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Objectives: Clinical trials have demonstrated that fecal occult blood screening for
colorectal cancer can significantly reduce mortality. However, to be deemed a priority from
a public health policy perspective, any new program must prove itself to be cost-effective.
The objective of this study was to assess the cost-effectiveness of screening for colorectal
cancer using a fecal occult blood screening test, the Hemoccult-II, in a cohort of 100,000
asymptomatic individuals 50–74 years of age.
Methods: A decision analysis model using a Markov approach simulates the trajectory of
the cohort allocated either to screening or no screening over a 20-year period through
several health states. Clinical and economic data used in the model came from the
Burgundy trial, French population-based studies, and Registry data.
Results: Modeling biennial screening versus the absence of screening over a 20-year
period resulted in a 17.7 percent mortality reduction and a discounted incremental
cost-effectiveness ratio of 3,357 € per life-year gained among individuals 50–74 years of
age. Sensitivity analyses performed on epidemiological and economic data showed the
strong impact on the results of colonoscopy cost, of compliance to screening, and of
specificity of the screening test.
Conclusions: Cost-effectiveness estimates and sensitivity analyses suggest that biennial
screening for colorectal cancer with fecal occult blood test could be recommended from
the age of 50 until 74. Our findings support the attempts to introduce large-scale
population screening programs.

Keywords: Colorectal cancer, Fecal occult blood test, Screening, Cost-effectiveness,
Decision analysis model

Colorectal cancer is a major public health problem. It is
one of the most frequent cancers in both sexes in France,

This work was supported by the Ministry of Health (PHRC), the Burgundy
Regional Council, and INSERM.

with 36,300 new cases and 16,000 deaths in 2000 (24). De-
spite advances in diagnostic techniques and treatment, the
5-year survival rate remains poor (10). Case-control stud-
ies (7;19;25;31;34) and controlled studies (8;14;17;22) have
demonstrated that screening with a fecal occult blood test
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can reduce colorectal cancer mortality. However, evidence
of mortality reduction is not sufficient to justify the imple-
mentation of a national mass screening program. It is nec-
essary to assess its cost-effectiveness and to compare it with
other health-care screening or therapeutic interventions al-
ready evaluated. Two European studies based on randomized
trials, performed in Denmark and the United Kingdom, have
already reported the cost-effectiveness of fecal occult blood
test screening (13;33). Given differences between countries
in stage at diagnosis of colorectal cancers and costs, it is not
known whether the findings of these studies can be extrap-
olated to other countries, such as France. Thus, the aim of
this study was to evaluate the cost-effectiveness of colorec-
tal cancer screening using biennial fecal occult blood test
with epidemiological and economic data mainly issued from
a French controlled trial (8). Another objective was to es-
timate whether variations in epidemiological and economic
parameters modified the cost-effectiveness of colorectal can-
cer screening.

MATERIAL AND METHODS

General Description of the Decision
Analysis Model

The model has been described in a previous article (20).
Based on a Markov process, it simulates a biennial screen-
ing program using fecal occult blood test in a population of
100,000 individuals aged 50 to 74. The age and sex distribu-
tion of the French population was applied to the cohort of the
model. The population is monitored over a 20-year period or
until the age of 85 or until death through five health states:
absence of colorectal cancer or adenoma, colorectal cancer,
adenoma larger than 1 cm diameter, death from colorectal
cancer, and death from another cause. After successive iter-
ations, the model estimates the number of life-years gained
(LYG), defined as the difference between the number of life-
years lost due to colorectal cancer in the screening group and
the number of life-years lost due to colorectal cancer in the
control group, cumulative costs in both populations, and a
cost-effectiveness ratio.

Epidemiological Parameters

Most epidemiological parameters required by the model were
issued from a controlled study, initiated in Burgundy (France)
to evaluate the effect of fecal occult blood screening on col-
orectal cancer mortality. Results of the study demonstrated
that colorectal cancer mortality was significantly lower in the
screening population compared with the control population
over an 11-year period (mortality ratio = 0.84; 95 percent
CI [0.71–0.99]) (unpublished data, 2004). The general de-
sign of the study has already been described (28). Briefly, all
residents from twelve administrative districts in Burgundy
45 to 74 years of age were invited to participate in biennial
screening for colorectal cancer using the fecal occult blood

test, the Hemoccult-II test (n = 45,642). The control group
was composed of all residents from seventeen administrative
districts with comparable age and sex distribution as well
as similar health-care facilities (n = 45,557). As a first step,
the Hemoccult-II was provided free of charge by primary
care physicians over a 4-month period. If the screening test
was not performed during the medical phase, the test was
then mailed. If after 1 month the test was not returned to the
central analysis center, a reminder letter was sent. The entire
screening group was invited to participate in each screen-
ing campaign. Individuals who accepted the test took two
samples from each of three consecutive stools and sent the
completed test cards, with a postage paid reply envelope, to
the central analysis center. No diet restriction was required.
The completed tests were processed without rehydration ac-
cording to a standardized procedure. In the case of a positive
test, the subject was offered a full colonoscopy.

The trial provided data concerning the acceptability rate
of the test, which varied between 52.8 percent and 58.3 per-
cent according to the screening campaign, the acceptability
of colonoscopy (87 percent on average), the proportion of
positive tests (2.1 percent initially and 1.4 percent on av-
erage in the successive rounds), and the positive predictive
value for adenoma > 1 cm in diameter (17 percent). Indeed,
it was assumed that colorectal cancers, which develop from
adenomas, would arise only from adenomas larger than 1 cm.
The trial also provided the distribution of colorectal cancer
by stage in screen-detected cancers, interval cancers, cancers
in nonresponders and in the control population, as well as sur-
vival rates in the screening and control groups. The age- and
sex-specific incidence rate for colorectal cancer was issued
from the Cancer Registry of Côted’ Or, an administrative area
not concerned by the trial. The number of cancers arising in
adenomas was provided by the study by Stryker et al. (27).
The sensitivity of the screening test had been estimated by
a previous work carried out using the data of the Burgundy
trial (15). The following parameters were estimated by the
model: the sojourn time (time period during which the can-
cer is asymptomatic but detectable by the screening test), the
lead time (part of the sojourn time by which the diagnosis
of cancer has been brought forward by screening), and the
prevalence of detectable colorectal cancers (20).

Costs

Assessment of costs was performed from the Burgundy trial.
They were calculated from the point of view of the French
health-care insurance system (2002 prices). Only direct costs
were considered: (i) the cost of the structure organizing
the screening program, including labor costs and equipment
(1.26 € per target individual); (ii) the cost of inviting the pop-
ulation (0.65 € per target individual), including conception
and printing of the invitation letter and of the information
leaflet sent at the beginning of each screening campaign, the
labor costs for preparing the mailing, the cost of postage, the
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cost of training the general practitioners and informing the
entire medical profession; (iii) the mean distribution cost of
the screening test (12.52 € per test performed), including the
cost of the test, remuneration of general practitioners for of-
fering the test, and the cost of mailing the test or the reminder
letter 4); (iv) The cost of the test analysis performed in a
centralized analysis center (4 € per test), including overhead
costs, capital expenditure, running costs, and labor costs; (v)
the cost of a colonoscopy in case of a positive screening test
was 526 € on average. In the case of polypectomy, the cost
was 641 €. Some other costs were obtained from published
sources. The cost of treatment of colorectal cancer by stage
came from a population-based study in Normandy (4). On av-
erage, this cost was 15,579 € for stage 1, 21,858 € for stage
2, 31,110 € for stage 3, and 17,384 € for stage 4. The cost
of follow-up of treated colorectal cancers, 843 € per patient,
was issued from a French follow-up study (3), including
costs of examinations performed over a 5-year period and
recommended by the French Consensus Conference (5).

The cost incurred in the screening group was calcu-
lated as the sum of all the costs described above. The cost
in the control group was defined as the sum of the cost of
diagnosis, treatment, and follow-up of incident cases of col-
orectal cancer. The net cost of the screening program was
defined as the difference between the cost incurred by the
screening group and the cost in the control group. The cost-
effectiveness analysis was based on the calculation of an in-
cremental cost-effectiveness ratio (ICER), discounted at an
annual 3 percent rate. ICER was calculated by dividing the
net cost of the screening program by the number of life-years
gained. Uncertainties relative to inputs were handled using
sensitivity analyses.

RESULTS

Cost-Effectiveness Analysis

Table 1 shows the estimations of mortality reduction, LYG
and ICER of biennial screening with fecal occult blood test
in a population of 100,000 individuals 50 to 74 years of age
over a 10- and 20-year period. After 20 years, the estimated
mortality reduction was 17.7 percent and the estimated ICER
was 3,357 € per LYG.

Table 2. Sensitivity Analysis on Epidemiological Parame-
ters (Mortality Reduction and Percentage Changes in the
Life-Years Gained and Incremental Cost-Effectiveness Ratios
Compared to Baseline Results)

Discounted
Incremental

Mortality Discounted cost (€)
reduction LYG per LYGd

Baseline resultsa 17.7% 2888 3357
Acceptability rate

10% absolute increase 22.3% +28.6% −20.1%
10% absolute decrease 13.1% −28.0% +31.4%
20% absolute decrease 9.3% −51.3% +86.0%

10% fecal occult blood test 18.9% +6.1% −4.6%
sensitivity increaseb

9% fecal occult blood test 24.9% +45.0% +19.3%
specificity decreasec

aBaseline results were obtained on the assumption of a 55% acceptability
rate.
bFecal occult blood test sensitivity increased from 60% to 70%.
cFecal occult blood test specificity decreased from 99% to 90%.
dA 3% annual discount rate was used.
LYG, life-year gained.

Sensitivity Analyses

Impact of the Acceptability Rate of the Fecal
Occult Blood Test. Effectiveness and ICER were strongly
related to the acceptability rate (Table 2). With a 10 per-
cent absolute increase of the acceptability rate, the colorectal
cancer mortality reduction increased from 17.7 (baseline ac-
ceptability rate) to 22.3 percent and the number of LYG
increased by 28.6 percent. The ICER was consequently re-
duced by 20.1 percent. On the other hand, a decrease of the
acceptability rate of 20 percent resulted in an increase of the
ICER by 86.0 percent.

Impact of Diagnostic Performances of the
Fecal Occult Blood Test. Baseline results of the cost-
effectiveness analysis were slightly positively correlated to
the increase in fecal occult blood test sensitivity. When the
sensitivity increases from 60 to 70 percent, the ICER de-
creased from 3,357 € per LYG to 3,203 € per LYG. On the
other hand, there was a negative association between the
ICER and specificity. With a reduction in specificity from 99
to 90 percent, the number of LYG and the net cost of the

Table 1. Estimated Effectiveness and Cost-Effectiveness Ratios of Biennial Screening With Hemoccult®-Ii Compared to the
Absence of Screening According to the Length of the Screening Campaign in A 50- to 74-Year-Old Population

Incremental cost-effectiveness ratio
Effectiveness (LYG)

Length of Mortality Discounted cost (€)/ Discounted cost (€)/
screening reduction Undiscounted Discounteda undiscounted LYG discounted LYG

10 years 15.1% 1712 1458 4007 4705
20 years 17.7% 3891 2888 2492 3357

aA 3% annual discount rate was used.
LYG, life-year gained.
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Table 3. Sensitivity Analysis on Economic Parameters (Per-
centage Changes in Incremental Cost-Effectiveness Ratios
Compared to Baseline Results)

Discounted
incremental cost

(€) per LYGb

Baseline results 3357
50% decrease in cost of test kita −11.1%
Cost of colonoscopies

Minimum (diagnosis, 225 €; −12.7%
polypectomy, 330 €)

Maximum (diagnosis: 830 €; +13.7%
polypectomy, 1000 €)

Cost of colorectal cancer treatment per stage
Minimum (stage 1, 14,063 €; +0.2%

stage 2, 17,486 €;
stage 3, 24,888 €;
stage 4, 13,907 €)

Maximum (stage 1, 21,055 €; −0.2%
stage 2, 26,230 €;
stage 3, 37,332 €;
stage 4, 20,861 €)

aThe cost of the fecal occult blood test was divided by 2, decreasing from
3.20 € to 1.60 €.
bA 3% annual discount rate was used.
LYG, life-year gained.

screening markedly increased, leading to an increase in the
cost-effectiveness ratio by 19.3 percent (Table 2).

Impact of Economic Parameters. Variation in eco-
nomic parameter values induced variable changes in ICER
(Table 3). Colorectal cancer treatment costs did not influence
the ICERs. On the contrary, changes in the costs of fecal
occult blood test kit and colonoscopy had a stronger im-
pact. A decrease in the cost of fecal occult blood test kit from
3.20 € to 1.60 € led to an 11.1 percent reduction in the ICER.
According to the lowest and highest value of the colonoscopy
costs, ICERs ranged from 2,929 to 3,817 € per LYG.

Age at Screening. A starting age of 50 was defined
for the baseline cost-effectiveness analysis. Table 4 shows
ICERs for several starting and end ages. Very close ICERs
were found in the 50–74 and 55–74 age groups, whereas the
60–74 and 65–74 age groups showed higher ICER values.
However, the number of LYG was higher for a starting age
of 50 than for a starting age of 55. Several end ages were
tested under the hypothesis of a screening program starting
either at 50 or at 55 years old. The 55–64 age group presented
the lowest ICERs but a very small number of LYG compared
with the 50–64, 50–69, or 50–74 age groups.

DISCUSSION

The main interest of our study was to demonstrate that bien-
nial screening for colorectal cancer with fecal occult blood
test within the French health system over a 20-year period
resulted in an ICER of 3,357 € per LYG. This result is largely

Table 4. Sensitivity Analysis on Starting and End Ages at
Screening

Discounted
Mortality Discounted Incremental cost

Age reduction (%) LYG (€) per LYGa

Variations in starting age
50–74 years 17.7% 2888 3357
55–74 years 17.5% 2093 3351
60–74 years 16.9% 1424 3508
65–74 years 15.9% 788 3923

Variations in end age with starting age at 50
50–54 years 18.4% 792 3388
50–59 years 19.1% 1468 3202
50–64 years 19.0% 2113 3127
50–69 years 18.3% 2598 3209
50–74 years 17.7% 2888 3357

Variations in end age with starting age at 55
55–59 years 19.8% 674 2994
55–64 years 19.3% 1316 2980
55–69 years 18.3% 1802 3136
55–74 years 17.5% 2093 3351

aA 3% annual discount rate was used.
LYG, life-year gained.

below the lowest commonly accepted threshold of $20,000
per QALY (18). Furthermore, this cost-effectiveness ratio of
colorectal cancer screening appears attractive in comparison
with the cost-effectiveness ratio of other cancer screening
strategies (2;11).

In a previous study, we found an excellent concordance
between the values of colorectal cancer mortality predicted
by our model and those observed in the Danish trial, support-
ing the reliability of our mathematical model (20).

Two other previous cost-effectiveness analyses used
data provided by general population trials, in Denmark and
United Kingdom (13;33). Both studies resulted in a slightly
lower net cost of screening, a slightly lower number of life-
years gained, and a slightly lower cost-effectiveness ratio.
The British study presented a cost per QALY gained of
2,572 € and the Danish study an ICER of 2,533 € per LYG.
Differences in the results between the three models could
be explained by the values of some epidemiological param-
eters. However, there were only minor differences between
the three studies concerning the incidence rates of colorec-
tal cancer (32), the proportion of positive tests, the positive
predictive value of the test, its specificity (14;17), and its es-
timated sensitivity (12;15;23). Acceptability rates were only
slightly higher in the Danish study than in the British and
French studies. One explanation of the difference in results
between the three models may lie in the lower estimated
value of mean sojourn time in the Danish model (2.1 years)
and the British model (2 years) than in ours. This result
was expected because it is well-known that colorectal can-
cers are often diagnosed at a later stage in Denmark and
United Kingdom than in France, owing to a longer delay
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between the appearance of symptoms and the treatment. A
shorter sojourn time contributes to a higher proportion of can-
cers assumed to develop in symptomatic cancers in less than
2 years in the first two models and, thus, to a higher number
of interval cancers. It also contributes to the lower estimated
number of LYG in the Danish and British studies compared
with ours. Differences between the cost-effectiveness results
could mainly be explained by the values of economic pa-
rameters. The fecal occult blood test, the colonoscopy, and
the treatment costs were clearly higher in Burgundy than in
Denmark and United Kingdom. The fecal occult blood test
cost was 1.20 € in Denmark, 1.67 € in United Kingdom, and
3.20 € in our study. The cost of the diagnostic colonoscopy
was, respectively, 135 €, 167 €, and 526 €. The results of our
sensitivity analyses showed the importance of both the cost
of the fecal occult blood test and of colonoscopy. The col-
orectal cancer treatment cost by stage was also lower in the
British study than in ours. When we introduced the British
costs of fecal occult blood test, colonoscopy, and colorec-
tal cancer treatment into our model, an ICER of 2,462 € per
LYG was obtained over a 20-year period using a 3 percent
discount rate. This result is quite similar to the 2,572 € per
QALY estimated by the British model. Conversely, varia-
tions in the treatment cost by stage have no impact on the
cost-effectiveness ratio. One explanation could lie in the dis-
tribution of colorectal cancer stages among the screening and
control groups. The incidence of stages 2 and 3 was similar
in both groups. But the incidence of stage 4 was lower in the
screening group than in the control group, and the proportion
of stage 1 was higher in the screening group than in the con-
trol group. Because the range of variations in treatment costs
was similar in stage 1 and stage 4, the impact of such varia-
tions on the net cost of the screening campaign was canceled,
thus explaining the absence of impact on the ICER.

Other cost-effectiveness analyses have been reported
(6;9;16;21;26;29;30). The main weakness of these studies
is that they are based on epidemiological and economic as-
sumptions provided by a variety of sources. Generally, the
cost per LYG was higher in the United States than in Europe,
suggesting that the underlying cost of health care can play a
major role.

Several sensitivity analyses were performed in this work.
These analyses clearly showed the importance of a high ac-
ceptability rate of the test, which improved effectiveness be-
cause of better detection of early stage cancer and resulted in
a decrease in the cost-effectiveness ratio. They also empha-
sized the impact on the ICER of the diagnostic performances
of the fecal occult blood test, especially its specificity. A de-
crease in specificity induced very high costs of investigation
of true- and false-positive findings, leading to an increase in
the ICER. Given the size of the population targeted by a mass
screening program, this cost-effectiveness analysis confirms
that it is essential that screening test specificity be as high as
possible to avoid unnecessary colonoscopies. We also studied
the influence of starting age on cost-effectiveness results. At

present, the implementation of a biennial fecal occult blood
test is recommended in Europe in asymptomatic individu-
als 50 to 74 years of age (1). Our results showed that the
55–74 age group presented the best cost-effectiveness ratio.
However, starting at 50 would improve the effectiveness of
screening by preventing more cancer deaths. It would result
also in a higher number of LYG. This result was expected
because the decrease in the number of LYG with age system-
atically favors the youngest age groups. Another important
debate is the end age at screening, which was rarely tack-
led in previous publications. In the sensitivity analysis, we
considered two scenarios of variations in end age depending
on whether the starting age was 50 or 55. The lowest cost-
effectiveness ratio was observed in the 55–64 age group.
However, the number of LYG was much lower in this group
than in groups including older individuals, especially the
50–74 age group. The contrasted results regarding the effec-
tiveness and cost-effectiveness of screening show that it may
be difficult to define a screening policy that is acceptable
from both economic and public health points of view.

In conclusion, our results are consistent with previous
published studies in showing that biennial fecal occult blood
testing for colorectal cancer could be recommended in a
50- to 74-year-old population. The time has come to im-
plement well-organized population-based fecal occult blood
screening. Our simulation model seems to be a reliable tool
for evaluating the cost-effectiveness of a colorectal cancer
screening program. Other analyses aimed at simulating other
screening strategies for colorectal cancer in the general popu-
lation are now made possible using our mathematical model.
Especially, the modeling of mass screening using other fe-
cal occult blood tests, endoscopic procedures such as flexible
sigmoidoscopy, colonoscopy or virtual colonoscopy, or DNA
testing in stools could represent an interesting perspective to
this work.

POLICY IMPLICATIONS

Colorectal cancer represents an important public health prob-
lem by its frequency and its severity. There is unequivocal
evidence that repeated fecal occult blood tests with unrehy-
drated Hemoccult-II reduces colorectal cancer mortality in
asymptomatic subjects over 50. However, evidence of mor-
tality reduction is not sufficient to justify the implementation
of a mass screening program. It must prove its efficiency in
relation to other alternatives. In the French health system,
biennial screening for colorectal cancer with fecal occult
blood test over a 20-year period corresponded to an ICER
of 3,357 € per LYG. The present results, along with those of
previous studies, were considered as sufficiently convincing
by the French health authorities to decide to start a pilot pro-
gram in France in subjects 50 to 74 years of age covering
approximately 25 percent of the population as the first phase
of a national policy.
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