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Abstract
Objectives: Four randomized controlled trials have demonstrated the efficacy of screening using a guaiac faecal occult blood
test (gFOBT) on colorectal cancer (CRC) mortality. Whether their results are transposable to the real world is unknown. This
study aimed to assess the determinants of participation in the first four rounds of the CRC screening programme using a gFOBT
implemented since 2003 in the Haut-Rhin (Alsace) part of the French national programme.
Methods: We performed a population-based open cohort study of all residents aged 50–74, around 200,000 people. They
were invited by mail to participate every other year. The gFOBT kits (Hemoccult II) were first provided by general practitioners,
and then directly mailed to persons who failed to comply.
Results: The uptake decreased significantly across all rounds, from 54.3% to 47.1% (p < 0.0001), mainly in people younger than
60. The proportion of people screened by general practitioners increased significantly from 77.0% in the first round to 84.2% in
the fourth (p < 0.01). Overall, 61.3% of the invited population participated at least once, and 14.3% had completed all the four
tests. The colonoscopy uptake was around 91%, among the highest ever reported.
Conclusions: Despite the involvement of general practitioners, the uptake and adherence to repeat testing are modest and
deteriorate with time, so that the reduction in CRC mortality in reality will be significantly lower than that in the trials. The
benefit-risk balance of the French programme is, at present, less favourable than that shown in the trials.
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Introduction
Colorectal cancer (CRC) is the second leading cause of
cancer death in Europe and the United States.1,2 Four
randomized controlled trials (RCTs) have demonstrated
the eﬃcacy of screening using a guaiac-based faecal occult
blood test (gFOBT) on CRC mortality,3–6 and many
countries have launched gFOBT-based CRC screening
programmes. The French programme started in 2002 in
a few pilot areas, and progressed into a nationwide programme by 2009.7,8 The beneﬁt of CRC screening, however, has been modest: an estimated 1.2 to 1.6 deaths were
avoided per 1000 persons invited in the three trials with
biennial non-rehydrated gFOBT, without signiﬁcant
impact on CRC incidence.4,5,9 Moreover, these trials
were conducted by highly motivated research teams.
Whether these results are transposable to the real world
is unknown. It has been demonstrated that short-term
outcomes of the ﬁrst rounds of the European trials
could be reproduced in the real world through organized
population-based programmes,8,10 but it is unknown what
will occur in the following rounds, especially with regard

to uptake. CRC screening with gFOBT has several drawbacks, including the requirement for frequent testing,
which may limit compliance and thereby eﬀectiveness.
Uptake remained roughly stable round after round in
the French and Swedish trials.6,9 Real-world data on programme adherence and performance over time of FOBT
screening are scarce, available only from the British pilot
studies,11–13 in which uptake decreased in the second
round and increased in the third.11,12 No data have yet
been published on participation in four rounds of
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FOBT-based CRC screening in a large population-based
open cohort.
The aim of this paper is to report the determinants
of participation in the four ﬁrst rounds of the organized gFOBT CRC screening programme conducted in
the Haut-Rhin, as part of the French national
programme.

Methods
We performed a population-based open cohort study of
the determinants of participation in the ﬁrst four rounds
of the biennial gFOBT CRC screening programme implemented since 2003 in the Haut-Rhin, an administrative
area situated in Alsace, eastern France, with a population
of around 750,000. Together, the four rounds lasted eight
years, starting between September 2003 and September
2004, depending on the district, and ending between
September 2011 and September 2012, respectively. In
accordance with French law, this study was exempt
from ethics committee review as it was an evaluation of
an existing programme.

Screening programme organization
The programme has been previously described in detail.8
Participants were residents of Haut-Rhin, aged 50–74,
beneﬁciaries of the French statutory health insurance
schemes, that is, approximately 99.6% of the age-range
population. They were identiﬁed using health insurance
schemes database ﬁles (updated twice a year), and invited
by mail every other year to participate. A ﬁrst letter
invited them to visit their general practitioner (GP) for
CRC screening. Three additional letters were mailed to
all those who had not complied. The second mailed reminder letter included the gFOBT kit. People with serious

illness, those who had undergone recent CRC screening
or had high CRC risk (symptoms, personal or family history of colorectal neoplasia, inﬂammatory bowel disease)
were excluded. The exclusions were identiﬁed by the GPs,
the gastroenterologists, or the invited individuals themselves. Depending on the reason, the duration of exclusion
was two or ﬁve years, or indeﬁnite. The gFOBT
(Hemoccult II, Beckman Coulter, Brea, CA, USA) was
used without dietary restriction and processed without
rehydration. Faecal material was assessed from two samples from each of three consecutive stools. The test was
deﬁned as positive if at least one window was positive.
People with a positive gFOBT were referred for colonoscopy. The test result was deﬁned as inadequate in case of
inadequate sample, identiﬁcation problems, or excessive
delay (>14 days) before analysis. People with an inadequate result were requested to complete another test.

Colonoscopies
Colonoscopies were performed by certiﬁed community
endoscopists practicing in the area. As usual in France,
all colonoscopies were performed by gastroenterologists
and most (95%) participants were under sedation or general anaesthesia provided by an anaesthetist.

Main outcome measures
The main outcome measures are presented in Table 1,
together with their deﬁnitions and the method of
calculation.

Statistical methods
All crude rates were calculated with a 95% conﬁdence
interval (CI). Diﬀerences in uptake according to round,

Table 1. Main outcome measures and indicators, their definitions and calculation methods.
Screening measure

Definition used in the study

Whole population
Exclusions

Total number of residents aged 50–74 beneficiaries of one of the statutory health insurance schemes
Total number of people excluded from gFOBT screening (serious illness, recent CRC screening or high
CRC risk)
Total number of people eligible for gFOBT screening (whole population minus exclusions)
Total number of people having returned a gFOBT within two years after first invitation, irrespective of
result
Total number of people with an adequate gFOBT result within two years after first invitation, either
positive or negative (inadequate result in case of inadequate sample, identification problem or excessive
delay before analysis)

Eligible population
People tested
People screened

Indicator

Calculation

Uptake
Positivity rate
Colonoscopy uptake

Number of people screened / eligible population
Number of people with positive gFOBT result / number of people tested
Number of people attending colonoscopy within two years after positive gFOBT / Number of people with
positive gFOBT result

CRC: colorectal cancer; gFOBT: guaiac faecal occult blood test.
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age, and sex were tested by Chi2 tests. A two-tailed
p < 0.05 was considered statistically signiﬁcant.

Results
Uptake
The whole population increased by more than 3%
between each round, and the 55–64 age group by more
than 8%. The rate of exclusion from gFOBT screening
increased signiﬁcantly across all rounds, from 11.8% in
the ﬁrst to 16.4% in the fourth round (p < 0.0001)
(Table 2). It was similar in men and women, but increased
with age (from 11.4% in age group 50–54 to 21.6% in age
group 70–74 in the fourth round). The main reasons for
exclusion were recent CRC screening (8.0% in round one,
9.9% in round four), high CRC risk (from 3.3% to 5.9%)
and serious illness (0.5% in all rounds). The uptake
decreased signiﬁcantly across all rounds, from 54.3% to
47.1% (p < 0.0001) (Table 2). The decrease was similar in
men and women and inversely correlated with age, being

maximal in age group 50–54 (Table 3). Around 20% of
people who had participated in any previous round did
not participate in the next round (Table 3). Overall, after
four rounds, 242,271 persons had been invited and
148,473 (61.3%) had been screened at least once. Of
these, 34,556 (14.3%) had completed four tests, 26,668
(11.0%) three tests, 37,190 (15.3%) two tests, and 50,059
(20.7%) one test. The uptake was signiﬁcantly higher in
women than in men and in people aged 60–74 than in
those aged 50–59 (p < 0.0001) (Table 3).

GP involvement
Depending on the round, 636 to 662 GPs (98.5 to 99.2%
of all GPs) participated, each providing a median of 97 to
104 gFOBTs by round (range 1 to 525). The proportion of
people screened by GPs increased signiﬁcantly from
77.0% in the ﬁrst round to 84.2% in the fourth
(p < 0.01), while that of people screened by direct mailing
of a gFOBT kit decreased signiﬁcantly from 15.6% in the
ﬁrst round to 12.1% in the fourth (p < 0.01). A minority

Table 2. Population, exclusions and uptake by round.

Whole population n
Exclusions
Number
Rate % (95% CI)
Eligible population n
Uptake
Number
Rate % (95% CI)

First round

Second round

Third round

Fourth round

189,070

195,317

202,272

208,730

22,301
11.8 (11.6 – 11.9)
166,769

29,376
15.0 (14.9 – 15.2)
165,941

32,029
15.8 (15.7 – 16.0)
170,243

34,162
16.4 (16.2 – 16.5)
174,568

90,594
54.3 (54.1 – 54.5)

86,686
52.2 (52.0 – 52.5)

86,212
50.6 (50.4 – 50.9)

82,170
47.1 (46.9 – 47.3)

CI: Confidence Interval.

Table 3. Uptake by round according to sex, age and screening history.

Sex
Men
Women
Age (years)
50–54
55–59
60–64
65–69
70–74
Screening history
Response to first invitation (prevalence screening)
Responders in any previous round
Non-responders in all previous rounds

First round % (n)

Second round % (n)

Third round % (n)

Fourth round % (n)

51.3 (82,442)
57.3 (84,327)

49.1 (81,579)
55.3 (84,362)

47.7 (83,749)
53.5 (86,494)

44.5 (85,815)
49.5 (88,753)

48.6
53.3
58.7
60.9
54.5

43.4
50.5
57.9
61.6
55.8

39.1
49.1
57.1
60.5
57.5

36.6
44.3
52.7
57.0
54.6

(46,762)
(38,799)
(28,824)
(26,291)
(26,093)

54.3 (166,769)
–
–

(46,203)
(42,008)
(28,439)
(25,045)
(24,246)

47.8 (34,190)
81.8 (74,786)
16.1 (56,965)

NOTE: Values given as percentages and the denominator (n) from which they are derived.

(46,936)
(43,813)
(31,726)
(24,953)
(22,815)

33.2 (33,304)
82.5 (83,385)
11.8 (53,554)

(47,291)
(43,986)
(36,553)
(24,379)
(22,359)

29.4 (34,427)
78.3 (85,844)
9.0 (54,297)
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Table 4. Positivity rate by round according to sex, age and screening history.

Total
Sex
Men
Women
Age (years)
50–54
55–59
60–64
65–69
70–74
Screening history
First invitation
Responders in any previous round
Non-responders in all previous rounds

First round % (n)

Second round % (n)

Third round % (n)

Fourth round % (n)

3.4 (90,594)

2.5 (86,686)

2.7 (86,212)

2.0 (82,170)

4.0 (42,277)
2.9 (48,317)

2.9 (40,032)
2.2 (46,654)

3.1 (39,924)
2.3 (46,288)

2.4 (38,199)
1.6 (43,971)

2.5
3.1
3.6
4.1
4.4

2.0
2.3
2.8
2.8
3.0

2.2
2.4
2.7
3.0
3.4

1.7
1.7
2.2
2.3
2.3

(22,744)
(20,681)
(16,912)
(16,024)
(14,233)

3.4 (90,594)
–
–

(20,040)
(21,220)
(16,469)
(15,428)
(13,529)

2.3 (16,345)
2.5 (61,187)
3.3 (9,154)

(18,363)
(21,518)
(18,122)
(15,101)
(13,108)

2.4 (11,061)
2.7 (68,821)
3.3 (6,330)

(17,324)
(19,471)
(19,262)
(13,894)
(12,219)

2.0 (10,128)
2.0 (67,181)
2.7 (4,861)

NOTE: Values given as percentages and the denominator (n) from which they are derived.

had their gFOBT provided during a health check up or by
occupational medicine physicians. The uptake by source
providing the gFOBT was not diﬀerent between men and
women, but varied with age. The proportion of people
screened by GPs increased with increasing age (from
78.0% in age group 50–54 to 89.6% in age group 70–74
in the fourth round). The proportion of uptake following
the ﬁrst two invitation letters increased from 77.9% to
85.8% between the ﬁrst and fourth rounds. Depending
on the round, the gFOBT kit was directly mailed to a
little more than the half of the eligible population (85,000–95,000 persons) and the rate of tests that
were actually completed decreased signiﬁcantly from
15.5% to 7.6% from the ﬁrst to the fourth round
(p < 0.001).

(92.2% vs 87.9%, p < 0.0001). After four rounds, 8,417
(5.7%) persons had a colonoscopy.

gFOBT results

Comparison with other studies

The positivity rate was 3.4% in the ﬁrst round, signiﬁcantly higher than in the following rounds (2.5%, 2.7%,
and 2.0% respectively) (p < 0.0001) (Table 4). In each
round, the positivity rate was signiﬁcantly higher in men
than in women and increased with age. After four rounds,
9,194 (6.2%) persons had a positive gFOBT. The proportion of inadequate results increased signiﬁcantly from
3.2% in the ﬁrst round to 7.0% in the fourth round
(p < 0.00001), mainly for administrative reasons. Of
these, around 75% were repeated.

The comparison of the results of real-world screening programmes with those of RCTs is compromised by the fact
that the ﬁrst involve open cohorts, whereas the latter have
closed cohorts. Uptake in this programme was 54.3% in
the ﬁrst round, at the lower end of rates achieved by the
European trials (52.8%–67.2%).4–6,9 It was intermediate
when compared with those of other European programmes (17%–71%).11,12,14–17 Uptake decreased over
time to 47.1% in the fourth round. A decrease was also
observed in the second round in 13 out of 18 French pilot
areas,18 and the whole national uptake decreased slightly,
year after year, from 34.3% in 2008–2009 to 31.0% in
2012–2013.19 The British pilot studies also observed a
decrease in uptake in the second round, but an increase
in the third round.11,12 By contrast, an increase was
observed in the second rounds of Finnish and Spanish
pilot programmes, and in the second and third rounds
of the Swedish programme.14,15,17 Little is known about
adherence to repeat testing, which is a critical component

Colonoscopy
The uptake of colonoscopy did not diﬀer between rounds:
89.1%, 91.5%, 90.8%, 90.8% respectively (at six months,
it was 80.7%, 84.8%, 84.4%, and 84.4%, respectively).
Uptake did not diﬀer by sex and age. It was signiﬁcantly
higher in those who had received their gFOBT from GPs
than in those who received the kit by direct mailing

Discussion
Main findings
The main ﬁnding of this real-world study is the signiﬁcant
decrease of uptake round after round. The decrease was
age-dependent, almost entirely attributable to people
younger than 60 who represented more than half of the
eligible population. More than 80% of the uptake was
obtained by GPs, but their involvement varied greatly.
Some GPs had almost all their eligible patients screened,
whereas others had almost none.
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of FOBT-based screening programmes. Adherence to
yearly repeated FOBT is low.20 Adherence to rescreening
is higher with longer intervals between tests.3,21 Overall,
after four rounds, 61.3% of our invited population participated at least once. This rate is at the lower end of rates
achieved by the European trials (59.6%-70.0%).5,6,9 It was
64.8% after three rounds in the Scottish pilot.22
Compliance with repeated testing was 14.3% in our programme, much lower than the rates observed in the
European trials (38.1%–47.2%),4–6,9 and in the three
ﬁrst rounds of the Scottish pilot (39.2%).22
Uptake following direct mailing of FOBT kits is insufﬁcient in France, estimated at between 26 and 34%, much
lower than that observed in more northern European
countries.11,12,15,17,23 In contrast with most programmes,
GP involvement is the cornerstone of the French programme. The GP role is pivotal, not only to increase participation in gFOBT screening, but also to assess CRC
risk, recommend and explain the most appropriate screening test, and ensure adherence with repeat testing for
people who have negative gFOBT results, and colonoscopies for those with positive results. Thanks to the strong
involvement of most GPs in the Haut-Rhin, our uptake is
among the highest achieved in France, estimated at 46.9%
in 2012–2013, varying from 7.3% to 50.1% depending on
regions.19 Overall, the involvement of GPs is highly variable, so that the national uptake remains insuﬃcient in
France, estimated at 31.0% in 2012–2013.19 This modest
uptake might be partly explained by cultural reasons, as
there seems to be a north-south gradient in Europe and in
France, participation in gFOBT CRC screening programmes being lowest in southern regions.11,12,14–17,19
This uptake will probably limit the reduction in CRC
mortality to only 8% in our country, markedly lower
than the 15% obtained in the RCTs.24,25 It could be
even less when considering that the Scottish pilot reported
a 10% reduction despite a 60.6% participation rate.13
Our positivity rates (from 3.4 to 2.0%) were higher
than the British rates (2.1 to 1.2%).11,12 This is probably
the consequence of the diﬀerence in positivity criteria
between programmes and because CRC incidence in the
Haut-Rhin is one of the highest in Europe.26
Because of GP involvement, our colonoscopy uptake
was very high (around 91%), among the highest
ever reported in RCTs and real-world programmes.3–6,9,11,12,14–17 GPs were regularly able to persuade patients who had initially refused to undergo
colonoscopy.

Strengths and limitations of the study
The real-world population-based setting is the main
strength of our study. Other strengths include its large
scale and long duration. Moreover, we speciﬁed the definitions and calculation methods of all our outcome measures to enable comparison between programmes. Like
others, we excluded people with an inadequate gFOBT
result from the numerator for the calculation

5
of uptake.11,12,15 Doing this, we did not follow previous
recommendations because we felt that people with an
inadequate screening result cannot be considered as participants.27,28 The rate of inadequate results can vary
greatly between screening tools and programmes, and
hamper any comparison of the rates of people actually
screened.
The main limitation of our study is that the lowsensitivity gFOBTs we used are now considered obsolete
by many experts, and no longer recommended by many
guidelines.29–31 However, gFOBTs are less expensive and
sensitive than faecal immunochemical tests (FITs), and
are still used in many countries as they remain well
adapted to environments with low resources and/or colonoscopy capacity. Moreover, as the screening process is
the same, our data on longitudinal adherence to gFOBT
screening and its determinants can be extrapolated to any
FOBT-based programme, including FIT. Another limitation is that we did not report the results of short-term
outcomes other than uptake, because they were similar
to those of other gFOBT programmes and RCTs.

Future research
Future research should be directed at enhancing uptake
and adherence to repeat testing, especially in people
younger than 60. The deterioration of uptake with time
was observed despite several interventions directed at raising the awareness of the target population and the GPs,
including annual awareness campaigns during March, education and training of GPs, ﬁnancial rewards for GPs, triennial mail sent to the GPs with a feedback on their
patients who were overdue for gFOBT screening. GP
involvement and recommendation are strong predictors
of patient participation in CRC screening.23,32,33 The reason(s) why some GPs had only a minority of their patients
screened also deserves further investigation. A possible
explanation is that some GPs promote CRC screening
with colonoscopy, owing to the low sensitivity of gFOBT
screening. Another explanation might be that the French
health care system is organized such that gastroenterologists might have a ﬁnancial interest to promote CRC
screening with colonoscopy, rather than with gFOBT.
Additional research is needed to identify eﬀective interventions that enhance GP involvement, such as reminder systems, practice visits, audit and feedback, or pay-forperformance initiatives. Several client-directed interventions that proved to be eﬃcient in other settings, such as
patient navigator, phone counselling, or involvement of
pharmacists, are currently under evaluation in France.
The replacement of gFOBT by a quantitative FIT
should help increase uptake.31,34 However, FIT is evolution, not revolution. In other words, an FIT remains an
FOBT, and whether the use of an FIT will stop the continuous decline in uptake observed in our country is not
established. We lack data about the long-term use of FITs
in large population-based real-world programmes. A
small Dutch pilot found a signiﬁcant decrease in
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participation in the second round,35 whereas a larger
population-based Italian programme found an increase.36
Compliance with repeated testing was estimated at 38.3%
in an Italian pilot involving a small closed cohort and
using an FIT performed on a single sample.37 Whether
FIT screening with longer intervals (eg. Triennial) could
help to increase uptake without loss of eﬀectiveness
deserves further investigation.21
Considering the low uptake rate (12 to 16%) related to
direct mailing of gFOBT kits in our programme, and the
higher cost of FIT over gFOBT, further research is needed
to assess the cost-eﬀectiveness of this type of invitation in
our country.38 The cost savings could be allocated to
increase GP involvement, which might have a greater
impact on compliance.

Conclusions
The uptake and adherence to repeat testing in this programme are modest, at the lower end of rates achieved by
the European trials, and they deteriorate signiﬁcantly with
time, mainly in people younger than 60. As our uptake
appears to be among the best achieved in France, the
reduction in CRC mortality will be markedly lower in
our country than that reported in RCTs. The present
results, together with those of our previous study demonstrating that the harms of colonoscopy were underestimated in all RCTs and are greater in our real-world
programme, suggest that the beneﬁt-risk balance of the
French programme is currently less favourable than that
stated in RCTs.39 Our ﬁndings, together with those from
the Scottish pilot, indicate that the beneﬁt-risk balance
demonstrated in research is not reproduced in practice.13
A substantial eﬀort is needed to enhance uptake and
adherence to repeat testing. The replacement of the
gFOBT by a quantitative FIT, which is scheduled for
the beginning of 2015 at the very earliest in France, will
help to increase uptake, but will not be the universal
answer to all these concerns.
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Lejeune C, Arveux P, Dancourt V, Béjean S, BonithonKopp C, Faivre J. Cost-effectiveness analysis of fecal
occult blood screening for colorectal cancer. Int J Technol
Assess Health Care 2004;20:434–9.
Hewitson P, Glasziou P, Watson E, Towler B, Irwig L.
Cochrane systematic review of colorectal cancer screening
using the fecal occult blood test (hemoccult): an update.
Am J Gastroenterol 2008;103:1541–9.
Haut-Rhin Cancer Registry [http://www.arer68.org].
Benson VS, Atkin WS, Green J, et al. Toward standardizing
and reporting colorectal cancer screening indicators on an
international level: The International Colorectal Cancer
Screening Network. Int J Cancer 2012;130:2961–73.
Bulliard JL, Garcia M, Blom J, Senore C, Mai V, Klabunde
C. Sorting out measures and definitions of screening participation to improve comparability: the example of colorectal
cancer. Eur J Cancer 2014;50:434–46.
Levin B, Lieberman DA, McFarland B, et al. Screening and
surveillance for the early detection of colorectal cancer and

7

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

adenomatous polyps, 2008: a joint guideline from the
American Cancer Society, the US Multi-Society Task
Force on Colorectal Cancer, and the American College of
Radiology. Gastroenterology 2008;134:1570–95.
U.S. Preventive Services Task Force. Screening for colorectal cancer: U.S. Preventive Services Task Force recommendation statement. Ann Intern Med 2008;149:627–37.
Halloran SP, Launoy G, Zappa M; International Agency for
Research on Cancer. European guidelines for quality assurance in colorectal cancer screening and diagnosis. First
Edition-Faecal
occult
blood
testing.
Endoscopy
2012;44Suppl 3:SE65–87.
Federici A, Giorgi Rossi P, Bartolozzi F, Farchi S, Borgia P,
Guastcchi G. The role of GPs in increasing compliance to
colorectal cancer screening: a randomised controlled trial
(Italy). Cancer Causes Control 2006;17:45–52.
Senore C, Armaroli P, Silvani M, et al. Comparing different
strategies for colorectal cancer screening in Italy: predictors
of
patients’
participation.
Am
J
Gastroenterol
2010;105:188–98.
Vart G, Banzi R, Minozzi S. Comparing participation rates
between immunochemical and guaiac faecal occult blood
tests: a systematic review and meta-analysis. Prev Med
2012;55:87–92.
Denters MJ, Deutekom M, Bossuyt PM, van Rijn AF,
Fockens P, Dekker E. Involvement of previous non-participants cannot fully compensate for lower participation in a
second round of FIT-screening. Cancer Epidemiol
2013;37:330–5.
Parente F, Boemo C, Ardizzoia A, et al. Outcomes and cost
evaluation of the first two rounds of a colorectal cancer
screening program based on immunochemical fecal occult
blood test in northern Italy. Endoscopy 2013;45:27–34.
Crotta S, Segnan N, Paganin S, Dagnes B, Rosset R, Senore
C. High rate of advanced adenoma detection in 4 rounds of
colorectal cancer screening with the fecal immunochemical
test. Clin Gastroenterol Hepatol 2012;10:633–8.
Tifratene K, Eisinger F, Rinaldi Y, Didelot R, Seitz JF.
Colorectal cancer screening program: cost effectiveness of
systematic recall letters. Gastroenterol Clin Biol
2007;31:929–33.
Denis B, Gendre I, Sauleau EA, Lacroute J, Perrin P. Harms
of colonoscopy in a colorectal cancer screening programme
with faecal occult blood test: a population-based cohort
study. Dig Liv Dis 2013;45:474–80.

