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ABSTRACT

Colorectal cancer is the second commonest cause of cancer death in the western
world. In addition to tumour factors such as depth of invasion, lymph node
involvement and venous invasion it is increasingly recognised that host factors, are
important determinants of survival. In particular the host local and systemic
inflammatory responses are stage independent predictors of survival in operable
disease. The present thesis further examines the prognostic importance of host and
tumour factors in colorectal cancer, specifically:

1. An examination of the prognostic importance of venous invasion (detected using
elastica stains) in colorectal cancer.

2. Detailed analysis of the determinants (including age, comorbidity and deprivation)
of the systemic inflammatory response and their relationship with survival.

3. The application and validation of a prognostic score providing a measure of the
local inflammatory response in colorectal cancer.

4. Detailed analysis of the determinants (including all white cells, lymphocytes and
macrophages) of the local inflammatory response and their relationship with
survival.

5. The inter-relationships between the local and systemic inflammatory responses in
colorectal cancer specifically: early stage disease (node negative) and in patients
receiving adjuvant chemotherapy.

6. Mediators (including immunological parameters and vitamin antioxidants) of the

local and systemic inflammatory responses and their relationship with survival.
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SUMMARY

Colorectal cancer is the second commonest cause of cancer death in the western
world. Even with modern day treatments, overall survival is still poor; approximately
half of those undergoing curative resection survive 5 years. Currently prediction of
outcome and consequent allocation of adjuvant treatment is mainly determined by
clinico-pathological criteria. These criteria are mainly high-risk tumour
characteristics including extent of local spread and nodal status, which form the basis
of the Dukes’ and TNM staging systems, in addition to other characteristics such as

venous invasion and serosal involvement.

However it is increasingly apparent that a number of host-related factors influence
cancer outcome. In particular, a host systemic inflammatory response is a poor
prognostic factor. The Glasgow Prognostic Score (mGPS) (composed of C-reactive
protein and albumin measures), as a measure of the systemic inflammatory response

has been obseved to strongly predict cancer outcome in a variety of cohorts.

It is also increasingly recognized that the presence of a host local inflammatory
response around the colorectal tumour is predictive of improved cancer outcomes. A
variety of different measures of local tumour inflammation have been proposed but
most have largely failed to gain widespread acceptance due to lack of inter-observer
reproducibility. The Klintrup-Makinen score of local tumour inflammation has
recently been developed as a simple prognostic measure in colorectal cancer scoring
all white cell types at the invasive margin of the tumour. However, this score has not

yet been validated in another cohort.

The present thesis seeks to explore the relationships between tumour and host
characteristics and their influence on survival in colorectal cancer. In particular the
relationships between the mGPS and tumour characteristics will be explored. In
addition a detailed analysis of the inter-relationships between the local and the

systemic inflammatory responses will be performed.

Chapter 3.0 examines the prognostic value of improved detection of venous invasion

in colorectal cancer when elastica staining is used routinely. For the first time, it was
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demonstrated that increasing the detection rate of venous invasion from 18 to 58%
was associated with an improved predictive value of this important high-risk tumour
characteristic. This was observed in two consecutive cohorts in addition to a single
cohort in which both traditional H&E staining and elastica H&E stainined were

applied.

In chapter 4.0 the prognostic value of the mGPS is compared with other proposed
measures of the systemic inflammatory response including the
neutrophil:lymphocyte ratio and platelet:lymphocytes ratio. The mGPS was observed

to be the strongest predictor of survival in comparison to these other scores.

Chapters 5.0 and 6.0 examined the relationships between the systemic inflammatory
response (as evidenced by elevated mGPS) and tumour characteristics in colorectal
cancer. The mGPS was independently prognostic for cancer specific survival when
compared with high-risk ‘tumour based’ scores including the lymph node ratio and
the Petersen Index. Furthermore the combination of these host and tumour based
scores could be used to further stratify patients at risk of cancer recurrence and

death.

In Chapter 7.0 an evaluation of potential host characteristics that may drive the
presence of systemic inflammatory response was performed. The relationships
between the mGPS and age, comorbidity, body mass index, smoking status and
deprvation were explored. The mGPS was only weakly associated with comorbid
disease and as a result it was concluded burden comorbidity does not explain the
relationship between the mGPS and survival. The mGPS, in addition to age and

comorbidity were all independent prognostic host factors in colorectal cancer.

In Chapter 8.0 the Klintrup-Makinen measure of local tumour inflammation was
validated as an important prognostic measure in colorectal cancer for the first time.
This observation was repeated in a cohort of low-risk node-negative patients. In
Chapter 9.0 the inter-relationships between local and systemic inflammation were
examined. Both the local (Klintrup-Makinen Score) and the systemic (mGPS)
inflammatory responses were independent prognostic factors. Using these
inflammation based criteria provides further stratification for risk of cancer death

within Stage II and III disease.
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In Chapters 10.0 and 11.0 the inter-relationships between local and systemic
inflammation and firstly circulating immune factors (cytokines, immunoglobulins,
differential white cells etc.) and secondly local tumour immune factors (intra-
tumoural CD4+, CD8+, CD68+ and Ki67 index etc.) were explored. Low intratumoural
CD4+ counts were related to high grade systemic inflammation and low grade local
tumour inflammation highlighting the potential pivotal role of T helper cells in
directing tumour-host interactions. It was also apparent that the presence of
systemic inflammatory response was associated with increasing T stage, whilst the
local inflammatory response was related to low T stage. It was hypothesized that the
local response may degrade as the tumour grows with the subsequent development
of systemic inflammation perhaps reflecting host-tumour immune incompetence.
The mGPS and Klintrup-Makinen scores were still the strongest measure of each

response in predicting survival.

Chapter 12.0 evaluated the relationships between a range of fat-soluble vitaims
(vitamin anti-oxidants, Vitamin D) in addition to meaures of lipid peroxidation and
the local and systemic inflammatory responses. Low levels of several vitamin anti-
oxidants including vitamin D were associated with high-grade systemic inflammation.
The carotenoid lycopene was related to low-grade local inflammation and high-grade

systemic inflammation.

Chapter 13.0 examined the progostic value of host and tumour factors in a cohort of
colon cancer patients who received adjuvant chemotherapy. Traditional measures of
prognosis in these patient included in the Adjuvant! and Numeracy calculators were
not observed to have strong prognostic value. The mGPS as a measure of systemic
inflammation was the only independent prognostic factor. It is hypothesized that this
observation may be explained by alterations in hepatic drug metabolism in the

presence of high-grade systemic inflammation.
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1.0 INTRODUCTION
1.1  EPIDEMIOLOGY OF COLORECTAL CANCER

Colorectal cancer is one of the most common types of cancer. Worldwide it is
estimated that 1.23 million cases of colorectal cancer were diagnosed in 2008 (1).
Colorectal cancer is the third commonest cancer in men with 663,000 cases and
second commonest cancer in women with 570,000 cases. The disease is most
common in developed countries in particular North America, Western Europe, Japan
and Australia (1). The lowest rates are seen in Africa and South-Central Asia.
Worldwide, the disease accounts for an estimated 608,000 deaths, 8% of all cancer

deaths making it the fourth commonest cause of cancer death (1).

In the United Kingdom, colorectal cancer is the third commonest cancer following
breast and lung cancer. After lung cancer, it is the second commonest cause of cancer
death. In 2007, 38,608 diagnoses of colorectal cancer were made (2). This comprised
24,274 colon cancers and 14,334 rectal cancers. Of the total number of cases, 17,143
were males and 14,375 were females. The number of colon cancers is similar across
both sexes, however rectal cancer is commoner in men. There is a slight geographical
variation in incidence across the UK and Ireland. The highest rates are seen in
Scotland and Ireland and the lowest rates are seen in London and Eastern England.
The crude rate per 100,000 persons for colorectal cancer across the entire United
Kingdom is 63.3, compared with Scotland’s incidence of 71.8 (2, 3). While the disease
is more common in urbanized areas, in comparison to other common cancer types
(lung, head and neck and oesophago-gastric) there is little variation between the least

deprived and most deprived areas (4, 5).

Colorectal cancer is a disease of old age, with 84% of cases occurring in those over 60
years old. Under the age of 50 years old the incidence is similar in both males and
females. Between 50 and 80 years colorectal cancer incidence is higher in men and
beyond 80 years the highest incidence is seen in females due to the larger population

at risk (2).

In the United Kingdom, the trends for colorectal cancer incidence in males and
females differ. Male colorectal cancer rates increased by 1% per year between 1979-

1999, and have decreased slightly since. Female rates have remained unchanged over
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this time(2). In contrast to trends in incidence, colorectal cancer mortality has fallen
steadily across all age groups and sexes since the early 1990s. In the 10 years up to
2008, mortality fell by 13%. The largest improvements were in the 40-54 year age
groupings for men and women between 55 and 79. In the United Kingdom in 2008,

16,259 patients died from colorectal cancer (8,758 men and 7,501 women).
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1.2 AETIOLOGY OF COLORECTAL CANCER

Colorectal cancer is thought to develop gradually over a period of time through the
sequential accumulation of genetic alterations. The majority of cases (80%) are
sporadic, with genetic and environmental factors playing an important role.
Approximately 20% of patients with colorectal cancer will have a family history of
cancer in a first-degree relative, however an identified inherited genetic alteration is

present in only 5% of cases (6, 7).

1.2.1 Genetic Factors

At present, there are thought to be two major pathways in colorectal carcinogenesis.
One pathway occurs due to chromosomal instability and allelic losses (the adenoma-
carcinoma sequence) resulting in sporadic colorectal cancer. Carcinogenesis occurs
due accumulation of multiple genetic alterations over time due to environmental and
lifestyle factors. The second occurs in 15-20% of all colorectal cancers and involves

microsatellite instability.

1.2.1.1 Inherited syndromes

Inherited syndromes in which colorectal cancer risk is increased are categorized
based on the presence of high numbers of adenomatous polyps, low numbers of
adenomatous polyps or presence of hamartomatous polyps. These include
adenomatous polyposis syndromes (Familial adenomatous polyposis and MYH-
associated polyposis), non-polyposis syndrome (Hereditary non-polyposis colorectal
cancer (HNPCC)) and hamartomatous polyposis syndromes (Peutz Jeghers Syndrome,

Juvenile polyposis, Cowden Disease) (7).

1.2.1.2 Hereditary non-polyposis colorectal cancer (HNPCC) and
Microsatellite Instability

HNPCC (or Lynch syndrome) is the most common form of familial colorectal cancer
accounting for at least 50% of cases or hereditary disease and 2-4% of all colorectal
cancer cases (7, 8). HNPCC is an autosomal dominant syndrome and whilst it is
characterized by early onset of colorectal cancer, the median age of diagnosis with
HNPCC is 60 years (9). Lifetime risk of developing cancer varies between individuals
but overall lifetime risk for colorectal cancer is 50-60% (6). Apart from an earlier age

of diagnosis, HNPCC cancers have a right sided predominance, higher frequency of
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synchronous and metachronous disease (10) and are associated with extra colonic

malignancies (see below).

HNPCC tumours display certain clinicopathological features in comparison to
sporadic colorectal cancer. This stems from a separate molecular phenotype known
as microsatellite instability due to inadequacies in DNA mismatch repair. Colorectal
cancers in HNPCC tend to arise in the proximal colon, are poorly differentiated and
are associated with increased frequency of local inflammatory reaction around the
tumour termed ‘Crohns like reaction’ alongside an abundance of tumour infiltrating

lymphocytes (11-14).

Microsatellites are repetitive sequences of DNA randomly distributed throughout the
genome. Microsatellite instability is caused by mutations in the genes that are
involved in DNA repair (mismatch repair genes). This leads to base-pair mismatches
during DNA replication. To grade microsatellite instability, five standardized and
validated microsatellites are assessed (D2S123, D55346, D17S250, BAT-25 and BAT-
26). Tumours are graded high frequency microsatellite instability (MSI-H) if two or
more markers are unstable, and low frequency microsatellite instability (MSI-L) if

one is unstable (15).

To date mutations in four mismatch repair genes MLH1, MLH2, MLH 6 and PMS2 can
give rise to HNPCC and the MSI-H phenotype (16, 17). Most HNPCC cancers arise
from MLH1 and MLH2 mutations (7). It is thought predisposed individuals have one
inactivated mismatch repair gene and the second copy is lost as a somatic mutation.
Of note, 10-15% of sporadic cancers are also classed MSI-H. However rather than
high frequency microsatellite instability developing due to mutations, as seen in
HNPCC, in sporadic MSI-H colorectal cancer an epigenetic phenomenon leads to
mismatch repair deficiency. In most cases the MLH-1 gene has been silenced by

hypermethylation of the MLH1 genes promoter region (18).

HNPCC is usually diagnosed after a thorough family history or by demonstration of
pathogenic genetic mutations. To aid identification of at risk individuals, HNPCC was
defined by the International Collaborative Group on Hereditary Non-Polyposis

Colorectal Cancer (ICG-HNPCC) in 1991 with the Amsterdam criteria (19). The
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Amsterdam II criteria are the updated criteria including extracolonic malignancies as

well as colorectal cancer (20):

The Amsterdam II criteria

1. >3 relatives with HNPCC associated cancer (colorectal, endometrial, stomach,
ovary, ureter or renal pelvis, brain, small bowel, hepatobiliary, sebaceous
tumours).
One affected individual is a first degree relative of two other relatives.
Two or more generations affected.
One of more of the cancers was diagnosed before 50 years of age.

FAP has been excluded.

AN A

Tumours should be verified by pathological examination.

As the causative genetic mutations in mismatch repair genes are well described (17,
21), fulfillment of the Amsterdam criteria is not required to diagnose HNPCC. With
genetic testing widely available, the utilization of guidelines (ICG-HNPCC Revised
Bethesda Guidelines 2004)(22), which aim to detect germline mutation carriers, can

identify up to 80% of individuals (23).

The Revised Bethesda Guidelines

1. Colorectal cancer in a patient <50yrs of age

2. Synchronous, metachronous colorectal or other HNPCC associated tumours
(as outlined in the Amsterdam criteria) regardless of age.

3. Colorectal cancer with the MSI-H histology in a patient <60yrs of age.

4. Colorectal cancer diagnosed in one or more first degree relatives with an
HNPCC-related tumour, with one cancer diagnosed <50yrs.

5. Colorectal cancer diagnosed in two or more first or second degree relatives

with HNPCC-related tumours regardless of age.

1.2.1.3 Familial Adenomatous Polyposis (FAP)

FAP accounts for less that 1% of all colorectal cancers and is associated with the
development of hundreds to thousands of polyps (7). Itis an autosomal dominant
syndrome associated with duodenal polyps and other extracolonic manifestations
including osteomas and dermoid cysts. Extra colonic tumours are important as

periampullary cancers and desmoid tumours are the leading cause of death after
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prophylactic colectomy (24). The underlying abnormality is a germline mutation of

the APC tumour suppressor gene on chromosome 5q (25).

A second, less severe, predisposition to colorectal polyposis and carcinogenisis is

associated with mutations in the MYH gene (MYH associated polyposis) (7).

1.2.1.4 Hamartomatous Polyposis Syndromes

These rare syndromes include Peutz Jeghers Syndrome (P]S), juvenile polyposis
syndrome (JPS) and Cowden disease. PJS is autosomal dominant, characterized by
peri-oral pigmentation and Peutz-Jeghers type hamartomatous polyps throughout the
gastrointestinal tract. (6). 50% are due to underlying autosomal dominant mutations
in the STK11 gene (7). The lifetime risk for colorectal cancer is 30%.

JPS is an autosomal dominant condition characterized in 50% by mutations in either
of the SMAD4 and BMPR1A genes (7). In JPS colonic polyps develop from an early
age. The lifetime risk for colorectal cancer is 60%.

Cowden Disease is autosomal dominant characterized by germline mutations of the
PTEN gene in most cases. It is characterised by facial trichelmmoma, oral papillomas,
multinodular goitre and intestinal hamartonas (6, 7). Colon cancer develops in up to

10%.

1.2.1.5 Sporadic Colorectal Cancer and the adenoma-carcinoma sequence
Based on histological and epidemiological studies in the 1970s, it was recognized that
the majority of colorectal carcinomas were likely to originate from pre-malignant
adenomatous polyps. For example, the distribution of polyps is similar to that of
carcinomas, co-existent adenomata are commonly located in the vicinity of a
carcinoma, large adenomata often contain areas of carcinoma and the presence of
large adenomas increases risk of subsequent carcinoma development (26, 27). Also
the geographical prevalence of adenomas is similar to carcinomas (28) and age
distribution curves for adenomatous disease peak at around 5-10 years prior to the
peak for carcinomas suggesting that malignant transformation within adenomata

may occur in a similar time frame (29).

Fearon and Vogelstein proposed the original multistep model for colorectal
carcinogenesis in 1988 (30). The accumulation of series of genetic alterations leads

to transformation from benign adenomatous polyps to malignant disease. In sporadic
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colorectal cancer, such genetic changes are likely to occur due to environmental and
lifestyle factors. The sequence of progression involves somatic mutations in proto-
oncogenes and tumour suppressor genes. Initial inactivation of the adenomatous
polyposis coli (APC) gene leads to adenoma development from normal mucosa. APC
mutations are found in 60% of adenomas and carcinomas (Powel 1992). Subsequent
mutations in K-ras and genetic alterations to genes on 18q resulted in growth and
progression of the adenoma and finally adenoma carcinoma transition was mediated
through the biallelic loss or inactivation of p53 gene. It is appreciated that
chromosomal instability and loss of heterozygosity plays an important role in the
whole process. The model proposed initially over 20 years ago is now thought only to
apply only in a proportion of spontaneous colorectal cancers. In fact the
carcinogenesis in sporadic colorectal cancer is far more complex process with
multiple mutations in oncogenes (including myec, ras, src, erB2) and tumour
suppressor genes (including p53, DCC, APC) (31, 32). Itis emphasized that mutation

profiles vary considerably between colorectal tumours.
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Normal Epithelium

y

5q mutation or loss
APC

y
Hyperproliferating Epithelium
y

DNA Hypomethylation

Early Adenoma

v

12p mutation
K-RAS
v

Intermediate adenoma

v
18q loss

DCC
y

Late adenoma

v
17p loss

p53
v

Carcinoma

Adenoma carcinoma sequence, adapted from Fearon and Vogelstein 1990 (33)

1.2.1.6 Hyperplastic polyps and the serrated adenoma pathway

Recently the view that all colorectal adenocarcinomas develop from conventional
adenomas or through the HNPCC-mutator pathway has been challenged by the
recognized hyperplastic polyp-serrated adenoma-serrated adenocarcinoma pathway
(34-37). Precursor lesions are hyperplastic, serrated polyps that include hyperplastic
aberrant crypt foci, conventional hyperplastic polyps, serrated adenomas and sessile
serrated adenomas (37, 38). Itis the sessile serrated adenoma in particular which is
thought to lead to serrated adenocarinoma. This pathway is thought to account for
7.5% of colorectal cancers (37). Serrated adenocarcinomas have are characterized by
prominent mucin, abundant eosinophilic cytoplasm, absence of necrosis, early BRAF
mutations, excess CpG island methylation with silencing of mismatch repair genes

and resultant higher rates of microsatellite instability (36, 37).
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1.2.2 Environmental and Host/ Lifestyle Factors

Given 80% of colorectal cancers arise through the accumulation of sporadic
mutations, environmental and host/lifestyle factors are particularly important in
colorectal cancer development and progression. The aetiological role of lifestyle and
environment is highlighted by the fact there is a 15-fold difference in age
standardized incidence rates between different geographical regions of the world
(39). Furthermore, migrants from low incidence regions who move to high incidence
regions adopt the risk of the higher risk area within a generation (40). The disease is
predominantly seen in Westernised countries indicating Western lifestyles harbor

certain risk factors for its development (41).

1.2.2.1 The role of dietary factors in colorectal cancer development

Fibre

Burkitt first described a link between colorectal cancer and low intake of dietary fibre
in 1971. This was based on the low incidence the disease in an African population
with a high fibre intake. Burkitt suggested fibre depletion and resultant colonic stasis
encourages concentration of carcinogens within the bowel prolonging mucosal
contact. The hypothesis was supported by epidemiological studies in the 1970s and
1980s (42-44), although the correlation was less strong when adjusting for red meat
and fat intake. Since then, the role of dietary fibre has been debated with
confounding results reported by several large prospective studies (45-47). Two
studies with large cohorts of over 85,000, and over 10 years of follow up; one from
the USA and a second from Japan failed to demonstrate any protective effect from
dietary fibre in preventing colorectal cancer (46, 47). However in the largest study to
date examining diet and cancer risk, the European prospective Investigation of
Cancer and Nutrition (48), in a cohort of 519, 978 individuals, a 40% reduction in
colorectal cancer risk was observed between the highest and lowest quintiles of fibre
intake. In a meta-analysis of 725,628 participants in 13 studies, an inverse
relationship between high fibre diets and development of colorectal cancer was
reported, but this was not apparent after accounting for other dietary factors (49).
Finally, interventional studies in which dietary fibre is increased to prevent colorectal

polyp recurrence after polypectomy have failed to detect any differences in
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recurrence rates between treatment and control groups (50-52). Therefore, the role

of dietary fibre in colorectal cancer development is not fully understood.

Red Meat and Animal Fat

Colorectal cancer risk is increased by the high consumption of red meat or processed
meat. A recent meta-analysis of 15 studies examining the association between red
meat and colorectal cancer found positive associations in all fifteen (53). The
association between rectal cancer and red meat consumption was strongest. Cooking
red meat at high temperatures may result in the formation of heterocyclic amines or
polycyclic hydrocarbons which are potential carcinogens for colorectal cancer (54).
Alternatively, haem iron present in red meat may be the aetiological factor. Haem
iron is thought to increase cell proliferation and incidence of aberrant crypt foci in
colonic mucosa. It also increases faecal concentrations of carcinogens such as N-
nitroso compounds (55, 56).

In the 1980s several epidemiological studies reported associations between high
intakes of animal fat and colorectal cancer (57, 58). In 1990, Willett et al. reported in
a large cohort of almost 90,000 females that high animal fat intake was associated
with colorectal cancer risk (59). Since then, several reports have failed to distinguish
animal fat as an independent risk factor from total energy intake (60-62). A report
from the American Institute for Cancer Research in 2007 concluded that there is a
limited-suggestive association of increased colorectal cancer risk with high animal fat

foods (63).

Other dietary constituents

Higher intakes of fruit and vegetables (64, 65) are thought to protect against
colorectal cancer. Carotenoids (o and (3-carotene, lycopene and lutein) and vitamin
anti-oxidants (vitamins A, C and E) are present in high levels in these foods. La
Vecchia et al. conduced a case control study with 1953 colorectal cancer patients and
4154 controls (66). They reported a protective effect with Vitamin C and carotenes.
When combined with high calcium and Vitamin D intake, risk of colorectal cancer was
further reduced. Two studies by Slattery and Nkondjock reported that the
carotenoid, lutein was of particular importance in reducing risk. Murtaugh et al.
reported high vitamin E and lycopene were protective (67-70). However the

literature is inconsistent for carotenoids and anti-oxidants. A Canadian study of
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56,837 women did not identify any protective effects from these agents (69). More
recently, a pooled analysis of 11 cohort studies reported that carotenoids did not
alter colorectal cancer risk (71).

Other dietary constituents linked to increased colorectal cancer risk include low
intakes of calcium, phosphorus and vitamin D (72-74). In a large prospective study of
US women, high vitamin D and calcium intake was related to reduced colorectal polyp
incidence (74). Potential protective effects include the action of calcium in binding
bile and fatty acids within the bowel lumen. Calcium and vitamin D are also thought
to increase apoptosis and inhibit proliferation of colonic epithelium (74).

In comparison to red meats, Willett and colleagues reported diets with a higher
intake of fish were observed to confer a reduced risk of colorectal cancer (59). The
protective effect from diets high in fish has been attributed to increased consumption
of fatty acids (e.g. omega-3 fatty acid) found in high concentrations in fish oils (75,
76). These fish oils are thought to have anti-inflammatory activity, inhibiting
generation of cyclo-oxygenase-2 mediated pro-inflammatory cytokines, as well as
anti-carcinogenic effects by reducing cell proliferation (77).

High intakes of refined carbohydrates (e.g. sucrose) may increase the risk of
colorectal cancer, however high sugar intake is closely associated with other dietary
and lifestyle factors that modulate colorectal cancer risk (60, 78). Studies by Slattery
(1997) and Levi (2002) reported colorectal cancer risk was increased by diets with a

high glycaemic index or glycaemic load (79-81).

Smoking

Cigarette smoke contains a variety of recognized carcinogens including polycyclic
aromatic hydrocarbons, nitrosamines and aromatic amines. Colonic mucosa is
exposed to these carcinogens through direct ingestion and via the circulation. A
heavy smoking history has been associated with increased risk of colorectal cancer in

a number of studies (82-84).

Alcohol

Heavy alcohol intake is also associated with increased risk of colorectal cancer at an
earlier age (85-87). Metabolites of alcohol (e.g. acetaldehyde) may be carcinogenic
and may generate free radical oxygen species (88). Furthermore, heavy intake is

associated with a chronic systemic inflammatory response this may influence cancer

35



risk (see below) (89). Individuals with high alcohol intake are likely to have poorer
dietary intake of protective nutrients and fibre (63). Colorectal cancer was recently
classed ‘an alcohol-related malignancy’ by the International Agency for Research on

Cancer (90).

1.2.2.2 The role of host factors in colorectal cancer development

Age

Old age is a risk factor for colorectal cancer. 80% of cases occur in patients aged over
60 (2). Increasing age allows greater exposure to risk factors and an increased time
to accumulate genetic mutations. Old age is associated with higher levels of telomere
attrition (91) and age related DNA methylation changes (92) which may predispose

to genetic alterations.

The metabolic syndrome, insulin resistance and obesity

The metabolic syndrome is a combination of medical conditions recognized to
increase risk of benign conditions including cardiovascular disease and diabetes. It is
composed of obesity, insulin resistance, hyperglycaemia, hypertension and
dyslipidaemia (93). Several epidemiological studies have reported associations
between the metabolic syndrome and an increased risk of colorectal cancer (94-96).
[t is not clear whether one of the factors that comprise the metabolic syndrome is of
particular importance compared with an accumulation of factors. Of the components
of the metabolic syndrome assessed, Sturmer reported in a cohort of 22,071 men, of
which 494 developed colorectal cancers, that obesity and diabetes were important
risk factors (94). This risk is increased in diabetic men (97, 98). Diabetes is also
associated with shorter cancer survival in treated colorectal cancer (99, 100). Insulin
resistance results in high levels of circulating insulin, which stimulates insulin like
growth factor (IGF-1). Insulin can act as a growth factor for colorectal mucosal and
carcinoma cell lines and IGF-1 may act as a carcinogen on colonic mucosa and inhibit
apoptosis (98, 101, 102).

Obesity and high energy intake is a risk factor for colorectal cancer (60, 103). From a
recent meta-analysis the pooled estimate from 26 studies indicated a body mass
index >30kg/m? confers a 40% increased risk of developing colorectal cancer (104).
The risk is higher in men and central obesity is associated with highest risk.

Mechanisms are poorly understood but it is suggested adipocytes produce pro-
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inflammatory cytokines resulting in a chronic systemic inflammatory response
predisposing to cancer (105). Alternatively, leptin produced by adipocytes may
promote carcinogenesis (106). Obesity is also associated with several other
confounding factors including comorbidity, insulin resistance, sedentary lifestyle,

high fat and poor dietary habits.

Cardiovascular Disease

In recent years, several studies have demonstrated associations between coronary
artery disease and the diagnosis of colorectal adenoma and carcinoma (107-109). It
is suggested that heart disease and colorectal cancer share similar risk factors
including diabetes, smoking, hyperlipidaemia, sedentary lifestyle and a high fat, low
fibre diet (107). Furthermore the role of systemic inflammatory response is an
important determinant of outcome in both conditions (see below). Chan et al
reported colorectal neoplasms were present in 34% of patients with coronary artery
disease who underwent colonoscopy following diagnosis of heart disease (n=206).

This compared with 21% in the control group (107).

Sedentary lifestyle

Increasing physical activity and avoidance of a sedentary lifestyle has been associated
with reduction in colorectal cancer risk (110-114). In the most physically active
individuals, reported reduction in risk is between 20-70% (115). This effect is
reported to be independent of diet, obesity and other confounding factors. Suggested
mechanisms include modification in endogenous sex hormones and growth factors,
enhanced immune function and reduction in body fat content. Exercise also lowers
insulin, glucose and triglycerides and raises HDL cholesterol, which may contribute to

the risk modification.

Endogenous sex hormones

Colorectal cancer risk is reduced in women who have been prescribed hormone
replacement therapy (HRT) (116). The Women’s Health Initiative (WHI) trial
randomized over 16,000 patients to either HRT or placebo. A 37% lower risk of
colorectal cancer was observed in patients who received exogenous oestrogen and

progestin (117). Itis hypothesized that exogenous hormones may reduce heptatic
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synthesis of harmful proteins (insulin, IGF-1, low density lipoprotein) in addition to

possible anti-proliferative effects on colonic mucosal cells (118).

Inflammatory Bowel Disease

Longstanding colonic inflammation is associated with increased risk of colorectal
cancer. Inflammatory bowel disease (Crohn’s disease and Ulcerative colitis) sufferers
may have a five fold risk compared with age matched controls (119). The risk is
associated with extent and duration of inflammation. Colorectal cancer is reported to
account for 10-15% of deaths in patients with inflammatory bowel disease (120).
The age at diagnosis is earlier than for sporadic colorectal cancer. In a meta-analysis
by Eaden et al.,, the mean age of diagnosis was 43 years (121). In addition to extent
and duration of inflammation from a young age, risk factors for cancer include family
history of sporadic colorectal cancer and the presence of primary sclerosing
cholangitis. The risk in ulcerative colitis is estimated to be 2% after 10years, 8% after
20 years and 18% after 30 years with the disease (121, 122). If colonic inflammation
is present in Crohn’s disease, the risks and are reported to be similar to ulcerative
colitis (123). Chronic inflammation is thought to drive carcinogenesis in IBD, and
similar molecular pathways to sporadic colorectal cancer are described, although the

timing and frequency of genetic alterations vary (122).

Systemic Inflammatory Response

Colorectal cancer risk is increased by the presence of a chronic low-grade systemic
inflammatory response (124, 125). In a large nested case control study of 22,887
patients followed for 11 years, higher baseline C-reactive protein concentrations
were associated with subsequent cancer development (124). The strongest
association was for colonic cancer. Similar findings were reported in another large
study from Finland. In the same study, elevated C-reactive protein was associated
with increasing body weight, smoking, lower omega-3 fatty acids levels, lower serum
carotenoids and a history of coronary heart disease (125). In addition to increased
cancer risk, a low-grade systemic inflammatory response has also been associated
with development and progression of a range of benign conditions including obesity,
diabetes, the metabolic syndrome, hypertension, atheroma formation and prediction
of coronary events (126-134). Inflammation is thought to promote carcinogenesis.

From laboratory-based studies, pro-inflammatory cytokines are reported to damage
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DNA as well as stimulating cell proliferation and angiogenisis and inhibiting
apoptosis (135, 136). Consistent with such a hypothesis is the fact that anti-

inflammatory drugs modulate colorectal cancer risk (see below).

Non-steroidal anti-inflammatory drugs and Aspirin

There is good evidence that the use of non-steroidal anti-inflammatory drugs
(NSAIDs) and aspirin is associated with a reduced risk of colorectal adenoma and
cancer development (137-141). Over 30 years ago, increased prostaglandin
concentrations were observed in colorectal tumours in comparison with normal
colonic mucosa (142). NSAIDs and aspirin reduced prostaglandin synthesis and over
the following decade, several studies demonstrated the efficacy of these drugs
including aspirin, sulindac and indomethacin in reducing colorectal
adenoma/adenocarcinoma formation in animals and humans (143-147).
Interventional studies followed in the 1990s and 2000s. One systematic review
identified 9 randomised controlled trials in which sulindac, aspirin or celecoxib were
studied. From the combined results, these drugs reduced polyp recurrence up to
three years after polypectomy (HR 0.77). In FAP patients, a proportional reduction in
the number of adenomas of 12-44% was observed (148).

The mechanisms underlying the reduction in colorectal cancer risk are unclear.
NSAIDs and Aspirin act on the cyclo-oxygenase (COX) enzymes. These enzymes
catalyze the reaction that produces prostaglandins from arachidonic acid.
Prostaglandins are important mediators of inflammatory responses. There are two
isomers of cyco-oxygenase, COX-1 and COX-2. COX-1 is expressed in most tissues and
mediates the physiological effects of prostaglandins. COX-2 is not present in most
tissues but is elevated in colorectal adenomas and cancers (149). Risk modification
may occur due to modulation of the systemic inflammatory response. In addition,
COX-2 may contribute to cancer development through influences on apoptosis,
attachment, invasion and angiogenesis (150, 151). Three large trials examined
chemoprevention with COX-2 inhibitors (152-154). Unfortunately all three closed
early due to concerns regarding cardiovascular events in the groups receiving the
active medication in two studies. Despite early closure, all three reported reductions

in adenoma recurrence.
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In summary, good evidence exists confirming the protective effects of these drugs in
reducing colorectal adenoma/carcinoma risk. However, controversy still exists as to
the chemopreventitive role of NSAIDs and aspirin in colorectal cancer. Concerns

regarding side-effect profiles have limited their routine use to date.

1.2.3 Summary - Aetiology of colorectal cancer

Colorectal cancer development is a complex interplay between environmental factors
and host factors. Environmental factors are predominantly associated with
Westernised lifestyles, including diets low in fibre, vitamin anti-oxidants, carotenoids
and micronutrients, diets high in red meat and animal fat, smoking and high alcohol
intake. Host factors include genetic alterations that accumulate leading to cancer
development, however it is increasingly apparent that accumulation of such
mutations is influenced by the individual host’s health including age, comorbidity
(inflammatory bowel disease, obesity, sedentary lifestyle, cardiovascular disease and
the metabolic syndrome) and the presence of a pre-morbid systemic inflammatory
response. Of interest, the presence of a systemic inflammatory response has been
associated with most of these environmental/ host factors also related to colorectal
cancer risk. This observation suggests some of these risk factors may modulate
cancer development through a common pathway, which is also associated with the

generation of a systemic inflammatory response.
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1.3  INVESTIGATION AND MANAGEMENT OF COLORECTAL CANCER

Colorectal cancer presentation varies in accordance with tumour site. Tumours or
the sigmoid colon and rectum usually present with a combination of alteration in
bowel habit (usually increased frequency of stools) and bleeding per rectum (155).
Although rectal bleeding alone without change in bowel habit is associated with a low
risk of having cancer, over 60% of patients with colorectal cancer have this sole
symptom (156). Tumours proximal to the sigmoid colon are more likely to present as
an emergency with obstruction, the presence of an abdominal mass or iron deficiency

anaemia (155).

Diagnostic work up and choice of investigations will depend on the method of
presentation. In the emergency setting, staging investigations are dependent on
clinical urgency and the timing of surgery. In the elective setting, histological
diagnosis should be achieved prior to surgery for all rectal cancer and where possible
for colonic cancers (ACPGBI guidelines 2007)(157). Disease staging is performed in

all cases and neoadjuvant therapies considered where applicable.

Approximately 15% of patients presenting with colorectal cancer will have advanced
disease (2). If potentially curative resection is not an option, such patients are
managed with palliative treatments. For example, local resection or creation of
defunctioning colostomy may be considered for symptom palliation. Alternatively
oncological palliation with chemotherapy or radiotherapy may be prescribed at the
discretion of the treating oncologist. The text below will focus on the management of

elective primary operable disease.
1.3.1 Investigation and Diagnosis of colorectal cancer

1.3.1.1 Flexible Sigmoidoscopy and Colonoscopy

Flexible sigmoidoscopy allows direct visualization of the distal 60cm of bowel
enabling diagnosis of up to 80% of colorectal cancers (158). Full bowel preparation
is often avoided, as an enema to clear the distal bowel will usually suffice. If
colorectal cancer is diagnosed, then full colonic assessment is indicated, in most cases

with completion colonoscopy. Synchronous bowel lesions are present in 4-5%.
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Colonoscopy is the gold standard examination of the colon and rectum (158). The
technique allows full visualization of the rectum and colon, enabling biopsies to be
performed. Therapeutic interventions such as the removal of pre-cancerous
adenomata can also be performed. Where barium enema or CT colonography is
inconclusive, colonoscopy is the most appropriate investigation (159). Complete
colonoscopy to the caecum can be performed in up to 90% of cases with a perforation
rate of 1in 1000 (160). The test requires full bowel preparation and patient sedation

and is therefore more expensive than sigmoidoscopy (158).

1.3.1.2 Barium Enema

Double contrast barium enema also allows visualization of the whole colon and
rectum. This test requires bowel preparation but is cheaper than colonoscopy (158).
Other bowel pathology such as diverticular disease can cloud the interpretation of
films and as a result it is not unusual for equivocal reports to be issued requiring
further colonic assessment (157). As diverticular disease is common in the rectum
and sigmoid, flexible sigmoiodoscopy should compliment this investigation. Given
that the barium enema is of diagnostic value only, direct visualization to permit

biopsy is required where cancer is diagnosed.

1.3.1.3 CT Colonography

CT colonography is a relatively new technique in which helical or multi-slice CT data
is used to generate a volumetric display of the entire colon. Compared with
colonoscopy, CT colonography is reported to have a similar diagnostic yield for
colorectal cancer and has been examined as a potential screening investigation (161).
CT colonography has several advantages over other investigations being non-
invasive, requiring no sedation and relatively fast (scanning can be completed in a
shorter time usually around 5 minutes) (162). Where left colonic tumours have been
diagnosed with flexible sigmoidoscopy, CT colonography enables complete colonic

assessment in addition to simultaneous staging assessment for extracolonic disease

(157).

1.3.1.4 Pre-operative Staging and MRI
Prior to potentially curative surgery, staging to exclude distant disease is performed

with focus on the liver and lungs. Chest X-ray or CT scan is performed to exclude
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pulmonary metastases. Ultrasound or CT scanning can exclude liver metastases. Itis
recommended all patients should undergo full staging CT scan of the chest abdomen
and pelvis to assess extent of disease prior to surgery. This should be normal practice
unless the test will have no bearing on patient management (e.g. patients presenting

as an emergency with peritonitis) (157).

Current Royal College of Radiologist guidelines recommend all rectal cancers should
undergo high resolution MRI pre-operatively to assess the circumferential resection
margin and exclude pelvic lymph node involvement (163). This investigation
provides morphological information useful to the surgeon in operative planning as
well as staging information used by clinical oncologists in decisions on the provision

of neoadjuvant therapies.

1.3.2 Treatment of primary operable colorectal cancer

1.3.2.1 Surgery

Surgery remains the sole curative treatment for colorectal cancer. In the elective
setting, where histology and pre-operative staging confirm localised primary
operable disease, en bloc resection of colon or rectum and draining lymph nodes is
performed as an open procedure or with laparoscopic assistance. The aim of curative
resection is to remove all macroscopic disease present with an adequate margin of
normal tissue. The nature of the resection is dependent on tumour site and blood
supply. Very small T1 tumours may be removed by local excision using snare
diathermy at colonoscopy. Segmental resection is performed for colonic tumours.
Tumours of the right colon are resected by right hemicolectomy. Tumours of the
transverse colon and splenic flexure are removed by extended right hemicolectomy
as this is thought to be safer than local segmental resection (157). Tumours of the left
colon are removed by left hemicolectomy. Tumours in the lower two thirds of the
rectum should undergo total mesorectal excision (TME) either as part of an anterior
resection or abdominoperineal resection as the technique significantly reduces local
disease recurrence (164). Recently, more radical resections have been advocated for
very low rectal tumours. Extralevator abdominoperineal resection is reported to

provide an oncologically superior specimen with lower rates of circumferential
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margin involvement than conventional AP resection (165). Similarly complete
mesocolic excision for colonic tumours is reported to provide an oncologically
superior specimen with higher number of lymph nodes harvested and reduced

recurence (166).

1.3.2.2 Neoadjuvant chemo-radiotherapy

The aim of pre-operative or neoadjuvant treatment with chemo-radiotherapy is to
improve local control of resectable rectal cancer. Radiotherapy can reduce tumour
bulk, optimizing the likelihood of margin free resection, therefore reducing local
recurrence. Such treatment has an important role in rectal cancer, where the locally
advanced tumours are commonly fixed due to the natural confines of the pelvis. A
Cochrane review including results from 19 studies reported a significant reduction in
local recurrence with pre-operative radiotherapy. This is further optimized with the
addition of pre-operative chemotherapy (167). Current guidance states patients with
resectable rectal cancer should be considered for neoadjuvant therapy after
multidisciplinary team discussion in cases where pre-operative MRI staging suggests
stage Il or Stage Il disease (T3/4 or N1/2). Radiotherapy should be considered post-
operatively in patients who have risk factors for recurrence such as venous invasion,

tumour at the circumferential margin or mesorectal lymph node involvement (157).

1.3.2.3 Adjuvant Chemotherapy

There is good evidence from meta-analyses of numerous multicentre studies that
adjuvant chemotherapy is of proven benefit in improving survival for patients with
Stage III (node positive) colon and rectal cancer. Standard regimens are 5-
fluorouracil modulated by folinic acid given for up to 6 months following curative
resection. Such regimens are associated with a 10-15% improvement in survival in
stage Il disease (168, 169). Combination therapy with oxaliplatin, irenotecan,
cetuximab or bevacizumab and 5-FU based regimens are reported to offer superior
survival benefit compared with 5-FU alone in patients fit enough for such treatment

(169-173).

The survival benefit from adjuvant chemotherapy in stage II disease is smaller. Some
studies including the IMPACT B2 study included 1,116 patients with stage B2 colon

cancer report no significant improvement in survival with adjuvant chemotherapy
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(174). The UK-based QUASAR 1 study reported only a modest 4% improvement in
overall survival. Treatment with single agent chemotherapy was deemed to be cost
effective, particularly in the under 70s (175). Given the modest treatment benefits
reported, there remains considerable interest in identifying which patients with Stage

I1 disease may benefit the most from adjuvant treatment.

In a systematic review of the literature, The American Society of Clinical Oncology
recommended against routine administration of adjuvant chemotherapy in node
negative disease (176). Current recommendations are that patients with node
positive disease in addition to node negative disease with high-risk features should
be considered for adjuvant treatment by an oncologist (157, 176). However, across
all Stage I1/ 111 colorectal cancer patients, the absolute number of patients benefiting
from treatment is small and adjuvant chemotherapy is not without toxicity. Several
web-based prognostic models exist to guide clinicians in prescription of adjuvant
therapy, however these models lack prospective validation in direct comparison with
other established measures of risk stratification post-surgery (Numeracy and

Adjuvant!).
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1.4  DISEASE PROGRESSION AND PROGNOSIS IN COLORECTAL CANCER

With an apparently curative resection, survival rates are still poor. Approximately
50%-60% will suffer recurrence and die before 5 years (177, 178). Following
diagnosis and resection, it is increasingly recognised that disease progression and
survival in colorectal cancer is determined by a wide variety of factors including both
tumour and host characteristics. Tumour characteristics include pathological
features, molecular markers or mutations associated with early recurrence and
poorer cancer specific survival. Host characteristics include age, comorbidity, tumour

immune cell infiltrate and the presence of a host systemic inflammatory response.

1.4.1 TUMOUR CHARACTERISTICS AND PROGNOSIS IN COLORECTAL CANCER

1.4.1.1 Dukes’ Stage

In 1932, Dukes’ published classification of rectal cancer (179). His classification was
based on knowledge that local and lymphatic spread were important determinants of
outcome. Tumours were classified as those not penetrating the bowel wall without
lymph node metastases (A), tumour growth through the bowel wall without lymph
node metastases (B) and the presence of lymph node metastases (C). The
classification was subsequently modified with the division of the stage C category into
C1; involvement of regional lymph nodes close to the rectal wall or C2; extensive
involvement of lymph nodes involving nodes at the point of ligature of the blood
vessels and was also validated in colon cancer (180). In 1967, Dukes’ stage D was
used to describe the presence of distant metastases to liver, lung or bone (181). The
Dukes’ staging system was a useful indicator of survival and in 1958, Dukes’ and
Bussey reported 5 year survival rates of 81%, 64% and 27% for A, B and C disease
respectively (182). The Dukes’ system has undergone several modifications based on
the observations that outcomes vary within the different staging categories. Kirlin
and colleagues recommended stage A is categorised as tumours involving the mucosa
only and that stage B is divided into B1, lesions extending into the muscularis propria
and B2, lesions penetrating the muscularis propria (180). Astler and Coller
introduced the use of C1 for tumours limited to the bowel wall with lymph node
involvement and C2 for tumours extending through all layers of the bowel wall with

involved nodes (183).
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1.4.1.2 TNM stage

The Dukes’ staging system has been superseded by the more precise tumour, nodes
and metastases (TNM) system. The TNM system was originally described in 1968
and initially included the separation of colonic and rectal cancers (184). This system
was not employed widely until in 1977, the International Union against Cancer (UICC)
recommended the TNM system in colorectal cancer including a pre-treatment TNM
stage and a post-resection pTNM stage (185, 186). TNM staging has similar
categories to the Dukes’ system but provides a more accurate description of tumour
depth and nodal involvement with T stage describing assessment of size and depth of
penetration, N stage the extent of nodal involvement and M stage distant metastases.
The objectives of the standardised TNM staging system are to aid planning of
treatment, indicate likely prognosis, allow the assessment of effects of treatment and
to enable help with the exchange of information between different centres (187). The
TNM system is revised every few years to ensure up to date evidence is incorporated.
The most recent revision is the 6t edition with TNM 7 due to be published in 2009.

In the UK, the Royal College of Pathologists currently recommends the 5t edition of
TNM stage. This stance is based on an apparent lack of evidence for amendments in
the 6t and 7t editions (188, 189). Examples of previous controversial changes to the
TNM system for which the evidence base has been disputed include the addition of
the N3 category in TNM 4 for lymph node involvement by the presence of tumour
along a named artery (subsequently removed in TNM 5); the 3mm rule in TNM 5
stating any mesocolic tumour deposit >3mm in size should be thought of an involved
lymph node even if no other lymph node involvement is seen (subsequently removed
in TNM 6); new classifications for venous invasion in TNM 6 including V1 category for
microscopic venous invasion and V2 for macroscopic venous invasion (189).
Furthermore, continual changes to the TNM system do not assist in standardisation of
entry criteria to clinical trials, many of which recruit over a 5-10 year period (189).
The 5t edition of the TNM system currently used in the UK is shown in Table 1.1. The
relationship between TNM stage and Dukes’ stage in addition to 5 year survival for

the major TNM and Dukes’ categories is shown in Table 1.2.

Both Dukes’ and TNM staging systems are entirely reliant on adequate surgical

resection and skilled pathological processing and assessment. Of paramount
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importance is a standardised and accurate pathological dissection and sectioning to
enable T and N stage to be assessed. For example, a higher number of paraffin
embedded tumour blocks will increase the likelihood of the pathologist detecting
submucosal, extracolonic or peritoneal invasion and therefore a greater number of
blocks sectioned is likely to result in a higher, more accurate report for T stage (189).
Accurate reporting of N stage is of particular importance following tumour resection,
given that N1/N2 patients should receive adjuvant chemotherapy in line with current
treatment guidelines (173). Assessment of N stage is reliant on adequate number of
lymph nodes harvested for assessment (190). The number of lymph nodes harvested
depends on a range of factors including patient age and disease stage, in addition to
surgical and pathological factors such as site (right sided tumours have higher node
yields) and amount of tissue resected (191). Low lymph node counts can under-stage
colorectal cancer and as a result, low lymph node yields are recognised as high risk
features which may even prompt provision of adjuvant therapy in clinical trials
involving stage Il disease (192). As a result, lymph node number has become a
standard for assessment of pathological quality. Current guidelines from the Royal
College of Pathologists in the UK state a minimum of 12 nodes should be examined to
allow accurate staging (188). Fewer than 10 nodes examined in stage 1I/Dukes’ B
colorectal cancer is considered a high risk factor and has even been included as one of
the inclusion criteria for some clinical trials of adjuvant therapy (e.g. SCOT trial)

(193).
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Table 1.1 TNM classification of colorectal tumours

pT Primary tumour

pTX Primary tumour cannot be assessed

pTO No evidence of primary tumour

pT1 Tumour invades submucosa

pT2 Tumour invades muscularis propria

pT3  Tumour invades through muscularis propria into subserosa or non-
peritonealised pericolic/ perirectal tissues

pT4 Tumour directly invades other organs (pT4a) and/or involves the visceral

peritoneum (pT4b)

pN  Regional lymph nodes

pNX Regional lymph nodes cannot be assessed
pNO No regional lymph node metastases

pN1 Metastases in 1-3 regional lymph nodes

pN2 Metastases in 4 or more regional lymph nodes

pM Distant Metastases
pMX Distant metastases cannot be assessed
pMO No distant metastases

pM1 Distant metastases

TNM classification (adapted form RCPath colorectal cancer dataset 2007)
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Table 1.2 TNM stage, Dukes’ stage, incidence and survival

TNM Dukes’ % of all 5 year
TNM stage R e - .
classification | classification | cases | survival
Stage 0 Tis, NO, MO0 g
Stage | T1-2,NO, MO A 13.3% 93.2%
Stage 1A T3,NO, MO B 0 0
Stage 1IB T4, NO, MO B - 1R
Stage I11A T1-2,N1, MO C
Stage I1IB T3-4,N1, MO C 35.7% 47.7%
Stage I11C Any T, N2, MO C

Adapted from the TNM 5t edition and CRUK, Cancer statistics website

The Dukes’ and TNM staging are also undermined by observations that survival rates
can vary considerably within each staging category. For example, patients with stage
I1 disease with high-risk tumour characteristics (e.g. presence of venous invasion,
tumour perforation, surgical margin involvement) have a poorer survival compared
with Stage III disease with single node involvement (194). Such observations have
prompted calls for the inclusion of more detailed high-risk characteristics in routine
reporting of colorectal cancer. High-risk pathological characteristics are those
deemed predictive of local or systemic tumour recurrence following resection. As a
result, a variety of more sophisticated pathological assessments have been developed
with the aim of further stratifying the individual TNM or Dukes’ categories (e.g. stage
IT and III disease). Examples of these pathological scores include the Petersen Index,

the lymph node ratio in addition to the Jass criteria.

1.4.1.3 High-risk pathological characteristics

Venous invasion

Venous invasion is defined as tumour present within an epithelial lined space that is
either surrounded by a rim of muscle or contains red blood cells (188). Venous
invasion is recognised as an important high-risk feature in colorectal tumours (195-
201). There is widespread agreement that the presence of venous invasion is
associated with an increased risk of the future development of distant metastases

(particularly hepatic) and cancer related death (198, 200, 202, 203). As an indication
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of the importance of venous invasion in colorectal cancer, the minimum data set
requirements, as set by The Royal College of Pathologists, state that frequency of
detection for venous invasion should be at least 25% (188). However, the prevalence
of venous invasion in published studies has ranged from 10-90%, highlighting the
subjective nature of pathologist-based assessment of this important feature (195-
201). This variation was demonstrated by a recent Australian study in which 82
Dukes’ B colorectal cancer patients were initially reported to have no evidence of
either venous invasion or serosal involvement in their tumours. However, on review
by an expert pathologist, serosal involvement and/or venous invasion were identified
in 32% of tumours, and these characteristics conferred a poorer survival (203).
Methods to improve the detection of venous invasion to provide a more standardized
assessment have therefore been sought. One such method is the use of elastica stains
to aid detection. Elastica stains highlight elastin fibres present in the adventitia of
blood vessels and aid pathological detection of tumour within these vessels. Inoue
and colleagues (1992) (204) studied the association between the presence of venous
invasion and the subsequent development of distant haematogenous metastases in
colorectal cancer patients. This association was improved when venous invasion was
assessed on elastica stained sections compared to H&E sections. Such stains are not
widely employed and are not presently recommended by the Royal College of

Pathologists.

Serosal/ Peritoneal Involvement

Serosal or Peritoneal involvement is defined as tumour breaching of the serosa with
tumour cells visible either on the peritoneal surface or free in the peritoneal cavity
(205). Local peritoneal involvement is an important high-risk pathological
characteristic and is of particular importance in colonic tumours in comparison to
rectal tumours (205, 206). Serosal involvement is reported to predict local
recurrence often reflecting large, bulky tumours with extensive local spread (206). In
common with all pathological characteristics, the detection of serosal involvement is
also dependent on accurate tumour processing and pathological assessment. Stewart
and colleagues highlighted the variation in detection when they demonstrated
presence of serosal involvement and or venous invasion in 32% of tumours deemed

to have absence of these features following review by an expert pathologist. The
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Royal College of Pathologists colorectal dataset also recommends detection of serosal
involvement is a marker of pathological quality stating the frequency of detected
serosal involvement should be at least 20% for colonic cancers and 10% for rectal

cancers (188).

Tumour Perforation

Perforation is defined by the Royal College of Pathologists as a macroscopically
visible defect through the tumour, such that the bowel lumen is in communication
with the external surface of the intact resection specimen (188). This is a recognized
high-risk feature predictive of local recurrence and poor survival (195, 207). Petersen
and colleagues demonstrated the prognostic significance of tumour perforation in
2002 (195). They reported a hazard ratio of 9.43 (3.28-27.05) for the relationship
between tumour perforation and shorted cancer specific survival in Dukes’ B/ Stage Il

Disease.

Margin Involvement

Surgical margin involvement indicates inadequate resection of tumour tissue and is a
recognized indicator of likely local recurrence and poor survival (195, 208, 209). This
feature is more common in rectal cancer, particularly following abdominperineal

resection in comparison to anterior resection (165).

Tumour differentiation or grade

Poorly differentiated tumours are reported to have a poorer prognosis (195, 210,
211). Tumour differentiation is graded well (low grade), moderate (average grade)
or poor differentiation (high grade) and is based entirely on subjective pathological
assessment (211). Criteria considered by the Royal College of Pathologists to indicate
poor differentiation include either irregularly folded, distorted and often small
tubules or the absence of any tubular formation. The relationship with survival is not
as strong as the above characteristics and some published studies have not reported
any relationship with survival (212). This may in part relate to the subjective nature

of assessment.

Perineural invasion
Perineural invasion is associated with poorer outcome in colorectal cancer. Most

published work has identified perineural invasion as a high-risk feature in rectal
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cancer (198, 199, 213, 214). The rectum is surrounded by a dense network of
autonomic nerves and invasion along these nerves is an important indicator of local
recurrence and poor long term survival (214). Despite such reports, the Royal
College of Pathologists do not currently recommend the assessment of perineural

invasion as either a core or non-core data item.

1.4.1.4 Petersen Index

Petersen and colleagues developed a prognostic index based on observations that
Dukes’ B/Stage Il disease encompasses a wide variety of different tumours from
tumours that only just penetrate the muscularis to bulky T4 tumours with extensive
extramural venous invasion. In an analysis of 268 Stage Il tumours, a range of
pathological characteristics was examined to determine which were most important
for predicting disease recurrence. The resulting Petersen Index is based on four ‘high
risk’ pathological characteristics: peritoneal or serosal involvement, venous spread
(both submucosal and extramural), spread to involve a surgical margin, and
perforation through the tumour (195). Patients have a worse outcome when more of
these features are present. Intra or extramural vascular invasion, peritoneal or
serosal involvement and surgical margin involvement are allocated a score of 1.
Tumour perforation is allocated a score of 2. The PI considered low risk where the
total score is 0 or 1 and high risk from 2 to 5. In patients with Stage II (T3/T4 NO)
disease, Petersen Index scores or 0, 1, 2 and >2 were associated with 5 year survival
rates of 94%, 78%, 54% and 30% respectively. The Petersen Index has subsequently
been validated as a prognostic score that stratifies patients with Stage II disease by

risk of recurrence and who may benefit from adjuvant chemotherapy (194).

1.4.1.5 Lymph Node Ratio

In Dukes’ C, or node positive (N1/2) colorectal cancer, increased quality of surgery
and pathology and therefore increased lymph node retrieval has given rise to the
examination of the ratio of metastatic lymph nodes to lymph nodes examined. This
has been termed the lymph node ratio (LNR) and, within the above tumour staging
systems patients with a high LNR have a worse outcome. The LNR is reported to
provide more accurate prediction of outcome than N stage (215, 216). The lymph
node ratio is calculated by dividing the number of metastatic lymph nodes identified

by the total number of lymph nodes sampled and is reported to provide superior
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prognostic information to N stage alone. Numerous thresholds for the LNR have been
published (215-217). As yet there has been no general agreement on thresholds of
the LNR to be used in routine clinical practice. Even the most recent published
reports by Rosenberg and Peschaud use cut offs of 0.17, 0.41, 0.69 and 0.07 and 0.2
respectively (218, 219). Clearly, without widely accepted defined thresholds the

widespread clinical use of the LNR will be hampered.

1.4.1.6 Jass classification

Based on observations that additional factors other than local spread and lymph node
involvement were strongly associated with survival and recurrence, Jass sought to
refine clinico-pathological staging of colorectal cancer in the late 1980s. It was
observed that presence or absence of lymphocytic infiltration was of particular
prognostic importance, potentially representative of the host immune response to the
tumour (220). In addition, Jass reported in a series of publications that tumour
margin characteristics (infiltrating or expanding), tumour growth beyond the bowel
wall and increasing nodal involvement were the tumour characteristics with
strongest prognostic significance (221, 222). Jass described this new prognostic
classification based on these four characteristics in 1987 (Figure 1). At the time, the
Jass classification was reported to stratify patient into four different risk groups more

evenly than the Dukes’ system.

The main additions to clinical assessment included in the Jass classification were the
additions of peritumoural lymphocytic infiltrate and tumour margin characteristics.
A pronounced peritumoural lymphocytic infiltrate is associated with good outcome.
This describes the stromal/ inflammatory response at the tumours’ invasive edge. A
specific and important feature of this response is the presence of a loose connective
tissue lamina or cap (resembling lamina propria) at the deepest point of tumour
penetration. The tumour glands are often heavily infiltrated by neutrophils but
lymphocytes are not necessarily present in large numbers: it is the connective tissue
stroma, which is the most important feature. An infiltrating tumour margin is a high-
risk margin characteristic. Specific features of a diffusely infiltrating tumour margin
include ‘streaming dissection’ of tumour cells through the muscularis propria, or
dissection of mesenteric adipose tissue by small glands or irregular clusters of cords

of cells on microscopic examination. The presence of infiltrating growth pattern
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appears to be similar to the phenomenon known as de-differentiation, where there is
a dissociation of tumour cells at the invasive front allowing these cells to migrate
away from the main tumour, which may represent a morphological assessment of
‘tumour aggressiveness’ (223). This feature has also recently been described as
‘tumour budding’ where there is a transition from glandular structures to single cells

or clusters of up to four cells the invasive margin of colorectal tumours (224).

The Jass classification, in particular the addition of lymphocytic infiltrate and tumour
margin characteristics are entirely reliant on skilled assessment by a trained
pathologist. Any staging system is dependent on accurate collection of data to
provide reproducible and comparable results. While Jass and colleagues reported
high inter-observer agreement amongst specialist, trained pathologists, similar
results were not obtained elsewhere (225-227). The subjective nature of these
assessments led to problems with reproducibility, particularly with the assessment of
lymphocytic infiltrate, and as a result the classification has not been adopted widely

(188, 228).

Despite the failure of the Jass classification to gain widespread acceptance in routine
reporting of colorectal cancer, there is continued interest in the concept of peri-
tumoural or intra-tumoural immune/inflammatory response in colorectal cancer. A
large body of literature has confirmed the prognostic value of a range of tumour
infiltrating immune cells or a pronounced local inflammatory response. This feature
is thought to be representative of host immune competences and as a result is
discussed in more detail in the following section, “Host characteristics and prognosis

in colorectal cancer”.
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Figure 1.1: Scoring system for pathological variables selected by virtue of
independent relationship with survival (adapted from Jass et al, 1987)
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Table 1.3: 5 year survival with the Jass classification (adapted from Jass et al, 1987)

Group Score 5 year survival
| 0-1 96%
11 2 85%
I11 3 67%
IV 4-5 27%
1.4.1.7 Molecular markers

In addition to the above pathological characteristics, a wide range of molecular
markers are reported to confer prognostic value in colorectal cancer. Graziano and
Cascinu categorised these markers into six useful groupings; cell proliferation indices
(Ki-67, Mib-1, proliferating cell nuclear antigen (PCNA)); markers of angiogenisis
(vascular count, vascular endothelial growth factor); oncogenes/ tumour suppressor
genes (p53, K-ras, Deleted in colorectal cancer (DCC), Bcl-2, c-erbB2); DNA repair
(microsatellite instability); markers of invasion/metastasis (plasminogen-related
molecules, matrix metalloproteinases); and biochemical markers (CEA, CA-19-9,
thymidylate synthase) (229). The most well known molecular markers are discussed

below.

Proliferation Indices

Immunohistochemistry using antibodies to proteins associated with cellular
proliferation (PCNA, Ki-67, Mib-1) has enabled development of proliferation indices.
The Ki-67 antigen is expressed in all phases of the cell cycle except in resting cells
(Go). The prognostic role of Ki-67 in colorectal cancer is not clear. Several groups
have reported associations with recurrence and survival in colorectal cancer (230,
231) whilst others have been unable to reproduce these results (232-234). Of
interest, Allegra in 2002 and Garrity in 2004 reported high proliferation indices
assessed using Ki-67 were associated with improved response following adjuvant
chemotherapy (232, 235). However, published evidence does not yet support the

routine assessment of tumour proliferation in colorectal cancer.
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Angiogenesis

Formation of new blood vessels or angiogenesis is important for tumour growth and
metastases. This process is dependent on local growth factors, of which vascular
endothelial growth factor (VEGF) is most important (236). VEGF expression is
increased in advanced colorectal cancer (237) and when quantified, higher levels of
VEGF expression are associated with poorer cancer outcome (234, 238, 239). Serum
VEGF measured pre-operatively has been related to long-term survival by one group
(240), however these results were not repeated by others (241, 242). The anti-VEGF
monoclonal antibody bevacizumab is reported to confer therapeutic benefit in
advanced colorectal cancer irrespective of VEGF expression (243). Other methods of
assessment of angiogenesis include the immunohistochemical assessment of

microvessel density.

Oncogenes and tumour suppressor genes

p53 is a tumour suppressor gene located on 17p13.1. p53 is the most commonly
altered gene in human cancers. p53 encodes a the transcription factor, p53. In
response to cellular stress, p53 activates transcriptional targets causing cell cycle
arrest, apoptosis, differentiation and senescence (244). In this way, p53 prevents the
accumulation of cellular damage that results in carcinogenisis. p53 status has been
studied extensively in colorectal cancer. The methodology used to detect alterations
in p53 is reported to impact results. For example, molecular analysis is thought to be
more accurate than immunohistochemical analysis in determining mutation status
for p53. A recent review identified 35 studies in which mutations in p53 were
associated with poorer outcome in colorectal cancer and 24 studies in which
colorectal cancer outcome was unaffected by p53 mutations (245). Such
heterogeneity in results do not support routine assessment of p53 status in colorectal

cancer.

K-ras is a proto-oncogene belonging to the RAS family. K-ras encodes a plasma
membrane protein involved in the transduction of external stimuli to the intracellular
effector molecules. Alterations in K-ras lead to increased, unregulated cellular
proliferation (246)(Bos JL 1989 cancer). The RASCAL I and II studies reported
mutations in K-ras are associated with reduced survival following curative resections

for colorectal cancer (247, 248). Other reports have not observed strong prognostic
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value for K-ras (249). As aresult, the 2006 ASCO guidelines for the use of tumour
markers in colorectal cancer do not recommend the use of K-ras mutations for

screening, staging or surveillance (250).

The Deleted in Colorectal Cancer gene (DCC) is a tumour suppressor gene located on
chromosome 18g. Mutations in this gene lead to impaired contacts between cells,
contributing to tumour growth and invasion (251). Interpretation of the literature is
problematic given many authors have reported results for loss of heterozygosity
(LOH) of 18q. Several other tumour suppressor genes in addition to DCC are present
on 18q (blc-2 and DPC4). Despite this, there is consistent evidence from a number of
studies that LOH at 18q is associated with more aggressive colorectal cancers with

early recurrence and reduced survival (252-255).

Microsatellite instability

The role of defective DNA mismatch repair and resulting microsatellite instability in
colorectal cancer development and prognosis is discussed in more depth elsewhere.
High frequency microsatellite instability is associated with a specific colorectal cancer
phenotype with right-sided preponderance and increased frequency of tumour
infiltrating immune cells. Such tumours are reported to have an improved prognosis

in comparison to low frequency MSI or MSI stable tumours (7, 256).

Epidermal growth factor receptor

Epidermal growth factor receptor (EGFR) is a transmembrane glycoprotein encoded
by the proto-oncogene c-erbB-1, involved in cellular adhesion, proliferation,
apoptosis and metastasis (257). Galizia and colleagues reported that following
curative resection, EGFR+ve tumours had a greater than ten-fold risk of recurrence
and death from cancer (258). Cetuximab, an anti-EGFR antibody is a promising

targeted agent for EGFR +ve tumours.

Carcino-embryonic antigen (CEA)

Carcino embryonic antigen (CEA) was first associated with colon cancer in 1965.
(259). Itis an intracellular glycoprotein that is not present in normal colonic mucosa,
but is seen in up to 90% of colorectal cancers. Therefore CEA has been used in
clinical practice as tumour marker. In addition to colorectal cancer, small elevations

in CEA can also occur in smokers and patients with liver cirrhosis, peptic ulceration
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or ulcerative colitis (245). Therefore, CEA lacks sufficient sensitivity for use in
population-based screening. The prognostic role of CEA measured prior to surgery
has previously been studied. Several studies have reported associations between
elevated CEA and post-operative cancer specific survival (260-262). Others have not
reproduced these results (263) and therefore the role of pre-operative CEA
measurement is not currently recommended to routinely stratify risk of recurrence.
In contrast CEA measurement is often performed routinely following surgical
resection. Firstly, a failure of CEA to normalise may suggest occult disease.
Monitoring CEA during clinical follow-up may detect early small elevations above
baseline, which may be indicative of disease recurrence (264). Early detection of
recurrence may enable potentially curative therapy to be administered. CEA is also
measured in metastastic disease and can provide oncologists with evidence of
progression or regression in response to treatment. However the economic value of
routine CEA monitoring has been questioned given a lack of evidence that survival

can be improved (265).

Carbohydrate Antigen 19-9

Carbohydrate antigen 19-9 (CA-19-9) is an adhesion molecule that plays a role in
tumour progression. Elevations occur in colorectal and pancreatic cancers as well as
benign biliary tract diseases (266, 267). Several authors have reported independent
prognostic value of CA-19-9 in pre-operative colorectal cancer patients (268-270),
however the 2006 ASCO recommendations on the use of tumour markers in
colorectal cancer do not currently recommend routine CA-19-9 measurement in any

area of colorectal cancer management (250).

Thymidylate synthase

Thymidylate synthase (TS) is a rate-limiting enzyme involved in DNA synthesis. TS is
also the main intracellular target of 5-fluorouracil. Previously it was reported that
high levels of TS correlated with poor response to chemotherapy in addition to
reduced survival (271-273). However, more recently, published studies have not
supported the routine assessment of TS expression in colorectal cancer reporting
little prognostic value (232, 274). Heterogeneous results may relate to inconsistent
methodology in assessment of TS and TS is not routinely assessed in colorectal cancer

(245).
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1.4.1.8 Summary: Tumour characteristics and colorectal cancer
prognosis

In addition to tumour stage (TNM), a variety of colorectal cancer characteristics are of
established prognostic value. Of these characteristics, venous invasion, serosal
involvement, differentiation, tumour perforation, resection margin status in addition
to T stage and N stage are core data items in the 2007 Royal College of Pathologists
Colorectal cancer dataset based on established prognostic value. Non-core data items
include margin characteristics or tumour budding and the presence of tumour
infiltrating lymphocytes. These non-core characteristics have established prognostic
value but so far lack of inter-observer agreement has hindered their widespread use
in routine clinical assessment. It is also apparent that pathological characteristics are
dependent on accurate pathological processing and reporting. Characteristics such as
venous invasion vary widely in different cohorts. Methods to improve detection of
venous invasion include elastica staining, however to date the prognostic value of

venous invasion detected using elastica stains is not established.

A variety of molecular tumour characteristics have been reported to have prognostic
value but none are recommended for routine assessment in clinical practice by either
the American Society of Clinical Oncologists (ASCO), the Association of
Coloproctologists of Great Britain and Ireland (ACPGBI) or the Royal College of
Pathologists (RCPath dataset) (157, 188, 250). At present there is little clinical
benefit from this extra molecular information in planning further treatment. The
exception is CEA, which is currently recommended by ASCO for post-operative

surveillance for the first 3 years following surgery.

61



1.4.2 HOST CHARACTERISTICS AND PROGNOSIS IN COLORECTAL CANCER

[t is increasingly recognized that host factors play an important role in cancer
progression and survival. For example, increasing age and burden of comorbidity
relate to poorer survival in colorectal cancer (99, 275). In addition the presence or
absence of local or systemic inflammatory responses is of prognostic importance.
These responses have been associated with alterations in local and systemic immune
cell concentrations and may reflect host anti-tumour immune competence (276-278).
The host immune response is made up of innate and adaptive components (279). At
present it is not clear how the presence or absence of local or systemic inflammation

relates to these components.

1.4.2.1 The host immune response

The human immune system functions to protect individuals from foreign pathogens.
The immune response is composed of two broad categories; innate immunity
(natural) and adaptive immunity (acquired). The innate response provides an
immediate “front line”, non-specific response against pathogens. It comprises
defence mechanisms present prior to pathogen exposure and includes the acute
phase inflammatory response. Adaptive immunity is an antigen-specific response
requiring the recognition of non-self antigens with antigen presentation. It develops
after the innate immune response, enabling a stronger, more focussed response and
development of immunological memory (279). As discussed below, there is good
evidence that components of the innate and adaptive immune responses play a role in

determining colorectal cancer outcome.

1.4.2.2 Innate and adaptive immunity

Innate immunity

In addition to natural epithelialised barriers, (e.g. skin and mucosa), innate immunity
is composed of cellular components and humoral components. The major cellular
components of the innate immune response are phagocytic cells (neutrophils and
macrophages), degranulating cells (eosinophils, basophils and mast cells) and natural
killer (NK) cells. Phagocytic cells are attracted to sites of acute infection or tissue
injury and detect microbes using pattern recognition molecules (PRMs). Microbes

are ingested through phagocytosis in order to undertake intracellular destruction.
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The process is more effective if prior opsonisation has occurred with antibody or

complement to facilitate receptor recognition by the phagocyte (279).

The innate immune response contributes to the adaptive immune response as
macrophages and dendritic cells are antigen-presenting cells. After phagocytosis, and
antigen processing, these cells migrate to lymphoid tissues to present antigen to T
lymphocytes (279). Complimentary to this process is the acute phase response
resulting in inflammation, which increases lymph flow and therefore the number of

antigen presenting cells reaching lymphoid tissue.

The complement system is the major humoral component of the innate immune
response augmenting the cellular response described above. This is a plasma protein
cascade comprising over 20 glycoproteins which converge through two pathways, the
classical and alternative pathways to activate the same central component (C3) (280).
A final common pathway results in the formation of the “membrane attack complex”
(MAC). The MAC is a transmembrane channel capable of cell destruction through
osmotic lysis. Additional functions of complement include chemo-attraction and
opsonisation of pathogens facilitating phagocytosis. Other natural opsonins involved
in innate immune responses include manna binding lectin (MBL) and C-reactive

protein, both of which coat pathogens for phagocytosis and activate complement.

Adaptive immunity

The adaptive immune response consists of lymphocytes and their products, including
antibodies (279, 281). It is a highly specific antigen dependent response, which
develops slowly enabling immunological memory. Lymphocyte clones develop
expressing antigen specific receptors. B cell receptors (immunoglobulins) bind
extracellular molecules. T cell receptors bind peptide fragments bound to MHC
molecules on cell surfaces. Thereafter antigen specific lymphocytes proliferate
developing into effector cells. A subset will develop into long-living memory cells

enabling future proliferation if the antigen is encountered again (281, 282).

Adaptive immunity is divided into humoral and cell mediated immunity (279). Whilst
T helper cells play an important directional role in each type of adaptive immune
response, bone marrow derived B cells are the effector cells of the humoral immune

response and thymus-derived cytotoxic T cells are the effector cells for the cell
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mediated immune response. Terminally differentiated B cells are called plasma cells
which make antibody (secreted immunoglobulin). Antibodies bind extracellular
pathogens leading to their destruction. Antibody specific cytotoxic T cells kill
pathogen-infected cells and therefore provide protection against intracellular
pathogens. In addition helper T cells also activate macrophages to kill intracellular

pathogens also termed cell-mediated immunity.

Immunoglobulins

Antibodies or immunoglobulins are produced by activated plasma cells. The binding
of antibody to pathogen alone does not lead to destruction of the pathogen.
Antibodies harness innate effector mechanisms in order to achieve their goal. The Fc
portion of the immunoglobulin attracts and activates complement and antibodies
opsonise pathogens facilitating the killing by phagocytes. Antibodies also have
protective roles, mainly in neutralising toxins and organisms by binding to cell

surface receptors altering cell function.

1.4.2.3 Control of the immune response

It is the presence of antigen that drives ongoing immune responses. However the
nature of the antigen including the amount and sequence of peptide presented by
antigen presenting cells influences the differentiation of CD4 T cells into effector
subsets. Large amounts of peptide stimulate Th1 responses whereas those binding
weakly stimulate Th2 responses. Th1 cytokines are crucial in the activation of cell-
mediated immunity and macrophages and Th2 activate B cells. If one CD4 subset
develops first it can suppress the development of the other subset. However most of
the time there is a mixed response.

The development of T regulatory cells in the mucosal immune system induces

tolerance, actively suppressing antigen specific responses following re challenge.

1.4.2.4 The immune response and cancer

Over forty years ago Burnet proposed that as part of cancer immunosurveillance the
immune system acts to recognize and removed transformed cells (283). Transformed
cells have genetic differences distinguishing them from other host cells. Antigenic
changes on the cell surface can be recognised by the host immune system. These cell

surface antigens can be tumour specific (not present on normal cells) or tumour
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associated antigens (present in high numbers in tumour cells but also present on
some normal cells) (284). Immune surveillance is the immune systems ability to
detect tumour cells and destroy them. Anti-tumour responses may therefore develop
in response to these antigens. The concept of immune surveillance has been
contested but is thought to be evidenced by the fact immunocompromise is
associated with increased development of malignancy (285, 286). Where tumours
are able to evade the host immune response, this may be due to the weak
immunogenicity of tumour cells, mutations resulting in loss of antigen expression or
tumour induced immunosuppression (286, 287). Tumour induced
immunosuppression may relate to local production of immunosuppressive growth
factors or cytokines (TGF f, IL-10) which may suppress innate or adaptive immune

cell responses (286).

1.4.3 SYSTEMIC INFLAMMATION AND THE ACUTE PHASE PROTEIN RESPONSE
Inflammation is a reaction to tissue injury (ischaemia, necrosis, trauma, hypoxia or
cancer) or infection. Acute inflammation may be followed by resolution, or may
become chronic if the stimulus persists. A myriad of potential stimuli exist including
prostaglandins, and leukotrienes released from damaged cells in addition to pro-
inflammatory cytokines (IL-1, IL-6, TNF-a) released primarily by phagocytes. These
pro-inflammatory factors act on target cells to induce a cascade of mediators that
contribute to the initiation and maintenance of an inflammatory response. The acute
phase response is characterized by local and systemic changes in vasculature,
metabolism and plasma protein composition. As an early response, inflammation
acts to promote initiation of immune responses, facilitating an influx of neutrophils,

complement and antibodies.
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Figure 1.2: Characteristic patterns of change in plasma concentrations of acute
phase proteins following moderate inflammatory stimulus (adapter from Gabay and
Kushner, 1999)

Acute phase proteins are a class of proteins synthesized in the liver whose
concentration increases or decreases in the presence of acute and chronic
inflammation. The definition of an acute phase protein is one whose concentration
changes by at least 25% in the presence of an inflammatory disorder (288). Table 1.5
shows some examples of the wide variety of acute phase proteins. Although the liver
is central to the development of an acute phase protein response, a large number of
metabolic alterations occur across several organ systems resulting in behavioral,
psychological, biochemical and nutritional changes (289) (Table 3). Pro-
inflammatory cytokines, in particular, the hepatocyte stimulating interleukin-6
released from a range of sources are believed to mediate the acute phase response
(290). The magnitude of change in concentration for individual acute phase proteins
varies considerably (Figure 2). Two highly sensitive markers of inflammation, C-

reactive protein and serum amyloid A have particularly marked changes in
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concentration above baseline whereas other acute phase reactants such as fibrinogen

and transferring demonstrate less marked alterations.

The presence of a chronic acute phase protein response results in several important
implications for a wide range of body systems (Table 3). Of particular significance to
the patient are alterations in hepatic protein production, haemopoetic changes,
metabolic changes and alterations in the hypothalamic-pituitary-adrenal axis. In the
cancer patient undergoing treatment for their disease, the presence of an acute phase
response is therefore likely to modify several responses to treatment. For example,
alterations in metabolism are likely to confound attempts to improve patient
nutrition; haemopoetic and immune changes may modify post-operative wound
healing and risk of developing complications. Alterations in hepatic function and

metabolism may modify drug metabolism.
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Table 1.4: Multisystem effects of the acute phase response (adapted from Gabay and
Kushner 1999) (289)

Neuroendocrine changes

Fever, somnolescence and anorexia

Increased secretion of corticotrophin-releasing hormone, corticotrophin and
cortisol

Increased arginine vasopressin

Reduced production of insulin like growth factor-1

Increased secretion of adrenal catecholamines
Haemopoetic changes

Anaemia of chronic disease

Leukocytosis

Thrombocytosis
Metabolic changes

Loss of lean muscle and negative nitrogen balance

Reduced gluconeogenesis

Osteoporosis

Increased hepatic lipogenesis

Increased lipolysis in adipose tissue

Reduced lipoprotein lipase activity in muscle and adipose tissue

Cachexia
Hepatic changes

Tmetallothioncin

Tinducible nitric oxide synthase

Theme oxygenase

tissue inhibitor of metalloproteinase-1
Alterations in non-protein plasma constituents

yZinc

T copper

yiron

Tretinol

Tglutathione
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Table 1.5: Acute phase proteins. (adapted from Gabay and Kushner, 1999) (289)

Proteins whose concentration increases
Complement system

C3

C4

Cc9

Factor B

C1 inhibitor

Mannose binding lectin
Coagulation and fibrinolytic system

Fibrinogen

Plasminogen

Tissue plasminogen activator

Urokinase

Protein S

Vitronectin

Plasminogen activator inhibitor-1
Antiproteases

a1- Protease inhibitor

a1- antichymotrypsin

Pancreatic secretory trypsin inhibitor

Inter-o-trypsin inhibitors
Transport proteins

Caeruloplasmin

Haptoglobin

Hemopexin
Participants in inflammatory responses

Sectreted Phospholipase A

Lipopolysaccharide-binding protein

Interleukin-1 receptor antagonist

Granulocyte colony stimulating factor
Others

C-reactive protein

Serum amyloid A

Fibronectin

a1-Acid glycoprotein

Ferritin

Angiotensinogen
Proteins whose concentrations decrease

Albumin

Transferrin

Transthyrectin

Insulin growth factor 1

Factor XII

Alpha fetoprotein

Thyroxine binding globulin

az- HS glycoprotein
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1.4.3.1 The systemic inflammatory response and cancer progression

In the last decade or so it has become clear that disease progression in cancer is
dependent on a complex interaction of the characteristics of both the tumour and
host characteristics, in particular the presence of a host systemic inflammatory
response (291-293). Indeed, there has been substantial evidence in advanced cancer,
and more recently in localised disease, that host factors such as weight loss,
performance status and a host systemic inflammatory response are also important
indicators of outcome, independent of tumour stage (294-296). In particular,
systemic inflammation, as evidenced by an elevated C-reactive protein, is associated
with increased weight loss and poorer performance status and therefore may be an
important aetiological factor in the nutritional and functional decline of the advanced
cancer patient (297-302). More recently, it has become clear that measures of the
systemic inflammatory response, compared with weight loss and performance status,
are superior prognostic factors independent of tumour related factors in advanced
cancer (296). This has resulted in a measure of the systemic inflammatory response
in the cancer patient being included in the definition of cancer cachexia (296, 303,
304). More recently attention has moved towards earlier stage, localised disease.
The prognostic value of the systemic inflammatory response measured prior to

surgery in operable colorectal disease is now established (Tables 1.7 and 1.8).

In healthy individuals, inflammation is usually short-lived with endogenous anti-
inflammatory mechanisms bringing eventual resolution. The presence of a systemic
inflammatory response in cancer bears similarities with that of chronic inflammatory
diseases where there is an imbalance of pro and anti-inflammatory mechanisms.
Endogenous anti-inflammatory mechanisms mediated through interleukin-10 (IL-
10), transforming growth factor (TGF) -f, prostaglandins and lipoxins function to
regulate inflammation normally (305). When these mechanisms are impaired there
may be a predisposition to development of malignancy. For example, the TGF-3
mediated suppression of pro-inflammatory cytokines such as IL-6 has been seen to
inhibit tumour growth in mice (306). Deletion of the IL-10 gene in mice also leads to
spontaneous inflammatory bowel disease and subsequent development of colorectal

cancer (307).
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1.4.3.2 Measurement of the systemic inflammatory response

Clinically, the commonest reported measures of the systemic inflammatory response
in cancer patients are biochemical or haematological markers. These are namely, an
elevated C-reactive protein concentration or increased white cell, neutrophil and
platelet counts. Hypoalbuminaemia is also recognised to be part of the systemic
inflammatory response (289). Indeed, recent definitions of cancer cachexia include
elevation of C-reactive protein and hypoalbuminaemia (303, 304). Relationships
between individual components of the systemic inflammatory response and cancer
specific survival have been repeatedly observed. Moreover, combinations of such
factors have been used to derive simple inflammation based prognostic scores. The
Glasgow Prognostic Score combines circulating C-reactive protein and albumin
concentrations (308) (Table 1). The neutrophil lymphocyte ratio combines
circulating neutrophil and lymphocyte counts (309) (Table 1) and the platelet
lymphocyte ratio combines circulating platelet and lymphocyte counts (310) (Table
1.6). The prognostic value and the clinical use of such markers of the systemic

inflammatory response in operable colorectal cancer is examined below.
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Table 1.6: Systemic inflammation based scoring systems

The Glasgow Prognostic Score (GPS, 3) Score
C-reactive protein <10mg/l and albumin >35g/1 0
C-reactive protein <10mg/l and albumin <35g/1 0

C-reactive protein >10mg/I1 1
C-reactive protein >10mg/1 and albumin <35g/1 2

Neutrophil lymphocyte ratio
Neutrophil count : lymphocyte count <5:1 0
Neutrophil count : lymphocyte count >5:1 1

Platelet lymphocyte ratio

Platelet count : lymphocyte count <150:1 0
Platelet count : lymphocyte count 150-300:1 1
Platelet count : lymphocyte count >300:1 2
1.4.3.3 Prognostic value of the pre-operative systemic inflammatory

response in resectable colorectal cancer

Although reports exist in numerous tumour types (including pancreatic, gastro-
oesophageal, renal, prostate, ovarian, lung, breast and hepatobiliary cancers (311-
317), the value of the systemic inflammatory response has been most extensively
examined in colorectal cancer (Table 1.7) (309, 318-331). Following initial
observations in the 1980-90s (332-334), an elevated pre-operative C-reactive protein
was reported to predict early recurrence and death from colorectal cancer (319, 328,
331, 335). Also, three separate studies reported that pre-operative
hypoalbuminaemia was associated with earlier tumour recurrence and death
following potentially curative resection for colon and rectal cancer (318, 326, 327).
In the above studies varying thresholds for the circulating concentrations of C-

reactive protein and albumin concentrations were reported (Table 1.7). However, a
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C-reactive protein concentration >10mg/L and an albumin concentration of <35g/1

are consistently reported to indicate poorer colorectal cancer outcome (Table 1.7).

The prognostic value of the Glasgow Prognostic Score (based on C-reactive protein
and albumin) was originally reported in non-small cell lung cancer in 2003 (336). In
the study by Forrest and colleagues, elevated C-reactive protein and
hypoalbuminaemia were both given scores of 1 and the cumulative score related to
outcome. In 2007, McMillan and colleagues reported the prognostic value of the pre-
operative GPS in 316 patients with primary operable colorectal cancer (308). In their
study, the Glasgow Prognostic Score was modified based on evidence that cancer
specific survival was not related to hypo-albuminaemia alone (Table 1.7). A GPS of 0
was associated with a 3-year cancer survival rate of 95% compared with a GPS of 2,
which conferred a 3-year survival rate of 61%. When Stage Il or Dukes’ B patients
were analysed separately, patients with a GPS of 0 had a 3-year cancer survival rate of
99% and those with a GPS of 2 had a survival rate of 72%. The GPS has subsequently
been validated by a Japanese group who reported the GPS to be superior to
carcinoembryonic antigen, CA 19-9 and other tumour markers in predicting survival

(325).

Walsh and co-workers (2005) (309) examined the prognostic value of another
inflammation based score, the neutrophil lymphocyte ratio in primary operable
colorectal cancer patients. They reported the NLR >5 was related to poorer cancer

specific survival, but the score was not independent of tumour stage (Table 1.7).
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Table 1.7: Prognostic value of the pre-operative systemic inflammatory response (SIR) in resectable colorectal cancer

Study Year | Patients | Measure of SIR Comments

Goransson et al 1996 62 CRP and Albumin | Elevated CRP (>10mg/1) and low Albumin (<37g/1) predict inoperability and
recurrence.

Longo et al 1998 591 Albumin Low serum albumin an independent predictor of survival in rectal cancer.

Heys et al 1998 431 Albumin Low albumin (25-34 and <25g/1) an independent predictor of survival.

Nozoe et al 1998 120 CRP Elevated CRP (>8mg/l) predicts survival.

Longo et al 2000 5853 | Albumin Low albumin an independent predictor of survival in colon cancer.

Nielsen et al 2000 594 CRP Elevated CRP (>11mg/1) level predicts survival outcome.

Wigmore et al 2000 202 CRP and Albumin | Elevated CRP (>10mg/1) an independent predictor of survival in Dukes’ C/ D
disease. Hypo-albuminaemia (<35g/l) an independent predictor in all stages.

McMillan et al 2003 174 CRP Pre and post-op elevated CRP (>10mg/1) independently predict survival

Chung et al 2003 172 CRP Elevated CRP (>8mg/l) not an independent predictor of survival

Miki et al 2004 71 CRP Elevated CRP (>10mg/1) predicts survival.

Kandemir et al 2005 198 Platelet count Thrombocytosis (>400x10°) an independent predictor of survival in node negative
disease.

Nikiteas et al 2005 74 CRP Elevation of CRP (>7mg/l) predicts survival.

Walsh et al 2005 230 NLR NLR (>5) predicts survival but not stage independent.

Cengiz et al 2006 99 Albumin Low serum albumin (<35g/1) an independent predictor of survival.

Ishizuka et al 2007 315 GPS GPS an independent predictor of survival.

McMillan et al 2007 316 GPS GPS an independent predictor of overall and cancer specific survival.

Leitch et al 2007 149 GPS GPS superior to cellular components of systemic inflammatory response in

predicting survival.
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1.4.3.4 Prognostic value of the pre-operative systemic inflammatory
response in resectable colorectal liver metastases

With the establishment of the prognostic importance of the systemic inflammatory
response in primary operable disease, there has been interest in its prognostic value
following curative resection of colorectal liver metastases (Table 1.8) (317, 337-342).
Four separate studies from the same centre (317, 339, 341, 342) described the
prognostic value of a variety of markers of the pre-operative systemic inflammatory
response. These include an elevated C-reactive protein, hypoalbuminaemia, elevated
circulating neutrophil count, and the neutrophil lymphocyte ratio in patients
undergoing resection of colorectal liver metastases (Table 1.8). Malik et al. reported
that in 560 patients, an “inflammatory response to the tumour (IRT)” characterised
by an elevated pre-operative C-reactive protein >10 mg/l or NLR >5 was an
independent predictor of survival and superior to the established Memorial Sloan
Kettering Clinical Risk Score (341). The authors constructed their own prognostic
score based on the IRT and the presence of 8 or more liver metastases, the only other
independent predictor of cancer survival identified within their cohort. A later study
from the same centre reported that the most important predictors of survival
following liver resection were surgical margin involvement and the presence of a
systemic inflammatory response as evidenced by C-reactive protein >10mg/I or the
NLR (317). Further studies have reported relationships with poorer cancer survival
and a variety of different markers of the systemic inflammatory response prior to
surgery for colorectal liver metastases. These include the neutrophil lymphocyte

ratio (338)(63) and peripheral blood monocyte counts (340).

In summary, a variety of different markers of the systemic inflammatory response
have been examined in patients undergoing surgery for both localised and advanced
colorectal cancer. Several scoring systems have been proposed including the Glasgow
Prognostic Score, the neutrophil lymphocyte ratio and the platelet lymphocytes ratio.
To date, a comprehensive evaluation of these different scoring systems in a single
cohort of patients undergoing potentially curative resection for colorectal cancer has

not been performed.

75



Table 1.8: Prognostic value of the pre-operative systemic inflammatory response (SIR) in resectable colorectal liver metastases

Study Year | Patients | Measure of SIR Comments
Tartter et al 1987 42 Lymphocyte Elevated peripheral lymphocyte count and alkaline phosphatase predict survival
count, alkaline in colorectal cancer patients with synchronous liver metastases.
phosphatase
Kishi et al 2000 200 NLR NLR (>5) independently predicts survival in patients treated with chemotherapy
followed by resection.
Wong et al 2007 170 CRP Elevated CRP (>10mg/1) predicts survival.
Sasaki et al 2007 97 Monocyte count | Elevated monocyte count (>3x10?) an independent predictor of survival.
Malik et al 2007 687 CRP or NLR Number of metastases and the inflammatory response to the tumour (CRP
>10mg/l or NLR >5) were independent predictors of survival.
Halazun et al 2008 440 NLR NLR (>5) a predictor of recurrence and poor survival.
Gomez et al 2008 705 CRP or NLR Elevated CRP (>10mg/1) or NLR (>5) predicts survival.
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1.4.3.5 Basis of the systemic inflammatory response in colorectal cancer
The underlying basis or stimulus of a systemic inflammatory response in cancer
patients is not known. It may simply reflect a non-specific inflammatory response
secondary to tumour hypoxia and necrosis or local tissue damage. However,
apoptosis does not elicit an inflammatory immune response being is a relatively
‘clean’ form of cell death (343). Currently it is not clear whether the development and
maintenance of a systemic inflammatory response is driven by local tumour
inflammation. However, as discussed below, the systemic inflammatory response is
associated with a poor prognosis whereas the presence of a local inflammatory
response is related to good outcome. These relationships would also suggest tumour
inflammation is not the principal driver of the systemic inflammatory response.
Alternatively, the systemic inflammatory response may reflect immune competencies
of the host disabling effective anti-tumour responses, in addition to promoting
tumour growth. For example in localised colorectal cancer there is evidence that the
systemic inflammatory response as evidenced by the elevation of C-reactive protein is
associated with compromised cell-mediated immunity such as lymphocytopenia and
impaired T lymphocytic response within the tumour (276, 344, 345) and increased
activation of components of innate immune system, including complement and
macrophage function (291, 345). Such activation of macrophages is of particular
interest as there is a close association with neovascularisation (a cardinal feature of a
chronic inflammatory response) of the tumour and blood borne dissemination of
cancer cells (346). Also, pro-inflammatory cytokines and growth factors released as
part of the systemic inflammatory response may promote and maintain tumour

growth (291, 347).

A systemic inflammatory response may also persist due to imbalances in innate anti-
inflammatory mechanisms. One important group of powerful endogenous anti-
inflammatories is the glucocorticoids. They act to downregulate production of pro-
inflammatory cytokines from monocytes and macrophages and in some cases induce
apoptosis of cells recruited by inflammation (348). They also promote production of
anti-inflammatory cytokines such as IL-10 from macrophages. Their release from the
adrenal cortex is stimulated by adreno-corticotrophic hormone (ACTH) produced in

the anterior pituitary gland. ACTH release is in-turn regulated by corticotrophin
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releasing hormone for the hypothalamus so forming the hypothalamic-pituitary-

adrenal axis (348).

Of interest the systemic inflammatory response is associated development and
progression of a rage of benign conditions (Section 1.2.2.2). One further hypothesis
could be that the systemic inflammatory response in cancer patients is simply

reflective of comorbidity burden.
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1.4.4 THE PROGNOSTIC VALUE OF THE LOCAL INFLAMMATORY RESPONSE IN
COLORECTAL CANCER - TUMOUR INFILTRATING IMMUNE CELLS

Given that the systemic inflammatory response plays a role in colorectal cancer
outcome, it is of interest that the local tumour inflammatory response is also
important. Studies dating back to the 1970s have reported that a predominant
tumour inflammatory cell response is recognised to confer an improved clinical
outcome (Table 1.9). This local inflammatory reaction seen in and around tumours is
thought to represent the in-situ immune response by the host in reaction to the
tumour. Since these early reports over thirty years ago, there has been great interest
in establishing the cellular composition of immune cell infiltrates in and around
colorectal tumours. To date numerous studies have examined the prognostic role of
in situ intratumoural or peritumoural immune cells involved in both innate and
adaptive immune responses (Tables 1.9-1.21). Itis generally apparent that an
increasing number or density of immune cells in and around the tumour is associated
with improved clinical outcome in colorectal cancer. The evidence is particularly
robust for tumour infiltrating T lymphocytes and their various subsets as well as
tumour associated macrophages. Recently, groups have focused on individual cell
types in prediction of outcome. It is clear that multiple different cell types may have
prognostic value. The following section reviews the evidence for the local
inflammatory cell reaction and tumour infiltrating immune cells in predicting

outcome in patients with primary operable colorectal cancer.

1.4.4.1 Microsatellite Instability and local inflammatory response
Although the majority of colorectal cancer arises through sporadic chromosomal
alterations a smaller proportion arise through high frequency microsatellite
instability. These comprise almost all cases of hereditary non-polyposis colorectal
cancer (HNPCC) and 15% of spontaneous colorectal cancers (349). MSI-H tumours
have a unique clinical phenotype. They are predominantly right sided, poorly
differentiated and associated with a less aggressive clinical course (350). Of
relevance here, it is recognised that MSI-H tumours are characterised by more
abundant intratumoural and peritumoural lymphocytic infiltrates (11, 351).

Importantly, to date, several groups have reported the prognostic effects of tumour
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infiltrating lymphocytes are independent of microsatellite instability status (352,

353).

1.4.4.2 The prognostic value of generalised lymphocytic infiltrate in
primary operable colorectal cancer.

Thirty-three published studies have reported a pronounced lymphocytic or
inflammatory cell infiltrate in and around the tumour is associated with an improved
prognosis in primary operable colorectal cancer (Table 1.9 and Table 1.10) (220, 222,
277,329, 354-383). Since an early report in gastric cancer (McCarty et al) (384), a
number of studies between 1967 and 1985 consistently demonstrated that high
densities of infiltrating lymphocytes or inflammatory cells primarily at the tumour
periphery but also the tumour centre conferred improved colorectal cancer survival

when assessed on Haematoxylin and Eosin staining alone (354-363).

In 1986-87, two published studies by Jass and colleagues described the semi-
quantitative assessment of peritumoural lymphocytic infiltrate in rectal cancer. This
feature was an independent prognostic factor on multivariate analysis and formed
part of a novel prognostic model (220, 225). The Jass criteria have been
subsequently validated in both colon and rectal cancer as an important stage

independent determinant of cancer specific survival (369-372, 375-377, 382).

In the early 1990s, Graham and Appelman described the presence of a Crohn’s like
reaction at the tumour’s invasive margin consisting of discrete lymphoid aggregates,
some with germinal centres (366). Such reactions were associated with lymphocytic
tumour infiltrates as well as right-sided tumours and conferred improved long-term
survival (366, 369, 372). Subsequently Crohn’s like reaction in addition to
lymphocytic infiltrate has been recognised to be a predominant feature of

microsatellite unstable tumours (12, 385, 386).

Over the past 10 years, further methods for simple semi quantitative assessment of
lymphocytic/ inflammatory cell reaction have been developed by several groups
including Nagtegaal et al and Klintrup et al (277, 377). Importantly, the Nagtegaal et

al method of assessment was validated by Gao and colleagues (381).

80



Finally, one study by Morris and colleagues reported a high-grade tumour
lymphocytic infiltration was associated with increased survival benefit from adjuvant

chemotherapy (387).

1.4.4.3 The prognostic value of tumour infiltrating lymphocytes in
primary operable colorectal cancer.

T lymphocytes

More recently, the ability to identify lymphocyte subsets by immunohistochemistry
has led to renewed interest in the relationship between the tumour inflammatory
infiltrate and outcome. T lymphocytes are effector cells of the adaptive immune
response. Almost all T-lymphocytes express CD3 and therefore the CD3+ antibody is
used as a generic T-lymphocyte marker. Also, there is the helper T-lymphocyte that
expresses CD4 and CD4 is expressed on 60% of mature T-lymphocytes. These helper
T-lymphocytes require the processing and presentation of antigen in association with
MHC class Il molecules by antigen presenting cells and coordinate and assist other
immune cells. Helper T-lymphocytes may be further subdivided by patterns of
cytokine expression. The Th1l CD4 T-lymphocytes are known to produce interleukin-
2, interferon y and tumour necrosis factor enhancing macrophage function, cellular
immunity and synthesis of opsonising and complement fixing antibodies. The Th2
CD4 T-lymphocytes are known to enhance Immunoglobulin G mediated responses
and the activation of eosinophils through the actions of interleukin-4, interleukin-5
and interleukin-13. A further small subset of T-lymphocytes expressing surface
molecules common to conventional T-lymphocytes and NK cells are called NK-T-

lymphocytes. The functional significance of the NK-T cell is not well defined.

T lymphocytes (CD3+ expression)

To date, six published studies have examined the relationship between CD3+ stained
T cells and outcome in primary operable colorectal cancer (Table 1.9 and Table 1.11)
(352,377, 388-391). Four of these studies have described survival relationships for
CD3+ assessment alone or in combination with other immune cell markers in
operable colorectal cancer (352, 377, 388, 389, 391). The first such study was that of
Nagtegaal and colleagues (2001) who performed a quantitative
immunohistochemical analysis in 160 rectal cancer patients (377). Higher CD3+

counts related to lower T and N stage. Low peritumoural and intratumoural CD3+
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counts related significantly to development of distant metastases. Although low
intratumoural CD3+ was a predictor of poorer survival, this was not independent of

peritumoural eosinophil counts or TNM stage.

In 109 right-sided colonic tumours, immunohistochemical analysis was performed
along with analysis for microsatellite instability by Guidiboni et al (352). Although
microsatellite unstable tumours had higher counts of intra-epithelial CD3+ cells, the
authors reported that high CD3+ counts were related to better survival in both

microsatellite stable and unstable tumours.

Galon and colleagues also reported in a large cohort of 415 colorectal cancer patients
that high CD3+ counts at the tumour periphery and tumour centre was associated
with reduced recurrence and improved survival (391). Combining the analysis of
these two tumour regions improved prediction of survival. Furthermore the authors
reported that if CD3+ and CD45R0O (memory T cells) were both low then a very poor
prognosis could be expected. Such assessment of different immune cell types in
different tumour locations was reported to be superior to TNM stage in predicting

outcome.

Two studies did not report a significant survival relationship with CD3+ counts in
colorectal cancer (388, 390). However in the study by Takemoto et al., the authors
report a trend towards significance commenting that the groupings used may have

contributed to a non-significant result (388).

Non cytotoxic T lymphocytes - Helper T cells (CD4+ expression)

Helper T cells don’t have a specific effector function but coordinate and assist other
immune cells. Helper T cells are further subdivided by patterns of cytokine
expression. The Th1 CD4 cells produce interleukin-2, interferon y and tumour
necrosis factor enhancing macrophage function, cellular immunity and synthesis of
opsonising and complement fixing antibodies. The Th2 CD4 cells enhance
Immunoglobulin G mediated responses and the activation of eosinophils through the

actions of interleukin-4, interleukin-5 and interleukin-13.

Five studies reporting relationships between CD4+ counts and colorectal cancer

survival were identified (Table 1.9 and Table 1.12) (320, 377, 388, 392, 393).
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Nagtegaal et al reported that low intratumoural CD4+ counts were associated with
increased depth of invasion and increased local recurrence in 160 colorectal cancer
patients (377). Ali et al. also reported an association between reduced CD4+ infiltrate
and local recurrence in 80 patients (392). The only previous report with a significant
association between CD4+ and survival was by Canna et al (2005) who described an
improved survival in 147 patients with increasing general intratumoural CD4+
infiltrate (320). In addition to assessment of CD4+ infiltrates alone, previous work
has highlighted the importance of an increasing CD8+:CD4+ ratio within tumours
(assessed using flow cytometry of dissociated tumour cells) as a predictor of

improved oncological outcome (394).

Non cytotoxic T lymphocytes - T regulatory cells (FOXP3+ expression)

T regulatory Cells (Tregs) are a heterogeneous group of T cells that play a role in the
modulation of immune responses to foreign and self-antigenic material. The
transcription factor FOXP3 is thought to be the most sensitive Treg cell marker. One
small study in reported 2006 reported that FOXP3+ expression was not related to
colorectal cancer outcome (395) (Table 1.9 and Table 1.13).

Non cytotoxic T lymphocytes - Memory T cells (CD45R0+ expression)

Memory T cells

The number of T cells reactive to a given antigen increases dramatically after priming
then falls to a level 100-1000 fold higher than prior to priming. These long lived
memory T cells express genes which control cell survival and have distinct surface
molecule expression and distinct responses to stimuli. Memory CD8+ T cells are
more sensitive to stimulation than naive T cells and can be reactivated and become
cytotoxic again after 24-48 hours. Memory CD4 cells have similar characteristics to
effector CD4 T cells however require additional re-stimulation before acting on target
cells. The main changes in cell surface molecule expression include loss of L seletin,
increased CD44 expression and a change in the CD45 isoform from CD45RA to
CD45RO. After re-exposure to antigen on an APC, memory T cells become armed

effector T cells.

Between 2002 and 2007 three studies were identified in which CD45R0O+ stained

memory T lymphocytes were related to survival in primary operable colorectal
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cancer (Table Table 1.9 and 1.14) (282, 391, 396). In all three of these studies
increasing densities of CD45R0+ cells at both the tumour centre and invasive margin

was associated with improved survival or reduced metastatic potential (282).

Cytotoxic T lymphocytes (CD8+ expression)

Of the various cell types assessed using immumohistochemistry, the most studied is
the CD8+ T lymphocyte. Seventeen studies were identified between 1998-2007 in
which the prognostic role of in situ CD8+ T cells was examined (Table 1.9 and Table
1.15) (320, 352, 353,377, 379, 388, 389, 391-400). In 12 studies, increasing CD8+ T
cell infiltrates at the tumour margin or tumour centre were significantly related to
improved survival (352, 353,377, 379, 391, 393, 394, 396-400). Five studies were
identified which were contradictory (320, 388, 389, 392, 395), however trends
toward improved survival were observed in two of these studies (320, 389). In three
of the studies CD8+ infiltrates were independent prognostic factors irrespective of
mismatch repair status (352, 399), however two further studies (353) reported

significant survival relationships for CD8+ infiltrates in MMR proficient tumours only.

The first study to report the value of CD8+ infiltrations in colorectal cancer was that
by Naito et al.,, in 1998 in which 139 patients with mature follow-up had a semi
quantitative assessment of CD8+ cells within the cancer cell nests and stroma (397).
On multivariate analysis cancer cell nest CD8+ was an independent factor. In a large
study of 415 primary operable colorectal cancers, high CD8+ counts at both the
tumour margin and tumour centre were related to improved survival (391).
Combining the two counts improved the accuracy of prediction of outcome and was
reported to be superior to TNM stage. The authors reported this in three

independent cohorts.

Several studies reported that the prognostic value of CD8+ cells was increased by
combining the analysis which that of another cell type or the characteristics of the
tumour margin. Other cell types within or around the tumour which when combined
with CD8+ assessment improved the prognostic value of included CD4+ cells and
CD68+ cells (394, 398). Alow ratio of CD8+ to CD4+ T cells was reported to correlate
with survival by Diederichsen et al (394).
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In the report by Prall and colleagues, in which 152 patients with stage III disease
were studied, the positive effect on long-term survival associated with high CD8+
infiltration was most marked in the patients who received adjuvant chemotherapy

(399).

Other cytotoxic lymphocytes - Natural Killer Cells (CD56+, CD57+, Va.24+ and
CD161 expression)

Natural Killer cells have the same morphology as lymphocytes but do not bear T cell
or B cell cell surface markers (CD3+ and CD4+). They make up 10-15% of circulating
lymphocytes. They are not antigen specific or phagocytic and exert their effects
through degranulation with release of toxins in response to viral infected cells and
tumour cells. They are recognised by the cell surface molecules CD16 and CD56. NK
cells can Kkill without cytokine activation but do proliferate in response to IL-2
stimulus. NK cells Kill target cells through binding Fas on target cells to induce
programmed cell death or apoptosis. They can also insert pores into target cells
using perforin, which then polymerises on the cell surface of the target cell. These
pores enable entry of proteolytic enzymes and encourage osmotic lysis of the target
cell. CD16 is the Fc receptor for IgG and this enables NK cells to recognise and lyse

IgG coated cells, a process known as antibody dependent cell mediated cytotoxicty.

Natural Kkiller cells are a subset of T lymphocytes with cytoxic capacity. Four studies
were identified in which the relationship between intratumoural natural killer cells
and survival was assessed (Table 1.9 and Table 1.16) (370,377, 393, 401). Two
studies (370, 393) reported that extensive intratumoural NK cell infiltrates assessed
with CD57 stains were independent prognostic factors. NK T cells stained using the V
.24+ monoclonal antibody were also independent predictors of survival in the study

by Tachibana et al (401).

The study by Nagtegaal et al. assessed NK infiltration with CD56 staining and whilst
not related to survival, a relationship between higher NK cell infiltration and reduced
recurrence was observed (377). Of note, in the study by Menon et al., CD56+

infiltrates were not prognostic whilst CD57+ staining was (393).
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1.4.4.4 The prognostic value of tumour infiltrating B lymphocytes (CD20+
expression) in primary operable colorectal cancer

Mature B-lymphocytes develop from precursors originating from bone marrow and
comprise 10-20% of the circulating lymphocytes population. B cells interact with
antigens once they express surface immunoglobulin. They recognise antigen via the B
lymphocyte antigen-receptor complex (BCR). The BCR antigen-binding component of
the BCR comprises membrane bound forms of immunoglobulin D and
immunoglobulin M and associated polypeptides (Iga and Igf). On antigenic
stimulation, the polypeptides transmit signals leading to B cell proliferation and
differentiation. However as with the TCR, a second signal is also required for the BCR.
The secondary signal comes from antibody specific T cells. This dependence on co
stimulation with T cells prevents B cells from self-activating. The antigen binding
with the B cell leads to uptake of antigen into the cell, processing into peptides and
repackaging with antigen presenting MHC class II on the B cell surface. This brings
antigen specific T cells into proximity along with B cells responding to the same
antigen, a process known as linked recognition. Helper T cells interact with CD40
expressed on B cells and once activated, secrete cytokines, which drive B cell

differentiation and proliferation (IL-4, TGF-f3 and IFN-y).

B cells are play a predominant role in the humoral immune response and are
responsible for both antigen presentation as well as antibody production. One study
was identified which examined the role of B cell infiltrates in colorectal cancer and
survival (Table 1.9 and Table 1.17) (389). A trend towards improved survival was
observed for higher peri and intra-tumoural CD20+ counts although this was not
significant. Further studies are therefore required to establish the prognostic value of

intra-tumoural B cells in primary operable colorectal cancer.

1.4.4.5 The prognostic value of tumour associated macrophages CD68+
and CD133+ expression) in primary operable colorectal cancer

Monocytes circulate within the blood becoming tissue macrophages when they enter
tissues. They migrate in response to chemotactic stimuli, phagocytose and destroy
foreign pathogens or act as antigen presenting cells. Although they are cells of the
innate immune response, macrophages play a key role in directing immune responses

through secretion of over 100 factors including cytokines including tumour necrosis
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factors o and P and interleukins (IL-1, IL-8 and IL-10) in addition to prostaglandins.
One of the early roles of the macrophage is to release cytokines which initiate

inflammation

Twelve previous studies have examined the role of tumour infiltrating macrophages
in colorectal cancer (Table 1.9 and Table 1.18) (241, 277,377, 383, 389, 390, 396,
398, 402-405). Eight of these studies; (241, 277,377, 383, 390, 396, 402, 404)
reported significant relationships between macrophages either at the tumour margin
or tumour centre and survival. Five studies reported the strongest associations with
survival were observed when macrophages at the invasive front were assessed (277,
383,390, 402). Four studies of modest study size; 117 (Baeten et al), 94 (Funada et
al), 40 (Nagorsen) and 22 (Inoue et al) reported no relationships between CD68+ and
survival (389, 398, 403, 405). Forssell and colleagues (383) described a scoring
method for CD68+ hotspots at the invasive margin. In 446 patients, increasing grade
of macrophage infiltration at the tumour margin was independently associated with

surival in colonic cancers and correlated with absence of metastases.

1.4.4.6 The prognostic value of tumour infiltrating polymorpho-nuclear
cells/ Neutrophils (Elastase and CD16+ expression) in primary operable
colorectal cancer

Neutrophils are cells of the innate immune system often involved in the early non-
specific immune response. Four studies were identified in which the prognostic value
of tumour infiltrating neutrophils were examined (Table 1.9 and Table 1.19) (277,
329,377, 389). Higher neutrophilic infiltrates were associated with improved
survival in three studies (277, 329, 389) along with other immune cell types including
mast cells, eosinophils and lymphocytes. In the fourth study, neutrophil infiltrates

were associated with reduced local recurrence but not improved survival (377).

In the study by Baeten and colleagues 117 patients with 12 year follow were
examined (389). In addition to CD3 (T lymphocyte), CD 45 (Pan leukocyte), CD 8
(cytotoxic lymphocyte), and CD68 (Macrophages) staining, CD16
(polymorphonuclear neutrophils) were assessed. Significant survival relationships
were observed for intratumoural or stromal CD16 and CD3+ cells. In addition to the

study by Nagtegaal and colleagues (377), Klintrup et al. (277) reported increased
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neutrophil grade at the invasive margin was an important prognostic factor although
both studies reported a positive prognostic value of multiple other cell types

concluding that a more general non-specific immune reaction was important.

1.4.4.7 The prognostic value of tumour infiltrating mast cells (CC1 an AA1
expression) in primary operable colorectal cancer

Six studies were identified in which the relationship between mast cell infiltration
and survival in colorectal cancer was examined (Table 1.9 and Table 1.20) (329, 377,
404, 406-408). In five of these studies (329, 377, 404, 407, 408) high mast cell
infiltration was related to improved survival. In the study by Pretlow and colleagues
(1983), mast cell infiltration did not relate to survival, however, the maximum follow
up post surgery was only 18 months (406). In the studies by Neilsen (n=564) (329)
and Nagtegaal (n=160) (377), other intratumoural cell types such as lymphocytes,
macrophages eosinophils and neutrophils were also examined. In both studies, high
mast cell infiltrates were independently associated with improved survival. The
study by Nagtegaal reported results for mast cells at the invasive margin (377). The

other five studies reported results for intratumoural mast cell infiltrates.

1.4.4.8 The prognostic value of tumour infiltrating dendritic cells (CD1a,
CD83, S100 and CD208 expression) in primary operable colorectal cancer
Dendritic cells are potent antigen presenting cells which play roles in both the innate
and adaptive immune responses. Six published studies assessing the prognostic
value of intra-tumoural dendritic cells were identified (403, 405, 409-412) (Table 1.9
and Table 1.21). Four studies observed improved survival or lower recurrence with
higher dendritic cell counts or densities (403, 405, 409, 410). Conversely one study
by Sandel et al.,, reported both increasing CD1a stained dendritic cells at the tumour
margin and increasing CD208 cells in the tumour epithelium were associated with
poorer survival (412). A further study observed no association with survival when
dendritic cells were assessed at the margin or within the tumour stroma or
epithelium (411). Further work is therefore required to establish the role of

dendritic cell infiltrates in colorectal cancer.
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1.4.4.9 The prognostic value of tumour infiltrating eosinophils in primary
operable colorectal cancer

Eosinopils are not phagocytic but release cytotoxic granules in response to foreign
pathogens. Six studies have examined the relationship between intratumoural
eosinophils and survival in primary operable colorectal cancer between 1983 and
2005 (Table 1.9 and Table 1.22) (277, 329, 377, 406,407, 413). All of these studies
assessed eosinophillic infiltrates in haematoxylin and eosin stained specimens alone.
In five of these studies (329, 377, 406, 407, 413), high eosinophil counts were
significantly related to improved survival. In three studies eosinophil count was a
stage independent indicator of survival (329, 377, 413). In four of these positive
studies intratumoural eosinophils were related to survival, but in the study by
Nagtegaal, peritumoural eosinophils were strongly related to cancer outcome (377).
Klintrup and colleagues did not report a significant relationship with survival but did

observe a trend towards better survival for peritumoural eosinophils (277).

1.4.4.10 Summary - The local inflammatory response

In summary there is good evidence that a pronounced inflammatory cell or immune
cell reaction in and around colorectal tumours confers a good outcome (Table 1.9).
Whilst the prognostic value of a generalized lymphocytic infiltrate or non-specific
peritumoural inflammatory response is strongly related to survival based on 34
different studies, it is also apparent from more detailed analysis that that most
individual immune cell types relate to recurrence and cancer specific survival. The
evidence for the latter is particularly strong for T lymphocytes including cytotoxic T
cells (CD8+) and other subgroups including memory T cells (CD45R0+) indicating the
adaptive anti-tumour immune response plays a key role in determining cancer
progression. However, in addition, inflammatory cell types characteristically
associated with innate immune responses, for example macrophages, dendritic cells

and neutrophils appear to have a role in predicting cancer outcomes.

Taken together, the type, density and location of tumour inflammatory cell infiltrate
appear to be particularly pertinent to recurrence and survival in patients with
colorectal cancer. Unfortunately, much of the work carried out has not compared
different methods of tumour inflammatory cell infiltrate assessment. As a

consequence, despite the large amount of work carried out there remains uncertainty
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as to which parameters of tumour inflammatory cell infiltrate are most closely
associated with cancer outcome. Therefore, in order to establish routine clinical
utility there is now a need to rationalise this prognostic information, published over a
40 year period, into a standardized assessment of tumour inflammatory cell infiltrate
in patients with colorectal cancer. A logical starting point for such rationalization
would be to use a general assessment of the tumour inflammatory infiltrate such as
the Jass or Klintrup-Makinen criteria and to compare the prognostic value of other
tumour inflammatory infiltrate assessments with this standard. Finally, such

standardization will also have the potential to inform novel therapeutic interventions.

At present it is not clear which of the inflammatory responses, local or systemic is
most important in determining cancer progression. Furthermore, it is not known
whether the two responses are directly or indirectly related. Given the paradoxical
prognostic value of high-grade systemic inflammation compared with high-grade
local inflammation, one hypothesis would be that there is a clear inverse relationship

between the two.
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Table 1.9: Summary table: Studies reporting the relationships between the local inflammatory response and survival in colorectal
cancer.

Number of studies Number of studies
Total Number . . . .
Measure of Local Inflammatory Response . reporting significant reporting no survival
of studies . . . . .
survival relationship relationship
Peritumoural lymphocytic infiltrate 33 29 4
T lymphocytic infiltrates
CD3+ expression 6 4 2
CD4+ expression 5 1 4
FOXP3+ expression 1 0 1
CD45R0O+ expression 3 3 0
CD8+ expression 17 12 5
Natural Killer cell infiltrates (CD56+, CD57+,
Va24+ and CD161+) 4 3 1
B lymphocytic infiltrates (CD20+) 1 0 1
Tumour infiltrating macrophages (CD68+ and
CD133+) 12 8 4
Neutrophilic infiltrates (CD16+ and elastase) 4 3 1
Mast cell infiltrates (CC1 and AA1) 6 5 1
Dendritic cell infiltrates (CD1a, CD83, S100 and 6 4 2
CD208)
Eopsinophilic infiltrates 6 5 1
All meaures of local inflammatory response 104 77 27
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Table 1.10: The prognostic value of a generalised lymphocytic/ inflammatory cell infiltrate in primary operable colorectal cancer.

Author Year | N Tumours Assessment Location Comments
Spratt et al 1967 | 1137 | Stage [-1V Inflammatory reaction Peritumoural First report of intense peritumoural
around the tumour inflammatory reaction associated with
improved survival
Murray et al 1975 | 148 | Colonic Inflammatory cell reaction Peritumoural Intense local inflammatory reaction
resections associated with improved survival.
Zamcheck et al 1975 | 40 Colonic Lymphocytic and plasma cell | Intratumoural Intense lymphocytic infiltrate associated
resections infiltration Peritumoural with improved survival.
Watt et al 1978 | 48 Stage II-111 Quantitative lymphocyte Invasive margin | Higher lymphocyte numbers present in
number Dukes’ B compared with Dukes’ C disease.
House et al 1979 | 107 | Stage I-11I Quantitative peritumoural Invasive margin | Lymphocytic immune reaction associated
lymphocyte numbers with improved 3-year survival.
Thynne et al 1980 | 92 Stage III colon | Immune reaction Invasive margin | Immune reaction not associated with
survival.
De Mascarel et 1981 | 82 Stage I-111 Lympho-plasmocytic Tumour margin | Intense lympho-plasmocytic infiltration
al infiltration Tumour centre associated with improved survival.
Xhou et al 1983 | 1226 | Stage I-1V Semi-quantitative Tumour margin | Intense lymphocytic infiltration associated
lymphocytic infiltration Tumour centre with improved survival.
Svennevig et al 1984 | 100 | Stagell Quantitative mononuclear Peritumoural Higher lymphoid infiltrates associated with
cells Intratumoural improved 5 year survival.
Carlon et al 1985 | 124 | Stage I-1II Semi-quantitative Tumour margin | Intense lymphocytic infiltration associated
rectal lymphocytic infiltration Tumour centre with improved survival.
Jass et al 1986 | 447 | Rectal Semi-quantitative Tumour margin | Intense lymphocytic infiltrate was
resections lymphocytic infiltration associated with improved 10-year survival.
Jass et al 1987 | 379 | Rectal Lymphocytic infiltrate Tumour margin | Intense lymphocytic infiltrate was a stage
resections independent factor in rectal cancer and a

factor in a novel prognostic model.
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Halvorsen et al 1989 | 534 | Colorectal Semi-quantitative Invasive margin | Intense peritumoural inflammation was a
resections inflammatory cell reaction stage independent predictor of improved
survival.
Adachi et al 1989 | 117 | Colorectal Semi-quantitative Tumour margin | Intense peritumoural inflammatory
resections inflammatory cell reaction reaction associated with 10-year survival.
Graham et al 1990 | 100 | Stage I-III Crohn’s like reaction Tumour margin | Crohn’s like reaction associated with
improved survival
Di Giorgio et al 1992 | 361 | StageI-II Peritumoural lymphocytic Tumour margin | Intense lymphocytic infiltrate associated
infiltrate with earlier stage disease and improved
10-year survival.
Kubota et al 1992 | 100 | Stagel-1V Semi-quantitative Invasive margin | Intense lymphocytic infiltrate was a stage
lymphocytic infiltrate independent predictor of improved
survival.
Harrison et al 1994 | 385 | Stage I-1II Semi-quantitative Jass Invasive margin | Intense Jass peritumoural lyphocytic
rectal cancer | criteria and Crohns like infiltrate and crohns like reaction were
reaction associated with improved survival. Only
Crohns like reaction was an independent
prognostic factor.
Coca etal 1997 | 157 | Stage I-1II Semi-quantitative Jass Intra-tumoural Peritumoural lymphocytic infiltrate was a
criteria stage independent prognostic factor.
Cianchi et al 1997 | 235 | Stage I-1II Semi-quantitative Jass Invasive margin | No association with survival.
criteria
Adams et al 1997 | 42 Stage I-1V Semi-quantitative Jass Invasive margin | Jass criteria and Crohn’s like reaction
criteria and Crohn’s like associated with improved survival.
reaction
Ropponen etal | 1997 | 276 | Stagel-IV Semi-quantitative tumour Tumour margin | Increased tumour infiltrating lymphocytes
infiltrating lymphocytes Tumour centre associated with earlier stage and improved
survival.
Diaz et al 1998 | 292 | Stage II-III Semi-quantitative Tumour margin | Intense lymphocytic infiltrate was a stage

lymphocytic infiltrate

independent predictor of improved
survival.
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Kelly et al 1999 | 125 | Stagel-1V Semi-quantitative Jass Invasive margin | Intense peritumoural infiltrate was
criteria associated with improved survival.
Nielsen et al 1999 | 584 | Stagel-1V Computerised quantitative Submucosal Intense infiltrate of white cells,
white cells, lymphocytes, region lymphocytes, neutrophils and plasma cells
neutrophils, plasma cells and all associated with improved survival.
eosinophils
Murphy et al 2000 | 415 | Stagell Semi-quantitative Jass Invasive margin | Intense lymphocytic infiltrate and Crohn’s
criteria and Crohn’s like like reaction associated with improved
reaction survival in Stage Il disease.
Nagtegaal et al 2001 | 1416 | Stage I-IV Semi-quantitative Jass Invasive margin | Intense lymphocytic infiltrate was
rectal cancer | criteria, eosinophils and all associated with improved outcomes
cell types in 160 patients. (recurrence and survival) a higher survival
and lower recurrence. Intense eosinophilic
was associated with improved survival.
Cianchi et al 2002 | 84 Stage I-11 Semi-quantitative Invasive margin | Lymphocytic infiltrate was not associated
rectal cancer | lymphocytic infiltrate with survival.
Chiba et al 2004 | 371 | Stagel-IV Semi-quantitative Invasive margin | Intense CD8+ T-lymphocytes in cancer
lymphocytic infiltrate. Cancer cell nests | nests associated with peritumoural
Quantitative assessment of lymphocytic infiltrate and associated with
CD8+ T-lymphocytes improved survival.
Buckowitz etal | 2005 | 120 | Stagel-IV Semi-quantitative Invasive margin | Microsatellite unstable tumours were
HNPCC peritumoural lymphoid associated with a Crohn’s like reaction

reaction/ Crohn’s like
reaction

(CLR). CLR and MSI-H were associated
with earlier stage disease and improved
survival.
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Klintrup et al 2005 | 386 | Stagel-IV Semi-quantitative Invasive margin | Intense lymphocytic infiltrate in tumour
inflammatory cell reaction Tumour centre centre associated with survival. At the
Lymphocyte, eosinophil, invasive margin, intense inflammatory
neutrophil, macrophage and infiltrate, neutrophil, lymphocyte and
Crohn’s like reaction macrophage infiltrate were all associated
with improved survival but only intensive
inflammatory infiltrate at the invasive
margin was independent factor.
Gao et al 2005 | 301 | Stagel-IV Semi-quantitative Invasive margin | Intense inflammatory cell reaction at both
inflammatory cell reaction Tumour centre the tumour margin and centre were
(similar to Nagtegaal and associated with MSI and associated with
Jass methods). improved survival.
Szynglarewicz 2007 | 45 Stage II-111 Semi-quantitative Jass Invasive margin | Intense lymphocytic infiltrate was
etal rectal cancer | criteria associated with improved survival in
univariate but not mulitivariate analysis.
Forssell et al 2007 | 446 | Stagel-IV Semi-quantitative CD68+ T- | Invasive margin | Intense macrophage infiltrate associated

lymphocyte and lymphocytic
infiltrate

with early stage and lymphocytic infiltrate
with survival.
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Table 1.11: The prognostic value of tumour infiltrating CD3+ T cells in primary operable colorectal cancer.

Author Year | N Tumours Analysis Location Conclusion

Nagtegaal et al 2001 | 160 | StageI-III Semi-quantitative Jass Invasive margin | High CD3+ counts were related to lower T
rectal cancer | criteria, eosinophils and all Intratumoural stage and N stage. High intratumoural

cell types including CD3 in CD3+ counts related to survival on
160 patients. univariate analysis.

Guidoboni etal | 2001 | 109 | Stage II-III Quantitative assessment Tumour Higher counts of intra-epithelial cells
right sided epithelium expressing CD-3+, CD8+ and granzyme B
colon cancers were stage independent predictors of

improved survival, independent of MSI
status.

Takemoto et al 2004 | 125 | Stage II-III Quantitative assessment of Intra-tumour cell | Higher stromal and tumour cell infiltrating

CD3, CD4 and CD8 staining Tumour stroma | lymphocytes were associated with better
survival although non-significant.

Baeten et al 2006 | 117 | Stagel-1V Quantitative assessment in 4 | Peritumoural High intratumoural and stromal CD3+

random fields at each site Intra-tumoural counts related to improved survival on
Tumour stroma univariate analysis.
Lackner et al 2004 | 70 Stage II-111 Quantitative assessment of Invasive margin | CD3 counts were not related to survival.
CD3 and CD68 Tumour centre
Galon et al 2006 | 415 | Stagel-III Quantitative scoring using Invasive margin | Patients with high CD3+ densities at

tissue micro arrays with an
image analysis workstation

Tumour centre

invasive margin (IM) and tumour centre
(CT) had reduced recurrence and
improved survival. If CD45R0 and CD3+
were low, prognosis was very poor (shown
in 3 cohorts).
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Table 1.12: The prognostic value of tumour infiltrating CD4+ T cells in primary operable colorectal cancer.

Author Year | N Tumours Analysis Location Conclusion
Nagtegaal et al 2001 | 160 | StageI-III Semi-quantitative Jass Invasive margin | Low CD4+ cell counts correlated with
rectal cancer | criteria, eosinophils and all Intratumoural increased depth of invasion.
cell types including CD4 in Intratumoural CD4+ counts related to
160 patients. reduced local recurrence but was not
related to survival.
Diederichsen et | 2003 | 70 Stage I-1V Quantitative assessment Flow cytometry | Increasing CD8:CD4+ ratio was an
al using flow cytometry for CD4 | of dissociated independent predictor of improved
and CD8 tumour tissue) survival.
Takamoto etal | 2004 | 125 | Stage II-III Quantitative assessment of Intra-tumour cell | Higher stromal and tumour cell infiltrating
CD3, CD4 and CD8. Tumour stroma | lymphocytes were associated with better
survival although non-significant.
Ali et al 2004 | 80 Stage II-111 Quantitative analysis Intratumoural Low intratumoural CD4+ count was
associated with early recurrence.
Menon et al 2004 | 93 Stage II-111 Quantitative assessment of Intra-tumoural CD4+ cell counts were not related to
CD4, CD8, CD56 and CD57 Tumour stroma | survival in any of the regions assessed.
intra tumourally. Semi- Invasive margin
quantitative for stroma and
margin - according to Naito
criteria
Canna et al 2005 | 147 | StageI-III Quantitative analysis Intratumoural Reduced tumour CD4+ infiltrates were

related to poorer survival (not
independent of stage or systemic
inflammation)
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Table 1.13: The prognostic value of FOXP3+ T regulatory cells in primary operable colorectal cancer

Author Year | N Tumours Analysis Location Conclusion
Loddenkemper | 2006 | 40 Stage I-1V Quantitative assessment of Tumour FOXP3+ expression was not related to
etal tumour sections and normal | epithelium survival. A weak survival relationship was

colonic tissue

Tumour stroma
Normal colon

seen only after stage correction in ‘post
hoc’ analysis (P=0.04). No survival
relationships seen for CD8+/Treg ratio.
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Table 1.14: The prognostic value of effector memory T cells (CD45R0+) in primary operable colorectal cancer

Author Year | N Tumours Analysis Location Conclusion

Oberg et al 2002 | 93 Stage 111 Quantitative assessment of Lymph node Higher counts for CD8, CD45R0 and CD68

CD 45RO+, CD8+, CD68+ metastases all led to a better cancer specific survival.
CD45RO0 correlated with CD8 and CD68.

Pages et al 2005 | 415 | Stagel-IV Semi-quantitative Invasive margin | Strong immune cell infiltrates were
assessment of immune cell Tumour centre associated with fewer signs of metastatic
infiltrates using (scored potential. High densities of CD45R0+ cells
weak/mod/strong). had better survival and fewer indicators of
Quantitative analysis of cell early metastatic potential. CD45RO+
densities using tissue status was a stage independent prognostic
microarrays and image factor.
analysis workstation.

Galon et al 2006 | 415 | StageI-III Quantitative scoring using Invasive margin | Patients with high CD45R0+ densities at

tissue micro arrays with an
image analysis workstation

Tumour centre

invasive margin (IM) and tumour centre
(CT) had reduced recurrence and
improved survival. If CD45R0 and CD3+
were low, prognosis was very poor (shown
in 3 cohorts).
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Table 1.15: The prognostic role of tumour infiltrating CD8+ T cells in primary operable colorectal cancer

Author Year | N Tumours Analysis Location Conclusion
Naito et al 1998 | 139 | Stagel-IV Semi-quantitative analysis Invasive margin | On multivariate analysis, cancer cell nest
(none/mild/moderate/ Cancer stroma CD8+ count was a stage independent
severe) Cancer cell nests | prognostic factor.

Nagtegaal et al 2001 | 160 | StageI-III Semi-quantitative Invasive margin | High intratumoural and peritumoural

rectal cancer | assessment Jass criteria and | Intratumoural CD8+ counts were related to reduced
eosinophilic infiltrates. CD8 development of distant metastases and
staining assessed in 160 improved survival on univariate analysis.
patients.

Guidoboni etal | 2001 | 109 | Stage II-III Quantitative assessment Tumour Higher counts of intra-epithelial cells
right sided epithelium expressing CD-3+, CD8+ and granzyme B
colon cancers were stage independent predictors of

improved survival independent of MSI
status.

Oberg et al 2002 |93 Stage 11 Quantitative assessment of Lymph node Higher counts for CD8, CD45R0 and CD68

CD45R0+, CD8+, CD68+ metastases all led to a better cancer specific survival.
Funada et al 2003 | 97 Stage I-111 Quantitative assessment of Invasive margin | CD8+ alone was related to improved
the area of most abundant survival.
infiltration at invasive
margin

Diederichsen 2003 |70 Stage I-1V Quantitative assessment Flow cytometry | Increasing CD8:CD4+ ratio was an
using flow cytometry for CD4 | of dissociated independent predictor of improved
and CD8 tumour tissue survival.

Ali et al 2004 | 80 Stage II-111 Quantitative analysis with 30 | Intratumoural CD8+ counts did not relate to recurrence.

fields

Takamoto etal | 2004 | 125 | Stage II-III Quantitative assessment of Intra-tumour cell | Higher stromal and tumour cell infiltrating

CD3, CD4 and CD8.

Tumour stroma

lymphocytes were associated with better
survival although non-significant. Intra-
tumoural CD8+ related to less lympho-
vascular invasion.
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Menon et al 2004 |93 Stage II-111 Quantitative assessment of Intra-tumoural High tumour margin CD8+ and CD57+ cell
CD4, CD8, CD56 and CD57 Tumour stroma | counts were stage independent prognostic
intra tumourally. Semi- Invasive margin | factors.
quantitative for stroma and
margin - (Naito criteria)

Prall et al 2004 | 152 | Stagelll Quantitative assessment of Intratumoural High CD8+ density was an independent
CD8+ prognostic factor for better survival (most

pronounced in patients receiving adjuvant
chemotherapy). Independent of MSI status.

Baeten et al 2004 | 117 | Stagel-1V Quantitative assessment Peritumoural High intratumoural CD8+ related to

Intra-tumoural survival but not significant.
Tumour stroma

Chiba et al 2004 | 371 | Stagel-1V Semi-quantitative Invasive margin | CD8+ related to presence of peritumoural
assessment of peritumoural | Cancer cell nests | lymphocytic infiltrate (PTL) and early
lymphocytic infiltrate. stage. PTL and high intra-epithelial CD8+
Quantitative assessment of count related to survival. CD8+ was a
CD8+ in cancer cell nests stage independent factor.

Canna et al 2005 | 147 | Stage I-1II Quantitative analysis Intratumoural CD8+ showed a trend toward improved

survival but not significant.

Loddenkemper | 2006 | 40 Stage I-1V Quantitative assessment of Tumour CD8+ weakly related to better survival in

etal tumour sections and normal | epithelium all areas however not significant. No
colonic tissue Tumour stroma | survival relationships seen for CD8+/Treg

Normal colon ratio.
Oshikiri et al 2006 | 146 | Stagel-1V Semi-quantitative analysis, Tumour stroma | Low CD8+ expression was associated with

using techniques described
by Naito et al
(none/mild/moderate/
severe)

Cancer cell nest

poor survival on multivariate analysis.
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Galon et al 2006 | 415 | StageI-III Quantitative scoring using Invasive margin | Patients with high CD8+ densities at
tissue micro arrays with an Tumour centre invasive margin (IM) and tumour centre
image analysis workstation (CT) had reduced recurrence and
improved survival. Combining the analysis
from the CT and IM improved accuracy of
prediction (shown in 3 independent
cohorts).
Baker et al 2007 | 1420 | Stage I-1II Quantitative assessment Intraepithelial For both MMR proficient and deficient

using tissue micro arrays

tumours higher infiltrate of CD8+ was
associated with favourable prognostic
features. A survival advantage was only
seen in MMR proficient tumours.
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Table 1.16: The prognostic value of tumour infiltrating natural Killer cells in primary operable colorectal cancer

Author Year | N Tumours Analysis Location Conclusion
Coca etal 1997 | 157 | Stage I-1II Quantitative assessment of Intra-tumoural Extensive NK cell infiltrate related to
CD57 staining improved disease free and overall
survival on multivariate analysis.
Nagtegaal et al 2001 | 160 | StageI-Ill rectal Semi-quantitative assessment | Invasive margin | Intratumoural natural Killer cells
cancers Jass criteria and eosinophilic Intratumoural were related to reduced local
infiltrates. Cellular recurrence.
composition assessed
quantitatively in 160 patients
using CD56.
Menon et al 2004 | 93 Stage II-111 Quantitative assessment of Intra-tumoural High tumour margin CD8+ and
CD4, CD8, CD56 and CD57 Tumour stroma | CD57+ cell counts were stage
intra tumourally - semi- Invasive margin | independent prognostic factors.
quantitative for stroma and
for margin - according to
Naito criteria
Tachibana etal | 2005 | 103 | Stage I-1II Quantitative assessment using | Intratumoural An increased intratumoural V a.24+

monoclonal antibodies TCR-V
a.24, TCR-VpB11, CD56, CD57
and CD69 and CD161

NKT cell count was an independent
prognostic factor for survival.
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Table 1.17: The prognostic value of B-lymphocytes in primary operable colorectal cancer

Author

Year

N

Tumours

Analysis

Location

Conclusion

Baeten et al

2004

117

Stage I-1V

Quantitative assessment

Peritumoural
Intra-tumoural
Tumour stroma

High intratumoural CD20+ counts
showed a trend towards improved
survival but did not reach

significance on univariate analysis
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Table 1.18: The prognostic value of tumour associated macrophages in primary operable colorectal cancer

Author Year | N Tumours Analysis Location Conclusion
Nagtegaal et al 2001 | 160 | Stage I-Ill rectal Semi-quantitative Jass criteria, | Invasive margin | Intratumoural macrophages were
cancers eosinophils and all Intratumoural associated with reduced recurrence
quantitative assessment of and improved survival.
CD68 staining in 160 patients.
Oberg et al 2002 | 93 Stage 111 Quantitative assessment of Regional lymph Higher CD8, CD45R0 and CD68 all
CD45R0+, CD8+, CD68+. node metastases | led to improved survival. CD68 was
not related to survival in patients
receiving adjuvant treatment.
Nakayama etal | 2002 | 30 Stage I-1V Quantitative assessment of Invasive Front Higher CD68 counts at the invasive
CD68 stained cells Tumour stroma | front were associated with reduced
recurrence.
Khorana et al 2003 | 131 | Stage II-III Quantitative assessment of Tumour stroma | Higher CD68 counts were related to
CD68 staining Tumour survival but were not independent of
epithelium other factors on multivariate
analysis.
Funada et al 2003 | 97 Stage I-111 Quantitative assessment of the | Invasive margin | Low macrophage infiltration
area of most abundant correlated with earlier stage.
infiltration at the invasive Patients with both high CD8+ and
margin CD68+ infiltrates had an excellent
survival. CD68 alone not related to
survival.
Lackner et al 2004 | 70 Stage II-111 Semi-quantitative assessment | Tumour margin | Higher CD68 count at the invasive
of CD3 and CD68 Tumour centre margin was independently related to
survival. CD68 in the tumour centre
did not.
Baeten et al 2004 | 117 | Stagel-1V Quantitative assessment of Peritumoural No survival relationships seen for

CD68 staining

Intra-tumoural
Tumour stroma

CD68+ counts in any area
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Inoue et al 2005 | 22 Stage I-111 Semi-quantitative assessment | Tumour stroma | No significant relationship between
of CD68 and CD83 staining CD68 density and survival observed

Tan et al 2005 | 60 Stage I-1V Quantitative assessment using | Intratumoural Low CD68 infiltration related to
CD68 higher T stage, N stage and distant

metastases. High CD68 counts were
associated with improved survival.
A combination of a high macrophage
and mast cell count is an excellent
prognostic factor.

Klintrup et al 2005 | 386 | Stagel-IV Semi-quantitative Invasive margin | Atthe invasive margin, overall
inflammatory cell reaction Tumour centre inflammation, increased neutrophil
Lymphocyte, eosinophil, grade, lymphocytes and
neutrophil, macrophage and macrophages were all related to
Crohn’s like reaction CD 68 improved survival. The other cell
staining undertaken in 20 types lost significance when
cases. macrophages were removed

implying a strong correlation.
Macrophages were significant
prognostic factors when the other
cell types were removed.

Forssell et al 2007 | 446 | Stagel-1V Semi-quantitative assessment | Invasive margin | High macrophage counts correlated
if CD68+ cell staining and with early stage and presence of a
peritumoural lymphocytic peritumoural lymphocytic infiltrate.
infiltrate at the invasive front High CD68+ count was an

independent prognostic factor.

Nagorsen et al 2007 |40 Stage I-1V Quantitative assessment of 9 Tumour stoma High stromal CD163 macrophages

markers of dendritic cells and
macrophages including CD68
and CD163

Tumour
epithelium

associated with improved survival.
CD68 counts were not related to
survival.
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Table 1.19: The prognostic role of neutrophils /polymorphonuclear cells in primary operable colorectal cancer

Author Year | N Tumours Analysis Location Conclusion
Nielsen et al 1999 | 584 | Stagel-1V Computerised quantitative Submucosal Total white cells, lymphocytes,
white cells, lymphocytes, region neutrophils and plasma cells were all
neutrophils, plasma cells and significant on univariate survival
eosinophils analysis.
Nagtegaal et al 2001 | 160 | Stage I-Ill rectal Semi-quantitative Jass criteria, | Invasive margin | Peritumoural neutrophils related to
cancers eosinophils and all cell types Intratumoural reduced local recurrence. No other
in 160 patients. Quantitative prognostic relationships observed.
assessment in 160 patients
using elastase staining.
Baeten et al 2004 | 117 | Stagel-1V Quantitative assessment Peritumoural High intratumoural CD16+ counts
Intra-tumoural related to improved survival.
Tumour stroma
Klintrup et al 2005 | 386 | Stagel-IV Semi-quantitative Invasive margin | In addition to an increase in overall

inflammatory cell reaction
Lymphocyte, eosinophil,
neutrophil, macrophage and

Crohn’s like reaction.

Tumour centre

inflammation including infiltrating
lymphocytes and macrophages,
higher neutrophil grade was related
to improved survival when assessed
at the invasive margin.
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Table 1.20: The prognostic value of intratumoural mast cells in primary operable colorectal cancer

Author Year | N Tumours Analysis Location Conclusion

Pretlow et al 1983 | 67 Stage I-111 Quantitative assessment using | Tumour centre Mast cell counts not related survival
Giemsa staining to aid in this study with a maximum of 18
counting of mast cells and months follow up post surgery.
eosinophils

Fisher et al 1989 | 331 | Stage I-IIl rectal Quantitative assessment of Intratumoural High mast cell counts were stage

cancer intratumoural eosinophils and independent predictors of improved
mast cells survival.

Nielsen et al 1999 | 584 | Stagel-1V Computerised quantitative Submucosal High eosinophils and mast cells
white cells, lymphocytes, region counts were stage independent
neutrophils, plasma cells and prognostic factors. Total white cells,
eosinophils in H&E stained lymphocytes, neutrophils and
tissues and AA1 staining for plasma cells were all significant on
mast cell tryptase separately. univariate survival analysis.

Nagtegaal et al 2001 | 160 | StageI-Ill rectal Semi-quantitative assessment | Invasive margin | Peritumoural mast cells were an

cancers for lymphocytic infiltrate (Jass | Intratumoural independent predictor of reduced
criteria) and eosinophilic local and distant recurrence. Higher
infiltrates. Quantitative peritumoural mast cell counts
assessment in 160 patients related to improved survival on
using AA1 antibodies. univariate analysis only.

Acikalin et al 2005 | 60 Stage I-1V Quantitative assessment using | Intratumoural Mast cells counts were related to
Giemsa blue staining poorer survival on univariate but not

multivariate analysis.

Tan et al 2005 | 60 Stage I-1V Quantitative assessment using | Intratumoural Low mast cell infiltration related to

CC1 and AA1 antibodies

Normal colon

higher T stage, N stage and distant
mets. High mast cell counts were
associated with improved survival.
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Table 1.21: The prognostic value of intratumoural dendritic cells in primary operable colorectal cancer

Author Year | N Tumours Analysis Location Conclusion
Ambe et al 1989 | 121 | Stagel-1V Quantitative assessment of S- | Invasive margin | Patients with high S-100 counts had
100 staining Tumour centre longer survival. High S-100 counts
related to lymphocytic infiltrate.
Nakayama etal | 2003 | 30 Stage I-1V Quantitative assessment of Tumour S100 counts were lower with
S$100 staining periphery increasing T stage, lymph node
involvement and hepatic metastases.
Low S100 counts were related to
early recurrence and poor survival.
Dadabayev etal | 2004 | 104 | Stage Il and III Quantitative assessment of S- | Invasive margin | No significant relationship was
100 staining Tumour stroma | observed for S100 counts and
Tumour survival at any location.
epithelium
Inoue et al 2005 | 22 Stage I-111 Semi quantitative assessment | Tumour stroma | Increasing CD83 density related to
of CD68 and CD83 staining improved survival
Sandel et al 2005 | 104 | Stage Il and Il Quantitative assessment a Invasive margin | Higher CD208 counts in tumour
range of dendritic cell markers | Tumour stroma | epithelium and CD1a at the invasive
including CD1a and CD208 Tumour related to shorter survival. Both
epithelium were independent factors on
multivariate analysis.
Nagorsen et al 2007 |40 Stage I-1V Quantitative assessment of 9 Tumour stroma | High stromal and epithelial S100

markers of dendritic cells and
macrophages including S-100,
CD1a,CD11c, CD123

Tumour
epithelium

dendritic cell infiltration was
associated with significantly better
survival.
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Table 1.22: The prognostic value of tumour infiltrating eosinophils in primary operable colorectal cancer

Author Year N Tumours Analysis Location Conclusion

Pretlow et al 1983 | 67 Stage I-111 Quantitative assessment Tumour centre High eosinophil counts were
using Giemsa staining related to absence of lymph node

metastases and improved survival

Fisher et al 1989 | 331 Stage I -Ill rectal | Quantitative assessment of Intratumoural High eosinophil counts related to

cancers intratumoural eosinophils improved survival but not stage
and mast cells independent.

Nielsen et al 1999 | 584 Stage I-1V Computerised quantitative Submucosal High eosinophils and mast cells
assessment. Cell types region counts were stage independent
counted included white cells, prognostic factors. Total white
lymphocytes, neutrophils, cells, lymphocytes, neutrophils and
plasma cells and eosinophils plasma cells were all significant on
in H&E stained tissues. univariate survival analysis.

Fernandez- 2000 | 126 Stage I-111 Quantitative assessment Intratumoural High eosinophil counts are a stage

Acenero et al using H&E stained specimens independent predictor of improved
alone. survival.

Nagtegaal et al 2001 | 1416 Stage I-1V Semi-quantitative assessment | Invasive margin | High peritumoural eosinophils are a
Jass criteria and eosinophilic | Intratumoural stage independent predictor of
infiltrates. Cellular reduced recurrence and improved
composition assessed with survival.
immunohistochemistry in
160 patients.

Klintrup et al 2005 | 386 Stage I-111 Semi-quantitative Invasive margin | Eosinophilic infiltrates at the

inflammatory cell reaction
Lymphocyte, eosinophil,
neutrophil, macrophage and
Crohn’s like reaction

Tumour centre

invasive margin showed a trend
towards better survival but this
was not significant.
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2.0 SUMMARY AND AIMS

2.1 SUMMARY

Colorectal cancer is the second commonest cause of cancer death in Europe and
North America. Even with modern treatments, almost half of patients who undergo
curative surgery die before 5 years. Itis increasingly recognised that disease
progression and survival in colorectal cancer is determined by a range of factors

including both host and tumour characteristics.

A variety of tumour characteristics have been associated with recurrence and poorer
cancer specific survival. These include pathological features and molecular markers.
In routine clinical practice conventionally only high-risk pathological characteristics
are considered when planning treatment and follow up. In addition to TNM stage,
high-risk features include venous invasion, serosal involvement, margin involvement
and tumour perforation. However, It is also apparent that the frequency of reporting
for some of these characteristics varies considerably in the published literature. This
is especially true for venous invasion. Indeed, several methods to optimise the
reporting of venous invasion have been described. The clinical implications of such
attempts to improve the reporting of venous invasion have not yet been explored.
For example, it is not clear whether increased identification of venous invasion will

improve the predictive value of venous invasion for disease recurrence and survival.

Host characteristics, in particular the systemic inflammatory response, are important
determinants of outcome in colorectal cancer. Elevated markers of systemic
inflammation are consistently reported to confer a poorer outcome independent of
tumour stage. A variety of scores have been proposed to measure the systemic
inflammatory response in cancer patients including the Glasgow Prognostic Score, the
neutrophil lymphocyte ratio and the platelet lymphocyte ratio. It is unclear which of
these scores in most predictive of outcome in primary operable colorectal cancer.

The prognostic value of each of these scores in addition to other haematological or
biochemical markers of the systemic inflammatory response has not previously been

examined in a single cohort. Furthermore, it is not clear whether the systemic
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inflammatory response predicts survival independent of more detailed high-risk

pathological characteristics including the Petersen Index or the lymph node ratio.

In addition to the host systemic inflammatory response, it is also apparent that the
presence or absence of a local inflammatory response is also a determinant of
colorectal cancer outcome. The local inflammatory response may represent the host
anti-tumour immune response and where present, high-grade local inflammation is
associated with improved colorectal cancer survival. At present, no standardised
method of assessment of the local tumour inflammatory response exists. Most
previous studies have examined individual immune cell types using
immunohistochemistry. Of the other methods of assessment, the Jass classification
has been criticised due to apparent subjectivity and difficulty reproducing results.
Several groups have proposed simpler methods of assessment but such scores have
not been validated (e.g. Klintrup et al.). Furthermore, it remains to be seen whether
assessment of the local inflammatory cell response provides additional prognostic
information to modern pathological assessment of high-risk tumour characteristics

including the Petersen Index.

The underlying basis of the systemic inflammatory response has not been elucidated.
The presence of a systemic inflammatory response has been associated with a range
of benign conditions including cardiovascular disease. Increasing burden of
comorbidity is related to poorer colorectal cancer outcome and one hypothesis is that
high grade systemic inflammation reflects overall host burden of comorbidity. A
second hypothesis is that a high-grade systemic inflammatory response is related to

local tumour inflammation. These hypotheses have not previously been tested.

The potential relationships between the local and systemic inflammatory responses
in colorectal cancer are unknown. There are a number of circulating and local
tumour factors previously associated with colorectal cancer survival that may relate
to both local and systemic inflammatory responses. For example, a variety of
circulating factors involved in immune responses including cytokines,
immunoglobulins and immune cells may link the local and systemic inflammation.
Furthermore, local tissue factors including tumour infiltrating immune cells (e.g.

helper and cytotoxic T cells, macrophages), tumour proliferation indices (Ki-67) may
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link the two inflammatory responses. Finally, these responses may relate to
important vitamin anti-oxidants and other micronutrients including carotenoids and

vitamin D.

In current clinical practice treatment decisions are based on tumour characteristics
with little consideration given to host characteristics other than age or comorbidity.
In the allocation of adjuvant chemotherapy, prognostic scores such as the Adjuvant!
or Numeracy online models have been proposed, however these models lack
prospective validation in other cohorts. Furthermore it is not clear whether host
characteristics including the local and systemic inflammatory responses may offer
additional important prognostic information following provision of adjuvant

chemotherapy.

With the introduction of bowel screening, it is likely that clinicians will treat an
increasing proportion of early stage or node negative disease. At present controversy
exists with regard to the allocation of adjuvant chemotherapy to such patients.
Currently, those with high-risk tumour characteristics are offered treatment.
However with the optimisation of pathological reporting of venous invasion, it is not
clear which factors including tumour and host characteristics are most important in

the modern day treatment of node negative colorectal cancer.

2.2 AIMS

In order to examine the above areas of uncertainty, in patients undergoing surgery

for colorectal cancer, studies were carried out:

1. To examine the impact of elastica staining on the value of venous invasion as a

predictor of cancer specific survival (including in node negative disease).

2. To perform a comprehensive comparison of the prognostic value of tumour
and patient factors including the Glasgow Prognostic Score, neutrophil lymphocyte

ratio and platelet lymphocyte ratio

3. To compare the prognostic value of the tumour-based (Petersen Index) and

inflammation-based (Glasgow Prognostic Score) scoring systems.
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4, To compare the prognostic value of lymph nodes sampled, N stage, lymph

node ratio and the systemic inflammatory response.

5. To examine the relationships between pre-operative comorbidity assessed
with four separate comorbidity scores (Charlson comorbidity index, NIA/NCI
comorbidity index, ACE-27 comorbidity index and Lee cardiac risk index) and the

systemic inflammatory response (mGPS).

6. To examine the prognostic value of a simple assessment of the tumour
inflammatory infiltrate (Klintrup-Makinen Score) in addition to routinely reported

tumour pathological criteria including the Petersen Index.

7. To examine the relationships between the local inflammatory response (Jass
and Klintrup-Makinen criteria) and systemic inflammatory response (GPS criteria)

and to compare their prognostic value.

8. To examine relationships between tumour stage, systemic and local
inflammatory responses and circulating immunological parameters, including

cytokines, circulating immune cells and immunoglobulins.

0. To examine the relationships between the local and systemic inflammatory
responses, tissue factors including immunohistochemical assessment for tumour
infiltrating immune cells (CD3, CD4, CD8 and CD68), the Ki-67 proliferative index, and

survival.

10.  To examine the relationship between TNM stage, the systemic and local
inflammatory responses and circulating vitamins A, D, E, carotenoids, and

malondialdehyde.

11.  To examine the prognostic value of tumour and patient related factors
currently included in the standard Numeracy and Adjuvant! models together with
measures of the local and systemic inflammatory responses in patients receiving

adjuvant 5-FU based chemotherapy.
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3.0 ELASTICA STAINING FOR VENOUS INVASION RESULTS
IN SUPERIOR PREDICTION OF CANCER SPECIFIC SURVIVAL
IN COLORECTAL CANCER.

3.1 Introduction

Colorectal cancer is the second most common cause of cancer death in Western
Europe and North America. Overall survival is poor; even in those who undergo
resection with curative intent only half survive five years (177, 414). Currently,
prediction of outcome and consequent allocation of adjuvant treatment is mainly
determined by clinico-pathological criteria. The main factors are the extent of local
spread and lymph node status, the basis of the Dukes’ and TNM staging systems (182,
188). Other important pathologically determined ‘high-risk’ criteria which provide
stage-independent prognostic information following colorectal cancer resection have

also been identified (195).

In particular, venous invasion is recognised to be an important high-risk feature in
colorectal tumours (195-201). Indeed, the minimum data set requirements, as set by
the Royal College of Pathologists, state that the frequency of detection for venous
invasion should be at least 25% (188). However the prevalence of venous invasion in
published studies has ranged from 10-90% (195-201). This variation was highlighted
by a recent Australian study in which 82 Dukes’ B colorectal cancer patients were
initially reported to have no evidence of either venous invasion or serosal
involvement in their tumours. However, on review by an expert pathologist, serosal
involvement and/or venous invasion were identified in 32% of tumours, and persons

with these characteristics in their malignancy had a poorer survival (203).

In our institution, within the context of a colorectal multidisciplinary team meeting,
the pathology slides and reports have been reviewed by the attending pathologist
(Alan Foulis) since 2001. It became apparent that there was satisfactory agreement
among departmental pathologists over the content of the pathology reports, with the
exception of the presence or absence of venous invasion. In an attempt to resolve the
disparity over venous invasion in particular cases, elastica stains were used to

provide more objective judgment. Subsequently, a retrospective review of 75
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randomly selected colorectal cancer specimens was performed within the
department by a senior pathologist, a trainee pathologist and a medical student
(415). The prevalence of both intramural and extramural venous invasion combined
was 27% in the freshly cut Haematoxylin and Eosin (H&E) sections and 57% in the
elastica-stained sections. Inoue and colleagues (1992) (204) studied the association
between the presence of venous invasion and the subsequent development of distant
haematogenous metastases in colorectal cancer patients. This association was
improved when venous invasion was assessed on elastica stained sections compared
to H&E sections. In the light of this evidence, departmental policy changed during
2002 and a protocol was adopted whereby all tumour blocks had 2 serial sections

stained by H&E and elastica H&E, respectively.

In the present study two cohorts of patients, operated on between 1997-2001 and
2003-2006, were selected. In the first cohort (cohort1) venous invasion had been
assessed in the pathology reports using only H&E stained sections. In the second
cohort (cohort 2) both H&E and elastica H&E stained sections had been examined to
determine venous invasion. The aim of the present study was to examine the impact
of elastica staining on the value of venous invasion by tumour as a predictor of cancer
specific survival, in patients undergoing potentially curative resection of colorectal

cancer.
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3.2  Materials and Methods

Patients with histologically proven colorectal cancer who, on the basis of laparotomy
findings and pre-operative abdominal computed tomography, were considered to
have undergone potentially curative resection between January 1997 and March
2006 in a single surgical unit at the Royal Infirmary, Glasgow were included in the
study. These were consecutive, elective patients entered prospectively into a
maintained database. Patients who received neo-adjuvant chemo-radiotherapy, had
recurrent or metastatic disease and patients who died within 30 days of surgery were
excluded from the analysis. The tumours were staged using conventional Dukes’ and

TNM classifications (182, 188).

Throughout the study period, dissection of the specimens and selection of a minimum
of four tumour blocks was done in accordance with Royal College of Pathologists
guidelines (188) and did not differ between the 1997-2001 and 2003-2006 cohorts.
Dissection of the specimens was performed by the majority of departmental
consultant pathologists, or any of a number of rotating trainee pathologists, under
consultant supervision. Tumours were cut transversely to the line of the bowel and a
minimum of 4 blocks of tumour selected. The tumour sampling process was similar
throughout the entire time period of the study (1997-2006). The average number of
blocks did not vary significantly between the two time periods and was based on
RCPath guidelines and departmental policy. At least one block was taken to show the
presence or absence of serosal involvement, where appropriate. Other blocks were

taken to show maximum penetration of tumour through the bowel wall.

Between 1997-2001 (cohort 1), 194 resected specimens were stained with H&E only
and between 2003-2006 (cohort 2), two serial sections of all tumour blocks of 225
similar specimens were stained with elastica H&E and H&E respectively. All were
routinely reported by departmental pathologists. Since the year 2002 represented a
transition between the 2 staining protocols in the pathology department, cases from

this year were excluded from the analysis.

In the study of Vass et al 2004 from our hospital, colorectal cancer specimens from 75
patients undergoing surgery between 1997 and 2000 had been studied (415). Fifty-

three of these operations had been done with curative intent. In this retrospective
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investigation, cases had been examined by H&E alone and, on a separate occasion, by
H&E and elastica H&E, and the presence or absence of venous invasion noted. This
cohort of 53 patients (cohort 3) has been included in the present study to allow a
direct comparison of the prognostic predictive power of the two staining techniques

on a single group of patients.

Routine pathological reporting of venous invasion in colorectal cancer cases was
carried out according to the Royal College of Pathologists guidelines and defined as
‘tumour present within an endothelium lined space that is either surrounded by a rim
of muscle or contains red blood cells’ and detected either intramurally or
extramurally (188). When elastica and H&E stains were applied venous invasion was
further defined as tumour seen within a vessel with elastic fibres in its adventitia.
Sections were assessed for both the presence of extramural venous invasion and
intramural venous invasion (invasion of veins of the submucosa and within the
muscularis propria). With the exception of cohort 3 all pathology data for the present
study were taken from pathology reports issued at the time of resection. The sections
were not reviewed. In the study by Vass et al it (415) was shown that a plateau was
reached in the prevalence of observed venous invasion when the number of tumour
blocks stained by elastica was 4-5. This was used as the justification for staining all

the tumour blocks that had been sampled.

The Petersen Index was derived from scores allocated to four selected pathological
variables present in a tumour specimen. Intra or extramural vascular invasion,
peritoneal involvement and surgical margin involvement were each allocated a score
of 1. Tumour perforation was allocated a score of 2. The Petersen Index is

considered low risk when the total score is 0 or 1 and high risk when 2 to 5 (195).

The provision of adjuvant treatment was at the discretion of the oncologist managing
the patient following the multi-disciplinary team assessment. All biochemical and
pathological results, as well as the patients’ physiological status and age, were

available to the oncologist when making such decisions on adjuvant treatment.

In our institution, patients undergo regular follow-up (3 months, 6 months and then
yearly to five years) with yearly computed tomography scanning and regular

colonoscopic surveillance until 5 years post surgery. Information on date and cause
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of death was checked with that received by the cancer registration system and the

Registrar General (Scotland).

Elastica H&E method

Following treatment of sections with acidified potassium permanganate for 5
minutes, sections were rinsed in water and treated with 1% oxalic acid until
colourless. They were then rinsed in water, rinsed in methanol and stained overnight
with Miller’s elastica. After this they were rinsed in water and counterstained by H&E.
Figure 1 shows a tumour section stained with H&E alone (Figure 3) and a serial

section stained with elastica H&E (Figure 4).

Statistics

The study was approved by the Research Ethics Committee, Glasgow Royal Infirmary.
Grouping of the variables was carried out using standard thresholds. Univariate and
multivariate survival analysis with calculation of hazard ratios (HR) were performed
using Cox’s proportional-hazards model. Follow up was censored at 36 months post
surgery to enable direct comparison between the two groups. A stepwise backward
procedure was used to derive a final model of the variables that had a significant
independent relationship with survival. To remove a variable from the model, the
corresponding P-value had to be greater than 0.05. Survival curves were constructed
using the Kaplan-Meier method with the log-rank test. Deaths up to April 15t 2009
were included in the analysis. Analysis was performed using SPSS software (SPSS

Inc., Chicago, IL, USA).
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3.3 Results

Four hundred and nineteen patients who underwent elective resection for colorectal
cancer between 1997-2006 were studied. One hundred and ninety-four underwent
surgery prior to the introduction of elastica staining in 2002 (cohort 1). Two
hundred and twenty-five underwent surgery between 2003 and 2006 (cohort 2).
Overall, the majority of patients were over 65 years (68%), male (56%) and had
colonic cancers (64%). The median number of lymph nodes sampled was 13 (0-52).
The majority had node negative disease (58%) and had a reported lymph node

sample of 12 or more nodes (61%). Overall, 22% received adjuvant chemotherapy.

In those patients who underwent surgery for colorectal cancer between 1997 and
2001, the median number of lymph nodes were 13 (0-41); for Dukes’ B tumours it
was 13 (1-41) and for Dukes’ C tumours 14 (5-34). In those patients who underwent
surgery between 2003 and 2006, the median number of lymph nodes sampled was 13

(1-52); for Dukes’ B tumours it was13 (1-52) and Dukes’ C tumours 14 (5-32).

The individual clinico-pathological characteristics of the patient in cohorts 1 and 2
are shown in Table 3.1. There were no significant differences in terms of age, sex,
tumour site, Dukes’ stage, number of lymph nodes sampled or the provision of
adjuvant chemotherapy between the patient cohorts (Table 3.1). Also there were no
differences between the number of cancer and non-cancer deaths at 3 years and the 3
year survival analyses were similar in the two patient cohorts. In contrast, there was
more frequent identification of venous invasion (p<0.001), peritoneal involvement

and perineural invasion in the latter 2003-2006 cohort (Table 3.1).

In the 1997-2001 group, the minimum follow-up was 85 months; the median follow-
up of the survivors was 112 months. During this period, 61 patients died from their
cancer and a further 46 patients died of intercurrent disease. At 36 months post-
surgery, 46 patients had died, 33 from cancer. In the 2003-2006 cohort, the
minimum follow-up was 36 months; the median follow-up of the survivors was 56
months. During this period, 50 patients died of their cancer and a further 22 patients
died of intercurrent disease. At 36 months post-surgery, 52 patients had died, 35

from cancer. No patients were lost to follow up in either cohort.
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The univariate analysis for individual clinico-pathological variables and their
relationship with 3-year cancer specific survival in patients undergoing potentially
curative resection for colorectal cancer is shown in Table 3.2. In patients treated
between 1997-2001 (prior to the introduction of routine elastica staining; cohort 1),
T stage (P<0.05), N stage (P<0.001), poor tumour differentiation (P<0.05), peritoneal
involvement (P<0.01), margin involvement (P<0.005), tumour perforation (P<0.05),
and a high risk Petersen Index (P<0.005) were significantly related to poorer cancer
specific survival. In patients treated between 2003-2006 (following the introduction
of routine elastica staining; cohort 2), T stage (P<0.001), N stage (P<0.001), poor
tumour differentiation (P<0.01), venous invasion (P<0.001), peritoneal involvement
(P<0.001), margin involvement (P<0.001) and a high risk Petersen index (P<0.001)
were significantly related to poorer cancer specific survival (Table 3.2). The
provision of adjuvant chemotherapy was similar in both cohorts (23% and 22%) and
was not associated with a significant survival benefit in either cohort (Cohort 1,

P=0.697, Cohort 2, P=0.325).

The 3-year cancer specific survival rate, associated with the absence of venous
invasion was 84% in cohort 1 compared with 96% in cohort 2 (P<0.01, Figure 3.2.1).
In contrast, the 3-year cancer specific survival rate, associated with the absence of
lymph node invasion was 93% in cohort 1 compared with 90% in cohort 2 (P=0.470,
Figure 3.2.2). The 3-year cancer specific survival rate, associated with the presence of
venous invasion was 77% in cohort 1 compared with 75% in cohort 2 (P=0.865,
Figure 3.3.1). Also, the 3-year cancer specific survival rate, associated with the
presence of lymph node invasion was 66% in cohort 1 compared with 75% in cohort

2 (P=0.196, Figure 3.3.2).

Receiver operator characteristics (ROC) analysis was undertaken to assess the
prognostic significance of venous invasion in each cohort. Using cancer specific
mortality as an endpoint, the area under the receiver operator curve was 0.59 (95%
CI 0.50-0.68, P=0.040) for the presence of venous invasion between 1997-2001 and
0.68 (95% CI 0.60-0.76, P<0.001) for the presence of venous invasion between 2003-
2006.
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The inter-relationships between the pathological criteria are shown in Table 3.3. In
the 1997-2001 H&E alone cohort increasing T stage was associated with the presence
of peritoneal involvement (P<0.001), and perineural invasion (P<0.01). The presence
of peritoneal involvement was associated with poor tumour differentiation (P<0.01)
and perineural invasion (P<0.005). Venous invasion was not associated with any of

the pathological criteria measured in the H&E alone cohort (Table 3.3).

In the 2003-2006 elastica staining group the presence of venous invasion was
associated with increasing T stage (P<0.001), the presence of lymph node
involvement (P<0.001), peritoneal involvement (P<0.001), and perineural invasion
(P<0.05). Increasing T stage was associated with presence of lymph node
involvement (P<0.001), peritoneal involvement (P<0.001) and perineural invasion
(P<0.05). Lymph node involvement was associated with the presence of peritoneal
involvement (P<0.001) and perineural invasion (P<0.001). Peritoneal involvement

was associated with perineural invasion (P<0.01; Table 3.3).

The multivariate analysis of the individual pathological variables and cancer specific
survival in the elastica stained Cohort 2 is shown in Table 3.4. To assess independent
prognostic significance of the individual pathological variables, the Petersen Index
was excluded from this analysis, as it is a cumulative score. On multivariate analysis,
T stage (Hazard Ratio (HR) 1.85,95% CI 1.08-3.19, P=0.026), N stage (HR 1.46, 95%
CI 1.00-2.12, P=0.048), venous invasion (HR 3.81, 95% CI 1.68-9.25, P=0.002) and
surgical margin involvement (HR 3.95, 95% CI 1.64-8.87, P=0.001) were

independently related to cancer specific survival (Table 3.4).

Within the elastica stained cohort, the relationship between individual pathological
variables and cancer specific survival in node negative and node positive disease
were examined. The results, including 3-year cancer specific survival rates, are
shown in Table 3.5. In node negative disease, following the introduction of routine
elastica staining, T stage (P<0.05), venous invasion (P<0.05), peritoneal involvement
(P<0.001), margin involvement (P<0.05), and a high risk Petersen Index (P<0.001)
were significantly associated with poor cancer specific survival. In node positive
disease, poor tumour differentiation (P<0.005), venous invasion (P<0.005), margin

involvement (P<0.001), tumour perforation (P<0.05) and a high risk Petersen Index
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(P<0.01) were significantly associated with poor cancer specific survival. The 3-year
cancer specific survival rates for absence and presence of venous invasion was 96%
and 85% respectively in node negative disease and 96% and 66% respectively for

node positive disease (Figures 3.4 and 3.5).

A direct comparison between the two staining methods, H&E alone and elastica
staining, was examined in 53 patients undergoing potentially curative surgery
between 1997-2000 (cohort 3). Overall, the majority of patients were over 65 years
(77%), male (59%) and had colonic cancers (52%). The median number of lymph
nodes sampled was 13 (2-41). The majority had node negative disease (59%). In this
cohort, the minimum follow-up was 112 months; the median follow-up of the
survivors was 131 months. During this period, 25 patients died of their cancer and a
further 9 patients died of intercurrent disease. No patients were lost to follow up in

this cohort.

ROC analysis was undertaken to assess the prognostic significance of venous invasion
using the two methods in this small cohort of 53 patients. Using cancer specific
mortality as an endpoint, the area under the receiver operator curve was 0.58 (95%
CI 0.43-0.74, P=0.293) for the presence of venous invasion using the H&E method and
0.74 (95% CI 0.60-0.88, P=0.003) for the presence of venous invasion using the
elastica method. Of the 53 patients, 23 patients had no evidence of venous invasion
by either staining method (group 1), 22 patients had venous invasion by elastica
staining alone (group 2) and 8 patients had venous invasion identified using both
staining methods (group 3). The 5-year survival rates were 77%, 59% and 29% for

groups 1, 2 and 3 respectively (P<0.001).
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3.4 Discussion

The results of the present study show that the increase in the detection of venous
invasion by elastica staining compared with H&E staining alone is associated with
improved prediction of cancer specific survival in patients undergoing potentially
curative resection for colorectal cancer. In particular, the absence of venous invasion
using the elastica stain was associated with an increase in cancer specific survival
rates. This relationship was seen in the comparison of two consecutive cohorts (in
both node negative and node positive disease) and in a direct comparison of stains in
a single cohort (cohort 3). The results of the first 2 cohorts reflect the “real world”
utility of elastica staining, since the data given here were generated at the time of
surgical reporting. Results were taken from pathology reports with no consideration
given to quantity or site of venous invasion (intra or extramural). Despite these
generalisations, an improvement in prediction of cancer specific survival was
observed. Therefore, we believe that this is good evidence that elastica staining
should be incorporated into the routine pathological assessment of venous invasion

in patients undergoing potentially curative resection for colorectal cancer.

Two basic approaches have been previously reported to increase the sensitivity of the
detection of venous invasion in colorectal cancer. One involves the prospective
examination of large numbers of blocks of tumour specimens by specialist
pathologists. For example, Talbot and colleagues (1981) (197) examined an average
of 5 blocks of tumour, taken both transversely as well as tangential to the outer
aspect of the muscularis propria, to maximise the number of vein sections observed.
If venous invasion was not observed they examined up to 8 additional blocks. They
seldom used elastica stains and found venous invasion in 52% of cases, which is
similar to the prevalence found in our elastica stained cohort. The second approach
involves the use of elastica stains. For example, Minsky found venous invasion in
48% of rectal cancers and 42% of colon cancers when these stains were used. The
figures for observations made on the H&E sections of the same cases were 8% and
7% respectively (416, 417). Both these approaches were combined in a prospective
study of 426 colorectal cancer resections in which a single pathologist dissected,
blocked out and sectioned the entire tumour (199). Elastica stains were used

routinely. Venous invasion was found in 83 % of Dukes’ B and 93% of Dukes’ C

124



cancers. Although both approaches may be used to increase the detection of venous
invasion, analysis of routinely performed elastica stained sections (readily analysed
at low power magnification) on a recommended minimum number of tumour blocks

(188) is likely to be more readily incorporated into diagnostic pathology services.

There is widespread agreement that the presence of venous invasion is associated
with an increased risk of the future development of distant metastases (particularly
hepatic) and cancer related death (198, 200, 201, 203). The sensitivity of the method
used to detect venous invasion is likely to impact on the specificity of the prediction.
If the sensitivity is very low many patients with no observed venous invasion will
develop metastases and not survive. This was seen in the study of Morris et al (2007)
(194) in which venous invasion was detected in 15% of cases, and the five year
survival for patients without venous invasion was 70% for both colon and rectal
cancer patients. On the other hand if the sensitivity is very high (87% with venous
invasion) the opposite may occur, and the small number of patients with no venous
invasion cannot be separated prognostically from those with minimal venous

invasion (199).

In the present study elastica staining increased the identification of venous invasion
to 58% of consecutive cases in cohort 2. This detection rate is similar to the 54%
previously reported from our institution in 75 colorectal cancer specimens (415).
Also, in the last 3 years (2007-2009) in our department, the detection rate of venous
invasion using elastica has remained at 54%, showing that the present more objective
method of assessing venous invasion results in consistent reporting. The present
study sets a benchmark for the future reporting of venous invasion in patients with
primary operable colorectal cancer, as the sensitivity of the method used in the
elastica stained cohort appears close to the optimum in terms of predicting cancer

specific survival.

The present study also showed that there was an increase in the reporting of
peritoneal involvement and perineural invasion in the later time periods. Therefore,
it is likely that there was a general improvement in the quality of reporting of these
important pathological characteristics. Nevertheless, this would not explain the

three-fold increase in the reporting of venous invasion. There was no increase in the
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lymph node harvest between the 2 cohorts (median lymph node yield was 13), which
is another measure of pathological quality. In addition, the prognostic value of lymph
node invasion over the two consecutive cohorts was not significantly different. In the
study of Vass and colleagues (415), review of freshly cut and stained sections of all
tumour blocks, stained with H&E, by an experienced pathologist did not increase the
rate of detection of venous invasion, whereas examination of elastica stained sections
by the same pathologist doubled the rate of observed venous invasion. [ would
conclude that only the introduction of routine elastic staining could explain the three-
fold increase in the reporting of venous invasion in the second cohort. One of the
strengths of this study is that in neither cohort were the slides reviewed by an
‘expert’. The results reflect a ‘real world’ situation where the same group of
pathologists prospectively reported the presence of venous invasion to the best of
their ability in both cohorts. The only difference in practice was the introduction of

the elastica stain for the second cohort.

In the H&E alone cohort, no significant relationships were observed between venous
invasion and other pathological variables such as T stage, nodal involvement,
peritoneal involvement and perineural invasion (Table 3). In contrast, the elastica
stained cohort showed that venous invasion was significantly associated with these
high risk pathological features. Therefore, the results from the elastica staining, in
addition to giving prognostic prominence to venous invasion, suggest that venous

invasion is a process pivotal to tumour growth and invasion in colorectal cancer.

In the elastica stained cohort, the 3-year cancer specific survival rates for absence and
presence of venous invasion was 96% and 85% respectively in node negative disease
and 96% and 66% respectively for node positive disease. These results emphasise
the importance of venous invasion compared with nodal positivity in determining
cancer outcome. The excellent survival rates reported in patients without venous
invasion provide further evidence that venous invasion is likely to indicate a risk of
haematogenous micrometastases being present at the time of surgery. Also, the
findings in the elastica stained cohort suggest that modern surgical and oncological
techniques are capable of providing an excellent prognosis for those patients whose

tumours do not exhibit significant venous invasion, whatever their Dukes’ stage.
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Despite a significant increase in reported venous invasion rates, the provision of
adjuvant chemotherapy was similar in both cohorts (23% and 22%). This probably
reflects that throughout the entire study period the decision on provision of adjuvant
chemotherapy made at the multidisciplinary meetings was based primarily on nodal
status of the resected tumour. On the basis of the present results, where elastica
staining identified patients at high risk of dying from their disease, it may be that the
provision of adjuvant chemotherapy should be increased in these patients. However,
definitive studies in a randomised controlled trial setting are required to confirm

such clinical utility.

The present study is unique in its design and findings. It is the first prospective study
to report the prognostic implications of a change in practice in the method used to
detect venous invasion in colorectal cancer. It shows that examination of an elastica
stained section from every tumour block resulted in both a significantly increased
prevalence of observed venous invasion and an improved prediction of cancer
specific survival. Currently, neither the guidelines of the The Royal College of
Pathologists nor those of The College of American Pathologists recommend this
simple change of practice (188, 418) but the results presented here suggest that this
protocol should be instituted widely.
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Figure 3.1: H&E staining of extramural fat of a pT3 adenocarcinoma of colon at 40x
magnification.
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Figure 3.2: H&E elastica staining of extramural fat of a pT3 adenocarcinoma of colon
at 40x magnification.
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Figure 3.3: The relationship between the absence of venous invasion and survival in
colorectal cancer patients treated between 1997-2001 and 2003-2006 (P=0.005).
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Figure 3.4: The relationship between the absence of lymph node involvement and

survival in colorectal cancer patients treated between 1997-2001 and 2003-2006
(P=0.470).
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Figure 3.5: The relationship between the presence of venous invasion and survival in
colorectal cancer patients treated between 1997-2001 and 2003-2006 (P=0.865)
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Figure 3.6: The relationship between the presence of lymph node involvement and

survival in colorectal cancer patients treated between 1997-2001 and 2003-2006
(P=0.196).
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Figure 3.7: The relationship between the presence or absence of venous invasion
(VI) and survival in node negative disease (2003-2006) (P=0.014).
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Figure 3.8: The relationship between the presence or absence of venous invasion
(VI) and survival in node positive disease (2003-2006) (P=0.001).
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Table 3.1: Clinico-pathological characteristics of patients undergoing curative
resection for colorectal cancer between 1997-2001 and 2003-2006. Comparisons
between groups with Chi square (X2).

Cohort 1 Cohort 2
1997-2001 2003-2006
H&E alone Elastica H&E
Patients n=194 Patients n=225 P value
(%) (%)
Age <65 years 59 (30) 77 (34)
65-74years 61 (32) 79 (35)
>75years 74 (38) 67 (31) 0.158
Sex Female 87 (45) 97 (43)
Male 107 (55) 128 (57) 0.722
Site Colon 128 (66) 141 (63)
Rectum 66 (34) 84 (37) 0.481
TNM Stage 1 9 (4) 29 (13)
11 108 (56) 100 (44)
[11 77 (40) 96 (43) 0.439
Lymph nodes sampled <12 116 (60) 141 (63)
>12 78 (40) 84 (37) 0.548
Adjuvant therapy No 150 (77) 176 (78)
Yes 44 (23) 49 (22) 0.825
Tumour Differentiation
Mod-well 177 (91) 199 (88)
Poor 17 (8) 26 (12) 0.340
Venous Invasion Absent 158 (81) 94 (42)
Present 36 (18) 131 (58) <0.001
Peritoneal Involvement Absent 143 (74) 144 (64)
Present 51 (26) 81 (36) 0.033
Surgical Margin Involvement
Absent 188 (97) 214 (95)
Present 6 (3) 11 (5) 0.353
Tumour perforation Absent 190 (98) 220 (98)
Present 4 (2) 5(2) 0.910
Perineural Invasion Absent 186 (96) 200 (89)
Present 8 (4) 25 (11) 0.008
Petersen Index Low risk 179 (92) 160 (71)
High risk 15 (8) 65 (29) <0.001
Alive at 3yrs 148 (76) 173 (77)
Dead at 3 years Cancer 33 (17) 35 (16)
Non cancer 13 (7) 17 (7) 0.965
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Table 3.2: The relationship between pathological characteristics and 3 year cancer specific survival in patients undergoing curative

resection for colorectal cancer from 1997-2001 (n=194) and between 2003-2006 (N=225): Univariate survival analysis censored at 3

years.
Cohort1 1997-2001 Cohort2 2003-2006
Patients 3year survival P value Patients 3 year survival % P value
N=194 (%) % (SE) (log rank) N=225 (%) (SE) (log rank)
T stage 1 3(1) 100 (0) 9(4) 100 (0)
2 11 (6) 100 (3) 25(11) 100 (3)
3 128 (66) 86 (3) 115 (51) 87 (3)
4 52 (27) 70 (6) 0.043 26 (34) 71 (5) 0.001
N stage 0 117 (60) 93 (2) 130 (58) 90 (3)
1 56 (29) 72 (6) 67 (30) 81 (5)
2 21 (11) 49 (11) <0.001 28 (12) 59 (9) <0.001
Lymph nodes sampled <12 116 82 (4) 141 (63) 83 (3)
>12 78 83 (4) 0.765 84 (37) 85 (4) 0.694
Tumour Differentiation
Mod-well 177 (91) 84 (3) 199 (88) 86 (3)
Poor 17 (8) 60 (14) 0.019 26 (12) 68 (9) 0.008
Venous Invasion Absent 158 (81) 84 (3) 94 (42) 96 (2)
Present 36 (18) 77 (7) 0.320 131 (58) 75 (4) <0.001
Peritoneal Involvement
Absent 143 (74) 87 (3) 144 (64) 91 (2)
Present 51 (26) 70 (7) 0.009 81 (36) 70 (5) <0.001
Surgical Margin Involvement
Absent 188 (97) 83(3) 214 (95) 86 (2)
Present 6 (3) 40 (22) 0.003 11 (5) 44 (15) <0.001
Tumour perforation Absent 190 (98) 83 (3) 220 (98) 84 (3)
Present 4(2) 50 (25) 0.032 5(2) 60 (22) 0.064
Perineural Invasion Absent 186 (96) 83 (3) 200 (89) 86 (3)
Present 8(4) 63 (17) 0.112 25(11) 68 (9) 0.069
Petersen Index Low risk 179 (92) 84 (3) 160 (71) 91 (2)
High risk 15 (8) 57 (135) 0.003 65 (29) 67 (6) <0.001
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Table 3.3: The inter-relationships between the individual pathological variables in the two different cohorts; 1997-2001 (H&E staining
alone) and 2003-2006 (with elastica H&E staining)

Cohort1 1997-2001 T stage Lymph Node Inv Differentiation Peritoneal Inv  Perineural Inv
(H&E alone) 1/2/3/4 No/ Yes Mod-well/ Poor No/ Yes No/ Yes
Venous Invasion No/Yes 0.278 0.307 0.582 0.520 0.160
Tstage 1/2/3/4 0.209 0.212 <0.001 0.006
Lymph node involvement No/Yes 0.092 0.212 0.179
Tumour Differentiation Mod-well/ Poor 0.009 0.098
Peritoneal Involvement No/ Yes 0.001
Cohort 2 2003-2006 T stage Lymph Node Inv Differentiation Peritoneal Inv  Perineural Inv
(Elastica H&E) 1/2/3/4 No/ Yes Mod-well/ Poor No/ Yes No/ Yes
Venous Invasion No/Yes <0.001 <0.001 0.099 <0.001 <0.001
Tstage 1/2/3/4 <0.001 0.169 <0.001 0.010
Lymph node involvement No/Yes 0.991 <0.001 <0.001
Tumour Differentiation Mod-well/ Poor 0.260 0.165
0.008

Peritoneal Involvement No/ Yes

138



Table 3.4: Multivariate analysis for cancer specific survival for individual pathological characteristics in the 2003-2006 elastica stained

cohort.
Cohort 2
Elastica and H&E staining Multivariate Analysis
2003-2006
Hazard Ratio (95% CI) P-value
T stage 1
2
3
4 1.85 (1.08-3.19) 0.026
N stage 0
1
2 1.46 (1.00-2.12) 0.048
Differentiation = Mod-well
Poor 0.083
Venous Invasion Absent
Present 3.81 (1.68-9.25) 0.002
Peritoneal Involvement Absent
Present 0.505
Surgical Margin Involvement
Absent
Present 3.95 (1.64-8.87) 0.001
Tumour perforation Absent
Present 0.738
Perineural Invasion Absent
Present 0.126
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Table 3.5: The relationship between the individual pathological variables and 3-year cancer specific survival (%) in patients
undergoing curative resection for node negative and node positive colorectal cancer in the elastica stained cohort 2003-2006

Cohort 2 Node negative disease Node positive disease
Elastica H&E Patients 3year survival P value Patients 3 year survival % P value
2003-2006 N=129 (%) % (SE) (log rank) N=96 (%) (SE) (log rank)
T stage 1/2 29 (23) 100 (0) 5(5) 100 (0)
3/4 100 (77) 88 (3) 0.026 91 (95) 72 (5) 0.094
Lymph nodes sampled <12 53 (41) 90 (4) 31(32) 73 (8)
>12 76 (59) 92 (4) 0.661 65 (68) 74 (6) 0.981
Tumour Differentiation
Mod-well 115 (89) 91 (3) 84 (88) 79 (5)
Poor 14 (11) 93 (7) 0.498 12 (12) 36 (15) 0.002
Venous Invasion Absent 69 (53) 96 (3) 25 (26) 96 (4)
Present 60 (47) 85 (5) 0.014 71 (74) 66 (6) 0.001
Peritoneal Involvement
Absent 97 (75) 96 (2) 47 (49) 82 (6)
Present 32 (25) 76 (8) <0.001 49 (51) 66 (7) 0.013
Surgical Margin Involvement
Absent 123 (95) 92 (3) 91 (95) 77 (5)
Present 6 (5) 63 (21) 0.012 5(5) 20 (18) <0.001
Tumour perforation Absent 127 (98) 95 (3) 93 (97) 77 (5)
Present 2(2) 100 (0) 0.584 3(3) 33 (27) 0.013
Perineural Invasion Absent 124 (96) 91 (3) 76 (79) 77 (5)
Present 5 (4) 80 (18) 0.069 20 (21) 65 (11) 0.120
Petersen Index Low risk 106 (82) 95 (2) 54 (56) 82 (5)
High risk 23 (18) 72 (10) <0.001 42 (44) 64 (8) 0.008

140




4.0 COMPARISON OF THE PROGNOSTIC VALUE OF
TUMOUR AND PATIENT RELATED FACTORS IN PATIENTS
UNDERGOING CURATIVE SURGERY FOR COLON CANCER

4.1 Introduction:

Following curative resection for colon cancer, pathological analysis for tumour
related factors guides prognosis and provision of adjuvant therapy. A variety of high
risk features including tumour stage, nodal status, the ratio of metastatic to
examined lymph nodes and presence or absence of venous invasion are considered

to be important in planning adjuvant therapy and follow-up (176, 194, 419-421).

However, it is also now recognised that cancer outcomes are not solely determined
by tumour-related factors but also by patient-related factors (292, 422). Indeed, the
presence of a pre-operative systemic inflammatory response, as evidenced by a
simple objective score (modified Glasgow Prognostic Score (mGPS) based on
circulating levels of two acute phase proteins, C-reactive protein and albumin, is
independently associated with poor cancer outcomes in patients undergoing surgery

for colon and rectal cancer (278, 308, 325).

The acute phase protein response is only one aspect of the systemic inflammatory
response (289). Previous work has also identified a significant relationship between
cellular components of the pre-operative systemic inflammatory response including
white cell, neutrophil, lymphocyte, monocyte and platelet counts and cancer survival
in patients colorectal cancer (278, 322, 340, 423-426). Also, the combination of
these cellular components such as the neutrophil-lymphocyte ratio and the platelet-

lymphocyte ratio have been proposed to have prognostic value (309, 310, 342).

The systemic inflammatory response, as evidenced by the mGPS, also appears to be
associated with a number of routine biochemical parameters, in particular alkaline
phosphatase and y-glutamyl transferase (427). Therefore, it of interest that alkaline
phosphatase, aspartate transaminase and y-glutamyl transferase have been reported
to have prognostic value in patients undergoing surgery for colon and rectal cancer

(428-433).
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To date, there has been no comprehensive comparison of the prognostic value of

tumour and patient-related factors, including the systemic inflammatory response.
The aim of the present study was to examine the relationship between tumour and
patient related factors, including the mGPS, and cancer specific survival in patients

under going potentially curative surgery for colon cancer.
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4.2  Materials and methods

Patients with histologically proven colon cancer who, on the basis of laparotomy
findings and pre-operative abdominal computed tomography, were considered to
have undergone potentially curative resection between January 1997 and July 2005
in a single surgical unit, were included in the study. Patients were identified from a
prospectively maintained colorectal cancer database. Exclusion criteria were: (i)
emergency surgery (ii) death within 30 days of surgery (iii) clinical evidence of
infection or other inflammatory conditions such as inflammatory bowel disease or
rheumatoid arthritis. Tumours were staged using the conventional Dukes’

classification (182).

Pathological details were obtained from reports issued following tumour resection.
The lymph node ratio was calculated by dividing the number of metastatic lymph
nodes identified by the total number of lymph nodes sampled. In the present study,
cut offs of 0.25 and 0.5 were used to stratify patients as high or low risk within the
Stage III or node positive patients as previously described (217, 434). Routine
laboratory measurements for haemoglobin, white cell, neutrophil, lymphocyte,
platelet counts, bilirubin, aspartate transaminase, alanine transaminase, y-glutamyl
transferase, alkaline phosphatase, adjusted calcium, globulins, albumin and C-

reactive protein concentration prior to surgery were recorded.

The calcium concentrations were adjusted for albumin using the formula: adjusted
calcium = measured calcium + (43-measured albumin) x 0.07. Coefficient of
variation for these methods, over the range of measurement, was less than 10% as

established by routine quality control procedures.

The GPS was constructed as previously described (336). Briefly, patients with both
an elevated C-reactive protein (>10mg/1) and hypoalbuminaemia (<35g/1) were
allocated a score of 2. Patients in whom only one of these biochemical abnormalities
was present were allocated a score of 1. Patients in whom neither of these
abnormalities was present were allocated a score of 0. Recently, however, this has
been modified based on evidence that hypoalbuminaemia, in patients with colorectal
cancer without an elevated C-reactive protein concentration, had no significant

association with cancer specific survival. Therefore, patients with an elevated C-
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reactive protein were assigned a modified GPS score (mGPS) of 1 or 2 depending on

the absence or presence of hypoalbuminaemia (308).

The provision of adjuvant chemotherapy following surgery was at the discretion of
the medical or clinical oncologists present at multi-disciplinary assessment. All
clinical and pathological data, including co-morbidities, were available to the
oncologist in making these decisions and the treatment offered was based on the

treatment guidelines for colon cancer at that time.

The study was approved by the Research Ethics Committee, Royal Infirmary,

Glasgow.
Statistics

Grouping of the variables was carried out using standard thresholds for laboratory
parameters (278, 296, 435-437). The relationships between the mGPS and other
variables were analysed using the Mantel-Haenszel (X2) test for trend as
appropriate. Deaths up to August 2008 were included in the analysis. Univariate
survival analysis was performed using the Kaplan-Meier method with the log-rank
test. Multivariate survival analysis, including all significant covariates was
performed using a stepwise backward procedure to derive a final model of the
variables that had a significant independent relationship with survival. To remove a
variable from the model, the corresponding P-value had to be greater than 0.05.
Because of the number of statistical comparisons, a P value of <0.01 was considered
to be significant. Analysis was performed using SPSS software (SPSS Inc., Chicago, IL,
USA).
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4.3 Results

Two hundred and eighty seven patients undergoing elective potentially curative
resection for colon cancer were studied. All pathological data and criteria for the
mGPS were available in all 287 patients. Biochemistry including full liver function
testing was available for 224 patients. Pre-operative haematology results were

available for 167 patients.

The tumour characteristics and relationships with overall and cancer specific
survival are shown in Table 4.1. The majority of patients had Dukes’ A/B disease
(59%), moderate to well differentiated tumours (86%), had no evidence of vascular
invasion (65%), no evidence of peritoneal involvement (71%), clear surgical margins
(90%), no evidence of tumour perforation (96%), no evidence of perineural invasion
(93%), a lymph node ratio of 0 (59%) and 12 or more lymph nodes sampled (63%).
Median number of lymph nodes sampled was 14 (range 2-52). Sixty patients (21%)
received adjuvant chemotherapy (Table 4.1).

The patient related characteristics and relationships with overall and cancer specific
survival are shown in Table 4.2. The majority of patients were 65 years or older
(70%), male (54%). The majority of patients had pre-operative total white cell
counts (59%), neutrophil counts (82%), lymphocyte counts (92%) and platelet
counts (73%) in the normal range. Therefore, the majority of patients had a
neutrophil/ lymphocyte ratio (77%) and platelet/ lymphocyte ratio (76%) within the
normal range (Table 2). The majority of patients had a pre-operative bilirubin
(96%), aspartate transaminase (99%), alanine transaminase (99%), y-glutamyl
transferase (79%) and alkaline phosphatase (55%) within the normal range. The
majority of patients had globulin (94%), adjusted calcium (97%) and mGPS (57%)
within the normal range (Table 4.2).

The median follow-up for survivors was 65 months (minimum 36 months). Over this
period one hundred and twenty-five patients died, eighty-one from their cancer. On
univariate survival analysis of tumour-related factors, Dukes’ stage (P<0.001),
extramural vascular invasion (P<0.001), peritoneal involvement (P<0.01), margin
involvement (P<0.001) and increasing lymph node ratio (P<0.001) were significantly

related to cancer specific survival (Table 4.1).
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On univariate survival analysis of patient-related characteristics, age (P<0.001),
white cell count (P<0.01) and the mGPS (P<0.001) were significantly related to

cancer specific survival (Table 4.2).

On multivariate analysis of significant tumour and patient related factors, Dukes’
stage (HR 3.01, 95% CI 1.50-6.06, P=0.002), extramural vascular invasion (HR 3.16,
95% CI 1.53-6.58, P=0.002), and the mGPS (HR 1.96, 95% CI 1.19-3.21, P=0.008)

were independently related to cancer specific survival (Table 4.3).

The relationships between an increasing mGPS and patient related factors are shown
in Table 4.4. An increased mGPS was associated with increased age (P<0.001), lower
haemoglobin (P<0.001), increased white cell (P<0.001), neutrophil (P<0.001) and
platelet (P<0.001) counts and increased neutrophil /lymphocyte ratio >5:1 (P<0.001)
and increased alkaline phosphatase (P<0.001).
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4.4 Discussion

In the present study, in addition to Dukes’ stage, the most important tumour-related
factors associated with cancer specific survival was extramural vascular invasion.
These results are consistent with current guidelines, which identify patients

undergoing potentially curative resection for colon cancer at high risk of recurrence

(176, 194, 419-421).

In the present study, the mGPS was the most important patient-related factor
associated with cancer specific survival. These results are consistent with previous
studies confirming the role of the mGPS in primary operable colon and rectal cancer
(308, 325). Ishizuka and colleagues (325) have called for the ‘worldwide adoption of

the GPS for postoperative prognostication of patients with colon and rectal cancer”.

Recently, in addition to the Glasgow Prognostic Score, a variety of inflammation-
based scores have been developed to predict cancer specific survival in patients with
primary operable gastrointestinal cancer, including the neutrophil/ lymphocyte ratio
and the platelet lymphocyte ratio (309, 310, 342). In the present study, neither the
neutrophil/ lymphocyte ratio nor the platelet/ lymphocyte ratio were significantly
associated with cancer specific survival. Therefore, these new scores based on the
cellular components of the systemic inflammatory response cannot be recommended
for routine use in predicting survival in patients undergoing potentially curative

resection for colon cancer.

In the present study, in addition to the cellular components of the systemic
inflammatory response, alkaline phosphatase was directly associated with the mGPS.
These results are consistent with those previously reported in patients with
advanced lung and gastrointestinal cancer (427). Given that circulating
concentrations of enzymes primarily reflect that synthesised by the liver in response
to systemic inflammation, this increased functional requirement may be important
for regulating other enzyme activity in the liver. For example, it has recently been
reported that cytochrome P450 3A4 activity is reduced as part of the systemic
inflammatory response in patients with advanced cancer (438). This mechanism
may account for the observation that a raised mGPS is associated with a poor

tolerance to chemotherapy in patients with colorectal cancer (Chapter 13.0) (439).
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Irrespective of the mechanisms involved the results of this study indicate that, along
with its prognostic value, the mGPS is associated with a cluster of cellular and
biochemical changes in patients undergoing potentially curative resection for colon

cancer.

In the present study, neither CEA or CA-19-9, proposed tumour markers were
measured prior to surgery. There is some evidence that the combination of pre-
operative serum CEA and CA-19-9 have independent prognostic value in patients
undergoing resection for colorectal cancer (440). However, Ishizuka and coworkers
(325) recently reported that, compared with tumour markers such as CEA, CA 19-9
and CA 72-4, the mGPS had superior prognostic value. Further work is required to
determine whether a combination of tumour markers offers prognostic value in

addition to pathological staging and the mGPS.

The results of the present study add further evidence to the importance of the
systemic inflammatory response and the prognostic value of the mGPS in patients
with colon cancer (278, 308, 325). Therefore, the mGPS has the potential to aid
detection of early tumour recurrence following surgery. In contrast, the role of the
mGPS in predicting response to neoadjuvant or adjuvant chemotherapy is less clear.
There are some recent reports from other centres that suggest that the mGPS might
be useful in predicting response to chemotherapy (325, 439, 441). This is of
particular interest given a recent report from the UK National Confidential Enquiry
into Patient Outcome and Death (NCEPOD) which concluded that chemotherapy had
probably hastened or caused death, in over a quarter of patients who died within 30
days of receiving treatment (442). They suggest therefore, that greater caution be
used in prescribing chemotherapy in very sick patients (442). However, they do not
suggest how this problem might be avoided or how the very sick patients are to be
identified. Therefore, the mGPS has also the potential to guide the selection of
chemotherapy for colorectal cancer patients. However, the impact of using the mGPS

as a therapeutic target has as yet not been explored.

In summary, both tumour-related and patient-related factors are important
predictors of survival in patients undergoing potentially curative resection of colon

cancer. In addition to tumour stage, and vascular invasion, the systemic
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inflammatory response, as evidenced by the mGPS, should be included in the routine
clinical assessment, planning of treatment and the stratification of randomized trials

of patients with colon cancer.
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Table 4.1: The relationship between tumour related factors and overall survival and
cancer specific survival in patients undergoing potentially curative resection for
colon cancer

Overall survival Cancer Specific

Survival
Patients 5 year Pvalue | S5year P value
n=287 survival survival
(%) % (SE) % (SE)
Dukes’ Stage A 19 (7) 88 (4) 85 (8)
B 149 (52) 68 (5) 85 (4)
C 119 (41) 48 (5) <0.001 65 (5) <0.001
Differentiation
Mod-well | 248 (86) 64 (3) 78 (3)
Poor 39 (13) 43 (8) 0.017 70 (9) 0.171
Extramural vascular
invasion Absent 188 (65) 69 (4) 84 (3)

Present 19 (35) 45 (5) <0.001 62 (6) <0.001
Peritoneal involvement

Absent 205 (71) 65 (4) 83 (3)

Present 82 (29) 52 (6) 0.021 62 (7) 0.006
Margin involvement

Absent 259 (90) 64(3) 79 (3)

Present 28 (10) 32 (9) <0.001 33(16) <0.001
Tumour perforation

Absent 276 (96) 62 (3) 78 (3)

Present 11 (4) 27 (13) 0.002 20 (24) 0.018
Perineural invasion

Absent 268 (93) 62 (3) 81 (3)

Present 19 (7) 39 (12) 0.113 46 (11) 0.042
Lymph nodes sampled

>12 180 (63) 63 (4) 80 (4)
<12 107 (37) 57 (5) 0.288 70 (6) 0.848
Lymph Node Ratio 0 166 (59) 70 (4) 86 (3)
0.01-0.24 78 (27) 51 (6) 60 (6)
0.25-0.49 32 (11) 59 (9) 61 (9)
>0.5 11 (4) 9(9) <0.001 | 21(13) <0.001
Adjuvant chemotherapy
Yes 60 (21) 58 (3) 80 (3)
No 227 (79) 71 (6) 0.059 69 (7) 0.972
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Table 4.2: The relationship between patient related factors and overall survival and
cancer specific survival in patients undergoing potentially curative resection for

colon cancer.

Overall Survival

Cancer Specific

Survival
Patients > year — pvalue > Year = pvalue
n=287 % survival survival
% (SE) % (SE)
Age <65 years 85 (30) 82 (4) 86 (4)
65-74years 87 (30) 66 (5) 75 (5)
>75years 115 (40) 42 (5) <0.001 62 (5) <0.001
Sex Female 133 (46) 58 (4) 74 (4)
Male 154 (54) 63 (4) 0.474 73 (4) 0.866
Haemoglobin
>13g/d (men) >11.5g/dl (women) 66 (40) 66 (6) 79 (5)
<13g/dl (men) <11.5g/dl (women) | 101 (60) 61 (5) 0.555 78 (4) 0.671
White cell count <8.5x10° 98 (59) 67 (4) 82 (4)
8.5-11x10° 45 (27) 69 (7) 82 (6)
>11x109 24 (14) 32 (9) 0.001 56 (10) 0.004
Neutrophil count <7.5x10°9 137 (82) 66 (4) 81 (4)
27.5x10° 30(18) | 47(10)  0.055 66 (9) 0.051
Lymphocyte count >3.0x10° 10 (6) 38 (14) 55 (17)
1.0-3.0x10° 143 (86) 66 (5) 81 (4)
<1.0x10° 14 (8) 69 (8) 0.035 70 (12) 0.160
Platelet count <400 x10° 122 (73) 65 (5) 81 (4)
>400 x10° 45 (27) 57 (8) 0.084 70 (7) 0.020
Neutrophil/ lymphocyte ratio
<5:1 129 (77) 67 (5) 82 (4)
>5:1 38 (23) 48 (8) 0.047 66 (8) 0.056
Platelet/ lymphocyte ratio
<150:1 40 (24) 62 (8) 74 (8)
>150:1 127 (76) 63 (5) 0.611 80 (4) 0.719
Bilirubin <22 umol/L 215 (96) 61 (4) 74 (3)
>22 pmol/L 9 (4) 40 (18) 0.379 74 (16) 0.910
Aspartate transaminase <50 U/L 223 (99) 60 (4) 74 (3)
>50 U/L 1(1) 100 (0) 0.502 100 (0) 0.591
Alanine transaminase <50 U/L 223 (99) 60 (4) 74 (3)
>50 U/L 1(1) 100 (0) 0.497 100 (0) 0.591
Alkaline phosphatase <200 U/L 123 (55) 55 (5) 80 (4)
>200U/L 101 (45) 45 (5) 0.037 67 (5) 0.060
y-glutamyl transferase
<55U/L (men), <35U/L (females) 175 (79) 63 (4) 76 (3)
>55U/L (men), >35U/L (females) 50 (21) 53(7) 0.054 70 (7) 0.324
Globulin >22g/L 207 (94) 60 (4) 75 (3)
<22g/L 14 (6) 62 (14) 0.999 73 (14) 0.756
Calcium Adjusted
>2.5mmol/L 190 (97) 61 (4) 74 (3)
<2.5mmol/L 6(3) 50 (20) 0.418 82 (16) 0.874
mGlasgow Prognostic Score
Low Risk (0) 143 (57) 74 (4) 83 (3)
Intermediate (1) 102 (33) 56 (5) 70 (5)
High Risk (2) 42 (10) 28 (7) <0.001 46 (9) <0.001
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Table 4.3: Tumour and patient related factors and relationship with cancer specific survival in colon cancer. Multivariate analysis of
significant variables (P<0.01).

Overall Survival Cancer Specific Survival
Hazard ratio P- Hazard ratio
Tumour Related Factors (n=287) (95% CI) value (95% CI) P-value
Dukes’ Stage
(A/B/Q) 19/ 149/ 119 1.51 (0.93-2.48) 0.099 3.01 (1.50-6.06) 0.002
Extramural Vascular Invasion
(absent/ present) 188/ 19 2.01 (1.14-3.55) 0.016 3.16 (1.53-6.58) 0.002
Peritoneal Involvement
(absent/ present) 205/ 82 0.424 0.262
Margin Involvement
(absent/ present) 259/ 28 2.25(0.93-5.45) 0.072 0.410
Lymph node ratio
(0/0.01-0.24/ 0.25-0.49/ >0.5) | 166/ 78/ 32/ 11 0.869 0.832
Patient Related Factors
Age
(<65/ 65-75/ >75years) 85/87/ 115 1.91 (1.34-2.72) <0.001 0.110
White Cell Count
(<8.5/8.5-11 >11x10°) 98/ 45/ 24 0.607 0.878
mGPS (0/1/2) 143/ 102/ 42 1.73 (1.18-2.55) 0.005 1.96 (1.19-3.21) 0.008
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Table 4.4: The relationship between an inflammation based prognostic score
(mGlasgow Prognostic Score) and other patient- related factors in colon cancer

patients.

mGPS 0 mGPS 1 mGPS 2 P value

n=143 n=102 n=42
Age Group
<65/ 65-74/ >75years 51/49/43 | 27/48/27 | 7/10/25 <0.001
Sex
Male/ Female 65/78 47/ 55 21/ 21 0.646
Haemoglobin
>13g/d (men), >11.5g/dl (women)/
<13g/dl (men) <11.5g/dl (women) 46/ 36 16/ 49 4/ 16 <0.001
White cell count
<8.5x109/ 8.5-11x109/ >11x10° 60/17/5 29/21/15 9/7/4 0.001
Neutrophil count
<7.5x109/ >7.5x109 76/ 6 47/ 18 14/ 6 0.001
Lymphocyte count
<1x109/1-3x109/>3x10° 6/73/3 4/54/7 0/16/ 4 0.012
Platelet count
<400 x109/ >400 x10° 71/ 11 39/ 26 12/8 0.001
Neutrophil-lymphocyte ratio
<5:1/>5:1 76/ 6 44/ 21 9/11 <0.001
Platelet-lymphocyte ratio
<150:1/>150:1 23/ 59 12/ 53 5/15 0.408
Bilirubin
<22 umol/L/ >22 umol/L 100/ 5 84/ 3 31/1 0.610
Aspartase transaminase
<50U/L/>50U/L 105/ 0 86/1 32/0 0.647
Alanine transaminase
<50U/L/>50U/L 105/ 0 86/1 32/0 0.647
Alkaline phosphatase
<200U/L/>200U/L 69/ 36 43/ 44 11/ 21 0.001
y-Glutamyl transferase
<55U/L (men), <35U/L in females/
>55U/L (men), >35U/L in females 86/ 20 68/ 19 21/11 0.094
Globulin
>22/ <22g/L 96/ 7 82/ 4 29/ 3 0.847
Calcium Adjusted
>2.5/ <2.5mmol/L 84/ 4 77/ 0 29/ 2 0.884
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5.0 COMPARISON OF TUMOUR-BASED (PETERSEN INDEX)
AND INFLAMMATION BASED (GLASGOW PROGNOSTIC
SCORE) SCORING SYSTEMS IN PATIENTS UNDERGOING
CURATIVE RESECTION FOR COLORECTAL CANCER.

5.1 Introduction

Whilst Dukes’ stage is widely used to predict outcome in colon cancer, it is also
recognized that the survival of patients within the staging categories is variable,
particularly those with Dukes’ B or T3/4 NO tumours. There is particular interest in
identifying sub groups of patients with either Dukes’ stage B disease or Dukes’ C with
only 1 positive node, who may be at relatively high or low risk respectively of
developing recurrent cancer and therefore may or may not benefit from adjuvant

chemotherapy (194).

Consequently, considerable effort has been directed at refining prognostic criteria.
For example, numerous molecular-based factors have been evaluated (229). Clinically
useful factors should be routinely available, well standardised and validated in a
variety of different patient cohorts. However, few molecular-based factors satisfy
these criteria and have been incorporated into routine clinical practice. There
remains a continuing need to identify clinically relevant factors that would improve
the prediction of survival in patients undergoing potentially curative surgery for

colon cancer.

A score based on four routinely reported pathological criteria (vascular invasion,
peritoneal involvement, margin involvement and tumour perforation), the Petersen
Index (PI) has been reported to predict cancer-specific outcome in Dukes’ B colon
cancer (195). More recently, the PI has been validated as a prognostic score in
patients undergoing potentially curative resection for both Dukes’ B and C cancer of
the colon and rectum (194). Similarly, an inflammation-based score, based on two
routinely measured acute phase proteins (C-reactive protein and albumin), the
Glasgow Prognostic Score (mGPS) has been reported to predict cancer-specific
outcome in Dukes’ B colon cancer (308). The GPS has recently been validated as a

prognostic score in patients undergoing potentially curative resection for both Dukes’
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B and C cancer of the colon (325). To date, the relationship between the PI and the
GPS has not been examined. Moreover, the application of both scores to a single
cohort of colon cancer patients has not previously been undertaken.

The aim of the present study was to compare the prognostic value of the tumour-
based (Petersen Index) and inflammation-based (mGlasgow Prognostic Score)

scoring systems in patients undergoing resection for colon cancer.
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5.2  Materials and methods

Patients with histologically proven colon cancer who underwent potentially curative
resection between January 1997 and July 2005 were identified from a prospectively
collected database with similar exclusion criteria to those in Chapter 4.0 (Methods

4.2). Tumours were staged using conventional Dukes’ classification (182).

The Petersen Index was constructed from the scores allocated to the four selected
pathological variables present in a tumour specimen. Intra or extramural vascular
invasion, peritoneal involvement and margin involvement were allocated a score of 1
and tumour perforation was allocated a score of 2. The cumulative total is calculated
and the PI considered low risk where the score is between 0 and 1 and high risk

between 2 and 5 (194, 195).

Blood samples were taken for routine laboratory measurements of albumin and C-
reactive protein measurement prior to surgery. This is standard practice in all cancer
patients in our institution. The coefficient of variation for these methods, over the
range of measurement, was less than 5% as established by routine quality control
procedures. The GPS was constructed as previously described (Chapter 4.0, Methods
4.2) (336), (308).

The provision of adjuvant treatment was at the discretion of the oncologist managing
the patient following the multi-disciplinary team assessment. Therefore, all
biochemical and pathological results as well as patient comorbidities were available

to the oncologist in making such decisions on adjuvant treatment.

The study was approved by the Research Ethics Committee, Royal Infirmary,

Glasgow.

Statistics

Grouping of the variables was carried out using standard thresholds. Univariate
survival analysis was performed using the Kaplan-Meier method with the log-rank
test. Multivariate survival analysis and calculation of hazard ratios (HR) were
performed using Cox’s proportional-hazards model. A stepwise backward procedure
was used to derive a final model of the variables that had a significant independent

relationship with survival. To remove a variable from the model, the corresponding
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P-value had to be greater than 0.05. Deaths up to August 15t 2008 were included in
the analysis. Analysis was performed using SPSS software (SPSS Inc., Chicago, IL,
USA).
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5.3 Results

Baseline clinico-pathological characteristics and the relationship with 5-year survival
rate of the patients (n= 244) who underwent curative surgery for colon cancer are
shown in Table 5.1. The majority of patients were 65 or older (73%), were male
(52%), and had Dukes’ stage A/B disease (59%). Fifty-six (23%) patients received
adjuvant chemotherapy. Median number of lymph nodes sampled was 14 (range 3-
52) for Dukes’ B tumours and 14 (range 3-34) for Dukes’ C tumours. The majority of
patients had no evidence of vascular invasion (67%), peritoneal involvement (74%),
resection margin involvement (91%) and tumour perforation (97%) and had a low
risk Petersen Index (87%). The majority of patients had C-reactive protein (51%)
and albumin (83%) concentrations in the normal range and a normal mGPS (51%).
Of the 40 patients with hypoalbuminaemia, 31 (78%) had an elevated C-reactive

protein concentration.

The minimum follow-up was 36 months; the median follow-up of the survivors was
67 months. No patients were lost to follow up. During this period 68 patients died of
their cancer and a further 41 patients died of intercurrent disease. Univariate
survival analysis for cancer-specific and overall survival of baseline clinico-
pathological characteristics are shown in Table 5.1. On univariate survival analysis of
individual variables, age (P<0.001), Dukes’ stage (P<0.001), vascular invasion
(P<0.001), peritoneal involvement (P<0.001), resection margin involvement
(P<0.001), tumour perforation (P<0.005) C-reactive protein (P<0.001) and albumin
(P<0.05) were associated significantly with overall survival. Both PI (P<0.001) and

mGPS (P<0.001) were associated significantly with overall survival (Table 5.1).

On univariate survival analysis of individual variables, age (P<0.001), Dukes’ stage
(P<0.001), vascular invasion (P<0.001), peritoneal involvement (P<0.001), resection
margin involvement (P<0.001), tumour perforation (P<0.005) C-reactive protein
(P<0.001) and albumin (P<0.005) were associated significantly with cancer specific
survival. On multivariate analysis of these significant variables age (HR, 1.80, 95% (I,
1.30-2.49, P<0.001), Dukes’ stage (HR, 3.14, 95% CI, 1.82-5.40, P<0.001), vascular
invasion (HR, 2.18, 95% CI, 1.25-3.82, P=0.006), C-reactive protein (HR, 2.09, 95% CI,
1.20-3.65, P=0.010) and albumin (HR, 2.33,95% CI, 1.30-4.17, P=0.004) were
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associated independently with cancer specific survival. On multivariate analysis of
age, Dukes’ stage, PI and mGPS, age (HR, 1.74, 95% CI, 1.27-2.39, P=0.001), Dukes’
stage (HR, 3.63,95% (I, 2.13-6.18, P<0.001), PI (HR, 2.05,95% CI, 1.19-3.56,
P=0.010) and mGPS (HR, 2.34, 95% CI, 1.65-3.31, P<0.001) were associated

independently with cancer specific survival.

Multivariate survival analysis in patients with Dukes’ stage B and stage C disease is
shown in Table 5.2. In those patients with Dukes’ B stage disease, age (P<0.05), PI
(P<0.001) and mGPS (P<0.01) were associated independently with cancer specific
survival. In those patients with Dukes’ C stage disease, age (P<0.05) and mGPS

(P<0.001) were associated independently with cancer specific survival.

The relationships between the Pl and mGPS and cancer-specific survival in Dukes’ B
and C colon cancer are shown in Figures 11 and 12 and Figures 13 and 14
respectively. The three-year cancer specific survival rate for patients with low risk PI
and Dukes’ B stage disease was 98%, 92% and 82% for mGPS of 0, 1 and 2
respectively (p<0.05; Table 5.3). The three-year cancer-specific survival rate in all
patients with Dukes’ C stage disease and a low risk PI was 84%, 46% and 10% for an

mGPS of 0, 1 and 2 respectively (p<0.001).
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5.4 Discussion

The PI was initially reported in Dukes’ B colon cancers (195). To date only one other
study has validated the PI as a prognostic score in Dukes’ B and C colon cancer as well
as rectal cancer (194). The results of the present study further validate the Pl in a
different population of patients undergoing potentially curative resection for colon
cancer. Of the 244 colon cancer patients included in this study, only 17% were
classified as having a high risk PI. The present PI high-risk population among Dukes’
B cases was 9%; smaller than the 29% of colon cancer cases originally reported by
Petersen (195), but is more comparable with the recent study by Morris and
colleagues (194) who also reported 9% of Dukes’ B colon cancers and rectal cancers

as having a high risk PI.

The basis of these differences in the classification of high risk PI between the studies
is unclear. However, it may reflect differences in case mix or variability in reporting
those factors that form the PI and discriminate between Dukes’ B and C cases. In the
Petersen study of Dukes’ B colon cancers the prevalence of venous invasion (extra
and intramural) was 30%; in Morris’ paper of Dukes’ B and C patients with both colon
and rectal cancers the prevalence of extramural venous was 14% and in the present
paper of colon cancers venous invasion was seen in 33% of colonic resections. In the
3 studies peritoneal involvement was seen in 42% (195), 14% (194) and 26%
(present study). The number of lymph nodes can affect the Dukes’ staging and the

mean number of lymph nodes harvested was 21, 11 and 14 in the 3 studies.

In spite of these drawbacks in pathology reports both the present study and that of
Morris and co-workers highlight the prognostic value of the PI. In particular, given
that the results of both studies were drawn from cases dissected and reported by a
number of pathologists, including trainee pathologists, they are likely to be
representative of ‘real world’ pathology reporting used to inform multi-disciplinary
team meetings of high risk patients with colon cancer. Therefore, I would
recommend the PI should be reported routinely in patients having undergone
resection for Dukes’ B colon cancer, for whom it was designed, where the hazard ratio

for survival in our study was approximately 10.
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The present study shows for the first time that both tumour-based (PI) and
inflammation-based (mGPS) scoring systems have independent prognostic value in
patients undergoing potentially curative resection for colon cancer. While the PI
measurement is subject to variation in reporting, the pre-operative mGPS, based on
standard reliable laboratory measurements, is objective and therefore there is likely

to be little variation in reporting.

[t is of interest to consider how these results might be combined in a clinical context.
At present, patients with Dukes’ C tumours are offered adjuvant chemotherapy and
those with Dukes’ A tumours are not. All the relevant studies concur that the PI
identifies Dukes’ B patients who are at high risk and arguably these patients should
also be offered chemotherapy. Morris has shown that patients with single node
positive Dukes’ C tumours had a better prognosis than patients with Dukes’ B
tumours with a PI of 1 or more. In the present study, among patients with Dukes’ B
tumours and a low risk PI, a high-risk mGPS indicated a statistically significant poorer
prognosis when compared to patients with pathologically similar tumours who had a
low risk mGPS (Table 5.3). Such high-risk patients may therefore be thought to

benefit from adjuvant chemotherapy.

The utility of the PI in predicting response to chemotherapy is not, to our knowledge,
known. In contrast, there is evidence that suggests an elevated C-reactive protein of
the mGPS not only identifies those patients which are increased risk of recurrent
disease but also those patients who are likely to benefit from adjuvant chemotherapy
(Chapter 13.0). Therefore, on the basis of the evidence available the mGPS should be
included, together with the PI, in the post-operative multi-disciplinary assessment of
patients with primary operable colon cancer and the stratification of patients

entering randomised trials of adjuvant chemotherapy.

The basis of the independent relationship between an elevated mGPS prior to surgery
and poor long-term cancer specific survival in patients with primary operable colon
cancer is not clear. A plausible explanation is that an elevated mGPS may reflect
compromised cell mediated immunity since an elevated C-reactive protein and
hypoalbuminaemia are associated with lymphocytopenia (344) and an impaired T-

lymphocytic response in the tumour (276). Furthermore, the presence of an elevated
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C-reactive protein concentration and hypoalbuminaemia have also been shown to be
associated with upregulation of components of innate immune system, including
complement and macrophage function (291, 345). In addition, it is known that as
part of the systemic inflammatory response, there is a release of pro-inflammatory
cytokines and growth factors, which may promote tumour growth (347, 443).
Therefore, the mGPS may reflect host responses that impact prognosis in colon cancer
whereas the PI might be considered to provide prognostic information on tumour

behaviour.

In summary, the results of the present study validate the use of the Petersen Index in
predicting cancer specific survival in patients undergoing elective potentially curative
for Dukes’ B colon cancer. Furthermore the results indicate that the mGPS further
stratifies those patients with Dukes’ B and single node positive Dukes’ C cancers,
classified as low risk by the PI. The PI and the mGPS scoring systems could therefore
be combined at a multidisciplinary meeting to identify those patients with colorectal
cancer who have undergone potentially curative surgery but who are at high risk of

cancer related death.
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Table 5.1. Clinico-pathological characteristics in patients undergoing potentially
curative resection for colon cancer: Univariate survival analysis.

Patients Overall 3- Cancer 3-
244 (%) | year survival | P-value | year survival | P-value
% (SE) % (SE)
Age <65 years 65 (27) 95 (3) 95 (3)
65-74years 72 (29) 76 (5) 84 (4)
>75years 107 (44) 61 (5) <0.001 68 (5) <0.001
Sex  Female 118 (48) 70 (4) 79 (4)
Male 126 (52) 79 (4) 0.416 81 (4) 0.832
Dukes’ Stage A 18 (7) 94 (5) 100 (0)
B 127 (52) 85 (3) 90 (3)
C 99 (41) 58 (5) 0.001 63 (5) <0.001
Adjuvant therapy no 88 (77) 74 (3) 81 (3)
yes 56 (23) 77 (6) 0.028 77 (6) 0.906
Date of Surgery 1997-2001 116 (48) 77 (4) 81 (4)
2002-2005 128 (52) 73 (4) 0.514 79 (4) 0.773
Pathological Characteristics
Vascular invasion no 163 (67) 83 (3) 86 (3)
yes 81 (33) 58 (5) <0.001 67 (5) <0.001
Peritoneal involvement no 180 (74) 81 (3) 86 (3)
yes 64 (26) 51 (6) 0.001 64 (6) <0.001
Margin involvement no 221 (91) 76 (3) 82 (3)
yes 23 (9) 57 (10) <0.001 60 (10) <0.001
Tumour Perforation no 308 (98) 75 (3) 81 (3)
yes 6 (2) 50 (25) 0.001 50 (25) 0.002
Biochemical Characteristics
C-reactive protein <10mg/I 125 (51) 86 (4) 92 (3)
>10mg/1 119 (49) 63 (4) <0.001 68 (4) <0.001
Albumin >35g/1 204 (83) 78 (3) 83 (3)
<35g/1 40 (17) 58 (8) 0.001 67 (8) 0.004
Petersen Index
Low Risk 203 (87) 79 (3) 84 (3)
High Risk 41 (13) 54 (8) <0.001 61 (8) <0.001
mGlasgow Prognostic Score
Low Risk (0) 125 (51) 86 (3) 92 (3)
Intermediate (1) 88 (36) 68 (5) 72 (5)
High Risk (2) 31 (13) 48 (9) <0.001 57 (9) <0.001
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Table 5.2. Clinico-pathological characteristics and 3 year cancer specific survival in patients undergoing potentially curative resection

for Dukes’ B and Dukes’ C colon cancer: Multivariate survival analysis.

3 yr Survival

Hazard ratio

Dukes’ B/ Stage II n=127 (%) % (SE) (95% CI) P-value
Age <65yr 37 (29) 100 (0)
65-74yr 40 (31) 92 (4)
>75yr 50 (40) 81 (6) 1.87 (1.05-3.34) 0.034
Sex  Female 61 (48) 90 (4)
Male 66 (62) 91 (4) 0.99 (0.39-2.51) 0.984
Adjuvant therapy No 111 (87) 92 (3)
Yes 16 (13) 81 (10) 0.98 (0.22-4.44) 0.979
Petersen Index Low Risk 115 (91) 94 (2)
High Risk 12 (9) 58 (14) 9.61 (3.27-28.26) <0.001
mGlasgow Prognostic Score Low 0 62 (49) 97 (2)
Intermediate 1 47 (37) 87 (5)
High Risk 2 18 (14) 78 (10) 2.15(1.19-3.87) 0.010
, _ 3 yr Survival Hazard ratio
Dukes’ C/ Stage III n=99 (%) % (SE) (95% CI) P-value
Age <65yr 25 (25) 88 (6)
65-74yr 25 (25) 66 (10)
>75yr 49 (50) 48 (7) 1.72 (1.08-2.75) 0.022
Sex  Female 49 (49) 62 (7)
Male 50 (51) 64 (7) 1.25 (0.68-2.31) 0.477
Adjuvant therapy No 59 (60) 54 (7)
Yes 40 (40) 75 (7) 0.92 (0.42-2.00) 0.832
Petersen Index  Low Risk 70 (71) 63 (6)
High Risk 29 (29) 63 (9) 1.16 (0.60-2.24) 0.655
mGlasgow Prognostic Score Low 0 50 (51) 83 (6)
Intermediate 1 37 (32) 51 (8)
High Risk 2 12 (17) 24 (13) 2.80 (1.80-4.44) <0.001
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Table 5.3. The relationship between the low risk Petersen Index, and the mGlasgow
Prognostic Score with 3-year survival (%) in patients undergoing potentially curative

resection for Dukes’ B, single node positive Dukes’ C and Dukes’ C colon cancer.

Petersen Index

Petersen Index

Intermediate (1)

High Risk (2)

92% (n=42)
82% (n=17)**

Dukes’ B/ Stage Il Low Risk (n=115) | High Risk (n=12)
mGlasgow Prognostic Score
Low Risk (0) 98% (n=56) 82% (n=6)

40% (n=5)*
0% (n=1)**

mGlasgow Prognostic Score (0-2)

949% (n=115)

58% (n=12)

Petersen Index

Petersen Index

Intermediate (1)

High Risk (2)

46% (n=24)***
10% (n=7)****

Dukes’ C/ Stage III Low Risk (n=70) | High Risk (n=29)
mGlasgow Prognostic Score
Low Risk (0) 84% (n=39) 76% (n=11)

62% (n=13)
40% (n=5)***

mGlasgow Prognostic Score (0-2)

63% (n=70)

63% (n=29)

*p<0.1, **p<0.05, **p<0.01, ***p<0.001: Association between increasing mGPS and

cancer-specific survival on univariate analysis.
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Figure 5.1: The relationship between low and high risk Petersen Index (from top to
bottom) and cancer specific survival in Dukes’ B colon cancer patients (P<0.001).
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Figure 5.2: The relationship between increasing mGPS (from the top to bottom) and
cancer specific survival in Dukes’ B colon cancer patients (P<0.05).
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Figure 4: The relationship between low and high risk Petersen Index (from top to
bottom) and cancer specific survival in Dukes’ C colon cancer patients (P=0.195).
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Figure 5.4: The relationship between increasing mGPS (from the top to bottom) and
cancer specific survival in Dukes’ C colon cancer patients (P<0.001).
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6.0 COMPARISON OF THE PROGNOSTIC VALUE OF LYMPH
NODES SAMPLED, N STAGE, THE LYMPH NODE RATIO AND
THE SYSTEMIC INFLAMMATORY RESPONSE IN PATIENTS
UNDERGOING CURATIVE RESECTION FOR COLORECTAL
CANCER.

6.1 Introduction

Tumour stage, in terms of the extent of local spread and lymph node status, has long
been recognised to predict outcome. This forms the basis of the Dukes’ and TNM
staging systems (182, 188). Both Dukes’ and TNM staging systems are widely used in
colon and rectal cancer but it is recognised that survival of patients within the staging
categories is variable. Indeed, certain subgroups of patients with stage III disease
have a better prognosis than patients with stage Il disease. As a result other

prognostic models in addition to TNM have been developed.

In Dukes’ B or T3/4 NO colorectal cancer, the Petersen Index (PI) has been validated
as a prognostic score that stratifies patients with Stage II disease by risk of recurrence
and who may benefit from adjuvant chemotherapy (194, 195). This PI is based on the
presence of so called ‘high risk’ pathological characteristics other than nodal status,
including peritoneal or serosal involvement, venous spread (both submucosal and
extramural), spread to involve a surgical margin, and perforation through the tumour.
Within the above tumour staging systems patients have a worse outcome when more

of these features are present.

In Dukes’ C, or node positive (N1/2) colorectal cancer, increased quality of surgery
and pathology and therefore increased lymph node retrieval has given rise to the
examination of the ratio of metastatic lymph nodes to lymph nodes examined. This
has been termed the lymph node ratio (LNR) and, within the above tumour staging
systems patients with a high LNR have a worse outcome (215, 216). However, it is
also recognised that the constituents used to form the LNR including the number of
positive and negative lymph nodes and the total lymph node count are of prognostic
significance (444, 445). Therefore it is unclear whether the LNR provides additional

prognostic information independent of N stage, positive and negative lymph node
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counts or even total lymph node count.

[t is increasingly recognised that in addition to factors intrinsic to the tumour such as
pathological characteristics, host factors such the presence of a systemic
inflammatory response predict poor outcome in patients with colorectal cancer. An
inflammation-based score, based on two routinely measured acute phase proteins (C-
reactive protein and albumin), the mGlasgow Prognostic Score (GPS) has been shown
to predict cancer-specific survival independent of Dukes’ and TNM stage (308, 325)
and superior to other markers of the systemic inflammatory response (278) in
patients undergoing potentially curative resection for colorectal cancer. More
recently, it has been reported that the GPS can predict cancer-specific survival
independent of the tumour characteristics of the PI in node negative disease (Chapter
5.0) in patients undergoing potentially curative resection for colon cancer. However,
whether the GPS offers prognostic value independent of lymph node counts including

the LNR in both colon and rectal cancer has not been previously examined.

The aim of the present study was to compare the prognostic value of lymph nodes
sampled including positive and negative lymph node counts, N stage, lymph node
ratio and the systemic inflammatory response of patients undergoing curative

resection for colon and rectal cancer.
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6.2  Materials and Methods

Patients with histologically proven colorectal cancer cancer who underwent
potentially curative resection between 1997 and 2007 were identified from a
prospectively collected database with similar exclusion criteria to those in Chapter
4.0. Tumours were staged using the conventional Tumour, Node and Metastases
classification (from the 5t edition UICC and according to the Royal College of
Pathologists Dataset 2007) (188). Pathological data were taken from the pathology

reports issued at the time of resection.

The lymph node ratio is calculated by dividing the number of metastatic lymph nodes
identified by the total number of lymph nodes sampled. A variety of thresholds have
been examined in the past. In the present study, cut offs of 0.05, 0.2 and 0.4 were
used to stratify patients as high or low risk within the Stage III or node positive

patients as previously described (215, 446).

Blood samples were taken for routine laboratory measurements of albumin and C-
reactive protein measurement prior to surgery. The mGPS was constructed as

previously described (Chapter 4.0, Methods 4.2).

The provision of adjuvant treatment was at the discretion of the oncologist managing
the patient following the multi-disciplinary team assessment. Therefore, all
biochemical and pathological results as well as patient co-morbidities were available

to the oncologist in making such decisions on adjuvant treatment.
The study was approved by the Research Ethics Committee, Royal Infirmary, Glasgow.

Statistics

Grouping of the variables was carried out using standard thresholds. Univariate
survival analysis was performed using the Kaplan-Meier method with the log-rank
test. Multivariate survival analysis and calculation of hazard ratios (HR) were
performed using Cox’s proportional-hazards model. A stepwise backward procedure
was used to derive a final model of the variables that had a significant independent
relationship with survival. To remove a variable from the model, the corresponding
P-value had to be greater than 0.05. Deaths up to March 15t 2010 were included in the
analysis. Analysis was performed using SPSS software (SPSS Inc., Chicago, IL, USA).
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6.3 Results

Between January 1997 and February 2007, 540 patients underwent elective resection
for colorectal cancer at Glasgow Royal Infirmary. The median number of lymph
nodes sampled overall was 14 (1-52). 348 patients (64%) had 12 or more lymph

nodes retrieved from the pathology specimen.

Of the 540 patients who underwent curative resection for colorectal cancer, the
majority were 65 or older (74%), male (55%), and had TNM stage I/1I disease (57%).
One hundred and eighteen (22%) patients received adjuvant chemotherapy. The
majority had a LNR of <0.05 (59%). In 22% the LNR was 0.05-0.19, 11% had a LNR
between 0.2-0.39 and 8% a LNR of 0.4 or more. The majority of patients had C-
reactive protein (56%) and albumin (80%) concentrations in the normal range and a
normal mGPS (56%). Of the 106 patients with hypoalbuminaemia, 76 (71%) had an

elevated C-reactive protein concentration.

The minimum follow-up was 37 months; the median follow-up of the survivors was
77 months. No patients were lost to follow up. During this period 156 patients died
of their cancer and a further 102 patients died of intercurrent disease. The univariate
survival analysis for lymph nodes sampled including, positive and negative lymph
node counts, N stage, lymph node ratio and the systemic inflammatory response in
patients undergoing curative resection for colorectal cancer (n=540) are shown in

Table 6.1.

On univariate analysis in all patients (n=540), number of positive lymph nodes
(P<0.001), number of negative lymph nodes (P<0.001), the LNR as a continuous
(P<0.001) and categorical variable (P<0.001), N stage (P<0.001) and the mGPS
(P<0.001) were associated significantly with cancer specific survival (Table 2). On
multivariate analysis of these significant variables, positive lymph nodes (HR 1.16,
95% CI 1.11-1.21, P<0.001), negative lymph nodes (HR 0.96, 95%CI 0.94-0.99,
P=0.004), N stage (HR 2.06,95%CI 1.68-2.52, P<0.001), and the mGPS (HR 1.82,
95%CI 1.47-2.24, P<0.001) were all independently associated with cancer specific
survival (Table 6.1).
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Table 6.2 shows the univariate and multivariate survival analysis in colon cancer
(n=348) On univariate analysis, the number of positive lymph nodes (P<0.001),
number of negative lymph nodes (P<0.05), the LNR as a continuous (P<0.001) and
categorical variable (P<0.001), N stage (P<0.001) and the mGPS (P<0.001) were
associated significantly with cancer specific survival (Table 2). On multivariate
analysis of these significant variables, positive lymph nodes (HR 1.18, 95%CI 1.12-
1.24,P<0.001), N stage (HR 2.14, 95%CI 1.68-2.74, P<0.001), and the mGPS (HR 1.73,
95%CI 1.35-2.26, P<0.001) were all independently associated with cancer specific
survival (Table 6.2).

Table 6.3 shows the univariate and multivariate survival analysis in rectal cancer
(n=192) On univariate analysis the number of positive lymph nodes (P<0.001),
number of negative lymph nodes (P<0.001), the LNR as a continuous (P<0.001) and
categorical variable (P<0.001), N stage (P<0.001) and the mGPS (P<0.001) were
associated significantly with cancer specific survival (Table 2). On multivariate
analysis of these significant variables, positive lymph nodes (HR 1.17, 95% CI 1.09-
2.53, P=0.084), negative lymph nodes (HR 0.92, 95%CI 0.88-0.97, P=0.001), LNR as a
categorical variable (HR 1.67, 95%CI 1.30-2.15, P<0.001), and the mGPS (HR 1.85,
95%CI 1.26-2.15, P=0.002) were all independently associated with cancer specific
survival (Table 6.3).

The relationship between clinico-pathological characteristics, the total nodes
sampled, positive and lymph node counts and the lymph node ratio in patients
undergoing potentially curative resection for colon cancer and rectal cancer are
shown in tables 6.4 and 6.5. In colon cancer, increasing age was associated with
higher lymph node sample (P<0.01). Increasing TNM stage was associated with
higher lymph node sample (P<0.005), higher number of positive lymph nodes
(P<0.001), higher N stage (P<0.001) and increasing LNR (P<0.001). Increasing T
stage was associated with higher lymph node sample (P<0.05), higher number of
positive lymph nodes (P<0.001), higher N stage (P<0.001) and increasing LNR
(P<0.001). No significant differences were observed between these variables and

time period of surgery, patient sex or the mGPS (Table 6.4).
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In rectal cancer, increasing TNM stage was associated with higher number of positive
lymph nodes (P<0.001), higher N stage (P<0.001) and increasing LNR (P<0.001).
Increasing T stage was associated with higher lymph node sample (P<0.05), higher
number of positive lymph nodes (P<0.005), higher N stage (P<0.005) and increasing
LNR (P<0.005). Increasing mGPS was associated with higher number of lymph nodes
sampled in rectal cancer (P<0.001). No significant differences were observed

between these variables and age, time period of surgery or patient sex (Table 6.5).
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6.4 Discussion

The results of the present study confirm the importance of adequate lymph node
retrieval and accurate pathological assessment of lymph nodes in colorectal cancer.
Indeed, the presence of lymph node involvement in colorectal cancer has an
established prognostic role and is used to guide allocation of adjuvant therapy (182,
419). More recently the lymph node ratio has been reported to provide additional
prognostic information in addition to tumour stage including lymph node status (216,
218, 446). The present study examined the role of the LNR with previously validated
thresholds, in addition to other measures of lymph node assessment. The results
presented here confirm the prognostic significance of the positive and negative lymph
node counts in addition to the lymph node ratio and N stage on univariate analysis.
However, the lymph node ratio lost significance on multivariate analysis. In all
patients the positive and negative lymph node counts and N stage were independent
measures of lymph node involvement. When tumour site was considered separately,
the LNR measured as a categorical variable obtained independent prognostic
significance in rectal cancer only. These results suggest that the LNR requires further

evaluation before its use is recommended in routine clinical practice.

In the present study the prognostic value of the mGPS was consistently independent
of lymph node status, including the LNR in both colon and rectal cancer. Therefore
the pre-operative mGPS could be used in addition to established measures of lymph
node assessment to stratify patients with colon and rectal cancer by risk of cancer

death.

In the present study, the overall median number of lymph nodes sampled was 14.
This is in line with the Royal College of Pathologists Guidelines (188). Adequate
lymph node retrieval is essential for accurate prognostication in colorectal cancer
(188,447, 448). Factors associated with higher lymph node yield in the present study
were increasing TNM stage and T stage. The reasons for such an observation are not
clear, however inadequate lymph node yields may under-stage patients placing them
in a lower TNM category. Increasing age was also associated with lower lymph node
harvest in colon cancer. This observation is in keeping with previous reports (447-
449). Reasons for this observation are not clear but may potentially reflect lower

radicality of surgery in the very elderly and symptomatic patients. Of interest,
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increasing mGPS was significantly related to lower lymph node retrieval in rectal
cancer. The basis of this observation is unclear given all patients underwent total
mesorectal excision in the present cohort. Importantly, the mGPS was not related to
increased nodal involvement. One possibility is that an increasing mGPS may relate
to increasing burden of comorbid disease and old age (Chapter 7.0). In elderly
patients with significant comorbidity, the threshold for a radical lymphadenectomy

may be higher.

These results would not support the use of the LNR routinely; however as yet there
has been no general agreement on the LNR thresholds. Even recently published
reports by Rosenberg and Peschaud use cut offs of 0.17, 0.41, 0.69 and 0.07 and 0.2
respectively (218, 219). Clearly, without widely accepted defined thresholds the
widespread clinical use of the LNR will be hampered. The present study has validated
the cut-offs of 0.05, 0.2 and 0.4 in patients undergoing an elective potentially curative
resection for colon cancer in agreement with recent reports (215, 446). The variation
in thresholds reported in the published literature may reflect the clear tension that
exists between N stage, positive and negative lymph node counts and the lymph node

ratio in attaining independent prognostic significance in colorectal cancer.

Given the observed prognostic importance of positive and negative lymph node
counts in addition to the lymph node ratio, several criteria must be fulfilled in clinical
practice. Firstly, that a high quality surgical lymphadenectomy is performed and
secondly, that the subsequent pathological lymph node retrieval is optimal. The
results from the present study represent a consecutive case series from a single
centre, the Glasgow Royal Infirmary. A variety of surgeons and pathologists including
training grade doctors performed the surgery or undertook the pathological analysis.
Therefore, these results are reflective of ‘real world’ surgery and pathological
reporting in a busy teaching hospital in the United Kingdom. The use of single
institution data provides a degree of standardisation of surgical and pathological

techniques over the time period studied.

The mGlasgow Prognostic Score, a simple objective and standardised measure of the
systemic inflammatory response measured prior to surgery, has been shown to have

prognostic value, independent of tumour stage, in a variety of common solid tumours
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(450). Recently, the pre-operative mGPS has been shown to have prognostic value in
node negative colon cancer, independent of high-risk pathological criteria (Petersen
Index) (Chapter 5.0). The results of the present study indicate that pre-operative
mGPS has prognostic value in addition to positive and negative lymph node counts
and, to a lesser extent, the use of the LNR in predicting cancer-specific survival in
patients undergoing elective potentially curative for colorectal cancer. Taken together
these results support the routine use of the mGPS in addition to accurate lymph node

evaluation for prognostication and trial stratification in colon and rectal cancer.
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Table 6.1: Clinico-pathological variables and cancer specific survival of patients
undergoing curative resection for colorectal cancer (n=540). Univariate and

multivariate analysis.

Continuous variable Univariate analysis Multivariate Analysis
P value HR (95% CI) P value
Total lymph nodes 0.130
Positive lymph nodes <0.001 1.16 (1.11-1.21) <0.001
Negative lymph nodes <0.001 0.96 (0.94-0.99) 0.004
Lymph node ratio <0.001 0.238
Categorical variable
Lymph Node Ratio
<0.05/ 0.05-0.19/ 0.20-0.39/
0.4-1.0 <0.001 0.371
N stage
0/1/2 <0.001 2.06 (1.68-2.52) <0.001
mGPS
0/1/2 <0.001 1.82 (1.47-2.24) <0.001

179




Table 6.2: Clinico-pathological variables and cancer specific survival of patients
undergoing curative resection for colon cancer (n=348). Univariate and multivariate
analysis.

Continuous variable Unlvarl.'ilte Multivariate Analysis
analysis
P value HR (95% CI) P value
Total lymph nodes 0.639
Positive lymph nodes <0.001 1.18 (1.12-1.24) <0.001
Negative lymph nodes 0.011 0.513
Lymph node ratio <0.001 0.454
Categorical variable
Lymph Node Ratio
;(3}015(/) 0.05-0.19/ 0.20-0.39/ <0.001 0.371
N stage
0/1/2 <0.001 2.14 (1.68-2.74) <0.001
mGPS
0/1/2 <0.001 1.73 (1.35-2.26)  <0.001

Table 6.3: Clinico-pathological variables and cancer specific survival of patients
undergoing curative resection for rectal cancer (n=192). Univariate and multivariate
analysis.

Continuous variable Unlvarl.'ftte Multivariate Analysis
analysis
P value HR (95% CI) P value
Total lymph nodes 0.053
Positive lymph nodes <0.001 1.17 (1.09-2.53) 0.084
Negative lymph nodes <0.001 0.92 (0.88-0.97) 0.001
Lymph node ratio <0.001 0.595
Categorical variable
Lymph Node Ratio
;T’f{) 0.05-0.19/0.20-0.39/ <0.001 1.67 (1.30-2.15)  <0.001
N stage
0/1/2 <0.001 0.801
mGPS
0/1/2 0.001 1.85 (1.26-2.15) 0.002
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Table 6.4: The relationship between clinico-pathological characteristics, the total nodes sampled, positive lymph node counts and the
lymph node ratio in patients undergoing potentially curative resection for colon cancer (n=348).

Total LN Positive LN N stage Lymph_node
sampled P value mean+/-SD P value mean+/-SD P value ratio P value
mean +/-SD mean+/-SD
Age <65 years 16.4+/-7.2 1.3+/-2.7 0.5+/-0.6 0.09+/-0.16
65-74years 14.3+/-6.8 1.5+/-3.2 0.5+/-0.6 0.10+/-0.18
>75years 13.7+/-6.0 0.009 1.3+/-2.0 0.269 0.6+/-0.7 0.309 0.10+/-0.18 0.281
Sex Female 14.5+/-6.8 1.3+/-2.7 0.5+/-0.6 0.10+/-0.17
Male 14.9+/-7.0 0.310 1.4+/-2.6 0.786 0.5+/-0.7 0.798 0.10+/-0.18 0.796
Timespan 1997-2002 14.5+/-6.3 0.9+/-1.6 0.4+/-0.6 0.08+/-0.15
2002-2006 15.0+/-6.6 0.642 1.7+/-3.2 0.060 0.6+/-0.7 0.066 0.12+/-0.20 0.873
Stage TNM 1 11.6+/-6.0 - - -
TNMII 15.4+/-7.0 - - -
TNM III 14.5+/-5.6 0.003 3.2+/-3.3 <0.001 1.3+/-0.4 <0.001 0.24+/-0.21 <0.001
T stage 1 12.5+/-10.4 - - -
2 12.6+/-5.5 0.2+/-0.6 0.1+/-0.4 0.02+/-0.03
3 15.1+/-6.8 0.9+/-1.7 0.4/-0.6 0.07+/-0.15
4 14.8+/-5.8 0.010 2.3+/-3.6 <0.001 0.8+/-0.7 <0.001 0.16+/-0.22 <0.001
mGPS 0 14.0+/-5.6 1.2+/-2.3 0.5+/-0.7 0.09+/-0.17
1 15.4+/-6.9 1.7+/-3.2 0.6+/-0.7 0.12+/-0.20
2 16.4+/-7.6 0.150 1.3+/-2.4 0.388 0.5+/-0.7 0.455 0.07+/-0.13 0.377
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Table 6.5: The relationship between clinico-pathological characteristics, the total nodes sampled, positive lymph node counts and the
lymph node ratio in patients undergoing potentially curative resection for rectal cancer (n=192).

Total LN P value | Positive LN P value N stage Pvalue | Lymph node P value
sampled mean+/-SD mean+/-SD ratio
mean +/-SD mean+/-SD
Age <65 years 16.7+/-7.5 1.9+/-2.8 0.8+/-0.8 0.10+/-0.15
65-74years 16.0+/-8.1 1.5+/-3.0 0.6+/-0.7 0.10+/-0.19
>75years 13.3+/-6.5 0.309 1.0+/-1.5 0.684 0.5+/-0.6 0.505 0.08+/-0.14 0.843
Sex Female 16.0+/-8.4 1.5+/-2.7 0.6+/-0.7 0.10+/-0.18
Male 15.3+/-7.0 0.729 1.5+/-2.7 0.842 0.6+/-0.7 0.712 0.10+/-0.15 0.798
Timespan 1997-2002 16.1+/-8.6 1.3+/-2.0 0.6+/-0.8 0.09+/-0.15
2002-2006 15.3+/-6.8 0.928 1.7+/-3.0 0.738 0.6+/-0.7 0.516 0.10+/-0.17 0.674
Stage TNM 1 12.4+/-7.2 - - -
TNMII 15.1+/-8.1 - - -
TNM III 16.9+/-7.0 0.057 3.2+/-3.1 <0.001 1.3+/-0.5 <0.001 0.21+/-0.18 <0.001
T stage 1 8.9+/-2.4 0.8+/-1.2 0.4+/-0.5 0.08+/-0.13
2 13.9+/-6.8 0.9+/-1.8 0.4+/-0.7 0.07+/-0.13
3 16.3+/-7.9 1.3+/-2.3 0.6+/-0.7 0.09+/-0.16
4 16.5+/-7.1 0.011 2.7+/-4.0 0.002 0.9+/-0.8 0.003 0.15+/-0.18 0.003
mGPS 0 15.3+/-7.0 1.5+/-2.8 0.6+/-0.7 0.10+/-0.17
1 18.2+/-8.9 1.5+/-2.1 0.7+/-0.7 0.08+/-0.11
2 11.0+/-5.4 0.001 1.7+/-2.8 0.505 0.6+/-0.9 0.488 0.14+/-0.23 0.731
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7.0 THE RELATIONSHIP BETWEEN PRE-OPERATIVE
COMORBIDITY, THE SYSTEMIC INFLAMMATORY RESPONSE
AND SURVIVAL IN PATIENTS UNDERGOING CURATIVE
RESECTION FOR COLORECTAL CANCER.

7.1 Introduction

It is increasingly recognised that disease progression and cancer specific survival in
colorectal cancer patients is not solely determined by the intrinsic characteristics of
the tumour but also by host characteristics and in particular the systemic
inflammatory response. Since the initial report (308), more than 20 studies have
reported markers of the systemic inflammatory response (in particular C-reactive
protein, albumin and their combination the mGlasgow Prognostic Score; mGPS),
predict cancer specific survival in patients undergoing surgery for colorectal cancer
and this is independent of tumour stage and other high risk pathological features

(325, 451).

The basis of this relationship with survival is not clear and it is not known which host
characteristics are associated with an elevated mGPS in cancer patients represents. It
is therefore of interest that a systemic inflammatory response had been reported to
predict cardiac events (126, 128, 452) and is associated with patient-related factors
such as obesity (129, 130), diabetes (131-133) and smoking (453). One hypothesis,
therefore, is that a pre-operative systemic inflammatory response, as evidenced by
the mGPS, reflects in part the pre-existence of co-morbid disease. Indeed, validated
measures of comorbid disease such as an elevated Charlson comorbidity index,
National Institute on Aging and National Cancer Institute (NIA/NCI) Comorbidity
Index and the Adult Comorbidity Evaluation-27 (ACE-27) have been reported to be
associated with poorer long term survival in patients undergoing surgery for
colorectal cancer (99, 454-456). However, it remains to be established whether such
comorbidity measures are associated with the mGPS and whether comorbid disease
can account for the relationship between the systemic inflammatory response

(mGPS) and cancer specific survival.
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The aim of the present study was to examine the relationships between pre-operative
comorbidity assessed with four separate comorbidity scores (Charlson comorbidity
index, NIA/NCI comorbidity index, ACE-27 comorbidity index and Lee cardiac risk
index), the systemic inflammatory response (mGPS) and survival in patients

undergoing curative resection for colorectal cancer.
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7.2  Materials and Methods

Patients with histologically proven colon cancer who underwent potentially curative
resection between January 1997 and December 2005 were identified from a
prospectively collected database with similar exclusion criteria to those in Chapter
4.0. Patients were included where case notes were available for retrieval and data
abstraction. Tumours were staged using the conventional Tumour, Node and
Metastases classification (from the 5t edition and according to the Royal College of
Pathologists Dataset 2007) (188). Other high-risk pathological characteristics were
scored using the Petersen Index. This is a prognostic index validated in TNM stage I1

and III colorectal cancer (Chapter 5.2 Methods section) (194, 195).

Prospectively collected data included patient demographics, pathological
characteristics of the tumour, biochemistry results to construct the mGlasgow
Prognostic Score and allocated treatment including provision of adjuvant
chemotherapy. The medical notes were then reviewed and data on patient
comorbidity abstracted retrospectively. The case notes included anaesthetic
assessment, medical and nursing notes, discharge summary as well as other clinical
follow-up letters and previous drug prescriptions. Pre-operative patient height and
weight was documented where available. Data was collected for post-operative
complications both infective and non-infective. Infective complications included
wound infection, intra-abdominal abscess, anastomotic leak, pneumonia and
septicaemia. Non-infective complications included cardiac events encompassing
cerebrovascular accidents, dysrythmias, acute coronary syndromes, acute myocardial
infarction and pulmonary embolism. The criteria used to define post-operative

complications in this cohort of patients have been described previously (457).

Only comorbid medical conditions present prior to surgery for colorectal cancer were
included. On the basis of burden of comorbidity, patients were classified by four
separate comorbidity scores; the Charlson Comorbidity Index (CCI), the National
Institute for Aging and National Cancer Institute Index (NIA/NCI), the Adult
Comorbidity Evaluation-27 (ACE-27) and the Lee Cardiac Risk Index (LCRI). The
development and construction of these scores is described elsewhere (458-463).
Briefly, the CCI is based on 19 conditions, which are weighted depending on risk of

mortality. The sum of these weighted comorbidities categorises patients into
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standard groupings as previously described (456, 458, 460). The NIA/NCI index is a
constructed from a list of non-weighted conditions, which also includes smoking
status and psychiatric conditions: the full list is available elsewhere (99, 459).
Patients are categorised by number of comorbidities according to previously set
thresholds (99, 456). The ACE-27 index categorises patients by grade of comorbidity
as none, mild, moderate and severe based on 27 conditions from 12 different
physiological systems or categories (461, 462, 464). The Lee cardiac risk index
categories patients by risk of cardiovascular mortality based on six separate variables

associated with increased cardiovascular risk (463, 465).

Extent of deprivation was defined using the Carstairs Deprivation Index (466), which
was originally developed from census data in the 1980s and is based on individual
postal code of residence at time of surgery. It is composed of four indicators of
deprivation (car ownership, overcrowded housing, Registrar General social class and
male unemployment). It has subsequently been constructed based on 2001 census

data (467) and has been validated for use within central Scotland (468).

Blood samples were taken for routine laboratory measurements of C-reactive protein
and albumin prior to surgery. The construction of the Glasgow Prognostic score is

described in Chapter 4.0 (Methods 4.2) (308)(40).

Individual patients’ suitability for adjuvant chemotherapy was determined post
operatively at a multi-disciplinary team meeting including surgical, oncological,
radiological, pathological and nursing input. Selected patients with TNM stage II1
disease and high-risk TNM stage Il disease were referred to a consultant oncologist
for adjuvant 5-FU based chemotherapy. In all cases the final decision to prescribe
adjuvant therapy was at the discretion of the treating oncologist. Patients received
regular follow-up (3 months, 6 months and then yearly to five years) with yearly CT
scanning and regular colonoscopic surveillance until 5 years post surgery.
Information on date and cause of death was checked with that received by the cancer
registration system and the Registrar General (Scotland). The study was approved by

the Research Ethics Committee, Royal Infirmary, Glasgow.
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Statistics

Grouping of the variables was carried out using standard thresholds. Univariate
survival analysis and multivariate survival analysis with calculation of hazard ratios
(HR) were performed using Cox’s proportional-hazards model. A stepwise backward
procedure was used to derive a final model of the variables that had a significant
independent relationship with survival. To remove a variable from the model, the
corresponding P-value had to be greater than 0.05. Deaths up to April 2009 were
included. Inter-relationships between variables were assessed using contingency
table analysis with the chi-squared test for trend as appropriate. A P-value less than
0.05 was taken as significant. Analysis was performed using SPSS software (SPSS Inc.,

Chicago, IL, USA).
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7.3  Results

Baseline clinico-pathological characteristics and the relationship with 5-year survival
rate of the patients (n= 302) who underwent curative surgery for colorectal cancer
are shown in Table 7.1. Most patients were 65 or older (66%), male (54%), had
surgery for colonic tumours (64%), TNM stage I/II disease (60%), a low risk Petersen
Index (83%) and underwent surgery between 2002-2005 (54%). Seventy-one (23%)
patients received adjuvant chemotherapy. Most patients had C-reactive protein
(62%) and albumin (87%) concentrations in the normal range and a normal mGPS
(62%). Of the 39 patients with hypoalbuminaemia, 29 (75%) had an elevated C-

reactive protein.

The majority of patients for whom heights and weights were available had a body
mass index between 18-30 (69%). Most patients had a smoking history, either
current or previously (59%). One hundred and four patients (34%) had a post-
operative complication. Eighty-two of these were infective complications. The
majority of patients’ postcodes were classes within the two highest deprivation
categories (54%). When the four comorbidity indices were constructed, most
patients had a low burden of comorbidity. The ACE-27 index categorised most as
none/mild (64%), for the Charlson Index most scored <2 (78%), for NIA/NCI most
had fewer than four comorbidities (70%) and most were scored as 0-1 by the Lee

Cardiac Risk Index (89%) (Table 7.1).

The minimum follow-up was 45 months; the median follow-up for survivors was 74
months. During this period 85 patients died from cancer and a further 50 patients
died of intercurrent disease. For all 302 patients, the univariate survival analysis and
5 year survival rates for cancer specific and overall survival for individual clinico-
pathological characteristics are shown in Table 7.1. On univariate analysis for cancer
specific survival of individual variables, age (P<0.05), TNM stage (P<0.001), high risk
Petersen Index (P<0.001), ACE-27 comorbidity index (P<0.005), Charlson Index
(P<0.1), Lee Cardiac Risk Index (P<0.005) and the mGPS (P<0.001) were significant
(Table 1). On univariate analysis for overall survival, age (P<0.001), TNM stage
(P<0.005), high risk Petersen Index (P<0.001), the presence of a post operative
infective complication (P<0.01), ACE-27 comorbidity index (P<0.001), Charlson Index
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(P<0.001), Lee Cardiac Risk Index (P<0.005), the NIA/NCI index (P<0.1) and the
mGPS (P<0.001) were significant.

For all 302 patients the multivariate analysis of significant variables for both cancer
specific and overall survival is shown in Table 7.2. On multivariate analysis for cancer
specific survival, age (HR 1.31, 95%CI 1.00-1.71, P=0.047), TNM stage (HR 2.28,
95%CI 1.49-3.49, P<0.001), high risk Petersen Index (HR 2.40, 95% CI 1.48-3.91,
P<0.001), Lee Cardiac Risk Index (HR 1.35,95% CI 1.05-1.75, P=0.021) and the mGPS
(HR 1.81, 95% CI 1.32-2.48, P<0.001) were independently significant (Table 7.2).

When age was excluded from the analysis for cancer specific survival, TNM stage (HR
2.28,95% CI 1.49-3.50, P<0.001), high risk Petersen Index (HR 2.37, 95%CI 1.46-3.84,
P<0.001), Lee Cardiac Risk Index (HR 1.40, 95% CI 1.09-1.81, P=0.008) and the mGPS
(HR 1.86, 95%CI 1.36-2.55, P<0.001) remained independently significant. When the
mGPS was excluded from the analysis, age (HR 1.37, 95% CI 1.05-1.80, P=0.022), TNM
stage (HR 2.01, 95% CI 1.35-3.00. P=0.001), high risk Petersen Index (HR 2.49, 95%
CI 1.54-4.04, P<0.001) and the Lee Cardiac Risk Index (HR 1.38, 95%CI 1.07-1.79,

P=0.014) remained independently associated with cancer specific survival.

On multivariate analysis for overall survival, age (HR 1.58, 95%CI 1.27-1.96,
P<0.001), TNM stage (HR 1.72, 95%CI 1.26-2.34, P=0.001), high risk Petersen Index
(HR 1.92,95% CI 1.28-2.87, P=0.002), post-operative infective complications (HR
1.78,95% CI 1.25-2.05, P=0.002), ACE-27 (HR 1.28,95% CI 1.06-1.54, P=0.010) and
the mGPS (HR 1.60, 95% CI 1.25-2.05, P<0.001) were independently significant
(Table 7.2).

When age was excluded from the analysis for overall survival, TNM stage (HR 1.71,
95% CI 1.25-2.33, P=0.001), high risk Petersen Index (HR 1.89, 95%CI 1.26-2.82,
P=0.002), post-operative infective complication (HR 1.61, 95% CI 1.12-2.33,
P=0.011), ACE-27 (HR 1.33,95% CI 1.11-1.59, P=0.002) and the mGPS (HR 1.64,
95%CI 1.28-2.10, P<0.001) remained independently significant. When the mGPS was
excluded from the analysis, age (HR 1.62, 95% CI 1.30-2.02, P<0.001), TNM stage (HR
1.58,95% CI 1.18-2.11, P=0.002), high risk Petersen Index (HR 1.95, 95% CI 1.30-
2.91, P=0.001), post-operative infective complications (HR 1.82, 95% CI 1.26-2.62,
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P=0.001) and ACE-27 (HR 1.29,95% CI 1.07-1.54, P=0.007) remained independently

associated with overall survival.

The inter-relationships between age, TNM stage, Petersen Index, BMI, smoking
history, presence of post operative complications, the four different comorbidity
indices and the mGPS are shown in Table 7.3. Increasing age was significantly related
to higher comorbidity burden assessed with ACE-27 (P<0.001), Charlson index
(P<0.005) and Lee cardiac risk index (P<0.005). Increasing age was also significantly
related to a higher mGPS (P<0.005). Increasing BMI was significantly related to
higher comorbidity indices assessed with the CCI (P<0.005), ACE-27 (P<0.01) and
NCI/NIA (P<0.001) scores. A positive smoking history was significantly related to
increasing burden of comorbidity assessed by all 4 indices (P<0.005). Higher levels of
deprivation were related to high levels of comorbidity assessed with the CCI, ACE-27
and NCI/NIA comorbidity indices (P<0.05). Post-operative complications were
related to higher comorbidity burden assessed by all four comorbidity indices
(P<0.05). Post-operative infective complications were associated with a smoking
history, higher levels of deprivation and increased burden of comorbidity measured
by the NCI/NIA index only. Deprivation was weakly associated with the mGPS
(P=0.070). The four individual comorbidity indices were all closely related
(P<0.001). The mGPS was associated with a higher burden of comorbidity assessed
using the ACE-27 index (P=0.065), the Charlson Index (P=0.016), Lee cardiac risk
index (P=0.095) and the NIA/NCI index (P=0.084) (Table 7.3).
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7.4  Discussion

The results of the present study show that pre-operative measures of comorbid
disease, such as the Charlson Comorbidity Index, Adult Comorbidity Evaluation-27,
and the Lee Cardiac Risk Index, were significantly associated with cancer specific
survival in patients undergoing curative colorectal cancer resection. However, when
considered with age, TNM stage and the mGPS, all comorbidity measures except the
Lee Cardiac Risk Index no longer achieved statistical significance. Furthermore, all
comorbidity measures were associated with the systemic inflammatory response, in
particular, the Charlson Index. However, the results of the present study indicate
that, using the above measures, generalised comorbidity, in particular that measured
by the LCRI, does not fully explain the relationship between the systemic
inflammatory response and poorer cancer specific survival in patients undergoing

potentially curative resection for colorectal cancer.

The ACE-27, CCI and NCI/ NIA indices have previously been observed to predict
cancer specific and overall survival in colorectal cancer (99, 454-456). In the present
study the Lee Cardiac Risk index was also examined and found to be the only one of
the four comorbidity indices to independently predict cancer survival. Each of the
four comorbidity indices included in the present study reflect different aspects of
comorbidity. The Lee Risk index is validated as a predictor of peri-operative
cardiovascular morbidity and mortality (463, 465). It is constructed from 6 simple
variables: high risk surgery, history of coronary artery disease, history of congestive
cardiac failure, history of cerebrovascular disease, diabetes mellitus treated with
insulin and pre-operative serum creatinine >2mg/dl. This differs from the other
indices which include significantly higher number of conditions such as the CCI or

ACE-27 which are based on 19 and 27 conditions respectively (458-461).

The basis of the independent relationship between an increased Lee Cardiac Risk
Index and cancer survival is not clear. However, it is of interest that Chan and
coworkers reported a two-fold greater incidence of colorectal cancer in patients with
coronary heart disease (469). They suggested that this was due to similar shared risk
factors such as metabolic syndrome or smoking history and that both colorectal
neoplasm and coronary artery disease develop through the mechanism of chronic

inflammation. In the present study the Lee Cardiac Risk Index was indeed
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significantly associated with smoking history but was only weakly associated with
systemic inflammation as evidenced by the mGPS. Therefore, although cardiac
disease appears to be an independent determinant of colorectal cancer outcome it
does not appears that this is being predominantly mediated through a systemic

inflammatory response.

The inter-relationships between the host factors of age, deprivation, comorbidity and
the systemic inflammatory response are likely to be complex, but in the present study
both comorbidity and the systemic inflammatory response were significantly
associated with increasing age. However, although age weakened the prognostic
value of the comorbidity measures this was not the case with the mGPS highlighting
the importance of the systemic inflammatory response in determining cancer

outcome.

In the present study patient comorbidity did not fully explain the relationship
between the systemic inflammatory response, as evidenced by the mGlasgow
Prognostic Score, and poorer cancer specific survival. This would suggest a more
complex basis. Indeed, in addition to comorbid disease, the presence of a systemic
inflammatory response is recognised to be associated with cancer cachexia,
compromised cell mediated immunity and upregulation of growth factors and
angiogenesis, all of which may contribute to tumour growth and dissemination and

poorer cancer specific survival (422).

At present clinicians treating cancer patients make decisions based on an individual
patient’s fitness and comorbidity. However, in the present study, with the exception
of the Lee Cardiac Risk Index, the relationship between high comorbidity index scores
and poor survival appears to primarily reflect increasing age. Of course a heavy
burden of comorbidity, as well as age, may have an indirect impact on the host
physiological reserve including anti-tumour immune competences. Work is required
to establish the survival benefits of strategies whereby both the host and tumour

factors are staged and managed in patients with colorectal cancer.

There are a number of important implications of the results of the present study.
Firstly, that measures of comorbidity not only are associated with poor short term

outcomes but also long term survival, in particular the Lee Cardiac Risk index, in
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patients undergoing curative resection for colorectal cancer. If this is confirmed in
other large studies clinicians should consider incorporating a measure of cardiac
function such as the Lee Cardiac Risk Index in the routine pre-operative staging of
patients undergoing surgery for colorectal cancer. Secondly, that the mGPS although
associated with measures of comorbidity, has additional independent prognostic
value not encapsulated in the present comorbidity scores. Therefore, the results of
the present study confirm the clinical utility of the pre-operative measurement of the
mGPS. This would suggest that it will be a valuable tool for patient stratification
within large-scale prospective trials of anti-cancer therapies and may form the basis
of new anti-inflammatory therapies in patients undergoing curative resection of

colorectal cancer.

With reference to the latter implication it is of interest that the systemic
inflammatory response (as evidenced by elevated C-reactive protein) has recently
been reported to predict development of cardiovascular disease including
hypertension and atheroma formation and place patients at higher risk of cardiac
events (126-128). Such patients are also at higher risk of developing type II diabetes
and the metabolic syndrome (129-133, 470). Indeed, there is some evidence that the
use of statins which reduce the systemic inflammatory response and improve
cardiovascular disease may improve outcomes in patients with colorectal cancer
(471). Therefore, although the tumour and its response to therapy form the mainstay
of current cancer treatment it may be that novel “host-related” targets for oncological
therapy will become of considerable importance. These may include attenuation of
comorbid conditions and the host systemic inflammatory response. In any case, there
is a now need for clinicians to not only accurately stage the tumour but also to

accurately stage the patient.

From the above and given the limitations of the present comorbidity measures
further work investigating more direct measures of organ function such as
physiological POSSUM will be required to exclude the possibility that comorbidity is
responsible for the relationship between the systemic inflammatory response and

survival in patients undergoing potentially curative resection for colorectal cancer.
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In summary, comorbidity does not fully explain the relationship between the mGPS
and cancer specific survival in colorectal cancer patients. Furthermore, comorbidity,
in particular that measured by the LCRI, is an important independent indicator of

cancer survival.
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Table 7.1: Clinico-pathological characteristics in patients undergoing curative
resection for colorectal cancer: Univariate survival analysis.

Cancer Overall 5-
Patients 5-year P-value year P-value
302 (%) | survival survival
% (SE) % (SE)
Age <65 years 102 (34) 79 (4) 71 (5)
65-74years 105 (35) 73 (5) 65 (5)
>75years 95 (31) 61 (6) 0.037 39 (5) <0.001
Sex Female 138 (46) 76 (4) 61 (4)
Male 164 (54) 68 (4) 0.122 58 (4) 0.197
Site  Colon 192 (64) 73 (3) 62 (4)
Rectum 110 (36) 69 (5) 0.866 54 (5) 0.592
TNM Stage 1 35(12) 88 (5) 77 (8)
II 145 (48) 83 (4) 66 (4)
I 122 (40) 55 (6) <0.001 46 (5) 0.002
Petersen Index Low risk 250 (83) 81 (3) 69 (3)
High risk 52 (17) 51 (7) <0.001 42 (7) <0.001
Adjuvant therapy no 231 (77) 75 (3) 61 (3)
yes 71 (23) 63 (6) 0.110 54 (6) 0.508
Date of Surgery 1997-2001 140 (46) 78 (4) 61 (4)
2002-2005 162 (54) 73 (4) 0.288 58 (4) 0.333
Body Mass Index* <18 11 (4) 51 (16) 45 (15)
18-25 112 (37) 70 (5) 60 (5)
25-30 98 (32) 74 (5) 63 (5)
>30 41 (14) 77 (7) 0.436 66 (9) 0.711
Smoking history No 124 (41) 74 (4) 67 (4)
(current or previous) Yes 178 (59) 70 (4) 0.824 54 (4) 0.067
Carstairs Deprivation Index 1-2 12 (4) 92 (8) 83 (11)
3-5 127 (42) 74 (4) 61 (5)
6-7 163 (54) 68 (4) 0.250 56 (4) 0.142
Post-operative complication No 198 (66) 62 (5) 45 (5)
Yes 104 (34) 58 (7) 0.256 43 (6) 0.099
Post-op infective complication No 220 (37) 62 (4) 46 (4)
Yes 82 (27) 58 (8) 0.151 39 (7) 0.009
ACE-27 comorbidity index None 93 (31) 74 (6) 63 (5)
Mild 101 (33) 82 (4) 70 (5)
Moderate 83 (27) 66 (5) 52 (6)
Severe 26 (9) 39 (10) 0.001 22 (8) <0.001
Charlson comorbidity index 0 156 (52) 74 (4) 62 (4)
1 80 (26) 72 (6) 58 (6)
2-3 58 (19) 70 (7) 62 (7)
>4 9(3) 59 (18) 0.070 0(0) <0.001
Lee Cardiac Risk Index 0 207 (68) 77 (3) 64 (3)
1 65 (21) 65 (7) 54 (7)
2 26 (9) 55 (10) 42 (10)
>3 5(2) 13 (17) 0.001 0(0) 0.001
NCI/NIA comorbidities index 0-1 110 (36) 73 (5) 65 (5)
2-3 102 (34) 76 (5) 60 (5)
4-5 64 (21) 69 (6) 56 (6)
>6 27 (9) 48 (13) 0.473 34 (11) 0.080
mGlasgow Prognostic Score 0 188 (62) 77 (3) 67 (4)
1 85 (28) 69 (6) 53 (6)
2 29 (10) 45 (11) <0.001 29 (9) <0.001

* Body mass index available in 262/ 302 patients
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Table 7.2: Clinico-pathological characteristics and relationship with cancer specific and overall survival in patients following curative
resection for colorectal cancer: Multivariate survival analysis of significant variables from Table 7.1.

Cancer-specific survival Overall survival
Hazard ratio (95% CI) P-value | Hazard ratio (95% CI) P-value

Age <65yr/ 65-74/>74 1.31 (1.00-1.71) 0.047 1.58 (1.27-1.96) <0.001
TNM Stage 1711/ 111 2.28 (1.49-3.49) <0.001 1.72 (1.26-2.34) 0.001
Petersen Index Low/ High risk 2.40 (1.48-3.91) <0.001 1.92 (1.28-2.87) 0.002
Post op Infective Complications

No/ Yes - 1.78 (1.25-2.05) 0.002
ACE-27 comorbidity index

None/ Mild/ Moderate/ Severe 0.127 1.28 (1.06-1.54) 0.008
Charlson comorbidity index

0/1/2-3/>4 - 0.164
Lee Cardiac Risk Index

0/1/2/>3 1.35 (1.05-1.75) 0.021 0.772
mGlasgow Prognostic Score

0/1/2 1.81 (1.32-2.48) <0.001 1.60 (1.25-2.05) <0.001
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Table 7.3: The inter-relationships between TNM stage and host factors such as deprivation, smoking comorbidity and the mGPS in
patients undergoing curative resection for colorectal cancer (n=302).

Post op

Post op infective

Lee Cardiac

TNM PI BMI Smoking | Deprivation A A ACE-27 CI Charlson CI R NCI/NIA CI mGPS
complication complication Risk Index
Age <65yr/65-74/>74 | 913 | 0969 | 0.116 | 0.676 0.419 0.951 0329 <0.001 0.002 0.002 0.054 0.005
TNM Stage 1/ 11/ I <0.001 | 0953 | 0.595 0.163 0.252 0.156 0.673 0.600 0.054 0.699 0.583
Petersen Index (PI)
Low risk/ High risk 0.315 0.627 0.694 0.322 0.095 0.090 0.649 0.124 0.467 0.752
Body Mass Index
<18/ 18-25/ 25-30/ >30 0.592 0.012 0.082 0.362 0.006 0.004 0.144 <0.001 0.387
Smoking history
None/ Current or 0.121 0.223 0.036 <0.001 <0.001 0.003 <0.001 0.462
previous
Carstairs Deprivation
Index 1-2,3-5,6-7 0.077 0.039 0.016 0.037 0.101 0.049 0.070
Post op Complications
No/ Yes - 0.006 0.015 0.049 0.002 0.616
Post op Infective
Complications 0.086 0.256 0.343 0.047 0.092
No/ Yes
ACE-27 comorbidity
index
None/ Mild/ Moderate/ <0.001 <0.001 <0.001 0.065
Severe i i i i
Charlson comorbidity
index
1/2-3/ >4 <0.001 <0.001 0.016
Lee Cardiac Risk Index
0/1/2/>3 <0.001 0.095
NCI/NIA comorbidities
index
0.084

0-1/2-3/4-5/ 26
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8.0 TUMOUR INFLAMMATORY INFILTRATE PREDICTS
SURVIVAL FOLLOWING CURATIVE RESECTION FOR NODE-
NEGATIVE COLORECTAL CANCER

8.1 Introduction

Tumour stage, in terms of the extent of local spread and lymph node status, has long
been recognised to predict outcome in colorectal cancer. This is the basis of the
Dukes’ and TNM staging systems which have four main categories (182, 188).
However some stages, e.g. Stage Il (T3 /4 NO, Dukes’ B) include patients with a wide
range of clinical outcomes. Additional clinically applicable prognostic features have
therefore been sought. Pathologically determined criteria which provide
independent prognostic information following resection of node-negative colorectal
cancer have been identified by Shepherd’s group (195). These are: peritoneal
involvement, venous spread (both submucosal and extramural), spread to involve a
surgical margin, and perforation through the tumour. The so-called Petersen
prognostic index (PI) combines these four factors in a simple cumulative scoring
system. Patients have a worse outcome when more of these features are present.
Thus in lymph node negative disease, a group which makes up 40-50% of surgical
resections for colorectal cancer (308, 472), 5 year survival of 75-90% is reported;
however, where high risk pathological features are present survival is similar to node
positive disease (473, 474). The Petersen Index can select patients at high risk of
tumour recurrence who may benefit from adjuvant treatment and is validated in

Dukes’ B and C (single positive node) colorectal cancer (194, 195).

Since the first study by Jass and colleagues (222), the presence of a pronounced
tumour inflammatory infiltrate has also been recognised as an important determinant
of good outcome following potentially curative resection for colorectal cancer (276,
329,373, 391). More recently, Galon and co-workers (391) concluded that the type
and density of immune cells in and around the tumour were a primary determinant of
tumour progression. However, assessment of the tumour inflammatory infiltrate is
not routinely performed: for example, presence of tumour infiltrating lymphocytes is
listed as non-core data within the RCPath guidelines (188). This is largely because its

assessment has been perceived to be more subject to inter-observer variation than
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the standard staging and Petersen parameters (227, 475). Recently, however,
Klintrup, Makinen and colleagues described a simplified method for structured
scoring of the inflammatory reaction at the tumour invasive edge (277). This

includes all white cell types and results in a binary score of low-grade or high-grade.

The aim of the present study was to examine the prognostic value of a simple
assessment of the tumour inflammatory infiltrate in addition to routinely reported
tumour pathological criteria including the Petersen Index in patients undergoing
curative resection for node negative colorectal cancer. Furthermore the prognostic
value of inflammatory infiltrate and tumour margin characteristics in node negative

disease will be examined.
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8.2 Materials and methods

Patients with histologically proven colon cancer who underwent potentially curative
resection between January 1997 and June 2004 were identified from a prospectively
collected database with similar exclusion criteria to those in Chapter 4.0. Patients
receiving pre-operative radiotherapy were excluded from the study since
radiotherapy has been reported to evoke an inflammatory response (476, 477).
Patients who died within 30 days of surgery were excluded from the analysis. The
tumours were staged using the conventional Tumour, Node and Metastases
classification (from the 5% edition and according to the Royal College of Pathologists
Dataset 2007) (188). All other pathological data were taken from the pathology

reports issued at the time of resection.

The routine haematoxylin and eosin slides were retrieved from the pathology
archives. A minimum of three slides per specimen were selected from the deepest
area of tumour invasion and scored according to both Jass (222) and Klintrup (277)
criteria. The Klintrup-Makinen method is based on the deepest point of invasion

identified from the 3 slides and this provides the overall score for the specimen.

Jass scoring of slides was carried out as described previously (222, 227). Briefly, the
term “peritumoural lymphocytic infiltrate” was applied to the stromal response at the
tumours’ invasive edge. A specific and important feature of this response is the
presence of a loose connective tissue lamina or cap (resembling lamina propria) at
the deepest point of tumour penetration. The tumour glands are often heavily
infiltrated by neutrophils but lymphocytes are not necessarily present in large
numbers: it is the connective tissue stroma which is the most important feature. The
tumours were scored on a 2-point scale as peritumoural infiltrate either present or

absent.

Klintrup-Makinen scoring of slides was carried out as described previously (277).
Briefly, tumours were scored according to a 4 point score. Scores were based on
appearances at the deepest area of tumour invasion. A score of 0 indicated there was
no increase in inflammatory cells at the deepest point of the tumour’s invasive
margin; score 1 denoted a mild and patchy increase in inflammatory cells; score 2

denoted a prominent inflammatory reaction forming a band at the invasive margin
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with some evidence of destruction of cancer cell islands and score 3 denoted a florid
cup-like inflammatory infiltrate at the invasive edge with frequent destruction of
cancer cell islands. These scores were then subsequently classified as low-grade
(scores 0 and 1) or high-grade (scores 2 and 3) (Figures 15 and 16 (Low grade) and
17 and 18 (High grade)).

Assessment of tumour margin characteristics was also undertaken in accordance
with Jass criteria (222, 227). Briefly, specific features of a diffusely infiltrating
tumour margin include ‘streaming dissection’ of tumour cells through the muscularis
propria, or dissection of mesenteric adipose tissue by small glands or irregular

clusters of cords of cells on microscopic examination.

A total of 100 tumour specimens were scored independently by 2 observers
(Campbell Roxburgh and Jonathan Salmond), who were blinded to patient outcome,
to confirm consistency of scoring. Training was provided by a consultant pathologist
(Karin Oien). The inter-observer intraclass correlation coefficients (ICCC) provides a
measure of interobserver agreement. The ICCCs for assessment of peritumoural
inflammatory cell infiltrate were: 0.71 for Jass and 0.81 for Klintrup-Makinen. For
assessment of tumour margin characteristics (expanding or infiltrating), the ICCC was
0.83 (ICCC values of = 0.6 are considered acceptable and >0.7 is considered good).

CSDR then scored all slides (n=200) and these data were used in the analysis.

The Petersen Index (PI) was generated from scores allocated to the four selected
pathological variables present in a tumour specimen. A full description of the
construction and calculation of the PI is found in Chapter 5.0 (Methods 5.2) (194,
195).

In the Royal Infirmary, patients undergo regular follow-up (3 months, 6 months and
then yearly to five years) with yearly CT scanning and regular colonoscopic
surveillance until 5 years post surgery. Information on date and cause of death was
checked with that received by the cancer registration system and the Registrar
General (Scotland). The study was approved by the Research Ethics Committee,

Royal Infirmary, Glasgow.
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Statistics

Grouping of the variables was carried out using standard thresholds. Univariate
survival analysis and multivariate survival analysis with calculation of hazard ratios
(HR) were performed using Cox’s proportional-hazards model. A stepwise backward
procedure was used to derive a final model of the variables that had a significant
independent relationship with survival. To remove a variable from the model, the
corresponding P-value had to be greater than 0.1. Deaths up to August 2008 were
included in the analysis. Inter-relationships between variables were assessed using
contingency table analysis with the chi-squared test for trend as appropriate.
Because of the number of statistical correlations, a P value of <0.01 was considered to
be significant. Analysis was performed using SPSS software (SPSS Inc., Chicago, IL,

USA).
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8.3 Results

Baseline clinico-pathological characteristics and relationship with cancer specific
survival of the patients with node negative disease (n= 200) who underwent curative
surgery for colorectal cancer are shown in Table 7.1. The majority of patients were
65 or older (68%), were male (55%), and had colon cancer (66%). Eighteen (9%)
patients received adjuvant chemotherapy. Median number of lymph nodes sampled
was 14 (range 1-41) for colonic tumours and 12 (range 1-41) for rectal tumours.
62% of patients had twelve or more lymph nodes harvested (Table 8.1). Overall the
mean number of lymph nodes sampled was 14, the frequency of extramural venous
invasion was 24% and serosal involvement was 22%, in line with current audit

standards set by the Royal College of Pathologists (188).

On routine pathological analysis, the minority of patients had evidence of the ‘high-
risk’ pathological features including poor tumour differentiation (9%), extramural
vascular invasion (24%), peritoneal involvement (22%), margin involvement (8%),
tumour perforation (3%) or perineural invasion (8%). The minority of patients were
thus classed as low risk by the Petersen Index (11%). On assessment by Jass’ criteria,
61% (n=121) had tumour margins classed as expanding and the majority (74%,
n=148) had no peritumoural inflammatory infiltrate. On assessment using the
Klintrup-Makinen criteria, 59% (n=118) patients were given scores of 0 or 1 (low
grade inflammation) and 41% (n=82) were given scores of 2 or 3 (high grade

inflammation).

The minimum follow-up was 43 months; the median follow-up of the survivors was
73 months. No patients were lost to follow up. During this period 76 patients died,
36 of their cancer. On univariate survival analysis of individual variables, age
(P<0.01), fewer than 12 nodes sampled (P<0.1), vascular invasion (P<0.01),
peritoneal involvement (P<0.1), tumour perforation (P=0.05), presence of an
infiltrating invasive tumour margin (P<0.05) and absent or low grade peritumoural
inflammatory infiltrate score assessed by Klintrup’s criteria (P<0.05) were associated

significantly with cancer-specific survival (Table 8.1).

On multivariate survival analysis of significant variables for cancer-specific survival,

age (HR 2.26, 95% CI 1.42-3.61, P=0.001), high risk Petersen Index (HR 2.45, 95% CI

203



1.08-5.45, P=0.032), perineural invasion (HR 3.62, 95% CI 1.48-8.89, P=0.005) and a
low-grade peritumoural inflammatory infiltrate assessed by the Klintrup-Makinen
criteria (HR 2.61, 95% CI 1.19-5.77, P=0.017) were all independently associated with

cancer specific survival (Table 8.1).

179 patients with node-negative colorectal cancer were classed as low risk by the
Petersen Index. In this group, on univariate survival analysis of individual variables,
age (P<0.001), poor tumour differentiation, (P<0.1), perineural invasion (P<0.05),
presence of an infiltrating invasive margin (P<0.1) and absent or low grade
peritumoural inflammatory infiltrate score assessed by the Klintrup-Makinen criteria

(P<0.05) were associated with cancer-specific survival (Table 8.2).

On multivariate survival analysis for cancer-specific survival in the low risk Petersen
Index group, age (HR 2.31, 95% CI 1.37-3.89, P=0.002), perineural invasion (HR 3.55,
95% CI 1.20-10.55, P=0.022) and a low-grade peritumoural inflammatory infiltrate

assessed by the Klintrup-Makinen criteria (HR 3.04, 95% CI 1.22-7.58, P=0.017) were

all independently associated with cancer specific survival (Table 8.2).

When those patients who received adjuvant chemotherapy were removed the from
analysis, age (P<0.1), less than 12 nodes sampled (P<0.1), poor tumour
differentiation (P<0.05), vascular invasion (P<0.05), a high risk Petersen Index
(P<0.1), perineural invasion (P<0.005), an infiltrating tumour margin (P<0.1), and
low-grade peritumoural inflammatory infiltrate assessed by the Klintrup-Makinen
criteria (P<0.05) were associated with cancer specific survival on univariate analysis.
On multivariate analysis of these significant variables in patients who did not receive
adjuvant chemotherapy, only age (HR 1.81, 95% CI 1.14-2.88, P=0.011) and low-
grade peritumoural inflammatory infiltrate assessed by Klintrup-Makinen criteria
(HR 2.46, 95% CI 1.10-5.48, P=0.028) were independently associated with cancer

specific survival.

The inter-relationships between the individual pathological criteria in the low risk
Petersen Index group (n=179) are shown in Table 8.3. Increasing T stage was directly
related to the presence of peritoneal involvement (P<0.001), an infiltrating tumour
growth pattern and a low-grade peritumoural infiltrate assessed by both Jass

(P<0.01) and Klintrup-Makinen criteria (P<0.01). A lymph node sample less than 12
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was directly related to the presence of peritoneal involvement (P<0.01). The
presence of vascular invasion was directly associated with presence of perineural
invasion (P<0.001). Peritoneal involvement was directly associated with an
infiltrating tumour growth pattern (P<0.01). The presence of an infiltrating tumour
growth pattern was associated with a low-grade inflammatory cell infiltrate assessed
with Jass (P=0.001) and Klintrup-Makinen criteria (P<0.001). Both Jass and Klintrup-

Makinen criteria were directly associated (P<0.001)
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8.4 Discussion

Following potentially curative resection for colorectal cancer there are a number of
pathological features which guide treatment. Principal among these is nodal disease
which indicates a high likelihood of disease recurrence and the need for adjuvant
therapy (182, 419). In patients with no evidence of nodal disease, other pathological
criteria have been proposed by Shepherd’s group which identify patients at high risk
of recurrence and which are now routinely reported (195). These include vascular
invasion, peritoneal involvement, margin involvement and tumour perforation.
These criteria have been combined in a score, the Petersen Index (PI), which reliably
predicts poorer cancer-specific outcome in Dukes’ B colon cancer (195). These

findings have recently been validated in colorectal cancer by Quirke’s group (194).

In the present study of patients with node-negative colorectal cancer I have
confirmed the finding that a high risk PI is associated with poorer cancer specific
survival. However, the majority of patients (89%) were identified by the PI as low
risk. Therefore it was of interest that the presence of a low-grade tumour
inflammatory cell infiltrate (Klintrup-Makinen criteria) was associated with an
approximately 3-fold poorer cancer specific survival in these low-risk patients. In the
present study, tumour inflammatory cell infiltrate assessed using Jass criteria was
also examined. However, in terms of predicting cancer specific survival, the Klintrup-
Makinen criteria were superior to that of Jass. Taken together these results would
suggest that tumour inflammatory cell infiltrate, in particular using Klintrup-Makinen
criteria, should be considered for inclusion in routine pathological reporting of

colorectal cancer.

In the present study it was interest that both Jass and Klintrup-Makinen criteria were
inversely associated with T stage and an infiltrating tumour margin. The presence of
infiltrating growth pattern appears to be similar to the phenomenon known as de-
differentiation, where there is a dissociation of tumour cells at the invasive front
allowing these cells to migrate away from the main tumour, which may represent a
morphological assessment of ‘tumour aggressiveness’ (478). This feature has also
recently been described as ‘tumour budding’ where there is a transition from
glandular structures to single cells or clusters of up to four cells the invasive margin

of colorectal tumours (224). A high-grade local immune response may represent
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effective host cellular immune responses preventing the invasive margin from
developing an infiltrating or budding appearance. These results are consistent with
the detailed analysis of the tumour immune response in patients with colorectal
cancer by Nielsen and co-workers (329) and Galon and co-workers (391).
Furthermore, the results of the present study are consistent with the concept that the
type, density, and location of a variety of immune cells, and not an individual immune
cell type, is an important independent determinant of cancer specific survival in

patients with colorectal cancer.

The Klintrup-Makinen method used in the present study differs from previous
methods of assessing immune cells within the tumour as it is a structured assessment
of all white cell types at the invasive margin. The technique can be applied to routine
H&E specimens with no special staining required. Previous assessments of
peritumoural inflammation have been criticised for the subjective nature of the
scoring methodology (475). In the present study the simple scoring method
described by Klintrup and Makinen was applied with relative ease and, as the low
inter-observer variation demonstrates, it is reproducible. In the present study,
Klintrup and Makinen'’s scoring was undertaken using the original 4-point method,
subsequently modified to a 2-point score (high and low grade) (Figures 1 and 2). This
methodology was similar to the original Klintrup et al study and I would recommend

a similar method be applied when classifying tumours in future studies.

With the introduction of whole population screening for colorectal cancer, earlier
diagnosis should result in a higher proportion of early stage or node negative disease
being treated by clinicians. Therefore, the identification of high-risk pathological
features in this cohort will be important in guiding provision of adjuvant therapy.
The results of the present study have demonstrated that in addition to existing
routinely reported pathological features, other criteria such as low-grade
peritumoural inflammation and the presence of an infiltrating tumour margin (which
are currently listed in the Royal College of Pathologists guidelines but as non-core
data items) are significantly related to poor survival. These criteria may therefore
provide additional prognostic information, which could be used to guide
multidisciplinary teams on treatment decisions. Currently, it is not known whether

patients with pathological features such as low-grade inflammatory cell infiltrate
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would benefit adjuvant systemic treatment; however the same is true of other criteria
such as vascular invasion and poor tumour differentiation (176, 474). Which patients
might benefit from adjuvant therapy may become clearer as large adjuvant

chemotherapy trials publish further results.

In summary, assessment of peritumoural inflammatory cell infiltrate provides
independent prognostic information in node negative disease and should therefore be

considered for future inclusion in routine pathological reporting of colorectal cancer.
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Figure 8.1: Low grade or absent inflammatory cell infiltrate at the tumours invasive
margin. Staining: H&E, Magnification 20x
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Figure 8.2: Low grade or absent inflammatory cell infiltrate at the tumour’s invasive
margin. Staining H&E, Magnification 20x
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Figure 8.3: High grade inflammatory cell infiltrate at the tumours invasive margin.
Staining: H&E, Magnification 40x.
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Figure 8.4: High-Grade inflammatory cell infiltrate at the tumour’s invasive margin.
Staining: H&E, Magnification: 40x.
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Table 8.1: The relationship between clinico-pathological variables and cancer

specific survival in patients undergoing curative surgery for node-negative colorectal

cancer.

Patients Univariate Multivariate
n=200 Analysis Analysis
(%) HR (95{/0 cy Pvalue | yp (95%/0 ¢y FPrvalue
Age <65 years 64 (32)
65-74years 70 (35)
>75years 66 (33) 1.92 (1.24-2.98) 0.004 2.26 (1.42-3.61) 0.001
Sex female 90 (45)
Male 110 (55) 0.86 (0.45-1.66) 0.659
Site Colon 132 (66)
Rectum 68 (34) 0.75 (0.36-1.55) 0.437
Number of nodes
harvested
>12 123 (62)
<12 77 (38) 1.88 (0.97-3.62) 0.060 0.134
T Stage T1 7 (4)
T2 22 (11)
T3 126 (63)
T4 45 (22) 1.48 (0.87-2.52) 0.152
Adjuvant therapy no 182 (91)
yes 18 (9) 1.42 (0.50-4.03) 0.507
Differentiation Mod-well | 183 (91)
Poor 17 (9) 2.17 (0.84-5.61) 0.110
Vascular invasion no 152 (76)
yes 48 (24) 2.63(1.34-5.17) 0.005
Peritoneal involvement
no 157 (78)
yes 43 (22) 1.81 (0.90-3.61) 0.095
Margin involvement no 186 (92)
yes 14 (8) 0.84 (0.20-3.50) 0.811
Tumour Perforation no 195 (97)
yes 5(3) 4.23 (1.00-17.89) 0.050
Petersen Index Low Risk | 179 (89)
High Risk 21 (11) 3.36 (1.52-7.46) 0.003 2.45 (1.08-5.45) 0.032
Perineural Invasion no 185 (92)
yes 15 (8) 3.63 (1.59-8.29) 0.002 3.62 (1.48-8.89) 0.005
Invasive Margin
Expanding 121 (61)
Infiltrating 79 (39) 1.95(1.01-3.76) 0.046 0.407
Peritumoural Infiltrate
(Jass criteria)
Cap-like yes 52 (26)
Cap-like no 148 (74) 2.00 (0.83-4.80) 0.122
Peritumoural Infiltrate
(Klintrup-Makinen)
High grade inflammation 82 (41)
Low grade inflammation 118 (59) 2.65 (1.21-5.82) 0.015 2.61(1.19-5.77) 0.017
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Table 8.2: The relationship between clinico-pathological variables and cancer
specific survival in patients with low risk Petersen Index following curative surgery
for node-negative colorectal cancer.

. Univariate Multivariate
liatlengs Analysis Analysis
n=179 (%) HR (95% CI) P-value HR (95% CI) P-value
Age <65 years 57 (32)
65-74years 63 (35)
>75years 59 (33) 2.01(1.21-3.33) 0.005 2.31 (1.37-3.89) 0.002
Sex female 77 (43)
Male 102 (57) 0.96 (0.45-2.02) 0.907
Number of nodes
harvested
>12 109 (61)
<12 70 (39) 1.80 (0.86-3.79) 0.121
T Stage T1 7 (4)
T2 22 (12)
T3 125 (70)
T4 25 (14) 1.04 (0.57-1.88) 0.908
Adjuvant therapy No 166 (93)
Yes 13 (7) 0.46 (0.06-3.40) 0.487
Differentiation Mod-well | 165 (92)
Poor 14 (8) 2.51 (0.86-7.32) 0.091 0.198
Vascular invasion no 146 (82)
yes 33(18) 1.46 (0.59-3.62) 0.409
Peritoneal involvement
no 154 (74)
yes 25 (26) 1.15 (0.44-3.03) 0.776
Margin involvement no 176 (93)
yes 3(7) 1.87 (0.25-13.94) 0.540
Tumour Perforation no 179 (97)
yes 0(3) - -
Perineural Invasion }rllgs 169 (94) 355 (1.20
10 (6) 3.39 (1.18-9.79) 0.024 10.55) 0.022
Invasive Margin
Expanding 111 (62)
Infiltrating 68 (38) 2.07 (0.98-4.36) 0.055 0.246
Peritumoural Infiltrate
(Jass criteria)
Cap-like yes 48 (27)
Cap-like no 131 (73) 2.40 (0.83-6.93) 0.105
Peritumoural Infiltrate
(Klintrup-Makinen)
High grade inflammation 76 (43)
Low grade inflammation 103 (57) 2.83 (1.15-6.98) 0.024 3.04 (1.22-7.58) 0.017
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Table 8.3: Inter-relationships between pathological variables in patients with a low risk Petersen Index following potentially curative
resection for node-negative colon cancer (n=179).

Node Diff VI PeritInv | MarginInv | Perineur Tumour | Jass Klintrup
sample (mod-well/ | (no/yes) | (no/yes) | (no/yes) Inv Margin criteria Makinen
(<12/>12) | poor) (no / yes) (exp/inf) | (Yes/ No) (Yes/ No)
T stage
(1/2/3/4) 0.943 0.218 0.993 <0.001 0.868 0.846 0.002 0.001 0.004
Node sample
(>12/<12) 0.386 0.124 0.006 0.837 0.545 0.044 0.339 0.017
Differentiation
(poor/ mod/well) 0.310 0.403 0.612 0.141 0.697 0.637 0.975
Vascular invasion
(yes/ no) 0.011 0.408 <0.001 0.170 0.095 0.434
Perit. involvement
(yes/ no) 0.483 0.572 0.004 0.022 0.015
Margin Involved
(yes/ no) 0.672 0.867 0.292 0.135
Perineural inv.
(yes/ no) 0.422 0.218 0.140
Tumour margin
(exp/ infiltrating) 0.001 <0.001
Inflammatory cell
infiltrate present
(Jass criteria)
(yes/ no) <0.001
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9.0 COMPARISON OF THE PROGNOSTIC VALUE OF
INFLAMMATION BASED PATHOLOGICAL AND BIOCHEMICAL
CRITERIA IN PATIENTS UNDERGOING CURATIVE
RESECTION FOR COLON AND RECTAL CANCER

9.1 Introduction

It has long been recognised that disease progression in cancer patients is not solely
determined by the local characteristics of the tumour but also by the systemic host
response. Indeed, there is increasing evidence that both local and systemic
inflammatory responses play an important role in the progression of a variety of

common solid tumours (292, 479).

In terms of the localised tumour, there is good evidence that in patients with
colorectal cancer, the presence of a pronounced lymphocytic infiltrate around the
infiltrating tumour, on simple H&E staining of sections, is associated with improved
survival (222, 329, 373). Furthermore, Galon and co-workers have provided further
persuasive evidence that the type, density and location of immune cells in colorectal
tumours may provide prognostic information superior to that of tumour staging

(391).

Klintrup and co-workers have simplified the subjective measurement of the tumour
inflammatory infiltrate by including all white blood cell types and classifying the
inflammatory infiltrate as either low or high grade (277). They showed that a high-
grade inflammatory infiltrate was associated with improved survival in patients

undergoing potentially curative resection of node negative colorectal cancer.

In terms of systemic inflammation, there is now good evidence that the presence of a
systemic inflammatory response, as evidenced by a simple objective score (Glasgow
Prognostic Score, GPS), based on elevated circulating concentrations of C-reactive
protein and hypoalbuminaemia, is independently associated with poor outcome in

patients with colorectal cancer (278, 308, 325).

It is also of interest that previous studies have reported that a high-grade local

inflammatory cell response is more commonly present in rectal tumours (277)
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whereas an elevated systemic inflammatory response is more commonly present in
colonic tumours (308). In addition, the original description of the prognostic value of
tumour margin inflammatory cell reaction was initially made in rectal cancer (222).
Therefore, in terms of local and systemic inflammatory responses and survival it is

not clear whether such relationships are similar in colon and rectal tumours.

The aim of the present study was to examine the inter-relationships between these
local subjective pathological (Jass and Klintrup criteria) and systemic objective
biochemical (GPS criteria) inflammatory scores and to compare their prognostic
value in patients undergoing potentially curative resection for colon and rectal

cancer.
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9.2 Materials and methods

Patients with histologically proven colon cancer who underwent potentially curative
resection between 1997 and 2007 were identified from a prospectively collected
database with similar exclusion criteria to those in Chapter 4.0. The tumours were

staged using conventional TNM classification (182).

The routine haematoxylin and eosin slides were retrieved from the pathology
archives. A minimum of three slides from the deepest area of tumour invasion were
selected and scored according to both Jass (222) and Klintrup-Makinen (277) criteria.
Jass scoring of slides were carried out as described previously (222, 227). Klintrup-
Makinen scoring of slides were carried out as described previously (277). The
methodology for these scores is described in detail in Chapter 8.0 (Methods 8.2). A
total of 197 tumour specimens were scored independently by 2 observers (Campbell
Roxburgh and Jonathan Salmond), who were blinded to patient outcome, to confirm
consistency of scoring. The inter-observers intraclass correlation coefficients (ICCC)
were as follow; Jass =0.71 and Klintrup-Makinen =0.81 (ICCC values = 0.6 were
considered acceptable). Campbell Roxburgh scored all slides (n=385) and these data

were used in the analysis.

Blood samples were taken for routine laboratory measurements of albumin, C-
reactive protein and differential white cell count measurement prior to surgery. The

GPS was constructed as previously described (336), (308) (Chapter 4.0, Methods 4.2).

The study was approved by the Research Ethics Committee, Royal Infirmary,

Glasgow.

Statistical analysis was performed using SPSS software (SPSS Inc., Chicago, IL, USA).
Grouping of the variables was carried out using standard thresholds. Univariate and
multivariate survival analysis and calculation of hazard ratios (HR) were performed
using Cox’s proportional-hazards model. A stepwise backward procedure was used
to derive a final model of the variables that had a significant independent relationship
with survival. To remove a variable from the model, the corresponding P-value had
to be greater than 0.05. Deaths from colorectal cancer up to April 2009 were
included in the analysis. Inter-relationships between variables were assessed using

contingency table analysis with the chi-squared test for trend as appropriate.
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9.3 Results

Three hundred and eighty five patients undergoing potentially curative resection for
colorectal cancer between 1997 and 2007 were studied. Two hundred and forty-five
patients (64%) underwent surgery for colonic tumours and one hundred and forty
patients (36%) had surgery for rectal tumours. The majority of patients were 65 or
older (65%), were male (55%) and had TNM stage I/II disease (55%). Median
number of lymph nodes sampled was 14 (range 1-41) for TNM stage Il tumours and
14 (range 3-34) for TNM stage III tumours. One hundred and sixty seven patients
(43%) had an elevated C-reactive protein concentration (>10 mg/l1), and 65 patients
(17%) had hypoalbuminaemia (<35g/1). Of the 50 patients with hypoalbuminaemia,
45 (69%) had an elevated C-reactive protein. The majority of tumours had no
evidence of peritumoural inflammatory infiltrate using Klintrup-Makinen (66%) or

Jass criteria (76%). One hundred and ten patients (29%) received adjuvant therapy.

The inter-relationships between inflammation-based pathological and biochemical
criteria were examined in a subgroup of 287 patients. This is shown in Table 9.1. Old
age was associated with a greater proportion of females (P<0.01), colonic tumours
(P<0.01) and elevated mGPS (P<0.01). Increasing TNM stage was associated with less
peritumoural infiltrate (Jass criteria P<0.001, Klintrup-Makinen criteria P<0.01).
Increased mGPS was associated with increased circulating white cell (P<0.01) and
neutrophil (P<0.01) counts and low lymphocyte counts (P<0.01). Increased
circulating white cell count was associated with increased neutrophil count (P<0.001)
and low grade peritumoural infiltrate (P<0.05, Klintrup-Makinen criteria). Jass and
Klintrup-Makinen criteria for peritumoural infiltrate were directly associated

(P<0.001).

The individual clinicopathological characteristics for patients undergoing surgery for
colon and rectal cancer are shown in Table 9.2. Patients with colon cancers were
older (P<0.05) had higher T Stage (P<0.001) and mGPS (P<0.001) compared with
rectal cancers. The proportions of patients with a high-grade tumour inflammatory

cell infiltrate were similar in colon and rectal cancers.

The minimum follow-up was 25 months; the median follow-up of the survivors was

71 months. No patients were lost to follow up. During this period, 105 patients died
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of their cancer and a further 64 patients died of intercurrent disease. The
relationship between clinical, pathological and biochemical characteristics and cancer
specific survival in patients undergoing potentially curative resection for colon and
rectal cancer is shown in Table 9.3. On univariate survival analysis in colon cancer
patients, age (P<0.01), TNM stage (P<0.001), mGPS (P<0.001) and a low grade or
absent peritumoural inflammatory cell infiltrate assessed by Klintrup-Makinen
criteria (P<0.001) were associated significantly with cancer-specific survival (Table
9.3). On univariate survival analysis in rectal cancer patients, TNM stage (P<0.05),
mGPS (P<0.05) and a low grade or absent peritumoural inflammatory cell infiltrate
assessed by Klintrup-Makinen criteria (P<0.01) were associated significantly with

cancer-specific survival (Table 9.3).

On multivariate survival analysis in colon cancer patients, TNM stage (HR 2.73, 95%
CI1.51-4.91, P<0.001), mGPS (HR 1.56,95% CI 1.03-2.38.60, P<0.05), and Klintrup-
Makinen criteria for inflammatory cell infiltrate (HR 2.12, 95% CI 1.05-4.30, P<0.05)
were independently associated with cancer specific survival (Table 9.4). On
multivariate survival analysis in rectal cancer patients, mGPS (HR 1.76,95% CI 1.00-
3.10, P<0.05), and Klintrup-Makinen criteria for inflammatory cell infiltrate (HR 5.74,
95% CI 1.34-15.60, P<0.05) were independently associated with cancer specific
survival (Table 9.4).

The relationship between TNM stage, local (Klintrup-Makinen) and systemic
inflammatory (mGPS) responses and 3-year cancer specific survival rates (%) in
patients undergoing potentially curative resection for colorectal cancer is shown in
Table 9.5. In TNM stage II disease, patients with a high and low-grade tumour
inflammatory cell infiltrate had a 3-year cancer specific survival of 97% and 88%
respectively. In these patients with a low-grade inflammatory cell infiltrate the 3-
year cancer specific survival were 95%, 82% and 68% for a mGPS of 0, 1 and 2
respectively. In TNM stage III disease, patients with a high and low-grade tumour
inflammatory cell infiltrate had a 3-year cancer specific survival of 85% and 70%
respectively. In these patients with a low grade inflammatory cell infiltrate the 3-year
cancer specific survival were 78%, 60% and 60% for a mGPS of 0, 1 and 2

respectively (Table 9.5).
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9.4 Discussion

The present study, to our knowledge, shows for the first time the inter-relationships
between the preoperative systemic inflammatory response (GPS criteria),
peritumoural inflammatory infiltrate (Jass and Klintrup-Makinen criteria) and cancer
specific survival in patients undergoing potentially curative resection for colorectal
cancer. In the present study, a low-grade peritumoural infiltrate, measured by the
Klintrup-Makinen criteria, was associated with increased TNM stage and increased
circulating total white cell count and neutrophil count. Furthermore, peritumoural
infiltrate (Klintrup-Makinen criteria) was independently associated with cancer

specific survival.

The results of the present study are consistent with those reported by Klintrup,
Makinen and co-workers (277). In a study of 374 patients (229 with node-negative
disease) who underwent surgery between 1986 and 1996, a significant relationship
was observed between low-grade inflammatory infiltrate at the invasive margin and
poor survival. In the same study, in addition to a grading all white cell counts at the
invasive margin, increased neutrophils, lymphocytes and macrophages were all

correlated with an improved 5-year survival.

In contrast, the systemic inflammatory response, measured by mGPS criteria, was not
associated with TNM stage nor peritumoural infiltrate (Jass or Klintrup-Makinen
criteria), but was associated with increased circulating total white cell count,
increased neutrophil count and decreased circulating lymphocyte count. The mGPS
was also independently associated with cancer specific survival in patients
undergoing potentially curative resection for colorectal cancer. Taken together the
results of the present study suggest that both low peritumoural infiltrate (Klintrup-
Makinen criteria) and increased systemic inflammation (mGPS criteria) may be linked
through the cell mediated immune system; both acquired (lymphocytes) and innate

immune (neutrophils) cells.

The results of the present study also show for the first time that, in patients with
colon and rectal cancer, pathological (Klintrup-Makinen) and biochemical (mGPS)
measures of the inflammatory response independently predict cancer specific

survival following potentially curative resection. Such routinely available
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inflammatory measures offer a new approach to staging the biologic phenotype of the
tumour and together with tumour staging offer a more sophisticated and accurate
approach to outcome prediction in patients with primary operable colon and rectal

cancer.

For example, in the present study the 3-year survival rate for TNM stage Il and III
colorectal cancer was 91% and 73% respectively. However, within the TNM stage 11
disease, 3-year survival rate varied between 100% and 68% depending on the
Klintrup-Makinen and Glasgow Prognostic Scores. Similarly, within the TNM stage I11
disease, 3-year survival rate varied between 97% and 60% depending on the
Klintrup-Makinen and Glasgow Prognostic Scores. Therefore, I believe such measures
should be considered for incorporation into routine staging of primary operable

colon and rectal cancer.

In the present study it was of interest that, on multivariate survival analysis, although
the hazard ratios for the mGPS were similar in both colon (HR 1.56) and rectal (HR
1.76) cancers, the corresponding hazard ratios for Klintrup-Makinen criteria were
2.12 and 5.74 respectively. The basis of the increased hazard ratio for the Klintrup-
Makinen score in rectal cancer is not clear. However, it may be that the local
inflammatory response is better at controlling tumour dissemination in rectal cancer.
Indeed, there were fewer T4 stage rectal tumours compared with distribution in
colonic tumours. This might explain why Jass’ observation that tumour inflammatory

cell infiltration had prognostic value was initially made in rectal cancer (222).

The results of the present study suggest low peritumoural infiltrate (Klintrup-
Makinen criteria) and increased systemic inflammation (mGPS criteria) may
potentially be linked by the cell-mediated immune system. However, the
relationships between the inflammatory responses are likely to be more complex
reflecting a continuous interplay between the tumour and host. For example, a high-
grade local inflammatory response may represent an adequate host immune defence
preventing tumour spread. It is clear that systemic inflammatory markers, such as C-
reactive protein, play a pivotal role in the tumour-host relationship, its elevation
reflecting compromised cell-mediated immunity as it is associated with

lymphocytopenia and impaired T lymphocytic response within the tumour (276,
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344). In addition, elevated C-reactive protein and hypoalbuminaemia have also been
shown to be associated with upregulation of components of innate immune system,
including complement and macrophage function (291, 345). As part of the systemic
inflammatory response, there is a release of pro-inflammatory cytokines and growth
factors which may promote and maintain tumour growth (347) (443). Taken
together, the apparent inverse relationship between markers of the systemic
inflammatory response and the local inflammatory response are likely to reflect
imbalances in the innate and adaptive immune systems compromising effective host-
tumour immune responses. As tumour growth continues, there may then be a switch
from a local to a systemic inflammatory response reflecting a change in anti-tumour

immune competence.

Extrinsic pathways that may be associated with cancer related inflammation include
nutritional and functional decline, immune dysfunction and tumour angiogenesis,
growth and dissemination (480). Recently, it has also been proposed that there are
also intrinsic pathways involved in cancer related inflammation, such as the induction
of genetic instability by inflammatory mediators, leading to the accumulation of
genetic alterations in cancer cells and progressive tumour growth and dissemination.
Indeed, a recent review proposes that cancer related inflammation represents ‘the

seventh hallmark of cancer’ (480).

There are a number of factors that might result in the presence of a pre-operative
systemic inflammatory response as evidenced by the mGPS (i.e. C-reactive protein
and albumin). These include emergency presentation (481), and clinical evidence of
infection and other chronic inflammatory conditions. In the present study, patients

with such factors were excluded from the analysis to obviate confounding results.

The results of the present study are consistent with previous studies in that where a
high-grade local inflammatory response exists, a variety of innate and adaptive
immune cells are associated with long-term survival (222, 277, 329, 373, 391). Also,
the results of the present study suggest that the systemic inflammatory response is
associated with changes in the type, density and location of immune cells in colorectal

tumours type. Further detailed investigation of this relationship may result in a
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better understanding of the loss immune control in patients with primary operable

colorectal cancer.

Whilst both pathological (Klintrup-Makinen criteria) and biochemical (mGPS)
measures of the inflammatory response had independent prognostic value it is more
likely that the mGPS could be adopted for the routine clinical assessment of the
inflammatory response alongside tumour staging because the mGPS is simple,
objective, internationally well standardised and can be measured pre-operatively,
compared with the Klintrup-Makinen criteria. The systemic inflammatory response
is also recognised to be a precursor to progressive involuntary loss of weight and lean
tissue, both of which are key factors in determining the survival of the cancer patient.
Moreover, the mGPS, can be used, in addition to traditional risk factors, to stratify
colorectal cancer patients into specific follow-up (278, 325) and perhaps treatment

regimes (482).

With the increasing evidence that host or immune responses are important
prognostic indicators in addition to TNM stage, a variety of prognostic scores based
on the presence of the systemic inflammatory response have been described (308,
309, 341, 483). Recently, [imura and coworkers (484) have developed and validated
a combined model of TNM stage and C-reactive protein, termed TNM-C for predicting
outcome in patients undergoing surgery for renal cancer. The results of the present
study indicate that a similar model based on TNM stage, Klintrup-Makinen and mGPS
scores would be of value in patients undergoing potentially curative surgery for

colorectal cancer.

In summary, the results of the present study show that both local and systemic
inflammatory responses are important independent predictors of survival in patients
undergoing potentially curative surgery for colon and rectal cancer. These scores

combined with TNM stage improve the prediction of survival in these patients.
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Table 9.1. Clinico-pathological characteristics of patients undergoing curative
resection for colon cancer and rectal cancer.

Colon cancer | Rectal cancer
n=245 (%) n=140 (%) P value
Age <65 yrs 81 (33) 53 (38)
65-74yrs 74 (30) 55(39)
>75yrs 90 (37) 32 (23) 0.031
Sex Female 117 (48) 57 (41)
Male 128 (52) 83 (59) 0.182
T Stage T1 2 (D) 8 (5)
T2 11 (4) 19 (14)
T3 140 (57) 84 (60)
T4 92 (38) 29 (21) <0.001
N stage NO 139 (57) 72 (52)
N1 81 (33) 48 (34)
N2 25(10) 20 (14) 0.201
TNM Stage | 11 (5) 18 (13)
11 128 (52) 54 (39)
I11 106 (43) 68 (48) 0.642
mGPS Low Risk (0) 122 (50) 96 (69)
Intermediate (1) 89 (36) 33(23)
High Risk (2) 34 (14) 11 (8) 0.001
Klintrup-Makinen criteria
High grade inflammation 82 (34) 47 (34)
Low grade inflammation 163 (66) 93 (66) 0.984
Adjuvant therapy No 175 (71) 100 (71)
Yes 70 (29) 40 (29) 1.00
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Table 9.2: Inter-relationships between the inflammation based pathological and biochemical criteria in patients undergoing potentially
curative resection for colorectal cancer (n=287).

Sex Site TNM mGPS WCC Neutrophils Lymphocytes | Jass Klintrup
(F/M) | (C/R) | Stage (0-2) (<8.5/8.5 | (<7.5/=>7.5) (<1/1-3/>3) criteria Makinen
(/1I/TIT) -11/>11) (Yes/ No) (Yes/ No)
Age
(<65/ 65-74/ >75yrs) 0.008 | 0.004 0.724 0.004 0.484 0.966 0.298 0.329 0.983
Sex
(Female/ Male) 0.124 0.628 0.205 0.401 0.513 0.149 0.834 0.641
Tumour site
(Colon/ Rectum) 0.813 0.082 0.303 0.438 0.070 0.448 0.443
TNM stage
(1/11/110) 0.871 0.197 0.271 0.960 <0.001 0.001
mGPS
(0-2) 0.003 0.001 0.005 0.128 0.626
White Cell Count
(<8.5/8.5-11/ <0.001 0.135 0.164 0.012
>11x109/L)
Neutrophils
(<7.5/ 7.5x10%/L) 0.684 0.241 0.067
Lymphocytes
(<1/1-3/>3x109/L) 0.173 0.412
Peritumoural
Infiltrate
(Jass criteria) <0.001

Cap-like (Yes/ No)
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Table 9.3. The relationship between clinical, pathological and biochemical characteristics and cancer specific survival in patients
undergoing potentially curative resection for cancer of the colon (n=245) and rectum (N=140): Univariate survival analysis

Colon cancer Rectal cancer

Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value

Age <65 years
65-74years
>75years 1.57 (1.19-2.07) 0.002 1.15 (0.72-1.85) 0.563
Sex Female
Male 0.99 (0.63-1.55) 0.946 0.81 (0.39-1.66) 0.557

TNM Stage [
II
11 2.76 (1.77-4.32) <0.001 2.02 (1.10-3.72) 0.024

mGPS Low risk (0)

Intermediate (1)
High risk (2) 1.65 (1.22-2.24) 0.001 1.77 (1.11-2.83) 0.017
Klintrup-Makinen criteria

High grade inflammation
Low grade inflammation 2.79 (1.53-5.07) 0.001 5.74 (1.74-18.99) 0.004

Adjuvant therapy No
Yes 1.01 (0.61-1.67) 0.967 1.43 (0.65-3.13) 0.374
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Table 9.4. The relationship between clinical, pathological and biochemical characteristics and cancer specific survival in patients
undergoing potentially curative resection for cancer of the colon (n=245) and rectum (n=140): Multivariate survival analysis.

Colon cancer Rectal cancer

Hazard Ratio (95% CI) P-value Hazard Ratio (95% CI) P-value

Age <65 years
65-74years
>75years 0.258 0.274
Sex Female
Male 0.207 0.630
TNM Stage [
II
111 2.73 (1.51-4.91) 0.001 0.275
mGPS Low risk (0)
Intermediate (1)
High risk (2) 1.56 (1.03-2.38) 0.038 1.76 (1.00-3.10) 0.033
Klintrup-Makinen criteria
High grade inflammation
Low grade inflammation 2.12 (1.05-4.30) 0.037 5.74 (1.34-15.60) 0.015

Adjuvant therapy No
Yes 0.259 0.774
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Table 9.5. The relationship between TNM stage, local (Klintrup) and systemic inflammatory (mGPS) responses and 3-year cancer
specific survival rates (%) in patients undergoing potentially curative resection for colorectal cancer (n=366).

TNM Stage II (n=182)

TNM Stage III (n=174)

Klintrup-Makinen
High Grade

Klintrup-Makinen
Low Grade

Klintrup-Makinen
Low/ High Grade

Klintrup-Makinen
High Grade

Klintrup-Makinen
Low Grade

Klintrup-Makinen
Low/ High Grade

mGPS 0

mGPS 1

mGPS 2

mGPS 0-2

100% (n=34)
94% (n=21)
92% (n=13)

97% (n=68)

95% (n=65) 97% (n=99)

82% (n=36) 87% (n=57)
68% (n=13) 80% (n=26)

88% (n=114) 91% (n=182)

97% (n=26)
77% (n=14)
67% (n=3)

85% (n=43)

78% (n=71) 84% (n=97)

60% (n=45) 64% (n=59)
60% (n=15) 61% (n=18)

70% (n=131) 73% (n=174)
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10.0 THE RELATIONSHIP BETWEEN TNM STAGE, THE
LOCAL AND SYSTEMIC INFLAMMATORY RESPONSES AND
CIRCULATING IMMUNOLOGICAL PARAMETERS IN PATIENTS
UNDERGOING CURATIVE RESECTION FOR COLORECTAL
CANCER

10.1 Introduction

Besides intrinsic tumour characteristics, there is increasing evidence that disease
progression and survival in cancer is also determined by the presence or absence of a
host systemic and local inflammatory responses. This relationship is particularly well
established in colorectal cancer with over 20 studies reporting that markers of the
systemic inflammatory response, in particular C-reactive protein, albumin and their
combination the Glasgow Prognostic Score predict survival independent of tumour
stage (Chapter 1.0). Also, there is increasing evidence that the presence of a high
grade inflammatory or immune cell infiltrate in and around colorectal tumours

predict survival independent of tumour stage (277, 391)(Chapter 1.0).

Although these systemic and local inflammatory response appear to have
independent prognostic value in patients with colorectal cancer (Chapter 9.0), it is
likely that they are linked. However, the factors that may link systemic and local
inflammatory responses in patients with colorectal cancer have not been examined in

detail.

One hypothesis is that the systemic and local inflammatory responses reflect
circulating immunological factors. For example, circulating cytokines and growth
factors have both stimulant and suppressive actions on immunological function (485-

487).

Therefore, the aim of the present study was to examine relationships between
tumour stage, systemic and local inflammatory responses and circulating
immunological parameters in patients undergoing curative resection for colorectal

cancer.
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10.2 Materials and Methods

Patients with histologically proven colorectal cancer who, on the basis of laparotomy
findings and pre-operative abdominal computed tomography, were considered to
have undergone an elective potentially curative resection between April 2004 and
July 2009 were included in this prospective study. All operations took place within a
single surgical unit at Glasgow Royal Infirmary. Tumours were staged using the
conventional tumour node metastasis (TNM) staging system (188). Patients with
conditions known to evoke a systemic inflammatory response either acute or chronic
were excluded. These were namely (i) pre-operative chemo-radiotherapy (ii) clinical
evidence of active pre-operative infection or (iii) chronic active inflammatory

diseases such as rheumatoid arthritis.

Blood samples were collected, prior to surgery for routine laboratory analysis of full
blood count, white cell and lymphocyte counts, immunoglobulins, albumin and C-
reactive protein. Immunoglobulin A, Immunoglobulin G and Immunoglobulin M
assays were performed using a standard immunoturbidometric procedure and
specific antibodies to these immunoglobulins (Architect, Abbott Laboratories, IL,
USA). Briefly, the insoluble immune complexes between the immunoglobulin and its
specific antibody is measured as turbidity. Therefore, the concentration of the
immunoglobulin in the sample is measured as a direct function of turbidity. Each
immunoglobulin is first incubated with a buffer containing TRIS, polyethylene glycol
and sodium azide prior to performing the test. The coefficient of variation for the
laboratory measurements was less that 10% as established by routine quality control

procedures.

A pre-operative blood sample was also taken for analysis of circulating T-lymphocyte
subset populations. The T-lymphocyte subsets were analysed on a FACScanto flow
cytometry (BD Bioscience, Oxford, UK) equipped with a 488-nm argon laser and a
635-nm red diode laser using FACScanto software. The monoclonal antibodies used
were CD3 FITC / CD4 PE / CD3 PenCPCy 5.5 / CD8 APC and CD3 FITC / CD19 PE /
CD16+ 56 PenCPCy 5.5 / CD45 APC (BD Bioscience Oxford, UK). Absolute counting

was performed on a single platform using TruCOUNT tubes.
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The modified Glasgow Prognostic Score was constructed as previously described
based on routine pre-operative blood tests (27) (Chapter 4). In addition to routine
tests patients were also asked whether they would consent to further samples to be
taken for the purposes of the present study. Each patient was provided with an
information sheet and those who agreed to participate signed a consent form. These
extra blood samples were, centrifuged, and the serum stored at -80°C prior to
analysis of interleukin-6, interleukin-10 and vascular endothelial growth factor
(VEGF). Circulating concentrations of IL-6, IL-10 and VEGF were measured using
commercially available human colorimetric enzyme linked immunosorbent assays
(Quantikine ELISA, R&D Systems, Europe Ltd, Abingdon, UK). The minimum
detectable concentrations were 2 pg/ml for interleukin-6, 4pg/ml for interleukin-10
and 9pg/ml for VEGF. Inter- and intra-assay variability was less than 10% for the
three assays. Cytokine concentrations below the threshold of sensitivity of the

respective assays were expressed as equal to this threshold.

The local inflammatory cell reaction at the tumours invasive edge was assessed using
the method first described by Klintrup and Makinen (277). This is described in detail
in chapter 8.0.

The study design, information sheets and patient consent forms were approved by

the Research Ethics Committee at Glasgow Royal Infirmary.
Statistics

Grouping of the variables was carried out using standard thresholds for laboratory
parameters. Immunoglobulins were grouped by standard laboratory reference
ranges. Components of the white cell count were grouped as previously described
(278). Grouping of IL-6 and IL-10 was carried out using standard thresholds as
previously described (488). Grouping of VEGF was carried out using tertiles as no
standard threshold has been described. IL-6, IL-10 and VEGF concentrations below
the threshold of sensitivity of the respective assays were expressed as equal to this
threshold. Data is also presented as median and range. The relationships between
the groups of patients was carried out using Mantel-Haenszel (X2) test for trend and
the Kruskal Wallis test as appropriate. Univariate survival analysis and multivariate

survival analysis with calculation of hazard ratios (HR) were performed using Cox’s
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proportional-hazards model. A stepwise backward procedure was used to derive a
final model of the variables that had a significant independent relationship with
survival. Deaths up to October 2010 were included in the analysis. Analysis was

performed using SPSS software (SPSS Inc., Chicago, IL, USA).

233



10.3 Results

One hundred and eighteen patients who underwent potentially curative resection for
colorectal cancer between April 2004 and July 2009 were included in the study. Most
patients were 65 or older (66%), male (51%), TNM stage 1/II disease (62%). Most
patients had C-reactive protein (68%) and albumin (72%) concentrations in the
normal range and a normal mGPS (68%). Of the 33 patients with hypoalbuminaemia,

16 (48%) had an elevated C-reactive protein.

Most patients had interleukin-6 concentrations greater than 4pg/ml (60%) and
interleukin-10 concentrations greater than 10pg/1 (52%). The majority of patients
had total white cell counts (71%), neutrophil counts (89%) lymphocyte counts (82%)
and platelet counts (87%) in the normal range. Most had levels of immunoglobulin A
(84%), immunoglobulin G (98%) and immunoglobulin M (96%) within the normal
laboratory reference range. Also, the majority of patients had CD3+ lymphocyte
(74%), CD 4+lymphocyte (74%) and CD 8+ lymphocyte (74%) subpopulation and CD
19+lymphocyte (82%) counts in the normal range. On assessment of Klintrup-
Makinen scoring to assess the local tumour inflammatory cell response, the majority

of patients were considered to have a low-grade inflammatory cell infiltrate (55%).

Table 10.1 shows the relationships between TNM stage, circulating immunological
parameters and tumour characteristics in patients undergoing curative resection for
colorectal cancer. Increasing TNM stage was related to increasing platelet count as a
categorical variable (P<0.01) and increasing IL-6 as both a continuous (P<0.05) and
categorical (P<0.01) variable, vascular invasion (P<0.01) and the Klintrup-Makinen

inflammatory cell infiltrate score (P<0.01).

Table 10.2 shows the relationships between the systemic inflammatory response
(mGlasgow Prognostic Score), circulating immunological parameters and tumour
characteristics patients undergoing curative resection for colorectal cancer. An
increasing mGPS was related to increasing white cell count as a continuous (P<0.05)
and categorical variable (P<0.005), neutrophil count as a continuous (P<0.001) and
categorical variable (P<0.05), platelet count as a continuous (P<0.001) and
categorical variable (P<0.01), IgG count as a categorical variable (P<0.05), CD3+ cell

count as a categorical variable (P<0.05), CD8+ cell count as a continuous (P<0.05) and
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categorical variable (P<0.05), IL-6 count as a continuous (P<0.001) and categorical
variable (P<0.001), IL-10 count as a continuous (P<0.01) and categorical variable

(P<0.05) and T stage (P<0.01).

Table 10.3 shows the relationships between the local inflammatory response
(Klintrup-Makinen score), circulating immunological parameters and tumour
characteristics patients undergoing curative resection for colorectal cancer. A low
grade inflammatory cell response around the tumour was related to a lower white
cell count as a continuous variable (P<0.05), lower circulating CD4+ cell count as a
continuous variable (P<0.05), lower circulating CD19+ cell count as a continuous
variable (P<0.01), lower circulating VEGF as a categorical variable (P<0.05),
increasing T stage (P<0.05) and increasing N stage (P<0.05).
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10.4 Discussion

The results of the present study show clearly that a number of circulating
immunological factors were associated with tumour stage, systemic and local
inflammatory responses. In particular, T-stage appeared to be associated with
elevated circulating interleukin-6 concentrations, an elevated mGPS and a low-grade
Klintrup-Makinen inflammatory cell infiltrate. However, circulating interleukin-6
concentrations were not associated with Klintrup-Makinen inflammatory cell
infiltrate. Therefore, these results would suggest that some circulating
immunological factor(s) other than interleukin-6 link tumour stage, systemic and

local inflammatory responses.

In the present study an elevated mGPS was associated with a number of elevated
circulating immunological factors including white cell and platelet counts and the pro
and anti-inflammatory cytokines interleukin-6 and interleukin-10. Weaker direct
relationships with immunoglobulin G, circulating CD3+ T cells and CD8+ T cells were
also observed. These results are consistent with previous observations that the GPS
accurately reflects many aspects of the systemic inflammatory response (289, 427,

489).

In the present study a low-grade Klintrup-Makinen score was associated with a
number of circulating immunological factors. Weak relationships with lower white
cell count, CD4+ and CD19+ counts, and lower VEGF were observed. The basis of
these observations is unclear and worthy of further investigation. However, it would
be important to know what aspect of the tumour inflammatory infiltrate, that is type,
density and location, was most closely associated with cancer specific survival in

order to correctly determine the most important circulating immunological factors.

Interleukin-6 is recognised to be a key regulator of hepatic production of acute phase
proteins such as C-reactive protein (289). Although not as well established as C-
reactive protein or the GPS a prognostic indicator in patients with colorectal cancer
(450), circulating interleukin-6 has been reported to predict cancer incidence and
cancer survival in large population based studies (490, 491). Furthermore,
interleukin-6 has been shown to have prognostic value in established colorectal

cancer (323, 492-494). It has been hypothesised that much of this survival
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relationship could be explained through production of IL-6 by tumour cells or

immune cells in and around the tumour (495, 496).

Interleukin-10 has been proposed to be a key anti-inflammatory cytokine involved in
Th2 immune responses (497, 498). In the present study an elevated interleukin-10
was directly associated with the mGPS but not the Klintrup-Makinen inflammatory
cell infiltrate. However, elevated circulating concentrations of interleukin-10 have
been reported to predict poorer response to treatment, recurrence following surgery

and survival in colorectal cancer (499, 500).

To our knowledge, there has been no direct comparison of the prognostic value of the
circulating factors interleukin-6, interleukin-10, C-reactive protein and the mGPS. In
the present small study with a minimum follow-up of 14 months and 18 cancer
deaths only C-reactive protein (p=0.019) and the mGPS (p=0.063) had prognostic
value. Interleukin -6 (p=0.769) and interleukin-10 (p=0.633) did not. On comparison
using the Cox proportional hazard model only the mGPS (HR1.74, 95%CI 0.96-3.13,
p=0.068) had independent prognostic value. Clearly, this comparison should be
carried out in larger series with more follow-up. However, the present results would
suggest the combination of C-reactive protein and albumin as a measure of the
systemic inflammatory response is more closely related to cancer specific survival

than interleukin-6 and interleukin-10.

The present study therefore shows that, in particular, systemic inflammatory cell
responses relate to abnormalities in circulating immunological factors. At present, it
is unclear at which factors degrade the local inflammatory or immune cell infiltrate.
Such a degradation in local immune response is clearly associated with T stage and
the development of an infiltrating tumour margin (Chapter 8.0). Also, it is not clear
which factors may drive the development of systemic inflammation as the tumour
depth increases. Further work is required to establish which characteristics
developing as T stage increases that may link local and systemic inflammatory
response. One such possibility is tumour necrosis, a recognised prognostic feature in
colorectal cancer that could be expected to relate to both local and systemic

inflammatory responses (501).
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In summary the results of the present study confirmed that the systemic
inflammatory response was associated with an upregulation of circulating
immunological factors. No circulating immune factor provided a strong relationship
between local and systemic inflammatory responses. A significant relationship was
observed between depth of invasion and both the local and systemic inflammatory
responses. Further work is required to establish whether local tumour immune

factors more strongly link these responses.
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Table 10.1: The relationship between the TNM stage, circulating immunological
parameters and tumour characteristics in patients undergoing curative resection for

colorectal cancer (n=118). *median (range)

TNM stage

TNMI TNMII TNM III P value

(n=18) (n=55) (n=45)
Blood
White cell count (109/1)* 7.8 (3.6-13.5) 7.2 (4.7-16.1) 7.4 (4.1-15.5) 0.282
White cell count
(<8.5/8.5-11.5/>11.5 x109/1) 13/4/1 39/10/6 32/9/4 0.886
Neutrophils (109/1)* 4.4 (2.4-11.2) 5.8 (2.4-12.7) 6.15 (1.8-13.1) 0.293
Neutrophils (<7.5/ >7.5x109/1) 18/0 48/7 39/6 0.202
Lymphocytes (109/1) 1.35(0.5-2.2) 1.9 (1.0-2.8) 1.9 (1.0-2.2) 0.834
Lymphocytes (>1/ <1 109/1) 3/15/0 9/46/0 7/36/2 0.529
Platelets (x106/L) 219 (205-234) 254 (167-583) 348 (271-602) 0.625
Platelets (<400/ >400 x106/L) 18/0 49/6 36/9 0.027
Immunoglobulin A (g/L)* 2.8 (1.1-4.5) 2.3 (0.8-5.7) 2.1 (1.2-4.1) 0.432
Immunoglobulin A (<4/ >4g/L) 5/2 19/4 23/3 0.282
Immunoglobulin G (g/L)* 9.7 (8.0-11.0) 9.3 (6.0-15.3) 9.2 (5.0-12.6) 0.378
Immunoglobulin G (<16/ >16g/L) 7/0 21/1 24/0 0.644
Immunoglobulin M (g/L)* 1.0 (0.9-1.1) 0.5 (0.3-1.3) 0.9 (0.6-1.4) 0.911
Immunoglobulin M (<2/ >2g/L) 7/0 22/1 23/1 0.701
CD3+ (109/D)* 1.12 (0.57-1.83) | 1.45(0.57-1.78) | 0.99 (0.52-1.61) 0.138
CD3+ (>0.96/ <0.96 109/1) 8/3 18/10 20/3 0.212
CD4+ (109/D)* 0.52 (0.46-0.98) | 0.76 (0.28-1.73) | 0.78 (0.34-1.80) 0.999
CD4+ (>0.54/ <0.54 109/1) 7/4 19/9 20/3 0.099
CD8+ (109/D)* 0.23(0.07-0.91) | 0.38(0.05-1.59) | 0.54 (0.16-1.64) 0.233
CD8+ (>0.27/ <0.27 109/1) 7/4 21/7 18/5 0.688
CD19+ (109/1)* 0.30 (0.05-0.45) | 0.19(0.03-0.72) | 0.20 (0.07-1.49) 0.705
CD19+ (>0.12/ <0.12 109/1) 10/1 22/6 19/4 0.688
Interleukin-6 (pg/ml)* 2.82(1.0-32.1) 4.63 (0.8-23.6) 5.51 (2-252.6) 0.021
Interleukin-6 (<4/ >4pg/ml) 11/7 24/31 12/33 0.008
Interleukin-10 (pg/ ml)* 10.0 (7.6-27.2) 9.9 (5.7-25.8) 10.7 (6.6-218.5) 0.142
Interleukin-10 (<10/ >10pg/ml) 7/8 27/22 14/23 0.316
VEGF (pg/ml)* 128 (39-520) 102 (10-373) 106 (7-309) 0.862
VEGF (tertiles) 5/3/8 18/13/18 12/18/9 0.303
Tumour
T stage (1/2/3/4) 7/11/0/0 0/0/50/5 0/2/24/19
N stage (0/1/2) 18/0/0 55/0/0 0/30/15
Venous invasion (absent/present) 11/7 25/30 11/34 0.004
Inflammatory cell infiltrate
(Klintrup-Makinen High/Low) 13/5 23/27 13/29 0.004

Immunoglobulin results available for 56/118 patients

Circulating T lymphocyte results available for 62/118 patients

Inflammatory cell infiltrate scoring available for 110/118
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Table 10.2: The relationship between the systemic inflammatory response,
circulating immunological parameters and tumour characteristics in patients
undergoing curative resection for colorectal cancer (n=118). *median (range)

mGlasgow Prognostic Score

mGPS =0 mGPS=1 mGPS= 2 P value
(n= 80) (n=22) (n=16)

Blood
White cell count (109/1)* 7.2 (3.6-15.5) 8.2 (4.7-16.1) 8.85 (4.2-16) 0.028
White cell count
(<8.5/8.5-11.5/>11.5 x109/1) 65/10/5 13/6/3 6/7/3 0.001
Neutrophils (109/1)* 4.4 (2.4-11.2) 5.8 (2.4-12.7) 6.15 (1.8-13.1) <0.001
Neutrophils (<7.5/ >7.5x109/1) 75/5 17/5 13/3 0.040
Lymphocytes (109/1) 1.55 (0.5-6.1) 1.3 (0.5-2.9) 1.6 (0.6-2.7) 0.422
Lymphocytes (>1/ <1 109/1) 13/65/2 5/17/0 1/15/0 0.803
Platelets (x106/L) 257 (115-620) 320 (173-610) 380 (147-811) <0.001
Platelets (<400/ >400 x106/L) 75/5 17/5 11/5 0.002
Immunoglobulin A (g/L)* 2.1 (0.8-4.5) 2.9 (1.0-5.7) 2.7 (2.2-6.4) 0.119
Immunoglobulin A (<4/ >4g/L) 36/5 7/2 4/2 0.158
Immunoglobulin G (g/L)* 10.1 (3.6-15.8) 9.3 (5.9-15.3) 11.0 (7.5-16.0) 0.466
Immunoglobulin G (<16/ >16g/L) 39/0 9/0 4/1 0.011
Immunoglobulin M (g/L)* 0.7 (0.2-2.0) 0.7 (0.3-1.3) 1.1 (0.7-3.0) 0.083
Immunoglobulin M (<2/ >2g/L) 38/1 9/0 5/1 0.198
CD3+ (109/D)* 1.13(0.39-3.34) | 1.34(0.61-2.33) | 1.33(0.99-2.34) 0.424
CD3+ (=0.96/ <0.96 109/1) 27/14 13/2 6/0 0.031
CD4+ (109/D)* 0.75(0.28-1.80) | 0.73 (0.47-1.73) | 0.63 (0.48-1.47) 0.893
CD4+ (>0.54/ <0.54 109/1) 29/12 13/2 4/2 0.674
CD8+ (109/D)* 0.34(0.05-1.64) | 0.49 (0.16-0.85) | 0.67 (0.52-1.00) 0.031
CD8+ (>0.27/ <0.27 109/1) 27/14 13/2 6/0 0.031
CD19+ (109/1)* 0.19 (0.3-1.46) | 0.19 (0.07-0.27) | 0.27 (0.07-0.43) 0.519
CD19+ (>0.12/ <0.12 10%/1) 33/8 13/2 5/1 0.694
Interleukin-6 (pg/ml)* 3.49 (1-23.61) 5.66 (0.8-252) 12.57 (2-32) <0.001
Interleukin-6 (<4/ >4pg/ml) 74/6 16/6 3/13 <0.001
Interleukin-10 (pg/ ml)* 9.61 (5.68-218) | 10.72 (7.14-32) 12.17 (9.68-33) 0.005
Interleukin-10 (<10/ >10pg/ml) 37/32 8/11 3/10 0.039
VEGF (pg/ml)* 97 (7-520) 127 (50-381) 132 (27-373) 0.068
VEGF (tertiles) 27/23/21 5/7/8 3/4/6 0.129
Tumour
T stage (1/2/3/4) 7/11/51/11 0/2/14/6 0/1/8/6 0.005
N stage (0/1/2) 50/20/10 13/7/2 10/3/2 0.885
Venous invasion 34/46 6/16 7/9 0.695
(absent/present)
Inflammatory cell infiltrate
(Klintrup-Makinen High/Low) 38/40 7/13 4/8 0.194

Immunoglobulin results available for 56/118 patients

Circulating T lymphocyte results available for 62/118 patients

Inflammatory cell infiltrate scoring available for 110/118
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Table 10.3: The relationship between the local inflammatory cell response

(Klintrup-Makinen criteria), interleukin-6 and interleukin-10, serum
immunoglobulins and lymphocyte subpopulations in patients with colorectal cancer

(n=110). *median (range)

Tumour Inflammatory Cell Infiltrate
High Grade Low Grade P value
(n=49) (n=61)
Blood
White cell count (109/1)* 7.6 (4.9-15.5) 7.2 (3.6-16.1) 0.035
White cell count
(<8.5/8.5-11.5/>11.5 x109/1) 32/12/5 47/10/4 0.204
Neutrophils (109/1)* 5.0 (2.4-11.2) 4.4 (2.4-13.1) 0.179
Neutrophils (<7.5/ >7.5x109/1) 44/5 55/6 0.949
Lymphocytes (109/1) 1.7 (0.5-6.1) 1.5 (0.6-3.0) 0.455
Lymphocytes (>1/ <1 109/1) 8/39/2 9/52/0 0.740
Platelets (x106/L) 246 (167-570) 331 (204-602) 0.354
Platelets (<400/ >400 x106/L) 45/4 52/9 0.289
Immunoglobulin A (g/L)* 1.45 (0.8-5.67) 2.32 (1.38-4.05) 0.244
Immunoglobulin A (<4/ >4g/L) 17/4 28/4 0.519
Immunoglobulin G (g/L)* 9.37 (5.04-15.31) 9.32 (6-12.57) 0.542
Immunoglobulin G (<16/ >16g/L) 20/0 29/1 0.414
Immunoglobulin M (g/L)* 0.96 (0.42-1.43) 0.72 (0.25-1.05) 0.111
Immunoglobulin M (<2/ >2g/L) 21/0 28/2 0.232
CD3+ (109/D)* 1.30 (0.57-1.83) 1.13 (0.52-1.76) 0.120
CD3+ (=0.96/ <0.96 109/1) 23/4 21/12 0.063
CD4+ (109/D)* 0.85 (0.40-1.80) 0.58 (0.28-1.73) 0.023
CD4+ (>0.54/ <0.54 109/1) 23/4 21/12 0.063
CD8+ (109/D)* 0.48 (0.07-0.93) 0.24 (0.16-0.85) 0.231
CD8+ (>0.27/ <0.27 109/1) 22/5 22/11 0.200
CD19+ (109/1)* 0.20 (0.05-0.71) 0.15 (0.08-0.37) 0.001
CD19+ (>0.12/ <0.12 109/1) 24/3 25/8 0.195
Interleukin-6 (pg/ml)* 3.28 (2-11.4) 4.77 (2-12.4) 0.167
Interleukin-6 (<4/ >4pg/ml) 23/26 22/39 0.251
Interleukin-10 (pg/ ml)* 9.97 (5.7-218.5) 10.51 (6.5-34.6) 0.866
Interleukin-10 (<10/ >10pg/ml) 22/22 23/29 0.754
VEGF (pg/ml)* 117 (11-520) 104 (3-309) 0.081
VEGF (tertiles) 11/14/20 21/20/13 0.034
Tumour
T stage (1/2/3/4) 4/10/30/5 3/4/39/15 0.016
N stage (0/1/2) 36/10/3 32/18/11 0.016
Venous invasion (absent/ present) 17/32 25/36 0.502

Immunoglobulin results available for 56/118 patients

Circulating T lymphocyte results available for 62/118 patients

Inflammatory cell infiltrate scoring available for 110/118
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11.0 THE RELATIONSHIPS BETWEEN THE LOCAL AND
SYSTEMIC INFLAMMATORY RESPONSES , TUMOUR
INFILTRATING IMMUNE CELLS AND TUMOUR
PROLIFERATIVE ACTIVITY IN COLORECTAL CANCER

11.1 Introduction

[t is increasingly recognised that disease progression in colorectal cancer is not solely
determined by characteristics of the tumour but also by host characteristics. Host
characteristics recognized to play and important role in determining cancer specific
survival include patient age, burden of comorbidity and the host local and systemic

inflammatory responses (99, 277, 325, 456).

In terms of the systemic inflammatory response, there is now good evidence from
over 20 published studies, that elevated markers of the systemic inflammatory
response predict poorer cancer specific survival in operable colorectal cancer
(Chapter 1.0). McMillan and colleagues have simplified the measurement of the
systemic inflammatory response in cancer patients with the development of an
objective score (Glasgow prognostic score, GPS), based on elevated circulating
concentrations of C-reactive protein and hypoalbuminaemia (308). The GPS has been
validated in several different cohorts of colorectal cancer patients and other tumour
types as an independent predictor of poor outcome in patients with colorectal cancer

(325) (Chapter 1.0).

In terms of the local inflammatory response, there is persuasive evidence that a
pronounced lymphocytic infiltrate in and around the infiltrating tumour identified on
routine pathology is associated with improved cancer- specific survival (222, 277,
282). Furthermore, Galon and colleagues, using more sophisticated techniques,
reported that the type, density, and location of immune cells in colorectal tumours
can provide prognostic information superior to that of existing tumour staging (391).
Klintrup and colleagues simplified the assessment of inflammatory cell infiltrate with
a robust binary score of high grade or low grade inflammatory infiltrates (277). This
score has now been validated in Stage Il and II colorectal cancer (Chapters 8.0 and

9.0). However, it is unclear which particular tumour infiltrating immune cells the
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Klintrup-Makinen score reflects. It is also unclear whether the Klintrup-Makinen
score is reflective of many different cell types or is over-reliant on a single cell type

for prognostic value.

Multiple cell types have previously been examined in colorectal cancer. These include
the T lymphocytes (CD3+ cells), including the helper (CD4+) and cytotoxic (CD8+)
subsets, and tumour associated macrophages (CD68+) all of which have previously

been reported to confer prognostic value (276, 277,377, 383,391, 397, 502).

The aim of the present study was to examine the relationships between the local and
systemic inflammatory responses, tissue factors and survival in patients undergoing
curative resection for colorectal cancer. These tissue factors include routinely
assessed pathological features in addition to immunohistochemical assessment for
tumour infiltrating immune cells (CD4, CD8 and CD68). As well as immunostaining

for immune cells, the Ki-67 proliferative index was also assessed.
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11.2 Materials and Methods

Patients with histologically proven colorectal cancer who, on the basis of laparotomy
findings and pre-operative abdominal computed tomography, were considered to
have undergone an elective potentially curative resection between January 1997 and
January 2004 were included in this prospective study. Patients with histologically
confirmed stage Il and III colorectal cancer were included. Tumours were staged
using the conventional tumour node metastasis (TNM) staging system (RCPath 2007)
and pathological details were taken from the reports issued at the time of resection.

Exclusion criteria were similar to those in previous chapters (Chapter 4.0).
Measurement of the local and systemic inflammatory responses

The local inflammatory cell reaction at the tumour’s invasive edge was assessed using
the method first described by Klintrup and Makinen (Klintrup et al 2003). This
method is described in detail in chapter 8.0 (Methods 8.2).

The Glasgow Prognostic Score was constructed as previously described (Chapter 4.0,

Methods 4.2) (308).
Tumour margin characteristics

Assessment of tumour margin characteristics was also undertaken in accordance
with Jass criteria (222, 227). Margins were graded as expanding or infiltrating in
nature. Briefly, specific features of a diffusely infiltrating tumour margin include
‘streaming dissection’ of tumour cells through the muscularis propria, or dissection of
mesenteric adipose tissue by small glands or irregular clusters of cords of cells on

microscopic examination.
Immunohistochemistry and analysis

Blocks from the primary tumour were fixed in 10% buffered formalin in saline and
embedded in paraffin wax. One representative block per tumour was selected for
each patient in the present study. 4um slides were cut from each block and mounted
on slides coated with aminopropyltriethoxysilane and placed in an oven at 56 °C for
40mins. Slides were then dewaxed in xylene for 4 minutes twice and rehydrated

through graded alcohols then rinsed with water.
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The following monoclonal antibodies were used: CD4 (Vector, Peterborough, UK) at a
dilution of 1:50, CD8+ (Dako, Cambridgeshire, UK) at a dilution of 1:100, CD68 (Dako,
Cambridgeshire, UK) at a dilution of 1 in 200, Ki-67 (Dako, Cambridgeshire, UK) at
dilution of 1 in 200.

Antigen retrieval for CD4, CD8, CD68 and Ki-67 was performed by microwaving in
Tris EDTA buffer solution (0.555g Sodium EDTA, 0.825g Trisma base in 1.5L distilled
water; pH=8) for 5 minutes in a microwave under full pressure in a plastic pressure

cooker.

Following antigen retrieval, sections were placed in the Dako Autostainer in which
they were first incubated with blocking serum (5% normal goat serum in Tris
buffered saline (TBS)) for 20 minutes prior to application of the primary antibody
(CD4, CD8, CD68 or Ki-67) at the desired dilution at room temperature for 30
minutes. Sections were then rinsed in TBS and endogenous peroxidase was blocked
by incubation with ChemMate Dako Peroxidase blocking solution (Dako S2023) for 5
minutes. A further wash with TBS was performed prior to application of ChemMate
Dakao Envision for 30 minutes. The sections were rinsed a=gain with TBS prior to
application of 3’3’ diaminobenzidine (DAB) for 10 minutes at room temperature. A

wash with water was performed before counterstaining.

Tissues were counterstained with haematoxylin for 15 seconds and washed with
water, followed by Scotts water for a further 30 seconds before a further wash with
water. Copper enhancement was undertaken for a further 5 minutes before a final
wash in water. Finally the slides were dehydrated through graded alcohols 70%,
90% and 100% and then xylene. Each section was cleared, mounted with Petrex and

slide covers applied.

Quantitative analysis of CD4+, CD8+ and CD68+ tumour infiltrating immune

cells

A quantitative analysis of tumour immune cells positive for CD4, CD8 and CD68 was
performed using point counting (503) with a random sampling technique. With this
technique the volume occupied by any given component (volume density) is

expressed as a percentage of the total volume of the tissue. A 100-point ocular grid is
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used at 400x magnification and 30 fields were counted per case for each
immunopositive cell type. Only fields within the tumour were counted, including

tumour cell nests and stroma. Normal tissue was not included in the analysis.
Semi-quantitative analysis of CD68

A semi-quantitative analysis of CD 68 immunostaining at the invasive margin of the
tumour was performed using the methods described previously by Forssell and
colleagues (383). Briefly immunostaining was graded on 7-10 fields along the
tumours invasive margin, using a four point score as 1. none/weak, 2. moderate, 3.
strong/robust or 4. massive. Weak or moderate infiltration were either totally
negative for cells or included a few scatted positive cells. A moderate grade was given
where CD68 staining was continuous along the invasive margin but was not more
than one cell layer. A strong/robust grade indicated a continuous CD68 infiltrate of
two to three cell layers away from the margin. To be classed as grade 4 (massive)
several cell layers of CD68 immunostained cells were seen along the tumour front in
all field viewed. Forssell also reported the prognostic value of CD68+ hotspots,
defined as the infiltration grade of the two highest fields and evaluated using the

same 4-point score as above.
Quantitative Analysis of Ki-67

The percentages of Ki-67 reactive cells were evaluated at 400x magnification by
scoring a minimum of 1000 tumour cells in randomly selected fields. For each case,
two different counts were performed and the highest score was chosen as the
corresponding index. Assessment of all indexes was carried out blindly by two
independent observers counting every case twice and blinded to outcome (Khalid

Canna and Mustapha Hilmy).

The study design, information sheets and patient consent forms were approved by

the Research Ethics Committee at Glasgow Royal Infirmary.
Statistics
Grouping of the variables was carried out using standard thresholds for laboratory

parameters. For the purpose of analysis, T lymphoctyte subpopulations, tumour
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associated macrophages and the Ki-67 proliferative index were grouped by tertiles.
CD68 counts assessed semi-quantitatively at the invasive margin and as hot spots
were grouped using the same four-point scale described by Forssell and colleagues
(383). The relationships between variables were analyzed using the Mantel-
Haenszel (X2) test for trend. Univariate survival analysis and multivariate survival
analysis with calculation of hazard ratios (HR) were performed using Cox’s
proportional-hazards model. A stepwise backward procedure was used to derive a
final model of the variables that had a significant independent relationship with
survival. Deaths up to October 2010 were included in the analysis. Analysis was

performed using SPSS software (SPSS Inc., Chicago, IL, USA).
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11.3 Results

Between January 1997 and January 2004, 133 patients underwent elective resection
for stage Il and II colorectal cancer. The majority of patients were over 65 years
(68%), male (53%), underwent surgery for colon cancer (30%), had TNM stage II
disease (62%). On routine pathological analysis the majority of patients’ tumours
were T stage 3 (71%), N stage 0 (62%), had no evidence of venous invasion (80%), no
peritoneal involvement (78%), no tumour perforation (98%), no perineural
involvement (91%), underwent margin free resections (94%). The majority of
tumours were categorised as having expanding margins (54%) and were scored as
low grade Klintrup-Makinen inflammatory cell infiltrate (70%). Most tumours had
non/mild or moderate CD68+ infiltration at the invasive margin according to
Forssell’s criteria (51%). When scored for CD68+ hot spots most tumours were
scored strong or massive (56%). Of the other variables assessed with
immunohistochemistry, the median score for CD4+ was 27 (range 1-107), the median
score for CD8+ was 32 (range 7-189), the median score for CD68+ was 9.23 (1-23)
and the median score for Ki-67 was 0.72 (0.32-0.96)

The minimum follow up was 89 months; the median follow up for survivors was 127
months. During this period 71 patients died, 44 from cancer. On univariate analysis,
age (P<0.01), the Glasgow Prognostic Score (P<0.001), TNM stage (P<0.005), T stage
(P<0.05), N stage (P<0.005), venous invasion (P<0.005), tumour perforation
(P<0.05), perineural invasion (P<0.05), infiltrating tumour margin (P<0.005),
Klintrup-Makinen inflammatory cell infiltrate (P<0.005), increasing Ki-67 tumour
proliferative index (P<0.05) were all related to cancer specific survival (Table 11.1).
On multivariate analysis, age (HR 1.96, 95% CI 1.33-2.93, P=0.001), mGPS (HR 2.02,
95%CI 1.37-2.99, P<0.001), TNM stage (HR 8 21, 95%CI 1.99-33.83, P=0.004), T stage
(HR 2.06, 95%CI 1.09-3.88, P=0.026), venous invasion (HR 2.71, 95%CI 1.07-4.39,
P=0.031), tumour margin characteristics (HR 2.17, 95%CI 1.07-4.39, P=0.031) and
the Klintrup-Makinen inflammatory cell infiltrate (HR 2.88, 95%CI 1.08-7.65,
P=0.004) were independently related to cancer specific survival (Table 11.1).

Table 11.2 shows the inter-relationships between tumour stage, clinicopathological
factors, tumour infiltrating immune cells and tumour proliferative activity in patients

undergoing curative resection of stage II and III colorectal cancer. Increasing TNM
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stage related to increasing N stage (P<0.001) and infiltrating tumour margin (P<0.05)
and the Klintrup-Makinen score (P=0.053).

Table 11.3 shows the inter-relationships between the systemic inflammatory
response (mGlasgow Prognostic Score, clinicopathological factors, tumour infiltrating
immune cells and tumour proliferative activity in patients undergoing curative
resection of stage Il and III colorectal cancer. Increasing mGPS was related to
increasing age (P<0.05), reduced CD4+ tumour infiltrate (P<0.05), increasing CD68+
infiltrate at the tumour margin when assessed for CD68+ hotspot (P<0.05) and

increasing Ki-67 tumour proliferative index (P<0.05).

Table 11.4 shows the inter-relationships between the local inflammatory response
(Klintrup-Makinen Score), clinicopathological factors, tumour infiltrating immune
cells and tumour proliferative activity in patients undergoing curative resection of
stage Il and III colorectal cancer. Low grade inflammatory cell infiltrate was related
to the presence of lymph node metastases (P<0.05), an infiltrating tumour margin
(P<0.001), reduced tumour infiltration of CD4+ cells and reduced CD68+ at the
tumour margin (P<0.01) (similar results obtained for CD68+ hotspots at the tumour
margin, P<0.005). A weak relationship was seen between low-grade Klintrup-

Makinen score and low CD8+ infiltration (P<0.1).
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11.4 Discussion

The results of the present study show that both the systemic and local inflammatory
responses were associated with characteristic alterations in immune cell infiltrates in
patients undergoing potentially curative resection for colorectal cancer. Specifically,
an elevated mGPS and a low Klintrup-Makinen grade were associated with lower
tumour CD4+ T-lymphocytic infiltrate. Also, an elevated mGPS was associated with a
higher tumour CD68+ macrophage infiltrate where as a low Klintrup-Makinen grade
was associated with a lower tumour CD68+ macrophage infiltrate. Taken together
these results would suggest that CD4 T-lymphocytes may play an important role in

coordinating systemic and local inflammatory responses in these patients.

[t was however of interest that the prognostic value of tumour CD4 T-lymphocytic
infiltrate was relatively weak compared with mGPS and Klintrup-Makinen grade. The
role of tumour infiltrating CD4+ cells in colorectal cancer has previously been
examined in other cohorts (377, 388, 392, 393) (Table 1.11). Nagtegaal et al reported
that low intratumoural CD4+ counts were associated with increased depth of invasion
and increased local recurrence in 160 colorectal cancer patients (377). Ali et al. also
reported an association between reduced CD4+ infiltrate and local recurrence in 80
patients (392). Taken together these studies would suggest that further investigation
of a more specific measure of CD4+ lymphocytic activity would be of considerable
interest. Indeed, there has been increased interest in recent years in other forms of
non-cytotoxic T lymphocytic infiltrates related to cancer specific survival, including T
regulatory cells (FOXP3+) and in situ memory T cells (CD45R0+) (391, 396, 504-
506). Further work is required to confirm whether these tumour inflammatory
infiltrate measures link systemic and local inflammatory responses and whether
these measure have similar or superior prognostic value. Irrespective, taken
together, these observations highlight the role of the non-cytotoxic T lymphocytes

that express CD4+ antigens in coordinating immune responses in colorectal cancer.

In the present study, tumour CD8+ T-lymphocytic infiltrate was not related to
survival. However, to date, of the 17 studies which have reported the relationships
between CD8+ cell infiltration and survival, 12 studies (Table 1.14) have reported an
association between intra-tumoural or tumour margin CD8+ infiltrates and survival.

[t is not clear why this association was not observed in the present study. A plausible
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explanation is that its prognostic value is related to a specific location. Nevertheless,
using an unbiased point counting method it had inferior prognostic value compared

with tumour CD4+ T-lymphocytic infiltrate.

To date, 12 previous studies have reported the role of tumour infiltrating
macrophages in colorectal cancer (Table 1.17). Eight of these studies reported
significant relationships between macrophages either at the tumour margin or
tumour centre and survival. The remaining studies were contradictory. The present
study employed similar methodology for CD68+ assessment as the studies by Forssell
and Zhou but no relationships with survival were observed (383, 507). Therefore,
the prognostic value of tumour infiltrating macrophages in patients with colorectal

cancer remains uncertain.

From the work presented in this study and previously (Chapter 8.0), it is apparent
that a high-grade local inflammatory cell response is associated with reduced T and N
stage and the absence of an infiltrating tumour margin. The present study also
reports that CD4+, CD8+ and CD68+ cells are also present in and around the tumour
in increased numbers. These cell types are involved in the innate and adaptive
immune responses and indicate the local inflammatory response when present
represents a more focused or targeted host anti-tumour defence, that may prevent
tumour growth and the development of an infiltrating tumour margin. Other authors
have described this phenomenon as an ongoing battle between host and tumour, even
developing a prognostic score based on this ‘pro-tumour:anti tumour’ appearance at
the invasive margin (based on CD8+ infiltrates and tumour budding) (508). On the
basis of the present results it may be that prognostic score based on tumour CD4+ T-

lymphocytic infiltrate and tumour budding would be of more value.

As reported here and in previous work (Chapters 4.0, 5.0, 9.0 and 10.0), an increasing
mGPS is associated with increasing tumour depth, alterations in circulating
components of the innate and adaptive immune response, upregulation of both pro
and anti-inflammatory cytokines, and reduced T lymphocyte infiltration within the
tumour. All of which suggest represented an impaired or disorganised immune
response. In the present study it is also apparent that increased tumour proliferation

(Ki-67 index) was associated with an elevated mGPS. Therefore, it may be that an
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elevated mGPS reflects this conflict between host and tumour in which the host’s
immune defences have been overwhelmed or a deteriorating in a similar
phenomenon to that described by Lugli and Zlobec (508). At present it is unclear
whether normalisation of the mGPS would be associated with an increase in the
tumour inflammatory infiltrate, in particular CD4+ T-lymphocytes, and whether this

would be associated with an improvement in cancer outcomes.

In summary, the present study reports that an elevated mGPS and a low Klintrup-
Makinen grade were associated with lower tumour CD4+ T-lymphocytic infiltrate.
Also, an elevated mGPS was associated with a higher tumour CD68+ macrophage
infiltrate where as a low Klintrup-Makinen grade was associated with a lower tumour
CD68+ macrophage infiltrate. Compared with mGPS and Klintrup-Makinen grade
tumour CD4+ T-lymphocytic infiltrate had weak prognostic value in patients with

primary operable colorectal cancer.
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Table 11.1: The relationship between the local and systemic inflammatory
responses, tumour infiltrating immune cells and tumour proliferative activity in
patients undergoing curative resection for colorectal cancer (n=133) *median.

Univariate survival

Multivariate survival

analysis analysis
Hazard ratio P-value Hazard ratio P-value
(95% CI) (95% CI)
Age
<65/ 65-74/ >75years 1.67 (1.15-2.45) 0.007 1.96 (1.33-2.93) 0.001
Sex
Male/ Female 0.145
mGlasgow Prognostic Score
0/1/2 2.14 (1.50-3.05) <0.001 2.02 (1.37-2.99) <0.001
TNM stage (11/111) 2.81 (1.55-5.12)  0.001 | 8.21(1.99-33.83)  0.004
Venous Invasion
Absent/ Present 2.63(1.40-4.92) 0.003 2.71(1.40-5.22) 0.003
Differentiation
Mod-well/ Poor 0.730
Peritoneal Involvement
Absent/ Present 0.125
Margin Involvement
Absent/ Present 0.607
Tumour Perforation
Absent/ Present 4.75 (1.13-20.08) 0.034 0.088
Perineural Invasion
Absent/ Present 2.42 (1.08-5.45) 0.032 0.274
Tumour margin
Expanding/ Infiltrating 2.67 (1.44-4.97) 0.002 2.17 (1.07-4.39) 0.031
Klintrup Makinen inflammatory
infiltrate
High grade /low grade 4.14 (1.63-10.50) 0.003 2.88 (1.08-7.65) 0.034
% Tumour associated helper T
lymphocytes CD4+
Tertiles (13/22/56) 0.089
% Tumour associated cytotoxic
T lymphocytes CD8+ 0.213
Tertiles (19/32/58)* )
% Tumour associated
macrophages CD68+ 0.821
Tertiles (5.8/9.2/15.3)*
CD68 tumour front
(-/+/++/+++) 0.268
CD68 Hotspot at tumour front
(-/+/++/+++) 0.149
Ki-67 labelling index
Tertiles (52/72/91)* 1.54 (1.05-2.26) 0.026 0.217
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Table 11.2: The relationship between the tumour stage, clinico-pathological factors,

tumour infiltrating immune cells and tumour proliferative activity in patients

undergoing curative resection for Stage Il and III colorectal cancer (n=133) *median

TNM stage

TNMII TNM III P value

n=82 n=51
Age
<65/ 65-74/ >75years 22/30/30 21/12/18 0.290
Sex
Male/ Female 38/44 25/26 0.764
mGlasgow Prognostic Score 0/1/2 54/18/10 29/13/9 0.270
Tstagel/2/3/4 0/1/61/20 1/2/34/14 0.697
N stage 0/1/2 82/0/0 0/40/11 <0.001
Venous Invasion
Absent / Present 67/15 40/11 0.644
Differentiation
Mod-well/ Poor 77/5 44/7 0.137
Peritoneal Involvement
Absent / Present 64/18 40/11 0.959
Margin Involvement
Absent/ Present 76/6 49/2 0425
Tumour Perforation
Absent/ Present 80/2 >0/1 0.857
Perineural Invasion
Absent/ Present 7775 4477 0.137
Tumour margin
Expanding/ Infiltrating >0/32 22/29 0.046
Klintrup Makinen inflammatory
infiltrate 29/53 10/41 0.053
High grade/low grade
% Tumour CD4+ lymphocytes
Tertiles (13/22/56)* 26/31/25 18/14/19 0.827
% Tumour CD8+ lymphocytes
Tertiles (19/32,/58)* 25/30/27 17/16/18 0.974
% Tumour associated macrophages
CD68+ 28/24/26 12/15/16 0.450
Tertiles (5.8/9.2/15.3)*
CD68 tumour front
(- )+ ) ++ ] +44) 17/23/23/15 8/14/16/5 0.821
CD68 Hotspot at tumour front
(-] + ) ++ ] ++4) 19/33/13/13 7/17/13/6 0.464
Ki-67 labelling index
Tertiles (52/72/91)* 27/30/25 16/16/19 0.565
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Table 11.3: The relationship between the systemic inflammatory response,
clinicopathological factors, tumour infiltrating immune cells and tumour proliferative

activity in patients undergoing curative resection for colorectal cancer. (n=133)

*median
mGlasgow Prognostic Score
mGPS 0 mGPS 1 mGPS 2 P value
n=83 n=31 n=19
Age
<65/ 65-74/ >75years 30/31/22 8/7/16 5/4/10 0.028
Sex
Male/ Female 38/45 15/16 10/9 0.584
Tstagel1l/2/3/4 1/1/62/19 0/2/20/9 0/0/13/6 0.360
N stage 0/ 1/ 2 54/23/6 18/10/3 10/7/2 0.285
Venous Invasion
Absent / Present 65/18 27/4 15/4 0.658
Differentiation
Mod-well/ Poor 76/7 29/2 16/3 0.465
Peritoneal Involvement
Absent/ Present 65/18 25/6 14/5 0.785
Margin Involvement
Absent / Present 78/5 29/2 18/1 0.940
Tumour Perforation
Absent / Present 82/1 30/1 18/1 0.251
Perineural Invasion
Absent / Present 74/9 30/1 17/2 0.614
Tumour margin
Expanding/ Infiltrating 43/40 18/13 11/8 0.531
Klintrup Makinen inflammatory
infiltrate  High grade/low 25/58 9/22 5/14 0.749
grade
% Tumour CD4+ lymphocytes
Tertiles (13/22/56)* 23/27/33 12/11/8 9/7/3 0.020
% Tumour CD8+ lymphocytes
Tertiles (19/32/58)* 26/27/30 10/14/7 6/5/8 0.935
% Tumour associated
macrophages CD68+ 24/26/26 11/8/8 5/5/8 0.771
Tertiles (5.8/9.2/15.3)*
CD68 tumour front
(- )+ ++ ] ++4) 15/28/24/9 4/6/10/7 6/3/5/4 0.469
CD68 Hotspot at tumour front
() + ) ++ ] ++4) 20/19/34/15 3/10/6/8 3/6/5/4 0.015
Ki-67 labelling index 31/30/22 10/9/12 2/7/10 0.011

Tertiles (52/72/91)*

255




Table 11.4: The relationship between the local tumour inflammatory response,
clinicopathological factors, tumour infiltrating immune cells and tumour proliferative
activity in patients undergoing curative resection for colorectal cancer. (n=133)

*median
Inflammatory cell infiltrate (Klintrup Makinen Score)

Hlf:=%1;;‘)de Lo(‘r’lvf(;:)d € P value
i\gg/ 65.74/ >75years 10/15/14 33/27/34 0.561
SMe;e/ Female 17/22 46/48 0.575
Tstage1/2/3/4 1/2/29/7 0/1/66/27 0.041
N stage 0/ 1/ 2 29/9/1 53/31/10 0.034
Absent Present 3/ S
Absent Prosent 33/6 s e
o o™ S R
ooty N A
Absent/ present | /1 A
Expanding) Ifiltrating 32/7 AR Wt
Tertles (889201530 | 9/L/12 | 31/28/30 | 0538
%_13/63 ;lff(}ufﬁ()mt 2/6/15/9 | 23/31/24/11 | 0.001
%_13/6f /Hfisyiiit)tumour front 2/14/7/9 | 23/36/19/10 | 0.006
Ki-67 labelling index 12/15/12 31/31/32 0.945

Tertiles (52/72/91)*
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12.0 THE RELATIONSHIP BETWEEN TNM STAGE, THE
SYSTEMIC AND LOCAL INFLAMMATORY RESPONSES AND
CIRCULATING VITAMINS A, D, E, CAROTENOIDS, AND LIPID
PEROXIDATION IN PATIENTS UNDERGOING CURATIVE
RESECTION FOR COLORECTAL CANCER

12.1 Introduction

[t is now recognized that disease progression and survival in colorectal cancer is not
solely determined by characteristics of the tumour but also by host factors in
particular, the presence or absence host systemic or local inflammatory responses.
The inter-relationships between the systemic and local inflammatory responses are
likely to be complex, however both high grade systemic inflammation and low grade
tumour inflammation are likely to reflect immune disturbances within the host
representing a failure of the host immune system to coordinate an effective anti-
tumour defence. One hypothesis is that a high-grade systemic inflammation and low-
grade tumour immune cell infiltration are reflective of a state of chronic oxidative
stress. The state of oxidative stress can result from either an excess of free radical
production or a depletion of anti-oxidant defences (509, 510). Indeed, oxidative
stress has been reported to play an important role in cancer development and
progression partly as a result of oxidative damage to DNA and generation of pro-
inflammatory cytokines (511-513). Furthermore, oxidative stress has been related to
the upregulation of components of the systemic inflammatory response including the
mGlasgow Prognostic Score (513) in addition to impaired intratumoural immune cell
function (514, 515). Oxidative stress is defined as a state in which the level of toxic
reactive oxygen intermediates overwhelms the endogenous anti-oxidant defences of
the host. These lipid soluble anti-oxidant defences include vitamin A and E and the

carotenoids.

It is also of interest that another fat soluble vitamin, Vitamin D (25-hydroxyvitamin D,
25-0HD) has also been reported to play an important role in colorectal cancer
progression and survival (516). Furthermore, a recent meta-analysis showed a
consistent inverse relationship between vitamin D status and the risk of colorectal

cancer (517). The basis of these observations are not clear. One alternative
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explanation is that, similar to other fat-soluble vitamins, plasma concentrations of 25-
OHD fall as part of a chronic inflammatory response (518, 519) which is a recognised

precursor to cancer development as well as an important determinant of survival.

The aim of the present study was to examine the relationship between TNM stage, the
systemic and local inflammatory responses and circulating vitamins A, D, E,
carotenoids, and malondialdehyde in patients undergoing curative resection for

colorectal cancer.
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12.2 Materials and Methods

Patients with histologically proven colorectal cancer who, on the basis of laparotomy
findings and pre-operative abdominal computed tomography, were considered to
have undergone an elective potentially curative resection between June 2004 and July
2009 were included in this prospective study. Tumours were staged using the
conventional tumour node metastasis (TNM) staging system (188) and pathological
details were taken from the reports issued at the time of resection. Exclusion criteria

were similar to those in previous chapters (Chapter 4.0, Methods section 4.2)

The Glasgow Prognostic Score was constructed as previously described (Chapter 4.0,
Methods 4.2). In addition to routine pre-operative blood tests patients were also
asked whether they would consent to further samples to be taken for the purposes of
the present study. Each patient was provided with an information sheet and those
who agreed to participate signed a consent form. At the time of participation, all
patients were scheduled for elective curative resection of colorectal cancer. These
extra blood samples were collected in EDTA tubes and following centrifuge at 2000g
for 10mins, the separated plasma was stored in a vial at -70°C prior to analysis of
cholesterol, triglycerides, antioxidant vitamins A (retinol) vitamin D (25(0OH)D), E (a-
tocopherol) and the carotenoids (lutein, lycopene, a-carotene and (3-carotene) and

malondialdehyde (MDA) as a marker of lipid peroxidation.

Triglyceride and cholesterol concentrations were measured by enzymatic methods
using an auto-analyser (Abbott Diagnotics, Abbott Park, IL). The inter-assay
coefficient of variation was less than 6% for both methods. The cut-off points for
normal healthy individuals in our laboratory were <2.2 nmol/L and <5.5 mmol/L

respectively.

Plasma concentrations of retinol, a-tocopherol, lutein, lycopene, a-carotene and (3-
carotene were determined using a high performance liquid chromatography (HPLC)
method (520). Briefly, plasma was deproteinized with alcohol containing internal
standards and extraction of the analytes of interest was performed using hexane.
Analysis was carried out using reversed-phase HPLC (5um microbore, Phenomenex,
Macclesfield, UK) and dual wavelength monitoring (Waters, MA). The limit of

sensitivity for retinol and a-tocopherol was 0.3 and 3.0 pmol/L respectively. The
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limit of sensitivity for lutein, lycopene, a-carotene and (3-carotene was 10 pg/L. The
inter-assay coefficient of variation was less than (% for all analytes over the sample
concentration range. The 95% normal reference intervals for the above assays as
established in our laboratory were as follows: retinol (1.0-2.8 pmol/L), a-tocopherol
(14-39 pmol/L), lutein (82-202 pg/L), lycopene (100-300 pg/L), a-carotene (14-60
ug/L) and B-carotene (92-312 pg/L).

Measurement of plasma Vitamin D (25-OHD) incorporated an automated solid-phase
extraction (SPE) procedure followed by liquid chromatography-tandem mass
spectrometry (LC-MS/MS). The lower limit of sensitivity was 4nmol/L. The intra-
assay coefficient of variation was 10% over the concentration range of 22.5-120

nmol/L.

Malondialdehyde in plasma was measured as its MDA-TBA adduct, using reverse
phase high HPLC with fluorometric detection as previously described (521). The
intra-assay coefficient of variation was 9% over the sample concentration range. The
95% normal reference interval as established in our laboratory was 0.30-1.00

umol /L.

The local inflammatory cell reaction at the tumours invasive edge was assessed using
the method first described by Klintrup and Makinen (277). This method is described
in detail in Chapter 8.0 (Methods 8.2).

The study design, information sheets and patient consent forms were approved by

the Research Ethics Committee at Glasgow Royal Infirmary.
Statistics

Grouping of the variables was carried out using standard thresholds for laboratory
parameters. Data is presented as median and range. Analytes below the threshold of
sensitivity of the assay were expressed as equal to this threshold. The relationships
between the groups of patients was carried out using Mantel-Haenszel (X2) test for
trend and the Kruskal Wallis test as appropriate. Univariate survival analysis and
multivariate survival analysis with calculation of hazard ratios (HR) were performed
using Cox’s proportional-hazards model. A stepwise backward procedure was used

to derive a final model of the variables that had a significant independent relationship
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with survival. Deaths up to October 2010 were included in the analysis. Analysis was

performed using SPSS software (SPSS Inc., Chicago, IL, USA).

261



12.3 Results

One hundred and twenty six patients who underwent potentially curative resection
for colorectal cancer between June 2004 and July 2009 were included in the study.
Most patients were 65 or older (66%), male (52%), TNM stage 1/1I disease (62%).
Most patients had C-reactive protein (68%) and albumin (74%) concentrations in the
normal range and a normal mGPS (66%). Of the 33 patients with hypoalbuminaemia,
18 (54%) had an elevated C-reactive protein. On assessment of Klintrup-Makinen
scoring to assess the local tumour inflammatory cell response, the majority of

patients were considered to have a low grade inflammatory cell infiltrate (56%).

Most patients had pre-operative cholesterol concentrations less than 5.5 mmol/L
(86%) and triglyceride levels less than 2.2 mmol/L (96%). Of the vitamin
antioxidants, most patients had preoperative retinol concentrations greater than or
equal to 1.0 pmol/L (92%), 25(0H)D concentrations greater than or equal to 30
nmol/L (55%), a-tocopherol concentrations greater than or equal to 14 pmol/L
(94%), lutein concentrations greater than or equal to 82 umol/L (52%), lycopene
concentrations greater than or equal to 100 pumol/L (55%). Most patients had a-
carotene concentrations greater than or equal to 14 ug/L (85%), B-carotene
concentrations less than or equal to 92 pg/L (51%) and plasma MDA concentrations

greater than 1.00 umol/L (58%).

Table 12.1 shows the relationships between TNM stage and clinicopathological
factors including retinol, 25(0H)D, a-tocopherol and MDA in patients undergoing
curative resection for colorectal cancer. Increasing TNM stage was related to
increasing T stage (P<0.001), N stage (P<0.001), the presence of venous invasion
(P<0.05), low grade Klintrup-Makinen inflammatory cell infiltrate (P<0.001) and

plasma MDA as a continuous variable (p<0.05).

Table 12.2 shows the relationships between the systemic inflammatory response
(mGlasgow Prognostic Score), and clinicopathological factors including including
retinol, 25(0OH)D, a-tocopherol and MDA in patients undergoing curative resection for
colorectal cancer. Increasing mGPS was related to increasing T stage (P<0.05), lower
concentrations of circulating retinol as both a continuous (P<0.01) and categorical

variable (P<0.01), lower concentrations of lutein as a categorical variable (P<0.05)
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and lower concentrations of lycopene as both a continuous (P<0.05) and categorical

variable (P<0.01).

Table 12.3 shows the relationships between the local inflammatory response
(Klintrup-Makinen score), and clinicopathological factors including including retinol,
25(0H)D, a-tocopherol and MDA in patients undergoing curative resection for
colorectal cancer. A low grade inflammatory cell response around the tumour was
related increasing TNM stage (P<0.001), increasing T stage (P<0.01), increasing N
stage (P<0.005), lower concentrations of lycopene as both a continuous (P<0.005)

and categorical variable (P<0.005).
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12.4 Discussion

The results of the present study confirm the inverse relationship between markers of
the systemic inflammatory response and vitamins A, E and the carotenoids,
previously reported in advanced cancer (513, 522-524) in patients undergoing
potentially curative resection for colorectal cancer. Furthermore, they suggest that a
similar relationship may also apply to vitamin D. It was also of interest that of the
relationships examined between TNM stage, the systemic and local inflammatory
responses and circulating vitamins A, D, E, carotenoids, and malondialdehyde only
low circulating concentrations of lycopene were significantly associated with an

elevated mGPS and a low grade Klintrup-Makinen score.

The basis of the relationship between lower circulating concentrations of the
antioxidant lycopene and an elevated systemic inflammatory response and a low
grade local inflammatory cell infiltrate is not clear. Both high-grade systemic
inflammatory and low-grade local inflammatory cell responses are thought to
represent compromised cell mediated immunity (276, 277, 345) (Chapter 9.0).
Lycopene is a natural carotenoid present in a range of foods with particularly high
levels in tomatoes and carrots. In recent years lycopene has been under investigation
as a potential chemopreventative agent with most work performed in prostate cancer
(525). The reported beneficial actions of lycopene include down regulation of the
systemic inflammatory response through a reduction in generation of pro-
inflammatory cytokines as well as modulation of various signalling pathways through
inhibitory actions on Nuclear Factor Kappa B and mitogen activated protein kinase
(MAPK) (526, 527). Other reported anti-tumour actions of lycopene include an
increase in rate of apoptosis and a reduction in mutations in colorectal adenomas and
adenocarcinomas (528, 529). One published trial in a cohort of colorectal adenoma
patients observed that markers of inflammation and oxidative stress can be reduced
with dietary supplementation of vitamin anti-oxidants (530), however it is not yet
clear whether this may alter the progression of the disease. Taken together it is
plausible that the above effects of lycopene, direct and indirect, may act to minimise
the systemic inflammatory response and maintain a competent immune response in
patients with colorectal cancer. Clearly, further work is therefore required to confirm

the present unique observation and to test the hypothesis that active
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supplementation of the antioxidant lycopene can influence the host immune response

to, and disease progression in, colorectal cancer.

In the present study circulating vitamin D levels were not related to TNM stage or the
Klintrup-Makinen inflammatory cell infiltrate or survival. However a weak
relationship was observed for lower levels of Vitamin D with an increasing mGPS.
Therefore, it is of interest that there have been a number of reports implicating low
circulating vitamin D concentrations in the development and progression of

colorectal cancer (516, 531-534).

To our knowledge, there has been no direct comparison of the prognostic value of the
circulating vitamins A, D, E carotenoids and lipid peroxidation together with the local
and systemic inflammatory responses in patients undergoing curative resection for
colorectal cancer. In the present small study with a minimum follow-up of 15 months
and 34 deaths (21 cancer deaths) only TNM stage (P=0.038, P=0.006), the mGPS
(P=0.238, P=0.031) and Klintrup Makinen inflammatory cell infiltrate (P=0.018,
P=0.009) were associated with overall or cancer specific survival respectively. As a
continuous variable plasma retinol (P=0.249, P=0.373), alpha-tocopherol (P=0.717,
P=0.953), 25(0H)D (P=0.564, P=0.327), lutein (P=0.146, P=0.384), lycopene
(P=0.134, P=0.353) alpha- (P=0.306, P=0.346) and beta-carotene (P=0.299, P=0.482)
and MDA (P=0.163, P=0.737) were not associated with overall and cancer specific
survival respectively. Therefore, these unique results do not suggest a major role for
these lipid soluble vitamins in disease progression in colorectal cancer. Also, a
retrospective observational study of vitamin D supplementation in 2198 patients
with cancer reported no effect of supplementation on plasma concentrations in
patients with colorectal cancer (535). However, the more prospective studies should
be carried out in larger cohorts with more follow-up. Irrespective, the present results
would suggest that local and systemic measures of inflammation have more

prognostic value than vitamins A, D, E and markers of oxidative stress.

In summary, the results of the present study show that vitamin D concentrations,
similar to other lipid soluble vitamin, are significantly lowered in the presence of a
systemic inflammatory response in patients with colorectal cancer. Also, of the

relationships examined between TNM stage, the systemic and local inflammatory
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responses and circulating vitamins A, D, E, carotenoids, and malondialdehyde only
low circulating concentrations of lycopene were significantly associated with an

elevated mGPS and a low grade Klintrup-Makinen score.

266



Table 12.1: The relationship between TNM stage and circulating vitamins A, D E,
carotenoids, and lipid peroxidation in patients undergoing curative resection for
colorectal cancer (n=126).

TNM stage

TNMI TNMII TNM III P value

n=19 n=60 n=47
Age 69.8 (43-83) 68.5 (44-90) 69.1 (37-84) 0.932
<65/ 65-74/ >75years 6/6/7 24/26/10 13/22/12 0.848
Sex
Male/ Female 8/11 27/33 25/22 0.344
Tstage1/2/3/4 7/12/0/0 0/2/56/6 0/2/25/20 <0.001
Nstage 0/ 1/ 2 19/0/0 60/0/0 0/31/16 <0.001
Venous Invasion
Absent/ Present 12/7 25/35 14/33 0.014
mGlasgow Prognostic
Score 0/1/2 14/3/2 37/12/11 32/10/5 0.922
Klintrup Makinen
inflammatory infiltrate
High grade/low grade 14/5 29/31 12/35 <0.001
Cholesterol 3.7 (2.5-5.6) 3.9 (2.2-7.2) 4.6 (2.0-6.2) 0.345
<5.5/ >5.5 mmol/L 6/1 20/3 17/3 0.916
Triglycerides (mmol/L)* 1.1 (0.6-2.2) 1.2 (0.5-2.8) 1.0 (0.7-2.0) 0.513
<2.2/>2.2mmol/L 6/1 22/1 20/0 0.114
Retinol (umol)* 2.2 (1.3-3.7) 1.7 (0.3-16) 1.8 (0.4-4.0) 0.394
>1.0/<1.0 pmol 18/1 57/3 41/6 0.186
Vitamin D (nmol/L)* 36 (28-97) 33 (20-84) 31 (9-98) 0.500
<25/ 25-75/ >75 2/6/4 5/18/17 3/20/11 0.673
a-tocopherol (pmol)* 27 (20-46) 27 (12-53) 26 (13-42) 0.915
>14/<14 pmol 18/1 56/4 45/2 0.755
Lutein (pg/L)* 90 (50-237) 89 (21-607) 82 (22-267) 0.596
>82/<82 ug/L 10/9 32/26 23/24 0.665
Lycopene (umol)* 113 (29-435) 97 (11-376) 67 (13-385) 0.327
>100/<100 umol 10/8 28/30 17/29 0.138
a-carotene (ug/L)* 22 (13-151) 29 (3-128) 26 (9-137) 0.508
>14/<14pg/L 11/1 38/8 30/5 0.816
[-carotene (ng/L)* 99 (40-256) 134 (15-862) | 96 (17-463) 0.653
>92/<92 ug/L 7/11 31/26 22/25 0.847
Plasma MDA (umol)* 1.26 (1.0-2.8) | 1.06 (0.4-2.0) | 1.00 (0.4-2.6) 0.024
<1.00/>1.00 pmol 1/8 12/13 11/12 0.123

*median and range

Pre-operative cholesterol and triglycerides results available in 50 patients
Pre-operative MDA results available in 57 patients

Pre-operative vitamin D results available in 86 patients

267




Table 12.2: The relationship between the systemic inflammatory response and
circulating vitamins A, D E, carotenoids, and lipid peroxidation in patients undergoing
curative resection for colorectal cancer (n=126).

mGlasgow Prognostic Score

mGPS 0 mGPS 1 mGPS 2 P value

n=83 n=25 n=18
Age Group 68.0 (37-90) 71.0 (45-79) 71.8 (48-84) 0.541
<65/ 65-74/ >75years 33/28/22 5/18/2 5/8/5 0.540
Sex
Male/ Female 36/47 11/14 13/5 0.054
Tumour Stage
I/11/111 14/37/32 3/12/10 2/11/5 0.922
Tstage1/2/3/4 6/12/53/12 1/2/14/8 0/2/10/6 0.023
Nstage 0/1/2 51/23/9 15/6/4 13/2/3 0.932
Venous Invasion
Absent/ present 36/47 8/17 7/11 0.506
Klintrup Makinen
inflammatory infiltrate
High grade/low grade 38/55 10/15 7/11 0.521
Cholesterol 4.7 (2.4-7.2) 3.8 (2.0-5.7) 4.4 (2.4-5.4) 0.256
<5.5/ >5.5 mmol/L 28/6 12/1 3/0 0.261
Triglycerides (mmol/L)* 1.2 (0.5-2.8) 0.9 (0.6-1.5) 1.9 (0.8-2.0) 0.076
<2.2/>2.2mmol/L 32/2 13/0 3/0 0.363
Retinol (umol)* 1.9 (0.7-4.0) 1.5(0.4-16) 1.3 (0.3-2.7) 0.008
>1.0/<1.0 umol 81/2 20/5 15/3 0.006
Vitamin D (nmol/L)* 46 (9-98) 33 (13-55) 17 (9-31) 0.064
<25/ 25-75/ >75 8/26/11 1/11/4 1/7/7 0.491
a-tocopherol (pmol)* 27.0 (12-48) 25.0 (9-53) 25.0 (12-37) 0.361
>14/<14 pmol 80/3 23/2 16/2 0.167
Lutein (pg/L)* 89 (21-607) 77 (22-260) 70 (23-176) 0.327
>82/<82 ug/L 48/34 11/13 6/12 0.039
Lycopene (umol)* 111 (17-435) 60 (17-258) 52 (11-252) 0.023
>100/<100 umol 43/38 9/15 3/14 0.005
a-carotene (ug/L)* 29 (9-151) 18 (10-71) 23 (3-57) 0.469
>14/<14pg/L 59/8 10/4 10/2 0.352
[-carotene (pg/L)* 119 (17-862) 98 (34-281) 110 (15-277) 0.470
>92/<92 ug/L 42/38 10/15 8/9 0.454
Plasma MDA (umol)* 1.09 (0.52- 1.00 (0.41- 0.85 (0.46- 0.640
<1.00/>1.00 pmol 2.84) 1.37) 1.14) 0.984

15/22 7/7 2/4 '

* median and range
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Table 12.3: The relationship between the local inflammatory response and
circulating vitamins A, D E, carotenoids, and lipid peroxidation in patients undergoing
curative resection for colorectal cancer (n=126).

Inflammatory cell infiltrate
High grade Low grade
- n=71 P value
Age Group 71.5 (43-83) 71.4 (45-90) 0.281
<65/ 65-74/ >75years 24/18/13 19/36/16 0.242
Sex
Male/ Female 25/30 35/36 0.670
Tumour Stage
I/11/111 14/29/12 5/31/35 <0.001
Tstage1/2/3/4 4/12/32/)7 3/4/45/19 0.007
Nstage 0/ 1/ 2 49/9/3 36/22/13 0.002
Venous Invasion
Absent/ present 19/36 32/39 0.234
Cholesterol 3.8 (2.4-5.8) 4.4 (2.0-7.2) 0.363
<5.5/ >5.5 mmol/L 15/1 28/6 0.283
Triglycerides (mmol/L)* 1.0 (0.6-2.1) 1.2 (0.5-2.8) 0.363
<2.2/>2.2mmol/L 16/0 32/2 0.327
Retinol (pmol)* 1.8 (0.3-16.0) 1.8 (0.4-4.0) 0.859
>1.0/<1.0 pumol 52/3 67/4 0.366
Vitamin D (nmol/L)* 32 (9-97) 33 (9-98) 0.682
<25/ 25-75/ >75 5/19/14 5/25/18 0.811
a-tocopherol (pmol)* 27 (12-46) 27 (13-53) 0.733
>14/<14 pmol 52/3 67/4 0.965
Lutein (pg/L)* 87 (29-607) 84 (21-267) 0.893
>82/<82 ug/L 29/25 36/34 0.802
Lycopene (umol)* 120 (11-373) 65 (13-435) 0.003
>100/<100 pmol 32/21 23/46 0.003
a-carotene (ug/L)* 29 (10-151) 27 (3-137) 0.782
>14/<14pg/L 36/5 43/9 0.496
[-carotene (pg/L)* 123 (28-862) 105 (15-463) 0.360
>92/<92 ug/L 28/24 32/38 0.376
Plasma MDA (pmol)* 1.05 (0.73-2.84) 1.07 (0.41-2.57) 0.857
<1.00/>1.00 umol 7/13 17/20 0.428

*median and range
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13.0 ADJUVANT CHEMOTHERAPY FOR RESECTED COLON
CANCER: COMPARISON OF THE PROGNOSTIC VALUES OF
TUMOUR AND PATIENT RELATED FACTORS

13.1 Introduction

There is now robust level 1 evidence generated within a variety of large multi-center
prospective randomized studies which demonstrate a survival benefit from the use of
5-fluorouracil based chemotherapy following surgery for colon cancer (169, 173, 419,
536). Such treatment is the standard of care for patients with TNM stage III disease
or increasingly those considered high-risk TNM stage Il patients (169, 419, 421, 536).
Nevertheless, there remains considerable difficulty in identifying those patients who
will derive specific benefit from such treatment. Although the relative reduction in
recurrence is substantial, the absolute number of patients directly benefiting from
adjuvant chemotherapy is small and such treatment is not without morbidity (421,

442).

To assist with such decisions, prognostic models (Numeracy and Adjuvant!) have
been recently introduced (168, 537, 538). These models are based on a number of
factors including age, T stage, number of positive lymph nodes and tumour grade for
Numeracy plus gender, number of lymph nodes sampled and comorbidity for
Adjuvant! (Table 1). Such models provide clinicians with a useful estimate of
prognosis for adjuvant chemotherapy in colon cancer, however they lack prospective
validation and the predicted outcomes with each index vary for similar patient

scenarios entered (538).

There is good evidence that the presence of a pronounced lymphocytic infiltrate
around the infiltrating tumour is associated with improved survival in patients with
colon and rectal cancer (222, 329, 373). Using similar methods to the earlier work by
Jass, Klintrup, Makinen and co-workers (222, 277) have simplified the subjective
measurement of the tumour inflammatory infiltrate by including all white blood cell
types and classifying the inflammatory infiltrate as either low or high grade. Studies
have shown that a high-grade inflammatory infiltrate was associated with improved

survival in patients undergoing potentially curative resection of node negative
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colorectal cancer (277) (Chapter 8.0). However, the utility of the Jass or Klintrup-
Makinen criteria in predicting the value of adjuvant chemotherapy in colon cancer is

not, to our knowledge, known.

In contrast, the presence of a systemic inflammatory response, as evidenced by the
combination of an elevated C- reactive protein and hypoalbuminaemia termed the
Glasgow Prognostic score (mGPS), has been shown to be a useful prognostic factor in
patients with colon cancer, independent of tumour stage and other high risk features
including the Petersen Index (308, 325) (Chapter 5.0). It has also been reported that,
in patients with advanced cancer, the GPS independently predicted survival in
patients receiving chemotherapy for non-small cell lung cancer (539), gastro-
oesophageal cancer (441, 540) and colon and rectal cancer (439, 541). Recently,
Ishizuka and colleagues reported that the GPS was the most important prognostic
factor in 112 patients who had undergone chemotherapy for advanced or recurrent

unresectable colorectal cancer (542).

The aim of the present study was to examine the prognostic value of tumour and
patient related factors currently included in the standard Numeracy and Adjuvant!
models together with measures of the local and systemic inflammatory responses in

patients receiving adjuvant 5-FU based chemotherapy for colon cancer.
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13.2 Materials and methods

Patients with histologically proven colorectal cancer cancer who underwent
potentially curative resection between 1997 and 2007 were identified from a
prospectively collected database with similar exclusion criteria to those in Chapter
4.0. The tumours were staged using conventional TNM classification from the 5t
edition UICC and according to the Royal College of Pathologists Dataset 2007 (188).
All routinely reported pathology data was taken from the pathology reports issued
following resection. Tumours were also graded by the Petersen Index, a pathological
grading of high risk characteristics (195). The Petersen Index is described in detail in
chapter 5.0.

Clinico-pathological variables entered into the Numeracy online calculator are

available at www.mayoclinic.com/calcs. Criteria determined to be important in

patients receiving colon cancer from a pooled analysis of trial patients were age, T
stage (T1/2, T3, T4), lymph nodes involved (none, 1-4, 5+), and tumour grade (low or
high) as shown in 13.1 (168). The Adjuvant! online calculator was developed
following analysis of the US Surveillance, Epidemiology and End Results (SEER)
tumour registry (537). In addition to the variables included in Numeracy, Adjuvant!
also includes sex (male/female), number of examined lymph nodes (0, 1-3, 4-10, >10)
and an assessment of comorbidity in addition to age, T stage, number of positive
nodes and tumour grade. The full list of constituent variables included in the

Adjuvant! Online calculator are shown in Table 13.1. The Adjuvant! calculator is

available online at www.adjuvantonline.com/index.jsp. In the present study, data on
comorbidity was abstracted retrospectively from clinical case records. To grade
comorbidity we used the Adult Comorbidity Evaluation - 27 (ACE-27) index. This
index categorises patients by grade of comorbid disease as none, mild, moderate or
severe based on 27 different conditions from 12 physiological systems and is
described in detail elsewhere (Chapter 7.0) (461, 462). This index has been applied
to assess comorbid disease in colon cancer patients previously. The default setting
for comorbid disease for Adjuvant! online is ‘minor health problems’ and where full
comorbidity data was unavailable in the present cohort, those patients were grouped

as ‘mild comorbidity’ for the ACE-27 index.
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Tumour inflammatory cell infiltrate was assessed using the methods described by
Klintrup and Makinen (277) and Jass (222). The methods are described in detail in
chapter 8.0 (Methods 8.2).

The mGPS was constructed as previously described (Chapter 4.0, Methods 4.2).

Patients’ suitability for adjuvant chemotherapy was determined following surgery in
a multi-disciplinary team meeting including surgical, oncological, radiological,
pathological and nursing input. Selected patients with TNM stage Il disease and
high-risk TNM stage Il disease were referred to a consultant oncologist for adjuvant
5-FU based chemotherapy. The majority of patients received single agent
fluoropyrimidine treatment, with the minority (22%) receiving combination therapy.
All biochemical and pathological criteria with the exception of the Klintrup-Makinen

criteria was available to the multidisciplinary team and treating oncologist.
Statistics

Grouping of the variables was carried out using standard thresholds. Comparisons
between groups of patients were carried out using contingency table analysis (X %) as
appropriate. Univariate survival analysis with generation of survival curves was
performed using the Kaplan-Meier method with the log-rank test. Univariate and
multivariate survival analysis and calculation of hazard ratios (HR) were performed
using Cox’s proportional-hazards model. A stepwise backward procedure was used
to derive a final model of the variables that had a significant independent relationship
with survival. Deaths up to 31st April 2010 were included in the analysis. Analysis

was performed using SPSS software (SPSS Inc., Chicago, IL, USA).
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13.3 Results

Between January 1997- February 2007, 348 patients underwent potentially curative
resection for colon cancer at Glasgow Royal Infirmary. Of these, 76 patients (22%)
commenced adjuvant chemotherapy following their surgery. For all patients (n=348),
most were 60 or older (82%), were male (54%), had TNM stage I/II disease with no
lymph node involvement (57%) and were managed electively (85%). On assessment
of inflammatory cell infiltrate, most tumours were categorised as low grade
inflammation by the Klintrup-Makinen (65%) and Jass criteria (78%). Forty-eight
per cent of patients had C-reactive protein levels in the normal range (<10mg/L) and

therefore 48% had a pre-operative mGPS of 0.

For all patients (n=348), the majority of patients had T3 tumours (56%), classed as
low tumour grade (87%), >10 lymph nodes examined (68%) a low risk Petersen
Index (76%). Most patients were categorised as none or mild comorbidity assessed

with the ACE-27 comorbidity index (77%).

Baseline clinico-pathological characteristics of the patients who did not receive
adjuvant chemotherapy (n= 272) compared with patients who did receive adjuvant
chemotherapy (n= 76) following curative surgery for colon cancer are shown in Table
13.2. Patients were more likely to receive chemotherapy if they were younger
(P<0.001), had greater lymph node involvement (P<0.001), higher T stage (P<0.05)
and a high risk Petersen Index (P<0.05). Patients with a higher burden of comorbid
disease were less likely to receive chemotherapy (P<0.05). There were no significant
differences in the proportion of patients receiving chemotherapy according to sex, the
time period of surgery (1997-2001 vs. 2002-2007) presentation (emergency vs.
elective), number of examined nodes or tumour grade. The relative proportions of
patients with low/ high-grade tumour inflammation and a mGPS of 0, 1 or 2 were not
statistically different in the group not receiving chemotherapy compared with the
group receiving adjuvant chemotherapy (Table 13.2). Compared with patients who
did not receive adjuvant chemotherapy, more patients in the group who received

adjuvant chemotherapy died from cancer than intercurrent disease (P<0.05).

For the 76 patients who received adjuvant chemotherapy, the minimum follow-up

was 37 months; the median follow-up of the survivors was 78 months. No patients
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were lost to follow up. During this period 30 patients died of their cancer and a
further 3 patients died of intercurrent disease. The univariate cancer specific survival
analysis for clinico-pathological characteristics is shown in Table 13.3. On univariate
survival analysis of individual variables, age, sex, time period of surgery, emergency
presentation, number of lymph nodes involved with tumour, number of examined
nodes, tumour grade and comorbidity were not related to cancer survival in the
patients receiving adjuvant chemotherapy. In contrast, a high risk Petersen Index
(P<0.05) and increasing T stage (P=0.053) and an elevated mGPS (P<0.005, Figure 1)
were associated significantly with poorer cancer specific survival. A weak
relationship between low-grade inflammatory cell infiltrate (P=0.071) assessed with
the Klintrup-Makinen criteria and poorer cancer specific survival was also observed.
On multivariate analysis of significant variables, only the mGPS (HR= 3.24, 95% CI
1.45-7.27, P=0.004) was independently related to cancer specific survival (Table
13.3).

The univariate overall survival analysis for clinico-pathological characteristics is also
shown in Table 13.3. On univariate survival analysis of individual variables, sex, time
period of surgery, emergency presentation, number of lymph nodes involved with
tumour, number of examined nodes, and tumour grade were not related to cancer
survival in the patients receiving adjuvant chemotherapy. In contrast, a high risk
Petersen Index (P<0.05), increasing T stage (P<0.05) and an elevated mGPS
(P<0.005) were associated significantly with poorer overall survival. A weak
relationship between age (P=0.079), higher burden of comorbidity (P=0.063) and a
low-grade inflammatory cell infiltrate assessed with the Klintrup-Makinen criteria
(P=0.071) and poorer overall survival was also observed. On multivariate analysis of
significant variables, only the mGPS (HR= 3.23,95% CI 1.49-7.01, P=0.003) was

independently related to overall survival (Table 13.3).

The relationship between the mGPS (0 vs 1or 2) and individual clinico-pathological
variables are shown in Table 13.4. An elevated mGPS was related to emergency
presentation, date of surgery prior to 2001 (P<0.05), high risk Petersen (P<0.01) and
increasing T stage (P<0.05). The mGPS was not related to age, sex, the local
inflammatory cell infiltrate, number of lymph nodes involved or examined, tumour

grade or comorbidity (Table 13.4).
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13.4 Discussion

The results of the present study show that the mGPS is the most important prognostic
factor in patients receiving adjuvant chemotherapy for colon cancer. These results
are consistent with those of Ishizuka and colleagues (542) and indicate that the
systemic inflammatory response, as evidenced by the mGPS, may have clinical role in
predicting survival in patients receiving systemic 5-FU based chemotherapy for colon

cancer, both in the advanced and adjuvant settings.

In the present study it was of interest that of the 7 factors included in Adjuvant! and
Numeracy online calculators only T stage attained significance on univariate survival
analysis but was not significant not on multivariate analysis. Similarly, the Petersen
Index attained significance on univariate survival analysis but was not significant on
multivariate analysis. These results would suggest these prognostic scores do not
have a reliable clinical role in predicting survival in patients with colon cancer

receiving systemic 5-FU based chemotherapy.

In the present study the prognostic value of the Klintrup-Makinen or Jass scores was
not confirmed in patients receiving adjuvant chemotherapy. This was surprising
since recent studies of patients undergoing potentially curative resection for
colorectal cancer have consistently shown that the Klintrup-Makinen score for
inflammatory cell infiltrate had independent prognostic value (277) (Chapters 8.0
and 9.0). Furthermore, Morris and colleagues (387) reported that, in 305 patients
receiving adjuvant chemotherapy for colon cancer, a pronounced lymphocytic
response on routine pathology was associated with significantly longer survival. One
possible explanation for these apparently contradictory results is that the prognostic
value of the Klintrup-Makinen or Jass scores differ according to tumour site. Indeed,
it has recently been reported that the hazard ratio associated with the Klintrup-
Makinen score in rectal cancer was more than twice that in colon cancer (Chapter
9.0). In addition the Jass assessment of peritumoural infiltrate was initially described
in rectal cancer (222). It may therefore be the case that the Klintrup-Makinen and
Jass scores may have a more important role in predicting outcome in patients
undergoing adjuvant or neoadjuvant therapy for rectal cancer. Another possible
explanation is that the nature of the tumour inflammatory infiltrate is important in

determining its prognostic value. Indeed, Galon and colleagues have reported that a
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quantitive analysis of the type and density of immune cells within colorectal tumours
was superior to TNM stage in predicting cancer outcome (391, 543). Recently, this
has led to a number of different assessments of tumour inflammatory infiltrate
reporting to have independent prognostic value in patients with colorectal cancer
(502, 544). Therefore, in order to provide a reliable pathological assessment with
prognostic value in patients receiving chemotherapy for colon cancer, further work is

required to define the optimal method of assessing inflammatory infiltrate.

A potential criticism of the results of the present study is that the dataset of patients
receiving adjuvant chemotherapy was collected over a 10 year period. However, the
standard systemic adjuvant chemotherapy over the entire study period has been 5-
FU based either alone of in combination. In addition, only 22% of these patients
received combination treatment during this time. In particular, despite the level 1
evidence that chemotherapy should be prescribed in node positive disease (169, 419,
536), only 52 of the 149 Stage III patients received this treatment, primarily due to
age and comorbid disease. Potential selection bias of these patients could influence
the results presented here, however there was no difference in the Glasgow
Prognostic Score or Klintrup-Makinen score between those patients receiving

adjuvant chemotherapy compared with those who did not.

The basis of the relationship between the systemic inflammatory response (mGPS)
and poorer cancer specific survival, in patients receiving adjuvant chemotherapy for
colon cancer, is not clear. In the present study an elevated mGPS was associated with
emergency presentation, increasing T stage and high risk Petersen Index (Table 13.4).
Such potential associations have been explored previously (481, 545) (Chapter 5.0).
The prognostic value of the mGPS was found to persist independent of emergency
presentation, Tumour size (T stage) and high risk tumour characteristics (Petersen
Index). Therefore, these high risk features do not fully explain the prognostic value of
the mGPS in patients with colon cancer. It may be that that the presence of a systemic
inflammatory response is more likely to reflect the host’s ability to mount a response
to the tumour. For example, the mGPS has recently been shown to closely relate to
patient physiology (546) (Chapter 7.0) and an independent predictor of poor cancer
specific survival. More specifically, C-reactive protein and the mGPS are associated

with a disordered cell mediated immune response such as neutrophilia,
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lymphocytopenia and thrombophilia (345) (Chapters 4.0 and 9.0), an impaired T
lymphocyte response within the tumour (Chapter 11.0) as well as increased
activation of components of the innate immune response such as complement and
macrophage function (291, 345). Also with reference to the use of adjuvant
chemotherapy, reduced activity of cytochrome P450 and drug transporters have been
associated with the presence of a systemic inflammatory response (547). Indeed,
impaired drug clearance may lead to increased toxicity. Recent work has shown that
the activity of the enzyme cytochrome P450 3A, which is involved in the metabolism
of many chemotherapeutic drugs including taxanes, vina alkaloids,
cyclophosphamides as well as the anti-metabolites, is compromised in patients with
elevated pro-inflammatory markers such as interleukin-6 and C-reactive protein

(548-550).

Given that the administration of systemic chemotherapy is not without risk (421,
442) there are considerable implications for current practice. There is now a need to
undertake prospective studies aimed at investigating the role of the mGPS in
predicting the efficacy of chemotherapy in patients with colon cancer. If this were
shown to be the case it would also be important to determine whether anti-
inflammatory treatment (e.g. steroids, NSAIDS) can normalize the mGPS and whether

normalization of the mGPS will be associated with improvement in survival.

In summary, the results of the present study showed that the components of
Numeracy and Adjuvant! models and the tumour inflammatory infiltrate had inferior
prognostic value compared with that of the systemic inflammatory response, as
evidenced by the mGPS, in patients receiving adjuvant chemotherapy for colon

cancer.
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Table 13.1: Clinico-pathological information entered into Numeracy and Adjuvant
online prognostic models available at www.mayoclinic.com/calcs and
www.adjuvantonline.com/index.jsp.

Numeracy criteria

Adjuvant! criteria

Characteristic Options Characteristic Options
Age <49 years Age Entered as continuous
50-59years variable
60-69years
>75years
Number of None Positive Nodes 0
positive Nodes 1-4 1-3
>5 4-10
>10
Depth of tumour | T1/2 Depth of T1
(T) T3 Invasion T2
T4 T3
T4
Grade Low Histologic Grade | Grade 1
High Grade 2
Grade 3
Examined nodes | 0
1-3
4-10
>10
Sex Male
Female
Comorbidity Perfect Health

Minor problems
Average for age
Major problems (+10)
Major problems (+20)
Major problems (+30)
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Table 13.2. Clinico-pathological characteristics in patients undergoing potentially

curative resection for colon cancer and receiving/ not receiving adjuvant

chemotherapy.
No adjuvant Adjuvant P value
chemotherapy chemotherapy
N=272 (%) N=76 (%)
Age <49 years 12 (4) 10 (13)
50-59years 28 (10) 14 (19)
60-69years 67 (25) 26 (34)
>75years 165 (61) 26 (34) <0.001
Sex Female 130 (48) 31 (41)
Male 142 (52) 45 (59) 0.280
Date of Surgery 1997-2001 99 (36) 26 (34)
2002-2007 173 (64) 56 (66) 0.726
Presentation  Elective 230 (85) 65 (86)
Emergency 42 (15) 11 (14) 0.836
Lymph nodes involved None 176 (64) 24 (32)
1-4 76 (28) 45 (59)
5+ 21 (8) 7 (9) <0.001
Examined Nodes 0 0 (0) 0 (0)
1-3 5(2) 1(1)
4-10 84 (31) 22 (29)
>10 183 (67) 53 (70) 0.652
T category T1/2 25 (9) 1(1)
T3 152 (56) 42 (55)
T4 95 (35) 33 (43) 0.035
Grade Low 248 (87) 64 (86)
High 34 (13) 12 (14) 0.455
Comorbidity None 27 (10) 18 (24)
Mild 182 (67) 42 (55)
Moderate 45 (16) 13 (17)
Severe 18 (7) 3 (4) 0.046
Petersen Index Low Risk 215 (79) 50 (66)
High Risk 57 (21) 26 (34) 0.017
Klintrup criteria*
High grade inflammation 59 (34) 25 (34)
Low grade inflammation 116 (66) 48 (66) 0.898
Jass Peritumoral infiltrate**
Present 32 (18) 11 (22)
Absent 142 (82) 39 (78) 0.334
mGlasgow Prognostic Score 0 132 (49) 34 (45)
1 87 (32) 33 (43)
2 53 (19) 9(12) 0.694
Alive 138 (51) 43 (57)
Dead Cancer 81 (29) 30 (39)
Non-cancer 53 (20) 3 (4) 0.027

* Klintrup-Makinen scoring was available in 73 of the 76 patients who received adjuvant
chemotherapy and 175 of the 272 patients who did not receive adjuvant chemotherapy.
**Jass Scoring was available in 50 of the 76 patients who received adjuvant chemotherapy
and 174 of the 272 patients who did not receive adjuvant chemotherapy
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Table 13.3. The relationship between clinico-pathological characteristics and survival in patients receiving adjuvant chemotherapy
following potentially curative resection for colon cancer (n=76). Univariate and multivariate survival analysis.

Cancer specific survival

Overall Survival

Univariate analysis

Multivariate analysis

Univariate analysis

Multivariate analysis

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
value value value value

Age
<49/ 50-59/ 60-69/ >70years 1.03 (0.73-1.46) 0.854 1.06 (0.76-1.48) 0.746
Sex
Female/ Male 0.99 (0.48-2.06) 0.986 1.04 (0.51-5.09) 0.922
Date of surgery
1997-2001/ 2002-200 1.27 (0.58-2.80) 0.550 1.24 (0.58-2.65) 0.577
Presentation
Elective/ Emergency 0.52 (0.12-2.21) 0.332 0.50 (0.12-2.12) 0.348
Lymph nodes involved
None/ 1-4/ 5+ 1.38 (0.75-2.51) 0.300 1.12 (0.63-2.01) 0.698
Examined Nodes
0/1-3/4-10/>10 1.46 (0.65-3.27) 0.358 1.11 (0.54-2.28) 0.785
T category
Tlor2/ T3/ T4 2.01 (0.99-4.08) 0.053 0.623 2.23(1.13-4.43) 0.021 0.355
Grade
Low/ High 1.62 (0.66-3.98) 0.292 1.83 (0.79-4.24) 0.161
Comorbidity
None/ Mild/ Moderate/ Severe 1.38 (0.92-2.08) 0.113 1.44 (0.98-2.12) 0.063
Petersen Index
Low/ High Risk 2.23 (1.06-4.68) 0.034 0.506 2.28 (1.12-4.63) 0.023 0.611
Klintrup Inflammatory Infiltrate
High/ Low grade 2.30(0.93-5.59) 0.071 2.18 (0.94-5.06) 0.071
Jass Peritumoral infiltrate

Present/ Absent 2.36 (0.70-7.99) 0.153 1.94 (0.66-5071) 0.217
mGlasgow Prognostic Score

0/1or2 3.24 (1.45-7.27) 0.004 3.24 (1.45-7.27) 0.004 3.23(1.49-7.01) 0.003 3.23(1.49-7.01) 0.003
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Table 13.4: The relationship between the mGlasgow Prognostic Score and clinico-

pathological variables in patients receiving adjuvant chemotherapy. (n=76).

mGPS 0 (n=34) | mGPS=1o0r2 P value
(n=42)

Age
<49/ 50-59/ 60-69/ >70years 6/6/9/13 4/8/17/13 0.750
Sex
Female/ Male 13/ 21 18/ 24 0.685
Date of surgery
1997-2001/ 2002-2007 16/ 18 10/ 32 0.035
Presentation
Elective/ Emergency 34/ 0 31/ 11 0.001
Lymph nodes involved
None/ 1-4/ 5+ 13/19/ 2 11/26/5 0.193
Examined Nodes
0/1-3/4-10/>10 0/0/12/ 22 0/1/10/31 0.557
T category
Tlor2/ T3/ T4 1/23/10 0/19/ 23 0.019
Grade
Low/ High 31/3 33/9 0.137
Comorbidity
None/ Mild/ Moderate/ Severe 13/13/6/ 2 5/29/7/1 0.293
Petersen Index
Low/ High Risk 28/ 6 22/ 20 0.007
Klintrup Inflammatory Infiltrate
High/ Low grade 13/ 21 12/ 27 0.505
Jass Peritumoural Infiltrate
Present/ Absent 8/ 22 3/17 0.334
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Figure 13.1: The relationship between an increasing Glasgow Prognostic Score from
top to bottom (GPS 0 vs GPS 1 and 2) and cancer specific survival in patients who

received adjuvant chemotherapy following curative resection for colorectal cancer
(log rank P<0.005).

1.0
0.8
g
.E 06_
=
7))
€ 04-
=
(O]
0.2
mGPSQ ----
mGPS 1/2 =—
0.0
0 12 24 36 48 60
Survival in months
Number at risk
mGPS0 34 33 33 32 30 29
mGPS 1/2 42 41 33 28 18 9

283



14.0 CONCLUSIONS

At the outset of this body of work it was recognized that colorectal cancer
progression is determined by a range of host and tumour related factors. These
include the presence of both local and systemic inflammatory responses. Indeed, up
to 2007, there were approximately 90 published reports relating cancer progression
to the presence or absence of a systemic inflammatory response or local immune
cell/inflammatory infiltrates in colorectal cancer (Chapter 1.0). Such inflammation
based responses are thought to be host-derived given their components (biochemical
and cellular) are important constituents of both innate and adaptive immune
responses. However, their underlying basis is not clear. Potential drivers for an
ongoing systemic inflammatory response were hypothesised to be either local

tumour inflammation or host burden of comorbid disease.

In terms of the systemic inflammatory response, several groups reported its
measurement using a variety of proposed prognostic scores. These included the
neutrophil lymphocyte ratio, the platelet lymphocyte ratio and the Glasgow
Prognostic Score. No previous work had examined these scores in a single cohort of

colorectal cancer patients.

In terms of the local inflammatory response, several groups reported the prognostic
value of generalised assessments of local inflammation including the Jass criteria and
Klintrup-Makinen criteria. Furthermore, the prognostic value of tumour infiltration
by individual immune cell types had also been reported. No previous work had
examined the prognostic value of specificimmune cell infiltrates in addition to
measures of generalised local inflammation within a single cohort of colorectal cancer

patients.

At the outset of this thesis, it was also unclear whether the host local and systemic
inflammatory responses were in any way linked. No previous work had investigated
potential relationships. The present thesis sought to investigate whether
relationships existed between local and systemic inflammatory responses and

circulating immune factors including cytokines, tissue infiltrating immune cells and
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the Ki-67 proliferation index or measures of vitamin antioxidants, carotenoids and

markers of lipid peroxidation.

As an extension to the above work Chapter 3.0 sought to further optimise an
important tumour related characteristic, venous invasion. With elastica staining to
aid identification of this characteristic, venous invasion was reported with increased
frequency since it introduction. Furthermore, this increased frequency of reporting
was associated with improved predictive value for cancer specific mortality when
examined in a single cohort as well as two large consecutive cohorts of patients. This
study is a unique and important study in colorectal cancer reporting, indicating for
the first time that techniques used to provide a more objective assessment of venous
invasion in colorectal cancer may improve prognostic accuracy. Furthermore, the
more accurate assessment of venous invasion was associated with numerous other
high risk pathological characteristics indicting venous invasion, as a tumour factor, is
a key early feature of local and metastatic spread. It is hoped that the results of the
study may inform or influence routine pathological practice to introduce more
objective and accurate assessment for venous invasion. Potential future research
should investigate whether the reporting of other high-risk tumour factors including
serosal involvement or perineural invasion can be further optimised with
pathological processing. Furthermore, the improved predictive value of venous
invasion should prompt a reassessment of other reported prognostic scores such as

the Petersen Index.

Chapter 4.0 and 5.0 examined the role of the systemic inflammation based, Glasgow
Prognostic Score in colorectal cancer. The mGPS was observed to be superior to
other measures of systemic inflammation including the neutrophil lymphocyte ratio
and platelet lymphocyte ratio as well as other high-risk tumour characteristics in
predicting cancer specific survival. Therefore, these results suggest future studies
should use the mGPS as a measure of systemic inflammation to stratify patients by
risk of recurrence and death. Furthermore, in Stage Il disease the mGPS was an
independent prognostic factor when compared with the Petersen index, a prognostic
index designed to stratify patients at risk of recurrence and death. In Chapter 6.0 the
prognostic role of lymph node counts (total, positive and negative), N stage and the

lymph node ratio were examined. The mGPS was observed to predict survival
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independent of N stage and the lymph node ratio. The results from Chapters 5.0 and
6.0 suggest that the mGPS could be used in addition to pathological criteria to more
accurately inform clinicians of an individual patient’s risk of recurrence following

resection.

Chapter 7.0 sought to explore the relationships between the systemic inflammatory
response and burden of comorbidity. Both the GPS and comorbidity were observed
to independently predict cancer specific survival. Of interest the most accurate
predictor of survival was the Lee Cardiovascular Risk Index. These results suggest
cardiovascular health and colorectal cancer progression may be linked. For example,
in terms of development and progression of cancer and heart disease, both share
common risk factors. These include, dietary and lifestyle factors including high fat
and low anti-oxidant intake, smoking and a sedentary lifestyle. Furthermore, these
factors have all been related to the presence of a systemic inflammatory response.
Therefore future work is required to investigate whether the attenuation of
cardiovascular risk (smoking cessation, lipid lowering medications, anti-oxidant
supplementation and exercise to improve cardiovascular health) and also the
systemic inflammatory response (using aspirin or non-steroidal anti-inflammatory
drugs) are potential therapeutic strategies, routinely employed in cardiovascular

disease, that may also be efficacious in colorectal cancer.

In chapter 8.0, the Klintrup-Makinen inflammatory infiltrate score was successfully
validated for the first time. The results suggested that this score was superior to
older, more established measures of lymphocytic infiltrate such as the Jass score in
predicting cancer specific survival in node negative disease. The Klintrup-Makinen
criteria provided stage independent prognostic information and even predicted
outcome in a cohort of node negative colorectal cancer patients deemed to have low
risk of cancer recurrence (low risk Petersen Index). These results highlight the
prognostic importance of the local inflammatory infiltrate in colorectal cancer.
Furthermore the Klintrup-Makinen score provided a simple and reproducible
measurement of the local inflammatory response. This validated scoring method
enabled further examination of the relationships between the local and systemic

inflammatory responses in the following chapters.
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In chapter 9.0 the inter-relationships between biochemical and cellular components
of the systemic inflammatory response (GPS, differential white cell counts) and the
local inflammatory response (Klintrup-Makinen and Jass criteria) were assessed.
Importantly, for the first time both the local and systemic inflammatory responses
were observed to predict survival independent of stage. These results were observed
in both colon and rectal cancers. Interestingly, despite the paradoxical prognostic
effects (low grade systemic inflammation and high grade local inflammation are
related to improved survival), no direct relationship was observed. The results did
suggest the responses might be linked via cellular components of the immune
response such as total white cell count and possibly neutrophils. Assessments of both
local and systemic inflammatory responses could be applied in a single cohort to
greatly improve the prediction of cancer specific survival. The following chapters

examined the inter-relationships in greater detail.

In Chapter 10.0, a more detailed analysis of systemic immune and cytokine factors
was performed. The aim of Chapter 10.0 was to evaluate whether the local and
systemic inflammatory responses were associated with characteristic abnormalities
in circulating cytokine, immune cell or immunoglobulin profiles. The presence of
systemic inflammatory response was associated with elevations of both pro and anti-
inflammatory cytokines (IL-6 and IL-10) in addition to elevated immune cells
including total white cell and neutrophil counts and more specifically circulating
CD8+ cells. The local inflammatory response was more weakly related to circulating
CD4+ and CD19+cells and elevations in VEGF. However, Chapter 10.0 added to work
in Chapter 8.0 reporting that a pronounced local inflammatory response is a more
common feature in early T stage cancers whereas the systemic inflammatory
response is a common feature in larger cancers (increasing T stage). A survival
analysis was performed in these patients, however, a limited follow up and small
patient numbers makes these results unreliable. Despite this, the mGPS was the
strongest prognostic factor when compared with other circulating measures of the

systemic inflammatory response.

In Chapter 11.0, a more detailed analysis of the local tissue immune cell infiltration
and tumour proliferation was performed. The aim of Chapter 11.0 was to evaluate

whether the local and systemic inflammatory cell responses were associated with
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characteristic abnormalities in local tissue factors. The systemic inflammatory
response as evidenced by the mGPS was related to increased tumour proliferation
measured with the Ki-67 labeling index. Furthermore a high mGPS was associated
with a lower infiltration of CD4+ cells and weakly with lower CD68+ at the invasive
margin. The local inflammatory response was related to increased tumour
infiltration by CD4+ and CD68+. This work confirms immune cells of both the
adaptive and innate immune responses appear to have a role in colorectal cancer.
Furthermore it is likely that intra-tumoural T helper cells play a key role in directing
local tumour immune responses. The prognostic value of CD4, CD45R0 and FOXP3+
non-cytotoxic T cells has previously been reported (Chapter 1.0). In this chapter,
however, a generalised score for peritumoural inflammation was of superior
prognostic value when compared with separate immune cell types. Given that almost
all immune cell types including those of the innate and adaptive immune responses
have previously been related to cancer outcome (Chapter 1.0), it is not surprising that
a ‘broad-brush’ assessment of immune/ inflammatory cell infiltrate such as the
Klintrup-Makinen score was most important. Therefore, these results suggest the
Klintrup-Makinen score should be used as a comparison for future immune scores

also reported to predict disease progression.

In Chapter 12.0 the relationships between both the local and systemic inflammatory
responses and a variety of micronutrients all reported to play a role in colorectal
cancer development and progression. These included vitamin antioxidants and
carotenoids, measures of lipid peroxidation and Vitamin D. Although the follow up
was limited, the strongest prognostic factors were the mGPS, Klintrup-Makinen
criteria and TNM stage. The mGPS was associated with lower levels of vitamin
antioxidants and also weakly with low vitamin D levels. This observation may partly
explain the previously reported prognostic value of these micronutrients. Of
particular interest, the antioxidant lycopene was strongly related to both
upregulation of the systemic inflammatory response and down regulation of the local
inflammatory response. This observation requires further validation, and if repeated,
pilot studies should be performed to examine whether lycopene supplementation
may confer therapeautic benefit. Of interest, lycopene is reported to have

chemopreventative benefit in prostate cancer (525).
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Chapter 13.0 sought to investigate the clinical utility of measurements of local and
systemic inflammation (Klintrup-Makinen criteria and the GPS) in a cohort of patients
who received adjuvant chemotherapy following surgical resection. Whilst neither
score was related to the allocation of chemotherapy, the GPS was an independent
predictor of survival in patients who received adjuvant treatment. The prognostic
value of the local inflammatory response was not as strong in this cohort. This study
sought to validate other high risk factors previously reported to guide clinicians in
predicting outcomes with adjuvant chemotherapy. This included the Numeracy and
Adjuvant! online criteria. A measure of systemic inflammation was the most
important indicator of survival. Impaired drug metabolism in the presence of a
systemic inflammatory response may provide a potential explanation for these
results. Alternatively, ‘inflamed’ patients may have such a high risk of recurrence due
to pre-existing occult metastatic spread or host immune incompetence, that adjuvant
therapy may be ineffective. At the very least, the results from this chapter highlight
the importance of the systemic inflammatory response and the lack of validated
prognostic tools for use in the adjuvant setting. Moving forward, prospective trials
need to collect data on the systemic inflammatory response to stratify patients more
accurately. This is already the case for host characteristics such as age or
comorbidity; two prognostic factors that have been further validated by work in the
present thesis. The work presented here suggests the measure should be the
Glasgow Prognostic Score. The concept of clinicians ‘staging the host as well as the

tumour’ may make its way into clinical oncological practice in future years.

To conclude, the work presented in this thesis has further validated the Glasgow
Prognostic Score as the most reliable measure of the systemic inflammatory response
in colorectal cancer patients. This score predicts survival independent of tumour
stage, high-risk tumour characteristics, the local inflammatory response, age,
comorbidity or emergency presentation. An elevated mGPS reflects a wide range of
biochemical and cellular characteristics associated with the systemic inflammatory
response. This includes elevations in pro and anti-inflammatory cytokines suggesting
an imbalance in control of inflammation. The mGPS weakly correlates with
comorbidity and age but was related to increasing T stage and increased tumour

proliferation. The mGPS does not directly relate to local immune cell/ inflammatory
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infiltrate. Therefore the underlying basis of this systemic inflammatory response is

as yet unclear.

Further work to establish the basis of the systemic inflammatory response is
required. Given the observed relationships with T stage and increased tumour
proliferation (Ki-67), it is also interesting that tumour necrosis has recently been
proposed as a novel prognostic factor in colorectal cancer. Future work to investigate
the relationships between local, systemic inflammatory responses and tumour
necrosis is necessary. Given the reported associations with local inflammatory
reactions present with microsatellite instability, further studies should investigate
tumour genetics and their relationships with local and systemic inflammatory
reactions. These include mismatch repair gene defects, common mutated genes
implicated in cancer progression including APC, DCC, PTEN and p53 as well as

profiling of inflammatory gene expression in tumour cells.

This thesis has validated a recently developed score for local tumour inflammation,
the Klintrup-Makinen score. This score was effective in predicting cancer survival in
a variety of settings. Of value, the score was easily reproducible and should form a
standard for which other measures of tumour immune responses are assessed
against. Over the coming years, refinement of scoring methods for tumour immune/
inflammatory cell infiltrates is necessary. Large-scale validation of previously
proposed scores/ measures is required to guide which best predicts outcome. Scores
other than the Klintrup Makinen criteria include the CD8+ budding index described
by Lugli and Zlobec (508), the ‘Immune Score’ reported by Fridman, Pages and Galon
et al (551) and individual scores for different immune cell types including the CD68+
counts reported by Forssell (383), CD8+ assessment reported by Naito (397) and
measurement of FOXP3+ proposed by Salama et al (506). Increasingly there are calls
for such measures to be added to the TNM staging system to guide prognosis in
colorectal cancer (552). However, the clinical benefits of such scores are unclear.
Firstly, based on these results, large scale prospective clinical trials in cancer patients
should start to stratify patients using measures such as the Klintrup-Makinen score or
mGPS to ascertain the effect of such scores on drug efficacy, treatment allocation and
outcomes. Secondly, interventional studies are required to move these scores from

research tools into routine clinical practice. Of interest, one study has previously
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reported that tumour infiltrating lymphocytes may be increased with the prescription
of anti-inflammatory drugs or aspirin (553). In addition these drugs may also act to
down regulate the systemic inflammatory response. Such observations merit further
investigation given the literature such drugs have generated in chemoprevention.
More recently, it has been reported, in observational studies, that patients with
colorectal cancer who are also prescribed low dose aspirin (75mg) have an improved
cancer outcome (554). Such observations should prompt large-scale trials of such
drugs in the adjuvant setting with stratification by inflammatory status (local and

systemic).

From results presented in the present thesis, other potential therapeutic strategies
worthy of further investigation that may down-regulate systemic inflammation,
potentially improving tumour immune/inflammatory cell infiltrate include
supplementation with antioxidants (e.g. lycopene) and medications aimed at reducing
cardiovascular risk. In cardiovascular disease, studies have already demonstrated the
risk of developing a cardiac event is lowered by prescription of aspirin or statins,

both of which have anti-inflammatory effects lowering C-reactive protein.

To summarise, both local and systemic inflammatory responses are important
determinants of outcome in colorectal cancer. This thesis has demonstrated the
prognostic vale of two independent, robust, and reproducible scoring methods, the
mGlasgow Prognostic Score and the Kintrup-Makinen criteria. Further work is
required to assess whether modulation of such responses is possible and whether

successful manipulation would be beneficial in terms of improving cancer outcomes.

291



15.0 REFERENCES

1. Ferlay ], Shin HR, Bray F, Forman D, Mathers C, Parkin DM. Estimates of
worldwide burden of cancer in 2008: GLOBOCAN 2008. Int ] Cancer. 2010 Jun 17.
2. CRUK CR. Bowel Cancer -UK incidence statistics. 2004 [cited 2011
04/04/2011]; Available from:

http://info.cancerresearch.org/cancerstats/types/bowel/incidence.

3. Statistics OfN. Cancer Statistics Registrations: registrations of cancer
diagnosed in 2006, England. 2009 [cited 2011 04/01/2011]; Website]. Available

from: http: //www.statistics.gov.uk/statbase/Product.asp?vink=8843.

4, Ferlay ], Parkin DM, Steliarova-Foucher E. Estimates of cancer incidence and
mortality in Europe in 2008. Eur ] Cancer. 2010 Mar;46(4):765-81.

5. Network NNCI. Cancer Incidence by Deprivation, England. 2008 [cited 2011
04/01/2011]; Website]. Available from: http://library.ncin.org.uk/docs/081202-
NCIN-Incidence by Deprivation 95 04.pdf.

6. Burt R, Neklason DW. Genetic testing for inherited colon cancer.
Gastroenterology. 2005 May;128(6):1696-716.

7. Gryfe R. Inherited colorectal cancer syndromes. Clin Colon Rectal Surg. 2009
Nov;22(4):198-208.

8. Lynch HT, de la Chapelle A. Genetic susceptibility to non-polyposis colorectal
cancer. ] Med Genet. 1999 Nov;36(11):801-18.

9. Hampel H, Stephens JA, Pukkala E, Sankila R, Aaltonen LA, Mecklin JP, et al.
Cancer risk in hereditary nonpolyposis colorectal cancer syndrome: later age of onset.
Gastroenterology. 2005 Aug;129(2):415-21.

10.  Watson P, Lynch HT. The tumor spectrum in HNPCC. Anticancer Res. 1994 Jul-
Aug;14(4B):1635-9.

11. Jass JR, Do KA, Simms LA, lino H, Wynter C, Pillay SP, et al. Morphology of
sporadic colorectal cancer with DNA replication errors. Gut. 1998 May;42(5):673-9.
12.  Smyrk TC, Watson P, Kaul K, Lynch HT. Tumor-infiltrating lymphocytes are a
marker for microsatellite instability in colorectal carcinoma. Cancer. 2001 Jun

15;91(12):2417-22.

292



13. Kim H, Jen ], Vogelstein B, Hamilton SR. Clinical and pathological
characteristics of sporadic colorectal carcinomas with DNA replication errors in
microsatellite sequences. Am ] Pathol. 1994 Jul;145(1):148-56.

14. Gryfe R, Kim H, Hsieh ET, Aronson MD, Holowaty EJ, Bull SB, et al. Tumor
microsatellite instability and clinical outcome in young patients with colorectal
cancer. N Engl ] Med. 2000 Jan 13;342(2):69-77.

15. Boland CR, Thibodeau SN, Hamilton SR, Sidransky D, Eshleman JR, Burt RW, et
al. A National Cancer Institute Workshop on Microsatellite Instability for cancer
detection and familial predisposition: development of international criteria for the
determination of microsatellite instability in colorectal cancer. Cancer Res. 1998 Nov
15;58(22):5248-57.

16.  Peltomaki P, de la Chapelle A. Mutations predisposing to hereditary
nonpolyposis colorectal cancer. Adv Cancer Res. 1997;71:93-119.

17.  Papadopoulos N, Lindblom A. Molecular basis of HNPCC: mutations of MMR
genes. Hum Mutat. 1997;10(2):89-99.

18. Kane MF, Loda M, Gaida GM, Lipman ], Mishra R, Goldman H, et al. Methylation
of the hMLH1 promoter correlates with lack of expression of hMLH1 in sporadic
colon tumors and mismatch repair-defective human tumor cell lines. Cancer Res.
1997 Mar 1;57(5):808-11.

19. Vasen HF, Mecklin JP, Khan PM, Lynch HT. The International Collaborative
Group on Hereditary Non-Polyposis Colorectal Cancer (ICG-HNPCC). Dis Colon
Rectum. 1991 May;34(5):424-5.

20. Vasen HF, Watson P, Mecklin JP, Lynch HT. New clinical criteria for hereditary
nonpolyposis colorectal cancer (HNPCC, Lynch syndrome) proposed by the
International Collaborative group on HNPCC. Gastroenterology. 1999
Jun;116(6):1453-6.

21.  Peltomaki P, Vasen HF. Mutations predisposing to hereditary nonpolyposis
colorectal cancer: database and results of a collaborative study. The International
Collaborative Group on Hereditary Nonpolyposis Colorectal Cancer.
Gastroenterology. 1997 Oct;113(4):1146-58.

22. Umar A, Boland CR, Terdiman JP, Syngal S, de la Chapelle A, Ruschoff ], et al.
Revised Bethesda Guidelines for hereditary nonpolyposis colorectal cancer (Lynch

syndrome) and microsatellite instability. ] Natl Cancer Inst. 2004 Feb 18;96(4):261-8.

293



23. Hampel H, Frankel WL, Martin E, Arnold M, Khanduja K, Kuebler P, et al.
Feasibility of screening for Lynch syndrome among patients with colorectal cancer. ]
Clin Oncol. 2008 Dec 10;26(35):5783-8.

24, Belchetz LA, Berk T, Bapat BV, Cohen Z, Gallinger S. Changing causes of
mortality in patients with familial adenomatous polyposis. Dis Colon Rectum. 1996
Apr;39(4):384-7.

25. Nishisho I, Nakamura Y, Miyoshi Y, Miki Y, Ando H, Horii A, et al. Mutations of
chromosome 5q21 genes in FAP and colorectal cancer patients. Science. 1991 Aug
9;253(5020):665-9.

26.  Ekelund G, Lindstrom C. Histopathological analysis of benign polyps in
patients with carcinoma of the colon and rectum. Gut. 1974 Aug;15(8):654-63.

27.  Hill M], Morson BC, Bussey H]J. Aetiology of adenoma--carcinoma sequence in
large bowel. Lancet. 1978 Feb 4;1(8058):245-7.

28. Clark JC, Collan Y, Eide T], Esteve ], Ewen S, Gibbs NM, et al. Prevalence of
polyps in an autopsy series from areas with varying incidence of large-bowel cancer.
Int ] Cancer. 1985 Aug 15;36(2):179-86.

29. Muto T, Bussey HJ, Morson BC. The evolution of cancer of the colon and
rectum. Cancer. 1975 Dec;36(6):2251-70.

30. Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger AC, Leppert M, et al.
Genetic alterations during colorectal-tumor development. N Engl ] Med. 1988 Sep
1;319(9):525-32.

31. Wood LD, Parsons DW, Jones S, Lin ], Sjoblom T, Leary R], et al. The genomic
landscapes of human breast and colorectal cancers. Science. 2007 Nov
16;318(5853):1108-13.

32. Boland CR, Goel A. Microsatellite instability in colorectal cancer.
Gastroenterology. 2010 Jun;138(6):2073-87 e3.

33.  Fearon ER, Vogelstein B. A genetic model for colorectal tumorigenesis. Cell.
1990 Jun 1;61(5):759-67.

34. Longacre TA, Fenoglio-Preiser CM. Mixed hyperplastic adenomatous
polyps/serrated adenomas. A distinct form of colorectal neoplasia. Am ] Surg Pathol.
1990 Jun;14(6):524-37.

35.  Torlakovic E, Snover DC. Serrated adenomatous polyposis in humans.

Gastroenterology. 1996 Mar;110(3):748-55.

294



36. Young],Jass JR. The case for a genetic predisposition to serrated neoplasia in
the colorectum: hypothesis and review of the literature. Cancer Epidemiol
Biomarkers Prev. 2006 Oct;15(10):1778-84.

37.  Makinen M]. Colorectal serrated adenocarcinoma. Histopathology. 2007
Jan;50(1):131-50.

38.  Harvey NT, Ruszkiewicz A. Serrated neoplasia of the colorectum. World ]
Gastroenterol. 2007 Jul 28;13(28):3792-8.

39.  Muir CS, Parkin DM. The world cancer burden: prevent or perish. Br Med ]
(Clin Res Ed). 1985 Jan 5;290(6461):5-6.

40. Haenszel W, Kurihara M. Studies of Japanese migrants. I. Mortality from cancer
and other diseases among Japanese in the United States. ] Natl Cancer Inst. 1968
Jan;40(1):43-68.

41.  Ahmed FE. Effect of diet, life style, and other environmental/chemopreventive
factors on colorectal cancer development, and assessment of the risks. ] Environ Sci
Health C Environ Carcinog Ecotoxicol Rev. 2004;22(2):91-147.

42. McKeown-Eyssen GE, Bright-See E. Dietary factors in colon cancer:
international relationships. Nutr Cancer. 1984;6(3):160-70.

43. Liu K, Stamler ], Moss D, Garside D, Persky V, Soltero 1. Dietary cholesterol, fat,
and fibre, and colon-cancer mortality. An analysis of international data. Lancet. 1979
Oct 13;2(8146):782-5.

44, Armstrong B, Doll R. Environmental factors and cancer incidence and
mortality in different countries, with special reference to dietary practices. Int ]
Cancer. 1975 Apr 15;15(4):617-31.

45, Mai V, Flood A, Peters U, Lacey ]V, Jr., Schairer C, Schatzkin A. Dietary fibre and
risk of colorectal cancer in the Breast Cancer Detection Demonstration Project
(BCDDP) follow-up cohort. Int ] Epidemiol. 2003 Apr;32(2):234-9.

46. Otani T, Iwasaki M, Ishihara ], Sasazuki S, Inoue M, Tsugane S. Dietary fiber
intake and subsequent risk of colorectal cancer: the Japan Public Health Center-based
prospective study. Int ] Cancer. 2006 Sep 15;119(6):1475-80.

47. Fuchs CS, Giovannucci EL, Colditz GA, Hunter DJ, Stampfer M], Rosner B, et al.
Dietary fiber and the risk of colorectal cancer and adenoma in women. N Engl ] Med.

1999 Jan 21;340(3):169-76.

295



48. Bingham SA, Day NE, Luben R, Ferrari P, Slimani N, Norat T, et al. Dietary fibre
in food and protection against colorectal cancer in the European Prospective
Investigation into Cancer and Nutrition (EPIC): an observational study. Lancet. 2003
May 3;361(9368):1496-501.

49, Park Y, Hunter D], Spiegelman D, Bergkvist L, Berrino F, van den Brandt PA, et
al. Dietary fiber intake and risk of colorectal cancer: a pooled analysis of prospective
cohort studies. JAMA. 2005 Dec 14;294(22):2849-57.

50. Ishikawa H, Akedo I, Otani T, Suzuki T, Nakamura T, Takeyama I, et al.
Randomized trial of dietary fiber and Lactobacillus casei administration for
prevention of colorectal tumors. Int ] Cancer. 2005 Sep 20;116(5):762-7.

51. Schatzkin A, Lanza E, Corle D, Lance P, Iber F, Caan B, et al. Lack of effect of a
low-fat, high-fiber diet on the recurrence of colorectal adenomas. Polyp Prevention
Trial Study Group. N Engl ] Med. 2000 Apr 20;342(16):1149-55.

52. Jacobs ET, Lanza E, Alberts DS, Hsu CH, Jiang R, Schatzkin A, et al. Fiber, sex,
and colorectal adenoma: results of a pooled analysis. Am J Clin Nutr. 2006
Feb;83(2):343-9.

53. Larsson SC, Wolk A. Meat consumption and risk of colorectal cancer: a meta-
analysis of prospective studies. Int ] Cancer. 2006 Dec 1;119(11):2657-64.

54. Sinha R, Chow WH, Kulldorff M, Denobile ], Butler ], Garcia-Closas M, et al.
Well-done, grilled red meat increases the risk of colorectal adenomas. Cancer Res.
1999 Sep 1;59(17):4320-4.

55. Lee DH, Anderson KE, Harnack L], Folsom AR, Jacobs DR, Jr. Heme iron, zinc,
alcohol consumption, and colon cancer: lowa Women's Health Study. ] Natl Cancer
Inst. 2004 Mar 3;96(5):403-7.

56. Oates PS, West AR. Heme in intestinal epithelial cell turnover, differentiation,
detoxification, inflammation, carcinogenesis, absorption and motility. World ]
Gastroenterol. 2006 Jul 21;12(27):4281-95.

57. Howe GR, Miller AB, Jain M, Cook G. Dietary factors in relation to the etiology
of colorectal cancer. Cancer Detect Prev. 1982;5(3):331-4.

58. Graham S, Marshall J, Haughey B, Mittelman A, Swanson M, Zielezny M, et al.
Dietary epidemiology of cancer of the colon in western New York. Am ] Epidemiol.

1988 Sep;128(3):490-503.

296



59. Willett WC, Stampfer M], Colditz GA, Rosner BA, Speizer FE. Relation of meat,
fat, and fiber intake to the risk of colon cancer in a prospective study among women.
N Engl ] Med. 1990 Dec 13;323(24):1664-72.

60. Bostick RM, Potter JD, Kushi LH, Sellers TA, Steinmetz KA, McKenzie DR, et al.
Sugar, meat, and fat intake, and non-dietary risk factors for colon cancer incidence in
Iowa women (United States). Cancer Causes Control. 1994 Jan;5(1):38-52.

61. Giovannucci E, Willett WC. Dietary factors and risk of colon cancer. Ann Med.
1994 Dec;26(6):443-52.

62. Jarvinen R, Knekt P, Hakulinen T, Rissanen H, Heliovaara M. Dietary fat,
cholesterol and colorectal cancer in a prospective study. Br ] Cancer. 2001 Aug
3;85(3):357-61.

63.  AICR Wa. World Cancer Research Fund and American Institute for Cancer
Research Food, Nutrition, Physical Activity, and the Prevention of Cancer: A Global
Perspective: American Institute for Cancer Research. Washington DC2007 [cited

2011 09/01/2011]; Available from: www.dietandcancerreport.org.

64. Vainio H, Weiderpass E. Fruit and vegetables in cancer prevention. Nutr
Cancer. 2006;54(1):111-42.

65. Marques-Vidal P, Ravasco P, Ermelinda Camilo M. Foodstuffs and colorectal
cancer risk: a review. Clin Nutr. 2006 Feb;25(1):14-36.

66. La Vecchia C, Braga C, Negri E, Franceschi S, Russo A, Conti E, et al. Intake of
selected micronutrients and risk of colorectal cancer. Int ] Cancer. 1997 Nov
14;73(4):525-30.

67. Slattery ML, Benson ], Curtin K, Ma KN, Schaeffer D, Potter JD. Carotenoids and
colon cancer. Am J Clin Nutr. 2000 Feb;71(2):575-82.

68.  Nkondjock A, Ghadirian P. Intake of specific carotenoids and essential fatty
acids and breast cancer risk in Montreal, Canada. Am J Clin Nutr. 2004
May;79(5):857-64.

69. Terry P, Jain M, Miller AB, Howe GR, Rohan TE. Dietary carotenoid intake and
colorectal cancer risk. Nutr Cancer. 2002;42(2):167-72.

70. Murtaugh MA, Ma KN, Benson ], Curtin K, Caan B, Slattery ML. Antioxidants,
carotenoids, and risk of rectal cancer. Am ] Epidemiol. 2004 Jan 1;159(1):32-41.

297



71. Mannisto S, Yaun SS, Hunter D], Spiegelman D, Adami HO, Albanes D, et al.
Dietary carotenoids and risk of colorectal cancer in a pooled analysis of 11 cohort
studies. Am ] Epidemiol. 2007 Feb 1;165(3):246-55.

72. Newmark HL, Lipkin M. Calcium, vitamin D, and colon cancer. Cancer Res.
1992 Apr 1;52(7 Suppl):2067s-70s.

73. Kesse E, Boutron-Ruault MC, Norat T, Riboli E, Clavel-Chapelon F. Dietary
calcium, phosphorus, vitamin D, dairy products and the risk of colorectal adenoma
and cancer among French women of the E3N-EPIC prospective study. Int ] Cancer.
2005 Oct 20;117(1):137-44.

74, Oh K, Willett WC, Wu K, Fuchs CS, Giovannucci EL. Calcium and vitamin D
intakes in relation to risk of distal colorectal adenoma in women. Am ] Epidemiol.
2007 May 15;165(10):1178-86.

75. Caygill CP, Charlett A, Hill MJ. Fat, fish, fish oil and cancer. Br ] Cancer. 1996
Jul;74(1):159-64.

76.  Simopoulos AP. Evolutionary aspects of diet, the omega-6/omega-3 ratio and
genetic variation: nutritional implications for chronic diseases. Biomed
Pharmacother. 2006 Nov;60(9):502-7.

77.  Larsson SC, Kumlin M, Ingelman-Sundberg M, Wolk A. Dietary long-chain n-3
fatty acids for the prevention of cancer: a review of potential mechanisms. Am J Clin
Nutr. 2004 Jun;79(6):935-45.

78.  Key TJ, Spencer EA. Carbohydrates and cancer: an overview of the
epidemiological evidence. Eur J Clin Nutr. 2007 Dec;61 Suppl 1:5S112-21.

79. Slattery ML, Curtin K, Ma K, Edwards S, Schaffer D, Anderson K, et al. Diet
activity, and lifestyle associations with p53 mutations in colon tumors. Cancer
Epidemiol Biomarkers Prev. 2002 Jun;11(6):541-8.

80. Higginbotham S, Zhang ZF, Lee IM, Cook NR, Giovannucci E, Buring JE, et al.
Dietary glycemic load and risk of colorectal cancer in the Women's Health Study. ]
Natl Cancer Inst. 2004 Feb 4;96(3):229-33.

81. Levi F, Pasche C, Lucchini F, Bosetti C, La Vecchia C. Glycaemic index, breast
and colorectal cancer. Ann Oncol. 2002 Oct;13(10):1688-9.

82. Heineman EF, Zahm SH, McLaughlin JK, Vaught ]B. Increased risk of colorectal
cancer among smokers: results of a 26-year follow-up of US veterans and a review. Int

] Cancer. 1994 Dec 15;59(6):728-38.

298



83. Slattery ML, Potter JD, Friedman GD, Ma KN, Edwards S. Tobacco use and colon
cancer. Int ] Cancer. 1997 Jan 27;70(3):259-64.

84.  Terry PD, Miller AB, Rohan TE. Prospective cohort study of cigarette smoking
and colorectal cancer risk in women. Int ] Cancer. 2002 May 20;99(3):480-3.

85. Zisman AL, Nickolov A, Brand RE, Gorchow A, Roy HK. Associations between
the age at diagnosis and location of colorectal cancer and the use of alcohol and
tobacco: implications for screening. Arch Intern Med. 2006 Mar 27;166(6):629-34.
86. Tsong WH, Koh WP, Yuan JM, Wang R, Sun CL, Yu MC. Cigarettes and alcohol in
relation to colorectal cancer: the Singapore Chinese Health Study. Br ] Cancer. 2007
Mar 12;96(5):821-7.

87. Ferrari P, Jenab M, Norat T, Moskal A, Slimani N, Olsen A, et al. Lifetime and
baseline alcohol intake and risk of colon and rectal cancers in the European
prospective investigation into cancer and nutrition (EPIC). Int ] Cancer. 2007 Nov
1;121(9):2065-72.

88. Poschl G, Seitz HK. Alcohol and cancer. Alcohol Alcohol. 2004 May-
Jun;39(3):155-65.

89. Imhof A, Froehlich M, Brenner H, Boeing H, Pepys MB, Koenig W. Effect of
alcohol consumption on systemic markers of inflammation. Lancet. 2001 Mar
10;357(9258):763-7.

90. Baan R, Straif K, Grosse Y, Secretan B, El Ghissassi F, Bouvard V, et al.
Carcinogenicity of alcoholic beverages. Lancet Oncol. 2007 Apr;8(4):292-3.

91.  Weinert BT, Timiras PS. Invited review: Theories of aging. ] Appl Physiol. 2003
Oct;95(4):1706-16.

92. Kanai Y, Hirohashi S. Alterations of DNA methylation associated with
abnormalities of DNA methyltransferases in human cancers during transition from a
precancerous to a malignant state. Carcinogenesis. 2007 Dec;28(12):2434-42.

93. Cornier MA, Dabelea D, Hernandez TL, Lindstrom RC, Steig A], Stob NR, et al.
The metabolic syndrome. Endocr Rev. 2008 Dec;29(7):777-822.

94. Sturmer T, Buring JE, Lee IM, Gaziano JM, Glynn R]. Metabolic abnormalities
and risk for colorectal cancer in the physicians' health study. Cancer Epidemiol
Biomarkers Prev. 2006 Dec;15(12):2391-7.

95. Bowers K, Albanes D, Limburg P, Pietinen P, Taylor PR, Virtamo J, etal. A

prospective study of anthropometric and clinical measurements associated with

299



insulin resistance syndrome and colorectal cancer in male smokers. Am | Epidemiol.
2006 Oct 1;164(7):652-64.

96. Stocks T, Lukanova A, Johansson M, Rinaldi S, Palmqgvist R, Hallmans G, et al.
Components of the metabolic syndrome and colorectal cancer risk; a prospective
study. Int ] Obes (Lond). 2008 Feb;32(2):304-14.

97. Ahmed RL, Schmitz KH, Anderson KE, Rosamond WD, Folsom AR. The
metabolic syndrome and risk of incident colorectal cancer. Cancer. 2006 Jul
1;107(1):28-36.

98. Limburg PJ, Anderson KE, Johnson TW, Jacobs DR, Jr., Lazovich D, Hong CP, et
al. Diabetes mellitus and subsite-specific colorectal cancer risks in the lowa Women's
Health Study. Cancer Epidemiol Biomarkers Prev. 2005 Jan;14(1):133-7.

99. Yancik R, Wesley MN, Ries LA, Havlik R], Long S, Edwards BK, et al.
Comorbidity and age as predictors of risk for early mortality of male and female colon
carcinoma patients: a population-based study. Cancer. 1998 Jun 1;82(11):2123-34.
100. Meyerhardt]JA, Catalano PJ, Haller DG, Mayer R], Macdonald JS, Benson AB,
3rd, et al. Impact of diabetes mellitus on outcomes in patients with colon cancer. J Clin
Oncol. 2003 Feb 1;21(3):433-40.

101. LaVecchia C, Negri E, Decarli A, Franceschi S. Diabetes mellitus and colorectal
cancer risk. Cancer Epidemiol Biomarkers Prev. 1997 Dec;6(12):1007-10.

102. Giovannucci E. Insulin, insulin-like growth factors and colon cancer: a review
of the evidence. ] Nutr. 2001 Nov;131(11 Suppl):3109S-20S.

103. Giovannucci E. Diet, body weight, and colorectal cancer: a summary of the
epidemiologic evidence. ] Womens Health (Larchmt). 2003 Mar;12(2):173-82.

104. Moghaddam AA, Woodward M, Huxley R. Obesity and risk of colorectal cancer:
a meta-analysis of 31 studies with 70,000 events. Cancer Epidemiol Biomarkers Prev.
2007 Dec;16(12):2533-47.

105. McMillan DC, Sattar N, McArdle CS. ABC of obesity. Obesity and cancer. BM]J.
2006 Nov 25;333(7578):1109-11.

106. Frezza EE, Wachtel MS, Chiriva-Internati M. Influence of obesity on the risk of
developing colon cancer. Gut. 2006 Feb;55(2):285-91.

107. Chan AO, Lam KF, Tong T, Siu DC, Jim MH, Hui WM, et al. Coexistence between
colorectal cancer/adenoma and coronary artery disease: results from 1382 patients.

Aliment Pharmacol Ther. 2006 Aug 1;24(3):535-9.

300



108. Neugut Al, Jacobson JS, Sherif G, Ahsan H, Garbowski GC, Waye ], et al.
Coronary artery disease and colorectal neoplasia. Dis Colon Rectum. 1995
Aug;38(8):873-7.

109. Correa P, Strong JP, Johnson WD, Pizzolato P, Haenszel W. Atherosclerosis and
polyps of the colon. Quantification of precursors of coronary heart disease and colon
cancer. ] Chronic Dis. 1982;35(5):313-20.

110. White E, Jacobs E]J, Daling JR. Physical activity in relation to colon cancer in
middle-aged men and women. Am ] Epidemiol. 1996 Jul 1;144(1):42-50.

111. Colditz GA, Cannuscio CC, Frazier AL. Physical activity and reduced risk of
colon cancer: implications for prevention. Cancer Causes Control. 1997 Jul;8(4):649-
67.

112. Colditz GA, Coakley E. Weight, weight gain, activity, and major illnesses: the
Nurses' Health Study. Int ] Sports Med. 1997 Jul;18 Suppl 3:S162-70.

113. Whittemore AS, Wu-Williams AH, Lee M, Zheng S, Gallagher RP, Jiao DA, et al.
Diet, physical activity, and colorectal cancer among Chinese in North America and
China. ] Natl Cancer Inst. 1990 Jun 6;82(11):915-26.

114. Friedenreich CM. Physical activity and cancer prevention: from observational
to intervention research. Cancer Epidemiol Biomarkers Prev. 2001 Apr;10(4):287-
301.

115. Friedenreich CM. Physical activity and cancer: lessons learned from nutritional
epidemiology. Nutr Rev. 2001 Nov;59(11):349-57.

116. Grodstein F, Newcomb PA, Stampfer M]. Postmenopausal hormone therapy
and the risk of colorectal cancer: a review and meta-analysis. Am ] Med. 1999
May;106(5):574-82.

117. Rossouw JE. Effect of postmenopausal hormone therapy on cardiovascular
risk. ] Hypertens Suppl. 2002 May;20(2):S62-5.

118. Gunter MJ, Hoover DR, Yu H, Wassertheil-Smoller S, Rohan TE, Manson JE, et
al. Insulin, insulin-like growth factor-I, endogenous estradiol, and risk of colorectal
cancer in postmenopausal women. Cancer Res. 2008 Jan 1;68(1):329-37.

119. Ekbom A, Helmick C, Zack M, Adami HO. Increased risk of large-bowel cancer
in Crohn's disease with colonic involvement. Lancet. 1990 Aug 11;336(8711):357-9.
120. Munkholm P. Review article: the incidence and prevalence of colorectal cancer

in inflammatory bowel disease. Aliment Pharmacol Ther. 2003 Sep;18 Suppl 2:1-5.

301



121. EadenJA, Abrams KR, Mayberry JF. The risk of colorectal cancer in ulcerative
colitis: a meta-analysis. Gut. 2001 Apr;48(4):526-35.

122. Lakatos PL, Lakatos L. Risk for colorectal cancer in ulcerative colitis: changes,
causes and management strategies. World ] Gastroenterol. 2008 Jul 7;14(25):3937-
47.

123. Ribeiro MB, Greenstein AJ, Sachar DB, Barth |, Balasubramanian S, Harpaz N, et
al. Colorectal adenocarcinoma in Crohn's disease. Ann Surg. 1996 Feb;223(2):186-93.
124. Erlinger TP, Platz EA, Rifai N, Helzlsouer K]. C-reactive protein and the risk of
incident colorectal cancer. JAMA. 2004 Feb 4;291(5):585-90.

125. Gunter M], Stolzenberg-Solomon R, Cross AJ, Leitzmann MF, Weinstein S,
Wood RJ, et al. A prospective study of serum C-reactive protein and colorectal cancer
risk in men. Cancer Res. 2006 Feb 15;66(4):2483-7.

126. Haverkate F, Thompson SG, Pyke SD, Gallimore ]JR, Pepys MB. Production of C-
reactive protein and risk of coronary events in stable and unstable angina. European
Concerted Action on Thrombosis and Disabilities Angina Pectoris Study Group.
Lancet. 1997 Feb 15;349(9050):462-6.

127. Ross R. Atherosclerosis--an inflammatory disease. N Engl ] Med. 1999 Jan
14;340(2):115-26.

128. Lloyd-Jones DM, Levy D. C-reactive protein in the prediction of cardiovascular
events. N Engl ] Med. 2003 Mar 13;348(11):1059-61; author reply -61.

129. Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB. Elevated C-reactive
protein levels in overweight and obese adults. JAMA. 1999 Dec 8;282(22):2131-5.
130. Ridker PM, Buring JE, Cook NR, Rifai N. C-reactive protein, the metabolic
syndrome, and risk of incident cardiovascular events: an 8-year follow-up of 14 719
initially healthy American women. Circulation. 2003 Jan 28;107(3):391-7.

131. Barzilay JI, Abraham L, Heckbert SR, Cushman M, Kuller LH, Resnick HE, et al.
The relation of markers of inflammation to the development of glucose disorders in
the elderly: the Cardiovascular Health Study. Diabetes. 2001 Oct;50(10):2384-9.

132. Freeman DJ, Norrie ], Caslake M], Gaw A, Ford I, Lowe GD, et al. C-reactive
protein is an independent predictor of risk for the development of diabetes in the
West of Scotland Coronary Prevention Study. Diabetes. 2002 May;51(5):1596-600.
133. Festa A, D'Agostino R, Jr., Tracy RP, Haffner SM. C-reactive protein is more

strongly related to post-glucose load glucose than to fasting glucose in non-diabetic

302



subjects; the Insulin Resistance Atherosclerosis Study. Diabet Med. 2002
Nov;19(11):939-43.

134. Dehghan A, Kardys I, de Maat MP, Uitterlinden AG, Sijbrands EJ, Bootsma AH,
et al. Genetic variation, C-reactive protein levels, and incidence of diabetes. Diabetes.
2007 Mar;56(3):872-8.

135. Jackson JR, Bolognese B, Kircher CH, Marshall LA, Winkler JD. Modulation of
angiogenesis in a model of chronic inflammation. Inflamm Res. 1997 Aug;46 Suppl
2:5129-30.

136. Jaiswal M, LaRusso NF, Burgart L], Gores GJ. Inflammatory cytokines induce
DNA damage and inhibit DNA repair in cholangiocarcinoma cells by a nitric oxide-
dependent mechanism. Cancer Res. 2000 Jan 1;60(1):184-90.

137. Jacobs E], Thun M]J, Bain EB, Rodriguez C, Henley SJ, Calle EE. A large cohort
study of long-term daily use of adult-strength aspirin and cancer incidence. ] Natl
Cancer Inst. 2007 Apr 18;99(8):608-15.

138. Baron JA, Cole BF, Sandler RS, Haile RW, Ahnen D, Bresalier R, et al. A
randomized trial of aspirin to prevent colorectal adenomas. N Engl ] Med. 2003 Mar
6;348(10):891-9.

139. Rosenberg L, Palmer JR, Zauber AG, Warshauer ME, Stolley PD, Shapiro S. A
hypothesis: nonsteroidal anti-inflammatory drugs reduce the incidence of large-
bowel cancer. ] Natl Cancer Inst. 1991 Mar 6;83(5):355-8.

140. Peleg, II, Maibach HT, Brown SH, Wilcox CM. Aspirin and nonsteroidal anti-
inflammatory drug use and the risk of subsequent colorectal cancer. Arch Intern Med.
1994 Feb 28;154(4):394-9.

141. Giovannucci E, Rimm EB, Stampfer M], Colditz GA, Ascherio A, Willett WC.
Aspirin use and the risk for colorectal cancer and adenoma in male health
professionals. Ann Intern Med. 1994 Aug 15;121(4):241-6.

142. Bennett A, Tacca MD, Stamford IF, Zebro T. Prostaglandins from tumours of
human large bowel. Br ] Cancer. 1977 Jun;35(6):881-4.

143. Kudo T, Narisawa T, Abo S. Antitumor activity of indomethacin on
methylazoxymethanol-induced large bowel tumors in rats. Gann. 1980
Apr;71(2):260-4.

144. Waddell WR, Loughry RW. Sulindac for polyposis of the colon. ] Surg Oncol.
1983 Sep;24(1):83-7.

303



145. Pollard M, Luckert PH. Prolonged antitumor effect of indomethacin on
autochthonous intestinal tumors in rats. ] Natl Cancer Inst. 1983 Jun;70(6):1103-5.
146. Narisawa T, Satoh M, Sano M, Takahashi T. Inhibition of initiation and
promotion by N-methylnitrosourea-induced colon carcinogenesis in rats by non-
steroid anti-inflammatory agent indomethacin. Carcinogenesis. 1983 Oct;4(10):1225-
7.

147. Reddy BS, Nayini ], Tokumo K, Rigotty ], Zang E, Kelloff G. Chemoprevention of
colon carcinogenesis by concurrent administration of piroxicam, a nonsteroidal
antiinflammatory drug with D,L-alpha-difluoromethylornithine, an ornithine
decarboxylase inhibitor, in diet. Cancer Res. 1990 May 1;50(9):2562-8.

148. Asano TK, McLeod RS. Nonsteroidal anti-inflammatory drugs and aspirin for
the prevention of colorectal adenomas and cancer: a systematic review. Dis Colon
Rectum. 2004 May;47(5):665-73.

149. Anderson WF, Umar A, Viner JL, Hawk ET. The role of cyclooxygenase
inhibitors in cancer prevention. Curr Pharm Des. 2002;8(12):1035-62.

150. Dannenberg A], Zakim D. Chemoprevention of colorectal cancer through
inhibition of cyclooxygenase-2. Semin Oncol. 1999 Oct;26(5):499-504.

151. Gupta RA, DuBois RN. Translational studies on Cox-2 inhibitors in the
prevention and treatment of colon cancer. Ann NY Acad Sci. 2000 Jun;910:196-204;
discussion -6.

152. Bertagnolli MM, Eagle C], Zauber AG, Redston M, Solomon SD, Kim K, et al.
Celecoxib for the prevention of sporadic colorectal adenomas. N Engl ] Med. 2006 Aug
31;355(9):873-84.

153. Arber N, Eagle CJ, Spicak ], Racz I, Dite P, Hajer ], et al. Celecoxib for the
prevention of colorectal adenomatous polyps. N Engl ] Med. 2006 Aug 31;355(9):885-
95.

154. Baron JA, Sandler RS, Bresalier RS, Quan H, Riddell R, Lanas A, et al. A
randomized trial of rofecoxib for the chemoprevention of colorectal adenomas.
Gastroenterology. 2006 Dec;131(6):1674-82.

155. Flashman K, O'Leary DP, Senapati A, Thompson MR. The Department of
Health's "two week standard" for bowel cancer: is it working? Gut. 2004

Mar;53(3):387-91.

304



156. Thompson MR, Perera R, Senapati A, Dodds S. Predictive value of common
symptom combinations in diagnosing colorectal cancer. Br ] Surg. 2007
0Oct;94(10):1260-5.

157. ACPGBI AoCoGBal. Guidelines for the management of bowel cancer.
London2007 [cited 2011 14/01/2011]; Available from:
http://www.acpgbi.org.uk/assets/documents/COLO guides.pdf.

158. Scholefield JH. ABC of colorectal cancer: screening. BMJ. 2000 Oct
21;321(7267):1004-6.

159. Pappalardo G, Polettini E, Frattaroli FM, Casciani E, D'Orta C, D'Amato M, et al.

Magnetic resonance colonography versus conventional colonoscopy for the detection
of colonic endoluminal lesions. Gastroenterology. 2000 Aug;119(2):300-4.

160. Cotton P, Williams C. Practical Gastrointestinal Endoscopy. 3rd edition ed.
London: Blackwell Scientific Publications 1990.

161. Kim DH, Pickhardt PJ, Taylor AJ, Leung WK, Winter TC, Hinshaw JL, et al. CT
colonography versus colonoscopy for the detection of advanced neoplasia. N Engl |
Med. 2007 Oct 4;357(14):1403-12.

162. Heiken JP, Peterson CM, Menias CO. Virtual colonoscopy for colorectal cancer
screening: current status. Cancer Imaging. 2005;5 Spec No A:S133-9.

163. Kumar A, Scholefield JH. Endosonography of the anal canal and rectum. World
] Surg. 2000 Feb;24(2):208-15.

164. Heald RJ, Husband EM, Ryall RD. The mesorectum in rectal cancer surgery--the
clue to pelvic recurrence? Br ] Surg. 1982 Oct;69(10):613-6.

165. Wibe A, Syse A, Andersen E, Tretli S, Myrvold HE, Soreide O. Oncological
outcomes after total mesorectal excision for cure for cancer of the lower rectum:
anterior vs. abdominoperineal resection. Dis Colon Rectum. 2004 Jan;47(1):48-58.
166. Hohenberger W, Weber K, Matzel K, Papadopoulos T, Merkel S. Standardized
surgery for colonic cancer: complete mesocolic excision and central ligation--
technical notes and outcome. Colorectal Dis. 2009 May;11(4):354-64; discussion 64-
5.

167. Wong RK, Tandan V, De Silva S, Figueredo A. Pre-operative radiotherapy and
curative surgery for the management of localized rectal carcinoma. Cochrane

Database Syst Rev. 2007(2):CD002102.

305



168. Gill S, Loprinzi CL, Sargent DJ, Thome SD, Alberts SR, Haller DG, et al. Pooled
analysis of fluorouracil-based adjuvant therapy for stage II and III colon cancer: who
benefits and by how much? ] Clin Oncol. 2004 May 15;22(10):1797-806.

169. Wolmark N, Rockette H, Fisher B, Wickerham DL, Redmond C, Fisher ER, et al.
The benefit of leucovorin-modulated fluorouracil as postoperative adjuvant therapy
for primary colon cancer: results from National Surgical Adjuvant Breast and Bowel
Project protocol C-03.] Clin Oncol. 1993 Oct;11(10):1879-87.

170. de Gramont A, Figer A, Seymour M, Homerin M, Hmissi A, Cassidy J, et al.
Leucovorin and fluorouracil with or without oxaliplatin as first-line treatment in
advanced colorectal cancer. ] Clin Oncol. 2000 Aug;18(16):2938-47.

171. Giacchetti S, Perpoint B, Zidani R, Le Bail N, Faggiuolo R, Focan C, et al. Phase
[1I multicenter randomized trial of oxaliplatin added to chronomodulated
fluorouracil-leucovorin as first-line treatment of metastatic colorectal cancer. ] Clin
Oncol. 2000 Jan;18(1):136-47.

172. Douillard JY. Irinotecan and high-dose fluorouracil /leucovorin for metastatic
colorectal cancer. Oncology (Williston Park). 2000 Dec;14(12 Suppl 14):51-5.

173. Andre T, Boni C, Mounedji-Boudiaf L, Navarro M, Tabernero ], Hickish T, et al.
Oxaliplatin, fluorouracil, and leucovorin as adjuvant treatment for colon cancer. N
Engl ] Med. 2004 Jun 3;350(23):2343-51.

174. Efficacy of adjuvant fluorouracil and folinic acid in B2 colon cancer.
International Multicentre Pooled Analysis of B2 Colon Cancer Trials (IMPACT B2)
Investigators. ] Clin Oncol. 1999 May;17(5):1356-63.

175. Comparison of flourouracil with additional levamisole, higher-dose folinic
acid, or both, as adjuvant chemotherapy for colorectal cancer: a randomised trial.
QUASAR Collaborative Group. Lancet. 2000 May 6;355(9215):1588-96.

176. Benson AB, 3rd, Schrag D, Somerfield MR, Cohen AM, Figueredo AT, Flynn P]J,
et al. American Society of Clinical Oncology recommendations on adjuvant
chemotherapy for stage Il colon cancer. ] Clin Oncol. 2004 Aug 15;22(16):3408-19.
177. McArdle CS, Hole D]. Outcome following surgery for colorectal cancer: analysis
by hospital after adjustment for case-mix and deprivation. Br ] Cancer. 2002 Feb

1;86(3):331-5.

306



178. Mehrkhani F, Nasiri S, Donboli K, Meysamie A, Hedayat A. Prognostic factors in
survival of colorectal cancer patients after surgery. Colorectal Dis. 2009
Feb;11(2):157-61.

179. CD. The classification of cancer of the rectum. Journal of Pathology.
1932;35:323-32.

180. Kirklin JW, Dockerty MB, Waugh JM. The role of the peritoneal reflection in the
prognosis of carcinoma of the rectum and sigmoid colon. Surg Gynecol Obstet. 1949
Mar;88(3):326-31.

181. Turnbull RB, Jr., Kyle K, Watson FR, Spratt ]. Cancer of the colon: the influence
of the no-touch isolation technic on survival rates. Ann Surg. 1967 Sep;166(3):420-7.
182. Dukes CE, Bussey H]J. The spread of rectal cancer and its effect on prognosis. Br
] Cancer. 1958 Sep;12(3):309-20.

183. Astler VB, Coller FA. The prognostic significance of direct extension of
carcinoma of the colon and rectum. Ann Surg. 1954 Jun;139(6):846-52.

184. Wood DA. The TNM system of classification for gastrointestinal cancer. Proc
Natl Cancer Conf. 1970;6:403-15.

185. UICC.ICD-0 153 Colon. TNM. Classification of Malignant Tumours, . Geneva.
1978 1978.

186. Beahrs OH. Pretreatment staging of cancer. Cancer. 1989 Jul 1;64(1
Suppl):275-8; discussion 82-4.

187. Sobin LH, Hermanek P, Hutter RV. TNM classification of malignant tumors. A
comparison between the new (1987) and the old editions. Cancer. 1988 Jun
1;61(11):2310-4.

188. Williams GT, Quirke P, Shepherd NA. Dataset for colorectal cancer (2nd
edition). Royal College of Pathologists; 2007 [updated September 2007; cited 2011

January 10th]; 2nd:[Available from: www.rcpath.org/resources/pdf/G049-

ColorectalDataset-Sep07.pdf.
189. Quirke P, Williams GT, Ectors N, Ensari A, Piard F, Nagtegaal I. The future of

the TNM staging system in colorectal cancer: time for a debate? Lancet Oncol. 2007
Jul;8(7):651-7.

190. Johnson PM, Porter GA, Ricciardi R, Baxter NN. Increasing negative lymph
node count is independently associated with improved long-term survival in stage

[1IB and IIIC colon cancer. J Clin Oncol. 2006 Aug 1;24(22):3570-5.

307



191. Baxter NN, Virnig D], Rothenberger DA, Morris AM, Jessurun J, Virnig BA.
Lymph node evaluation in colorectal cancer patients: a population-based study. ] Natl
Cancer Inst. 2005 Feb 2;97(3):219-25.

192. Chang GJ, Rodriguez-Bigas MA, Skibber JM, Moyer VA. Lymph node evaluation
and survival after curative resection of colon cancer: systematic review. ] Natl Cancer
Inst. 2007 Mar 21;99(6):433-41.

193. Cassidy J. SCOT - Short course oncology treatment - A study of adjuvant
chemotherapy in colorectal cancer by the CACTUS and OCTO groups.: Oncology
Clinical Trials Group; 2011 [updated Jan 2011; cited 2011 05/01/2011]; Trial
Protocol]. Available from: http: //www.octo-oxford.org.uk/alltrials/trials /SCOT.html.

194. Morris EJ, Maughan NJ, Forman D, Quirke P. Who to treat with adjuvant
therapy in Dukes B/stage II colorectal cancer? The need for high quality pathology.
Gut. 2007 Oct;56(10):1419-25.

195. Petersen V(C, Baxter K], Love SB, Shepherd NA. Identification of objective
pathological prognostic determinants and models of prognosis in Dukes' B colon
cancer. Gut. 2002 Jul;51(1):65-9.

196. Brown CF, Warren S. Visceral metastasis from rectal carcinoma. Surg Gynecol
Obstet. 1938;66:611-21.

197. TalbotIC, Ritchie S, Leighton MH, Hughes AO, Bussey HJ, Morson BC. The
clinical significance of invasion of veins by rectal cancer. Br ] Surg. 1980
Jun;67(6):439-42.

198. Krasna MJ, Flancbaum L, Cody RP, Shneibaum S, Ben Ari G. Vascular and neural
invasion in colorectal carcinoma. Incidence and prognostic significance. Cancer. 1988
Mar 1;61(5):1018-23.

199. Shirouzu K, Isomoto H, Kakegawa T, Morimatsu M. A prospective
clinicopathologic study of venous invasion in colorectal cancer. Am J Surg. 1991
Sep;162(3):216-22.

200. Horn A, Dahl O, Morild I. Venous and neural invasion as predictors of
recurrence in rectal adenocarcinoma. Dis Colon Rectum. 1991 Sep;34(9):798-804.
201. Ouchi K, Sugawara T, Ono H, Fujiya T, Kamiyama Y, Kakugawa Y, et al.
Histologic features and clinical significance of venous invasion in colorectal

carcinoma with hepatic metastasis. Cancer. 1996 Dec 1;78(11):2313-7.

308



202. BurnetK, Benson ], Earl H, Thornton H, Cox K, Purushotham AD. A survey of
breast cancer patients' views on entry into several clinical studies. Eur ] Cancer Care
(Engl). 2004 Mar;13(1):32-5.

203. Stewart C], Morris M, de Boer B, Iacopetta B. Identification of serosal invasion
and extramural venous invasion on review of Dukes' stage B colonic carcinomas and
correlation with survival. Histopathology. 2007 Sep;51(3):372-8.

204. Inoue T, Mori M, Shimono R, Kuwano H, Sugimachi K. Vascular invasion of
colorectal carcinoma readily visible with certain stains. Dis Colon Rectum. 1992
Jan;35(1):34-9.

205. Shepherd NA, Baxter K], Love SB. The prognostic importance of peritoneal
involvement in colonic cancer: a prospective evaluation. Gastroenterology. 1997
Apr;112(4):1096-102.

206. Shepherd NA, Baxter K], Love SB. Influence of local peritoneal involvement on
pelvic recurrence and prognosis in rectal cancer. ] Clin Pathol. 1995 Sep;48(9):849-
55.

207. Steinberg SM, Barwick KW, Stablein DM. Importance of tumor pathology and
morphology in patients with surgically resected colon cancer. Findings from the
Gastrointestinal Tumor Study Group. Cancer. 1986 Sep 15;58(6):1340-5.

208. Quirke P, Durdey P, Dixon MF, Williams NS. Local recurrence of rectal
adenocarcinoma due to inadequate surgical resection. Histopathological study of
lateral tumour spread and surgical excision. Lancet. 1986 Nov 1;2(8514):996-9.
209. Adam IJ, Mohamdee MO, Martin IG, Scott N, Finan PJ, Johnston D, et al. Role of
circumferential margin involvement in the local recurrence of rectal cancer. Lancet.
1994 Sep 10;344(8924):707-11.

210. McDermott FT, Hughes ES, Pihl EA, Milne BJ, Price AB. Influence of tumour
differentiation on survival after resection for rectal cancer in a series of 1296
patients. Aust N Z ] Surg. 1984 Feb;54(1):53-8.

211. Halvorsen TB, Seim E. Degree of differentiation in colorectal adenocarcinomas:
a multivariate analysis of the influence on survival. J Clin Pathol. 1988
May;41(5):532-7.

212. Bear HD, MaclIntyre ], Burns HJ, Jarrett F, Wilson RE. Colon and rectal
carcinoma in the west of Scotland. Symptoms, histologic characteristics, and outcome.

Am ] Surg. 1984 Apr;147(4):441-6.

309



213. Knudsen ]B, Nilsson T, Sprechler M, Johansen A, Christensen N. Venous and
nerve invasion as prognostic factors in postoperative survival of patients with
resectable cancer of the rectum. Dis Colon Rectum. 1983 Sep;26(9):613-7.

214. Ueno H, Hase K, Mochizuki H. Criteria for extramural perineural invasion as a
prognostic factor in rectal cancer. Br ] Surg. 2001 Jul;88(7):994-1000.

215. Berger AC, Sigurdson ER, LeVoyer T, Hanlon A, Mayer R], Macdonald JS, et al.
Colon cancer survival is associated with decreasing ratio of metastatic to examined
lymph nodes. ] Clin Oncol. 2005 Dec 1;23(34):8706-12.

216. De Ridder M, Vinh-Hung V, Van Nieuwenhove Y, Hoorens A, Sermeus A, Storme
G. Prognostic value of the lymph node ratio in node positive colon cancer. Gut. 2006
Nov;55(11):1681.

217. Lee HY, Choi HJ, Park K], Shin JS, Kwon HC, Roh MS, et al. Prognostic
significance of metastatic lymph node ratio in node-positive colon carcinoma. Ann
Surg Oncol. 2007 May;14(5):1712-7.

218. Rosenberg R, Friederichs |, Schuster T, Gertler R, Maak M, Becker K, et al.
Prognosis of patients with colorectal cancer is associated with lymph node ratio: a
single-center analysis of 3,026 patients over a 25-year time period. Ann Surg. 2008
Dec;248(6):968-78.

219. Peschaud F, Benoist S, Julie C, Beauchet A, Penna C, Rougier P, et al. The ratio
of metastatic to examined lymph nodes is a powerful independent prognostic factor
in rectal cancer. Ann Surg. 2008 Dec;248(6):1067-73.

220. Jass]R. Lymphocytic infiltration and survival in rectal cancer. ] Clin Pathol.
1986 Jun;39(6):585-9.

221. Jass]R, Atkin WS, Cuzick |, Bussey HJ, Morson BC, Northover JM, et al. The
grading of rectal cancer: historical perspectives and a multivariate analysis of 447
cases. Histopathology. 1986 May;10(5):437-59.

222. Jass]R, Love SB, Northover JM. A new prognostic classification of rectal cancer.
Lancet. 1987 Jun 6;1(8545):1303-6.

223. Gabbert H, Wagner R, Moll R, Gerharz CD. Tumor dedifferentiation: an
important step in tumor invasion. Clin Exp Metastasis. 1985 Oct-Dec;3(4):257-79.
224. Ueno H, Murphy J, Jass JR, Mochizuki H, Talbot IC. Tumour 'budding' as an
index to estimate the potential of aggressiveness in rectal cancer. Histopathology.

2002 Feb;40(2):127-32.

310



225. Jass]R. The pathological classification of colorectal cancer. Ann Acad Med
Singapore. 1987 Jul;16(3):469-73.

226. Dundas SA, Laing RW, O'Cathain A, Seddon I, Slater DN, Stephenson T], et al.
Feasibility of new prognostic classification for rectal cancer. ] Clin Pathol. 1988
Dec;41(12):1273-6.

227. Jass]R, Ajioka Y, Allen JP, Chan YF, Cohen R], Nixon JM, et al. Assessment of
invasive growth pattern and lymphocytic infiltration in colorectal cancer.
Histopathology. 1996 Jun;28(6):543-8.

228. Shepherd NA, Quirke P. Colorectal cancer reporting: are we failing the patient?
] Clin Pathol. 1997 Apr;50(4):266-7.

229. Graziano F, Cascinu S. Prognostic molecular markers for planning adjuvant
chemotherapy trials in Dukes' B colorectal cancer patients: how much evidence is
enough? Ann Oncol. 2003 Jul;14(7):1026-38.

230. Chen YT, Henk M]J, Carney K], Wong WD, Rothenberger DA, Zheng T, et al.
Prognostic significance of tumor markers in colorectal cancer patients: DNA index, S-
phase fraction, p53 expression, and Ki-67 index. ] Gastrointest Surg. 1997 May-
Jun;1(3):266-72; discussion 73.

231. PalmgqvistR, Sellberg P, Oberg A, Tavelin B, Rutegard ]N, Stenling R. Low
tumour cell proliferation at the invasive margin is associated with a poor prognosis in
Dukes' stage B colorectal cancers. Br ] Cancer. 1999 Feb;79(3-4):577-81.

232. Allegra CJ], Parr AL, Wold LE, Mahoney MR, Sargent DJ, Johnston P, et al.
Investigation of the prognostic and predictive value of thymidylate synthase, p53, and
Ki-67 in patients with locally advanced colon cancer. ] Clin Oncol. 2002 Apr
1;20(7):1735-43.

233. Buglioni S, D'Agnano I, Cosimelli M, Vasselli S, D'Angelo C, Tedesco M, et al.
Evaluation of multiple bio-pathological factors in colorectal adenocarcinomas:
independent prognostic role of p53 and bcl-2. Int ] Cancer. 1999 Dec 22;84(6):545-
52.

234. Bhatavdekar JM, Patel DD, Chikhlikar PR, Shah NG, Vora HH, Ghosh N, et al.
Molecular markers are predictors of recurrence and survival in patients with Dukes B
and Dukes C colorectal adenocarcinoma. Dis Colon Rectum. 2001 Apr;44(4):523-33.
235. Garrity MM, Burgart L], Mahoney MR, Windschitl HE, Salim M, Wiesenfeld M, et

al. Prognostic value of proliferation, apoptosis, defective DNA mismatch repair, and

311



p53 overexpression in patients with resected Dukes' B2 or C colon cancer: a North
Central Cancer Treatment Group Study. J Clin Oncol. 2004 May 1;22(9):1572-82.

236. Folkman ]J. Tumor angiogenesis and tissue factor. Nat Med. 1996 Feb;2(2):167-
8.

237. TakahashiY, Kitadai Y, Bucana CD, Cleary KR, Ellis LM. Expression of vascular
endothelial growth factor and its receptor, KDR, correlates with vascularity,
metastasis, and proliferation of human colon cancer. Cancer Res. 1995 Sep
15;55(18):3964-8.

238. Reinmuth N, Parikh AA, Ahmad SA, Liu W, Stoeltzing O, Fan F, et al. Biology of
angiogenesis in tumors of the gastrointestinal tract. Microsc Res Tech. 2003 Feb
1;60(2):199-207.

239. Dvorak HF, Brown LF, Detmar M, Dvorak AM. Vascular permeability
factor/vascular endothelial growth factor, microvascular hyperpermeability, and
angiogenesis. Am ] Pathol. 1995 May;146(5):1029-39.

240. DeVita F, Orditura M, Lieto E, Infusino S, Morgillo F, Martinelli E, et al.
Elevated perioperative serum vascular endothelial growth factor levels in patients
with colon carcinoma. Cancer. 2004 Jan 15;100(2):270-8.

241. Khorana AA, Ryan CK, Cox C, Eberly S, Sahasrabudhe DM. Vascular endothelial
growth factor, CD68, and epidermal growth factor receptor expression and survival in
patients with Stage II and Stage III colon carcinoma: a role for the host response in
prognosis. Cancer. 2003 Feb 15;97(4):960-8.

242. Chin KF, Greenman ], Gardiner E, Kumar H, Topping K, Monson J. Pre-operative
serum vascular endothelial growth factor can select patients for adjuvant treatment
after curative resection in colorectal cancer. Br ] Cancer. 2000 Dec;83(11):1425-31.
243. Los M, Roodhart JM, Voest EE. Target practice: lessons from phase III trials
with bevacizumab and vatalanib in the treatment of advanced colorectal cancer.
Oncologist. 2007 Apr;12(4):443-50.

244. Steele RJ, Thompson AM, Hall PA, Lane DP. The p53 tumour suppressor gene.
Br ] Surg. 1998 Nov;85(11):1460-7.

245. Mutch MG. Molecular profiling and risk stratification of adenocarcinoma of the
colon. ] Surg Oncol. 2007 Dec 15;96(8):693-703.

246. Bos]L.ras oncogenes in human cancer: a review. Cancer Res. 1989 Sep

1;49(17):4682-9.

312



247. Andreyev HJ], Norman AR, Cunningham D, Oates ], Dix BR, lacopetta BJ, et al.
Kirsten ras mutations in patients with colorectal cancer: the 'RASCAL II' study. Br ]
Cancer. 2001 Sep 1;85(5):692-6.

248. Andreyev HJ], Norman AR, Cunningham D, Oates JR, Clarke PA. Kirsten ras
mutations in patients with colorectal cancer: the multicenter "RASCAL" study. ] Natl
Cancer Inst. 1998 May 6;90(9):675-84.

249. Westra JL, Plukker JT, Buys CH, Hofstra RM. Genetic alterations in locally
advanced stage I1/III colon cancer: a search for prognostic markers. Clin Colorectal
Cancer. 2004 Nov;4(4):252-9.

250. Locker GY, Hamilton S, Harris ], Jessup JM, Kemeny N, Macdonald ]S, et al.
ASCO 2006 update of recommendations for the use of tumor markers in
gastrointestinal cancer. ] Clin Oncol. 2006 Nov 20;24(33):5313-27.

251. Fearon ER, Cho KR, Nigro JM, Kern SE, Simons JW, Ruppert JM, et al.
Identification of a chromosome 18q gene that is altered in colorectal cancers. Science.
1990 Jan 5;247(4938):49-56.

252. FontA, Abad A, Monzo M, Sanchez J], Guillot M, Manzano JL, et al. Prognostic
value of K-ras mutations and allelic imbalance on chromosome 18q in patients with
resected colorectal cancer. Dis Colon Rectum. 2001 Apr;44(4):549-57.

253. Martinez-Lopez E, Abad A, Font A, Monzo M, Ojanguren I, Pifarre A, et al. Allelic
loss on chromosome 18q as a prognostic marker in stage II colorectal cancer.
Gastroenterology. 1998 Jun;114(6):1180-7.

254. Shibata D, Reale MA, Lavin P, Silverman M, Fearon ER, Steele G, Jr., et al. The
DCC protein and prognosis in colorectal cancer. N Engl ] Med. 1996 Dec
5;335(23):1727-32.

255. Sarli L, Bottarelli L, Bader G, Iusco D, Pizzi S, Costi R, et al. Association between
recurrence of sporadic colorectal cancer, high level of microsatellite instability, and
loss of heterozygosity at chromosome 18q. Dis Colon Rectum. 2004 Sep;47(9):1467-
82.

256. Samowitz WS, Curtin K, Ma KN, Schaffer D, Coleman LW, Leppert M, et al.
Microsatellite instability in sporadic colon cancer is associated with an improved
prognosis at the population level. Cancer Epidemiol Biomarkers Prev. 2001

Sep;10(9):917-23.

313



257. Chen WS, Lazar CS, Poenie M, Tsien RY, Gill GN, Rosenfeld MG. Requirement
for intrinsic protein tyrosine kinase in the immediate and late actions of the EGF
receptor. Nature. 1987 Aug 27-Sep 2;328(6133):820-3.

258. Galizia G, Lieto E, Ferraraccio F, De Vita F, Castellano P, Orditura M, et al.
Prognostic significance of epidermal growth factor receptor expression in colon
cancer patients undergoing curative surgery. Ann Surg Oncol. 2006 Jun;13(6):823-35.
259. Gold P, Freedman SO. Specific carcinoembryonic antigens of the human
digestive system. ] Exp Med. 1965;22(3):467-81.

260. Harrison LE, Guillem ]G, Paty P, Cohen AM. Preoperative carcinoembryonic
antigen predicts outcomes in node-negative colon cancer patients: a multivariate
analysis of 572 patients. ] Am Coll Surg. 1997 Jul;185(1):55-9.

261. Wiratkapun S, Kraemer M, Seow-Choen F, Ho YH, Eu KW. High preoperative
serum carcinoembryonic antigen predicts metastatic recurrence in potentially
curative colonic cancer: results of a five-year study. Dis Colon Rectum. 2001
Feb;44(2):231-5.

262. ParkY], Youk EG, Choi HS, Han SU, Park K], Lee KU, et al. Experience of 1446
rectal cancer patients in Korea and analysis of prognostic factors. Int ] Colorectal Dis.
1999 Apr;14(2):101-6.

263. Chapman MA, Buckley D, Henson DB, Armitage NC. Preoperative
carcinoembryonic antigen is related to tumour stage and long-term survival in
colorectal cancer. Br ] Cancer. 1998 Nov;78(10):1346-9.

264. McCall JL, Black RB, Rich CA, Harvey JR, Baker RA, Watts M, et al. The value of
serum carcinoembryonic antigen in predicting recurrent disease following curative
resection of colorectal cancer. Dis Colon Rectum. 1994 Sep;37(9):875-81.

265. Bleeker WA, Mulder NH, Hermans J, Otter R, Plukker JT. Value and cost of
follow-up after adjuvant treatment of patients with Dukes' C colonic cancer. Br ] Surg.
2001 Jan;88(1):101-6.

266. Koprowski H, Herlyn M, Steplewski Z, Sears HF. Specific antigen in serum of
patients with colon carcinoma. Science. 1981 Apr 3;212(4490):53-5.

267. Robertson AG, Davidson BR. Mirizzi syndrome complicating an anomalous
biliary tract: a novel cause of a hugely elevated CA19-9. Eur ] Gastroenterol Hepatol.

2007 Feb;19(2):167-9.

314



268. Nozoe T, Rikimaru T, Mori E, Okuyama T, Takahashi I. Increase in both CEA
and CA19-9 in sera is an independent prognostic indicator in colorectal carcinoma. |
Surg Oncol. 2006 Aug 1;94(2):132-7.

269. Morita S, Nomura T, Fukushima Y, Morimoto T, Hiraoka N, Shibata N. Does
serum CA19-9 play a practical role in the management of patients with colorectal
cancer? Dis Colon Rectum. 2004 Feb;47(2):227-32.

270. Wang WS, Lin JK, Chiou T]J, Liu JH, Fan FS, Yen CC, et al. CA19-9 as the most
significant prognostic indicator of metastatic colorectal cancer.
Hepatogastroenterology. 2002 Jan-Feb;49(43):160-4.

271. Johnston PG, Lenz H]J, Leichman CG, Danenberg KD, Allegra CJ, Danenberg PV,
et al. Thymidylate synthase gene and protein expression correlate and are associated
with response to 5-fluorouracil in human colorectal and gastric tumors. Cancer Res.
1995 Apr 1;55(7):1407-12.

272. Takenoue T, Nagawa H, Matsuda K, Fujii S, Nita ME, Hatano K, et al. Relation
between thymidylate synthase expression and survival in colon carcinoma, and
determination of appropriate application of 5-fluorouracil by immunohistochemical
method. Ann Surg Oncol. 2000 Apr;7(3):193-8.

273. Edler D, Hallstrom M, Johnston PG, Magnusson I, Ragnhammar P, Blomgren H.
Thymidylate synthase expression: an independent prognostic factor for local
recurrence, distant metastasis, disease-free and overall survival in rectal cancer. Clin
Cancer Res. 2000 Apr;6(4):1378-84.

274. PopatS$, Chen Z, Zhao D, Pan H, Hearle N, Chandler |, et al. A prospective,
blinded analysis of thymidylate synthase and p53 expression as prognostic markers
in the adjuvant treatment of colorectal cancer. Ann Oncol. 2006 Dec;17(12):1810-7.
275. Surgery for colorectal cancer in elderly patients: a systematic review.
Colorectal Cancer Collaborative Group. Lancet. 2000 Sep 16;356(9234):968-74.
276. Canna K, McArdle PA, McMillan DC, McNicol AM, Smith GW, McKee RF, et al.
The relationship between tumour T-lymphocyte infiltration, the systemic
inflammatory response and survival in patients undergoing curative resection for
colorectal cancer. Br ] Cancer. 2005 Feb 28;92(4):651-4.

277. Klintrup K, Makinen JM, Kauppila S, Vare PO, Melkko ], Tuominen H, et al.
Inflammation and prognosis in colorectal cancer. Eur ] Cancer. 2005

Nov;41(17):2645-54.

315



278. Leitch EF, Chakrabarti M, Crozier JE, McKee RF, Anderson JH, Horgan PG, et al.
Comparison of the prognostic value of selected markers of the systemic inflammatory
response in patients with colorectal cancer. Br ] Cancer. 2007 Nov 5;97(9):1266-70.
279. Medzhitov R. Recognition of microorganisms and activation of the immune
response. Nature. 2007 Oct 18;449(7164):819-26.

280. Tomlinson S. Complement defense mechanisms. Curr Opin Immunol. 1993
Feb;5(1):83-9.

281. Melvold RW, Sticca RP. Basic and tumor immunology: a review. Surg Oncol Clin
N Am. 2007 Oct;16(4):711-35, vii.

282. PagesF, Berger A, Camus M, Sanchez-Cabo F, Costes A, Molidor R, et al.
Effector memory T cells, early metastasis, and survival in colorectal cancer. N Engl ]
Med. 2005 Dec 22;353(25):2654-66.

283. Burnet FM. The concept of immunological surveillance. Prog Exp Tumor Res.
1970;13:1-27.

284. Houghton AN. Cancer antigens: immune recognition of self and altered self. |
Exp Med. 1994 Jul 1;180(1):1-4.

285. Dunn GP, Bruce AT, Ikeda H, Old L], Schreiber RD. Cancer immunoediting: from
immunosurveillance to tumor escape. Nat Immunol. 2002 Nov;3(11):991-8.

286. Reiman JM, Kmieciak M, Manjili MH, Knutson KL. Tumor immunoediting and
immunosculpting pathways to cancer progression. Semin Cancer Biol. 2007
Aug;17(4):275-87.

287. Villunger A, Strasser A. The great escape: is immune evasion required for
tumor progression? Nat Med. 1999 Aug;5(8):874-5.

288. Morley J], Kushner I. Serum C-reactive protein levels in disease. Ann N'Y Acad
Sci. 1982;389:406-18.

289. Gabay C, Kushner I. Acute-phase proteins and other systemic responses to
inflammation. N Engl ] Med. 1999 Feb 11;340(6):448-54.

290. Heinrich PC, Castell JV, Andus T. Interleukin-6 and the acute phase response.
Biochem J. 1990 Feb 1;265(3):621-36.

291. Coussens LM, Werb Z. Inflammation and cancer. Nature. 2002 Dec 19-
26;420(6917):860-7.

292. Vakkila ], Lotze MT. Inflammation and necrosis promote tumour growth. Nat

Rev Immunol. 2004 Aug;4(8):641-8.

316



293. DeNardo DG, Johansson M, Coussens LM. Immune cells as mediators of solid
tumor metastasis. Cancer Metastasis Rev. 2008 Mar;27(1):11-8.

294. Dewys WD, Begg C, Lavin PT, Band PR, Bennett JM, Bertino JR, et al. Prognostic
effect of weight loss prior to chemotherapy in cancer patients. Eastern Cooperative
Oncology Group. Am ] Med. 1980 Oct;69(4):491-7.

295. Graf W, Bergstrom R, Pahlman L, Glimelius B. Appraisal of a model for
prediction of prognosis in advanced colorectal cancer. Eur ] Cancer.
1994;30A(4):453-7.

296. Maltoni M, Caraceni A, Brunelli C, Broeckaert B, Christakis N, Eychmueller S, et
al. Prognostic factors in advanced cancer patients: evidence-based clinical
recommendations--a study by the Steering Committee of the European Association
for Palliative Care. ] Clin Oncol. 2005 Sep 1;23(25):6240-8.

297. McMillan DC, Preston T, Watson WS, Simpson JM, Fearon KC, Shenkin A, et al.
Relationship between weight loss, reduction of body cell mass and inflammatory
response in patients with cancer. Br ] Surg. 1994 Jul;81(7):1011-4.

298. Falconer JS, Fearon KC, Ross JA, Elton R, Wigmore SJ], Garden 0], et al. Acute-
phase protein response and survival duration of patients with pancreatic cancer.
Cancer. 1995 Apr 15;75(8):2077-82.

299. McMillan DC, Scott HR, Watson WS, Preston T, Milroy R, McArdle CS.
Longitudinal study of body cell mass depletion and the inflammatory response in
cancer patients. Nutr Cancer. 1998;31(2):101-5.

300. O'Gorman P, McMillan DC, McArdle CS. Longitudinal study of weight, appetite,
performance status, and inflammation in advanced gastrointestinal cancer. Nutr
Cancer. 1999;35(2):127-9.

301. Barber MD, Ross JA, Fearon KC. Changes in nutritional, functional, and
inflammatory markers in advanced pancreatic cancer. Nutr Cancer. 1999;35(2):106-
10.

302. McMillan DC, Wigmore SJ, Fearon KC, O'Gorman P, Wright CE, McArdle CS. A
prospective randomized study of megestrol acetate and ibuprofen in gastrointestinal
cancer patients with weight loss. Br ] Cancer. 1999 Feb;79(3-4):495-500.

303. Morley JE, Thomas DR, Wilson MM. Cachexia: pathophysiology and clinical
relevance. Am | Clin Nutr. 2006 Apr;83(4):735-43.

317



304. Fearon KC, Voss AC, Hustead DS. Definition of cancer cachexia: effect of weight
loss, reduced food intake, and systemic inflammation on functional status and
prognosis. Am ] Clin Nutr. 2006 Jun;83(6):1345-50.

305. Lawrence T, Willoughby DA, Gilroy DW. Anti-inflammatory lipid mediators
and insights into the resolution of inflammation. Nat Rev Immunol. 2002
Oct;2(10):787-95.

306. Becker C, Fantini MC, Schramm C, Lehr HA, Wirtz S, Nikolaev A, et al. TGF-beta
suppresses tumor progression in colon cancer by inhibition of IL-6 trans-signaling.
Immunity. 2004 Oct;21(4):491-501.

307. Berg D], Davidson N, Kuhn R, Muller W, Menon S, Holland G, et al. Enterocolitis
and colon cancer in interleukin-10-deficient mice are associated with aberrant
cytokine production and CD4(+) TH1-like responses. ] Clin Invest. 1996 Aug
15;98(4):1010-20.

308. McMillan DC, Crozier JE, Canna K, Angerson W], McArdle CS. Evaluation of an
inflammation-based prognostic score (GPS) in patients undergoing resection for
colon and rectal cancer. Int ] Colorectal Dis. 2007 Aug;22(8):881-6.

309. Walsh SR, Cook EJ, Goulder F, Justin TA, Keeling NJ. Neutrophil-lymphocyte
ratio as a prognostic factor in colorectal cancer. ] Surg Oncol. 2005 Sep 1;91(3):181-4.
310. Smith RA, Bosonnet L, Raraty M, Sutton R, Neoptolemos JP, Campbell F, et al.
Preoperative platelet-lymphocyte ratio is an independent significant prognostic
marker in resected pancreatic ductal adenocarcinoma. Am ] Surg. 2009
Apr;197(4):466-72.

311. Hara M, Matsuzaki Y, Shimuzu T, Tomita M, Ayabe T, Enomoto Y, et al.
Preoperative serum C-reactive protein level in non-small cell lung cancer. Anticancer
Res. 2007 Jul-Aug;27(4C):3001-4.

312. Crumley AB, McMillan DC, McKernan M, Going J], Shearer C], Stuart RC. An
elevated C-reactive protein concentration, prior to surgery, predicts poor cancer-
specific survival in patients undergoing resection for gastro-oesophageal cancer. Br ]
Cancer. 2006 Jun 5;94(11):1568-71.

313. Jamieson NB, Glen P, McMillan DC, McKay CJ, Foulis AK, Carter R, et al.
Systemic inflammatory response predicts outcome in patients undergoing resection

for ductal adenocarcinoma head of pancreas. Br ] Cancer. 2005 Jan 17;92(1):21-3.

318



314. Hefler LA, Concin N, Hofstetter G, Marth C, Mustea A, Sehouli ], et al. Serum C-
reactive protein as independent prognostic variable in patients with ovarian cancer.
Clin Cancer Res. 2008 Feb 1;14(3):710-4.

315. Karakiewicz PI, Hutterer GC, Trinh QD, Jeldres C, Perrotte P, Gallina A, et al. C-
reactive protein is an informative predictor of renal cell carcinoma-specific mortality:
a European study of 313 patients. Cancer. 2007 Sep 15;110(6):1241-7.

316. Lis CG, Grutsch JF, Vashi PG, Lammersfeld CA. Is serum albumin an
independent predictor of survival in patients with breast cancer? JPEN ] Parenter
Enteral Nutr. 2003 Jan-Feb;27(1):10-5.

317. Gomez D, Farid S, Malik HZ, Young AL, Toogood GJ, Lodge JP, et al.
Preoperative neutrophil-to-lymphocyte ratio as a prognostic predictor after curative
resection for hepatocellular carcinoma. World ] Surg. 2008 Aug;32(8):1757-62.

318. Heys SD, Walker LG, Deehan DJ, Eremin OE. Serum albumin: a prognostic
indicator in patients with colorectal cancer. ] R Coll Surg Edinb. 1998 Jun;43(3):163-8.
319. Goransson ], Jonsson S, Lasson A. Pre-operative plasma levels of C-reactive
protein, albumin and various plasma protease inhibitors for the pre-operative
assessment of operability and recurrence in cancer surgery. Eur ] Surg Oncol. 1996
Dec;22(6):607-17.

320. CannaK, McMillan DC, McKee RF, McNicol AM, Horgan PG, McArdle CS.
Evaluation of a cumulative prognostic score based on the systemic inflammatory
response in patients undergoing potentially curative surgery for colorectal cancer. Br
] Cancer. 2004 May 4;90(9):1707-9.

321. Miki C, Konishi N, Ojima E, Hatada T, Inoue Y, Kusunoki M. C-reactive protein
as a prognostic variable that reflects uncontrolled up-regulation of the IL-1-IL-6
network system in colorectal carcinoma. Dig Dis Sci. 2004 Jun;49(6):970-6.

322. Kandemir EG, Mayadagli A, Karagoz B, Bilgi O, Turken O, Yaylaci M. Prognostic
significance of thrombocytosis in node-negative colon cancer. ] Int Med Res. 2005
Mar-Apr;33(2):228-35.

323. Nikiteas NI, Tzanakis N, Gazouli M, Rallis G, Daniilidis K, Theodoropoulos G, et
al. Serum IL-6, TNFalpha and CRP levels in Greek colorectal cancer patients:

prognostic implications. World ] Gastroenterol. 2005 Mar 21;11(11):1639-43.

319



324. Cengiz O, Kocer B, Surmeli S, Santicky M], Soran A. Are pretreatment serum
albumin and cholesterol levels prognostic tools in patients with colorectal carcinoma?
Med Sci Monit. 2006 Jun;12(6):CR240-7.

325. Ishizuka M, Nagata H, Takagi K, Horie T, Kubota K. Inflammation-based
prognostic score is a novel predictor of postoperative outcome in patients with
colorectal cancer. Ann Surg. 2007 Dec;246(6):1047-51.

326. Longo WE, Virgo KS, Johnson FE, Oprian CA, Vernava AM, Wade TP, et al. Risk
factors for morbidity and mortality after colectomy for colon cancer. Dis Colon
Rectum. 2000 Jan;43(1):83-91.

327. Longo WE, Virgo KS, Johnson FE, Wade TP, Vernava AM, Phelan MA, et al.
Outcome after proctectomy for rectal cancer in Department of Veterans Affairs
Hospitals: a report from the National Surgical Quality Improvement Program. Ann
Surg. 1998 Jul;228(1):64-70.

328. Nozoe T, Matsumata T, Kitamura M, Sugimachi K. Significance of preoperative
elevation of serum C-reactive protein as an indicator for prognosis in colorectal
cancer. Am ] Surg. 1998 Oct;176(4):335-8.

329. Nielsen HJ, Hansen U, Christensen IJ, Reimert CM, Brunner N, Moesgaard F.
Independent prognostic value of eosinophil and mast cell infiltration in colorectal
cancer tissue. ] Pathol. 1999 Dec;189(4):487-95.

330. Wigmore S], McMahon A], Sturgeon CM, Fearon KC. Acute-phase protein
response, survival and tumour recurrence in patients with colorectal cancer. Br ]
Surg. 2001 Feb;88(2):255-60.

331. McMillan DC, Canna K, McArdle CS. Systemic inflammatory response predicts
survival following curative resection of colorectal cancer. Br ] Surg. 2003
Feb;90(2):215-9.

332. de Mello ], Struthers L, Turner R, Cooper EH, Giles GR. Multivariate analyses as
aids to diagnosis and assessment of prognosis in gastrointestinal cancer. Br ] Cancer.
1983 Sep;48(3):341-8.

333. Weinstein PS, Skinner M, Sipe JD, Lokich J], Zamcheck N, Cohen AS. Acute-
phase proteins or tumour markers: the role of SAA, SAP, CRP and CEA as indicators of
metastasis in a broad spectrum of neoplastic diseases. Scand ] Immunol. 1984

Mar;19(3):193-8.

320



334. McMillan DC, Wotherspoon HA, Fearon KC, Sturgeon C, Cooke TG, McArdle CS.
A prospective study of tumor recurrence and the acute-phase response after
apparently curative colorectal cancer surgery. Am J Surg. 1995 Oct;170(4):319-22.
335. Nielsen HJ, Christensen IJ, Sorensen S, Moesgaard F, Brunner N. Preoperative
plasma plasminogen activator inhibitor type-1 and serum C-reactive protein levels in
patients with colorectal cancer. The RANXO05 Colorectal Cancer Study Group. Ann
Surg Oncol. 2000 Sep;7(8):617-23.

336. Forrest LM, McMillan DC, McArdle CS, Angerson W], Dunlop D]J. Evaluation of
cumulative prognostic scores based on the systemic inflammatory response in
patients with inoperable non-small-cell lung cancer. Br ] Cancer. 2003 Sep
15;89(6):1028-30.

337. Tartter PI. Pretreatment prognostic factors in colorectal cancer patients with
synchronous liver metastases. Eur ] Surg Oncol. 1987 Dec;13(6):485-91.

338. KishiY, Kopetz S, Chun YS, Palavecino M, Abdalla EK, Vauthey JN. Blood
neutrophil-to-lymphocyte ratio predicts survival in patients with colorectal liver
metastases treated with systemic chemotherapy. Ann Surg Oncol. 2009
Mar;16(3):614-22.

339. Wong VK, Malik HZ, Hamady ZZ, Al-Mukhtar A, Gomez D, Prasad KR, et al. C-
reactive protein as a predictor of prognosis following curative resection for colorectal
liver metastases. Br ] Cancer. 2007 Jan 29;96(2):222-5.

340. SasakiA, Kai S, Endo Y, Iwaki K, Uchida H, Tominaga M, et al. Prognostic value
of preoperative peripheral blood monocyte count in patients with colorectal liver
metastasis after liver resection. ] Gastrointest Surg. 2007 May;11(5):596-602.

341. Malik HZ, Prasad KR, Halazun K], Aldoori A, Al-Mukhtar A, Gomez D, et al.
Preoperative prognostic score for predicting survival after hepatic resection for
colorectal liver metastases. Ann Surg. 2007 Nov;246(5):806-14.

342. Halazun K], Aldoori A, Malik HZ, Al-Mukhtar A, Prasad KR, Toogood G], et al.
Elevated preoperative neutrophil to lymphocyte ratio predicts survival following
hepatic resection for colorectal liver metastases. Eur ] Surg Oncol. 2008 Jan;34(1):55-
60.

343. Thompson CB. Apoptosis in the pathogenesis and treatment of disease.

Science. 1995 Mar 10;267(5203):1456-62.

321



344. Nozoe T, Matsumata T, Sugimachi K. Preoperative elevation of serum C-
reactive protein is related to impaired immunity in patients with colorectal cancer.
Am ] Clin Oncol. 2000 Jun;23(3):263-6.

345. Du Clos TW, Mold C. C-reactive protein: an activator of innate immunity and a
modulator of adaptive immunity. Immunol Res. 2004;30(3):261-77.

346. Condeelis ], Pollard JW. Macrophages: obligate partners for tumor cell
migration, invasion, and metastasis. Cell. 2006 Jan 27;124(2):263-6.

347. Abramovitch R, Marikovsky M, Meir G, Neeman M. Stimulation of tumour
growth by wound-derived growth factors. Br ] Cancer. 1999 Mar;79(9-10):1392-8.
348. Tuckermann JP, Kleiman A, McPherson KG, Reichardt HM. Molecular
mechanisms of glucocorticoids in the control of inflammation and lymphocyte
apoptosis. Crit Rev Clin Lab Sci. 2005;42(1):71-104.

349. Peltomaki P. The genetics of hereditary non-polyposis colorectal cancer and
non-polypotic colon cancer. Adv Exp Med Biol. 1999;470:95-8.

350. Boland CR, Sato ], Saito K, Carethers JM, Marra G, Laghi L, et al. Genetic
instability and chromosomal aberrations in colorectal cancer: a review of the current
models. Cancer Detect Prev. 1998;22(5):377-82.

351. Michael-Robinson JM, Biemer-Huttmann A, Purdie DM, Walsh MD, Simms LA,
Biden KG, et al. Tumour infiltrating lymphocytes and apoptosis are independent
features in colorectal cancer stratified according to microsatellite instability status.
Gut. 2001 Mar;48(3):360-6.

352. Guidoboni M, Gafa R, Viel A, Doglioni C, Russo A, Santini A, et al. Microsatellite
instability and high content of activated cytotoxic lymphocytes identify colon cancer
patients with a favorable prognosis. Am ] Pathol. 2001 Jul;159(1):297-304.

353. BakerK, Zlobec I, Tornillo L, Terracciano L, Jass JR, Lugli A. Differential
significance of tumour infiltrating lymphocytes in sporadic mismatch repair deficient
versus proficient colorectal cancers: a potential role for dysregulation of the
transforming growth factor-beta pathway. Eur ] Cancer. 2007 Feb;43(3):624-31.
354. Spratt ]S SH. Prevalence and prognosis of individual clinical and pathologic
variables associated with colorectal carcinoma. Cancer. 1967;20:1976-85.

355. Murray D, Hreno A, Dutton ], Hampson LG. Prognosis in colon cancer: a

pathologic reassessment. Arch Surg. 1975 Aug;110(8):908-13.

322



356. Zamcheck N, Doos WG, Prudente R, Lurie BB, Gottlieb LS. Prognostic factors in
colon carcinoma: correlation of serum carcinoembryonic antigen level and tumor
histopathology. Hum Pathol. 1975 Jan;6(1):31-45.

357. Watt AG, House AK. Colonic carcinoma: a quantitative assessment of
lymphocyte infiltration at the periphery of colonic tumors related to prognosis.
Cancer. 1978 Jan;41(1):279-82.

358. House AK, Watt AG. Survival and the immune response in patients with
carcinoma of the colorectum. Gut. 1979 Oct;20(10):868-74.

359. Thynne GS, Weiland LH, Moertel CG, Silvers A. Correlation of histopathologic
characteristics of primary tumor and uninvolved regional lymph nodes in Dukes'
class C colonic carcinoma with prognosis. Mayo Clin Proc. 1980 Apr;55(4):243-5.
360. de Mascarel A, Coindre JM, de Mascarel I, Trojani M, Maree D, Hoerni B. The
prognostic significance of specific histologic features of carcinoma of the colon and
rectum. Surg Gynecol Obstet. 1981 Oct;153(4):511-4.

361. Zhou XG, Yu BM, Shen YX. Surgical treatment and late results in 1226 cases of
colorectal cancer. Dis Colon Rectum. 1983 Apr;26(4):250-6.

362. SvennevigJL, Lunde OC, Holter |, Bjorgsvik D. Lymphoid infiltration and
prognosis in colorectal carcinoma. Br ] Cancer. 1984 Mar;49(3):375-7.

363. Carlon CA, Fabris G, Arslan-Pagnini C, Pluchinotta AM, Chinelli E, Carniato S.
Prognostic correlations of operable carcinoma of the rectum. Dis Colon Rectum. 1985
Jan;28(1):47-50.

364. Halvorsen TB, Seim E. Tumour site: a prognostic factor in colorectal cancer? A
multivariate analysis. Scand ] Gastroenterol. 1987 Jan;22(1):124-8.

365. AdachiY, Mori M, Kuroiwa S, Sugimachi K, Enjoji M. Histopathologic evaluation
of survival time in patients with colorectal carcinoma. ] Surg Oncol. 1989
Dec;42(4):219-24.

366. Graham DM, Appelman HD. Crohn's-like lymphoid reaction and colorectal
carcinoma: a potential histologic prognosticator. Mod Pathol. 1990 May;3(3):332-5.
367. DiGiorgio A, Botti C, Tocchi A, Mingazzini P, Flammia M. The influence of
tumor lymphocytic infiltration on long term survival of surgically treated colorectal
cancer patients. Int Surg. 1992 Oct-Dec;77(4):256-60.

368. KubotaY, Sunouchi K, Ono M, Sawada T, Muto T. Local immunity and

metastasis of colorectal carcinoma. Dis Colon Rectum. 1992 Jul;35(7):645-50.

323



369. Harrison JC, Dean P]J, el-Zeky F, Vander Zwaag R. From Dukes through Jass:
pathological prognostic indicators in rectal cancer. Hum Pathol. 1994 May;25(5):498-
505.

370. Coca§, Perez-Piqueras ], Martinez D, Colmenarejo A, Saez MA, Vallejo C, et al.
The prognostic significance of intratumoral natural killer cells in patients with
colorectal carcinoma. Cancer. 1997 Jun 15;79(12):2320-8.

371. Cianchi F, Messerini L, Palomba A, Boddi V, Perigli G, Pucciani F, et al.
Character of the invasive margin in colorectal cancer: does it improve prognostic
information of Dukes staging? Dis Colon Rectum. 1997 Oct;40(10):1170-5; discussion
5-6.

372. Adams W], Morris DL. Pilot study--cimetidine enhances lymphocyte
infiltration of human colorectal carcinoma: results of a small randomized control trial.
Cancer. 1997 Jul 1;80(1):15-21.

373. Ropponen KM, Eskelinen M], Lipponen PK, Alhava E, Kosma VM. Prognostic
value of tumour-infiltrating lymphocytes (TILs) in colorectal cancer. ] Pathol. 1997
Jul;182(3):318-24.

374. Diez M, Pollan M, Enriquez JM, Dominguez P, Santana A, Tobaruela E, et al.
Histopathologic prognostic score in colorectal adenocarcinomas. Anticancer Res.
1998 Jan-Feb;18(1B):689-94.

375. Kelly MD, King ], Cherian M, Dwerryhouse S]J, Finlay IG, Adams W], et al.
Randomized trial of preoperative cimetidine in patients with colorectal carcinoma
with quantitative assessment of tumor-associated lymphocytes. Cancer. 1999 Apr
15;85(8):1658-63.

376. Murphy ], O'Sullivan GC, Lee G, Madden M, Shanahan F, Collins JK, et al. The
inflammatory response within Dukes' B colorectal cancers: implications for
progression of micrometastases and patient survival. Am ] Gastroenterol. 2000
Dec;95(12):3607-14.

377. Nagtegaal ID, Marijnen CA, Kranenbarg EK, Mulder-Stapel A, Hermans ], van de
Velde (], et al. Local and distant recurrences in rectal cancer patients are predicted by
the nonspecific immune response; specific immune response has only a systemic
effect--a histopathological and immunohistochemical study. BMC Cancer. 2001;1:7.
378. Cianchi F, Palomba A, Messerini L, Boddi V, Asirelli G, Perigli G, et al. Tumor

angiogenesis in lymph node-negative rectal cancer: correlation with

324



clinicopathological parameters and prognosis. Ann Surg Oncol. 2002 Jan-Feb;9(1):20-
6.

379. Chiba T, Ohtani H, Mizoi T, Naito Y, Sato E, Nagura H, et al. Intraepithelial CD8+
T-cell-count becomes a prognostic factor after a longer follow-up period in human
colorectal carcinoma: possible association with suppression of micrometastasis. Br ]
Cancer. 2004 Nov 1;91(9):1711-7.

380. Buckowitz A, Knaebel HP, Benner A, Blaker H, Gebert ], Kienle P, et al.
Microsatellite instability in colorectal cancer is associated with local lymphocyte
infiltration and low frequency of distant metastases. Br ] Cancer. 2005 May
9;92(9):1746-53.

381. GaoJF, Arbman G, Wadhra TI, Zhang H, Sun XF. Relationships of tumor
inflammatory infiltration and necrosis with microsatellite instability in colorectal
cancers. World ] Gastroenterol. 2005 Apr 14;11(14):2179-83.

382. Szynglarewicz B, Matkowski R, Suder E, Sydor D, Forgacz ], Pudelko M, et al.
Predictive value of lymphocytic infiltration and character of invasive margin
following total mesorectal excision with sphincter preservation for the high-risk
carcinoma of the rectum. Adv Med Sci. 2007;52:159-63.

383. Forssell ], Oberg A, Henriksson ML, Stenling R, Jung A, Palmqvist R. High
macrophage infiltration along the tumor front correlates with improved survival in
colon cancer. Clin Cancer Res. 2007 Mar 1;13(5):1472-9.

384. McCarty W. Principles of prognosis in cancer. . JAMA. 1931;96:30-3.

385. Alexander ], Watanabe T, Wu TT, Rashid A, Li S, Hamilton SR. Histopathological
identification of colon cancer with microsatellite instability. Am ] Pathol. 2001
Feb;158(2):527-35.

386. Greenson JK, Bonner ]D, Ben-Yzhak O, Cohen HI, Miselevich I, Resnick MB, et al.
Phenotype of microsatellite unstable colorectal carcinomas: Well-differentiated and
focally mucinous tumors and the absence of dirty necrosis correlate with
microsatellite instability. Am ] Surg Pathol. 2003 May;27(5):563-70.

387. Morris M, Platell C, Iacopetta B. Tumor-infiltrating lymphocytes and
perforation in colon cancer predict positive response to 5-fluorouracil chemotherapy.
Clin Cancer Res. 2008 Mar 1;14(5):1413-7.

388. Takemoto N, Konishi F, Yamashita K, Kojima M, Furukawa T, Miyakura Y, et al.

The correlation of microsatellite instability and tumor-infiltrating lymphocytes in

325



hereditary non-polyposis colorectal cancer (HNPCC) and sporadic colorectal cancers:
the significance of different types of lymphocyte infiltration. Jpn ] Clin Oncol. 2004
Feb;34(2):90-8.

389. Baeten CI, Castermans K, Hillen HF, Griffioen AW. Proliferating endothelial
cells and leukocyte infiltration as prognostic markers in colorectal cancer. Clin
Gastroenterol Hepatol. 2006 Nov;4(11):1351-7.

390. Lackner C, Jukic Z, Tsybrovskyy O, Jatzko G, Wette V, Hoefler G, et al.
Prognostic relevance of tumour-associated macrophages and von Willebrand factor-
positive microvessels in colorectal cancer. Virchows Arch. 2004 Aug;445(2):160-7.
391. Galon], Costes A, Sanchez-Cabo F, Kirilovsky A, Mlecnik B, Lagorce-Pages C, et
al. Type, density, and location of immune cells within human colorectal tumors
predict clinical outcome. Science. 2006 Sep 29;313(5795):1960-4.

392. Ali AA, McMillan DC, Matalka, II, McNicol AM, McArdle CS. Tumour T-
lymphocyte subset infiltration and tumour recurrence following curative resection
for colorectal cancer. Eur ] Surg Oncol. 2004 Apr;30(3):292-5.

393. Menon AG, Janssen-van Rhijn CM, Morreau H, Putter H, Tollenaar RA, van de
Velde (], et al. Immune system and prognosis in colorectal cancer: a detailed
immunohistochemical analysis. Lab Invest. 2004 Apr;84(4):493-501.

394. Diederichsen AC, Hjelmborg ]JB, Christensen PB, Zeuthen ], Fenger C.
Prognostic value of the CD4+/CD8+ ratio of tumour infiltrating lymphocytes in
colorectal cancer and HLA-DR expression on tumour cells. Cancer Immunol
Immunother. 2003 Jul;52(7):423-8.

395. Loddenkemper C, Schernus M, Noutsias M, Stein H, Thiel E, Nagorsen D. In situ
analysis of FOXP3+ regulatory T cells in human colorectal cancer. ] Transl Med.
2006;4:52.

396. ObergA, Samii S, Stenling R, Lindmark G. Different occurrence of CD8+,
CD45R0+, and CD68+ immune cells in regional lymph node metastases from
colorectal cancer as potential prognostic predictors. Int ] Colorectal Dis. 2002
Jan;17(1):25-9.

397. Naito Y, Saito K, Shiiba K, Ohuchi A, Saigenji K, Nagura H, et al. CD8+ T cells
infiltrated within cancer cell nests as a prognostic factor in human colorectal cancer.

Cancer Res. 1998 Aug 15;58(16):3491-4.

326



398. Funada, Noguchi T, Kikuchi R, Takeno S, Uchida Y, Gabbert HE. Prognostic
significance of CD8+ T cell and macrophage peritumoral infiltration in colorectal
cancer. Oncol Rep. 2003 Mar-Apr;10(2):309-13.

399. Prall F, Duhrkop T, Weirich V, Ostwald C, Lenz P, Nizze H, et al. Prognostic role
of CD8+ tumor-infiltrating lymphocytes in stage III colorectal cancer with and
without microsatellite instability. Hum Pathol. 2004 Jul;35(7):808-16.

400. Oshikiri T, Miyamoto M, Morita T, Fujita M, Miyasaka Y, Senmaru N, et al.
Tumor-associated antigen recognized by the 22-1-1 monoclonal antibody encourages
colorectal cancer progression under the scanty CD8+ T cells. Clin Cancer Res. 2006
Jan 15;12(2):411-6.

401. Tachibana T, Onodera H, Tsuruyama T, Mori A, Nagayama S, Hiai H, et al.
Increased intratumor Valpha24-positive natural Kkiller T cells: a prognostic factor for
primary colorectal carcinomas. Clin Cancer Res. 2005 Oct 15;11(20):7322-7.

402. Nakayama Y, Nagashima N, Minagawa N, Inoue Y, Katsuki T, Onitsuka K, et al.
Relationships between tumor-associated macrophages and clinicopathological factors
in patients with colorectal cancer. Anticancer Res. 2002 Nov-Dec;22(6C):4291-6.
403. InoueY, Nakayama Y, Minagawa N, Katsuki T, Nagashima N, Matsumoto K, et
al. Relationship between interleukin-12-expressing cells and antigen-presenting cells
in patients with colorectal cancer. Anticancer Res. 2005 Sep-Oct;25(5):3541-6.

404. Tan SY, FanY, Luo HS, Shen ZX, Guo Y, Zhao L]. Prognostic significance of cell
infiltrations of immunosurveillance in colorectal cancer. World ] Gastroenterol. 2005
Feb 28;11(8):1210-4.

405. Nagorsen D, Voigt S, Berg E, Stein H, Thiel E, Loddenkemper C. Tumor-
infiltrating macrophages and dendritic cells in human colorectal cancer: relation to
local regulatory T cells, systemic T-cell response against tumor-associated antigens
and survival. ] Transl Med. 2007;5:62.

406. Pretlow TP, Keith EF, Cryar AK, Bartolucci AA, Pitts AM, Pretlow TG, 2nd, et al.
Eosinophil infiltration of human colonic carcinomas as a prognostic indicator. Cancer
Res. 1983 Jun;43(6):2997-3000.

407. Fisher ER, Paik SM, Rockette H, Jones J, Caplan R, Fisher B. Prognostic
significance of eosinophils and mast cells in rectal cancer: findings from the National
Surgical Adjuvant Breast and Bowel Project (protocol R-01). Hum Pathol. 1989
Feb;20(2):159-63.

327



408. Acikalin MF, Oner U, Topcu |, Yasar B, Kiper H, Colak E. Tumour angiogenesis
and mast cell density in the prognostic assessment of colorectal carcinomas. Dig Liver
Dis. 2005 Mar;37(3):162-9.

409. Ambe K, Mori M, Enjoji M. S-100 protein-positive dendritic cells in colorectal
adenocarcinomas. Distribution and relation to the clinical prognosis. Cancer. 1989
Feb 1;63(3):496-503.

410. NakayamaY, Inoue Y, Minagawa N, Katsuki T, Nagashima N, Onitsuka K, et al.
Relationships between S-100 protein-positive cells and clinicopathological factors in
patients with colorectal cancer. Anticancer Res. 2003 Nov-Dec;23(6a):4423-6.

411. Dadabayev AR, Sandel MH, Menon AG, Morreau H, Melief CJ, Offringa R, et al.
Dendritic cells in colorectal cancer correlate with other tumor-infiltrating immune
cells. Cancer Immunol Immunother. 2004 Nov;53(11):978-86.

412. Sandel MH, Dadabayev AR, Menon AG, Morreau H, Melief CJ, Offringa R, et al.
Prognostic value of tumor-infiltrating dendritic cells in colorectal cancer: role of
maturation status and intratumoral localization. Clin Cancer Res. 2005 Apr
1;11(7):2576-82.

413. Fernandez-Acenero MJ, Galindo-Gallego M, Sanz ], Aljama A. Prognostic
influence of tumor-associated eosinophilic infiltrate in colorectal carcinoma. Cancer.
2000 Apr 1;88(7):1544-8.

414. Verdecchia A, Francisci S, Brenner H, Gatta G, Micheli A, Mangone L, et al.
Recent cancer survival in Europe: a 2000-02 period analysis of EUROCARE-4 data.
Lancet Oncol. 2007 Sep;8(9):784-96.

415. Vass DG, Ainsworth R, Anderson JH, Murray D, Foulis AK. The value of an
elastic tissue stain in detecting venous invasion in colorectal cancer. ] Clin Pathol.
2004 Jul;57(7):769-72.

416. Minsky BD, Mies C, Recht A, Rich TA, Chaffey JT. Resectable adenocarcinoma of
the rectosigmoid and rectum. II. The influence of blood vessel invasion. Cancer. 1988
Apr 1;61(7):1417-24.

417. Minsky BD, Mies C, Rich TA, Recht A, Chaffey JT. Potentially curative surgery of
colon cancer: the influence of blood vessel invasion. ] Clin Oncol. 1988 Jan;6(1):119-

27.

328



418. Washington MK, Berlin ], Branton PA, Burgart L], Carter DK, Fitzgibbons PL, et
al. Protocol for the examination of specimens from patients with primary carcinomas
of the colon and rectum. Arch Pathol Lab Med. 2008 Jul;132(7):1182-93.

419. Moertel CG, Fleming TR, Macdonald JS, Haller DG, Laurie JA, Goodman PJ, et al.
Levamisole and fluorouracil for adjuvant therapy of resected colon carcinoma. N Engl
] Med. 1990 Feb 8;322(6):352-8.

420. Compton CC, Fielding LP, Burgart L], Conley B, Cooper HS, Hamilton SR, et al.
Prognostic factors in colorectal cancer. College of American Pathologists Consensus
Statement 1999. Arch Pathol Lab Med. 2000 Jul;124(7):979-94.

421. Wolpin BM, Mayer R]. Systemic treatment of colorectal cancer.
Gastroenterology. 2008 May;134(5):1296-310.

422. McMillan DC. Systemic inflammation, nutritional status and survival in
patients with cancer. Curr Opin Clin Nutr Metab Care. 2009 May;12(3):223-6.

423. Michael M, Goldstein D, Clarke SJ, Milner AD, Beale P, Friedlander M, et al.
Prognostic factors predictive of response and survival to a modified FOLFOX regimen:
importance of an increased neutrophil count. Clin Colorectal Cancer. 2006
Nov;6(4):297-304.

424. Kim US, Papatestas AE, Aufses AH, Jr. Prognostic significance of peripheral
lymphocyte counts and carcinoembryonic antigens in colorectal carcinoma. | Surg
Oncol. 1976;8(3):257-62.

425. Thynne GS, Moertel CG, Silvers A. Preoperative lymphocyte counts in
peripheral blood in patients with colorectal neoplasms: a correlation with tumor
type, Dukes' classification, site of primary tumor, and five-year survival rate in 1,000
patients. Dis Colon Rectum. 1979 May-Jun;22(4):221-2.

426. Monreal M, Fernandez-Llamazares ], Pinol M, Julian JF, Broggi M, Escola D, et
al. Platelet count and survival in patients with colorectal cancer--a preliminary study.
Thromb Haemost. 1998 May;79(5):916-8.

427. Brown DJ, Milroy R, Preston T, McMillan DC. The relationship between an
inflammation-based prognostic score (Glasgow Prognostic Score) and changes in
serum biochemical variables in patients with advanced lung and gastrointestinal

cancer. ] Clin Pathol. 2007 Jun;60(6):705-8.

329



428. Cooper EH, Turner R, Steele L, Neville AM, Mackay AM. The contribution of
serum enzymes and carcinoembryonic antigen to the early diagnosis of metastatic
colorectal cancer. Br ] Cancer. 1975 Jan;31(1):111-7.

429. Petrelli NJ, Bonnheim DC, Herrera LO, Mittelman A. A proposed classification
system for liver metastasis from colorectal carcinoma. Dis Colon Rectum. 1984
Apr;27(4):249-52.

430. Wanebo HJ, Llaneras M, Martin T, Kaiser D. Prospective monitoring trial for
carcinoma of colon and rectum after surgical resection. Surg Gynecol Obstet. 1989
Dec;169(6):479-87.

431. Taylor I, Mullee MA, Campbell MJ. Prognostic index for the development of
liver metastases in patients with colorectal cancer. Br ] Surg. 1990 May;77(5):499-
501.

432. Lindmark G, Gerdin B, Pahlman L, Bergstrom R, Glimelius B. Prognostic
predictors in colorectal cancer. Dis Colon Rectum. 1994 Dec;37(12):1219-27.

433. VibertE, Bretagnol F, Alves A, Pocard M, Valleur P, Panis Y. Multivariate
analysis of predictive factors for early postoperative death after colorectal surgery in
patients with colorectal cancer and synchronous unresectable liver metastases. Dis
Colon Rectum. 2007 Nov;50(11):1776-82.

434. Wang ], Hassett JM, Dayton MT, Kulaylat MN. Lymph node ratio: role in the
staging of node-positive colon cancer. Ann Surg Oncol. 2008 Jun;15(6):1600-8.

435. Vigano A, Bruera E, Jhangri GS, Newman SC, Fields AL, Suarez-Almazor ME.
Clinical survival predictors in patients with advanced cancer. Arch Intern Med. 2000
Mar 27;160(6):861-8.

436. Hauser CA, Stockler MR, Tattersall MH. Prognostic factors in patients with
recently diagnosed incurable cancer: a systematic review. Support Care Cancer. 2006
Oct;14(10):999-1011.

437. Ramsey S, Lamb GW, Aitchison M, Graham ], McMillan DC. Evaluation of an
inflammation-based prognostic score in patients with metastatic renal cancer. Cancer.
2007 Jan 15;109(2):205-12.

438. Kacevska M, Robertson GR, Clarke SJ, Liddle C. Inflammation and CYP3A4-
mediated drug metabolism in advanced cancer: impact and implications for
chemotherapeutic drug dosing. Expert Opin Drug Metab Toxicol. 2008 Feb;4(2):137-
49,

330



439. Sharma R, Zucknick M, London R, Kacevska M, Liddle C, Clarke SJ. Systemic
inflammatory response predicts prognosis in patients with advanced-stage colorectal
cancer. Clin Colorectal Cancer. 2008 Sep;7(5):331-7.

440. Gasser M, Gerstlauer C, Grimm M, Bueter M, Lebedeva T, Lutz ], et al.
Comparative analysis of predictive biomarkers for therapeutical strategies in
colorectal cancer. Ann Surg Oncol. 2007 Apr;14(4):1272-84.

441. Kobayashi T, Teruya M, Kishiki T, Endo D, Takenaka Y, Tanaka H, et al.
Inflammation-based prognostic score, prior to neoadjuvant chemoradiotherapy,
predicts postoperative outcome in patients with esophageal squamous cell
carcinoma. Surgery. 2008 Nov;144(5):729-35.

442. MortD, Lansdown M, Smith ND, Protopapa K, Mason M. For better, for worse?
A review of the care of patients who died within 30 days of receiving systemic anti-
cancer therapy. 2008 [updated 2008; cited 2009 5th February]; Report]. Available
from: http: //www.ncepod.org.uk/2008report3/Downloads/SACT report.pdf.

443. Canna K, Hilmy M, McMillan DC, Smith GW, McKee RF, McArdle CS, et al. The

relationship between tumour proliferative activity, the systemic inflammatory
response and survival in patients undergoing curative resection for colorectal cancer.
Colorectal Dis. 2008 Sep;10(7):663-7.

444, Ogino S, Nosho K, Irahara N, Shima K, Baba Y, Kirkner GJ, et al. Negative lymph
node count is associated with survival of colorectal cancer patients, independent of
tumoral molecular alterations and lymphocytic reaction. Am ] Gastroenterol. 2010
Feb;105(2):420-33.

445. HashiguchiY, Hase K, Ueno H, Mochizuki H, Kajiwara Y, Ichikura T, et al.
Prognostic significance of the number of lymph nodes examined in colon cancer
surgery: clinical application beyond simple measurement. Ann Surg. 2010
May;251(5):872-81.

446. Moug S], Saldanha JD, McGregor JR, Balsitis M, Diament RH. Positive lymph
node retrieval ratio optimises patient staging in colorectal cancer. Br ] Cancer. 2009
May 19;100(10):1530-3.

447. Prandi M, Lionetto R, Bini A, Francioni G, Accarpio G, Anfossi A, et al.
Prognostic evaluation of stage B colon cancer patients is improved by an adequate
lymphadenectomy: results of a secondary analysis of a large scale adjuvant trial. Ann

Surg. 2002 Apr;235(4):458-63.

331



448. Sarli L, Bader G, Iusco D, Salvemini C, Mauro DD, Mazzeo A, et al. Number of
lymph nodes examined and prognosis of TNM stage II colorectal cancer. Eur ] Cancer.
2005 Jan;41(2):272-9.

449. Morris EJ, Maughan NJ, Forman D, Quirke P. Identifying stage III colorectal
cancer patients: the influence of the patient, surgeon, and pathologist. ] Clin Oncol.
2007 Jun 20;25(18):2573-9.

450. McMillan DC. An inflammation-based prognostic score and its role in the
nutrition-based management of patients with cancer. Proc Nutr Soc. 2008
Aug;67(3):257-62.

451. Koike Y, Miki C, Okugawa Y, Yokoe T, Toiyama Y, Tanaka K, et al. Preoperative
C-reactive protein as a prognostic and therapeutic marker for colorectal cancer. ] Surg
Oncol. 2008 Dec 1;98(7):540-4.

452. Ross R. Atherosclerosis is an inflammatory disease. Am Heart ]. 1999
Nov;138(5 Pt 2):S419-20.

453. Frohlich M, Sund M, Lowel H, Imhof A, Hoffmeister A, Koenig W. Independent
association of various smoking characteristics with markers of systemic inflammation
in men. Results from a representative sample of the general population (MONICA
Augsburg Survey 1994/95). Eur Heart ]. 2003 Jul;24(14):1365-72.

454. Janssen-Heijnen ML, Houterman S, Lemmens VE, Louwman MW, Maas HA,
Coebergh JW. Prognostic impact of increasing age and co-morbidity in cancer
patients: a population-based approach. Crit Rev Oncol Hematol. 2005 Sep;55(3):231-
40.

455. Iversen LH, Norgaard M, Jacobsen ], Laurberg S, Sorensen HT. The impact of
comorbidity on survival of Danish colorectal cancer patients from 1995 to 2006--a
population-based cohort study. Dis Colon Rectum. 2009 Jan;52(1):71-8.

456. Hines RB, Chatla C, Bumpers HL, Waterbor JW, McGwin G, Jr., Funkhouser E, et
al. Predictive capacity of three comorbidity indices in estimating mortality after
surgery for colon cancer. ] Clin Oncol. 2009 Sep 10;27(26):4339-45.

457. Moyes LH, Leitch EF, McKee RF, Anderson JH, Horgan PG, McMillan DC.
Preoperative systemic inflammation predicts postoperative infectious complications
in patients undergoing curative resection for colorectal cancer. Br ] Cancer. 2009 Apr

21;100(8):1236-9.

332



458. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. ] Chronic
Dis. 1987;40(5):373-83.

459. Havlik R], Yancik R, Long S, Ries L, Edwards B. The National Institute on Aging
and the National Cancer Institute SEER collaborative study on comorbidity and early
diagnosis of cancer in the elderly. Cancer. 1994 Oct 1;74(7 Suppl):2101-6.

460. Janssen-Heijnen ML, Maas HA, Houterman S, Lemmens VE, Rutten HJ,
Coebergh JW. Comorbidity in older surgical cancer patients: influence on patient care
and outcome. Eur ] Cancer. 2007 Oct;43(15):2179-93.

461. Piccirillo JF, Tierney RM, Costas I, Grove L, Spitznagel EL, Jr. Prognostic
importance of comorbidity in a hospital-based cancer registry. JAMA. 2004 May
26;291(20):2441-7.

462. Piccirillo JF. Inclusion of comorbidity in a staging system for head and neck
cancer. Oncology (Williston Park). 1995 Sep;9(9):831-6; discussion 41, 45-8.

463. Lee TH, Marcantonio ER, Mangione CM, Thomas EJ, Polanczyk CA, Cook EF, et
al. Derivation and prospective validation of a simple index for prediction of cardiac
risk of major noncardiac surgery. Circulation. 1999 Sep 7;100(10):1043-9.

464. Adachil, Watanabe T. [Role of supporting therapy of Juzentaiho-to (JTT) in
advanced breast cancer patients]. Gan To Kagaku Ryoho. 1989 Apr;16(4 Pt 2-
2):1538-43.

465. Hoeks SE, op Reimer W], van Gestel YR, Smolderen KG, Verhagen H, van
Domburg RT, et al. Preoperative cardiac risk index predicts long-term mortality and
health status. Am ] Med. 2009 Jun;122(6):559-65.

466. CarstairsV, Morris R. Deprivation and Health in Scotland. Aberdeen1991.
467. ISDISDS. Edinburgh2010; Available from: www.isdscotland.

468. Hole DJ, McArdle CS. Impact of socioeconomic deprivation on outcome after
surgery for colorectal cancer. Br ] Surg. 2002 May;89(5):586-90.

469. Chan AQO, Jim MH, Lam KF, Morris ]S, Siu DC, Tong T, et al. Prevalence of
colorectal neoplasm among patients with newly diagnosed coronary artery disease.
JAMA. 2007 Sep 26;298(12):1412-9.

470. Dehghan A, van Hoek M, Sijbrands EJ, Stijnen T, Hofman A, Witteman ]C. Risk
of type 2 diabetes attributable to C-reactive protein and other risk factors. Diabetes

Care. 2007 Oct;30(10):2695-9.

333



471. Siddiqui AA, Nazario H, Mahgoub A, Patel M, Cipher D, Spechler SJ. For patients
with colorectal cancer, the long-term use of statins is associated with better clinical
outcomes. Dig Dis Sci. 2009 Jun;54(6):1307-11.

472. McArdle CS, McKee RF, Finlay IG, Wotherspoon H, Hole D]. Improvement in
survival following surgery for colorectal cancer. Br ] Surg. 2005 Aug;92(8):1008-13.
473. LeVoyer TE, Sigurdson ER, Hanlon AL, Mayer R], Macdonald ]S, Catalano P]J, et
al. Colon cancer survival is associated with increasing number of lymph nodes
analyzed: a secondary survey of intergroup trial INT-0089. ] Clin Oncol. 2003 Aug
1;21(15):2912-9.

474. Figueredo A, Coombes ME, Mukherjee S. Adjuvant therapy for completely
resected stage II colon cancer. Cochrane Database Syst Rev. 2008(3):CD005390.

475. Deans GT, Heatley M, Anderson N, Patterson CC, Rowlands B]J, Parks TG, et al.
Jass' classification revisited. ] Am Coll Surg. 1994 Jul;179(1):11-7.

476. Cengiz M, Akbulut S, Atahan IL, Grigsby PW. Acute phase response during
radiotherapy. Int ] Radiat Oncol Biol Phys. 2001 Mar 15;49(4):1093-6.

477. KocM, Taysi S, Sezen O, Bakan N. Levels of some acute-phase proteins in the
serum of patients with cancer during radiotherapy. Biol Pharm Bull. 2003
Oct;26(10):1494-7.

478. Gabbert H. Mechanisms of tumor invasion: evidence from in vivo observations.
Cancer Metastasis Rev. 1985;4(4):293-3009.

479. Mantovani A, Romero P, Palucka AK, Marincola FM. Tumour immunity:
effector response to tumour and role of the microenvironment. Lancet. 2008 Mar
1;371(9614):771-83.

480. Colotta F, Allavena P, Sica A, Garlanda C, Mantovani A. Cancer-related
inflammation, the seventh hallmark of cancer: links to genetic instability.
Carcinogenesis. 2009 Jul;30(7):1073-81.

481. Crozier JE, Leitch EF, McKee RF, Anderson JH, Horgan PG, McMillan DC.
Relationship between emergency presentation, systemic inflammatory response, and
cancer-specific survival in patients undergoing potentially curative surgery for colon
cancer. Am ] Surg. 2009 Apr;197(4):544-9.

482. Crozier JE, McKee RF, McArdle CS, Angerson W], Anderson JH, Horgan PG, et al.

The presence of a systemic inflammatory response predicts poorer survival in

334



patients receiving adjuvant 5-FU chemotherapy following potentially curative
resection for colorectal cancer. Br ] Cancer. 2006 Jun 19;94(12):1833-6.

483. Hashimoto K, Ikeda Y, Korenaga D, Tanoue K, Hamatake M, Kawasaki K, et al.
The impact of preoperative serum C-reactive protein on the prognosis of patients
with hepatocellular carcinoma. Cancer. 2005 May 1;103(9):1856-64.

484. limura, Saito K, Fujii Y, Kumagai ], Kawakami S, Komai Y, et al. Development
and external validation of a new outcome prediction model for patients with clear cell
renal cell carcinoma treated with nephrectomy based on preoperative serum C-
reactive protein and TNM classification: the TNM-C score. ] Urol. 2009
Mar;181(3):1004-12; discussion 12.

485. Mocellin S, Marincola FM, Young HA. Interleukin-10 and the immune response
against cancer: a counterpoint. ] Leukoc Biol. 2005 Nov;78(5):1043-51.

486. Trikha M, Corringham R, Klein B, Rossi JF. Targeted anti-interleukin-6
monoclonal antibody therapy for cancer: a review of the rationale and clinical
evidence. Clin Cancer Res. 2003 Oct 15;9(13):4653-65.

487. Hsu CP, Chung YC. Influence of interleukin-6 on the invasiveness of human
colorectal carcinoma. Anticancer Res. 2006 Nov-Dec;26(6B):4607-14.

488. Ramsey S, Lamb GW, Aitchison M, McMillan DC. The longitudinal relationship
between circulating concentrations of C-reactive protein, interleukin-6 and
interleukin-10 in patients undergoing resection for renal cancer. Br ] Cancer. 2006
Oct 23;95(8):1076-80.

489. Proctor M], Talwar D, Balmar SM, O'Reilly DS, Foulis AK, Horgan PG, et al. The
relationship between the presence and site of cancer, an inflammation-based
prognostic score and biochemical parameters. Initial results of the Glasgow
Inflammation Outcome Study. Br ] Cancer. 2010 Sep 7;103(6):870-6.

490. Allin KH, Bojesen SE, Nordestgaard BG. Baseline C-reactive protein is
associated with incident cancer and survival in patients with cancer. ] Clin Oncol.
2009 May 1;27(13):2217-24.

491. TrompetS, de Craen AJ, Mooijaart S, Stott DJ, Ford I, Sattar N, et al. High Innate
Production Capacity of Proinflammatory Cytokines Increases Risk for Death from
Cancer: Results of the PROSPER Study. Clin Cancer Res. 2009 Dec 15;15(24):7744-8.
492. Chung YC, Chang YF. Significance of inflammatory cytokines in the progression
of colorectal cancer. Hepatogastroenterology. 2003 Nov-Dec;50(54):1910-3.

335



493. Belluco C, Nitti D, Frantz M, Toppan P, Basso D, Plebani M, et al. Interleukin-6
blood level is associated with circulating carcinoembryonic antigen and prognosis in
patients with colorectal cancer. Ann Surg Oncol. 2000 Mar;7(2):133-8.

494. Rich T, Innominato PF, Boerner J, Mormont MC, Iacobelli S, Baron B, et al.
Elevated serum cytokines correlated with altered behavior, serum cortisol rhythm,
and dampened 24-hour rest-activity patterns in patients with metastatic colorectal
cancer. Clin Cancer Res. 2005 Mar 1;11(5):1757-64.

495. Miki C, Tanaka K, Toiyama Y, Inoue Y, Uchida K, Mohri Y, et al. Comparison of
the prognostic value of inflammation-based pathologic and biochemical criteria in
patients undergoing potentially curative resection for colorectal cancer. Ann Surg.
2010 Feb;251(2):389-90; author reply 90-1.

496. Clinchy B, Fransson A, Druvefors B, Hellsten A, Hakansson A, Gustafsson B, et
al. Preoperative interleukin-6 production by mononuclear blood cells predicts
survival after radical surgery for colorectal carcinoma. Cancer. 2007 May
1;109(9):1742-9.

497. De Vita F, Orditura M, Galizia G, Romano C, Lieto E, Iodice P, et al. Serum
interleukin-10 is an independent prognostic factor in advanced solid tumors. Oncol
Rep. 2000 Mar-Apr;7(2):357-61.

498. Evans C, Dalgleish AG, Kumar D. Review article: immune suppression and
colorectal cancer. Aliment Pharmacol Ther. 2006 Oct 15;24(8):1163-77.

499, Galizia G, Orditura M, Romano C, Lieto E, Castellano P, Pelosio L, et al.
Prognostic significance of circulating IL-10 and IL-6 serum levels in colon cancer
patients undergoing surgery. Clin Immunol. 2002 Feb;102(2):169-78.

500. Asadullah K, Sterry W, Volk HD. Interleukin-10 therapy--review of a new
approach. Pharmacol Rev. 2003 Jun;55(2):241-69.

501. Pollheimer M], Kornprat P, Lindtner RA, Harbaum L, Schlemmer A, Rehak P, et
al. Tumor necrosis is a new promising prognostic factor in colorectal cancer. Hum
Pathol. 2010 Dec;41(12):1749-57.

502. LaghiL, Bianchi P, Miranda E, Balladore E, Pacetti V, Grizzi F, et al. CD3+ cells
at the invasive margin of deeply invading (pT3-T4) colorectal cancer and risk of post-
surgical metastasis: a longitudinal study. Lancet Oncol. 2009 Sep;10(9):877-84.

503. Anderson JA, Dunhill MS. Observations on the estimation of the quantity of
empysema in the lungs but the point-sampling method. Thorax. 1965;20:462-6.

336



504. PagesF, Kirilovsky A, Mlecnik B, Asslaber M, Tosolini M, Bindea G, et al. In situ
cytotoxic and memory T cells predict outcome in patients with early-stage colorectal
cancer. ] Clin Oncol. 2009 Dec 10;27(35):5944-51.

505. Frey DM, Droeser RA, Viehl CT, Zlobec I, Lugli A, Zingg U, et al. High frequency
of tumor-infiltrating FOXP3(+) regulatory T cells predicts improved survival in
mismatch repair-proficient colorectal cancer patients. Int ] Cancer. 2010 Jun
1;126(11):2635-43.

506. Salama P, Phillips M, Grieu F, Morris M, Zeps N, Joseph D, et al. Tumor-
infiltrating FOXP3+ T regulatory cells show strong prognostic significance in
colorectal cancer. ] Clin Oncol. 2009 Jan 10;27(2):186-92.

507. Zhou Q, Peng RQ, Wu X], Xia Q, Hou JH, Ding Y, et al. The density of
macrophages in the invasive front is inversely correlated to liver metastasis in colon
cancer. ] Transl Med. 2010;8:13.

508. Lugli A, Karamitopoulou E, Panayiotides I, Karakitsos P, Rallis G, Peros G, et al.
CD8+ lymphocytes/ tumour-budding index: an independent prognostic factor
representing a 'pro-/anti-tumour’ approach to tumour host interaction in colorectal
cancer. Br ] Cancer. 2009 Oct 20;101(8):1382-92.

509. Ames BN. Measuring oxidative damage in humans: relation to cancer and
ageing. [ARC Sci Publ. 1988(89):407-16.

510. McCall MR, Frei B. Can antioxidant vitamins materially reduce oxidative
damage in humans? Free Radic Biol Med. 1999 Apr;26(7-8):1034-53.

511. Cowey S, Hardy RW. The metabolic syndrome: A high-risk state for cancer? Am
] Pathol. 2006 Nov;169(5):1505-22.

512. Nowsheen S, Wukovich RL, Aziz K, Kalogerinis PT, Richardson CC, Panayiotidis
M], et al. Accumulation of oxidatively induced clustered DNA lesions in human tumor
tissues. Mutat Res. 2009 Mar 31;674(1-2):131-6.

513. Leung EY, Crozier JE, Talwar D, O'Reilly DS, McKee RF, Horgan PG, et al.
Vitamin antioxidants, lipid peroxidation, tumour stage, the systemic inflammatory
response and survival in patients with colorectal cancer. Int ] Cancer. 2008 Nov
15;123(10):2460-4.

514. Mehrotra S, Mougiakakos D, Johansson CC, Voelkel-Johnson C, Kiessling R.
Oxidative stress and lymphocyte persistence: implications in immunotherapy. Adv

Cancer Res. 2009:102:197-227.

337



515. Klemke M, Samstag Y. Molecular mechanisms mediating oxidative stress-
induced T-cell suppression in cancer. Adv Enzyme Regul. 2009;49(1):107-12.

516. NgK, MeyerhardtJA, Wu K, Feskanich D, Hollis BW, Giovannucci EL, et al.
Circulating 25-hydroxyvitamin d levels and survival in patients with colorectal
cancer. ] Clin Oncol. 2008 Jun 20;26(18):2984-91.

517. Davis CD. Vitamin D and cancer: current dilemmas and future research needs.
Am ] Clin Nutr. 2008 Aug;88(2):565S-9S.

518. Galloway P, McMillan DC, Sattar N. Effect of the inflammatory response on
trace element and vitamin status. Ann Clin Biochem. 2000 May;37 ( Pt 3):289-97.
519. Vasilaki AT, McMillan DC, Kinsella ], Duncan A, O'Reilly DS, Talwar D. Relation
between riboflavin, flavin mononucleotide and flavin adenine dinucleotide
concentrations in plasma and red cells in patients with critical illness. Clin Chim Acta.
2010 Nov 11;411(21-22):1750-5.

520. Talwar D, Ha TK, Cooney ], Brownlee C, O'Reilly DS. A routine method for the
simultaneous measurement of retinol, alpha-tocopherol and five carotenoids in
human plasma by reverse phase HPLC. Clin Chim Acta. 1998 Feb 23;270(2):85-100.
521. Young IS, Trimble ER. Measurement of malondialdehyde in plasma by high
performance liquid chromatography with fluorimetric detection. Ann Clin Biochem.
1991 Sep;28 ( Pt 5):504-8.

522. Talwar D, Ha TK, Scott HR, Cooney ], Fell GS, O'Reilly DS, et al. Effect of
inflammation on measures of antioxidant status in patients with non-small cell lung
cancer. Am ] Clin Nutr. 1997 Nov;66(5):1283-5.

523. McMillan DC, Sattar N, Talwar D, O'Reilly DS, McArdle CS. Changes in
micronutrient concentrations following anti-inflammatory treatment in patients with
gastrointestinal cancer. Nutrition. 2000 Jun;16(6):425-8.

524. McMillan DC, Talwar D, Sattar N, Underwood M, O'Reilly DS, McArdle C. The
relationship between reduced vitamin antioxidant concentrations and the systemic
inflammatory response in patients with common solid tumours. Clin Nutr. 2002
Apr;21(2):161-4.

525. Wertz K. Lycopene effects contributing to prostate health. Nutr Cancer. 2009
Nov;61(6):775-83.

526. Gullett NP, Ruhul Amin AR, Bayraktar S, Pezzuto JM, Shin DM, Khuri FR, et al.

Cancer prevention with natural compounds. Semin Oncol. 2010 Jun;37(3):258-81.

338



527. Palozza P, Parrone N, Catalano A, Simone R. Tomato lycopene and
inflammatory cascade: basic interactions and clinical implications. Curr Med Chem.
2010;17(23):2547-63.

528. Palozza P, Bellovino D, Simone R, Boninsegna A, Cellini F, Monastra G, et al.
Effect of beta-carotene-rich tomato lycopene beta-cyclase ( tlcy-b) on cell growth
inhibition in HT-29 colon adenocarcinoma cells. Br ] Nutr. 2009 Jul;102(2):207-14.
529. Slattery ML, Wolff RK, Herrick ], Caan BJ, Samowitz W. Tumor markers and
rectal cancer: support for an inflammation-related pathway. Int ] Cancer. 2009 Oct
1;125(7):1698-704.

530. Hopkins MH, Fedirko V, Jones DP, Terry PD, Bostick RM. Antioxidant
micronutrients and biomarkers of oxidative stress and inflammation in colorectal
adenoma patients: results from a randomized, controlled clinical trial. Cancer
Epidemiol Biomarkers Prev. 2010 Mar;19(3):850-8.

531. Giovannucci E. Epidemiology of vitamin D and colorectal cancer: casual or
causal link? ] Steroid Biochem Mol Biol. 2010 Jul;121(1-2):349-54.

532. Jenab M, Bueno-de-Mesquita HB, Ferrari P, van Duijnhoven FJ, Norat T,
Pischon T, et al. Association between pre-diagnostic circulating vitamin D
concentration and risk of colorectal cancer in European populations:a nested case-
control study. BMJ. 2010;340:b5500.

533. Gandini S, Boniol M, Haukka ], Byrnes G, Cox B, Sneyd M]J, et al. Meta-analysis of
observational studies of serum 25-hydroxyvitamin D levels and colorectal, breast and
prostate cancer and colorectal adenoma. Int ] Cancer. 2011 Mar 15;128(6):1414-24.
534. Mezawa H, Sugiura T, Watanabe M, Norizoe C, Takahashi D, Shimojima A, et al.
Serum vitamin D levels and survival of patients with colorectal cancer: post-hoc
analysis of a prospective cohort study. BMC Cancer. 2010;10:347.

535. Vashi PG, Trukova K, Lammersfeld CA, Braun DP, Gupta D. Impact of oral
vitamin D supplementation on serum 25-hydroxyvitamin D levels in oncology. Nutr J.
2010;9:60.

536. Efficacy of adjuvant fluorouracil and folinic acid in colon cancer. International
Multicentre Pooled Analysis of Colon Cancer Trials (IMPACT) investigators. Lancet.
1995 Apr 15;345(8955):939-44.

339



537. Ravdin PM, Siminoff LA, Davis G], Mercer MB, Hewlett ], Gerson N, et al.
Computer program to assist in making decisions about adjuvant therapy for women
with early breast cancer. ] Clin Oncol. 2001 Feb 15;19(4):980-91.

538. Bardia A, Loprinzi C, Grothey A, Nelson G, Alberts S, Menon §, et al. Adjuvant
chemotherapy for resected stage Il and III colon cancer: comparison of two widely
used prognostic calculators. Semin Oncol. 2010 Feb;37(1):39-46.

539. Forrest LM, McMillan DC, McArdle CS, Angerson W], Dunlop D]. Comparison of
an inflammation-based prognostic score (GPS) with performance status (ECOG) in
patients receiving platinum-based chemotherapy for inoperable non-small-cell lung
cancer. Br ] Cancer. 2004 May 4;90(9):1704-6.

540. Crumley AB, Stuart RC, McKernan M, McDonald AC, McMillan DC. Comparison
of an inflammation-based prognostic score (GPS) with performance status (ECOG-ps)
in patients receiving palliative chemotherapy for gastroesophageal cancer. ]
Gastroenterol Hepatol. 2008 Aug;23(8 Pt 2):e325-9.

541. Read]JA, Choy ST, Beale PJ], Clarke S]. Evaluation of nutritional and
inflammatory status of advanced colorectal cancer patients and its correlation with
survival. Nutr Cancer. 2006;55(1):78-85.

542. Ishizuka M, Nagata H, Takagi K, Kubota K. Influence of inflammation-based
prognostic score on mortality of patients undergoing chemotherapy for far advanced
or recurrent unresectable colorectal cancer. Ann Surg. 2009 Aug;250(2):268-72.

543. PagesF, Galon |, Dieu-Nosjean MC, Tartour E, Sautes-Fridman C, Fridman WH.
Immune infiltration in human tumors: a prognostic factor that should not be ignored.
Oncogene. 2010 Feb 25;29(8):1093-102.

544. Ogino S, Nosho K, Irahara N, Meyerhardt JA, Baba Y, Shima K, et al.
Lymphocytic reaction to colorectal cancer is associated with longer survival,
independent of lymph node count, microsatellite instability, and CpG island
methylator phenotype. Clin Cancer Res. 2009 Oct 15;15(20):6412-20.

545. Crozier JE, McMillan DC, McArdle CS, Angerson W], Anderson JH, Horgan PG, et
al. Tumor size is associated with the systemic inflammatory response but not survival
in patients with primary operable colorectal cancer. ] Gastroenterol Hepatol. 2007
Dec;22(12):2288-91.

546. Richards CH, Leitch EF, Horgan PG, Anderson JH, McKee RF, McMillan DC. The

relationship between patient physiology, the systemic inflammatory response and

340



survival in patients undergoing curative resection of colorectal cancer. Br ] Cancer.
2010 Oct 26;103(9):1356-61.

547. Morgan ET, Goralski KB, Piquette-Miller M, Renton KW, Robertson GR,
Chaluvadi MR, et al. Regulation of drug-metabolizing enzymes and transporters in
infection, inflammation, and cancer. Drug Metab Dispos. 2008 Feb;36(2):205-16.
548. Rivory LP, Slaviero KA, Clarke S]. Hepatic cytochrome P450 3A drug
metabolism is reduced in cancer patients who have an acute-phase response. Br ]
Cancer. 2002 Jul 29;87(3):277-80.

549. Baker SD, van Schaik RH, Rivory LP, Ten Tije AJ, Dinh K, Graveland W], et al.
Factors affecting cytochrome P-450 3A activity in cancer patients. Clin Cancer Res.
2004 Dec 15;10(24):8341-50.

550. Slaviero KA, Clarke SJ, Rivory LP. Inflammatory response: an unrecognised
source of variability in the pharmacokinetics and pharmacodynamics of cancer
chemotherapy. Lancet Oncol. 2003 Apr;4(4):224-32.

551. Fridman WH, Galon ], Dieu-Nosjean MC, Cremer I, Fisson S, Damotte D, et al.
Immune Infiltration in Human Cancer: Prognostic Significance and Disease Control.
Curr Top Microbiol Immunol. 2010 May 29.

552. Mlecnik B, Tosolini M, Kirilovsky A, Berger A, Bindea G, Meatchi T, et al.
Histopathologic-based prognostic factors of colorectal cancers are associated with the
state of the local immune reaction. ] Clin Oncol. 2011 Feb 20;29(6):610-8.

553. Lonnroth C, Andersson M, Arvidsson A, Nordgren S, Brevinge H, Lagerstedt K,
et al. Preoperative treatment with a non-steroidal anti-inflammatory drug (NSAID)
increases tumor tissue infiltration of seemingly activated immune cells in colorectal
cancer. Cancer Immun. 2008;8:5.

554. Din FV, Theodoratou E, Farrington SM, Tenesa A, Barnetson RA, Cetnarskyj R,
et al. Effect of aspirin and NSAIDs on risk and survival from colorectal cancer. Gut.

2010 Dec;59(12):1670-9.

341



