is more 

common in developed countries, with the highest incident rates in Europe, Australia and 

New Zealand and Northern America (1).  Although incidence is generally lower in 

developing countries, particularly Africa and South-Central Asia, rates of colorectal cancer 

are increasing in countries with historically low incidence rates.  In 2008 there was an 

estimated 608,700 deaths from colorectal cancer (1). 

In 2008, colorectal cancer was the most common cancer across Europe, with an estimated 

436,000 incident cases, accounting for 13.6% of all cases of cancer (2).  In 2009, it was 

estimated that the economic cost of colorectal cancer across the European Union was over 

EU €13 billion (3).  The incidence of colorectal cancer in Europe has increased over the 

past two decades, particularly in males and in Central Europe (4).  

In the United Kingdom, colorectal cancer is the fourth most common cancer overall, with 

37,600 cases registered in 2008 (2).  It is the third most common cancer in females behind 

breast and lung cancer, and the second most common cancer in males behind prostate 

cancer.  Similar to much of the rest of Europe, the incidence of colorectal cancer has 

increased over past decades (5), however even across the United Kingdom, there is 

significant geographical variation in the incidence of colorectal cancer, with the highest 

rates observed in Scotland and Northern Ireland and the lowest rates in England.  Whereas 

the age-standardised incidence rate across the United Kingdom is 47 cases per 100,000, 

this varies from approximately 53 cases per 100,000 in Scotland and Northern Ireland to 

46 cases per 100,000 in England (5).  Furthermore, incident rates for colorectal cancer are 
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greatest amongst more deprived areas, predominantly due to an increased incidence rate 

amongst males (6). 

The incidence of colorectal cancer also varies by sex and age.  Males have a higher 

incidence of colorectal cancer, predominantly due to an increase in the incidence of rectal 

cancers.  In 2012, females accounted for 18,160 registered cases of colorectal cancer with 

an age-standardised incidence rate of 37 cases per 100,00, compared to 22,600 cases and 

an age-standardised rate of 56 cases per 100,000 in males (7). Similar disparity in temporal 

trends for colorectal cancer incidence also exist; whereas the European age-standardised 

incidence rate for males has increased by 29% between 1975-1977 and 2009-2011, it has 

only increased by 7% in females over the same period (5).  In addition, the incidence of 

colorectal cancer is strongly associated with age, with 95% of colorectal cancers in the 

three years up to 2011 diagnosed in patients aged 50 and over (5).  Although between the 

ages of 45 and 85 the incidence of colorectal cancer is greater in males than females, above 

the age of 85 the incidence is greater in females due to the larger, at risk, female 

population. 

Overall, colorectal cancer is the second most common cause of cancer death in the United 

Kingdom (8).  It is the third most common cause of cancer death in females, with 7,470 

deaths in 2012 and an age-standardised mortality rate of 14 deaths per 100,000; similarly it 

is the third most common cause of cancer death in males, with 8,730 deaths in 2012 and a 

rate of 21 deaths per 100,000 (7).  Consistent with incidence, there is geographical 

variation in colorectal cancer mortality rates across the United Kingdom, with higher 

mortality rates in Scotland for both males and females compared to England (8); whereas 

the European age-standardised mortality rate across the United Kingdom is 16.3 per 

100,000, this varies from 19.2 to 15.9 deaths per 100,000 population in Scotland and 

England respectively.  Deprivation also influences mortality from colorectal cancer, with a 

30% higher mortality for males and 15% higher mortality for females from deprived areas 
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(8).  Mortality rates have improved over time, with an overall decrease since the 1970s (8).  

In the ten years leading up to 2012 for example, the mortality rate amongst females 

decreased by 15% and for males decreased by 12%.
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1.2 Colorectal carcinogenesis 

Rather than being one distinct entity, colorectal cancer is a heterogeneous disease arising 

from a number of different molecular and genetic pathways.  A prerequisite of 

carcinogenesis is the development of genetic instability, which is critical for the rapid 

accumulation of mutations required for cancer to develop (9).  The chromosomal 

instability pathway, described by Vogelstein and Fearon in 1988 (10), is now thought to be 

too simplistic and may only describe carcinogenesis in around 85% of cases of colorectal 

cancer.  Indeed, it is now recognised that at least three distinct molecular subtypes resulting 

in genetic instability exist; the chromosomal instability pathway (CIN), the microsatellite 

instability pathway (MSI), and the CpG island methylation pathway (CIMP).  Although in 

reality these pathways may co-exist in some cancers (11), they remain a useful backbone 

for the molecular characterisation of patients with colorectal cancer.  

1.2.1 Chromosomal instability pathway 

Invasive colorectal carcinoma develops from non-invasive, precursor adenomatous polyps, 

with an accumulation of specific mutations occurring in tandem with this pathway (Figure 

1.1).  This traditional ‘adenoma-carcinoma sequence’ as described by Vogelstein and 

Fearon, is characterised by aneuploidy and a number of common mutations which appear 

to occur at specific time points in the transition from adenoma to carcinoma (12, 13).  For 

example, loss of the adenomatous polyposis coli (APC) gene, either through mutation or 

loss of chromosome 5q, appears to occur at an early stage and can be observed in as many 

as 80% of early adenomata (14).  In addition to the deleterious effects of loss of its tumour 

suppressor function, APC loss also disrupts mitosis further contributing to CIN (15).  In 

contrast, loss of the tumour suppressor gene p53, usually through loss of chromosome 17p, 

is often a late event heralding the transition from a non-invasive to invasive lesion.  Indeed, 

whereas p53 loss may only be observed in less than a quarter of early adenomata, it has 

been observed in between 50-75% of colorectal carcinomas (13).  Intermediary steps have 
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been described by Vogelstein, including KRAS mutations and loss of chromosome 18q.  It 

has however been observed that these steps may not always occur in the same order, and 

indeed in some cases may not occur at all (9).  Although the above ‘traditional pathway’ 

does not fully explain the complexity of carcinogenesis arising through the CIN pathway, it 

is nonetheless thought that approximately 80% of colorectal cancers develop through this 

mechanism. 

 
Figure 1.1 The adenoma-carcinoma sequence in sporadic colorectal cancer, displaying key 

molecular and genetic events which occur in the transition from non-invasive lesion to 
invasive cancer.  Adapted from Walther, Johnstone et al. (11) 

 
1.2.2 Microsatellite instability pathway 

By the mid 1990s, it was recognised that up to 20% of tumours, including both hereditary 

and sporadic, arose via the MSI, or mutator, pathway (16).  The molecular hallmark of 

tumours arising through this pathway is loss of function of the mismatch repair (MMR) 

protein machinery which normally rectifies DNA replication errors.  These frameshift 

mutations commonly occur in repetitive nucleotide sequences known as microsatellites, 

many of which exist within key genes associated with carcinogenesis.  Loss of MMR 

protein function may be a result of germline mutations, as observed in Hereditary Non-

Polyposis Colorectal Cancer (HNPCC) or Lynch syndrome, where hMSH2 and hMLH1 are 

the most commonly affected genes.  Approximately 15% of sporadic colorectal cancers 

may also arise through MSI, which usually occurs through epigenetic silencing of hMLH1, 

in turn leading to mutations within other MMR protein encoding genes (9). 
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Tumours arising through the MSI pathway display a distinct phenotype; they are 

predominantly right-sided, poorly differentiated or displaying mucinous differentiation, 

and are often considered less likely to metastasise (17-19).  Furthermore, the tumour 

microenvironment of MSI tumours is often replete with tumour infiltrating lymphocytes 

(20).  Such characteristics may be used to identify tumours which should be further 

assessed for MSI. 

Detection of MSI may be performed by examining for instability within a panel of two 

mononucleotide (BAT25, BAT26) and three dinucleotide microsatellites (D2S123, 

D5S346, D17S250) known as the Bethesda panel (21).  Tumours are defined as MSI if 

mutations are identified in at least two of the specified sites, and defined as microsatellite 

stable (MSS) if no mutations are identified.  Tumours with a mutation within one site are 

termed as MSI-low, and are often categorised alongside MSS tumours, however may 

represent another distinct molecular entity.  As testing for MSI is expensive, screening for 

loss of mismatch repair proteins using immunohistochemistry (IHC) may be an acceptable 

alternative (22), with tumours found to be MMR deficient considered for subsequent 

genetic sequencing for MSI. 

1.2.3 CpG island methylation pathway 

Epigenetic silencing of gene transcription by DNA methylation is an important 

homeostatic mechanism.  It has been associated with the development of sporadic 

colorectal cancer in approximately 20% of cases (23), with hypermethylation of cytosine 

and guanine dinucleotide base pairs within gene promoter regions effectively ‘switching 

off’ tumour suppressor genes (9).  Identification of CIMP tumours can be performed 

through assessment of the methylation status of specific gene promoter regions (24).  

Hypermethylation is commonly associated with a number of other molecular 

characteristics, such as mutated BRAF status, and has been shown to overlap with the MSI 
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pathway, with hypermethylation of hMLH1 the driver event in the majority of sporadic 

MSI cases (25). 

Similar to the MSI pathway, CIMP-associated tumours display typical phenotypic 

characteristics, including proximal location and an improved prognosis (11).  Furthermore, 

whereas the precursor lesion in CIN and MSI-associated colorectal cancer is the 

adenomatous polyp, CIMP colorectal cancer is thought to arise from serrated hyperplastic 

polyps (23).
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1.3 Aetiology of colorectal cancer 

Colorectal cancer develops through an accumulation of genetic mutations over a prolonged 

period of time.  Approximately 80% of cases are sporadic, developing through a complex 

interaction of environmental, host and genetic factors.  Although 20% of patients will have 

a family history of colorectal cancer in a first-degree relative, an underlying inherited 

genetic condition is only identifiable in around 5% of all cases (26-28).  

1.3.1 Environmental factors 

It is now appreciated that environment plays an important role in the development of 

sporadic colorectal cancer.  The role of environmental factors in colorectal cancer 

aetiology is supported by the vast differences in disease incidence across different 

geographical regions (29).  In addition, migrants from regions with a low incidence of 

colorectal cancer moving to regions with a higher incidence experience an increase in risk 

within a generation (30, 31).  Many of these factors, such as diet and sedentary lifestyle, 

are commonly perceived as part of Western culture; adoption of such traits in transitioning 

nations is thought to be responsible for the sharp rise in incidence in these countries (29, 

32).  

Dietary fibre 

Burkitt first hypothesised an association between low dietary fibre intake and cancer risk in 

1971 (33).  The protective effect of dietary fibre is likely to be multifactorial, and in part 

may be due to decreased colonic transit time and dilution of carcinogenic compounds as a 

result of increased stool bulk (34).  Furthermore, fermentation of dietary starch to butyrate 

and other short-chain fatty acids may promote cell cycle arrest, apoptosis and 

differentiation of colonocytes (35). 
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The results of prospective cohort studies suggest a protective effect of fibre on colorectal 

cancer incidence.  The EPIC study, which included over 500,000 individuals over ten 

European countries, identified a 21% reduction in risk of colorectal cancer in those with 

the highest intake of dietary fibre compared to those with the lowest after controlling for 

folate intake (36).  Further follow-up of the EPIC study cohort, with a mean follow-up of 

11 years and accrual of 4,517 cases of colorectal cancer, further confirmed the protective 

benefit of dietary fibre, with an estimated 13% reduction in risk for every 10g increase in 

daily fibre intake (37).  Subsequent meta-analysis of prospective observational studies, 

performed in association with the Continuous Update Project of the World Cancer 

Research Fund, has confirmed a similar dose-response relationship, particularly for fibre 

derived from cereals and whole grains (38). 

Red and processed meat 

The Second Expert Report of the World Cancer Research Fund recognised that red meat 

and processed meat (preserved by smoking, curing, salting or chemical preservation) was 

associated with a significant increase in the risk of colorectal cancer (39).  The underlying 

mechanism is likely multifactorial, but involves exposure to carcinogenic compounds 

following cooking at high temperatures as well as following digestion.  Furthermore, free 

iron from haem can promote free radical synthesis. 

Following the Second Expert Report, additional prospective studies have further confirmed 

the association between both red and processed meats and colorectal cancer risk (40).  A 

recent meta-analysis of ten prospective studies found a relative increase in risk of 17% for 

every 100g/day of red meat and an increase in risk of 18% for every 50g/day of processed 

meat consumed (40). 
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Calcium and Vitamin D 

Increasingly calcium supplementation and, to a lesser extent, vitamin D supplementation, 

has been recognised as potentially protective against risk of colorectal cancer (41).  

Although this may reflect the importance of calcium as an intracellular second messenger 

and its role in the homoeostasis of proliferation and apoptosis, it has been hypothesised 

that the protective effects may be mediated by attenuation of tumour-associated 

inflammation (42).  Given their inextricable association, it is difficult to ascertain the 

independent effect of calcium and vitamin D supplementation on colorectal cancer risk, 

however it is likely that any effect of vitamin D is mediated by the protective effects of 

calcium (41).  Similarly, the perceived benefit of milk is likely due to dietary calcium 

supplementation. 

Alcohol 

Alcohol intake is associated with increased colorectal cancer risk.  The EPIC study 

estimated an 8% increase in risk for every 15g/day intake (36).  A differential effect may 

exist, with a higher risk for beer compared to wine.  Furthermore, the risk may be greater 

in males, however this may be a surrogate for greater alcohol intake and choice of 

beverage (39).  The relationship between alcohol intake and colorectal cancer risk displays 

a U-shaped curve, as it has previously been reported that moderate alcohol intake may 

reduce risk of colorectal cancer (42) 

1.3.2 Host Factors 

Age 

Age is the biggest single risk factor for the development of colorectal cancer, with 95% of 

cancers diagnosed in patients over the age 50 (5).  Increasing age allows for prolonged 

exposure to environmental and host risk factors.  Furthermore, older age is associated with 
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telomere attrition and the accumulation of epigenetic changes, both of which predispose to 

increased mutational burden and carcinogenesis (43, 44). 

Smoking 

Smoking is associated with an increased risk of colorectal adenoma and carcinoma (45-

48).  Follow-up from the Nurses’ Health Study and Health Professionals Follow-up Study 

suggested a 50% increased risk in females and almost two-fold increase in risk in males of 

colorectal cancer following a 35-year history of smoking, indicating the prolonged time 

taken for adenoma and carcinoma development (45, 46). 

Physical activity 

An increasingly sedentary lifestyle is a contributory factor to a number of common non-

communicable diseases, and physical inactivity is thought to be a causative factor in as 

much as 10% of the worldwide burden of colorectal cancer (49).  A meta-analysis of 21 

studies found a reduction of approximately 25% in the risk of both proximal and distal 

colon cancer in the most physically active subjects when compared to the least active (50), 

however it is unclear if physical activity reduces the risk of rectal cancer (41).  An increase 

in both recreational and total (i.e. occupational) physical activity has been found to be 

beneficial.  An increase in total physical activity to the equivalent of 5 metabolic 

equivalent tasks for an hour per day (comparable to moderate intensity gardening), is 

associated with a 3% reduction in risk of colorectal cancer (41).  The effect of physical 

activity on colorectal cancer risk is likely to be multifactorial; in addition to favourable 

effects on weight, body composition and gut motility, exercise also regulates insulin 

sensitivity and immune function. 
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Inflammatory bowel disease 

Colorectal cancer risk is increased in the presence of longstanding inflammatory bowel 

disease (IBD), accounting for approximately 1% of all reported cases (51).  The presence 

of ulcerative colitis is associated with a five to ten-fold increase in risk of colorectal cancer 

in comparison to age-matched controls (52), and risk is associated with cumulative 

exposure to colonic inflammation; whereas risk of colorectal cancer is 2% after 10 years 

duration of colitis, this increases to 18% following 30 years (51).  Patients with Crohn’s 

disease affecting the colon have a similar risk of colorectal cancer to those with ulcerative 

colitis (52). 

Given the association between increased duration of mucosal inflammation and colorectal 

cancer risk, it is thought that chronic inflammation is the predominant driver of 

carcinogenesis in patients with IBD-associated colorectal cancer (53), with several key 

inflammatory pathways implicated in the development of colitis-associated colorectal 

cancer (54).  Although a similar mutational burden can be seen in sporadic and IBD-

associated colorectal cancer, the timing of these events is often altered, with p53 mutations 

often occurring at a much earlier stage than in sporadic cancer (53). 

Given the increased risk of colorectal cancer, it is advised that patients with IBD undergo 

colonoscopic surveillance for neoplastic disease.  An initial colonoscopy should be offered 

after 10 years of disease activity (55), with the interval of subsequent examinations 

determined by risk stratification (53).  Colonoscopic surveillance identifies patients with 

colorectal cancer at an earlier disease stage, however it is unclear what benefit this may 

ultimately have on survival, with any perceived benefit presumed to be secondary to lead-

time bias (52).  More recent studies however have suggested a survival benefit for routine 

colonoscopic screening of patients with IBD (56). 
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Obesity and the metabolic syndrome 

Obesity is associated with increasing risk of colorectal neoplasia, including cancer.  

Whereas overall body fatness is associated with increasing risk (2% increase in risk per 

kg/m2 (41)), abdominal fatness is associated with an even greater risk, reflecting the higher 

metabolic activity of visceral fat (41).  The relationship between obesity and colorectal 

cancer risk is multifactorial, and in part reflects the pro-inflammatory state associated with 

obesity as well as the effect of adipocytes on sex hormone production.  

Visceral obesity is also recognised as a component of the metabolic syndrome, a spectrum 

of metabolic and physiological risk factors including obesity, insulin resistance, 

hypertension, and atherogenic dyslipidaemia (57, 58).  The metabolic syndrome is 

associated with increased risk of colorectal cancer, primarily through growth-promoting 

effects of insulin resistance and insulin-like growth factor-1 secretion, and the propagation 

of a pro-inflammatory state. 

Cardiovascular disease 

Patients with cardiovascular disease are at increased risk of colorectal neoplasia, including 

cancer, when compared to the general population.  In addition to patients with 

symptomatic coronary and peripheral arterial disease (59, 60), it has also been shown that 

the detection of asymptomatic, screen-detected coronary artery disease also confers 

increased risk of colorectal neoplasia (61).  Although this is likely due to shared risk 

factors for both diseases, the chronic inflammatory state associated with cardiovascular 

disease may also predispose to development of colorectal cancer.  

Systemic inflammation 

The presence of a chronic systemic inflammatory response is associated with increased risk 

of a number of cancers, including colorectal cancer.  Prolonged exposure to a chronic 
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inflammatory response may lead to tissue infiltration by innate immune cells, and 

predispose to cellular and DNA damage through the production of reactive nitrogen and 

oxygen species (62).  Furthermore, activated pro-inflammatory signalling pathways, such 

as nuclear factor ĸ-beta (NF-ĸB) are implicated in carcinogenesis (62).  For this reason, it 

is not surprising that elevated concentrations of acute phase reactants, such as serum C-

reactive protein (CRP) and inflammatory cytokines, has been associated with increasing 

risk of colorectal adenomata and cancer (63-65).  Furthermore, elevated serum cytokine 

concentrations may also predict response to chemoprophylactic agents such as aspirin and 

non-steroidal anti-inflammatory drugs (NSAIDs) (64). 

Aspirin and non-steroidal anti-inflammatory drug use 

Early evidence of a prophylactic effect of aspirin and NSAIDs in colorectal cancer 

originally arose out of studies of hereditary cancer syndromes.  The use of NSAIDs 

decreases the number and size of colonic polyps in patients with familial adenomatous 

polyposis (FAP) (66).  Similarly, aspirin also confers a protective effect on the colorectum 

in patients with Lynch syndrome (67).  Over the past two decades, accumulating evidence 

from epidemiological studies has identified a potential role in the prophylaxis of sporadic 

disease, with an approximate 30% risk reduction with aspirin and non-aspirin NSAIDs and 

a potentially greater reduction with cyclooxygenase-2 inhibitor (COXIB) use (68, 69).  A 

duration-dependent increase in risk reduction has been observed, with the greatest benefit 

seen after at least 10 years of continuous use.  Cessation of regular use results in a return to 

normal population risk for subsequent colorectal cancer development.  Secondary analyses 

of cardiovascular secondary prevention trials have found a significant benefit with aspirin 

doses commonly employed for cardiovascular disease prevention, rather than doses 

commonly associated with analgesic use (70).  Despite such convincing evidence, concerns 

regarding the safety profile of NSAIDs have discouraged their use as prophylactic agents 

in the general population, at least until the optimal target population is identified (71). 
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Statin use 

The 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors, 

commonly known as statins, are primarily used in the treatment of hypercholesterolaemia 

and atherosclerotic cardiovascular disease and are known to have a number of pleiotropic 

effects on cell proliferation, angiogenesis, inflammation and endothelial cell function (72, 

73).  Although a reduction in the risk of several cancers has been found in epidemiological 

studies (74-76), the results of meta-analyses suggest only a modest effect, if any, on 

colorectal cancer incidence in the general population (73, 77).  Despite this, the results of 

in vivo studies and evidence of increased expression of HMG-CoA reductase in tumours 

arising from the left colon suggests a potential role for statins in the treatment of colorectal 

cancer (78). 

Reproductive history and hormone replacement therapy 

Although colorectal cancer is not considered hormone receptive, population level data has 

suggested a relationship between sex hormones and colorectal cancer risk.  Increased 

lifetime exposure to endogenous oestrogen increases risk of colorectal cancer in 

postmenopausal women (79).  Despite this, meta-analysis of data from observational 

studies suggests a reduced risk with both exogenous oestrogen and oestrogen-progestogen 

therapy (80).  The protective effect may be limited to distinct molecular subtypes, and in 

particular risk of MSS, CIMP-negative and BRAF-wildtype tumours (81).  Any potential 

benefit in reducing colorectal cancer risk may likely be offset by the increased risk of 

breast cancer with exogenous hormone therapy (80).  Furthermore, results of a randomised, 

placebo-controlled trial (Women’s Health Initiative) have suggested no clear benefit with 

combined hormone therapy, with a reduction in colorectal cancer incidence but increased 

disease stage at diagnosis in users of combined hormone treatment (82). 
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1.3.3 Hereditary colorectal cancer 

Familial Adenomatous Polyposis 

Familial adenomatous polyposis is associated with the development of hundreds of 

adenomatous polyps throughout the colon and rectum.  The incidence is 1:5000 to 

1:10000, accounting for less than 1% of all colorectal cancers (28),  Patients with classic 

FAP have a 100% lifetime risk of developing colorectal cancer, often by the end of the 

fourth decade of life (26).  Prophylactic colectomy is recommended when the affected 

carrier is in their teenage years.  In addition to colorectal polyps and cancer, FAP is 

associated with a high incidence of extracolonic tumours including duodenal and desmoid 

tumours, which are the second and third most common causes of death in those patients 

who have undergone prophylactic colectomy (83). 

Familial adenomatous polyposis displays an autosomal dominant pattern of inheritance, 

caused by germline mutations in the tumour suppressor APC gene.  Attenuated FAP has 

been identified as a separate polyposis syndrome, with affected patients exhibiting fewer 

polyps throughout the colon and a reduced, albeit still high, lifetime risk of colorectal 

cancer (28).  Whereas the underlying mutation in FAP results in a non-functioning protein, 

patients with attenuated FAP express a mutated but functioning form of APC.  A further 

polyposis syndrome with no germline APC mutation and a mutation within MUTYH has 

also been identified (28).  An autosomal recessive disorder, patients with MUTYH-FAP 

have a similar polyp burden to those with attenuated FAP and a lower lifetime risk of 

colorectal cancer.  

Hereditary Non-Polyposis Colorectal Cancer 

In the 1960s, Henry Lynch described a ‘cancer family syndrome’, with an increased 

predisposition to a number of cancers but primarily those affecting the colon and rectum 

(84).  The syndrome, known as Hereditary Non-Polyposis Colorectal Cancer (HNPCC), or 



 

 49 

Lynch syndrome, has an incidence of approximately 1:1000 in the general population, and 

is the most common familial colorectal cancer syndrome, accounting for around 2-5% of 

all cases (85).  Affected carriers are at an increased risk of colorectal cancer in addition to 

stomach, small bowel, biliary, urothelial, ovarian, endometrial, skin appendage and brain 

tumours.  Compared to patients with sporadic colorectal cancer, those with Lynch 

syndrome have a younger age of onset, with diagnosis often in the fifth decade of life.  

Inheritance is autosomal dominant, with penetrance of around 80%, however this varies 

with the underlying germline mutation (26).  Although the precursor lesion is an 

adenomatous polyp, patients do not have extensive polyposis as observed in FAP. 

Lynch syndrome arises from a mutation affecting one of the MMR proteins responsible for 

repairing DNA replication errors, resulting in tumours arising through the MSI pathway as 

previously described.  These tumours exhibit many of the phenotypical characteristics 

associated with the MSI pathway.  Furthermore, tumours show a rapid progression through 

the process of carcinogenesis, and may be responsible for many ‘missed’ or interval 

cancers (26). 

International criteria have been established to identify Lynch syndrome patients and 

families (Table 1.1).  The Amsterdam criteria, first described in 1990, based likelihood of 

being a Lynch syndrome family on family history of colorectal cancer (86).  Subsequent 

updates of these criteria included other non-colorectal cancer cancers associated with 

Lynch syndrome, with increased sensitivity for the detection of affected families (87).  The 

Bethesda guidelines were subsequently established to identify colorectal cancers that 

should be tested for MSI, taking into consideration histopathological characteristics 

associated with MSI tumours (88).  Not all tumours fitting these guidelines will exhibit 

evidence of MMR deficiency.  Such tumours may fall into a separate category harbouring 

an as yet unknown mutation, and are termed Familial Colorectal Cancer Type X (28). 
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Table 1.1 Criteria for the diagnosis of Hereditary Non-Polyposis Colorectal Cancer 
Amsterdam II criteria (87) 

At least three relatives with hereditary HNPCC-associated cancer (tumours should be 
verified histologically whenever possible): 

1. One is a first-degree relative of the other two; 

2. At least two successive generations affected; 

3. At least one of the HNPCC-associated cancers diagnosed <50 years of age; 

4. Familial adenomatous polyposis has been excluded in colorectal cancer cases. 

Bethesda Guidelines (88) 

1. Colorectal cancer diagnosed in a patient <50 years of age; 

2. Presence of synchronous/ metachronous colorectal or other HNPCC-associated 
tumours, regardless of age; 

3. Colorectal cancer with MSI histology diagnosed in a patient <60 years of age; 

4. Colorectal cancer or other HNPCC-associated tumour diagnosed in at least one 
first-degree relative <50 years of age; 

5. Colorectal cancer or other HNPCC-associated tumour diagnosed in two first- or 
second-degree relatives at any age. 

 

Hamartomatous polyposis syndromes 

Hamartomas are benign overgrowths of cells arising from their tissues of origin.  A 

number of hamartomatous polyposis syndromes have been described, including Peutz-

Jeghers syndrome, juvenile polyposis syndrome and PTEN hamartoma tumour syndrome.  

In addition to a risk of colorectal cancer, these syndromes are commonly associated with 

extra-intestinal malignancies and manifestations.  The risk of colorectal cancer varies; for 

example, there is a 34-fold increased risk in patients with juvenile polyposis syndrome 

compared to a greater than 500-fold increased relative risk of colorectal cancer in patients 

with Peutz-Jeghers syndrome (89).  Overall, the hamartomatous polyposis syndromes 
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account for less than 1% of colorectal cancers.  The various hamartomatous polyposis 

syndromes display an autosomal dominant inheritance pattern, with a number of different 

mutations identified in key tumour suppressor genes, such as PTEN, SMAD4 and LKB1 

(90).  The underlying mechanism leading to the development of an invasive cancer is not 

entirely clear.  The presence of mesenchymal elements within associated polyps and 

cancers has led to the suggestion that mesenchymal overgrowth leads to ‘landscaping’ of 

the epithelium and carcinogenesis (91).  However, given that germline mutations also exist 

in the epithelium, it is likely that carcinogenesis may occur due to loss of tumour 

suppressor function as described above.  

1.3.1 Summary – aetiology of colorectal cancer 

The aetiology of colorectal cancer is complex, incorporating genetic alterations, host 

characteristics and exposure to environmental factors.  As colorectal cancer is sporadic in 

the majority (at least 80%) of cases, it is clear that the environment and host play an 

important role in carcinogenesis.  Many of these factors co-exist as part of the 

‘Westernised lifestyle’, hence the high incidence of colorectal cancer in developed 

countries and the increasing risk in developing countries adopting Western lifestyles.  

The presence of a chronic systemic inflammatory response is also associated with 

colorectal cancer risk.  Chronic inflammation links many of the host factors described 

above, including inflammatory bowel disease, obesity, the metabolic syndrome and 

atherosclerosis.  Given this, it would suggest that a chronic inflammatory response might 

be a potential target for colorectal cancer prevention and treatment.  The potential 

prophylactic effects of anti-inflammatory agents such as aspirin, NSAIDs and statins 

further ratify this.  Indeed, such drugs are likely to have a role in the chemoprophylaxis of 

colorectal cancer, however whether they may have a role in its treatment following 

diagnosis remains to be established. 
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1.4 Management principles of colorectal cancer 

1.4.1 Presentation 

Patients with colorectal cancer may commonly present with rectal bleeding, alteration of 

bowel habit or an abdominal mass.  The clinical presentation is often dictated by tumour 

location; whereas patients with colorectal cancer distal to the splenic flexure commonly 

present with rectal bleeding and alteration of bowel habit, patients with more proximally 

located tumours may present with an abdominal mass, iron deficiency anaemia or clinical 

evidence of intestinal obstruction.  Typically patients present with a combination of 

symptoms rather than a single symptom (92).  For example, patients presenting with rectal 

bleeding without alteration of bowel habit have a low risk of colorectal cancer (positive 

predictive value 2.5%), whereas those patients presenting with rectal bleeding and altered 

bowel habit but without any perianal symptoms have a much higher risk (positive 

predictive value 19.7%) (92).  Stratification on the basis of age and symptom profile may 

aid in the identification of those patients who would benefit from fast-track referral from 

primary to secondary care and expedited investigations (Figure 1.2) (55, 93). 

Up to one third of patients with colorectal cancer may present initially as an emergency 

(94), and often with locally advanced or distant metastatic disease.  Even when controlling 

for patient and tumour-related factors, such as age and disease stage, emergency surgical 

resection confers poorer survival compared to patients undergoing elective resection, with 

an almost two-fold increased risk of cancer-associated mortality (94). 

1.4.2 Population based screening 

Population based screening of asymptomatic patients for colorectal cancer has been 

incrementally introduced across Scotland since 2007, with the rationale of reducing 

mortality by identifying patient with earlier stage colorectal cancer.  On a biennial basis, 

individuals aged 50-74 are sent a guaiac-based faecal occult blood test and are 
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subsequently invited to attend for colonoscopy if the returned test is strongly positive (95).  

In patients with a weakly positive or spoilt test, a faecal immunochemical testing kit is 

sent; if positive, patients are again invited to attend for colonoscopy.  Although the positive 

predictive value of guaiac-based testing is low, meta-analysis has shown a reduction in 

cancer mortality of 25% when adjusted for screening uptake (96).  Furthermore, in addition 

to a decrease in the percentage of patients presenting as an emergency (97), a migration 

towards earlier stage disease has also been observed over subsequent rounds of screening 

(98). 

 

Figure 1.2 Guidelines for referral to secondary care for investigation of lower 
gastrointestinal symptoms. Adapted from SIGN guideline 126 (55) 

 

1.4.3 Investigation 

The investigation of patients with colorectal cancer aims to confirm a histological 

diagnosis.  This may not be possible for all patients; for example, in the patient presenting 

as an emergency with peritonitis or intestinal obstruction, both histological diagnosis and 
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complete disease staging will often occur following emergency surgery.  Likewise, 

although histological confirmation of colon cancer should ideally be performed prior to 

elective surgical resection, this may not always be feasible due to technical limitations of 

colonoscopy and biopsy technique.  In such cases it would be appropriate to proceed to 

surgery in a patient with a highly suspicious colonic lesion and signs or symptoms 

suggestive of colon cancer.  In patients with rectal cancer however, where neoadjuvant 

radiotherapy may be considered, or surgery may result in a permanent stoma or altered 

continence, histological confirmation of cancer is mandatory. 

Flexible sigmoidoscopy and colonoscopy 

Endoscopic assessment of the colon and rectum remains the gold standard for the diagnosis 

of colorectal cancer and should be offered to patients without major comorbidity (99).  In 

addition to direct visualisation of the tumour, it allows for biopsy of lesions for histological 

diagnosis and, in the case of early stage polyp cancers and pre-malignant adenomata, may 

allow complete endoscopic resection.  Direct visualisation of the distal colorectum from 

the anal verge to descending colon is possible at flexible sigmoidoscopy, and is likely to 

identify at least 70% of all cancers (100), without need for intravenous sedation or full 

mechanical bowel preparation.  However confirmation of a cancer at sigmoidoscopy 

necessitates the need for full colonoscopic assessment of the colon, as synchronous 

tumours can occur in approximately 5% of cases (101).  Colonoscopy requires full 

mechanical bowel preparation to allow for adequate visualisation of the colon, and patients 

often require intravenous sedation for comfort.  To ensure adequate standards for 

colonoscopy, endoscopists should aim for caecal intubation in at least 90% of patients 

(101), however multiple factors, including inadequate bowel preparation, patient 

discomfort and experience of endoscopy practitioners may influence this.  Both 

sigmoidoscopy and colonoscopy have an associated risk of perforation of around 0.1% 

(101). 
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Barium enema 

Double-contrast barium enema examination is performed using rectal administration of 

barium and insufflation of air per rectum.  Barium enema has previously been 

recommended in patients with major comorbidity deemed not fit for colonoscopy as well 

as in patients who have had an incomplete colonoscopy (99).  The procedure however 

involves ionising radiation and requires complete bowel preparation and a similar level of 

patient mobility as would be expected during colonoscopy.  Furthermore, identification of 

a lesion at barium enema may necessitate an attempt at colonoscopy to obtain histological 

diagnosis.  Due to the presence of concomitant sigmoid diverticulosis in many patients, 

imaging of the distal colon and rectum is often suboptimal and additional flexible 

sigmoidoscopy is recommended to exclude a distal cancer (99).  The procedure has largely 

been superseded by the introduction of computed tomographic (CT) colonography. 

Computed tomographic colonography 

CT colonography has a higher detection rate for colorectal cancer and is better tolerated by 

patients than barium enema (102, 103).  Furthermore, in addition to assessment of the 

colon, it also allows for identification of extra-colonic pathology including metastatic 

disease.  Similar to barium enema and colonoscopy, full mechanical bowel preparation is 

ideally required, however minimal preparation with administration of oral contrast only 

(faecal tagging) may be performed in patients unable to tolerate full bowel preparation 

with acceptable sensitivity and specificity (104, 105).  Again, similar to barium enema, the 

procedure involves exposure to ionising radiation, and identification of a colonic lesion 

may require subsequent colonoscopy for histological diagnosis. 

1.4.4 Pre-operative assessment of disease stage 

Once a diagnosis of colorectal cancer has been histologically confirmed, further 

investigation is performed to stage the extent of disease both locally and with respect to 



 

 56 

distant organ metastases.  Staging guides both operative and non-operative management, 

particularly in patients with rectal cancer where accurate staging will not only determine 

surgical technique, but also the need for pre-operative chemotherapy and radiotherapy. 

Computed tomography 

Pre-operative CT of thorax, abdomen and pelvis should be offered to all patients to assess 

the presence of pulmonary, hepatic and other distant organ metastases (55, 99, 101).  

Intravenous iodinated contrast is administered unless contraindicated due to risk of 

sensitivity or contrast-induced renal failure.  In such circumstances, a non-contrast 

enhanced CT can be performed, albeit with lower sensitivity.  Although primarily indicated 

for staging of metastatic spread, pre-operative CT may also inform local disease staging 

with respect to T and N stage, particularly when multiplanar reformatting is utilised (106). 

Magnetic resonance imaging 

The use of magnetic resonance imaging (MRI) is superior to contrast-enhanced CT for 

local staging of patients with rectal cancer (55, 99, 101).  Assessment of depth of tumour 

invasion, circumferential resection margin involvement, the presence of suspicious 

perirectal lymph nodes and extramural venous invasion using MRI can determine risk of 

local recurrence (Table 1.2), and aid in the selection of patients for primary resection or 

neoadjuvant chemoradiotherapy before surgery. 

Pre-operative MRI in rectal cancer is of greatest value in determining depth of primary 

tumour growth and involvement of the circumferential resection margin (107, 108).  

Patients with tumour present within 1mm of the mesorectal fascia on MRI should be 

considered as high risk for circumferential resection margin involvement and should be 

considered for preoperative therapy.  Furthermore, following neoadjuvant therapy, MRI 

assessment of tumour regression grade may be a useful prognostic marker prior to surgical 

resection (109). 
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Table 1.2 Rectal tumour characteristics as predicted by magnetic resonance imaging and 
risk of local recurrence.  Adapted from NICE guidelines (99) 
Local recurrence risk Tumour characteristic predicted by MRI 

High risk • Tumour <1mm from or breaching 
circumferential resection margin, or 

• Tumour encroaching inter-sphincteric plane, 
or 

• Involvement of levator ani complex 

Moderate risk • Radiological cT3b or greater without 
threatened resection margin, or 

• Suspicious lymph node not threatening 
resection margin, or 

• Presence of extramural venous invasion 

Low risk • Radiological cT1, cT2 or cT3a, and 

• No lymph node involvement 

 

Endoluminal ultrasound 

Endoluminal ultrasound (EUS) may be considered for patients in whom MRI is 

contraindicated or in whom local excision for an early tumour is being considered  (55, 

99).  Both T stage and N stage may be accurately determined (110, 111), however EUS 

may have greatest utility in identifying patients with carcinoma in situ who may be 

adequately treated by endoscopic excision only (112). 

Positron emission tomography 

Positron emission tomography-CT (PET-CT) combines functional assessment of abnormal 

tissue metabolism with anatomical detail derived from conventional CT imaging.  In 

patients with colorectal cancer, 18-fluoro-deoxy-glucose is commonly utilised as a 
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radiotracer which provides a measure of glucose uptake and tumour metabolism. Positron 

emission tomography-CT may be utilised in patients being considered for curative 

resection of hepatic and pulmonary metastases to identify occult metastatic disease (55).  

In a case series of 102 patients being considered for potentially curative resection of 

metastatic colorectal cancer, the use of PET-CT avoided unnecessary laparotomy in 16 

patients (113).  In addition, PET-CT may also be of use in patients undergoing surveillance 

following colorectal cancer resection with a rising carcinoembryonic antigen (CEA) and 

normal CT imaging, or in those patients with possible radiological evidence of pelvic 

recurrence following treatment of rectal cancer (55). 

Although the use of PET-CT is not routine in the staging of patients with colorectal cancer, 

colorectal neoplasms may occasionally be detected as an incidental finding on PET-CT 

performed in the staging of other cancers (55). 

1.4.5 The multidisciplinary team 

All patients with colorectal cancer should be discussed at the colorectal cancer MDT prior 

to the initiation of treatment, as well as following the completion of neoadjuvant therapy or 

surgical resection to determine the need for further treatment (101).  As a minimum, the 

colorectal cancer multidisciplinary team (MDT) should comprise of at least two specialist 

colorectal surgeons, gastrointestinal clinical oncologists, histopathologists and diagnostic 

radiologists with gastrointestinal expertise, and colorectal clinical nurse specialists, in 

addition to ancillary clerical staff. 

Implementation of the MDT process has led to improvements in the surgical and non-

surgical management of colorectal cancer, with a subsequent improvement in survival 

(114, 115).  For example, the management of locally advanced rectal cancer, with respect 

to increased use of neoadjuvant therapy and negative resections margins, has been shown 

to improve following introduction of routine MDT discussion (115).  Furthermore, patients 
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with potentially resectable hepatic or pulmonary metastases may benefit from review by 

specialist MDTs comprising of thoracic and liver surgeons with expertise in metastatic 

disease (55).  The development of standardised referral guidelines may aid in the 

identification of patients with metastatic disease likely to benefit from referral to such 

specialist MDTs (116). 

1.4.6 Treatment of primary operable colorectal cancer 

Surgery 

Surgery remains the mainstay of curative treatment for colorectal cancer at present.  The 

intent of curative surgery is twofold; resection of the tumour en bloc with a margin of 

healthy tissue to achieve macroscopically clear surgical margins, and resection of draining 

lymph nodes to remove potential lymph node metastases and allow proper pathological 

staging.  Resection can be performed by open, laparoscopic and robotic techniques, and the 

operation performed depends on the anatomical location of the tumour, with resection 

margins following the vascular supply to the bowel to ensure an adequate oncological 

resection of the vascular pedicle and draining lymph nodes.  Tumours within the caecum, 

ascending colon and hepatic flexure are resected by right hemicolectomy.  Tumours of the 

transverse colon and splenic flexure are resected by an extended right hemicolectomy 

which is perceived as a safer procedure compared to limited segmental resection (101).  

Left hemicolectomy and sigmoid colectomy are performed for tumours arising in the left 

and sigmoid colon respectively.   

Surgery for cancers arising within the lower two thirds of the rectum are resected either by 

anterior resection or abdominoperineal resection (APER), both of which have been 

revolutionised by the concept of total mesorectal excision (TME) (117).  The TME 

approach follows the plane encompassing the mesorectum below the peritoneal reflection; 

sharp dissection along the mesorectal plane under direct visions preserves the hypogastric 
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plexus, ensuring pelvic nerve function is maintained, whilst reducing the risk of involved 

margins and local recurrence. 

Comparing across trials, the introduction of this standardised surgical approach alone was 

shown to have similar effects on local recurrence rates as the introduction of neoadjuvant 

radiotherapy (118).  Numerous trials have examined the role of TME compared to standard 

resection of rectal cancer (119-121).  Such studies have benefited from standardisation of 

surgical technique, ensuring that involved surgeons adhere to the principles of TME.  

Similarly, a standardised approach to the reporting of rectal cancer resection specimens 

was also adopted.  However, despite employing such methodological rigour, TME trials 

did not initially report on measures of resection quality, such as circumferential resection 

margin or excision plane, and their subsequent effect on survival.  Indeed, retrospective 

reporting of the Dutch TME trial found an incomplete mesorectal excision had been 

performed in approximately one quarter of patients, with an associated increased risk of 

recurrence (122).  However, despite not controlling for such factors, TME trials overall 

have reported superior oncological outcome with this approach, and it is now accepted as a 

standard of care in the surgical management of rectal cancer. 

In patients with low rectal cancer, where the anal canal or levator ani muscle complex may 

be compromised, APER is required.  Although traditionally associated with a relatively 

high rate of circumferential margin involvement, adoption of a more radical, extralevator 

approach, whereby the levator muscles are resected with the surgical specimen, is 

associated with a lower rate of circumferential margin involvement (123-125). 

Minimally invasive surgery 

 The past two decades have seen significant advances in the operative and peri-operative 

management of patients undergoing resection of colorectal cancer.  In particular, the 
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adoption of minimally invasive techniques, such as laparoscopic resection, has led to 

significant improvements in short-term outcomes of patients undergoing surgery. 

Although potentially associated with an increased length of operation time, laparoscopic 

colonic resection has been shown to be associated with several short-term benefits; in 

addition to improved cosmesis from smaller wounds, the laparoscopic approach is 

associated with reduced post-operative analgesic requirements, reduced time to return of 

gastrointestinal function, and shorter time until discharge (126-128).  Despite this, initial 

reports doubted the oncological benefits of laparoscopic versus conventional open 

resection, particularly with respect to achievement of negative resection margins and a 

potentially increased risk of laparoscopic port site metastases (129).  However, several 

non-inferiority  randomised controlled trials comparing laparoscopic to open resection of 

colon cancer have suggested oncological equivalence between the two techniques.  The 

COSTS trial found laparoscopic resection not inferior to open resection for the primary 

outcome of disease recurrence (130).  Although the COLOR trial could not exclude a 

difference in three-year survival favouring open resection, any difference was felt 

clinically insignificant and likely outweighed by the recognised short-term benefits of 

laparoscopy (131).  Finally, the MRC CLASICC trial examined the clinical endpoint of 

resection margin positivity as an indicator of risk of local recurrence (128).  Both 

approaches were equivalent with regards to resection of colon cancer, however 

laparoscopy appeared to be inferior to open resection for circumferential margin positivity 

in patients undergoing anterior resection for rectal cancer; long-term survival was 

equivalent for patients with colon cancer (132).  Taken together, these results advocate the 

use of laparoscopic resection for patients with colon cancer, predominantly due to 

significant improvements in short-term outcomes and likely no difference in long-term 

survival.  
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The benefit of laparoscopic resection for patients with rectal cancer is not entirely clear.  

Although possibly suggesting a higher rate of circumferential margin involvement, long-

term follow-up of CLASICC suggested no difference in survival with open or laparoscopic 

rectal cancer resection, albeit this was without the standardised use of extralevator 

abdominoperineal resection and with relatively low rates of neoadjuvant therapy (132).  

Similarly, the COLOR II and COREAN trials found no significant differences in 

locoregional recurrence or survival (133, 134).  Conversely, the ALaCaRT and ACOSOG 

Z6051 randomised trials suggested a higher risk of margin positivity in patients undergoing 

laparoscopic resection (135, 136); however, although unable to recommend laparoscopic 

resection based on these pathological parameters, the effect on local recurrence and long-

term survival in these two studies remains to be determined. 

In addition to the advent of laparoscopic resection, the use of other minimally invasive 

techniques may significantly change the operative management of patients with colorectal 

cancer.  Robotic-assisted surgery may improve the outcome of rectal cancer resection, 

particularly with respect to preservation of pelvic nerve function (137).  However, both the 

oncological and cost benefit of robotic-assisted surgery remains to be determined. 

Similarly, local excision may be indicated for some early tumours (55).  This may be 

performed by either transanal endoscopic microsurgery for rectal cancers, or by 

polypectomy or endoscopic mucosal resection during colonoscopy for colon cancers.  

Generally, local excision is reserved for patients with T1 tumours and low risk 

characteristics on pathological assessment.  Evidence of extensive submucosal invasion, 

tumour present within 1mm of the resection margin, lymphovascular invasion or poorly 

differentiated tumour would be indications for further surgical resection, as each of these 

increases the risk of lymph node involvement.  The decision between local excision and 

surgical resection must be carefully considered with the patient, ensuring they are 

adequately informed regarding the risks of surgical morbidity versus the risks of 
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recurrence.  In patients with a high risk of surgical morbidity, local excision, even with the 

presence of high-risk pathological characteristics, may be the preferred option. 

Neoadjuvant radiotherapy 

Patients with rectal cancer have a relatively higher risk of local recurrence given the 

natural confines of the pelvis.  The addition of radiotherapy (either pre-operatively or post-

operatively) reduces the risk of local recurrence, however pre-operative radiotherapy has 

been shown to be superior to post-operative therapy (138).  Despite this, in patients with an 

involved surgical margin who did not receive pre-operative radiotherapy, post-operative 

chemoradiotherapy remains an acceptable salvage therapy.  Pre-operative radiotherapy 

may either be used as short course pre-operative radiotherapy (SCPRT) or as long course 

radiotherapy in combination with 5-fluorouracil-based chemotherapy.  Patients with 

moderate risk of local recurrence but without mesorectal fascial involvement on MRI may 

benefit from SCPRT in the week immediately prior to surgery; even with the introduction 

of total mesorectal excision, the addition of SCPRT reduces the risk of local recurrence at 

five years from 11.4% to 5.8% compared to surgery alone (139).  In patients with locally 

advanced disease at risk of mesorectal fascial involvement, chemoradiotherapy is utilised 

to downstage and shrink the tumour so that clear resection margins can be obtained.  

Chemoradiotherapy is given over a five-week period and then followed by an interval 

before proceeding to surgery.  Such a regime has been shown to be superior to post-

operative chemoradiotherapy in reducing local recurrence rates (140).  The addition of 

chemotherapy to pre-operative radiotherapy further reduces risk of local recurrence and 

increases likelihood of tumour regression and complete pathological response (141).  In 

patients with rectal cancer at low risk of local recurrence, radiotherapy may be avoided to 

avoid the potential toxic effects of radiotherapy. 
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Adjuvant chemotherapy 

In addition to improvements in pre-operative staging and surgical technique, refinement of 

chemotherapeutic drugs and treatment regimes has led to an increase in survival of patients 

with colorectal cancer.  Adjuvant chemotherapy is now a standard care for the management 

of patients with stage III (node positive) colorectal cancer.  Factors that may influence the 

decision to proceed to adjuvant chemotherapy however, include patient’s age, comorbidity 

status and patient preference.  Standard regimes consisting of a thymidylate synthase 

inhibitor, 5-fluorouracil (5-FU), given in combination with leucovorin, a folic acid 

derivative, for approximately six months have been shown to increase overall, disease-free 

and recurrence-free survival compared to surgery alone (142-144).  Oral, pro-drug 

equivalents of 5-FU, such as capecitabine, are now available, with similar long-term 

survival benefit as 5-FU but with less toxicity (145).  Combination regimes, with the 

addition of oxaliplatin, are superior to 5-FU/leucovorin alone (three-year disease-free 

survival 78.2% versus 72.9%), however carry an increased risk of treatment-associated 

toxicity (146, 147). 

The survival benefit conferred by adjuvant chemotherapy to patients with stage II (node 

negative) colorectal cancer is less clear, with randomised clinical trials showing little or no 

improvement in survival (148, 149).  For example, the QUASAR-1 trial, incorporating 

almost 3000 patients with stage II disease, found a modest, 3.6% absolute improvement in 

overall survival at five-years with the use of adjuvant chemotherapy (149).  As such, 

current guidelines do not recommend the routine administration of adjuvant chemotherapy 

for patients with stage II disease (55, 99, 150), instead recommending its use in patients 

with the presence of high-risk pathological characteristics, such as tumour perforation or 

venous invasion.  Increasingly, molecular characteristics, such as the absence of MSI, may 

be used as predictive biomarkers to identify patients with stage II disease likely to gain 

benefit from adjuvant therapy (151).
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Figure 11.1 Assessment of T-lymphocyte density using colonoscopic biopsies of patients 
undergoing elective, potentially curative resection of stage I-III colorectal cancer without 

neoadjuvant therapy. (A) biopsy specimen stained for CD3+ T-lymphocytes at x20 
magnification. (B) the same specimen, typical of a high T-lymphocyte density, at x100 
magnification, and (C) the same specimen analysed using automated assessment with’ 
Tissue IA Optimiser’ and ‘Measure stained cells algorithm’ in Tissue Image Analysis 
plugin for Slidepath at x100 magnification.  Orange and red staining signifies CD3+ T-

lymphocytes, whereas blue and purple staining signifies non-stained cells 
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Figure 11.2 Receiver operator characteristic curves comparing automated assessment of T-
lymphocyte density within different regions of surgically resected specimens from patients 
undergoing elective, potentially curative resection of stage I-III colorectal cancer without 

neoadjuvant therapy. (A) invasive margin (AUC 0.787, P<0.001), (B) tumour stroma 
(AUC 0.879, P<0.001), and (C) tumour cancer cell nests (AUC 0.794, P<0.001) 
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Figure 11.3 Receiver operator characteristic curves comparing automated assessment of 
colonoscopic biopsy T-lymphocyte density and manual assessment of T-lymphocyte 

density within different regions of surgically resected specimens from patients undergoing 
elective, potentially curative resection of stage I-III colorectal cancer without neoadjuvant 

therapy. (A) invasive margin (AUC 0.651, P=0.005), (B) tumour stroma (AUC 0.677, 
P=0.001), and (C) tumour cancer cell nests (AUC 0.622, P=0.030) 
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Figure 11.4 The relationship between colonoscopic biopsy-based assessment of the 

tumour microenvironment and cancer-specific survival of patients undergoing potentially 
curative resection of stage I-III colorectal cancer without neoadjuvant therapy. (A) manual 

assessment of T-lymphocyte density (P=0.120), (B) automated assessment of T-
lymphocyte density (P=0.007), and (C) tumour stroma percentage (P=0.005). All P-values 

calculated using log-rank analysis 
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Figure 11.5 The relationship between biopsy derived and full section assessment of the 
Glasgow Microenvironment Score and cancer-specific survival of patients undergoing 

potentially curative resection of stage I-III colorectal cancer without neoadjuvant therapy. 
(A) biopsy Glasgow Microenvironment Score (P<0.001), (B) conventional Glasgow 

Microenvironment Score (P=0.029), and (C) T-lymphocyte-derived Glasgow 
Microenvironment Score (P=0.019). All P-values calculated using log-rank analysis 
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Table 11.1 Clinicopathological characteristics of patients undergoing elective, potentially 
curative resection of stage I-III colorectal cancer without neoadjuvant therapy 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   All 
Clinicopathological Characteristics  n=120 (%) 

Host  characteristics    
Age  

<65 
65-74 
>75 

  
44 (36) 
38 (32) 
38 (32) 

Sex  
Female 
Male 

  
56 (47) 
64 (53) 

Adjuvant therapy  
No 
Yes  

  
83 (69) 
37 (31) 

Tumour  characteristics    
Tumour site  

Colon 
Rectum 

  
82 (68) 
38 (32) 

T stage   
1/2 
3 
4 

  
12 (10) 
75 (62) 
33 (28) 

N stage  
0 
1 
2 

  
61 (51) 
46 (38) 
13 (11) 

TNM stage  
I 
II 
III 

 
 

 
6 (5) 

55 (46) 
59 (49) 

Tumour differentiation  
Mod/well 
Poor 

  
115 (96) 

5 (4) 
Venous invasion  

No 
Yes 

  
80 (67) 
40 (33) 

Margin involvement  
No 
Yes 

  
113 (94) 

7 (6) 
Peritoneal involvement  

No 
Yes 

  
87 (72) 
33 (28) 

Tumour perforation  
No 
Yes 

  
117 (97) 

3 (3) 
CD3+ invasive margin density  

Low 
High 

  
65 (55) 
54 (45) 

CD3+ stromal density  
Low 
High 

  
54 (45) 
66 (55) 

CD3+ cancer cell nest density  
Low 
High 

  
81 (67) 
39 (33) 

Tumour stroma percentage  
Low 
High 

  
93 (77) 
27 (23) 
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Table 11.2 The relationship between colonoscopic biopsy and full section manual 
assessment of the tumour microenvironment of patients undergoing elective, potentially 
curative resection of stage I-III colorectal cancer without neoadjuvant therapy 
Data analysed using χ2 analysis for linear trend. 

Table 11.2 displays the relationship between manual assessment of biopsy T-lymphocyte 
density and TSP and full section manual assessment of T-lymphocyte density and TSP. 
Biopsy assessment of T-lymphocyte density was associated with density within the 
invasive margin and cancer cell nests of full sections (both P<0.05) but not within the 
stroma. Biopsy TSP was associated with full section TSP (P=0.001). 

   Colonoscopic biopsy 
   T-lymphocyte density 
Surgically resected specimen  Low (n=65) 

(%) 
 High (n=55) 

(%) 
 P 

Invasive margin T-lymphocyte 
density 

 
Low 
High 

  
43 (66) 
22 (34) 

  
22 (41) 
32 (59) 

 0.006 

Stromal T-lymphocyte density  
Low 
High 

  
32 (49) 
33 (51) 

  
22 (40) 
33 (60) 

 0.313 

Cancer cell nest T-lymphocyte 
density 

 
Low 
High 

  
49 (75) 
16 (25) 

  
32 (58) 
23 (42) 

 0.046 

   Tumour stroma percentage 
   Low (n=55) 

(%) 
 High (n=65) 

(%) 
 P 

Tumour stroma percentage  
Low 
High 

  
66 (87) 
10 (13) 

  
27 (61) 
17 (39) 

 0.001 



 

 341 

Table 11.3 The relationship between automated and manual assessment of T-lymphocyte density in surgically resected specimens of patients undergoing 
elective, potentially curative resection of stage I-III colorectal cancer without neoadjuvant therapy 
 

 

 

 

 

 

 

Continuous data analysed using Mann-Whitney U test. Area under the curve calculated using receiver-operator character curves. IQR – inter-quartile 
range, 95% CI – 95% confidence interval. 

Table 11.3displays the relationship between automated and manual assessment of T-lymphocyte density within full sections to ensure that both methods 
are comparable. Automated assessment of T-lymphocyte density was associated with manual assessment of density within the invasive margin, cancer 
cell nests and stroma of full sections (all P<0.001). 

 

   Automated assessment 
Manual assessment  Median h-score (IQR)  P  Area under the curve (95% CI)  

Invasive margin T-lymphocyte 
density 

 
Low 
High 

  
16 (11-25) 
33 (22-52) 

 <0.001  0.787 (0.704-0.869)  

Stromal T-lymphocyte density  
Low 
High 

  
13 (10-19) 
34 (23-51) 

 <0.001  0.879 (0.820-0.938)  

Cancer cell nest T-lymphocyte 
density 

 
Low 
High 

  
17 (11-28) 
38 (23-63) 

 <0.001  0.794 (0.710-0.878)  
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Table 11.4 The relationship between automated assessment of the tumour inflammatory cell infiltrate using colonoscopic biopsies and manual 
assessment of the inflammatory cell infiltrate using surgically resected specimens of patients undergoing elective, potentially curative resection of stage I-
III colorectal cancer without neoadjuvant therapy 
 

 

 

 

 

 

 

Continuous data analysed using Mann-Whitney U test. Area under the curve calculated using receiver-operator character curves. IQR – inter-quartile 
range, 95% CI – 95% confidence interval. 

Table 11.4 displays the relationship between automated assessment of biopsy T-lymphocyte density and manual assessment within full sections. 
Automated assessment of biopsy T-lymphocyte density was associated with manual assessment of density within the invasive margin, cancer cell nests 
and stroma of full sections (all P<0.05). 

   Automated assessment 
Manual assessment  Median H-score (IQR)  P  Area under the curve (95% CI)  

Invasive margin CD3+ density  
Low 
High 

  
48 (23-78) 
65 (40-93) 

 0.005  0.651 (0.553-0.749)  

Stromal CD3+ density  
Low 
High 

  
39 (23-74) 
64 (45-93) 

 0.001  0.677 (0.578-0.776)  

Cancer cell nest CD3+ density  
Low 
High 

  
52 (31-78) 
66 (39-93) 

 0.030  0.622 (0.516-0.728)  
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Table 11.5 The relationship between automated assessment of T-lymphocyte density in 
colonoscopic biopsies and manual assessment of T-lymphocyte density in surgically 
resected specimens of patients undergoing elective, potentially curative resection of stage 
I-III colorectal cancer without neoadjuvant therapy  

  

Data analysed using χ2 analysis for linear trend. 

 

 

 

 

   Colonoscopic biopsy 
Automated assessment 

Surgically resected specimen 
Manual assessment 

 Low (n=58) 
(%) 

 High (n=62) 
(%) 

 P 

Invasive margin T-lymphocyte density  
Low 
High 

  
40 (69) 
18 (31) 

  
25 (41) 
36 (59) 

 0.002 

Stromal T-lymphocyte density  
Low 
High 

  
36 (62) 
22 (38) 

  
19 (29) 
44 (71) 

 <0.001 

Cancer cell nest T-lymphocyte density  
Low 
High 

  
44 (76) 
14 (24) 

  
37 (60) 
25 (40) 

 0.060 
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Table 11.6 The relationship between colonoscopic biopsy-derived assessment of the tumour microenvironment, clinicopathological characteristics and 
cancer-specific survival of patients undergoing elective, potentially curative resection of stage I-III colorectal cancer without neoadjuvant therapy 
 

 

 

 

 

 

 

Data analysed using Cox proportional hazards regression to calculate hazard ratios and 95% confidence intervals. Backwards conditional method used for 
multivariate analysis. 

 

 

 Cancer-specific survival 
Clinicopathological characteristics  Univariate analysis P  Multivariate analysis P 
Age (<65/ 65-74/ >75)  1.16 (0.77-1.75) 0.488  - - 
Sex (Female/ male)  1.30 (0.66-2.59) 0.442  - - 
Adjuvant therapy (No/ yes)  1.29 (0.64-2.61) 0.480  - - 
Tumour site (Colon/ rectum)  1.66 (0.83-3.33) 0.150  - - 
TNM stage (I/ II/ III)  2.64 (1.33-5.24) 0.005  2.42 (1.19-4.94) 0.015 
Tumour differentiation (Mod-well/ poor)  1.53 (0.37-6.37) 0.562  - - 
Venous invasion (No/ yes)  3.32 (1.67-6.61) 0.001  2.24 (1.09-4.63) 0.029 
Margin involvement (No/ yes)  3.86 (1.34-11.10) 0.012  2.93 (0.97-8.91) 0.058 
Peritoneal involvement (No/ yes)  1.76 (0.88-3.51) 0.112  - - 
Tumour perforation (No/ yes)  1.79 (0.27-14.48) 0.505  - - 
Manual biopsy T-lymphocyte density (Low/ high)  0.58 (0.29-1.17) 0.125  - - 
Automated biopsy T-lymphocyte density (Low/ high)  0.39 (0.19-0.80) 0.010  0.44 (0.21-0.92) 0.030 
Biopsy tumour stroma percentage (Low/ high)  2.56 (1.30-5.04) 0.007  2.88 (1.44-5.75) 0.003 
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12 Conclusions 

At the beginning of this period of research, it was clear that the present TNM-based staging 

of patients with colorectal cancer is suboptimal.  Although staging and need for adjuvant 

therapy are primarily based on the presence of lymph node metastases, a significant 

proportion of patients with lymph node negative disease may subsequently die prematurely 

from their disease.  Conversely, a proportion of patients with lymph node positive disease 

have survival comparable to those with earlier stage disease.  A number of pathological 

and molecular characteristics identifying patients at high risk have been defined, however 

there remains a need to identify other factors which may aid in risk stratification and 

decision making regarding treatment.  One approach is to consider the local and systemic 

environment, encompassing both host inflammatory responses and the tumour 

microenvironment.  In addition to identifying patients at high risk of recurrence, the host 

inflammatory response to cancer provides an attractive therapeutic target.  Indeed, 

conventional anti-inflammatory drugs, such as aspirin and NSAIDs, have been associated 

with improved outcomes in patients with colorectal cancer, potentially through modulation 

of tumour-associated inflammation (Chapter 1). 

In spite of a significant body of work supporting the role of tumour-associated 

inflammation as being integral to disease progression and an important determinant of 

outcome, several questions remained.  First, how measures of the systemic inflammatory 

response, such as the mGPS may be utilised alongside present TNM-based staging, and 

how this may be applied across different populations from distinct geographical regions, 

was unclear.  Similarly, how more comprehensive assessment of the tumour 

microenvironment, encompassing not only the tumour inflammatory cell infiltrate but also 

the tumour-associated stroma, may be used to determine prognosis was not known.  

Furthermore, the underlying tumour-based characteristics which may determine these local 

and systemic responses remained to be fully investigated.  Finally, it was not clear whether 
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the anti-neoplastic effects of commonly prescribed drugs such as aspirin and statins is in 

part mediated by favourable effects on host inflammatory responses. 

This thesis started with a comparison of the relative prognostic value of assessment of the 

pre-operative systemic inflammatory response and TNM-based staging in patients 

undergoing potentially curative resection of stage I-III colorectal cancer (Chapter 2).  The 

mGPS, one of the most widely reported systemic inflammatory scores in patients with 

cancer, was utilised.  It was shown that the mGPS held prognostic value independent of 

TNM staging and other pathological characteristics associated with high risk disease.  

Furthermore, in patients with stage III colon cancer, the presence of a systemic 

inflammatory response appeared to abrogate any survival benefit from adjuvant 5-FU-

based chemotherapy.  Although patients with colorectal cancer and systemic inflammation 

are at increased risk of recurrence and death, the results of this Chapter would suggest that 

novel therapeutic agents, most likely targeting the inflammatory response, rather than 

conventional chemotherapy may be needed in this specific patient group.  Further work in 

this field should be performed to investigate the relationship between systemic 

inflammation and response to adjuvant chemotherapy as well as anti-inflammatory drugs, 

potentially by retrospective analysis of clinical trial data. 

In Chapter 3, it was shown that systemic inflammatory profiles differ between populations 

from distinct geographical locations; in the present case, populations of patients with 

colorectal cancer from the West of Scotland and Japan.  Although associated with similar 

patient and tumour characteristics in both populations, even after controlling for these 

factors patients from Scotland were more likely to be systemically inflamed.  The 

underlying reason why distinct populations may differ in their inflammatory profile is 

unclear, however it was hypothesised that this may be attributable to uncontrolled factors, 

such as comorbidity and obesity.  However, the mGPS showed prognostic value in both 

populations.  Indeed, given its differing prevalence across populations, it is clear that 
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measures of the systemic inflammatory response should be reported routinely, particularly 

in the context of outcome data.  The present results could be confirmed retrospectively 

utilising international clinical trial data.  Furthermore, studies of the relationship between 

systemic inflammation and cancer outcome could be performed in regions with large 

migrant populations to ascertain if the differences observed are indeed secondary to host or 

environmental factors. 

In Chapter 4 the relationship between the tumour-associated stroma, other components of 

the tumour microenvironment, such as tumour necrosis and the local inflammatory cell 

infiltrate, and survival was examined.  Using the TSP, an H&E-based assessment of the 

extent of stromal infiltration, it was found that a high proportion of stroma was associated 

with adverse tumour characteristics, such as advanced T stage, an infiltrative invasive 

margin, and loss of the tumour-infiltrating inflammatory cell infiltrate.  Of interest, an 

expanded stroma was inversely associated with the presence of tumour necrosis, 

suggesting a pertinent role in protecting against hypoxia.  Despite such associations, a high 

TSP remained independently associated with reduced survival of patients with colorectal 

cancer, validating previous work by Mesker and colleagues.  Taken together, these results 

further confirm the stroma as an important contributor towards a tumour-supporting 

microenvironment and as a potential therapeutic target.  Future work could refine the 

prognostic value of the tumour-associated stroma by examining such characteristics as 

stromal and collagen maturity in addition to TSP.  Furthermore, chemotherapeutics which 

target the stroma or overcome the stroma as a barrier to effective tumour cell targeting, 

have been utilised in other tumour types.  On such example is nab-paclitaxel in patients 

with pancreatic ductal adenocarcinoma (559).  Whether a similar approach may translate in 

to an effective treatment strategy in patients with colorectal cancer and a high TSP would 

be of interest.  
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In Chapter 5, the role of MMR deficiency as a determinant of host local and systemic 

inflammatory responses was examined.  Although the present results confirmed the 

relationship between MMR deficiency and the presence of a conspicuous inflammatory 

cell infiltrate, it was observed, for the first time, that patients with MMR deficient 

colorectal cancer had elevated systemic inflammatory responses as measured by the mGPS 

and the NPS.  Although paradoxical, given the opposing prognostic effects of MMR 

deficiency and elevated systemic inflammatory responses, the present results could be 

explained by a number of potential mechanisms.  As immune checkpoint activation is 

recognised to counterbalance the anti-tumour immune infiltrate in MMR deficient tumours, 

one potential hypothesis is that the systemic inflammatory response may represent a 

common upstream precursor of both phenomena, for example, the JAK/STAT3 pathway. 

The results of Chapter 5 also confirm the prognostic value of local and systemic 

inflammatory responses independent of MMR/ MSI status. Indeed, they provide further 

rationale for the assessment of inflammatory responses in addition to MMR/ MSI status in 

patients with colorectal cancer.  In keeping with this, the prognostic value of the local 

inflammatory cell infiltrate independent of MSI status has recently been confirmed in a 

large population-based case-control study of over 2000 patients (560).  The relationship 

between MMR status, systemic inflammatory responses and outcome however await 

confirmation in a larger population than that presently studied.  Furthermore, whether local 

and systemic inflammatory responses remain prognostic independent of more 

comprehensive genetic and molecular characterisation remains to be determined. 

In Chapter 6, the relationship between the IL-6/JAK/STAT3 signal transduction pathway, 

local and systemic inflammatory responses and outcome of patients with colorectal cancer 

was examined.  Activation, as measured by tumour cell STAT3 expression, was associated 

with adverse inflammatory responses.  Despite STAT3 expression being associated with 

reduced survival on univariate analysis, it was not independent of pathological 
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characteristics nor local and systemic inflammatory responses.  It is likely that the local 

and systemic environment is defined by a number of pathways, with JAK/STAT3 

activation being just one mechanism by which the tumour deregulates host inflammatory 

responses.  Indeed, although the JAK/STAT3 pathway may be one potential therapeutic 

target, future work is needed to investigate and compare other pro-inflammatory pathways, 

such as NF-ĸB.  Furthermore, whether assessment of inflammatory responses, and in 

particular the mGPS, may identify patients likely to benefit from inhibitors of JAK/STAT3 

and other inflammatory pathways, remains to be investigated. 

Given the independent prognostic value of the tumour-associated stroma and inflammatory 

cell infiltrate, Chapter 7 aimed to investigate the clinical utility of their combined 

assessment.  The prognostic value of the stroma was subordinate to the local inflammatory 

cell infiltrate, however combined assessment stratified survival greater than either measure 

alone.  A combined score based on these characteristics, termed the Glasgow 

Microenvironment Score, was simple to perform and relied on routine specimens with no 

additional costs.  Therefore, it can be readily validated by independent groups.  Although 

observational only, the results also give further potential insight into the natural history of 

the tumour microenvironment; it would appear that it is loss of the anti-tumour immune 

response which is the early initiator of a supportive tumour microenvironment, with 

tumour stroma expansion occurring at a later point.  Although speculative, this hypothesis 

may be readily examined in larger clinical cohort studies encompassing patients with early 

stage disease. 

The definition of T stage has remained relatively stable since initially being described by 

Dukes.  As such, Chapter 8 aimed to examine how increasing T stage, as a marker of 

tumour invasiveness, related to both the local and systemic environment.  As would be 

expected, as tumour invasiveness increased, the tumour microenvironment became more 

supportive, with loss of the inflammatory cell infiltrate as measured by both Immunoscore 
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and KM grade, an increase in TSP and the presence of an infiltrative invasive margin.  

Furthermore, systemic inflammatory responses increased with increasing T stage.  Of 

interest however, the development of these characteristics appeared to follow a stepwise 

pattern, with loss of the immune infiltrate occurring at an earlier T stage and development 

of a high TSP, infiltrative margin and an elevated systemic inflammatory response 

occurring later.  Furthermore, the GMS, Immunoscore and mGPS, appeared to have similar 

if not greater prognostic value compared to lymph node status when examined in the 

context of patients with T3 disease.  Although only providing a cross-sectional view of the 

relationship between tumour invasiveness and such characteristics, these results further 

support the hypothesis that loss of the local inflammatory cell infiltrate is an important 

initiating step in the development of a tumour-favouring environment at both the local and 

systemic level.  In addition, they support the routine assessment of both local and systemic 

inflammatory responses in patients with colorectal cancer.  It is clear however that further 

work is required in this area, particularly in earlier stage disease to confirm the prognostic 

value of assessment of the local and systemic environment. 

Chapter 9 aimed to examine the clinical utility of two differing approaches to assessment 

of the local inflammatory cell infiltrate, namely the KM grade and Immunoscore.  It was 

found that the Immunoscore stratified survival to a greater extent than KM grade; indeed, it 

was possible to stratify survival of patients with both a low and high KM grade using the 

Immunoscore.  From these findings it was hypothesised that in those patients with a 

discordance between measures of the generalised and T-lymphocytic infiltrate (i.e. high 

KM grade but low Immunoscore), the peritumoural inflammatory infiltrate represented 

other components of the host cellular immune response, most likely innate immune cells 

such as neutrophils and macrophages, with an adverse effect on outcome.  It was of interest 

however, that the TSP was able to stratify survival of patients with both a low 

Immunoscore and KM grade.  Indeed, this would further support the routine assessment of 
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TSP in addition to the local inflammatory cell infiltrate in patients with colorectal cancer.  

The results of this Chapter further support the efforts of a recent international 

collaborative, which has validated the Immunoscore as a stage-independent prognostic 

factor in patients with colorectal cancer (561).  It is clear however that further work is 

required to validate assessment of the TSP as an additional prognostic factor, particularly 

in combination with assessment of the inflammatory cell infiltrate. 

Although aspirin and statins are reported to have a potential anti-inflammatory effect in 

patients with cancer, it is not clear how their routine use at time of diagnosis affects 

markers of the systemic inflammatory response.  In Chapter 10, it was found that pre-

operative use of low-dose aspirin, but not statins, was associated with a lower pre-

operative mGPS in patients undergoing resection of colorectal cancer, suggesting a 

beneficial effect on the systemic inflammatory response in patients with colorectal cancer.  

Survival data was immature, however aspirin users appeared to have poorer survival than 

non-aspirin users.  This is likely to reflect the underlying reason for aspirin use in this 

cohort, as all patients received aspirin for cardiovascular risk modification.  However, the 

relationship between aspirin use and a lower mGPS was surprising, as comorbidity burden 

is associated with elevated systemic inflammatory responses.  Indeed, the true anti-

inflammatory effect of aspirin in patients with colorectal cancer may be underestimated in 

this cohort.  Further studies are required to examine the relationship between aspirin and 

NSAID use, systemic inflammatory responses and outcome of patients with colorectal 

cancer.  This could be performed in the context of currently recruiting trials of adjuvant 

aspirin therapy.  Furthermore, investigation of the relationship between aspirin and 

NSAIDs and characteristics of the tumour microenvironment are required.  Retrospective 

assessment of the tumour microenvironment in archived tumour tissue from the cohort 

studied in this Chapter would be a logical starting point for ongoing work in this field. 
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Finally, in Chapter 11, the feasibility of pre-operative assessment of the tumour 

microenvironment, using colonoscopic biopsy specimens, was examined.  It was found that 

both the tumour inflammatory cell infiltrate, as measured by T-lymphocyte density, and the 

TSP could be measured using biopsy specimens.  Furthermore, the reliability of the former 

was improved by use of automated digital pathology.  A biopsy GMS derived from these 

measures was independently associated with survival.  Although it would not be expected 

that biopsy-based assessment would replace more comprehensive assessment using 

surgically resected specimens, these results do raise two interesting concepts for further 

investigation.  Firstly, it would allow for assessment of the primary tumour 

microenvironment in patients with metastatic disease or those who are not candidates for 

curative resection.  Secondly, it would potentially allow for pre-operative staging of the 

tumour microenvironment, therefore creating a window of opportunity for neoadjuvant 

therapy directed at the tumour microenvironment.  Indeed, whether aspirin and NSAIDs, or 

other novel therapeutic agents such as JAK/STAT3 inhibitors may be of use in this setting 

would be of considerable interest. 

In summary, the present thesis suggests that the local and systemic environment create a 

supportive environment which promotes continued tumour growth and dissemination to the 

detriment of the patient.  In addition to determining prognosis of patients with colorectal 

cancer, measurement of these characteristics may yield potential therapeutic targets.  The 

above work confirms that assessment of the systemic inflammatory response, using 

routinely available prognostic scores such as the mGPS, complements TNM staging to 

identify patients with otherwise “low risk” disease at high risk of recurrence.  Conversely, 

it is also possible to “downstage” patients deemed high risk based on lymph node 

involvement alone.  Furthermore, the mGPS appears to be applicable internationally, 

further supporting its routine reporting.  A similar approach may be taken with respect to 

the tumour microenvironment, with combined assessment of both the tumour inflammatory 
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cell infiltrate and tumour-associated stroma having greater prognostic value than either 

measure alone.  Although the GMS described herein provides an attractive concept 

because of its reliance on routine specimens and relative simplicity, it may well be that 

more refined measures of the local inflammatory response, such as the Immunoscore, 

provide a more reliable measure of host anti-tumour immunity.  However, there remains a 

need to examine other components of the tumour microenvironment, such as tumour cell 

budding and innate immune cell infiltration, as potential adjuncts to a comprehensive 

tumour microenvironment-based score and as potential therapeutic targets. Such work may 

increase our insights into the development of the tumour microenvironment. 

The work presented in this thesis suggest that several factors, pertaining to not only the 

host but also the tumour, may determine characteristics of the local and systemic 

environment (Figure 12.1).  Indeed, although some of these factors, such as MMR status, 

may be tumour cell-intrinsic and therefor non-modifiable, targeting intracellular signalling 

pathways presents one potential therapeutic option which may be further investigated.  

However, the work presented herein suggests that the local and systemic environment are 

shaped by a number of different pathways, and it may be that the predominant pathways 

differ between patients.  Indeed, whether JAK/STAT3 is the optimal target or whether 

other pathways may have greater impact on cancer-association inflammation and survival 

remains to be determined.  Further work, exploring the molecular characteristics associated 

with each of the phenotypic features examined in this thesis will hopefully identify 

potential druggable targets which may be utilised in future clinical practice.  Irrespective, 

the work presented suggests that pre-operative assessment at the local and systemic level is 

feasible in this patient group prior to resection; this may aid in the identification of suitable 

candidates for enrolment in clinical trials targeting such targets and the local and systemic 

environment in general. 
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Figure 12.1 The relationship between the local and systemic environment, host factors, 
signal transduction pathway activation and genomic instability and tumour initiation and 

progression 
 

In summary, this thesis has aimed to address the two hypotheses stated in Chapter 1.8.  The 

work presented supports the role of the local and systemic environment, encompassing the 

tumour microenvironment and systemic inflammatory responses, as potential adjuncts in 

the staging of patients undergoing potentially curative resection of stage I-III colorectal 

cancer.  Furthermore, a number of tumour and host factors determine the local and 

systemic environment.  Although some may be tumour-cell intrinsic and therefore non-

modifiable, others, including inflammatory signal transduction pathways, may provide 

attractive therapeutic targets which may reduce risk of recurrence and increase survival of 

patients with colorectal cancer.  
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14 Appendices 

Appendix 1 

STAT3 antibody-9132 (Cell Signalling) Immunohistochemistry  
(Performed in Institute of Cancer Sciences) 
 
Buffer -  Citrate Buffer 

0.1M Citric acid (1.92g in 100ml dH2O) 
0.1M Na citrate (14.7g in 500ml dH2O) 
1.8ml citric acid, 8.2ml Na citrate, 90ml dH2O; pH to 6.0 

 
Dewax and rehydrate: 
Dewax the slides:  2 x 3 mins in Xylene 
Rehydrate:  2 x 3 mins 100% alcohol  
2 mins 90% alcohol 
2 mins 70% alcohol 
Rinse in Water 
 
Antigen Retrieval: 
Add the slides to water bath at 96oC for 20 minutes   
Cool for 20 mins then wash in running water 
Transfer to a staining dish with water (slides can be stored like this)  
Treat with 3% H2O2 (13ml H2O2 in 387ml water) for 10 mins on a stirrer  
Rinse for 1min with running H2O 
 
Staining: 
Ring sections with DAKO pen to create a barrier 
Blocking solution: add 100µl of casein per 0.9 ml of TBS- buffer  (200uL per slide) 
Cover the section with blocking solution and incubate for 20 minutes at room temp 
Blot serum from sections 
Incubate in primary antibody overnight at 4oC , with 200uL per slide (dilution: 1:100) 
Wash 5 mins in TBSx2 
Envision for 30 mins (200uL per slide) 
Wash 5 mins in TBSx2 
Make DAB substrate (DAKO) 1:50, 3ml of substrate buffer to 60ul of DAB chromagen. 
Add as much as possible per slide. Incubate until colour develops (2-10 mins) 
Wash in water 10 mins 
 
Counterstain: 
Stain in haematoxylin for 60 seconds 
Rinse in running tap water 
1 dip in acid alcohol 
Blue with scots tap water substitute (45 sec) 
Rinse in running tap water 
 
Dehydrate and mount: 
1 min 70% alcohol 
1 min 90% alcohol 
2 x 1 min 100% alcohol 
2 x 1 min xylene 
Mount in DPX
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Appendix 2 

pSTAT3Tyr705 antibody-9131 (Cell Signalling) Immunohistochemistry 
(Performed in Institute of Cancer Sciences) 
 
Buffer -  Tris-EDTA Buffer pH 8 (1000mL distilled water) 

0.37g Sodium EDTA 
0.55g Tris in 

 
Dewax and rehydrate: 
Dewax the slides:  2 x 3 mins in Xylene 
Rehydrate:  2 x 3 mins 100% alcohol  
2 mins 90% alcohol 
2 mins 70% alcohol 
Rinse in Water 
 
Antigen Retrieval: 
Microwave on full power for 13.5 mins to warm the solution, no lid, no rubber   
Add the slides and lid and microwave on full power for ~2-3 mins to bring to pressure  
Microwave for 5 mins under pressure 
CAREFULLY remove weight to allow steam to escape, and remove lid 
Cool for 20 mins 
Wash in running water 
Transfer to a staining dish with water (slides can be stored like this)  
Treat with 0.3% H2O2 (13ml H2O2 in 387ml water) for 10 mins on a stirrer  
Rinse for 1min with running H2O 
 
Staining: 
Ring sections with DAKO pen to create a barrier 
Blocking solution: add 50µl of horse serum per 0.95 ml of TBS- buffer  (200uL per slide) 
Cover the section with blocking solution and incubate for 20 minutes at room temp 
Blot serum from sections 
Incubate in primary antibody overnight at 4oC, with 200uL per slide (dilution: 1:50) 
Wash 5 mins in TBSx2 
Envision for 30 mins (200uL per slide) 
Wash 5 mins in TBSx2 
Make DAB substrate (DAKO) 1:50, 3ml of substrate buffer to 60ul of DAB chromagen. 
Add as much as possible per slide. Incubate until colour develops (2-10 mins) 
Wash in water 10 mins 
 
Counterstain: 
Stain in haematoxylin for 60 seconds 
Rinse in running tap water 
1 dip in acid alcohol 
Blue with scots tap water substitute (45 sec) 
Rinse in running tap water 
 
Dehydrate and mount: 
1 min 70% alcohol 
1 min 90% alcohol 
2 x 1 min 100% alcohol 
2 x 1 min xylene 
Mount in DPX
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Appendix 3 

CD3 antibody 9107-S (Thermo RM) Immunohistochemistry  
(Performed in University Department of Pathology using ThermoFisher Autostainer 480s) 
 
 
Dewax and rehydrate: 
Dewax the slides:  2 x 3 mins in Xylene 
Rehydrate:  2 x 3 mins 100% alcohol  
2 mins 90% alcohol 
2 mins 70% alcohol 
Rinse in Water 
 
Antigen Retrieval: 
Thermofisher PT Module using Thermofisher Retrieve pH9 solution 
Wash in running water 
Transfer to a staining dish with water (slides can be stored like this)  
Treat with 0.3% H2O2 (13ml H2O2 in 387ml water) for 5 mins then rinse with TBS buffer 
UV protein block for 5 mins then rinse with TBS buffer 
 
Staining: 
Ring sections with DAKO pen to create a barrier 
Incubate in primary antibody overnight at room temperature, with 200uL per slide 
(dilution: 1:300) 
Wash with TBS buffer thoroughly 
Quanto Amplifier for 10 mins then rinse with TBS buffer 
Quanto Polymer for 10 mins then rinse with TBS buffer 
DAB Quanto Substrate for 5 mins then rinse with water 
 
Counterstain: 
Stain in haematoxylin for 3 minutes 
Rinse in running tap water 
1 dip in acid alcohol 
Rinse in running tap water 
Blue with scots tap water substitute (45 sec) 
Rinse in running tap water 
 
Dehydrate and mount: 
1 min 95% alcohol 
1 min 100% alcohol 
3 x 5 min xylene 
Mount in DPX
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Appendix 4 

MMR Protein (Dako UK Ltd) Immunohistochemistry 
(Performed in University Department of Pathology using ThermoFisher Autostainer 480s) 
 
Antibodies Product code  Concentration 
MLH1  M3640   1:100 
MSH6  M3646   1:100 
MSH2  M3639   1:50  
PMS2  M3647   1:50 
 
Dewax and rehydrate: 
Dewax the slides:  2 x 3 mins in Xylene 
Rehydrate:  2 x 3 mins 100% alcohol  
2 mins 90% alcohol 
2 mins 70% alcohol 
Rinse in Water 
 
Antigen Retrieval: 
Thermofisher PT Module using Thermofisher Retrieve pH9 solution 
Heated to 96oC for 20 mins then coole 
Wash in running water 
Transfer to a staining dish with water (slides can be stored like this)  
Treat with 0.3% H2O2 (13ml H2O2 in 387ml water) for 5 mins then rinse with TBS buffer 
UV protein block for 5 mins then rinse with TBS buffer 
 
Staining: 
Ring sections with DAKO pen to create a barrier 
Incubate in primary antibody for 20 mins at room temperature, with 200uL per slide  
Wash with TBS buffer thoroughly 
Quanto Amplifier for 10 mins then rinse with TBS buffer 
Quanto Polymer for 10 mins then rinse with TBS buffer 
DAB Quanto Substrate for 5 mins then rinse with water 
 
Counterstain: 
Stain in haematoxylin for 3 minutes 
Rinse in running tap water 
1 dip in acid alcohol 
Rinse in running tap water 
Blue with scots tap water substitute (45 sec) 
Rinse in running tap water 
 
Dehydrate and mount: 
1 min 95% alcohol 
1 min 100% alcohol 
3 x 5 min xylene 
Mount in DPX
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Appendix 5 

‘Tissue IA Optimiser Measured cells algorithm’ Slidepath, (Leica Biosystems) 

Algorithm Preferences Measure Stained 
Cells Default 
Preference 

0=Âµm, 1=mm, 2=pixels 0 
Segment Tissue from Background by Intensity 220 
0=Nuclei are similar, >=1, Nuclei increasingly diverse 
(darkest to lightest) 

2 

0=Strong Nuclear Counterstaining, 2=Weak Nuclear 
Counterstaining 

2 

Values in units 37 
Eliminate nuclei with area outside this range (specified in 
units squared) 

0 

Eliminate nuclei with density outside this range 0 
Eliminate nuclei with nuclear area density outside this range 
(specified in units squared) 

0 

Eliminate cells with area outside this range (specified in units 
squared) 

0 

Values in units 100 
Above this value pixels are identified as negative 220 
Eliminate nuclei with a % below this value 10 
Identify nuclei having strong/moderate/weak staining 
intensity 

99 

Above this value pixels are identified as negative 220 
Eliminate areas with a % below this value 75 
Identify areas having strong/moderate/weak staining 
intensity 

160 

Above this value pixels are identified as negative 220 
Eliminate areas with a % below this value 75 
Identify areas having strong/median/weak staining intensity 160 
0 = Include All Cells, 1 = Include only Positive Cells, 2 = 
Include only Negative Cells 

0 

0 = Include All Cells, 1 = Include only Positive Cells, 2 = 
Include only Negative Cells 

0 

0 = Include All Cells, 1 = Include only Positive Cells, 2 = 
Include only Negative Cells 

0 

Default Calibration 1 
Nuclear Counterstain deconvolution-

Haematoxylin 
Nuclear Marker deconvolution-DAB 

 


