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Effect of subject age on costs of screening for
colorectal cancer

D K Whynes, A R Walker, J D Hardcastle

Abstract
Study objective-The aim was to estimate

costs and yields of faecal occult blood
screening and rescreening for colorectal
cancer, for differing age cohorts.
Design-Cost and clinical data were used

as the basis for modelling the expected costs,
and cost savings, resulting from the treat-
ment of screen detected cancers, as com-
pared with cancers detected by symp-
tomatic presentation.
Setting-Data were derived from the

MRC screening trial currently in progress
in Nottingham.
Participants-Approximately 140 000 sub-

jects, age 50-79 years, were randomly allo-
cated to a test (screened) and a control
(unscreened) group.
Main results-The net costs of detecting

and treating a cancer following colorectal
screening fall as the age of the target pop-
ulation increases, owing principally to the
increasing incidence ofthe disease with age.
Generally, the marginal detection and
treatment cost falls for all age groups with
the first screening round, but rises con-
siderably with the second. If allowance is
made for cancers prevented as a result of
early detection and excision of adenomas,
the costs of screening are substantially
reduced for all age groups.
Conclusions-Assuming a cost per QALY

(quality adjusted life year gained) equiva-
lent to that derived for the breast cancer
screening programme, and a QALY gain
from colorectal screening ofone year, three
screens, each separated by two years,
appear economically justified for popula-
tions aged 60 years and above. Expected
gains from cancer prevention make two
screens justifiable for those between 45 and
59 years of age.
J Epidemiol Community Health 1992; 46: 577-581

As a contributor to cancer related mortality in
Europe and North America, cancer of the large
bowel is second in significance only to lung
cancer.' However, if carcinomas can be detected
and treated at a sufficiently early (and generally
presymptomatic) stage, improvements in survival
rates and in patient life expectancies may be
anticipated.2 In recent years, the development of
faecal occult blood testing and endoscopic investi-
gation has made the mass screening of
asymptomatic individuals a practical possibility,
and several randomised controlled screening trials
are currently under way. Research in the USA has

suggested that one in four new cases of colorectal
cancer will occur in people with a family history of
the disease, a small fraction of this subgroup
occurring in individuals with genetic disorders
such as familial polyposis.3 Age also appears to
represent the dominant risk factor, as evidenced
by incidence rates for symptomatic colorectal
cancer. In England and Wales, for example,
incidence rises from 20 cases per 100 000 for those
aged 45-49 years to in excess of 400 per 100 000
for those aged 80 years and above.4 Accordingly,
the age range of subjects selected for colorectal
cancer screening trials is generally from 45 or 50
years up to 75 years. This range is determined by
considerations of incidence (lower age limit) and
the ability to undergo treatment (upper limit).
To date, the economic evaluation of colorectal

screening in terms of subject age has been
neglected-the only published report indicates
that beginning screening at age 40 rather than 50
years of age would be likely to produce little
benefit but would double the cost of a lifetime
screening programme.5 However, age effects have
been considered in other screening applications,
and with significant findings. Opportunistic
cholesterol testing, for example, has been costed
at £200 per quality adjusted life year gained
(QALY) for men, aged 40 to 69 (with diet
therapy), but at £14 150 per QALY for men aged
25 to 39.6 An evaluation ofbreast cancer screening
for women aged 40-49 years has also been con-
ducted, predicting increases in life expectancy for
those screened but at very considerable cost.7
The present paper is based on data from the

colorectal screening trial presently under way in
Nottingham, England.8 To date, this trial has
recruited approximately 140 000 subjects in its
control and study groups, making it by far the
largest randomised controlled colorectal
screening trial currently in operation. The aims of
this paper are, first, to provide an order of
magnitude estimate of the costs of detecting and
treating a cancer by colorectal screening for
different age ranges and, second, to assess the
benefits which would have to result to make the
implementation of colorectal screening econom-
ically justifiable.

Methods
Were mass screening for colorectal cancer for the
45-75 year age range to be introduced into the
United Kingdom, it would involve the
recruitment of approximately 17 million subjects.
We shall assume that the screening protocol
would be broadly similar to that employed in the
Nottingham trial, and that the results of this trial
may be generalised to the population at large.
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Thus, screening targets would be issued with a
HaemoCCultTM faecal occult blood test which they
would be asked to complete by depositing stool
samples collected over a number of days on guaiac
impregnated paper. Samples would be returned
to the test centres for development. The addition
of a reagent produces a characteristic colour
change in the presence ofoccult blood in the stool,
itself an indicator of bowel abnormality. Subjects
with positive test results would receive a con-
firmatory diagnostic investigation, principally
colonoscopy. Initially, the Nottingham trial
experimented with both three day and six day
occult blood testing, although, for reasons which
will become clear shortly, it now employs only
three day tests. Compliant subjects would be
offered three day faecal occult blood retesting
every two years, as has occurred throughout the
trial.

Viable trial data currently exist for three
screening rounds. These comprise data relating to
(1) subject compliance-the proportion of tests
issued which are completed and returned for
development; (2) positive rate-the proportion of
completed tests which prove positive on develop-
ment; (3) the cancer yield, from which may be
derived the detection rate (yield per test com-
pleted). These data form parameters for a model
previously developed,9 from which the average
variable costs of cancer detection by screening in a
population of asymptomatic individuals may be
estimated. This model employs 1989-1990 costs
of labour, capital, and disposables employed in
faecal occult blood testing and follow up investi-
gation, based on an "average" Family Health
Service Authority (FHSA) area of 75 000 target
individuals. The FHSAs, we assume, would form
the basic building blocks of a national screening
programme.
As originally constructed, the model generated

gross costs of cancer detection by screening, to
which must be added, for present purposes, the
expected costs of cancer treatment. We have used a
treatment cost equivalent to 17 days of inpatient
stay, an estimate determined by an earlier
Nottingham study. '1 Of particular relevance in the
present context, however, are net costs. The altern-
ative to detection by screening is detection by
symptomatic presentation, which would require
both a confirmatory diagnostic investigation and a

course of treatment similar to that employed under
the screening protocol, albeit at some point in the
future. As the time interval between the develop-
ment of a cancer and its symptomatic presentation
is not known with certainty, we have estimated
these latter costs assuming both a two year and a

five year presentation lag, ie, the costs of future
symptomatic presentation and treatment have been
discounted over these time intervals. The net cost
of detection and treatment by screening is accord-
ingly the difference between (1) gross detection
and treatment costs incurred in the present, and (2)
discounted future investigation and treatment
costs.

Faecal occult blood screening is capable of
detecting two forms of neoplasia, adenomas,
which are benign tumours, and carcinomas,
which are malignant. The significance of this
property ofthe test lies in the accepted belief that a

high proportion of colorectal cancers arise in

adenomas, and that an adenoma therefore pos-
sesses some finite probability of becoming
malignant over time." During investigative col-
onoscopy, adenomas may be excised as part of the
procedure, at minimal additional cost. The
routine excision of adenomas detected during
screening therefore implies that screening has an
inportant role in cancer prevention.
A model has been developed of adenoma

malignancy probabilities over time'2 13 using
published data on the long term follow up of
adenomas in excess of 1 cm in diameter.'4 Thus,
for example, it has been shown that an adenoma
patient with a 20 year life expectancy has a 2500
chance of developing a malignancy in that
adenoma. Using trial data on adenoma yield by
five year age cohort, it is thus possible to model
the number of cancers likely to develop within the
expected lifetimes of the patients. Yield can
therefore be reinterpreted as cancers both
detected and prevented and costs calculated in a
manner equivalent to that for detection alone. The
prevention variant also makes an additional allow-
ance for cost savings on all future investigations
and treatments which would have been required,
had the adenomas been allowed to develop and
present as cancers.

Results
The trial data relevant to our cost estimates appear
in table I. They were originally collected for five
year age cohorts and then pooled into the three age
ranges, because the very low prevalence of neo-
plasia gives rise to yields in five year cohorts too
small to demonstrate statistical significance. The
data show that compliance increases with each
screening round and that it peaks in the middle of
the target population age range. Both positive tests
and detection rates increase with age, but decrease
as the number of rescreens increases. These
findings are broadly in agreement with those of the
Danish trial15 16 which has a similar protocol to
that employed in Nottingham.
With respect to the initial three day screen,

differences in the number ofcancers detected in the
three age ranges are statistically significant (X2 at
500). More cancers, in other words, are detected in
older age ranges, as would be expected from the
symptomatic incidence data presented earlier. For
six day testing, the > 70 years yield is significantly
different from the other two age ranges. The
difference between the 45-59 age range and the
other two is significant (at 0-500) in the first
rescreen. Relatively fewer additional cancers are
accordingly detected by rescreening the younger
age group. The inclusion of prevented cancers does
not affect the significance of the differences
between yields except in one respect-the yield
difference for the first two age groups on the initial
screen now becomes insignificant.

Finally, it should be noted that both cancer and
adenoma yields from six day and three day faecal
occult blood testing on the initial screen are not

significantly different from one another, reinforcing
the conclusions of an earlier study. 7 Moreover, the
costing model has previously shown that six day
screening costs are 24%0, higher than those of three
day screening.9 Accordingly, the six day screening
option will not be considered further.
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Table I Nottingham
trial data Age

range
(years)

45-59
60-69
, 70
All ages

Tests
sent

17 691
15 703
5920

39 314

Detection
Compliance Cancers Positive rate
rate (0o) detected rate ( 0o ) (per 1000)

Initial screen (3 day)
535 10 103 106
544 19 152 223
482 18 270 631
53-1 47 1-46 2 25

Prevention,
detection

Adenomas Cancers rate
detected prevented (per 1000}

36 109 221
58 85 322
38 32 744
132 22 6 3.34

Initial screen (6 day)
10 1 27 1 39
16 2 10 228
13 324 562
39 1 93 2 32

First rescreen (3 day)
5 096 055

22 1 22 1 98
17 1 70 328
44 1-23 1-74

Second rescreen (3 day)
0 058 0
3 063 051
5 1 29 1 47
8 079 062

41 124 3 13
49 7.4 3.34
17 1 4 625

107 213 359

16 5 1 1 12
39 62 253
17 1 3 3.53
72 12 7 2 24

5 13
16 24
5 04

26 4 1

0 36
092
1-58
0 94

It is conventional among economists to appraise
the relative merits of health care interventions on
the basis of the ratios of costs incurred to benefits
obtained. At present, no definitive benefit or
outcome measure to cover all interventions has
become accepted, although the use ofQALYs has
been increasing in recent years. The merits of the
QALY remain the subject of considerable
debate'822 and several alternative outcome
measures exist.23 This having been said, the
United Kingdom breast cancer screening pro-
gramme was evaluated using QALYs as the
outcome measure, and was implemented nation-
ally on the strength of a cost per QALY of £3304
(1983-4 prices).24 As breast cancer screening
would seem to be a natural comparator for colo-
rectal cancer screening, the QALY measure will
also be employed as an outcome measure in the
remainder of this analysis. Thus we assume that,
at prices updated to 1989-90, £4000 per QALY
(or lower) would be deemed an acceptable cost for
the implementation of colorectal screening. In
other words, if it costs £2000 to detect and treat a

colorectal cancer by screening, then at least six
months of "full quality" life must be gained in
order for the programme to be deemed
worthwhile.
Table II presents the net costs of detecting and

treating, and of detecting, preventing and treat-
ing, a cancer, by age cohort, for each of the three
screening rounds. Each cost is presented as a

range, determined by the assumption ofa two year

and a five year presentation lag (lower and higher

Table II Net costs of treating or preventing a cancer detected by screening

Age range QALY gain Detection and QAL Y gain
(years) Detection (/) required prevention (£) required

45-59
60-69
> 70
All ages

45-59
60-69
> 70
All ages

6932-7287
2769-3125
1390-1746
2925-3280

5503-5859
2311-2667
1623-1979
2590-2945

Initial sc
1-73-1-82
0-69-0-78
0-35-0-44
0-73-0-82

First resc
1-38-1-46
0-58-0-67
0-41-0-49
0-65-0-74

,reen

,reen

Second screen
45-59 - -

60-69 6485-6840 1-62-1 71
> 70 2864-3219 0-72-0 80
All ages 5956-6311 1-49-1-58

QALY= quality adjusted life year gained

2133-2385
1477-1794
896-1243
1476-1785

2950-3238
1494-1822
1388-1740
1752-2070

7095-7277
2983-3283
2562-2914
3426-3729

0-53-0-60
0-37-0-45
0-22-0 31
0-37-0-45

0-74-0 81
0 37-0-46
0-35-0-44
0-44-0-52

1 77-0)82
0-74-0 82
0-64-0-73
0-87-0 93

figures, respectively). Against each cost is dis-
played the QALY gain necessary for colorectal
screening to produce benefit/cost ratios at least
equal to those of the breast cancer programme. As
may be seen, costs are consistently lower for older
age groups. For detection alone, the marginal cost
of detecting and treating a cancer via screening
falls slightly with the first rescreen for all age
ranges (except the ) 70 year group), but rises
considerably with the second. Note that the cost
for the second rescreen of the youngest age group
is undefined, as no cancers were detected in this
group. The costs of detection and prevention
together are very much lower than for detection
alone, owing both to the higher overall cancer
yields and economies on future treatment costs.
In this case, marginal cost increases with the
number of rounds for all age ranges.

Discussion
The Nottingham screening trial is continuing and
will not be in a position to publish data on survival
or QALY gains until the mid- 1990s. A full
evaluation of colorectal screening must therefore
await these results. However, given the data in
table II, it is evident that, for subjects aged 60
years and over, the necessary gains are con-

siderably less than one QALY per case of disease
detected for the initial screen and the first
rescreen, and approximately 1 5 QALYs for the
second. Allowing for cancer prevention in addi-
tion to detection reduces the necessary QALYs to
below one or for all ages and for each of the three
screening rounds (with the exception of the sec-

ond rescreen for the youngest age group). The
results of a widely cited mathematical model of
cancer screening25 suggest that a policy of faecal
occult blood testing at two year intervals, starting
at age 50 years, increases the life expectancy of
those who would develop colorectal cancer by 1-3
years. Care should be taken in interpreting these
data since they are based on data drawn from a

wide variety of sources of varying dependability.
Nevertheless, if the predicted health benefit is of
the magnitude suggested then colorectal cancer

screening will cost (using the most unfavourable
estimates) approximately £1370 and £1600 per

life-year gained for the initial and first rescreen

rounds respectively, rising to £2870 for the third

45-59
60-69
) 70
All ages

45-59
60-69
) 70
All ages

45-59
60-69
) 70
All ages

13 111

12 529
4645

31 420

12 047
14 248
6935

33 230

4180
6592
4041

14 813

53.9
55.9
498
540

750
78 1
748
76 3

87-1
88 7
842
870
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round. The sharp increase in cost beyond the first
rescreen is grounds for believing that the time
interval for this later round might profitably be
extended to increase yield.

In terms of identifying the most efficient age
group to screen, the effects of cancer prevention by
adenoma excision are extremely important. Ignor-
ing this effect would mean that it would be
considerably harder to justify screening those
younger than 60 years ofage on economic grounds,
especially beyond the first rescreen. In particular,
no cancers have been detected in those aged under
50 years in either the Nottingham or the Danish
trial, and a Swedish trial report has advocated 55
years as a lower age limit in view oflow incidence at
younger ages.26 Given the longer life expectancy of
the younger group, however, there is a correspond-
ingly higher probability that excised adenomas of
1 cm or more in diameter would have become
malignant within their lifetimes. The importance
of this effect naturally lessens as the age at which
the adenoma is excised increases.

In the absence of "gold standard" data on the
number of cancers missed on screening, faecal
occult blood test sensitivity may be calculated by
assuming that all cancers presenting symp-
tomatically in the two years following a negative
test result were actually present at screening. The
sensitivity of the three day HaemoccultTM as
estimated from two year follow up data is presented
in table III, the overall sensitivity across all three
rounds being 69-6%. Sensitivity appears to
decrease with the number of screening rounds, and
this result is to be expected. The initial screen
clears many of the prevalent asymptomatic cancers
in the population, possibly those of a slow growing
nature. Rescreen results are progressively more
heavily based on incident cancers, a larger pro-
portion of which will be aggressive, fast growing
tumours more likely to present as "interval" cases,
ie, between screening rounds. Comparable results
cannot be presented for adenomas, owing to the
absence of any assessment of adenomas missed by
screening. One study,27 however, has shown that
sensitivity is positively associated with adenoma
size, implying that HaemoccultTM is more likely to
detect the adenomas with the higher probability of
becoming malignant.
The employment of a more sensitive faecal

occult blood test would have beneficial effects on
average costs for all age ranges, by virtue ofhigher
yields.9 Indeed, the Swedish colorectal trial has
experimented with the rehydration of occult
blood tests prior to development, a technique
shown to enhance sensitivity at the expense of
specificity.26 Owing to the concomitant rise in the
cost of unnecessary investigations, however,
average detection costs are higher than for a
regime using non-hydrated tests.28 The use of
more sensitive faecal occult blood tests in place of
HaemoccultTM may be possible in the future,
although at present their higher costs do not
compensate for their higher yields.29

Age range
(years)
45-59
60-69
> 70
All ages

Initial
screen

750
69-6
850
764

First
rescreen

44.4
69 2
73.3
660

Second
rescreen

0.0
66-7
60-0
500

A strategy not considered so far involves
extending the target range into age groups outside
the 45-75 year limits specified in the Nottingham
protocol. For the under 45 population, adenomas
of 1 cm or more in diameter would stand a very
high chance of eventually becoming malignant.
However, data from necropsy studies are
presently insufficient to judge whether the likely
yield would justify the costs incurred. Subjects
over 75 years of age have too short a life
expectancy to benefit greatly from adenoma
excision-for age 75-79 years the probability of
preventing a cancer is 60', and for 80-84 year
olds, 4%', according to the model employed above.
Although cancer incidence increases dramatically
in these age groups, the probability of someone of
this age surviving a colonic resection correspond-
ingly diminishes.30 31 It should be remembered
that the necessary life-year gains quoted above are
the average gains necessary per case; every
operative death increases the necessary gain in the
survivors. Screening this older age group may also
encounter the problems of poor participation as
noted earlier.

In the introduction, familial connection with an
individual with colorectal cancer was cited as an
established risk factor in addition to subject age.
Although not specifically investigated in this
paper, this too is likely to have a bearing on the
selection of the age range of the population
targeted for screening. If, as has been suggested,32
first degree asymptomatic adult relatives of large
bowel cancer patients face a considerably
increased risk of developing the disease, then the
average cost of detecting a cancer by screening
this particular high risk population would fall.
The study cited reports an average detection cost
decrease of approximately 30% when screening a
familial risk group as opposed to a control group
without such risk. Significantly, the former
recruited subjects from the age of 35 years, the
latter from the age of 50 years, thereby supporting
a case for screening younger age ranges in circum-
stances of known familial risk.

Conclusion
Assuming that the detection and treatment of
presymptomatic cancers as a result of screening is
capable of generating one additional life-year of
full quality, a programme of screening for those
aged 60 years and over-two rounds separated by
two years-appears justifiable in economic terms.
The screening of the under 60s would only be
justified with higher gains in life expectancy,
while a second rescreen would only be economic
for those aged 70 years and above. Taking account
of cancers prevented, however, the screening of
the 45-60 age group becomes viable, as does a
second rescreen for the 60-69 age group.

This research was conducted within the Nottingham
colorectal cancer screening trial, codirected by Pro-
fessors J D Hardcastle and J O P Chamberlain (Institute
for Cancer Research). The trial is funded by the Medical
Research Council.
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