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SUMMARY OF THESIS 

 

Colorectal cancer remains the second commonest cause of cancer death in Western 

Europe and North America.  Each year in the UK, there are approximately 35,000 new 

cases and 16,000 deaths attributable to the disease.  Despite a trend towards earlier 

presentation and improvements in the quality of surgery many patients still die of their 

disease.  Overall about a third of patients undergoing surgery for potentially curative 

disease will die within five years. 

 

Recent work has meant that it is now recognised that it is not only the tumour 

characteristics that are responsible for cancer specific survival but also the host 

immune response.  Part of this host response is the non-specific systemic 

inflammatory response. There is now a body of work examining the relationship 

between the systemic inflammatory response and cancer specific survival. Indeed, 

there is evidence that the systemic inflammatory response, as evidenced by an elevated 

C-reactive protein, predicts overall and cancer specific survival independent of tumour 

stage in a number of solid tumours including colorectal cancer. 

 

The aim of this thesis was to investigate the following in patients undergoing 

potentially curative surgery for colorectal cancer:  

1. To establish the prognostic value of the pre-operative compared with the post-

operative systemic inflammatory response in patients undergoing potentially curative 

surgery for colorectal cancer. 
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2. To examine the pre-operative inflammatory response in patients undergoing 

potentially curative surgery for colorectal cancer. 

3. To examine the utility of the systemic inflammatory response as a guide to 

treatment in patient undergoing potentially curative surgery for colorectal cancer. 

 

Chapter 3 examines the relationship between the systemic inflammatory response in 

the preoperative period and the immediate post operative period.  This chapter 

confirmed that an elevated C-reactive protein concentration, prior to but not 

immediately after surgery, was associated with poor cancer specific survival in 

patients undergoing curative open resection for colorectal cancer.  This might suggest 

that approaches that focus on reducing the magnitude of the immediate post-operative 

systemic inflammatory response are unlikely to improve long term outcomes. 

 

Chapter 4 examines the relationship between the tumour size and the systemic 

inflammatory response.   This chapter shows that the maximal tumour diameter is 

associated with an elevated pre-operative C-reactive protein concentration but not 

survival in patients with primary operable colorectal cancer.  This would suggest that 

the direct relationship between CRP and tumour diameter may be due to a 

compromised immune response promoting tumour growth.  

    

Chapter 5 examines how the patients presented for their surgery.  The results of this 

study suggest that as well as being prognostic in patients undergoing elective surgery 

C-reactive protein and the modified Glasgow prognostic score (mGPS) are prognostic 

in patients who present as an emergency which is the first time this has been shown. 
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Chapter 6 examines the relationship between the systemic inflammatory response, 

interleukin-6 and 10 and lymphocyte subpopulations in patients with colorectal cancer.  

The results of this study suggest that the presence of a systemic inflammatory response is 

associated with upregulation of immunomodulatory cytokines but not with down 

regulation of lymphocyte derived immune status.  

 

Chapter 7 examines the relationship between the systemic inflammatory response and 

outcome in those patients receiving post-operative adjuvant chemotherapy.  This 

shows that the presence of a systemic inflammatory response appears to be an 

independent predictor of poor outcome in patients receiving adjuvant 5FU-based 

chemotherapy following potentially curative resection for colorectal cancer. 

 

Chapter 8 is a pilot study examining the relationship between node negative colon 

cancer patients and the systemic inflammatory response.  This chapter suggests that an 

elevated C-Reactive protein might predict cancer specific survival, independent of 

recommended pathological criteria, in patients undergoing resection for node negative 

colon cancer.  However this does need a further, much larger study to confirm this 

trend. 

 

Taken together, the studies in the present thesis would indicate that an elevated pre-

operative systemic inflammatory response is a prognostic factor independent of stage 

of disease.  
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1 INTRODUCTION 

 

1.1 Epidemiology of colorectal cancer 

 

Colorectal cancer is one of the most common forms of cancer.  Worldwide there were 

approximately 945,000 new cases diagnosed in 2000 [Parkin, 2001].  It is more 

common in developed countries such as North America, Australia and Western 

Europe [Parkin et al., 1999].  In Europe it is the second most common cancer with 

almost 334,000 new cases diagnosed in 1995 accounting for 12.8% of the cancer 

burden.  Within developed countries the incidence is highest in urban areas and within 

Europe higher incidences occur in the more Northern Latitudes.  The age standardised 

ratios for colorectal cancer in Europe are 49.6 per 100,000 for males and 33.9 per 

100,000 for females and the mortality is 27.9 per 100,000 for males and 18.5 per 

100,000 in females.  The figures for the United Kingdom in 1995 are almost identical 

to these European averages [Bray et al., 2002].  

 

In the United Kingdom colorectal cancer is the second most common cancer to breast 

cancer with an overall incidence of 35,300.  This breaks down to an incidence of 

18,960 in men and 16,340 in women.  In Scotland there were 1,842 new cases in men 

and 1,669 in women in the year 2000.  The numbers of colon cancer are similar for 

both males and females but there are a greater number of rectal cancers in males 

(1.44:1 male: female).  In 2002 there were 16,220 deaths from colorectal cancer in the 

United Kingdom [Cancer research UK, 2004].  However the incidence varies between 

regions in the United Kingdom.  For example in London the population risk is in the 
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order of 1 in 50 compared with a risk in Scotland of between 1 in 23(males) and 1 in 

33(females) [Dunlop, 1992]. 

 

Colorectal cancer is a disease of old age with more than 80% of cases arising in 

patients who are 60 years or older [Cancer research UK, 2004].  Up to the age of 40 

years, men and women have similar rates of bowel cancer but in later life the rates are 

higher in males.  However, because of a larger female population at risk the actual 

number of females with colorectal cancer is greater in old age. 

 

The incidence trends of colorectal cancer for men and women differ.  Male bowel 

cancer incidence rates rose slowly by an average of 1% each year between 1979 and 

1999, since when there has been a slight decrease. Over the same time period female 

rates have remained relatively constant [Cancer research UK, 2004;ISD Online, 2007]. 
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1.2 Aetiology of colorectal cancer 

 

The majority of colorectal cancers are sporadic.  About 5-10% of colorectal cancers 

are found in the setting of defined hereditary cancer syndromes, but about 20% of all 

colorectal cancers are thought to arise in patients with some component of family risk 

[Lynch and de la Chapelle, 2003]. 

 

1.2.1 Hereditary colorectal cancer 

 

The two major forms of hereditary colorectal cancer are familial adenomatous 

polyposis (FAP) and hereditary non-polyposis colorectal cancer (HNPCC).  A 

diagnosis of hereditary colorectal cancer is based on a thorough family history looking 

at identifying cancers of all types, age of onset of the cancer, multiple primary cancers, 

specific phenotypic features such as adenomas that are associated with cancers and 

pathological findings [Lynch and de la Chapelle, 2003]. 

 

1.2.2 Hereditary non-polyposis colorectal cancer (HNPCC) 

 

This is the most common form of hereditary colorectal cancer accounting for at least 

50% of hereditary cases [Lynch and de la Chapelle, 1999].  Patients with the HNPCC 

gene are at very high lifetime risk of developing a cancer before the age of 70 (90% 

risk in males and 69% risk in females).  Forty percent of those patients with colorectal 

cancer under the age of 30 will have the HNPCC gene [Cancer research UK, 2004].  

Despite this HNPCC patients have a better prognosis than sporadic colorectal 

adenocarcinomas [Lynch and de la Chapelle, 1999].   



 18

 

The main clinical features are multiple generations affected with colorectal cancer at 

an early age with a predominance of right-sided tumours.  There is also a higher 

proportion of both synchronous and metachronous colorectal cancer.  There are also 

associated extra colonic tumours – endometrium, ovary, stomach, small bowel, 

pancreas, hepatobiliary tract, brain and upper uroepithelial tract [Watson and Lynch, 

1994;Aarnio et al., 1999]. 

 

HNPCC tumours are generally more often poorly differentiated, with excess mucoid 

and signet ring features, a Crohn’s like reaction and the presence of infiltrating 

lymphocytes within the tumour [Jass and Stewart, 1992;Jass et al., 1998;Smyrk et al., 

2001]. 

 

HNPCC is thought to result from a DNA mismatch repair gene deficiency of which 

five have been identified and mutations in two of these results in the majority of 

HNPCC families. 

 

In 1990, the International Collaborative Group on Hereditary Non-Polyposis 

Colorectal Cancer (ICG-HNPCC) proposed the Amsterdam criteria as a means to help 

identify families likely to be harbouring HNPCC.  These criteria were further modified 

in 1999 to include HNPCC-associated cancers other than colorectal cancer [Vasen et 

al., 1999]. The Amsterdam Criteria for colorectal cancer are as follows; 

• At least three relatives with colorectal cancer, one of whom should be a first 

degree relative of the other two 

• At least two successive generations should be affected 
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• At least one colorectal cancer should be diagnosed before age 50 years FAP 

should be excluded 

• Tumours should be verified by pathological examination 

 

1.2.3 Familial Adenomatous Polyposis (FAP) 

 

FAP accounts for about 1% of all colorectal cancers.  It is an autosomal dominant, 

hereditary colon cancer syndrome that is characterized by the presence of hundreds of 

adenomatous polyps in the colon and rectum at a young age.  It is also associated with 

duodenal adenomatous polyps and multiple extracolonic manifestations including 

desmoid tumours osteomas, epidermoid cysts, various soft tissue tumours, and a 

predisposition to thyroid and periampullary cancers.  

 

Mutations of the adenomatous polyposis coli (APC) gene on chromosome 5q have 

been identified as an early change in colorectal cancer and these mutations are found 

in about 80% of FAP patients [Bisgaard et al., 1994]. 

 

1.2.4 Genetic basis of colorectal cancer 

 

Histopathological and epidemiological studies have shown that the majority of 

colorectal adenocarcinomas originate from premalignant adenomatous polyps.  This 

multi-step process involving complex genetic mutations, which develop benign 

disease to a malignant state, is known as the adenoma-carcinoma sequence.  This 

multistep model of carcinogenesis proposes that neoplasia results from accumulation 

of a series of genetic abnormalities [Vogelstein et al., 1988].  These genetic 
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abnormalities lead to changes in the colonic mucosa from normal, to dysplasia, to 

carcinoma in-situ and finally invasive carcinoma (Figure 1).  This adenoma- 

carcinoma sequence was developed from a number of clinical observations.  Firstly 

age distribution curves for adenomas and carcinomas show that the prevalence of both 

increases with increasing age, but adenomas are recognized and their prevalence peaks 

at least 5 years earlier than that of colorectal cancers [Muto et al., 1975].  Furthermore, 

the varying prevalence of adenomas in different geographical regions correlates with 

the colorectal cancer incidence in those regions [Clark et al., 1985].  

 

Normal epithelium 

Chromosome 5q loss (APC gene) 

Hyperproliferative epithelium 

 

Early adenoma 

Chromosome 12p activation (k-ras gene) 

Intermediate adenoma 

Chromosome 18q loss (DCC gene) 

Late adenoma 

Chromosome 17p loss (p53 gene) 

Carcinoma 

Figure 1.1 the adenoma-carcinoma sequence [Fearon and Vogelstein, 1990] 



 21

1.2.5 Sporadic colorectal cancer 

 

Approximately 90% of colorectal cancers are sporadic in nature and the genetic 

damage that occurs as part of the adenoma-carcinoma sequence are mainly due to 

lifestyle factors.  These include diet, physical activity, smoking and alcohol intake. 

 

The main association between colorectal cancer and diet is the lack of dietary fibre in 

the Western diet, as was first suggested by Burkett in 1971. Burkett hypothesised that 

dietary fibre reduces intestinal transit time and acts as a dilutent.  These factors could 

reduce the exposure of the large intestine mucosa to carcinogens [Burkitt, 1971].  This 

hypothesis has been strengthened by epidemiological studies [Modan et al., 1975] and 

two questionnaire studies which have indicated a strong association between intake of 

dietary fibre and decreased colorectal cancer risk [Bingham et al., 2003;Peters et al., 

2003]. 

 

However, other studies since Burkitt’s initial observation have been unable to find 

such a link between colorectal cancer and dietary fibre [Platz et al., 1997].  In a study 

of 88,757 women, Fuchs and co-workers followed the intake of dietary fibre and 

incidence of colorectal cancer for 16 years. During this period, 787 cases of colorectal 

cancer and 1012 cases of adenomas of the distal colon and rectum were found in 

27,530 of the participants who underwent colonoscopy investigation. This prospective 

study failed however to find an association with dietary fibre and protection from 

colorectal cancer or adenoma [Fuchs et al., 1999]. 
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Other dietary links to colorectal cancer include a diet lacking in vegetables [Burkitt, 

1971] and diets rich in animal fats.  There has been a longstanding hypothesis that 

dietary fat increases the risk of colorectal cancer but epidemiologic studies have not 

supported the hypothesis that dietary fat increases risk independently of its 

contribution to overall energy intake [Willett et al., 1990;Bostick et al., 1994].   

 

However there is good evidence that obesity and increased energy intake are linked to 

colorectal cancer [Bostick et al., 1994;Giovannucci et al., 1995a].  In a large study 

looking at obesity and cancer in Europe it has been suggested that about 10 – 11% of 

colorectal cancer cases can be attributed to being overweight or obese [Bergstrom et 

al., 2001].  

Another dietary factor associated with colorectal cancer is alcohol.  Research has 

shown that higher consumption of alcohol, when combined with low micronutrient 

intake, may considerably increase the risk of colorectal cancer [Jedrychowski et al., 

2002].  Linked to this there is also good evidence that smokers have a greater 

incidence of colorectal cancer [Giovannucci, 2001]. 

 

There is also good evidence that inflammation of the large bowel is a risk factor for 

colorectal cancer.  In patients with inflammatory bowel disease (IBD), ulcerative 

colitis or Crohn’s disease there is an approximately fivefold overall relative risk in 

colorectal cancer compared with the age-matched general population [Ekbom et al., 

1990a].  This increased risk of colorectal cancer in IBD patients is a result of the 

disease rather than an inherited phenomenon, and is associated with the site, extent 

and duration of inflammation [Ekbom et al., 1990b].  However, the presence of a 

family history of colon cancer does increase this risk still further for the individual 
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with IBD; this shows that, as for sporadic colon cancer, both genetic and acquired 

factors are important [Askling et al., 2001]. 

 

1.2.6 Non-steroidal anti-inflammatory drugs and colorectal cancer 

 

In 1977, Bennett and co-workers found there were increased concentrations of 

prostaglandins in colorectal cancer tissue when compared with normal colorectal 

mucosa [Bennett et al., 1977].  Non steroidal anti-inflammatory drugs (NSAIDs) 

inhibit the cyclooxygenase (COX-1) enzyme and thereby block prostaglandin 

synthesis.  Several studies have shown that NSAIDs could prevent and reverse 

colorectal adenomas and carcinomas [Kudo et al., 1980;Kune et al., 1988].  

Clinical experience with non steroidal anti-inflammatory drugs included a series of 

case reports [Waddell and Loughry, 1983;Waddell et al., 1989] and randomised trials 

[Labayle et al., 1991;Giardiello et al., 1993], which demonstrated the ability of 

sulindac to reduce the size and number of colorectal polyps occurring in patients with 

familial adenomatous polyposis (FAP). It is felt that the adenoma-carcinoma sequence 

in FAP and the general population are similar, therefore these findings are important 

not just for FAP patients but possibly also for the general population. Recent 

epidemiological findings have shown a 40-50% reduction in colorectal cancer 

mortality among patients regularly taking NSAIDs compared to the general population 

not taking these drugs [Kune et al., 1988;Rosenberg et al., 1991;Thun et al., 

1991;Thun et al., 1993;Giovannucci et al., 1994;Cotton et al., 1996;Smalley and 

DuBois, 1997].  
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It is felt that the ability of NSAIDs to inhibit cyclooxygenase 2 (COX 2) enzymes is 

the probable mechanism of chemoprevention in colorectal adenomas and carcinomas 

but it is not clear.  However controversy exists about the safety, efficacy and optimal 

treatment regimen of NSAIDs as long term chemopreventative agents in the general 

population [Herendeen and Lindley, 2003]. 

 

Epidemiological studies have looked at the chemopreventive effect of NSAID’s, 

especially aspirin, with regards to colorectal cancer.  A large study in women found 

that regular aspirin use, at doses similar to those recommended for the prevention of 

cardiovascular disease, substantially reduces the risk of colorectal cancer. However, 

this benefit may not be evident until after at least a decade of regular aspirin 

consumption [Giovannucci et al., 1995b].  More recent work has shown that this 

reduction is in the risk of colorectal cancers that overexpress COX-2 but not the risk of 

colorectal cancers with weak or absent expression of COX-2[Chan et al., 2007].  

However the optimal chemoprevention for colorectal cancer requires long-term use of 

aspirin doses substantially higher than those recommended for prevention of 

cardiovascular disease, but the dose-related risk of gastrointestinal bleeding must also 

be considered [Chan et al., 2005]. 

 

Taking all this together it can be summarised that inflammation in the colon and 

rectum appears to be an important aetiological factor in the development of colorectal 

cancer. 
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1.3 Clinical features of colorectal cancer 

 

Colorectal carcinoma usually occurs in patients over 60 years of age.  The cardinal 

symptoms of colorectal cancer are alteration of bowel habit and rectal bleeding, 

however the symptoms depend on location of the tumour, type of growth and the 

presence or the absence of metastasis. 

 

Traditionally the majority of colorectal cancers occurred either in the rectum or the left 

side of the colon but more recently there has been a proximal shift.  In the 1970s about 

a quarter of tumours were found proximal to the splenic flexure but this figure has 

increased to approximately a third of tumours [Ikeda et al., 1996;McCallion et al., 

2001].  Over the last 30 years the average age of patients with colorectal cancer has 

been increasing [Kotake et al., 2003] and with this there has been an increase in the 

proportion of proximal tumours [Ikeda et al., 1996]. 

 

Caecal and ascending colon cancer may present with iron deficiency anaemia, the 

presence of a mass in the right iliac fossa, distal small bowel obstruction or weight 

loss.  These tumours are more likely to be polypoidal.  Left sided colon cancers 

present in a different way; the tumours are more likely to be annular and the bowel 

contents are more solid.  This means that left sided tumours present with constipation, 

colicky pain and obstruction.  About a third of colon cancers present as an emergency 

with either obstruction or perforation [McArdle and Hole, 2004]. 
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Rectal cancers present with fresh rectal bleeding, mucus discharge and tenesmus.  

Tenesmus is the latest of these symptoms and usually indicates an advanced rectal 

tumour.  

 

Some patients present at a later stage with symptoms attributable to local or distant 

spread.  Symptoms of local spread depend upon which organ has been invaded by the 

tumour.  These can include urinary tract symptoms if invasion of the ureters, bladder 

or prostate have occurred, back pain if the sacral plexus has been invaded or 

symptoms of a fistula with invasion of the vagina or other parts of the intestines.  

Metastatic spread of colorectal cancer is most commonly to the liver.  Symptoms such 

as pain in the right upper quadrant, ascities, jaundice and fatigue can occur but 

sometimes liver metastases are asymptomatic.  Other sites of metastatic spread include 

the peritoneum, lungs and brain. 
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1.4 Clinical investigation of colorectal cancer 

 

As with all aspects of clinical medicine a good history and clinical examination are 

important.  The clinical examination should include a rectal examination as well as an 

abdominal examination.  Once these have been performed there are a number of 

investigations that are employed to help diagnose and stage colorectal cancer. 

 

1.4.1 Faecal occult blood tests 

 

The faecal occult blood (FOB) test is a cheap investigation that detects blood in 

faeces.  It can detect blood from colorectal cancers and polyps that tend to bleed more 

than normal colonic mucosa.  Hemoccult II is most widely used of the many different 

types of FOB tests available.  This test detects the pseudoperoxidase activity found in 

haemoglobin when it interacts with a guaiac-impregnated card in the presence of a 

hydrogen peroxide developer.  A positive result is indicated by the immediate 

appearance of a blue colour on addition of the hydrogen peroxide developer.  The test 

detects peroxidase or pseudoperoxidase activity in stool, and is not specific for human 

haemoglobin.  This means that dietary substances can result in false positive (e.g., rare 

red meat, turnips, horseradish) or false negative (e.g., vitamin C) results.  Faecal occult 

blood has been used as a method of screening for colorectal cancer and screening 

using FOB and colonoscopy has been shown to reduce mortality from colorectal 

cancer by 16% for those allocated to screening and by 23% for those who were 

actually screened [Towler et al., 1998].  However the main disadvantage of FOB 

testing is the low sensitivity.  It has been shown that about 40% of cancers and 80% of 

adenomas are missed by FOB screening [Rozen et al., 1987;Steele, 2006]. 
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1.4.2 Flexible / Rigid sigmoidoscopy 

 

The rigid sigmoidoscope is a plastic tube 20-25cm long attached to a light source and 

insufflation.  It can be used in the outpatient setting to examine the lower part of the 

rectum and sigmoid colon.  Biopsies can be taken at the time of rigid sigmoidoscopy.  

The flexible sigmoidoscope is a fibre optic instrument about 60 cm long and is used to 

examine most of the left side of the colon.  The colon needs to be prepared with a 

phosphate enema but the patient does not require sedation.  It has the advantage of 

being a therapeutic instrument as well as a diagnostic instrument.  

 

Because about 2/3rds of colorectal cancer occur within the reach of the flexible 

sigmoidoscope it has been used as a screening tool.  Small studies have shown a 

reduction in colorectal cancer incidence and mortality with screening sigmoidoscopies 

[Muller and Sonnenberg, 1995] but no randomised controlled trials have been 

published yet. 

 

The disadvantage of flexible sigmoidoscopy is that the right side of the colon is not 

visualised.  It has been shown that up to 30% of subjects with distal colonic neoplasms 

had synchronous proximal lesions at colonoscopy and up to 20% of subjects had 

advanced proximal lesions [Collett et al., 1999].  However the main aim of screening 

colonoscopies is to identify patients with pathology such as polyps on the left side of 

the bowel who will then go on to undergo a full colonoscopy. This is because left 

sided polyps are markers for polyp formation throughout the rest of the colon. 
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1.4.3 Colonoscopy 

 

Colonoscopy has the capacity to visualise the whole of the large bowel and is 

therefore able to diagnose the tumour as well as detect synchronous polyps or 

carcinomas.  Colonoscopy should also be used when pathology has been found at 

sigmoidoscopy.  In experienced hands caecal intubation rates should be in excess of 

90%.  Even though colonoscopy has the advantage of being therapeutic as well as 

diagnostic there are well recognised complications.  The main complications are 

bleeding, perforation and even death.  The rates of these complications are reported as 

between 0.24% and 0.33% for significant bleeding following colonoscopy and 

between 0.08% and 0.19% for perforation.  The  mortality rate is between 0.0% and 

0.02% (1 in 5000) [Viiala et al., 2003]. 

 

1.4.4 Barium Enema 

 

Double contrast barium enema uses combination of both barium and air to image the 

large bowel.  It is used to complete the visualisation of the bowel following 

sigmoidoscopy or when colonoscopy was not completed.  Barium enema has the 

advantages that it is widely available, safe and inexpensive.  However the sensitivity 

of barium enema especially for small polyps has been questioned.  Complications 

associated with barium enema are very rare [Blakeborough et al., 1997]. 
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1.4.5 Ultrasound 

 

Two types of ultrasound are used in the staging of colorectal cancer patients.  These 

are transabdominal ultrasound and endorectal ultrasound.  Endorectal ultrasound is 

used to aid the preoperative staging of low rectal tumours by assessing the extent of 

growth through the bowel wall and if any preoperative radiotherapy is indicated to 

achieve a curative resection.  Endorectal ultrasound has been shown to have an 

accuracy of between 80 and 90% for assessing the extent of tumour invasion [Beynon 

et al., 1986;Meyenberger et al., 1995;Barbaro et al., 1999]. 

 

1.4.6 Computed tomography 

 

Computed tomography is used mainly for staging but not diagnosis of colorectal 

cancer.  However, recently virtual or CT colonoscopy has been increasingly used for 

the diagnosis of colorectal cancer.  The advantages over conventional colonoscopy are 

that it is safe, there is a high patient acceptance, and it has an ability to provide a full 

structural evaluation of the entire colon [Pijl et al., 2002].  Early studies seemed to 

suggest that the accuracy of CT colonography exceeds barium enema and approaches 

that of conventional colonoscopy [Fenlon et al., 1999].  

 

Presently the role of CT colonography is in those patients who have had an incomplete 

or failed colonoscopy and also in the preoperative assessment of the colon proximal to 

an occlusive cancer that cannot be passed at colonoscopy. 
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1.4.7 Magnetic Resonance Imaging 

 

Magnetic resonance imaging (MRI) is used for the staging of rectal tumours.  It can 

accurately stage rectal tumours and again help in the decision making about 

preoperative radiotherapy [Meyenberger et al., 1995].  It also provides information 

about extra colonic spread of the tumour. 
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1.5. Staging and prognosis 

 

The International Union against Cancer (UICC) states that the main aims of staging 

cancers are as an aid to planning of treatment, an indication of prognosis, allow results 

to be compared, contribute to continuing investigation and to allow the exchange of 

information between centres. 

 

Colorectal cancer either spreads by direct extension through the bowel wall or by 

lymphatic or venous spread.  There are a number of different staging systems for 

colorectal cancer however Dukes stage and TNM stage are used in the main. 

 

1.5.1 Dukes’ Stage 

 

Dr Cuthbert Dukes produced a simple and reproducible classification in 1932.  This 

was designed initially as a clinically helpful prognostic classification for rectal 

cancers.  Dukes initially divided rectal cancers into three groups; A, B and C, based 

upon direct and lymphatic spread of the tumour from the pathological specimen.  

Stage A meant that the tumour was limited to the bowel wall, B meant that the tumour 

spread through the bowel wall but there was no metastatic spread to the regional 

lymph nodes and Stage C meant that there was spread to regional lymph nodes 

[Dukes, 1932]. 

 

Since it was first introduced Dukes’ classification has undergone many modifications.  

Stage C has been broken down into two groups; C1 for those tumours with direct 

lymphatic spread in continuity with the bowel wall and stage C2 for those tumours 
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where the apical node contains metastatic tumour.  Stage D was introduced in 1967 for 

patients who had distant metastatic disease.  Finally Dukes’ stage has been used to 

classify colonic tumours. 

 

Prognosis of colorectal cancer depends upon the stage of the tumour.  Five year 

survival rates are 90-94% for Dukes’ stage A, 75%-85% for Dukes’ stage B, 52%-

57% for Dukes’ stage C, and up to 2% for Dukes’ stage D [Mandel et al., 1993;Rae 

and Gibberd, 2000]. 

 

1.5.2 TNM Stage 

 

Dukes’ stage has a lack of precision mainly because it does not assess the extent of 

tumour penetration or the number of involved lymph nodes. For this reason the TNM 

classification has been widely adopted.  There have been a number of updates to TNM 

staging and the latest version used is the sixth version. This can lead to some 

confusion in patients who were staged on previous versions because of subtle 

differences between the definitions. 

 

The basis for TNM classification includes assessment of tumour size and depth of 

penetration (‘T’); nodal involvement (‘N’); and the presence of distant metastases 

(‘M’).  Five year survivals based on TNM stages I-IV are similar to Dukes’ stage A-D. 

 

Table 1.1 shows the breakdown of the various components of the TNM classification 

and Table 1.2 demonstrates the interaction between Dukes’ stage and TNM stage. 
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TNM 

Category 

Description 

Tx Primary tumour cannot be assessed 

T0 No evidence of primary tumour 

Tis Carcinoma in situ (intraepithelial or intramucosal, with invasion of 

lamina propria 

T1 Tumour invades submucosa 

T2 Tumour invades muscularis propria 

T3 Tumour invades through muscularis propria into subserosa or into non-

peritonealised pericolic or perirectal tissues 

T4 Tumour directly invades other organs or structures and/or perforates 

visceral peritoneum 

Nx Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Metastasis to 1-3 regional lymph nodes 

N2 Metastasis to 4 or more regional lymph nodes 

Mx Distant metastasis cannot be assessed 

M0 No distant metastasis 

M1 Distant metastasis 

 

Table 1.1 TNM categories 
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TM Stage TNM classification Dukes’ classification

Stage 0 Tis N0 M0  

Stage I T1-T2 N0 M0 A 

Stage IIA T3 N0 M0 B 

Stage IIB T4 N0 M0 B 

Stage IIIA T1-T2 N1 M0 C 

Stage IIIB T3-T4 N1 M0 C 

Stage IIIC Any T N2 M0 C 

Stage IV Any T any N M1 D 

 

Table 1.2 TNM stage and Dukes’ Stage 



 36

1.6 Treatment 

 

1.6.1 Elective Surgery 

 

The best chance of a permanent cure of colorectal cancer is surgery.  Resection of the 

primary tumour is a valid palliative option to alleviate symptoms such as obstruction 

and prevent complications, such as perforation. 

 

At the time of presentation about a quarter of patients will have extensive hepatic 

metastases and about one fifth will have locally advanced tumours [McArdle et al., 

1990]. 

 

In the 75 to 80% of patients who present electively, diagnosis is confirmed 

preoperatively by histology of biopsy specimens.  Patients are then staged as discussed 

in earlier sections with CT scanning (and MRI or ultrasound as indicated).  Ideally 

patients should have preoperative imaging of the entire colon by colonoscopy or 

barium enema to rule out the presence of synchronous lesions (4-5%).  However, in 

the presence of an obstructing tumour this may not be possible. 

 

Surgical Resection  

 

Traditionally surgical resection was performed via a large laparotomy incision.  The 

abdomen is inspected to rule any evidence of metastatic spread of the tumour, which 

might not have been found on preoperative staging.  Also resectability of the tumour is 



 37

assessed.  Recently there has been a trend to perform colorectal resections 

laparoscopically [Braga et al., 2002;Lacy et al., 2002]. 

 

Whether the operation is performed laparoscopically or via an open incision the same 

principles apply.  This is to ensure an enbloc oncological resection removing the 

tumour and also the draining lymph nodes.  It should be an anatomical resection based 

upon the blood supply to enable anastomosis of the colon.  

 

Tumours of the caecum and ascending colon are removed by right hemicolectomy, 

removing as little as possible of the terminal ileum and as much as the ileo-caecal 

artery as is possible, while still maintaining the blood supply to the terminal ileum.  

More terminal ileum may need to be removed for tumours near the ileo-caecal valve, 

but vitamin B12 deficiency and bile salts diarrhoea are common complications if more 

than 50 cm is resected.  Transverse colon tumours are removed by performing an 

extended right hemicolectomy.  Tumours of the descending colon are removed by 

performing a left hemicolectomy and a sigmoid colectomy is performed for sigmoid 

tumours. 

 

Rectal tumours are removed either by an anterior resection or an abdomino-perineal 

excision depending on the level of the tumour.  The introduction of the circular 

stapling gun has allowed lower anastomosis to be performed and reduced the 

abdominal perineal resection rate. 

 

Over the last 20 years rectal cancer surgery has improved with the introduction of the 

total mesorectal excision (TME).  This technique improves rates of complete resection 
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and reduces local recurrence rates [Heald and Ryall, 1986].  The usual field of spread 

of rectal cancer is confined within the mesorectum which means that TME increases 

the probability of cure of rectal cancer.  The local recurrence rate of TME is in the 

region of 4-5% with an overall recurrence rate of 18% at 5 years [MacFarlane et al., 

1993].   

 

Colorectal cancer can also be treated by local excision.  This can either be performed 

via colonoscopy or via a transanal approach.  Indications for potentially curative local 

excision include mobile tumours, T1 tumours (assessed by ultrasonography), well or 

moderately differentiated histology (determined by biopsy) and tumour size less than 

three cm.  Relative indications include T2 and T3 tumours (by ultrasonography), and 

tumour size greater than three cm depending on patient fitness [Banerjee et al., 1995]. 

 

1.6.1 Emergency surgery 

 

Approximately 30% of patients present as emergencies e.g. obstruction, perforation or 

bleeding.  These patients tend to be old, have concomitant disease, spend longer in 

hospital and are more likely to have a permanent stoma.  Therefore, postoperative 

morbidity and mortality (19% vs. 8%) is higher and survival is poorer (29% vs. 39% 

at five years) compared with patients presenting electively [Anderson et al., 

1992;Scott et al., 1995;McArdle and Hole, 2004]. 

 

Historically, 20-30 years ago emergency operations were performed as a three stage 

procedure (colostomy then resection then closure of colostomy) but with 

improvements in operative technique and peri-operative care this approach has been 
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replaced by a two stage (Hartmann’s) procedure or a resection and primary 

anastomosis.  Studies fail to show a survival benefit from the one stage approach but 

there was a shorter hospital stay [Phillips et al., 1985;Buechter et al., 1988].   The 

SCOTIA study was a randomised trial comparing segmental resection to subtotal 

colectomy in obstructed distal colon cancers. It found that segmental resection 

provided better long term results especially in terms of function. They concluded that 

segmental resection following intraoperative irrigation is the preferred option except 

when there is caecal perforation or if synchronous neoplasms are present in the colon, 

when subtotal colectomy is more appropriate [SCOTIA., 1995]. 

 

1.6.3 Adjuvant Chemotherapy 

 

The aim of giving adjuvant chemotherapy is to eradicate micrometastases and increase 

the rates of cure.  In those patients who have Dukes C disease adjuvant chemotherapy 

with 5-flurouracil has been shown to have a 22% reduction in mortality [IMPACT, 

1995;O'Connell et al., 1997].  This has lead to the recommendation that all patients 

with Dukes C disease should be offered adjuvant chemotherapy.  However studies 

have shown that only about 45% of these patients receive chemotherapy because of 

comorbidities and patient choice [Schrag et al., 2001].  The value of adjuvant 

chemotherapy in patients with Dukes’ B disease is less clear [IMPACT, 1999;Benson, 

III et al., 2004].  However in the subgroup of Dukes’ B patients with high risk tumours 

some clinicians would advocate chemotherapy as they have a higher risk of relapse.  

There is however little hard evidence to support this. 
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Chemotherapy with fluorouracil and levamisole or fluorouracil and folinic acid is not 

without toxicity, but this usually consists only of mild nausea, mucositis, diarrhoea, 

and lethargy. Most of these toxicities are mild and can be controlled with modern 

antiemetic and antidiarrhoeal drugs [Slevin, 1996]. 
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1.7 Prognostic factors in colorectal cancer 

 

Traditionally prognosis of colorectal cancer was dependent on Dukes’ stage and then 

subsequently TNM staging of the primary tumour.  However it has been shown that 

there are a number of other prognostic factors which are used in decision making for 

adjuvant chemotherapy especially in those patients with stage II disease.  Indeed 

current recommendations in the UK and USA suggest that those patients with stage II 

disease and poor prognostic factors should be considered for chemotherapy [NIH 

consensus conference, 1990;Association of Coloproctology for Great Britain and 

Ireland, 2001].  

 

These prognostic factors include perforation or obstruction at presentation, Stage T4, 

poor differentiation, vascular invasion and inadequate node sampling [Burdy et al., 

2001;Petersen et al., 2002]. 

 

There has also been a lot of work looking at biomarkers and their role in prognosis of 

colorectal cancer (especially stage II disease). A large review in 2003 split these 

biomarkers into six groups.  These were cell proliferation indices (Ki-67, MIB-1, 

proliferating cell nuclear antigen); oncogenes/tumor suppressor genes (p53, K-ras, 

Deleted in Colorectal Cancer (DCC), Bcl-2, c-erbB2); DNA repair (microsatellite 

instability); markers of angiogenesis (vascular count, vascular endothelial growth 

factor); markers of invasion or metastasis (plasminogen-related molecules, matrix 

metalloproteinases); and biochemical markers (thymidylate synthase) [Graziano and 

Cascinu, 2003].  They concluded that current data did not provide sufficient evidence 

for the incorporation of available prognostic biomarkers into clinical practice. 
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However markers of altered DCC function have shown promising prognostic role and 

sufficient prevalence in retrospective investigations and they deserve further 

assessment in prospective studies.  

 

Carcino Embryonic Antigen (CEA) 

 

Carcino Embryonic Antigen (CEA) is a tumour marker which was first described in 

1965 by Gold and Freedman [Gold and Freedman, 1965].  It is a member of the 

immunoglobulin superfamily with a role as an intracellular adhesion molecule.  It has 

a role as a useful tumour marker in colorectal cancer. 

 

Preoperatively there have been studies looking at its role as a prognostic factor. A 

large multivariate analysis of over 550 patients with node negative colorectal cancer 

showed that CEA is an independent prognostic factor. Indeed the conclusion was that 

an elevated CEA identifies a group of patients with a poorer prognosis and defines a 

subset who may benefit from chemotherapy [Harrison et al., 1997].  This observation 

has also been seen in node positive (Dukes’ C) cancers [Wang et al., 2000].  However 

further studies have shown that an elevated CEA is associated with advanced disease 

but when controlled for stage, CEA is not a predictor of survival [Chapman et al., 

1998].  

 

Overall the various studies looking at preoperative CEA as a prognostic factor are 

conflicting and for this reason it is not used routinely.  However, postoperatively CEA 

is used in two clinical situations.  In patients receiving chemotherapy for metastatic 

colorectal cancer, CEA levels can help indicate disease progression or regression. 
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However there is no convincing evidence that CEA monitoring significantly affects 

either survival or quality of life [Macdonald, 1999].  

 

The other situation when CEA is measured, and the area of most interest for CEA 

monitoring has been the potential for its use after curative resection. The aim of using 

CEA measurements is to detect cancer recurrence at an earlier stage when it might be 

more amenable to curative therapy. There is good evidence that routine CEA 

monitoring post resection of colon cancer detects metastatic disease on average 5 

months before routine follow-up evaluation without CEA monitoring detects 

recurrence [McCall et al., 1994].  However, the overall cost-effectiveness of this 

approach is not clear, and convincing definition of the role of postoperative CEA 

monitoring awaits the results of large randomized clinical trials [Macdonald, 1999]. 
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1.8 Host response to colorectal cancer 

 

1.8.1 The acute phase response, 

 

The systemic inflammatory response or acute phase response is a complex, non-

specific rapid response to many types of tissue damage including tumour growth. It 

incorporates both systemic and local modifications of the normal physiology in an aim 

to control damage, clean up debris and start repair. 

 

1.8.2 Inflammation 

 

The four cardinal signs of inflammation are redness, swelling, heat and pain. These 

signs occur in the acute phase of the inflammatory response because of local release of 

inflammatory mediators resulting in an increase in capillary flow, leakage of plasma 

into the surrounding tissues and pain. This acute phase can be split into three separate 

phases: hyperaemia, exudation and emigration of leucocytes.  

 

Following tissue injury, vasoactive mediators are released from tissue mast cells and 

parts of the vascular wall which cause vasoconstriction. This is followed by dilatation 

of precapillary arterioles, which increases the blood flow to the capillary beds. This 

causes the redness. Fluid then leaks into the intravascular space because of an increase 

in the permeability of the postcapillary venules which results in oedema and swelling. 
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These changes cause a relative increase in the concentration of blood cells in the 

vasculature, which causes a slowing of blood flow in the venules. This facilitates 

marginalisation of the lymphocytes and adherence of neutrophils to the vessel walls. 

 

1.8.3 The acute phase response 
 

The acute phase response is a term that has been used to encompass some or all of the 

physiological events that follow tissue damage and inflammation. In the acute phase 

response the synthesis of certain liver-derived proteins (the acute phase proteins) 

changes. The acute phase proteins have been defined as plasma proteins which 

increase in concentration by 25% or more in the first seven days following tissue 

damage [Kushner, 1982].  The measurement of these changes is important clinically in 

indicating the presence and severity of inflammation.  Interleukin-6 (IL-6), 

interleukin-1 (IL-1) and tumour necrosis factor (TNF) have been shown to be the 

prime inducers of the hepatic acute phase proteins [Thompson et al., 1992].  The level 

of this inflammatory response is usually best seen by measuring C-reactive protein 

(CRP) because of large changes from its initial concentration in the presence of 

inflammation [Aronsen et al., 1972]. 

 

The development of this acute phase protein response in patients with cancer relates to 

the concentrations of circulating cytokines [Pepys and Baltz, 1983;Perlmutter et al., 

1986]. Cytokines are polypeptides produced by blood monocytes and tissue 

macrophages in response to sepsis, trauma, and other inflammatory conditions such as 

Crohn’s disease [Dinarello, 1984]. 
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1.8.4 C-Reactive protein 

 

C-reactive protein was first described in 1930 and was named due to its ability to bind 

to the C-polysaccharide in the pneumococcal cell wall. It is a non-specific positive 

acute phase protein which is secreted by the liver in response to a variety of 

inflammatory cytokines, mainly interleukin-6 (IL-6), interleukin-1 (IL-1) and tumour 

necrosis factor (TNF) [Du Clos, 2000].  Thus, the serum measurement of C-reactive 

protein is widely used to monitor the systemic inflammatory response and therefore 

the extent, activity and prognosis of various disease [Kolb-Bachofen, 1991].  

 

C-reactive protein is a protein consisting of five non-glycosylated subunits which are 

encoded by a single gene on chromosome 1.  C-reactive protein is upregulated by the 

local and systemic release of the pro-inflammatory cytokines especially interleukin-6.  

In the presence of calcium, C-reactive protein undergoes specific ligand binding to 

phosphocholine in autologus phospholipids and microbial polysaccharides.  This 

activates the classical complement pathway opsonising ligands for phagocytosis.  C-

reactive protein also neutralises platelet –activating factor which is a potent 

inflammatory mediator having a down-regulatory effect on neutrophil function.  It is 

thought that C-reactive protein may therefore contribute to host defence, modulation 

of inflammation and lipid metabolism [Pepys and Baltz, 1983;Pepys and Hirschfield, 

2003]. 

 

The function of C-reactive protein is felt to be related to its role in the innate immune 

system. It activates complement, binds to Fc receptors and acts as an opsonin for 

various pathogens. Interaction of C-reactive protein with Fc receptors leads to the 
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generation of proinflammatory cytokines that enhance the inflammatory response. It is 

thought to act as a surveillance molecule for altered self and certain pathogens. This 

recognition provides early defence and leads to a proinflammatory signal and 

activation of the humoral, adaptive immune system [Du Clos, 2000;Pepys and 

Hirschfield, 2003]. 

 

 

The plasma concentration of C-reactive protein is mainly determined by its synthesis 

rate.  In normal subjects the serum C-reactive protein concentrations are barely 

detectable with 99% of the normal population having levels below 10mg/l.  Higher 

levels of C-reactive protein are abnormal.  Levels of C-reactive protein increase very 

rapidly in response to trauma, inflammation, and infection and decrease just as rapidly 

with the resolution of the condition. After the onset of inflammation, C-reactive 

protein production increases within four to six hours, doubling every eight hours 

thereafter and peaks at approximately thirty six to fifty hours. Levels remain raised 

with continual inflammation and quickly return to normal once inflammation is 

resolved [Gabay and Kushner, 1999].  The sensitivity and rapid response of C-reactive 

protein to inflammation has lead to it becoming a useful tool in the monitoring of 

patients with inflammatory diseases [Werner et al., 2003;Vermeire et al., 2006]. 

 

Work, both recently and historically has looked at the link between the acute phase 

protein response and neoplasias including colorectal cancer. Activated white blood 

cells usually produce pro-inflammatory cytokines [Pepys and Baltz, 1983;Gabay and 

Kushner, 1999;Whiteside, 2003] and may act as growth factors for neoplasia [Dunlop 
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and Campbell, 2000]. There is also evidence that cancer cells themselves may produce 

pro-inflammatory cytokines as well [Balkwill and Mantovani, 2001;Whiteside, 2003]. 

 

It has also been shown the systemic inflammatory response is a strong predictor of 

tumour progression and survival independent of tumour stage in colorectal, gastric, 

pancreatic and lung cancer [Falconer et al., 1995;Nozoe et al., 1998;Fujita et al., 

1999;Scott et al., 2002;Forrest et al., 2003;McMillan et al., 2003].  Also the presence 

of a systemic inflammatory response is associated with weight loss and a reduction in 

performance status in patients with lung cancer [Scott et al., 2002]. 

 

Specifically in colorectal cancer there have been numerous studies looking at the role 

of the systemic inflammatory response.  The presence of a systemic inflammatory 

response, as evidenced by elevated circulating concentrations of C-reactive protein, is 

associated with increased recurrence and poor survival, independent of Dukes’ stage, 

in patients undergoing potentially curative surgery for colorectal cancer [McMillan et 

al., 1995;Nozoe et al., 1998;Nielsen et al., 2000;McMillan et al., 2003]. 

 

1.8.5 Albumin 

 

Albumin is a single polypeptide consisting of 585 amino acids with a molecular 

weight of approximately 66 248. It is a major negative acute phase protein. Serum 

albumin concentration is about 40g/l but the total albumin pool being in the region of 

4-5g/kg of body weight [Margarson and Soni, 1998]. 
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The main functions of albumin are maintenance of colloid osmotic pressure, as a result 

of its relatively low molecular weight compared to the other major intravascular 

proteins such as immunoglobulin, binding and transport, free radical scavenging, 

platelet function inhibition and antithrombotic effects and its effects on capillary 

membrane permeability [Margarson and Soni, 1998]. 

 

Traditionally the serum albumin level was seen as the standard way of assessing a 

patient’s nutritional status. However, in diseased patients a decreased serum albumin 

is inevitably found and persisting changes are generally associated with a poor 

prognosis [Margarson and Soni, 1998].  It appears to be primarily mediated in the 

acute phase response by the altered protein and energy metabolism that occurs.  In the 

acute phase response there is an increased demand for specific amino acids for 

mediator and acute phase protein synthesis and immune and antioxidant defences. 

This promotes the progressive loss of the available protein components including 

albumin. As the albumin pool size is modest in relation to body cell mass its loss is 

noticeable at an earlier stage [Fearon et al., 1998;Fearon et al., 1999;McMillan et al., 

2001b]. 

 

It has long been recognised that there is an association between reduced serum 

albumin and elevated C-reactive protein concentrations with severity of illness and 

poor outcome.  In malignant disease low albumin concentration and elevated C-

reactive protein concentrations were more likely to occur in patients with inoperable 

or metastatic cancers than in patients with potentially curable early stage disease.  This 

most probably reflects a larger tumour burden and subsequent poorer prognosis 

[Goransson et al., 1996;McMillan et al., 2001b]. 



 50

 

In colorectal cancer it has been recognized that low serum albumin concentrations 

(<35g/l) are associated with a poorer outcome [Heys et al., 1998;Longo et al., 

1998;Longo et al., 2000].  Of these studies Heys and colleagues looked at a cohort of 

over 400 patients and they showed that the presence of a low circulating concentration 

of albumin prior to surgery and the magnitude of the decrease were associated with 

poorer overall survival [Heys et al., 1998].  

 

1.8.6 Interleukin-6 

 

Interleukin-6 is a multifunctional proinflammatory cytokine which plays a major role 

in regulating the immune and inflammatory responses via the synthesis of most acute 

phase proteins including C-reactive protein.  Elevated interleukin-6 production is seen 

in infectious disease, inflammatory diseases and malignant disease.  It is produced by 

a number of different types of cells including immune cells, polymorphonuclear 

neutrophils, monocytes, B and T lymphocytes, mast cells, endothelial and mesothelial 

cells, fibroblasts, keratinocytes, some nerve cells and certain tumour cells [Gabay and 

Kushner, 1999]. 

 

In patients with colorectal cancer increased concentrations of serum interleukin-6 has 

been shown to reflect disease status and correlates with cancer stage.  It is believed to 

be associated with malignant transformation and tumour progression by a paracrine or 

autocrine mechanism [Chung and Chang, 2003b]. 
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1.8.7 Interleukin-10 

Interleukin-10 (IL-10 or IL10), also known as human cytokine synthesis inhibitory 

factor (CSIF), is an anti-inflammatory cytokine, capable of inhibiting synthesis of pro-

inflammatory cytokines like IFN-gamma, IL-2, IL-3, TNFα and GM-CSF by cells 

such as macrophages and Th1 cells. However, it is also stimulatory towards certain T 

cells, mast cells and B cells.  

 

Recently, interleukin-10 has been recognised to be an important immunosuppressive 

cytokine for the Th1 anti-tumour response and may be important in determining 

tumour growth and metastases [Mocellin et al., 2005].  It has also been reported that 

interleukin-10 concentrations were increased in patients with primary operable 

colorectal cancer compared with age and sex matched normal subjects [Ordemann et 

al., 2002].   
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2.0 SUMMARY AND AIMS OF PROJECT 

 

2.1 Summary 

 

Colorectal cancer remains the second commonest cause of cancer death in Western 

Europe and North America.  Overall survival is poor, even in those patients who 

undergo potentially curative resection, more than one third die within 5 years. 

 

Traditionally colorectal cancer prognosis is predicted by looking at the pathology of 

the primary tumour. However, even in the cohort of patients who have had potentially 

curative surgery, a significant proportion will get recurrence of their disease. 

 

Recent work has shown that there seems to be a relationship between cancer specific 

survival and the presence or absence of a systemic inflammatory response. 

 

2.2 Aims of thesis  

 

The aim of this thesis is to investigate the following in patients undergoing potentially 

curative surgery for colorectal cancer:  

1. To establish the prognostic value of the pre-operative compared with the post-

operative systemic inflammatory response in patients undergoing potentially curative 

surgery for colorectal cancer. 

2. To examine the pre-operative inflammatory response in patients undergoing 

potentially curative surgery for colorectal cancer. 
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3. To examine the utility of the systemic inflammatory response as a guide to 

treatment in patient undergoing potentially curative surgery for colorectal cancer. 
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3.0 PRE- BUT NOT POST-OPERATIVE SYSTEMIC INFLAMMATORY 

RESPONSE CORRELATES WITH COLORECTAL CANCER SURVIVAL 

 

3.1 Introduction 

 

Colorectal cancer remains the second commonest cause of cancer death in Western 

Europe and North America.  Each year in the UK, there are approximately 35,000 new 

cases and 16,000 deaths attributable to the disease [Cancer research UK, 2004].  

Overall survival is poor.  Many patients have evidence of locally advanced or 

metastatic disease at the time of presentation; even in those who undergo potentially 

curative resection, only half survive five years [McArdle and Hole, 2002].  

 

In patients who undergo potentially curative resection there are a number of factors 

such as age, sex, deprivation, surgeon specialisation, tumour stage and post-operative 

complications which have been recognised to predict long term survival in colorectal 

cancer [Hodgson et al., 2001]. 

 

There is increasing evidence to show that the presence of a systemic inflammatory 

response, as evidenced by elevated circulating concentrations of C-reactive protein, 

measured prior to surgery is associated with poor survival independent of Dukes’ 

stage [Nozoe et al., 1998;Nielsen et al., 2000;McMillan et al., 2003] and adjuvant 

therapy (Chapter 7), in patients undergoing potentially curative surgery for colorectal 

cancer.  There is also evidence to suggest that elevated C-reactive protein 

concentration 4-6 months following surgery is associated with poor outcome in these 

patients [McMillan et al., 1995;McMillan et al., 2003]. 
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There has also been a long-standing interest in whether the systemic inflammation as a 

result of surgery or bowel manipulation may act to enhance implantation and growth 

of circulating tumour cells or the growth of micrometastatic disease in colorectal 

cancer [DerHagopian et al., 1978;Nowacki and Szymendera, 1983;Mynster et al., 

2000]. 

 

More recently there has been considerable interest in whether reducing the systemic 

inflammatory response immediately following colorectal cancer surgery either by 

minimally invasive surgical techniques [Stocchi and Nelson, 2005] or enhanced 

recovery protocols [Fearon et al., 2005] may not only improve post-operative outcome 

but also long term survival for cancer patients.  However, the relationship between the 

magnitude of the immediate post-operative systemic inflammatory response and 

cancer specific survival has not been established.  Moreover, the relationship between 

the pre- and immediate post-operative systemic inflammatory response has not, to our 

knowledge, been previously examined. 

 

The aim of the present study was to examine the relationship between the pre- and the 

immediate post-operative C-reactive protein concentrations and long term survival in 

patients undergoing potentially curative resection for colorectal cancer. 
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3.2 Patients 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 a potentially curative resection between March 1999 and June 2004 in a 

single surgical unit at Glasgow Royal Infirmary and in whom C-reactive protein was 

measured in the pre and the immediate post-operative period were studied 

prospectively.  The tumours were staged using the conventional TNM classification 

[Greene Fl et al., 2002].  Patients who had non-elective surgery or pre-operative 

radiotherapy or showed clinical evidence of infection or other inflammatory 

conditions were excluded from the study.   

 

Blood samples were taken for routine laboratory measurement of C-reactive protein 

immediately prior to surgery and on post-operative days 1-4.  The limit of detection of 

the assay was a C-reactive protein concentration lower than 5 mg/l. The coefficient of 

variation, over the range of measurement, was less than 5 per cent, as established by 

routine quality-control procedures.  

 

Patient survival was defined as the time from surgery to the date of death.  All patients 

were followed-up at a specialist colorectal cancer clinic.  Information on date and 

cause of death was checked with that received by the Cancer Registry (Scotland). 

 

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

Glasgow.  
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3.3 Statistics 

 

Comparisons between groups of patients were carried out using contingency table 

analysis (X2) as appropriate.  The level for statistical significance was taken as a p-

value <0.05.  Grouping of the variables age and C-reactive protein was carried out 

using standard thresholds [O'Gorman et al., 2000;Scottish Cancer Intelligence Unit, 

2000].  Survival analysis of the group variables was performed using the Cox 

proportional hazard model.  Follow up continued until the close of the present study at 

the end of April, 2006.  The proportional hazards assumption was tested by visual 

inspection of log minus log curves, and was found to be satisfied for all covariates.  

Multivariate survival analysis 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 >0.05.  Correlations between two variables were calculated using Spearman’s rank 

correlation test.  Analysis was performed using SPSS software (SPSS Inc., Chicago, 

IL, USA). 
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3.4 Results 

 

The baseline characteristics of the 180 patients who underwent potentially curative 

resection for colorectal cancer are shown in Table 3.1.  The majority of patients were 

male, aged 65 years or more, had colonic tumours and had TNM stage I or II disease.  

Eighty (44%) patients had an elevated C-reactive protein concentration (>10 mg/l) and 

16 (9%) patients had hypoalbuminaemia prior to surgery.  Of the 16 patients with 

hypoalbuminaemia 15 (94%) had an elevated C-reactive protein concentration.  Forty 

nine (27%) patients received adjuvant 5FU- based chemotherapy.  

 

The C-reactive protein concentrations prior to surgery and during the post-operative 

period (days 1-4) are shown in Figure 3.1.  The peak C-reactive protein concentration 

was on day 2 (p<0.001) and therefore was used in the survival analysis.   

 

The minimum follow-up was 22 months; the median follow-up of the survivors was 

40 months.  During the course of the study 59 patients died, 30 patients of their cancer 

and 29 of intercurrent disease.  Day 2 C-reactive protein concentrations were 

dichotomised; the median day 2 concentrations were 133 and 202mg/l respectively.   

 

On univariate analysis, age (p<0.01), TNM stage (p<0.01) and pre-operative C-

reactive protein concentration (p<0.001) were associated with overall survival (Table 

3.1).  On univariate analysis, TNM stage (p<0.01), pre-operative C-reactive protein 

concentration (p<0.001) and hypoalbuminaemia (p<0.05) were associated with cancer 

specific survival (Table 3.1).  Postoperative C-reactive protein concentration was not 

associated with either overall or cancer-specific survival.   
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On multivariate analysis, age (p=0.044), TNM stage (p=0.003) and pre-operative C-

reactive protein concentration (p=0.001) were independently associated with overall 

survival.  On multivariate analysis, both TNM stage (p=0.002) and pre-operative C-

reactive protein concentration (p<0.001) were independently associated with cancer 

specific survival.   

 

The relationship between day 2 C-reactive protein concentrations and 

clinicopathological characteristics is shown in Table 3.2.  The dichotomised groups of 

day 2 C-reactive protein were similar in terms of age, tumour site, TNM stage and 

hypoalbuminaemia.  In contrast, with an increasing day 2 C-reactive protein there was 

an increase in the proportion of male patients (p<0.05) and patients with an elevated 

pre-operative C-reactive protein (p<0.10).  Day 2 C-reactive protein concentrations 

were associated with pre-operative C-reactive protein concentrations (rs=0.155, 

p=0.038). 

 

With respect to the dichotomised day 2 C-reactive protein concentrations, the present 

study had approximately 80% power to detect hazard ratios of 2.0 for overall survival 

and 3.0 for cancer-specific survival [Lachin and Foulkes, 1986]. 
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3.5 Discussion 

 

In the present study, increasing TNM stage and an elevated pre-operative C-reactive 

protein concentration (>10mg/l) prior to surgery were independently associated with 

poorer cancer specific survival in patients undergoing potentially curative surgery for 

colorectal cancer.  These results are consistent with previous studies that showed that 

an elevated C-reactive protein concentration had prognostic value independent of 

Dukes stage [Nozoe et al., 1998;Nielsen et al., 2000;McMillan et al., 2003]. 

 

In contrast, in the present study the peak systemic inflammatory response to surgery, 

as defined by day 2 C-reactive protein, had no significant prognostic value.  Also, 

although statistically significant, the correlation between pre- and post-operative C-

reactive protein was low.  This is perhaps unexpected since there is a general view that 

pre- and post-operative systemic inflammatory responses are linked and that the 

reduction of the magnitude of the systemic inflammatory response in the immediate 

post-operative period might improve long term survival [Lacy et al., 2002;Ng et al., 

2005].  Our results do not preclude such an effect but suggest that it is likely to be 

much smaller than that of the pre-operative systemic inflammatory response.   

 

The basis of the independent relationship between an elevated C-reactive protein 

concentration prior to surgery and poor survival in patients with primary operable 

colorectal cancer is not clear.  A plausible explanation is that an elevated C-reactive 

protein concentration may reflect compromised cell mediated immunity since C-

reactive protein is associated with lymphocytopenia [Nozoe et al., 2000;Crumley et 

al., 2006a] and an impaired T-lymphocytic response in the colorectal tumour [Canna et 
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al., 2005].  Alternatively, C-reactive protein is also associated with components of 

innate immune system including complement and this response may also be 

compromised [Du Clos and Mold, 2004;Ytting et al., 2006].  Therefore, the results of 

the present study would suggest that compromised immune function may occur prior 

to surgery and influences long term survival. 

 

It is of interest that recently a number of workers have demonstrated a relationship 

between elevated C-reactive protein concentrations and increased cancer incidence, in 

particular colorectal cancer in apparently healthy individuals [Erlinger et al., 

2004;Gunter et al., 2006;Otani et al., 2006].  Although it is not clear from these data 

whether elevated C-reactive protein concentrations give rise to or stimulate 

progression of colorectal cancer they suggest an important chronic role for C-reactive 

protein in the outcome of patients who develop colorectal cancer. 

 

In summary, the results of the present study confirm that an elevated C-reactive 

protein concentration, prior to but not immediately after surgery, is associated with 

poor cancer specific survival in patients undergoing curative resection for colorectal 

cancer.   
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Table 3.1.  Clinicopathological characteristics in patients undergoing potentially 

curative surgery for colorectal cancer: univariate survival analysis 

  Survival  Survival  
 Patients 

180 (%) 

Overall 

HR (95% CI) 

p-

value 

Cancer specific 

HR (95% CI) 

p-value 

Age group    <65 

                      65-74 

                      >75 

  56 (31) 

  58 (32) 

  66 (37) 

 

 

1.55 (1.12-2.14) 

 

 

  0.009 

 

 

1.47 (0.93-2.31) 

 

 

  0.096 

Sex                Male 

                      Female 

  99 (55) 

  81 (45) 

 

1.03 (0.61-1.71) 

 

  0.925 

 

1.04 (0.51-2.14) 

 

  0.905 

Site                Colon 

                      Rectum 

102 (57) 

  78 (43) 

 

1.13 (0.68-1.88) 

 

  0.642 

 

0.57 (0.26-1.24) 

 

  0.158 

Tumour         T1 

                      T2 

                      T3 

                      T4 

    7 (4) 

  28 (15) 

102 (57) 

  43 (24) 

 

 

 

1.59 (1.09-2.31) 

 

 

 

  0.016 

 

 

 

3.00 (1.65-5.47) 

 

 

 

<0.001 

Nodal involvement  N0 

                                N1 

                                N2 

100 (56) 

  62 (34) 

  18 (10) 

 

 

1.51 (1.08-2.12) 

 

 

  0.017 

 

 

1.93 (1.21-3.07) 

 

 

  0.006 

TNM stage    I 

                      II 

                      III 

  23 (13) 

  77 (43) 

  80 (44) 

 

 

1.89 (1.23-2.91) 

 

 

  0.004 

 

 

3.06 (1.52-6.20) 

 

 

  0.002 

Pre-operative CRP 

                              <10mg/l 

                              >10mg/l 

 

100 (56) 

  80 (44) 

 

 

2.57 (1.52-4.36) 

 

 

<0.001 

 

 

4.98 (2.13-11.6) 

 

 

<0.001 

Pre-operative 

Albumin                  >35g/l 

                                <35g/l 

 

155 (86) 

  16 (9)

 

 

1.88 (0.85-4.17)

 

 

 0.119 

 

 

2.72 (1.03-7.17)

 

 

 0.043
Day 2 CRP (mg/l) 

dichotomised/  

median (range) 

 

133 (36-163) 

202 (164-281) 

 

 

1.29 (0.77-2.16) 

 

 

  0.326 

 

 

1.33 (0.65-2.74) 

 

 

0.431 

Chemotherapy  No                

Yes 

131 (73) 

49 (27) 

 

1.15 (0.65-2.02) 

 

  0.627 

 

1.43 (0.67-3.05) 

 

  0.357 
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Table 3.2.  The relationship between increasing day 2 C-reactive protein and 

clinicopathological characteristics in patients undergoing potentially curative resection 

for colorectal cancer. 

 

 Day 2 C-reactive protein 

dichotomised (mg/l) 

  

 Median 133 Median 202 p-value 

 (n= 92) (n= 88)  

Age group (<65/ 65-74/ >75) 28/ 24/ 40 28/ 34/ 26 0.212 

Sex (male/ female) 44/ 48 55/ 33 0.049 

Site (colon/ rectum) 54/ 38 48/ 40 0.575 

Tumour (T1/ T2/ T3/ T4) 4/ 14/ 54/ 20 3/ 14/ 48/ 23 0.615 

Nodal involvement 

(N0/ N1/ N2) 

 

48/ 39/ 5 

 

52/ 23/ 13 

 

0.809 

TNM stage (I/ II/ III) 12/ 36/ 44 11/ 41/ 36 0.535 

Pre-operative 

C-reactive protein (<10/ >10mg/l) 

 

57/ 35 

 

43/ 45 

 

0.078 

Pre-operative  

Albumin (>35/ <35g/l) 

 

78/ 8 

 

77/ 8 

 

0.980 

Adjuvant chemotherapy (No/ Yes) 68/ 24 63/ 25 0.727 
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Figure 3.1.  The peri-operative profile of circulating C-reactive protein concentrations 

in patients undergoing potentially curative resection for colorectal cancer. 
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4.0 TUMOUR SIZE IS ASSOCIATED WITH THE SYSTEMIC 

INFLAMMATORY RESPONSE BUT NOT SURVIVAL IN PATIENTS WITH 

PRIMARY OPERABLE COLORECTAL CANCER 

 

4.1 Introduction 

 

At present, predicting the likely outcome following surgery with curative intent for 

patients with colorectal cancer is based predominantly on examination of the primary 

tumour and associated lymph nodes.  However, whilst TNM stage is widely used, it 

fails to provide clear separation between those patients who will eventually succumb 

to the disease from those who are cured.  It is therefore of interest that it has been 

shown that the presence of a systemic inflammatory response, as evidenced by 

elevated circulating concentrations of C-reactive protein pre-operatively, is associated 

with increased recurrence and poor survival in patients undergoing potentially curative 

surgery for colorectal cancer [Nozoe et al., 1998;Nielsen et al., 2000;McMillan et al., 

2003;Canna et al., 2004]. 

 

Pre-operatively, there are two possible explanations of the relationship between the 

systemic inflammatory response and the malignant potential of the tumour.  Firstly, 

that the systemic inflammatory response is associated with a compromised immune 

response or secondly that the tumour expresses factors which stimulate growth and 

dissemination of tumour cells.  If the latter were the case then it might be expected that 

C-reactive protein concentrations would be directly related to tumour size.   
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It is therefore of interest that age, tumour site and tumour diameter have all been 

reported to be associated with elevated C-reactive protein concentrations prior to 

surgery [Nozoe et al., 1998;Chung and Chang, 2003a].  However, these studies 

included patients with metastatic disease and this may have been a confounding factor 

in their observations.  The aim of the present study was therefore to examine the 

relationship between tumour diameter, C-reactive protein concentrations and survival 

in patients undergoing potentially curative surgery for colorectal cancer. 
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4.2 Patients and Methods  

 

Patients with histologically proven invasive colorectal cancer who presented electively 

and who on the basis of laparotomy findings and pre-operative abdominal computed 

tomography, were considered to have undergone a potentially curative resection 

between January 1999 and June 2004 in a single surgical unit at Glasgow Royal 

Infirmary were included in the study.  Patients who had pre-operative radiotherapy 

were excluded from the study.   

 

Tumours were classified according to site; carcinomas arising at the rectosigmoid 

junction were classified as rectal cancers.  Tumour size was determined by the 

maximal diameter of the fixed tumour specimen at the time of pathological reporting.  

The extent of tumour spread was assessed by TNM stage based on histological 

examination of the resected specimen [Greene Fl et al., 2002].   

 

A blood sample was taken for routine laboratory measurement of C-reactive protein 

measurement immediately prior to surgery. At this time no patient showed clinical 

evidence of infection or other inflammatory condition.  The limit of detection of the 

assay was a C-reactive protein concentration lower than 5 mg/l. The coefficient of 

variation, over the range of measurement, was less than 5 per cent, as established by 

routine quality-control procedures.   

 

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

Glasgow.  
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4.3 Statistics 

 

Comparisons between groups of patients were carried out using contingency table 

analysis (X2) for trend.  Grouping of the variables, age and C-reactive protein, was 

carried out using standard thresholds [O'Gorman et al., 2000;Scottish Cancer 

Intelligence Unit, 2000].  Survival (cancer-specific) analysis was performed using the 

Cox proportional hazard model.  Deaths up to May 2005 have been included in the 

analysis.  Analysis was performed using SPSS software (SPSS Inc., Chicago, IL, 

USA). 
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4.4 Results 

 

Two hundred and twenty seven patients undergoing potentially curative resection for 

colorectal cancer were studied.  The majority of patients were aged 65 years or more, 

had colonic tumours and had TNM stage I/ II disease.  Ninety six (42%) patients had 

an elevated C-reactive protein concentration (>10 mg/l) prior to surgery.  A total of 58 

patients received 5-FU-based chemotherapy. 

 

Patients were grouped according to tertiles of the tumour diameter (Table 4.1).  The 

groups were similar in terms of age (p=0.477), sex (p=0.802), tumour site (p=0.281), 

presence of ulceration (p=0.961), degree of differentiation (p=0.148), the presence of 

venous invasion (p=0.556), nodal involvement (p=0.448), TNM stage (p=0.870) and 

adjuvant therapy (p=0.609).  Increasing tumour diameter was associated with T stage 

(p<0.001), and an elevated C-reactive protein concentration (p<0.001).  The 

relationship between tumour diameter and C-reactive protein concentration was 

similar in the colon (rs= 0.53, p<0.001) and rectum (rs= 0.36, p<0.001, Figure 4.1). 

 

The minimum follow-up was 12 months; the median follow-up of the survivors was 

33 months.  During this period 55 patients died, 30 patients of their cancer and 25 of 

intercurrent disease.  On univariate survival analysis, increased age (p=0.050), TNM 

stage (p=0.005) and elevated circulating C-reactive protein concentrations (p<0.001, 

Figure 4.2) were associated with poorer cancer-specific survival.  Tumour diameter 

(tertiles) was not associated with cancer specific survival (p=0.998, Figure 4.3). 
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4.5 Discussion 

 

The results of the present study show that maximal tumour diameter is directly 

associated with circulating concentrations of C-reactive protein prior to curative 

surgery in patients with colorectal cancer.  This observation was independent of age, 

sex, site of disease and the tumour histological characteristics.  This is in contrast to 

previous reports that have shown that such elevated circulating C-reactive protein 

concentrations in colorectal cancer were not only associated with increased tumour 

diameter but also venous invasion and lymph node metastases [Nozoe et al., 

1998;Chung and Chang, 2003a].  However, these previous studies included patients 

with metastatic disease.   

 

In the present study increasing tumour diameter was not significantly associated with 

poor survival.  This probably reflects the fact that tumour diameter was not associated 

with either venous invasion or nodal involvement which are recognised to be major 

determinants of cancer survival in patients undergoing potentially curative resection 

for colorectal cancer [Greene Fl et al., 2002].  

 

Although the results of the present study are consistent with the concept that the 

tumour expresses factors which stimulate C-reactive protein production, they do not 

appear to be consistent with the hypothesis that the increased production of such 

factors by larger tumours increase the malignant potential of the tumour, since an 

elevated pre-operative C-reactive protein concentration has prognostic value whereas 

tumour diameter has not.   
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It may be that the relationship between increasing tumour diameter and elevated 

concentrations of C-reactive protein may simply reflect, in general, a more profound 

failure of the immunological response in patients with large tumours.  Indeed, this 

would be consistent with the observations that an elevated C-reactive protein 

concentration several months after curative surgery for colorectal cancer is also 

associated with poor outcome [McMillan et al., 1995;McMillan et al., 2003]. 

Moreover, that elevated concentrations of C-reactive protein appear to be associated 

with a compromised immune response in such patients [Nozoe et al., 2000;Canna et 

al., 2005].  Therefore, a plausible explanation of the results of the present study is that 

the compromised immunological response is more closely related to subsequent 

cancer dissemination and thus poor cancer specific survival than large tumour size. 

 

In the present study the relationship between pre-operative C-reactive protein and 

tumour diameter was similar in patients with colon cancer and those with rectal 

tumours that had not been irradiated.  The reasons for excluding patients who had 

irradiated rectal tumours were that tumour size could not be assessed in most of the 

post radiotherapy specimens and that the relationship between C-reactive protein and 

tumour diameter was likely to have been altered. 

 

In summary, the results of the present study show that, prior to surgery, the maximal 

tumour diameter is associated with an elevated pre-operative C-reactive protein 

concentration but not survival in patients with primary operable colorectal cancer.   
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Table 4.1.  The relationship between tumour diameter, clinicopathological 

characteristics and C-reactive protein in patients undergoing curative resection for 

colorectal cancer. 

 Tumour diameter (mm)    

 Tertile 1 

Median= 30 

(n= 76) 

Tertile 2 

Median= 45 

(n= 76) 

Tertile 3 

Median= 60 

(n= 75) 

p-value 

     

Age group (<65/ 65-74/ >75) 21/ 29/ 26 25/ 25/ 26 20/ 23/ 32 0.477 

Sex (male/ female) 41/ 35 40/ 36 42/ 33 0.802 

Site (colon/ rectum) 45/ 31 34/ 42 51/ 24 0.281 

Tumour characteristics 

    Ulceration (No/ yes) 

    Differentiation 

    (well/ moderate/ poor) 

    Venous invasion (No/ yes) 

 

57/ 19 

 

43/ 25/ 8 

55/ 21 

 

53/ 23 

 

46/ 21/ 9 

55/ 21 

 

56/ 19 

 

34/ 29/ 12 

51/ 24 

 

0.961 

 

0.148 

0.556 

Tumour (T1/ T2/ T3/ T4) 8/ 13/ 43/ 12 1/ 14/ 39/ 22 0/ 2/ 51/ 22 <0.001 

Nodal involvement 

(N0/ N1/ N2) 

 

41/ 30/ 5 

 

39/ 24/ 13 

 

50/ 17/ 8 

 

0.448 

TNM stage (I/ II/ III) 13/ 28/ 35 9/ 30/ 37 2/ 48/ 25 0.870 

Adjuvant therapy (no/ yes) 56/ 20 55/ 21 58/ 17 0.609 

C-reactive protein (mg/l)a 6 (<5-31) 6 (<5-120) 29 (<5-209) <0.001b  

C-reactive protein 

(<10/ >10mg/l) 

 

62/ 14 

 

52/ 24 

 

17/ 58 

 

<0.001 

a median (range), b Kruskal-Wallis test  
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Figure 4.1.  The relationship between tumour diameter and pre-operative C-reactive 

protein concentrations in patients undergoing potentially curative surgery for cancer of 

the colon (unfilled) and rectum (filled) with lines of best fit for colon (___) and rectum 

(- - -). 
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Figure 4.2.  The relationship between pre-operative C-reactive protein concentrations 

(<10/ >10mg/l from top to bottom) and survival in patients undergoing potentially 

curative surgery for colorectal cancer. 
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Figure 4.3.  The relationship between tumour diameter (tertiles 2, 1, 3 from top to 

bottom) and survival in patients undergoing potentially curative surgery for colorectal 

cancer. 
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5.0 THE RELATIONSHIP BETWEEN EMERGENCY PRESENTATION, THE 

SYSTEMIC INFLAMMATORY RESPONSE AND CANCER SPECIFIC 

SURVIVAL IN PATIENTS UNDERGOING POTENTIALLY CURATIVE 

SURGERY FOR COLORECTAL CANCER 

 

5.1 Introduction 

 

It has long been recognized that emergency presentation is associated with high 

postoperative mortality rate [Phillips et al., 1985;Scott et al., 1995;McArdle and Hole, 

2004].  Furthermore, not only is emergency presentation associated with higher post-

operative mortality but, compared to those who undergo elective curative resection, 

there is also a reduction in overall and cancer specific survival [Scott et al., 

1995;McArdle and Hole, 2004]. 

 

The reasons for the increase in cancer specific mortality in those who present as an 

emergency are not clear.  However, the presence of a systemic inflammatory response 

prior to surgery, as evidenced by an elevated C-reactive protein concentration or 

hypoalbuminaemia, predicts overall and cancer specific survival, independent of stage, 

in patients undergoing potentially curative resection for colorectal cancer [Heys et al., 

1998;Nielsen et al., 2000;McMillan et al., 2003;McMillan et al., 2007].   

 

We have recently combined C-reactive protein and albumin to form a new score, the 

Glasgow Prognostic score (GPS, recently modified to mGPS), which has prognostic 

value, independent of stage, in patients with advanced or primary operable cancer 

[Forrest et al., 2003;McMillan et al., 2007].  Since it is likely that emergency 
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presentation would be associated with a pre-operative systemic inflammatory 

response, it may be that the mGPS might explain the impact of emergency 

presentation on cancer specific survival [McArdle et al., 2006].  

 

To our knowledge this relation has not been previously examined.  Therefore, the aim 

of the present study was to examine the relationship between emergency presentation, 

the pre- operative mGPS and cancer specific survival in patients undergoing curative 

resection for colorectal cancer.  
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5.2 Patients and Methods  

 

Patients with histologically proven colorectal cancer who, on the basis of laparotomy 

findings and preoperative abdominal computed tomography, were considered to have 

undergone a potentially curative resection between March 1999 and May 2005 in a 

single surgical unit at Glasgow Royal Infirmary and in whom C-reactive protein and 

albumin were measured prior to surgery were included in the study. 

 

For the purpose of this analysis, outcome in patients who presented as an emergency 

with evidence of blood loss, obstruction or perforation was compared with those 

patients admitted for elective surgery [McArdle et al., 2006]. 

 

The extent of deprivation was defined using the Carstairs deprivation index [Carstairs 

and Morris, 1991].  This is an area-based measure derived from the 1991 census, using 

the postcode of residence at diagnosis, which divides the score into a seven-point 

index.  For illustrative purposes, the results are presented by amalgamating the seven 

categories into three groups: affluent (categories 1 and 2), intermediate (categories 3–

5) and deprived (categories 6 and 7).  The Carstairs deprivation index has been 

extensively utilised in cancer patients and is particularly appropriate for use in the 

central belt of Scotland [Hole and McArdle, 2002].  

 

The tumours were staged using the conventional TNM classification [Greene Fl et al., 

2002].  Patients who had neo-adjuvant therapy or who died within 30 days of surgery 

were excluded from the study.  The study was approved by the Research Ethics 

Committee, Royal Infirmary, Glasgow.  
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Methods 

Routine laboratory measurements of C-reactive protein and albumin at the time of 

diagnosis were carried out. The limit of detection of the C-reactive protein assay was 

<6mg/l and a value greater than 10mg/l was considered to indicate the presence of a 

systemic inflammatory response [McMillan et al., 2003].  The coefficients of variation 

of these methods, over the range of measurements, was less than 5% as established by 

routine quality control. 

 

The GPS was constructed as previously described [Forrest et al., 2003].  Briefly, 

patients with both an elevated C-reactive protein (>10 mg/l) and hypoalbuminaemia 

(<35g/l) 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, this has been modified based on evidence that hypoalbuminaemia, in 

patients without an elevated C-reactive protein concentration, had no significant 

association with cancer specific survival.  Therefore, patients with an elevated C-

reactive protein were assigned a modified GPS score (mGPS) of 1 or 2 depending on 

the absence or presence of hypoalbuminaemia [McMillan et al., 2007]. 

 



 80

5.3 Statistics 

 

Comparisons between groups of patients were carried out using contingency table 

analysis (X2) as appropriate.  Survival analysis of the group variables was performed 

using the Cox proportional hazard model.  Deaths to the end of November 2006 were 

included in the analysis. Multivariate survival analysis 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 >0.10.  Analysis was performed using 

SPSS software (SPSS Inc., Chicago, IL, USA). 
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5.4 Results 

 

The baseline characteristics of the 261 patients who underwent potentially curative 

resection for colorectal cancer are shown in Table 5.1.  The majority of patients were 

male, aged 65 years or more, were deprived, had colonic tumours and had TNM stage 

I or II disease. 

 

One hundred and twenty one (46%) patients had an elevated C-reactive protein 

concentration (>10 mg/l) and 31 (12%) patients had hypoalbuminaemia prior to 

surgery.  Of the 31 patients with hypoalbuminaemia, 27 (87%) had an elevated C-

reactive protein concentration.  Seventy three (28%) patients received adjuvant 5FU- 

based chemotherapy. 

 

Thirty eight patients (15%) presented as emergencies.  Of those patients who 

presented as an emergency, 11 patients presented with blood loss, 15 patients with 

obstruction and 12 patients presented with perforation.  In the emergency group, there 

were fewer rectal tumours (p<0.001), tumour stage was greater (p<0.01), more 

patients had an elevated mGPS (p<0.001) and more patients received adjuvant therapy 

(p<0.05).   

 

The minimum follow-up was 18 months; the median follow-up of the survivors was 

40 months.  In those patients who presented electively, 32 died of their cancer and 28 

of intercurrent disease.  In those patients who presented as an emergency, 16 died of 

their cancer and none of intercurrent disease (p<0.001).   
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On univariate analysis, emergency presentation (p<0.001), age (p<0.01), tumour site 

(p<0.05), TNM stage (p<0.001), C-reactive protein (p<0.001), albumin (p<0.001) and 

the mGPS (p<0.0001) were associated with cancer specific survival (Table 5.2).   

 

On multivariate analysis including emergency presentation, age, sex, deprivation, 

tumour site, TNM stage, the mGPS and adjuvant chemotherapy as covariates, 

emergency presentation (p<0.05), age (p<0.05), TNM stage (p<0.001) and the mGPS 

(p<0.001) were independently associated with cancer specific survival (Table 5.2). 

When the mGPS was excluded from the multivariate analysis, emergency presentation 

(HR 2.47, 95%CI 1.32-4.63, p=0.0046), increased age (HR 1.71, 95%CI 1.20-2.46, 

p=0.0034) and more advanced TNM stage (HR 2.57, 95%CI 1.50-4.41, p=0.0006) 

were independently associated with poorer cancer specific survival. 

 

Using cancer-specific mortality as an endpoint, the area under the receiver operator 

curve was 0.651 (95% CI, 0.570–0.731; p=0.001) for TNM stage and 0.665 (95% CI, 

0.576–0.753; p<0.001) for the mGPS. 
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5.5 Discussion 

 

In the present study, in patients undergoing potentially curative surgery for colorectal 

cancer, emergency presentation was associated with poorer cancer specific survival, 

independent of TNM stage.  These results are consistent with our previous study of 

3,200 patients which showed that, even after excluding deaths within 30 days of 

surgery, emergency presentation was independently associated with a two fold 

decrease in cancer specific survival [McArdle and Hole, 2004].   

 

We have also shown, for the first time, that emergency presentation is associated with 

the presence of a systemic inflammatory response prior to surgery, as evidenced by 

elevated concentrations of C-reactive protein, hypoalbuminaemia and therefore an 

elevated mGPS.   

 

Furthermore, on multivariate survival analysis, an elevated mGPS weakened 

emergency presentation as a significant predictor of survival.  This would be 

consistent with the hypothesis that the deleterious impact of emergency presentation 

on cancer specific survival, in patients undergoing potentially curative surgery for 

colorectal cancer, is in part due to and associated with the presence of a systemic 

inflammatory response prior to surgery [McArdle and Hole, 2004;McArdle et al., 

2006].   

 

The basis of the independent relationship between an elevated mGPS prior to surgery 

and poor survival in patients with primary operable colorectal cancer is not clear.  A 

plausible explanation is that an elevated mGPS may reflect compromised cell 
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mediated immunity since an elevated C-reactive protein and hypoalbuminaemia are 

associated with lymphocytopenia [Nozoe et al., 2000] and an impaired T-lymphocytic 

response in the tumour [Canna et al., 2005].  Furthermore, the presence of an elevated 

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 [Du Clos and Mold, 2004;Ytting et al., 2006].  

Therefore, these results would suggest that immune function is compromised prior to 

surgery, resulting in disease progression and poorer long term survival.  Moreover, we 

have shown that the mGPS compares favourably with TNM stage in predicting cancer 

specific survival and therefore the systemic inflammatory response should also be 

assessed in patients undergoing potentially curative surgery for colorectal cancer. 

 

It is of interest to speculate on the temporal relationship between these events.  Does 

the pathophysiology of emergency presentation lead to a systemic inflammatory 

response which in turn results in poor cancer specific survival?  Alternatively, does an 

impaired immune response lead to emergency presentation and poor survival?  In the 

present study, emergency presentation was associated with increased T stage but not 

nodal involvement.  It would therefore appear that the former explanation is more 

likely; namely that emergency presentation leads to a systemic inflammatory response, 

impaired immune response and poor cancer specific survival.  

 

In summary, the results of the present study suggest that the presence of systemic 

inflammatory response prior to surgery may account for the deleterious effect of 

emergency presentation on cancer specific survival in patients undergoing potentially 

curative surgery for colorectal cancer.   
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Table 5.1.  Clinicopathological characteristics in patients undergoing potentially 

curative surgery for colorectal cancer according to mode of presentation (n= 261). 

 Elective 

n= 223 (%) 

Emergency 

n= 38 (%) 

p-value 

Age group    <65 years 

                      65-74 years 

                      >75 years 

70 (31) 

76 (34) 

77 (35) 

14 (36) 

11 (30) 

13 (34) 

 

 

0.688 

Sex   Male 

         Female 

121 (54) 

102 (46) 

23 (61) 

15 (39) 

 

0.474 

Deprivation  Affluent (1, 2) 

                     Intermediate (3, 4, 5)

                     Deprived (6, 7) 

8 (4) 

93 (42) 

122 (55) 

0 (0) 

13 (34) 

25 (66) 

 

 

0.134 

Site    Colon 

          Rectum 

133 (60) 

90 (40) 

34 (90) 

4 (10) 

 

<0.001 

Tumour    T1 

                 T2 

                 T3 

                 T4 

10 (4) 

35 (16) 

125 (56) 

53 (24) 

1 (3) 

1 (3) 

19 (50) 

17 (44) 

 

 

 

0.005 

Nodal involvement  N0 

                                 N1 

                                 N2 

130 (58) 

68 (31) 

25 (11) 

18 (47) 

15 (40) 

5 (13) 

 

 

0.289 

TNM stage    I 

                      II 

                      III 

33 (15) 

97 (43) 

93 (42) 

0 (0) 

18 (47) 

20 (53) 

 

 

0.032 

C-reactive protein  <10mg/l 

                               >10mg/l 

130 (58) 

93 (42) 

10 (26) 

28 (74) 

 

<0.001 

Albumin  >35g/l 

                <35g/l 

201 (90) 

22 (10) 

29 (76) 

9 (24) 

 

0.015 

mGPS    0 

           1 

           2 

130 (58) 

74 (33) 

19 (8) 

10 (26) 

20 (53) 

8 (21) 

 

 

<0.001 

Adjuvant therapy    No 

                                Yes 

167 (75) 

56 (25) 

21 (55) 

17 (45) 

 

0.013 
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Table 5.2.  Clinicopathological characteristics and cancer specific survival in patients 

undergoing potentially curative surgery for colorectal cancer 

 Survival analysis    

 Univariate p-value Multivariate p-value 

 Hazard ratio 

(95% CI) 

 Hazard ratio 

(95% CI) 

 

Presentation (elective/ emergency) 2.90 (1.59-5.29) 0.0005 1.93 (1.02-3.66) 0.0422 

Age group (<65/ 65-74/ >75) 1.70 (1.18-2.45) 0.0041 1.53 (1.08-2.18) 0.0173 

Sex (male/ female) 0.85 (0.48-1.51) 0.5745  0.1793 

Deprivation 

(affluent/ intermediate/ deprived) 

 

0.95 (0.80-1.13) 

 

0.5835 

  

0.3852 

Site (colon/ rectum) 0.45 (0.22-0.90) 0.0244  0.2859 

TNM stage (I/ II/ III) 2.48 (1.49-4.14) 0.0005 3.07 (1.73-5.44) 0.0001 

mGPS (0/ 1/ 2) 2.33 (1.59-3.41) <0.0001 2.22 (1.43-3.46) 0.0004 

Adjuvant therapy (no/ yes) 1.11 (0.60-2.05) 0.7030  0.7644 
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6.0 THE RELATIONSHIP BETWEEN C-REACTIVE PROTEIN, INTERLEUKIN-

6, INTERLEUKIN-10 AND LYMPHOCYTE SUBPOPULATIONS IN PATIENTS 

UNDERGOING POTENTIALLY CURATIVE RESECTION FOR COLORECTAL 

CANCER 

 

6.1 Introduction 

 

It has recently become clear that the systemic inflammatory response, as evidenced by 

elevated circulating concentrations of C-reactive protein, prior to surgery, is an 

important prognostic factor independent of tumour stage in patients undergoing 

potentially curative surgery for colorectal cancer [Nozoe et al., 1998;Nielsen et al., 

2000;McMillan et al., 2003;Canna et al., 2004;Miki et al., 2004] (see Chapter 3). 

 

The basis of the independent relationship between an elevated C-reactive protein 

concentration and poor cancer specific survival in colorectal cancer is not clear.  

Specifically, it is not clear whether the systemic inflammatory response arises from the 

tumour per se or as a result of an impaired immune cytokine response.  However, 

given the prognostic value of an elevated C-reactive protein concentration remains 

following potentially curative resection for colorectal cancer [McMillan et al., 

1995;McMillan et al., 2003] this would suggest an impaired immune cytokine 

response. 

 

Interleukin-6 and interleukin-10 are likely to be key cytokines in such a response as 

they appear to have key stimulant and suppressive actions, on T-lymphocytes and 

macrophages [Gabay and Kushner, 1999;Jee et al., 2001;Trikha et al., 2003a].  
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Moreover, interleukin-6 is recognised as an autocrine growth factor for a number of 

common solid tumours [Trikha et al., 2003b].  Recently, interleukin-10 has been 

recognised to be an important immunosuppressive cytokine for the Th1 anti-tumour 

response and may be important in determining tumour growth and metastases 

[Mocellin et al., 2005].  Therefore, it is of interest that Ordemann and co-workers 

reported that interleukin-6 and interleukin-10 concentrations were increased in patients 

with primary operable colorectal cancer compared with age and sex matched normal 

subjects [Ordemann et al., 2002].   

 

In colorectal cancer patients it has long been recognised that, on simple staining of 

tumour sections, the presence of a pronounced lymphocytic infiltration within the 

tumour is associated with improved survival [Jass et al., 1987;Ropponen et al., 

1997;Nielsen et al., 1999].  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.  Indeed, increased infiltration of the 

tumour by CD8+ [Naito et al., 1998] and CD4+ T-lymphocytes [Ali et al., 2004] has 

been shown to be associated with increased survival in patients with colorectal cancer.  

Recently, it has been reported that a low tumour CD4+ lymphocyte infiltration was 

weakly associated with an elevated circulating C-reactive protein concentration, both 

predicted poor cancer-specific survival on univariate analysis but only C-reactive 

protein on multivariate analysis [Canna et al., 2005].   

 

It is therefore of interest that poor cell mediated immunity [Berghella et al., 1996;King 

et al., 1997] and specifically lower circulating CD4+ T-lymphocytes numbers were 

associated with metastatic colorectal cancer compared with primary operable disease 
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[Arista et al., 1994].  Furthermore, following curative resection of primary operable 

colorectal cancer lower circulating CD4+ T-lymphocytes were associated with 

increased recurrence [McMillan et al., 1997].  There is also some evidence that 

circulating lymphocytes numbers are lower in colorectal cancer patients with an 

elevated C-reactive protein concentration [Nozoe et al., 2000].  However to date, the 

relationship between the systemic inflammatory response, circulating concentrations 

of interleukin-6 and interleukin-10 and circulating lymphocyte subsets in patients with 

colorectal cancer does not appear to have been reported.  

 

The aim of the present study was to examine these interrelationships in patients 

undergoing potentially curative resection for colorectal cancer. 

 

 



 90

6.2 Patients and Methods 

 

Patients with histologically proven colorectal cancer who, on the basis of laparotomy 

findings and preoperative abdominal computed tomography, were considered to have 

undergone a potentially curative resection between April 2004 and November 2006 in 

a single surgical unit at Glasgow Royal Infirmary were studied prospectively.  The 

tumours were staged using the International Union Against Cancer tumour node 

metastasis (TNM) classification [Greene Fl et al., 2002].  Patients who had non-

elective surgery or preoperative radiotherapy, or who showed clinical evidence of 

infection or other inflammatory conditions were excluded from the study. 

 

Experimental design 

 

Blood samples were collected, prior to surgery for routine laboratory analysis of white 

cell and lymphocyte counts, albumin and C-reactive protein.  The limit of detection of 

the assay was a C-reactive protein concentration lower than 6mg/l. The coefficients of 

variation of these methods, over the range of measurements, were less than 10% as 

established by routine quality control procedures.   

 

A further blood sample was taken, centrifuged, and the serum stored at –80oC prior to 

analysis of interleukin-6 and interleukin-10.  Circulating concentrations of these 

cytokines were measured using an enzyme linked immunosorbent assay (ELISA) 

technique.  The minimum detectable concentrations were 2 pg/ml for interleukin-6 and 

4pg/ml for interleukin-10 (Quantikine ELISA, R&D Systems Europe Ltd, Abingdon, 

UK).  Inter- and intra-assay variability was less than 10% for both assays.  Cytokine 
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concentrations below the threshold of sensitivity of the respective assays were 

expressed as equal to this threshold. 

 

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.  

 

The Research Ethics Committee of North Glasgow NHS Trust approved the study. 
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6.3 Statistics 

 

Data are presented as median and range.  Comparisons between groups of patients 

were carried out using contingency table analysis (X2) for trend.  Grouping of the 

variables, age, C-reactive protein, albumin, interleukin-6, and interleukin-10 was 

carried out using standard thresholds [Scottish Cancer Intelligence Unit, 

2000;McMillan et al., 2001a;Ramsey et al., 2006].  Lymphocyte subsets were grouped 

according to the laboratory defined lower limit of the normal reference range.  

Cytokine concentrations below the threshold of sensitivity of the respective assays 

were expressed as equal to this threshold. Where appropriate, data were tested for 

statistical significance using Mann–Whitney U test.  As the distribution of C-reactive 

protein and the cytokines were skewed, they were logarithmically transformed before 

stepwise multiple regression analysis for the examination of independent associations 

with C-reactive protein.  Analysis was performed using SPSS software (SPSS Inc., 

Chicago, IL, USA). 
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6.4 Results 

 

The pre-operative characteristics of patients (n= 53) who underwent potentially 

curative resection for colorectal cancer, according to the presence of a systemic 

inflammatory response are shown in Table 6.1.  The majority of patients were male, 

aged 65 years or more, had colonic tumours, had TNM stage I or II disease and had a 

C-reactive protein concentration in the normal range.  The majority of patients had 

albumin, interleukin-6 and interleukin-10 concentrations in the normal range.  Also, 

the majority of patients had white cell, lymphocyte and lymphocyte subpopulation 

counts in the normal range. 

 

The patients were grouped according to TNM stage (Table 6.1).  The groups were 

similar in terms of age, sex, site, C-reactive protein, albumin, interleukins 6 and 10, 

white cell count and lymphocyte subpopulation counts between the groups.   

 

The patients were grouped according to the absence or presence of a systemic 

inflammatory response (C-reactive protein <10/ >10mg/l, Table 6.2).  There were less 

males (p<0.01) and more colonic tumours (p<0.05), higher interleukin-6 (p<0.001) 

and higher interleukin-10 (p<0.01) concentrations in the inflammatory group.  The 

white cell and lymphocyte subpopulation counts were similar between the groups.  

Log-transformed concentrations of C-reactive protein were significantly correlated 

with interleukin-6 (r2=0.51, P<0.001, Figure 1) but not interleukin-10 (r2=0.02, 

P=0.311).   
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6.5 Discussion 

 

In the present study, in patients with primary operable colorectal cancer prior to 

surgery, both interleukin-6 and interleukin-10 concentrations were greater in those 

patients with an elevated C-reactive protein.  In contrast, lymphocyte and lymphocyte 

subpopulation counts were not altered with evidence of a systemic inflammatory 

response.  Therefore, the results of the present study suggest that the presence of an 

elevated C-reactive protein concentration is associated with an increase in interleukin-

6 and interleukin-10 concentrations, but is not associated with significant differences 

in the lymphocyte subpopulations measured. 

 

These results, in terms of total lymphocyte numbers, appear to contradict those of 

Nozoe and coworkers who reported that an elevated C-reactive protein concentration 

was associated with a reduction [Nozoe et al., 2000].  However, their study included 

patients with liver metastases and therefore the reduction in circulating lymphocytes 

may have confounded by the presence of disseminated disease. Given the little change 

(non-significant) in lymphocyte subsets associated with an elevated C-reactive protein 

it is likely that other host inflammatory cell types such as macrophages are important 

in the increased production of interleukin-6 and the consequent increase C-reactive 

protein concentrations. 

 

The results of the present study are consistent with a number of studies which have 

shown that interleukin-6 and interleukin-10 concentrations [Galizia et al., 

2002;Ordemann et al., 2002] are elevated in patients with colorectal cancer.  In the 
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present study we have shown that, of these cytokines, interleukin-6 is predominantly 

associated with an increased in C-reactive protein concentrations.  These results are 

consistent with previous observations in patients with primary operable renal cancer 

[Ramsey et al., 2006].  

 

As part of further investigations it would be important to establish whether 

macrophage numbers and their activation were increased in colorectal cancer patients 

with evidence of a systemic inflammatory response.  If this were to prove to be the 

case then macrophage production of interleukin-6 would be an important pre- and 

post-operative target in patients with primary operable colorectal cancer. 

 

In summary, the results of the present study show that, in patients undergoing curative 

resection for colorectal cancer, an elevated C-reactive protein concentration is 

primarily associated with increased circulating interleukin-6 concentrations.  

Furthermore, circulating lymphocytes subpopulations do not appear to be associated 

with an elevated C-reactive protein concentration. 
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Table 6.1.  The relationship between the tumour stage, the systemic inflammatory 

response, interleukin-6 and interleukin-10 and lymphocyte subpopulations in patients 

with colorectal cancer (n=53). 

 

 

TNM stage I 

(n= 9) 

TNM stage II 

(n= 24) 

TNM stage III 

(n= 20) 

P-value 

 

Age (<65/ 65-74/ >75yrs) 2/ 2/ 5 10/ 9/ 5 5/ 7/ 8 0.961 

Sex (male/ female) 5/ 4 15/ 9 8/ 12 0.280 

Site (colon/ rectum) 4/ 5 15/ 9 12/ 8 0.542 

C-reactive protein (<10/ >10mg/l) 8/ 1 17/ 7 12/ 8 0.125 

Albumin (>35/ <35g/l) 7/ 2 19/ 5 11/ 9 0.125 

Interleukin-6 (pg/ml)* 2 (<2-32) 3 (<2-20) 4 (<2-16) 0.071 

Interleukin-6 (<4/ >4pg/ml) 6/ 3 17/ 7 8/ 12 0.085 

Interleukin-10 (pg/ ml)* 9 (7-27) 9 (7-17) 10 (7-218) 0.443 

Interleukin-10 (<10/ >10pg/ml) 5/ 3 16/ 8 9/ 9 0.544 

     

White cell count (109/l)* 7.9 (4.4-12.0) 7.6 (4.7-16.1) 7.8 (5.1-15.5) 0.941 

White cell count (<11/ >11 109/l) 8/ 1 22/ 2 16/ 4 0.381 

Lymphocytes (109/l)* 1.61 (0.87-2.61) 1.69 (0.61-3.11) 1.88 (0.92-5.53) 0.538 

Lymphocytes (>1/ <1 109/l) 8/ 1 22/ 2 18/ 2 0.980 

CD3+ (109/l)* 1.10 (0.55-1.83) 1.28 (0.39-2.59) 1.32 (0.52-3.34) 0.388 

CD3+ (>0.96/ <0.96 109/l) 6/ 3 15/ 9 17/ 3 0.185 

CD4+ (109/l)* 0.65 (0.46-0.98) 0.77 (0.28-1.73) 0.78 (0.34-1.80) 0.701 

CD4+ (>0.54/ <0.54 109/l) 5/ 4 16/ 8 17/ 3 0.080 

CD8+ (109/l)*  0.29 (0.07-0.91) 0.44 (0.05-1.59) 0.54 (0.16-1.64) 0.340 

CD8+ (>0.27/ <0.27 109/l) 5/ 4 17/ 7 15/ 5 0.333 

CD19+ (109/l)*  0.28 (0.05-0.45) 0.19 (0.07-0.72) 0.20 (0.07-1.49) 0.734 

CD19+ (>0.12/ <0.12 109/l) 8/ 1 19/ 5 16/ 4 0.651 

*median (range) 
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Table 6.2.  The relationship between the systemic inflammatory response, interleukin-

6 and interleukin-10 and lymphocyte subpopulations in patients with colorectal cancer 

(n=53). 

 

 

C-reactive protein 

<10mg/l  (n= 37) 

C-reactive protein 

>10mg/l  (n= 16) 

P-value 

 

Age  (<65/ 65-74/ >75yrs) 16/ 8/ 13 1/ 10/ 5 0.177 

Sex  (male/ female) 24/ 13 4/ 12 0.008 

Site  (colon/ rectum) 18/ 19 13/ 3 0.029 

TNM stage  (I/ II/ III) 8/ 17/ 12 1/ 7/ 8 0.125 

Albumin (g/l) 39 (21-47) 36 (12-42) 0.097 

Albumin (>35/ <35g/l) 27/ 10 10/ 6 0.450 

Interleukin-6 (pg/ml)* 2 (<2-6) 7 (<2-32) <0.001 

Interleukin-6 (<4/ >4pg/ml) 29/ 8 2/ 14 <0.001 

Interleukin-10 (pg/ ml)* 9 (7-218) 12 (8-33) 0.006 

Interleukin-10 (<10/ >10pg/ml) 25/ 10 5/ 10 0.013 

    

White cell count (109/l)* 7.5 (4.4-15.5) 8.3 (4.7-16.1) 0.438 

White cell count (<11/ >11 109/l) 34/ 3 12/ 4 0.099 

Lymphocytes (109/l)* 1.6 (0.6-5.5) 1.8 (1.0-2.7) 0.779 

Lymphocytes (>1/ <1 109/l) 33/ 4 15/ 1 0.605 

CD3+ (109/l)* 1.15 (0.39-3.34) 1.30 (0.61-2.14) 0.608 

CD3+ (>0.96/ <0.96 109/l) 24/ 13 14/ 2 0.096 

CD4+ (109/l)* 0.81 (0.28-1.80) 0.62 (0.47-1.73) 0.581 

CD4+ (>0.54/ <0.54 109/l) 26/ 11 12/ 4 0.728 

CD8+ (109/l)*  0.35 (0.05-1.64) 0.54 (0.16-0.85) 0.121 

CD8+ (>0.27/ <0.27 109/l) 23/ 14 14/ 2 0.068 

CD19+ (109/l)*  0.21 (0.05-1.49) 0.19 (0.07-0.39) 0.278 

CD19+ (>0.12/ <0.12 109/l) 30/ 7 13/ 3 0.989 

*median (range) 
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Figure 6.1.  Relationship between circulating concentrations of interleukin-6 and C-

reactive protein in patients with primary operable colorectal cancer. 
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Figure 6.2.  Relationship between circulating concentrations of interleukin-10 and C-

reactive protein in patients with primary operable colorectal cancer. 

 

 

 

Interleukin-10 (pg/ml)

200
100

80
60

40
20

10
8

6
4

P
re

-o
pe

ra
tiv

e 
C

-r
ea

ct
iv

e 
pr

ot
ei

n 
(m

g/
l)

100

80

60

40

20

10

8

6



 100

7.0 THE PRESENCE OF A SYSTEMIC INFLAMMATORY RESPONSE 

PREDICTS POORER SURVIVAL IN PATIENTS RECEIVING ADJUVANT 5-

FU CHEMOTHERAPY FOLLOWING POTENTIALLY CURATIVE 

RESECTION FOR COLORECTAL CANCER. 

 

7.1 Introduction 

 

Conventionally, in patients with primary operable colorectal cancer, the decision 

whether or not to offer adjuvant 5-Flurouracil-based chemotherapy is primarily based 

on the patient’s age, pathological stage and fitness to tolerate chemotherapy.  However, 

even in this selected cohort, the impact of chemotherapy on outcome is unpredictable.  

Therefore, there is continuing interest in prognostic factors that better reflect clinical 

outcome [Cascinu et al., 2003;Benson, III et al., 2004]. 

  

It has been demonstrated that the presence of a systemic inflammatory response, as 

evidenced by elevated circulating concentrations of C-reactive protein, is associated 

with increased recurrence and poor survival, independent of Dukes’ stage, in patients 

undergoing potentially curative surgery for colorectal cancer [McMillan et al., 

1995;Nielsen et al., 2000;McMillan et al., 2003].  However, in these studies, few 

patients had received adjuvant chemotherapy. 

 

It is therefore of considerable interest to examine whether this poor outcome might also 

be found in patients receiving adjuvant chemotherapy.  Indeed, an elevated C-reactive 

protein has recently been shown to be associated with poorer survival in patients 
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receiving chemotherapy for advanced lung cancer [Forrest et al., 2004] and renal cancer 

patients [Bromwich et al., 2004].  

 

Therefore, the aim of the present study was to evaluate the relationship between the 

systemic inflammatory response and survival in a prospective cohort of patients 

receiving adjuvant 5-FU chemotherapy following potentially curative resection for 

colorectal cancer. 
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7.2 Patients and Methods  

 

Patients with histologically proven colorectal cancer who, on the basis of laparotomy 

findings and preoperative abdominal computed tomography (CT), were considered to 

have undergone a potentially curative resection between January 1999 and June 2004 at 

Glasgow Royal Infirmary were included in the study.  The tumours were staged using 

conventional Dukes’ classification [Dukes and Bussey, 1958].  Patients who had pre-

operative radiotherapy were excluded from the study since radiotherapy has been 

reported to evoke a systemic inflammatory response [Cengiz et al., 2001;Koc et al., 

2003]. 

 

Patients were selected for 5-FU-based chemotherapy following discussion in the 

multidisciplinary group and taking into account tumour pathology, comorbidity and also 

patients’ wishes.  This was predominantly administered using the Mayo regimen for 6 

cycles [O'Connell et al., 1997].  

 

A blood sample was taken for routine laboratory measurement of C-reactive protein 

measurement immediately prior to surgery. The limit of detection of the assay was a C-

reactive protein concentration lower than 6 mg/l. The coefficient of variation, over the 

range of measurement, was less than 5 per cent, as established by routine quality-control 

procedures.  At this time no patient showed clinical evidence of infection or other 

inflammatory condition.  

 

The study was approved by the Research Ethics Committee, Royal Infirmary, Glasgow.  
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7.3 Statistics 

 

Comparisons between groups of patients were carried out using contingency table 

analysis (X2) as appropriate.  Grouping of the variables age and C-reactive protein was 

carried out using standard thresholds [O'Gorman et al., 2000;Scottish Cancer 

Intelligence Unit, 2000].  Survival analysis of the group variables was performed using 

the Cox proportional hazard model.  Deaths up to 31st August 2005 were included in 

the analysis.  Multivariate survival analysis, including all 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 0.10.  Analysis was performed 

using SPSS software (SPSS Inc., Chicago, IL, USA). 
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7.4 Results 

 

Two hundred and twenty two patients undergoing potentially curative resection for 

colorectal cancer were studied (Table 7.1).  The majority of patients were aged 65 years 

or more, had colonic tumours and had C-reactive protein concentration in the normal 

range (<10 mg/l) prior to surgery.   

 

Of the 222 patients, 50 received adjuvant 5-FU based chemotherapy (Table 7.1).  Those 

patients who received chemotherapy were younger (p<0.001), more likely to be male 

(p<0.10), were more likely to have Dukes C disease (p<0.001) and did not have 

hypoalbuminaemia (p<0.01).  The groups were similar in terms of site and C-reactive 

protein concentration.   

 

The minimum follow-up was 15 months; the median follow-up of the survivors was 38 

months.  During this period 61 patients died, 32 patients of their cancer and 29 of 

intercurrent disease.  On univariate survival analysis, in those patients who did not 

receive adjuvant chemotherapy, age (p<0.001), Dukes stage (p<0.05) and an elevated C-

reactive protein (p<0.01) were significantly associated with survival (Table 7.2).  In 

those patients who did receive adjuvant chemotherapy, an elevated C-reactive protein 

concentration (p<0.01) was significantly associated with survival.  On multivariate 

survival analysis, in those patients who did not receive adjuvant chemotherapy, age 

(p<0.05) and an elevated C-reactive protein (p<0.05) were independently associated 

with survival (Table 7.2).  In those patients who did receive adjuvant chemotherapy, an 

elevated C-reactive protein concentration (p<0.05) was independently associated with 

survival. 
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7.5 Discussion 

 

In the present study, an elevated C-reactive protein concentration was associated with 

poorer survival, independent of age and Dukes stage, in patients receiving adjuvant 

chemotherapy following potentially curative resection for colorectal cancer.  These 

results would suggest that the systemic inflammatory response, as evidenced by an 

elevated C-reactive protein concentration, is an important factor in determining outcome 

in patients receiving adjuvant 5FU-based chemotherapy.   

 

The basis of the relationship between the systemic inflammatory response and poor 

survival in patients undergoing potentially curative resection for colorectal cancer is not 

clear. The presence of an elevated C-reactive protein concentration may simply reflect a 

non-specific inflammatory response secondary to tumour necrosis or local tissue 

damage.  However, these elevated C-reactive protein concentrations do not appear to 

resolve following potentially curative surgery in the majority of patients [McMillan et 

al., 2003].  Also, an elevated C-reactive protein concentration 3-6months following 

curative resection also has independent prognostic value [McMillan et al., 

1995;McMillan et al., 2003].  Therefore, these data suggest that the systemic 

inflammatory response participates in the progression of metastatic disease in patients 

with colorectal cancer. 

 

There are a number of possible mechanisms by which this could occur.  Firstly, that an 

elevated C-reactive protein identifies those patients with an impaired T-lymphocytic 

response, since poor infiltration of gastrointestinal tumours appears to be associated 
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with poor outcome [Jass et al., 1987;Nielsen et al., 1999] and an elevated C-reactive 

protein concentration has recently been shown to be inversely associated with T-

lymphocyte subset infiltration [Canna et al., 2005].  An alternative explanation is that an 

elevated C-reactive protein concentration may identify those patients with a pro-

angiogenic environment, since increased angiogenesis is associated with poor outcome 

in patients with colorectal cancer [Salmon et al., 2005] and circulating concentrations of 

vascular endothelial growth factor are directly associated with C-reactive protein 

[Xavier et al., 2006].  Clearly, both these inflammatory mechanisms may be related and 

promote unrestrained tumour growth and the dissemination required for the greater 

malignant potential associated with an elevated C-reactive protein concentration 

 

In the present study an elevated C-reactive protein concentration also predicted poor 

outcome in those patients receiving adjuvant 5FU-based chemotherapy.  However, it 

has long been recognised that progressive weight loss is associated with poor tolerance 

to chemotherapy.  For example, Andreyev and coworkers in a study of over 1500 

patients who were to receive chemotherapy for gastrointestinal cancer showed that prior 

weight loss was an independent prognostic factor, and patients with weight loss 

received less chemotherapy and developed more dose limiting toxicity.  They concluded 

that there was a need to conduct nutritional intervention studies in these patients 

[Andreyev et al., 1998]. 

 

More recently, it has been shown that the presence of an ongoing systemic 

inflammatory response, as evidenced by an elevated C-reactive protein concentration, 

predicts the progressive nutritional decline of the patient with advanced gastrointestinal 

cancer [Lundholm et al., 1994;McMillan et al., 1999;O'Gorman et al., 1999].  
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Moreover, recent work has shown that the activity of the enzyme cytochrome P450 3A, 

which is involved in the biotransformation of more than half of all drugs currently 

available, is compromised in patients with an elevated C-reactive protein concentration 

[Rivory et al., 2002;Slaviero et al., 2003;Baker et al., 2004].  It may therefore be that 

there is a need to carry out studies to moderate the systemic inflammatory response 

rather than nutritional intervention in patients receiving chemotherapy. 

 

Irrespective of the mechanisms involved, we believe that the presence or absence of a 

systemic inflammatory response should be evaluated as a possible influence on outcome 

in future trials of adjuvant chemotherapy in patients with colorectal cancer and should 

be used in the stratification of patients.  This is however a small study and further larger 

studies are required to confirm these results. 

 

In summary, the presence of a systemic inflammatory response appears to be an 

independent predictor of poor outcome in patients receiving adjuvant 5FU-based 

chemotherapy following potentially curative resection for colorectal cancer. 
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Table 7.1.  Clinicopathological characteristics in patients undergoing potentially 

curative surgery with and without adjuvant 5FU chemotherapy for colorectal cancer. 

 

 No adjuvant 5FU 

172 (%) 

Adjuvant 5FU 

50 (%) 

p-value 

Age group    <65 

                      65-74 

                      >75 

40 (23) 

58 (34) 

74 (43) 

26 (52) 

18 (36) 

6 (12) 

 

 

<0.001 

Sex   Male 

         Female 

88 (51) 

84 (49) 

33 (66) 

17 (34) 

 

0.064 

Site    Colon 

          Rectum 

100 (58) 

72 (42) 

28 (56) 

22 (44) 

 

0.788 

Dukes stage    A 

                        B 

                        C 

23 (13) 

96 (56) 

53 (31) 

0 (0) 

9 (18) 

41 (82) 

 

 

<0.001 

C-reactive protein    <10mg/l 

                                 >10mg/l 

95 (55) 

77 (45) 

32 (64) 

18 (36) 

 

0.270 

Albumin    >35g/l 

                   <35g/l 

132 (77) 

20 (12) 

45 (90) 

0 (0) 

 

0.010 

    

Alive 

Dead           Cancer specific 

                    Intercurrent 

126 (74) 

23 (13) 

23 (13) 

35 (70) 

9 (18) 

6 (12) 

 

 

0.709 
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Table 7.2.  Clinicopathological characteristics in patients undergoing potentially 

curative surgery and adjuvant 5FU chemotherapy for colorectal cancer (n= 222) and 

survival.  

 

 No adjuvant 

chemotherapy 

(n= 172) 

p-value Adjuvant 

chemotherapy 

(n= 50) 

p-value 

 HR (95% CI)  HR (95% CI)  

Univariate analysis     

Age (<65/ 65-74/ >75) 2.33 (1.48-3.68) <0.001 0.73 (0.31-1.71) 0.464 

Sex (male/ female) 1.37 (0.77-2.46) 0.287 1.55 (0.55-4.36) 0.411 

Site (colon/ rectum) 1.23 (0.69-2.21) 0.477 1.19 (0.43-3.29) 0.735 

Dukes stage (A/ B/ C) 1.75 (1.06-2.89) 0.029 3.36 (0.44-25.85) 0.245 

C-reactive protein 

(<10, >10mg/l) 

 

2.39 (1.32-4.34) 

 

0.004 

 

6.68 (2.05-21.72) 

 

0.002 

Albumin (>35/ <35g/l) 1.42 (0.59-3.40) 0.433   

Multivariate analysis     

Age (<65/ 65-74/ >75) 1.87 (1.13-3.09) 0.015 1.21 (0.47-3.15) 0.693 

Sex (male/ female) 1.08 (0.55-2.09) 0.828 0.92 (0.26-3.22) 0.894 

Site (colon/ rectum) 1.57 (0.81-3.07) 0.185 1.15 (0.31-4.27) 0.834 

Dukes stage (A/ B/ C) 1.39 (0.82-2.36) 0.219 2.56 (0.31-21.21) 0.384 

C-reactive protein 

(<10, >10mg/l) 

 

2.10 (1.04-4.25) 

 

0.039 

 

5.57 (1.32-23.51) 

 

0.019 

Albumin (>35/ <35g/l) 1.18 (0.48-2.88) 0.721   
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8.0  DOES THE PRESENCE OF A PRE-OPERATIVE SYSTEMIC 

INFLAMMATORY RESPONSE PREDICT POORER SURVIVAL IN 

PATIENTS WITH TNM STAGE I/II COLON CANCER – A PILOT STUDY 

 

8.1 Introduction 

 

Numerous studies have shown that adjuvant chemotherapy following potentially 

curative surgery for colon cancer is of some benefit in those patients with node positive 

disease [Moertel, 1994;Moertel et al., 1995b].  However, the value of adjuvant 

chemotherapy in patients with node negative disease remains to be established [Moertel 

et al., 1995a;Benson, III et al., 2004;Chung and Kelsen, 2006]. 

 

More recently, it has been shown that the presence of an ongoing systemic 

inflammatory response, as evidenced by acute phase proteins such as elevated C-

reactive protein and low albumin concentrations [Gabay and Kushner, 1999], is an 

important independent prognostic factor in patients with a variety of advanced cancers 

[McMillan et al., 2001b;Maltoni et al., 2005;Hauser et al., 2006].  Furthermore, it has 

been shown that the presence of an elevated C-reactive protein concentration, prior to 

and following potentially curative surgery, is associated with poorer overall and cancer 

specific survival in patients with colorectal cancer [McMillan et al., 1995;Nozoe et al., 

1998;Nielsen et al., 2000;McMillan et al., 2003]. 

 

In light of such work, we have developed an inflammation based score based on C-

reactive protein and albumin, the Glasgow Prognostic score (GPS), which has 

prognostic value, independent of clinical stage and performance status, in patients with 
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advanced cancer [Forrest et al., 2003;Forrest et al., 2005;Glen et al., 2006;Crumley et 

al., 2006b;Ramsey et al., 2007].  Recently, we have shown that the GPS has prognostic 

value in patients undergoing potentially curative surgery for colon and rectal cancer and 

in Dukes B stage disease [McMillan et al., 2007]. 

 

Recent work has highlighted the prognostic importance of accurate pathological 

assessment of tumour stage and vascular invasion [Morris et al., 2006] and the number 

of lymph nodes examined [Chen and Bilchik, 2006] in patients with TNM stage I/ II 

colon cancer.  Therefore, the aim of the present study was to determine whether the 

GPS has prognostic value independent of pathological criteria and the number of lymph 

nodes examined in patients undergoing curative resection for node negative colon 

cancer. 

 



 112

8.2 Patients and Methods  

 

Patients with histologically proven colon cancer who, on the basis of laparotomy 

findings and preoperative abdominal computed tomography, were considered to have 

undergone a potentially curative resection between December 1999 and November 2005 

in a single surgical unit at Glasgow Royal Infirmary and in whom C-reactive protein 

and albumin was measured prior to surgery were included in the study.  The extent of 

deprivation was defined using the Carstairs deprivation index, a measure derived from 

the 1991 census which divides the score into a seven-point index [Carstairs and Morris, 

1991].  The tumours were staged using the conventional TNM classification [Greene Fl 

et al., 2002].  Patients who either had emergency presentation or who died within 30 

days of surgery were excluded from the study.  At this time no patient showed clinical 

evidence of infection or other inflammatory condition. 

 

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

 

Routine laboratory measurements of C-reactive protein and albumin at the time of 

diagnosis were carried out.  The limit of detection of the C-reactive protein assay was 

<6mg/l.  The coefficients of variation of these methods, over the range of 

measurements, were less than 5% as established by routine quality control. 

 

The GPS was constructed as previously described [Forrest et al., 2003;Forrest et al., 

2005].  Briefly, patients with both an elevated C-reactive protein (>10 mg/l) and 

hypoalbuminaemia (<35g/l) were allocated a score of 2.  Patients in whom only one of 
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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, this has been modified based on evidence that hypoalbuminaemia, in patients 

without an elevated C-reactive protein concentration, had no effect on cancer specific 

survival.  Therefore, patients with an elevated C-reactive protein were assigned a 

modified GPS score (mGPS) of 1 or 2 depending on the absence or presence of 

hypoalbuminaemia [McMillan et al., 2007]. 
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8.3 Statistics 

 

Comparisons between groups of patients were carried out using contingency table 

analysis (X2) as appropriate.  Survival analysis of the group variables was performed 

using the Cox proportional hazard model.  Deaths to the end of May 2007 were 

included in the analysis.  Multivariate survival analysis 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 >0.05.  Analysis was performed using SPSS software 

(SPSS Inc., Chicago, IL, USA). 
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8.4 Results 

 

The baseline characteristics of the 89 patients who underwent elective potentially 

curative resection for TNM stage I/II colon cancer are shown in Table 8.1.  The 

majority of patients were aged 65 years or more, were deprived, had T stage 3 or 4, had 

well or moderately differentiated tumours and had no evidence of vascular invasion.  

The median (range) number of nodes examined was 14 (3-52).   

 

Forty four (49.4%) patients had an elevated mGPS (1 or 2) prior to surgery.  Of the 11 

patients with hypoalbuminaemia 10 (91%) also had an elevated C-reactive protein 

concentration.  Ten (11%) patients received adjuvant 5FU- based chemotherapy. 

 

The minimum follow-up was 18 months; the median follow-up of the survivors was 44 

months; 16 patients died, 6 died of their cancer and 10 of intercurrent disease.  On 

univariate analysis, age (p<0.01) and the mGPS (p<0.05) were associated with overall 

survival (Table 8.1).  On multivariate analysis of all variables, only age (p<0.05) was 

independently associated with overall survival (Table 8.2).   

 

On univariate analysis, there was a trend towards age being significant (p<0.10) and the 

mGPS (p<0.05) was significantly associated with cancer specific survival (Table 8.1).  

On multivariate analysis of all variables, there was a trend towards sex (p<0.10) and 

mGPS (p<0.10) being independently associated with cancer specific survival (Table 

8.2).   
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The relationship between the mGPS and the clinicopathological characteristics of 

patients who underwent elective potentially curative resection for TNM stage I/II colon 

cancer are shown in Table 8.3.  An increasing mGPS was associated with older age 

(p<0.05) and less adjuvant therapy (p<0.05).   
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8.5 Discussion 

 

The results of the present study suggest that there is a trend between the presence of a 

systemic inflammatory response, as evidenced by an elevated mGPS and poorer cancer 

specific survival in patients undergoing potentially curative surgery for TNM stage I/II 

colon cancer.  In contrast, neither tumour stage, vascular invasion or the number of 

lymph nodes examined appeared to be associated with cancer specific survival.  

Therefore, the present study provides some evidence that an inflammation based 

prognostic score, the mGPS, might be superior to recommended pathological criteria in 

predicting survival in patients with node negative colon cancer.  

 

The results of the present pilot study are clearly preliminary, with relatively small 

numbers of patients and limited follow-up and therefore should be interpretated with 

caution.  This relationship needs to be studied further in much larger numbers with 

longer follow-up to examine whether this trend does indeed show significance. 

 

The use of adjuvant chemotherapy for medically fit patients with stage II colon cancer is 

currently not recommended except for those patients considered high risk.  These 

include patients with emergency presentation (blood loss, obstruction or perforation), 

inadequately sampled nodes, T4 lesions, perforation, or poorly differentiated histology 

[Benson, III et al., 2004].  The results of the present study may suggest that an elevated 

GPS should be included in the criteria which define high risk patients with stage I/II 

colon cancer. 
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However, based on recent evidence it is not clear whether these patients will benefit 

from chemotherapy since patients with an elevated C-reactive protein concentration also 

had poorer survival following adjuvant 5-FU based chemotherapy (Chapter 7).  

Nevertheless, the mGPS, if validated in other centres, will improve the identification of 

high risk patients and may be useful in the stratification of patients with colorectal 

cancer entering trials for other adjuvant therapy regimens.  Furthermore, future results 

of treatment in primary operable colorectal cancer should be reported, adjusted for the 

presence or absence of a systemic inflammatory response. 

 

It was of interest that, in the present study, an elevated mGPS prior to surgery, was 

associated with older age and less adjuvant therapy but not associated with pathological 

criteria other than poor differentiation.  Given that it is now recognised that the systemic 

inflammatory response is associated with progressive nutritional decline [Fearon et al., 

1999;Kotler, 2000] and cardiovascular disease [Kritchevsky et al., 2005;Tsimikas et al., 

2006] this raises the question of whether those patients with an elevated GPS prior to 

surgery had worse nutritional status or increased co-morbidity.  Although we did not 

record nutritional status or co-morbidity in the present study it would be important to 

examine their relationship with the pre-operative systemic inflammatory response in 

future studies since it may shed light on whether a poorer health state results in the 

tumour behaving more aggressively, an important consideration in the administration of 

adjuvant chemotherapy. 

 

In summary, an inflammation-based prognostic score (mGPS), which is simple to 

measure, routinely available and well standardised, may help predict cancer specific 

survival in patients with stage I/II colon cancer.  This relationship needs to be studied 
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further in larger study to ascertain if the mGPS can be used as a independent prognostic 

factor in patients undergoing curative resection for colon cancer. 
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Table 8.3  Clinicopathological characteristics according to an inflammation based 

prognostic score (mGPS) in patients undergoing potentially curative surgery for TNM 

stage I/ II colon cancer 

 mGPS 0 

(n= 45) 

mGPS 1 

(n= 34) 

mGPS 2 

(n=10) 

p-value 

Age group 

(<65/ 65-74/ >75 yrs) 

 

15/ 20/ 10 

 

8/ 13/ 13 

 

1/ 3/ 6 

 

0.016 

Sex (male/ female) 27/ 18 17/ 17 4/ 6 0.200 

Deprivation 

(affluent/ intermediate/ deprived) 

 

3/ 19/ 23 

 

0/ 11/ 23 

 

0/ 4/ 6 

 

0.146 

Tumour stage (T1/ T2/ T3/ T4) 4/ 8/ 26/ 7 0/ 4/ 23/ 7 0/ 1/ 9/ 0 0.239 

Differentiation 

(well or moderate/ poor) 

 

40/ 5 

 

30/ 4 

 

6/ 4 

 

0.071 

Vascular invasion 

(negative/ positive) 

 

36/ 9 

 

27/ 7 

 

7/ 3 

 

0.578 

Nodes examined 

(<6/ 6-10/ 10-15/ >15) 

 

6/ 22/ 17 

 

3/ 13/ 8 

 

0/ 5/ 5 

 

0.172 

     

Adjuvant therapy (no/ yes) 36/ 9 33/ 1 10/ 0 0.013 
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9.0 DISCUSSION 

 

It has long been recognised that there is more to disease progression in cancer than the 

tumour characteristics alone.  At the outset of this thesis there was an increasing body of 

evidence in a colorectal cancer that the inflammatory response, both local and systemic, 

has a role to play.  Indeed, there were a number of studies which confirmed an 

independent relationship between an elevated C-reactive protein and poor survival in 

patients undergoing potentially curative resectional surgery for colorectal cancer [Nozoe 

et al., 1998;Nielsen et al., 2000;Canna et al., 2004;Miki et al., 2004].  In contrast two 

studies did not show independent prognostic value [Wigmore et al., 2001;Chung and 

Chang, 2003a].  

 

As stated in chapter 2 the thesis had a number of aims.  

1. To establish the prognostic value of the pre-operative compared with the post-

operative systemic inflammatory response in patients undergoing potentially curative 

surgery for colorectal cancer. 

2. To examine the pre-operative inflammatory response in patients undergoing 

potentially curative surgery for colorectal cancer. 

3. To examine the utility of the systemic inflammatory response as a guide to treatment 

in patient undergoing potentially curative surgery for colorectal cancer. 

 

Chapter 3 examined the prognostic value of both the pre-operative and immediate post-

operative systemic inflammatory response. Only the pre-operative C-reactive protein 

had prognostic value.  These results would suggest that reducing the post-operative 

systemic inflammatory response by enhanced recovery and laparoscopic techniques will 
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be of little benefit in the long term survival of these patients.  In contrast to such 

techniques little work has been carried out to evaluate the role of pre-operative 

modulation of the systemic inflammatory response in patients undergoing potentially 

curative surgery for colorectal cancer.  This would be an important avenue of future 

research. 

 

After showing that the pre-operative systemic inflammatory response is indeed 

prognostic in colorectal cancer the next aim was to try to examine the basis of this pre-

operative systemic inflammatory response.  Chapters 4, 5 and 6 each examine different 

aspects of the basis of such a relationship. 

 

In chapter 4 the relationship between the systemic inflammatory response and tumour 

characteristics was examined in more detail.  By looking specifically at various 

pathological characteristics of the tumour morphology including the presence of 

ulceration, degree of differentiation and maximal diameter it was shown that an elevated 

pre-operative C-reactive protein was associated with the maximal tumour diameter.  

These results apparently suggest that the tumour directly expresses factors which 

stimulate C-reactive protein production.  However this study, in contrast to C-reactive 

protein, showed no association between survival and tumour diameter. Therefore, this 

would suggest that the direct relationship between C-reactive protein and tumour 

diameter may be due to a compromised immune response promoting tumour growth.  

 

Chapter 5 examines the relationship between mode of presentation, systemic 

inflammatory response and survival.   The study showed that emergency presentation 

was associated with a raised systemic inflammatory response, as evidence by an 
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elevated mGPS, and that emergency presentation was weakened as a predictor of 

survival when the systemic inflammatory response was included in the survival model.   

These results are consistent with the host derived systemic inflammatory response being 

important in determining survival in patients who present as an emergency. 

 

Chapter 6 examined the relationship between C-reactive protein, interleukin-6 and 

interleukin-10 and lymphocyte subpopulations in patients with colorectal cancer.  This 

would provide information on which aspect of the immune system was associated with 

an elevated C-reactive protein concentration.  This study showed that, in patients 

undergoing curative resection for colorectal cancer, an elevated C-reactive protein 

concentration is primarily associated with increased circulating interleukin-6 

concentrations.  Furthermore, circulating lymphocytes subpopulations do not appear to 

be associated with an elevated C-reactive protein concentration. 

 

Taking the three studies (chapter 4, 5 and 6) together we can conclude that a pre-

operative systemic inflammatory response primarily reflects a host-, rather than a 

tumour-, derived response.  Moreover interleukin-6 concentrations, but not interleukin-

10, and lymphocyte subpopulations, are closely involved.  This may suggest indirectly 

that macrophages are important in this host inflammatory response.  However further 

work is required to examine the relationship between an elevated C-reactive protein and 

circulating macrophage numbers. 

 

Another more clinical issue is that an elevated pre-operative C-reactive protein may be a 

marker for poor nutritional status and increased co-morbidities.  Certainly, recent work 

has shown a link between C-reactive protein and various co-morbidities including 
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cardiac disease [Ridker, 2007].   Indeed, there has also been a recent study showing that 

patient physiology predicts overall and cancer specific survival independent of Dukes’ 

stage in patients undergoing surgery for colorectal cancer [Jenkins et al., 2007].  Further 

work is required to examine the relationship between the systemic inflammatory 

response, co-morbid status and outcome in colorectal cancer. 

 

The final aim of the thesis was to examine the utility of the systemic inflammatory 

response as a guide to treatment in colorectal cancer.  This aim is covered in chapters 7 

and 8. 

 

Chapter 7 examines specifically those patients who received post-operative adjuvant 

chemotherapy.  This study shows that the presence of a systemic inflammatory response 

appears to be an independent predictor of poor outcome in patients receiving adjuvant 

5FU-based chemotherapy following potentially curative resection for colorectal cancer.   

 

This is an interesting finding given that previous studies in this thesis and previous work 

have shown that the presence of an elevated pre-operative C-reactive protein is a poor 

prognostic factor.  On the face of it this would suggest that this is a group that would 

benefit from further treatment but this study, albeit in small numbers, suggests the 

converse.  The reason why these patients do worse with adjuvant chemotherapy is 

unclear but it may be that an elevated C-reactive protein is a marker for those patients 

who have compromised liver function [Brown et al., 2007] and therefore a poorer 

tolerance to chemotherapy.   
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Finally chapter 8 expands on this finding and looks specifically at those patients with 

node negative colon cancer.  This is an interesting group because it is recognised that a 

proportion of these patients do badly with respect to recurrent disease and survival.  

Recent work has highlighted the prognostic importance of accurate pathological 

assessment of tumour stage and vascular invasion [Morris et al., 2006] and the number 

of lymph nodes examined [Chen and Bilchik, 2006] in identifying high risk patients 

with TNM stage I/ II colon cancer.  These prognostic factors are now being used in 

decision making for adjuvant therapy. 

 

We showed that there is a trend between an elevated systemic inflammatory response 

and outcome in these patients and a suggestion that it may be superior to the above 

established pathological factors.  However this is a small study which does not reach 

significance in the multivariate analysis.  It does suggest that the relationship needs to 

be examined further in a bigger study.  Also the study does not manage to show 

significance for the various pathological factors other studies suggest which again might 

be a consequence of it being a small pilot study.  If further work confirms these findings 

the systemic inflammatory response should also be used as part of the decision making 

process in patients with node-negative colon cancer. 

 

Taken together these final two studies suggest that the systemic inflammatory response 

may be useful in helping to guide treatment especially in the adjuvant setting.  Another 

important conclusion from the present thesis is that there may be a role for using a 

combination of chemotherapy and anti-inflammatory treatment in patients with node 

positive colorectal cancer. Alternatively in node-negative patients it may be that the 
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systemic inflammatory response should be routinely used to identify high risk patients 

who might need a more intensive follow-up. 

 

Further Work 

 

It would be important to confirm the value of an elevated pre-operative systemic 

inflammatory response should be confirmed in larger multi-centre studies and there are 

plans to examine this within the West of Scotland managed clinical network for 

colorectal cancer.  The specific groups that need to be looked at in greater numbers and 

details are the node-negative patients and those patients receiving adjuvant 

chemotherapy.  

 

Also it would be important to examine approaches to moderate the preoperative 

systemic inflammatory response.  For example with non-steroidal anti-inflammatory 

agents or corticosteroids and to study their effect on long term survival. 
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Appendix 1 – Database for chapter 3 - PRE- BUT NOT POST-OPERATIVE 

SYSTEMIC INFLAMMATORY RESPONSE CORRELATES WITH COLORECTAL 

CANCER SURVIVAL 



 
14

5

Pa
tie

nt
 ID

A
ge

 
A

ge
 c

od
e 

Se
x 

O
pe

ra
tio

n 
D

at
e

O
pe

ra
tio

n 
Si

te
  

A
dj

uv
an

t t
he

ra
py

 
 

(Y
ea

rs
)

 (<
65

=0
, 6

5-
74

=1
, >

75
=2

) 
(M

=0
 F

=1
)

 
 

(R
ec

tu
m

=1
, c

ol
on

=0
) 

 (c
he

m
ot

he
ra

py
 =

1)
 

1 
65

 
1 

1 
04

.0
3.

19
99

 
an

te
rio

r r
es

ec
tio

n 
1 

0 
2 

81
 

2 
1 

15
.0

3.
19

99
 

Ri
gh

t h
em

ic
ol

ec
to

m
y 

0 
0 

3 
41

 
0 

0 
16

.0
3.

19
99

 
an

te
rio

r r
es

ec
tio

n 
1 

0 
4 

84
 

2 
1 

15
.0

8.
19

99
 

an
te

rio
r r

es
ec

tio
n 

1 
0 

5 
70

 
1 

0 
05

.1
0.

19
99

 
si

gm
oi

d 
co

le
ct

om
y 

0 
1 

6 
56

 
0 

0 
18

.1
1.

19
99

 
A

bd
om

in
op

er
in

ea
l e

xc
is

io
n 

of
 re

ct
um

 
1 

1 
7 

82
 

2 
1 

25
.1

1.
19

99
 

Ri
gh

t h
em

ic
ol

ec
to

m
y 

0 
0 

8 
72

 
1 

0 
16

.1
2.

19
99

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

1 
9 

45
 

0 
1 

08
.0

3.
20

00
 

Ri
gh

t h
em

ic
ol

ec
to

m
y 

0 
0 

10
 

79
 

2 
1 

15
.0

3.
20

00
 

Ri
gh

t h
em

ic
ol

ec
to

m
y 

0 
0 

11
 

60
 

0 
0 

06
.0

4.
20

00
 

A
nt

er
io

r r
es

ec
tio

n 
1 

1 
12

 
63

 
0 

0 
25

.0
7.

20
00

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

1 
13

 
89

 
2 

1 
08

.0
9.

20
00

 
R 

he
m

ic
ol

ec
to

m
y 

0 
0 

14
 

72
 

1 
0 

28
.0

9.
20

00
 

A
nt

er
io

r r
es

ec
tio

n 
1 

0 
15

 
70

 
1 

0 
27

.1
0.

20
00

 
si

gm
oi

d 
co

le
ct

om
y 

0 
0 

16
 

78
 

2 
1 

16
.0

1.
20

01
 

A
nt

er
io

r r
es

ec
tio

n 
1 

0 
17

 
72

 
1 

0 
31

.0
1.

20
01

 
R 

he
m

ic
ol

ec
to

m
y 

0 
0 

18
 

55
 

0 
1 

13
.0

2.
20

01
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

0 
19

 
74

 
1 

1 
16

.0
2.

20
01

 
A

nt
er

io
r r

es
ec

tio
n 

1 
0 

20
 

79
 

2 
0 

23
.0

3.
20

01
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
0 

21
 

42
 

0 
1 

03
.0

5.
20

01
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
1 

22
 

71
 

1 
1 

08
.0

5.
20

01
 

si
gm

oi
d 

co
le

ct
om

y 
0 

0 
23

 
68

 
1 

0 
19

.0
7.

20
01

 
Ri

gh
t h

em
ic

ol
ec

to
m

y 
0 

1 
24

 
63

 
0 

0 
09

.0
8.

20
01

 
A

nt
er

io
r r

es
ec

tio
n 

1 
1 

25
 

76
 

2 
1 

21
.0

8.
20

01
 

H
ar

tm
an

n'
s p

ro
ce

du
re

 
0 

0 
26

 
73

 
1 

1 
21

.0
8.

20
01

 
Su

b-
to

ta
l c

ol
ec

to
m

y 
+ 

IR
A

 
0 

0 
27

 
69

 
1 

0 
23

.0
8.

20
01

 
Su

b-
to

ta
l c

ol
ec

to
m

y 
+ 

IR
A

 
0 

0 
28

 
75

 
2 

1 
06

.0
9.

20
01

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
29

 
72

 
1 

1 
07

.0
9.

20
01

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
30

 
32

 
0 

0 
18

.0
9.

20
01

 
A

nt
er

io
r r

es
ec

tio
n 

1 
1 

31
 

54
 

0 
0 

18
.0

9.
20

01
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

0 



 
14

6

Pa
tie

nt
 ID

A
ge

 
A

ge
 c

od
e 

Se
x 

O
pe

ra
tio

n 
D

at
e

O
pe

ra
tio

n 
Si

te
  

A
dj

uv
an

t t
he

ra
py

 
 

(Y
ea

rs
)

 (<
65

=0
, 6

5-
74

=1
, >

75
=2

) 
(M

=0
 F

=1
)

 
 

(R
ec

tu
m

=1
, c

ol
on

=0
) 

 (c
he

m
ot

he
ra

py
 =

1)
 

32
 

77
 

2 
0 

20
.0

9.
20

01
 

A
nt

er
io

r r
es

ec
tio

n 
1 

1 
33

 
77

 
2 

0 
21

.0
9.

20
01

 
A

nt
er

io
r r

es
ec

tio
n 

1 
0 

34
 

58
 

0 
0 

26
.0

9.
20

01
 

Pr
oc

te
ct

om
y 

an
d 

co
lo

an
al

 a
na

st
om

os
is

 
1 

1 
35

 
82

 
2 

1 
27

.0
9.

20
01

 
Si

gm
oi

d 
co

le
ct

om
y 

0 
0 

36
 

80
 

2 
1 

02
.1

0.
20

01
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
0 

37
 

73
 

1 
0 

05
.1

0.
20

01
 

Pr
oc

te
ct

om
y 

an
d 

co
lo

an
al

 a
na

st
om

os
is

 
1 

0 
38

 
80

 
2 

1 
09

.1
0.

20
01

 
Si

gm
oi

d 
co

le
ct

om
y 

0 
0 

39
 

32
 

0 
0 

12
.1

0.
20

01
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
1 

40
 

61
 

0 
1 

15
.1

0.
20

01
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

0 
41

 
79

 
2 

0 
16

.1
0.

20
01

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
42

 
46

 
0 

0 
25

.1
0.

20
01

 
Si

gm
oi

d 
co

le
ct

om
y 

0 
1 

43
 

83
 

2 
0 

30
.1

0.
20

01
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
0 

44
 

80
 

2 
0 

06
.1

1.
20

01
 

an
te

rio
r r

es
ec

tio
n 

1 
0 

45
 

75
 

2 
0 

13
.1

1.
20

01
 

an
te

rio
r r

es
ec

tio
n 

1 
0 

46
 

70
 

1 
0 

15
.1

1.
20

01
 

A
nt

er
io

r r
es

ec
tio

n 
1 

0 
47

 
59

 
0 

0 
20

.1
1.

20
01

 
A

nt
er

io
r r

es
ec

tio
n 

1 
1 

48
 

82
 

2 
1 

22
.1

1.
20

01
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
0 

49
 

81
 

2 
1 

28
.1

1.
20

01
 

an
te

rio
r R

es
ec

tio
n 

1 
0 

50
 

60
 

0 
0 

12
.1

2.
20

01
 

R 
he

m
ic

ol
ec

to
m

y 
0 

0 
51

 
69

 
1 

0 
30

.1
2.

20
01

 
H

ar
tm

an
n'

s p
ro

ce
du

re
 

0 
1 

52
 

70
 

1 
0 

08
.0

1.
20

02
 

A
nt

er
io

r r
es

ec
tio

n 
1 

0 
53

 
74

 
1 

0 
15

.0
1.

20
02

 
an

te
rio

r r
es

ec
tio

n 
1 

1 
54

 
77

 
2 

0 
18

.0
1.

20
02

 
A

nt
er

io
r r

es
ec

tio
n 

1 
0 

55
 

78
 

2 
1 

20
.0

1.
20

02
 

H
ar

tm
an

n'
s p

ro
ce

du
re

 
0 

0 
56

 
44

 
0 

1 
21

.0
1.

20
02

 
si

gm
oi

d 
co

le
ct

om
y 

0 
0 

57
 

89
 

2 
1 

30
.0

1.
20

02
 

an
te

rio
r r

es
ec

tio
n 

1 
0 

58
 

64
 

0 
0 

05
.0

2.
20

02
 

an
te

rio
r r

es
ec

tio
n 

1 
1 

59
 

81
 

2 
1 

28
.0

2.
20

02
 

A
nt

er
io

r r
es

ec
tio

n 
1 

0 
60

 
65

 
1 

1 
08

.0
3.

20
02

 
Pr

oc
te

ct
om

y 
an

d 
co

lo
an

al
 a

na
st

om
os

is
 

1 
0 

61
 

74
 

1 
0 

20
.0

3.
20

02
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
0 

62
 

63
 

0 
0 

04
.0

4.
20

02
 

an
te

rio
r r

es
ec

tio
n 

1 
0 



 
14

7

Pa
tie

nt
 ID

A
ge

 
A

ge
 c

od
e 

Se
x 

O
pe

ra
tio

n 
D

at
e

O
pe

ra
tio

n 
Si

te
  

A
dj

uv
an

t t
he

ra
py

 
 

(Y
ea

rs
)

 (<
65

=0
, 6

5-
74

=1
, >

75
=2

) 
(M

=0
 F

=1
)

 
 

(R
ec

tu
m

=1
, c

ol
on

=0
) 

 (c
he

m
ot

he
ra

py
 =

1)
 

63
 

83
 

2 
1 

05
.0

4.
20

02
 

A
bd

om
in

op
er

in
ea

l e
xc

is
io

n 
of

 re
ct

um
 

1 
0 

64
 

48
 

0 
0 

17
.0

4.
20

02
 

an
te

rio
r r

es
ec

tio
n 

1 
1 

65
 

50
 

0 
1 

24
.0

4.
20

02
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
1 

66
 

61
 

0 
1 

26
.0

4.
20

02
 

Pr
oc

te
ct

om
y 

an
d 

co
lo

an
al

 a
na

st
om

os
is

 
1 

0 
67

 
84

 
2 

0 
02

.0
5.

20
02

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

1 
68

 
50

 
0 

1 
07

.0
5.

20
02

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

1 
69

 
64

 
0 

1 
08

.0
5.

20
02

 
H

ar
tm

an
n'

s p
ro

ce
du

re
 

0 
1 

70
 

69
 

1 
1 

10
.0

5.
20

02
 

Pr
oc

te
ct

om
y 

an
d 

co
lo

an
al

 a
na

st
om

os
is

 
1 

0 
71

 
63

 
0 

0 
15

.0
5.

20
02

 
an

te
rio

r r
es

ec
tio

n 
1 

0 
72

 
76

 
2 

1 
17

.0
5.

20
02

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
73

 
75

 
2 

0 
28

.0
5.

20
02

 
an

te
rio

r r
es

ec
tio

n 
1 

0 
74

 
71

 
1 

0 
11

.0
6.

20
02

 
si

gm
oi

d 
co

le
ct

om
y 

0 
0 

75
 

63
 

0 
0 

13
.0

6.
20

02
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

1 
76

 
69

 
1 

1 
20

.0
6.

20
02

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
77

 
68

 
1 

0 
20

.0
6.

20
02

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
78

 
76

 
2 

0 
20

.0
6.

20
02

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
79

 
79

 
2 

0 
26

.0
6.

20
02

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
80

 
73

 
1 

0 
06

.0
7.

20
02

 
Si

gm
oi

d 
co

le
ct

om
y 

0 
0 

81
 

80
 

2 
1 

10
.0

7.
20

02
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
0 

82
 

67
 

1 
1 

11
.0

7.
20

02
 

Pr
oc

te
ct

om
y 

an
d 

co
lo

an
al

 a
na

st
om

os
is

 
1 

1 
83

 
59

 
0 

1 
12

.0
8.

20
02

 
Pr

oc
te

ct
om

y 
an

d 
co

lo
an

al
 a

na
st

om
os

is
 

1 
0 

84
 

77
 

2 
1 

13
.0

8.
20

02
 

A
nt

er
io

r r
es

ec
tio

n 
1 

1 
85

 
50

 
0 

0 
20

.0
8.

20
02

 
Pr

oc
te

ct
om

y 
+ 

ile
oa

na
l p

ou
ch

 
1 

0 
86

 
66

 
1 

1 
22

.0
8.

20
02

 
A

nt
er

io
r r

es
ec

tio
n 

1 
0 

87
 

76
 

2 
1 

03
.0

9.
20

02
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

1 
88

 
77

 
2 

1 
05

.0
9.

20
02

 
A

nt
er

io
r r

es
ec

tio
n 

1 
0 

89
 

85
 

2 
1 

11
.0

9.
20

02
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

0 
90

 
77

 
2 

0 
17

.0
9.

20
02

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
91

 
83

 
2 

0 
20

.0
9.

20
02

 
Si

gm
oi

d 
co

le
ct

om
y 

0 
0 

92
 

67
 

1 
1 

30
.1

0.
20

02
 

an
te

rio
r r

es
ec

tio
n 

1 
0 

93
 

79
 

2 
0 

01
.1

1.
20

02
 

Pr
oc

te
ct

om
y 

an
d 

co
lo

an
al

 a
na

st
om

os
is

 
1 

0 



 
14

8

Pa
tie

nt
 ID

A
ge

 
A

ge
 c

od
e 

Se
x 

O
pe

ra
tio

n 
D

at
e

O
pe

ra
tio

n 
Si

te
  

A
dj

uv
an

t t
he

ra
py

 
 

(Y
ea

rs
)

 (<
65

=0
, 6

5-
74

=1
, >

75
=2

) 
(M

=0
 F

=1
)

 
 

(R
ec

tu
m

=1
, c

ol
on

=0
) 

 (c
he

m
ot

he
ra

py
 =

1)
 

94
 

68
 

1 
1 

05
.1

1.
20

02
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
0 

95
 

75
 

2 
1 

12
.1

1.
20

02
 

an
te

rio
r r

es
ec

tio
n 

1 
0 

96
 

62
 

0 
1 

13
.1

1.
20

02
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
0 

97
 

55
 

0 
1 

13
.1

1.
20

02
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

1 
98

 
79

 
2 

0 
26

.1
1.

20
02

 
su

b-
to

ta
l c

ol
ec

to
m

y 
+ 

IR
A

 
0 

0 
99

 
68

 
1 

1 
11

.1
2.

20
02

 
Si

gm
oi

d 
co

le
ct

om
y 

0 
0 

10
0 

86
 

2 
1 

18
.1

2.
20

02
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
0 

10
1 

81
 

2 
1 

04
.0

1.
20

03
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
0 

10
2 

86
 

2 
0 

04
.0

1.
20

03
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
0 

10
3 

47
 

0 
1 

06
.0

1.
20

03
 

an
te

rio
r r

es
ec

tio
n 

1 
0 

10
4 

53
 

0 
0 

08
.0

1.
20

03
 

an
te

rio
r r

es
ec

tio
n 

1 
0 

10
5 

83
 

2 
0 

09
.0

1.
20

03
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

0 
10

6 
60

 
0 

0 
14

.0
1.

20
03

 
A

nt
er

io
r r

es
ec

tio
n 

1 
0 

10
7 

77
 

2 
0 

14
.0

1.
20

03
 

an
te

rio
r r

es
ec

tio
n 

1 
0 

10
8 

74
 

1 
0 

23
.0

1.
20

03
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

0 
10

9 
83

 
2 

1 
29

.0
1.

20
03

 
A

bd
om

in
op

er
in

ea
l e

xc
is

io
n 

of
 re

ct
um

 
1 

0 
11

0 
56

 
0 

0 
30

.0
1.

20
03

 
Si

gm
oi

d 
co

le
ct

om
y 

0 
1 

11
1 

69
 

1 
1 

06
.0

3.
20

03
 

an
te

rio
r r

es
ec

tio
n 

1 
0 

11
2 

73
 

1 
0 

14
.0

3.
20

03
 

si
gm

oi
d 

co
le

ct
om

y 
0 

0 
11

3 
63

 
0 

0 
19

.0
3.

20
03

 
an

te
rio

r r
es

ec
tio

n 
1 

1 
11

4 
49

 
0 

0 
25

.0
3.

20
03

 
A

bd
om

in
op

er
in

ea
l e

xc
is

io
n 

of
 re

ct
um

 
1 

0 
11

5 
56

 
0 

1 
28

.0
3.

20
03

 
Pr

oc
te

ct
om

y 
an

d 
co

lo
an

al
 a

na
st

om
os

is
 

1 
0 

11
6 

68
 

1 
0 

04
.0

4.
20

03
 

A
nt

er
io

r r
es

ec
tio

n 
1 

0 
11

7 
58

 
0 

0 
15

.0
4.

20
03

 
an

te
rio

r r
es

ec
tio

n 
1 

0 
11

8 
64

 
0 

0 
21

.0
4.

20
03

 
an

te
rio

r r
es

ec
tio

n 
1 

1 
11

9 
43

 
0 

0 
22

.0
4.

20
03

 
Ri

gh
t h

em
ic

ol
ec

to
m

y 
0 

0 
12

0 
79

 
2 

0 
23

.0
4.

20
03

 
an

te
rio

r r
es

ec
tio

n 
1 

0 
12

1 
39

 
0 

0 
30

.0
4.

20
03

 
A

bd
om

in
op

er
in

ea
l e

xc
is

io
n 

of
 re

ct
um

 
1 

1 
12

2 
67

 
1 

0 
13

.0
5.

20
03

 
Si

gm
oi

d 
co

le
ct

om
y 

0 
0 

12
3 

72
 

1 
0 

14
.0

5.
20

03
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
0 

12
4 

60
 

0 
1 

23
.0

5.
20

03
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

1 



 
14

9

Pa
tie

nt
 ID

A
ge

 
A

ge
 c

od
e 

Se
x 

O
pe

ra
tio

n 
D

at
e

O
pe

ra
tio

n 
Si

te
  

A
dj

uv
an

t t
he

ra
py

 
 

(Y
ea

rs
)

 (<
65

=0
, 6

5-
74

=1
, >

75
=2

) 
(M

=0
 F

=1
)

 
 

(R
ec

tu
m

=1
, c

ol
on

=0
) 

 (c
he

m
ot

he
ra

py
 =

1)
 

12
5 

72
 

1 
0 

27
.0

5.
20

03
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

1 
12

6 
74

 
1 

0 
29

.0
5.

20
03

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
12

7 
82

 
2 

1 
12

.0
6.

20
03

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
12

8 
69

 
1 

1 
19

.0
6.

20
03

 
an

te
rio

r r
es

ec
tio

n 
1 

0 
12

9 
83

 
2 

1 
04

.0
7.

20
03

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
13

0 
76

 
2 

1 
31

.0
7.

20
03

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
13

1 
64

 
0 

1 
01

.0
8.

20
03

 
A

nt
er

io
r r

es
ec

tio
n 

1 
0 

13
2 

38
 

0 
1 

05
.0

8.
20

03
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
1 

13
3 

56
 

0 
1 

07
.0

8.
20

03
 

A
nt

er
io

r r
es

ec
tio

n 
1 

1 
13

4 
76

 
2 

1 
15

.0
8.

20
03

 
A

bd
om

in
op

er
in

ea
l e

xc
is

io
n 

of
 re

ct
um

 
1 

0 
13

5 
87

 
2 

1 
15

.0
8.

20
03

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
13

6 
74

 
1 

0 
20

.0
8.

20
03

 
Su

bt
ot

al
 c

ol
ec

to
m

y 
0 

0 
13

7 
61

 
0 

0 
28

.0
8.

20
03

 
Ri

gh
t h

em
ic

ol
ec

to
m

y 
0 

1 
13

8 
83

 
2 

1 
29

.0
8.

20
03

 
Ri

gh
t h

em
ic

ol
ec

to
m

y 
0 

0 
13

9 
77

 
2 

0 
03

.0
9.

20
03

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

0 
14

0 
55

 
0 

0 
05

.0
9.

20
03

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

1 
14

1 
74

 
1 

0 
09

.0
9.

20
03

 
Si

gm
oi

d 
co

le
ct

om
y 

0 
0 

14
2 

69
 

1 
1 

12
.0

9.
20

03
 

Le
ft 

he
m

ic
ol

ec
to

m
y 

0 
0 

14
3 

75
 

2 
0 

18
.0

9.
20

03
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

1 
14

4 
77

 
2 

0 
19

.0
9.

20
03

 
A

nt
er

io
r r

es
ec

tio
n 

1 
1 

14
5 

75
 

2 
1 

03
.1

0.
20

03
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

0 
14

6 
72

 
1 

1 
03

.1
0.

20
03

 
A

P 
re

se
ct

io
n 

1 
0 

14
7 

65
 

1 
0 

09
.1

0.
20

03
 

A
nt

er
io

r r
es

ec
tio

n 
1 

1 
14

8 
65

 
1 

0 
10

.1
0.

20
03

 
Si

gm
oi

d 
co

le
ct

om
y 

0 
0 

14
9 

74
 

1 
0 

16
.1

0.
20

03
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
0 

15
0 

41
 

0 
0 

17
.1

0.
20

03
 

A
nt

er
io

r r
es

ec
tio

n 
1 

0 
15

1 
48

 
0 

0 
21

.1
0.

20
03

 
A

nt
er

io
r r

es
ec

tio
n 

1 
0 

15
2 

54
 

0 
0 

23
.1

0.
20

03
 

A
nt

er
io

r r
es

ec
tio

n 
1 

0 
15

3 
84

 
2 

0 
24

.1
0.

20
03

 
Ri

gh
t h

em
ic

ol
ec

to
m

y 
0 

0 
15

4 
74

 
1 

0 
30

.1
0.

20
03

 
Le

ft 
he

m
ic

ol
ec

to
m

y 
0 

0 
15

5 
71

 
1 

0 
12

.1
1.

20
03

 
A

P 
re

se
ct

io
n 

1 
0 



 
15

0

Pa
tie

nt
 ID

A
ge

 
A

ge
 c

od
e 

Se
x 

O
pe

ra
tio

n 
D

at
e

O
pe

ra
tio

n 
Si

te
  

A
dj

uv
an

t t
he

ra
py

 
 

(Y
ea

rs
)

 (<
65

=0
, 6

5-
74

=1
, >

75
=2

) 
(M

=0
 F

=1
)

 
 

(R
ec

tu
m

=1
, c

ol
on

=0
) 

 (c
he

m
ot

he
ra

py
 =

1)
 

15
6 

64
 

0 
0 

16
.1

2.
20

03
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
0 

15
7 

69
 

1 
1 

18
.1

2.
20

03
 

Ri
gh

t H
em

ic
ol

ec
to

m
y 

0 
1 

15
8 

47
 

0 
0 

06
.0

1.
20

04
 

Lo
w

 a
nt

er
io

r r
es

ec
tio

n 
1 

1 
15

9 
70

 
1 

0 
08

.0
1.

20
04

 
A

nt
er

io
r r

es
ec

tio
n 

1 
0 

16
0 

69
 

1 
0 

08
.0

1.
20

04
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

0 
16

1 
64

 
0 

0 
09

.0
1.

20
04

 
Pr

oc
te

ct
om

y 
0 

0 
16

2 
73

 
1 

1 
09

.0
1.

20
04

 
Ri

gh
t H

em
ic

ol
ec

to
m

y 
0 

1 
16

3 
68

 
1 

1 
24

.0
2.

20
04

 
an

te
rio

r r
es

ec
tio

n 
1 

0 
16

4 
68

 
1 

1 
27

.0
2.

20
04

 
Si

gm
oi

d 
co

le
ct

om
y 

0 
0 

16
5 

82
 

2 
0 

16
.0

3.
20

04
 

Si
gm

oi
d 

co
le

ct
om

y 
0 

0 
16

6 
76

 
2 

0 
18

.0
3.

20
04

 
rig

ht
 h

em
ic

ol
ec

to
m

y 
0 

0 
16

7 
67

 
1 

1 
19

.0
3.

20
04

 
rig

ht
 h

em
ic

ol
ec

to
m

y 
0 

1 
16

8 
66

 
1 

0 
23

.0
3.

20
04

 
an

te
rio

r r
es

ec
tio

n 
1 

1 
16

9 
69

 
1 

1 
25

.0
3.

20
04

 
rig

ht
 h

em
ic

ol
ec

to
m

y 
0 

0 
17

0 
77

 
2 

1 
25

.0
3.

20
04

 
an

te
rio

r r
es

ec
tio

n 
1 

1 
17

1 
81

 
2 

1 
16

.0
4.

20
04

 
an

te
rio

r r
es

ec
tio

n 
1 

0 
17

2 
59

 
0 

1 
20

.0
4.

20
04

 
rig

ht
 h

em
ic

ol
ec

to
m

y 
0 

0 
17

3 
75

 
2 

1 
23

.0
4.

20
04

 
an

te
rio

r r
es

ec
tio

n 
1 

0 
17

4 
84

 
2 

1 
05

.0
5.

20
04

 
rig

ht
 h

em
ic

ol
ec

to
m

y 
0 

0 
17

5 
79

 
2 

0 
14

.0
5.

20
04

 
rig

ht
 h

em
ic

ol
ec

to
m

y 
0 

1 
17

6 
52

 
0 

0 
18

.0
5.

20
04

 
an

te
rio

r r
es

ec
tio

n 
1 

1 
17

7 
81

 
2 

0 
08

.0
6.

20
04

 
an

te
rio

r r
es

ec
tio

n 
1 

0 
17

8 
74

 
1 

0 
15

.0
6.

20
04

 
an

te
rio

r r
es

ec
tio

n 
1 

0 
17

9 
72

 
1 

1 
15

.0
6.

20
04

 
Le

ft 
he

m
ic

ol
ec

to
m

y 
0 

1 
18

0 
64

 
0 

0 
25

.0
6.

20
04

 
an

te
rio

r r
es

ec
tio

n 
1 

0 
 



 
15

1

 Pa
tie

nt
 ID

 
D

at
e 

of
 fo

llo
w

up
 

C
au

se
 o

f d
ea

th
 

Su
rv

iv
al

 
T 

N
 

M
St

ag
e 

D
iff

er
en

tia
tio

n 
V

as
cu

la
r i

nv
as

io
n 

 
 

 (0
=a

liv
e,

 1
=c

ol
or

ec
ta

l c
an

ce
r, 

2=
no

n-
ca

nc
er

 c
au

se
) 

 (m
on

th
s)

 
 

 
 

 
 

1 
25

-F
eb

-0
2 

1 
36

.3
 

3 
1 

0 
2 

w
el

l/m
od

 
N

o 
2 

25
-A

ug
-0

4 
2 

66
.3

3 
3 

0 
0 

1 
w

el
l/m

od
 

N
o 

3 
20

-A
pr

-0
6 

0 
86

.4
 

2 
2 

0 
2 

w
el

l/m
od

 
N

o 
4 

28
-M

ay
-0

4 
2 

58
.2

7 
3 

0 
0 

1 
w

el
l/m

od
 

Y
es

 
5 

20
-A

pr
-0

6 
0 

79
.6

3 
3 

2 
0 

2 
w

el
l/m

od
 

N
o 

6 
22

-M
ar

-0
3 

2 
40

.6
7 

3 
2 

0 
2 

po
or

ly
 

N
o 

7 
17

-J
un

-0
3 

1 
43

.3
3 

3 
1 

0 
2 

w
el

l/m
od

 
N

o 
8 

20
-A

pr
-0

6 
0 

77
.2

3 
3 

0 
0 

1 
w

el
l/m

od
 

N
o 

9 
20

-A
pr

-0
6 

0 
74

.4
7 

4 
0 

0 
1 

w
el

l/m
od

 
N

o 
10

 
12

-S
ep

-0
1 

2 
18

.2
 

3 
0 

0 
1 

w
el

l/m
od

 
N

o 
11

 
20

-A
pr

-0
6 

0 
73

.5
 

4 
0 

0 
1 

w
el

l/m
od

 
N

o 
12

 
18

-M
ar

-0
2 

1 
20

.0
3 

4 
1 

0 
2 

w
el

l/m
od

 
N

o 
13

 
04

-J
un

-0
3 

2 
33

.3
 

3 
1 

0 
2 

w
el

l/m
od

 
N

o 
14

 
20

-A
pr

-0
6 

0 
67

.6
7 

2 
1 

0 
2 

w
el

l/m
od

 
N

o 
15

 
20

-A
pr

-0
6 

0 
66

.7
 

3 
0 

0 
1 

w
el

l/m
od

 
N

o 
16

 
20

-A
pr

-0
6 

0 
64

 
4 

0 
0 

1 
w

el
l/m

od
 

N
o 

17
 

20
-A

pr
-0

6 
0 

63
.5

 
3 

0 
0 

1 
w

el
l/m

od
 

N
o 

18
 

20
-A

pr
-0

6 
0 

63
.0

7 
3 

0 
0 

1 
w

el
l/m

od
 

N
o 

19
 

20
-A

pr
-0

6 
0 

62
.9

7 
1 

0 
0 

0 
w

el
l/m

od
 

N
o 

20
 

20
-A

pr
-0

6 
0 

61
.8

 
3 

0 
0 

1 
w

el
l/m

od
 

N
o 

21
 

20
-A

pr
-0

6 
0 

60
.4

3 
3 

0 
0 

1 
w

el
l/m

od
 

N
o 

22
 

20
-A

pr
-0

6 
0 

60
.2

7 
3 

0 
0 

1 
w

el
l/m

od
 

N
o 

23
 

20
-A

pr
-0

6 
0 

57
.8

7 
3 

1 
0 

2 
w

el
l/m

od
 

N
o 

24
 

20
-A

pr
-0

6 
0 

57
.1

7 
2 

1 
0 

2 
w

el
l/m

od
 

N
o 

25
 

20
-A

pr
-0

6 
0 

56
.7

7 
3 

0 
0 

1 
w

el
l/m

od
 

N
o 

26
 

20
-A

pr
-0

6 
0 

56
.7

7 
3 

0 
0 

1 
po

or
ly

 
N

o 
27

 
20

-A
pr

-0
6 

0 
56

.7
 

3 
0 

0 
1 

w
el

l/m
od

 
N

o 
28

 
20

-A
pr

-0
6 

0 
56

.2
3 

3 
0 

0 
1 

w
el

l/m
od

 
N

o 
29

 
20

-A
pr

-0
6 

0 
56

.2
 

3 
1 

0 
2 

w
el

l/m
od

 
N

o 
30

 
20

-A
pr

-0
6 

0 
55

.8
3 

3 
2 

0 
2 

w
el

l/m
od

 
Y

es
 



 
15

2

Pa
tie

nt
 ID

 
D

at
e 

of
 fo

llo
w

up
 

C
au

se
 o

f d
ea

th
 

Su
rv

iv
al

 
T 

N
 

M
St

ag
e 

D
iff

er
en

tia
tio

n 
V

as
cu

la
r i

nv
as

io
n 

 
 

 (0
=a

liv
e,

 1
=c

ol
or

ec
ta

l c
an

ce
r, 

2=
no

n-
ca

nc
er

 c
au

se
) 

 (m
on

th
s)

 
 

 
 

 
 

31
 

20
-A

pr
-0

6 
0 

55
.8

3 
1 

0 
0 

0 
m

od
er

at
el

y 
no

 
32

 
20

-A
pr

-0
6 

0 
55

.7
7 

3 
1 

0 
2 

w
el

l/m
od

 
N

o 
33

 
20

-A
pr

-0
6 

0 
55

.7
3 

2 
0 

0 
0 

w
el

l/m
od

 
N

o 
34

 
18

-S
ep

-0
3 

2 
24

.0
7 

3 
1 

0 
2 

m
od

er
at

el
y 

N
o 

35
 

09
-A

ug
-0

4 
2 

34
.9

 
3 

0 
0 

1 
w

el
l/m

od
 

N
o 

36
 

20
-A

pr
-0

6 
0 

55
.3

7 
4 

1 
0 

2 
m

od
er

at
el

y 
ye

s 
37

 
20

-A
pr

-0
6 

0 
55

.2
7 

2 
2 

0 
2 

w
el

l/m
od

 
Y

es
 

38
 

18
-J

ul
-0

5 
2 

45
.9

3 
2 

0 
0 

0 
w

el
l/m

od
 

N
o 

39
 

20
-A

pr
-0

6 
0 

55
.0

3 
3 

0 
0 

1 
w

el
l/m

od
 

no
 

40
 

20
-A

pr
-0

6 
0 

54
.9

3 
4 

0 
0 

1 
m

od
er

at
el

y 
no

 
41

 
27

-A
pr

-0
2 

1 
6.

43
 

4 
1 

0 
2 

m
od

er
at

el
y 

no
 

42
 

28
-D

ec
-0

4 
1 

38
.6

7 
3 

1 
0 

2 
w

el
l/m

od
 

Y
es

 
43

 
20

-A
pr

-0
6 

0 
54

.4
3 

3 
0 

0 
1 

w
el

l/m
od

 
N

o 
44

 
20

-A
pr

-0
6 

0 
54

.2
 

4 
1 

0 
2 

m
od

er
at

el
y 

no
 

45
 

24
-J

an
-0

3 
1 

14
.5

7 
4 

1 
0 

2 
m

od
er

at
el

y 
no

 
46

 
20

-A
pr

-0
6 

0 
53

.9
 

4 
0 

0 
1 

w
el

l/m
od

 
N

o 
47

 
19

-F
eb

-0
3 

2 
15

.2
 

3 
0 

0 
1 

w
el

l/m
od

 
N

o 
48

 
24

-D
ec

-0
1 

2 
1.

07
 

2 
0 

0 
0 

w
el

l 
no

 
49

 
20

-A
pr

-0
6 

0 
53

.4
7 

4 
0 

0 
1 

m
od

er
at

el
y 

no
 

50
 

20
-A

pr
-0

6 
0 

53
 

4 
0 

0 
1 

w
el

l/m
od

 
N

o 
51

 
28

-D
ec

-0
3 

1 
24

.2
7 

4 
2 

0 
2 

po
or

ly
 

N
o 

52
 

06
-M

ar
-0

6 
2 

50
.6

 
3 

0 
0 

1 
w

el
l/m

od
 

N
o 

53
 

20
-A

pr
-0

6 
0 

51
.8

7 
3 

1 
0 

2 
m

od
er

at
el

y 
ye

s 
54

 
12

-J
un

-0
3 

2 
17

 
2 

1 
0 

2 
w

el
l/m

od
 

N
o 

55
 

09
-F

eb
-0

3 
1 

12
.8

3 
4 

1 
0 

2 
po

or
ly

 
Y

es
 

56
 

20
-A

pr
-0

6 
0 

51
.6

7 
3 

0 
0 

1 
w

el
l/m

od
 

no
 

57
 

20
-A

pr
-0

6 
0 

51
.3

7 
2 

0 
0 

0 
w

el
l/m

od
 

no
 

58
 

20
-A

pr
-0

6 
0 

51
.1

7 
3 

2 
0 

2 
m

od
er

at
el

y 
no

 
59

 
20

-A
pr

-0
6 

0 
50

.4
 

1 
1 

0 
2 

w
el

l/m
od

 
N

o 
60

 
20

-A
pr

-0
6 

0 
50

.1
3 

2 
2 

0 
2 

po
or

ly
 

N
o 

61
 

24
-M

ar
-0

3 
1 

12
.3

 
4 

2 
0 

2 
w

el
l/m

od
 

ye
s 



 
15

3

Pa
tie

nt
 ID

 
D

at
e 

of
 fo

llo
w

up
 

C
au

se
 o

f d
ea

th
 

Su
rv

iv
al

 
T 

N
 

M
St

ag
e 

D
iff

er
en

tia
tio

n 
V

as
cu

la
r i

nv
as

io
n 

 
 

 (0
=a

liv
e,

 1
=c

ol
or

ec
ta

l c
an

ce
r, 

2=
no

n-
ca

nc
er

 c
au

se
) 

 (m
on

th
s)

 
 

 
 

 
 

62
 

05
-S

ep
-0

4 
1 

29
.5

 
3 

1 
0 

2 
w

el
l/m

od
 

no
 

63
 

19
-J

an
-0

5 
2 

34
 

3 
1 

0 
2 

po
or

ly
 

ye
s 

64
 

20
-A

pr
-0

6 
0 

48
.8

 
3 

1 
0 

2 
w

el
l/m

od
 

no
 

65
 

20
-A

pr
-0

6 
0 

48
.5

7 
4 

2 
0 

2 
M

od
er

at
el

y 
ye

s 
66

 
20

-A
pr

-0
6 

0 
48

.5
 

2 
0 

0 
0 

w
el

l/m
od

 
N

o 
67

 
23

-M
ay

-0
3 

1 
12

.8
7 

3 
1 

0 
2 

po
or

 
ye

s 
68

 
21

-J
un

-0
3 

1 
13

.6
7 

3 
1 

0 
2 

w
el

l/m
od

 
ye

s 
69

 
20

-A
pr

-0
6 

0 
48

.1
 

4 
1 

0 
2 

w
el

l/m
od

 
Y

es
 

70
 

30
-S

ep
-0

4 
1 

29
.1

3 
2 

0 
0 

0 
w

el
l/m

od
 

N
o 

71
 

18
-S

ep
-0

4 
2 

28
.5

7 
3 

0 
0 

1 
w

el
l/m

od
 

ye
s 

72
 

16
-D

ec
-0

3 
1 

19
.2

7 
4 

1 
0 

2 
w

el
l/m

od
 

N
o 

73
 

04
-M

ay
-0

5 
2 

35
.7

3 
3 

1 
0 

2 
m

od
er

at
el

y 
no

 
74

 
20

-A
pr

-0
6 

0 
46

.9
7 

3 
0 

0 
1 

m
od

er
at

el
y 

no
 

75
 

20
-A

pr
-0

6 
0 

46
.9

 
4 

1 
0 

2 
m

od
er

at
el

y 
ye

s 
76

 
20

-A
pr

-0
6 

0 
46

.6
7 

3 
0 

0 
1 

po
or

ly
 

N
o 

77
 

15
-A

pr
-0

4 
2 

22
.1

7 
3 

0 
0 

1 
M

od
er

at
el

y 
no

 
78

 
05

-S
ep

-0
5 

2 
39

.1
 

3 
2 

0 
2 

po
or

ly
 

N
o 

79
 

20
-A

pr
-0

6 
0 

46
.4

7 
4 

2 
0 

2 
m

od
er

at
el

y 
ye

s 
80

 
20

-A
pr

-0
6 

0 
46

.1
3 

2 
0 

0 
0 

m
od

er
at

el
y 

no
 

81
 

05
-D

ec
-0

5 
1 

41
.4

7 
4 

1 
0 

2 
w

el
l/m

od
 

Y
es

 
82

 
02

-M
ay

-0
3 

2 
9.

83
 

3 
1 

0 
2 

w
el

l/m
od

 
Y

es
 

83
 

20
-A

pr
-0

6 
0 

44
.9

 
3 

0 
0 

1 
w

el
l/m

od
 

Y
es

 
84

 
05

-D
ec

-0
4 

1 
28

.1
7 

4 
0 

0 
1 

w
el

l/m
od

 
Y

es
 

85
 

20
-A

pr
-0

6 
0 

44
.6

3 
2 

0 
0 

0 
w

el
l/m

od
 

N
o 

86
 

09
-N

ov
-0

3 
2 

14
.8

 
2 

1 
0 

2 
w

el
l/m

od
 

Y
es

 
87

 
20

-A
pr

-0
6 

0 
44

.1
7 

2 
1 

0 
2 

w
el

l/m
od

 
Y

es
 

88
 

20
-A

pr
-0

6 
0 

44
.1

 
3 

1 
0 

2 
w

el
l/m

od
 

Y
es

 
89

 
20

-A
pr

-0
6 

0 
43

.9
 

4 
0 

0 
1 

m
od

er
at

el
y 

no
 

90
 

13
-J

un
-0

5 
1 

33
.3

3 
4 

0 
0 

1 
po

or
 

no
 

91
 

25
-F

eb
-0

4 
1 

17
.4

3 
4 

1 
0 

2 
w

el
l/m

od
 

ye
s 

92
 

20
-A

pr
-0

6 
0 

42
.2

7 
3 

0 
0 

1 
M

od
er

at
el

y 
N

o 



 
15

4

Pa
tie

nt
 ID

 
D

at
e 

of
 fo

llo
w

up
 

C
au

se
 o

f d
ea

th
 

Su
rv

iv
al

 
T 

N
 

M
St

ag
e 

D
iff

er
en

tia
tio

n 
V

as
cu

la
r i

nv
as

io
n 

 
 

 (0
=a

liv
e,

 1
=c

ol
or

ec
ta

l c
an

ce
r, 

2=
no

n-
ca

nc
er

 c
au

se
) 

 (m
on

th
s)

 
 

 
 

 
 

93
 

23
-J

ul
-0

4 
2 

21
 

3 
0 

0 
1 

w
el

l/m
od

 
N

o 
94

 
17

-M
ar

-0
4 

2 
16

.6
 

3 
0 

0 
1 

w
el

l/m
od

 
N

o 
95

 
04

-A
pr

-0
4 

2 
16

.9
7 

3 
0 

0 
1 

m
od

er
at

el
y 

no
 

96
 

20
-A

pr
-0

6 
0 

41
.8

 
3 

0 
0 

1 
m

od
er

at
el

y 
no

 
97

 
20

-A
pr

-0
6 

0 
41

.8
 

3 
0 

0 
1 

M
od

er
at

el
y 

no
 

98
 

20
-A

pr
-0

6 
0 

41
.3

7 
3 

0 
0 

1 
w

el
l/m

od
 

N
o 

99
 

03
-N

ov
-0

5 
2 

35
.2

7 
4 

0 
0 

1 
m

od
er

at
el

y 
no

 
10

0 
20

-A
pr

-0
6 

0 
40

.6
3 

3 
0 

0 
1 

w
el

l/m
od

 
no

 
10

1 
20

-A
pr

-0
6 

0 
40

.0
7 

4 
2 

0 
2 

M
od

er
at

el
y 

ye
s 

10
2 

07
-O

ct
-0

3 
1 

9.
2 

3 
0 

0 
1 

M
od

er
at

el
y 

N
o 

10
3 

20
-A

pr
-0

6 
0 

40
 

2 
0 

0 
0 

M
od

er
at

el
y 

N
o 

10
4 

20
-A

pr
-0

6 
0 

39
.9

3 
3 

1 
0 

2 
m

od
er

at
el

y 
no

 
10

5 
21

-F
eb

-0
6 

1 
37

.9
7 

4 
1 

0 
2 

M
od

er
at

el
y 

no
 

10
6 

20
-A

pr
-0

6 
0 

39
.7

3 
3 

0 
0 

1 
M

od
er

at
el

y 
N

o 
10

7 
26

-N
ov

-0
5 

2 
34

.9
 

3 
1 

0 
2 

m
od

er
at

el
y 

no
 

10
8 

20
-A

pr
-0

6 
0 

39
.4

3 
3 

0 
0 

1 
M

od
er

at
el

y 
ye

s 
10

9 
09

-J
ul

-0
3 

1 
5.

37
 

3 
0 

0 
1 

m
od

er
at

el
y 

no
 

11
0 

20
-A

pr
-0

6 
0 

39
.2

 
2 

1 
0 

2 
w

el
l/m

od
 

no
 

11
1 

20
-A

pr
-0

6 
0 

38
.0

3 
3 

0 
0 

1 
M

od
er

at
el

y 
no

 
11

2 
26

-M
ar

-0
6 

1 
36

.9
3 

3 
0 

0 
1 

M
od

er
at

el
y 

N
o 

11
3 

25
-D

ec
-0

3 
2 

9.
37

 
3 

0 
0 

1 
M

od
er

at
el

y 
ye

s 
11

4 
20

-A
pr

-0
6 

0 
37

.4
 

3 
0 

0 
1 

M
od

er
at

el
y 

no
 

11
5 

20
-A

pr
-0

6 
0 

37
.3

 
3 

1 
0 

2 
M

od
er

at
el

y 
N

o 
11

6 
20

-A
pr

-0
6 

0 
37

.0
7 

3 
0 

0 
1 

M
od

er
at

el
y 

ye
s 

11
7 

23
-M

ay
-0

5 
2 

25
.6

3 
3 

1 
0 

2 
po

or
 

ye
s 

11
8 

24
-S

ep
-0

5 
1 

29
.5

7 
3 

1 
0 

2 
m

od
er

at
el

y 
no

 
11

9 
20

-A
pr

-0
6 

0 
36

.4
7 

2 
0 

0 
0 

m
od

er
at

el
y 

no
 

12
0 

20
-A

pr
-0

6 
0 

36
.4

3 
3 

0 
0 

1 
m

od
er

at
el

y 
no

 
12

1 
30

-D
ec

-0
5 

1 
32

.5
 

3 
1 

0 
2 

m
od

er
at

el
y 

ye
s 

12
2 

20
-A

pr
-0

6 
0 

35
.7

7 
1 

0 
0 

0 
m

od
er

at
el

y 
no

 
12

3 
20

-O
ct

-0
3 

1 
5.

3 
3 

0 
0 

1 
po

or
 

ye
s 



 
15

5

Pa
tie

nt
 ID

 
D

at
e 

of
 fo

llo
w

up
 

C
au

se
 o

f d
ea

th
 

Su
rv

iv
al

 
T 

N
 

M
St

ag
e 

D
iff

er
en

tia
tio

n 
V

as
cu

la
r i

nv
as

io
n 

 
 

 (0
=a

liv
e,

 1
=c

ol
or

ec
ta

l c
an

ce
r, 

2=
no

n-
ca

nc
er

 c
au

se
) 

 (m
on

th
s)

 
 

 
 

 
 

12
4 

20
-A

pr
-0

6 
0 

35
.4

3 
4 

1 
0 

2 
M

od
er

at
el

y 
N

o 
12

5 
20

-A
pr

-0
6 

0 
35

.3
 

4 
0 

0 
1 

po
or

 
no

 
12

6 
20

-A
pr

-0
6 

0 
35

.2
3 

3 
0 

0 
1 

M
od

er
at

el
y 

N
o 

12
7 

20
-A

pr
-0

6 
0 

34
.7

7 
3 

0 
0 

1 
po

or
 

ye
s 

12
8 

20
-A

pr
-0

6 
0 

34
.5

3 
3 

1 
0 

2 
m

od
er

at
el

y 
ye

s 
12

9 
01

-J
ul

-0
5 

1 
24

.2
7 

3 
0 

0 
1 

M
od

er
at

el
y 

N
o 

13
0 

20
-A

pr
-0

6 
0 

33
.1

3 
2 

0 
0 

0 
m

od
er

at
el

y 
no

 
13

1 
20

-A
pr

-0
6 

0 
33

.1
 

2 
0 

0 
0 

w
el

l/m
od

 
N

o 
13

2 
02

-M
ar

-0
5 

1 
19

.1
7 

3 
1 

0 
2 

w
el

l/m
od

 
Y

es
 

13
3 

20
-A

pr
-0

6 
0 

32
.9

 
2 

1 
0 

2 
w

el
l/m

od
 

N
o 

13
4 

20
-A

pr
-0

6 
0 

32
.6

3 
3 

1 
0 

2 
W

el
l/m

od
 

N
o 

13
5 

01
-J

ul
-0

4 
1 

10
.7

 
4 

1 
0 

2 
w

el
l/m

od
 

Y
es

 
13

6 
20

-A
pr

-0
6 

0 
32

.4
7 

3 
0 

0 
1 

W
el

l/m
od

 
N

o 
13

7 
20

-A
pr

-0
6 

0 
32

.2
 

3 
0 

0 
1 

w
el

l/m
od

 
ye

s 
13

8 
20

-A
pr

-0
6 

0 
32

.1
7 

2 
0 

0 
0 

w
el

l/m
od

 
no

 
13

9 
20

-A
pr

-0
6 

0 
32

 
3 

0 
0 

1 
w

el
l/m

od
 

N
o 

14
0 

20
-A

pr
-0

6 
0 

31
.9

3 
3 

1 
0 

2 
po

or
ly

 
N

o 
14

1 
20

-A
pr

-0
6 

0 
31

.8
 

4 
1 

0 
2 

w
el

l/m
od

 
N

o 
14

2 
20

-A
pr

-0
6 

0 
31

.7
 

4 
0 

0 
1 

w
el

l/m
od

 
N

o 
14

3 
20

-A
pr

-0
6 

0 
31

.5
 

3 
1 

0 
2 

w
el

l/m
od

 
no

 
14

4 
20

-A
pr

-0
6 

0 
31

.4
7 

4 
1 

0 
2 

w
el

l/m
od

 
Y

es
 

14
5 

20
-A

pr
-0

6 
0 

31
 

4 
1 

0 
2 

w
el

l/m
od

 
Y

es
 

14
6 

20
-A

pr
-0

6 
0 

31
 

1 
1 

0 
2 

w
el

l/m
od

 
N

o 
14

7 
20

-A
pr

-0
6 

0 
30

.8
 

3 
0 

0 
1 

w
el

l/m
od

 
Y

es
 

14
8 

20
-A

pr
-0

6 
0 

30
.7

7 
3 

1 
0 

2 
w

el
l/m

od
 

Y
es

 
14

9 
20

-A
pr

-0
6 

0 
30

.5
7 

2 
0 

0 
0 

w
el

l/m
od

 
N

o 
15

0 
20

-A
pr

-0
6 

0 
30

.5
3 

2 
0 

0 
0 

w
el

l/m
od

 
N

o 
15

1 
20

-A
pr

-0
6 

0 
30

.4
 

3 
0 

0 
1 

w
el

l/m
od

 
ye

s 
15

2 
20

-A
pr

-0
6 

0 
30

.3
3 

1 
0 

0 
0 

w
el

l 
N

o 
15

3 
20

-A
pr

-0
6 

0 
30

.3
 

3 
0 

0 
1 

po
or

ly
 

Y
es

 
15

4 
20

-A
pr

-0
6 

0 
30

.1
 

3 
1 

0 
2 

m
od

er
at

el
y 

N
o 



 
15

6

Pa
tie

nt
 ID

 
D

at
e 

of
 fo

llo
w

up
 

C
au

se
 o

f d
ea

th
 

Su
rv

iv
al

 
T 

N
 

M
St

ag
e 

D
iff

er
en

tia
tio

n 
V

as
cu

la
r i

nv
as

io
n 

 
 

 (0
=a

liv
e,

 1
=c

ol
or

ec
ta

l c
an

ce
r, 

2=
no

n-
ca

nc
er

 c
au

se
) 

 (m
on

th
s)

 
 

 
 

 
 

15
5 

20
-A

pr
-0

6 
0 

29
.6

7 
1 

0 
0 

0 
m

od
er

at
el

y 
ye

s 
15

6 
20

-A
pr

-0
6 

0 
28

.5
3 

3 
0 

0 
1 

m
od

er
at

el
y 

N
o 

15
7 

20
-A

pr
-0

6 
0 

28
.4

7 
4 

1 
0 

2 
m

od
er

at
el

y 
Y

es
 

15
8 

20
-A

pr
-0

6 
0 

27
.8

3 
3 

1 
0 

2 
m

od
er

at
el

y 
Y

es
 

15
9 

15
-S

ep
-0

5 
2 

20
.5

3 
4 

0 
0 

1 
m

od
er

at
el

y 
Y

es
 

16
0 

20
-A

pr
-0

6 
0 

27
.7

7 
4 

0 
0 

1 
m

od
er

at
el

y 
N

o 
16

1 
20

-A
pr

-0
6 

0 
27

.7
3 

3 
0 

0 
1 

m
od

er
at

el
y 

Y
es

 
16

2 
20

-A
pr

-0
6 

0 
27

.7
3 

3 
1 

0 
2 

m
od

er
at

el
y 

N
o 

16
3 

21
-M

ay
-0

4 
1 

2.
9 

4 
2 

0 
2 

po
or

ly
 

Y
es

 
16

4 
20

-A
pr

-0
6 

0 
26

.1
 

2 
0 

0 
0 

m
od

er
at

el
y 

N
o 

16
5 

20
-A

pr
-0

6 
0 

25
.5

 
3 

0 
0 

1 
m

od
er

at
el

y 
N

o 
16

6 
20

-A
pr

-0
6 

0 
25

.4
3 

4 
0 

0 
1 

m
od

er
at

el
y 

Y
es

 
16

7 
21

-F
eb

-0
5 

1 
11

.3
 

4 
2 

0 
2 

po
or

ly
 

Y
es

 
16

8 
20

-A
pr

-0
6 

0 
25

.2
7 

3 
1 

0 
2 

m
od

er
at

el
y 

Y
es

 
16

9 
20

-A
pr

-0
6 

0 
25

.2
 

3 
0 

0 
1 

m
od

er
at

el
y 

Y
es

 
17

0 
20

-A
pr

-0
6 

0 
25

.2
 

4 
1 

0 
2 

m
od

er
at

el
y 

Y
es

 
17

1 
20

-A
pr

-0
6 

0 
24

.4
7 

3 
0 

0 
1 

m
od

er
at

el
y 

Y
es

 
17

2 
20

-A
pr

-0
6 

0 
24

.3
3 

3 
0 

0 
1 

un
di

ffe
re

nt
ia

te
d

Y
es

 
17

3 
20

-A
pr

-0
6 

0 
24

.2
3 

3 
0 

0 
1 

m
od

er
at

el
y 

N
o 

17
4 

20
-A

pr
-0

6 
0 

23
.8

3 
4 

0 
0 

1 
m

od
er

at
el

y 
N

o 
17

5 
08

-M
ar

-0
6 

2 
22

.1
 

3 
2 

0 
2 

po
or

ly
 

N
o 

17
6 

20
-A

pr
-0

6 
0 

23
.4

 
3 

2 
0 

2 
m

od
er

at
el

y 
N

o 
17

7 
20

-A
pr

-0
6 

0 
22

.7
 

2 
0 

0 
0 

m
od

er
at

el
y 

N
o 

17
8 

06
-S

ep
-0

4 
2 

2.
77

 
3 

2 
0 

2 
po

or
ly

 
Y

es
 

17
9 

20
-A

pr
-0

6 
0 

22
.4

7 
3 

1 
0 

2 
m

od
er

at
el

y 
N

o 
18

0 
20

-A
pr

-0
6 

0 
22

.1
3 

2 
0 

0 
0 

m
od

er
at

el
y 

N
o 

 



 
15

7

 Pa
tie

nt
 ID

Re
se

ct
io

n 
m

ar
gi

ns
 

To
ta

l n
od

es
 

Po
si

tiv
e 

no
de

s 
A

pi
ca

l n
od

e 
po

si
tiv

e 
Pr

eo
p 

C
RP

C
RP

 c
od

e 
Pr

eo
p 

al
bu

m
in

 
A

lb
um

in
 c

od
e 

 
 

 
 

 
 (m

g/
l) 

 (0
=<

10
m

g/
l, 

1=
 >

10
m

g/
l) 

 (m
g/

l) 
 (0

.3
5m

g/
l, 

1=
<3

5m
g/

l) 
1 

C
le

ar
 

9 
1 

no
 

15
 

1 
. 

. 
2 

C
le

ar
 

12
 

0 
no

 
5 

0 
. 

. 
3 

C
le

ar
 

19
 

5 
no

 
16

 
1 

41
 

0 
4 

C
le

ar
 

25
 

0 
no

 
35

 
1 

43
 

0 
5 

C
le

ar
 

16
 

6 
no

 
5 

0 
. 

. 
6 

C
le

ar
 

24
 

4 
no

 
5 

0 
44

 
0 

7 
C

le
ar

 
14

 
2 

no
 

23
 

1 
36

 
0 

8 
C

le
ar

 
14

 
0 

no
 

5 
0 

38
 

0 
9 

C
le

ar
 

12
 

0 
no

 
6 

0 
43

 
0 

10
 

C
le

ar
 

23
 

0 
no

 
31

 
1 

38
 

0 
11

 
C

le
ar

 
15

 
0 

no
 

17
8 

1 
31

 
1 

12
 

C
le

ar
 

17
 

1 
no

 
97

 
1 

42
 

0 
13

 
C

le
ar

 
25

 
3 

no
 

31
 

1 
34

 
1 

14
 

C
le

ar
 

14
 

2 
no

 
26

 
1 

44
 

0 
15

 
C

le
ar

 
8 

0 
no

 
19

 
1 

36
 

0 
16

 
C

le
ar

 
11

 
0 

no
 

5 
0 

. 
. 

17
 

C
le

ar
 

13
 

0 
no

 
5 

0 
. 

. 
18

 
C

le
ar

 
35

 
0 

no
 

6 
0 

38
 

0 
19

 
C

le
ar

 
8 

0 
no

 
6 

0 
48

 
0 

20
 

C
le

ar
 

26
 

0 
no

 
21

 
1 

38
 

0 
21

 
C

le
ar

 
20

 
0 

no
 

6 
0 

37
 

0 
22

 
C

le
ar

 
19

 
0 

no
 

6 
0 

. 
. 

23
 

C
le

ar
 

7 
1 

no
 

6 
0 

47
 

0 
24

 
C

le
ar

 
7 

3 
no

 
6 

0 
44

 
0 

25
 

C
le

ar
 

10
 

0 
no

 
41

 
1 

41
 

0 
26

 
C

le
ar

 
14

 
0 

no
 

7 
0 

37
 

0 
27

 
C

le
ar

 
18

 
0 

no
 

22
 

1 
38

 
0 

28
 

C
le

ar
 

18
 

0 
no

 
8 

0 
42

 
0 

29
 

C
le

ar
 

14
 

2 
no

 
7 

0 
43

 
0 

30
 

C
le

ar
 

21
 

5 
no

 
6 

0 
46

 
0 



 
15

8

Pa
tie

nt
 ID

Re
se

ct
io

n 
m

ar
gi

ns
 

To
ta

l n
od

es
 

Po
si

tiv
e 

no
de

s 
A

pi
ca

l n
od

e 
po

si
tiv

e 
Pr

eo
p 

C
RP

C
RP

 c
od

e 
Pr

eo
p 

al
bu

m
in

 
A

lb
um

in
 c

od
e 

 
 

 
 

 
 (m

g/
l) 

 (0
=<

10
m

g/
l, 

1=
 >

10
m

g/
l) 

 (m
g/

l) 
 (0

.3
5m

g/
l, 

1=
<3

5m
g/

l) 
31

 
C

le
ar

 
28

 
0 

no
 

6 
0 

42
 

0 
32

 
C

le
ar

 
8 

3 
ye

s 
6 

0 
42

 
0 

33
 

C
le

ar
 

13
 

0 
no

 
7 

0 
43

 
0 

34
 

C
le

ar
 

14
 

1 
 

6 
0 

42
 

0 
35

 
C

le
ar

 
21

 
0 

no
 

33
 

1 
39

 
0 

36
 

C
le

ar
 

8 
3 

no
 

29
 

1 
42

 
0 

37
 

C
le

ar
 

12
 

6 
no

 
6 

0 
45

 
0 

38
 

C
le

ar
 

15
 

0 
no

 
12

 
1 

40
 

0 
39

 
C

le
ar

 
26

 
0 

no
 

24
 

1 
43

 
0 

40
 

C
le

ar
 

10
 

0 
no

 
71

 
1 

32
 

1 
41

 
C

le
ar

 
14

 
2 

no
 

5 
0 

41
 

0 
42

 
C

le
ar

 
18

 
2 

no
 

9 
0 

47
 

0 
43

 
C

le
ar

 
7 

0 
no

 
6 

0 
44

 
0 

44
 

C
le

ar
 

17
 

1 
no

 
6 

0 
38

 
0 

45
 

C
le

ar
 

7 
1 

no
 

48
 

1 
37

 
0 

46
 

C
le

ar
 

11
 

0 
no

 
6 

0 
40

 
0 

47
 

C
le

ar
 

26
 

0 
no

 
34

 
1 

43
 

0 
48

 
C

le
ar

 
10

 
0 

no
 

46
 

1 
32

 
1 

49
 

C
le

ar
 

10
 

0 
no

 
8 

0 
43

 
0 

50
 

C
le

ar
 

17
 

0 
no

 
15

 
1 

38
 

0 
51

 
C

le
ar

 
19

 
6 

no
 

26
 

1 
38

 
0 

52
 

C
le

ar
 

12
 

0 
no

 
6 

0 
44

 
0 

53
 

C
le

ar
 

16
 

1 
no

 
6 

0 
42

 
0 

54
 

C
le

ar
 

11
 

1 
no

 
6 

0 
50

 
0 

55
 

C
le

ar
 

9 
1 

no
 

20
 

1 
45

 
0 

56
 

C
le

ar
 

18
 

0 
no

 
6 

0 
42

 
0 

57
 

C
le

ar
 

22
 

0 
no

 
41

 
1 

38
 

0 
58

 
C

le
ar

 
17

 
4 

no
 

6 
0 

42
 

0 
59

 
C

le
ar

 
13

 
2 

no
 

11
 

1 
42

 
0 

60
 

C
le

ar
 

19
 

5 
no

 
6 

0 
46

 
0 

61
 

C
le

ar
 

20
 

9 
no

 
58

 
1 

34
 

1 



 
15

9

Pa
tie

nt
 ID

Re
se

ct
io

n 
m

ar
gi

ns
 

To
ta

l n
od

es
 

Po
si

tiv
e 

no
de

s 
A

pi
ca

l n
od

e 
po

si
tiv

e 
Pr

eo
p 

C
RP

C
RP

 c
od

e 
Pr

eo
p 

al
bu

m
in

 
A

lb
um

in
 c

od
e 

 
 

 
 

 
 (m

g/
l) 

 (0
=<

10
m

g/
l, 

1=
 >

10
m

g/
l) 

 (m
g/

l) 
 (0

.3
5m

g/
l, 

1=
<3

5m
g/

l) 
62

 
C

le
ar

 
17

 
1 

no
 

14
 

1 
44

 
0 

63
 

C
le

ar
 

15
 

3 
no

 
6 

0 
. 

. 
64

 
C

le
ar

 
20

 
2 

no
 

5 
0 

47
 

0 
65

 
C

le
ar

 
24

 
7 

ye
s 

7 
0 

42
 

0 
66

 
C

le
ar

 
29

 
0 

no
 

6 
0 

42
 

0 
67

 
C

le
ar

 
14

 
3 

 
13

5 
1 

39
 

0 
68

 
C

le
ar

 
3 

1 
ye

s 
28

 
1 

40
 

0 
69

 
C

le
ar

 
8 

1 
no

 
56

 
1 

37
 

0 
70

 
C

le
ar

 
6 

0 
no

 
20

 
1 

41
 

0 
71

 
C

le
ar

 
11

 
0 

no
 

5 
0 

44
 

0 
72

 
C

le
ar

 
19

 
2 

no
 

6 
0 

38
 

0 
73

 
C

le
ar

 
18

 
3 

no
 

5 
0 

36
 

0 
74

 
C

le
ar

 
10

 
0 

no
 

6 
0 

42
 

0 
75

 
C

le
ar

 
11

 
2 

no
 

9 
0 

42
 

0 
76

 
C

le
ar

 
19

 
0 

no
 

12
 

1 
41

 
0 

77
 

C
le

ar
 

15
 

0 
no

 
9 

0 
41

 
0 

78
 

C
le

ar
 

10
 

9 
no

 
31

 
1 

40
 

0 
79

 
C

le
ar

 
22

 
4 

no
 

19
 

1 
36

 
0 

80
 

C
le

ar
 

7 
0 

no
 

20
 

1 
38

 
0 

81
 

C
le

ar
 

10
 

2 
no

 
5 

0 
42

 
0 

82
 

C
le

ar
 

14
 

2 
no

 
22

 
1 

41
 

0 
83

 
C

le
ar

 
12

 
0 

no
 

6 
0 

52
 

0 
84

 
C

le
ar

 
24

 
0 

no
 

26
 

1 
41

 
0 

85
 

C
le

ar
 

16
 

0 
no

 
6 

0 
43

 
0 

86
 

C
le

ar
 

10
 

2 
ye

s 
10

 
0 

43
 

0 
87

 
C

le
ar

 
8 

1 
no

 
6 

0 
44

 
0 

88
 

C
le

ar
 

12
 

1 
no

 
6 

0 
42

 
0 

89
 

C
le

ar
 

9 
0 

no
 

14
 

1 
42

 
0 

90
 

C
le

ar
 

3 
0 

no
 

10
1 

1 
36

 
0 

91
 

C
le

ar
 

12
 

3 
ye

s 
6 

0 
35

 
0 

92
 

C
le

ar
 

15
 

0 
no

 
5 

0 
38

 
0 



 
16

0

Pa
tie

nt
 ID

Re
se

ct
io

n 
m

ar
gi

ns
 

To
ta

l n
od

es
 

Po
si

tiv
e 

no
de

s 
A

pi
ca

l n
od

e 
po

si
tiv

e 
Pr

eo
p 

C
RP

C
RP

 c
od

e 
Pr

eo
p 

al
bu

m
in

 
A

lb
um

in
 c

od
e 

 
 

 
 

 
 (m

g/
l) 

 (0
=<

10
m

g/
l, 

1=
 >

10
m

g/
l) 

 (m
g/

l) 
 (0

.3
5m

g/
l, 

1=
<3

5m
g/

l) 
93

 
C

le
ar

 
15

 
0 

no
 

26
 

1 
41

 
0 

94
 

C
le

ar
 

7 
0 

no
 

7 
0 

44
 

0 
95

 
C

le
ar

 
12

 
0 

no
 

19
 

1 
47

 
0 

96
 

C
le

ar
 

26
 

0 
no

 
17

 
1 

36
 

0 
97

 
C

le
ar

 
15

 
0 

no
 

5 
0 

47
 

0 
98

 
C

le
ar

 
20

 
0 

no
 

41
 

1 
40

 
0 

99
 

C
le

ar
 

16
 

0 
no

 
8 

0 
44

 
0 

10
0 

C
le

ar
 

16
 

0 
no

 
27

 
1 

42
 

0 
10

1 
C

le
ar

 
10

 
3 

ye
s 

21
 

1 
37

 
0 

10
2 

C
le

ar
 

28
 

0 
no

 
49

 
1 

34
 

1 
10

3 
C

le
ar

 
25

 
0 

no
 

6 
0 

45
 

0 
10

4 
C

le
ar

 
27

 
1 

no
 

11
 

1 
41

 
0 

10
5 

C
le

ar
 

10
 

0 
no

 
46

 
1 

41
 

0 
10

6 
C

le
ar

 
19

 
0 

no
 

34
 

1 
31

 
1 

10
7 

C
le

ar
 

21
 

1 
no

 
6 

0 
37

 
0 

10
8 

C
le

ar
 

17
 

0 
no

 
6 

0 
41

 
0 

10
9 

C
le

ar
 

16
 

0 
no

 
13

 
1 

40
 

0 
11

0 
C

le
ar

 
18

 
2 

no
 

8 
0 

43
 

0 
11

1 
C

le
ar

 
25

 
0 

no
 

6 
0 

46
 

0 
11

2 
C

le
ar

 
11

 
0 

no
 

48
 

1 
30

 
1 

11
3 

C
le

ar
 

11
 

0 
no

 
6 

0 
41

 
0 

11
4 

C
le

ar
 

17
 

0 
no

 
6 

0 
44

 
0 

11
5 

C
le

ar
 

15
 

1 
no

 
6 

0 
45

 
0 

11
6 

C
le

ar
 

11
 

0 
no

 
6 

0 
40

 
0 

11
7 

C
le

ar
 

27
 

1 
no

 
9 

0 
39

 
0 

11
8 

C
le

ar
 

25
 

1 
no

 
40

 
1 

42
 

0 
11

9 
C

le
ar

 
14

 
0 

no
 

7 
0 

47
 

0 
12

0 
C

le
ar

 
29

 
0 

no
 

47
 

1 
35

 
0 

12
1 

C
le

ar
 

10
 

3 
no

 
7 

0 
47

 
0 

12
2 

C
le

ar
 

8 
0 

no
 

6 
0 

48
 

0 
12

3 
C

le
ar

 
10

 
0 

no
 

10
 

0 
42

 
0 



 
16

1

Pa
tie

nt
 ID

Re
se

ct
io

n 
m

ar
gi

ns
 

To
ta

l n
od

es
 

Po
si

tiv
e 

no
de

s 
A

pi
ca

l n
od

e 
po

si
tiv

e 
Pr

eo
p 

C
RP

C
RP

 c
od

e 
Pr

eo
p 

al
bu

m
in

 
A

lb
um

in
 c

od
e 

 
 

 
 

 
 (m

g/
l) 

 (0
=<

10
m

g/
l, 

1=
 >

10
m

g/
l) 

 (m
g/

l) 
 (0

.3
5m

g/
l, 

1=
<3

5m
g/

l) 
12

4 
C

le
ar

 
10

 
2 

no
 

9 
0 

42
 

0 
12

5 
C

le
ar

 
9 

0 
no

 
6 

0 
41

 
0 

12
6 

C
le

ar
 

18
 

0 
no

 
8 

0 
41

 
0 

12
7 

C
le

ar
 

15
 

0 
no

 
33

 
1 

31
 

1 
12

8 
C

le
ar

 
12

 
1 

no
 

5 
0 

40
 

0 
12

9 
C

le
ar

 
11

 
0 

no
 

95
 

1 
31

 
1 

13
0 

C
le

ar
 

14
 

0 
no

 
6 

0 
42

 
0 

13
1 

C
le

ar
 

19
 

0 
no

 
5 

0 
44

 
0 

13
2 

C
le

ar
 

4 
1 

ye
s 

38
 

1 
42

 
0 

13
3 

C
le

ar
 

19
 

3 
no

 
11

 
1 

42
 

0 
13

4 
C

le
ar

 
11

 
2 

no
 

5 
0 

42
 

0 
13

5 
C

le
ar

 
12

 
1 

no
 

94
 

1 
32

 
1 

13
6 

C
le

ar
 

13
 

0 
no

 
5 

0 
39

 
0 

13
7 

C
le

ar
 

10
 

0 
no

 
10

 
0 

43
 

0 
13

8 
C

le
ar

 
8 

0 
no

 
6 

0 
34

 
1 

13
9 

C
le

ar
 

14
 

0 
no

 
7 

0 
39

 
0 

14
0 

C
le

ar
 

8 
1 

ye
s 

19
 

1 
43

 
0 

14
1 

C
le

ar
 

13
 

2 
no

 
5 

0 
40

 
0 

14
2 

C
le

ar
 

7 
0 

no
 

29
 

1 
37

 
0 

14
3 

C
le

ar
 

8 
1 

no
 

5 
0 

46
 

0 
14

4 
C

le
ar

 
7 

3 
no

 
5 

0 
44

 
0 

14
5 

C
le

ar
 

15
 

3 
no

 
7 

0 
41

 
0 

14
6 

C
le

ar
 

8 
3 

ye
s 

5 
0 

41
 

0 
14

7 
C

le
ar

 
15

 
0 

no
 

7 
0 

39
 

0 
14

8 
C

le
ar

 
12

 
1 

no
 

5 
0 

43
 

0 
14

9 
C

le
ar

 
11

 
0 

no
 

12
 

1 
38

 
0 

15
0 

C
le

ar
 

7 
0 

no
 

5 
0 

42
 

0 
15

1 
C

le
ar

 
19

 
0 

no
 

5 
0 

45
 

0 
15

2 
C

le
ar

 
9 

0 
 

8 
0 

45
 

0 
15

3 
C

le
ar

 
9 

0 
no

 
40

 
1 

40
 

0 
15

4 
C

le
ar

 
16

 
1 

no
 

21
 

1 
43

 
0 



 
16

2

Pa
tie

nt
 ID

Re
se

ct
io

n 
m

ar
gi

ns
 

To
ta

l n
od

es
 

Po
si

tiv
e 

no
de

s 
A

pi
ca

l n
od

e 
po

si
tiv

e 
Pr

eo
p 

C
RP

C
RP

 c
od

e 
Pr

eo
p 

al
bu

m
in

 
A

lb
um

in
 c

od
e 

 
 

 
 

 
 (m

g/
l) 

 (0
=<

10
m

g/
l, 

1=
 >

10
m

g/
l) 

 (m
g/

l) 
 (0

.3
5m

g/
l, 

1=
<3

5m
g/

l) 
15

5 
C

le
ar

 
11

 
0 

no
 

5 
0 

44
 

0 
15

6 
C

le
ar

 
14

 
0 

no
 

75
 

1 
36

 
0 

15
7 

C
le

ar
 

16
 

1 
no

 
9 

0 
40

 
0 

15
8 

C
le

ar
 

12
 

2 
no

 
5 

0 
41

 
0 

15
9 

C
le

ar
 

8 
0 

no
 

31
 

1 
41

 
0 

16
0 

C
le

ar
 

13
 

. 
no

 
5 

0 
36

 
0 

16
1 

C
le

ar
 

12
 

0 
no

 
13

 
1 

. 
. 

16
2 

C
le

ar
 

9 
1 

no
 

18
 

1 
39

 
0 

16
3 

C
le

ar
 

24
 

16
 

no
 

38
 

1 
42

 
0 

16
4 

C
le

ar
 

8 
0 

no
 

12
 

1 
42

 
0 

16
5 

C
le

ar
 

13
 

0 
no

 
12

 
1 

34
 

1 
16

6 
C

le
ar

 
22

 
0 

no
 

6 
0 

43
 

0 
16

7 
C

le
ar

 
25

 
4 

no
 

20
9 

1 
41

 
0 

16
8 

C
le

ar
 

8 
2 

no
 

5 
0 

43
 

0 
16

9 
C

le
ar

 
41

 
0 

no
 

13
3 

1 
34

 
1 

17
0 

C
le

ar
 

16
 

3 
no

 
22

 
1 

44
 

0 
17

1 
C

le
ar

 
13

 
0 

no
 

10
1 

1 
33

 
1 

17
2 

C
le

ar
 

25
 

. 
no

 
14

 
1 

26
 

1 
17

3 
C

le
ar

 
17

 
0 

no
 

14
 

1 
38

 
0 

17
4 

C
le

ar
 

9 
0 

no
 

16
 

1 
38

 
0 

17
5 

C
le

ar
 

11
 

4 
no

 
27

 
1 

45
 

0 
17

6 
C

le
ar

 
12

 
6 

no
 

5 
0 

47
 

0 
17

7 
C

le
ar

 
12

 
0 

no
 

5 
0 

42
 

0 
17

8 
C

le
ar

 
31

 
4 

no
 

12
 

1 
38

 
0 

17
9 

C
le

ar
 

9 
1 

no
 

5 
0 

39
 

0 
18

0 
C

le
ar

 
18

 
0 

no
 

8 
0 

. 
. 



 
16

3

 Pa
tie

nt
 ID

 
D

ay
 1

 C
RP

 
D

ay
 2

 C
RP

 
D

ay
 2

 C
RP

 g
ro

up
D

ay
 3

 C
RP

D
ay

 4
 C

RP
 

 
 

 
 

 
 

1 
. 

12
8 

0 
. 

22
1 

2 
69

 
69

 
0 

12
3 

95
 

3 
10

8 
11

7 
0 

58
 

28
 

4 
. 

51
 

0 
. 

. 
5 

98
 

13
9 

0 
13

6 
86

 
6 

14
4 

25
8 

1 
. 

11
6 

7 
. 

14
6 

0 
. 

99
 

8 
17

2 
20

9 
1 

. 
90

 
9 

17
6 

23
6 

1 
. 

. 
10

 
95

 
19

0 
1 

19
9 

. 
11

 
. 

19
6 

1 
. 

12
7 

12
 

11
4 

16
2 

0 
14

1 
10

7 
13

 
79

 
94

 
0 

61
 

38
 

14
 

17
1 

20
6 

1 
19

7 
15

6 
15

 
16

2 
27

5 
1 

30
8 

20
3 

16
 

58
 

12
5 

0 
10

7 
. 

17
 

10
2 

19
6 

1 
. 

16
2 

18
 

12
2 

16
6 

1 
13

6 
. 

19
 

11
4 

13
1 

0 
64

 
. 

20
 

92
 

11
4 

0 
87

 
82

 
21

 
92

 
13

4 
0 

12
5 

. 
22

 
16

2 
15

9 
0 

15
0 

11
9 

23
 

92
 

16
0 

0 
. 

46
 

24
 

13
1 

22
1 

1 
18

9 
11

7 
25

 
62

 
10

4 
0 

13
5 

10
1 

26
 

12
8 

13
0 

0 
. 

80
 

27
 

17
2 

28
1 

1 
16

5 
10

4 
28

 
82

 
15

5 
0 

14
7 

13
3 

29
 

. 
13

7 
0 

14
1 

13
1 

30
 

13
8 

15
8 

0 
13

0 
. 



 
16

4

Pa
tie

nt
 ID

 
D

ay
 1

 C
RP

 
D

ay
 2

 C
RP

 
D

ay
 2

 C
RP

 g
ro

up
D

ay
 3

 C
RP

D
ay

 4
 C

RP
 

 
 

 
 

 
 

31
 

89
 

11
3 

0 
80

 
. 

32
 

10
5 

16
4 

1 
11

9 
62

 
33

 
11

9 
27

3 
1 

21
8 

16
1 

34
 

15
5 

15
6 

0 
81

 
39

 
35

 
13

9 
25

7 
1 

27
8 

31
8 

36
 

99
 

71
 

0 
41

 
. 

37
 

. 
20

7 
1 

16
4 

16
8 

38
 

10
9 

22
1 

1 
24

0 
20

4 
39

 
10

9 
13

6 
0 

. 
68

 
40

 
. 

11
1 

0 
15

6 
11

5 
41

 
75

 
10

9 
0 

75
 

73
 

42
 

82
 

13
5 

0 
19

4 
97

 
43

 
85

 
10

7 
0 

81
 

. 
44

 
73

 
13

6 
0 

11
6 

95
 

45
 

93
 

15
3 

0 
12

9 
. 

46
 

66
 

14
9 

0 
12

6 
88

 
47

 
98

 
15

1 
0 

. 
. 

48
 

10
9 

12
8 

0 
73

 
66

 
49

 
54

 
10

8 
0 

12
0 

77
 

50
 

15
2 

18
1 

1 
12

2 
. 

51
 

14
9 

25
1 

1 
19

6 
88

 
52

 
69

 
18

6 
1 

15
7 

. 
53

 
74

 
12

5 
0 

11
2 

. 
54

 
10

9 
17

9 
1 

15
4 

10
9 

55
 

11
7 

14
6 

0 
14

8 
15

6 
56

 
. 

69
 

0 
69

 
37

 
57

 
11

5 
13

9 
0 

12
8 

87
 

58
 

88
 

19
4 

1 
19

3 
12

9 
59

 
14

2 
17

0 
1 

16
5 

10
4 

60
 

14
0 

99
 

0 
69

 
. 

61
 

15
1 

27
2 

1 
. 

30
6 



 
16

5

Pa
tie

nt
 ID

 
D

ay
 1

 C
RP

 
D

ay
 2

 C
RP

 
D

ay
 2

 C
RP

 g
ro

up
D

ay
 3

 C
RP

D
ay

 4
 C

RP
 

 
 

 
 

 
 

62
 

16
2 

27
6 

1 
20

4 
13

6 
63

 
94

 
14

2 
0 

97
 

81
 

64
 

10
5 

16
1 

0 
11

9 
61

 
65

 
90

 
17

8 
1 

. 
. 

66
 

10
4 

94
 

0 
41

 
. 

67
 

21
5 

19
8 

1 
17

7 
97

 
68

 
87

 
15

5 
0 

12
9 

87
 

69
 

16
7 

20
4 

1 
17

5 
. 

70
 

12
7 

18
3 

1 
11

4 
. 

71
 

. 
20

2 
1 

16
7 

11
1 

72
 

39
 

17
9 

1 
14

6 
. 

73
 

11
5 

14
3 

0 
11

4 
85

 
74

 
98

 
22

3 
1 

21
7 

. 
75

 
. 

23
6 

1 
15

6 
10

9 
76

 
50

 
72

 
0 

78
 

. 
77

 
15

0 
23

0 
1 

20
9 

17
6 

78
 

74
 

91
 

0 
91

 
86

 
79

 
11

9 
19

6 
1 

15
2 

. 
80

 
17

5 
22

1 
1 

19
9 

14
9 

81
 

10
2 

12
9 

0 
92

 
. 

82
 

12
8 

19
3 

1 
19

4 
. 

83
 

82
 

14
7 

0 
16

4 
13

7 
84

 
10

3 
19

1 
1 

15
6 

97
 

85
 

12
0 

15
9 

0 
11

0 
. 

86
 

10
9 

12
4 

0 
10

0 
89

 
87

 
81

 
15

1 
0 

16
8 

85
 

88
 

14
9 

23
3 

1 
19

5 
16

4 
89

 
90

 
15

2 
0 

13
1 

73
 

90
 

18
9 

20
9 

1 
. 

14
0 

91
 

40
 

97
 

0 
92

 
69

 
92

 
95

 
20

0 
1 

19
0 

96
 



 
16

6

Pa
tie

nt
 ID

 
D

ay
 1

 C
RP

 
D

ay
 2

 C
RP

 
D

ay
 2

 C
RP

 g
ro

up
D

ay
 3

 C
RP

D
ay

 4
 C

RP
 

 
 

 
 

 
 

93
 

92
 

13
1 

0 
81

 
89

 
94

 
76

 
14

1 
0 

11
7 

10
6 

95
 

99
 

21
0 

1 
19

8 
. 

96
 

11
6 

18
1 

1 
. 

. 
97

 
10

7 
17

0 
1 

. 
. 

98
 

53
 

36
 

0 
34

 
. 

99
 

21
2 

27
5 

1 
22

5 
. 

10
0 

18
8 

20
8 

1 
. 

96
 

10
1 

23
7 

21
6 

1 
19

2 
15

8 
10

2 
16

2 
15

7 
0 

. 
17

6 
10

3 
. 

44
 

0 
70

 
34

 
10

4 
14

9 
20

6 
1 

17
5 

. 
10

5 
10

9 
12

8 
0 

73
 

66
 

10
6 

58
 

90
 

0 
81

 
49

 
10

7 
90

 
13

0 
0 

. 
81

 
10

8 
11

4 
16

2 
0 

15
3 

16
3 

10
9 

10
8 

25
3 

1 
19

0 
10

6 
11

0 
12

8 
24

6 
1 

. 
10

2 
11

1 
18

3 
28

1 
1 

21
4 

12
6 

11
2 

99
 

16
9 

1 
14

3 
84

 
11

3 
98

 
12

1 
0 

10
4 

91
 

11
4 

70
 

10
9 

0 
10

1 
65

 
11

5 
60

 
46

 
0 

29
 

12
 

11
6 

13
7 

25
0 

1 
28

8 
29

5 
11

7 
99

 
18

8 
1 

. 
53

 
11

8 
14

6 
18

1 
1 

15
1 

10
2 

11
9 

53
 

10
4 

0 
11

9 
. 

12
0 

99
 

16
3 

0 
15

0 
97

 
12

1 
. 

17
9 

1 
19

1 
17

7 
12

2 
13

9 
13

4 
0 

17
3 

14
3 

12
3 

18
2 

21
1 

1 
21

4 
14

8 



 
16

7

Pa
tie

nt
 ID

 
D

ay
 1

 C
RP

 
D

ay
 2

 C
RP

 
D

ay
 2

 C
RP

 g
ro

up
D

ay
 3

 C
RP

D
ay

 4
 C

RP
 

 
 

 
 

 
 

12
4 

90
 

13
6 

0 
11

5 
56

 
12

5 
59

 
11

3 
0 

93
 

. 
12

6 
17

1 
19

3 
1 

12
1 

. 
12

7 
13

0 
14

9 
0 

10
5 

64
 

12
8 

10
4 

11
6 

0 
52

 
33

 
12

9 
81

 
15

1 
0 

14
1 

. 
13

0 
11

2 
17

3 
1 

15
9 

97
 

13
1 

13
9 

20
2 

1 
95

 
37

 
13

2 
15

1 
14

4 
0 

. 
. 

13
3 

. 
16

3 
0 

10
8 

75
 

13
4 

96
 

12
8 

0 
13

3 
98

 
13

5 
19

9 
24

7 
1 

. 
12

4 
13

6 
11

4 
77

 
0 

15
8 

14
6 

13
7 

11
4 

16
9 

1 
10

1 
. 

13
8 

57
 

89
 

0 
67

 
. 

13
9 

12
5 

15
9 

0 
17

1 
90

 
14

0 
99

 
14

6 
0 

11
7 

. 
14

1 
15

4 
21

3 
1 

17
5 

13
1 

14
2 

10
0 

19
5 

1 
20

2 
22

5 
14

3 
10

3 
15

1 
0 

89
 

54
 

14
4 

86
 

15
3 

0 
13

0 
. 

14
5 

86
 

14
3 

0 
11

5 
90

 
14

6 
71

 
41

 
0 

29
 

. 
14

7 
13

5 
22

0 
1 

21
8 

14
9 

14
8 

10
1 

15
1 

0 
10

7 
11

4 
14

9 
12

3 
18

7 
1 

13
4 

73
 

15
0 

94
 

14
3 

0 
91

 
52

 
15

1 
74

 
19

0 
1 

23
8 

19
2 

15
2 

10
7 

21
4 

1 
28

9 
24

4 
15

3 
11

6 
16

4 
1 

14
1 

95
 

15
4 

14
8 

18
8 

1 
17

3 
15

5 



 
16

8

Pa
tie

nt
 ID

 
D

ay
 1

 C
RP

 
D

ay
 2

 C
RP

 
D

ay
 2

 C
RP

 g
ro

up
D

ay
 3

 C
RP

D
ay

 4
 C

RP
 

 
 

 
 

 
 

15
5 

12
6 

19
5 

1 
16

1 
10

3 
15

6 
17

6 
24

0 
1 

20
7 

12
2 

15
7 

12
7 

20
2 

1 
18

7 
13

7 
15

8 
97

 
13

5 
0 

91
 

77
 

15
9 

13
4 

16
7 

1 
38

 
33

 
16

0 
30

 
68

 
0 

83
 

. 
16

1 
13

4 
26

7 
1 

25
9 

. 
16

2 
11

1 
16

0 
0 

12
7 

85
 

16
3 

10
3 

19
2 

1 
13

2 
66

 
16

4 
33

 
82

 
0 

10
6 

90
 

16
5 

92
 

21
4 

1 
. 

10
2 

16
6 

11
8 

18
7 

1 
18

8 
13

4 
16

7 
22

9 
25

3 
1 

18
2 

12
0 

16
8 

12
0 

19
4 

1 
. 

16
4 

16
9 

21
5 

23
0 

1 
19

7 
15

0 
17

0 
13

3 
18

7 
1 

17
6 

11
6 

17
1 

23
7 

26
2 

1 
18

5 
19

3 
17

2 
61

 
16

4 
1 

19
5 

18
7 

17
3 

65
 

64
 

0 
48

 
29

 
17

4 
11

6 
16

3 
1 

13
0 

72
 

17
5 

11
9 

19
3 

1 
22

0 
15

8 
17

6 
22

1 
24

4 
1 

12
7 

66
 

17
7 

13
0 

26
1 

1 
26

3 
18

8 
17

8 
89

 
19

9 
1 

22
9 

. 
17

9 
90

 
11

2 
0 

11
5 

66
 

18
0 

14
1 

18
8 

1 
13

8 
90

 
 



 169

Appendix 2 – Database for chapter 4 - TUMOUR SIZE IS ASSOCIATED WITH 

THE SYSTEMIC INFLAMMATORY RESPONSE BUT NOT SURVIVAL IN 

PATIENTS WITH PRIMARY OPERABLE COLORECTAL CANCER 
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Appendix 3 - Database for chapter 5 - THE RELATIONSHIP BETWEEN 

EMERGENCY PRESENTATION, THE SYSTEMIC INFLAMMATORY RESPONSE 

AND CANCER SPECIFIC SURVIVAL IN PATIENTS UNDERGOING 

POTENTIALLY CURATIVE SURGERY FOR COLORECTAL CANCER 
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Appendix 4 – Database for chapter 6 – THE RELATIONSHIP BETWEEN THE 

SYSTEMIC INFLAMMATORY RESPONSE (mGPS), INTERLEUKIN-6, 

INTERLEUKIN-10 AND LYMPHOCYTE SUBPOPULATIONS IN PATIENTS 

UNDERGOING POTENTIALLY CURATIVE RESECTION FOR COLORECTAL 
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Appendix 5 – Database for chapter 7 - THE PRESENCE OF A SYSTEMIC 

INFLAMMATORY RESPONSE PREDICTS POORER SURVIVAL IN PATIENTS 

RECEIVING ADJUVANT 5-FU CHEMOTHERAPY FOLLOWING POTENTIALLY 

CURATIVE RESECTION FOR COLORECTAL CANCER. 
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