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To write prescriptions is easy, but to come to an 

understanding of people is hard

Franz Kafka 1916



Hypothesis and outline of the thesis

Colorectal cancer is one of the most serious complications of ulcerative colitis but 

there are many areas of controversy surrounding the subject. The exact risk of colorectal 

cancer is unknown and remains a widely debated issue. The evidence for risk factors in the 

individual patient is scarce and needs further investigation. Patients with long-standing colitis 

are encouraged to participate in surveillance programmes involving regular colonoscopic 

examinations of the large bowel. The efficacy of such programmes is contentious as cancers are 

missed and some feel that the cancer risk is too small to justify their cost. The failure of 

screening may be due to poor patient knowledge concerning cancer risk, inadequate 

organization of surveillance programs and the clinical and technical difficulties of 

colonoscopies and biopsy interpretation. The hypothesis under investigation is that 

screening for colorectal cancer in ulcerative colitis is ineffective hut may he improved by 

identifying and addressing issues responsible for its poor performance thereby allowing 

more cost-effective surveillance

To address this hypothesis, firstly, the risk of colorectal cancer (CRC) in ulcerative 

colitis (UC) was studied. In a meta-analysis of all 116 published studies that have reported CRC 

in UC the risk was determined as accurately as possible. The risk was estimated by decade of 

disease and was also defined in children. Where possible the incidence rate of CRC in UC in 

different countries was calculated and the analysis also determined how the risk has changed 

over time.

A retrospective case-control study of 204 patients across the United Kingdom 

investigated risk factors that may play a part in the development of cancer in colitis. Factors 

studied included aminosalicylate use, non-attendance at colonoscopy and hospital outpatient



clinics, smoking history, aspirin use, family history of sporadic colorectal cancer and the 

presence of primary sclerosing cholangitis. A statistical model was developed which identified 

the combination of factors which was most hazardous.

The development and validation of a self administered questionnaire evaluating 

patient knowledge in inflammatory bowel disease is reported. This is followed by an assessment 

of whether such knowledge differed in patients who had developed CRC as a complication of 

UC compared with those who had not. This helped ascertain whether patient education of the 

cancer risk could be a worthwhile strategy for cancer prevention. In a randomized 

prospective controlled trial of 124 patients the best method of improving patient knowledge 

was analyzed by comparing the efficacy of a video (scripted and produced by myself) with a 

simple information leaflet.

The first national audit of the screening and surveillance practices amongst 

consultant gastroenterologists assessed the adequacy of surveillance programs in the United 

Kingdom. The ability of pathologists with expertise in gastrointestinal disease versus 

general pathologists in grading colonic dysplasia was studied. This determined if specialist 

histopathology centres concentrating specifically on the interpretation of all surveillance 

colonoscopy biopsies from around the country would be of any benefit in a program to increase 

dysplastic case detection. To aid the histological diagnosis of dysplasia, the potential of a new 

marker of dysplasia and carcinoma (CYPlBl-an isoenzyme of cytochrome P450) was 

investigated using immunohistochemical techniques.
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Abstract. Colorectal cancer in patients with ulcerative colitis.

Jayne Eaden, Gastrointestinal Research Unit, Leicester General Hospital.

The magnitude of the colorectal cancer (CRC) risk in ulcerative colitis (UC) was 
determined in the first meta-analysis of all 116 studies reporting the risk. For any patient 
with UC the risk was 2% at ten years, 8% at twenty years and 18% after thirty years. The risk 
was greater in children, varied geographically and has fallen since 1955.

A case-control study of 204 patients across the United Kingdom demonstrated 
regular aminosalicylate therapy reduced cancer risk by 75% (p<0.00001). Mesalazine was 
particularly effective reducing risk by 81% (p=0.006). Visiting a hospital doctor more than twice 
a year and attending regular colonoscopies also reduced risk (84% and 78%). A family cancer 
history increased risk five fold.

A reliable, self administered questionnaire measuring patient knowledge was 
developed. No correlation was found between patient knowledge and the risk of 
developing CRC. A randomized controlled trial compared the efficacy of a video (scripted 
and produced by the author) vs. an information leaflet on patient knowledge. This 
established that both media improved knowledge (71% and 49%) but neither intervention 
was significantly more effective than the other.

The first nationwide audit of surveillance practices amongst gastroenterologists 
ascertained 94% of consultants practiced surveillance but it was extremely disorganized and 
considerable disagreement existed concerning the management of dysplasia.

An inter-observer variation study (examining histological slides) found specialist 
gastrointestinal and general pathologists were equally poor at grading dysplasia (Kappa =0.30 
and 0.28 respectively).

A new immunohistochemical marker for dysplasia (CYP1B1) was investigated. 
Although CYP1B1 showed faint staining in dysplastic tissues, it was inconsistent and 
presently would not improve identification of dysplasia.

The CRC risk in UC is significant and may be modified through regular consumption 
of aminosalicylates. Resources may be better allocated at improving compliance with such 
medication and targeting surveillance on high risk patients. Standardization of surveillance 
through national guidelines is needed urgently.
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Summary

This chapter consists of a review of the literature relevant to the work in this thesis 

and is divided into five sections. It begins with a description of ulcerative colitis, its 

epidemiology and aetiology, pathological and clinical features, medical management and 

prognosis. Section two goes on to discuss colorectal cancer as a complication of ulcerative 

colitis, examining the magnitude of the risk and associated factors. The third section deals 

with how this risk may be modified through patient education. It is followed by a detailed 

review of the recommended practices for colorectal cancer surveillance along with their 

efficacy and cost effectiveness in ulcerative colitis. Section five defines the significance of 

dysplasia as a marker of malignancy and reviews other markers which may be used to 

complement dysplasia.

Section 1.

Ulcerative colitis.

Ulcerative colitis is a chronic relapsing and remitting disease of the colon that almost 

invariably affects the rectum and extends proximally for a variable distance. In 1859 Samuel 

Wilks was the first clinician to recognize that not all colitis was due to dysentery when he 

described the ‘morbid appearances in the intestine of Miss Isabella Bankes’ at a celebrated 

murder trial. (1) However, it was not until the classical descriptions by Sir Arthur Hurst in 

1921 that the disease entity was fully accepted. (2)

25



1.1 Case Definition.

In any epidemiological investigation of a disease it is of primary importance to 

correctly identify all people with the condition in a defined population. This allows valid 

comparisons of data between countries and between studies. International diagnostic 

criteria have been agreed for ulcerative colitis, (3,4) which permit accurate case definition. 

They are based on clinical symptomatology, histology and radiological findings. Despite 

this, differentiation between Crohn’s disease and ulcerative colitis remains a problem in 

around ten percent of patients who have indeterminate colitis. (5) Case definition is also 

hampered by the existence of acute self-limiting colitis and other conditions which may 

mimic ulcerative colitis such as ischaemia and infection. Diagnostic verification of disease is 

thus a crucial aspect of epidemiological studies and cancer risk studies.

The criteria of case definition outlined by Truelove and Witts in 1955 (6) allows 

accurate inclusion of patients in epidemiological studies. They include:

(i) an acceptable clinical history, namely passage of blood and mucus with or without 

diarrhoea

(ii) a history of remission or relapse or a chronic continuous course with no symptom - free 

intervals for a period of 3-6 months and

(iii) at least one endoscopic examination showing features characteristic of inflammatory 

changes and histopathological features of ulcerative colitis.

No patient should be admitted to a study on the basis of physician definition of disease alone 

or simply on the basis of the clinical history.
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1.2 Epidemiology and Aetiology.

Ulcerative colitis is more common in Western Europeans and North Americans with 

an incidence varying from six to fifteen cases / 100,000 population / year (7-10) and the 

prevalence of the disease in the community is approximately twelve times this figure. The 

incidence has remained remarkably steady between the 1950’s and the 1990’s. The 

prevalence is similar in Scandinavia and the disease is now reported with increasing 

frequency in Asia, Africa and South America.

Colitis primarily affects young adults between twenty and forty years old but it may 

present at any age. Women tend to be affected more often than men but recent studies have 

failed to find a sex difference. (11) There is some evidence of an ethnic variation in the 

disease. Several studies have all shown an increased risk for ulcerative colitis in Jews living 

in Western communities with a prevalence of 37.1 / 100,000. (12-14) However, in Israel 

itself the prevalence is lower than in non-Jews in the United States or Western Europe. 

Moreover, in Israel, American and European-born Jews have double the incidence of those 

bom in Africa, Asia or Israel. (15) This implies that environmental factors such as diet and 

smoking may counteract racial or ethnic factors.

The aetiology of ulcerative colitis remains unknown and is likely to be multifactorial. 

The main suggestions as to its cause include infection, an allergic response to dietary 

components, immune reaction to bacterial or self antigens and an abnormality of the 

epithelial cells lining the gut. Environmental factors which may also play a part include 

smoking and the oral contraceptive pill. (16)
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1.3 Genetics.

A familial incidence of ulcerative colitis has been recognized for many years with 

approximately ten to twenty percent of patients having at least one other family member 

affected. (17) The general consensus is that most of the familial association is within first 

degree relatives. Other affected family members may have either Crohn’s disease or 

ulcerative colitis, although the majority will have ulcerative colitis. A recent twin study by 

Tysk (18) demonstrated a much greater genetic influence in Crohn’s disease compared to 

ulcerative colitis as only one of sixteen pairs of monozygotic twins was concordant for UC 

and all twenty dizygotic pairs were discordant.

1.4 Pathological and Histological Features.

The macroscopic features are usually most severe in the rectum and extend 

proximally for a variable distance around the colon. With mild inflammation the mucosa is 

hyperaemic, oedematous and granular (Figure 1.1). With severe disease an acute dilatation 

of the colon can develop where the bowel is thin and congested and this may lead to 

perforation. In most patients with severe disease punctate ulcers are seen which enlarge and 

extend to the lamina propria. In long-standing disease pseudopolyps may occur as a result 

of exuberant epithelial regeneration. In remission the mucosa may look normal but over the 

years it becomes atrophic and featureless, which is accompanied by shortening and 

narrowing of the colon. Fibrosis is uncommon and strictures are rare.
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Figure 1.1. Abnormal colonic mucosa in ulcerative colitis.



Microscopically the changes are predominantly confined to the mucosa. The lamina 

propria is oedematous and capillaries are dilated and congested. There is an inflammatory 

infiltrate of neutrophils, lymphocytes, plasma cells, macrophages, eosinophils and mast cells. 

Neutrophils invade the epithelium leading to cryptitis and crypt abscesses with goblet cell 

depletion. Features suggesting chronicity include distorted crypt architecture, crypt 

atrophy, basal lymphoid aggregates and a chronic inflammatory infiltrate.

1.5 Symptoms and Signs.

The prevalence of asymptomatic colitis may be as high as 34/100,000 (19), but when 

present the major symptoms include diarrhoea, rectal bleeding, the passage of mucus and 

abdominal pain. Generally their severity correlates with the severity of the disease. 

However, a lag phase often occurs between the onset of inflammatory changes in the 

mucosa and the development of symptoms as active disease may be found at sigmoidoscopy 

in patients who are clinically asymptomatic. In addition a delay in diagnosis may be 

compounded by late presentation as symptoms have usually been present for weeks or even 

months by the time a patient presents. The disease can arise suddenly with no obvious 

cause or it may begin after a documented infection (e.g. salmonella) where the infection may 

have revealed pre-existing silent disease or may have been the initiating factor. It may also 

present as intermittent episodes of diarrhoea and bleeding that were not of sufficient severity 

to cause the patient to seek medical attention. Disease of moderate or severe activity can 

lead to systemic symptoms including weight loss, fever, shortness of breath, ankle swelling 

and fatigue.

Few abnormal signs are exhibited with mild disease and patients can appear 

deceptively well. Tachycardia and a tender colon can be the only abnormal signs but many
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with severe disease look ill with evidence of weight loss and depletion of salt and water. 

Such patients may be febrile and clinically anaemic and dependent oedema secondary to 

hypoproteinaemia can occur. Some patients develop oral candidiasis or aphthoid ulceration 

and clubbing may also be seen in chronic disease.

1.6 Assessment of disease severity.

The severity of disease can be assessed by various techniques but the original criteria 

of Truelove and Witts (6) remain a valuable guide and are simple and easy to use (Table 

l . i ) .

1.7 Medical management.

Corticosteroids were introduced in the 1950’s and they dramatically affected disease 

management along with the improved supervision of fluid and electrolyte balance. The 

classical trial of cortisone acetate was conducted in 1955 by Truelove and Witts (6) and 

provided the first controlled evidence that corticosteroids were beneficial in treating active 

disease. Since then they have been proven to be beneficial orally as well as when used as 

topical treatments in the form of retention enemas, foams and suppositories. Both oral 

cortisone and prednisolone have been shown to be ineffective in maintaining remission (20) 

and so prolonged therapy is contraindicated because of side effects which include weight 

gain, hair growth, hypertension and osteoporosis.
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Table 1.1. Truelove and Witts’ disease severity index. (6)

Mild disease

Severe disease

Diarrhoea < 4 times per day

Small amounts of microscopic blood

Apyrexial

Normal pulse

No severe anaemia

ESR not raised (<30mm/h)

Diarrhoea > 6 times per day

Macroscopic blood in stool

Temperature > 37.5° or > 37.8° on 2 out of 4 days

Pulse > 90 bpm

Anaemia (Hb < 75% normal)

ESR raised (>30 mm/h)

Moderately severe disease is defined as intermediate between severe and mild.



Another major milestone in the treatment of ulcerative colitis had been the 

introduction of sulphasalazine by Nana Svartz in 1941. (21) The drug consists of 5- 

aminosalicylic acid (5-ASA), which is the major active component, linked to sulphapyridine 

by an azo bond. Once in the colon bacteria split the azo bond to release the two 

components. The use of this drug as a maintenance therapy has reduced the relapse rate 

four fold but for active disease sulphasalazine is less effective than corticosteroids. (22) Its 

suppressive effect on the disease is maintained over many years. (23) However, the 

incidence of adverse effects is high and can be divided into dose-dependent and dose- 

independent reactions. (24) Dose-dependent effects include nausea, vomiting, anorexia, 

folate malabsorption, headache and alopecia. Non-dose related effects include 

hypersensitivity rashes, haemolytic anaemia, agranulocytosis, hepatitis, fibrosing alveolitis, 

reversible male infertility and colitis.

Orally administered 5-ASA’s are readily absorbed from the jejunum and therefore 

two types of delivery systems have been developed to obtain higher concentrations of the 

drug in the colonic lumen. The first is to coat the 5-ASA with a resin that is pH sensitive 

e.g. mesalazine with Eudragit S (Asacol) or L (Salofalk) coating. The second is to link the 

5-ASA with another molecule by an azo bond (e.g. balsalazide). There are also slow release 

preparations such as Pentasa. These new salicylate drugs have been shown to be as 

effective as sulphasalazine, both for treating active ulcerative colitis and maintaining 

remission. (24,25) Topical treatments with sulphasalazine or mesalazine (retention enemas 

and suppositories) can be used for left sided colitis and proctosigmoiditis and are effective 

for both active disease and maintenance.

Azathioprine and 6-mercaptopurine have been the most widely used forms of 

immunosuppression. Their major value is in the management of chronic active disease (in
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which they can have a steroid sparing effect) and in the maintenance of remission. 

Cyclosporin has also been used in ulcerative colitis. (26) It appears to have little effect in 

severe colitis when given orally but favourable results have been reported for intravenous 

usage.

Colitis limited to the distal colon which is refractory to standard or 

immunosuppressive therapy may be treated with several other agents. These include 

acetarsol (an arsenical compound in suppository form) which was first shown to be of value 

by Connell et al in 1965. (27) This was later confirmed by Forbes et al who demonstrated 

clinical remission in patients with ‘intractable’ proctitis. (28) Butyrate enemata may also be 

worth trying in patients with refractory left sided colitis as some trials have yielded 

promising results (29) although true blinding of butyrate treatment is very difficult because 

of its characteristic strong odor. Ulcerative colitis is largely a disease of nonsmokers and 

several randomized controlled trials have been conducted to determine whether nicotine 

may be beneficial in its treatment. It has been shown to be effective in the treatment of 

patients with active ulcerative colitis (30,31) but is no better than placebo in maintaining 

remission. (32) Heparin has also been used to treat corticosteroid-resistant ulcerative 

colitis. (33) The rationale for its use is based on potentially anti-inflammatory effects 

including inhibition of neutrophil elastase and inactivation of chemokines. The results from 

early studies are encouraging with some evidence of a therapeutic effect when given both 

intravenously (33) and subcutaneously. (34)

1.8 Complications.

Patients with ulcerative colitis occasionally develop anal fissures, perianal abscesses 

or hemorrhoids but the occurrence of extensive perianal lesions is more suggestive of
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Crohn's disease. Significant haemorrhage is associated with severe attacks of the disease 

and if a patient requires six to eight units of blood within 24 to 48 hours and are still 

bleeding, urgent colectomy must be considered.

An acute dilatation of the colon complicates about five percent of acute attacks and 

can be triggered by hypokalaemia or the administration of opiates. The most dangerous but 

rare local complication is perforation with a mortality rate for perforation complicating toxic 

megacolon as high as sixteen percent. (35) About fifty percent of cases of acute dilatation 

recede with medical therapy alone but urgent colectomy is required for those who do not 

improve or deteriorate.

Colorectal cancer (Figure 1.2) has been recognized as the most serious long term 

complication of ulcerative colitis since the 1930’s and cancer surveillance is one of the most 

difficult areas in the management of colitis. Although the ‘true’ cancer risk is unknown, 

patients with colitis are estimated to have an approximately 11-fold increased risk for 

colorectal cancer compared with the general population (36) and there is a marked variation 

in the magnitude of the risk according to duration and extent of disease. Cancers usually 

arise as flat lesions rather than developing from adenomatous polyps which makes them 

difficult to detect at an early stage. (37) Early work (38,39) showed that colitic cancers are 

more evenly distributed around the colon than the non-colitic, but a more recent study does 

indicate a predilection for the left colon. (40) In addition there is a higher incidence of 

multiple cancers in ulcerative colitis compared with the general population and cancers in 

ulcerative colitis tend to be less well differentiated. Many aspects of cancer in colitis are 

controversial and the whole subject will be reviewed in detail later in this chapter.
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Figure 1.2. Colorectal cancer complicating ulcerative colitis.



1.9 Course and Prognosis.

Eighty percent of patients with ulcerative colitis have intermittent attacks of their 

disease but the length of remission varies from a few weeks to many years. Ten to fifteen 

percent will pursue a chronic continuous course whereas the remainder will have a single 

severe first attack which requires urgent colectomy. (41) In a large study from Copenhagen 

only one percent of patients had no relapses during the 18 years following presentation. (42) 

However, it is worth noting that in this study the case definition could have included 

patients who only had a single episode of bloody diarrhoea and therefore did not have a 

definite diagnosis of ulcerative colitis. (43)

The extent of disease partly determines severity and therefore the course of the 

disease. Patients with total colitis are more likely to have severe attacks than those with 

limited disease. However, patients who present with proctitis may subsequently extend their 

disease, a study by Powell-Tuck showed that 29% had done so after nineteen years. (44)

Mortality due to ulcerative colitis diminished dramatically with the introduction of 

corticosteroids and the use of maintenance therapy with sulphasalazine. For a severe attack, 

mortality has fallen from 37% in 1963 (41) to less than 1% in 1978 (45), which includes 

cases who died during emergency colectomy. (11) Recent series have shown a normal life 

expectancy, although there is a slight but significantly increased mortality (2%) in the first 

year after diagnosis. (42,45,46) A recent population based study of over 1,000 cases in 

Leicestershire had similar results with an overall standardized mortality ratio of 0.93 (95% 

Cl 0.75 to 1.14). (47)
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Section 2.

Colorectal Cancer in Ulcerative Colitis.

Burrill Crohn and Herman Rosenberg reported the first case of adenocarcinoma 

complicating ulcerative colitis in 1925. (48) Numerous published reports have since 

confirmed the increased risk in individuals with chronic ulcerative colitis. Overall mortality 

associated with ulcerative colitis has declined markedly since Edwards and Truelove 

reported a mortality rate of 35% at twenty years of follow-up. (41) Now life expectancy 

does not differ significantly from the general population. This decline in mortality is 

probably related to improved surgical techniques, antibiotics and the use of corticosteroids 

and 5-aminosalicylates. However, it is now likely that a significant number of deaths 

amongst patients with ulcerative colitis will be caused by colorectal cancer. As more 

effective anti-inflammatory and immunosuppressive agents are developed to treat 

inflammatory bowel disease, the need for colectomy for refractory disease may diminish and 

the issue of cancer risk will be of increasing importance in the long term care of ulcerative 

colitis patients. Cancer risk is also of considerable concern to many patients with ulcerative 

colitis. (49)

1.10 Epidemiology of colorectal cancer risk.

Although it is clear that patients with long-term ulcerative colitis have an increased 

risk of developing colorectal cancer, this risk has been difficult to estimate. Initial studies 

from referral centres did not reflect experience in the general population. In more recent 

years, population-based data have been reported, although these studies are difficult or 

nearly impossible to perform in many areas of the world. Early studies suggested that the 

mean time from diagnosis of ulcerative colitis to the development of cancer varied from ten
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to twenty-five years. (50-52) However, it is likely that many of these patients had ulcerative 

colitis for many years before the diagnosis was established. In general, it appears that the 

risk of developing colon cancer within the first seven to ten years of the onset of colitis is 

negligible compared with age matched controls.

However, the reported cumulative cancer incidence of colorectal cancer after 25 to 

35 years of disease has ranged from 3.1% to 43%. (53,54) Practitioner and hospital based 

studies report a cumulative colorectal cancer incidence that varies from 5.5% to 21% after 

twenty years of disease, (36,41,55-59) primarily in patients with pancolitis. In general these 

studies reflect the referral biases associated with reports from tertiary care centres. Other 

reasons for the wide range of results reported in these studies will be reviewed in detail in 

chapter two.

Several population based studies mostly from northern European countries have 

reported the cumulative risk of colorectal cancer ulcerative colitis. Although these results 

may not be applicable to other populations, the studies are not limited by tertiary referral 

centre bias. These population-based studies estimate the cumulative risk of colorectal 

cancer complicating extensive colitis from 1.8% at twenty-five years (54) to 30% at thirty- 

five years. (60) In the largest study of a population-based cohort of 3,117 patients in 

Sweden there was a 30% cumulative incidence of colorectal cancer at thirty-five years after 

the diagnosis of the disease. (60) For patients less than the age of forty at the onset of 

pancolitis, the cumulative risk of colorectal cancer was 5% and 13% at twenty and twenty- 

five years respectively.

In marked contrast, Langholz et al reported an overall cumulative incidence of only 

3.1% at twenty-five years and a calculated lifetime risk of 3.5% for individuals with 

ulcerative colitis compared with 3.7% for the Danish population. (54) The reason for this
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discrepancy in cancer risk is unclear but may be related partly to a very high colectomy rate 

in the Danish population. There was a 32% overall colectomy rate at twenty years and a 

40% colectomy rate at twenty-five years for patients with pancolitis.

A more detailed account of the potential methodological biases that have been 

encountered by physicians when aiming to quantify the risk of colorectal cancer in ulcerative 

colitis will be discussed in chapter two. Chapter two also presents a comprehensive 

assessment of a meta-analysis of all published studies reporting a colonic cancer risk in 

ulcerative colitis in order to estimate the true risk.

1.11 Risk factors affecting the incidence of colorectal cancer in ulcerative 

colitis.

There are several independent risk factors important in the development of 

colorectal cancer in ulcerative colitis and table 1.2 shows the relative importance of each in 

contributing to this risk.

1.11.1 Extent of disease.

Most cancers complicating ulcerative colitis arise in patients with extensive or total 

disease. There is general agreement that there is little or no increased risk associated with 

proctitis or procto-sigmoiditis (54) while left-sided colitis carries an intermediate cancer 

risk. For example, in a combined British and Swedish study (61) the excess risk observed in 

patients with pancolitis was 19.2 and for those with left-sided disease the risk was 2.75. 

Similarly, in a separate Swedish study (60) the relative risk for pancolitis was 14.8 and the 

relative risk for proctitis was 1.7 with the relative risk for left-sided colitis being 2.8. This



Table 1.2. The importance of various risk factors in the development of cancer in 

ulcerative colitis.

Risk Factor

Long disease duration

Extent of colonic involvement

Young age at disease onset

Presence of stricture

Presence of fistula

Presence of primary sclerosing cholangitis

NK = Not Known

Relative Importance

+ -H -4

++

++

NK

From Choi PM, Kim WH. Colon cancer surveillance. Gastroenterology Clinics of North 

America 1995; 24: 671-687.



was associated with an overall cumulative incidence of colorectal cancer of 5% for left-sided 

colitis. The exception to this was a cumulative incidence of cancer in left-sided colitis of 

12% at thirty years for those patients who received a diagnosis of ulcerative colitis between 

the ages of 15 and 29.

The development of cancer in left-sided colitis may not be as frequent as those in 

pancolitis during the first two decades, (62) but the incidence in these two groups is 

virtually equal by the fourth decade of disease. (56) The data related to the risk of left-sided 

colitis should be viewed cautiously because of variability in the definition of left-sided colitis 

and the methods used to determine extent of disease. The definition of left-sided colitis 

varies from study to study and has included patients with disease to the splenic flexure in 

some reports, but in others included patients with disease to the hepatic flexure. In addition, 

most studies gathered data from the pre-colonoscopic era, relying on single- or double

contrast barium enemas to assess extent of disease. Even in the colonoscopic era, the 

histological extent of involvement has generally not been reported. It is therefore nearly 

impossible to be confident in assessments of risk in cases where the disease extends 

proximal to the rectum but is less than pancolitis.

1.11.2 Duration of disease.

Colorectal cancer is only rarely encountered when the total duration of disease is 

less than eight to ten years, but thereafter the risk of cancer rises at approximately 0.5% to 

1.0% per year. (63) A large Swedish series reported 65 cancers in patients with pancolitis 

during 13,241 patient-years of follow-up (one cancer every 203 years) from diagnosis of 

colitis. (60) Lennard-Jones’ study showed that among patients with extensive colitis no 

cancers were detected in 1,406 patient-years during the first decade, one in 137 patient-
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years during the second decade and one in 103 patient-years thereafter. (64) The annual 

risk for a patient with extensive colitis is thus estimated to be about one in 125 during the 

period 10-25 years after onset. (65)

1.11.3 Severity and time course of inflammation.

Although it is likely that colorectal cancer development is related to the underlying 

inflammatory process, no study has convincingly shown that severity of disease correlates 

with inflammation. The reasons may be twofold. First, patients with severe disease that is 

unsuccessfully treated with medical therapy are likely to have a colectomy early in the 

course of their disease. Secondly, the technical difficulties involved with tracking disease 

severity (by clinical or histological data) in retrospective studies on large populations are 

quite formidable. The relative risk for cancer of the colon apparently remains constant with 

time when controlled with an age-matched (that is, ageing) population. (36) This implies 

that there is no simple causal relationship between chronic inflammation and cancer risk. 

This is supported by early work showing the distribution of cancers complicating ulcerative 

colitis, which unlike the colitis itself, do not seem to have any predilection for the distal 

colon. (38,39) Similarly, if there were a simple relationship between inflammation and 

cancer, there should be a higher incidence of rectal cancer in patients with proctitis. There 

is evidence from one series that patients with chronic continuous colitis have a greater risk 

of cancer than those with intermittent colitis, (66) although many series have failed to find a 

relationship with severity of symptoms.
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1.11.4 Age of onset.

There is some debate as to whether patients with onset of colitis early in life have an 

increased risk compared with older patients. Young patients have a longer potential lifespan 

and so higher risks reported in this age group could simply reflect duration of disease. The 

first study to report a higher risk in children followed-up 396 patients, all aged 14 years and 

below, who were first seen at the Mayo Clinic between 1919-1965. (53) They showed a 

3% cancer incidence during the first decade of disease and a 20% incidence during each of 

the second and third decades after onset. This study probably included an element of 

referral bias of severely ill patients to a specialist centre, but these findings have now been 

confirmed by others. (56,61,67) The most recent study from Sweden (60) found that the 

cumulative colorectal cancer risk in patients with extensive colitis after 35 years follow-up 

from diagnosis was 40% in patients in whom the disease started before the age of 15 years 

and 25% in patients developing colitis between 15 and 39 years. This study also reported a 

higher cumulative incidence of colorectal cancer in patients with a later onset. In patients 

who were older than 40 years at the time of diagnosis of pancolitis, the cumulative incidence 

of colorectal cancer by 20 years was 16%, versus 5% for patients under 40 years of age at 

diagnosis. However, age of onset of disease as an independent risk factor has not been 

consistently reported. (56,68) Greenstein et al (56) calculated the age specific incidences 

per 1000 patient-years for both universal and left sided colitis. The authors thus estimated 

an incidence of 3.6 per 1000 patient-years in pancolitics who were 10-19 years of age at 

onset of disease compared with 12.7 per 1000 patient-years who were between 30 and 39 

years of age at onset. In addition, the apparent increased risk of colorectal cancer for 

patients over age forty may reflect some contribution from the age-related risk of 

developing sporadic colorectal cancer. Some support for this view comes from reports
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(62,66,69) that the interval between onset of disease and development of cancer is the same 

in young and older patients.

1.11.5 Geographical variation.

Studies of large populations in Britain, Israel and Sweden (60,61,70) have shown a 

similar excess cancer risk among patients with ulcerative colitis. A retrospective survey 

from Eastern Europe of 959 patients referred to a specialist hospital in Prague from all over 

Czechoslovakia between 1942 and 1981 revealed only six colorectal cancers. (71) Of 305 

patients with total colitis, 138 were treated surgically, mostly by operations which spared 

the rectum. The relative risk for the whole series was 2.1 and for patients with total colitis 

it was 4.6 - lower values than for other countries. However, the cumulative incidence for all 

patients at 27 years was 2.9%, and for those with total colitis it was 11%, values similar to 

those from other studies in Europe, Israel and America. In Japan, the frequency of 

carcinoma in patients with ulcerative colitis has tended to increase in recent years and about 

sixty cases were reported up to 1989. (72,73)

Some studies from different geographical locations report similar cumulative cancer 

risks in ulcerative colitis but there are others that would suggest some variation between 

countries. Whether these variations are due to genetic or environmental factors remains to 

be determined. If the same environmental factors that are important in sporadic colorectal 

cancer play a major role in the development of cancer in colitis, one would expect a constant 

relative risk of cancer between patients with colitis and the general population but a varying 

cumulative risk from country to country.
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111.6 Influence of treatment.

It is not fully known whether energetic medical treatment to reduce inflammation 

lowers cancer risk in ulcerative colitis. However, there is now a little evidence that 

treatment with sulphasalazine may do so, (74) despite a suggestion that folate malabsorption 

due to this drug could increase the risk. Drugs which liberate 5-aminosalicylic acid in the 

colon could reduce cancer risk by reducing inflammation or by an effect analogous to 

nonsteroidal anti-inflammatory drugs in normal subjects (75) and patients with adenomatous 

polyposis. (76)

Folate depletion in patients with ulcerative colitis (which is often but not always 

associated with sulphasalazine therapy) has been invoked as a possible risk factor for 

colonic neoplasia. (77) As folate deficiency predisposes to sporadic colon cancer and 

adenomas, (78) this is a worthwhile hypothesis that is being actively investigated in the 

colitis population. (79,80)

It has been postulated that azathioprine may increase the colorectal cancer risk in 

ulcerative colitis. The incidence of various cancers, especially non-Hodgkin lymphoma is 

higher in patients who receive azathioprine for immunosuppression after organ transplants 

than the general population. A study from the St. Marks group in 1994 (81) showed that 

among patients with extensive chronic ulcerative colitis there was no difference in cancer 

frequency between 86 patients who had received azathioprine and 180 matched pairs who 

had never received it. Therefore, Connell et al (81) concluded that the use of azathioprine 

did not appear to increase the cancer risk. However, the median period of treatment with 

azathioprine was only 12.5 months (range 2 days to 15 years).

The authors of the only large series to show no significant cancer risk in colitis 

adopted a policy of vigorous medical and surgical treatment. (54) All patients with colitis in
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their community are treated by hospital based specialists. There is open access to the 

hospital clinic so that attacks of colitis can be treated early with topical or systemic steroids. 

Sulphasalazine or other 5-aminosalicylic acid derivatives are given for at least two years 

after the last symptoms, and most often continuously. Surgery is performed within days or 

weeks of failure of corticosteroid therapy. As a result of this policy, 9% of patients were 

operated on within the first year of illness and the cumulative colectomy rate was 23.7% 

within ten years and 32.4% within 25 years. For patients with total colitis at diagnosis, the 

rate was 35% within five years and about 40% within twenty years. It would seem that an 

aggressive approach contributed to the absence of any excess cancer risk. However, it 

needs to be remembered that the median follow-up in this study was only 11.7 (range 0-26) 

years.

1.11.7 Primary sclerosing cholangitis.

Several studies have indicated that the small subset (approximately 2% to 5%) of 

patients with primary sclerosing cholangitis (PSC) as well as ulcerative colitis may be at a 

higher risk of colorectal neoplasia. (82-86) In a case-control study the absolute cumulative 

risk of developing colon cancer or dysplasia for ulcerative colitis patients with sclerosing 

cholangitis was 9% after ten years of colitis, 31% after twenty years and 50% after twenty- 

five years compared with rates of 2%, 5% and 10% in ulcerative colitis controls matched for 

duration and disease extent (p<0.001). (87) This association has been supported by 

evidence from other centres. When 29 patients with long-standing ulcerative colitis and 

neoplasia were pair matched (88) with similar colitic patients without neoplasia, nine had 

pericholangitis and one had sclerosing cholangitis among the former but only two in the 

control group (odds ratio 9.0, 95% C.I 1.14 to 71.0). A population-based cohort of
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patients with primary sclerosing cholangitis was identified in Sweden. For patients in this 

group who had ulcerative colitis at the time of diagnosis of cholangitis, the cumulative risk 

of colorectal cancer was 10% during the first decade and 33% during the first two decades 

of colitis. (89)

In contrast, Loftus et al’s case-control study did not find a significantly increased 

relative risk for colon cancer in 178 patients with PSC and ulcerative colitis. (90) It has 

been postulated that alterations in bile acids secondary to liver disease may promote 

carcinogenesis in the colon, but colon cancer has developed even after liver transplantation 

for PSC in ulcerative colitis. (91) Ascertainment biases undoubtedly play a role in these 

studies; patients with PSC often have clinically quiescent colitis and may be followed up 

primarily by a hepatologist, whereas those patients whose colitis symptoms are more 

obvious may have subclinical PSC and be followed by a gastroenterologist. However, the 

suggestion of a link between PSC and colonic neoplasia in patients with ulcerative colitis 

remains.

An increased risk of colorectal cancer following orthotopic liver transplantation for 

PSC in patients with UC has also been documented with the incidence ranging from 5.6% to

11.1%. (91,92) or approximately 1% per person per year. (93)

1.11.8 Positive family history of sporadic colon cancer.

A positive family history of colon cancer is associated with a two to three fold risk 

for colon cancer in individuals with sporadic, non-colitic colorectal carcinoma. Little 

attention has been given, however, to the issue of whether a family history of colon cancer 

might also be a risk factor in patients with ulcerative colitis. A case-control study from the 

Mayo clinic of 297 patients found that a family history of colon cancer was twice as
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common when ulcerative colitis was associated with colon cancer compared with UC 

controls matched for extent and duration of colitis. (94)

All of the above risk factors need further investigation to determine which are the 

most important parameters in influencing cancer risk. Of course the optimal study design for 

defining risk factors would be a prospective controlled study. However, given the long duration 

before enough cancers or dysplasias develop in a surveillance program, as well as ethical 

concerns about withholding surveillance colonoscopy or 5-ASA treatment from the control 

group, we must rely on case-control studies to offer the best approximation of colorectal cancer 

risk factors in ulcerative colitis. Chapter three reports the findings of a nationwide case- 

control study whose purpose was to elicit the most significant factors associated with a 

reduced cancer risk in patients with ulcerative colitis.
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Section 3.

Patient education programs and how they may affect the cancer risk.

Another potential risk factor that may affect cancer risk in colitis is patient 

knowledge. It is feasible that patients who are unaware / unconcerned about the risk may be 

less motivated to attend colonoscopies and to comply with medication. Thus one approach 

that has not been investigated is the effect of a patient education program in reducing 

colorectal cancer risk. Patients may fail to attend surveillance colonoscopic examinations, 

usually because they do not like the test but possibly because they are unaware of the 

purpose of the program or of the cancer risk. Perhaps if patients fully realized the 

importance of surveillance and the reasons for its regularity, they would be more likely to 

attend.

1.12 The use of patient education in chronic diseases.

In the past a unilateral patronising style of health care was generally accepted, but 

patients are now becoming much more responsible for their own illness. Ulcerative colitis is 

a long term condition and the very nature of its chronicity requires a high level of patient 

responsibility for successful day-to-day management. Patient education has been widely 

accepted in many disciplines as a valid component of chronic disease management. (95) 

Such education teaches patients about their disease and its treatment. The patient who 

receives instruction is presumed to be in a better position to participate in his or her own 

health care and thus maximize therapeutic benefits.

Mazzuca reviewed the literature on patient education in a variety of chronic diseases 

in 1982 (96) and found patient education was most successful in improving compliance, 

clinical progress and overall health outcomes. Participation in a patient education program
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for patients with inflammatory bowel disease has been shown to increase the patients’ 

disease related knowledge and positively influence quality of life, depression and social 

activity. (97) Up to 75% (98,99) of patients with ulcerative colitis consider themselves 

insufficiently informed about their disease and when asked to prioritize their disease 

concerns they placed the risk of cancer at the top of their list, followed by new treatments, 

symptoms, psychological factors, diet and aetiology. (100) Thus being informed is not only 

a patient’s right, but appears a necessity if we are to alleviate their fears and anxieties.

Patient education programs have been initiated in a variety of specialties (101-104) 

and have led to improved patient knowledge and satisfaction. Improving patient knowledge 

in type 1 diabetes mellitus is inversely correlated with glycosylated haemoglobin (105) and 

in the field of renal medicine an education program significantly improved calcium levels in 

patients on haemodialysis. (106) Thus it is reasonable to postulate that increasing 

knowledge and awareness of cancer risk among patients with ulcerative colitis may lead to a 

greater uptake of surveillance colonoscopy. Indeed it has already been shown that adequate 

health education increases the level of compliance with population screening programs for 

colorectal cancer in the general population. (107)

1.13 Measuring knowledge levels.

Health education issues are particularly relevant in ulcerative colitis because of the 

large amount of medical information that can be imparted to patients, the chronicity of the 

illness, the frequent contact with health care professionals and an increasing emphasis on 

self-care in some centres. Prior to the implementation of an effective education program it 

is critical to have the ability to assess an individual patient’s level of knowledge concerning a 

disease and its management. There is, therefore, a need for a tool that can objectively
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evaluate patient education programs in inflammatory bowel disease. Although there is 

growing interest in this area there are few published scales which measure such knowledge. 

An analysis of the existing knowledge scale by Jones et al (108) will be given in chapter 

four. Chapters four and five give an account of the development and validation of a self 

administered questionnaire that was devised as an index of patient knowledge - the Crohn’s 

and Colitis Knowledge Score (CCKNOW Score).

1.14 Methods of improving patient knowledge.

Patients are keen to receive educational material in a variety of forms. (109) An 

Italian study (100) has reported that the media preferred by patients with inflammatory 

bowel disease were: specifically prepared books (73%), video cassettes (20%) and leaflets 

(25%). Ninety percent felt that specially prepared educational material could be very useful. 

A Leicester based study (99) demonstrated that of those patients who wanted more 

information, 60% wished to receive the advice from a trained advisor. Seventy-six percent 

wanted this person to be a hospital specialist but 50% would accept advice from a specialty 

trained nurse. Patient self-help groups are an alternative source of information. The 

National Association of Crohn’s and Colitis is the main such group in Britain for patients 

with inflammatory bowel disease but many members are only transient, drawing from the 

group for a while and withdrawing once their need is met. (110)

Booklets and leaflets for patients with inflammatory bowel disease have been 

shown to be an effective means of imparting disease related information (111,112) and have 

become an important adjunct to the standard doctor-patient consultation. If we are to be 

certain that patients understand methods of diagnosis and the rationale behind treatment, the 

best teaching techniques should be employed. It is unfortunate that despite the routine use

52



of leaflets in outpatients, patients often feel that they need more information. (113,114) 

Technology has increased the options open to educators and videos are now frequently used 

in training. The potential of these techniques has led to their use in such diverse areas as 

consent for endoscopy (115) and reducing sexually transmitted disease rates in at risk 

groups. (116) The Internet is also becoming a widely available source of knowledge and is 

being used to disseminate information to a large audience. (117,118) In the USA there are 

many web pages devoted to patient education. (119) In addition to those provided by the 

National Institute of Health and various university departments of gastroenterology, there 

are a number of on-line magazines such as the “The Old Crohnie”, “Keith’s Crohn’s 

Chronicle” and the “IBD Newsletter”. However, at present many of the web pages that 

patients access are unstructured and are not subject to the usual peer review process 

afforded by medical journals. (120)

Videos can be used to inform most people about their disease and screening for 

complications without face-to-face consultations. They provide a consistent form of 

teaching, are a familiar medium to most patients and can communicate concepts in a realistic 

and visual manner. (121) Despite the changes such technology has brought to education 

and training there have been only limited attempts to evaluate them in the clinical context 

compared with traditional methods. An information leaflet and a video were produced for 

patients with ulcerative colitis that addresses their fears and anxieties. They do this by 

demonstrating and explaining the colonoscopy procedure. The leaflet and video also inform 

patients of the risk of colorectal cancer and how they may reduce their risk. Chapter six
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details this project and reports the findings of a randomized controlled trial comparing the 

effectiveness of the video versus the leaflet on patient knowledge of colorectal cancer risk.
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Section 4.

Cancer surveillance in ulcerative colitis.

Cancer surveillance is based on the hypothesis that repeated testing of a high-risk 

population will identify patients who either have or are likely to develop cancer and that an 

intervention (typically surgical) made at the time of a positive surveillance test will allow 

successful intervention at a premalignant stage or cure of an early cancer.

1.15 The rationale for and development of surveillance.

Twenty years ago patients who suffered an attack of ulcerative colitis that affected 

the whole colon were often invited to undergo total colectomy in order to protect them 

from developing cancer in the future. (122) Although some authorities still recommend 

early surgery, (60) the paper published by Morson and Pang (37) which drew attention to 

the predictive value of dysplastic mucosa in the rectum has had a profound influence on this 

practice. The initial observation that cancer in ulcerative colitis was often associated with a 

field change of dysplasia implied that ‘at risk’ patients could be detected by rectal biopsy 

before the cancer became apparent. The introduction of effective and safe total 

colonoscopy in the early 1970’s provided a more useful tool than sigmoidoscopy and barium 

enema, enabling much more of the colonic mucosa to be visualized and biopsied. It seemed 

logical that patients ‘at risk’, but whose quality of life was satisfactory, should not be 

advised to undergo a prophylactic total colectomy and ileostomy. Instead they should have 

regular colonoscopic examinations with multiple biopsies. (123-125) This policy, it was 

argued, (64,126) would detect cancer either before it became established or early in its 

evolution while still at a curative stage. This approach was so persuasive that for the past 

twenty years many specialized centres have adopted it without benefit of a prospective
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randomized controlled trial. The success of a surveillance regimen depends on a clear 

understanding of lead time (the time from a positive surveillance test to a surgically 

incurable cancer) and sampling error. Unfortunately, there are few good data regarding 

either lead time (dysplasia to advanced colon cancer) or sampling error in the setting of 

cancer surveillance in ulcerative colitis. Despite this, current surveillance recommendations 

typically involve an initial screening colonoscopy at 7 to 10 years in patients with pancolitis 

with two to four random biopsies every 10 cm. Subsequent surveillance colonoscopies 

should be conducted at 1 to 2 year intervals to monitor for the development of dysplasia or 

early cancer. In left-sided colitis surveillance colonoscopies start after 15 to 20 years 

although there are few data supporting this extra delay. At colonoscopy it is recommended 

that multiple biopsies are taken from normal mucosa as well as from areas that look 

suspicious. All histologic specimens are examined for dysplastic change. Individuals whose 

biopsies show significant dysplasia and those found to have cancer are advised to undergo 

total colectomy.

Cancer surveillance in ulcerative colitis is not mandatory and a patient should only 

enter a program after a full explanation of its purpose and limitations. Entry entails 

acceptance by the patient of regular clinical assessment and endoscopy, even if symptoms 

are slight or absent, and includes an understanding that surgical treatment will be advised if 

definite dysplasia or carcinoma are detected. It must also be made clear that surveillance 

has not been proven to reduce cancer risk and cannot be guaranteed to do so. However, it 

does offer a reasonable chance of reducing cancer mortality through surgical treatment at a 

stage of either precancer or symptomless cancer. (65)
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1.16 Strategy and methods of surveillance.

Surveillance is best performed during remission in order to eliminate the difficulty of 

differentiating reactive change from low-grade dysplasia. (127) At present all patients with 

UC should be advised to have a colonoscopy eight to ten years after diagnosis to check the 

extent of disease. Periodic colonoscopy should begin after 8 to 10 years of disease onset for 

extensive colitis and 15 to 20 years for left-sided disease. (125) Current recommendation is 

for regular screening at one to two year intervals. (125) Some have advocated an 

alternative schedule to account for the increase in cancer risk with longer duration of 

disease. (128-130) They suggest a gradual decrease in the screening interval from every 3 

years for the second decade of disease to yearly by the fourth decade of disease. (128-130) 

The optimum frequency of examination is undecided. Cancers may be missed at 

colonoscopy and interval cancers have been reported if colonoscopy is performed once 

every two years. (131) Annual examination therefore appears desirable. If annual 

colonoscopy is difficult to arrange or is unacceptable to the patient, then a compromise in 

which annual flexible sigmoidoscopy is replaced by colonoscopy every second or third year 

appears a reasonable plan. (65) Such a program has not been tested in practice or published 

in a peer review journal.

During colonoscopy a full examination should be performed with a careful 

inspection of the entire colonic mucosa. Two to four random biopsies should be taken at 10 

cm intervals throughout the entire length of the colon. (125) Some studies report that 

greater than 50% of all neoplasia associated with ulcerative colitis develops in the distal 

colon; presumably as a result of the invariable involvement of this region by the disease. 

(36,40,129,132-136) Therefore, they advocate additional sampling of the rectosigmoid with 

the goal of improving the diagnostic yield of random biopsy technique. (129,137)
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Conversely, because cancer tends to develop less commonly in noninvolved bowel, biopsy 

sampling of the proximal colon is less sensitive in patients with well documented left-sided 

ulcerative colitis.

Particular attention should be paid to elevated mass like lesions (dysplasia associated 

lesions or masses - DALM’s) because there is an increased likelihood that such areas may 

harbor dysplasia or carcinoma. (123,124,138) If such a lesion is present, additional biopsy 

specimens should be taken from the area. Extra biopsy specimens should also be taken from 

irregular plaques, villiform elevations, unusual ulcers, or strictures because these areas may 

also harbor neoplastic lesions. (123,124,139,140) Biopsy specimens from each segment of 

the colon should then be placed in separately labelled containers to facilitate rebiopsy of the 

area in question should the need arise at a later date. (141) Figure 1.3 is an algorithm 

illustrating the current suggested reassessment of patients with ulcerative colitis when under 

medical supervision.
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Figure 1.3. Flow diagram illustrating the reassessment of patients with ulcerative 

colitis when under medical supervision 8-10 years after the onset of disease.

All patients with colitis

Severe acute attacks or 

Chronic disability

Endoscopy after 8-10 years

Extensive disease Distal disease
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-----------------------------------Surgery* Surveillance* Supervision*

From Lennard-Jones JE. Prevention of cancer in inflammatory bowel disease. In Young 
GP, Rozen P Levin B eds. Prevention and Early Detection of Colorectal Cancer. WB 
Saunders Company Limited. London 1996; 217-238

*See Figure 1.4. for management of dysplasia

Chrome
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1.17 Assessment of surveillance programs.

In the ten to twenty years since this policy was adopted the results from a number of 

large surveillance programs have been published. (42,64,123,136,142-149) Nearly all have 

confirmed the association between chronic ulcerative colitis and cancer and the authors have 

drawn attention to the life saving potential of this form of surveillance. Nevertheless, when 

these studies are reviewed critically it is apparent that the health gain from this approach is 

smaller than would have been predicted. (63,150-153) It is difficult to demonstrate a 

beneficial impact of a cancer surveillance program in patients with long-standing ulcerative 

colitis. One of the main difficulties in assessing its utility has been the large number of 

patients and long duration of study (15 to 20 years) required to demonstrate an effect on 

cancer stage and survival. (61,124,143-145,151) In addition, patient compliance can be a 

problem as multiple procedures can pose logistical problems, particularly for those who are 

young and mobile and tend to move several times through educational and employment 

change. Also, not all patients accept colectomy if dysplasia is detected. Finally, it has been 

difficult to conduct controlled studies because of the ethical issues involved in randomizing 

patients at high risk to a control arm.

Studies examining the impact of cancer surveillance in ulcerative colitis have 

produced conflicting results. (123,124,143,145-148,153) These studies suggested that 

cancer surveillance leads to the detection of early-stage cancer in only a minority of patients, 

resulting in a high cost-to-benefit ratio. (150-152) In fact, a significant number of patients 

present with cancer at an advanced stage despite surveillance. These studies, however, 

involved small numbers of patients with cancer (range one to seven cases) 

(123,124,143,145,146,148) and probably suffered from a sampling error. In addition, these
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studies may have been less than optimal (152,154) because most consisted of small groups 

of patients followed for a relatively short duration.

When considering the success of surveillance programs, one has to consider how 

critical authors have been in their assessment of what constitutes success. Using quite 

stringent criteria the Leeds group have published two reviews (146,150) of 12 published 

studies in cancer surveillance in ulcerative colitis. Some were follow-up studies of earlier 

reports and all data, including some associated abstracts, were analyzed at the same time by 

two independent observers. (64,123,136,142-149,155) In all, 1916 patients were enrolled 

and 92 cancers discovered. Because all were descriptive as opposed to controlled studies, 

the Leeds group decided to look at each individual patient with cancer in order to audit 

whether surveillance had helped that individual or not.

The purpose of surveillance is to identify precancer or cancer at an early stage. 

However, the Leeds group (146,150) felt the inclusion of dysplasia alone as a measure of 

success was of debatable value. Therefore they limited their audit to those eventually found 

to have cancer. They defined success as the preoperative discovery of early cancer (graded 

Duke’s A or B). However, in practice 40 of the cancers diagnosed in the series were 

Duke’s C or more advanced. The authors took the view that because it was colonoscopic 

surveillance in which they were interested, cancers diagnosed by barium enema, rigid 

sigmoidoscopy, and those found incidentally at operation or autopsy should not count as 

successes. There were 28 that were diagnosed by these other methods. At the time they 

undertook the study low grade dysplasia was not generally regarded as being an indication 

for colectomy, unless associated with a lesion or mass (DALM). Indeed at that time 

patients with low grade dysplasia were seldom encouraged to undergo colectomy. For 

these reasons the two cancers found in patients who had been operated on solely for low
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grade dysplasia were not included as successes. Three cancers were detected outside the 

criteria laid down for surveillance; that is to say they were discovered in patients who had 

limited colitis or alternatively developed earlier than 8 years after onset. Finally they drew a 

distinction between screening and surveillance. A patient who presents for the first time to 

a specialist colitis clinic is likely to undergo colonoscopy, either because they are 

symptomatic or to get a baseline assessment following transfer of care. This is not 

surveillance. It is a screening or assessment colonoscopy and does not in itself indicate an 

ongoing commitment by patient and doctor to regular examinations which are the hallmark 

of a surveillance regimen. At the time of the initial screening examination, up to 3% of 

patients with long-standing ulcerative colitis already have cancer, (40,136,147) and almost 

12% manifest dysplasia. (40) They decided, therefore, to exclude patients in whom cancer 

was found at an initial colonoscopy undertaken at least 12 years after the onset of 

symptoms. There were eight such cases. If these audit criteria are applied, only 11 of the 

92 patients (12%) could be counted surveillance successes. It should be remembered, 

however, that even 12% is an overestimate of the actual success rate. These 11 patients 

with early cancer are likely eventually to have presented with symptoms and they would 

have received treatment; they would not all have died. Indeed, some might have died from 

intercurrent disease before the Duke’s A cancer caused symptoms. The five year survival 

rate of patients operated on for cancer in ulcerative colitis lies somewhere between 34% 

(156) and 62% (157) which is very similar to that of the general population. In conclusion 

the authors felt that only 5 or 6 of the 11 patients actually benefited from these 12 

surveillance programs involving 1916 patients. The data summarizing all these surveillance 

programs can be seen in Appendix 2 as they have been included in the meta-analysis 

(chapter two).
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Were the criteria too stringent? A smaller review of surveillance programs has been 

published by Lennard-Jones. (65) The results were divided into two groups depending on 

whether the program was conducted at a hospital with a regional catchment area or a 

tertiary referral centre. At four centres, Finland, (144) Sweden, (145,158) and Israel, (159) 

the majority of patients came from the hospital’s catchment area. This was also likely to be 

the case in Leeds. (146) At these five centres, 583 patients were studied over 12-18 years 

and 2645 endoscopies (mostly colonoscopies) were performed. As a result, 13 patients 

underwent operation for dysplasia but no carcinoma was found. Nine carcinomas were 

treated surgically, eight at a stage of Duke’s A or B. In addition three cancer deaths 

occurred; a patient whose caecal carcinoma presented after a nine year history of disease but 

before the first colonoscopy, (136) a patient who defaulted from surveillance, (146) and a 

patient whose operation was delayed when high grade dysplasia was discovered. (159) Two 

series from tertiary referral centres, in the USA (147) and the UK, (147) were characterized 

by a long history of disease at the start of surveillance, a relatively large number of cancers 

diagnosed and of patients treated surgically for dysplastic change. In one series only four of 

ten carcinomas (147) and in the other 11 of 20 carcinomas (147) were at Duke’s stage A or 

B. Eleven cancer deaths occurred in the two series among 545 patients. One centre 

considered that 21 of 332 patients studied over 20 years benefited from the program. 

Twelve were operated on for dysplasia and this was confirmed in the operation specimen. 

Nine were treated surgically for symptomless cancer at Duke’s stage A or B, all of whom 

survived. (147)

The study from St. Marks (64) which examined the impact of surveillance has been 

more promising. This was a study of surveillance over 22 years and cancer was detected at 

a favourable stage. Among 17 patients who developed carcinoma while under surveillance,
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in 12 (71%) it was at an early stage (Dukes stage A or B). Data from Choi et al’s 18 year 

surveillance program in the USA were collected prospectively and cancer was detected at an 

early stage in 15 of 19 patients (80%), compared with only 9 of 22 (41%) non surveyed 

cancer patients. (126) The overall 5 year survival rate was 77% for the surveillance group 

compared with only 36% for the control group (p<0.03).

Provenzale and co-workers (160) compared various strategies for managing a 30 

year old patient with a 10 year history of pancolitis. The authors calculated that a 

colonoscopy every 3 years increased life expectancy by 7 months whereas one every year 

increased it by 1.2 years, as compared with no surveillance. Lashner and colleagues (161) in 

an uncontrolled study, examined outcome among patients with extensive ulcerative colitis of 

more than 8 years duration. Ninety-one screened patients had an average of 4.2 

colonoscopies each and were compared with 95 individuals who had not been screened. In 

the screened group initial colonoscopy identified four patients with high grade dysplasia and 

six with low grade dysplasia. Eight of these ten patients came to surgery. Cancer was not 

found in any of the resected specimens. In total 8 colorectal cancers (of whom 4 died) were 

detected in the screened group compared with 6 (of whom 2 died) in the non-screened 

group. The total number of deaths was six in the screened group and 14 in the non

screened group. The benefit in detection of colorectal cancer in the screened group was 

marginal but the screened group in addition underwent regular clinical review and the 

overall mortality was lower than in the non-screened group. Other studies examining the 

outcome of patients under surveillance are also finding a similar benefit. (40,162)

The clinical effectiveness of a surveillance program has to be judged by its effect on 

cancer related mortality. Mortality is obviously least with prophylactic colectomy as the 

potential for malignant transformation has been removed. However, surveillance has
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advantages over inaction or follow-up without investigation for patients who decline 

surgery or for whom it is inappropriate. At the five regional hospitals mentioned earlier it 

could be argued that the programs were clinically effective because there were no cancer 

deaths among 583 patients who remained under surveillance; 13 patients may have been 

prevented from developing cancer; and eight of nine cancers diagnosed as a result of 

surveillance colonoscopy were at a surgically curable stage.

At the two tertiary referral centres, 24 of 545 patients were saved from developing 

cancer, and 15 were operated on at a curable stage of cancer. However, there were 11 

cancer deaths. It is possible that this mortality was less than expected among patients with 

long-standing extensive colitis seen at this type of hospital. The fact that mortality after 

surgical treatment for cancer was lower in patients treated within the surveillance program 

than among those who presented clinically outside it gives some support for this view. 

(40,126) However, these findings are no more than suggestive because cancers that 

developed outside the programs occurred in a population of unknown size and 

characteristics.

Much debate surrounds the efficacy of surveillance programs in UC. (151,152,163) 

These programs were widely introduced without benefit of randomized controlled trials to 

assess their efficacy and cost-effectiveness. It would now be unethical to randomize 

patients into a study of the benefits of screening and the only acceptable approach is to 

critically appraise current surveillance practices. Chapter seven gives an account of a 

national survey of the surveillance practices of consultant gastroenterologists across the 

United Kingdom and outlines areas where improvements could be made.

65



1.18 Safety and cost-effectiveness of surveillance.

The hazard rate of surveillance colonoscopy with multiple biopsies appears to be 

low. (164) In Koobatian and Choi’s analysis, the overall complication rate associated with 

surveillance colonoscopy was 0.26%. There was a single complication of a silent 

perforation among 379 surveillance colonoscopies with a median of 18 biopsies per 

procedure. No other complication, including bleeding, infection, myocardial infarction or 

death resulted from the procedure. British experience has been similar with no incidence of 

complication recorded during 811 surveillance colonoscopies. (64) Thus the hazard rate for 

the procedure appears to be quite low and comparable to that associated with diagnostic 

colonoscopy. (164)

The cost of a surveillance program for patients includes time spent, travel expenses, 

loss of earnings, possible physical discomfort and anxiety and these may be met by the 

patient, insurance, or state healthcare systems. The financial costs of the actual program can 

be estimated. In the St Marks series, 1316 colonoscopies and 1568 rigid sigmoidoscopies 

were performed. (131) Estimates of hospital costs for flexible sigmoidoscopy and 

colonoscopy in the UK, published in 1991, were £29 and £106 respectively. (165) When 

the cost of histopathological examination of multiple biopsies was added, reasonable 

estimates for colonoscopy with assessment of biopsies was £150, and for each clinic visit 

with sigmoidoscopy and biopsy £50, giving a total cost over 20 years of £275,000. This 

figure includes clinical supervision of the patient with colitis, of which cancer surveillance 

was only a part. Applying the same arbitrary costs to the surveillance programs at the five 

regional hospitals, the total for the 583 patients who underwent 2645 endoscopies was 

about £400,000. These calculations are of course retrospective and subject to the 

inaccuracies of such an approach.
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There have been three further published estimates of cost. One from England in 

1988 estimated that to perform a single colonoscopy on all patients at 8 years, and 

thereafter to perform colonoscopy on each patient with extensive colitis every 2 years, 

would require 12 colonoscopies per 100,000 population annually. (155) These results 

suggested that one carcinoma would be diagnosed every 4 years in this population and the 

cost would be approximately £6,000 for each cancer (costed at £125 per colonoscopy). 

This estimate took no account of dysplastic lesions detected. An American calculation 

based on reports of surveillance programs up to 1984, and an annual colonoscopy priced at 

$1,000 for each examination, estimated that about $200,000 would be spent for each cancer 

found or prevented. (151) This calculation used double the frequency and approximately 

double the cost for each colonoscopy compared with the earlier report. It also used a value 

for cancer risk of 0.5% per year among patients with extensive colitis, which is half that 

derived from recent studies. The figures suggested by these two studies (£6,000 vs. 

$200,000) are widely separated but it should be remembered that they are based on different 

methods of calculating health care and certainly the UK estimate did not take into account 

dysplastic lesions detected. One came from an NHS hospital in the UK while the other is 

American based. In addition they were conducted at different times and this also limits any 

direct comparison of the costs.

These estimates compare favourably with that for the detection of colorectal cancer 

by occult blood screening in the general population which costs $35,000 per year of life 

saved, (166) and of £8,500 per cancer death prevented by a single flexible sigmoidoscopy. 

(167) Screening programs for other diseases in the general population are also expensive; it 

has been estimated that in cervical cancer and breast screening the estimated cost per death 

prevented is £30,000-£50,000. (168)
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The third published estimate of the cost of colonoscopic screening in ulcerative 

colitis by Sonnenberg and El-Serag (Table 1.3) also compares it with other forms of 

endoscopic screening. (169) In their calculations the yearly incidence rate of colon cancer in 

ulcerative colitis is taken to be 0% in the first decade after initial diagnosis, 0.5% during the 

second decade and 1% and 1.5% during the third and fourth decades, respectively. For 

simplicity, an incidence rate of 1 per 100 was used throughout their analysis. If one 

screening endoscopy per 2 years was capable of detecting all cancers, 2 cancers per 100 

endoscopies were detected during a 2 year period. Sonnenberg and El-Serag assumed that 

colonoscopy and biopsy had a sensitivity of 70% and thus this reduces that rate to 1.4 

cancers per 100 endoscopies, equal to 1 cancer per 71 endoscopies. In calculating 

endoscopies per life year saved, it is assumed that death is prevented in only 50% of 

detected cancers, saving 10 life years per death prevented. In ulcerative colitis, 71 

endoscopies per 10 life years times 50% equals 14 endoscopies per 1 life year. The costs of 

endoscopy and surgery were estimated as $1,000 and $25,000 respectively. A complication 

was estimated to result in 10 lost life years multiplied by the average annual US income of 

$26,000. In ulcerative colitis, a false positive rate of 10% per 71 endoscopies was assumed 

which yields seven false positive diagnoses. So, for every 71 endoscopies there are seven 

false positive diagnoses and one true positive diagnosis. If all eight patients with a positive 

diagnosis (false and true) undergo colectomy, surgery costs 8 x $25,000 = $200,000. The 

screening procedure costs 71 x $1,000 = $71,000 per cancer detected. Because therapy is 

only effective in only 50% of detected cancers, however, $142,000 (2 x $71,000) must be 

invested in screening to prevent one death. When compared with screening for 

precancerous lesions involving the oesophagus, stomach and colon the authors suggest that 

biannual colonoscopy in ulcerative colitis gave the highest yield per cost invested. The cost
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of biannual surveillance in ulcerative colitis is comparable to annual screening for 

adenocarcinoma (in Barrett’s oesophagus) and 1 per 5 years screening for colon cancer (in 

subjects without ulcerative colitis). The estimated costs of detecting one colorectal cancer 

in ulcerative colitis are summarized in table 1.4.
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Table 1.3. Number of endoscopies performed per cancer case detected or life 

year saved.

Sensitivity of Incidence rate Frequency of Endoscopies Endoscopies 

screening of cancer endoscopy per per cancer per life year

procedure year detected saved

70 0.01 0.5 71 14

Endoscopies per cancer detected = frequency of endoscopy / (sensitivity x incidence)

In calculating endoscopies per life year saved, it is assumed that death is prevented in 

50% of the detected cancers, saving 10 life years per death prevented. For instance, 14 

= 71 endoscopies / (10 yrs x 50%).

From Sonnenberg A, El-Serag HB: Economic aspects of endoscopic screening for intestinal 

precancerous conditions. Gastrointestinal Endoscopy Clinics of North America 1997; 7: 

165-184
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Table 1.4. Summary of the estimated costs of surveillance by author

Authors Year Cost of detecting one colorectal cancer in

of publication. a patient with ulcerative colitis

Jones, Grogono 

andHoare (155)

1988 £6,000

Collins, Feldman 

and Fordtran (151)

1987 $200,000

Sonnenberg 

and El-Serag (169)

1997 $71,000
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Section 5.

The significance of dvsnlasia in ulcerative colitis.

Dysplasia is a precancerous marker which is defined as an unequivocal neoplastic 

transformation of the epithelium. It is often accompanied by genetic abnormalities on flow 

cytometric and molecular biologic analyses. Every paper on screening in ulcerative colitis 

has stressed the importance of dysplastic change in the colonic mucosa. Dysplasia is 

believed to represent one step in the histologic progression of a mucosa from normal to 

frank neoplasia. However, the histologic appearance of dysplastic change may vary from 

one epithelium to another. In the large intestine dysplastic epithelium is well recognized by 

histopathologists because it is found to some degree in all adenomatous polyps. The 

microscopic abnormalities include changes in size, shape, depth of staining and position of 

the nucleus within the cell. (170)

These changes are relatively easy to identify within adenomas, where there is a 

discreet area (usually raised) with a clearly defined edge between normal and dysplastic 

epithelium. The greater the degree of dysplasia the easier it is for the pathologist to make 

the diagnosis. Difficulties arise, however, when the changes are mild, where there is no 

clearly defined border between dysplastic and normal epithelium, and in the presence of an 

inflammatory change, where regenerative changes of the mucosa may mimic the 

appearances of mild dysplasia.

1.19 Sampling error.

Three problems have bedevilled the diagnosis of dysplasia in ulcerative colitis. The 

first is sampling error. When dysplasia was first introduced as a concept in ulcerative colitis 

it was believed to be a field change indicative of underlying cancer elsewhere in the bowel
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and that it would usually be present in the rectum. (37) This was not an unreasonable 

assumption because the rectum bears the brunt of inflammation in most cases of ulcerative 

colitis. It is now recognized that dysplastic change is not necessarily a field change and 

indeed it is usually patchy. The consequences of this are that it is impossible to sample more 

than a tiny proportion of the colonic mucosa, even with multiple biopsies, and therefore it 

may be missed. A study in which multiple biopsies were taken at colonoscopy or from 

operation specimens has suggested that 33 biopsies are required to give a 95% chance of 

detecting dysplasia if it is present. (171) Similarly, if low grade dysplasia was found in 1 of 

20 biopsies initially, 58 biopsies would be required at a second examination to be 95% 

confident of detecting it again. (171) At present dysplastic change cannot be identified 

macroscopically; it is a microscopic diagnosis and therefore suspicious areas cannot usually 

be targeted. However, it is possible that advances in colonoscopic techniques such as 

magnification, dye spraying and endoscopic fluorescence will improve pathological yield in 

the future. (172,173)

1.20 Dysplasia as a predictor of cancer.

The second problem is the significance of dysplastic change. It is generally 

recognized that dysplastic mucosa is premalignant. However, the likelihood of progression 

to cancer is difficult to predict. This applies not only to dysplasia in ulcerative colitis but is 

a well recognized problem in other situations. All tubular adenomas are dysplastic by 

definition. If left alone some remain benign (noninvasive) and represent no serious risk to 

an individual. Others will progress to an invasive cancer. Because polyps are readily 

identified colonoscopically and can be excised easily, the decision as to what to do is 

straightforward. Before colonoscopic polypectomy was available, surgical treatment was
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usually limited to those individuals where polyps were enlarging on barium enema or 

alternatively were greater than 1 cm in diameter at diagnosis. It is unclear in a given case of 

ulcerative colitis whether dysplastic mucosa develops into cancer. It may be that, as with 

polyps, the risk relates to the extent or degree of the dysplastic change, but it is difficult to 

assess the extent of dysplastic changes in a colitic colon because of sampling problems. 

Retrospective examination of excised colons has provided some information but the findings 

have not been particularly helpful. The majority of colectomy specimens which contain 

dysplastic mucosa did not turn out to have cancer (58,124,174) and conversely the majority 

of patients with cancer and ulcerative colitis do not have a field change of dysplasia. (175) 

The significance of dysplasia as a prognostic factor is made more difficult by the fact that 

the majority of patients with long-standing ulcerative colitis eventually develop some degree 

of dysplasia if followed for long enough. (143,146)

Bernstein et al (128) analyzed 1225 patients from the literature who had undergone 

colonoscopic surveillance. If a dysplasia associated lesion or mass (DALM) is found at 

colonoscopy, immediate colectomy reveals cancer in 43% of patients regardless of whether 

there was low grade dysplasia (LGD) or high grade dysplasia (HGD) in the DALM. When 

HGD in flat mucosa is the initial discovery, immediate surgery reveals carcinoma in 42% to 

67% of the colectomy specimens. (128,131) If HGD is found at some time after the initial 

evaluation, 32% of patients prove to have carcinoma. Thus whenever a DALM or HGD is 

identified and confirmed by two expert gastrointestinal pathologists, this is a strong 

indication for colectomy.

If patients with DALM’s are excluded, on the grounds that the biopsy may have 

been taken from a superficial part of a cancer, 69 of the 1225 patients were identified as 

having LGD on initial colonoscopy. Cancer was found in three of these patients (4.3%).
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Overall 210 patients eventually developed LGD some time during their surveillance period 

and 17 of these developed cancer (8.1%). At first sight this may appear to be a useful 

predictor for the subsequent development of cancer. However, 95 patients in these studies 

were diagnosed as having indefinite changes of dysplasia, nine of whom (9.5%) eventually 

developed cancer. This analysis therefore suggests that definite LGD is no more predictive 

than indefinite LGD. Thus the management of LGD is problematic. In published series, 

when LGD was found on initial colonoscopy, 29% of patients showed progression at some 

time to HGD, DALM or cancer, and 19% of patients already had cancer at the time of 

immediate colectomy. (128) Although this latter figure may reflect referral bias which 

prompted a colectomy in these patients, 8% of patients who had a diagnosis of LGD at 

some time eventually progressed to cancer. Moreover, the St Mark’s Hospital surveillance 

study indicates that the 5 year predictive value for HGD or cancer in patients with LGD is a 

troubling 54%. (131) After detecting LGD, the inability to find it on subsequent 

examinations offers little consolation because the progression to HGD or cancer still applies. 

(136) Therefore there is compelling evidence that the presence of LGD, even in flat 

mucosa, can be considered just as much an indication for colectomy as finding HGD or a 

DALM without waiting for a confirmatory colonoscopy. Figure 1.4 outlines a suggested 

colonoscopic surveillance strategy for dysplasia.

75



Figure 1.4. Suggested colonoscopic surveillance strategy based on findings at 

colonoscopy

(or)
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From Itzkowitz SH: Inflammatory bowel disease and cancer. Gastroenterology Clinics of 

North America 1997; 26: 129-139.
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1.21 Intra- and inter-observer variation.

The third problem associated with a diagnosis of dysplastic change in the bowel is 

related to the accuracy and reliability of the diagnosis. The ultimate authority in the 

diagnosis of most diseases is the pathologist. Clinicians accept as a rule that findings at post 

mortem or on histology are factual and can be relied on absolutely. A diagnosis of dysplasia 

in the context of ulcerative colitis, is anything but absolute. On the one hand, a biopsy taken 

from a mass lesion that is subsequently found to be a cancer may be reported as normal, 

(126) whereas in another patient a confident diagnosis of HGD sufficient to warrant advice 

for surgery may not in the event prove to be associated with cancer even after the passage 

of several years. (158) The most serious inaccuracies in this area relate to the interpretive 

differences between pathologists. It has long been recognized that there is a wide range of 

inter- and intra-observer variability in assessing whether a lesion is dysplastic or not (176) 

and greater problems arise when pathologists attempt to grade dysplastic change. Initially 

dysplasia was divided into three grades: (1) mild, (2) moderate and (3) severe. It became 

apparent that problems arose with the distinction between moderate and mild and mild and 

normal, and so a new classification was devised in 1983 (127) such that biopsies were 

classified as normal, indefinite, low grade or high grade. The result of this classification was 

that pathologists tended to overdiagnose low grade dysplasia to such an extent that it was 

no longer clinically helpful. Nearly all patients eventually develop LGD if followed for 

sufficient time and performing a colectomy on the grounds of LGD would have led to nearly 

everyone having this operation eventually. Indeed a recent mathematical model (160) to 

assess the cost-effectiveness of surveillance made this assumption and thereby drew the 

conclusion that there would be no saving in terms of surgical procedures by undertaking 

surveillance rather than by performing colectomy at an early stage.
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Perhaps as a result of this “overkill” some pathologists decided to tighten their 

criteria for dysplasia. The St. Mark’s group in 1994 (131) published a paper in which 

pathologists re-reported all the biopsies taken during their large surveillance study using a 

new more stringent system. Two experienced pathologists blindly reviewed 301 biopsies. 

Both observers agreed that 199 biopsies showed no dysplasia. The effect of this was to 

reduce the number of patients diagnosed as having definite dysplasia from 84 to 25. This 

had the advantage of making a diagnosis of dysplasia more relevant to the finding of cancer. 

Two of the 45 patients downgraded to no dysplasia did, however, develop cancer later, 

whereas of the 23 regarded as low grade or indeterminate for dysplasia three developed 

cancer, so the improvement in specificity was offset by a fall in sensitivity. Perhaps the most 

salutary observation to be made from this paper was the poor intra-observer agreement 

between the two experienced pathologists. The majority of the specimens examined were 

negative for dysplasia and as would be expected in these there was reasonable agreement. 

However, the two pathologists agreed in only 42% and 43% respectively where high grade 

and low grade dysplasias were concerned and in 19% for indefinite dysplasia. This shows 

that they disagreed more often than they agreed for each grade of dysplasia. Many 

clinicians would be unwilling to accept this as a gold standard on which to base an important 

clinical decision.

The value of indeterminate and low grade dysplasia as a diagnosis is therefore of 

limited value. Pathologists have difficulty in making a firm and consistent diagnosis. The 

lesion may be present at one time and absent at another, cancers often occur in the absence 

of low grade dysplasia, and the predictive value of low grade dysplasia in an individual 

patient is unsatisfactory. Two areas appear to have a good predictive value for cancer. The 

first is the presence of a DALM. (123) The presence of a DALM has a high predictive
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value for cancer and as with other suspicious macroscopic lesions in the rest of the 

gastrointestinal tract they have to be taken seriously. In effect the finding of a DALM 

suggests that a superficial part of a neoplasm may have been biopsied. The second 

important dysplastic finding is high grade dysplasia. Although the finding of HGD does not 

necessarily imply that there is an underlying cancer, most studies have shown that this 

diagnosis is ignored at the patients’ peril. Again, HGD may just represent a superficial part 

of an underlying malignancy rather than a field change in a premalignant colon, but around 

50% of patients with high grade dysplasia have cancer at surgery.

A few observer variation studies concerning the grading of dysplasia in ulcerative 

colitis have been carried out with a general consensus that there is a significant degree of 

divergence. However, no study has compared the abilities of specialist gastrointestinal 

pathologists with generalists. Chapter eight details an inter-observer variation study directly 

comparing the ability of pathologists specializing in gastrointestinal pathology versus 

general pathologists to correctly grade dysplasia.

79



1.22 Markers to complement dysplasia.

There is a need to develop a better marker of malignancy in ulcerative colitis. To 

date full colonoscopy with multiple biopsies and a search for dysplastic change has been the 

only practical approach. However, dysplasia is not only insensitive, it is also nonspecific. 

The requirement is for a different measurement that provides a more accurate assessment of 

the likelihood of premalignancy within the colon.

1.22.1 Aneuploidv.

For this reason, new molecular markers to complement dysplasia have been sought. 

One such marker is aneuploidy which is the presence of excess DNA in a proportion of the 

cells. An abnormal quantity of DNA in the nucleus of colonic epithelial cells compared with 

the normal diploid amount in lymphocytes can be measured by flow cytometry (171,177) or 

microspectrophotometric analysis. (72) There is good correlation between the two methods 

of analysis but the latter is more time consuming.

The frequency of aneuploidy increases with the degree of histologic abnormality 

from non-neoplastic epithelium, through grades of dysplasia to carcinoma. (171) Different 

populations of aneuploid cells may be distinguished by the quantity of excess DNA in the 

cells at different sites in one colon. (171,177,178) Multiple populations of aneuploid cells 

tend to be associated with histologic dysplasia or carcinoma. (171) Each aneuploid type 

tends to remain constant with repeated sampling at the same site. (177) Aneuploidy may be 

found in the absence of dysplasia or carcinoma; less commonly dysplasia or carcinoma is 

found without aneuploidy. (171,177) There is evidence from follow-up studies that the area 

of aneuploidy tends to enlarge with time and an increasing number of different populations
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appear. (177) Aneuploidy may precede dysplasia, (171,177) or be found simultaneously. 

(177)

The clinical importance of aneuploidy is that, when present without dysplasia, it is 

often an earlier marker of neoplastic change. When it occurs with indefinite or low grade 

dysplasia it adds a quantitative criterion which complements histologic assessment. Since 

dysplasia and aneuploidy do not always occur together, one type of observation does not 

replace the other. Aneuploidy can be detected in colonoscopic biopsies. Its usefulness as a 

clinical marker of precancerous change is being assessed and, though it cannot yet be 

regarded as a routine procedure, the data available are promising. (179-181)

1.22.2 Genetic abnormalities.

There is growing evidence that carcinoma in ulcerative colitis, like sporadic cancer, 

occurs in genetically unstable epithelium which accumulates gene mutations and / or 

deletions. It is possible that some patients have an inherited susceptibility to colorectal 

carcinoma and that this trait could be detected by examination of DNA obtained from a 

blood sample.

To be useful as a local clinical marker of premalignant potential in ulcerative colitis, 

gene structure or function must be identifiable in mucosal biopsies, brushings, or possibly 

lavage fluid or stool. Most of the experimental work to date has been done on colectomy 

specimens so as to yield sufficient material for analysis.

A promising marker of genetic change is the over expression of the protein p53 

using immunohistochemistry techniques. Although less sensitive it correlates with 

molecular biologic techniques to detect allelic deletions, or point mutations of the p53 gene. 

Thus in colectomy specimens overexpression was observed in 16 of 20 dysplastic epithelia
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adjacent to carcinomas and in 9 of 20 dysplastic masses remote from a carcinoma. (182) A 

recent study from Germany (183) looked at colonic lavage fluid and found that mutations in 

the p53 and Ki-ras genes were more frequent in patients with long standing ulcerative colitis 

(19%) than in control patients (3%) and concluded that the technique may be useful for 

screening for early malignancy in ulcerative colitis.

Two patients, one with high grade dysplasia and the other with indefinite dysplasia, 

have been studied at colonoscopy at which four large biopsies were taken at 10 cm intervals 

from around the circumference throughout the large bowel (36-90 per patient). After flow 

cytometry to separate aneuploid cells from diploid cells, the DNA was analyzed for loss of 

heterozygosity of the p53 gene, which was observed in 6 of 16 biopsies studied. (184) This 

technique is currently too complex for routine use.

Several other potential markers of malignancy are under active investigation. They 

include abnormal binding of lectin to the colonic epithelium (185,186) and specific 

antibodies directed against oncofetal and tumour associated antigens, such as CA 19-9, CA 

50, CEA and TAG -72. (187-191) Studies also have examined mutational events associated 

with the neoplastic progression in ulcerative colitis. These investigations include analysis of 

mutation in oncogenes such as K-ras (192) and allelic deletion of tumour supressor genes, 

including APC, DCC and Rb. (184,193,194) Another promising marker is sialosyl-Tn 

antigen (STn), which can be identified immunohistochemically in archival specimens using 

monoclonal antibodies (McAb) TKH2. (195,196) McAb TKH2 reacts with the vast 

majority of sporadic colon cancers. This antibody does not react with normal colonic 

mucosa and binds only to approximately 11% of all surveillance colonoscopy biopsy 

specimens from patients with long-standing ulcerative colitis who have never manifested 

dysplasia. (197) In contrast, in ulcerative colitis patients who have developed cancer or
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high grade dysplasia, more than 40% of all surveillance biopsy specimens reacted with 

McAb TKH2. (197) In addition, STn expression preceded dysplasia by several years (198) 

and often occurred in regions of the colon that subsequently developed cancer. Moreover, 

the interpretation of STn is not confounded by the presence of severe inflammation.

Further studies may help define the role of these and other promising markers in the 

management of ulcerative colitis patients undergoing surveillance. In future colonoscopic 

biopsies will increasingly be studied not only for dysplasia and aneuploidy, but also for 

genetic changes. A combination of markers, for example aneuploidy and loss of p53 

heterozygosity, is likely to be more specific as a marker of precancer than either alone. 

(184)

An investigation into the potential of a further marker of dysplasia in ulcerative 

colitis - CYP1B1 was conducted. This is an iso-enzyme of cytochrome P450 and has been 

shown to be expressed in a range of human tumours (including colon) but not in normal 

tissue. (199) An account of its value as an additional marker of dysplasia is given in chapter 

nine.
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Guide to the thesis.

In summary, there are many areas of controversy surrounding colorectal cancer in 

ulcerative colitis. The exact magnitude of the risk is uncertain, a single detailed study of all 

the risk factors thought to play a part in its development has not been conducted and the 

possible effect of patient knowledge on the cancer risk and early detection have not been 

assessed. There is no nationally accepted surveillance program and the current surveillance 

practices of gastroenterologists are unknown. The histological interpretation of dysplasia is 

fraught with inaccuracies and as yet there are no markers to complement dysplasia in routine 

use. The aims and justification for the studies carried out are described more fully in the 

course of the thesis, but briefly the aims were:-

• to determine as accurately as possible the risk of colorectal cancer in the ulcerative colitis 

population using new meta-analysis techniques (chapter 2)

• to study in further detail risk factors thought to play a part in the development of colorectal 

cancer in ulcerative colitis paying particular attention to pharmacotherapy (chapter 3).

• to establish the potential role of patient education on colorectal cancer risk (chapters 4 

and 5).

• to investigate the most effective method of educating patients with ulcerative colitis 

about cancer risk and surveillance (chapter 6).

• to ascertain the current surveillance practice of gastroenterologists in the United 

Kingdom (chapter 7).

• to assess whether histological biopsies from surveillance colonoscopies should only be 

interpreted by histopathologists who specialise in gastrointestinal pathology (chapter 8).
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• to investigate a new immunohistochemical marker for dysplasia in ulcerative colitis 

(chapter 9).

The final chapter (chapter 10) will summarise the main findings of the thesis and 

make recommendations for the future conduction of surveillance.
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Chapter 2.

A meta-analysis determining the risk of colorectal cancer

in ulcerative colitis.
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2.1 Summary.

The risk of colorectal cancer (CRC) in patients with ulcerative colitis (UC) was 

estimated. A literature search using Medline together with the explosion of references identified 

194 studies. Of these, 116 met the inclusion criteria from which a minimum amount of data (the 

number of patients and cancers detected) could be extracted. Overall pooled estimates, with 

95% Confidence Intervals (Cl), of cancer prevalence and incidence were obtained using a 

random effects model on either the log odds or log incidence scale as appropriate.

The overall prevalence of CRC in any UC patient, based on 116 studies, was estimated 

to be 3.7% (95% Cl 3.2% to 4.2%). Of the 116 studies 41 reported the duration of colitis. 

From these the overall incidence rate was 3/1000 person-years duration (pyd), (95% Cl 

2/1000pyd to 4/1000pyd). The overall incidence rate for any child was 6/1000pyd (95%CI 

3/1000pyd to 13/1000pyd). Of the 41 studies, 19 reported results stratified into 10 year intervals 

of disease duration. For the first ten years the incidence rate was 2/1000pyd (95% Cl l/1000pyd 

to 2/1000pyd), for the second decade the incidence rate was estimated to be 7/1000pyd (95% Cl 

4/1000pyd to 12/1000pyd), and in the third decade the incidence rate was 12/1000pyd (95% Cl 

7/1000pyd to 19/1000pyd). These incidence rates correspond to cumulative probabilities of 

developing CRC of 2% by ten years, 8% by twenty years and 18% by thirty years. The world

wide cancer incidence rates varied geographically being 5/1000pyd in the USA, 4/1000pyd in the 

UK and 2/1000pyd in Scandinavia and other countries. Over time the cancer risk has fallen since 

1955, most markedly in Scandinavia.

Using new meta-analysis techniques the risk of CRC in UC was determined. The risk 

has been estimated by decade of disease and also defined in patients with pancolitis and in 

children. There has been a decrease in risk over time and the risk varied with geographical 

locatioa
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2.2 Theoretical justification for this work.

Controversy surrounds the colorectal cancer risk in ulcerative colitis. Many studies have 

investigated this risk and reported disparate rates due to the different methodologies used in 

various studies. Although colorectal cancer in UC only accounts for 1% of all cases of CRC 

seen in the general population (137) it is a serious sequel of the disease and accounts for one 

sixth of all deaths in UC patients. (46) As a result it deserves our attention. Once the true 

cancer risk is known doctors will be in a better position to inform colitics and together with 

patients make evidence-based decisions on the need for surveillance and the screening interval.

2.3 Introduction.

Since colorectal cancer (CRC) was first recognised as a complication of ulcerative colitis 

(UC) by Crohn and Rosenberg in 1925 (48) a multitude of epidemiological studies have 

confirmed the increased risk. The exact magnitude of the risk remains controversial because of 

various biases and methodological errors in published studies. (151,152,154,200,201) To 

ascertain the size of the risk accurately would require a prospective cohort study based on all 

patients with ulcerative colitis in a defined geographic area. (65) However this is virtually 

impossible as in practice ascertainment of such cases is incomplete.

All studies, with the best of intentions, are susceptible to a number of biases. (200) 

Sackett and Whelan have outlined the methodological standards that should be met in order to 

define the real risk of colonic cancer in ulcerative colitis so that the data can be extrapolated to 

the individual patient and thus serve as a guide to their management. (154,202) They list six 

standards that should avoid eight of the most common biases. These include the correct 

formation of inception cohorts, an accurate description of the patients referral pattern, a high 

patient follow-up, a clear statement of the outcomes of the study, blind assessment and
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adjustment for extraneous prognostic factors such as age, family history and treatment. When 

interpreting the observations from published studies one has to bear the following factors in 

mind: (151,203)

1 The number of years over which observations were recorded. Colorectal carcinoma in 

ulcerative colitis is unusual before patients have had the disease for ten years and consequently 

studies with shorter periods of follow-up are unlikely to detect high rates of colon cancer.

2 Series from referral centres are not representative of the general population. They are 

associated with an apparently increased risk of cancer as patients who are referred to a tertiary 

centre are often complicated, intractable or severe cases.

3 Some studies have included patients who were referred already having a diagnosis of cancer. 

In this situation one does not know the number of patients at risk from the referral base and 

therefore the incidence of cancer cannot be accurately estimated.

4 When patients have a colectomy, whether for cancer prophylaxis or medical reasons, they are 

no longer at risk of colonic carcinoma. Therefore if these patients are included in the analysis it 

will lead to an underestimate of the risk.

5 Obviously incomplete follow-up is far from ideal and if there is loss to follow-up of 10% of 

the original patient series the overall reliability of the data is a cause for concern.
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6 It is desirable to have as many patients as possible in study groups. As patients are followed 

up for long periods their numbers naturally decline due to mortality from other causes and 

therefore when cumulative survival curves are based on small numbers rather than large 

populations, each cancer causes a disproportionate increase in probability, and, at the same time, 

the confidence limits of the curve widen to unacceptable levels. (204)

7 Life table analysis is believed to be the best method of assessing cancer risk in colitis (205) as 

it makes allowance for duration of follow up and the time at which a patient comes under 

observation. This is important in calculating at any point in time the ‘effective number of patients 

at risk* of developing cancer. This method estimates the proportion of a population likely to 

develop carcinoma if that were the only factor leading to withdrawal during the period of follow 

up. It does not take into account patients who are withdrawn for other reasons, such as death 

from other causes and those who have a colectomy. Such patients never have the opportunity to 

develop cancer and so life table analysis can give the impression that the cancer risk is higher 

than it really is, especially in older age groups. In addition, different types of life table analysis 

can give different results. (57)

8 Many studies express cancer risk in terms of the ratio between observed and expected 

tumours. This relative risk is not an ideal method for young people as the number of expected 

colorectal carcinomas is very small and consequently any tumours reported in this age group 

would lead to an increased relative risk. Therefore it is preferable to compare patients with 

colitis of one age with that of another age, not with an external reference group (i.e. not with the 

general population).
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9 The diagnostic methods for colorectal carcinoma have changed over the last thirty years. 

Prior to the 1960’s single contrast barium enemas were the mainstay of diagnosis. During the 

early 1960’s air contrast was introduced. Rigid sigmoidoscopy then became widely available and 

the 1970’s saw the advent of fibreoptic endoscopy, including colonoscopy. It is important that 

published studies state the diagnostic method used to define the anatomic extent of disease as 

later techniques are much more sensitive. Several studies in the literature span this period and it 

is possible that patients initially assessed as having mild disease may actually have had more 

widespread involvement and therefore increased risk of cancer.

10 Lastly, several terms are used to express the extent of colitis. These include proctitis, left- 

sided colitis, substantial colitis, sub-total colitis and extensive colitis. Unfortunately authors 

interpret these terms differently and so there is obviously a need for standardisation of 

terminology.

Early estimates of CRC complicating UC were based on crude percentages and all were 

from major medical institutions, predominantly tertiary referral centres. These centres saw a 

greater proportion of patients who had more severe recalcitrant disease and also patients who 

had been referred with a diagnosis of cancer. These series were based on patients admitted to 

hospital and risks were related to the hospital population rather than the larger population of the 

host community. These and other factors led to an initial over reporting of cancer risk. Later 

population based studies covered defined geographical areas and aimed for complete case 

ascertainment. These studies are superior with respect to methodological standards and lean to 

more conservative risk estimates. However, population based centres probably include more 

patients with limited disease and therefore may under estimate the risk.
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There is a general consensus from all studies that the CRC risk is highest in those with 

extensive disease of long duration. There is less certainty about how the risk may vary with 

geographical location. The reported world-wide variations may represent true differences 

relating to genetic or environmental factors. However, again the methodologies employed 

lacked uniformity and consequently it is not surprising that the CRC risk has been reported to be 

as low as 1.4% at 18 years (42) and as high as 34% after 25 years of disease.(206)

The aim of this meta-analysis is to give an overall estimate of the risk in all patients with 

UC by decade, define the risk for children and those with extensive colitis and give CRC 

incidence rates by country where possible. The meta-analysis accounts for variations in 

methodologies employed in different studies and considers the effects of high colectomy rates 

and inadequate follow-up.

2.4 Methods.

The meta-analysis was conducted according to the guidelines produced by the NHS 

Centre for Reviews and Dissemination at York University (207).

Identification of Primary Studies:

All published reports citing the risk of CRC in UC were collected by conducting a 

literature search on MEDLINE using the following keywords: colorectal cancer, ulcerative 

colitis, surveillance studies, dysplasia, risk factors and children. A comprehensive search of 

reference lists of all review articles and of the retrieved original studies was performed to find 

studies not identified by the MEDLINE search. This identified 194 independent studies dating 

back to 1925.
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Inclusion and Exclusion Criteria:

English language articles were included where there was a clear definition of the 

population of patients being studied and where the criteria for diagnosing UC and CRC, along 

with their outcomes, were well described. Studies citing cancer mortality statistics (not cancer 

incidence) were excluded as this is not a true representation of cancer incidence. Also reports 

that obviously combined patients with UC and Crohn’s disease in a common analysis were 

excluded. Where two or more publications from one institution appeared to include the same 

patients over a similar time period; only one was included in the analysis. (The publication 

covering the longest time period and containing the greatest amount of information was chosen).

Data Extraction:

Each paper was read, critically reviewed and examined for the quality of evidence 

presented. The following characteristics were extracted for each study using a predefined 

review form:-

1. Country of origin.

2. Type of centre conducting the study and study design.

3. Period over which the study was conducted.

4. Number of patients in the study.

5. Number of patients with total and left-sided colitis in the study.

6. Numbers who developed colorectal cancer (and whether they had total or left-sided colitis).

7. Whether referred cancers were included in the analysis.

8. The duration of follow-up of each study.

9. The ages of patients at time of onset of UC.

10.The ages of patients at the time of cancer diagnosis.
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11 .The duration of colitis at cancer diagnosis.

12.The number of patients in the study undergoing panproctocolectomy / partial colectomy.

13.The cumulative cancer incidence (if reported).

14.The relative cancer risk (if reported).

15.The number of patients followed up.

Studies that were suitable for inclusion (from which a minimum data set of number of 

patients and number of cancers detected could be extracted) were placed in one of three 

categories:

1. Crude cancer prevalence only reported.

2. Cancer incidence and duration of patient follow-up reported.

3. Cancer incidence stratified by decade and duration of patient follow-up reported.

Statistical Analysis:

All analyses were performed using Stata statistical software and macros for conducting 

meta-analyses. (208-210) Overall pooled estimates, together with 95% Confidence Intervals 

(Cl), of the prevalence and incidence of CRC were obtained using a random effects model on 

either the log odds or log incidence scale as appropriate (211) (Appendix 1). Changes in the log 

incidence rate over time were assessed using mixed effects meta-regression techniques. (212) 

The size of the circles in figures 2.4, 2.5 and 2.6 are inversely proportional to the variance 

associated with the estimate of the log incidence rate in each study and the regression line was 

estimated using mixed effects meta-regression techniques. In addition to estimating the 

magnitude of the CRC risk in UC, and how that risk varies temporally, sub-group analyses were 

performed in order to explore between-study heterogeneity.
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Where possible the actual observed number of cases of CRC and the person years 

duration (pyd) of follow-up were extracted from papers. When only the number of cases of 

CRC and cumulative probabilities were reported, pyd was calculated (Appendix 1). (213) If a 

study did not find any cases of cancer throughout its duration a small number (0.5) was used to 

allow a calculation to be performed.
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2.5 Results.

194 studies were identified. Of the 194 studies, five reported cancer mortality data 

(46,214-217), ten did not give details concerning the background population (218-227), two 

included patients with Crohn’s disease (174,228), four were reviews only, (229-232) 26 were 

updated by subsequent studies (7,42,45,50,58,124,126,142,147,149,233-248) and 31 

overlapped with other studies or included the same patients (62,67,148,157,245,249-274). This 

left 116 studies suitable for inclusion in the analysis (36,52-57,59-61,64,66,69- 

71,73,123,131,133,136-138,143-146,155-159,206,275-358). The data extracted for each of 

these studies are listed in Appendix 2.

Overall Analysis.

Overall 54,478 patients were studied and a total of 1,698 colorectal cancers were 

detected. 9,846 patients had total colitis amongst whom 700 cancers were found. Fifty four 

studies (with 22,730 patients and 844 cancers) included data on age at cancer diagnosis with a 

mean of 43.2 years (95% Cl 40.5yrs to 45.9yrs) and 61 studies reported the duration of colitis at 

cancer diagnosis with a mean of 16.3 years (95% Cl 15.0yrs to 17.6yrs). There were 75 studies 

in category 1, 22 in category 2 and 19 in category 3 (page 94). Table 2.1 summarises the 

characteristics of the included trials by category. In the analyses that follow all studies were not 

given equal weighting, but were weighted proportionally to the number of cases of cancer that 

were included in the study.

Considering the overall prevalence of CRC in any patient with UC, based on the total 

116 studies, a chi squared test for heterogeneity yielded X2=799.1, p<0.0001 and therefore a 

random effects model produced an overall pooled estimate of the prevalence to be 3.7% with
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95% Cl 3.2% to 4.2%. Of the 116 studies, 35 included adequate data on patients with total 

colitis to calculate the prevalence in this group. In these 35 studies there were 8,351 patients 

with pancolitis and 451 cases of cancer. The X2=127.5, p<0.0001 and a random effects model 

produced an overall pooled estimate of the prevalence to be 5.4% with 95% Cl 4.4% to 6.5%.

Analysis of Studies Reporting Duration of Colitis (Categories two and three).

Of the 116 studies, 41 reported duration of colitis (Table 2.2). From these studies the 

overall incidence rate of CRC for any patient with colitis was 3 per 1000 person-years duration 

(pyd), with 95% Cl 2/1000pyd to 4/1000pyd. The corresponding annual incidence rate of 

colorectal cancer in the general population given by the Office of National Statistics is 0.6 per 

1000 population. (359) As 21 of the 41 studies did not report the cancer rates at ten year 

intervals (and simply gave an overall risk) it had to be assumed that the cancer risk, in terms of 

the log incidence rate, remained constant over time. The cumulative probabilities based on this 

unstratified data gave a risk of 3% (95%CI=2.2% to 3.8%) at 10 years, 5.9% (95%CI=4.3% to 

7.4%) at 20 years and 8.7% (95%CI=6.4% to 10.9%) at 30 years (Figures 2.1 and 2.2).
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Table 2.1. Characteristics of Studies Included

♦Category 1 *  Category 2 *  Category 3
(n=22) # (n=19) oc

Study design Referral centre

Surgical series

Surveillance program

Population / inception 
cohort

Private practice

(n=75)‘

55 

14 

3 

2

11

6

5

Histology series 1 -

Retrospective 70 11

Referred cancers 
included

Yes 10 1

Missing data 41 3

Country USA 41 7

UK 8 4

Scandinavia 12 6

Other 14 5

Surgical intervention rate (standard deviation) 22% (19.5) 
38 studies

24.7% ( 
20 stu<

12

1

5

4 

7 

3

5

5.1% (20.8 
12 studies

Pan-proctocolectomy rate (standard deviation) 10.7% (20.0) 9.1% (8.6) 16.4% (19.0)
22 studies 7 studies 7 studies

*References(52,53,73,123,133,136-138,144,155-157,276-278,281,283-290,292- 
297,299,301,302,304,305,307-309,311-313,316,317,320-322,324,325,327,329- 
332,334,335,337-339,342-345,347-358)

#References(54,59,69,131,143,145,146,158,275,280,282,291,298,300,306,314,315,318,319,32 
3,326,328,333)

oc References (36,55-57,60,61,64,66,70,71,159,206,279,303,310,336,340,341,346)

♦Category 1 = Crude cancer prevalence only reported.
♦Category 2= Cancer incidence and duration of patient follow-up reported.
♦Category 3=Cancer incidence stratified by decade and duration of patient follow-up reported.
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Table 2.2. 41 Studies Reporting Duration of Colitis (for key see page 100)

Ret First Author # pts #ca Sureervf%l Person Years Duration (bvdl Point Estimate of Cancer Incidence/1000 Dvd 95% Confidence Interval /1000 Dvd Follow UD (%1

(300) Gilat 504 3 7.1 3800.16 0.8 0.3 to 2.4 N /S

(54) Langholz 1161 6 20.2 13583.7 0.4 0.2 to 0.98 99.9

(326) Mellemkjaer 5,546 42 N /S 32721.4 1.3 0.9 to 1.7 N /S

(323) MacDougaU 637 15 37.2 5096 2.9 1.8 to 4.9 98.6

(158) Jonnson 131 4 12.2 1152.8 3.5 1.3 to 9.2 90

(275) Aktan 60 0 23.3 126 3.97 0.2 to 63.4 N /S

(69) Kvist 759 17 39 7286.4 2.3 1.5 to 3.8 100

(306) Hijmans 43 0 11.6 107.5 4.7 0.3 to 74.4 100

(131) Connell 332 20 16.9 2490 8.0 5.2 to 12.4 96.3

(282) Biasco 65 6 21.5 383.5 15.6 7.0 to 34.8 80

(333) Radhaksrish 108 0 2.8 388.8 1.3 0.1 to 20.6 N /S

(145) Lofberg 72 2 16.7 1483.2 1.3 0.3 to 5.4 97.2

(146) Lynch 180 1 12.8 702 1.4 0.2 to 10.1 91.7

(280) Banks 245 9 34.3 2964.5 3.0 1.6 to 5.8 99.7

(318) Lanfranchi 122 1 15.5 353.8 2.8 0.4 to 20.1 N /S

(298) Flood 148 1 N /S 429.2 2.3 0.3 to 16.5 88.5

(143) Lashner 99 8 32.3 1683 4.8 2.4 to 9.5 91

(319) Lashner 98 6 47 1685.6 3.6 1.6 to 7.9 100

(291) Dennis 269 15 56.1 1102.9 13.6 8.2 to 22.6 N /S

(328) Mkmadjlessi 112 1 8.9 492.8 2.0 0.3 to 14.4 N /S

(314,315) Korelitz 121 9 47.1 2783 3.2 1.7 to 6.2 89.3
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Ref First Author #pts #ca Surgery (%) Person Years Duration fovd) Point Estimate of Cancer Inddence/1000 nvd 95% Confidence Interval /1000 nvd Follow UD (%>)

(59) Minnadjlessi 1160 82 30.5 16704 4.9 3.95 to 6.1 100

(56) Greenstein 267 26 N /S 2189.4 11.9 8.1 to 17.4 97

(61) Gyde 823 35 40 22632.5 1.5 1.1 to 2.2 97

(206) Kewenter 234 15 66 1989 7.5 4.5 to 12.5 N /S

(66) Edwards 624 22 N /S 7051.2 3.1 2.1 to 4.7 N /S

(55) deDombal 465 8 N /S 1395 5.7 2.9 to 11.5 100

(36) Prior 676 35 64.8 10680.8 3.3 2.4 4.6 95.7

(341) Stonnington 182 3 15.4 2548 1.2 0.4 to 3.7 %

(71) Maratka 959 6 15.2 11124.4 0.5 0.3 to 1.2 N /S

(57) Katzka 258 6 12.4 1986.6 3.0 1.4 to 6.7 95.7

(57) Johnson 1,435 63 N /S 28700 2.2 1.7 to 2.8 100

(60) Ekbom 3,117 91 12 93510 0.97 0.8 to 1.2 100

(64) Lennard-Jones 401 22 24.7 4050.1 5.4 3.6 to 8.2 98

(70) Gilat 1035 26 8.7 11902.5 2.2 1.5 to 3.2 100

(340) Stewenius 462 9 N /S 6699 1.3 0.7 to 2.6 98%

(159) Rozen 154 4 13.6 1617 2.5 0.9 to 6.6 100

(346) Thorlakson 182 12 N /A 1365 8.8 5.0 to 15.5 100

(336) Russell 272 11 N /S 1768 6.2 3.4 to 11.2 N /S

(279) Baker 374 22 7 6993.8 3.1 2.1 to 4.8 96.5

(303) Grundfest 84 4 21.4 1327.2 3.0 1.1 to 8.0 94

N / S =Not Statec
N / A = Not Applicable
#pts = Number of patients in the study
#ca = Number of cancers detected
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Figure 2.1. Overall Incidence O f Colorectal Cancer (with 95% Confidence Intervals) For Any Patient 

With Ulcerative Colitis

Study

.0 0 0 1 .001
Cancers per 1,000 Person-Years Duration



Figure 2.2. Cumulative Risk Of Developing Colorectal Cancer (With 95% Confidence Intervals) For Any Patient With Ulcerative
Colitis Based on Unstratified Data (n=41).
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Twenty six studies in categories two and three reported data for patients with total colitis 

and in this group the incidence rate of CRC was 4 per lOOOpyd, with 95% Cl 3/1000pyd to 

6/1000pyd. The unstratified cumulative probabilities give a risk of 4.4% (95%CI=2.0% to 

6.8%) at 10 years, 8.6% (95%CI=4.0% to 13.3%) at 20 years and 12.7% (95%CI=6.0% to 

19.3%) at 30 years (Figure 2.3).

A further analysis was performed after excluding studies that included referred cancers (2 

studies) and those that had missing data for this variable (8 studies). This made no statistically 

significant difference to the results as the overall risk was then 2/1000pyd (95% Cl 2/1000pyd to 

3/1000pyd) and the risk for patients with pancolitis was 4/1000pyd (95% Cl 3/1000pyd to 

5/1000pyd). It was therefore decided to include these 10 studies in further analyses as important 

information would be lost if they were excluded.

Using overall incidence rates Egger’s test (360) was employed to check whether the 

results could possibly be explained by publication bias. Overall it was found that publication bias 

was not a statistically significant factor (p=0.46). Egger’s test was also used to determine 

whether language bias could have possibly explained the findings. Studies which came from 

countries where English is the first language were compared with those where it is not (and thus 

it may be expected that studies with negative results may have been published in non-English 

language journals). Again Egger’s test found that language bias was not statistically significant: 

for studies from the UK p=0.37, studies from the USA p=0.47, studies from Scandinavia p=0.37 

and for studies from other countries (namely Iran, Israel, Oman, Czechoslovakia and Turkey) 

p=0.90). Furthermore, when the English speaking countries were considered collectively the p 

value from Egger’s test was 0.72 compared with 0.61 from the non-native English speaking 

countries.
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Figure 2.3. Cumulative Risk O f Developing Colorectal Cancer (With 95% Confidence Intervals) In Pancolitis Based on Unstratified
Data (n=26).
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When the cancer risk for all 41 studies was plotted against the year of publication (Figure 

2.4) it was seen that the reported cancer incidence has fallen from 1955 to the present day.

Variation of Risk with Geographical Location.

Of the 41 studies, 11 were from the USA (56, 57,59, 143, 291, 298, 303, 306, 314, 315, 

319, 341), 11 from the UK (36, 55, 61, 64, 66,131,146,279, 280, 323,346), 8 from Scandinavia 

(54, 60, 69,145,158,206, 326, 340) and 11 were from other countries including Israel, Turkey, 

Italy, Oman, Iran, Czechoslovakia and Australia (70,71,159,275,282,300,310,318,328,333,336). 

The overall incidence rate for CRC in the USA was 5/1000pyd (95% Cl 3/1000pyd to 

7/1000pyd), in the UK was 4/1000pyd (95% Cl 3/1000pyd to 5/1000pyd), in Scandinavia was 

2/1000pyd (95% Cl 1/1000 to 3/1000pyd) and in other countries 2/1000pyd (95% Cl 

l/1000pyd to 4/1000pyd). None of the studies exerted a strong drive towards a particular trend 

in the meta-analysis. The temporal relationship of CRC risk in each country is demonstrated in 

figure 2.5 from which can be seen that the reported cancer incidence is decreasing rapidly in 

Scandinavia and only slightly in the USA and UK. In other countries the incidence is increasing 

slowly.

The geographical incidence rates quoted are based on an overall analysis (of the 41 

studies), which therefore assumes that the log incidence rate is constant over time. Because 

of the smaller numbers of studies that reported results by decade of duration, it was felt that 

these were insufficient to conduct analyses broken down by country for specific decades.
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Variation of Risk with Colorectal Surgery.

Panproctocolectomy (PPC) rate alone did not exert a statistically significant 

effect on the CRC risk (Z=0.4, p=0.7). When all forms of surgery were considered (PPC + 

resections of varying degree) it can be seen from figure 2.6 that reported CRC incidence rate 

increases with higher rates of surgical intervention.
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Analysis of Studies Reporting Risk Stratified Into Ten Year Intervals (Category three).

Of the 41 studies, 19 reported results at ten yearly intervals of disease duration (Table 

2.3). From these studies it was possible to estimate how the CRC risk increased with increasing 

duration of disease and thus stratify the results at ten year intervals. For the first ten years 

duration the overall incidence rate was 2/1000pyd (95% Cl l/1000pyd to 2/1000pyd), whilst for 

the second decade of disease the overall incidence rate was estimated to be 7/1000pyd (95% Cl 

4/1000pyd to 12/1000pyd) and in the third decade of disease the incidence rate was estimated to 

be 12/1000pyd (95% Cl 7/1000pyd to 19/1000pyd). See figures 2.7-2.9. These decade specific 

incidence rates correspond to a cumulative risk of 1.6% (95%CI=1.2% to 2%) by ten years, 8.3% 

(95%CI=4.8% to 11.7%) by twenty years and 18.4% (95%CI=15.3% to 21.5%) by thirty years 

(Figure 2.10).
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Table 2.3. 20 Studies Reporting Cancer Incidence at 10 Year Intervals (for key see page!12)

Ref. First Author #pts #ca Cumulative cancer incidence at 10 vears Cumulative cancer incidence at 20 vears Cumulative cancer incidence at30 vears

#ca pyd incid 95%CI #ca pyd incid 95%CI #ca pyd indd 95%CI

(56) Greenstein 267 26 1 1335 0.8 0.1 to 5.3 8 540 14.8 7.4 to 29.6 7 220 31.9 15.2 to 66.8

(61) Gyde 823 35 m 3980 2.0 1.0 to 4.0 12(t) 2295 5.2 3 to 19.2 9(t) 725 12.4 6.5 to 23.9

(206) Kewenter 234 15 3(t) 1398 2.2 0.7 to 6.7 9(t) 429 21.0 10.9 to 40.4 2(t) 73 27.5 6.9 to 109.7

(66) Edwards 624 22 5 1046 4.8 2.0 to 11.5 11 498 22.1 12.2 to 39.9 6 109 55.1 24.8 to 122.6

(55) deDombal 465 8 1

l(t)

1027

282

0.98

3.5

0.14 to 6.9 

0.5 to 25.2

3

2(t)

211

101

14.3

19.8(t)

4.6 to 44.1 

5 to 79.2

4

4(t)

138

69

29.1 

58 (t)*

10.9 to 77.3 

21.8 to 154.5

(36) Prior 676 35 2 1043 1.9 0.5 to 7.7 18 5910 3.0 1.9to4.8 12 688 17.5 9.9 to 30.7

(341) Stonnington 182 3 3 2500 1.2 0.4 to 3.7

(71) Maratka 959 6 0

0(t)

6731

2151

0

0.2 0.01 to 3.7

3

2(t)

2900

925

1

2.2 (t)

0.3 to 3.2 

0.5 to 8.6

2

2(t)

1105

396

1.8

5.1 (t)

0.5 to 7.2 

1.3 to 20.2

(57) Katzka 258 6 1

0(t)

393

145

2.6

3.4

0.4 to 18.0 

0.2 to 55.1

3

2(t)

1758

717

1.7

2.8

0.6 to 5.3 

0.7 to 11.2

3

2(t)

1499

980

2.0

2.0

0.6 to 6.2 

0.5 to 8.2

(310) Johnson 1,435 63 12 11939 1.0 0.6 to 1.8 34 6629 5.1 3.7 to 7.2 15 1590 9.4 5.7 to 15.7

(60) Ekbom 3,117 91 34 21685 1.6 1.1 to 2.2 20 9335 2.1 1.4 to 3.3 27 3184 8.5 5.8 to 12.4

(64) Lennard-Jones 401 22 0 1406 0 - 11 1512 7.3 4.0 to 13.1 11 1130 97 5.4 to 17.6

(70) Gilat 1035 26 2 3895 0.5 0.1 to 2.1 11 198 55.6 30.8 to 100.4 7 100 70.1 33.4 to 147

(340) Stewenius 462 9 3

2(t)

877

648

3.4

3.1

1.1 to 10.6 

0.8 to 12.3

5

4(t)

1070

791

4.7

21(t)

2 to 11.2 

10.9 to 40.3

1

l(t)

164

247

6.2

27.4(t)

0.9 to 43.3 

6.9 to 110

(159) Rozen 154 4 1 1232 0.8 0.1 to 5.8 2 605 3.3 0.8 to 13.2 1 210 4.8 0.7 to 33.8

(346) Thorlakson 182 12 3 1140 2.6 0.9 to 8.2 9 230 39.2 20.4 to 75.3
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Ret First Author #pts #ca Cumulative cancer incidence at 10 vears Cumulative cancer incidence at 20 vears Cumulative cancer inddence at30 vears

#ca pyd indd 95%CI #ca pyd indd 95%CI #ca pyd indd 95%CI

(336) Russell 272 11 1 1160 0.9 0.1 to 6.1 10 200 50.1 26.9 to 93

(279) Baker 374 22 0 3534 0 - 13 2400 5.4 3.1 to 9.3 7 803 8.7 4.2 to 18.3

(303) Grundfest 84 4 0 769 0 - 2 412 4.9 1.2 to 19.4 1 116 8.7 1.2 to 61.2

N / S = Not Stated
N / A = Not Applicable
#pts = Number of patients in the study
#ca = Number of cancers detected
pyd = Person years duration
incid = Cumulative cancer incidence/1 OOOpyd
95%CI = 95% Confidence Interval/1 OOOpyd
(t) = Total colitis
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Figure 2.7. Overall Incidence O f Colorectal Cancer (With 95% Confidence Intervals) For Any Patient With 

Ulcerative Colitis After Ten Years O f Disease.
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Figure 2.8. Overall Incidence O f Colorectal Cancer fWith 95% Confidence Intervals') For Any Patient With

Ulcerative Colitis After Twenty Years O f Disease.
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Figure 2.10. Cumulative Risk Of Developing Colorectal Cancer (With 95% Confidence Intervals) For Any Patient With Ulcerative 
Colitis Based on Stratified Data fn=19V
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Of the 19 studies in category three, six studies reported data for patients with total 

colitis. The stratified decade specific incidence rates for this group were estimated to be 

2/1000pyd (95% Cl l/1000pyd to 4/1000pyd) in the first decade, 7/1000pyd (95% Cl 

3/1000pyd to 14/1000pyd) in the second and ll/1000pyd (95% Cl 4/1000pyd to 28/1000pyd) 

in the third decade of disease. These decade specific incidence rates correspond to a cumulative 

risk of 2.1% (95%CI=1.0% to 3.2%) at ten years, 8.5% (95%CI=3.8% to 13.3%) at twenty 

years and 17.8% (95%CI=8.3% to 27.4%) at thirty years (Figure 2.11).

The data represented in figures 2.10 and 2.11 assumes that the log incidence rate of CRC 

is linear over time within each ten year interval, and that changes in the log incidence rate occur 

at 10, 20 and 30 years. These 10 year intervals correspond with the time points reported in the 

majority of studies included.

In order to determine whether age at onset of ulcerative colitis in adults affected the log 

incidence rate of colorectal cancer, a meta-analysis regression was conducted on 21 studies that 

reported the age at onset of UC (over 20 years of age). Studies which reported the age at 

diagnosis of UC were not included as a patient may have had colitis for several years prior to the 

diagnosis being made. Overall a negative trend emerged indicating that a younger age at onset in 

adults was associated with a slightly increased risk of developing cancer, but this was not 

statistically significant (z = -1.61, p=0.11). A further meta-regression analysis of 11 studies that 

reported the age at onset of UC together with the risk at ten yearly intervals also showed that age 

at onset in adults appeared to have no statistically significant bearing on the cancer risk.
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Figure 2.11. Cumulative Risk Of Developing Colorectal Cancer (With 95% Confidence Intervals) For Pancolitics Based on Stratified 
Data (n=6).
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Analysis of Studies Reporting Data on Children Only.

Eighteen studies in the literature estimated the incidence of CRC in children with UC. 

Of these, five were updated by subsequent studies (50,233,237-239) and one included patients 

with Crohn’s disease. (268) This left twelve studies suitable for analysis. 

(53,67,249,252,306,307,314,315,317,332,337,338,356) Of these only four reported the 

duration of patient follow-up. (50,249,306,314) From these four studies the overall incidence 

rate of CRC for any child with colitis was 6/1000pyd with 95%CI 3/1000pyd to 13/1000pyd 

(Figure 2.12). As these studies did not report the numbers of cancers at ten year intervals, the 

log incidence rate had to be assumed to be constant. Based on this assumption the cumulative 

probabilities of any child developing cancer were estimated to be 5.5% (95%CI=2.5% to 12.3%) 

at 10 years, 10.8% (95%CI=4.8% to 23.1%) at 20 years and 15.7% (95%CI=7.2% to 32.6%). 

These rates are higher than the corresponding calculations for adults (3%, 5.9% and 8.7% 

respectively). The average age of onset of childhood UC in the four studies was ten years and 

the mean duration of follow up was 12 years. Although the other eight studies did not report the 

mean duration of follow up, the average age of onset of UC was also ten years and thus it is 

possible that they too would have given similar rates if they could have been included in the 

analysis.

Table 2.4 provides a summary of the estimated colorectal cancer risks by the separate 

methods employed.
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Figure 2.12. Overall Incidence Of Colorectal Cancer (With 95% Confidence Intervals) For Children With Ulcerative

Colitis.
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Table 2.4. Summary of Estimated Cancer Risks:

Unstratified Data Stratified Data

All Patients 
(116 studies)

Total UC 
(35 studies)

All Patients 
(41 studies)

Total UC 
(26 studies)

Children 
(4 studies)

All Patients 
(19 studies)

Total UC 
(6 studies)

Overall Cancer Prevalence (%) 
(95% Cl)

3.7% 
(3.2% to 4.2%)

5.4% 
(4.4% to 6.5%)

Cancer Incidence Rate at 10 
years / 1000 pyd (95% Cl)

3/1000 
(2 to 4/1000)

4/1000 
(3 to 6/1000)

6/1000 
(3 to 13/1000)

2/1000 
(1 to 2/1000)

2/1000 
(1 to 4/1000)

Cumulative Cancer Risk (%) 
at 10 years (95% Cl)

3%
(2.2 to 3.8%)

4.4%
(2.0 to 6.8%)

5.5%
(2.5 to 12.3%)

1.6% 
(1.2 to 2%)

2.1%
(1.0 to 3.2%)

Cancer Incidence Rate at 20 
years / 1000 pyd (95% Cl)

3/1000 
(2 to 4/1000)

4/1000 
(3 to 6/1000)

6/1000 
(3 to 13/1000)

7/1000 
(4 tol2 /1000)

7/1000 
(3 to 14/1000)

Cumulative Cancer Risk (%) 
at 20 years (95% Cl)

5.9%
(4.3 to 7.4%)

8.6%
(4.0 to 13.3%)

10.8%
(4.8 to 23.1%)

8.3%
(4.8 to 11.7%)

8.5%
(3.8 to 13.3%)

Cancer Incidence Rate at 30 
years / 1000 pyd (95% Cl)

3/1000 
(2 to 4/1000)

4/1000 
(3 to 6/1000)

6/1000 
(3 to 13/1000)

12/1000 
(7 tol9/1000)

11/1000 
(4 to 28/1000)

Cumulative Cancer Risk (%) 
at 30 years (95% Cl)

8.7%
(6.4 to 10.9%)

12.7%
(6.0 to 19.3%)

15.7%
(7.2 to 32.6%)

18.4%
15.3 to 21.5%)

17.8%
(8.3 to 27.4%)

pyd = Person years duration
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2.6 Discussion.

This is the first comprehensive systematic review and meta-analysis assessing the risk of 

colorectal cancer in ulcerative colitis although several reviews have been published addressing 

this issue. (201-203,230,262) It is also the first meta-analysis of stratified (by duration of 

disease) cancer incidence rates. The precision of the pooled estimates, both overall and 

stratified, is due to the relatively large numbers of observations, but the pooled estimates 

also take into account the between-study heterogeneity, as they are based on random effects 

meta-analysis models. The shortcomings of this meta-analysis are accepted. The methods used 

have made a number of assumptions and must be applied with caution. Consequently the results 

must be interpreted warily. However, in the absence of any large multicentre studies or 

individual patient data analysis they provide the most accurate method of determining the CRC 

risk in the current climate.

Most meta-analyses are subject to publication bias as studies with “negative” conclusions 

are less likely to result in a publication. As there is much debate concerning the risk of CRC in 

UC this meta-analysis avoids this bias as authors reporting low rates of CRC in UC are just as 

likely to have their work published as those reporting very high cancer incidences. This was 

demonstrated using Egger’s test which also showed that language bias does not appear to 

explain the findings. Although desirable, it was impossible to include unpublished studies in the 

meta-analysis. There are no registers of observational studies (as there are for clinical trials) and 

so it is exceedingly difficult to identify unpublished data.

Other possible biases have been considered. It may be argued that the meta-analysis was 

subject to selection bias in that there may have been a greater chance of inclusion of cases treated 

by gastroenterologists with the exclusion of cases not treated by gastroenterologists. This is
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unlikely as many of the studies in the meta-analysis were population-based and their inclusion did 

not rely on contact with a gastroenterologist. Another possible source of bias is ascertainment 

bias with a greater likelihood that cancers were detected among those having active follow-up. 

It is accepted that this may have played a role as the majority of the cases came from surveillance 

programs or tertiary referral centres and very few studies included in the meta-analysis used 

national cancer registry data.

From 116 published studies it was found that the overall prevalence of CRC in any 

patient with ulcerative colitis was 3.7% which increased to 5.4% for those with pancolitis. Of 

the 41 studies that reported duration of disease the overall incidence of CRC in any patient with 

UC was estimated at 3/1 OOOpyd. There is dispute in the literature as to whether young age at 

onset of colitis is an independent risk factor for CRC. It was found that for any child with UC 

(irrespective of disease extent) the incidence of CRC was estimated to be 6/1 OOOpyd which is 

higher than that calculated for adults. However, this estimate is based on only four studies 

compared to 41 in the adult analysis and is thus less accurate as can be seen by the width of 

corresponding confidence intervals.

The studies that reported duration of colitis allowed a calculation of the incidence rates 

of CRC for all patients and for those with total colitis. In the initial analysis these incidence rates 

were assumed to be constant over time, and from these the unstratified cumulative cancer 

probabilities were calculated. For any patient with colitis the risk was 3% at ten years, 6% at 

twenty years and 9% at thirty years. Pancolitics had higher risks of 4% at ten years, 9% at 

twenty years and 13% at thirty years.

From the studies that reported the number of cancers at ten year intervals it was possible 

to stratify the risk. That is to say it was possible to calculate the increase in CRC risk with
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increasing duration of disease. Such studies led to an estimation of the cumulative risk for any 

patient with UC to be 2% at ten years, 8% at twenty years and 18% at thirty years. Only six 

studies reported the results by decade for patients with pancolitis and these gave similar 

cumulative cancer estimates. One expects that the risk for pancolitics would be higher than for 

any patient with less extensive disease but it is likely that the small number of studies in the 

pancolitis group (n=6) accounts for the similarity in the results as evidenced by the wide 

confidence intervals in the calculations. Another factor may have contributed to this apparent 

similarity in risk. It is unusual that in the articles selected around 20% had total colitis, a figure 

that has been found to pertain to clinical series, when it is known that publications must tend 

towards inclusion of more extensive cases. In this respect, it is noted that only 35 studies in the 

whole meta-analysis included data on total colitis with other studies not providing sufficient 

information on disease extent. As over half the cancers developed in people not stated to have 

extensive colitis, it suggests that many of these cases did in fact have extensive disease. In this 

context the similarity of risks between the total colitics and all colitics is understandable.

Overall the incidence of CRC in UC is falling (Figure 2.4). This finding is at odds with 

those of Lashner et al who stated that there was a dramatic increase in the risk of developing 

CRC in patients with long-standing UC whose disease onset was after 1972 compared with 

those having their disease onset during or before 1972. (319) This decrease in the reported 

cancer incidence has occurred despite the virtual abolition of prophylactic colectomy after 

approximately ten years of disease. So why has the cancer risk fallen? The period of the meta

analysis saw the introduction of aminosalicylates. These agents are known to modify disease 

activity and there is some evidence that they exert some protection against CRC. 

(74,329,361,362) Their protective effect is thought to be mediated in a similar way to aspirin in 

the general population i.e. by inhibiting mucosal prostaglandin synthesis. (75) The period
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covered by the meta-analysis also includes the introduction of surveillance programs for CRC in 

UC. It was hoped that vigorous surveillance strategies would lead to increased cancer detection. 

Although the number of cancers being detected has fallen this does not necessarily mean that 

surveillance has failed. If the beneficial influence of 5-ASA compounds is real and the true 

incidence of CRC in UC is decreasing, although we may be better at finding cancers (with 

colonoscopy), detection rates are not increasing because in real terms there are fewer cancers to 

be found.

The incidence of CRC does vary with geographical location. In the USA and UK the 

rate was higher than in Scandinavia and other countries. There are several possible explanations 

for this finding. It could represent true genetic or environmental population differences relating 

to the severity or course of the illness although there is little evidence to suggest that the clinical 

course of UC varies with country. It is possible that the Western diet plays a role exerting an 

influence in patients with colitis in a similar way to CRC in the general population. Alternatively 

it may reflect more active medical therapy strategies for severe disease, particularly in 

Scandinavia. Indeed a study from Copenhagen which took such an approach found a very low 

CRC risk and is the only large published study to report no excess cancer risk (54). Another 

possible explanation may be a variation between countries in approach to surveillance for CRC. 

Obviously centres with a comprehensive program having high rates of patient follow-up (64) are 

likely to detect a significantly higher proportion of cancers than centres with less aggressive 

policies. Finally, studies that come from hospitals serving a defined catchment area provide a 

good estimate of cancer risk as it is assumed that cases of all grades of severity are seen. Most 

of the good data of this type comes from Scandinavia (60,61) and this fact may be part of the 

reason why the incidence appears lower than in the USA or Britain.
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It has been suggested that high colectomy rates in patients with UC will reduce the 

incidence of cancer. This would appear logical as resected bowel obviously no longer has 

malignant potential. When this relationship was analysed (Figure 2.6) the opposite was found to 

be true i.e. when more colectomies / resections are performed the cancer incidence is also higher. 

This is at odds with what one would initially expect but perhaps centres having a low threshold 

for surgery are also more aggressive in their surveillance strategies and are consequently 

detecting more cancers by regular colonoscopy. The studies with the highest operation rates 

(69,206,291) were reviewed as it was not entirely clear whether colectomies had been carried 

out for cancer prophylaxis or because a cancer had already been identified on barium 

examination / colonoscopy. However, when these studies were excluded from the analysis the 

relationship remained unchanged. It is possible that the inclusion of surgical series in this analysis 

biases the results as some cancers would have been found in operation specimens where surgery 

was not being carried out for cancer prophylaxis.

A long term prospective study of patients with colitis, with complete follow-up, would 

be the most accurate method of assessing the cancer risk in these patients. However, this is an 

enormous undertaking and is unlikely to be achieved. The risk has therefore been determined 

from the next best method available; a meta-analysis. However, a meta-analysis relies heavily on 

the quality of data that is reported in published studies. Another option to further refine the 

estimation of the cancer risk would be a meta-analysis of individual patient data from the 

published literature. However, this assumes that the raw data from studies is still accessible and 

would require international collaboration between large centres of excellence.

In summary this meta-analysis has estimated as accurately as possible the risk of 

colorectal cancer in ulcerative colitis having found it to be 2% at ten years, 8% at twenty years
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and 18% at thirty years (irrespective of disease extent). Estimates for patients with total colitis 

are less reliable due to the smaller number of studies in the analysis. The incidence of CRC in 

children is higher than for adults. Incidence rates for CRC are higher in the USA and UK 

compared to Scandinavia and other countries. Since 1955 the overall number of cases of CRC 

in UC has fallen but the decrease is most marked in Scandinavia.

Now that the cancer risk has been determined it is possible to give patients an evidence 

based estimate of their personal risk and allow them to make an informed decision regarding 

surveillance. In the next chapter, the risk factors for CRC complicating UC are investigated so 

that the individual risk for patients could be quantified further.
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Chapter 3.

A case-control study investigating the risk factors for colorectal

cancer in ulcerative colitis.
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3.1 Summary.

The risk factors thought to play a part in the development of colorectal cancer in patients 

with ulcerative colitis were investigated. A case-control study was conducted comparing 102 

cases of CRC in UC with controls matching for age, sex, duration and extent of disease. 

Hospital records were used to extract data and the odds ratios (OR) for cancer risk were 

estimated by conditional logistic regression. A multivariate model assessed the contribution of 

individual variables in a forward selection procedure.

Independent of other variables regular 5-ASA therapy reduces cancer risk by 75% (OR

0.25, 95% C.I 0.13 to 0.48, p<0.00001). After adjusting for other variables it was found that 

taking mesalazine regularly reduces risk by 81% (OR 0.19, 95% C.I 0.06 to 0.61, p=0.006). 

Visiting a hospital doctor more than twice a year also reduces risk (OR 0.16, 95% C.I 0.04 to

0.60, p=0.007) although this may be a marker of compliance. Considering variables 

independently, having one to two colonoscopies during the history of colitis confers a protective 

effect (OR 0.22, 95% Cl 0.09 to 0.55, p<0.001) and a family history of sporadic CRC in any 

relative increases risk five fold (OR 5.0, 95% C.I 1.10 to 22.82, p<0.04).

Colorectal cancer risk among patients with ulcerative colitis can be reduced through 

regular therapy with 5-ASA medication in particular mesalazine. Colonoscopic surveillance may 

be best targeted on those unable to take 5-ASA’s (e.g. due to allergy) and those with a positive 

family history of CRC.
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3.2 Theoretical justification for this work.

It is widely accepted that the risk of colorectal cancer in ulcerative colitis increases with 

extent and duration of disease. However, the contribution of other possible risk factors has not 

been rigorously explored. Of course the optimal study design for defining risk factors would be 

a prospective, controlled study. There is a long period before cancers or dysplasias develop in a 

surveillance program and there are ethical concerns about withholding surveillance colonoscopy 

or 5-ASA medication from the control group. Thus we must still rely on case-control studies to 

offer the best approximation of colorectal cancer risk factors in ulcerative colitis. Identifying risk 

factors would allow better targeting of subgroups at greatest risk, thus enabling more cost- 

effective surveillance.

3.3 Introduction.

The risk of CRC in UC becomes significant after 8 to 10 years of colitis and increases at 

a rate of 0.5% to 1% between the second and fourth decades of disease. (63) After forty years 

of pancolitis approximately 25% to 30% of patients will have developed colorectal cancer. (60) 

The risk of colorectal cancer is not related to duration of disease alone but also to its extent. 

(61,281) However, the severity and frequency of attacks do not confer an increased risk. 

(57,58) There is some evidence that if the onset of UC is at a young age the risk of malignant 

transformation is increased independent of either disease duration or anatomic extent although 

this is disputed. (56,60,62,70)

Several studies have suggested that if patients with UC also have primary sclerosing 

cholangitis they may be at a higher risk of developing colorectal cancer. (83-85) The evidence 

for other potential risk factors is scarce. A positive family history of colon cancer, (77,94) 

smoking (74) and folate depletion (77,363) may affect the occurrence of colorectal cancer.
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Aspirin is thought to have an anti-neoplastic effect in the large bowel (364) and regular 

consumption of low dose aspirin reduces the risk of adenomatous polyps and fatal colon cancer 

in the general population. (365,366) There is growing evidence that the chronic consumption of 

aminosalicylates, in particular sulphasalazine, may also provide some protection against 

colorectal cancer in patients with ulcerative colitis through a similar mechanism of action. 

(74,329,361,367) As these studies are few in number the aim of this study was to investigate 

this hypothesis further whilst also studying the effect of other 5-ASA compounds that have 

previously been neglected.

The aim of this investigation was to assess the risk factors thought to play a part in the 

development of colorectal cancer in UC and to build a statistical model which would identify the 

combination of factors which is most hazardous.

3.4 Methods.

The investigation was designed as a retrospective matched case-control study. In order 

to identify cases 164 consultant gastroenterologists across England and Wales were contacted 

and asked permission to review the medical records of their patients with known colorectal 

cancer complicating UC. Nineteen gastroenterologists (eight from teaching hospitals and eleven 

from district general hospitals) who were interested in the study agreed to a search of their 

patient records and / or pathology databases. Once potential cases had been identified a visit was 

made to each hospital and various details from each patient’s record were systematically 

recorded on a structured proforma (Appendix 3).
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Cases and Controls:

For subjects to be included in the study, the diagnosis of UC needed to be confirmed 

clinically, histologically and radiologically. The criteria used were those established by Lennard- 

Jones. (3) Cases who were deceased at the time of the study were included provided the medical 

notes had not been destroyed. Cases were excluded if they had been referred with a diagnosis of 

colorectal cancer where UC was an incidental finding and if full case note documentation was 

not available.

From 133 cases collected, 102 met the inclusion criteria and these were matched with 

controls from the Leicestershire inflammatory bowel disease patient database which was first 

rigorously assembled during the late 1980’s using established international diagnostic criteria. 

(368) The matching criteria were:

1. sex

2. age within ten years

3. extent of disease at the time of diagnosis of UC and

4. duration of disease within a five year window.

In addition controls had to have an intact colon and not have a colorectal cancer at the time of 

diagnosis of the case. It was not possible to match cases with a control from the same hospital 

as most hospitals do not have a database of their IBD patients.

Data Collection:

The following information was extracted from all inpatient and outpatient medical 

records for each subject from the date of diagnosis of UC until the date of the patient’s cancer 

diagnosis. The data for cases were extracted and recorded in the same manner by myself. Data 

from control notes were independently extracted by myself and one other investigator (Dr E
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Jackson) as a quality control check that data retrieval was uniform and accurate. All medical

notes (whether or not they pertained to UC) were reviewed so that a comprehensive history, in

particular family history, could be obtained. Data extracted included:

1. Age at diagnosis of UC.

2. Pharmacotherapy: Treatment for the five to ten years prior to the development of cancer 

including 5-ASA preparations, corticosteroids (systemic and local) and aspirin. If there was a 

significant period of time (>/= one year) during which a subject was not taking medication, 

either because it had been stopped by a doctor or if a subject was documented as being a poor 

complier with medication, they were recorded as not taking regular medication.

3. Average frequency of contacts with a hospital physician or surgeon per year over the course 

of their disease.

4. Number of barium enemas and colonoscopic examinations during follow-up of their UC.

5. Activity of UC: Each subject was placed into one of six categories as follows; a) silent 

disease, b) one exacerbation every ten years, c) one exacerbation per 1-10 years, d) one 

exacerbation per month to one year, e) one exacerbation per month and f) continuous 

symptoms. In the final calculations this variable was reduced to three categories (see Table 

3.2) to prevent small sample sizes in the statistical analysis.

6. Smoking history at the time of diagnosis of UC.

7. Presence of primary sclerosing cholangitis (PSC) confirmed at endoscopic retrograde 

cholangio-pancreatography / percutaneous transhepatic cholangiography / liver biopsy. 

Serological values of raised liver function tests for more than one year (in the absence of 

PSC) were also recorded.

8. Positive family history of IBD and colorectal cancer.
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For cases, the age at cancer diagnosis and its site and stage were also recorded. It was 

not possible to investigate the effect of folate on colorectal cancer risk. After examining twenty 

sets of notes it was obvious that folate levels were not routinely measured or recorded in the 

subjects’ medical notes and therefore this variable was not studied further.

Statistical analysis:

The study was designed to have a power of 80% to detect an odds ratio of 2.5 at the 

level of 5% significance assuming a prevalence of 65% for each risk factor in the control group. 

Conditional logistic regression was used to compute estimates of odds ratio (OR) as a measure 

of association between various exposures and colorectal cancer, together with 95% confidence 

intervals. Risk parameters 2-6 were analysed as categorical variables in the final analysis. Model 

development used changes in minus twice the log-likelihood (which is a relative measure of 

model fit) to assess the contribution of individual variables in a forward selection procedure, with 

variables being added to the model if the change was statistically significant at the 5% level.
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3.5 Results.

The characteristics of cases and controls are summarised in table 3.1. The mean age at 

the time of diagnosis of colorectal cancer was 57.4 years (standard deviation +/-12.9) and the 

mean interval between diagnosis of UC and colorectal cancer was 16.1 years (standard deviation 

+/-9.7). For controls the mean duration of disease was 16 years (standard deviation +/- 9.4). 

Fifty seven percent of cancers were located in the rectosigmoid area with the remainder evenly 

distributed around the rest of the colon (Figure 3.1). Typically, over the course of their disease, 

cases were much less likely to take medication on a regular basis (Table 3.2.), had fewer contacts 

with their hospital physician and had fewer colonoscopic examinations. Subjects with cancer had 

more family members with a history of sporadic colorectal cancer but the activity of disease, 

number of barium enemas and family history of IBD did not differ significantly between cases 

and controls. The number of subjects with primary sclerosing cholangitis and raised serological 

liver function tests were small and therefore could not be investigated further. Table 3.2 shows 

the distribution of patients taking individual 5-ASA drugs. Of the 51 cases who took a 5-ASA 

compound on a regular basis; 37 were taking sulphasalazine, 12 took mesalazine and 2 had other 

drugs. In comparison, of the 84 controls receiving a 5-ASA compound, 39 took sulphasalazine, 

43 took mesalazine and 2 had others.
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Table 3.1. Characteristics of cases and controls.

SEX MALES 
FEMALES

ETHNIC ORIGIN CAUCASIAN 
ASIAN

AGE AT DIAGNOSIS OF UC <15
15-29
30-49
50+

MEAN AGE AT DIAGNOSIS OF UC (SD)

MEAN DURATION OF DISEASE (SD)

EXTENT AT DIAGNOSIS PROCTITIS
LEFT SIDED 
SUBTOTAL/TOTAL

PHYSICIAN / SURGEON CONTACTS PER YEAR
<1
1-2
2+

NUMBER OF COLONOSCOPIES (over U.C history)
<1
1-2
2+

NUMBER OF BARIUM ENEMAS (over UC history)
<1
1-2
2+

ACTIVITY OF UC
SILENT DISEASE 
1 EXACERBATION / 10 YRS 
1 EXACERBATION / 1-10 YRS 
MORE FREQUENT

SMOKING HISTORY AT DIAGNOSIS OF UC
NEVER SMOKED 
CURRENT SMOKER 
EX-SMOKER

PRIMARY SCLEROSING CHOLANGITIS 

RAISED LIVER FUNCTION TESTS (NO PSC) 

FAMILY HISTORY OF COLORECTAL CANCER 

FAMILY HISTORY OF IBD

CASES [n (%)] CONTROLS [n (%)] P-VALUE
64 (62.7) 64 (62.7) 1.0
38 (37.3) 38 (37.3) 1.0

96 (94.1) 58 (56.9) <0.0001
6(5.9) 44 (43.1) <0.0001

3 (2.9) 1 (0.98) 0.31
27 (26.5) 22 (21.6) 0.41
36 (35.3) 42 (41.2) 0.39
36 (35.3) 37 (36.3) 0.88

41.33 years (+/-16.8) 43.59 years (+/-16.1)

16.1 years (+/-9.7) 16 years (+/-9.4)

6 (5.9) 5 (4.9) 0.76
34 (33.3) 33 (32.4) 0.88
62 (60.8) 64 (62.8) 0.77

32(31.4) 9 (8.8) <0.0001
59 (57.8) 58 (56.9) 0.89
11 (10.8) 35 (34.3) <0.0001

26 (25.5) 8 (7.8) 0.0007
42 (41.2) 64 (62.8) 0.002
34 (33.3) 30 (29.4) 0.55

19 (18.6) 26 (25.5) 0.24
57 (55.9) 56 (54.9) 0.89
26 (25.5) 20 (19.6) 0.31

22 (21.6) 20 (19.6) 0.73
38 (37.3) 41 (40.2) 0.67
31 (30.4) 30 (29.4) 0.88
11 (10.8) 11 (10.8) 1.0

76 (74.5) 68 (66.7) 0.22
11 (10.8) 12 (11.8) 0.82
15 (14.7) 22 (21.6) 0.20

1 (0.98) 0 0.32

12 (11.8) 11 (10.8) 0.82

10 (9.80) 2 (1.96) 0.02

5 (4.9) 5 (4.9) 1.0
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FIGURE 3.1. ANATOMICAL DISTRIBUTION OF CANCERS THROUGHOUT THE COLON
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Most cancers were located in the rectosigmoid region (total =102 patients).



Table 3.2. Distribution of patients taking 5-ASA medication.

CASES CONTROLS
[n(%)l [a (%)]

Pharmacotherapy

Regular use of 5-ASA preparation 51 (50.0) 84 (82.4)

Regular use of systemic steroid 5 (4.9) 19(18.6)

Regular use of local steroid 8 (7.8) 18(17.7)

Regular use of aspirin 4 (3.9) 5 (4.9)

No Drug 51(50) 17(16.7)

Sulphasalazine 37 (36.3) 39 (38.2)

<2g / day 6(5.9) 7(6.9)

>=2g / day 31 (30.4) 32(31.4)

Mesalazine 12 (11.8) 43 (42.2)

<1.2g / day 1(0.98) 5(4.9)

>= 1.2g / day 11 (10.8) 38 (37.3)

Other 2(1.96) 2(1.96)
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<0.0001

0.002

0.04

0.73

<0.0001

0.77

0.77

0.88

<0.0001

0.1

<0.0001
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The independent effect of each variable on the odds ratio of developing colonic cancer is 

seen in table 3.3. The most striking finding was the strong protective association of regular 5- 

ASA therapy, reducing cancer risk by 75% (OR 0.25, 95% C.I 0.13 to 0.48, p<0.00001). When 

individual 5-ASA drugs and their doses were analysed, mesalazine at a dose of 1.2g per day or 

greater, reduced colorectal cancer risk by 91% compared to no treatment (OR 0.09, 95% C.I 

0.03 to 0.28, p<0.00001) and was also protective when taken at lower doses (OR 0.08, 95% C.I 

0.08 to 0.85, p=0.04). The benefits of sulphasalazine were less pronounced and an effect was 

only evident for a dose of 2g per day or greater (OR 0.41, 95% C.I 0.18 to 0.92, p=0.03). Other 

5-ASA medications had a non-significant protective effect. Frequent visits to see a hospital 

doctor was also highly protective (OR 0.098, 95% C.I 0.03 to 0.29, p<0.00001), as was having 

between one and two colonoscopies over the history of their colitis (OR 0.22, 95% C.I 0.09 to 

0.55, p<0.001). Systemic and local steroid therapy also have a statistically significant protective 

role but a dose response effect was not demonstrated for either route of administration. 

Smoking history, particularly being an ex-smoker at the time UC was diagnosed, was associated 

with a non-significant protective effect. A positive family history of colorectal cancer in any 

family member increased cancer risk by a factor of five (OR 5.00, 95% C.I=1.10 to 22.82, 

p<0.04), but when only first degree relatives were considered this fell to 3.5 and was no longer 

significant (OR 3.50, 95% C.I 0.73 to 16.85, p=0.11). Aspirin use had a minimal protective role 

which was not statistically significant, but this may be due to the small numbers taking this 

therapy in the study.
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TABLE 3.3. Independent effect of characteristics on colorectal cancer risk.

VARIABLE OR 95% C.I P-VALL

SMOKING Smoked at time UC diagnosed 
(compared to non-smoker)

0.71 0.28 to 1.8 0.47

Ex-smoker when UC diagnosed 
(compared to non-smoker)

0.53 0.23 to 1.22 0.14

5-ASA No — — —

Yes 0.25 0.13 to 0.48 <0.00001

Mesalazine (<1.2 g/day) 0.08 0.08 to 0.85 0.04

Mesalazine (>=1.2 g/day) 0.09 0.03 to 0.28 <0.00001

Sulphasalazine (<2 g/day) 0.56 0.17 to 1.84 0.34

Sulphasalazine (>=2 g/day) 0.41 0.18 to 0.92 0.03

Other (e.g. olsalazide,balsalazide) 0.40 0.04 to 3.58 0.41

SYSTEMIC STEROID Yes (compared to none) 0.26 0.01 to 0.70 0.008

LOCAL STEROID Yes (compared to none) 0.44 0.19 to 1.02 0.06

ASPIRIN Yes (compared to none) 0.80 0.21 to 2.98 0.74

CONTACT WITH 
HOSPITAL DOCTOR

1 to 2 visits per year (compared to 
none)

0.32 0.14 to 0.76 0.009

More than 2 visits per year 
(compared to none)

0.098 0.03 to 0.29 <0.00001

BARIUM ENEMA Any (compared to none) 1.07 0.88 to 1.29 0.50

COLONOSCOPY 1 to 2 over course of disease 
(compared to none)

0.22 0.09 to 0.55 0.001

More than 2 over course of disease 
(compared to none)

0.42 0.16 to 1.10 0.08

RAISED ALKPHOS 1.14 0.41 to 3.15 0.80
(WITHOUT PSC)

FAMILY HISTORY OF Any relative 5.00 1.10 to 22.82 0.04
COLORECTAL CANCER

1st degree relative 3.50 0.73 to 16.85 0.11

ACTIVITY OF DISEASE 1 exacerbation / 10 years 0.85 0.40 to 1.82 0.67

1 exacerbation / 1-10 years 0.95 0.35 to 2.60 0.92

1 exacerbation / month-1 year (or 
more frequent)

0.93 0.34 to 2.60 0.90
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The development of a suitable model and the contribution of variables to the various 

stages of the model development can be seen in table 3.4. The final model included regular 5- 

ASA therapy, frequent contacts with a hospital doctor, a positive family history of sporadic 

colonic cancer in any relative and one to two colonoscopies over the course of UC history. 

Table 3.5 shows the effect of these variables, in terms of Odds Ratios, adjusted for the other 

variables in the model. Regular consumption of mesalazine at a dose of 1.2g / day or greater 

(OR 0.19, 95% C.I 0.06 to 0.61, p=0.006) and frequent visits to a hospital physician (OR 0.16, 

95% C.I 0.04 to 0.60, p=0.007) confer the greatest benefit after adjusting for the other variables. 

The possibility of all interactions between the variables in the final model were investigated and 

none were statistically significant at the 5% level.
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Table 3.4. Model development.

VARIABLE/MODEL

NULL MODEL

-2 LOG 
LIKELIHOOD

CHANGE P-VALUE

SMOKING 136.28 2.35 0.31

5-ASA 120.00 21.10 <0.000001

SYSTEMIC STEROID 132.69 8.71 0.003

LOCAL STEROID 137.46 3.95 0.05

ASPIRIN 139.90 0.11 0.74

CONTACT WITH HOSPITAL DOCTOR 117.09 24.32 <0.00001

BARIUM ENEMA 140.95 0.45 0.50

1 TO 2 COLONOSCOPIES 127.62 13.78 0.01

RAISED ALKALINE PHOSPHATASE 139.95 0.07 0.80

CRC IN ANY RELATIVE 135.58 5.82 0.02

CRC IN 1ST DEGREE RELATIVE 138.46 2.94 0.09

ACTIVITY OF DISEASE 141.18 0.22 0.97

5-ASA + CONTACT WITH HOSPITAL DOCTOR 110.67 9.33 0.01

5-ASA + SYSTEMIC STEROID USE 116.5 3.5 0.06

5-ASA + LOCAL STEROID USE 119.7 0.3 0.58

5-ASA + CRC IN ANY RELATIVE 115.2 4.98 0.03

5-ASA +1-2 COLONOSCOPIES 113.2 6.5 0.04

5-ASA
+ CONTACT WITH HOSPITAL DOCTOR 
+ CRC IN ANY RELATIVE

106.76 3.9 0.05

5-ASA
+ CONTACT WITH HOSPITAL DOCTOR 
+ 1-2 COLONOSCOPIES

104.34 6.3 0.04

5-ASA 99.4 4.94 0.03
+ CONTACT WITH HOSPITAL DOCTOR 
+ CRC IN ANY RELATIVE 
+ 1-2 COLONOSCOPIES

The p values highlighted in bold represent the most influential factors at each stage of the analysis
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Table 3.5. Adjusted odds ratios for the most influential variables.

VARIABLE ODDS
RATIO

95% C.I P-VALU

5-ASA None — — —

Yes 0.47 0.22 to 1.00 0.05

CONTACT WITH HOSPITAL DOCTOR <1 — — —

1 to 2 per year over the course 
of disease

0.43 0.16 to 1.15 0.09

>2 per year over the course of 
disease

0.19 0.06 to 0.65 0.008

CRC IN ANY RELATIVE No — — . . .

Yes 6.38 0.97 to 41.96 0.05

COLONOSCOPIES AFTER DIAGNOSIS <1 — — . . .

1 to 2 over the course of disease 0.27 0.09 to 0.77 0.02

>2 over the course of disease 0.52 0.17 to 1.56 0.24

AFTER ADJUSTMENT FOR 
INDIVIDUAL 5-ASA DRUGS:-

None _ _

MESALAZINE <1.2 g/day  
>=1.2 g/day

0.18
0.19

0.02 to 1.92 
0.06 to 0.61

0.16
0.006

SULPHASALAZINE <2 g / day 
>=2 g / day

0.93
0.85

0.22 to 3.91 
0.32 to 2.26

0.92
0.75

OTHER variable doses 1.21 0.08 to 18.97 0.89

CONTACT WITH HOSPITAL DOCTOR <1 — — . . .

1 to 2 per year over the course 
of disease

0.42 0.15 to 1.18 0.10

>2 per year over the course of 
disease

0.16 0.04 to 0.60 0.007

CRC IN ANY RELATIVE No — — —

Yes 6.84 0.80 to 58.60 0.08

COLONOSCOPIES AFTER DIAGNOSIS <1 — — . . .

1 to 2 over the course of disease 0.33 0.11 to 1.01 0.05

>2 over the course of disease 0.55 0.18 to 1.71 0.30
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As all the controls in this study came from one area (Leicester) a further analysis 

stratified by case was conducted to assess whether this may have biased the results (Table 3.6). 

There were 12 case-control pairs in which both the case and control were from Leicester. These 

data were compared with the other 90 pairs where the control came from Leicester but the case 

came from elsewhere. Regarding 5-ASA medication the independent odds ratio (OR) for non- 

Leicester pairs was 0.25 (95% CI=0.13 to 0.51, p=0.0001) and for Leicester pairs was 0.2 (95% 

0=0.02 to 1.71, P=0.14). It is interesting to note that the point estimate is therefore lower for 

the Leicester pairs with the analysis only losing its statistical significance due to a small numbers 

effect. Looking specifically at mesalazine >=1.2g / day, the OR for non-Leicester pairs was 0.14 

(95% 0=0.05 to 0.41, p=0.0003) and for Leicester pairs was 0.25 (95% 0=0.03 to 2.24, 

p=0.2). The effect is not as marked in the Leicester pairs but mesalazine is still protective (again 

the statistical significance is lost due to a small numbers effect). The analysis for hospital visits 

and colonoscopies can also be seen in table 3.6. As there were a smaller number of pairs from 

Leicester (12 vs 90) the data from this analysis can only be interpreted qualitatively but the 

general trend is maintained.
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Table 3.6. Stratified analysis comparing Leicester with non-Leicester pairs.

VARIABLE ODDS RATIO 95% C.I P-VALUE

5-ASA Medication

Leicester

Non-Leicester

0.2

0.25

0.02 to 1.71

0.13 to 0.51

0.14

0.0001

Mesalazine (>=1.2g / day)

Leicester

Non-Leicester

0.25

0.14

0.03 to 2.24 

0.05 to 0.41

0.2

0.0003

Visits to hospital doctor (1-2 / year) 

Leicester 

Non-Leicester

0.5

0.27

0.07 to 3.73 

0.10 to 0.73

0.5

0.01

Visits to hospital doctor (>2 / year)

Leicester

Non-Leicester

1.0

0.10

0.12 to 8.56 

0.01 to 0.2

0.9

<0.0001

Colonoscopies (1-2 over the disease)

Leicester

Non-Leicester

0.17

0.24

0.02 to 1.69 

0.09 to 0.63

0.13

0.004

Colonoscopies (>2 over the disease) 

Leicester 

Non-Leicester

0.41

0.44

0.02 to 10.71 

0.16 to 1.22

0.6

0.1
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There were 44 Asian control patients compared to 6 Asian cases. Therefore a stratified 

analysis based on ethnicity was carried out to assess if this may have biased the results (Table 

3.7). There were 57 pairs where both the case and control were Caucasian and an analysis of the 

independent effect of 5-ASA medication on these pairs gave an OR of 0.30 (95% CI=0.13 to 

0.65, p=0.003). Regular consumption of mesalazine at a dose of >=1.2g / day was also still 

highly protective with an OR of 0.1 (95% CI=0.02 to 0.39, p=0.001). Having 1-2 

colonoscopies over the course of their disease was protective (OR=0.16, 95% 0=0.05 to 0.55, 

p=0.003) as were frequent visits to a hospital doctor (OR=0.17, 95% 0=0.04 to 0.65, p=0.01).
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Table 3.7. Stratified analysis of 57 non-Asian pairs.

VARIABLE ODDS RATIO 95% C.I P-VALUE

5-ASA Medication 0.30 0.13 to 0.65 0.003

Mesalazine (>=1.2g / day) 0.1 0.02 to 0.39 0.001

Visits to hospital doctor (1-2 / year) 0.5 0.17 to 1.47 0.2

Visits to hospital doctor (>2 / year) 0.17 0.04 to 0.65 0.01

Colonoscopies (1-2 over the disease) 0.16 0.05 to 0.55 0.003

Colonoscopies (>2 over the disease) 0.38 0.11 to 1.27 0.1
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Finally a stratified analysis was performed to assess if there was any difference in the 

results from teaching vs district hospitals (Table 3.8). There were 29 pairs where the case and 

control came from teaching hospitals and 73 pairs where the case alone was from a district 

hospital. 5-ASA’s were protective in both groups with identical odds ratios of 0.25. The effect 

of mesalazine (>=1.2g / day) also gave similar results with an OR of 0.1 in teaching hospitals 

(95% CI=0.01 to 0.78, p=0.03) and 0.18 in district hospitals (95% CI=0.06 to 0.53, p=0.02). 

Of the teaching hospital pairs, 8 did not visit their hospital doctor, 16 visited once or twice a year 

and 5 visited more than twice a year. From the district hospital pairs, 24 never visited, 43 saw 

their hospital doctor once or twice a year and 6 saw them more frequently. Considering 

colonoscopies, of the teaching hospital pairs 12 had never had a colonoscopy after diagnosis, 8 

had one to two and 9 had more than two. In district hospital pairs, 14 had never had a 

colonoscopy after diagnosis, 34 had one to two and 25 had more than two. Examining visits to 

a hospital doctor and colonoscopies, again qualitatively the general trend is unchanged. Both the 

numbers and the distribution of patients in the analysis led to the results being non-significant.
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Table 3.8. Stratified analysis comparing teaching with district hospital pairs.

VARIABLE ODDS RATIO 95% C.I P-VALUE

5-ASA Medication

Teaching hospital 

District hospital

Mesalazine (>=1.2g / day)

Teaching hospital 

District hospital

Visits to hospital doctor (1-2 / year)

Teaching hospital 

District hospital

Visits to hospital doctor (>2 / year) 

Teaching hospital 

District hospital

Colonoscopies (1-2 over the disease)

Teaching hospital 

District hospital

Colonoscopies (>2 over the disease)

Teaching hospital 

District hospital

0.25 0.07 to 0.86 0.03

0.25 0.12 to 0.54 0.001

0.1 0.01 to 0.78 0.03

0.18 0.06 to 0.53 0.02

0.55 0.13 to 2.26 0.4

0.26 0.09 to 0.78 0.02

0.35 0.06 to 1.94 0.2

0.05 0.01 to 0.22 0.0001

0.26 0.07 to 0.96 0.04

0.19 0.05 to 0.65 0.01

0.34 0.06 to 1.81 0.2

0.43 0.13 to 1.44 0.2
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3.6 Discussion.

Colorectal cancer (CRC) risk in patients with UC can be substantially reduced by taking 

5-ASA therapy on a regular basis. After adjusting for other variables, mesalazine is particularly 

effective, reducing the cancer risk by 81%. This protective effect is independent of dose but 

becomes statistically significant for 1.2 grams per day or greater. The benefits of sulphasalazine 

are not as pronounced and a significant effect is only seen at higher doses (2 grams per day or 

greater). A family history of sporadic colorectal cancer in any relative is associated with a five 

fold increased risk although this did not reach statistical significance after adjustment for other 

variables in the analysis. Systemic and local steroid use also have an inverse relationship with the 

development of colorectal cancer although their effects were not as influential in the model 

analysis.

Previous studies (74,329,361) have suggested a protective role for sulphasalazine against 

the development of colorectal cancer and recent research has shown that mesalazine selectively 

induces apoptosis of tumour cells in sporadic colorectal cancer. (367) Pinczowski et al’s study 

(74) examined a large population-based cohort of 3,112 patients and compared 102 cases with 

196 matched controls. The authors only looked at the use of pharmacological therapy for 3 

months but found a protective effect for sulphasalazine with an odds ratio o f0.38 (95% CI=0.20 

to 0.69) independent of disease activity. Bansal and Sonnenberg’s case-control study (361) 

looked at patients with both Crohn’s disease and UC. They too used logistical regression 

analysis but only examined non steroidal anti-inflammatory drug (NSAID) consumption and did 

not investigate the effect of 5-ASA’s in particular. This withstanding, they demonstrated a trend 

for NSAIDs to exert a protective influence against CRC in patients with inflammatory bowel 

disease with an odds ratio of 0.84 (95% CI=0.65 to 1.09). Moody and colleagues (329)
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compared the risk of developing CRC in UC patients who were compliant with sulphasalazine 

with non-compliers. She demonstrated that out of 168 patients who were diagnosed between 

1972 and 1981,3% of those who were compliant with sulphasalazine developed CRC compared 

with 31% of the non-compliers (X2 = 20.2, df=1.0, p<0.001).

This study not only agrees with the findings of these reports, but has also allowed an 

analysis of the effects of other 5-ASA compounds, and has demonstrated that mesalazine exerts 

an even greater protective influence than sulphasalazine. It is postulated that NSAIDs and 5- 

ASA compounds work in a similar way and may reduce CRC risk by inhibiting mucosal 

prostaglandin synthesis. (75) This is supported by four lines of research. Firstly, there is a 

reduced risk of large bowel adenomas among aspirin and NSAID users. (364,365,369) 

Secondly, NSAIDs decrease the number and size of colorectal adenomas in patients with familial 

adenomatous polyposis (76) and thirdly the morbidity and mortality rates for CRC are low in 

patients on chronic NSAIDs. (75,365,370) Finally, NSAIDs have been shown to decrease the 

number and size of chemically induced colon adenomas and carcinomas in experimental animal 

studies. (371,372) In this study only 3.9% of cases and 4.9% of controls were taking aspirin. 

These small numbers limit any interpretation of its role. However, it does mean that the 

beneficial effects of 5-ASA compounds are not due to the co-incidental use of aspirin.

Patients who see a hospital doctor of any grade frequently and have at least one 

colonoscopy are less likely to develop bowel cancer. However, these actions do not necessarily 

reduce the risk for malignancy per se and probably represent markers for compliance. This 

compliance is also likely to be associated with a high compliance of taking prescribed 

medication. Thus, the protective effect found for pharmacological agents may be an
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underestimate as controls are more likely to be compliant even in this respect when compared 

with cases.

A higher colonoscopy rate among the controls strengthens the results as it makes it 

unlikely that this group will have a high frequency of undetected cancers. Although colonoscopy 

has not been proven to be of beneficial effect with regards to reducing the colorectal morbidity in 

this patient group, it is a consistent finding in most studies that being subjected to a surveillance 

program upgrades the Duke stage when the cancers are diagnosed. (126,162) In some reported 

studies of surveillance cancers are still missed even with six monthly examinations and patients 

should understand that a colonoscopy is not an absolute guarantee against malignant 

transformation. (205,373)

A positive family history of CRC is an established risk factor for colorectal cancer in the 

general population (374) and in the present study having any family member with a sporadic 

colonic cancer increased the risk for patients with UC by a factor of five. The relationship was 

not maintained during the development of a model, and became non-significant when only first 

degree relatives analysed, but this may be a small numbers effect. Indeed research from the 

Mayo clinic has shown that a family history of colorectal cancer in over 2,000 first degree 

relatives was twice as common in 147 UC patients with CRC than in 150 UC controls matched 

for age, sex, extent and duration of colitis. (94)

The strengths of this study include a uniform approach to data retrieval and the retrieval 

of all medical notes for both cases and controls. A second investigator independently extracted 

data from control notes using the same proforma as a quality control check that the information 

had been retrieved accurately. A national database of IBD patients does not exist in the United 

Kingdom, and thus case identification could not have been carried out by any other method than
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the one chosen. Controls were identified from the Leicestershire database and thus in some 

instances differed in geographical location from the cases. Although cases and controls were not 

always of the same ethnic group, they were all Europeans or South Asians. The analysis shows 

this is unlikely to have had a bearing on the results. It has been shown that the odds ratio for 5- 

ASA medication is actually lower in the 12 pairs from Leicester compared with the other 90 

pairs, the analysis only losing its statistical significance due to a small numbers effect. 

Furthermore when the data was analysed after removing South Asian cases and controls from 

the investigation, it was found that 5-ASA medication (including mesalazine), frequent visits to a 

hospital doctor and 1-2 colonoscopies were all still highly protective against colorectal cancer in 

the colitis population. In addition, there have been no documented studies stating the colorectal 

cancer risk differs in South Asian populations or vaiy with geographical location across the U.K. 

Indeed Kochhar’s study (313) from India stated that the crude incidence of CRC in South Asian 

patients with UC was comparable to the 3-4% incidence reported from Anglo-Saxon countries.

A factor that is crucial in studies of cancer risk in UC is the colectomy rate in the 

population studied. If the colectomy rate was higher in Leicester compared to other geographic 

areas, that would eliminate patients from the pool at risk for developing CRC and leave behind 

only very low risk individuals as controls. Probert’s study (375) demonstrated a similar 

colectomy rate for patients in Leicestershire (in particular Asians) compared with reported rates 

for St Marks (45) and north-east Scotland (376) and thus this should not be a source of bias in 

the present study.

Criticisms could be levelled at ways of determining the length and dosage of 

pharmacological therapy continuously over long periods of time. This is a valid criticism since 

doses differ with duration of disease and therefore an average dose was estimated for each
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subject over the course of their colitis. If there was any doubt whatsoever as to whether a 

subject was taking medication (or if they had their treatment discontinued for longer than one 

year) they were classed as non compilers and so the findings are based on subjects clearly 

identified as taking medication on a regular and virtually continuous basis. Patients who had 

their medication temporarily interrupted (e.g. a pregnant woman who feared adverse drug effects 

on the foetus) were recorded as being compliant. All retrospective studies that rely on retrieving 

information from medical records are subject to some inaccuracies (e.g. in medication usage) and 

it may be suggested that direct patient interview would be more suitable. However, this is not 

possible in this study as some cases and controls are deceased and in addition patient recall of 

facts is also fraught with inaccuracies and would introduce another source of bias. The medical 

record is the most legitimate source of data as it provides a contemporary record made at the 

time of consultation.

The strong associations that have been found for regular 5-ASA therapy and frequent 

visits to a hospital physician and the risk of developing colorectal cancer are likely to have an 

important impact on care programmes and screening for colorectal cancer in patients suffering 

from ulcerative colitis. The cost effectiveness of a colonoscopic surveillance program in 

ulcerative colitis has been questioned by many authors. (150-152) Physicians may choose to 

better target colonoscopic surveillance on those who are at greatest risk i.e. those unable to take 

regular 5-ASAs (for example due to allergy), have a positive family history of CRC and perhaps 

have primary sclerosing cholangitis. Likewise it should be possible to reduce the frequency of 

examinations in those at lower risk. This effort and expense may be better directed at educating 

and encouraging them to take their medication regularly. Such an approach should be supported 

by hospital based follow-up for all patients although patients have to take a modicum of 

responsibility for their illness. The combination of seeing a hospital doctor on a regular basis,
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compliance with medication and attendance at colonoscopy offers the greatest degree of 

protection against colorectal cancer that patients can control themselves.
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Chapter 4.

The development and validation of a tool to measure 

patient knowledge in inflammatory bowel disease.
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4.1 Summary.

A tool measuring patient knowledge about inflammatory bowel disease and its treatment 

was developed - the Crohn's and Colitis Knowledge Score (CCKNOW score). Thirty multiple 

choice questions were constructed into a draft questionnaire. This was piloted on a random 

selection of participants with differing inflammatory bowel disease (IBD) knowledge levels; 

junior doctors, nurses and ward clerks. Factor analysis eliminated questions with poor 

discriminant ability. The resulting 24 item questionnaire was re-tested on the three groups and a 

Kruskal-Wallis test determined the questionnaires ability to discriminate between the groups. 

Reliability and readability were tested using Cronbach's alpha and the Flesch Kincaid reading 

score respectively. The validated CCKNOW score was then tested on patients from the 

Leicestershire IBD database.

CCKNOW scores differed significantly across the groups of doctors, nurses and ward 

clerks (median 22, 16 and 5 respectively) T = 40.35, pO.OOOl. The reliability was very good 

with a Cronbach's alpha of 0.95 and the readability was also high. The median score on the 

CCKNOW for IBD patients was 10 with no significant difference between ulcerative colitis and 

Crohn's disease. Patients who are members of NACC (National Association of Crohn’s and 

Colitis) achieve statistically significantly higher scores than non-members (difference in medians 

4,95% Confidence Interval = 4 to 6, pO.OOOl).

The CCKNOW score provides an index of overall knowledge. It is self-administered 

and tests (Crohnbach’s alpha and Kruskal-Wallis) show it to be valid, reliable and readable. It 

may be used in the future as a tool to evaluate patient education programs.
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4.2 Theoretical justification for this work.

Patient education should be an integral part of comprehensive IBD care. If a patient has 

good knowledge of their disease and manages their condition appropriately one would hope that 

they would have fewer disease complications. However, objectives such as complications of 

disease (e.g. colorectal cancer) provide very late and imprecise guides of knowledge deficits. 

Prior to the general introduction of individual or group based education programs (whether for 

newly diagnosed or established IBD patients) there should be an index that can evaluate them 

objectively. Consequently there is a need for an efficient and reliable tool which can assess 

deficiencies in knowledge so that patient education programs can be designed and evaluated 

comprehensively.

4.3 Introduction.

Patient knowledge and understanding varies widely in inflammatory bowel disease. 

Some patients show evidence of advanced reading about IBD and its treatment options. Others 

do not possess even a basic understanding of their condition and have virtually no recall of 

previous discussions with their physician. A working knowledge of their disease and its 

management is essential for patients with chronic disorders such as IBD. Such knowledge can 

positively influence quality of life, social activity and ability to cope and comply with treatment. 

(96,97,377) Various studies from Europe have demonstrated that patients with IBD want 

detailed information on both social and medical aspects of their disease. (98-100,113,114,378) 

In addition there is evidence that providing patients with such information can reduce 

consultation rates and decrease anxiety levels. (379)

Although there is growing interest in patient education in IBD there are few published 

scales which measure such knowledge. (108) In contrast much research has been conducted on
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the development of assessment tools in other areas of medicine; most notably diabetes mellitus 

and end stage renal failure. (380-385) In type 1 diabetes mellitus glycosylated haemoglobin 

concentration was inversely correlated with patient scores for overall knowledge (105) and it 

seems reasonable to predict that increased knowledge of IBD may lead to fewer complications 

and better self management.

The aim of this investigation was to develop a valid and reliable self-administered 

questionnaire to assess patient knowledge of IBD and its treatment. Additional aims were that 

the test be easy to administer and score and that it require only basic reading skills. This chapter 

initially presents an analysis and discussion of the development, discriminant validity and internal 

reliability of the instrument developed for that purpose; the Crohn's and Colitis Knowledge Score 

(CCKNOW score). It goes on to report the findings when the questionnaire was posted to 

patients with IBD from the Leicestershire IBD patient database.

4.4 Methods.

The procedure used to develop the questionnaire was divided into four stages:-

1. The development of knowledge areas to be assessed.

The areas to be covered by the test were based on key elements in the educational 

materials used in our clinics. The effects of these educational booklets have already been 

assessed in previous studies (112,386) and they were initially developed after consultation with 

several dinirians with an interest in IBD. The booklets deal with symptoms, investigations, 

theories of aetiology and medical and surgical treatment.
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2. Preparation of multiple choice questions.

Forty multiple choice questions were developed each defining specific knowledge to be 

evaluated in the following areas of IBD management; (a) general IBD understanding, (b) 

medication, (c) diet and (d) complications of IBD. All MCQ's were reviewed by physicians to 

consider their relevance to patient education. A number of questions were revised resulting in a 

total of thirty questions being included for evaluation in the assessment of patient knowledge 

levels (Appendix 4). The revised set of thirty questions consisted of general knowledge, 

including anatomy and investigation (16), medication (6), diet (2) and complications of IBD (6). 

Only two questions were specific to either Crohn's disease or ulcerative colitis and thus the 

majority of the questions should have been answerable by all respondents.

3. Pilot study of draft multiple choice questions.

Participants were randomly selected from three groups that were expected to differ in 

IBD-relevant knowledge and included (a) 17 junior doctors (most knowledgeable), (b) 16 state 

registered nurses (moderately knowledgeable) and (c) 20 ward clerks (least knowledgeable). 

Each participant was sent a questionnaire with a covering letter explaining the purpose of the 

study and stressing the confidentiality of the answers. The questionnaires were self-administered 

and returned anonymously.

4 Analysis of returned questionnaires and MCO selection and revision.

Scoring of the CCKNOW was one point for each correct answer with no negative 

marking Questions were analysed by factor analysis to maximise valid discrimination. (387) 

Factors with an eigenvalue greater than one were chosen. An eigenvalue is the standardized 

variance associated with a particular factor. The sum of the eigenvalues cannot exceed the
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number of variables in the analysis, since each variable contributes 1 to the sum of variances. 

The interpretation of the factorial structure was based on factor loadings (coefficients) which 

were equal to or greater than 0.5. The revised CCKNOW score was then re-tested on doctors, 

nurses and ward clerks so that new summary scores for the groups could be determined.

Criterion related validity was assessed using the Kruskal-Wallis test, a non parametric 

one -way analysis of variance, as the data from the three groups were not normally distributed 

(as demonstrated by the Shapiro-Wilk test). This test was used to assess the statistical 

significance of the difference in scores between the three groups. The reliability of the 

CCKNOW Score was tested by calculating the internal consistency using Cronbach's alpha - an 

index of inter-item consistency that can vary between 0 and 1; higher values reflecting higher 

levels of internal consistency. (388) Readability of the test questionnaire was determined using 

the Flesch Kincaid reading score. (389)

Once the CCKNOW Score was validated it was posted to 647 IBD patients who were 

randomly selected from the Leicestershire IBD patient database and are of mixed social class and 

ethnic background. The IBD patients in Leicestershire are cared for by one of seven 

gastroenterologists and so no single consultant (and his practice) could have influenced the 

results. Correlation between knowledge score and membership of the National Association of 

Crohn's and Colitis patient self help group (NACC) was performed. The data were assessed for 

non-normality  using the Shapiro-Wilk test, the level of statistical significance between the groups 

subsequently assessed using the Mann-Whitney U-test and ninety five percent confidence 

intervals were calculated. (390)
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4.5 Results.

The mean and median scores, 95% confidence intervals along with standard deviations 

of the participants in the pilot study are shown in table 4.1. Junior doctors had higher scores 

than staff nurses who in turn did better than ward clerks. The factor analysis resulted in five 

factors with an eigenvalue greater than one. For each of these factors, questions with a factor 

loading greater than 0.5 were regarded as acceptable for inclusion in the final questionnaire. 

Questions with a factor loading of less than 0.5 were rejected. From this analysis six items were 

deemed to be unsuitable for inclusion (questions one, five, eight, fourteen, nineteen and twenty 

one). The redrafted questionnaire consisted of twenty four multiple choice questions (MCQ's) 

covering five objectives (Table 4.2). Eight questions related to general IBD knowledge, five to 

medication, four to anatomy, five to disease complications and two related to diet. The revised 

24 item CCKNOW score was re-tested on doctors, nurses and ward clerks. The junior doctors 

obtained a median score of 22, nurses 16 and ward clerks 5 (Table 4.1).

Internal consistency was assessed in two ways. Firstly a Kruskal-Wallis test indicated 

that the 24 item CCKNOW scores differed significantly across the three groups, T = 40.35 

(adjusted for ties), p<0.0001. Secondly Cronbach's alpha was very high; 0.95. The readability 

(assessed using the Flesch Kincaid reading score) of the CCKNOW score was also very good. 

The test questionnaire scored favourably in that it was classed as being easy to read (score of 

77.9/100), only thirteen percent of its sentences were passive and it had a reading grade level of 

4.4 (meaning that an American schoolchild of fourth-fifth grade would understand the 

questionnaire).
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Table 4.1 Results of the pilot CCKNOW Score for junior doctors, staff nurses and 

ward clerks (thirty and twenty four MCOfs -  revised questionnaire!.

Doctors

Mean (95% C.I.1 Median (95% C.I.1 Standard deviation

Junior 30 items 27.3 (26.4 to 28.2) 28 0 (27.0 to 28.0) 1.8

24 items 21.9 (21.1 to 22.7) 22.0 (21.0 to 23.0) 1.6

(1=17) (revised
questionnaire)

Staff 30 items 20.6 (19.0 to 22.2) 20.5 (19.0 to 23.0) 3.3

24 items 15.9 (14.2 to 17.6) 16.0 (14.0 to 18.0) 3.4

(n=16) (revised
questionnaire)

Sard 30 items 9.5 (6.9 to 12.1) 8.0 (7.0 to 12.0) 5.9

24 items 6.1 (3.9 to 8.3) 5.0 (3.0 to 8.0) 5.1

(n=20) (revised
questionnaire)

Doctors score more highly than nurses who in turn do better than ward clerks.
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Table 4.2. Number of questions bv section for revised 24 item questionnaire (see

Appendix 41.

Section

General knowledge 8

Anatomy 4

Medication 5

Diet 2

Complications 5

Questions covered most aspects of inflammatory bowel disease. 

Omits questions 1, 5, 8, 14,19 and 21 in Appendix 4.
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The validated CCKNOW score was then farther tested on the patient group described 

previously. Overall 354 questionnaires were returned (response rate = 55%). Two hundred 

patients had ulcerative colitis and one hundred and fifty four had Crohn's disease. 182/290 

respondents were members of NACC (response rate = 63%) and 172/357 were non-members 

(response rate = 48%).

The median score for IBD patients was 10 (95% C.I = 9 to 10) with no significant 

difference in the scores for patients with U.C. and Crohn's disease (median 9; 95% C.I = 9 to 10 

and median 10; 95% C.I = 9 to 11 respectively). The CCKNOW scores for patients by disease 

and membership of NACC are shown in table 4.3. Using the Shapiro-Wilk W test the data from 

these groups were found to be from a non-normal distribution and so non parametric tests were 

utilised (Mann-Whitney U test).

Patients who are members of NACC, whether they have U.C. or Crohn's disease, 

achieve significantly better scores than non members with a difference in median scores of 4.0, 

pO.OOOl (95% C.I = 4 to 6). Patients with IBD who do not belong to NACC have only slightly 

higher knowledge levels than ward clerks (lay people) with median scores of 8 and 5 

respectively. Members of NACC score more highly with knowledge levels approaching those of 

nurses (12 and 16 respectively). As questionnaires were posted anonymously it was not possible 

to trace which subjects returned their questionnaire. However, eighty respondents added their 

names and addresses to the questionnaire and with their permission their medical notes were 

reviewed to determine whether duration of disease affected the CCKNOW score. Duration of 

disease bore no correlation to the CCKNOW score with respondents having IBD for a couple of 

years being just as likely to have a low/high score as someone who had had IBD for twenty 

years.
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Table 4.3. CCKNOW Scores for IBD patients bv disease and membership of

NACC (twenty four MCO'sl.

Mean(95% C.L1 Median (95% C.I.1 Standard

Deviation

Ulcerative colitis 12.4 (11.4 to 13.4) 12.5 (10.0 to 14.0) 5.0

NACC (n = 961

Crohn's disease 12.6 (11.5 to 13.7) 12.0 (11.0 to 14.0) 5.3

NACC (n = 861

Ulcerative colitis 7.9 (7.2 to 8.6) 8.0 (7.0 to 9.0) 3.8

Non member 

(n=1041

Crohn's disease 7.8 (6.8 to 8.8) 7.5 (6.0 to 9.0) 4.0

Non member 

fn = 681

Members of NACC score more highly than non-members irrespective of having ulcerative colitis 

or Crohn’s disease.
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Considering the group as a whole, mixed levels of understanding were ascertained from 

the general knowledge section of the questionnaire. Most patients (78%) realised that just 

because they may have been symptom free for three years they were not cured of their condition 

and the vast majority (96%) knew that they could not pass on their disease to family members if 

they were not careful about personal hygiene. However 72% of patients were unaware that IBD 

runs in families, 47% did not understand that IBD can affect parts of the body other than the 

bowel and 77% did not know that smoking was associated with Crohn's disease. (391) Fifty 

eight percent were not aware that a child with IBD may be shorter than his/her friends, these 

responders actually believing that they may be either less intelligent or may not live beyond the 

age of forty five.

Regarding medication there was some confusion between the different types of drug 

used to treat IBD. Sixty percent understood the role of immunosuppressive drugs but 76% 

thought that sulphasalazine and mesalazine were examples of such drugs. Sixty eight percent 

knew that sulphasalazine was used to reduce the frequency of relapse but only 26% were aware 

that it can reversibly reduce male fertility. (392) Concerning steroids, 49% did not know that 

they can be administered rectally and intravenously as well as orally, and 56% thought that side 

effects from steroids started immediately (even after small doses) and that all side effects 

disappeared after they were discontinued.

As far as complications of IBD are concerned 78% were unaware which patients were at 

increased risk of bowel cancer and therefore who should be under surveillance with 7% believing 

that if they passed blood in their stools they definitely had bowel cancer. Fifty eight percent did 

not understand what a fistula was and 79% did not realise that a woman with Crohn's disease 

may find difficulty in becoming pregnant. (393)
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4.6 Discussion.

In developing the CCKNOW score four criteria were chosen as goals. These included a) 

reliability, b) validity, c) ease of administration and d) readability. The 24 item CCKNOW score 

displays high levels of reliability as estimated by the coefficient alpha and validity is also high with 

the Kruskal-Wallis test demonstrating its ability to significantly discriminate doctors from nurses 

and could separate both of these groups from ward clerks. Discrimination was further improved 

by removing questions with factor loadings less than 0.5. The CCKNOW score has a good 

readability score which makes it ideal as a self-administered tool for assessing patient knowledge 

levels. The 55% response rate for the CCKNOW score was lower than was hoped but this is not 

unexpected for a postal survey after a single mailing. (394)

The CCKNOW score provides a robust index of overall knowledge and could be utilised 

in the future to evaluate patient education programs. It allows a comparatively inexpensive 

assessment of knowledge status for entire IBD populations thereby freeing specialist IBD 

educators for more individual and goal orientated teaching tasks. Those who wish to assess IBD 

knowledge on a single occasion may use the 24 item version and if users wish to conduct 

repeated assessments (for example before and after an education program) two parallel 12 item 

versions may be developed for this purpose. It will help individual clinicians identify those topics 

to which they should give added attention during their general discussions with patients under 

their care. An additional use for the CCKNOW score may be to initiate discussions in self help 

groups and in seminar-based teaching sessions. Most knowledge assessment tools in other 

specialities have been used to evaluate education programs and through feedback correct 

patient’s knowledge deficits. The CCKNOW score may be used to assess the knowledge not 

only of patients but also family members. Educating spouses could result in greater
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understanding and an increase in the practical support given to patients in their home 

environment.

The CCKNOW was developed along similar lines to tests of knowledge in other areas of 

medicine (380-385) in that crucial knowledge content was defined, questions of poor 

discriminatory ability were excluded and various psychometric tests showed the CCKNOW 

questionnaire to have very promising properties. In the field of diabetic medicine the CCQ-1 

(105,383) has been used to discriminate between performance in home monitoring, general 

management and overall scores stratified on a basis of patients’ HbAic levels. In nephrology the 

KDQ and CKKT (380,381) have been used to establish the knowledge base of established 

dialysis patients for whom concordance with dietary, fluid, medication or treatment regimens 

remains an ongoing challenge. It is understandable that good diabetic control can be achieved by 

education as such patients have direct control of their own treatment. The treatment of IBD may 

be regarded as less complicated for the patient but many self medicate during exacerbations and 

a significant proportion turn to alternative medicines. (395) Increasing knowledge in IBD may 

not have the same impact as in diabetes although it should help improve compliance with 

medication and colonic cancer screening programs.

All patients with IBD need to have a comprehensive knowledge base although it could 

be argued that it is unnecessary to burden a patient with too much information. For example, a 

patient with distal colitis may not need to know about fibrostenotic Crohn’s disease or the risk of 

colorectal cancer. However, the CCKNOW only has five questions which are specific to either 

Crohn’s disease or ulcerative colitis with most being appropriate to both conditions. In addition, 

limiting patient knowledge and protecting patients against any anxiety provoking issues may be 

seen as paternalistic. American gastroenterologists inform their patients of the CCFA (Crohn’s
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and Colitis Foundation of America) which is a patient self-help organisation similar to NACC in 

Britain. Their official publication, written specifically for people with IBD, (396) is a 213 page 

book which comprehensively covers many aspects of IBD and is readily available to patients and 

their families. With the increasing recognition of the role patients must play in therapy and the 

need for concordance rather than simple compliance it is important to supply patients with 

accurate and detailed information about a range of aspects of their disease.

The CCKNOW score compares favourably with the IBD Knowledge Questionnaire 

(KQ) developed by Jones et al (108) with both questionnaires having high levels of reliability 

(Cronbach’s alpha 0.95 and 0.84 respectively). Unlike the KQ, in the development of the 

CCKNOW, questions that the majority of people got wrong as well as those on which most 

participants scored correctly were excluded as both were regarded as poor discriminators of 

knowledge between groups. Some may feel that even if questions are well understood by the 

majority of patients (and thus have little discriminatory value) they should still be included as it 

may be dangerous not to detect patients whose knowledge is deficient in crucial areas. 

However, the questions excluded by factor analysis, with the exception of questions five and 

fourteen are not “crucial areas of knowledge” and question fourteen was phrased in an 

ambiguous way and could be modified in any future version of the CCKNOW. Thus the 

CCKNOW does not miss patients whose knowledge is inadequate in important areas.

The KQ found that patients with Crohn’s disease were more knowledgeable than those 

with ulcerative colitis whereas the present study found no difference between the groups. The 

results from the CCKNOW may be more representative as it was tested on a larger patient 

group. Both questionnaires identified similar misconceptions amongst the IBD population; 

namely that there was general confusion concerning medication and a widespread belief that IBD

170



does not run in families. Hawkey’s study of information leaflets also found confusion about the 

familial occurrence of IBD. (111)

The lack of knowledge displayed by patients in the second part of this study gives no 

reason to be complacent about their current understanding of IBD. The higher scores achieved 

by NACC members are not unexpected as they have greater access to information, and 

membership in itself suggests they may be more motivated to learn. It may be argued that 

NACC members scored more highly because they may have suffered more disease complications 

and may have had their disease for a longer period of time compared with non members. This 

would appear not to be the case as many NACC members enrol as new patients i.e. early after 

diagnosis and have not had IBD for a sufficient time to develop complications. Indeed 19% of 

patients from a study in Leicester did not attend NACC meetings as they felt they were too ill. 

(397) In addition many members are only transient, drawing from the group for a while and 

withdrawing once their need is met. (110)

Further support of the questionnaires' validity and reliability will be largely based on its 

continued use in the clinical setting. Even so it is obvious that there are large deficits in patients’ 

knowledge and this must be addressed if we hope to achieve better self-management of IBD. 

Although the CCKNOW score tests knowledge it is not a direct measure of medical outcomes 

(e.g. reduced frequency of complications such as colorectal cancer). In the next chapter an 

investigation of the potential role for the CCKNOW score in these issues is reported.
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Chapter 5.

Assessment of whether patient knowledge affects the 

colorectal cancer risk in ulcerative colitis.
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5.1 Summary.

The possible relationship between knowledge about ulcerative colitis (UC), its cancer 

risk and the development of colorectal cancer (CRC) was investigated using the previously 

developed and validated instrument - the CCKNOW score - described in chapter 4.

The 24 item CCKNOW score was mailed to patients known to have developed 

colorectal cancer as a complication of ulcerative colitis (cases) and to people with UC from the 

Leicestershire inflammatory bowel disease patient database who had not developed cancer 

(controls).

The mean CCKNOW scores for cases was 8.21 (SD 3.02) and for controls was 8.27 

(SD 4.3). These scores did not differ significantly between cases and controls (Difference=0.06, 

95% Cl = -1.7 to 1.5, p=0.9). There were four times as many NACC members (National 

Association of Crohn’s and Colitis) in the control group compared to the cancer group and 

patients who are members of NACC achieve statistically significantly higher scores than non

members (11.6 vs. 7.8, 95% Cl = -0.1 to 7.6, p=0.05). However, after adjusting for NACC 

membership, the CCKNOW score did not appear to be associated with having developed cancer 

(OR=1.04, 95% Cl = 0.92 to 1.18, p=0.5).

The CCKNOW scores were comparable in cases and controls. Thus, in a retrospective 

study, no evidence has been demonstrated an association between patient knowledge and the risk 

of developing colorectal cancer in patients with ulcerative colitis (UC). However, knowledge 

may have been increased in cases as a direct result of having had CRC as a complication of UC.
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5.2 Theoretical justification for this work.

Formal efforts to improve patient education are associated with fewer disease 

complications in a number of conditions. However, this theory has not been investigated in 

ulcerative colitis. Comparing knowledge levels in patients with uncomplicated UC with colitis 

patients who have developed colorectal cancer would allow an assessment of whether 

knowledge may be an important and modifiable risk factor for CRC in UC.

5.3 Introduction.

The effectiveness of patient education on improving patient self-management has been 

well documented in a variety of diseases. A beneficial effect has been demonstrated in 

asthmatics. Patients who underwent an education program and consequently improved their 

asthma knowledge had fewer hospitalizations, fewer visits to family physicians and reduced 

attendances at accident and emergency departments. (398) Patient education has also been 

shown to be key in the outpatient management of thromboembolic disease. (399) A well 

organized, structured education program enabled patients to learn the necessary skills that permit 

complex and valuable therapies to be managed on an outpatient basis.

Improving knowledge in chronic disorders such as diabetes (105,400) and asthma 

appears to reduce the frequency of complications. It was thus postulated that firstly, good 

knowledge levels may be associated with fewer complications in patients with ulcerative colitis. 

Secondly, it seems reasonable to expect that patients who understand colitis and its cancer risk 

are more likely to manage their disease appropriately by attending surveillance colonoscopies and 

Complying with medication. In this way such patients may have a lower mortality from 

colorectal cancer as a complication of ulcerative colitis through earlier detection. The purpose of

174



this study was to examine the relationship between knowledge about IBD and the development 

of colorectal cancer using the CCKNOW score.

5.4 Methods.

The development of the tool used to evaluate knowledge, the CCKNOW score, has 

previously been described in chapter 4. It is a 24 item multiple choice questionnaire that assesses 

knowledge in the following areas of IBD management; (a) general IBD understanding, (b) 

medication, (c) diet and (d) complications of IBD.

Cases of colorectal cancer complicating ulcerative colitis nation-wide were identified in 

the previous study conducted in chapter 3. Hospital records were checked to ensure that cases 

were alive and approval of consultants in charge of patient care was sought before mailing the 

CCKNOW score to them. Seventy questionnaires were posted to cases. One hundred controls 

(matched for age and sex) identified from the Leicestershire IBD patient database were also 

mailed a CCKNOW score. These controls were not the same patients as those used in 

developing the CCKNOW score described in the previous chapter.

The level of statistical significance between the mean scores of cases and controls was 

estimated using an independent two sample t-test and ninety five percent confidence intervals 

were calculated. (390) Assessment of the statistical significance of an association between being 

a case and a variety of potentially important characteristics was undertaken using logistic 

regression in SPSS. The study has a power of 70% to detect an odds ratio of 3.0 at the 5% 

significance level assuming an average exposure in the control group of 30%.
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5.5 Results.

After one mailing forty two questionnaires were returned by the cases having CRC 

complicating UC (response rate = 60%) and forty four were returned from the UC controls 

(response rate = 44%). The characteristics of cases and controls are shown in table 5.1. There 

was no significant difference in the two groups in terms of age, gender and the length of time 

spent in full time education. However, there were four times as many members of NACC in the 

control group compared to the cases.

The mean score of the patients who had developed colorectal cancer complicating UC 

was 8.21 with a standard deviation in their score of 3.02 (range 0-13). Controls had similar 

scores with a mean of 8.27 (standard deviation 4.3, range 0-22). An independent two sample t- 

test showed that there was no statistically significant difference between the mean scores of the 

two groups controls (Difference=0.06, 95% Cl = -1.7 to 1.5, p=0.9).

Scores were analysed according to membership of the National Association of Crohn’s 

and Colitis (NACC). The mean score for patients who are members, irrespective of being a case 

or a control, was 11.6 (standard deviation 5.3) whereas the mean scores for non-members was 

7.8 (standard deviation 3.2). This difference was statistically significant (Diff=3.8, 95% Cl = - 

0.1 to 7.6, p=0.05). The possibility of NACC membership biasing the results was investigated 

by repeating the analysis after excluding the self-help groups members. This reduced the mean 

scores in both groups but to a greater extent in the control group. The new mean scores were 

8.13 for cases and 7.44 for controls respectively; i.e. patients who had had colorectal cancer now 

achieved higher knowledge scores than those who had not. However, this difference was still 

not statistically significant (Diff=0.69, 95% CI= -0.8 to 2.2, p=0.4). Therefore, NACC members 

were included in the rest of the analyses.
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Table 5.1. Characteristics of Cases and Controls.

Cases

(n=42)

Controls

(n=44)

Gender: Male 

Female

28 (67%) 

14 (33%)

31 (70%) 

13 (30%)

Mean Age (SD1 59.9 years (12.1) 59.8 years (10.2)

Mean years spent in full time 

education (SD1

12.9 years (2.9) 12.4 years (3.9)

NACC membership 2 (5%) 8 (18%)

Mean score on 24

item CCKNOW (SD)

8.2 (3.0) 8.3 (4.3)

Number with good score (>111 

on the CCKNOW

5 (12%) 8 (18%)

SD = Standard Deviation

Cases and controls were comparable except for membership of NACC
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Logistic regression analysis found no statistically significant associations between scores 

on the CCKNOW, gender, age and years spent in full time education (Table 5.2). Being a 

member of NACC was associated with a reduction in the risk of developing colorectal cancer by 

78% and scoring more than 11 on the CCKNOW reduced risk by 39% but these findings did not 

reach statistical significance (p=0.07 and p=0.42 respectively) possibly due to the relatively small 

numbers. After adjusting for NACC membership, the CCKNOW score did not appear to be 

associated with having developed cancer (OR=1.04, 95% Cl = 0.92 to 1.18, p=0.5).
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Table 5.2. Relationship Between Characteristics and the Risk of Developing

Colorectal Cancer.

Variable Odds Ratio 95% Confidence Interval

Gender (Female/Male^ 1.19 0.48 to 2.98

Age (Vearsl 1.00 0.96 to 1.04

Years in full time 1.04 0.91 to 1.19

education

Membership of NACC 0.22 0.04 to 1.13

“Good” score (>111 on 0.61 0.18 to 2.04

CCKNOW

“Good” score on 1.04 0 .92 to l.l8

CCKNOW adjusting 

for NACC membership

Statistical significance was assessed using logistic regression.

P - Value

0.71

0.95

0.57

0.07

0.42
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The response rate amongst cases and controls was 60% and 44% respectively. The 

CCKNOW was mailed only once. Hospital records were used to identify whether cases were 

deceased. These were not as accurate as was hoped and in two instances the questionnaire was 

returned by a relative stating that the patient had died. Concern was raised that this may have 

been the reason why other questionnaires amongst cases had not been returned. In order to 

avoid any possible anxiety to relatives the non-responders were not sent any further 

questionnaires. Consequently, so that both groups were treated uniformly, the CCKNOW was 

not posted to non-responding controls.

The medical records of the cases had already been reviewed in chapter 3. This data was 

reviewed to investigate whether there were any differences in the responding and non

responding cases. From table 5.3 it can be seen that there were no statistically significant 

differences between responders and non-responders in terms of gender, extent of disease and 

stage of cancer when diagnosed.
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Table 5.3. Characteristics of Cases Who Returned the CCKNOW vs. Non-

Responders.

ResEondeî _(n=42) Non-Responders (n=28̂  

Gender: Male 30 (71%) 14 (50%)

Female 12 (29%) 14 (50%)

Mean age at diagnosis of UC 40yrs(15.5 yrs) 35 yrs (16.9 yrs)

im
Mean Age at Diagnosis of 57.6 yrs (12.3 yrs) 52.3 yrs (12.1 yrs)

Cancer (SD'l

Mean duration of disease 17.6 yrs (8.4 yrs) 17.2 yrs (12.9 yrs)

before developing cancer (SD1

Extent ofUC: Proctitis 1 (2%) 2 (7%)

Left-sided 15 (36%) 8 (29%)

Total 26 (62%) 18 (64%)

Stage of cancer Dukes A 12(29%) 4(14%)

at diagnosis: Dukes B 14 (33%) 11 (39%)

Dukes C 15 (36%) 10 (36%)

Dukes D 1(2%) 3(11%)

SD = Standard Deviation

Responders and non-responders were comparable.
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0.07

0.07

0.34

0.53

0.84

0.16

0.61

1.0

0.14



Considering questions from the general knowledge section of the questionnaire 

individually, both cases and controls (74% and 68% respectively) knew that just because they 

may have been symptom free for three years they were not cured of their condition but only a 

fifth (21% and 23%) knew that IBD runs in families. A similar number in each group (only 14% 

and 16%) realised that a child with IBD may not grow to be as tall as his or her friends with the 

remaining responders actually believing that they may be either less intelligent or may not live 

beyond the age of forty five. A difference between the two groups was noted in the question 

concerning whether IBD can affect parts of the body other than the bowel. Only 26% of cases 

answered this correctly compared to 46% of the controls.

When examining the questions concerning medication some confusion was 

demonstrated. A similar number (57% and 55%) understood the role of immunosuppressive 

drugs but more controls knew that azathioprine was an example of such a drug (18% vs. 5%). 

Many more controls (73% vs. 55%) knew that sulphasalazine was used to reduce the frequency 

of relapse and were aware that it can reversibly reduce male fertility (27% vs. 5%). Regarding 

steroids an equivalent number (50% of cases and 55% of controls) knew that they can be 

administered rectally and intravenously as well as orally.

Perhaps not surprisingly more cases (29% vs. 18%) were aware which patients were at 

increased risk of bowel cancer and therefore who should be under surveillance. However, even 

with a personal history of cancer complicating colitis this is still a surprisingly small number. 

Fourteen percent of cases thought that if they passed blood in their stool it meant that they 

definitely had bowel cancer compared with 9% of controls. Again more cases understood what 

a fistula was (43% vs. 25%) and had a better knowledge of bowel anatomy with 41% knowing 

the location of the terminal ileum compared to 30% of controls.
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5.6 Discussion.

The level of knowledge in patients with ulcerative colitis is the same irrespective of 

whether they had developed colorectal cancer or not. Thus patient knowledge does not appear 

to affect the risk in patients with UC. It was expected that cases would have significantly lower 

knowledge levels than controls as it was anticipated that poor knowledge could be a risk factor. 

This was based on the assumption that patients with poor knowledge would be less likely to 

attend surveillance colonoscopies and comply with medication. Both of these factors have been 

shown to have a protective effect against cancer in colitis. (74,329,362)

However, the study could be biased. There is a strong possibility that the knowledge 

level of cases has been significantly modified by the process of having colorectal cancer. It is 

likely that cases would have learnt more about their condition as a direct result of having cancer 

and the need to undergo surgery. The data would support this view in that cases had notably 

better scores on anatomy questions and more knew who was at risk of bowel cancer compared 

to the control group. Controls achieved the same or better scores in other sections, knowing 

more about 5-ASA medications and IBD affecting other parts of the body. It may be of 

significance that controls were more knowledgeable about sulphasalazine and mesalazine as 

these medications may be protective against colorectal cancer in UC.

It was not possible to investigate differences between the cancer survivors who 

responded to the study and patients who had died from cancer complicating colitis. 

However, it is worth considering the possibility that patients who died may be those who 

were diagnosed at a later stage and these may also be the cases who were less 

knowledgeable. The study could be improved by obtaining further data from the medical 

records of the cases. Data such as missed colonoscopy and outpatient clinic appointments 

could be extracted and a comparison made between responding and non-responding cases.
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This would investigate the hypothesis that non-responders were those who were less 

compliant. However, obviously no data could be obtained concerning non-responding 

patients’ knowledge levels.

The findings are based on a small sample size and one should bear in mind that all the 

controls came from the Leicestershire IBD database. This limits any interpretation of the results. 

However, it is interesting to note that there were more members of the National Association of 

Crohn’s and Colitis (NACC) in the control group. NACC members achieved significantly higher 

scores on the questionnaire which agrees with the findings in chapter four. A positive but non

significant association between membership of NACC and a reduction in the risk of developing 

colonic cancer has been demonstrated. If this hypothesis is correct, could that protection be 

mediated through better knowledge or is it simply because they are a highly motivated group 

who attend surveillance and comply with medication? This is an interesting concept which 

merits further investigation through the continued use of the CCKNOW score in clinical practice.

It is possible that patients with a history of colorectal cancer become more 

knowledgeable about ulcerative colitis and its complications because of their personal 

experience. They might therefore be expected to score more highly on the questions about 

cancer. While cases did score more highly than controls only 29% of cases answered the 

question on who was at risk of cancer correctly and 14% thought that the presence of blood in 

the stools meant they definitely had bowel cancer. Similar findings have been reported in breast 

cancer where Vaeth (385) found that following treatment, patients continued to have significant 

deficiencies in their understanding of cancer risk factors.

Ideally this study should be conducted prospectively with all patients completing the 

CCKNOW score at regular intervals, such as outpatient consultations. The CCKNOW could be
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used in its 12 item form (giving patients the two different versions alternately and periodically 

adding new questions) to prevent patients from learning answers. In this way one could obtain a 

true indication of the knowledge level of cases prior to developing cancer and be able to assess 

whether poor knowledge is a significant risk factor. However, such an approach would take at 

least ten years and possibly as long as thirty to complete as the vast majority of colorectal 

cancers in UC occur after the first decade of disease. (60,63,65) Easier outcomes to assess 

(instead of waiting for CRC to develop) would be frequency of flare ups or the number of 

missed outpatient and colonoscopy appointments. These measures of compliance could be 

surrogate markers for the likelihood of developing cancer but this has not yet been assessed. 

This concept could be investigated in the future to determine whether knowledge can be 

used as a measure of such behaviours as adherence to therapeutic regimens or medical outcomes 

including reduced frequency of complications.

Although a direct relationship between patient knowledge and the development of cancer 

has not been demonstrated there is evidence suggesting that increasing knowledge in the general 

population improves uptake of screening for colorectal cancer in the general population. (107) 

The same may be true for patients with ulcerative colitis. Many modalities are used to improve 

patient’s understanding of their disease and the next chapter investigates the effects of a video 

and information leaflet on patient knowledge in a randomized controlled trial.
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Chapter 6.

A randomized controlled trial comparing the efficacy of a 

video and information leaflet vs information leaflet alone 

on patient knowledge about surveillance and cancer risk

in ulcerative colitis.

1S6



6.1 Summary.

The effect of a video and information leaflet vs. information leaflet alone on 

improving patient knowledge in ulcerative colitis was investigated in a randomized 

controlled trial.

One hundred and twenty four patients were recruited from the gastroenterology 

outpatient departments of two Leicester hospitals. Participants completed a questionnaire 

prior to receiving the leaflet / viewing the video, immediately afterwards and one month 

later.

One hundred and fifteen questionnaires were returned (response rate = 93%). Both 

videos and leaflets increased knowledge with mean percentage improvements in scores of 

71% (95% CI=40.2 to 100) and 49% (95% CI=32.1 to 66) respectively. However the 

difference between the two interventions was not statistically significant (Difference=22%, 

95% CI= -56.3 to 13.2, p=0.2). After one month knowledge levels fell in both groups to 

55% (95% CI=33.2 to 75.8)(video plus leaflet) and 36% (95% CI=23.7 to 48.6) (leaflet 

alone).

Leaflets and videos have an important role in reinforcing information provided by 

clinicians. However, there appears to be no immediate or prolonged advantage of a video 

over and above that of a simple information leaflet. The cost implications of producing a 

video such as extra staff time need to be weighed against the minor benefit that this medium 

has to offer.
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6.2 Theoretical justification for this work.

Adequate health education is known to increase the level of compliance with 

population screening programs for colorectal cancer (107) and so could be important in the 

uptake of surveillance in ulcerative colitis. Many patients want information about their 

disease and its complications, (378,401) indeed recent work shows that 77% of UC patients 

in Leicester were keen to receive more information on screening for colorectal cancer. (49) 

A study from Italy has shown the majority of patients with UC placed risk of colorectal 

cancer as first on their list of priorities concerning areas where further information is 

needed. (100) Thus the supply of better information to patients with UC is important and 

may increase uptake and compliance with surveillance programs. How this is best achieved 

is investigated in this chapter.

6.3 Introduction.

To improve the chances of detecting dysplasia or cancer at a surgically curable 

stage, patients should be advised to comply with treatment and attend regular surveillance 

colonoscopies. (402) A problem with existing colonoscopic screening programs has been 

patient recruitment and compliance with some patients defaulting from surveillance. This 

may be because many patients are unaware of the risk of bowel cancer and they are anxious 

about the test. Therefore, a lack of knowledge may be an important factor contributing to 

both poor recruitment and subsequent attendance.

The most effective vehicles for imparting information to patients in addition to the 

standard doctor-patient consultation have not yet been clearly identified. Patients will 

accept educational material in a variety of forms (109) and a significant improvement in 

understanding can be achieved by use of both videos and information leaflets. (101-
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104,111) Written and video educational materials can be used without face to face 

consultations to inform most people about their disease and screening for complications. 

They provide a consistent form of teaching, are a familiar medium to most patients and 

videos can communicate concepts in a realistic and visual manner. (121) Video tapes are 

increasingly used to inform and educate patients but their benefits, compared to more 

traditional methods, are not yet established.

Both an information leaflet and a video (403) for patients with ulcerative colitis were 

produced. Their purpose was to educate patients about colorectal cancer risk and address 

fears experienced by patients. This was done through demonstrating and explaining the 

colonoscopy procedure. The aim of this study was to improve cancer knowledge in patients 

with UC and assess whether this is best achieved by the use of a patient information leaflet 

alone or by watching the video and reading the information leaflet.
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6.4 Methods.

Patients with ulcerative colitis were recruited from the gastroenterology outpatient 

departments of the Leicester General Hospital and Leicester Royal Infirmary after routine 

appointments. All patients were over 18 years of age with an established diagnosis of UC 

based on clinical, histological and radiological criteria. They had sufficient disease to be at 

an increased risk of bowel cancer i.e. at least with disease to the splenic flexure but 

preferably total or subtotal colitis. Written informed consent to participation in the study 

was obtained. Patients were excluded if they had a past history of colorectal cancer as a 

complication of ulcerative colitis, if they had previously had a prophylactic colectomy and if 

they did not read or could not understand English.

All subjects completed a 12 item questionnaire investigating their knowledge about 

having a colonoscopy and cancer risk in UC (Appendix 5). Eight questions pertained 

specifically to colorectal cancer (questions 1-7 and 11). The CCKNOW questionnaire was 

not used as the aim of the study was to investigate cancer knowledge and only two 

questions on the CCKNOW relate to cancer risk. The questionnaire was self administered 

and no help was given by the investigator in its completion. Patients were then randomly 

allocated to one of two groups stratified by age >= 60 years and membership of the 

National Association of Crohn’s and Colitis (NACC). Members of group 1 were asked to 

read a patient information leaflet in a separate room (Appendix 6). This leaflet was 

prepared by two authors (myself and Dr J.F.Mayberry) and was previously piloted (along 

with the 12 item questionnaire) on 10 patients. It has a Flesch reading ease of 64.3 and only 

27% of its sentences are passive. Members of group 2 were asked to watch the video (403) 

that was produced by myself and the Leicester University Audio-Visual Department 

(Appendix 7) cmd were also given the information leaflet. The text of the leaflet and the
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script of the video mirrored each other so that an equivalent amount of factual information 

were imparted in both media. A still from the video is shown in figure 6.1. Immediately 

after either intervention each patient completed the 12 item questionnaire again. One month 

later the questionnaire was posted to each participant (with a reply paid envelope) to assess 

whether knowledge levels had been maintained or decreased.

Statistical analysis:

A pilot study of ten patients was used to estimate the mean and standard deviation 

of the percentage improvement on the questionnaire for patients receiving the leaflet. A 

difference of 40% in the mean percentage improvement between the two groups was 

considered to be the minimum clinically worthwhile difference. It was estimated that a 

randomised controlled trial with 53 patients in each group would be able to detect a 40% 

difference in mean improvement between the groups at the 5% significance level with 80% 

power, assuming the standard deviation was 73%. A two sample t-test was used to 

compare the mean difference in the improvement (compared to baseline) of the scores 

between the two groups. Further analysis allowing for potential confounding factors made 

use of multiple regression techniques.
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Figure 6.1. A still from the video showing the colonoscopy procedure.
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6.5 Results.

One hundred and twenty four patients were recruited from outpatients and 115 

subjects returned the third questionnaire (response rate = 93%). Fifty nine patients were 

randomly allocated to reading the leaflet and 56 patients watched the video and received the 

leaflet. Each group were well matched for age and membership of NACC and were 

comparable in terms of gender, disease duration and disease extent (Table 6.1).

After analyzing the scores of the 115 responders it was evident that educating 

patients, by whatever method, results in a mean improvement of 60% (95% CI=42 to 77) in 

scores immediately after the intervention. This fell to 45% (95% CI=33 to 57) after one 

month. For the eight cancer questions the increase was more impressive with a mean 85% 

(95% CI=63 to 106) improvement post intervention, with a mean 67% (95% 0=49 to 85) 

improvement at one month.
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Table 6.1 Characteristics of patients recruited to the study.

LEAFLET ALONE VIDEO + LEAFLET.

(n=59) (n=56)

Gender: Male 27 (46%) 29 (52%)

Female 32 (54%) 27 (48%)

NACC membership 13 (22%) 11 (20%)

Disease extent:<splenic flexure 8 (14%) 9 (16%)

>=splenic flexure 49 (83%) 46 (82%)

Unknown 2(3% ) 1 (2%)

Mean age 47.9 years (95% CI=43.8 to 52.0) 47.2years(95% CI=43.3 to 51.1)

Mean duration 11.1 years (95% CI=8.6 to 13.7) 11.0 years(95% CI=8.0 to 14.0 )

of disease

The two groups are comparable for all parameters.
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The absolute scores for the two groups along with the mean percentage difference in 

scores immediately after the intervention and at one month are summarized in table 6.2. 

Overall there was no statistically significant difference in the baseline scores between the 

two groups with a mean score in the leaflet alone group of 7.10 (95% CI=6.5 to 7.7) and in 

the video group of 7.05 (95% CI=6.4 to 7.7); p=0.4. Directly after the intervention they 

improved to 9.7 (95% CI=9.1 to 10.2) and 10.2 (95% CI=9.8 to 10.6). At one month these 

figures had dropped to 8.9 (95% CI=8.3 to 9.5) and 9.5 (95% CI=9 to 10) respectively. 

Concentrating on the eight cancer questions the corresponding scores were 4.2 (95% 

CI=3.7 to 4.6) and 4.3 (95% 0= 3.9  to 4.7) at recruitment, 6.3 (95% 0=5.9 to 6.7) and 

6.8 (95% 0=6.5  to 7) immediately post intervention and 5.7 (95% 0=5.2 to 6.1) and 6.3 

(95% 0=5.9  to 6.7) one month later. The mean improvement in the scores for the cancer 

questions at one month compared to recruitment was 1.5 for the leaflet group and 2.0 for 

the video group (Diff=0.5, 95% CI= -1.2 to 0.14, p=0.13).

The mean percentage difference in the scores were calculated for the first and 

second, and second and third questionnaires (Table 6.2). Considering all twelve questions; 

the mean percentage improvement in score in the leaflet alone group was 49% (95% 

CI=32.1 to 66) immediately after reading the leaflet and in the video group was 71% (95% 

CI=40.2 to 100) The difference was not statistically significant (Difference=22%, 95% CI= 

-56.9 to 13.8, p=0.2) due in part to the large standard deviations. After one month the 

mean percentage improvement had fallen to 36% (95% 0=23.7 to 48.6) in the leaflet alone 

group and to 55% (95% 0=33.2 to 75.8) in the video group (Difference=19%, 95% CI= - 

43.3 to 6.6, p=0.15).
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Table 6.2. Mean scores and mean percentage difference in scores at recruitment, post 

intervention and at one month.

At recruitment

Mean score (SDt

12 questions
Leaflet alone

Video and leaflet

8 cancer questions
Leaflet alone

Video and leaflet

7.10(2.4)

7.05(2.4)

4.2 (1.6)

4.3 (1.6)

Immediately
after

intervention

At one month

9.7 (2.3) 

10.2 ( 1.6)

6.3 (1.5)

6.8 ( 1.1)

8.9 (2.3) 

9.5 (2.0)

5.7 (1.7) 

6.3 (1.4)

Difference in mean percentage 
change (SD. d value)

12 questions
Leaflet alone

Video and Leaflet

49.1% (66.6) 

70.5% (116.0)

p=0.22

36.2% (48.7) 

54.5% (81.2) 

p=0.15

8 cancer questions
Leaflet alone

Video and leaflet

76.2% (100.9) 

94.1% (130.3) 

p=0.4

57.0% (91.4) 

77.3% (106.2%) 

p=0.3

SD = Standard Deviation

Both forms of education increase patient knowledge levels although the improvement falls 

after one month.
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For the eight questions related to colorectal cancer in colitis, again both media 

improved the scores, but the difference between the two interventions was not statistically 

significant. Immediately after the intervention the leaflet group’s mean percentage 

difference in score increased by 76% (95% CI=50.5 to 102) and the video group’s increased 

by 94% (95% CI=60 to 128.2) (Difference^8%, 95% 0 =  -60.8 to 25.1, p=0.4). At one 

month this had fallen to 57% (95% 0=33.5 to 80.1) for those reading the leaflet and 77% 

(95% 0=49.5 to 105.1) for those who watched the video (Difference=20%, 95% CI= - 

57.2 to 16.2, p=0.3).

Multiple regression analysis of the scores was performed to identify factors, in 

addition to the education provided, that might have affected the test scores, i.e. 

confounders. There was no statistically significant change in the mean percentage 

difference of the scores after adjusting for either gender, duration or extent of disease.
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6.6 Discussion.

Both reading a leaflet and watching a video increase knowledge in patients with 

ulcerative colitis. There was no statistically significant difference between the two groups 

with patients receiving the leaflet benefiting just as much as patients who were allocated to 

watch the video and receive the leaflet. Although the improvement in scores is considerable 

immediately after the intervention, both groups had a reduction in knowledge after one 

month.

Over the past decade, videos have become an increasingly common vehicle for 

providing patients with basic information about their disease and its treatment. They have 

been used to educate patients about upcoming procedures and to promote compliance with 

drug therapies. (115,404,405) Due to their growing appeal to health providers, patients and 

their families, many units have jumped on the ‘bandwagon’ of producing videos, but 

without adequately assessing their advantages over more established methods. Very little is 

made in the literature of the potential disadvantages of producing patient oriented education 

videotapes such as cost, time and the collaboration required amongst various specialists for 

a successful outcome. Consideration should be given to the initial production cost, which is 

substantial. The video in this study cost £5,300 to produce and lasts 9 minutes. This 

included filming over three days, tape stock, editing, music and graphics. However, not 

included in this calculation is the time spent writing and redrafting the script. It has been 

estimated (406) that the project co-ordinator / clinical editor devotes a minimum of 200 

hours to the completion of a 20 minute video. In addition actors were not used and the 

good will of clinical staff and a patient was relied upon. Once a video has been made it also 

costs more to duplicate further copies compared to a booklet. The booklet used in the 

study was a simple in-house leaflet without any colour illustrations. This can be produced
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for only a few pence and is much cheaper to duplicate. Although the videotape increased 

knowledge to a greater extent than the leaflet, the difference was not statistically significant. 

Thus, as only a marginal benefit was shown in the video group, one has to question whether 

it is cost-effective to allocate resources to producing videos as opposed to simple education 

leaflets. In this study the aim was to specifically increase the cancer risk knowledge of 

patients with UC. It may be that resources would have been better directed at improving 

the efficacy of the surveillance program.

Similar findings have previously been reported. Meade et al (407) randomized 1,100 

patients from a primary care setting to either receiving a booklet, viewing a video tape or 

receive no intervention on colon cancer information in the general population. The authors 

found that knowledge was enhanced in the two intervention groups compared to receiving 

no information at all. However, there was no difference in knowledge gained by reading the 

booklet or watching the video tape (23% vs 26%). One possible explanation for these 

findings was that they had tailored the booklet and video to their target group. They gave 

special attention to developing the content relevant to their patients learning needs, 

designing the instruments to reflect ethnic diversity, organizing content in a clear manner, 

using the active voice, writing or narrating in a conversational style, using short words and 

sentences, incorporating headers and cues and summarizing points. Printed materials are 

commonly used to communicate information but they are often produced at reading levels 

above that of the intended reader. For those with low reading skills, videotapes may offer a 

significant advantage over booklets because of their visual appeal. Like Meade et al (407) 

the leaflet used in the current study was specifically produced with special attention given to 

developing the content relevant to patients learning needs. It has an easy reading level, with
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few of its sentences being passive and this may explain why patients in this study benefited 

equally from reading the leaflet as they did from watching the video.

It is well accepted that videos consistently increase short-term knowledge among 

audiences of disparate interests. Stalonas and colleagues (408) contrasted video, live 

lecture, and written material in instructing alcoholics on the problems of alcoholism. 

Although randomization was unclear and the sample size small, this study showed that 

videotape instruction proved more effective in increasing short-term knowledge than did the 

other methods. However, knowledge of alcoholism returned to baseline after one month. 

The follow-up group had a 50% dropout rate signifying that only the most motivated 

patients had returned for follow-up. Kim et al (103) examined the effect of a brief 

education program on glaucoma patients. They randomized 72 patients to either receiving a 

simple education program of a video and brochures or no intervention at all. Perhaps not 

surprisingly the ‘exposed’ group performed significantly better when tested at two weeks 

than did the ‘unexposed’ group. However, the effect of education was lost at retesting six 

months later. These studies suggest that video education is no better and no worse than 

other methods in promoting long-term knowledge retention and that patient education must 

be repeated to maintain a useful effect.

It is hoped that increasing knowledge in patients with UC will encourage them to 

attend surveillance and the effect of educational interventions on attendance at colonoscopy 

appointments could be examined in the future. Whether education will modify the disease 

behaviour of these patients is uncertain. Pace et al (409) found that a group receiving diet 

instruction by video adhered better than a control group to a low cholesterol diet one week 

after the instruction. At two months, however, the drop out rate for the video group 

exceeded 40%. Even among those remaining in the trial, dietary compliance had returned
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to baseline. The attempt of Vogler and colleagues (410) to curb alcoholism had a 40% 

drop out rate with the remaining participants being equally compliant at six and twelve 

month follow-up; independent of the type of initial instruction they received (instruction 

alone, instruction plus counselling, or the latter two plus films of the participants while 

drunk). These studies by Pace (409) and Vogler (410) suggest that long term compliance 

operates independently of initial educational intervention and make it doubtful that patients 

will significantly change behaviour.

The study may be criticized for not having a control group with no intervention. 

However, it is common practice to give all patients with ulcerative colitis leaflets covering 

many aspects of their disease including cancer risk and the need for surveillance. The aim 

was to simulate everyday practice and compare it with a new intervention. Thus, it was not 

appropriate to have a third group receiving no information at all. Indeed it may have been 

regarded unethical had this been done. Likewise the study did not compare the leaflet vs. 

video alone rather than the leaflet vs. video and leaflet. Again because it is usual practice to 

supply patients with leaflets this approach would have been a departure from the norm. It is 

possible that knowledge gain after watching the video would have differed significantly 

from the leaflet group had participants been allowed to take a copy of the video home to be 

viewed in their own surroundings at leisure. It has been shown that the setting in which a 

video is seen affects short-term knowledge retention. (411) In order to ensure that 

conditions were uniform for all participants it was felt necessary to conduct this study in a 

controlled environment, that is in the hospital setting, and thus not allow patients to take a 

copy of the video home.

Information materials are no substitute for good verbal discussions, but 

consultations are usually short and evidence exists that patients do not receive the
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information they want and need. (412) Leaflets and videos can therefore play an important 

part in supplementing and reinforcing information provided by clinicians. However, there 

appears to be no advantage of a video over and above a simple leaflet written at an 

appropriate reading level for its target audience. Whatever method is adopted, patient 

education needs to be repeated to ensure that any initial benefit is maintained. Specialist 

inflammatory bowel disease (IBD) nurses could provide the ideal link between the physician 

and information packages, being able to answer any patient queries and reinforce important 

take home messages. This is a technique that has already been utilized in other specialties 

(106,413) but is in its infancy in IBD. Another element is that videos are passive with 

patients being unable to interrogate them. Advances in multi-media will enable patients to 

do just this either via a CD-ROM (414,415) which they could take home or via a world 

wide web page, the latter having the advantage of being easy to update and link with other 

material.
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Chapter 7.

An analysis of the performance of gastroenterologists 

when screening for colorectal cancer in ulcerative colitis.
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7.1 Summary.

An assessment of the colorectal cancer screening practices of British 

gastroenterologists for patients with ulcerative colitis was conducted. After a pilot study of 

consultants in the Trent region, a postal questionnaire was mailed to all consultant 

gastroenterologists in the United Kingdom identified through the British Society of 

Gastroenterology (n=412). The questionnaire investigated aspects of surveillance in UC 

patients.

After three mailings 341 questionnaires were returned (response rate 83%). 94% of 

consultants state they practice cancer surveillance in UC with 35% maintaining a register of 

patients in such programs. All doctors screen patients with total colitis, 24% with left sided 

colitis and 2% screen in proctitis. The mean duration of disease before surveillance is 

commenced is 9.2 years (range 1-15 years) for pancolitis and 12.4 years (range 7-20 years) 

for left sided colitis (P<0.0001). Only 4% of doctors routinely offer patients with disease of 

more than 10 years duration a prophylactic colectomy and 46% routinely perform a 

colonoscopy on all patients after 10 years of disease to check extent of disease. 

Colonoscopies are conducted by an accredited gastroenterologist in 65% of cases with the 

remainder being carried out by a trainee or a colorectal surgeon. Biopsies are reviewed by 

general pathologists in 55% of hospitals and by specialists in gastrointestinal pathology in 

45% of cases. When histology reveals low grade dysplasia only 4% recommend an 

immediate colectomy but for high grade dysplasia this rises to 53%. Sixteen percent of 

gastroenterologists were unaware of the significance of a Dysplasia Associated Lesion or 

Mass (DALM).
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The majority of gastroenterologists practice surveillance on a disorganized basis. 

There is inconsistency in the management of dysplasia and education of gastroenterologists 

concerning the pitfalls of surveillance is needed.

7.2 Theoretical justification for this work.

Many clinicians practice colonoscopic surveillance in patients with UC in the hope 

of detecting an early cancer at a surgically curable stage. However, much debate surrounds 

the efficacy of such surveillance programs (151,152,163) which were widely introduced 

without benefit of the randomized controlled trials needed to assess both efficacy and cost- 

effectiveness. It would now be unethical to randomize patients into a study of the benefits 

of screening and the only acceptable approach is to critically appraise current practices in 

surveillance.

7.3 Introduction.

The recognized drawbacks of screening programs in UC include poor patient 

compliance, difficulties of detecting and interpreting dysplasia and the magnitude of the 

false negative problem i.e. some cancers will be missed. However, colonoscopies are 

relatively safe procedures with few complications occurring during surveillance programs. 

(164) In addition, there is some evidence that surveillance can detect cancers at an earlier 

stage. (64,126) More recently a case control study by Karlen et al has found that 

surveillance may reduce colorectal cancer mortality, (162) although the results were not 

statistically significant. These recent studies give impetus to efforts to identify the reasons 

for the general failure of screening programs in UC.
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Surveillance is best performed during remission so eliminating the difficulty of 

differentiating reactive change from low-grade dysplasia. (127) Periodic colonoscopy 

should begin at 8 to 10 years of disease for extensive colitis and 15 to 20 years for left-sided 

disease. (125) Current recommendation is to perform regular screening at one to two year 

intervals. (125) Some have advocated an alternative schedule to account for the increase in 

cancer risk with longer duration of disease. (128-130) They suggest a gradual decrease in 

the screening interval from every 3 years for the second decade of disease to yearly by the 

fourth decade of disease. (128-130) During a colonoscopy a full examination should be 

performed with a careful inspection of the entire colonic mucosa. Two to four random 

biopsies at 10 cm intervals from the entire length of the colon are currently recommended. 

(125) Particular attention should be paid to elevated lesions (DALM’s) because there is an 

increased likelihood that such areas may harbor dysplasia or carcinoma. (123,124) If such a 

lesion is present, additional biopsy specimens should be taken from the area. Any ambiguity 

in histological interpretation should be confirmed by a second experienced pathologist. If 

severe dysplasia, or a DALM, is discovered at any time then colectomy is indicated. 

(58,123) Patients need to be aware that surveillance cannot guarantee a reduced cancer 

risk, but rather that it offers a reasonable chance of detecting precancer or symptomless 

cancer. (65)

The aims of this study were to determine the screening practices of British 

gastroenterologists for patients with ulcerative colitis. National data were collected using a 

postal questionnaire. In addition to the overall analysis of data, differences in practice 

between consultants in teaching and district hospitals were investigated. The information
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from respondents at the same institutions was examined for consistency and agreement 

within the workplace.

7.4 Methods.

A questionnaire to assess the screening practices of gastroenterologists for 

colorectal cancer in patients with ulcerative colitis was developed and piloted on thirty 

consultant gastroenterologists in the Trent region. In the light of their comments the 

questionnaire was modified and new questions added (Appendix 8). This included the 

introduction of short case scenarios. Colour photographs of typical appearances found at 

colonoscopy in ulcerative colitis were included with the questionnaire and consultants were 

asked to identify which lesions they would biopsy.

The questionnaire sought information about the administration of colonic 

surveillance including the existence of registers and whether these were computerized. 

Information on who was responsible for updating such lists and for contacting defaulters 

was recorded. The types of patients included in a screening program according to extent of 

disease, age at diagnosis and the time interval at which screening was initiated were noted. 

In addition consultants were asked their views on routine colonoscopy or prophylactic 

colectomy after ten years of disease. The questionnaire also aimed to establish who 

performs most of the screening colonoscopies, how many histological biopsies are routinely 

taken and who interprets these biopsies (general vs. gastrointestinal pathologist).

Five case scenarios followed these questions. Their purpose was to confirm the 

validity of earlier questions and to elicit the management practice of gastroenterologists in 

various situations such as the finding of low grade dysplasia, dysplasia with a DALM and
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high grade dysplasia at colonoscopy. Lastly, six colour photographs of appearances that 

may be seen at a screening colonoscopy were shown (Figure 7.1). Three of these 

photographs were from an endoscopy unit library (taken with patient’s consent) and the 

others were scanned from a reference guide for endoscopists (based on an expert round 

table) with the publisher’s permission. (416) Respondents were asked which appearances 

would lead them to take a further biopsy in addition to routine random biopsies from the 

colon.

The modified questionnaire was mailed to all consultant gastroenterologists in the 

United Kingdom (a list for this purpose having been obtained from the British Society of 

Gastroenterology). Altogether three mailings were posted at intervals of approximately six 

weeks. The overall data were analyzed and the questionnaires reviewed to ascertain 

whether there was a difference in practice of gastroenterologists at teaching and district 

hospitals. In addition, information from respondents at the same institutions were 

compared.

Statistical Analysis.

Comparison of proportions were assessed by the X2 test. Differences in time 

intervals at which screening is commenced were analyzed using a Mann-Whitney test. The 

probability values quoted are two tailed.
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Figure 7.1. Colour photographs used in the questionnaire.

You are colonoscoping a patient whose colitis is endoscopically quiescent. In 
addition to taking random biopsies, would you take a biopsy if you saw the 
following appearances? (please circle as appropriate)

Yes / No Yes / No

Yes / No 209 Yes / No



7.5 Results.

After three mailings 340 questionnaires were returned (response rate 83%). In 42 

cases the questionnaires were not completed because the consultant did not see patients 

with inflammatory bowel disease. This left 298 questionnaires which were analyzed: 90 

from teaching hospital consultants and 208 from district hospitals.

Quality of Data.

There was no significant difference in answers by responders from the first, second 

and third mailings and hence the overall results are reported. As there was no difference 

between replies from each mailing it is reasonable to assume, from market survey techniques 

(394) that non-responders (17%) would have been likely to answer in a similar way and 

therefore these data are representative of gastroenterologists across the UK. Two 

questionnaires were received from thirteen consultants in the Trent region (one from the 

pilot and the second from the current study). These were analyzed for any inconsistencies 

in answers. There was no intra-observer variation as each consultant responded in the same 

way in both questionnaires. Hence the data presented are robust and reproducible.

Overall Surveillance Practice.

Ninety four percent of consultant gastroenterologists (physicians) state they practice 

colorectal cancer surveillance for patients with ulcerative colitis with 35% maintaining a 

register of patients in surveillance programs. Of those who have a register 49% are 

computerized with the rest probably being held on card index format. Only 17% of 

hospitals have a specific doctor / nurse who keeps the surveillance list up to date and 61% 

have a system for contacting people who default from follow-up.
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All doctors who practice surveillance screen patients with total colitis, 24% enter 

people into a program who have left sided disease and 2% screen patients with proctitis. 

The mean duration of disease before surveillance is commenced is 9.2 years (range 1-15 

years) for total colitis and 12.4 years, (range 7-20 years) for left sided colitis (Figure 7.2). 

Mann-Whitney test normalized statistic (adjusted for ties) = 7.8, p<0.0001: median 

difference = 2 (95% Cl = 1-3). Age at diagnosis of colitis seems to have limited bearing on 

a clinician’s decision to screen as 96% of gastroenterologists enter people into a program 

when colitis is diagnosed at the age of fifty and above (all consultants screening patients 

who developed colitis before the age of fifty years).

When asked if they routinely offered patients with disease of more than ten years 

duration a prophylactic colectomy, only 4% of doctors gave a positive response. Many 

more doctors (46%) stated that they routinely perform a colonoscopy on all patients with 

UC after ten years of disease to reassess the extent of their colitis.

Each gastroenterologist completing a questionnaire was asked to indicate (by ticking 

one of four boxes) which single group mainly conducted routine screening in the 

department. Despite these instructions, 2 categories or more were chosen by 29% of 

respondents. Screening is mainly conducted by an accredited gastroenterologist in 65% of 

programs. Four percent are conducted mainly by a trainee and 10% by a trainee and 

consultant together. In 13% of hospitals colonoscopies are performed by a mixture of 

accredited gastroenterologists and consultant surgeons. The remainder are carried out by a 

combination of consultant surgeons, surgical trainees and staff grade doctors (Figure 7.3).
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Figure 7.2. Duration of disease at which surveillance is initiated.
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Figure 7.3 Distribution of doctors conducting surveillance colonoscopies in ulcerative colitis in the UK.
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Respondents were asked how many biopsies they routinely take for histological 

assessment when performing a surveillance colonoscopy. Most (50%) stated they take 

between 6 and 10 biopsies from the whole colon with 31% taking between 11 and 15. The 

pattern amongst the remainder can be seen in figure 7.4. The histological slides are 

interpreted by a general pathologist in 55% of cases and by a pathologist specializing in 

gastrointestinal pathology in 45% of cases.

The results from the pilot study were also compared with the results from the main 

study to see if there were any differences in the answers between consultants in the Trent 

region and the rest of the respondents. Due to differences between the pilot and main 

questionnaire only nine of the questions are directly comparable. The answers from the 

Trent consultants are very similar to those of the other respondents: 92% stated they 

practice surveillance, 33% have a register of surveyed patients, 17% have a dedicated 

person to keep the register up to date and 75% have a system for contacting defaulters. All 

Trent consultants screen patients with pancolitis, 25% screen those with left-sided disease 

and none routinely screen patients who have proctitis. All gastroenterologists in the Trent 

region screen patients independent of their age and none routinely offer patients with 

disease of more than ten years duration a prophylactic colectomy. The number of 

histological biopsies taken at colonoscopy are also very similar to other respondents across 

the country: 42% take 6-10 biopsies, 50% take 11-15 and 8% take between 16 and 20 

biopsies. Finally, half the biopsies are reviewed by a general pathologist with the other 50% 

being reviewed by a pathologist who specializes in gastrointestinal disease.
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Figure 7.4. Number o f histological biopsies taken at colonoscopy.
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Clinical Scenarios.

The first clinical scenario posed the problem of what to do with a 45 year old 

woman who had suffered from UC for fifteen years. She had total colitis, had been 

symptom free for five years and only had a colonoscopy when first diagnosed. This vignette 

provided a check on how many consultants routinely performed a colonoscopy to reassess 

extent of disease after ten years. Sixty eight percent would arrange a colonoscopy with 

17% also reviewing the patient one year later. This result agreed favourably with earlier 

responses on the questionnaire.

To elicit the interval between repeat colonoscopies in surveillance programs, 

scenario two posed the case of a patient who had pancolitis for thirty years with quiescent 

disease and normal histology at colonoscopy. Most (55%) would repeat the examination in 

three years time, 27% repeated the test after one year, 10% after five years and 8% only if 

the patient developed new colonic symptoms.

Three further scenarios determined how gastroenterologists manage patients who 

have abnormal histology at surveillance colonoscopy. The results are summarized in table

7.1. When faced with low grade dysplasia (LGD) after a normal colonoscopy the majority 

of gastroenterologists (71%) repeat the colonoscopy within three to six months and if LGD 

is not found, return to routine surveillance. Only 4% would recommend a colectomy in the 

near future after discussion with the patient. The remainder advise a colectomy if LGD is 

confirmed at a second colonoscopy.
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If LGD is found at colonoscopy along with the endoscopic appearance of a 

dysplasia associated lesion or mass (DALM); the response differs widely. In this situation 

30% of doctors recommend a colectomy, 37% advise a colectomy only if LGD is confirmed 

at a second examination and 33% stated they would return to surveillance if LGD was not 

found at a repeat test. The fact that 16% (49/298) of consultant gastroenterologists 

conceded they were not aware of the meaning of the term DALM or of its implication 

contributes to the concern generated by these responses. With the finding of high grade 

dysplasia (HGD) on biopsy 53% of consultants advise their patients to have a colectomy, 

42% only advise colectomy if HGD is established at a repeat colonoscopy and 5% would 

return to surveillance if HGD was not confirmed at a repeat test.

Targeted Biopsies.

In addition to random biopsies taken from around the colon, participants were asked 

to indicate which appearances at colonoscopy would lead them to take extra biopsies. Six 

colour photographs depicted different pathologies: acute inflammation, a DALM, a 

carcinoma, normal tissue, a scarred colon and a pseudopolyp. All gastroenterologists would 

biopsy the carcinoma, and the vast majority (98%) biopsied the DALM. Ninety two percent 

also took a sample from the pseudopolyp. Most doctors (86%) biopsied the inflamed colon 

and 48% took a sample from the scarred colon. Fifteen percent of consultants also biopsied 

normal tissue and eleven percent of respondents indicated that they would take a biopsy 

from every picture.
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Table 7.1. The management of patients with abnormal histology following a surveillance colonoscopy in the UK

Histology:

Low Grade Dysplasia

Low Grade Dysplasia +DALM*

High Grade Dysplasia

Management:

Colectomy (%) Colectomy if histology confirmed

at second colonoscopy (%)

30

53

25

37

42

Return to surveillance if histology 

not confirmed (%)

71

33

* = Dysplasia Associated Lesion or Mass
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Teaching vs. District Hospital Gastroenterologists.

There was little variation between responses from gastroenterologists in teaching 

and district hospitals. Only three aspects of screening were significantly different between 

the groups. A greater number of trainees (10%) carry out colonoscopies in teaching 

hospitals than in district hospitals (2%). (Yates corrected X2 = 7.83, p<0.0005). 

Correspondingly, more colonoscopies are conducted by accredited gastroenterologists in 

district hospitals: 70% in district compared with 54% in teaching hospitals (Yates corrected 

X2 = 5.9, p<0.02). Pathologists specializing in gastrointestinal disease are more likely to 

review biopsies in teaching hospitals (80%) than district general hospitals (40% ). (Yates 

corrected X2= 57, p<0.00001). The remaining difference lay in the management of patients 

with low grade dysplasia. There is a trend for gastroenterologists in district hospitals to 

return patients to surveillance much more readily than consultants in teaching hospitals who 

are likely to advise a colectomy if repeat histology confirms LGD (X2 for trend = 8.1, p = 

0.04 with 3 degrees of freedom).

Many institutions have more than one gastroenterologist and as such replies from 

consultants within the same hospitals were compared. There were twenty three teaching 

and thirty five district hospitals with more than one respondent. A third of consultants in 

both categories disagreed about the facilities available in their departments. They failed to 

agree on whether a register of people in surveillance programs existed, whether that register 

was computerized, if anyone kept the list up to date and whether a system was in place for 

contacting defaulters.
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7.6 Discussion.

This study is the first to investigate the screening practices of British 

gastroenterologists for colorectal cancer in patients with ulcerative colitis. Ninety-four 

percent of gastroenterologists say they practice surveillance, but it is carried out in an ad- 

hoc and disorganized fashion. Although the increased risk of colorectal cancer in UC is 

universally recognized there is no unanimity between gastroenterologists on the surveillance 

process (61) and thus it is not surprising that a wide variation in the surveillance practices of 

UK gastroenterologists has been found. Indeed with the current emphasis on evidence- 

based practice it is salutary to observe that not a single randomized controlled study has 

been undertaken to test the hypothesis that “colonoscopic surveillance in ulcerative colitis 

works”. (128,151,152) However, this is unlikely to ever be achieved for ethical and cost 

reasons.

Not only is there uncertainty about the facilities available within units but also about 

how screening should be conducted and abnormalities dealt with. Despite only a slightly 

increased risk of colonic cancer in left sided disease, a quarter of gastroenterologists enter 

such patients into a full colonoscopic surveillance program even though regular flexible 

sigmoidoscopy is likely to be adequate once the maximum extent of the disease has been 

defined. (65) Nevertheless, only half the respondents in this study routinely determine 

extent of disease after ten years duration. The majority of doctors who practice surveillance 

rightly commence screening in total colitis three to four years earlier than when the disease 

is left-sided. However, there is again a wide variation in practice with some initiating 

screening immediately after diagnosis and others waiting for fifteen years after the onset of 

UC.
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Since the hazard rate for cancer increases with duration of disease, intervals between 

screening tests should not be uniform. (130) The ideal interval has yet to be established but 

it has been suggested that a colonoscopy every 3 years during the second decade of disease, 

every 2 years in the third and every year thereafter would be reasonable. (417) The present 

study has shown that 10% of doctors wait five years between examinations and 8% wait 

until a patient develops new symptoms. This is far too long as interval cancers can occur 

within two years of an examination. (54,131) It is reasonable to expect that cancer / 

dysplasia detection rates could be improved by screening patients every six to twelve 

months. However, there is currently no evidence to support this and the cost-effectiveness 

of such a protocol has not been assessed.

Colectomy rate is one of the main determinants of cancer risk in a population of 

patients with ulcerative colitis. However, only 4% of British gastroenterologists routinely 

offer patients a prophylactic colectomy after ten years of disease. Although some may 

consider this proposal “ridiculous”, it is worth bearing in mind that countries with an 

aggressive policy towards the disease, such as Denmark, have some of the lowest rates of 

colonic cancer in UC. (42,54) With improved surgical techniques quality of life for patients 

is improved after surgery and is high irrespective of the surgical procedure. (418)

It is not known to what extent dysplastic changes are unequivocally detectable at 

colonoscopy. Failure of a biopsy from one wall to show dysplasia does not guarantee its 

absence from the opposite wall. Therefore, the number of biopsies taken at each 

colonoscopy is a factor in the detection of dysplasia or carcinoma. The majority of 

respondents only took between six and ten samples at colonoscopy. Previous studies have 

suggested that as many as 33 biopsies are required to give 90% confidence in detecting 

dysplasia, if present. (131) Even if multiple biopsies are taken at 10cm intervals, only
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0.05% of the entire area of the colon is sampled. (148) Obviously it is wise to take as many 

biopsies as possible, but the number is limited by feasibility and cost. The interpretation of 

histology in ulcerative colitis is critical to the success of screening programs. It is not 

known whether pathologists who specialize in gastrointestinal disease achieve a greater 

degree of accuracy when assessing colonic biopsies compared with general pathologists. 

This will be evaluated in the next chapter as the implication would be for an increased 

workload in specialist units.

The skills of endoscopists in recognizing pathology at colonoscopy appears 

reasonably good. On the whole appropriate biopsies were taken in this study, although 

11% of endoscopists biopsied all lesions in the assessment and 92% biopsied the 

pseudopolyp. Colour quality of the sample photographs could have influenced choice, or 

respondents may have mis-interpreted the question, but these answers need to be viewed in 

the context of a general surveillance practice of taking only six to ten biopsies in total. 

Although colonoscopists appear to be reasonable at interpreting pathology, the ability of 

endoscopists to detect pathology during a colonoscopy is outside the realms of this study. 

However, dysplasia is notoriously difficult to identify with flat dysplasia most often 

occurring in apparently “healthy’ mucosa. Significant miss rates for adenomas less than 

lcm in diameter have been reported and so smaller, more subtle lesions may be easily 

overlooked. (419)

The management of dysplasia is not straight forward. Ideally the finding should be 

discussed with the patient and a joint decision taken about management. (128) It is widely 

accepted that HGD is an indication for colectomy as the probability of concurrent cancer is 

high. (63,420) It is therefore disturbing that only 53% of doctors in this study advised 

immediate colectomy when a patient had HGD. No one wishes to suggest unnecessary
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surgery but dysplastic areas detected during one colonoscopy may not be found during a 

follow-up examination. If there is doubt about the diagnosis a second pathologist should 

review the histology before a decision is taken. (421)

Equally perturbing is the management of DALM’s. These lesions take on a number 

of appearances and have a high propensity for malignancy. (123) Sixteen percent of 

gastroenterologists were unaware of their significance with many managing the lesion in an 

unacceptable way by pursuing surveillance and not colectomy when it is detected. The 

finding of low grade dysplasia in flat mucosa may also be an indication for colectomy as the 

five year predictive value of LGD for either cancer or HGD is as high as 54%. (131,136) 

Despite this, 71% of respondents advocated continued surveillance with only 4% 

recommending a colectomy. These findings are similar to those of Bernstein (422) who also 

discovered a lack of understanding of dysplasia and its management amongst American 

gastroenterologists. One of the main limitations of this study is that the responses of 

gastroenterologists were not checked by an independent assessment of a sample of their 

practices. Some concerns around this area are raised by the lack of uniformity in responses 

from consultants working in the same hospital.

For primary screening to be effective the W.H.O list five criteria:

1. The disease should be a significant health problem.

2. The natural history is compatible with early detection at a premalignant or early cancer 

stage.

3. Screening tests must be sensitive, safe and specific.

4. High compliance with the screening test.

5. Screening must be cost effective.
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Many authors argue that UC, despite being a premalignant condition, does not meet all of 

the above criteria. (151,152,163,423) However, as a surveillance program of sorts exists, it 

is the duty of the clinician to conduct screening comprehensively and consistently. To 

ensure success there needs to be mandatory external accreditation of screening and quality 

assurance.

It would appear that continued education of gastroenterologists concerning the 

many aspects and pitfalls of surveillance is needed. At present there is no uniformity in the 

screening practices of British gastroenterologists for colonic cancer in patients with UC. If 

screening continues in this disorganized fashion cancers will continue to be missed and the 

process and its practitioners will be discredited. One could argue that screening programs 

fail because of poor patient compliance as non attendees are much more likely to develop 

cancer. (155) This is a legitimate concern and is one of the problems that needs to be 

addressed when deciding how to improve the whole process. Nevertheless, it would be a 

disservice to our patients if we use this excuse to allow surveillance to continue to be 

conducted in a poorly standardized manner.

In the next chapter attention is turned from the physician to the pathologist. The 

findings of an inter-observer variation study when grading dysplasia in UC amongst two 

groups of pathologists (general pathologists and those specializing in gastrointestinal 

pathology) are reported. This addresses the question raised earlier in this chapter as to the 

possible need for specialist histology services.

224



Chapter 8.

Inter-observer variation between general versus 

specialist gastrointestinal pathologists when grading 

dysplasia in ulcerative colitis.
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8.1 Summaiy.

The degree of inter-observer variation between two groups of pathologists (one 

specialising in gastrointestinal pathology and the other being general pathologists) when grading 

dysplasia in ulcerative colitis was investigated.

Fifty one coded slides showing varying degrees of dysplasia were mailed to seven 

histopathologists with expertise in gastrointestinal disease and six general histopathologists. 

Pathologists allocated each biopsy into one of four categories without the benefit of a clinical 

history or an opportunity to use the ‘indefinite’ category that is included in the Riddell 

classification. (127) The observers responses were analysed using Kappa statistics.

The overall Kappa statistic for gastrointestinal pathologists was 0.30 (95% CI=0.26 to 

0.34) and for general pathologists was 0.28 (95% CI=0.23 to 0.32). Agreement was best for 

high grade dysplasia (Kappa of 0.54 and 0.61 for GI pathologists and generalists respectively). 

Of the 51 slides there was total concordance of the 13 pathologists in only four slides (7.8%). 

(95% CI=0.4% to 15.2%).

Gastrointestinal pathologists are no better than generalists when grading dysplasia in UC 

and agreement is poor in both groups. There is therefore no evidence that there would be any 

benefit in having specialist histopathology centres concentrating specifically on the interpretation 

of all surveillance colonoscopy biopsies from around the country. It must be made clear to the 

public that surveillance and screening programs carry a significant rate of histological variability 

and perfection cannot be expected or achieved with present methods.
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8.2 Theoretical justification for this work.

Histological dysplasia is the cornerstone of colorectal cancer surveillance in ulcerative 

colitis. Inter-observer variation in the grading of dysplasia in biopsies from patients with 

ulcerative colitis has been documented, but there has been no work comparing the abilities of 

general pathologists with gastrointestinal pathologists. If rates of inter-observer variation differ 

significantly between the two groups the implication might be that all colonoscopic biopsies 

should be reviewed in a centre of excellence by experts in their field. The logistical and 

economic ramifications of such a policy would be enormous. This study was therefore 

conducted to directly compare the performance of specialists with general pathologists.

8.3 Introduction.

Warren and Sommers (350) recognized as early as 1949 the presence of a dysplastic 

lesion in the colon of patients with chronic UC. The presence of this lesion was confirmed 

by Dawson and Pryse-Davies in 1959. (256) However, it remained for Morson and Pang in 

1967 to recommend that a search for dysplasia in rectal biopsies might help in the early 

detection of colorectal carcinoma. (37) Dysplasia in the context of UC is defined as an 

unequivocal neoplastic change of the enteric epithelium confined within the basement 

membrane in which it arose. (127) The histological features along with a standard 

classification scheme were described in 1983 in a seminal paper by Riddell et al. (127) A 

pathologist’s decision concerning the degree of dysplasia in ulcerative colitis plays a crucial 

role in patient management. For example a histological diagnosis of high grade dysplasia is 

an indication for panproctocolectomy as a patient is very likely to have a synchronous 

carcinoma or is liable to develop one in the near future. (128,424,425)
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Inter-observer studies regarding dysplasia in ulcerative colitis have produced varying 

results. The studies conducted by Riddell et al (127) and Dundas et al (426) suggested that 

agreement between observers is good. However these authors placed dysplasia on a linear scale 

by calculating an average grading of dysplasia and comparing individual observers with that 

average. This averaging tends to minimise any discrepancy between observers and thus 

produces an artificially higher rate of agreement. Work carried out by Dixon et al (176) and 

Melville et al (427) both found that inter-observer agreement was poor. Dixon et al’s study 

(176) was conducted amongst histopathologists with an interest in gastrointestinal pathology and 

it is therefore disturbing that they found a low level of agreement even for high grade dysplasia 

ranging from 100% down to 33%. The rates of agreement were better over the two categories 

of ‘dysplasia’ versus ‘no dysplasia’ ranging from 68% to 84% but there were difficulties 

distinguishing reactive changes from dysplasia. Melville et al (427) noted that the overall 

agreement between pathologists grading specimens was poor with each pair agreeing on 

between 42% and 65% of slides. Again the best agreement was for slides that were said to show 

no dysplasia.

Recently pathologists have received unfavourable media attention concerning other 

cancer screening programs with some being accused of diagnostic or professional incompetence. 

As agreement between pathologists with an interest in gastrointestinal pathology for grading 

dysplasia in UC was low in their study, Dixon et al (176) postulated that it would be likely 

that non-specialists would fare even worse in such an exercise. The aim of this study was 

therefore to compare the ability of histopathologists who specialise in gastrointestinal pathology 

with general pathologists in the grading of dysplasia in patients with ulcerative colitis.
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8.4 Methods.

All local surveillance colonoscopy pathology reports on rectal and colonic biopsy 

specimens from patients known to have developed colorectal cancer as a consequence of 

ulcerative colitis between 1985 and 1999 were reviewed to identify cases in which the presence 

of dysplasia had been mentioned. The slides from these cases were examined by two consultant 

pathologists and fifty one slides were selected as suitable for inclusion in the study. They showed 

a spectrum of disease and each fell into one of four categories: (1) high grade dysplasia, (2) low 

grade dysplasia, (3) reactive hyperplasia / cellular atypia or (4) none of these (inactive colitis). 

Typical microscopic appearances of high and low grade dysplasia can be seen in figures 8.1 and

8.2 .

The slides were then coded and posted to histopathologists who had previously agreed 

to take part in the study after contact by letter. Of these there were nine pathologists with an 

acknowledged specialist expertise in gastrointestinal disease and nine general pathologists. The 

pathologists who agreed to participate were ensured of their anonymity and for this reason their 

names have not been divulged. The response rate was 78% (7/9) among gastrointestinal 

histopathologists and 67% (6/9) among general histopathologists. The thirteen observers were 

given a period of two weeks to read the slides and were unaware of each other’s results. Each 

observer read the slides only once. By deliberately not heightening awareness to diagnostic 

standards it was hoped to assess the every day practice of pathologists. Therefore no diagnostic 

criteria were circulated and no clinical history was provided with the slides.
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Statistical Analysis.

The sample size of 51 slides was chosen so that the study would be able to estimate the 

probability of disagreement between any two pathologists using a 95% Confidence Interval (Cl) 

to within +/-10%, assuming that the underlying probability of disagreement was 15%. (428)

The observers responses were analysed using Kappa statistics. Kappa is an index of 

observer agreement which indicates how much greater it is than would be expected by chance. 

(390) The value of Kappa can range from -1.0 to +1.0. A value of 0 indicates chance 

agreement only, while a value of+1.0 indicates perfect agreement. It is generally accepted that a 

value of +0.75 or above reflects excellent agreement, a value of 0.4 to 0.75 suggests fair to good 

agreement and a value of less than 0.4 means agreement is poor. Pairwise, overall and category 

specific Kappa statistics were calculated. (429)

The number of slides allocated to each category was recorded. The gradings of the 

thirteen observers were also examined, searching for slides on which there was total agreement 

and disagreement, slides where all gastrointestinal pathologists agreed / disagreed and slides 

where all general pathologists agreed / disagreed.
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Figure 8.1. Dysplasia in ulcerative colitis (low power).

r > • * .,
I. 1̂* v l

Histological appearance o f low grade dysplasia in the lower crypts (left) and high grade (severe) 

dysplasia in the colonic mucosa (right). In the high grade, the markedly abnormal nuclei show 

pleomorphism and pseudostratification. H&E stain, x 120.
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Figure 8.2. High power views comparing mild (low grade) dysplasia with severe (high 

grade) dysplasia.

i

In mild dysplasia (left), the cells are hyperchromatic with mucin loss, but nuclear polarity is 

regular. Polarity is completely lost in severe dysplasia (right). H&E stain, x 480.
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8.5 Results.

For each pair of observers an unweighted Kappa statistic was calculated (Table 8.1). 

Pathologists 1-7 were those who have a special interest in gastrointestinal pathology and 

pathologists 8-13 were general pathologists. The Kappa value varied between 0.12 and 0.51 for 

gastrointestinal histopathologists and 0.11 and 0.48 for general histopathologists. This indicates 

that agreement between pairs of observers was generally poor (430) irrespective of whether they 

had any interest in gastrointestinal disease.

The overall Kappa statistic for gastrointestinal pathologists was 0.30 (95% CI=0.26 to 

0.34) and for general pathologists was 0.28 (95% 0=0.23 to 0.32) (Table 8.2). Again this 

shows that overall the agreement between pathologists is not only poor but remarkably similar 

for the two groups. Category-specific Kappa values were calculated for each of the four 

categories (Table 8.2). Both groups of pathologists had greatest agreement for slides showing 

high grade dysplasia with general pathologists tending to agree more often (Kappa = 0.61 vs. 

0.54). In the other categories the gastrointestinal pathologists showed closer agreement than the 

generalists although the Kappa values are low in both groups. Inter-observer variation was wide 

for low grade dysplasia with Kappa values of 0.23 and 0.18 for gastrointestinal and general 

pathologists respectively. Reactive hyperplasia / cellular atypia produced similar Kappa statistics 

of 0.25 and 0.16 and the fourth category of inactive colitis also gave low Kappa values of 0.16 

and 0.14.
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Table 8.1. Unweighted Kappa Statistics (with 95% confidence intervals} for paired comparisons.

Pathl Path 2 Path3 Path 4 Path 5 Path 6 Path 7 Path 8 Path 9 Path 10 Path 11 Path 12 Path 13

Path 1 0.43 0.25 
0.2 to 0.65 0.09 to 0.41

0.12 
0.02 to 0.23

0.15 
0.02 to 0.27

0.59 
0.32 to 0.87

0.48 
0.24 to 0.72

,0.2 
0.05 to 0.34

0.22 
0.05 to 0.38

0.37 
0.17 to 0.57

0.19 
0.05 to 0.33

0.23 
0.07 to 0.39

0.33 
0.14 to 0.53

Path 2 0.12 
0.01 to 0.23

0.16 
0.03 to 0.28

0.24 
0.08 to 0.39

0.40 
0.18 to 0.62

0.36 
0.16 to 0.57

0.24 
0.09 to 0.40

0.15 
0.02 to 0.28

0.28 
0.09 to 0.41

0.19 
0.05 to 0.33

0.27 
0.10 to 0.44

0.26 
0.09 to 0.43

Path 3 - 0.44 
0.23 to 0.65

0.38 
0.19 to 0.58

0.27 
0.10 to 0.44

0.39 
0.18 to 0.59

0.18 
0.05 to 0.32

0.24 
0.08 to 0.40

0.47 
0.25 to 0.69

0.33 
0.15 to 0.52

0.52 
0.29 to 0.75

0.35 
0.16 to 0.54

Path 4 - 0.44 
0.23 to 0.65

0.18 
0.05 to 0.31

0.17 
0.04 to 0.30

0.25 
0.09 to 0.41

0.17 
0.04 to 0.3

0.20 
0.06 to 0.34

0.27 
0.11 to 0.44

0.31 
0.14 to 0.49

0.17 
0.05 to 0.3

Path 5 - 0.27 
0.11 to 0.44

0.26 
0.1 to 0.43

0.29 
0.11 to 0.46

0.14 
0.02 to 0.25

0.29 
0.11 to 0.44

0.2 
0.06 to 0.34

0.48 
0.26 to 0.71

0.12 
0.01 to 0.23

Path 6 - 0.51 
0.25 to 0.76

0.14 
0.02 to 0.26

0.35
0.14to0.57

0.36 
0.16 to 0.57

0.24 
0.08 to 0.39

0.38 
0.18 to 0.59

0.43 
0.21 to 0.66

Path 7 - 0.13 
0.02 to 0.25

0.32 
0.12 to 0.52

0.39 
0.18 to 0.6

0.34 
0.15 to 0.54

0.43 
0.21 to 0.65

0.40 
0.19 to 0.62

Path 8 - 0.13 
0.01 to 0.24

0.21 
0.06 to 0.36

0.13 
0.02 to 0.24

0.33 
0.14to 0.51

0.11 
0.01 to 0.21

Path 9 - 0.32 
0.13 to 0.51

0.28 
0.19 to 0.45

0.25 
0.09 to 0.42

0.26 
0.09 to 0.43

Path 10 - 0.21 
0.06 to 0.36

0.48 
0.26 to 0.71

0.3 
0.12 to 0.48

Path 11 - 0.39 
0.19 to 0.59

0.43 
0.22 to 0.65

Path 12 - 0.29 
0.12 to 0.47

Path 13

Path -  Pathologist. Very few Kappa values over 0.5 are seen indicating poor inter-observer variation.
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Table 8.2. Unweighted Kappa values for the two groups of pathologists.

G.I. General
Pathologists pathologists

ifflzZl te * }

Overall Kappa 0.30 0.28
(95% Cfl (0.26 to 0.34) (0.23 to 0.32)

Kappa for High 0.54 0.61
Grade Dysplasia (0.48 to 0.6) (0.53 to 0.69)
(95% c n

Kappa for Low Grade 0.23 0.18
Dysplasia (95% C n (0.17 to 0.29) (0.10 to 0.26)

Kappa for Reactive 0.25 0.16
Hyperplasia / Cellular (0.19 to 0.31) (0.08 to 0.24)
Atvpia (95% C n

Kappa for “none of 0.16 0.14
these” category (95% (0.10 to 0.22) (0.06 to 0.22)
cn

The kappa values show poor inter-observer agreement especially for low-grade dysplasia 
and reactive changes.
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Concordance between all thirteen pathologists, between the seven gastrointestinal 

pathologists and between the six general pathologists is shown in table 8.3. Of the 51 slides 

there was total concordance in only four (7.8%; 95% CI=0.4% to 15.2%). Gastrointestinal 

pathologists agreed fully on six slides (11.8%; 95% CI=3.0% to 20.6%) and general pathologists 

agreed totally on eight (15.7%; 95% 0=5.7%  to 25.7%). Concordance was greatest for slides 

graded as showing high grade dysplasia.
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Table 8.3. Concordance Between Pathologists in Grading Dysplasia.

All Pathologists All G.I. Pathologists All General pathologists
Agree (n=131 Agree (n=71 Agree (n=6)

High Grade Dysplasia 4 (7.8%) 4 (7.8%) 5 (9.8%)

Low Grade Dysplasia 0 0 2 (3.9%)

Reactive Hyperplasia 0 2 (3.9%) 1 (2%)
/ Cellular Atvpia

“None of These” Category 0 0 0

There was total agreement in only 7.8% of slides.
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8.6 Discussion.

This study has shown that inter-observer agreement in the classification of biopsies in 

ulcerative colitis is poor in both general pathologists and those who are experts in the field of 

gastrointestinal pathology with overall Kappa statistics of 0.28 and 0.30 respectively. There is 

no support for the contention that specialist histopathology centres concentrating specifically on 

the interpretation of all surveillance colonoscopy biopsies from around the country would be of 

any benefit. Other studies have also found that specialists are just as likely to disagree as 

generalists in other fields of pathology. McCluggage et al noted that inter-observer agreement 

was no better between two observers with an interest in gynaecological pathology than other 

pairs of observers when grading cervical intra epithelial neoplasia. (431) Similarly, O’Sullivan et 

al (432) found that although specialist cytopathologists brought a different viewpoint to the 

reporting of cervical smears than histopathologists, they lacked standardization in the reporting 

of smears despite guidelines issued by the British Society for Clinical Cytology. The automation 

of slide reading for colonic dysplasia is in an early phase and at present offers no more an 

effective solution to the problem of inter-observer variation. (433)

The results show that agreement was fair for high grade dysplasia but there was 

haphazard disagreement in all other categories. In other words observers disagreed about low 

grade dysplasia just as much as reactive hyperplasia / cellular atypia. This underlines the 

difficulties involved in distinguishing reactive and dysplastic changes with any consistency. 

When a clinician sees low grade dysplasia on a pathology report from a surveillance 

colonoscopy, current recommendations state he should at least repeat the procedure with 

further biopsies to confirm the diagnosis. However, the endoscopist may have difficulty 

obtaining biopsies from the initial area especially if the dysplastic biopsies came from an area of
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flat dysplasia which could be macroscopically indistinguishable from normal mucosa. (170) In 

addition, the pathologist may not interpret the biopsy as dysplastic even if it came from the same 

region as previously. Some authors suggest that if low or high grade dysplasia has been found 

the clinician should recommend immediate colectomy. (420,434,435) Is it therefore worthwhile 

repeating colonoscopies once dysplasia has been identified? This is a dilemma faced by 

gastroenterologists as dysplasia in flat mucosa detected during one colonoscopy may not be 

found or confirmed during a follow-up colonoscopy. The audit reported in chapter seven 

showed that 96% of gastroenterologists would repeat the colonoscopy in this situation with only 

4% discussing immediate colectomy with their patient. If immediate surgery was carried out 

there may be an excess of colectomy specimens without any semblance of dysplasia. However, 

if low grade dysplasia is found in the presence of a dysplasia associated lesion / mass (DALM) 

there is a much stronger case for immediate surgery as the predictive value for high grade 

dysplasia or cancer is much higher. (123,128)

Inter-observer variation studies are artificial and may not give an accurate representation 

of a clinical situation for several reasons. Technical differences may arise. The archive material 

in this study came from two centres and the choice and quality of the haematoxylin and eosin 

stains may not have suited individual pathologists. Clinical details were not provided with the 

slides. In reality a pathologist will receive some information with the biopsies even though they 

may only be cursory remarks such as “U.C for fifteen years, surveillance colonoscopy”. 

Pathologists often review previous specimens from the same patient and will be more impressed 

by the changes between specimens than by the particular features of a single specimen. In a 

difficult case more time will be given to a biopsy than in an inter-observer variation study. 

Pathologists give a discursive description in their reports rather than committing themselves 

exclusively to a definite diagnosis and often review the biopsies in multidisciplinary meetings
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where an appropriate management plan emerges. Thus inter-observer variation studies are 

contrived and may explain to some extent the wide variations observed between participants.

This study has a number of limitations. As the slides were posted to each participant, 

they were not reviewed by pathologists in a controlled environment. Although most doctors 

appreciate research is important, it inevitably takes second place to every day work 

commitments. Therefore it is unlikely that the slides would have been examined under optimum 

conditions i.e. in a leisurely manner at the beginning of the day. More likely they would have 

been reviewed a few at a time between other commitments or at the end of a busy day. Also it 

cannot be guaranteed that participants did not consult a textbook or the opinion of a colleague 

whilst reviewing the slides. It could be argued that the results would have been improved if 

diagnostic criteria had been circulated as studies in other fields of pathology such as the grading 

of cervical intra-epithelial neoplasia, (431) cutaneous malignant melanomas (436) and chronic 

gastritis (437) demonstrate that an awareness of a grading system improves Kappa statistics. 

However, this is unlikely in this study as one would expect gastrointestinal pathologists to be 

familiar with a grading system and their Kappa statistics were no better than those of general 

pathologists.

The results might have been improved by including an “indefinite” category (as there is 

in the Riddell classification) as some pathologists may have called a number of cases reactive 

because they were forced to select a single diagnosis whereas in reality there is no clear cut 

answer. The results may also be improved by inviting pathologists to examine the slides in one 

location simultaneously under examination type conditions. This would also have the added 

benefit of providing an opportunity for discussion and perhaps developing new guidelines after 

the exercise had been completed.
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There are many other examples in pathology where a significant degree of inter

observer variation has been recorded especially where a grading system is used. (438-445) 

The public and health service administrators have an unreasonable expectation of zero error 

concerning cancer screening programs. They are largely unaware that errors are unavoidable 

even in the hands of experts and the fear of litigation following a false negative diagnosis is 

beginning to threaten various programs. (446) In 1996 the College of American Pathologists 

developed guidelines after a conference on liability and quality issues in cervical cytology. 

(447) They stated that even with the use of automated re-screening devices errors still 

occur and that skilled cytologists have an irreducible false negative rate of at least 5%. 

Other objective tests have been investigated for diagnosing pre-malignancy in ulcerative colitis. 

They include mucin and lectin histochemistry, (186) flow cytometry with DNA aneuploidy, 

(175,448) immunohistochemistry, (449) morphometry (450) and more recently digital image 

analysis. (451) Despite these techniques, the histological identification of dysplasia remains the 

gold standard in cancer surveillance in ulcerative colitis and will do so for the foreseeable future. 

It must therefore be made clear to patients participating in surveillance that such programs cany 

a certain rate of variability which does not mean the pathologist is incompetent and that zero 

error cannot be expected.

Routine double reporting of some specimens has been practised in some areas with a 

resulting increase in workload. The present study indicates that the extra effort involved is not 

effective in avoiding grading errors at the borderline between reactive and low grade dysplasia 

or between low and high grade dysplasia. In practice it is likely that a general histopathologist 

would discuss a borderline biopsy with a colleague before making a diagnosis of dysplasia. 

However, these results suggest that two heads are not better than one for light microscopy and 

reinforce the need for a molecular biology or immunocytochemical technique to identify early
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neoplastic change in tissue samples from a variety of sites. The following chapter reports an 

investigation into CYP1B1 (an isoen2yme of cytochrome P450) and its potential role as a new 

marker of dysplasia in ulcerative colitis.
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Chapter 9.

An investigation to determine the potential of 

cytochrome P450 isoenzyme CYP1B1 as a possible 

marker of dysplasia in the colon of patients with

ulcerative colitis.
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9.1 Summary.

Cytochrome P450 CYP1B1 has been demonstrated at the protein level in 122/127 

human tumour samples (including colon, breast, lung, oesophagus and skin) and in 0/128 

corresponding controls. (199) On the basis of this finding it was suggested that CYP1B1 

would be an ideal marker for the diagnosis of cancer.

In order to test this hypothesis, monoclonal antibodies were raised against CYP1B1 

and these antibodies were used for immunohistochemical staining of paraffin-embedded 

routine biopsies from patients with normal colon, active ulcerative colitis, Crohn’s disease, 

dysplastic ulcerative colitis and frank adenocarcinoma of the colon. Antibodies LDS 100 

and LDS 101 were used and N-acetyltransferase Type I, which is strongly expressed in 

normal colonic mucosa and tumours, was used as the positive control. (452) Slides were 

evaluated blind.

Low intensity staining was detected in dysplastic and malignant colonic mucosa 

from patients with colitis. It was also seen in morphologically abnormal cells in two cases 

of active ulcerative colitis. No staining was detected in normal tissue or in the samples 

from patients with Crohn’s disease.

The results are encouraging in that they indicate the potential usefulness of 

CYP1B1 in the early detection of colorectal cancer in patients with ulcerative colitis. 

However, the staining detected was weak and inconsistent and a significant amount of 

further development is necessary before CYP1B1 can be used as a reliable marker of 

dysplasia or malignancy.
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9.2 Theoretical justification for this work.

The previous chapter and other studies (176,427) have shown that there is a large 

degree of inter-observer variation amongst pathologists when grading dysplasia in 

surveillance colonoscopy biopsies from patients with ulcerative colitis. A marker of 

precancerous tissue would help in the grading of dysplasia and could improve the predictive 

value of surveillance. CYP1B1 is an isoenzyme of cytochrome P450 that is expressed in a 

wide range of human tumours. (199) If CYP1B1 is expressed in dysplastic tissue in 

addition to frankly malignant tumours it will have significant benefits in identifying 

precancerous tissue when screening for colorectal cancer in patients with ulcerative colitis.

9.3 Introduction.

The cytochromes P450 are a large family of haemoproteins which have a major role in 

the oxidative metabolism of a wide range of xenobiotics and some endogenous compounds. 

Members of the cytochrome P450 family of drug metabolising enzymes play an important role 

in cancer because they have the capacity to both activate and to detoxify drugs and carcinogens. 

Most P450s are found in normal tissue, although their expression may be altered in tumours. 

However, cytochrome P450 1B1 (CYP1B1) is unique in that it appears to be expressed only in 

malignant cells. In addition, it seems that many, if not all types of malignant cells express this 

P450 isozyme, suggesting CYP1B1 could be of value as a general tumour marker. 

(199,453,454) Previous studies on CYP1B1 have concentrated on purification, characterisation 

and cloning of this enzyme from human and mouse cells, with little attention paid to its 

expression and regulation at the protein level. (455-457) Recently, CYP1B1 expression has 

been found in advanced breast and colonic tumours. (199,454) These findings suggest it could 

be a marker for malignant cells in these tissues. These studies were limited by use of a
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polyclonal antibody which could have recognised proteins other than CYP1B1 and, in addition, 

only advanced tumours were studied. To date no studies on the colon have looked at early 

cancers or precancers (dysplasia).

Any molecular medical technique for the early diagnosis of carcinoma must, in order to 

be clinically and economically viable, be able to distinguish between inflammation, dysplasia and 

early carcinoma. The aim of this investigation was to extend the published work on CYP1B1 in 

advanced tumours by using highly specific monoclonal antibodies to ensure that it is not 

expressed in normal and inflamed tissue in ulcerative colitis and consequently investigate 

whether it is present in dysplastic tissue.
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9.4 Methods.

The investigation was conducted with Professor D. Burke and Dr L. Stanley at the 

Department of Pharmaceutical Sciences of the De Montfort University in Leicester. 

Studies from Professor Burke’s laboratory in Aberdeen (199) capitalized on the fact that 

polyclonal antisera raised against CYP1A1 also recognize CYP1B1. However cross 

reacting antisera were not appropriate for detailed studies of CYP1B1 and so Professor 

Burke and Dr Stanley undertook the production of monoclonal antibodies (McAbs) against 

CYP1B1:

An antipeptide strategy was adopted for the McAb production. This part of the 

project was undertaken as part of a collaboration with Dr Roger James (Leicester 

University). The published deoxyribonucleic acid (DNA) sequence of CYP1B1 was used 

to synthesize three peptides corresponding to the N- and C- termini of CYP1B1:

1. PB1 CGTSLSPNDPW N-terminus.

2. PB2 AVQNLQAKETC C-terminus.

3. PB3 CAVQNLQAKET C-terminus.

The difference between peptides PB2 and PB3 is that in PB2 the C (cysteine) residue is 

present naturally whereas in PB3 the natural C residue is omitted and one has been added at 

the N-terminal end for conjugation. Their purities were assessed by high performance 

liquid chromatography and mass spectrometry. Each peptide was conjugated to the carrier 

protein, keyhole limpet haemocyanin (KLH), and the resulting conjugates were used to 

immunize mice (two mice per peptide) for McAb production. Preliminary antibody (from 

blood samples) was screened by enzyme-linked immunosorbent assay (ELISA) using
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CYP1B1 in two forms: (a) microsomes from human lymphoblastoid cells constitutively 

expressing recombinant CYP1B1 (Gentest - a commercially available antiserum) and (b) 

inclusion bodies from E.coli expressing the C-terminal portion of human CYP1B1 (kindly 

provided by Dr. W.T. Melvin, University of Aberdeen). Hybridomas were made using the 

spleen from this mouse and secreted monoclonal antibodies were screened. Individual 

clones were selected and their binding characteristics determined. Cell culture supernatants 

were screened in order to expedite the characterization of the McAbs. Two antibodies, 

now named LDS 100 and LDS 101, were obtained.

Validation of the McAbs took place in two stages. Initially, ELISA’s and Western 

immunoblots were used to identify the best McAbs for detection of CYP1B1 in the pure 

state and in microsomes. Secondly, Western immunoblots were carried out using a range 

of different P450 isozymes in order to ensure that McAbs selected are monospecific for 

CYP1B1. Once these experiments were completed the McAbs could be used with 

confidence for immunohistochemistry.

Once the antibody validation had been completed by Professor Burke, Dr Stanley 

and their collaborators, a study was conducted to investigate the expression of CYP1B1 in 

inflamed, quiescent, dysplastic and carcinomatous tissue in patients with inflammatory 

bowel disease (IBD). Archival colon samples from seventeen patients with IBD (some of 

the same samples from patients identified in chapter 8) were provided by Dr Hugh MacKay 

at the Department of Pathology, Leicester General Hospital. Three patients had 

adenocarcinomas, three dysplasia, four active ulcerative colitis, three Crohn’s disease, two 

quiescent Crohn’s colitis and two came from normal colons. The samples were 

randomized, fixed in neutral buffered formalin, embedded in paraffin wax, sectioned and 

placed on aminopropyl triethoxysilane (APES)- treated microscope slides.
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The immunohistochemical staining of tissue was carried out according to the 

following unpublished protocol which had been developed by Dr Stanley. Each experiment 

was run with a positive control (NAT 177 - N-acetyltransferase). This is a polyclonal 

rabbit antiserum raised against human N-acetlytransferase and is present in all epithelial cell 

types. (452) Two negative controls were used (one without any second antibody to ensure 

that the peroxidase block had been successful and the other with LDS 56 (an irrelevant 

McAb) to ensure there was no non-specific binding of the primary antibody).

1. The sections were dewaxed in xylene for 4x15 minutes at room temperature.

2. Slides were then rehydrated in 2x100% isopropyl alcohol, 1x70% isopropyl alcohol, lx 

water and 2x 0.05M Tris-HCl (pH 7.6) containing 0.15M sodium chloride (TBS). (5 

minutes each).

3. Endogenous peroxidase was inhibited with freshly prepared 1% hydrogen peroxide in 

TBS for 30 minutes

4. Non-specific binding was inhibited with 1% normal horse serum in TBS for 30 minutes. 

The primary CYP1B1 monoclonal antibody was diluted with TBS containing 1% normal 

horse serum and 50-200 microlitres layered on to each slide. Titration experiments were 

conducted to determine which concentration of antibodies gave the clearest staining 

without significant background staining. The concentrations tested were 1:5, 1:50, 

1:100, 1:200, 1:500, 1:1000 and 1:2000. A dilution factor of 1:100 was subsequently 

used in the study. The slides were then incubated overnight at 4°C.

5. On day 2 of the experiment the sections were firstly washed with TBS for three 

successive ten minute periods to remove unbound antibody.

6. The second antibody was then diluted with normal horse serum and TBS and applied to 

each slide and incubated for 30 minutes.
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7. After three further washes in TBS (10 minutes each), ABC (Avidin-Biotin Complex) 

staining reagent was added to each slide and incubated for 30 minutes.

8. After a 10 minute TBS wash the sections were colourimetrically stained with filtered 

diaminobenzidine / hydrogen peroxide using Sigma Fast tablets and then lightly 

counterstained with haematoxylin for approximately 1 minute. The sections were then 

washed with tap water until the nuclei turned blue.

9. Finally the sections were dehydrated (with five minutes each of lx water, lx 70% 

isopropyl alcohol and 2x 100% isopropyl alcohol), air dried and mounted in glycerine 

jelly (DPX).

The sections were examined by light microscopy by Dr Stanley and colleagues to establish

the presence or absence of immunostaining and its distribution.
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9.5 Results.

Immunohistochemistry for the P450 isoenzyme CYP1B1 showed that small areas of 

immunoreactivity could be detected in dysplastic and frankly neoplastic tissue. There was 

no detectable immunoreactivity for CYP1B1 in any of the normal colorectal tissue (Figure 

9.1). In addition, no staining was seen in quiescent or active Crohn’s disease. However, 

there was a small amount of staining in inflamed colonic tissue from two patients with 

ulcerative colitis. CYP IB 1 immunoreactivity was not detected in one of the tumour slides 

(Table 9.1).

Although staining for CYP IB 1 was definitely present in some of the tissues, its 

intensity was low. This is demonstrated in figure 9.2. In addition the pattern of staining 

was dissimilar in different sections with the distribution of CYP IB 1 expression varying. 

Sometimes CYP IB 1 was detected in the nucleus of cells whereas in other slides staining 

was seen within the cytoplasm.

251



Figure 9.1. Normal colorectal tissue after staining for CYP1B1.

mam*

There is no detectable immunoreactivity for CYP IB 1 in normal colorectal tissue.

252



Table 9.1. Results indicating the expression of CYP1B1.

DIAGNOSIS LDS 100 / 101 LDS 56 NAT 177

(CYP1B1) (negative control! (positive control!

Normal 0/2 0/3 N.D

Crohn’s colitis 0/3 N.D 2/2

(quiescent)

Crohn’s colitis 0/2 0/1 1/1

(active)

Ulcerative colitis 2/4 0/1 2/2

Dysplasia 2/2 N.D 2/2

Neoplasia 5/6 1/2 2/2

N.D = Not done

The results indicate that small areas of staining for CYP IB 1 could be detected in 

dysplastic and neoplastic colonic tissue in ulcerative colitis.
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Figure 9.2. High power view showing staining for CYP1B1 in mildly dysplastic tissue.

This is a typical section demonstrating the low intensity o f staining. In this slide the 

weak staining is mainly seen in the cytoplasm.
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9.6 Discussion.

CYP IB 1 has been detected by immunostaining in dysplastic tissue from patients 

with chronic ulcerative colitis. However, the staining was very faint in most of the 

specimens and was not a consistent finding. Some staining was also seen in a small number 

of biopsies from inflamed tissue. Not all the tumours tested were positive for CYP IB 1. 

For these reasons CYP IB 1 cannot be used as a marker of malignancy in ulcerative colitis at 

its present stage of development.

There may be a number of reasons why the experiments have failed to produce 

dependable results. Firstly, it may have been unwise to use archival material for 

immunohistochemical staining. Bertheau et al (458) demonstrated that the 

immunohistochemical detection of some antigens located either in the nucleus, in the 

cytoplasm, or on the cytoplasmic basement membrane can be impaired by storage of 

paraffin slides for periods as short as three months. Therefore one should be cautious when 

interpreting retrospective immunohistochemical studies on stored unstained slides. Some of 

the paraffin slides used in this study were up to four years old and this could have affected 

the results. An obvious solution to this problem would be to repeat the study using fresh 

tissue and stain the slides the same day (or certainly within one week).

The intensity of the staining may have been weak as monoclonal antibodies (McAbs) 

were used in the study as opposed to polyclonal antibodies (PcAbs). The reason for using 

McAbs was they react with only a single epitope on a molecule whereas PcAbs frequently 

recognise a number of antigenic sites on a target molecule. (459) In consequence it might 

be predicted that PcAbs will always allow a greater accumulation of immunoglobulin 

molecules on an individual target molecule in the tissue sample, and will hence inevitably 

lead to a greater intensity of immunocytochemicai labelling than can be achieved using
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McAbs. However, although staining with McAbs may be faint they are much cleaner 

reactions than the staining seen with PcAbs. Polyclonal antisera contain a mixture of 

antibodies specific for the immunising antigen together with an excess of non-specific 

antibodies directed against unrelated antigens. This, along with cross linking between 

PcAbs amplifying the degree of staining, constitutes a major potential cause of unwanted 

staining. Monoclonal antibodies in contrast are largely free from this problem of 

background staining due to non-specific immunoglobulin. Despite the weak staining often 

elicited with McAbs it was decided that a McAb should be used in the study conducted as 

they are inherently more discriminative reagents.

The results from this investigation are encouraging in that staining was present in 

some slides. However, a significant amount of further development is necessary and work 

should be undertaken to optimize the staining by means of antigen retrieval. This could be 

carried out in a number of ways. Firstly, more concentrated stocks of antibody could be 

generated and optimised using Integra flasks. These special cell culture flasks have recently 

become available and allow the production of much more concentrated supernatants (in the 

order of 100-1000 times more concentrated than previously). Secondly, the histological 

slides could be pre-incubated with a protease (e.g. trypsin) to break the formaldehyde bonds 

thus releasing more antigen. Thirdly, it may be beneficial to use the technique of microwave 

ablation to retrieve more antigen. Finally it may be possible to achieve sharper tissue 

staining if the slides were incubated with fresh, dry isopropanol prior to mounting in DPX 

or the final colour reaction could be intensified using metal ions such as nickel and copper.

Some of the staining for CYP IB 1 was seen in the nucleus and in other areas in the 

cytoplasm. It is therefore possible that CYP IB 1 migrates from one part of the cell to 

another according to different stages of the cell cycle. Further experiments with Western
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blotting conducted by Dr Stanley have also detected CYP IB 1 in both the nucleus and 

microsomes. Only one 52 kiloDalton (kD) band of CYP IB 1 was seen in the microsome 

lanes whereas three bands of 30kD, 52kD and 60kD were seen in the nucleus lane (Figure 

9.3). It is thus possible that CYP IB 1 is processed in different portions of the cell or it may 

have a role transporting steroids between different cell compartments. Work is currently 

being undertaken by staff at De Montfort University to validate this observation.

From the work conducted, although small areas of staining for CYP IB 1 were 

detected in dysplastic tissue, at present this cannot be related directly to the subsequent 

development of a tumour. However, if the technique can be perfected, and CYP IB 1 is 

shown to be expressed consistently in dysplastic and malignant tissue, this 

immunohistochemical test would be much more objective than the existing morphological 

criteria used to detect early neoplastic changes. Ideally a prospective study where the 

expression of CYP IB 1 is determined in repeated biopsies from a large number of patients 

undergoing surveillance colonoscopies should be conducted. In this way CYP IB 1 could be 

related to the disease state as well as to the subsequent development of tumours. Further 

work (at De Montfort University) is planned to address the question of whether CYP IB 1 

can be detected in samples obtained by non-invasive methods (blood samples, or better still 

urine). If detection of CYP IB 1 in body fluids is possible, then the opportunity exists to 

develop a blood or urine test for screening purposes. This would potentially have much 

wider applicability than a purely immunohistochemical screening approach.
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Figure 9.3 Immunodetection of CYP1B1 in subcellular fractions.

1
1. Nuclear fraction.

2. Microsomal fraction.

3. Microsomal fraction.

4. Markers

Antibody LDS 101

97.8 kD

58.0 kD

39.8 kD

29.0 kD

Western blot demonstrating the presence of CYP IB 1 in both the nucleus and 
cytoplasm.



Chapter 10.

Conclusions, discussion and recommendations.
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The hypothesis that underlies this thesis is that screening for colorectal cancer in 

ulcerative colitis is ineffective. The reasons are unclear but may include uncertainty as to the 

exact magnitude of risk, poor targeting through an incomplete understanding of risk factors 

leading to cancer, inadequate patient knowledge concerning the risk, poorly organised 

surveillance programs and limited skills amongst endoscopists and histopathologists, with 

difficulties identifying areas of dysplasia and disagreement about its grading.

The discussion which follows summarises the main conclusions of this thesis and relates 

them to the original hypothesis. The discussion will not repeat what has already been stated in 

previous chapters but will emphasise the major conclusions. The limitations of the studies will be 

considered and areas for future research identified. Although some authors feel the colorectal 

cancer risk in young patients with colonic Crohn’s disease is similar, (460-462) only patients with 

UC have been studied and so the conclusions of this thesis should be limited to this group.

Magnitude of the risk.

The meta-analysis reported in chapter 2 used new statistical techniques and estimated the 

colorectal cancer risk for any patient with ulcerative colitis to be 2% at ten years, 8% at 

twenty years and 18% after thirty years of disease This is a little lower than was previously 

thought but does not differ from the general consensus that there is an exponential rise with 

increasing duration of disease. (61,63,64)

Although this meta-analysis has some limitations it is the first and largest attempt to 

define the risk of cancer in ulcerative colitis across the board. The power of any meta-analysis is 

highly dependent on the quality of data collected and reported in the selected studies. For 

example, in many publications the indications for proctocolectomy were far from clear. Ideally 

all cases where an operation was performed for a diagnosis of colorectal cancer should have
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been excluded and only procedures for uncontrolled disease or for cancer prophylaxis included. 

However, if all studies where this was not apparent had been excluded, too few reports would 

have been left in each category to allow any meaningful analysis. This is particularly so when 

one bears in mind that this is only one of several criteria under consideration.

It could be argued that the analysis was incomplete as only publications in the English 

language were included. The reason for excluding foreign language studies was the difficulty of 

extracting information accurately from such studies. If papers in foreign languages had been 

translated, one would have been dependent on the accuracy of those translations and their not 

having missed out or misinterpreted data. Furthermore, a Medline search for non-English 

language articles from the period 1966 to 1999 using colorectal cancer, dysplasia, surveillance 

and ulcerative colitis as keywords resulted in only 3 foreign language studies. One of these was 

in Japanese (463) and two were in Portuguese. (464,465) If this search over the last 33 years is 

representative of the whole time span since colorectal cancer in UC was first reported in 1925, 

very few studies will have been missed in the meta-analysis and therefore the results are likely to 

be representative. They are certainly representative of the English speaking world.

Other limitations in the analysis come from the problem of comparing referral centres 

with population-based studies. There was a clear tendency for more recent studies to be 

population-based and this could be the underlying reason why the analysis demonstrated a 

decrease in colorectal cancer incidence in more recent times. In addition, many of the 

population-based studies and studies from hospitals serving a defined catchment area came from 

Scandinavia and this may be part of the reason why the incidence appears lower in 

Scandinavia than in Britain or the USA. If the meta-analysis were to be repeated it may be 

improved by dividing these groups of studies and performing separate analyses to determine 

whether this is the case. However, the problem of having a small number of studies in each
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category of the meta-analysis would arise again and this is why such an approach was not chosen 

originally.

Evaluation of risk factors.

A possible reduction in colorectal cancer risk through the use of aminosalicylates 

has been previously reported (74,329,361) and is supported by the findings in chapter three 

of this thesis. Having recorded the drug history for 5-10 years preceding the development 

of cancer in 204 patients the data showed that regular consumption o f 5-ASA compounds, 

in particular mesalazine, reduces colorectal cancer risk by 81 %. The possible reasons for 

a decrease in cancer risk through the use of 5-ASA medication have previously been 

described (75,76,364,365,369-372) and now that the evidence for regular consumption of 

such compounds as a means of preventing cancer is more compelling, studies concentrating 

on how to increase compliance with medication merit further investigation.

Visiting a hospital doctor frequently and having at least 1-2 colonoscopies over 

the course o f the disease were also protective although these factors are likely to be 

markers for compliance. People attending outpatients and having colonoscopies are also 

more likely to take their medication regularly. Patients who developed colorectal cancer 

were five times more likely to have a family history o f sporadic colorectal cancer than 

controls. Although this finding lost its significance during the model development (possibly 

due to a small numbers effect) it seems likely that it could still be an important risk factor 

which should be taken into consideration in any attempts to better target screening. Indeed 

similar results were published from work conducted at the Mayo Clinic which showed that a 

family history of colorectal cancer in first degree relatives was twice as common in UC 

patients with colorectal cancer. (94)
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The matching criteria used in the study could be improved if the study were to be 

repeated. The actual age of the cases and controls was used as matching criteria rather than 

age of onset of colitis. The latter would have been more valid especially if one factors 

together disease duration within a five year window. For example, it was possible to have a 

case who was 25 years old at onset of colitis, and after 15 years of disease developed cancer 

at age 40. The matched control however, could be 15 years old at colitis onset and only 

followed for 10 years, so that he or she would only be age 25 at the study endpoint and 

might not even be old enough to have “shown” a cancer.

No published evidence exists that a surveillance program has any effect on cancer 

risk in ulcerative colitis. Any future study should record the number of colonoscopies 

which were carried out specifically for surveillance purposes rather than other reasons such 

as disease exacerbation. In this way a direct estimate of the value of regular surveillance in 

terms of reducing colorectal cancer mortality could be made. In addition, the use of 

immunosuppressive agents should have been noted as these may have contributed to the 

beneficial effects demonstrated for aminosalicylates.

Patient knowledge of cancer risk.

Chapter four of this thesis reported the development and validation of a tool to 

measure inflammatory bowel disease knowledge (the CCKNOW score). It is only the 

second index to be developed in this area and was tested on a significantly larger number of 

patients than the previous questionnaire. (108) It showed that patients who are members 

of the National Association o f Crohn's and Colitis are significantly more knowledgeable 

than non-members. The subsequent use of the CCKNOW score in chapter five on some of 

the patients identified in the case-control study failed to demonstrate any evidence o f an

263



association between patient knowledge and risk o f developing colorectal cancer. 

Nevertheless poor patient knowledge may still be an important cause for non-attendance at 

colonoscopies and therefore a possible risk factor for cancer. The design of the study in 

chapter five has an underlying weakness which precludes it having any power to show a 

significant association between cancer risk and knowledge. It was retrospective with a 

small number of participants. Cases who received a CCKNOW score questionnaire may 

have scored more highly because they had developed cancer. It is likely such patients 

became more knowledgeable about their disease because of extensive investigations and 

treatment, which is likely to have included counselling. Thus the results of chapter five need 

to be interpreted with caution. Indeed, there were four times as many members of NACC in 

the control group compared to the cancer group and in view of the finding in chapter four 

that NACC members are more knowledgeable, one is surprised by the comparable levels of 

knowledge in the two groups. This suggests that counselling and disease management are 

likely to have increased knowledge levels in the cancer group. In a future study data should 

be collected prospectively so that knowledge levels can be assessed prior to any 

development of colorectal cancer. The CCKNOW could be completed yearly when patients 

attend outpatients or at a surveillance colonoscopy. This is obviously beyond the time span 

of a two year M.D. project but would allow a determination of whether poor knowledge is, 

indeed, a prognostic indicator of cancer development. An alternative way of examining the 

data would have been to stratify the CCKNOW score according to colon cancer stage at 

diagnosis to determine whether those who were diagnosed at a later stage had poorer 

knowledge.

Patient education programs are costly and the study in chapter six comparing use of 

a video plus information leaflet versus information leaflet alone showed that knowledge
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levels fa ll after only one month following any educational intervention Thus any form 

of patient education has to be repeated on a regular basis. The study also demonstrated that 

videos are no more effective at educating patients about cancer risk than a simple 

information leaflet These results support the findings of other studies on patient 

education. (103,407,408) In general, patient education does not modify disease behaviour. 

(409,410) Although it would be reassuring to think informing patients of cancer risk would 

encourage them to attend surveillance colonoscopies this assumption would only be justified 

if appropriate studies were conducted. This could be easily investigated but would take 

several years before valid results could be obtained.

Surveillance programs.

Despite clinicians’ awareness of cancer risk, there is no consistent approach to 

surveillance and no national cancer surveillance program for patients with ulcerative colitis. 

Results of the audit presented in chapter seven show that where cancer surveillance is 

practiced, it is inconsistent and disorganized In addition, there were also discrepancies 

regarding the management o f dysplasia found at colonoscopy. Surveillance was 

originally introduced without having been proved of value in a randomized controlled trial. 

This, along with the belief that surveillance is not cost-effective, (152,163) has presumably 

contributed to the lack of a standardized program. It is now too late to randomize patients 

to either a surveillance or no intervention group to assess any advantages or disadvantages. 

Indeed power calculations have suggested that it would be necessary to randomize over

4,000 patients to obtain a useful answer. (160) However, if surveillance is to be practiced, 

clinicians may benefit from guidelines issued by an authoritative body such as the British
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Society of Gastroenterology with the aim of educating doctors and introducing some 

uniformity.

The histopathological grading of dysplasia in ulcerative colitis is fraught with 

inaccuracies. Some authors have reported significant inter-observer variation (176,427) 

although no published work has investigated the abilities of general versus specialist 

pathologists. The results from chapter eight demonstrate that experts in gastrointestinal 

pathology are ju st as likely to disagree as general pathologists when grading dysplasia 

with a significant degree o f inter-observer variation. Therefore, it would appear there is 

no advantage to the examination of surveillance colonoscopy biopsies by specialist 

histopathologists.

In view of the degree of inter-observer variation most hopes of improving 

identification and grading of dysplasia are pinned on discovery of a new marker of 

dysplasia. One such marker, CYP IB 1, was investigated in chapter nine. Unfortunately, 

although CYP1B1 showed some degree o f staining in dysplastic tissues, it was very faint 

and not a consistent finding. Unless the marker can be optimized it will not have a role in 

identifying dysplasia. Thus alternative immunocytochemical or molecular biology 

techniques need to be investigated. A genetic predisposition to ulcerative colitis is well 

established, (17) although the genes responsible are yet to be comprehensively identified. 

Another avenue to explore therefore is the contribution of cancer susceptibility genes to the 

development of colorectal carcinoma complicating ulcerative colitis. This could be carried 

out on the patients identified in the case-control study (chapter three) by analyzing germ- 

line DNA (extracted from venous blood). Any consistent abnormalities in the genes 

encoding p53, mismatch repair genes and APC could be sought. Any abnormalities could 

then be further investigated by analysis of the tumours themselves, using histochemical and
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molecular techniques to look for specific alterations of protein expression, or loss of 

heterozygosity studies for specific tumour suppressor genes.

Conclusions.

The results contained in this thesis highlight the problems faced by clinicians when 

considering surveillance for colorectal cancer in patients with ulcerative colitis. Clinicians 

should be aware that 1 in 5 patients will develop cancer within thirty years of disease 

irrespective of disease extent. This risk may be modified through regular consumption of 

aminosalicylates, in particular mesalazine. The results from the case-control study should 

compel doctors to encourage patients to attend surveillance colonoscopies and hospital 

outpatient clinics. The findings suggest that surveillance should be especially targeted at 

patients with ulcerative colitis who have a family history of sporadic colorectal cancer and 

those who are unable to take 5-ASA compounds.

Although poor patient understanding of cancer risk appears not to be a risk factor 

for colorectal cancer, clinicians need to inform patients about the rationale behind disease 

management. This will need to be repeated at regular intervals and a good but transient 

effect can be achieved with simple leaflets.

Thus the issue of colorectal cancer in ulcerative colitis remains a dilemma for most 

doctors as surveillance is of unproven value. However, the regular consumption of 

aminosalicylates can lead to a reduction in cancer risk and it may be better to allocate 

resources to im p r o v in g  compliance with such medication. A randomized control trial of 

surveillance versus ensured regular therapy with aminosalicylates may be considered in the 

future. It should not be unethical as would be the case if one patient group were
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randomized to a no intervention arm. However, the patients in the surveillance group 

would be excluded from mesalazine use and the practicalities of such a trial make it a 

somewhat unrealistic study. In the meanwhile, if clinicians are to continue surveillance in 

the ulcerative colitis population, there is urgent need for standardization with national 

guidelines which define the frequency of endoscopy and training standards for endoscopists 

and histopathologists. This urgent priority will not be a fail-safe mechanism but is a 

responsibility which we owe to patients with ulcerative colitis who are at risk of colorectal 

cancer.

Recommendations.

Based on the review of the literature and the findings of this thesis the following 

approach to surveillance in the ulcerative colitis population is suggested:-

1. All patients should have a screening colonoscopy after 8-10 years to check disease 

extent.

2. The meta-analysis confirmed that cancer risk is minimal in the first decade of 

disease and therefore regular surveillance should begin 8-10 years after disease 

onset (not date of diagnosis) for pancolitis and after 15-20 years for left-sided 

disease.

3. As the risk of cancer increases exponentially with time, there should be a decrease 

in the screening interval with increasing disease duration. For patients with 

pancolitis, in the second decade of disease a colonoscopy should be conducted 

every three years, every two years in the third decade and yearly by the fourth 

decade of disease.
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4. It may be argued that colonoscopy is not necessary in a patient with left-sided 

disease. However, chapter three demonstrated that 33% of cancers were diagnosed 

in patients who had left-sided colitis at disease onset. In addition, disease can 

extend and if such patients only have a flexible sigmoidoscopy any extension of 

disease may be missed. Therefore, although there is no evidence as yet, it is 

recommended that such patients should have a colonoscopy every five years with a 

flexible sigmoidoscopy in the interim years (following the same time schedule 

suggested for pancolitics).

5. Patients who do not wish to have a full colonoscopic examination should be 

encouraged to have a flexible sigmoidoscopy instead as chapter three showed that 

over half of the cancers complicating ulcerative colitis are found in the recto

sigmoid region.

6. Patients with primary sclerosing cholangitis (including those with an orthotopic liver 

transplant) represent a sub-group of patients at higher risk of cancer (82-89,91-93) 

and they should have annual colonoscopy. Likewise, chapter three suggests 

patients who have a positive family history of sporadic colorectal cancer are also at 

an increased risk and the timing of colonoscopy should be at least biannual.

7. Surveillance should be performed during remission in order to eliminate the 

difficulty of differentiating reactive change from dysplasia on histological biopsies.

8. During colonoscopy a full examination should be performed with careful inspection 

of the entire mucosa. Thereafter, two to four random biopsies should be taken at 

10 cm intervals throughout the entire colon with additional biopsies of suspicious 

areas. Additional sampling of the recto-sigmoid area with the goal of improving the 

diagnostic yield from random biopsies is advocated. (129,137)
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9. Whenever a DALM or high grade dysplasia is identified this is a strong indication 

for colectomy. (58,123)

10.When low grade dysplasia is found, the findings should be discussed with the 

patient and a joint decision taken about whether to return to surveillance or to opt 

for colectomy. The patient must be made aware that firstly, even if he has surgery a 

cancer will not necessarily be found, and secondly that a repeat colonoscopy will 

not necessarily confirm the presence of abnormal histology even if it is present. Any 

ambiguity in histological biopsy interpretation should be confirmed by a second 

experienced pathologist although chapter eight demonstrated that this may have 

limited value.

Cost of surveillance.

The guidelines suggested will require adequate allocation of resources. As 

such, an estimate has been made of the cost of such a program. In a community of

300,000 one would expect the incidence of UC to be approximately 30 cases per year. 

With a prevalence of twelve times that figure, there would be approximately 360 

patients with the disease. A previous study conducted in Leicestershire (368) 

estimated that 40% of patients with UC will have total / subtotal colitis and 20% will 

have left-sided disease. This correlates with 144 patients having pancolitis and 72 

having left-sided disease in a population of 300,000. In Probert et al’s study (368) 

61% of the population had disease for more than eight years and 14% had disease for 

more than 15 years. This would mean that there would be approximately 88 patients 

with pancolitis of greater than eight years duration and 10 patients with left-sided 

disease of more than 15 years duration i.e. the period when regular surveillance in
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these two groups should begin. The cost of a colonoscopy is estimated as £880 in the 

private sector (including histological examination of biopsies). For the purpose of 

these calculations the upper limit of the cost of a colonoscopy was taken (hence using 

the cost in the private sector). Therefore the calculations are generous and in the NHS 

the cost of surveillance may well be less than this. If an average of one colonoscopy 

every two years is assumed for each group, a gastroenterologist would perform 44 

colonoscopies for pancolitis and 5 for left-sided disease. The cost of surveillance 

would therefore be (44x£880) +(5x£880) = £43,120 per year in a community of 

300,000.

The simplest way to monitor the implementation of the suggested guidelines 

would be to record the attendance of patients at colonoscopy. This is most easily 

performed with a computerized system that automatically sends defaulters a further 

appointment. It is known that it is those patients who default from surveillance who 

are more likely to develop colorectal cancer and for it to be identified at a later stage. 

(155) Thus follow-up of such patients is critical to the success of any surveillance 

program. The attendance of patients at colonoscopy would need to be audited in 

approximately five years time. This would allow time for implementation of 

surveillance programs across the country and would give some indication of whether 

patients are complying with the surveillance regimen.

Ulcerative colitis patients should be encouraged to attend hospital outpatient 

departments at least once per year even if they are asymptomatic. This opportunity 

should be taken to educate and remind patients of their cancer risk, reinforce the
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importance of surveillance and ensure they are continuing to take maintenance 

aminosalicylate therapy.

Patients must be aware that surveillance cannot guarantee a reduced cancer risk 

but rather offers a reasonable chance of detecting precancer or symptomless cancer. 

This should be made clear to patients along with an estimate of their individual risk so 

that those who are unenthusiastic about surveillance can make an informed decision.
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Appendix 1.

Calculation of Person-Years 

Binary Outcome

If the probability of developing CRC at some point is denoted by p, i.e. r cancers 

observed in n patients, then the outcome used for each study is the log odds of 

developing CRC, i.e. log[p/(l-/?)], which it is assumed is normally distributed with 

approximate variance Mr + \/{n-r). (466) Either a fixed or random effects meta-analysis 

model, as determined by a %2 test for heterogeneity, is then used to produce an overall 

pooled estimate of the log odds and its associated standard error. (211) For 

interpretation, the pooled log odds are transformed back onto a probability scale, with 

the following approximation for the variance being used, whereby is the log odds,

Var[>] = [exp(y)/(l+exp(y)) - exp(y)2/(l+exp(y))2]2 Var[y]

Incidence

For studies which report the number of cancer observed out of a total person-years from 

diagnosis, then the meta-analysis is performed on the log incidence scale, i.e. if d  cancer 

are observed in k person-years, the log incidence is log(d/£), and its approximate 

variance is Md. (466) Either a fixed or random effects meta-analysis model, as

determined by a %2 test for heterogeneity, is then used to produce an overall pooled 

estimate of the log incidence and its associated standard error. (211) For interpretation 

purposes, the pooled log incidence is transformed onto a cumulative probability scale. 

Assuming h is the pooled log incidence, then the cumulative probability, P, of
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developing CRC at t years after diagnosis is exp(-exp(/i) t), and the approximate variance 

of P is given by

Var[P] = [exp(/z) t exp(-exp(/z) f)]2 Var[h]

Stratified Incidence

For studies which reported the number of cancers and person-years from diagnosis 

stratified by length of follow-up, a further analysis could be performed in which the 

incidence was assumed to be constant within each time interval, rather than over the 

whole time period as above. Because of heterogeneity of the reporting of stratified 

results only three time intervals were used, 0-10, 11-20 and 21-30 years from diagnosis. 

For each interval a separate meta-analysis was performed using the methods outlined 

above, producing three estimates, hi, h2 and h3, for the log incidence in each interval and 

their associated standard errors. The cumulative probability of developing CRC at time 

t2 years say into the second interval, i.e. 10 + t2 years since diagnosis, P(10+/2), is then 

given by

P(10+t2) = exp(-exp(hi) 10) exp(-exp(/?2) t2)

All analyses were performed using Stata and macros for conducting meta-analyses. (208- 

210) Mixed effect models were used in order to explore whether the between-study 

heterogeneity that existed could be explained by the study characteristics collected. 

(212,467)
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Appendix 2. Data extracted from papers in the meta-analysis.

(N / S = Not Stated, N / A = Not Applicable, Freq = Frequency)



Appendix 2. (N/S = Not Stated, N/A = Not Applicable, Freq = Frequency)
Ret Country Centre & studv 

design

Period Ponulation Number

of

natients

Number with:- 

total others 

colitis

Number 

of cancers 

whole Total 

series UC

(56) USA Referral centre 

Retrospective

1960-

76

N /A 267 158 109 26 21

(61) UK&

Sweden

Referral centre 

Retrospective

1945-

65

N /A 823 486 337 35 29

(206) Sweden Inception Cohort 

Retrospective

1951-

75

N /A 234 234 0 15 15

(66) UK Inception Cohort 

Retrospective

1938-

62

N /A 624 236 388 22 17

(339) UK Surgical series 

Retrospective

Up To 

1959

N /A 222 N /S 15 -

(55) UK Referral centre 

Retrospective

1952-

63

N /A 465 210 218 8 8

(53) USA Referral centre 

Retrospective

1919-

65

N /A 396 303 93 52 —

(42) Denmark Population 1960-

78

573,237 

in 1978

783 124 637 7 2

(36) UK Referral centre 

Retrospective

m o -

76

N /A 676 462 214 35 35

(341) USA Population 

Inception cohort

1935-

79

53,000 182(84

probable

UC)

60 119 3 1
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m Country Centre & study 

design

Period Ponulation Number

of

uatients

Number with:- 

total others 

colitis

Number 

of cancers 

whole Total 

series UC

(59) USA Referral centre 

Retrospective

1973-

84

N /A 1160 668 492 82 63

(71) Czech Referral centre 

Retrospective

1942-

1981

N /A 959 305 654 6 4

(214) Sweden Population 1955-

84

Unknown 1547 545 1002 15 —

(300) Israel Population 1961-

70

Unknown 504(90

probable

UC)

69 — 3 1

(54) Denmark Population 

Inception cohort

1962-

1987

550,000 1161 207 954 6 2

(326) Denmark Population 

Inception cohort

1977-

89

Unknown 5,546 N/S 42 -

(57) USA Private practice 1955-

80

Unknown 258 106 152 6 4

(133) USA Referral centre 

Retrospective

1958-

76

N /A 1,142 N/S 29 27

(50) USA Referral centre 

Retrospective

1918-

59

Unknown 427 N /S 46 —

(323) UK Referral centre 

Retrospective

1947-

63

Unknown 637 196 15 9

(158) Sweden Population 1977-

91

65,000 131 76 55 4 4
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M Country Centre & studv 

design

Period Ponulation Number

of

natients

Number with:- 

total others 

colitis

Number 

of cancers 

whole Total 

series UC

(310) Australia Referral centre 

Retrospective

1950-

80

Unknown 1,435 425 1010 63 44

(60) Sweden Population 1922-

84

1,300,000 3117 1045 2072 91 65

(283) Sweden Population m s -

79

1,520,000 1339 1274 — 25 24

(275) Turkey Referral centre 

Retrospective

1960-

69

N /A 60 19 41 0 —

(249) Sweden Population (+ 

Surv. prog)

1961-

90

65,000 32 24 8 0 —

(64) UK Referral centre 

+ Surv. prog

1966-

87

Unknown 401 307 94 22 —

(45) UK Referral centre 

Inception cohort

1966-

75

Unknown 269 60* — 0 —

(70) Israel Population 1970-

80

1,300,000 1035 147 — 26 13

(240) UK Referral centre 

Retrospective

1966-

76

N /A 229 229 —- 5 5

(149) Sweden Population+ 

Surv. prog

1961-

83

70,000 127 77 50(proctitis excl) 3 3

(69) Denmark Referral centre 

Retrospective

1964-

83

N /A 759 312 447 17 10
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Ret Coimtrv Centre & 

s t# y  design

Period Ponulation Number

of

natients

Number with:- 

total others 

colitis

Number 

of cancers 

whole Total 

series UC

(330) USA Inception

cohort

1944-

60

Unknown 525 68 — 17 9

(281) USA Referral centre 

Retrospective

1913-

58

N/A 7000 N /S 178 —

(260) USA Referral centre 

Retrospective

1938-

68

N /A 1200 N /S 35 29

(7) USA Referral centre
Population
Retrospective

1935-

64

Unknown 108 31 — 5 5

(295) USA Referral centre 

Retrospective

1955-

70

N /A 613 36 ----- 37 36

(340) Sweden Population 1958-

82

Unknown 462 134 236 9 7

(313) Lidia Referral centre 

Retrospective

1977-

88

N /A 436 129 307 8 6

(335) Sweden Referral centre 

Retrospective

1941-

59

N /A 500 N /S 26 N /S

(284) USA Surgical series 

Retrospective

1946-

61

N /A 57 N /S 3 N /S

(243) Czech Referral centre 

Retrospective

mo-
66

N /A 645 174 471 3 N /S

(306) USA Referral centre 

Retrospective

1932-

60

N /A 43 18 25 0 —
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m Cggato Centre & 

studv design
Period PoDulation Number

of

uatients

Number with:- 

total others

Number 

of cancers

colitis whole Total 

series UC

(256) UK Referral centre 

Retrospective

1946-

58

N /A 663 264 399 19 13

(241) UK Referral centre 1966-

73

N /A 171 N /S 3 N /S

(131) UK Surveillance

program

1972-

92

N /A 332 N /S  N /S 20 N /S

(124) Sweden Surveillance

program

1974-

82

N /A 71 41 30 1 1

(156) USA Referral centre 

Retrospective

1959-

88

N /A 1156 N /S 102 86

(235) Denmark Referral centre 

Retrospective

1960-

71

540,000 332 N /S 0 —

(144) Finland Surveillance

program

1976-

89

N /A 66 30 36 0 —

(282) M y Surveillance

program

1980-

86

N /A 65 49 16 6 —

(274) Sweden Surveillance

program

1977-

85

70,000 93 52 41 1 1

(159) Israel Surveillance

program

1976-

94

N /A 154 26 — 4 1

(148) USA Referral centre 

Retrospective

1972-

83

N /A 248 N /S 7 N /S
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Ret Country Centred 

study design

Period Peculation Number

of

Datients

Number with:- 

total others 

colitis

Number 

of cancers 

whole Total 

series UC

(333) Oman Prospective

cohort

1987-

94

2,000,000 108 20 88 0 —

(58) UK Surveillance

program

1966-

80

N /A 303 N /S 13 N /S

(147) USA Surveillance

program

1974-

86

N /A 213 151 62 9 N /S

(137) USA Referral centre 

Retrospective

1957-

91

N /A 3093 34 11 52 41

(142) USA Referral centre 

Retrospective

1972-

77

N /A 75 75 0 11 11

(136) USA Referral centre 

Retrospective

1977-

87

N /A 121 63 58 7 5

(351) USA Referral centre 

Retrospective

1975-

79

N /A 188 N /S 9 N /S

(145) Sweden Surveillance

program

1973-

88

N /A 72 72 0 2 2

(146) UK Surveillance

program

1978-

90

N /A 180 180 0 1 1

(250) UK Referral centre 

Retrospective

1952-

68

N /A 368 N /S 6 N /S

(304) USA Referral centre 

Retrospective

1937-

49

N /A 451 N /S 3 N /S
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Re£ Country Centre & Period Ponulation Number Ni^piher with:- Number
studv design M

Datients

total others 

colitis

of cancers 

whole Total 

series UC

(343) Sweden Referral centre 

Retrospective

1940-

55

N /A 439 N /S 17 16

(257) UK Surgical series 

Retrospective

? N /A 153 N /S 8 N /S

(350) USA Surgical series 

Retrospective

1927-

46

N /A 180 N /S 9 N /S

(346) UK Surgical series 

Retrospective

1949-

55

N /A 182 N /S 12 N /S

(278) USA Referral centre 

Retrospective

m o -

56

N /A 402 N /S 12 N /S

(253) USA Referral centre 

Retrospective

m s -

49

N /A 147 N /S 7 N /S

(468) USA Referral centre 

Retrospective

? N /A 1564 N /S 98 N /S

(297) USA Referral centre 

Retrospective

? N /A 855 N /S 0 —

(469) USA Referral centre 

Retrospective

? N /A 792 N /S 22 N /S

(320) USA Referral centre 

Retrospective

1947-

56

N /A 391 160 — 8 7

(252) Denmark Referral centre 

Retrospective

1961-

71

N /A 62 7 — 0 —

(246) Denmark Referral centre 

Retrospective

1964-

76

N /A 412 N /S 4 N /S
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Ret Country Centre & Period Population Number Number wi(h:- Number
studv desinn of

Datients

total others 

colitis

of cancers 

whole Total

series UC

(261) USA Referral centre 

Retrospective

N /S N /A 1200 N /S 33 N /S

(272) UK Referral centre 

Retrospective

1947-

51

N /A 126 N /S 5 N /S

(280) UK Referral centre 

Retrospective

1931-

50

N /A 245 69 — 9 N /S

(318) Italy Referral centre 

Retrospective

1969-

76

N /A 122 41 81 1 N /S

(244) UK Referral centre 

Retrospective

1938-

48

N /A 129 N /S 4 N /S

(348) USA Surgical series 

Retrospective

1961-

75

N /A 726 N /S 70 N /S

(267) USA Referral centre 

Retrospective

Up to 

1950

N /A 684 N /S 19 N /S

(470) USA Referral centre 

Retrospective

1918-

37

N /A 2000 893 1107 109 N /S

(301) USA Referral centre 

Retrospective

1945-

50

N /A 316 N /S 12 N /S

(254) USA Surgical series 

Retrospective

1939-

47

N /A 450 N /S 9 N /S

(334) USA Referral centre 

Retrospective

1927-

45

N /A 206 N /S 3 N /S
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M Country Centre & Period Ponulation Number Number with:- Number
studv desisn of

natients

total others 

colitis

of cancers 

whole Total 

series UC

(321) UK/USA Surgical series 

Retrospective

1955-

58

N /A 152 N /S 6 N /S

(322) USA Surgical series 

Retrospective

N /S N /A 226 N /S 9 N /S

(354) USA Referral centre 

Retrospective

1915-

49

N /A 483 N /S 31 N /S

(336) Australia Referral centre 

Retrospective

1954-

59

N /A 272 N /S 11 N /S

(305) USA Referral centre 

Retrospective

1935-

55

N /A 326 N /S 19 N /S

(352) USA Referral centre 

Retrospective

1932-

50

N /A 118 N /S 4 3

(338) Australia Referral centre 

Retrospective

1950-

62

N /A 80 51 29 2 2

(332) USA Referral centre 

Retrospective

1953-

66

N /A 43 30 13 1 N /S

(298) USA Referral centre 

Retrospective

1948-

55

N /A 148 62 86 1 1

(270) USA Surgical series 

Retrospective

Up to 

1949

N /A 263 N /S 18 N /S

(269) USA Referral centre 

Retrospective

Up to 

1947

N /A 100 35 65 2 N /S

(312) USA Referral centre 

Retrospective

N /S N /A 143 N /S 7 N /S
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Ret Country Centre & Period Pooulation Number Number with:- Number 

of cancers 

whole Total 

series UC

studv design M

natients

total others 

colitis

(289) USA Surgical series 

Retrospective

1946-

54

N /A 307 N /S 11 N /S

(357) Hungary Referral centre 

Retrospective

1956-

70

N /A 157 N /S 0 —

(358) Hungary Referral centre 

Retrospective

1961-

70

N /A 141 14 127 3 N /S

(355) USA Referral centre 

Retrospective

12yrs N /A 66 11 55 0 —

(329) UK Referral centre 

Retrospective

1972-

1992

N /A 175 143 32 10 6

(155) UK Referral centre 

Retrospective

1974-

85

N /A 313 N /S 7 6

(143) USA Surveillance

program

1977-

85

N /A 99 99 0 8 8

(319) USA Surveillance

program

1986-

92

N /A 98 98 0 6 6

(157) UK Referral centre 

Retrospective

1944-

76

N /A 676 N /S 35 N /S

(266) USA Referral centre 

Retrospective

1960-

76

N /A 267 N /S 26 21

(471) UK Referral centre 

Retrospective

m s -

75

N /A 486 486 0 29 29

(264) UK Referral centre 

Retrospective

N /S N /A 465 210 218 8 8
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Ret Country Centre & 

studv design

Period PoDulation Number

of
Datients

Number with:- 

total others 

colitis

Number 

of cancers 

whole Total 

series UC

(271) UK Referral centre 

Retrospective

1960-

75

N /A 269 N /S 0 — -

(286) USA Surgical series 

Retrospective

1927-

46

N /A 166 N /S 12 N /S

(290) UK Surgical series 

Retrospective

1941-

51

N /A 63 N /S 7 N /S

<174) UK Surveillance

program

1978-

84

N /A 189 112 77 4 4

(138) UK Surveillance

program

N /S N /A 43 34 9 2 2

(302) Sweden Referral centre 

Retrospective

N /S N /A 150 113 37 1 N /S

(349) Denmark Referral centre 

Retrospective

2yrs N /A 100 N /S 1 0

(126) USA Surveillance

program

1974-

91

N /A 2050 N /S 41 27

(62) USA Referral centre 

Retrospective

1959-

88

N /A 1156* N /S 100 85

(279) UK Surgical series 

Retrospective

1952-

76

N /A 374 362 22 22 21

(303) USA Surgical series 

Retrospective

1957-

77

N /A 84 83 1 4 N /S

(344) India Referral centre 

Retrospective

2.5 yrs N /A 69 15 36 2 N /S
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Ret Country Centre & 

studv desum
Period Ponulation Number

of

natients

Number with:- 

total others 

colitis

Number 

of cancers 

whole Total 

series UC

(288) India Referral centre 

Retrospective

1956-

60

N /A 46 2 44 0 —

(331) Israel Referral centre 

Retrospective

1961-

85

N /A 169 N /S 1 N /S

(309) USA Referral centre 

Retrospective

1930-

46

N /A 164 N /S 2 N /S

(325) USA Referral centre 

Retrospective

approx 

30 yrs

N /A 362 N /S 10 9

(291) USA Referral centre 

Retrospective

?-

1957

N /A 269 N /S 15 N /S

(230) USA Cumulative

Series

1927-

44

N /A 1467 N /S 28 N /S

(296) USA Referral centre 

Retrospective

1922-

37

N /A 88 N /S 0 — -

(276) Kuwait Referral centre 

Retrospective

6yrs N /A 43 6 37 0 —

(347) Finland Surgical Series 

Retrospective

1969-

84

N /A 235 N /S 16 16

(258) Sweden Radiol Series 

Retrospective

m o -

46

N /A 204 86 118 22 18

(328) Iran Referral centre 

Retrospective

1973-

82

N /A 112 31 81 1 N /S

(316) Turkey Referral centre 

Retrospective

1969-

77

N /A 204 21 180 2 N /S
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M Countrv Centre & 

studv design

Period Ponulation Number

of
natients

Number with:- 

total others 

colitis

Number 

of cancers 

whole Total 

series UC

(277) Norway Surgical Series 

Retrospective

1969-

78

N /A 158 127 31 10 N /S

(353) USA Referral centre 

Retrospective

1943-

62

N /A 750 N /S 25 N /S

(123) USA Surveillance

Program

1975-

78

N /A 112 N /S 7 6

(52) USA Surgical Series 

Retrospective

1962-

73

N /A 41 N /S 8 N /S

(52) USA Histol Series 

Retrospective

1962-

73

N /A 204 N /S 3 N /S

(307) USA Referral centre 

Retrospective

1934-

53

N /A 18 N /S 1 N /S

(327) Puerto Rico Referral centre 

Retrospective

1974-

80

N /A 102 N /S 2 N /S

(73) Japan Referral centre 

Retrospective

1954-

75

N /A 159 60 99 0 —-

(299) Singapore Referral centre 

Retospective

1956-

70

N /A 10 4 6 1 1

(293) USA Referral centre 

Retospective

1950-

63

N /A 1258 N /S 24 N /S

(247) Sweden Referral centre 

Retospective

1938-

48

N /A 290 N /S 9 8

(356) Sweden Referral centre 

Retospective

1920-

54

N /A 137 N /S 6 N /S
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Ret Country Centre & 

studv design
Period Pomilation Number

natients

Number with:- 

total others 

colitis

Number 

of cancers 

whole Total 

series UC

(268) USA Referral centre 

Retospective

1947-

56

N /A 52 30 22 4 4

(233) USA Referral centre 

Retospective

1944-

53

N /A 139 96 43 2 N /S

(314,
315)

USA Referral centre 

Retospective

1929-

58

N /A 121 N /S 9 N /S

(285) Sweden Referral centre 

Retospective

1939-

58

N /A 98 10 78 2 N /S

(242) Czech Referral centre 

Retospective

1940-

60

N /A 414 N /S 1 N /S

(308) USA Surgical series 

Retrospective

N /S N /A 18 N /S 2 N /S

(337) UK Referral centre 

Retospective

1938-

56

N /A 60 N /S 2 N /S

(255) UK Med+Surg

Retospective

1947-

55

N /A 346 133 213 6 6

(251) USA Referral centre 

Retospective

1923-

28

N /A 693 N /S 15 N /S

(273) USA Referral centre 

Retospective

1934-

43

N /A 336 N /S 2 N /S

(342) ? Sweden Referral centre 

Retrospective

m o -

47

N /A 54 N /S 1 N /S

(238) USA Referral centre 

Retrospective

1925-

31

N /A 95 N /S 6 N /S
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M Country Centre & 

studv desien

Period PoDulation Number

of
Datients

Number with:- 

total others 

colitis

Number 

of cancers 

whole Total 

series UC

(234) USA Referral centre 

Retrospective

1925-

31

N /A 871 N /S 28 N /S

(236) USA Surgical series 1936-

46

N /A 101 N /S 4 N /S

(292) USA Referral centre 

Retrospective

1934-

51

N /A 269 N /S 11 N /S

(245) USA Referral centre 

Retrospective

1918-

37

N /A 2000 893 1107 109 N /S

(237) USA Referral centre 

Retrospective

1919-

23

N /A 5 N /S 0 —-

(248) USA Referral centre 

Retrospective

N /S N /A 145 N /S 6 N /S

(311) Denmark Referral centre 

Retrospective

1933-

48

N /A 143 N /S 2 N /S

(345) USA Referral centre 

Retrospective

1934-

59

N /A 440 N /S 15 N /S

(324) Canada Referral centre 

Retrospective

^so -

so

N /A 205 N /S 5 N /S

(67) USA Referral centre 

Retrospective

1955-

74

N /A 336 188 113 9 N /S

(287) Romania Surgical series 

Retrospective

1988-

97

N /A 14 N /S 2 N /S

(294) Argentina Referral centre 

Retrospective

1946-

65

N /A 100 36 64 4 N /S
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Ret Country Centre & 
studv design

Period Ponulation Number

of

natients

Number with:- 

total others 

colitis

Number 

of cancers 

whole Total 

series UC

(259) Sweden Population 1922-

84

1,300,000 3121 1045 2072 91 65

(317) USA Referral centre 

Retrospective

? N /A 26 N /S 1 N /S

(239) Sweden Referral centre 

Retrospective

1920-

48

N /A 134 73 * 33 1 N /S
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Appendix 2 continued. Further data extracted from papers in the meta-analysis:-

(N/S = Not Stated, N/A = Not Applicable, Freq = Frequency)

293



r  m
* Referred 

cancers 

included in 

study?

Duration of follow

m
mean (range)

Age at cancer 

diagnosis 

mean (range)

Duration of colitis at cancer 

diagnosis mean (range) 

total left sided

Pannrocto- 

Colectomv 

rate (%)

Total 

Surgery 

(PPC + 

other) %

(56) Yes N /S N /S 23.4yrs 31.6yrs N /S N /S

(61) No (17-38 yrs) 48yrs 17.5yrs (1.3-34 yrs) 17.3 40

(206) N /S 8.5 N /S 17yrs(7-44yrs) N /S 66

(66) N /S N /S 41yrs (20-72 yrs) N /S N /S N /S

(339) Yes N /S 42yrs 14yrs N /A N /A

(55) No N /S N /S N /S N /S N /S

(53) No Up to 43yrs N /S N /S 10.1 N /S

(42) No 6.7yrs (1-18 yrs) N /S N /S N /S 19.2

(36) No 15.8 yrs 47 yrs (32-74yrs) 20 yrs (8-49 yrs) 58 64.8

(341) No 14 (median) 49yrs N /S 13.7 15.4

(59) No 14.4yrs(lmo-44yrs) 43 yrs (21-76 yrs) 18 yrs (5-38 yrs) N /S 30.5

(71) No N /S 58 yrs 22.3 yrs (16-35 yrs) 3.3 15.2

(214) No N /S N /S N /S N /S N /S

(300) No 7.54 yrs (1-46 yrs) N /S 16.3 yrs (3-29 yrs) N /S 7.1

(54) No 11.7yrs(0-26yrs)

(median)

58.5 yrs (15-86yrs) 14.3 yrs (9-24 yrs) N /S 20.2

(326) No 5.9 yrs (1-13) N /S N /S N/ S* N/ S*
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m
m

m
m

.

Referred 

cancers 

included in 

studv?

Duration of follow

m
mean (ranee)

Age at cancer 

diagnosis 

mean (ranee)

Duration of colitis at cancer 

diagnosis mean (ranee) 

total left sided

Pannrocto- 

Colectomv 

rate (%)

Total 

Sureerv 
(PPC + 

other) %

(57) No N/ S 49 yrs (22-73 yrs) 21 yrs (10-35 yrs) 9.3 12.4

(133) N /S N /S 36.5 yrs(20-70 yrs) 19.6 yrs (20-70 yrs) N /S N /S

(50) N /S (6 months-19 yrs) 18yrs 15 yrs 11.2 19.9

(323) No (1-16 yrs) N /S N /S N /S 37.2

(158) No N /S N /S N /S N /S 12.2

(310) N /S (3 months-40 yrs) 45.1 yrs (total) 

70.2 yrs (left sided)

19 yrs 13 yrs N /S N /S

(60) No (1-60 yrs) Varies with age at 

onset

N /S 7.8 12

(283) No N /S N /S 17.5 (males) 11.9 (females) N /S 21 at 15yrs

(275) N /A (only 9 patients 

FU>5yrs)

N /A N /A N/ S* 23.3

(249) N /A 18 yrs (0-30 yrs) N /A N /A 15.6 21.9

(64) No N /S 50 yrs (25-76 yrs) 20.3 yrs (1 M2) N /S 24.7

(45) N /A (maximum 11 yrs) N /A N /A N /S 9.3

(70) No 11.5 yrs (1-52 yrs) N /S N /S 5.2 8.7

(240) No N /S 47.8 yrs(42-55 yrs) 20.8 yrs (13-28 yrs) N /S 17

(149) No N /S N /S 12.6 yrs (2-27 yrs) N /S 26

(69) No N /S N /S 14 yrs 26 39
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m

cancers 

included in 

studv?

Duration of follow 

HE
mean (range)

Ace at cancer 

diagnosis 

mean (range)

Duration of colitis at cancer 

diagnosis mean (range) 

total left sided

Pannrocto- 

Colectomv 

rate (%)

Total 

Surgerv 

(PPC + 

other) %

(330) N /S N /S N /S N /S 7.0 12.4

(281) N /S N /S N /S N /S N /S N /S

(260) N /S N /S 37.7 yrs 16.9 yrs (6 months-38 yrs) N /S N /S

CO No N /S N /S N /S N /S N /S

(295) Yes N /S 40 yrs (16-67 yrs) 18 yrs (1-39 yrs) N /S 23.8

(340) No 14.5 yrs N /S 12.2 yrs (1-21 yrs) N /S N /S

(313) Yes N /S 49.9yrs (38-67 yrs) 12.1 yrs (7-25 yrs) N /S 3.7

035) Yes N /S 32.3 yrs 15.4 yrs N/S N /S

(284) Yes N /S 48.3 yrs(32-62 yrs) 14.6 yrs (12-20 yrs) N /A N /A

(243) No 76%FU foi> 5 yrs 

21.1%FUfor>20yr

N /S N /S N /S 14.4

(306) N /A 2.5yrs(lmo-14 yrs) N /A N /A 7.0 11.6

(256) N /S N /S 43.9 yrs(24-63 yrs) 17.7 yrs (2-28 yrs) N /S >28

(241) N /S 3.3 yrs (1-7 yrs) N /S N /S N /S 17

(131) No 7.5 yrs (0.2-20 yrs) 51 yrs (32-80 yrs) 21 yrs (12-42 yrs) 2.1 * 16.9

(124) No N /S 60 yrs 30 yrs 1.4* 12.7

(156) N /S N /S 48 yrs (19-77 yrs) 21 yrs (5-46 yrs) N /S N /S

(235) N /A N / S N /A N /A 8.73 16.9
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M Referred 

cancers 

included in 

studv?

Duration of follow

m

mean (range)

Age at cancer 

diagnosis 

mean (range)

Duration of colitis at cancer 

diagnosis mean (range) 

total left sided

Pannrocto- 

Colectomv 

rate (%)

Total 

Surgerv 

(PPC + 

other) %

(144) No N /S N /A N /A 9.1 18.2

(282) No 5.9 yrs (+-3.4 yrs) N /S N /S 13.8 21.5

(274) No N /S N /S 9yrs 11.8 11.8

(159) No 10.5 yrs N /S N /S N /S 13.6

(148) No N /S N /S N /S N /S 16.5

(333) N /A 3.6 yrs(9mo-7 yrs) N /A N /A 1.5 2.8

(58) No 6.87 48.8 yrs(26-71 yrs) 18.5 yrs (11-30 yrs) N /S 21.1

(147) No 4 yrs (1-26 yrs) N /S N /S N /S 23.5

(137) No N /S 43 yrs (17-75 yrs) 18yrs N /S N /S

(142) Yes N /A 45.6 yrs(28-80 yrs) 12.9 yrs (10-20 yrs) N /S 37.3

(136) No N /S N /S 18.4yrs(ll-25 ) 29yrs(20-38 ) 4.13 10.7

(331) N /S N /S N /S N /S N /S N /S

(145) No N /S 45 yrs (32-58 yrs) 23.5 yrs (15-32 yrs) N /S 16.7

(146) No N /S 45 21 3.9 12.8

(250) No N /S 46 yrs (23-62 yrs) 17.58 yrs (12.5-22 yrs) N /A N /S

(304) N /S N /S 40.3 yrs 7.3 yrs N /S N /S

(343) N /S N /S N /S N /S N /S N /S
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Bet Referred

caficgr?

studv?

Duration of follow

m
mean (range)

Ace at cancer 

diagnosis 

mean (range)

Duration of colitis at cancer 

diagnosis mean (range) 

total left sided

Pannrncto- 

Colectomv 

rate (%)

Total 
Sureerv 

(PPC + 

other) %
•

(257) N /S N /A 42 yrs N /S N /A N /A

(350) N /S N /S 41 yrs (3-13 yrs) N /A N/A

(346) N /S N /S 50.1 yrs(30-73 yrs) 16.9 yrs N /A N /A

(278) N /S N /S 36.4 yrs(24-47 yrs) 8.75 yrs (7 months-22 yrs) 16.2 20.9

(253) N /S N /S N /S (12-18 yr,based on 5 patients) N /S N /S

(468) No N /S N /S N /S N /S N /S

(297) N /A N /S N /A N /A N /S N /S

(469) N /S N /S N /S 17.1 yrs (4-32 yrs) N /S N /S

(320) N /S N /S 33.7 yrs(21-48 yrs) 18.6 yrs (8-28 yrs) 15.1 31.2

(252) N /A N /S N /A N /A 3.2 21

(246) Yes 4 yrs (1-12 yrs) N /S N /S N /S 41

(261) N /S N /S 41 yrs 20.5 yrs (7 months - 32yrs) N /S N /S

(272) No N /S 43 yrs 19.6 yrs N /S 19

(280) No 121 yrs N /S N /S 9.4 34.3

(318) N /S 2.9 yrs N /S N /S N /S 15.5

(244) N /S N /S 37 yrs 7yrs N /S N /S

(348) N /S (3-17 yrs) N /S 17.1 yrs (0.5-41 yrs) N /A N/A
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M Referred 

cancers 

included in 

study?

Duration of follow

U£

mean (range)

Age at cancer 

diagnosis 

mean (range)

Duration of colitis at cancer 

diagnosis mean (range) 

total left sided

Pannrocto- 

Colectomv 

rate (%)

Total 

Sureerv 

(PPC + 

other) %

(267) N /S N /S N /S N /S 28.8 33

(470) N /S N /S 42 yrs 18 yrs (1 month-49 yrs) N /S N /S

(301) N /S N /S 44.3 yrs(25-57 yrs) 16 yrs (6-31 yrs) N /S N /S

(254) N /S N /S 36.6 yrs 9yrs N /A N /A

(334) N /S N /S N /S N /S N /S N /S

(321) N /S N /S 40.8 yrs(29-52 yrs) 16.58 yrs (2.5-27 yrs) N /A N /A

(322) N /S N /S 39.3 yrs(21-59 yrs) 17 yrs (13-25 yrs) N /A N /A

(354) N /S N /S (14-64 yrs) 10.7 yrs (3-45 yrs) N /S 48

(336) N /S N /S N /S N /S N /S N /S

(305) N /S N /S 36 yrs 18yrs N /S N /S

(352) Yes N /S 30 yrs (22-35 yrs) 10.2 yrs (3-19 yrs) N /S N /S

(338) No N /S 17 yrs (14-20 yrs) N /S N /S 23.8

(332) No N /S 27 yrs 11 yrs 23.3 25.6

(298) No 2.9 yrs N /S N /S N /S N /S

(270) N /S N /S N /S N /S N /A N /A

(269) N /S N /S N /S N /S 1 19

(312) Yes N /S 43 yrs (22-65 yrs) 11.6 yrs (2-18 yrs) N /S N /S

f
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M Referred Duration of follow Age at cancer Duration of colitis at cancer Pannrocto- Total 

Sureerv 

(PPC + 

other) %

cancers

studv?

MB
mean (ranee)

diagnosis 

mean (range)

diagnosis mean (range) 

total left sided

Colectomv 

rate (%)

(289) No N /S N /S N /S N /A N /A

(357) N /A N /S N /A N /A 1.3 1.3

(358) N /S N /S N /S N /S N /S 2.8

(355) N /A N /S N /A N /A 1.5 22.7

(329) No N /S 67 yrs (37-87yrs) 7.9 yrs (5-12 yrs) N /S 28

(155) No N /S 55 8 yrs (35-74yrs) 13.7 yrs (8-20 yrs) 8* 9.9

(143) No N /S N /S N /S N /S 32.3

(319) No N /S N /S N /S N /S 47

(157) Yes N /S 47 5 yrs(33-70 yrs) N /S N /S N /S

(266) N /S N /S N /S N /S N /S N /S

(471) No N /S N /S N /S N /S N /S

(264) No N /S N /S N /S N /S N /S

(271) N /S N /S N /A N /A N /S 15 at lOyrs

(286) N /S N /S N /S 9yrs N /A N /A

(290) Yes N /S 49 7 yrs 18.3 yrs N /A N /A

(174) N /S N /S N /S N /S N /S 10.6

(138) No N /S N /S N /S N /S 4.7

(302) No N /S N /S N /S N /S 16.7
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mT
:

Referred 

cancers 

included in 

studv?

Duration of follow 

SE
mean trance)

Ace at cancer 

diagnosis 

mean trance)

Duration of colitis at cancer 

diagnosis mean trance) 

total left sided

Pannrocto- 

Colectomv 

rate t%)

Total 

Sureerv 

tPPC + 

other) %

(349) No N /S 69 yrs 37 yrs N /A N /A

(126) No N /S 43 yrs 20.2 yrs (2-33 yrs) N /S N /S

(62) N /S N /S 47.7 yrs(l 9-77 yrs) 20.7 yrs (5-46 yrs) N /S N /S

(279) No N /S 47.8 yrs(24-73 yrs) 20.4 yrs (11-42 yrs) N /A 7

(303) No N /S N /S N /S N /A 21.4

(344) N /S N /S N /S N /S N /S N /S

(288) N /A N /S N /A N /A N /S N /S

(331) N /S N /S N /S N /S N /S 2.7

(309) No N /S 39 yrs(32-43 yrs) 15 yrs (14-16 yrs) N /S N /S

(325) N /S N /S N /S 18 yrs (11-37 yrs) N /S 6.4

(291) Yes N /S 35 yrs 16 yrs N /S 56.1

(230) N /S N /A N /A N /A N /A N /A

(296) N /A N /S N /A N /A 0 3.4

(276) N /A N /S N /A N /A 2.3 2.3

(347) N /S N /S 35 yrs(l 9-86 yrs) 14.4 yrs (5-26 yrs) N /A N /A

(258) N /S N /S N /S N /S N /A N /A

(328) N /S 4.4 yrs (1-10 yrs) N /S N /S N /S 8.9

TO N /S N /S N /S N /S 4.4 4.9
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M Referred

cancers

MdaMrn
studv?

Duration of follow

m
mean (range)

Ase at cancer 

diagnosis 

mean /ranged

Duration of colitis at cancer 

diagnosis mean /ranged 

total left sided

Pannrocto- 

Colectomv 

rate (%)

Total 

Sureerv 

(PPC + 

other) %

(277) N /A N /S 39.9 yrs(23-73 yrs) 17.8 yrs (9-28 yrs) 95.6 95.6

(353) N /S N /S 48 yrs 9yrs N /S N /S

(123) N /S N /S 47.7 yrs(32-74 yrs) 18.7 yrs (11-30 yrs) N /S N /S

(52) N /S N /S 45.1 yrs(13-67 yrs) 22.6 yrs (9-50 yrs) N /A N /A

(52) N /S N /S N /S N /S N /S N /S

(JOT) N /S N /S N /S N /S 0 22.2

(327) N /S N /S N /S N /S 17.6 21.6

(73) N /A N /S N /A N /A N /S 19.5

(299) No N /S 53 yrs 9yrs 0 40

(293) N /S N /S 40.7 yrs(16-67 yrs) 18.3 yrs (1-39 yrs) N /S N /S

(247) N /S N /S N /S N /S N /S N /S

(356) N /S (2-26 yrs) N /S N /S 4.4 8

(268) N /S 9 yrs (1-26 yrs) N /S 14.8 yrs (9-21 yrs) N /S 23.5

(233) N /S N /S 17.5yrs(17-18yrs) N /S N /S 5

PH
315)

N /S * 23 yrs (5-44 yrs) 

* 6 yrs

N /S N /S N /S 47.1

----1
V> 

| 
00 N /S N /S 36.5 yrs(32-41 yrs) 20 yrs (18-22 yrs) 10.2 18.4

(242) Yes N /S 57 yrs 19 yrs 9.7 10.1
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f  M

;

Referred

included in 

studv?

Duration of follow 

SB
mean (range!

Ase at cancer 

diagnosis 
mean /ranged

Duration of colitis at cancer 

diagnosis mean (range! 

total left sided

Pannrocto- 

Colectomv 

rate (%)

Total 

Sureerv 

(PPC + 

otherl %

(308) Yes N /S 51 yrs (46-56 yrs) 13.5 yrs (13-14 yrs) N /A N /A

(337) N /S N /S 25 yrs (23-27 yrs) N /S 1.7 20

(255) N /S N /S N /S 16.5 yrs (8-26 yrs) N /S N /S

(251) N /S N /S N /S N /S N /S N /S

(273) N /S 28yrs (27-29 yrs) 9yrs N /S N /S

(342) N /S N /S N /S N /S N /S 31.5

(238) No N /S N /S N /S 0 21.1

(234) No (7-14 yrs) N /S N /S 0 20.2

(236) N /S N /S N /S N /S N /A N /A

(292) N /S N /S N /S 19.3 yrs (10-42 yrs) W 58.7

(245) N /S N /S 42 yrs 18 yrs (1 month-49 yrs) * N /S N /S

(237) N /A N /S N /A N /A 0 80

(248) N /S N /S 28.7 yrs (21-36 yrs) 19.7 yrs (6-32.5 yrs) N /S N /S

(311) Yes N /S N /S N /S N /S 9.8

(345) N /S N /S N /S N /S N /S 46.2

(324) N /S N /S N /S N /S N /S 22

(67) N /S 11.8 yrs 26.6 yrs(16-40.5 yrs) 14.5 yrs (11-22 yrs) 32 35

(287) N /S N /S 44.5 yrs(39-50yrs) > 15 yrs N /A N/A
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M Referred 

cancers 

included in 

studv?

Duration of follow 

U£

mean (range)

Ace at cancer 

diagnosis 

mean (ranee)

Duration of colitis at cancer 

diagnosis mean (ranee) 

total left sided

Pannrocto- 

Colectomv 

rate (%)

Total 

Sureerv 

(PPC + 

other) %

(294) N /S N /S N /S N /S 4 15

(259) No (1-60 yrs) Varies with age at 

onset

N /S 7.8 12

(317) No N /S 13 yrs 7 yrs 0 61.5

(239) No N /S N /S N /S 0 0.75
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Appendix 2 continued. Further data extracted from papers in the meta-analysis:-

(N/S = Not Stated, N/A = Not Applicable, Freq = Frequency)
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Rt£ Cumulative cancer Incidence (%) AD Cases Observed / Expected Follow UD (%)
mean 95% Cl 

10 vrs 15 vrs 20 vrs 30 yrs
All Cases Extensive / Total 

UC

(56) 0.4 (All) 2.5 (All) 13 (AH) 34 (AH)

22 (Total) 50 (Total)

18.9 26.5 97

(61) 0.7 (0-1.1) 3.4(1.0-5.8) 7.2(3.6-10.8) 16.5(9.0-23.96) 8.2 19.2 97

(206) 3.0 9.6(2.6-16.6) 24.2(11-37.4) 34(at25yrs) 

6.4 calculated frequency

30.6 — N /S

(66) 1.6 (at 8 yrs) 4.5 12.6 (1st attack) —  

3.5 %  calculated frequency 5.5 (whole series)

7.3 —- N /S

(339) Calculated freq=6.7%(whole series): 17%(U01 Oyrs duration) N /S N /S

(55) 5 (total) 13 (total) 21(total) 42 at 25 yrs (total UC) 

25.8 at 25yrs (whole series)

N /S 100

(53) 3 (total) 12 (total) 23 43 (at 35 yrs) 

13.1 calculated frequency

N /S 80

(42) 0.8 (all) 1.1 (all) 1.4 (0.7-2.8) at 18yrs (all)

1.3 at 18 yrs (total)

N /S 100

(36) 8at25yrs(3.5-13) 20(4.5-36) 11.1 95.7

(341) —  ----- 2.3 ------ 2.4 (excluding proctitis) 96

(59) 0.6 (all) 3.3 (all) 7.7 (all) 16.1(ail) 

0.8 (total) 5.1 (total) 11.9 (total) 25.3 (total)

N /S 100

(71) — — l(all) 5 (total) 4(all) 15 (total)

20 at 35yrs (total)

—- 4.3 N/ S*

(214) N /S 2.85 (1.59-4.69) 97.5

(300) calculated frequency = 0.6 % 3.3 N /S
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Re£ Cumulative cancer incidence ( % )  All Cases 

mean 95% Cl 

10 YTS 15 vrs 20 vrs 30 vrs

Observed / Exnected 

All Cases Extensive / Total 

UC

Follow un

m

(54) Lifetime risk = 3.5% 3.1 (at 25yrs) 0.9(0.14-1.4) 0.8(0.29-2.0) 99.9

(326) Calculated frequency = 0.75 % 1.8(1.3-2.4) N /S

(57) 6.6 at 26 yrs (all) 11.4 at 32 yrs (all) N /S 95.7

(133) Crude cancer incidence=2.9 % N /S N /S

(50) Calculated frequency = 10.8 % N /S 94

(323) Calculated frequency = 3.3 % 30 98.6

(158) Calculated frequency = 3.1 % N /S 90

(310) —  —  ll(total) 19 (at 34 yrs, all) N /S 100

(60) —  —  —  30 (at 35 yrs, total) 5.7 14.8 100

(283) —  3 (Total) 5 (Total) 13 (Total at 25 yrs)

5.5 (All cases at 25 yrs)

—  6 99

(275) Calculated frequency = 0 % N /A N /S

(249) Calculated frequency = 0 % N /A 100

(64) 0 3 5 9(at25yrs) N /S 98

(45) Calculated frequency = 0 % N /A N /S

(70) 0.2 (all) 2.8 (all) 5.5 (all) 13.5 (all) 

0 (total) 9.3 (total) 13.8 (total)

5.5 <-at20yrs-> 13.8 100

(240) 0 (total) 5 (total) 10.3 (total) 30.4 at 28 yrs(total) 

calculated frequency = 3.1 %

N /S 98

307



| B§£ Cumulative cancer incidence (%) All Cases 

mean 95% Cl 

10 vrs 15 vrs 20 yrs 30 vrs

Observed / Exnected 

All Cases Extensive /Total 

UC

Follow UD 

i% l

(149) —  —  —  — 8.3 23 98

(69) l(at7yrs) 5 11 — 3.3 — 100

(330) At 17 yrs all cases = 3.4 At 17 yrs Total UC = 13.2 

Calculated frequency = 3.6%

N /S >94

(281) Calculated frequency = 2.5% N /S 100

(260) Calculated frequency = 2.9% N /S N /S

C7) Calculated frequency = 7.6% 12.5 (me) 100

(295) Calculated frequency = 6% N /S N /S

(340) All cases 2 3 4(at25yrs) 

Total UC 6 8 10 (at 25 yrs)

2.1 ------ 98%

(313) Calculated frequency = 4.6 %  (Total UC) 

= 1.8% (All Cases)

82%

(335) Calculated frequency =5.2% N /S 100

(284) Calculated frequency = 5.3 % N /S 100

(243) Calculated frequency = 0.5 % N /S 100

(306) Calculated frequency = 0 % N /A 100

(256) Calculated frequency = 2.9 % N /S 97.7

(241) Calculated frequency = 1.8 % N /S 97

(131) Calculated frequency = 6 % N /S 96.3

(124) Calculated frequency = 1.4 % N /S 93

308



Re£ Cumulative cancer incidence /%) All Cases 

mean 95% Cl 

10 vrs ISvrs 20 vrs 30vrs

Observed / Exnected 

All Cases Extensive / Total 

UC

Follow UD 

(%)

(156) Calculated frequency =8.8% N /S 92

(235) Calculated frequency = 0 % N /A 98.2

(144) Calculated frequency = 0 % N /A 95.5

(282) Calculated frequency3 9 % N /S 80

(274) Calculated frequency = 1 % N /S 100

(159) 0.6 (at 7 yrs) 1.6 (at 11-20 yrs) 2.4 (at 21-30 yrs) N /S 100

(148) Calculated frequency =2.8% N /S 100

(333) Calculated frequency = 0 % N /A N /S

(58) Calculated frequency = 4.3 % N /S 97.7

(147) Calculated frequency =4.2% N /S 100

(137) Calculated frequency =1.7% N /S 100

(142) Calculated frequency = 14.7 % N /S 100

(136) Calculated frequency (me) = 5.8 % N /S 100

(351) Calculated frequency =4.8% N /S 100

(145) Calculated frequency =2.8% N /S 97.2

(146) Calculated frequency = 0.56% N /S 91.7

(250) Calculated frequency = 1.63 % N /S 100

(304) Calculated frequency = 0.7 % N /S N /S
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&£ Cumulative cancer incidence (%) All Cases 

mean 95% Cl 

10 vrs 15 yrs 20 vrs 30 vrs

Observed / Exnected 

All Cases Extensive / Total 

UC

Follow UD 

[%)

(343) Calculated frequency = 3.9 % N /S N /S

(257) Calculated frequency = 5.2 % N /S 100

(350) Calculated frequency = 5.0 % N /S 100

(346) Calculated frequency = 6.6 % N /S 100

(278) Calculated frequency = 2.9 % N /S N /S

(253) Calculated frequency = 4.8 % N /S 63.9

(468) Calculated frequency = 6.3 % 10.8 100

(297) Calculated frequency = 0 % N /S 100

(469) Calculated frequency = 2.7 % N /S 100

(320) Calculated frequency = 2.1 % N /S 98.7

(252) Calculated frequency = 0 % N /S N /S

(246) Calculated frequency = 0.97 % N /S N /S

(261) Calculated frequency =2.75% N /S N /S

(272) Calculated frequency = 3.9 % N /S 96.8

(280) Calculated frequency = 3.7 % N /S 99.7

(318) Calculated frequency = 0.8 % N /S N /S

(244) Calculated frequency = 3.1 % N /S N /S

(348) Calculated frequency = 9.6 %  (1.4%ofallptswithUC) N /S 100
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Ret Cumulative cancer incidence (°/o) All Cases 

mean 95% Cl 

10 vrs IS vrs 20 vrs 30 vrs

Observed / Exnected 

All Cases Extensive / Total 

UC

Follow UD 

(%)

(267) Calculated frequency = 2.78 % 66.7 (surgical) 31.0 (medical) N /S

(470) Calculated frequency = 5.4 % N /S N /S

(301) Calculated frequency = 3.8 % N /S N /S

(254) Calculated frequency = 2.0 % N /S N /S

(334) Calculated frequency = 1.4 % N /S N /S

(321) Calculated frequency = 3.9 % N /S 100

(322) Calculated frequency = 3.9 % N /S N /S

(354) Calculated frequency = 6.2 % N /S 71

(336) Calculated frequency = 4.0 % N /S N /S

(305) Calculated frequency =5.8% N /S 75

(352) Calculated frequency = 3.4 % N /S N /S

(338) Calculated frequency = 2.5 % N /S 100

(332) Calculated frequency = 2.3 % N /S 97.7

(298) Calculated frequency = 0.67 % N /S 88.5

(270) Calculated frequency = 6.7 % N /S N /S

(269) Calculated frequency =2.0% N /S 100

(312) Calculated frequency = 4.9 % N /S N /S
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Ret Cumulative cancer incidence (%) All Cases 

mean 95% Cl 

10 vn 15 vrs 20 vrs 30 vrs

Observed / Exnected 

All Cases Extensive / Total 

UC

Follow UD 

(% )

(289) Calculated frequency = 3.6 % N /S 100

$57) Calculated frequency = 0 % N /A N /S

,358) Calculated frequency = 2.1 % N /S N /S

■
(355) Calculated frequency = 0 % N /A 100

(329) 2.1 (all) —  7.4 (all) — N /S 98

(155) Calculated frequency =2.2% N /S 100

(143) N /S 91

(319) N /S 100

(157) Calculated frequency = 5.2 % N /S N /S

(266) Calculated frequency =9.7% 18.9 26.5 N /S

(471) —  — 7 at 20 yrs (total UC) — N /S  19.2 (Cl 12.9-27.5) N /S

(264) Calculated frequency = 1.7 % N /S N /S

(271) Calculated frequency = 0 % N /A N /S

(286) Calculated frequency =7.2 % N /S 100

(290) Calculated frequency =11.1 % N /S 100

(174) Calculated frequency =2.1 % N /S N /S

(138) Calculated frequency =4.7% N /S 100

(302) Calculated frequency =0.9% N /S N /S
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ReC Cumulative cancer incidence (%) All Cases 

mean 95% CT 

10 vrs 15 vrs 20 vrs 30 vrs

Observed / Exnected 

All Cases Extensive / Total 

UC

Follow UD 

1%1

(349) Calculated frequency = 1 % N /S 100

(126) Calculated frequency = 2 % N /S N /S

(62) Calculated frequency =8.6% N /S 100

(279) Calculated frequency = 5.9 % N /S 96.5

(303) Calculated frequency = 4.8 % N /S 94

(344) Calculated frequency = 2.9 % N /S N /S

(288) Calculated frequency = 0 % N /A N /S

(331) Calculated frequency = 0.6 % N /S 98.2

(309) Calculated frequency = 1.2 % N /S N /S

(325) Calculated frequency = 2.8 % N /S N /S

(291) Calculated frequency = 5.7 % N /S N /S

(230) Calculated frequency = 1.9 % N /S N /S

(296) Calculated frequency = 0 % N /A N /S

(276) Calculated frequency = 0 % N /A 100

(347) Calculated frequency = 6.8 % N /S N /S

(258) Calculated frequency = 10.8 % N /S N /S

(328) Calculated frequency = 0.9 % N /S N /S

(316) Calculated frequency = 1 % N /S N /S
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Ret Cumulative cancer incidence (% )  All Cases 

mean 95% Cl 

ID Yrs 15 vrs 20 vrs 30 yrs

Observed / Exnected 

All Cases Extensive / Total 

UC

Follow un 

(%)

(277) Calculated frequency = 6.3 % N /S *

(353) Calculated frequency = 3.3 % N /S N /S

(123) Calculated frequency = 6.3 % N /S 100

(52) Calculated frequency = 19.5 % N /S 100

(52) Calculated frequency = 1.5 % N /S 100

(307) Calculated frequency = 5.6 % N /S 72.2

(327) Calculated frequency =2% N /S N /S

(73) Calculated frequency =0% N /A 69.1

(299) Calculated frequency = 10 % N /S 100

(293) Calculated frequency = 1.9 % N /S N /S

(247) Calculated frequency = 3.1 % N /S N /S

(356) Calculated frequency = 4.4 % N /S

(268) Calculated frequency= 7.8 % N /S 98.1

(233) Calculated frequency = 1.4 % N /S 90.6

(314,
315)

Calculated frequency = 7.4 % N /S 89.3

(285) Calculated frequency = 2 % N /S 100

(242) Calculated frequency = 0.2 % N /S N/S

(308) Calculated frequency =11.1 % N /S 100
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Bst Cumulative cancer incidence (%) AD Cases 

mean 95% Cl 

10 vrs 15 vrs 20 vrs 30 yrs

Observed / Exnected 

All Cases Extensive / Total 

U£

Follow UD 

(%)

(337) Calculated frequency =3.3% N /S N /S

(255) Calculated frequency = 1.7 % N /S N /S

(251) Calculated frequency = 2.2 % N /S N /S

(273) Calculated frequency = 0.6 % N /S N /S

(342) Calculated frequency = 1.8 % N /S 92.6

(238) Calculated frequency = 6.3 % N /S 100

(234) Calculated frequency = 3.2 % N /S N /S

(236) Calculated frequency = 4 % N /S 69.3

(292) Calculated frequency = 4.2 % N /S 71.5

(245) Calculated frequency = 5.4 % N /S N /S

(237) Calculated frequency = 0 % N /A 100

(248) Calculated frequency = 4.1 % N /S N /S

(311) Calculated frequency = 1.4 % N /S 100

(345) Calculated frequency = 4 % N /S N /S

(324) Calculated frequency = 2.4 % N /S 100

(67) 1.4 (at 11 yrs) 7.2(atl5yrs) 8.7 (at 20 yrs) — N /S 99.1

(287) Calculated frequency = 14.3 % N /S N /S

(294) Calculated frequency = 4 % N /S N /S
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Ret Cumulative cancer incidence (%) All Cases 

mean 95% Cl 

10 vrs 15 vrs 20y|-s 30 vrs

Observed / Exnected 

All Cases Extensive / Total 

UC

Follow UD

r%)

(259) —  —  —  30 (at 35 yrs, total) 5.7 14.8 100

(317) Calculated frequency = 3.8 % N /S 100

(239) Calculated frequency = 0.75 % N /S 97.8
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Appendix 3

DATA RETRIEVAL FORM (FOR RISK FACTORS FOR CRC IN IJH

Name:

Address:

Sex:

Date of Birth:

Next of kin, address + telephone number:

Age:

Consultant:

Date of diagnosis of UC: 

Extent of UC:

Date of diagnosis of CRC: 

Site of CRC:

Hospital:

Age at diagnosis of UC:

Age at diagnosis of CRC: 

Stage of CRC at diagnosis:

1) Treatment 5-10 years before 

CRC diagnosed:

i) 5 ASA preparation 

Dose + frequency

ii) Systemic steroid 

Dose + frequency

iii) Local steroid 

Dose + frequency

iv) Aspirin 

Dose + frequency

YES/NO

YES/NO

YES/NO

YES/NO

2) Average frequency of contacts with a physician per year over the course of their disease:

3) Number of barium enemas and / or colonoscopies per year:
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4) Activity of UC: Silent disease 

1 exacerbation / 10 years 

1 exacerbation / 1-10 years 

1 exacerbation per month to 1 year 

1 exacerbation per month 

Continuous symptoms

□
□
□
□
□
□

5) Smoking history: Never smoked

Current smoker 

Ex - smoker

□
□
□

6) PSC confirmed on ERCP / PTC / Liver biopsy YES / NO

Date of diagnosis of PSC: Age at diagnosis of PSC:

Elevated Aik phos for > 1 year (but no diagnosis of PSC) 

Highest level of alk phos:

Elevated AST for > 1 year (but no diagnosis of PSC) 

Highest level of AST:

Elevated ALT for > 1 year (but no diagnosis of PSC) 

Highest level of ALT:

YES/NO

YES/NO

YES/NO

7) Family members with UC / Crohn’s disease

Relationship(s):

8) Family members with colorectal cancer:

YES/NO

YES/NO

Relationship(s)
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Appendix 4

TESTING YOUR KNOWLEDGE OF CROHN’S AND COLITIS .

THE CCKNOW SCORE

This questionnaire will help your doctors and nurses know on which topics you may 
need more information. This will help make your treatment more effective. Please tick 
only one answer for each question. Thank you.

JL The intestines play an important role in the body but they only work during meal 
times:-

a) True
b) False
c) Don't know

2. People with inflammatory bowel disease are never allowed to eat dairy products:-
a) True
b) False
c) Don’t know

3. Elemental feeds are sometimes used to treat Crohn’s disease and ulcerative colitis. 
They;-

a) Always contain a lot of fibre
b) Are very easy to digest
c) Come in the form of tablets
d) Don’t know

4* Proctitis:-
a) Is a form of colitis that affects the rectum or back passage only
b) Is a form of colitis that affects the whole of the large bowel
c) Don’t know

5. When a patient with inflammatory bowel disease passes blood in their stool it 
means:-

a) They definitely have bowel cancer
b) They are having a flare up of their disease
c) Don’t know

6. Patients with inflammatory bowel disease are probably cured if they have been 
symptom free for 3 years:-

a) True
b) False
c) Don’t know
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L Inflammatory bowel disease runs in families
a) True
b) False
c) Don’t know

8. If patients with inflammatory bowel disease are not careful with their personal 
hygiene they can pass on their disease to friends and members of the family >

a) True
b) False
c) Don’t know

9a Patients with inflammatory bowel disease can get inflammation in other parts of the 
body as well as the bowel:-

a) True
b) False
c) Don’t know

10. A fistula:-
a) Is an abnormal track between 2 pieces of bowel or between the bowel and 

skin
b) Is a narrowing of the bowel which may obstruct the passage of the contents
c) Don’t know

11. The terminal ileum:-
a) Is a section of the bowel just before the anus
b) Is a section of the bowel just before the large intestine
c) Don’t know

12. During a flare up of inflammatory bowel disease:-
a) The platelet count in the blood rises
b) The albumin level in the blood rises
c) The white cell count in the blood falls
d) Don’t know

13. Steroids (such as prednisolone / prednisone / budesonide / hydrocortisone)
a) Can only be taken by mouth
b) Can be given in the form of an enema into the back passage
c) Cannot be given directly into the vein
d) Don’t know

320



H i Steroids usually cause side effects:-
a) only after they have been taken for a long time and in high doses
b) Immediately and even after small doses
c) Which are not permanent and all disappear after treatment is stopped
d) Don’t know

15. Immunosuppressive drugs are given to inflammatory bowel disease patients to>
a) Prevent infection in the bowel by bacteria
b) Reduce inflammation in the bowel
c) Don’t know

16. Sulphasalazine:-
a) Controls the level of sulphur in the bloodstream
b) Can be used to reduce the frequency of flare ups
c) Cannot be used to prevent flare ups
d) Don’t know

17. An example of an immunosuppresive drug used in inflammatory bowel disease is:-
a) Sulphasalazine
b) Mesalazine
c) Azathioprine
d) Don’t know

If a woman has Crohn’s disease:-
a) She may find it more difficult to become pregnant
b) She should not have children
c) Her pregnancy will always have complications
d) She should stop all medication during her pregnancy
e) Don’t know

19. Patients who smoke are more likely to have:-
a) Ulcerative colitis
b) Crohn’s disease
c) Don’t know

20. Which one of the following statements is false?
a) Ulcerative colitis can occur at any age
b) Stress and emotional events are linked with the onset of ulcerative colitis
c) Ulcerative colitis is least common in Europeans and North Americans
d) Patients with ulcerative colitis have an increased risk of developing bowel 

cancer
e) Don’t know
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The examination of the large bowl with a flexible camera is called a:-
a) Barium enema
b) Biopsy
c) Colonoscopy
d) Don’t know

22. Male patients who take sulphasalazine:-
a) Have reduced fertility levels that are reversible
b) Have reduced fertility levels that are not reversible
c) The drug does not have any effect on male fertility
d) Don’t know

23. The length of the small bowel is approximately:-
a) 2 feet
b) 12 feet
c) 20 feet
d) Don’t know

24. The function of the large bowel is to absorb
a) Vitamins
b) Minerals
c) Water
d) Don’t know

25. Another name for an ileorectal anastomosis operation with formation of a reservoir 
is:-

a) Purse
b) Pouch
c) Stoma
d) Don’t know

26. If a part of the bowel called the terminal ileum is removed during surgery the 
patient will have impaired absorption of

a) Vitamin C
b) Vitamin A
c) Vitamin B 12
d) Don’t know
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27. Patients with IBD need to be screened for cancer of the colon. Which one of the 
following statements about screening is false ?
Screening should be offered to all patients with ulcerative colitis:-

a) Which affects only the rectum
b) Which has lasted for 8-10 years
c) Which started before the age of 50
d) Don’t know

28. There are millions of tiny “hairs” in the small bowel to increase the absorptive 
surface. They are called:-

a) Villi
b) Enzymes
c) Bile salts
d) Crypts
e) Don’t know

29. Which one of the following is not a common symptom of inflammatory bowel 
disease ?

a) Abdominal pain
b) Change in bowel habit
c) Headache
d) Fever
e) Don’t know

30. If a child has inflammatory bowel disease; he/she probably will not>
a) live beyond the age of 45
b) be as tall as his or her friends
c) be as intelligent as his or her friends
d) Don’t know
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Appendix 5 Questionnaire completed prior to and after intervention (video / 
leaflet).

Age Sex----------------Member o f NACC? YES / NO

We are conducting a research project into what people with 
ulcerative colitis know about bowel cancer and having a colonoscopy. We 
would like you to answer the following questions. This is totally 
confidential and will not affect your care in any way. Please answer the 
questions on your own and tick only one answer for each question. Thank 
you.

1. Do you think that people are at an increased risk of getting bowel 
cancer because they have ulcerative colitis ?

a) Y es-------
b) N o -------
c) Don’t know -------

2. Do you think a person with ulcerative colitis can have bowel cancer 
and still feel well?

a) Y es-------
b) N o -------
c) Don’t know -------

3. Who do you think is most at risk o f getting bowel cancer?
a) People with colitis affecting a portion of the colon-------------
b) People with colitis affecting most of the colon----------------
c) The risk is the same for everyone--------------

4. Do you think it is possible to screen for early bowel cancer by having a 
colonoscopy?

a) Y es-------
b) N o -------
c) Don’t know -------

5. Do you think if  you take your colitis medication regularly you can 
reduce your risk of getting bowel cancer ?

a) Y es-------
b) N o -------
c) Don’t know -------

Please turn over
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6. When do you think the risk of bowel cancer becomes large enough to 
start having regular colonoscopies?

a) As soon as colitis is diagnosed--------------
b) After about ten years o f colitis---------------
c) After about twenty years o f colitis---------------

7. If your colitis has been trouble free, do you think that you still need a 
colonoscopy ?

a) Y es-------
b) N o -------
c) Don’t know -------

8. Do you think that you will be completely put to sleep before having a 
colonoscopy?

a) Y es-------
b) N o -------
c) Don’t know -------

9. Do you think that you are likely to open your bowels during the 
colonoscopy?

a) Y es-------
b) N o -------
c) Don’t know -------

10. Do you think you will be told the results of the biopsies immediately 
after the colonoscopy has finished?

a) Y es-------
b) N o -------
c) Don’t know -------

11. Do you think that if  you have had a normal colonoscopy you will need 
another one in the future ?

a) Y es-------
b) N o -------
c) Don’t know -------

12. If you were booked to have a colonoscopy in the future, do you think 
you would attend ?

a) Y es-------
b) N o -------
c) Don’t know -------
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Appendix 6

Preventing Bowel Cancer in Ulcerative Colitis and 

Having a Colonoscopy 

Bowel cancer and ulcerative colitis

For many years it has been known that some people with ulcerative colitis 

develop cancer of the colon. The chance of cancer developing is greater in people 

with extensive disease which has been present for more than 8 to 10 years. The 

longer the colitis goes on the greater the risk of colon cancer.

Patients can feel totally well if they have early bowel cancer. They won’t 

necessarily know that there is anything wrong, just as the doctor can’t tell if you 

have bowel cancer simply by talking to you or performing a physical examination.

Preventing Bowel cancer in ulcerative colitis
Some research has suggested that taking your colitis medications regularly, 

even when you feel well, can reduce the chances of you developing bowel cancer. 

Another way to reduce the chance of getting bowel cancer is to have regular camera 

examinations of the large bowel. These are called colonoscopies. At the moment a 

colonoscopy is the best test to detect early bowel cancer.

What is a colonoscopy?
A colonoscopy involves passing an endoscope into your bottom. A 

colonoscope is a long flexible tube about as thin as your index finger with a light on 

the end. The doctor can see the lining of the bowel and can look for early changes 

in the bowel which might suggest cancer.
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Before the colonoscopy

The bowel has to be prepared for the colonoscopy. The days before the test 

you will need to take the bowel preparation which will be sent to you. This is a 

laxative that clears out the bowel and will enable the doctor to get a clear view.

The day of the test

1. You must have someone to bring you in for the test and someone to take you 

home.

2. A nurse will greet you and explain the test in full, and will answer any questions.

3. You will be asked to change into a gown and will wear this during the test.

During the test
When you are in the endoscopy room the doctor will ask you to sign the 

consent form. This states that you understand the procedure and the complications 

associated with it and agree to it.

You will be given a sedative injection which relaxes you but does not put 

you out completely. Having the sedative means you must not:-

1. drive a car or ride a bicycle

2. operate machinery for 24 hours after the test

3. make important decisions or sign any documents for 24 hours after the test

The colonoscope is passed gently into your bottom and the doctor will steer 

the instrument through the bowel. Air is used to inflate the bowel and you may feel 

some wind like discomfort as though you want to go to the toilet. As your bowel is 

empty this won’t happen but some of the air may escape. This is perfectly normal 

so there’s no need to feel embarrassed.
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The colonoscopy usually takes 10 - 15 minutes. Once the doctor has had a 

good look around the bowel he will take several small biopsies. These are small 

samples of tissue for analysis. This is totally painless.

After the colonoscopy

The doctor will be able to tell you what has been found at the colonoscopy 

but the biopsy report takes a few days to come through. You will need another 

outpatient appointment to receive the biopsy result.

It is always reassuring when you’ve had a normal colonoscopy but it is 

important to know that you should have a colonoscopy once every 1 or 2 years if 

you have extensive ulcerative colitis.
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Appendix 7 (See attached video)
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Appendix 8 SCREENING PRACTICES OF BRITISH

GASTROENTEROLOGISTS IN ULCERATIVE COLITIS.

This survey is designed to investigate different approaches to screening across the 

United Kingdom in ulcerative colitis. It may help determine the reasons why detection rates o f 

dysplasia and colonic cancer vary across the country.

The questionnaire is coded so as to ensure anonymity. The code is held by an 

independent monitor. Its use however will allow re-mailing to encourage a good response rate. 

Thank you for taking the time to complete this questionnaire.

Jayne Eaden (Research Fellow in Gastroenterology). 

John Mayberry (Consultant Physician).

1. Do you practice colonic surveillance in ulcerative colitis ?

2. Does your centre maintain a register o f people in surveillance programs ?

3. Is this register computerized ?

4. Is there a specific doctor, nurse or manager who keeps the surveillance 

list up to date ?

5. Do you have a system for contacting people who default from follow up ?

YES NO

□ □
□ □ 
□ □

□ □ 
□ □

6. Do you enter patients into a screening program who have:-

a) Pan colitis /  disease proximal to the splenic flexure ? □  □

b) Left sided colitis ? □ □
n nc) Proctitis ? 1— 1 1— 1
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7. If the answers to any o f the previous stem were yes; please state after how many years o f 

disease you commence surveillance colonoscopies on your patients with:-

a) Pancolitis /  disease proximal to the splenic flexure --------------------------------------

b) Left sided colitis --------------------------------------

c) Proctitis-------------------------------------------------------------- --------------------------------------

YES NO
8. Do you enter people into a screening program who are>

a) Under 50 years o f age at diagnosis ? □  □

b) Aged 50 years and older at diagnosis ? □  □

c) Both o f the above ? □  □

9. Do you routinely offer patients with disease o f more than 10 years 

duration a prophylactic colectomy ?

□ □

10. Do you routinely perform a colonoscopy on all your patients with ulcerative □  □  

colitis after 10 years o f disease to reassess the extent o f their disease ?

11. When performing a surveillance colonoscopy; how many routine biopsies do you take ?

O-5CH 6-lotZZl II-I5EH  I6-20ED More (please specify) D

12. Is routine screening in your unit mainly conducted by

a) An accredited gastroenterologist ? 1— 3
nb) A  trainee gastroenterologist ? I— I

c) An accredited colorectal surgeon ? 1— 1

d) A  trainee surgeon ? I— I
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Please tick  one box only for the following questions:-

13. Are the biopsies you take reviewed mainly by >

a) A  general pathologist ? 0

b) A  pathologist specializing in gastrointestinal pathology ? CZI

14. You see a 45 year old woman in your outpatient clinic who was diagnosed with ulcerative 
colitis at die age o f thirty. She has ulcerative colitis involving the whole colon (as seen at 
colonoscopy at the time o f diagnosis). She is in complete remission on asacol and has had 
no relapse for 5 years. Do you >

a) Arrange to review her in outpatients one year ?

b) Stop her asacol and review her in outpatients in one year ?

c) Arrange a flexible sigmoidoscopy ?

d) W ait until she develops new colonic symptoms before performing 

any endoscopic procedure in the future ?

e) Arrange a colonoscopy ?

f) Offer her a prophylactic colectomy ?

□
□
□

□
□
□

15. You have performed a colonoscopy on a fifty year old woman who has had pancolitis for 
30 years. She is totally asymptomatic and the appearances at colonoscopy were those o f 
quiescent disease. The biopsies confirm this with no evidence o f dyplasia or malignancy. 
Do you

a) Repeat the colonoscopy in five years time ?

b) Repeat the colonoscopy in three years time ?

c) Repeat the colonoscopy in one years time ?

d) Repeat the colonoscopy only if  the patient develops new 

colonic symptoms ?

□
□
□

□
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16. You have performed a colonoscopy on a fifty year old man who has had ulcerative colitis 
affecting the left side o f the colon for 20 years. The appearances at the time of the 
examination were those o f quiescent disease. The histology from the colonic biopsies 
show low grade dysplasia. Do you :-

a) Recommend he has a colectomy in the near future?

b) Repeat the colonoscopy in the next 3-6 months and if  low grade 

dysplasia is confirmed recommend he has a colectomy?

c) Repeat the colonoscopy in the next 3-6 months and if  low grade 

dysplasia is not found return to surveillance colonoscopy ?

□

□

□
17. You have performed a colonoscopy on a sixty year old man who has had pan-colitis for 20 

years. The appearance at colonoscopy was unremarkable apart from a DALM in the 
transverse colon. The histology from the colonic biopsies show low grade dysplasia.
Do you :-

a) Recommend he has a colectomy in the near future ?

b) Repeat the colonoscopy in the next 3-6 months and if  low grade 

dysplasia is confirmed recommend he has a colectomy ?

c) Repeat the colonoscopy in the next 3-6 months and if  low grade 

dysplasia is not found return to surveillance colonoscopy ?

□

□

□
18. You have performed a colonoscopy on a thirty year old woman who has had pan-colitis for 

15 years. The appearances at colonoscopy were unremarkable. The histology from the 
colonic biopsies show high grade dysplasia. Do you :-

a) Recommend she has a colectomy in the near future ? CD

b) Repeat the colonoscopy and if  high grade dysplasia is confirmed

recommend she has a colectomy ?

c) Repeat the colonoscopy in the next 3-6 months and if  high grade 

dysplasia is not found return to surveillance colonoscopy ?

THANK YOU

□

□
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OBJECTIVE: The aim of this study was to develop a valid and 
reliable questionnaire assessing patient knowledge o f in
flammatory bowel 21 ase (IBD) and its treatment— the 
Crohn's and Colitis Knowledge (CCKNOW) Score.

METHODS: A total of 30 multiple choice questions were 
constructed into a draft questionnaire. This was piloted on a 
random selection of participants with differing IBD knowl
edge levels: junior doctors, nurses, and ward clerks. Factor 
analysis eliminated questions with poor discriminant ability. 
The resulting 24-item questionnaire (CCKNOW score) was 
retested on the three groups, and a Kruskal-Wallis test 
determined the questionnaire's ability to discriminate be
tween the groups. Reliability and readability were tested 
using Cronbach’s a  and the Flesch Kincaid reading score. 
The validated CCKNOW was then tested on patients from 
the Leicestershire IBD database.

RESULTS: CCKNOW scores differed significantly across 
the groups of doctors, nurses, and ward clerks (median 22.
16. and five, respectively) T =  40.35. p <  0.0001. The 
reliability was very good with a Cronbach's a  of 0.95 and 
the readability was also high. The median score on the 
CCKNOW for IBD patients was 10. with no significant 
difference between ulcerative colitis and Crohn's disease. 
Patients who are members of NACC (National Association 
of Crohn's and Colitis) achieve statistically significantly 
higher scores than do nonmembers (difference in medians 4. 
95‘T confidence interval 4 - 6 .  p <  0.0001).

CONCLUSIONS: The CCKNOW score provides a valuable 
index of overall knowledge. It is self-administered and 
psychometric tests show it to be valid, reliable, and read
able. It may be used in the future as a tool to evaluate patient 
education programs. (Am J Gastroenterol 1999:94: 
3560-3566. © 1999 by Am. Coll. of Gastroenterology)

INTRODUCTION

Patient knowledge and understanding varies widely in in
flammatory bowel disease (IBD). Some patients show evi
dence of advance reading about IBD and its treatment op

tions. Others do not possess even a basic understanding of 
their condition and have virtually no recall of previous 
discussions with their physician. A working knowledge of 
their disease and its management is essential for patients 
with chronic disorders such as IBD. Such knowledge can 
positively influence quality of life, social activity, and abil
ity to cope and comply with treatment (1-3). Various studies 
from Europe have demonstrated that patients with IBD want 
detailed information on both social and medical aspects of 
their disease (4-9). In addition there is evidence that pro
viding patients with such information can reduce consulta
tion rates and decrease anxiety levels (10).

It would seem that patient education should therefore be 
an integral part of comprehensive IBD care. Before the 
general introduction of individual or group based education 
programs (whether for newly diagnosed or established IBD 
patients) we should have an index that can evaluate them 
objectively. If patients have good knowledge of their disease 
and manage their condition appropriately, one would hope 
that they would have fewer disease complications. How
ever. objectives such as complications of disease provide 
very late and imprecise guides of knowledge deficits. Con
sequently there is a need for an efficient and reliable too» 
that can assess deficiencies in knowledge so that patient 
education programs can be designed and evaluated compre
hensively.

Although there is growing interest in patient education in 
IBD there are few published scales which measure such 
know ledge (11). In contrast much research has been con
ducted on the development of assessment tools in other 
areas o f medicine: most notably diabetes mellitus and end 
stage renal failure (12-17). In type 1 diabetes mellitus 
glycosylated hemoglobin concentration was inversely cor
related with patient scores for overall knowledge (18). and 
it seems reasonable to predict that increased knowledge of 
IBD may be lead to fewer complications and better self
management.

The aim of this study was to develop a valid and reliable 
self-administered questionnaire to assess patient knowledge 
o f IBD and its treatment. Additional aims were that the test



bo eu\v to administer and -.core and that it require <mly bu>ic 
reading skilK. This article initially prevent', an analysis and 
discussion of the development, discriminant validity, and 
internal reliability of the instrument developed for that pur
pose: the Crohn’s and Colitis Knowledge Score 'CCKNOW 
scorei. The article goes on to report the findings when the 
questionnaire was posted to patients with IBD from the 
Leicestershire IBD patient database.

•-u,
MATERIALS AND METHODS

The procedure used to develop the questionnaire was di
vided into four stages, as follows.

/. The Development o f Knowledge Areas to Be Assessed 
The areas to be covered by the test were based on key 
elements in the educational materials used in our clinics. 
The effects of these educational booklets have already been 
assessed in previous studies (19. 20). and they were initially- 
developed after consultation w ith several clinicians with an 
interest in IBD. The booklets deal with symptoms, investi
gations. theories of etiology, and medical and surgical treat
ment.

2. Preparation o f Multiple Choice Questions
Forty multiple choice questions were developed, each de
fining specific knowledge to be evaluated in the following 
areas of IBD management: a) general IBD understanding, b) 
medication, a  diet, and d) complications of IBD. All mul
tiple choice questions were reviewed by physicians to con
sider their relevance to patient assessment. A number of 
questions were revised, resulting in a total of 30 questions 
being included for evaluation in the assessment of patient 
knowledge levels (see Appendix 11. The revised set of 30 
questions consisted of general knowledge, including anat
omy and investigation <16t. medication i6t. diet (2). and 
complications of IBD (6i. Only two questions were specific 
to either Crohn's di>ease or ulcerative colitis <UC) and. thus, 
the majority of the questions should have been answerable 
by all respondents.

3. Pilot Study o f Draft Multiple Choice Questions 
Participants were randomly selected from three groups that 
were expected to differ in IBD-rele\ant knowledge and 
included a) IT junior doctors (most knowledgeable>. b) 16 
state registered nurses (moderately knowledgeable), and o  
20 ward clerks (least knowledgeable!. Each participant was 
sent a questionnaire with a covering letter explaining the 
purpose of the study and stressing the confidentiality of the 
answers. The questionnaires were self-administered and re
turned anonymously. ;

4. Analysis o f Returned Questionnaires and 
Multiple Choice Question Selection and Revision 
Scoring of the CCKNOW was one point for each correct 
answer with no negative marking. Questions were analyzed 
by factor analysis to maximize valid discrimination (21).
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Fuctor> with an eigenvalue >1 were chosen and the inter
pretation of the factorial structure wa> ba>ed on factor 
loadings ^0.5. The revised CCKNOW >core was then re
tested on doctors, nurses, and ward clerks so that new 
summary scores for the group** could be determined.

Criterion related validity was assessed via a Kruskal- 
Wallis test, a nonparametric one w ay analy sis of v ariance, as 
the data from the three groups were not normally distributed 
(as demonstrated by the Shapiro-Wilk test). This test was 
used to demonstrate the statistical significance of the differ
ence in scores between the three groups. The reliability of 
the CCKNOW Score was tested by calculating the internal 
consistency using Cronbach's alpha—an index of inter-item 
consistency that can vary between 0 and 1. with higher 
values reflecting higher levels of internal consistency (22). 
Readability of the test questionnaire was determined using 
the Flesch Kincaid reading score (23).

Once the CCKNOW Score was validated it was posted to 
647 IBD patients who were randomly selected from the 
Leicestershire IBD patient database and are of mixed social 
class and ethnic background. The IBD patients in Leices
tershire are cared for by one of seven gastroenterologists and 
so no single consultant (and his practice) could have influ
enced the results. Correlation between knowledge score and 
membership of The National Association of Crohn's and 
Colitis patient self-help group (NACC > was performed. The 
data were assessed for nonnormality using the Shapiro-Wilk 
test, the level of statistical significance between the groups 
subsequently assessed using the Mann-Whitney L-test and 
95cc confidence intervals (Cl) were calculated (24).

RESULTS

The mean and median scores. 95*7: confidence intervals, and 
standard dev iations of the participants in the pilot study are 
shown in Table I. Junior doctors had higher scores than staff 
nurses, who in turn did better than ward clerks. The factor 
analysis resulted in five factors with an eigenvalue >1. For 
each of these factors, questions with a factor loading >0.5 
were regarded as acceptable for inclusion in the final ques
tionnaire. Questions with a factor loading of <0.5 were 
rejected. From this analysis, six items were deemed to be 
unsuitable for inclusion (questions 1. 5. 8. 14. 19. and 21). 
The redrafted questionnaire consisted of 24 multiple choice 
questions covering five objectives. Eight questions related to 
general IBD knowledge, five to medication, four to anat
omy. five to disease complications, and two related to diet. 
The revised 24-item CCKNOW score was retested on doc
tors. nurses, and w ard clerks. The junior doctors obtained a 
median score of 22. nurses 16. and ward clerks 5 (Table 1).

Internal consistency was assessed in two ways. First, a 
Kruskal-Wallis test indicated that the 24-item CCKNOW 
scores differed significantly across the three groups. T = 
40.35 (adjusted for ties), p < 0.0001. Secondly. Cronbach's 
a  was very high, at 0.95. The readability of the CCKNOW 
score was also very good. The test questionnaire scored
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Table 1. Results o f the Pilot CCKNOW Score for junior Doctors. Staff Nurses, and Ward Clerks on 30- and 24-Item Multiple Choice 
Questionnaires

Mean (95% CI) Median (95% CI) SL
Junior doctors 30 items 27.3 (26.4-28.2) 28.0 (27.0-28.0) 1.8

(n = 17) 24 items 21.9(21.1-22.7) 22.0(21.0-23.0) 1.6
Staff nurses 30 items 20.6(19.0-22.2) 20.5 (19.0-23.0) 3.3

(n = 16) 24 items 15.9(14.2-17.6) 16.0(14.0-18.0) 3.4
Ward clerks — 30 items 9.5 (6.9-12.1) 8.0(7.0-12.0) 5.9

(n = 20) 24 items 6.1 (3.9-8.3) 5.0 (3.0-8.0) 5.1
CCKNOW *  Crohn’s and Colitis Knowledge.

favorably in that it was classified as being easy to read 
(score of 77.9/100); only 13% of the sentences were passive, 
and it had a reading grade level of 4.4.

The validated CCKNOW score was then further tested on 
the patient group described previously. Overall, 354 ques
tionnaires were returned (response rate. 55%). A total o f 200 
patients had ulcerative colitis and 154 had Crohn’s disease. 
Of the patients, 182 of 290 respondents were members of 
NACC (response rate, 63%) and 172 of 357 were nonmem
bers (response rate, 48%).

The median score for IBD patients was 10 (95% Cl. 
9-10), with no significant difference in the scores for pa
tients with UC and Crohn's disease (median 9: 95% CL 
9 -1 0  and median 10: 95% CL 9-11, respectively). The 
CCKNOW scores for patients by disease and membership 
of NACC are shown in Table 2. Using the Shapiro-Wilk W 
test, the data from these groups were found to be from a 
nonnormal distribution, and so nonparametric tests were 
utilized (Mann-Whitney U test).

Patients who are members of NACC. whether they have 
UC or Crohn's disease, achieve significantly better scores 
than nonmembers with a difference in median scores of 4.0. 
p  <  0.0001 (95% CI. 4 -6 ) . Patients with IBD who do not 
belong to NACC have only slightly higher knowledge levels 
than ward clerks (lay persons), with median scores of 8 and 
5, respectively. Members of NACC score more highly, with 
knowledge levels approaching those of nurses (12 and 16 
respectively). As questionnaires were posted anonymously, 
it was not possible to trace which subjects returned their 
questionnaires. However. 80 respondents added their names 
and addresses to the questionnaire and with their permission 
we reviewed their medical notes to determine whether du

ration of disease affected the CCKNOW score. We found 
that duration of disease bore no correlation to the CCKNOW 
score with respondants having IBD for 2 yr being just as 
likely to have a low/high score as someone who had had 
IBD for 20 yr.

Considering the group as a whole, mixed levels of un
derstanding were ascertained from the general knowledge 
section of the questionnaire. Most patients (78%) realized 
that just because they may have been symptom free for 3 yr. 
they were not cured of their condition, and the vast majority 
(96%) knew that they could not pass on their disease to 
family m em ber if they were not careful about personal 
hygiene. However 72% of patients were unaware that IBD 
runs in families. 47% did not understand that IBD can affect 
pans of the body other than the bowel, and 77% did not 
know that smoking was associated with Crohn's disease. 
Fifty-eight percent were not aware that a child with IBD 
may be shorter than his/her friends, with these responders 
actually believing that they may be either less intelligent or 
may not live beyond the age of 45 vr.

Regarding medication, there was some confusion be
tween the different types of drug used to treat IBD. Of the 
patients, 60% understood the role of immunosuppressive 
drugs, but 76% thought that sulphasalazine and mesalazine 
were examples of such drugs. In addition. 68% knew that 
sulphasalazine was used to reduce the frequency of relapse, 
but only 26% were aware that it can reversibly reduce male 
fertility. Concerning steroids. 49% did not know that these 
agents can be administered rectally and intravenously as 
well as orally: 56% thought that side effects from steroids 
started immediately (even after small doses), and that all 
side effects disappeared after they were discontinued.

Table 2. CCKNOW Scores for IBD Patients by Disease and Membership Status in NACC (on 24-Item Multiple Choice 
Questionnaire)

Mean (95% CI) Median (95% CI) SD
Ulcerative colitis, NACC 12.4(11.4-13.4) 12.5(10.0-14.0) 5.0

(n = 96)
Crohn's disease, NACC 12.6(11.5-13.7) 12.0(11.0-14.0) 5.3

(n = 86)
Ulcerative colitis, nonmember 7.9 (7.2—8.6) 8.0 (7.0-9.0) 3.8

(n = 104)
Crohn’s disease, nonmember 7.8 (6.8-8.8) 7.5 (6.0-9.0) 4.0

(n = 68)
CCKNOW = Crohn's and Colitis Knowledge: IBD = inflammatory bowel disease: NACC =  National Association of Crohn’s and Colitis.
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As far as complications of IBD are concerned, 78% were 
tinaware as to which patients were at increased risk for 
bowel cancer and, therefore, should be under surveillance, 
with 7% believing that if they passed blood in their stools 
they definitely had bowel cancer. In addition, 58% did not 
understand what a fistula was, and 79% did not realize that 
a woman with Crohn’s disease may have difficulty becom
ing pregnant.

DISCUSSION

In developing the CCKNOW score four criteria were chosen 
as goals. These included a) reliability, b) validity, c) ease of 
administration, and d) readability. The 24-item CCKNOW 
score displays high levels of reliability, as estimated by the 
coefficient a, and validity is also high with the Kruskal- 
Wallis test, demonstrating its ability to significantly discrim
inate doctors from nurses and could separate both of these 
groups from ward clerks. The CCKNOW score has a good 
readability score, which makes it ideal as a self-adminis
tered tool for assessing patient knowledge levels. The 55% 
response rate for the CCKNOW score was lower than we 
hoped, but this is not unexpected for a postal survey after a 
single mailing (25).

The CCKNOW score provides a robust index of overall 
knowledge and could be used in the future to evaluate 
patient education programs. It allows a comparatively inex
pensive assessment of knowledge status for entire IBD 
populations, thereby freeing specialist IBD educators for 
more individual and goal-oriented teaching tasks. Those 
who wish to assess IBD knowledge on a single occasion 
may use the 24-item version. If users wish to conduct 
repeated assessments (for example, before and after an ed
ucation program), two parallel 12-item versions may be 
developed for this purpose. Although there will be areas that 
will concern most patients (such as the cancer risk), each 
patient will require knowledge relating to different aspects 
of his or her disease. The CCKNOW will help individual 
clinicians to identify those topics to which they should give 
added attention during their general discussions with the 
patients under their care. As we have shown that knowledge 
is independent of disease duration, it is clear that patient 
education needs to be an ongoing process, with reiteration of 
important issues in IBD at each clinic visit. In addition to the 
standard doctor-patient consultation, knowledge may be im
parted in through other media. Patients are enthusiastic 
about accepting educational material in a variety of forms, 
and a significant improvement in understanding can be 
achieved by the use of both videos and information leaflets. 
Written and video educational materials can be used without 
face-to-face consultations to inform most people about their 
disease and screening for complications. Video tapes pro
vide a consistent form of teaching, are a familiar medium to 
most patients and can communicate concepts in a realistic 
and visual manner. A major advantage to video-based ap
proaches is that educational benefits for patients can be

achieved without imposing additional burdens on physicians 
to spend more time in educating and counseling patients 
about their disease. Another effective method of imparting 
information would be to employ specialist IBD nurses 
whose role would be to identify and address any knowledge 
deficits of the patient while liaising with the doctor to inform 
him or her of any areas raising specific concerns.

An additional use for the CCKNOW score may be to 
initiate discussions in self-help groups and in seminar-based 
teaching sessions. Most knowledge assessment tools in 
other specialities have been used to evaluate education pro
grams and, through feedback, to correct patients’ knowledge 
deficits. The CCKNOW score may be used to assess the 
knowledge not only of patients but also of family members. 
Educating spouses could result in greater understanding and 
an increase in the practical support given to patients in their 
home environments.

The CCKNOW was developed along similar lines to tests 
of knowledge in other areas of medicine (12-17) in that we 
defined crucial knowledge content, excluded questions of 
poor discriminatory ability and carried out various psycho
metric tests that have shown the CCKNOW questionnaire to 
have very promising properties. In the field of diabetic 
medicine, the CCQ-1 (15,18), has been used to discriminate 
between performance in home monitoring, general manage
ment and overall scores stratified on a basis of patients’ 
HbA, levels. In nephrology, the KDQ and CKKT (12, 13) 
have been used to establish the knowledge base of estab
lished dialysis patients for whom concordance with dietary, 
fluid, medication, or treatment regimens remains an ongoing 
challenge. It is understandable that good diabetic control can 
be achieved by education, as such patients have direct con
trol of their own treatment. The treatment of IBD may be 
regarded as less complicated for the patient, but many pa
tients self-medicate during exacerbations and a significant 
proportion turn to alternative medicines (26). Increasing 
knowledge in IBD may not have the same impact as in 
diabetes, although it should help to improve compliance 
with medication and colonic cancer screening programs.

We believe that all patients with IBD need to have a 
comprehensive knowledge base, although it could be argued 
that it is unnecessary to burden a patient with too much 
information. For example, a patient with distal colitis may 
not need to know about fibrostenotic Crohn’s disease or the 
risk of colorectal cancer. We appreciate this point of view, 
but the CCKNOW has only five questions that are specific 
to either Crohn’s disease or ulcerative colitis, with most 
being appropriate to both conditions. In addition, limiting 
patient knowledge and protecting patients against any anx
iety-provoking issues may be seen as paternalistic. Ameri
can gastroenterologists inform their patients of the CCFA 
(Crohn’s and Colitis Foundation of America), which is a 
patient self-help organization similar to the NACC in Brit
ain. Their official publication, written specifically for people 
with IBD (27), is a 213-page book that comprehensively 
covers many aspects of IBD and is readily available to
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patients and their families. With the increasing recognition 
of the role that patients must play in therapy and the need for 
concordance rather than simple compliance, it is important 
to supply patients with accurate and detailed information 
about a range of aspects of their disease.

Our CCKNOW?score compares favorably with the IBD 
Knowledge Questionnaire (KQ) developed by Jones et al. 
(11), with both questionnaires having high levels of reli
ability (Cronbach's a  0.95 and 0.84, respectively). Unlike 
the KQ, in the development of the CCKNOW we excluded 
questions that the majority of people got wrong as well as 
those on which most participants scored correctly, as we felt 
that both were poor discriminators of knowledge between 
groups. Some readers may feel that even if questions are 
well understood by the majority of patients (and thus have 
little discriminatory value), they should still be included as 
it may be dangerous not to detect patients whose knowledge 
is deficient in crucial areas. However, the questions ex
cluded by factor analysis, with the exception of questions 5 
and 14 are not “crucial areas of knowledge." and question 
14 was phrased in an ambiguous w-ay and could be modified 
in any future version of the CCKNOW'. Thus, we do not 
believe that the CCKNOW misses patients whose knowl
edge is inadequate in important areas.

Both the CCKNOW and KQ found that patients with 
Crohn's disease were more knowledgeable than those with 
ulcerative colitis, whereas we found no difference between 
the groups. We believe that our results may be more repre
sentative, as we tested the CCKNOW on a significantly 
larger patient group. Both questionnaires identified similar 
misconceptions among the IBD population: namely, it found 
that there was general confusion concerning medication and 
a widespread belief that IBD does not run in families. The 
study by Hawkey and Hawkey of information leaflets also 
found confusion about the familial occurrence of IBD (28).

The lack of knowledge displayed by patients in the sec
ond part of this study gives no reason to be complacent 
about patients' current understanding of IBD. Indeed, sim
ilar findings have been reported for breast cancer, in which 
patients, despite having been treated for the disease, con
tinue to have significant deficiencies in their knowledge 
(17). The higher scores achieved by NACC members is not 
unexpected, as they have greater access to information, and 
membership in itself suggests that they may be more moti
vated to leam. It may be argued that NACC members scored 
higher because they may have suffered more disease com
plications and may have had their disease for a longer period 
of time compared with nonmembers. This w’ould appear not 
to be the case, as many NACC members enroll as new 
patients, i.e., early after diagnosis, and have not had IBD for 
a sufficient time to develop complications. Indeed 19^ of 
patients from a study in Leicester did not attend NACC 
meetings, as they believed that they were too ill (29). In 
addition many members are only transient, drawing from the 
group for a while and withdrawing once their needs are met 
(30).

We are aware that further support of the questionnaires' 
validity and reliability will be based largely on its continued 
use in the clinical setting. Even so, it is obvious that there 
are large deficits in patients' knowledge, which must be 
addressed if we hope to achieve better self-management of 
IBD. Although the CCKNOW score tests knowledge, it is 
not a measure of behavior (e.g.. adherence to therapeutic 
regimens) or of medical outcomes (e.g., reduced frequency 
of complications). Research currently is in progress exam
ining a potential role for the CCKNOW score in these 
issues.

Reprint requests and correspondence: Dr. Jayne Eaden. The 
Gastrointestinal Research Unit, Leicester General Hospital, Gwen
dolen Road, Leicester LE5 4PW, UK.Received Feb. 1, 1999: accepted June 23. 1999._____________
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APPENDIX 1: TESTING YOUR KNOWLEDGE OF CROHN'S 
AND C0UT1S: THE CCKNOW SCORE

This questionnaire will help your doctors and nurses know 
on which topics you may need more information. This will 
help make your treatment more effective. Please tick only 
one answer for each question. Thank you.

1. The intestines play an important role in the body but 
they only work during meal times:

a) True
b) False
c) Don't know

2. People with inflammatory bowel disease are never al
lowed to eat dairy products:

a) True
b) False
c) Don’t know *

3. Elemental feeds are sometimes used to treat Crohn’s 
disease and ulcerative colitis. They:

a) Always contain a lot of fibre

b) Are very easy to digest
c) Come in the form of tablets
d) Don’t know

4. Proctitis:
a) Is a form of colitis that affects the rectum or back 

passage only
b) Is a form of colitis that affects the whole of the 

large bowel
c) Don’t know

5. When a patient with inflammatory bowel disease passes 
blood in their stool it means;

a) They definitely have bowel cancer
b) They are having a flare up of their disease
c) Don’t know

6. Patients with inflammatory bowel disease are probably 
cured if they have been symptom free for 3 years:

a) True
b) False
c) Don’t know

7. Inflammatory bowel disease runs in families:
a) True
b) False
c) Don’t know

8. If patients with inflammatory bowel disease are not 
careful with their personal hygiene they can pass on 
their disease to friends and members of the family:

a) True
b) False
c) Don’t know

9. Patients with inflammatory bowel disease can get in
flammation in other parts of the body as well as the 
bowel:

a) True
b) False
c) Don’t know

10. A fistula:
a) Is an abnormal track between 2 pieces of bowel or 

between the bowel and skin
b) Is a narrowing of the bowel which may obstruct 

the passage of the contents
c) Don’t know

11. The terminal ileum:
a) Is a section of the bowel just before the anus
b) Is a section of the bowel just before the large 

intestine
c) Don't know

12. During a flare up of inflammatory bowel disease:
a) The platelet count in the blood rises
b) The albumin level in the blood rises
c) The white cell count in the blood falls
d) Don't know

13. Steroids (such as prednisolone/prednisone/budesonide/ 
hydrocortisone):

a) Can only be taken by mouth
b) Can be given in the form of an enema into the 

back passage
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c) Cannot be given directly into the vein
d) Don't know

14. Steroids usually cause side effects:
a) only after they have been taken for a long time 

and in high doses
b) Immediately and even after small doses
c) Which are not permanent and all disappear after 

treatment is stopped
d) Don't know

15. Immunosuppressive drugs are given to inflammatory 
bowel disease patients to:

a) Prevent infection in the bowel by bacteria
b) Reduce inflammation in the bowel
c) Don't know

16. Sulphasalazine:
a) Controls the level of sulphur in the bloodstream
b) Can be used to reduce the frequency of flare ups
c) Cannot be used to prevent flare ups
d) Don’t know

17. An example of an immunosuppresive drug used in 
inflammatory bowel disease is:

a) Sulphasalazine
b) Mesalazine
c) Azathioprine
d) Don't know

18. If a woman has Crohn's disease:
a) She may find it more difficult to become pregnant
b) She should not have children
c) Her pregnancy will always have complications
d) She should stop all medication during her preg

nancy
e) Don't know

19. Patients who smoke are more likely to have:
a) Ulcerative colitis
b) Crohn's disease
c) Don't know

20. Which one of the follow ing statements is false?
a) Ulcerative colitis can occur at any age
b) Stress and emotional events are linked with the 

onset of ulcerative colitis
c) Ulcerative colitis is least common in Europeans 

and North Americans
d) Patients with ulcerative colitis have an increased 

risk of developing bowel cancer
e) Don’t know

21. The examination of the large bowel with a flexible 
camera is called a:

a) Barium enema ^
bj Biopsy ’
c) Colonoscopy
d) Don’t know

22. Mate patients who take sulphasalazine:
a) Have reduced fertility levels that are reversible
b) Have reduced fertility levels that are not revers

ible

c) The drug does not have any effect on male fertility
d) Don't know-

23. The length of the small bowel is approximately:
a) 2 feet
b) 12 feet
c) 20 feet
d) Don’t know

24. The function of the large bowel is to absorb:
a) Vitamins
b) Minerals
c) Water
d) Don’t know

25. Another name for an ileorectal anastomosis operation 
with formation of a reservoir is:

a) Purse
b) Pouch
c) Stoma
d) Don’t know

26. If a part of the bowel called the terminal ileum is 
removed during surgery the patient will have impaired 
absorption of:

a) Vitamin C
b) Vitamin A
c) Vitamin B12
d) Don’t know-

27. Patients with IBD need to be screened for cancer of the 
colon. Which one of the following statements about 
screening is false?
Screening should be offered to all patients with ulcer
ative colitis:

a) Which affects only the rectum
b) Which has lasted for 8-10 years
c) Which started before the age of 50
d) Don’t know-

28. There are millions of tiny “hairs” in the small bowel to 
increase the absorptive surface. They are called:

a) Villi
b) Enzymes
c) Bile salts
d) Crypts
e) Don't know

29. Which one of the following is not a common symptom 
of inflammatory bowel disease?

a) Abdominal pain
b) Change in bowel habit
c) Headache
d) Fever
e) Don't know

30. If a child has inflammatory bowel disease: he/she prob
ably will not:

a) live beyond the age of 45
b) be as tall as his or her friends
c) be as intelligent as his or her friends
d) Don’t know



How gastroenterologists screen for colonic cancer in 
ulcerative colitis: an analysis of performance
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Background: The aim of this study was to assess the coiorectal cancer surveillance practices of 
British gastroenterologists for patients with ulcerative colitis.
Methods: A questionnaire that investigated aspects of surveillance in patients with ulcerative col
itis was mailed to all consultant gastroenterologists in the U.K. (n = 413).

'̂ Results: Three hundred, forty-one questionnaires were returned (response rate 83%). Ninety-four 
percent of consultants practice cancer surveillance in ulcerative colitis, with 35% maintaining a 
registry of patients in surveillance programs. All gastroenterologists perform surveillance in 
patients with pancolitis, 24% in those with left-sided colitis and 2% in patients with proctitis. The 
mean duration of disease before surveillance is commenced is 9.2 years for pancolitis and 12.4 
years for left-sided colitis (p <0.0001). Only 4% of gastroenterologists routinely offer patients with 
disease of more than 10 years’ duration a prophylactic colectomy. Colonoscopies are conducted 
by an accredited gastroenterologist in 65% of cases and bibpsies are reviewed by specialists in 
gastrointestinal pathology in 45%. When histology reveals low-grade dysplasia only 4% advise 
colectomy and when high-grade dysplasia is found 53% recommend colectomy. Sixteen percent 
of gastroenterologists were unaware of the significance of a dysplasia associated lesion or mass. 
Conclusion: The majority of gastroenterologists practice surveillance on a disorganized basis.
There is inconsistency In the management of patients with dysplasia and education of gastroen
terologists is needed. (Gastrointest Endosc 2000;51:123-8.) j

k
Patients with ulcerative colitis (UC) are at 

increased risk of colorectal carcinoma.1*3 Many clini
cians practice colonoscopic surveillance in this group 
of patients in the hope of detecting an early cancer at 
a surgically curable stage. However, much debate 
surrounds the efficacy of surveillance programs in 
UC.4*® These programs were widely introduced with
out the benefit oif randomized controlled trials need
ed to assess their efficacy and cost-effectiveness. It 
would now be unethical to randomize patients into a 
study of the benefits of surveillance, and the only 
acceptable approach is to, critically appraise current 
practices in surveillance.

The recognized drawbacks of surveillance pro
grams in UC include poor patient compliance, diffi
culties of detecting and interpreting dysplasia, and 
the magnitude of the false-negative problem (i.e.,

Received September 23, 1998. For revision April 27, 1999.
Aootytkd August IS, 1999.
Fromthe Gastrointestinal Research Unit, Leicester General 
HoepitM, Leicester, UJL
Presented, in part, as a poster at the World Congress of Gastro
enterology, Vienna* Austria, 1998 and has been published u  an 
abstract (Digestion,1998;59:14S).
Reprint requests: Jayne A. Eaden, MBChB, MRCP,
Gastrointestinal Research Unit, Leicester General Hospital,
Gwendolen Road, Leicester, LE54PW,U.K 
Copyright C 2000 by the American Society for Gastrointestinal 
Endoscopy 0016-510712000/$12.00 4 0 37/1/102281

VOLUME 51, NO. 2,2000 GASTROINTESTINAL ENDOSCOPY 123

some cancers will be missed). However, colonos
copies are relatively safe procedures with few com
plications occurring during surveillance programs.7 
In addition, there is some evidence that surveillance 
can detect cancers at an earlier stage.8*9 More 
recently a case control study by Karlen et al.10 has 
found that surveillance may reduce colorectal can
cer mortality, although the results were not statisti
cally significant. These recent studies give impetus 
to identify the reasons for the general failure of sur
veillance programs in UC.

Surveillance is best performed during periods of 
disease remission to eliminate the difficulty of differ
entiating reactive changes from low-grade dysplasia 
(LGD).11 Periodic colonoscopy should begin at 8 to 10 
years* duration of disease for extensive colitis and 15 
to 20 years for left-sided disease.12 The current rec
ommendation is to perform surveillance examina
tions regularly at 1- to 2-year intervals.12 Some have 
advocated an alternative schedule to use the better 
duration-independent increase in cancer risk.13*14 
They suggest a gradual decrease in the surveillance 
interval from every 3 years for the second decade of 
disease to yearly by the fourth decade of disease, par
ticularly in patients whose initial studies are nega
tive.13*14 During a colonoscopy a full examination 
should be performed with a carefiil inspection of the 
entire colonic mucosa. Thereafter, taking 2 to 4 biop
sy specimens randomly at 10 cm intervals from the
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Figure 1. Duration of disease at which surveillance is initiated.

entire length of the colon is currently recommend
ed.12 Particular attention should be paid to elevated 
masslikelestons (dysplasia associated lesion or mass 
[DALMs]) because there is an increased likelihood 
that such areas may harbor dysplasia or carcino
ma.15*16 If such a lesion is present, additional biopsy 
specimens should be taken from the area. Any ambi
guity in histologic biopsy interpretation should be 
clarified by a second experienced pathologist. If 
severe dysplasia or a BALM is discovered at any 
time, then colectomy fe indicated.15*17 Patients need 
to be aware that surveillance cannot guarantee a 
reduced cancer risk hut rather that it offers a rea
sonable chance of detecting precancerous changes or 
cancer at an asymptomatic stage.18 
, The aihis of this study were to determine the sur
veillance practices of British gastroenterologists for 
patients with UC. National data were collected 
using a postal questionnaire. In addition to the over
all analysis of data, the possibility of differences in 
practice between consultants in teaching and dis
trict hospitals was investigated. The information 
from respondenteat the same institutions was 
examined to see whethiHF there was consistency and 
agreement within the workplace.

j METHODS
A questionnaire to assess the surveillance practices of 

gastroenterologists for colorectal cancer in patients with 
UC was developed and a pilot study was conducted with 
30 consultant gastroenterologists in the Trent region. In 
the light of their comments the questionnaire was modi
fied and new questions added. This included the introduc
tion of short case scenarios whose purpose was to confirm 
the validity of earlier questions and to elicit the manage
ment practice of gastroenterologists when finding LGD, 
dysplasia With a DALM and high-grade dysplasia (HGD) 
at colonoscopy. Last, 6 color photographs of features that 
may be seen at a colonqscopy were shown. Three of these 
photographs were from an endoscopy unit libraiy ffcaken 
with patient’s consent) and the others were scanned from
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Figure 2. Number of biopsies taken at colonoscopy.

a reference guide for endoscopists with the publisher’s 
permission.19 Respondents were asked which features 
would lead them to take a further biopsy in addition to 
routine random biopsies from the colon. The modified 
questionnaire was mailed to all consultant gastroenterol
ogists in the United Kingdom. Altogether there were 3 
mailings at intervals of approximately & weeks.

Statistical analysis
The data were analyzed Using Arcus statistical soft

ware. Comparison of proportions was assessed by the chi- 
square test. Differences in time intervals at which surveil
lance is commenced were analyzed using a Mann-Whitney 
test. The probability values quoted are 2-tailed.

RESULTS
.. After three mailings 341 questionnaires were 

returned (response rate 83%). In 42 cases the ques
tionnaires were not completed for reasons such as 
the consultant did not see patients with inflamma
tory bowel disease. This left 298 questionnaires that 
were analyzed, 90 from teaching hospital consul
tants and 208 from district hospitals.

Overall surveillance practice
Ninety-four percent of consultant gastroenterolo

gists (physicians) state they practice colorectal can
cer surveillance for patients with UC, with 35% 
maintaining a registry of patients undergoing sur
veillance. Of these registries, 49% are computerized 
with the rest probably being compiled using a card 
index format. Only 17% of hospitals have a specific 
doctor/nurse who keeps the surveillance list up to 
date and 61% have a system for contacting people 
who default from follow-up.

All doctors who practice surveillance do so in all 
patients with total colitis, 24% enter patients who 
have left-sided disease into a program and 2% per
form surveillance examinations in patients with 
proctitis. The mean duration of disease before sur
veillance is commenced is 9.2 years (range 1 to 15 
years) for total colitis and 12.4 years (range 7 to 20 
years) for left-sided colitis (Fig. 1). Mann-Whitney 
test normalized statistic (adjusted for ties) is 7.8, 
p  < 0.0001: median difference = 2 (95% Cl [1,3]). Age
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Table 1. The management of patients with abnormal histology after a 
surveillance colonoscopy

Histology

Management

Colectomy (%)
Colectomy if histology confirmed 

at second colonoscopy (%)
Return to surveillance if  

histology not confirmed (%)
LGD 4 25 71
LGD + DALM 30 37 33
HGD 53 42 5

at diagnosis of colitis seems to have limited bearing 
on a clinmian’s decision to conduct surveillance 
because 96% of gastroenterologists enter patients 
into a program when colitis is diagnosed at 50 years 
of age and older (all consultants performing surveil
lance in patients who developed colitis before the 
age of 50 years). .

W hen asked w hether they routinely offered 
patients with disease of more than 10 years’ dura
tion a prophylactic colectomy, only 4% of doctors 
gave a positive response. Many more doctors (46%) 
Stated that they routinely perform a colonoscopy on 
all patients with UC after 10 years of disease to 
reassess the extent of their colitis.

Each gastroenterologist completing a question
naire was asked to indicate (by ticking 1 of 4 boxes) 
which single group mainly conducted routine sur
veillance in the department. Despite these instruc
tions, 2 categories or more were chosen by 29% of 
respondents. Surveillance is m ainly conducted by an 
accredited gastroenterologist in 65% of programs. 
Four percent are conducted mainly by a trainee and 
10% by a trainee and consultant together. In 13% of 
hospitals colonoscopies are performed by a mixture 
of accredited gastroenterologists and consultant 
surgeons. The remainder are carried out by a combi
nation of consultant surgeons, surgical trainees and 
subconsultants.

Respondents were asked how many biopsies they 
routinely take for histologic assessm ent when per
forming a surveillance colonoscopy. Most (50%) take 
between 6 and 10 biopsies from the whole colon, 
with 31% taking between 11 and 15. The pattern 
among the remainder can be seen in Figure 2. The 
histologic slides are interpreted by a general pathol
ogist in 55% of cases and by a pathologist specializ
ing in GI pathology in 45% of cases.

Clinical scenarios
The first clinical scenario posed the problem of 

what to do with a 45-year-old woman who had suf
fered from UC for 15 years. She had total colitis, had 
been symptom free for 5 years and had colonoscopy 
only when the disease was first diagnosed. This

VOLUME 51, NO. 2 ,2000

vignette provided a check on how many consultants 
routinely performed a colonoscopy to reassess extent 
of disease after 10 years. Sixty-eight percent would 
arrange a colonoscopy, with 17% also reviewing the 
patient 1 year later. This result agreed favorably 
with earlier responses on the questionnaire.

.Jo  elicit the interval between repeat colono
scopies in surveillance programs, scenario two posed 
the case of a patient who had pancolitis for 30 years 
with quiescent disease and normal histology at 
colonoscopy. Most (55%) would repeat the examina
tion in 3 years, 27% repeated the test after 1 year, 
10% after 5 years and 8% only if  the patient devel
oped new colonic symptoms.

Three further scenarios determined how gas
troenterologists manage patients who have abnor
mal histology at surveillance colonoscopy. The 
results are summarized in Table 1. When faced with 
LGD after a normal colonoscopy the majority of gas
troenterologists (71%) repeat the colonoscopy within 
3 to 6 months and if  LGD is not found, return to rou
tine surveillance. Only 4% would recommend a 
colectomy in the near future after discussion with 
the patient. The remainder advise a colectomy if  
LGD is confirmed at a second colonoscopy.

If LGD is found at colonoscopy along with .the 
endoscopic appearance of a DALM, the response dif
fers widely. In this situation 30% of doctors recom
mend a colectomy, 37% advise a colectomy only if  
LGD is confirmed at a second examination and 33% 
stated they would return to surveillance if  LGD was 
not found at a second evaluation. Sixteen percent of 
consultant gastroenterologists conceded they were 
not aware of the meaning/implication of a DALM. 
With the finding of HGD on biopsy 53% of consul
tants advise their patients to have a colectomy, 42% 
only advise colectomy if  HGD is established at a sec
ond colonoscopy and 5% would return to surveillance 
if  HGD was not confirmed at a second evaluation.

Targeted biopsies
In addition to random biopsies taken from around 

the colon, participants were asked to indicate which 
features at colonoscopy would lead them to take
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extra biopsies. Six color photographs depicted differ
ent pathologies: acute inflammation, a DALM, a car
cinoma, normal tissue, a scarred colon and a 
pseudopolyp. All gastroenterologists would obtain 
biopsies from the carcinoma and the vast majority 
(98%) from the DALM. Ninety-two percent also took 
a sample from the pseudopolyp. Most doctors (86%) 
obtained biopsies of the inflam ed colon and 48% 
took a sample from the scarred colon. Fifteen per
cent of consultants also procured biopsies from nor
mal tissue and 11% of respondents indicated they 
would take a biopsy based on the findings depicted 
in every picture.

Teaching versus district hospital gastroenterolo
gists

. . There was little  variation between responses 
from gastroenterologists in  teaching and district 
hospitals. Only three aspects of surveillance were 
significantly different between the groups. A greater 
number of trainees (10%) carry out colonoscopies in 
teaching hospitals than in district hospitals (2%) 
(Yates corrected chi-square = 7.83, p  < 0.0005). 
Correspondingly, more colonoscopies are conducted 
by accredited gastroenterologists in district hospi
tals, 70% in district compared with 54% in teaching 
hospitals (Yates corrected chi-square = 5.9 ,p  < 0.02). 
Pathologists specializing in  GI disease are more 
likely to review biopsies in teaching hospitals (80%) 
than district general hospitals (40%) (Yates correct
ed chi-square = 57, p < 0.00001). The remaining dif
ference lay in the m anagem ent of patients with  
LGD. There is a trend for gastroenterologists in dis
trict hospitals to return patients to surveillance  
much more readily than consultants in  teaching  
hospitals who are likely to advise a colectomy i f  
repeat histology confirms LGD (chi-square for trend 
= 8 .1 ,p  = 0.04 with 3 degrees of freedom).

Many institutions have more than one gastroen
terologist and replies from consultants within the 
same hospitals were compared. There were 23 
teaching and 35 district hospitals with more than 
one respondent. One third of consultants in  both 
categories disagreed about the facilities available in 
their departments. They failed to agree on whether 
a registry of patients in  surveillance programs exist
ed, whether that registry w as computerized, 
whether anyone kept the list up to date and whether 
a system was in place for contacting defaulters.

DISCUSSION
This study is the first to investigate the surveil

lance practices of British gastroenterologists for colo
rectal cancer in patients with UC. Ninety-four per
cent of gastroenterologists say they practice

surveillance but it is carried out in an ad hoc and dis
organized fashion. Although the increased risk of 
colorectal cancer in UC is universally recognized, 
there is no unanimity among gastroenterologists 
with regard to the surveillance process20 and thus 
we predictably found wide variation in the surveil
lance practices of British gastroenterologists: Indeed 
with the current emphasis on evidence-based prac
tice it is salutary to observe that not a single ran
domized controlled study has been undertaken to 
test the hypothesis that “colonoscopic surveillance in 
ulcerative colitis works.”5*6*13 However, this is 
unlikely to ever be achieved for ethical and cost rea
sons.

Not only is there uncertainty about the facilities 
available within units but also about how surveil
lance should be conducted and abnormalities dealt 
with. Only half the respondents in this study rou
tinely determine extent of disease after 10 years’ 
duration. The majority of gastroenterologists who 
practice surveillance rightly commence surveillance 
in patients with total colitis 3 to 4 years earlier than 
when the disease is left-sided. However, there is 
again a wide variation in practice with some initiat
ing surveillance immediately after diagnosis and 
others waiting for 15 years after the onset of UC. 
Because the hazard rate for cancer increases with 
duration of disease, intervals between screening  
tests should not be uniform.14 The ideal interval has 
yet to be established, but it has been suggested that 
a colonoscopy every 3 years during the second 
decade of disease, every 2 years in the third decade 
and every year thereafter would be reasonable. Our 
study has shown that 10% of gastroenterologists 
wait 5 years between examinations and 8% wait 
until a patient develops new symptoms. This is far 
too long because cancer can occur within 2 years of 
an examination.21 Cancer/dysplasia detection rates 
could be improved by screening patients every 6 to 
12 months but the cost-effectiveness of such a pro
tocol would need to be assessed.

Colectomy rate is one of the main determinants of 
cancer risk in a population of patients w ith UC. 
However, only 4% of British gastroenterologists rou
tinely offer patients a prophylactic colectomy after 
10 years of disease. Although some may consider 
this proposal “ridiculous” it is worth bearing in mind 
that countries with an aggressive policy toward the 
disease, such as Denmark, have some of the lowest 
rates of colonic cancer in UC.22*23 With improved 
surgical techniques quality of life for patients after 
surgery has also improved and is high irrespective 
of the surgical procedure.24

It is not known to what extent dysplastic changes 
are unequivocally detectable at colonoscopy. Failure
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of a biopsy from one wall to show dysplasia does not 
guarantee its absence on the opposite wall. 
Therefore, the number of biopsies taken at each 
colonoscopy is a factor in the detection of dysplasia 
or carcinoma. The majority of respondents only took 
between 6 and 10 biopsies at colonoscopy. Previous 
studies have suggested that as many as 33 biopsies 
are required to achieve 90% confidence in detecting 
dysplasia if  present.21 Even if  multiple biopsies are 
taken at 10 cm intervals, only 0.05% of the entire 
area of the colon is sampled.25 The interpretation of 
histologyJn UC is critical to the success of surveil
lance programs. It is not known whether patholo
gists who specialize in GI disease achieve a greater 
degree o f accuracy when assessing colonic biopsies 
compared with general pathologists. This is current
ly being evaluated by our research group because 
the implication would be for an increased workload 
in specialist units.

The skills of endoscopists in recognizing patho
logic alterations at colonoscopy appear reasonably 
good. On the whole, appropriate biopsies were taken 
in th is study, although 11% o f endoscopists took 
biopsies from all lesions in the assessm ent and 92% 
obtained specimens from the pseudopolyp. Although 
colonoscopists appear to be reasonable at interpret
ing pathology, the ability of endoscopists to detect 
pathology during a colonoscopy is outside the realm  
of this study. However, dysplasia is notoriously diffi
cult to detect, with flat dysplasia most often occur
ring in apparently “healthy” m ucosa. Significant 
m iss rates for adenomas less than 1 cm in diameter 
have been reported and so sm aller, more subtle  
lesions may be easily overlooked.26

The management of dysplasia is not straightfor
ward. Ideally the finding should be discussed with 
the patient and a joint decision made about manage
ment.13 It is widely accepted that HGD is an indica
tion for colectomy because the probability of concur
rent cancer is high.13 It is therefore disturbing that 
only 53% of doctors in this study advised immediate 
colectomy when a patient had HGD. No one wishes 
to suggest unnecessary surgery, but dysplastic areas 
detected during one colonoscopy may not be found 
during a follow-up examination. I f  there is  doubt 
about the diagnosis, a second pathologist should 
review the histology before a decision is made.

Equally perturbing is  the m anagem ent of 
DALMs. These lesions take on a number of appear
ances and have a high propensity for malignancy.15 
Sixteen percent of gastroenterologists were 
unaware of their significance, with many managing 
the lesion in an unacceptable way by pursuing sur
veillance and not colectomy when it is detected. The 
finding of LGD in flat mucosa may also be an indi

cation for colectomy because the 5-year predictive 
value of LGD for either cancer or HGD is as high as 
54%.21 Despite this, 71% of respondents advocated 
continued surveillance with only 4% recommending 
a colectomy. These findings are similar to those of 
Bernstein et al.,27 who also discovered a lack of 
understanding of dysplasia and its management 
among American gastroenterologists.

It would appear that continued education of gas
troenterologists concerning the many aspects and 
pitfalls of surveillance is needed. At present there is 
no uniformity in the surveillance practices of British 
gastroenterologists for colonic cancer in patients 
with UC. If surveillance continues in this disorga
nized fashion, cancers will continue to be missed and 
the process and its practitioners will be discredited. 
It could be argued that surveillance programs fail 
because of poor patient compliance because nonat
tendees are much more likely to develop cancer.28 
This is a legitimate concern and is one of the prob
lems that need to be addressed when deciding how to 
improve the whole process. Nevertheless, it would be 
a disservice to our patients if  we use this excuse to 
allow surveillance to continue to be conducted in a 
poorly standardized manner.
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S U M M A R Y

Background: T he  risk o f  c o lo r e c ta l c a n c e r  iCRC l in 

u lc er a tiv e  co litis  iL'Ci in c re a se s  w ith  e x te n t  a n d  d u r a 

tio n  o f  d isea se , id en tify in g  o th e r  risk fa c to rs  w o u ld  a llo w  

ta r g e tin g  o f  su b -g r o u p s at g r ea te st  risk, e n a b lin g  m o re  

c o st-e ffec tiv e  su rv e illa n c e .
M ethods: W e c o n d u cte d  a c a se -c o n tr o l s tu d y  c o m p a r in g  

1 0 2  c a se s  o f  CRC in UC w ith  m a tc h e d  c o n tr o ls . O dds 

ratios iO R i for c a n c e r  risk w ere  e s t im a te d  by  c o n d it io n a l  

lo g is tic  reg ressio n . A m u lt iv a r ia te  m o d e l a sse s se d  th e  

c o n tr ib u tio n  o f  in d iv id u a l v a r ia b le s.

R esults: R eg u la r  5 -a m in o sa lic y lic  a c id  15 -A S A  i th e r a p y  

red u ces c a n c e r  risk by 75".. i()R  0 .2  5. 9 5  '.. Cl: 0 . 1 3 -

0 .4 8 .  P <  0 .0 0 0 0 1 1 .  A d ju stin g  for o th er  v a r iab les, 

ta k in g  m esa la z in e  reg u la r ly  red u ces risk by 81%  (OR 

0 .1 9 .  95"o Cl: 0 . 0 6 - 0 . 6 1 .  P =  0 .0 0 6 )  and  v is itin g  a 

h o sp ita l d o cto r  m ore  th a n  tw ice  a y ea r  a lso  red u ces risk  

lOR 0 .1 6 .  9 5".. Cl: 0 . 0 4 - 0 .6 0 .  P =  0 .0 0 7 1 . C on sid erin g  

v a r ia b le s  in d ep en d en tly , h a v in g  a fa m ily  h isto ry  of 

sp o ra d ic  CRC in a n y  rela tiv e  in crea ses  risk fivefold (OR 

5 .0 . 9  5".. Cl: 1 .1 0 - 2 2 .8 2 .  P <  0 .0 4 ) .

Conclusions: CRC risk a m o n g  UC p atien ts c a n  be red uced  

by reg u la r  th era p y  w ith  5 -AS A  m e d ica tio n . C o lo n 

o sc o p ic  su rv e illa n c e  m a y  be best ta rg eted  o n  th o se  

u n a b le  to tak e  5 -A S A s (e .g . d u e  to a llerg y i an d  th o se  

w ith  a p o sitiv e  fam ily  h istory  o f CRC.

I N T R O D U C T I O N

C o lorecta l c a n c e r  is o n e  o f  th e  m o st se r io u s  c o m p lic a 

t io n s  o f u lcera tiv e  c o lit is  i l  C i. T h e  risk b e c o m e s  

s ig n ifica n t after s - 1 0  y e a r s  o f  c o lit is  a n d  in c r e a se s  at 

a rate  o f  0 .5 - 1  '.. b e tw e e n  th e  s e c o n d  a n d  fo u rth  d e c a d e s  

o f  d is e a s e .: After 4 0  y e a r s  o f  p a n c o lit is  a p p ro x im a te ly  

2 5 -3 0 " ..  o f  p a tien ts  w ill h a v e  d e v e lo p e d  c o lo r e c ta l  

c a n c e r .'  T h e risk o f  c o lo r e c ta l  c a n c e r  is not rela ted  to  

d u ra tio n  o f d isea se  a lo n e  but a lso  to  its e x te n t.  

H o w ever , th e  sev er ity  a n d  fr e q u e n c y  o f  a tta ck s  d o  not 

co n fer  a n  in crea sed  r isk .'  T h e r e  is so m e  e v id e n c e  that 

if th e  o n se t  o f  l'C  is at a y o u n g  a g e . th e  risk ol m a lig n a n t  

tr a n sfo rm a tio n  is in c r e a se d  in d e p e n d e n t  o f  e ith e r  d is-
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e a se  d u ra tio n  or a n a to m ic  ex ten t, a lth o u g h  th is is 
d isp u te d .'

S ev era l stu d ies  h a v e  su g g ested  that if p a tien ts  w ith  UC 

a lso  h a v e  prim ary sc ler o sin g  c h o la n g it is  th e y  m a y  be at 

a h ig h er  risk o f d e v e lo p in g  co lo rec ta l ca n c er . 1' T h e  

e v id e n c e  for o th e r  p o ten tia l risk factors is sca rce . 

A  p o s itiv e  fam ily  h isto ry  o f  c o lo n  c a n c e r .1 ' 1+ sm o k 

i n g '  an d  fo la te  d e p le t io n !+ l ” m a y  affect th e  o c c u r 

ren ce  o f  co lo r ec ta l ca n c er . A sp irin  is th o u g h t  to h a v e  a n  

a n ti-n e o p la s t ic  e ffect in th e  large  b o w e l1 an d  reg u la r  

c o n su m p tio n  o f  lo w -d o se  asp irin  red u ces th e  risk o f  

a d e n o m a to u s  p o ly p s and  fatal c o lo n  c a n c e r  in  th e  

g e n e r a l p o p u la t io n .1N T h ere  is g r o w in g  e v id e n c e  th a t  

th e  c h r o n ic  c o n su m p tio n  o f  a m in o sa licy la te s , in p a rtic 

u lar  su lp h a sa la z in e . m a y  a lso  provide so m e  p ro tectio n  

a g a in s t  c o lo r ec ta l c a n c e r  in p a tien ts  w ith  u lcera tiv e  

c o lit is  th r o u g h  a sim ila r  m e c h a n ism  o f  a c t io n .1'
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As th e se  stu d ies  are  lew  in  n u m b e r  w e  w ish ed  to  

in v e s t ig a te  th is h y p o th e s is  further w h ilst a lso  stu d y in g  

th e  e ffect of o th e r  5 -A S A  c o m p o u n d s  that h a v e  

p r e v io u sly  b een  n e g lec ted .

1 he  o p tim a l s tu d y  d e sig n  for d e fin in g  risk factors  

w o u ld  be a p ro sp ec tiv e , c o n tr o lled  stu d y . H o w ev er , 

g iv en  th e  lo n g  tim e  n eed ed  for su ffic ien t c a n c e r s  or  

d y sp la s ia s  to  d ev e lo p  in a su r v e illa n c e  p r o g r a m m e , as  

w ell a s  e th fea l c o n c e r n s  a b o u t w ith h o ld in g  su r v e illa n c e  

c o lo n o sc o p y  or 5 -A S A  m e d ic a tio n s  from  th e  c o n tr o l 

gro u p , w e  m u st still rely  o n  c a se -c o n tr o l s tu d ie s  to  offer  

th e  b est a p p ro x im a tio n  o f  c o lo r ec ta l c a n c e r  risk fa c to rs  

in u lc er a tiv e  c o lit is . W ith  th is  in m in d  w e  a im ed  to  

a sse ss  th e  risk factors th o u g h t to p lav  a part in  th e  

d e v e lo p m e n t o f c o lo r ec ta l c a n c e r  in  I V  a n d  to  b u ild  a 

s ta t is t ic a l m odel th a t w o u ld  iden tify  th e  m o st h a z a r d o u s  

c o m b in a t io n  o f factors.

M A T E R I A L S  A N D  M E T H O D S

T h e in v e st ig a tio n  w a s  d esig n ed  a s  a r e tr o sp e c tiv e  

m a tc h e d  c a se -c o n tr o l stu d y . In ord er  to  id en tify  c a se s ,  

o n e  a u th o r  (J.E.i c o n ta c te d  c o n su lta n t  g a s tr o e n te r o lo 

gist^ a cro ss  E n g lan d  a n d  W ales a n d  a sk ed  for p e r m is

sio n  to  rev iew  th e  m ed ica l record s o f  th e ir  p a tie n ts  w ith  

k n o w n  co lo rec ta l c a n c e r  c o m p lic a t in g  I V . N in e te e n  

g a str o en ter o lo g is ts  i e ig h t from  te a c h in g  h o sp ita ls  a n d  

11 from  district g e n e ra l h o sp ita ls  i w h o  w e r e  in te re ste d  

in th e  stu d y  agreed  to  a sea rch  o f  th e ir  p a tie n t  reco rd s  

a n d /o r  p a th o lo g y  d a ta b a ses . O nce p o te n tia l c a se s  h a d  

b een  identified  th e  sa m e  a u th o r  v is ited  e a c h  h o sp ita l  

an d  sy s te m a tic a lly  record ed  v a r io u s  d e ta ils  from  e a c h  

p a tie n t's  record o n  a pro form a.

Cast's (iiul controls

For su b jec ts  to be in c lu d ed  in th e  s tu d y  th e  d ia g n o s is  o f  

I V  h a d  to be co n firm ed  c lin ic a lly , h is to lo g ic a lly  a n d  

ra d io lo g ica lly . T h e criter ia  u sed  w e r e  th o se  e s ta b lish e d  

by L en n a rd -J o n es .J ' C ases w h o  w e r e  d e c ea sed  a t th e  

tim e o f  th e  stu d y  w e re  in c lu d ed  p ro v id ed  th e  m e d ica l  

n o te s  had  not b een  d e str o y ed . C ases w ere  e x c lu d e d  if 

th e y  h a d  b een  referred w ith  a d ia g n o s is  o f  CRC w h e r e  

I V  w a s  a n  in c id en ta l fin d in g  a n d  if full c a se  n o te  

d o c u m e n ta t io n  w a s  n o t a v a ila b le .

F rom  15 3 c a se s  c o lle c te d . 1 0 2  m et th e  in c lu s io n  

criter ia  a n d  th e se  w e re  m a tc h e d  w ith  c o n tr o ls  from  

th e  L e icestersh ire  in fla m m a to r y  b o w el d ise a se  p a tie n t  

d a ta b a se , w h ic h  w a s  r ig o r o u s ly  a ssem b led  d u r in g  th e

late  IT S  Us u sin g  esta b lish ed  in tern a tio n a l d ia g n o stic  

c r ite r ia .'4 T h e m a tch in g  criteria w ere ii> sex: (iii ag e  

w ith in  1 0  years: 'iiii ex ten t o f d isease  at the tim e o f  

d ia g n o s is  o f  IV : and  fivi d u ra tio n  o f d isea se  w ith in  a 

5 -y ea r  w in d o w . In ad d ition  co n tro ls  had  to h a v e  an  

in ta c t c o lo n  and  not h a v e  a co lo recta l c a n c er  at the  

tim e  o f  d ia g n o sis  o f th e  ca se . It w a s  not possib le  to 

m a tch  c a se s  w ith  a c o n tro l from  th e  sa m e  hosp ita l as 

m o st h o sp ita ls  do n o t h a v e  a d a ta b a se  o f  their  IBD 

p a tien ts .

Dutn collection

In fo rm a tio n  w a s  ex tra cted  from  all in -p atien t and  o u t 

p a tien t m ed ica l records for e a c h  subject from  th e  d ate  o f  

d ia g n o s is  o f  I V  u n til th e  d ate  o f  th e  p atien t's c a n c er  

d ia g n o s is . T h e  data  for c a se s  w ere  ex tra cted  an d  

record ed  in  th e  sa m e  m a n n er  by on e  a u th o r  (J.E. i. 

D a ta  from  co n tro l n o te s w ere  in d ep en d en tly  ex tra cted  

by tw o  a u th o rs  if.E and  E J.) as a q u a lity  c o n tro l ch e ck  

th a t  d ata  retrieva l w a s  u n iform  and a c cu ra te . A ll 

m ed ica l n o te s  (w h eth er  or not th e y  perta in ed  to LV) 

w ere  rev iew ed  so that a co m p r eh en s iv e  h istory , in 

p a rticu la r  fam ily  h istory , co u ld  be o b ta in ed . D ata  

ex tra c ted  included:

ia i  A ge  at d ia g n o sis  o f I V .

ib i P h arm a co th era p y : trea tm en t for th e  5 - 1 0  yea rs  

prior to th e  d e v e lo p m en t o f c a n c e r  in c lu d in g  5-A SA  

prep aration s, co rtico stero id s i sy s tem ic  an d  lo c a l> 

and  asp irin . If th ere  w a s a s ig n ifica n t period o f tim e  

i>  1 y ea r i d u rin g  w h ic h  a su bject w a s  not ta k in g  

m ed ica tio n , e ith er  b e c a u se  it had  b een  stop ped  by a 

d o c to r  or if a su bject w a s d o c u m e n te d  as b e in g  a 

poor co m p lier  w ith  m ed ica tio n , th ey  w ere  recorded  

as n o t ta k in g  reg u la r  m ed ica tio n . 

i c i  A v era g e  freq u en cy  o f  c o n ta c ts  w ith  a h o sp ita l  

p h y sic ia n  or su rg e o n  per y ea r  ov er  th e  co u r se  o f  

th e ir  d isea se .

id i N u m b er  o f  barium  e n e m a s  and  c o lo n o sc o p ic  e x a m 

in a tio n s  d u rin g  fo llo w -u p  o f th e ir  IV . 

ie t  A ctiv ity  o f  I V : e a c h  su b ject w a s  p laced  in to  o n e  o f  

six ca teg o r ie s  as fo llow s: iii s ilen t d isease: iiii o n e  

ex a ce rb a tio n  ev ery  1 0  years: iiii) o n e  e x a ce rb a tio n  

per 1 —1 0  years: liv i o n e  ex a cerb a tio n  per m o n th  to  

1 year: i v i  o n e  e x a ce rb a tio n  per m o n th : a n d  

iv ii c o n t in u o u s  sy m p to m s. In th e  final c a lc u la t io n s  

th is v a r ia b le  w a s  red u ced  to three  c a te g o r ie s  ise e  

T able 2> to preven t sm a ll sa m p le  s izes in the  

sta tis tica l a n a ly s is .

! 2 0 0 0  Blackwell Science Ltd. Aliment Pharmacol Ther 1 4 . 1 4 5 -1 5  3



C O L O R E C T A L  C A N C E R  P R E V E N T I O N  IN I L C E R A T I V E  C O L I T I S  147

til S m o k in g  h isto r y  at th e  tim e o f d ia g n o s is  o f  t'C.

<g> P r e se n c e  o f prim ary  sc lero sin g  c h o la n g it is  iP S G  

co n firm ed  at en d o sco p ic  retrograd e  c h o la n g io -p a n -  

c r e a to g r a p h y  p e r c u ta n e o u s  tr a n sh ep a tie  c h o la n g io 

g r a p h y / liver  b iop sy . S ero lo g ica l v a lu e s  o f  raised  

liv e r  fu n c tio n  tests  for m ore  th a t 1 y e a r  tin  th e  

a b s e n c e  o f  PSCl w ere  a lso  record ed , 

ih ) P o s it iv e  fam ily  h is to r y  o f  IBD a n d  c o lo r e c ta l c a n c er .

For c a se s , th e  a g e  at c a n c e r  d ia g n o s is  a n d  its s ite  an d  

sta g e  w e re  a lso  record ed . W e  w o u ld  h a v e  liked to  

in v e st ig a te  th e  e ffect o f  fo la te  o n  c o lo r e c ta l c a n c e r  risk. 

A fter e x a m in in g  2 0  se ts  o f  n o te s  it w a s  o b v io u s  th a t  

fo late lev e ls  w ere  n ot r o u t in e ly  m e a su r e d /r e c o r d e d  in  

th e  m ed ica l n o te s  an d  th e r efo r e  th is  v a r ia b le  w a s  n o t  

stu d ied  further.

Stu tistU iil i im ly s is

T he stu d y  w a s  d esig n ed  to  h a v e  a p o w e r  o f  SO";, to  

d etect an  odds ratio  o f  2 .5  at th e  lev e l o f  5"., s ig n if ic a n c e  

a ssu m in g  a p r e v a le n c e  o f 6  5 for e a c h  risk fa c to r  in  th e  

co n tro l g rou p . C o n d itio n a l lo g is tic  r e g r e s s io n  w a s  u sed  

to c o m p u te  e s tim a te s  o f  o d d s r a tio  iO R i a s  a m e a su r e  o f  

a sso c ia t io n  b e tw e en  v a r io u s  e x p o su r e s  a n d  c o lo r e c ta l  

ca n c er , to g e th er  w ith  95".. c o n f id e n c e  in te r v a ls . Risk  

para m eters b - f  w ere  a n a ly se d  as c a te g o r ic a l  v a r ia b le s  in  

th e  final a n a ly sis . M odel d e v e lo p m e n t u se d  c h a n g e s  in  

m in u s  tw ic e  th e  lo g -lik e lih o o d  to  a ss e s s  th e  c o n tr ib u t io n  

o f in d iv id u a l v a r ia b le s  in a forw ard  s e le c t io n  p ro ced u re ,  

w ith  v a r ia b les b e in g  added  to  th e  m o d e l if th e  c h a n g e  

w a s sta tis t ica lly  s ig n ifica n t at th e  5 lev e l.

R F.S l I TS

T h e  c h a r a c te r istic s  o f  c a se s  a n d  c o n t r o l s  are  s u m m a r 

ized in T ab le  1. T h e  m ea n  a g e  at th e  t im e  o f  d ia g n o s i s  ot 

co lo rec ta l c a n c e r  w a s 5 7 .4  y e a rs  is .d . 1 2 •  a n d  the  

m ea n  in terv a l b e tw een  d ia g n o s is  ot I V  a n d  c o lo r e c ta l  

c a n c er  w a s  16.1 y ea rs  >s.d. ±  ‘■'.7'. For c o n tr o ls  th e  

m ea n  d u ra tio n  o f  d ise a se  w a s  In  y e a r s  iv d .  ±  9 .4 ' .  

F ifty-seven  per cen t o f  c a n c e r s  w e r e  lo ca te d  in th e  

recto sig m o id  w ith  th e  r e m a in d e r  e v e n ly  d istr ib u ted  

a ro u n d  th e  rest o f  th e  c o lo n . T y p ic a lly , o v e r  th e  c o u r se  

o f  their  d isease , c a se s  w e r e  m u c h  less lik ely  to  take  

m e d ica tio n  o n  a r eg u la r  .basis, h a d  fe w er  c o n ta c ts  w ith  

th e ir  h o sp ita l p h y s ic ia n  a n d  h ad  few er  c o lo n o sc o p ic  

e x a m in a tio n s . S u b jec ts  w ith  c a n c e r  h a d  m o re  fam ily  

m em b ers w ith  a h is to r y  o f  sp o ra d ic  c o lo r e c ta l c a n c e r  

but th e  a c tiv ity  o f  d ise a se , n u m b e r  o f  b a r iu m  e n e m a s

a n d  fa m ily  h istory  o f IBD did not differ sign ifican tly  

b e tw e e n  c a se s  and  c o n tro ls . T he n u m b er  o f subjects  

w ith  prim ary  sc lero sin g  c h o la n g it is  a n d  raised sero l

o g ic a l liver fu n ctio n  tests w a s  sm a ll a n d  therefore cou ld  

n o t be in v e stig a ted  further. Of th e  51 ca ses  w h o  took  a 

5-A S A  c o m p o u n d  o n  a reg u la r  basis. 57 took  

su lp h a sa la z in e  (six  p a tien ts  <  2 g  d a y . 31 patien ts  

> 2 g /d a y L  12  took  m e sa la z in e  (o n e  p a tien t <  1 .2  g /  

d a y . 11 p a tie n ts  > 1 . 2  g /d a y )  an d  tw o  took  o th er  drugs. 

In c o m p a r iso n , o f  th e  8 4  co n tro ls  rece iv in g  a 5-A S A  

c o m p o u n d . 59 took  su lp h a sa la z in e  (sev en  p atien ts  

<  2 g /d a y . 32 p a tien ts  > 2 g /d a y L  4  3 took m esa la z in e  

(five p a tie n ts  <  1 .2  g /d a y . 38 p atien ts  > 1.2 g /d a y )  and  

tw o  to o k  o th e r  drugs.

T h e  in d ep en d e n t effect o f  e a c h  variab le  on  th e  odds 

ra tio  o f  d e v e lo p in g  c o lo n ic  c a n c e r  is sh o w n  in T able 2. 

T h e  m o st  s ig n ifica n t fin d in g  w a s  th e  stron g  p rotective  

a ss o c ia t io n  o f reg u la r  5 -A S A  therap y , red ucin g  

c a n c e r  risk by 75%  (OR 0 .2 5 .  95%  Cl: 0 .1 3 - 0 .4 8 .  

P  <  0 . 0 0 0 0 1 1. W h e n  in d iv id u a l 5 -A S A  drugs and  their  

d o se s  w e re  a n a ly se d , m e sa la z in e  at a d o se  o f 1 .2  g /d a y  

or  g r ea te r  red uced  c o lo r ec ta l c a n c e r  risk by 91%  

co m p a r ed  to n o  trea tm en t (OR 0 .0 9 .  95%  Cl: 0 .0  3 -  

0 .2 8 .  P <  0 . 0 0 0 0 1 1 a n d  w a s  a lso  p rotective  w h en  

ta k e n  a t lo w e r  d o ses (OR 0 .0 8 .  95%  Cl: 0 .0 8 - 0 .8 5 .  

P =  0 ,0 4 ) .  T h e  benefits o f  su lp h a sa la z in e  w ere  less 

p r o n o u n c e d  an d  a n  effect w a s  o n ly  ev id en t for a d o se  o f  

2 g d a y  or g rea ter  (OR 0 .4 1 .  9 5% Cl: 0 .1 8 - 0 .9 2 .  

P =  0 . 0  3 1. O ther 5 -A S A  m e d ica tio n s  h ad  a n o n -s ig n i

fica n t p ro tec tiv e  effect. F requ en t v isits to  see  a hosp ita l  

d o c to r  w ere  a lso  h ig h ly  p ro tec tiv e  iOR 0 . 0 9 S. 9 5"., Cl: 

0 . 0  3 - 0 .2 9 .  P <  0 .0 0 0 0 1 ) .  as w a s  h a v in g  b e tw e en  o n e  

a n d  tw o  c o lo n o sc o p ie s  o v er  th e  h isto ry  o f  th e ir  co litis  

• OR 0 .2 2 .  95".. Cl: 0 . 0 9 - 0 . 5 5 .  P < 0 . 0 0 1 ) .  S y stem ic  

a n d  lo ca l stero id  th era p y  a lso  h a v e  a s ta tis t ica lly  

s ig n ifica n t p ro tec tiv e  role bu t a d o se -r e sp o n se  effect 

w a s not d e m o n stra te d  for e ith er  ro u te  o f  a d m in istra tio n . 

S m o k in g  h isto ry , p a rticu la r ly  b e in g  an  ex -sm o k er  at the  

tim e  1C  w a s  d ia g n o sed , w a s  a sso c ia ted  w ith  a n o n -  

sig n ifica n t p ro tec tiv e  effect. A p o sitiv e  fam ily  h isto ry  o f  

c o lo r e c ta l c a n c e r  in a n y  fa m ily  m em b er in creased  

c a n c e r  risk by a factor  o f  five (OR 5 .0 0 . 95".. Cl: 

1 . 1 0 - 2 2 .8 2 .  P <  0 .0 4 ) .  bu t w h e n  o n ly  first-degree  

r e la tiv e s  w e re  co n sid e r ed  th is  fell to  3.5 and w a s  no  

lo n g e r  s ig n ifica n t i()R  3 .5 0 . 9  5% Cl: 0 .7 3 - 1 6 . 8 5 .  

P =  0 .1 1 ) .  A sp irin  u se  h ad  a m in im a l p rotective  role  

w h ic h  w a s  n o t s ta tis t ic a lly  sig n ifica n t, but th is m a y  be 

d u e  to  th e  sm a ll n u m b ers  ta k in g  th is  therapy in  ou r  

stu d y .
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Sex
Males
Females

Ethnic origin  
Caucasian  
Asian

Age at d iagnosis of I'C
<  15  
1 5 -2 9  
3 0 -4 9  
5 0 +

Mean age at diagnosis of I'C is.d .i 
Mean duration of disease is.d .i

Extent at diagnosis 
Proctitis 
Left sided 
Subtotal total

Physician surgeon contacts per year
<  1 
1-2 
2 +

Number o f colonoscopies tover I’C historyi 
< 1 
1-2 
2 +

Num ber of barium enem as u n e r  I'C history  
< 1 
1-2 
2 +

Activity of I'C 
Silent disease  
1 exacerbation 1( > years 
1 exacerbation 1-1 o  years 
More frequent

Sm oking history at diagnosis of I'C 
Never smoked  
Current smoker 
Ex-smoker

Primary sclerosing cholangitis  
Raised liver function tests m o  PSC.

Family history o f colorectal cancer  
Family history o f IBD

Pharm acotherapy  
Regular use of 5-ASA preparation  
Regular use of system ic steroid 
Regular use o f  local steroid  
Regular use o f  aspirin

Cases [n i "..i |

b4 i b 5 1 

IS , 57.

9 b 19 4 1 
b ibi

3 ( 3t 
2 7  12 7 1 
3b 135i  
3b i 5 5 1

4 1 . 3 3  t± l b . S i  
l b . l  <± 9.7)

b ibi  
34 c 3 31 
b 2  i b 1 1

32 131 *
5 9 ( 5Si  
11 i l l .

2 b  12s i  
4 2  (41>
34 t 3 3.

1 w i 1 m ■
5 7 15 b i
1 h i ' li i

3 s  i 3 7> 
31 13« i • 
11.11

>  . " 4 .

11 ill 
1 5 . 1 5 .

1«1
1 2  . 1 2 -

l u  t lO i

•> 1 i s i t .

5 i 5i 
s  i s .

4 14 1

Controls [h

b 4  i b 3 i 
3s i 371

5S 157i 
44  14 3»

1 i l l  
22 122»
42 14 1 1
37 13b)

43 . 59  i± l b . l » 
l b  (± 9 . 4 1

■> o  I 
3 3 1521 
b 4 I b 3 I

9  <9i 
5 S i 5 7 1 
35 < 34)

S (Si 
b4  I b 3 I 
30 1291

2 b  (2bi  
5 i ^ 5 .

2 o  '2i».

2 o  . 2o i  
41 40 ,  
50 i2*+ 
1 1  < 1 1 .

»vS ,b. ,
1 2  < 1 2 . 

y y y j

O
11 . l o . s ,

s  4 . s  2 >
1+ * 1Mi 
I S  . I S .

5 15.

Table
trols

I. Characteristics of cases and con-
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Table 2. Independent effect ol characteristics on  eoloreetal cancer risk

Variable ( )dds ratio 9 5" . Cl P-value

Smoking Smoked at time I'C diagnosed (compared to non-smokeri 0 .71 0 .2 S -1 .S 0 .4 7
Ex-sm oker w hen  I'C diagnosed icompared to non-smokeri 0 .5 5 0 .2  5 -1 .2 2 0 .1 4

5-ASA No — __ —
Yes 0 .2 5 0.1 3 -0 .4 8 < 0 .0 0 0 0 1
M esalazine (<  1.2 g  dayi O.OS 0 .0 S -0 .S 5 0 .0 4
M esalazine t > 1 .2  g dayi 0 .0 9 0.0 3 -0 .2 s < 0 .0 0 0 0 1
Sulphasalazine (<  2 g dayi 0 .5 6 0 .1 7 -1 .8 4 0 .3 4
Sulphasalazine i>  2 g dayi 0 .4 1 0 .1 8 -0 .9 2 0 .0  3
Other ie.g . olsalazide. balsalazidei 0 .4 0 0 .0 4 - 3 .5n 0 .41

System atic steroid Ves i com pared to nonei 0 .2 6 0 .0 1 -0 .7 0 0 .0 0 8
Local steroid Ves (com pared to n onei 0 .4 4 0 .1 9 -1 .0 2 0 .0 6
Aspirin Ves (com pared to nonei 0 .8 0 0 .2 1 -2 .9 8 0 .7 4
Contact with hospital doctor I to 2 visits per year (compared to n onei 0 .5 2 0 .1 4 -0 .7 6 0 .0 0 9

More than  2 visits per year (compared to nonei 0 .0 9  S 0 .0 3 -0 .2 9 < 0 .0 0 0 0 1
Barium enem a A ny (com pared to nonei 1 .07 0 .8 8 -1 .2 9 0 .5 0
Colonoscopy 1 to 2 over cou rse o f d isease (compared to nonei 0 .2 2 0 .0 9 -0 .5 5 0 .0 0 1

More than  2 over course of disease (compared to nonei 0 .4 2 0 .1 6 - 1 .1 0 0 .0 8
Raised alk phos (no PSC' 1.14 0 .4 1 -3 .1 5 0 .8 0
Family history of colorectal cancer A ny relative 5 .0 0 1 .1 0 -2 2 .8 2 0 .0 4

1st degree relative 5.50 0 .7 3 -1 6 .8 5 0 .1 1
Activity of disease 1 exacerbation  1 () years 0 .S 5 0 .4 0 - 1 .S2 0 .6 7

1 exacerbation  1 -1 0  years 0 .9 5 0 .3 5 - 2 .6 0 0 .9 2
1 exacerbation  m o n th -1 year tor m ore frequenti 0 .9  5 0 .3 4 - 2 .6 0 0 .9 0

Table 3. Adjusted odds ratios for m ost influential variables

Variable Odds ratio 9 5''.* Cl P-value

5-ASA N one — — —

Yes (1.47 0 .2 2 - 1 .0 0 O.05
Contact with hospital doctor < 1 — — —

1 to  2 p«.r year over the course of disease 0 .4 5 0 .1 6 -1 .1 5 0 .0 9
> 2 per year over the course of disease 0 .1 9 11 .06 -0 .65 O.OOS

CRC in any relative No — — —

Yes 6. 5 s 0 .9 7 -4 1 .9 6 0 .0 5

Colonoscopies after diagnosis < 1 — — —
1 to  2 over the course of disease 0 .2 7 0 .0 9 - 0 .7 7 0 .0 2
> 2 ov er the course of disease 0 .5 2 o . 1 7 -1 .5 6 0 .2 4

After adiustm cnt tor m di\idual> 5- \S  A drugs N one — — —

Mesalazine < 1 2 g dav 0 .1 s 0 .0 2 -1 .9 2 0 . 16

> 1 2 g dav (». 19 0 .0 6 -0 .6 1 0 .0 0 6

Sulphasalazine < 2 g dav 0 .9  3 0 .2 2 -5 .9 1 0 .9 2
2 2 g dav O.S5 o. 5 2 -2 .2 6 0 .7 5

Other \  unable doM> 1.21 O .IIS-l V 9 7 0 .8 9

Contact with hospital d»vtor < 1 — — —
1 to 2 per vear over the course of disease 0 .4 2 0 .1 5 — 1 .1 s o . i o
> 2 per v ear over the course of disease 0 . 16 (l.t >4-< 1.60 0 .0 0 7

CRC in any relative No — — —
Yes 6 .S 4 tl.S0-5N .6O O.OS

Colonoscopies after diagnosis^ < 1 — — —
1 to 2 ov er the course o f  disease o. 5 3 0 .1 1 -1 .0 1 0 .0 5

> 2 over the course of disease 0 .5 5 0 .1 8 -1 .7 1 0 .3 0

? 20 0 0  Blackwell Science Ltd. Aliment Pluirnuuvl Ther 14. 1 4 5 -1 5  3



1 5 ( )  J .  E A D E N  c*r al.

A su ita b le  m o d e l w a s  d ev e lo p ed  to  a sse ss  th e  c o n tr i

b u tio n  o f  th e  v a r ia b le s  in a forw ard  se lec tio n  proced ure. 

T he Hnal m od el in c lu d e d  reg u la r  5 -A S A  therapy, 

frequent c o n ta c ts  w ith  a h o sp ita l d o cto r , a positive  

fam ily  h istory  o f  sp o ra d ic  c o lo n ic  c a n c e r  in a n y  rela tive  

a nd  o n e  to  tw o  c o lo n o sc o p ie s  o v e r  th e  c o u r se  o f I'C 

h isto ry . T able 3 sh o w s  th e  effect o f  th e se  variab les, in 

term s o f odds ratios, a d ju sted  for th e  o th e r  v a r iab les in 

th e  m o d ek  R egu lar  c o n su m p t io n  o f  m e sa la z in e  at a d o se  

o f  1 .2  g /d a y  or g rea ter  (OR 0 .1 9 .  9 5 ' Cl: 0 . 0 6 - 0 . 6 1 .  

P  =  0 .0 0 6 1  and freq u en t v is its  to  a  h o sp ita l p h y s ic ia n  

(OR 0 .1 6 .  95%  Cl: 0 . 0 4 - 0 . 6 0 .  P =  0 . 0 0 7 )  co n fer  th e  

g rea test benefit after a d ju st in g  for th e  o th e r  va r ia b les. 

W e in vestig a ted  th e  p o ss ib ility  o f  a ll in te ra c tio n s  

b e tw e en  th e  v a r ia b les in th e  f in a l m o d e l a n d  n o n e  

w a s sta tistica lly  s ig n ifica n t at th e  5 lev e l.

A s all th e  co n tro ls  in th is  s tu d y  c a m e  from  o n e  area  

(L eicester) w e  carried  o u t  a fu r th er  a n a ly s is  stratified  

by c a se  to a ssess w h e th e r  th is  m a y  h a v e  b iased  th e  

resu lts . T here w ere 12 c a s e -c o n t r o l  p a irs in  w h ic h  

both  th e  case  and c o n tro l w e r e  from  L eicester . T h ese  

data w ere  com pared  w ith  th e  o th e r  9 0  pairs w h er e  th e  

co n tro l ca m e from  L eicester  b u t th e  c a s e  c a m e  from  

els w h ere . R egard ing  5 -A S A  m e d ic a tio n  th e  in d e p e n 

den t OR for n o n -L eicester  p a irs w a s  0 .2  5 ( 9 5 “.. Cl: 

0 .1 3 - 0 .5 1 .  P =  0 . 0 0 0 1 1 a n d  for L eicester  pairs w a s  

0 .2  19 5 ' ..  CL 0 . 0 2 - 1 .7 1 .  P =  0 .1 4 i .  It is in te re stin g  to  

n o te  that the point e s t im a te  is th erefo re  lo w e r  for th e  

L eicester pairs, w ith  th e  a n a ly s is  o n ly  lo s in g  its 

sta tistica l s ig n ifica n ce  d u e  to  a sm a ll n u m b e r s  effect. 

L ooking specifically  at m e sa la z in e  >  1 .2  g  d a y . th e  OR 

for non -L eicester  pairs w a s  0 . 1 4  < 9 V . ,  Cl: 0 . 0 5 - 0 . 4 1 .  

P =  0 .0 0 0 3 )  and  for L eicester  pair< w a s  0 .2 5  <95 Cl: 

0 .0  3 - 2 .2 4 .  P =  0 . 2 1. T h e  effect K n o t a s  m a rk ed  in th e  

L eicester pairs but 5 -A S A  is still p r o te c t iv e  <a g a in  th e  

sta tistica l sig n ifica n ce  is lost d u e  t*> a sm a ll n u m b ers  

effect).

T h ere  w ere 4 4  A sian  c o n tr o l p a t ie n ts  c o m p a r e d  to six 

A sia n  cases. W e therefore  c o n d u c te d  a stratified  a n a ly s is  

based  o n  e th n ic ity  to a sse s s  if th is  m a y  h a v e  b iased  th e  

resu lts. T here w ere 5 7  pairs w h e r e  b o th  th e  c a se  and  

c o n tro l w ere C au ca sia n  a n d  a n  a n a ly s is  o f  th e  in d ep en 

d ent effect o f  5 -A SA  m e d ic a t io n  o n  th e se  pairs g a v e  an  

OR o f  0 .3 0  (95%  CL 0 .1  3 - 0 .6  5. P  =  0 . 0 0  3.. R egu lar  

c o n su m p tio n  o f m e sa la z in e  at a d o se  o f  >  1 .2  g  d a y  w a s  

a lso  still h ig h ly  p r o te c tiv e  w ith  an  OR o f  0 .1  <9 5 CL 

0 . 0 2 - 0 .3 9 .  P =  0 . 0 0 1). H a v in g  1 - 2  c o lo n o sc o p ie s  over  

th e  c o u r se  o f th e ir  d ise a se  w a s  p r o te c tiv e  (OR =  0 .1 6 .  

95%  CL 0 . 0 5 - 0 . 5 5 .  P =  0 . 0 0  3) a s w ere  freq uent v isits

to a hosp ita l doctor (OR = 0 . 1 7 .  95".. CL 0 . 0 4 - 0 . 6 5 .  

P =  0 . 0 1 1.

F inally  w e perform ed a stratified a n a ly sis to a ssess  it 

there w a s a n y  difference in th e  resu lts from te a ch in g  vs. 

district h osp ita ls . T here w ere 2 9  pairs w h ere  th e  ca se  and  

co n tro l c a m e  from  te a ch in g  h osp ita ls and  7 3 pairs w h ere  

th e  ca se  a lo n e  w a s from  a district hosp ita l. 5-A S A s w ere  

p rotectiv e  in both  g rou p s w ith  id en tica l odds ratios o f  

0 .2  5. T he effect o f  m esa la z in e  (> 1 .2  g /d a v ) a lso  ga v e  

sim ilar  resu lts w ith  an  OR o f  0 .1  in te a ch in g  h osp ita ls  

(95%  CL 0 .0 1 - 0 . 7 8 .  P =  0 .0 3 i  an d  0 .1 8  in district 

h o sp ita ls  (95%  CL 0 . 0 6 - 0 .5  3. P =  0 .0 2 ) .

D I S C I S S I O N

C olorecta l c a n cer  (CRC) risk in p a tien ts w ith  I ’C ca n  be  

su b sta n tia lly  reduced by ta k in g  5-A S A  th erap y  o n  a 

r eg u la r  basis. After a d ju stin g  for o th er  variab les, 

m esa la z in e  is p articu larly  e ffective , red u c in g  th e  ca n cer  

risk by 81% . T h is p rotective  effect is in d ep en d en t o f  d ose  

but b eco m es sta tistica lly  sign ifica n t for 1.2 g day or  

g reater. T he benefits o f  su lp h a sa la z in e  are not as 

p r o n o u n ced  and  a s ig n ifica n t effect is o n ly  seen  at 

h ig h er  d o ses i>  2 g  d a y ). T h ese  p rotectiv e  effects are  

in d ep en d en t o f  d isea se  a c tiv ity . A fam ily  h istory  o f 

sp orad ic  co lo rec ta l c a n c er  in a n y  re la tiv e  is a sso c ia ted  

w ith  a fivefold increased  risk, a lth o u g h  th is did n ot q u ite  

rea ch  sta tistica l s ig n ifica n ce  after a d ju stm en t for o th er  

v a riab les in th e  an a ly sis . S y stem ic  an d  loca l steroid  u se  

a lso  h a v e  an  inverse  r e la tio n sh ip  w ith  th e  d ev e lo p m en t  

o f co lo recta l c a n cer  a lth o u g h  their  effects w ere  not as 

in flu en tia l in th e  m odel a n a ly sis .

P rev io u s stu d ies ' - h a v e  su g g ested  a p rotectiv e

ro le  for su lp h a sa la z in e  a g a in st th e  d ev e lo p m en t o f  

co lo recta l c a n c er  and  recent research  h a s sh o w n  that 

m esa la z in e  se lec tiv e ly  in d u ces  a p o p to sis  o f  tu m o u r  cells  

in sporad ic co lo recta l c a n c e r .”  O ur s tu d y  n o t o n ly  agrees  

w ith  th ese  fin d in gs, but h a s a lso  a llo w ed  an a n a ly s is  o f 

th e  effects o f  o th er  5-A SA  c o m p o u n d s , and  h a s  d e m o n 

strated  that m esa la z in e  ex er ts  a n  ev en  greater  p rotectiv e  

effect th a n  su lp h a sa la z in e . It is p o stu la ted  that NSAID s 

and 5-A SA  c o m p o u n d s  w ork  in a s im ilar  w a y  and  m a y  

red uce  CRC risk by in h ib itin g  m u c o sa l p ro sta g la n d in  

sy n th e s is ." ' T h is is su pp orted  by th ree  lin es o f  research . 

Firstly, th ere  is a reduced  risk o f large  b o w el a d e n o m a s  

a m o n g  asp ir in  and  NSA ID  u s e r s .1 , v Secondl y .  

N SA ID s d ecrea se  th e  n u m b er  and  size o f  co lo recta l 

a d e n o m a s  in  p a tien ts w ith  fam ilia l a d e n o m a to u s  p o ly p o 

sis" an d  th e  m orb id ity  and  m o rta lity  rates for CRC are

? 200 0  Blackwell Science Ltd. Minimi Pharmacol Ther 14. 145-15  5
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low in p atien ts on  c h r o n ic  N S A ID s.'"  -N F inally . 

NSA ID s h a v e  been sh o w n  to  d e c re a se  th e  n u m b er  and  

size o f  c h e m ic a lly  in d u ced  c o lo n  a d e n o m a s  an d  c a r c in o 

m as in exp erim en ta l a n im a l s tu d ie s .- '* In o u r  stu d y  

o n ly  3 .9 "o o f  ca se s  an d  4.9" .. o f  c o n tr o ls  w e re  ta k in g  

asp irin . T h ese  sm all n u m b ers  lim it a n y  in te rp re ta tio n  o f  

its role. H o w ever , it d oes m e a n  th a t th e  b en e fic ia l e ffects o f  

5-A SA  co m p o u n d s  are n o t d u e  to  th e  c o - in c id e n ta l  u se  o f  

asp irin .

P a tien ts  w h o  see  a h o sp ita l d o c to r  o f  a n y  g ra d e  

freq u en tly  an d  h a v e  at least o n e  c o lo n o sc o p y  a re  less  

likely to  d ev e lo p  b o w el c a n c er . H o w e v er , th e se  a c t io n s  

do not n e c essa r ily  red u ce  th e  risk o f  m a lig n a n c y  p e r  se 

an d  probab ly  rep resent m ark ers for c o m p lia n c e . T h is  is 

a lso  lik ely  to  be a sso c ia ted  w ith  a h ig h  c o m p lia n c e  

tak in g  prescribed m ed ica tio n . T h u s , a p r o te c t iv e  effect 

fou n d  for p h a rm a co lo g ica l a g e n ts  m a y  be a n  u n d e r 

e s tim a tio n . as th e  c o n tr o ls  a re  m o re  lik e ly  to  be 

C om pliant e v en  in th is respect c o m p a r ed  w ith  c a se s .  

A s co n tro ls  ap p ear  to  be  m o re  c o m p lia n t  th a n  c a se s , 

o n e  m a y  w o n d er  w h e th e r  th is w a s  b e c a u se  th e  c o n tr o ls  

w ere a w a r e  th a t th e y  w ere  part o f  th e  L e icestersh ire  

d a ta b a se  a n d  th u s w ere  m ore  m o tiv a te d  o r  h e a lth  

c o n sc io u s  th a n  th e  c a se s , w h o  w ere  fo llo w e d  in a 

g reater  v a r ie ty  o f  practice  se ttin g s  w ith o u t  a c o h e s iv e  

d a ta b a se  reg istry . H o w ever , w e  feel th a t  th is  is u n lik e ly  

a s th e  d a ta b a se  is used e n tire ly  for e p id e m io lo g ic a l  

e v a lu a t io n s  and  is n o t u sed  for c lin ic a l fo llo w -u p .

A h ig h er  c o lo n o sc o p y  rate  a m o n g  th e  c o n tr o ls  r e in 

forces o u r  resu lts b e c a u se  it m a k e s  it u n lik e ly  th a t th is  

g ro u p  w ill hav e  a h ig h  freq u en cy  o f  u n d e te c te d  c a n c e r s .  

A lth o u g h  c o lo n o sc o p y  h a s  not b e e n  p ro v en  to  be o f  

b en efic ia l effect w ith  regard  to r e d u c in g  th e  c o lo r e c ta l  

m o rta lity  in th is p a tien t g rou p , it is a c o n s is te n t  f in d in g  

in m ost stu d ies that b e in g  su b jected  to  a su r v e illa n c e  

p ro g ra m m e up grad es th e  D u ke s ta g e  w h e n  th e  c a n c e r s  

are d ia g n o sed . " "  In so m e  rep orted  s tu d ie s  o f  su r v e il

la n ce . c a n c er s  are still m issed  e v e n  w ith  *> m o n th ly  

e x a m in a tio n s  an d  p a tien ts  sh o u ld  u n d e r s ta n d  th a t a 

c o lo n o sc o p y  is not a n  a b s o lu te  g u a r a n te e  a g a in st  

m a lig n a n t tra n sfo rm a tio n .

A positive  fam ily  h isto ry  o f  CRC is a n  e s ta b lish e d  risk 

factor for th e  d isea se  in th e  g e n e r a l p o p u la tio n  a n d  in 

o u r  stu d y  h a v in g  a n y  fa m ily  m e m b e r  w ith  a sp orad ic  

c o lo n ic  c a n c er  in crea sed  th e  risk for p a tie n ts  w ith  UC by 

a factor  o f  five. T h e  r e la t io n sh ip  w a s  n o t m a in ta in e d  

d u rin g  th e  d e v e lo p m e n t o f  a m o d e l, a n d  b e c a m e  n o n 

s ig n ifica n t w h en  w e  a n a ly se d  first-d eg ree  r e la tiv e s  o n ly , 

bu t th is m a y  be a sm a ll n u m b e r s  effect. In deed  resea rch

from  th e  M ayo c lin ic  h as sh o w n  that a fam ily h istory  of 

co lo recta l c a n c er  in first-degree rela tives w a s tw ice  as 

c o m m o n  in UC p atien ts w ith  CRC th a n  in CC con tro ls  

m a tch ed  for ex ten t an d  d u ra tio n  o f c o li t is . '

T h e  stren g th s  o f our stu d y  in c lu d e  a un iform  app roach  

to d ata  retrieval and  th e  retrieval o f all m edical n o tes for 

both cases and controls. A second investigator independ- 

dently  ex tracted  d ata  from  co n tr o l n o te s  u s in g  th e  sam e  

pro form a, as a q u a lity  c o n tro l c h e ck  th a t th e  in form ation  

had  b een  retrieved a ccu ra te ly . A  n a tio n a l d atab ase  o f IBD 

p a tie n ts  d oes n ot ex is t in th e  UK. and th u s ca se  

id en tifica tio n  co u ld  n ot h a v e  b een  carried  out by a n y  

o th e r  m eth o d  th a n  th e  o n e  c h o se n . Controls w ere  

identified  from  ou r  lo ca l d a ta b a se  a n d  thu s in  som e  

in s ta n c e s  differed in g eo g ra p h ica l lo ca tio n  and  e th n ic ity  

from  th e  ca ses. W e do n ot feel th is  had  a bearing on  our  

resu lts . W e h a v e  sh o w n  th a t th e  odds ratio  for 5-A SA  

m e d ica tio n  is a c tu a lly  lo w er  in  th e  12 pairs from  Leicester  

co m p a red  w ith  th e  o ther  9 0  pairs, th e  a n a ly s is  on ly  lo sin g  

its s ta tis tica l s ig n ifica n ce  d u e  to  a sm a ll n u m b ers effect. 

F u rth erm o re  w h e n  w e a n a ly se d  th e  d a ta  after r em o v in g  

A sia n  c a se s  an d  co n tro ls from  th e  in v e st ig a t io n  w e  found  

th a t 5 -A S A  m ed ica tio n  ( in c lu d in g  m esa la z in e). frequent 

v isits  to  a h osp ita l doctor a n d  1 - 2  c o lo n o sc o p ie s  w ere  all 

still h ig h ly  protective  a g a in st co lo r ec ta l c a n c er  in  th e  

co lit is  p o p u la tio n . In a d d ition , th ere  h a v e  b een  no  

d o c u m e n te d  stu d ies sta tin g  th a t co lo r ec ta l ca n c er  risk 

differs in a n o n -C a u ca sia n  p o p u la tio n  or varies w ith  

g e o g ra p h ica l lo ca tio n  across th e  UK. Indeed K och har's  

stu d y  from  India stated  that th e  cru d e in c id en ce  o f  CRC 

in A s ia n  UC p atien ts w a s c o m p a ra b le  to th e  3 - 4  '.. 

in c id en ce  reported  from  A n g lo -S a x o n  c o u n tr ies .

A factor  th a t is cru cia l to c o n sid er  in  s tu d ies  o f  c a n c er  

risk in UC is th e  c o le c to m y  rate in  th e  p o p u la tio n  

stu d ied . If th e  c o le c to m y  rate w a s h ig h er  in L eicester  

co m p a red  to  o th er  g eo g ra p h ic  a rea s , th a t w o u ld  

e lim in a te  p a tie n ts  from  th e  pool at risk for d ev e lo p in g  

CRC a n d  lea v e  b eh in d  o n ly  v ery  low -r isk  in d iv id u a ls  as 

c o n tr o ls . P rob ert's s t u d y ’ d e m o n stra te s  a sim ilar  

c o le c to m y  ra te  for p atien ts  in  L eicestersh ire  (in  partic

u lar  A s ia n s) co m p a red  w ith  rep orted  ra tes for 

St M arks'"  a n d  N orth-E ast S c o t l a n d a n d  th u s  th is  

sh o u ld  not be a so u rce  o f  bias in  o u r  stu d y .

C ritic ism s c o u ld  be leve lled  at th e  m e th o d s o f  d eter

m in in g  th e  len g th  an d  d o sa g e  o f  p h a rm a co lo g ica l 

th era p y  c o n t in u o u s ly  o v er  lo n g  periods o f  tim e. T h is is 

a va lid  cr itic ism  b eca u se  d o ses differ w ith  d u ra tio n  o f  

d ise a se  a n d  therefore  an  a v era g e  d ose  w a s  estim a ted  for 

e a c h  su b ject o v er  the c o u r se  o f  th e ir  co litis . If th ere  w a s

c >()()() Blackwell Science Ltd. Ailment P lum tm ol Ther 14. 1 45 -1 5  1
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a n y  d o u b t w h a tso e v e r  a s to  w h e th e r  a su bject w a s  

ta k in g  m e d ica tio n  lo r  if th e y  h a d  th eir  trea tm en t  

d isc o n tin u e d  for lo n g er  th a n  1 y ea r) th e y  w ere  c la ssed  

as n o n -co m p lie r s  and  so  o u r  fin d in g s  are b ased  on  

su b je c ts  c lea r ly  identified  a s ta k in g  m e d ica tio n  o n  a 

reg u la r  a n d  v irtu a lly  c o n t in u o u s  b asis . P a tien ts  w h o  

had  th e ir  m ed ica tio n  tem p o ra r ily  in terru p ted  le .g . a 

p r e g n a n t w o m a n  w h o  feared  a d v e r se  d ru g  effects to  th e  

fo e tu s) w ere  record ed  as b e in g  c o m p lia n t . A ll r e tro sp ec 

tiv e  stu d ies  th a t rely  o n  r e tr ie v in g  in fo r m a tio n  from  

m e d ica l record s are su b ject to so m e  in a c c u r a c ie s  le .g . in  

m e d ica tio n  u sa g e ) a n d  it c o u ld  be s u g g e s te d  th a t d irect 

pa tien t in te rv iew  w o u ld  be m o re  su ita b le . H o w e v er , th is  

is n o t p o ssib le  in o u r  s tu d y  a s so m e  c a se s  a n d  c o n tr o ls  

w e re  d ecea sed . A lso , p a tie n t reca ll o f  fa c ts  is fra u g h t  

w ith  in a c cu ra c ie s  an d  w o u ld  in tr o d u c e  a n o th e r  so u rc e  

o f b ias. W e feel th a t th e  m e d ica l reco rd  is th e  m o st  

leg it im a te  so u rce  o f  d a ta  as it p ro v id es  a c o n te m p o r a r y  

record  m ad e at th e  tim e o f  c o n s u lta t io n .

T h e  str o n g  a sso c ia t io n s  th a t w e  fo u n d  for r eg u la r  

5-A SA  th era p y  and  freq u en t v is its  to  a h o sp ita l  

p h y s ic ia n  a n d  th e  risk o f  d e v e lo p in g  c o lo r e c ta l c a n c e r  

are lik ely  to  h a v e  an  im p o r ta n t im p a c t  o n  ca re  

p ro g ra m m es an d  sc r ee n in g  for c o lo r e c ta l  c a n c e r  in 

p a tie n ts  su ffering  from  u lc e r a tiv e  c o lit is . T h e  c o st-  

e ffe c tiv e n e ss  o f  a c o lo n o sc o p ic  su r v e illa n c e  p r o g r a m m e  

in  u lc er a tiv e  co litis  h a s  b een  q u e s t io n e d  by m a n y  

a u th o r s .4" P h y sic ia n s m a y  c h o o s e  to  b etter  ta rg et 

c o lo n o sc o p ic  su rv e illa n c e  o n  th o s e  w h o  are  at g r ea te s t  

risk. i.e. th o se  u n a b le  to  ta k e  r e g u la r  5 -A S A s (for  

e x a m p le  d u e  to a llerg y ), h a v e  a p o s it iv e  fa m ily  h is to r y  o f  

CRC an d  p erh a p s h a v e  prim ary s c le r o s in g  c h o la n g it is .  

L ikew ise  it sh o u ld  be possib le  to r e d u c e  th e  fr eq u e n c y  o f  

e x a m in a t io n s  in th o se  at lo w er  risk. W e b e lie v e  th a t  th is  

effort an d  e x p e n se  m ay  be b etter  d ir ec ted  at e d u c a t in g  

a n d  e n c o u r a g in g  p atien ts  to ta k e  th e ir  m e d ic a tio n  

r eg u la r ly . S u ch  an  a p p ro a ch  s h o u ld  be  su p p o rted  by 

h o sp ita l-b a sed  fo llo w -u p  for all p a tie n ts '  a lth o u g h  

p a tie n ts  h a v e  to take a m o d ic u m  o f  r esp o n s ib ility  for 

th e ir  illn ess . T h e c o m b in a tio n  o f  s e e in g  a h o sp ita l d o c to r  

o n  a r eg u la r  basis, c o m p lia n c e  w ith  m e d ic a tio n  an d  

a tte n d a n c e  at c o lo n o sc o p y  offers th e  g r ea te st  d eg ree  o! 

p r o te c tio n  a g a in s t  c o lo r ec ta l c a n c e r  th a t p a tie n ts  c a n  

co n tr o l th e m se lv es .

A C K N O W L E D G E M E N T S

W e w o u ld  like to  th a n k  th e  fo llo w in g  c o n su lta n t  

g a s tr o e n te r o lo g is ts  a c ro ss  th e  I K w h o  k in d ly  g a v e  th e ir
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Dr S. K ane. Dr A. J. Lobo. Dr R. G. Long. Mr B. V. 

Palm er. Prof. J. R hodes. Prof. j. M. R hodes. Dr 11. 

Sh ep herd . Dr P. Sm ith . Dr R. H. T eague. Dr H. H. Tsai. 
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