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Abstract 

Cancer of the colon and rectum is a major cause of ill-health. Options for 
reducing the burden of the disease include primary prevention, screening for 
early stage asymptomatic disease and improvements in the treatment of 
symptomatic disease. If the policy objective is to make a major impact on 
mortality from the disease then screening appears to be the only technically 
feasible option. 

One indication of asymptomatic colorectal cancer is small quantities of blood 
mixed with faeces. Screening tests capable of detecting bleeding are 
currently being evaluated in clinical trials. Interim measures of the costs and 
disease yield of a screening programme using a faecal occult blood test imply 
that screening may offer good value for money but only if the intended 
mortality reduction from the disease is realised. 

There are various ways of 'fine-tuning' the screening programme to improve 
the balance of costs and benefits; information for making choices regarding 
important parameters such as the age range of the population to be offered 
screening are presented. Alternative screening tests are also evaluated and 
the results presented in terms of the cost-yield trade-off. 

The policy implications of the evaluation must be qualified at this stage since 
no proof of mortality reduction will be available until the conclusion of the on- 
going trial. Nevertheless, under various assumptions about the impact of 
screening, the option appears to be an efficient way of reducing the health 
'costs' of colorectal cancer. 



INTRODUCTION 

The evaluation of health services 
In 1990 an internal market was introduced into the provision of publicly- 
funded health services in the United Kingdom. Functions were allocated to 
the charge of various management groups. Provider units took on the task of 
delivering services, either from a hospital or in the community. A separate 
function was established to consider the health needs of local people and to 
commission the services they required from the providers; the bodies carrying 
out this task are the purchasers*. The potential role of health economics is 
thus much more clear-cut: purchasers are given a fixed budget and attempt to 
achieve their objectives to the greatest extent possible. These objectives will 
include health gain (in terms of length or quality of life), as well as other 
factors. Thus, services which are commissioned must be clinically effective 
(i. e. there is evidence that patients' health will improve). 

The budget constraint also requires that efficiency be considered in terms of 
health benefits per pound spent. It is widely accepted that the cost of 
providing all of the services from which people could potentially benefit 
outstrips the resources available, thus there is a situation of scarcity. As a 
result, opportunity costs become relevant. This, in turn, has created a 
demand for information on the relative costs and benefits of alternative health 
care treatments in order to assist decision-making. Economic evaluation is a 
systematic means of evaluating two or more options in terms of their relative 
costs and benefits from a specified perspective. While easily stated, these 
ideas are not always straightforward to apply in practice. 

Health gain as a strategic goal of cancer services 
The internal market is still regulated, however: for example, targets have 
been set for purchasers in terms of reducing the health 'costs' of particular 
diseases in the "Health of the Nation" (Department of Health (1991)). The 
first set of targets concentrated on diseases with the biggest burden in terms 
of years of life lost prematurely (defined as before the age of 65); these do 
not appear to have been set with economic criteria in mind. Purchasers had 
already recognised that cancer care was one of their top priorities (Klein and 
Redmayne (1992)). Some strategies are already available, such as smoking 
cessation programmes to tackle lung cancer and screening for breast cancer. 
However, the second biggest cause of cancer deaths, cancer of the large 
bowel (i. e. the colon and rectum), is not being tackled apart from providing 
prompt surgical attention for cases diagnosed. Some advances in treatment 
are being examined but their impact will be limited at best. Advances in 
genetics research may one day allow all of those at risk of the disease to be 
identified at an early stage of their lives and treated appropriately but this is 
not yet feasible. Thus attention has turned to screening as the only option 

* Increasingly, budget-holding General Practitioners (GPs) are carrying out this role but the 
bulk of the work is still the province of the health authorities. 
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which has the potential to substantially reduce the health 'costs' of the 
disease. 

The problem is that there is little evidence that such a policy will extend lives. 
Some evidence from America is available but relates to protocols which are 
not generally considered feasible in this country on grounds of expense. In 
addition the quality of some studies suggests that the data should be taken to 
be indicative rather than conclusive. While breast cancer screening was 
introduced in this country in advance of the results of the on-going British 
trial, today's purchasers may well be more wary of commissioning services for 
which there is inadequate proof of benefit. The economic efficiency of the 
programme will also be carefully scrutinised as part of the decision; it is the 
evidence that will be needed that forms the subject matter of this evaluation. 

The issues are considered under four headings: 

what are the costs and benefits to NIAS purchasers of screening for 
colorectal cancer in an asymptomatic population aged 50-74 by an 
offer of Haemoccult 11 testing every two years? 

ii) is this the most efficient way to screen for colorectal cancer? 

iii) is this the most efficient way to reduce the health loss of colorectal 
cancer? 

iv) can such a policy be justified in comparison with other uses of health 
service resources? 

To address these questions the structure of the evaluation is as follows: 

Chapter One sets out the health and economic costs of colorectal cancer. 
The poor prognosis for advanced stage cases is noted. The causes of 
colorectal cancer are discussed and current treatment practices described. 
Neither offers immediate prospects for improving the prognosis for the 
majority of patients. In conclusion, attention switches to screening for early 
stage disease. 

Chapter Two picks up this thread by considering the conditions for an 
effective screening programme. This is shown to consist of a suitable 
disease, a suitable test and a suitable programme or protocol. The evidence 
relating to colorectal cancer in each respect is presented. Colorectal cancer 
is a good candidate for screening, although currently medical knowledge is 
deficient in a number of key areas. Suitable tests are available although 
none is particularly satisfactory. Suitable programmes can be devised on the 
basis of clinical trials. 
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Chapter Three considers some of the problem of evaluating any screening 
programme by assessing its costs and benefits. Some methodological issues 
are discussed in detail and the lessons drawn out are applied to a literature 
review of previous studies of colorectal cancer screening. 

Chapter Four introduces data from the Medical Research Council clinical 
trial. On the basis of the protocol specified a simple numerical model of the 
costs and disease yield is constructed. This allows the cost of detecting a 
case of asymptomatic disease to be calculated. The model is then used to 
identify the most important variables in determining costs and benefits; these 
are then given more detailed attention in the subsequent chapters. 

Chapter Five looks at the effects of screening using a variety of different 
methods. Data are gathered from a variety of sources in order to compare all 
of these methods on a common basis using the model constructed in Chapter 
Four. A sub-set of options which appear more efficient than the rest are 
identified and the data with which to choose between them presented. The 
chapter then considers the various possible criteria for a positive screening 
test and how this will affect the results. 

Chapter Six concentrates on the economic aspects of attempts to increase 
the participation rate in screening for colorectal cancer. A model of individual 
behaviour using perceptions of costs and benefits is set up and lessons for 
health education drawn out. Different ways of inviting people to participate in 
screening are compared. The costs and benefits of pursuing people who do 
not complete a test are then considered; on the basis of the costs and 
benefits an optimal participation rate is identified which is shown to differ from 
the commonly-perceived optimum of 100%. 

Chapter Seven extends the idea of benefits beyond the detection of early 
stage cancer alone. Screening also detects a suspected pre-cursor of 
cancer, the adenoma, although the precise benefits of detecting and excising 
these lesions is uncertain. A review of the medical literature reveals a 
number of estimates and these are compared by applying them to the 
screening trial data. The significance of variations in the results is discussed. 

Chapter Eight considers the question of which age group of the population to 
screen on economic grounds. Several of the key variables in the screening 
programme are shown to be related to age, including the proportion returning 
a test, the proportion of returned tests which prove to be positive, and the 
number of cases of disease detected (the yield). These factors have various 
implications for costs and benefits which are explored. The possibility of 
recommending different protocols for different age groups is considered. The 
costs and benefits of extending screening to very young and to very old ages 
is also evaluated. The former may well benefit from detection of adenomas 
but these are rare. On the other hand elderly people are much more likely to 
have asymptomatic cancer but are less likely to be able to undergo treatment. 
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Chapter Nine evaluates the options for diagnostic investigation of positive 
screening test results. Several options are considered including radiology, 
endoscopy (a fibreoptic telescope) and combinations of both together. Data 
are presented for symptomatic patients which allows the various aspects of a 
model to be constructed. Screening trial data are then used to consider 
which strategy is most appropriate in a screening programme. Finally the 
role of retesting of positive results before a diagnostic investigation is 
performed is considered in terms of costs and benefits. 

Chapter Ten considers the impact of screening on the costs of treating 
colorectal cancer. First of all, the methodological problems in costing 
hospital care are considered; particular attention is paid to the level of detail 
required in this type of work using a case study based on allocating nursing 
costs. Data from a large sample of cases from the MRC trial are then 
presented and the cost per case and the total costs for each option 
compared. Explanations are sought for the results. 

Chapter Eleven uses the results to date to compare colorectal cancer 
screening with other ways of treating the disease. A number of alternatives 
are identified including screening high-risk groups, radiotherapy and 
chemotherapy following surgery, treatment of advanced disease and better 
follow-up of people who have previously had an adenoma. The costs and 
benefits of each are calculated and the results are compared in terms of the 
costs per life saved. While some of the assumptions are questionable, some 
lessons can be learnt by purchasers of care. 

In the conclusion the policy implications are spelt out. The methodological 
lessons learnt are also discussed in more detail. The need for further 
research in particular areas is identified. 

Several sections of this work have already been published in peer-reviewed 
journals. The published references are as follows: 

Chapter Four appeared as: 
'The costs of screening for colorectal cancer" (with D. Whynes, J. Hardcastle 
and J. Chamberlain) Journal of Epidemiology and Community Health 1991 
45220-224. 
and 
'The hospital costs of diagnostic investigations for colorectal cancer" (with D. 
Whynes, J. Hardcastle and J. Chamberlain) Journal of Clinical Epidemiology 
199144 907-914. 

Chapter Five appeared as 
"Filtering strategies in mass population screening for colorectal cancer: an 
economic evaluation" (with D. Whynes and J. Hardcastle) Medical Decision 
Making 1992 12 2-7. 
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and 
"Cost-effective screening strategies for colorectal cancer" (with D. Whynes 
and J. Hardcastle) Journal of Public Health Medicine 1992 43-49. 
and 
"Rehydration of Haemoccult tests in mass screening for colorectal cancer: an 
economic perspective" (with D. Whynes and J. Hardcastle) Scandinavian 
Journal of Gastroenterology 199126 215-218. 
and 
"Hemoccult testing and colorectal cancer' (with D. Whynes and J. 
Hardcastle) Gastroenterology 1990 99 608. 

Chapter Six appeared as 
"Participation and screening programmes for colorectal cancer: more would 
be better? " (with D. Whynes) Journal of Health Economics 1991 10 207-225. 

Chapter Seven appeared as 
"Cost savings in mass population screening for colorectal cancer resulting 
from the early detection and excision of adenomas" (with D. Whynes and J. 
Hardcastle) Health Economics 1992 1 53-60. 

Chapter Eight appeared as 
'The effect of subject age on the cost-effectiveness of mass population 
screening for colorectal cancer" (with D. Whynes and J. Hardcastle) Journal 
of Epidemiology and Community Health 1992 46 577-581. 

Chapter Nine appeared as 
"Retesting positive results in screening for colorectal cancer: a marginal 
analysis" (with D. Whynes, J. Hardcastle, M. Thomas and J. Chamberlain) 
Applied Economics 199123 1015-1018. 

Chapter Ten appeared as 
"Screening and the costs of treating colorectal cancer" (with D. Whynes and 
J. Hardcastle) British Journal of Cancer, accepted for publication. 
and 
"The costing of nursing care: a study of 65 patients with colorectal cancer" 
(with D. Whynes) Journal of Advanced Nursing 1990 15 1305-1309. 

I confirm that the following document is my own work. While two of the above 
papers appeared in print with David Whynes as the first author these pieces 
have either been extensively reworked (in the case of the Health Economics 
paper (chapter 7)) or were based entirely on my original work (British Journal 
of Cancer, chapter 10). 
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Chapter One 

COLORECTAL CANCER 

INTRODUCTION 
The purpose of this chapter is to introduce the most important features of 
colorectal cancer. Initially, the costs of cancer and of colorectal cancer are 
described relative to the costs of other diseases. The causes of colorectal 
cancer are then explored to assess the chances of finding some means of 
eradicating the disease (although the economic desirability of pursuing such 
a policy is not considered at this stage). Factors affecting the prognosis of 
patients is described. Finally, current treatment practice is assessed and the 
prospects for improvements in prognosis (reducing the social cost of the 
disease) are discussed. 

THE COST OF CANCER 
It is common practice to commence the discussion of screening for a disease 
by estimating the so-called disease burden in terms of lives lost, working- 
days lost or resources used in treatment. The figures for cancer are daunting 
in this respect: 

" In 1990, the annual economic burden of cancer in America was 
$94,400 million or $120 per head of population (Brown (1990)). 
Premature mortality, valued using average lifetime earnings, 
contributed 58% of this figure, with 31% resulting from health care 
costs. Since 1985 the total has risen by 45% in real terms. 

" In the UK cancer contributed 6% of the total economic burden of all 
diseases in the 1970s (Black and Pole (1975)) and by the late 1980s 
cancer treatment accounted for 7% of all NHS spending, or E1,000 
million annually (1986-7 prices) (OPCS (1993)). 

These figures should not guide health policy on their own, however, since 
there is no indication of either the costs or the benefits of action to reduce 
this burden. Table One shows the number of life-years lost to various 
conditions in England and Wales in 1990, based on age at death and life- 
expectancy at that age: 

Table One 
Cause 
All causes 

All neoplasia 
Lung cancer 
Breast cancer 
Colorectal cancer 
Stomach cancer 
Pancreatic cancer 
Prostate cancer 

Life-years lost (000) 
51979 
1,803 

401 
217 
190 
88 
68 
66 
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Cervical cancer 35 
Ischaemic heart disease 873 
Cerebro-vascular disease 549 

(Source: own calculations based on OPCS (1987), OPCS (1993)). 

These data are also presented in Figure One. It is not evident that a major 
cause of lost life-years, such as lung cancer, is more deserving of attention, 
since apart from primary prevention there is little effective care available. 

Cancer of the colon and rectum 
Cancer of the large bowel (or colorectal cancer) has as its primary site the 
large intestine, a fleshy tube approximately 1.5m long extending from the 
margin of the anus to the junction with the small intestine. * The burden of 
colorectal cancer is also heavy: 

570,000 new cases are reported world-wide each year (Shike et al. 
(1990)) representing 9% of all diagnosed cancers. 
By the year 2000 it will account for 755,000,000 lost years of life world- 
wide (Eddy (1986)). 
As noted above, it accounts for 11 % of life-years lost to cancer in 
Britain and 3% of all life-years lost, shown in Figure Two. 

The disease has a poor prognosis at present with only about 35% of patients 
living to five years after diagnosis (Stower and Hardcastle (1985)). Once 
account is taken of cases never admitted to hospital or never considered for 
operation the rate may be as low as 27%, however (Slaney (11991)). 

The following sections consider the causes of the disease, hoping to 
establish some means of prevention, and the treatment, to search for 
advances which will improve cure rates. 

CAUSES 
The causes of many types of cancer are either unknown or unquantified. 
Research into the causes of colorectal cancer has concentrated on the 
influence of inherited susceptibility through genetic defects and the role of 
environmental factors such as diet. 

Genetic factors 
Support for a genetic origin to colorectal cancer has come from the study of 
two groups of patients (Canon-Albright et al. (1988)): 
i) those with inherited gastrointestinal syndromes such as familial 

adenomatous polyposis, a condition producing the growth of thousands of 

* The sites within the large bowel include: rectum, recto-sigmold junction, sigmoid colon, 
descending colon, splenic flexure, transverse colon, hepatic flexure, ascending colon and the 
caecurn. 
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small polyps thought to be the pre-cursor of cancer in the bowel, have a 
very high risk of developing colorectal cancer, and 

ii) those with a first-degree relative (i. e. parent, sibling or child) who have 
had colorectal cancer support are themselves at increased future risk. 

The higher risk in hereditary non-polyposis syndromes does not affect 
spouses implying that environmental factors are not decisive in these cases. 
A whole range of genetic defects are implicated: based on the hypothesis that 
cancer arises as the result of up to seven accumulated events, a possible 
model for mutation has implicated a total of 11 genetic defects in the 
evolution of metastatic colorectal cancer (Scoff and Quirke (1993)). These 
advances have been described as, "... the beginning of a new and exciting 
phase that holds out the prospect of understanding the pathogenesis of 
colorectal cancer at the most fundamental level. " (Anon (1991)). Ultimately it 
may be possible to identify those at high risk of developing colorectal cancer 
within the general population and then to keep them under close surveillance. 
This is not yet a practical proposition, however. 

Environmental factors 
Other evidence indicates that environmental factors play a role in many 
cases. For example, migrant populations take on the incidence rates of the 
host population within a generation (Levin and Doizois (1991)). The number 
of different elements of diet which are implicated makes research difficult. 
Simple questioning of people with and without the disease risks bias as a 
result of differences in recall, while prospective studies are long and 
expensive. The role of a 'marker' in colorectal cancer (akin to cholesterol in 
ischaemic heart disease) is not understood; this makes identifying causative 
and protective agents difficult. 

Increased fat consumption is associated with increased incidence, especially 
in combination with calcium deficiency, although the type of fat may also be 
relevant: vegetable fats may have a protective role while saturated animal 
fats increase risk (Neugut et al. (1993)). It is unclear whether excess calorie 
consumption and body weight have an independent effect (Nomura (1990)), 
but some evidence suggests an increased risk of colon cancer for those with 
sedentary life-styles, implying a protective role for physical activity (Levin and 
Dozois (1991)). 

Fibre and starch are also regarded as protective agents, but fibre is not a 
single entity; again, this makes research more complicated. There is limited 
evidence that fibre consumption is associated with less aggressive disease 
and a less advanced pre-malignant stage (Armitage (1991)). Ovprall, though, 
the link between fibre intake and colorectal cancer has been described as "at 
best, an oversimplification. " (Willett (1989)). 

A recent consensus conference concluded, "... the evidence is not strong 
enough to recommend specific dietary changes. " (King's Fund (1990)). 
However a'common-sense' approach of increasing the intake of vegetables 

8 



and starch while reducing fat and alcohol consumption "will not increase the 
risk of large bowel cancer and may be of benefit. " (Bingham (1990)). Dietary 
and genetic factors play a part but their role is complex, with many possible 
interactions. 

PROGNOSTIC VARIABLES 
Staging 
The spread (or stage) of cancer at diagnosis is the most significant variable 
affecting the prognosis. The pathological classification for colorectal cancer 
was originally devised by Dukes in 1932 to stage rectal cancer. Cancers 
limited to the bowel wall are at stage A, those spreading into the surrounding 
muscle but not involving any lymph nodes* are at stage B, those which have 
affected local lymph nodes are at stage C, and (a modification to the original 
proposals) those which have metastasised are stage D. A review of patients 
presenting to a British teaching hospital during the 1970s gives a typical 
distribution of stages at presentation, together with the survival rate for each 
stage (Stower and Hardcastle (1985)): 

Table Two 
Stage % diagnosed at each stage % surviving to five years 

A6 77 
B 35 58 
C 31 22 
D 27 5 

Thus, many patients present with disease at such an advanced stage that the 
prospects of cure are poor. Note, however, that the assumed effectiveness of 
the treatment of early stage disease is assumed rather than proven: surgical 
treatment of early stage prostate cancer, for example, appears to offer little 
survival gain over a policy of monitoring alone (Dearnaley (1994)). 

Dukes' stage is an imperfect predictor of prognosis, however (Deans et al. 
(1992)). While the classification system takes account of whether lymph 
nodes are involved it does not use information on the number affected, which 
may affect prognosis. 

Other factors 
The size and bowel site of the tumour appear to have little independent 
influence on survival. Clinical features of the presentation, such as whether 
or not the tumour is adhering to other organs, bowel obstruction and the age 
of the patient all have some independent effect (Chapius et al. (1985), 
Fielding et al. (1986)). In addition, the pathological histology or differentiation 

* Lymph nodes can be thought of as access points to the body's lymphatic system, a route 
which is commonly seen as the means by which malignant disease spreads (or metastasises) 
to sites distant from the primary growth, such as the liver. 
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of the disease is significant: this acts as a proxy for the 'aggressiveness' of 
the disease with poorly differentiated cases being the least amenable to 
treatment. 

In individual cases the surgeon performing the operation may also exert some 
influence on the outcome: differences in survival rates following a supposedly 
curative resection have been observed (McArdle and Holt (1991)). This has 
led to calls for specialists colorectal surgeons to carry out all operations of 
this type. 

TREATMENT 
Surgery is the only widely accepted treatment for the disease, although the 
use of radiotherapy and chemotherapy is being evaluated (and is discussed 
further in Chapter Eleven). Surgery involves a resection of the bowel, with 
the affected tissue removed together with a 'safety margin' of healthy tissue 
(about 2cm. in rectal cancer and 5cm. in colon cancer); the healthy bowel is 
sewn or stapled together in an anastamosis. The procedure is judged to be 
potentially curative if there is no evidence of residual disease. There is a risk 
of operative complications or mortality, commonly due to cardio-respiratory 
problems or wound infection. Operations for rectal cancer may also damage 
nerves in the genito-urinary system of male patients causing subsequent 
problems with urination and even impotence. 

Endoscopic excision of the cancer by means of an endoscope (a rigid or 
flexible fibreoptic telescope) is possible if the tumour is small (less than 3cm. 
diameter) and has been accurately staged. If the excision is judged to be 
complete on pathological examination of the specimen surgery may be 
judged unnecessary. 

A different technique is required for rectal cancers very close to the anal 
verge (usually within 4cm. of the anus). Since there is no safety margin of 
healthy tissue an anastamosis between two pieces of unaffected tissue is not 
possible, hence the anal sphincter cannot be safely preserved. The colon is 
diverted to a stoma (mouth) in the patient's abdomen. Recent advances in 
technique and relaxation of acceptable safety margins have allowed more 
rectal cancers to be treated by anterior resection, preserving the patient's 
quality of life wherever possible. A series of operations for rectal cancer 
found 40% of procedures between 1978 and 1982 involved a permanent 
colostomy compared to 21 % between 1983 and 1988 (Dixon et al. (1991)). 

Resection is also commonly performed as a means of palliating symptoms 
and avoiding obstruction of the colon where the disease is too advanced to 
achieve a cure. Operations involving a colostomy are still a common form of 
treatment in emergencies or for palliative procedures in cases of advanced 
disease: this prevents tumour growth from obstructing the colon or perforating 
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the bowel wall. Wedge resection of the liver is used in some centres to 
remove hepatic metastases but the benefits of this have not yet been proven. 

A number of reports have been made on series of patients admitted to 
hospital with a diagnosis of colorectal cancer. Differences between units, 
between the way results are reported and possible time trends make some of 
the data difficult to compare; the following sections present a summary of the 
main findings from the major British series (Anderson et al. (1992); Brown et 
al. (1991); Dixon et al. (1991); McArdle and Hole (1991); Stower and 
Hardcastle (1985); Umpleby et al. (1984)). While the summary inevitably 
generalises from a variety of studies, the potential for large variations 
between individual surgeons should be bome in mind (McArdle and Hole 
(1991)). 

Patient characteristics at presentation 
The average age of the series of patients is commonly between 65 and 70: 
one study reports an age range for resections of 25 to 101. The split by 
gender is fairly even. 

The primary site is the rectum (including the rectosigmoid junction) in about 
44% of cases, in the sigmoid or descending colon for 30%, in the transverse 
colon or flexures for 11 % and in the ascending colon or caecum for 15%. 
About 15% of cases are poorly differentiated. Of those with metastases the 
liver is affected in 74%, the peritoneal cavity in 33%, and the lungs in 5%; the 
brain, skeleton, adrenal gland and ovaries can also be affected but these are 
rarer. 

Type of admission 
Between 30% and 40% of admissions are emergencies. These patients tend 
to be older than average with advanced cancer of the colon; surgery is also 
more likely to be undertaken by a junior doctor. Very few rectal cancers 
require emergency admissions. 

Treatment received 
Historically, over 20% of patients were never operated upon but recent trends 
are to perform more palliative resections particularly in elderly people with 
advanced disease. Between 5% and 8% of admissions do not undergo an 
operation either because of obvious terminal disease or because they die 
before any procedure is possible; the surgery rate is age-related. A similar 
number are found to have unresectable tuMOUrs at laparotomy, while a 
further 10% have only a partial resection (again, owing to obvious advanced 
disease). About one-third of patients have operations requiring a colostomy, 
either temporarily or permanently. 

Between 50% and 60% of completed resections are regarded as curative: the 
figure is related to the age of the patient, whether the admission was an 
emergency, and the differentiation of the tumour. The mobility of the tumour 
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plays a part here: half the operations performed are on cancers which are 
fixed to other structures in the abdomen, implying spread to other organs and 
a reduced chance of a cure. 

Operative mortality 
About 20% of patients die in hospital following their first admission with the 
disease; again this is age-related. For those who have an operation the rate 
is between 10% and 15%; while most of these cases are due to pre-existing 
conditions (particularly cardiac and respiratory disease), 27% of deaths in 
one series were attributable to surgical complications. 

Other complications 
The complications of major surgery can be very serious, both for the health of 
the patient and in terms of prolonged hospital stay. The main problem in 
comparing reports of complication rates is variation in the definition of a 
complication and the thoroughness with which such data (which is not 
routinely available) are collected. 

Anastamotic dehiscence (defined as clinical evidence of a leak with resultant 
fistula formation, sepsis, or both) occurs in between 6% and 12% of cases, 
with wound dehiscence in less than 1 %. The prognosis in such cases is poor 
with 59% dying before discharge in one series. Wound infection rates vary 
from 8% to 22%. Following operations for rectal cancer 2% of patients 
require an operation on their prostate and 1% suffer from impotence (Dixon et 
al. (1991)). Other complications include chest infection (14%), pneumonia 
(5%), deep venous thrombosis (3%) and urinary tract infection (11 %). 

Recurrence 
Even following resections which are judged to be curative disease can recur, 
due to small amounts of residual disease being missed at the operation. 
"Local recurrences are an important reflection of surgical technique in cancer 
treatment and produce the worst form of death for patients, producing pain, 
incontinence, discharge, etc. " (Dixon et al. (1991)). The proportion of 
curative resections who develop recurrence varies between series but one 
review suggests bounds for the rate of 15% to 30% (Pollard et al. (1989)), 
although figures of up to 47% have been reported (Umpleby et al. (1984)). 
Most recurrences present within two years of surgery, at a median of 22 
months in one series (Devesa et al. (1988)). 

Recurrence is found in 4% of stage As, 13% of stage Bs and 18% of Cs 
(Phillips et al. (1984)); 11 % of well differentiated tumours recur, compared to 
14% and 21% of those that are moderately and poorly differentiated. Stage 
and differentiation interact, hence a poorly differentiated stage C tumour is at 
particular risk. 'Cured' rectal cancers appear to be at slightly increased risk 
of recurrence compared to cancers of the sigmoid colon (Umpleby et al. 
(1984)). 
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CONCLUSION 
Colorectal cancer is a major cause of ill-health and a significant cause of 
premature mortality. The ability to cure disease in its earlier stages implies 
that the potential gains from earlier detection are large. Treatment advances 
do not solve the problem of late-stage presentation. Prevention of the 
disease may be possible at some point in the future but is not yet a realistic 
option. This leaves screening as the only immediate prospect of reducing the 
social cost of colorectal cancer. 
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Chapter Two 

SCREENING FOR COLORECTAL CANCER 

Introduction 
Screening is defined as, "Mhe identification, among apparently healthy 
individuals, of those who are sufficiently at risk of a specific disorder to justify 
a subsequent diagnostic test or procedure, or in certain circumstances direct 
preventive action. " (Cuckle and Wald, quoted in Holland and Stewart (1990)). 
Mass screening relates to the screening of entire groups of the population as 
opposed to high-risk groups. 

The purpose of this chapter is to introduce the principles of screening for 
disease and the practical application of these principles to programmes for 
the detection of colorectal cancer. The conditions for effective screening are 
described and the evidence regarding colorectal cancer presented. 

Screening and effectiveness 
An effective screening programme will result in the detection of early stage 
disease, improving the prognosis and survival rate. Effectiveness can 
sometimes be taken for granted, however: "[T]he act of screening runs the 
risk of acquiring respectability almost by virtue of its existence. " (Holland and 
Stewart (1990)). This has led to an unwarranted assumption in favour of 
preventative medicine in advance of proper evaluation. A leading breast 
cancer screening researcher, for example, expressed her concern that 
doctors were brainwashing themselves into thinking that they were having a 
major impact upon the disease before they brainwashed the public (Roberts 
(1989)). Such assumptions have worked their way into medical training 
according to the experience of one American doctor: I recall as a medical 
resident asking whether a patient needed sigmoidoscopy and being asked in 
return, 'Does the patient have a rectum? '" (Grey (1991)). 

Others have commented upon the ethical imperative to prove effectiveness 
before implementing screening (McKeown in Gyde (1990)). It is argued that 
the doctor cannot be held to blame for the state of medical knowledge when 
the patient approaches him with symptoms of disease requiring treatment: it 
is only incumbent upon the doctor to do as well as they can, subject to 
constraints. In screening, however, doctors approach healthy members of 
the public offering a test which (implicitly) has some value. The onus should 
thus be on the medical profession to be able to quantify that value. 

Conditions for effective screening 
Public health physicians have described a number of criteria for a disease 
screening programme. These are not always clearly defined, nor are they 
based on economic principles. The following list covers the most commonly 
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mentioned factors (from Wilson and Junger plus Cuckle and Wald quoted in 
Holland and Stewart (1990)): 
i) factors relating to the disease 

the disease should represent an important health problem 
the natural history of the disease should be understood 
the disease should have a recognisable latent or early symptomatic 
stage 

ii) factors relating to the screening test 
the test should be acceptable 
the test should be accurate 
the test should be inexpensive 
the distribution of test values in healthy and in ill people should be 
known and the cut-off for a positive test defined so that the extent to 
which people with and without the disease are misclassified is 
minimised 

iii) factors relating to the screening programme 
sufficient diagnostic and therapeutic facilities should be available 
there should be an effective and widely accepted treatment protocol 

0 there should be an agreed policy on who to treat 

Despite doubts about the value of these criteria, they form a useful checklist 
for discussing aspects of colorectal cancer with regard to the possibility of 
screening. 

1. IS COLORECTAL CANCER A SUITABLE DISEASE FOR 
SCREENING? 

The burden of colorectal cancer makes it a major source of ill health and 
reduced life expectancy. The natural history is suitable for intervention: 
disease develops in a recognised pre-malignant condition (the adenoma) and 
is initially localised before spreading to other sites. While this broad 
description is widely accepted, many of the parameters in the process are the 
subject of debate. The role of the adenoma is a good example. 

Adenomas 
Polyps are small, fleshy growths protruding from the bowel wall. Pathologists 
classify polyps according to their cell structure: those suggesting neoplastic 
alteration of the epithelium (dysplasia) are known as adenomas. The 
histology of an adenoma relates to its cell structure: tubular, villous and 
tubulovillous have varying proportions of cells which are either finger-like or 
tubular when viewed through a microscope. The histology and dysplasia are 
significant because they are thought to influence the malignant potential of an 
adenoma. 

In support of the so-called adenoma-cancer sequence there is genetic 
evidence of common chromosome defects in each case (Anon (1992)). 
Familial adenomatous polyposis, a rare inherited disorder which causes 
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countless adenomas to grow in the large intestine, almost invariably results in 
cancer. Follow-up studies of patients with a previously excised adenoma 
imply that there is an increased future risk of cancer. Epidemiological 
support is also available: the distribution of adenomas and cancers is 
correlated both internationally and across ages within a population. In 
addition, there is a tendency for both types of neoplasia in young people to 
be mainly in the left-side of the bowel while older people have a higher 
prevalence of each on the right side. Clinical evidence points to a similar 
conclusion: more than half of resected cancer specimens contain residual 
adenomatous tissue, while observation of unexcised adenomas has revealed 
cancer subsequently developing at the same site (Morson (1984), Rawlinson 
et al. 1989), Stryker et al. (1987)). In one large study the removal of rectal 
adenomas was claimed to reduce the future incidence of rectal cancer below 
that expected (Gilbertsen and Nelms (1978)), but this finding is controversial 
(and is discussed further below). 

Thus, while there is no conclusive proof that cancers arise in adenomas, a 
large body of circumstantial evidence exists. No other theory has gained any 
widespread acceptance. However, although cancers arising directly from the 
mucosa (de novo) are rare there are some reports of small (5-15mm. 
diameter) 'button' cancers with raised edges and a depressed centre, with no 
evidence of a pre-malignant stage. Pathological evidence that more than half 
of cancer specimens contain residual adenomatous tissue implies that, at 
most, only a minority of cases arise in this way. However, some researchers 
have claimed that these could represent a more aggressive, clinically 
significant, disease while polypoid cancers, which grow into the lumen (the 
actual space within the walls of the intestine) rather than into the bowel wall, 
are less aggressive. One study has estimated that 15% of cancers miss out 
the adenoma stage of progression (Koretz (1993)) although these findings 
have been questioned (Simon (1993)). 

It is widely agreed that many adenomas remain benign and pose no health 
risk. While cancer prevalence (the proportion of the Population with a 
condition) is thought to be about 3 per 1,000 in people aged over 50, 
adenoma prevalence is as follows: 

18% in under 55s 
29% in those aged between 55 and 64 
40% for those aged 65 to 74 
41 % for those aged 75 and above (Williams et al. (1982)). 

Estimates of the exact proportion of adenomas destined to become malignant 
vary considerably from I% up to 10% (Hoff (11987)). The length of the 
sequence is also uncertain with estimates ranging from 'at least five years' 
(Simon (1985)) to 'up to 18 years' (Frank (1985)). The variation between 
individual cases is still less clear. 

This brief review Of the uncertainty surrounding the important aSPects Of the 
disease process. Similar doubts surround the progression through the stages 
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of malignancy. Colorectal cancer conforms to the broad description of a 
suitable test but several important pieces of data are missing. 

2. 'IS THERE A SUITABLE SCREENING TEST FOR COLRECTAL 
CANCER? 

The accuracy of a screening test is described by its sensitivity and specificity. 
The former is the proportion of people who have the disease who test 
positive; the latter is the proportion of people without the disease who test 
negative. The two types of information provided by a screening test may 
ultimately prove to either have been true or false, although this is not 
observable at the time. There are thus four outcomes to screening: diseased 
and positive ('true positive'); healthy and negative (true negative'); healthy 
and positive (Talse positive'); and diseased and negative (Talse negative'). 
These are considered in turn below. 

The vast majority of people completing a screening test will be negative for 
the disease. This may offer them some reassurance, although it has been 
pointed out that an individual has only a small chance of developing the 
disease so realistically this is unlikely to be very important (Frank (1985)). 
For a small number the reassurance will be false, either because the 
screening test has failed to detect the disease or because disease develops 
in the interval between screens. The negative test may cause them to ignore 
symptoms of the disease if and when these occur, although it could be 
argued that the screening process will make them more aware of the disease 
and hence cause them to react more quickly. 

A minority of people have positive test results, which are likely to cause 
anxiety. For many diagnostic investigation will confirm that the cause of the 
positive test is benign or that there is no evidence of any bowel disease at all. 
While this may reassure some, others will have persistent anxiety and 
possibly depression: this effect is also known as labelling (Marteau (1989) 
and (1990)). Only those who have disease detected and treated at an earlier 
stage than if they presented symptomatically can derive a health benefit; 
however, this group may also suffer psychological sequelae. 

Sensitivity and specificity can be expressed algebraically and the relationship 
of each to variables such as the positive rate explored. Supposing that there 
is a target population T of whom A accept and X is the rate Of participation 
i. e. A=TX. The prevalence rate in the general population is R and the rate 
among acceptors is RA. The total number of cases prevalent in the 
population is C which equals TR while the number in the accepting 
population, CA, is TXRA- 

Screening yields P positive results of whichpT aretrue Positives and PF are 
false positives; similarly of the N negative tests NT are true negatives and NF 
are false negatives. By definition A=PT+PF+NT+NFand CA=PT+NF- 
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The sensitivity rate of the test, SN is defined as PT'CA, thus PTýCA*SN. The 
specificity rate Sp is defined as NT/(A-CA) so NT' 'ý(A-CXSP' 

Expressions for NFandpFcan also be derived: 

NF'*ýCA-PT or CA-(CA*SN) 

'ýc X -SN) 

and 

PF=A-PT-NT-NF 

=A-(CA*SN)-SP(A-CA)-CA(l -SN) 

=A(1-SP)-CA(l +SP) 

Thus, while trial results can only be used to estimate sensitivity and 
specificity if a definitive test has also been used, estimates of these 
parameters can be converted into predicted trial outcomes if prevalence 
estimates are available. 

Available tests for colorectal cancer 
Three means of screening for colorectal cancer have attracted more attention 
than any other: 

direct visualisation of the large bowel (endoscopy); 
surveying the population for bowel symptoms; and 

0 testing for blood in samples of faeces. 
Other methods such as testing for raised levels of carcinogenic antigens in 
blood samples has also been proposed but has been found more useful in 
surveillance after treatment. Digital rectal examination extends up to 1 Ocm. 
from the anal verge and can detect approximately 10% of all colorectal 
cancers, as well as prostate cancer; however, it is part of a fuller health 
check-up rather than a screening test in its own right. One possible 
screening test for the future has been described as follows: "In Imaxs 
showrooms in Ginza, Tokyo, a prototype 'intelligent toilet, is on display, which 
can measure the user's weight, temperature and blood pressure (don't ask 
me how) and carry out up to eight different tests on urine and faeces; an 
electronic link to the nearest hospital will transmit all abnormal findings 

... By 
the year 2000, we shall all strain on lavatory bowls more intelligent than 
ourselves. " (Skrabanek (1991)). In the absence of further data this option 
has not been evaluated but the results of trials are eagerly awaited. 

Sigmoidoscopy screening 
Endoscopy is very accurate since direct viewing of the bowel combined with 
blopsying of suspicious lesions means that the examination will be sensitive 
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and specific. The extent of the examination is often limited, however, and 
only a portion of the bowel can be viewed. There is also a small health risk 
involved through post-investigation haemorrhaging, perforation of the bowel 
wall and other complications. Since it is a hospital-based investigation there 
are also concerns about its cost. 

The two main types of endoscope considered are the short rigid instrument 
and the longer flexible instrument. 

i) Rigid sigmoidoscopy screening 
Rigid sigmoidoscopy can visualise the rectum up to the junction with the 
sigmoid colon some 25 cm. from the anal verge, covering the primary site of 
40% of colorectal cancers (Stower and Hardcastle (1985), Umpleby et al. 
(1984)). However, the instrument is only fully inserted in 50% of cases and 
the average view is to about 17cm. In common with other types of 
endoscopy, the procedure is uncomfortable for the patient and perforates the 
rectum in 1.4 per 10,000 investigations (Selby and Friedman (1989)) and 
results in the death of the patient in about 1 in 10,000 (GOICC (1990)). 

Some uncontrolled trials have claimed that regular rigid sigmoidoscopy can 
reduce the incidence of rectal cancer (Gilbertsen and Nelms (1978); Dales et 
al. (1979)). Doubts have been expressed about the calculations made, the 
thoroughness of follow-up, and the high proportion of the control group 
undergoing screening. 

A case-control study of the effects of rigid sigmoidoscopy screening 
suggested a 59% reduction in the risk of dying of cancer sited in the area of 
the colon covered by the instrument (with a confidence interval of 31 % to 
75%) (Selby et al. (1992)). The number of new cases is low following a 
sigmoidoscopic examination; the reduction may last for up to ten years. 

fi) Flexible sigmoldoscopy screening 
Up to 70% of cases of colorectal cancer are found within 60cm. of the anal 
verge. The instrument is fully inserted and the view adequate in 80-90% of 
cases; perforation occurs in less than I in 2,000 investigations (Selby and 
Friedman (1989)). It is superior to rigid sigmoidoscopy in many respects. 
However, it requires fuller bowel preparation in advance, and is more 
expensive because of the more complex equipment required. 

N) Conclusion 
Sigmoidoscopy has proven value in detecting neoplasia. However, claims 
relating to mortality reductions are based on clinical trials which are usually 
regarded as suggestive rather than conclusive owing to the possibility of 
biases in the results. American and Canadian working parties on screening 
both felt unable to recommend screening by this means in the absence of 
more proof of effectiveness. However, other American organisations, such as 
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the American Cancer Society, feature sigmoidoscopy in their 
recommendations to physicians on screening. 

Screening using the symptom questionnaire 
Typical symptoms leading to a diagnosis of colorectal cancer include rectal 
bleeding, change in bowel habit, weight loss and abdominal pain. One option 
is to improve public awareness of the potential significance of such 
symptoms. However, overcoming the social mores surrounding bowel 
function and problems is difficult, particularly in the elderly population. 
Another problem is the frequency of the symptoms in the general population 
after middle age: about 1-in-6 in these age groups experience some rectal 
bleeding each year and 1 -in-24 GP consultations is for bowel disease 
(Hannigan et al. (1990), Jones and Dudgeon (1992)). It is possible that 
significant anxiety about such symptoms could be aroused for little reason. 

Screening based on these factors by postal questionnaire has been 
attempted and found to be severely hampered by the high prevalence of such 
symptoms in the target age groups. One study had a 23% positive rate and a 
positive predictive value* for any neoplasia of only 5% (Pye et al. (1988)). 
Some symptoms have proven more useful than others: the best positive 
predictive power is from a combination of dark red rectal bleeding and 
diarrhoea (Silman et al. (1983)). In the light of the evidence, however, this 
option is rarely considered for mass screening. 

Faecal occult blood testing 
As noted above, many middle-aged and elderly people experience small 
amounts of bleeding from the rectum. Some blood is deposited on to stools 
as they pass through the bowel; the median quantity of haemoglobin (or Hb. ) 
found in healthy individuals has been measured at 0.72mg. of Hb. per 
gramme of stool (Ahlquist et al. (1985)). Cancers of the bowel also deposit 
blood onto stools, but in greater quantities; the median blood loss in patients 
diagnosed as having cancer is 6mg. Hb. per gramme of stool (Ahlquist et al. 
(1985)). By the time bleeding occurs invisible quantities the disease is often 
advanced. One means of detecting cancer at an early stage is to test the 
stools of asymptomatic subjects for bleeding in excess of normal 'background' 
levels. The mean blood loss in subjects with asymptomatic cancer has been 
measured at 3.3 mg Hb per gramme of stool (Ahlquist et al. (1989)), implying 
that this is technically feasible. 

However, even a perfect test for faecal occult blood (FOB) would be an 
imperfect test for colorectal cancer. 

* The positive rate Is defined as the number of people testing positive divided by the number 
completing the test. The positive predictive value is defined as the proportion of those with a 
positive test who are shown to have the disease on the basis of diagnostic Investigation. 
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i) a positive test may have a cause of little or no clinical significance e. g. 
haemorrhoids. Elements of a normal diet can also cause a positive 
test such as red meat and some types of vegetables and fruit. 

ii) not all cancers (and few adenomas) bleed in excess of the level 
commonly regarded as 'normal' in their asymptomatic stage to test 
positive, and even those that do so may bleed intermittently over time 
and/or deposit blood only in a few areas of the stool. 

This implies test sensitivity and specificity of less than 100%. 

FOB testing as a means of mass population screening was first seriously 
contemplated in the early 1970s when the Haemoccult test became available. 
It consists of a series of gualac-impregnated squares of filter paper mounted 
on a single piece of cardboard. It is completed by the patient at home by 
taking a pea-sized sample of faeces and smearing it on a square. The test 
has six squares and is completed over three days to allow for intermittent 
bleeding. The completed test is returned for laboratory development, where 
two drops of hydrogen peroxide, a reagent which reacts with small quantities 
of haemoglobin, are added. If the sample develops a blue tinge within thirty 
seconds then it is judged positive; unfortunately this fades within a few 
seconds so that 'on-the-spot' interpretation is required and a second opinion 
is ruled out. 

i) Sensitivity to cancer 
When a new screening test is developed, a simple means of assessing its 
sensitivity is to test it in symptomatic cancers: for three-day testing 70% of 
such cases were positive (Farrands and Hardcastle (1983)), although this 
figure is site-dependent (Leicester et al. (1983)). The problem with this 
method is that people who have symptoms have higher levels of rectal 
bleeding than asymptomatic cases, hence the figures are over-estimates of 
the figure for an asymptornatic population. 

It has been found that, for a given haemoglobin concentration, wet stools are 
six times more likely to test positive than a dry one (Ahlquist et al. (1985)). 
As mass population screening relies on the postal return of completed tests, 
delays may mean that weak positive reactions could give negative results 
(Macrae and St John (1982)). One technique is to rehydrate the stool sample 
with a drop of water prior to development. This makes the test very sensitive 
when applied to symptomatic cancer (Macrae and St John (1982)). 

fi) Sensitivity to adenomas 
The overall sensitivity for adenomas has been estimated at 28% (Macrae and 
St John 1982); Rex et al. (1991)). Other characteristics are also relevant: 
large, pear-shaped, villous, severely dysplastic adenomas on the left side of 
the colon are most likely to be detected (Gabrielsson et al. (1985)). 
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Evaluation of screening tests 
Clinical trials are the traditional source of data on the effectiveness of 
screening. In one form of trial, the uncontrolled study, a sample is recruited, 
offered screening and followed over time. Results in terms of stage at 
detection and 5-year survival rates can be compared with data on groups of 
patients presenting with symptoms. This evidence allows conclusions to be 
drawn about the technical feasibility of screening; however, it is insufficient 
proof of the effectiveness of screening because of the problems in uniquely 
attributing the observed effects to screening, owing to other sources of bias in 
the results. 

Lead-time bias describes the effect of detecting a disease at an earlier stage 
in its progression but not affecting the prognosis. It has been likened to 
getting on a train one station earlier to get off at the same destination. 
Consider two alternative scenarios. Under one, the disease causes 
symptoms when the patient is age 67, it is diagnosed and treated, and the 
patient dies at 70. In the other, the disease is detected on screening at age 
65, it is treated and the patient dies at age 70. A measure of outcome like the 
five-year survival rate will be improved by screening but the effect does not 
benefit the patient, and may even cause harm. 

Length bias relates to variations in the growth rate and aggression of cancers 
of a single site. Slow-growing cancers will have a longer asymptomatic stage 
than aggressive cancers. Screening will, therefore, detect a high proportion 
of slow-growing cancers, since these are present for so much longer. If these 
cancers would have remained asymptomatic until the individual dies of some 
other cause then there is no health benefit to diagnosis. Early detection is of 
little value either in cases with very aggressive, fast-growing cancers (likely to 
recur even if treated) or in cases with very slow-growing cancers. 

Bias may also be introduced by using healthy volunteer populations in trials. 
This group may take more care of their health than the general population, 
making screening appear more beneficial and making generalisation of the 
results to the general population difficult. 

Some of the problems in interpreting the evidence from uncontrolled studies 
can be illustrated by the German national programme. 92% of the population 
of that country is covered by a statutory health insurance scheme, including a 
cancer screening programme which has offered digital rectal examination for 
people aged 45 and above since 1971 and annual Haemoccult screening 
since 1977. Data protection legislation makes linkage of screening and 
cancer incidence records impossible; there is incomplete reporting of 
screening and diagnostic test use; and adenoma excision is not recorded. 
This makes the effectiveness of the programme very hard to evaluate. The 
incidence of unresectable rectal cancers has been failing since the early 
1970s and colorectal cancer mortality has been falling since 1979, but a more 
health-conscious population and improvements in diagnosis and treatment 
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could account for this. Contrary trends in neighbouring countries indicate 
that screening has some value but the decline in mortality (starting only two 
years after introduction of Haemoccult screening) implies other factors are 
also at work (Robra (1986)). 

The flaws in evidence from non-randomised studies has not deterred 
sweeping recommendations on the basis of potentially misleading results: 
"Evidence of a decline in the proportion of advanced-stage cases should be 
viewed as an acceptable analogue for mortality reduction. If screening leads 
to a higher frequency of earlier stage cases or reciprocally fewer late-stage 
cases, a good argument for the efficacy of screening can be made. " (de 
Cosse (1988)). The biases in the evidence listed above imply a more 
cautious view. "The current knowledge base, including open questions of 
efficacy can support a range of recommendations. " (Knight et al. (11989)). A 
similarly misleading claim is the following: "... within a potential group of 
patients offered regular colonoscopic screening there may be, say, 10 
patients who were otherwise going to develop bowel cancer and die of it. 
One would strongly suspect that with regular colonoscopic surveillance at 
least three of these would be diagnosed at either the adenoma or early, 
curable carcinoma stage and thus result in a 30% decrease in mortality. " 
(Meagher and Stuart (1992)). This assumes: full participation; no 
complications or mortality as a result of screening; adenoma excision 
prevents cancers occurring in the future; asymptomatic disease can be 
detected at an early stage; advancing the stage of detection increases the 
cure rate; and that people live longer as a result. 

Randomised controlled trials (RCTs) minimise the bias in results by randomly 
allocating a population to two groups, one of which will be offered screening 
and one which will not. These populations should then be identical in all 
respects other than the offer of screening and any observed differences in 
mortality rates can be attributed to screening with some confidence. 
However, such studies are also time-consuming and expensive. Evidence 
with regard to colorectal cancer screening is considered in the following 
section. 

3. CAN A SUITABLE PROGRAMME FOR COLORECTAL CANCER 
SCREENING BE DEVISED? 

Two aspects of a suitable programme are considered in this section. The first 
problem is to consider the relative risk of the disease in various sub-groups of 
the population in order to decide who will be offered screening. The second 
problem is to define a suitable screening protocol. To address this issue 
some of the options used in the on-going clinical trials of screening are 
described. 
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Risk factors and screening 
One of the main requirements for a screening programme is to identify a 
suitable group for screening. Ideally this will be on the basis of a set of 
factors which identify a high-risk group leaving the unscreened population at 
as low a risk as possible. 

Sub-groups of the population can be defined as being at increased risk of 
developing the disease. The following classification of risks has been 
proposed (Fleischer et al. (1989)): 

Markedly increased risk 
" Cancer families - inherited susceptibility to particular types of cancer 
" Familial adenomatous polyposis - hereditary condition producing 

thousands of adenomas in the large bowel 
" Extensive ulcerative colitis - much of the bowel wall shows some form of 

dysplasia, 

Moderately increased risk 
" First degree relative with colorectal cancer 
" Previous neoplasm in large bowel 
" Limited ulcerative colitis 
" Women undergoing irradiation for gynaecological cancer 

Probable increased risk 
Previous cancer of either the breast or of a gynaecological site 
Previous ureterosigmoidostomy 

Nevertheless, these groups cover only about 20% of cases of colorectal 
cancer (Jarvinen and Mecklin (1989)). To make a major impact on mortality 
from the disease, a more general risk factor must be considered. 

Screening by age gr9up 
Cancer is essentially a disease of old age: even if it were to be completely 
eradicated average life expectancy would only rise by a little over two years 
(Eddy (1981)). Table One shows the number of new cases in England and 
Wales in 1987 and the number of deaths from colorectal cancer in 1991 
(these are the most recent figures in both cases). Also included is a 
breakdown of the life-years lost as a result of deaths in each age group, 
calculated according to the life expectancy at the midpoint of each five-year 
age range (LYs denotes life-years lost): 
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Table One 
Age Cases Deaths LYs lost % of total 
<40 310 93 3,952 2 

40-4 354 166 5,599 3 
45-9 576 344 10,080 5 
50-4 977 584 14,362 8 
55-9 1,739 922 18,906 10 
60-4 2,695 1,600 26,795 14 
65-9 3,512 2,351 31,573 17 
70-4 3,930 2,710 28,266 15 
75-9 4,432 2,876 22,891 12 
80+ 6,340 4,481 27,154 15 

(Source: own calculations based on OPCS (1987), OPCS (1993)). 

Of all life-years lost to colorectal cancer, 18% are before the age of 55, but 
each five-year age-group carries an equal share of the total thereafter as 
rising incidence is offset by declining life-expectancy. 

Little is known about the prevalence of the disease in the United Kngdom, 
but, on the basis of American estimates (Feldman et al. (1986)), there are 
over 246,000 asymptomatic cases in the population of England and Wales, 
slightly more than half of these being in the 50 to 75 year old age group. The 
prevalence is ten times the incidence, implying a long pre-symptomatic stage 
to the disease. This is confirmed by estimates of colorectal cancer growth 
rates, which suggests that a 70-year old presenting with symptomatic disease 
may have developed the first mutation while aged about 40 (Spraft and Spratt 
(1985)). 

On this basis most protocols begin screening at around 50 years of age. The 
upper limit depends upon ability to undergo treatment if asymptomatic 
disease is detected; this implies stopping screening at about 75 years of age. 

Suitable screening protocol 
Much of this evaluation is concerned with defining the optimal screening 
protocol for colorectal cancer. However, in order to consider what 
alternatives are used in practice, the various clinical trials are described in 
more detail. The description of the MRC trial also sets the scene for the 

-following chapters. 

MRC trial, Nottingham (Hardcastle et al. (1980),, (1983)l (1986% (1989)) 
As the present economic evaluation concentrates on data from the Medical 
Research Council (MRC) screening trial many results are discussed in the 
following chapters. Nevertheless, some indication of the history and structure 
of the trial and a review of the main results will serve as an introduction. 
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The MRC trial is based in the Department of Surgery at the University 
Hospital in Nottingham. The grant is held jointly with the Department of 
Health Cancer Screening Evaluation Unit. A pilot study commenced in 1981 
randomising 20,525 people aged 45-74, with a Haemoccult test posted to the 
study group. The early participation rate was only 38%, but measures were 
introduced to improve this such as reminder letters to non-responders. In 
1983, an extension compared Haemoccult with another FOB test, 
Fecatwin/Feca-EIK, in a further 6,450 subjects. However, the positive rate of 
the latter test was 8.1 % which was judged to be unacceptably high given the 
limited diagnostic resources available. 

The improvement in the stage distribution of cancers detected by screening 
was adequate to justify funding for a full trial which commenced in the second 
half of 1984. The evaluation is of an offer of screening to the asymptomatic 
population between the ages of 50 and 75 by the Haemoccult 11 test. The aim 
is to reduce mortality from colorectal cancer in the group offered screening by 
30% compared with that in the control group. The offer of screening is 
repeated to those who participated in the previous round of screening only 
and this is at an intervals of two years after the previous round of screening. 

It has been calculated that 156,000 people will have to be recruited and 
followed-up for a minimum of seven years in order to show a significant gain 
on the basis of the assumptions used. The main data source is general 
practitioner records. Consent is sought from each practice to identify all 
those in the age limits specified, with participating GPs sent the list of eligible 
patients to exclude ineligible patients (e. g. those with a previous bowel 
cancer). Those remaining are then randomised and an offer of screening is 
made to the study group; only 2.3% of invitations are returned unopened by 
the GPO. 

One peculiarity of this trial is that the sample is recruited over time, thus 
spreading the workload involved but raising the possibility of time trends 
affecting the results. The length of follow-up is also difficult to calculate 
without using statistical techniques. 

The control group are not contacted in any way and do not appreciate that 
they are part of the trial. The study group are sent an offer of screening 
which consists of a standard letter signed by the individual's GP (letters 
directly from the screening unit had a lower participation rate), a Haemoccult 
test, instructions on how to complete it, and an SAE to return completed tests 
to the Department of Surgery. The letter explains that, while the individual 
has no current bowel disease, screening is advisable since early treatment 
has a better chance of success than waiting for symptoms to appear. The GP 

* The characteristics and performance of this test are discussed In More detail In Chapter 
Five. 
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therefore recommends that the individual complete and return the enclosed 
test in the envelope provided. 

Development of the test does not include the rehydration method mentioned 
above to counter any delays in the postal system. The criterion for a positive 
test is that any one of the squares on the Haemoccult test is positive when 
developed, although the exact number of positive squares is also recorded. 
An invitation is sent to those who have returned a positive test to attend a 
special out-patient clinic. This is an opportunity for the individual to discuss 
the test results and their potential implications. The clinical aim is to assess 
their suitability for further investigation; this includes taking a full medical 
history and any family history of colorectal disease. An abdominal 
investigation is then made followed by rigid sigmoidoscopy; flexible 
sigmoidoscopy is not used owing to the increased bowel preparation 
required. A blood sample is taken for routine tests. The patient is then 
offered a full diagnostic investigation. 

At the start of the trial diagnostic investigation was by means of the 60cm. 
flexible sigmoidoscope in combination with the double-contrast barium enema 
X-ray (BEXR). The excision of adenomas seen at radiology beyond 60cm. 
was by means of the limited colonoscopy facilities available at that time. The 
performance of BEXR was poor, however, despite the expertise of the 
consultant radiologist. Of seventeen cancers detected in the early stages of 
the trial following a positive screening test six were negative on radiology 
including four early stage cases. As more facilities have become available 
colonoscopy has become the favoured means of investigation with radiology 
reserved for the small numbers of patients who are unfit for sedation. 

Adenomas and polypoid cancers are excised at colonoscopy using snare 
diathermy (or polypectomy) wherever possible, with surgery reserved for 
larger tumours. Follow-up of all those recruited uses several routinely 
available data sources, including the records of the hospital's pathology 
department, the regional cancer registry and the NHS Central Registry in 
Southport. In addition, many local GPs are aware of the trial and notify the 
trial administrator of recent deaths from colorectal cancer among their 
patients. 

An interim report on the results of the first 107,344 patients recruited was 
made in 1989, although it is clear that the screening protocol has been 
subject to 'fine-tuning' and thus the results are not representative of any one 
means of testing. In total 53% of people offered a test complete one with 2.3 
cases detected per 1,000 acceptors. Cancers detected on screening are at 
an earlier stage than those presenting in the control group, are more clearly 
differentiated, more mobile and more amenable to endoscopic polypectomy. 
Participation with rescreening is high: 77% of initial acceptors accept the offer 
of rescreening, while 80% who have completed two tests complete a third. 
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The impact of dietary factors on the positive rate of the test has been 
discussed but including a restricted diet in the instructions for completing the 
test has been shown to adversely affect the participation rate. To tackle this 
problem, the MRC trial retests people returning a positive test prior to a full 
diagnostic investigation. This involves completing a second Haemoccult test, 
this time with dietary restrictions on intake of red meat and vegetables high in 
peroxidase; those testing positive are investigated. Those retesting negative 
are sent a third test three months later with positives being investigated; 
however, negative results are taken to imply that the initial positive test was 
false. The benefits of retesting are the maintenance of an acceptable 
participation rate without swamping the diagnostic facilities available; the cost 
is a small loss of sensitivity; the economic perspective is presented in 
Chapter Nine. 

As part of the trial almost 35,000 people randomised to receive an offer of 
screening were further randomised to be tested over either three or six days. 
While six-day testing had a higher yield of neoplasia the difference was not 
significant, although the false positive rate and cost were higher and the 
participation rate was lower; an economic comparison of the two tests is 
contained in Chapter Five. 

The trial has now completed recruitment and the initial offer of screening; 
most of the study group have also been offered rescreening at least once. 
No estimates of the impact on either colorectal mortality or on 'all cause' 
mortality will be made until the middle of the 1990s. In addition, mortality 
results from the trial cannot be discussed in advance of this report; this 
creates obvious problems for an economic evaluation; the solution is to 
present results in terms of interim measures like cases detected. Chapter 
Eleven makes estimates of the likely mortality reduction on the basis of the 
available published evidence. 

Danish trial (Kronborg et al. (1987),, (1989)) 
Many aspects of the protocol of the Danish RCT are similar to those of the 
MRC trial described above. A pilot study established the acceptability of 
screening in the Danish county of Funen prior to the recruitment of 61,735 
people aged 45-74 from the general population in 1985. Comprehensive 
population and health registers were used to exclude those with pre-existing 
disease and also to follow-up the population. The study group were offered a 
three-day Haemoccult test every second year, with dietary restrictions during 
initial testing. Participation following the initial offer was 67% and the positive 
rate was I%. Rescreening of previous acceptors alone resulted in 
participation of 93% with less than 1% testing positive. 

Swedish trial (Kewenter et at. (1988)) 
Apart from comparing screening with no screening, this trial also sought to 
compare screening using the rehydrated development protocol for completed 
tests with screening without rehydration. 27,700 people aged 60-4 were 
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recruited in 1982-3 and randomly allocated to a study or control group. 
Those completing a screening test were asked to observe some dietary 
restrictions; those testing positive were asked to complete a second test. 
Completed tests were developed according to the following criterion: tests 
returned by those aged 60 or 61 when the trial commenced had their returned 
tests rehydrated, while those in the older age group had their tests developed 
as normal. Investigation was by BEXR combined with flexible sigmoidoscopy. 
Rescreening took place at an interval of between 16 and 22 months. 

The main finding from this trial is that sensitivity was higher in the group 
whose tests were rehydrated; however, the figures for the group whose tests 
were not rehydrated are very low in comparison with other sources (86% for 
cancer versus 22% in the group whose tests were not rehydrated). 
Specificity fell from 99% to 96%, however. 

There are great problems in calculating the sensitivity of a screening test in 
such a trial since there is no evidence on how many cases are missed, other 
than by observing the number of cases presenting with symptoms following a 
negative screen. These may be fast-growing cases which were not present 
at screening, however. Alternatively, very slow growing cases which are 
missed may not present in the interval. 

The Memorial Sloan-Kettering Study, Now York (Winawer (1991)) 
Commencing in 1974, ý11,756 people aged 40 and above attending an out- 
patient clinic were recruited to the trial; recruitment ceased in 1979. The 
sample is thus untypical of the general population. Randomisation was by 
date of recruitment (i. e. clinic attendance); those attending between March 
and November were offered screening. This introduces a bias if those 
attending in summer are different to those attending in the winter. 

This is not a trial of Haemoccult screening alone since all those recruited 
received a full history, physical examination and an offer of rigid 
sigmoidoscopy; the only difference between the two groups is that the study 
group were also offered Haemoccult testing. There is no group which was 
not investigated in some way. Testing was recommended over three days 
following a meat-free, high fibre diet. The test initially used, the Haemoccult 1, 
was subsequently changed to the Haemoccult 11 (as used in all of the above 
trials) when this became available. 

Participation with the initial offer of FOB testing was 70-80% with between 2 
and 5% positive. It was soon appreciated that participation in rescreening 
was being affected by the means of recruitment since many People had 
originally attended the clinic on a 'one-off basis: as a result participation was 
down to 35% of the original sample by the fourth round of screening. To 
cope with this, the trial population was sub-divided into 'one-off and annual 
rescreening groups for purposes of analysis. Further problems have arisen 
in that the method of randomisation has resulted in an imbalance between the 
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annual screening and control groups, with the former being larger, including 
more women and having a higher median age. A further flaw in the trial was 
that initially no special funding was designated to follow-up the population. 

Mortality results indicate that the 1 0-year survival rate is significantly higher 
in the group not previously screened before the trial. In the screened group 
there have been 3.6 deaths from colorectal cancer per 10,000 person-years 
of follow-up as compared to 6.3 in the control group; an observed reduction in 
colorectal cancer mortality of 43% was not statistically significant. Overall 
mortality is virtually identical at 77.2 deaths per 10,000 person-years of 
follow-up in the group offered screening compared to 77.9 in the control 
group. 

Minnesota (Mandel et al. (1988)) 
Recruitment of 46,622 people aged 50 and over began in 1975 and finished 
in 1977. The trial population was drawn from a self-selected group: 30% 
were American Cancer Society volunteers while others were drawn from the 
membership lists of civic and fraternal organisations. Recruits were randomly 
allocated on the basis of age, sex and geographical area to one of three 
groups: a control group (who were not approached), a group offered 
screening every year, and a group offered screening every second year. 

Initially, test development did not use rehydration, but early sensitivity results 
were lower than expected and, in order to achieve the intended mortality 
reduction, subsequent completed tests were rehydrated. As a result each 
screening round has a different ratio of rehydrated to unhydrated tests. Also 
comparisons of unhydrated and rehydrated testing are complicated because 
the former was used mainly in the earlier screening rounds when prevalence 
of disease is higher. While the sensitivity target has been achieved there is a 
high false positive rate. In addition, a review of mortality trends indicated that 
no significant difference was likely, hence screening recommenced in 1982 
after a four year gap, with the intention of continuing until the end of 1995 
(although nobody above the age of 80 will be screened). 

A major problem for both American trials is the use of health-conscious 
groups as samples. In particular these people may seek screening if they are 
allocated to the 'no screening' arm of a trial; a survey in 1984 found 48% of 
physicians routinely follow recommended screening protocols (American 
Cancer Society (1984)). Another survey of randomly selected people aged 
between 40 and 75 found that 40% had completed a faecal occult blood test 
and 25% had done so within the last year; the figures for rigid sigmoidoscopy 
were 35% and 10% respectively (Polednak (1990)). Any advantages of 
screening will then affect the control group, making it harder to show a 
survival advantage for an offer of screening. It will also give a misleading 
impression of the participation rate. 
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Another problem is the follow-up of a population with fewer sources of 
centralised health data than in this country. In Minnesota, annual follow-up is 
by means of a postal questionnaire. 

CONCLUSION 
Colorectal cancer screening fulfils many of the criteria for a successful 
screening programme, although understanding of the disease is imperfect; a 
particular weakness is the lack of a clear risk factor for developing the 
disease. Screening for faecal occult blood as an indicator of malignancy is 
the most thoroughly evaluated means of screening. Clinical trials indicate 
that screening achieves many of the intermediate goals for an effective 
programme although these are subject to the usual biases. Mortality data 
from several American sources indicate that there is a gain to screening; 
conclusive evidence from the trials is awaited. 
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Chapter Three 

METHODOLOGICAL ISSUES IN THE EVALUATION OF 
SCREENING PROGRAMMES 

Economic evaluation compares the costs and benefits of two or more ways of 
allocating resources. This chapter discusses the application of standard 
economic evaluation techniques to screening. A literature review reveals a 
number of previous evaluations and the methodological strengths and 
weaknesses are discussed. The chapter concludes by describing the 
approach chosen for the present evaluation. -II 
Types of economic evaluation 
The various types of economic evaluation have been extensively discussed 
elsewhere (see e. g. Drummond et al. (1987)); where they are relevant the 
differences between the methods are discussed below. By way of 
introduction, there are commonly thought to be four types of evaluation: 
i) cost-minimisation analysis, where the outcomes (or benefits) of each 

option are identical and hence the comparison is on the basis of costs 
alone; 

ii) cost-effectiveness analysis, which compares options in terms of a ratio of 
costs to benefits where the latter are measured in terms of a 'natural' unit 
such as cases treated, lives saved or years of life ('life-years') saved; 

iii) cost-utility analysis, which generates a unit of outcome called the Quality- 
Adjusted Life-Year (QALY) encompassing changes in both quality and 
quantity of life by expressing health status as a proportion of normal 
health and weighting life-year gains accordingly - differences between 
options can thus be compared to differences in cost; 

iv) cost-benefit analysis, which seeks to value all effects in a common unit 
such as money, thus allowing a net benefit to be calculated. 

Different types of study are appropriate in different circumstances, depending 
in part on the study question addressed. 

Establishing a framework for the evaluation 
The first stage of an economic evaluation is to determine the study question, 
which is not always as straightforward as it may sound. For example, "What 
is the value of screening for colorectal cancer? " and "Is it worth screening for 
colorectal cancer? " beg the (respective) questions "of value to whom? " 
(patients? the health service? society as a whole? ) and "compared to what? " 
(other interventions in colorectal cancer? other screening initiatives? other 
health care programmes? ). Thus, the question should determine the 
viewpoint to be adopted (i. e. determining the range of costs and 
consequences to be included) and alternatives to be evaluated. 
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Screening options 
The parameters which go to make up a screening programme include who 
does what to whom, when, where, and how often. Each of these can be 
varied to produce a multitude of options based on the following: 

i) which screening test(s), which diagnostic test(s), and which 
combination(s) of the two; 

ii) how to define and identify the target population; 
iii) what retesting protocol (if any) is appropriate prior to full diagnostic 

investigation, and should it use the same screening test; 
iv) if they are endogenous, what levels to choose for the sensitivity and 

specificity of the screening and diagnostic tests; I 
V) the number and timing of rescreens (variable intervals are possible), 

plus the possibility of more frequent screening of high-risk groups; 
vi) the appropriate administrative structure (a dedicated screening unit? ), 

the method of invitation, use of means of increasing participation. 
To illustrate the number of potential options, one evaluation of cervical 
screening using a mathematical model compared 100 different protocols 
(Koopmanschap et al. (1990)). Clearly, no clinical trial is capable of 
evaluating more than one or two of these options. 

Identifying the costs and benefits of screening 
The next step is to identify all the relevant costs and consequences of 
screening (direct, indirect, tangible, intangible) from the viewpoint specified in 
the study question. In the absence of any clear guidelines in this area, an 
evaluation can only hope to be explicit about what has been included and 
what has been left out. The figures can thus be reworked if some users of 
the information wish to adopt a different perspective. A comprehensive list of 
the costs and benefits of screening would include: 

9 NHS costs 
screening (including administration, training, equipment and 
buildings) 
diagnostic investigation of positive screening test results 
treatment of those found to have disease 
follow-up of those treated 
treatment of recurrent and terminal disease 
primary health care 
costs of care as a result of longer survival 

other public sector costs 
use of social services 
convalescence 

costs borne by patient, family and friends 
'out-of-pocket! expenses 
emotional costs (anxiety and depression) 
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o health effects 
survival effects , 
complications and iatrogenic disease 
quality of life effects 

psychological benefits 
reassurance of a negative test (and of early treatment? ) 

societal effects 
effect on national income 
valuation of non-working time 

The next step is to measure and value these effects. 

The costs of screening 
Costing is an aspect of evaluation methodology which is frequently taken for 
granted; textbook comment (if any) is usually confined to the allocation of 
capital and overhead costs. For example, "It is often suggested that costs 
are easier to determine than benefits... [t]he process of quantifying - 
measuring - the inputs of a given programmatic alternative is generally 
straightforward... " (Warner and Luce (1982)). A traditional problem has been 
the lack of reliable data on which to base cost estimates; as one researcher 
found, "... [t]he attempt to compile costs for a small but identifiable group of 
patients in a large hospital proved less than straightforward. " (Brooks (1981)). 

Measuring resource use 
Some procedures, particularly diagnostic tests, are relatively homogeneous 
in terms of resource use and a'typical' procedure can be described. Other 
procedures, such as major surgery, are less predictable and there is potential 
for variation between patients. This lafter group thus requires a more 
detailed approach to costing. 

Homogeneous procedures can be modelled using data from surveys of the 
staff involved and by direct observation of a small sample of procedures to 
produce a representative cost for a'typical' procedure. To cope with 
uncertainty a probability distribution can be used to calculate the expected 
cost of the procedure (where that term is used in the statistical sense). 

If in-patient care is to be costed on an individual basis careful attention must 
be paid to the amount of research time involved. Data can be collected 
prospectively (by direct observation or using survey methods) but it is often 
difficult in this situation: it is not feasible for the researcher to be present all 
the time, while ward staff are reluctant to complete more paperwork. 
Inevitably, the main data source is from a retrospective review of the patient's 
case notes, but these are constructed as an aide memoir for medical and 
nursing staff. Not all relevant resource use is recorded, such as the time 
doctors and nurses spend with each patient. 
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Given that case notes are the main source, what exactly should be counted? 
This is a question of the level of detail required in the evaluation. As a rough 
guide, the amount of effort put into costing particular categories of resource 
use should be in proportion to the impact of that item on total cost. Thus, for 
most surgical procedures it is more important to pay attention to nursing and 
medical staff costs and general overheads rather than to diagnostic tests and 
drugs. 

While the principles involved in costing care in this way are easy to describe 
the practice is infinitely more complex. A number of other problems arise as 
the case notes are analysed. A major problem proves to be obtaining a 
single set of figures which are easily generalisable across settings; factors 
which might cause bias include: 

" medical practice variations between hospitals and between individual 
doctors e. g. due to different levels of expertise in technologies where a 
'learning curve' effect exists; 

" hospital cost structures, with teaching hospitals (which host many 
clinical trials) being especially expensive. A variant on this problem 
arises when patients in the sample are treated in more than one 
hospital, each with different costs. One option is to use a single set of 
unit costs to value individual patient resource use. 

Other problems relate to exactly which costs incurred to include: 
" activities carried out solely for research e. g. early admission pre- 

operatively to take part in other studies. These must be excluded 
wherever possible, but this is not always easy. 

" treatment for unrelated conditions should be excluded if they would 
have occurred in any event. On the other hand, iatrogenic disease 
resulting, for example, from cross-infection while in hospital should be 
included. The best that can be hoped for is that the evaluation will 
clearly specify the inclusion and exclusion criteria used. 

" while many patients are treated in NHS hospitals, a minority are either 
treated privately or are treated while overseas. This makes their notes 
difficult to obtain but also excludes their costs from the analysis if the 
perspective is that of the health care purchaser. 

" unless all of the sample have already died, there must be a defined 
cut-off point in the costing to ensure consistency in the costs. This is 
most likely to be until death or until a given period of follow-up, 
whichever is shorter. 

"a life-saving cure causes people to live longer and thus to increase the 
health service costs of treating other diseases of old age. One 
consideration is-that including these costs makes comparison with the 
results of other evaluations (which commonly exclude these costs) 
difficult. 

" screening changes the timing of health service resource use since, if 
successful, costs are incurred in the present to produce savings in the 
future. Economic theory holds that society prefers to defer costs 
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wherever possible, however, and hence a discount rate should be 
used to take account of the time profile. 

By this stage it is easy to agree with the conclusions of one group of 
reviewers: "Costs are not immutable 'facts' lying ripe in the field waiting 
merely to be garnered, or even selectively winnowed, by diligent clerical 
officers. " (Blades et al. (1987)). The costs derived are full of value 
judgements, although they are at least made explicit; none of the 
assumptions on the inclusion of particular items appears to seriously bias the 
results presented in the following chapters. 

The benefits of screening 
Identification 
As noted above, purchasers are being driven by national targets on 
reductions in mortality rates. The significance of quality of life as another 
dimension of benefit is recognised, but inevitably the demands of the policy 
target dominate decisions. Other benefits are also neglected, such as the 
reassurance value of a negative test or the value people place on better 
information about their health. Purchasing these benefits may have an 
opportunity cost in terms of achieving mortality reduction targets. 

Another issue relates to the inclusion of the indirect benefits of treatment, 
defined as the gain in economic productivity as a result of prolonged survival 
and good health. This whole area remains extremely controversial with little 
agreement among economists on the correct way to proceed (Ratcliffe 
(1993)). It could be argued that, other things being equal, a treatment which 
keeps a patient out of the workforce for a shorter period of time would be 
preferred to one requiring prolonged convalescence. This leads to ethical 
problems with giving priority to individuals with high earnings since their time 
is more 'valuable' on the basis of their wage; people who are not in paid 
employment receive a low priority on this basis. It is not clear that society is 
explicitly willing to prioritise treatments on these grounds. A second problem 
is that the principle aim of the health service is to increase health alone, with 
no judgement about what the individual should do with the good health once 
they have it; this would be implicit in any attempt to value extra life-years on 
this basis. 

Measurement and valuation 
Measures of the health benefits of screening found in the literature include: 

1) intermediate e. g. cancers detected with the implicit assumption that 
- early detection will be beneficial in health terms. 

ii) pseudo final e. g. survival rate at five years following diagnosis; 
iii) final e. g. measures of survival and quality of life gains. 

IntermediateOUtCOMGS are acceptable when comparing ways of achieving a 
similar aim such as screening for colorectal cancer. 'Pseudo'final outcomes 
are liable to some of the biases described in Chapter Two, as well as having 
other deficiencies (McNeil et al. (1978)): 
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" it is not always evident why five years has been chosen as the cut-off 
point; 

" it is implicit that survival of less than five years is of no value; 
it is implicit that the value of surviving five years is the same to 
everyone; and 
it takes no account of quality of life. 

More sophisticated trials take account of many of these problems by 
providing information on the number of life-years saved as aa result of 
screening. However, this still takes no account of quality of life in the extra 
years. 

A few clinical trials include measures of health status although the use of 
disease-specific measures creates problems for an economic evaluation, the 
aim of which is to compare the costs and benefits of screening with other 
uses of health service resources. Ideally, therefore, the health status 
measure would be as broad (and hence as generally applicable) as possible: 
this was the motive for the development of the QALY or Quality-Adjusted Life- 
Year. 

To an economist, the correct measure of the benefits of a programme are the 
alternative benefits which must be given up to achieve them: if society is not 
prepared to give something up to achieve a goal then that goal cannot be 
worth very much. One way to assess this would be to invite society to choose 
between alternative 'packages' of benefits for the same costs. There are 
many ways to use the resources, however, hence it is argued that a common 
measuring rod of value, money, could be used instead to identify the best 
alternatives. While it is easy to see how this could work for investment 
decisions in industry and in some social projects, such as motorway 
construction, its application to health care has been problematic. Problems 
arise when this is in terms of gains in quantity or quality of life. Values are 
implicit in all everyday decisions but eliciting them is harder, although it has 
been attempted in screening for gonorrhoea (Goddeeris and Broncken 
(1985)). This has resulted in continuing reliance on the unsatisfactory QALY 
measure described above. There are many problems inherent in this 
measure and still more in its application; at present, however, few realistic 
alternatives are available. 

Marginal analysis 
A decision is clear cut when one option is cheaper than the other and has a 
higher yield. Where the more expensive option also detects more disease, 
however, average costs can conceal the true nature of the trade-off. In this 
case the appropriate figure to report is the extra cost required to detect the 
extra cases. The most famous example of a marginal cost comes from an 
earlier paper on colorectal cancer screening (Neuhauser and Lewicki (1975)). 
This is a neglected aspect of evaluations of screening, in spite of this 
example -, as one review comments: "Despite the plethora of potentially 

37 



relevant margins, many studies take a very narrow perspective. " (Cairns and 
Shackley (1993)). 

Sensitivity analysis 
Mass cancer screening is very complex in terms of the protocol options and 
to this must be added the intricacies of the disease process. As pointed out 
in Chapter Two, few details of the natural history of colorectal cancer are 
known for certain. One way to cope with this uncertainty is to assess the 
robustness of the results to changes in the underlying variables. Where the 
results depend crucially on particular variables more analysis of the 
assumption is required. In Chapter Four, for example, a simple model of 
screening identifies the most important underlying variables which are then 
the subject of more detailed work in subsequent chapters. 

Decision criteria 
The appropriate decision criteria to use depends on the type of comparison to 
be made. If the comparison is between two ways of screening for the same 
disease then the costs and disease yield of each option can be used, on the 
basis of marginal analysis. However, it is inappropriate to compare the cost 
per case detected by colorectal cancer screening with that of breast cancer 
screening and cervical cancer screening, for example. The case detected is 
only an intermediate measure of benefit; each type of cancer detected is 
likely to represent a different profile of health gain to the patient. 
Comparisons with other health services are more difficult unless a common 
measure of health benefit such as the QALY or E-value (through willingness- 
to-pay estimates) are used. 

Issues of Interest to potential users of the results 
There are many practical issues which users of the results must address 
before implementing the findings of a programme. The evaluation presented 
in the following chapters concentrates on the initial round of screening and 
the two subsequent rounds, limited by the amount of data available from the 
MRC trial. The results of these later rounds are taken to be indicative of the 
costs and yields of the programme in its 'steady state'; the evaluation does 
not consider the costs of establishing the programme in terms of staff 
recruitment and training, purchase of computer equipment, etc. 

A second set of practical issues surrounds the timq profile of the costs 
incurred and the cost savings, prising from screening. While these will have 
been taken into account in the cost data via discounting future costs to a net 
present value, thisireduces a time profile to a point estimate. It may be more 
meaningful for purchasers to see what this will mean in terms of service use 
over a time horizon sufficient for the programme to reach its 'steady state'. 
This will reveal the likely 'bottlenecks' arising in the health service in terms of 
diagnostic and therapeutic capacity, etc. For monitoring purposes it will also 
be useful to have a prediction of when the health gains may be expected to 
materialise. These might take the form of the number of cases detected and 
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the change in five-year survival rate as an intermediate measure, with the 
reduction in colorectal cancer mortality for the longer term effects. 

PREVIOUS ECONOMIC EVALUATIONS OF COLORECTAL CANCER 
SCREENING 
This section reviews the literature on the evaluation of programmes of 
screening for colorectal cancer. The studies range from crude evaluations 
contained within a single paragraph of a review article up to complex 
mathematical models which attempt to predict the impact of the disease 
process not just on resource use but also on the disease process. This 
diversity makes the literature difficult to summarise adequately, but Table 
One outlines the type of evaluation used, the country of origin of the 
research, the screening test evaluated and the main data source: 

Table One 
I st author EE type Country Test(s) Data source 
Agrez (1) C Australia HM, HQ Literature 
Allison (2) E USA HM One-off study 
Applegate (3) E USA HM Pilot of RCT 
Atkin (4) E UK FS Literature 
Bolt (5) E USA IRS Literature 
CRESGE (6) E France HM, CS Literature, expert opinion 
Eddy E USA HM, FS Literature, expert opinion 
England (7) E USA HM, CS, FS Literature 
Farrands (8) B UK HM Pilot of RCT 
GOICC (9) B Italy HM Literatum, local data 
Johnson(10) E USA HM One-off study 
Joseph(11) E USA HM, HQ Literature 
Kristein (12) B USA HM Literature, expert opinion 
OTA E USA HM Literature, expert opinion 
Neugut (13) E USA CS Literature 

Notes to table 
B- Cost-benefit analysis 
E- Cost-effectiveness analysis 
C- Cost analysis 
HM - Haemoccult 
FS, IRS - Flexible and rigid sigmoidoscopy 
CS - Colonoscopy 
BXR - Barium enema X-ray 
HQ - Hemoquant (a quantitative test for haemoglobin in faeces) 

The numbers following the main author refer to references in the text below; 
the work of Eddy and of the Office of Technology Assessment (OTA) 
(Wagner et al. (1991)) is in the next section. 
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General comments 
The type of evaluation performed mirrors that found elsewhere in the 
literature of economic assessment of health care programmes (Adams et al. 
(1992)). 

None of the studies is based on conclusive evidence of health benefits from 
screening. Only one of the evaluations judged Haemoccult screening to be a 
failure but this had a particularly low take-up rate (10). Another study 
questioned the value of FOB screening (1), although the figures were 
challenged in an accompanying editorial (St John (1990)). Most studies are 
favourable to Haemoccult testing, including one claim that a screening 
programme would pay for itself in terms of treatment cost savings (12). 
Colonoscopy has a high yield as a screening tool but is relatively expensive 
(6,7,13). 

What are the strengths and weaknesses of these evaluations? This issue is 
considered under six headings: 

i) did the study identify, measure and value resource use in a suitable 
way? 

ii) did the study make an appropriate estimate of the health benefits, 
taking account of all the biases inherent in the results of some clinical 
trials? 

iii) did the study consider other aspects such as rescreening options, 
participation rate, choice of diagnostic investigation regime, age limits 
on target population? 

iv) did the study perform a sensitivity analysis? 
V) did the study compare options using a marginal analysis? 
vi) what decision criteria were used and is it clear why the preferred 

option was chosen? 
The studies can be divided into those that could be termed 'conventional' 
economic evaluations of one or two options for screening and those that are 
essentially mathematical models which are capable of evaluating limitless 
numbers of protocols; the latter are considered in a later section. 

Cost coverage 
Very few studies explicitly stated the viewpoint of their appraisal. All but one 
of the studies include the costs of screening and of diagnosis. Most consider 
treatment costs but only four studies also consider costs of symptomatic 
presentation (2,8,9,13). None of the studies include the costs of 
administering the programme, nor do they include non-health service costs. 
In terms of valuing resource use all of the American studies used hospital 
charges. 

Benefit estimation 
All of the evaluations consider cancer yield, at least as an interim step in the 
calculation of benefits. Four studies then apply five-year survival rate figures 
to the staging distribution (2,7,11,12). All of the cost-benefit analyses valued 
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the number of life-years saved using average earnings, with two allowing for 
participation in the workforce (8,9). 

The benefits of adenoma excision are considered in only two studies (2,6). 
Both assumed that 5% of adenomas excised would eventually have become 
cancers and that they would have presented according to the symptomatic 
staging distribution observed. 

Lead-time bias was mentioned in three studies; figures of 2,5 and 15 years 
were used (3,10,12). Length bias was only taken into account by one study 
and this only let it affect workload, not benefits (9). 

None of the studies estimates any benefits to screening beyond length of life 
(except where quality may impinge upon ability to undertake paid 
employment). One study mentions that benefits include extra productive time 
at work and 'other intangibles' (13). 

Other aspects of screening 
All of the studies assume that cancers presenting symptomatically are a 
homogeneous group, whether they occur in the 'no screening' option, among 
people refusing screening or in the interval following a negative test. 
Rescreening is considered in three studies, but in one this is only as a cost 
comparison with the initial screen (3). None of the studies considers the age 
limits most appropriate for screening, and very few are explicit about the 
economically optimal age range they would suggest. 

Sensitivity analysis 
Seven studies did not perform a sensitivity analysis (2,3,5,6,8,10,13), while 
the remainder vary factors such as test costs, prevalence, lead-time bias, test 
performance. Many key assumptions go unchallenged such as the 
remarkably high prevalence rate of 8 per 1,000 assumed in the Italian model. 

Marginal analysis 
Only four studies consider the marginal effects of different policies (1,4,6,7), 
with the French study alone adopting a true incremental approach (6). 

Decision and conclusion 
The cost-benefit analyses make a judgement on the basis of the net benefits 
of options (8,9,12). Three of the six of the cost-effectiveness analyses 
estimate the cost per life-year saved (2,7,11) while a further three report the 
cost per cancer detected or prevented (3,5,10). Another reports the cost per 
life saved (13). The French study presents the marginal analysis as its 
results (6). 

Models of disease and screening 
The mathematical models developed are as much about the disease process 
and how this is affected by intervention as they are about screening. In terms 
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of structure Eddy's model is the most sophisticated and has proved the 
inspiration for several simpler attempts. Originally the model was intended as 
an aid to the design of randomised controlled trials by identifying the option 
most likely to be economically efficient, given current knowledge. It has 
subsequently acquired a'life of its own'with the results underpinning the 
recommendations for screening of various American medical societies and 
insurance companies. 

It consists of a nine-state, time-varying Markov chain. The states considered 
include: alive and healthy; asymptomatic adenoma; asymptomatic cancer; 
cancer diagnosed (by Dukes' stage); died of colorectal cancer; died of other 
cause. This assumes that health states are discrete and there are specific 
probabilities of the likelihood of a given individual progressing from one state 
to another between two time periods. These probabilities are determined by 
a series of disease- and test-specific variables. For example: 

i) The probability that an asymptomatic adenoma or a cancer will be 
present at a given point in time is estimated by age/sex-specific 
prevalence rates, other risk factors present, the length of the 
detectable pre-clinical phase of the disease and the individual's 
screening history. 

ii) The probability that a screening test will detect an asymptomatic 
tumour is determined by the stage of the disease, its site within the 
bowel, the extent of the bowel covered by the test, and the test's 
random false-negative rate. 

iii) The progression through adenoma to cancer and thence through the 
various Dukes' stages are determined by estimates of growth rates. 

iv) The probability of dying of colorectal cancer in the coming time period 
is determined by stage-specific mortality rates for colorectal cancer. 

V) The probability that the individual will die of other causes in the coming 
year is determined by general age/sex-specific mortality rates. 

From a given population, the numbers in each health state at any point in 
time can be calculated; typically, the results are presented as an analysis of 
the optimal lifetime screening strategy for someone who is 50 years of age. 

Several versions of Eddy's model have appeared and, while the structure is 
largely unaltered, the values of some of the key variables have changed to 
reflect developments in medical knowledge and opinion. For example, in 
1980 it was assumed that 75% of cancers arise in adenomas, but this 
increased to 90% in the 1984 version and to 93% by 1987. 

Other models have used a simplified form of this approach: for example the 
American Office of Technology Assessment (OTA) have evaluated the 
inclusion of colorectal cancer screening in the Medicare (publicly funded) 
programme for the elderly on a similar basis (Wagner et al. (1991)). 

How do the models compare on the same criteria as those used above? 
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Cost covGrage 

Eddy's model includes the costs of screening tests, diagnostic 
investigations (including adenoma excision), treatment (with separate 
figures for early stage and for advanced disease), and terminal care. 
The OTA model uses a similar approach including a full consideration 
of the five-year follow-up costs following diagnosis plus the 
implications of adenoma follow-up on the basis of one complete 
investigation poSt-convalescence followed by colonoscopy every three 
to five years until 85 years of age. Eddys model does not include 
adenoma follow-up. 
Costs are based on hospital charge data in both cases. 
A discount rate of 5% is common to both models. 
The comparison in the OTA case is with "no screening" yet 
opportunistic screening is already so widely practiced in America that 
this may be inappropriate. 

The annual net cost of the OTA programme is between $1.5 and $2.6 billion 
assuming full participation at all stages of the programme. The costs of 
adenoma follow-up are very important; screening itself constitutes only 4% of 
the total cost of annual FOB screening. 

Benefit estimation 
Both models calculate the years of life saved by screening net of losses due 
to diagnostic and operative mortality. Neither model considers quality of life 
during those years, although the OTA "assumed that such considerations 
would enter into individual clinical decisions about the value of colorectal 
cancer screening in a particular person. " The source of Eddy's data is RCT 
evidence wherever this is available, supplemented by expert opinion; for 
example the latest version of his model is based on a questionnaire survey 
of 72 'experts' in the field of colorectal cancer. 

To construct the disease model detailed estimates of the progress through 
the adenoma-cancer sequence and then through the various Dukes' stages 
are required. Stage-specific survival rates are then applied to the staging 
distribution. 

In Eddy's model benefits are discounted at 5% per annum although the 
undiscounted results are also presented. It is unclear whether the OTA 
results are discounted or not. 

Eddy has cross-checked the yield and benefits predicted by his model 
against the results of the on-going randomised trial in Minnesota and found 
them to be accurate to within 1% of the observed total. 

Other aspects of screening 
Eddy's model: 

does not include a variable for participation and hence has no non- 
responder group. 

43 


