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Background
!

According to the most recent estimates by the In-
ternational Agency for Research on Cancer [33]
colorectal cancer (CRC) is the most common can-
cer in Europe with 432000 new cases in men and
women reported annually. It is the second most
common cause of cancer deaths in Europe with
212000 deaths reported in 2008. Worldwide CRC
ranks third in incidence and fourth in mortality
with an estimated 1.2 million cases and 0.6 mil-
lion deaths annually. The European Union (EU)
recommends population-based screening for
breast, cervical and colorectal cancer using evi-
dence-based tests with quality assurance of the
entire screening process including diagnosis and
management of patients with screen-detected le-
sions [21]. The EU policy takes into account the
principles of cancer screening developed by the
World Health Organization [137] and the exten-
sive experience in the EU in piloting and imple-
menting population-based cancer screening pro-
grammes [131]. Screening is an important tool in
cancer control in countries with a significant bur-
den of CRC, provided the screening services are
high quality [132]. The presently reported multi-
disciplinary, evidence-based guidelines for quali-

ty assurance in colorectal cancer screening and
diagnosis have been developed by experts and
published by the EU [109].

Methods
!

The methods used are described in detail else-
where in this supplement [74]. Briefly a multidis-
ciplinary group of authors and editors experi-
enced in programme implementation and quality
assurance in colorectal cancer screening and in
guideline development collaborated with a litera-
ture group consisting of epidemiologists with
special expertise in the field of CRC and in per-
forming systematic literature reviews. The litera-
ture group systematically retrieved, evaluated
and synthesized relevant publications according
to defined clinical questions (modified Patient-
Intervention-Comparison-Outcome-Study meth-
od). Bibliographic searches for most clinical ques-
tions were limited to the years 2000 to 2008 and
were performed on Medline, and in many cases
also on Embase and The Cochrane Library. Addi-
tional searches were conducted without date re-
strictions or starting before 2000 if the authors
or editors who were experts in the field knew
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Multidisciplinary, evidence-based guidelines for
quality assurance in colorectal cancer screening
and diagnosis have been developed by experts in
a project coordinated by the International Agency
for Research on Cancer. The full guideline docu-
ment covers the entire process of population-
based screening. It consists of 10 chapters and
over 250 recommendations, graded according to
the strength of the recommendation and the sup-
porting evidence. The 450-page guidelines and
the extensive evidence base have been published
by the European Commission. The first chapter
deals with the evidence for the effectiveness of
CRC screening; key operational parameters such

as age-range, interval between two negative
screening examinations, and some combinations
of tests; and cost-effectiveness. The content of
the chapter is presented here to promote interna-
tional discussion and collaboration by making the
principles and standards recommended in the
new EU Guidelines known to a wider professional
and scientific community. Following these re-
commendations has the potential to enhance the
control of colorectal cancer through improvement
in the quality and effectiveness of the screening
process, including multi-disciplinary diagnosis
and management of the disease.



that there were relevant articles published before 2000. Articles
of adequate quality recommended by authors because of their
clinical relevance were also included.
Only scientific publications in English, Italian, French and Span-
ish were included. Priority was given to recently published, sys-
tematic reviews or clinical guidelines. If systematic reviews of
high methodological quality were retrieved, the search for pri-
mary studies was limited to those published after the last search
date of the most recently published systematic review, i.e. if the
systematic review had searched primary studies until February
2006, primary studies published after February 2006 were
sought. If no systematic reviews were found, a search for primary
studies published since 2000 was performed.
In selected cases references not identified by the above process
were included in the evidence base, i.e. when authors of the
chapters found relevant articles published after 2008 during the
period when chapter manuscripts were drafted and revised prior
to publication. The criteria for relevance were: articles concern-
ing newand emerging technologieswhere the research grows ra-
pidly, high-quality and updated systematic reviews, and large
trials giving high contribution to the robustness of the results or
allowing upgrading of the level of evidence.
The methodological quality of the retrieved publications was as-
sessed using the criteria obtained from published and validated
check lists. Evidence tables were prepared for the selected stud-
ies. The evidence tables, clinical questions and bibliographic lit-
erature searches are documented elsewhere [73].
In the full guidelines document [109] over 250 recommendations
were formulated according to the level of the evidence and the
strength of the recommendation using the following grading
scales.

Level of evidence:
I multiple randomised controlled trials (RCTs)

of reasonable sample size, or systematic
reviews (SRs) of RCTs

II one RCT of reasonable sample size, or 3 or less
RCTs with small sample size

III prospective or retrospective cohort studies or
SRs of cohort studies; diagnostic cross
sectional accuracy studies

IV retrospective case-control studies or SRs of
case-control studies, time-series analyses

V case series; before/after studies without
control group, cross sectional surveys

VI expert opinion

Strength of recommendation:
A intervention strongly recommended for all

patients or targeted individuals
B intervention recommended
C intervention to be considered but with

uncertainty about its impact
D intervention not recommended
E intervention strongly not recommended
Some statements of advisory character considered to be good
practice but not sufficiently important to warrant formal grading
were included in the text.

Results
!

Several guiding principles and 17 graded recommendations are
provided in Chapter 1.

Guiding principles
1. The aim of screening as a tool for cancer control is to lower

the burden of cancer in the population by discovering latent
disease in its early stages and treating it more effectively than
if diagnosed later when symptoms have appeared.

2. As such, screening is a commendable method to reduce the
burden of disease. However, population screening targets a
predominantly healthy population, and should therefore only
be conducted after a careful consideration of both harms and
benefits.

3. In 1968 the World Health Organisation (WHO) defined the
first set of principles for population screening [137]. These
principles are still valid today. Together with the substantial
experience in implementation of population-based screening
programmes in the EU, they have been taken into account in
the Council Recommendation on Cancer Screening of 2 De-
cember 2003 [21].

4. The Council Recommendation spells out fundamental princi-
ples of best practice in early detection of cancer and invites
EU Member States to take common action to implement can-
cer screening programmes with an organised, population-
based approach and with appropriate quality assurance at all
levels, taking into account European quality assurance guide-
lines for cancer screening, where they exist.

5. The Council Recommendation calls for introduction of new
cancer screening tests in routine healthcare only after they
have been evaluated for efficacy in randomised controlled
trials (RCTs) and after other relevant aspects such as cost-
effectiveness in the different healthcare systems have been
taken into account. Only the FOBT for men and women aged
50–74 years has been recommended for CRC screening by
the EU to date.

6. Any screening policy for colorectal cancer should also take
into account the available evidence and the numerous other
principles and standards of best practice laid down in the
Council Recommendation.

7. The overwhelming majority of colorectal cancer screening
examinations performed in the EU use the primary screening
test recommended by the Council of the European Union; the
Faecal Occult Blood Test (FOBT). The purpose of the European
Guidelines for Quality Assurance in Colorectal Cancer
Screening is not to provide recommendations on which other
modalities might now be suitable for CRC screening in the EU.
Instead, the new European Guidelines provide guiding prin-
ciples and evidence-based recommendations on the quality
assurancewhich should be followedwhen implementing CRC
screening using the various modalities currently adopted in
publically mandated programmes in the EU Member States.
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Recommendations and conclusions1

Guaiac FOBT
1.1 There is good evidence that invitation to screening with

FOBTusing the guaiac test reduces mortality from colorec-
tal cancer (CRC) by approximately 15% in average-risk
populations of appropriate age (I).Sect 1.2.1.1

1.2 RCTs have only investigated annual and biennial screening
with guaiac FOBT (gFOBT) (II). To ensure effectiveness of
gFOBT screening, the screening interval in a national
screening programme should not exceed two years (II–B).
Sect 1.2.1.2

1.3 Circumstantial evidence suggests that mortality reduction
from gFOBT is similar in different age ranges between 45
and 80 years (IV). The age range for a national screening
programme should at least include 60 to 64 years in which
CRC incidence and mortality are high and life-expectancy
is still considerable. From there the age range could be ex-
panded to include younger and older individuals, taking
into account the balance between risk and benefit and the
available resources (VI–B).Sect 1.2.1.3

Immunochemical FOBT
1.4 There is reasonable evidence from an RCT (II) that iFOBT

screening reduces rectal cancer mortality, and from case
control studies (IV) that it reduces overall CRC mortality.
Sect 1.2.2.1 Additional evidence indicates that iFOBT is super-
ior to gFOBT with respect to detection rate and positive
predictive value for adenomas and cancer (see also Ch. 4
[41], Rec. 4.2) (III).Sect 1.2.2.1; 4.2.5; 4.3; 4.4.2

1.5 Given the lack of additional evidence, the interval for
iFOBT screening can best be set at that of gFOBT, and
should not exceed three years (VI–C).Sect 1.2.2.2

1.6 In the absence of additional evidence, the age range for a
screening programmewith iFOBT can be based on the lim-
ited evidence for the optimal age range in gFOBT trials (see
Rec. 1.3) (VI–C).Sect 1.2.2.3; 1.2.1.3

Sigmoidoscopy
1.7 There is reasonable evidence from one large RCT that flex-

ible sigmoidoscopy (FS) screening reduces CRC incidence
and mortality if performed in an organised screening pro-
gramme with careful monitoring of the quality and sys-
tematic evaluation of the outcomes, adverse effects and
costs (II).Sect 1.3.1.1

1.8 The available evidence suggests that the optimal interval
for FS screening should not be less than 10 years and may
even be extended to 20 years (see Rec. 1.11) (IV–C).Sect
1.3.1.2; 1.3.2.2

1.9 There is limited evidence suggesting that the best age
range for FS screening should be between 55 and 64 years
(III–C). After age 74, average-risk FS screening should be
discontinued, given the increasing co-morbidity in this
age range (V–D).Sect 1.3.1.3

Colonoscopy
1.10 Limited evidence exists on the efficacy of colonoscopy

screening in reducing CRC incidence and mortality (III).
However, recent studies suggest that colonoscopy screen-
ing might not be as effective in the right colon as in other
segments of the colorectum (IV).Sect 1.3.2.1

1.11 Limited available evidence suggests that the optimal inter-
val for colonoscopy screening should not be less than 10
years and may even extend up to 20 years (III–C).Sect 1.3.2.2

1.12 Indirect evidence suggests that the prevalence of neoplas-
tic lesions in the population below 50 years of age is too
low to justify colonoscopic screening, while in the elderly
population (75 years and above) lack of benefit could be a
major issue. The optimal age for a single colonoscopy
appears to be around 55 years (IV–C). Average risk colo-
noscopy screening should not be performed before age 50
and should be discontinued after age 74 (V–D).Sect 1.3.2.3

Combination of FOBT and sigmoidoscopy
1.13 The impact on CRC incidence and mortality of combining

sigmoidoscopy screening with annual or biennial FOBT
has not yet been evaluated in trials. There is currently no
evidence for extra benefit from adding a once-only FOBT
to sigmoidoscopy screening (II).Sect 1.4

New screening technologies under evaluation
1.14 There currently is no evidence on the effect of new screen-

ing tests under evaluation on CRC incidence and mortality
(VI). New screening technologies such as CT colonography,
stool DNA testing and capsule endoscopy should therefore
not be used for screening the average-risk population (VI–
D).Sect 1.5

Cost-effectiveness
1.15 Costs per life-year gained for both FOBT and endoscopy

screening strategies are well below the commonly-used
threshold of US$ 50000 per life-year gained (III).Sect 1.1.2.4;

1.2.2.4; 1.3.1.4; 1.3.2.4

1.16 There is some evidence that iFOBT is a cost-effective alter-
native to gFOBT (IV).Sect 1.2.2.4

1.17 Available studies differ with respect to what screening
strategies are most cost-effective. No recommendation of
one screening strategy over the others can be made based
on the available evidence of cost-effectiveness (III–D).Sect
1.2.1.4

1.1 Population perspective
!

1.1.1 Colorectal cancer in Europe
Colorectal cancer (CRC) is an important health problem in Eur-
ope. Each year approximately 432000 people are newly diag-
nosed with CRC [33]. About half of these patients die of the dis-
ease making CRC the second leading cause of cancer deaths in
Europe.
CRC mortality varies among the 27 EUMember States, with Hun-
gary having the highest mortality rates and Cyprus having the
lowest (●" Table1.1). At least part of the differences in CRC mor-
tality can be explained by differences in lifestyle, screening prac-
tices and treatment between countries [132].

1 Sect (superscript) after each recommendation in the list refers the reader to
the section/s of the Guidelines dealing with the respective recommenda-
tion.*
Rec (superscript) throughout the chapter refers to the number of the re-
commendation dealt with in the preceding text.*

* The first digit of the section numbers and recommendation numbers refers
to the respective chapter in the guidelines. For Chapters 2 to 10 see: [70,76,
41,126,121,93,120,7,9] respectively.
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1.1.2 Population screening for colorectal cancer
CRC is particularly suitable for screening. The disease is believed
to develop in a vast majority of cases from non-malignant precur-
sor lesions called adenomas, according to the adenoma-carcino-
ma sequence (●" Fig.1.1) [75,79]. Adenomas can occur anywhere
in the colorectum after a series of mutations that cause neoplasia
of the epithelium. Adenomas are most often polypoid, but can
also be sessile or flat [48]. An adenoma grows in size and can de-
velop high-grade neoplasia. At a certain point in time, the adeno-
ma can invade the submucosa and become malignant. Initially,
this malignant cancer is not diagnosed and does not give symp-
toms yet (preclinical). It can progress from localised (stage I) to
metastasised (stage IV) cancer, until it causes symptoms and is
diagnosed. In developed countries, approximately 40–50% of
the population develop one or more adenomas in a lifetime [48],
but the majority of these adenomas will never develop into CRC.
Only 5–6% of the population actually develop CRC [54]. The aver-
age duration of the development of an adenoma to CRC is unob-
served, but is estimated to take at least 10 years [138]. This long
latent phase provides an excellent window of opportunity for
early detection of the disease.
When detected in the adenoma-phase, removal of the adenoma
can prevent the incidence of CRC [139]. But even when detected
as an early-stage cancer, prognosis is considerably better than for
late-stage cancer [18] as can be seen in●" Fig.1.2. Several screen-
ing tests for CRC are available, including guaiac and immuno-
chemical faecal occult blood tests (FOBT), sigmoidoscopy, colo-
noscopy, CT colonography (CTC), stool DNA testing and capsule
endoscopy.

1.1.3 Principles of population screening
The aim of population screening is to discover latent disease in
the population in order to detect a disease in its early stages and
enable it to be treated adequately before it poses a threat to the
individual and/or the community [137]. As such, screening is a
commendable method to reduce the burden of disease. However,
population screening targets an (apparently) healthy population,
and should therefore only be conducted after a careful considera-
tion of both harms and benefits.
In 1968, the World Health Organisation (WHO) defined the first
set of principles for population screening [137]. These were:
1. The condition sought should be an important health problem

for the individual and community.
2. There should be an accepted treatment or useful intervention

for patients with the disease.
3. Facilities for diagnosis and treatment should be available.
4. There should be a recognisable latent or early symptomatic

stage.
5. There should be a suitable screening test or examination.
6. The test should be acceptable for the population.
7. The natural history of the disease should be adequately un-

derstood.
8. There should be an agreed policy for referring for further ex-

amination and whom to treat as patients.
9. The cost should be economically balanced in relation to pos-

sible expenditure on medical care as a whole.
10. Case finding should be a continuing process and not a once

only project.
These principles were later extended and further elaborated for
the implementation of the national screening programmes in
the Netherlands [42]:

1. Treatment started at an early stage should be of more benefit
than treatment started later.

2. The time between test and result and between result and
treatment must be as short as possible.

3. The recruitment procedure should not limit people in their
freedom to participate or not in the screening programme.

4. Potential participants should receive adequate information
about pros and cons of participation.

5. Benefits and risks should also be well known to healthcare
providers.

6. Public education should promote a broad accessibility of the
programme. It should however not include a moral pressure
effect.

7. There should be quality assurance (QA) and quality control
(QC) procedures for the whole screening programme.

8. Screening programmes are concerted actions meeting orga-
nisational and managerial requirements.

The above principles have been taken into account in the current
EU policy on cancer screening which is laid down in the Council
Recommendation on Cancer Screening of 2 December 2003 [21].
They show that evaluation of efficacy is a necessary condition for
adopting population screening but not sufficient by itself. Many
other aspects such as side effects, costs and infrastructure should
also be considered. Population screening is a process that starts
with educating the population about the (screening of the) dis-
ease and ends with the follow-up and treatment of patients
with abnormal test results (see Sect. 1.1.4). Quality assurance
and control forms a crucial aspect of this process (see Chapter 2
[70]). This introductory chapter presents the evidence which

Table 1.1 Age-standardised (Europe) incidence and mortality rates for
colorectal cancer by country and gender, rate per 100 000 in 2008 (data
source: [32]).

Country/Region Females Males

Incidence Mortality Incidence Mortality

Austria 33.4 14.0 55.5 24.4

Belgium 42.3 15.5 66.3 22.7

Bulgaria 34.4 14.6 53.2 26.5

Cyprus 23.4 9.3 34.3 12.4

Czech Republic 44.3 19.1 91.2 40.3

Denmark 52.6 22.7 68.4 29.8

Estonia 32.8 16.7 47.7 29.0

Finland 29.1 11.0 41.4 16.8

France 36.4 14.0 54.8 23.0

Germany 41.5 15.4 68.5 25.0

Greece 17.1 10.1 24.7 14.6

Hungary 43.8 25.2 93.8 53.3

Ireland 42.9 15.4 66.9 27.9

Italy 43.7 14.3 68.3 23.6

Latvia 28.8 18.3 45.5 29.2

Lithuania 29.3 16.7 49.9 29.1

Luxembourg 38.1 13.2 63.8 22.1

Malta 29.9 18.0 47.9 25.8

Netherlands 25.7 15.7 49.3 29.8

Poland 34.4 16.6 61.6 30.6

Portugal 27.9 14.7 41.2 25.2

Romania 43.9 20.2 88.6 46.9

Slovakia 37.4 18.9 74.6 37.4

Slovenia 34.1 15.0 60.4 28.6

Spain 38.4 15.4 47.8 20.6

Sweden 46.2 18.5 65.1 26.0

United Kingdom 35.4 14.4 54.9 21.9
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confirms that CRC screening fulfils the above criteria established
by the WHO. The subsequent chapters provide comprehensive
recommendations and additional applicable evidence essential
to ensuring that screening programmes also fulfil the principles
of best practice and quality assurance mentioned above and elu-
cidated in the Council Recommendation on Cancer Screening
(see Sect. 1.1.4).
The European Guidelines for Quality Assurance in Colorectal Can-
cer Screening and Diagnosis have been developed to inform Euro-
pean policymakers and public health specialists, and particularly
also professionals, programme managers and any other staff in-
volved in the provision of screening services, as well as advocates,
individuals in the populations invited to attend screening, and
any other interested people, about the essential issues, guiding
principles, standards and procedures of quality assurance and
best practice that should be taken into account in running and es-
tablishing colorectal cancer screening programmes in the EU
Member States. We would like to stress that these guidelines are
specifically developed for screening the average-risk population
for CRC. High-risk individuals should be referred for high-risk
protocols if available.

1.1.4 EU policy on cancer screening
A large body of knowledge on implementation of cancer screen-
ing programmes has been acquired through the screening net-
works established by the European Union in the Europe Against
Cancer programmewhich have been consolidated under the sub-
sequent EU Health programmes in the European Cancer Net-
work. The EU networks have shown that overall screening out-
come and quality depend on the performance at each step in the
screening process. To achieve the potential benefit of cancer
screening, quality must therefore be optimal at every step in the
process, that includes information, identification and personal
invitation of the target population; performance of the screening
test; and, if necessary, diagnostic work-up of screen-detected le-
sions, treatment, surveillance and subsequent care. Screening is
performed on predominantly healthy people; comprehensive
quality assurance is also required to maintain an appropriate bal-
ance between benefit and harm in the large numbers of people
eligible to attend cancer screening programmes. Achieving and
maintaining high quality at every step in the screening process
requires an integrated, population-based approach to health ser-
vice delivery. This approach is essential in order to make screen-
ing accessible to those in the population who may benefit and in
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Fig.1.1 Schematic overview of the adenoma-carcinoma sequence.
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order to adequately monitor, evaluate and continuously improve
performance [4,5,25,84–86,130,131].
Implementation of organised programmes is recommended be-
cause they include an administrative structure responsible for
service delivery, quality assurance and evaluation. Population-
based programmes generally require a high degree of organisa-
tion in order to identify and personally invite each person in the
eligible target population. Personal invitation aims to give each
eligible person an equal chance of benefiting from screening and
to thereby reduce health inequalities. As with evidence-based
screening for breast or cervical cancer, the population-based ap-
proach to programme implementation is also recommended for
CRC screening because it provides an organisational framework
conducive to effective management and continuous improve-
ment of the screening process, such as through linkage with pop-
ulation and cancer registries for optimisation of invitation to
screening and for evaluation of screening performance and im-
pact. Nationwide implementation of population based screening
programmes makes services performing to the high standards
available to the entire population eligible to attend screening.
Large numbers of professionals undertake further specialisation
in order to meet the screening standards. Consequently, these
nationwide efforts also contribute to widespread improvement
in diagnosis and management of symptomatic disease [132].
On 2 December 2003, the Health Ministers of the European Un-
ion unanimously adopted a recommendation on cancer screen-
ing based on the developments and experience in the Europe
Against Cancer programme [21]. The Recommendation of the
Council of the European Union spells out fundamental principles
of best practice in early detection of cancer and invites EU Mem-
ber States to take common action to implement national cancer
screening programmes with an organised, population-based ap-
proach and with appropriate quality assurance at all levels, tak-
ing into account European quality assurance guidelines for cancer
screening, where they exist [131].
The adoption and subsequent implementation of the Council Re-
commendation on Cancer Screening has been repeatedly suppor-
ted by vigorous initiatives of the European Parliament documen-
ted in parliamentary resolutions [28–30]. Continued, concerted
efforts to implement the Council Recommendation including ef-
forts to continuously update the European screening quality as-
surance guidelines have also been recommended by the Council
at the conclusion of the Slovenian EU Presidency and more re-
cently [22,23]. These efforts, have also contributed to the adop-
tion of the new European Partnership for Action Against Cancer
which includes activities dedicated to improving implementation
of the Council Recommendation [20].
The Council Recommendation and the EU guidelines also empha-
sise the need for effective communication in order to reach
groups commonly found to have limited access to screening,
such as less advantaged socioeconomic groups. This, in turn,
should permit an informed decision about participation, based
on objective, balanced information about the risks and benefits
of screening [36,37,42,130,132] (see also Chapter 10 [9]).
In addition to the above-mentioned fundamental principles of
quality assurance in implementation of cancer screening pro-
grammes, the Council Recommendation and the European quali-
ty assurance guidelines deal with other essential elements such
as registration, monitoring and training. Of particular relevance
to the new European Guidelines dealing with quality assurance
in colorectal cancer screening are the recommended evidence-

based test for CRC and the recommended approach to introduc-
tion of novel screening tests.
The EU recommends implementation of new cancer screening
tests in routinehealthcare only after efficacy has been conclusive-
ly demonstrated in randomised controlled trials (RCTs) and other
relevant aspects have been taken into account such as cost-effec-
tiveness in the different healthcare systems of theMember States
(items 6(a) to (d) in Council Recommendation [21]). Potentially
promising new modifications of established screening tests may
also be considered for introduction into routine healthcare once
the effectiveness of themodification has been demonstrated, pos-
sibly using other epidemiologically validated surrogate endpoints
(item 6 (e) in Council Recommendation [21]).
Only the FOBT for men and women aged 50–74 years has been
recommended to date by the EU for CRC screening.2 Any change
in the recommended screening policy for predominantly healthy
individuals should be prepared with the utmost rigour and
should be based on an evidence base appropriate to the potential
impact of the decision; it should also take into account the nu-
merous other principles and standards of best practice laid
down in the Council Recommendation.
The overwhelming majority of colorectal cancer screening exam-
inations performed in the EU use the primary screening test re-
commended by the Council of the European Union (FOBT). The
purpose of the European Guidelines for Quality Assurance in
Colorectal Cancer Screening is not to provide recommendations
on which other modalities might now be suitable for CRC screen-
ing in the EU. Instead, the new European Guidelines provide
guiding principles and evidence-based recommendations on the
quality assurance that should be followed when implementing
CRC screening using the various modalities currently adopted in
publically mandated programmes in the Member States.

1.1.5 Implementation of colorectal cancer screening in
Europe
Because CRC risk varies across Europe, the benefit of screening
will also vary. With a high-quality screening programme and suf-
ficient participation, the percent mortality reduction is generally
expected to be similar in all countries. However, the absolute
number of CRC deaths prevented depends on the background
risk of CRC mortality. Therefore each country should prioritise
the benefit of CRC screening against the benefit of alternative
programmes. Nevertheless, the levels of CRC incidence through-
out Europe indicate that the potential benefit of CRC screening is
significant in all European countries.
By the end of 2007, several EUMember Stateswere in the process
of implementing a national population screening programme
[19,131]. Population-based programmes were being rolled out
nationwide in five countries (Finland, France, Italy, Poland and
the United Kingdom). Furthermore, seven countries had estab-
lished nationwide non-population-based programmes (Austria,
Bulgaria, Czech Republic, Germany, Greece, Latvia and the Slovak
Republic). Another five countries were planning or piloting a na-
tion-wide population-based programme (Hungary, Cyprus, Por-

2 Other evidence-based screening tests currently recommended by the
Council of the European Union: pap smear screening (cervical cytology)
for cervical cancer precursors starting not before the age of 20 and not later
than the age of 30 years in accordancewith European guidelines for quality
assurance in cervical cancer screening (Council Recommendation 1(b));
mammography screening for breast cancer in women aged 50 to 69 years
in accordancewith European guidelines for quality assurance in breast can-
cer screening and diagnosis (Council Recommendation 1(b)).
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tugal, Romania and Slovenia). Of these 17 countries, ten had
adopted only FOBT, six used both FOBT and endoscopy and one
only colonoscopy. In the meantime, 12 Member States have es-
tablished or upgraded the status of their CRC screening pro-
grammes (Czech Republic, Denmark, France, Ireland, Lithuania,
the Netherlands, Portugal, Slovak Republic, Slovenia, Spain, Swe-
den and the United Kingdom).
As mentioned above, the current EU screening policy only re-
commends faecal occult blood testing for population-based
screening [21] (see Section 1.1.4). Currently, the guaiac FOBT is
the only test for which extensive evidence of efficacy has been es-
tablished in more than one RCT [43,61,68,72].

1.2 Evidence for effectiveness of FOBT screening
!

With FOBT, stool samples are analysed for the presence of occult
blood. FOBTs are either guaiac-based (gFOBT) or immunochem-
ical tests (iFOBT). GFOBTs investigate the presence of any blood,
whereas iFOBTs are specific for human blood (for more detailed
information on test characteristics and clinical performance, see
Chapter 4 [41]).

1.2.1 Guaiac FOBT3

1.2.1.1 Evidence for efficacy
Three systematic reviews have evaluated the evidence for the ef-
ficacy of gFOBT screening [44,45,58]. The reviews all included
the RCTs of Minnesota, Nottingham and Funen which compare
gFOBT screening with no screening [43,61,71]. In addition, the
Cochrane review by Hewitson also included the then-unpub-
lished results of the Goteborg study [68], whereas the Heresbach
review also included the block-randomised trial from Burgundy
[31]. All three reviews found a significant reduction in CRC mor-
tality: the relative risk of dying from CRC in the screening arm
compared to the control arm varies from 0.84–0.86, implying a
14–16% reduction in CRC mortality. GFOBT screening was not
found to have an effect on overall mortality [45].
In a subgroup analysis, Heresbach showed that CRC mortality re-
duction was confined to the first 10 years of screening (six
rounds) and that CRC mortality was not decreased during the
5–7 years after that, nor in the second phase (8–16 years after
the onset of screening) of the Minnesota screening trial [44].
In conclusion, there is good evidence that gFOBT screening reduc-
es CRC mortality by 14%–16% in people of appropriate age invi-
ted to attend screening. The observed, modest reduction in CRC
mortality has not been shown to impact overall mortality (I).Rec 1.1

1.2.1.2 Evidence for the interval
There are no specific trials investigating the best screening inter-
val for programmes with gFOBT. One RCT conducted in the Min-
nesota area on healthy volunteers aged 50 to 80 years reported
data on annual and biennial screening [71]. After 13 years of fol-
low-up, a statistically significant 33% CRC mortality reduction
was reported in the annual screening group compared to the
control group.At that time, biennial screening resulted in a non-
significant 6% mortality reduction. Two European trials (in Eng-
land and in Denmark) subsequently showed statistically signifi-

cant 15% and 18% mortality reductions, respectively, with bien-
nial screening [43,61]. A second publication of the Minnesota
trial provided updated results through 18 years of follow-up and
reported a 21% CRCmortality reduction in the biennial screening
group, while the reduction in CRC mortality for annual screening
remained 33% [72].
In conclusion, both annual and biennial screening with gFOBT
have been shown to be effective methods for significantly reduc-
ing CRCmortality (I). The results of theMinnesota trial imply that
the benefit from annual screening appears to be greater than for
biennial screening (II). No clear recommendation regarding the
best time interval for offering screening by gFOBT can be drawn.
To ensure effectiveness, the screening interval in a national
screening programme should not exceed two years (II –B).Rec 1.2

1.2.1.3 Evidence for the age range
There are no specific trials investigating the optimal age range for
gFOBT screening. None of the RCTs investigating annual or bien-
nial screening by gFOBT reported a formal subgroup analysis re-
garding efficacy of screening in different age groups [43,61,68,
71]. Data from the Nottingham trial at 11 years of follow up
showed no difference in CRC mortality rates between subjects
older and younger than 65 years [108].
Circumstantial evidence for the age range comes from the differ-
ences in age range of the RCTs.●" Table1.2 gives an overview of
the age ranges of the four RCTs of Minnesota, Nottingham, Funen
and Goteborg and the observed mortality reductions in these
trials [45]. Goteborg investigated the narrowest age range from
age 60 to 64, whereas the other trials have included individuals
as young as 45 and as old as 80. Considering the limit of this in-
direct comparison, the table shows that CRC mortality reduction
is significant for all age ranges and that the magnitude of the re-
lative risk reduction is similar for all age ranges investigated.
In summary, the best age range for offering gFOBT screening has
not been investigated in trials. Circumstantial evidence suggests
that mortality reduction from gFOBT is similar in different age
ranges between 45 and 80 years (IV). The age range for a national
screening programme should at least include 60 to 64 years in
which CRC incidence and mortality are high and life-expectancy
is still considerable. From there the age range could be expanded
to include younger and older individuals, taking into account the
balance between risk and benefit and the available resources
(VI–B).Rec 1.3

1.2.1.4 Evidence on risks vs. benefit and cost-effectiveness
GFOBT screening is a safe screening method with no direct ad-
verse health effects. However, it is associated with false-positive
test results, leading to anxiety and unnecessary follow-up colo-
noscopies. Approximately 1% of screened individuals in the Not-
tingham and Funen trials had a positive gFOBT and no adenomas
or CRC detected at follow-up colonoscopy. In the UK pilot pro-
gramme of gFOBT screening, a similar false positivity rate was

3 gFOBT is an evidence-based screening test for CRC recommended by the
EU. The applicable item in the Council Recommendation of 2 December
2003 is 1(a) (see Sect. 1.14 and [21]).

Table 1.2 Age range and mortality reduction in the four randomised con-
trolled trials on FOBT.

Study Age range RRR CRC mortality Years of follow-up

Nottingham 45–75 13% (CI 0.78–0.97) 11 years

Funen 45–74 11% (CI 0.78–1.01) 17 years

Minnesota 50–80 21% (CI 0.62–0.97) 18 years

Goteborg 60–64 16% (CI 0.78–0.90) 15.5 years

RRR: Relative risk reduction.
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found. Because of rehydration of the gFOBT, the rate of false-po-
sitive test results was almost 9% in the Minnesota trial.
Per 10000 follow-up colonoscopies after positive tests, approxi-
mately 7 perforations and 9 major bleeds were reported in the
RCTs of Nottingham and Minnesota. In the UK pilot programme
5 perforations per 10,000 colonoscopies were reported. For unre-
hydrated gFOBT, this means that there are approximately 16 ma-
jor complications from unnecessary colonoscopies per 1 million
persons screened. For rehydrated gFOBT these values are almost
10 times as high. No colonoscopy-related deaths were reported
in any of the RCTs, or in the UK pilot programme.
In awell-organised, high-quality screening programme using un-
rehydrated gFOBT, the risks of adverse effects are limited (I).
A systematic review [89] for the United States Preventive
Services Task Force (USPSTF) compared the cost-effectiveness of
the following CRC screening strategies: FOBT; sigmoidoscopy;
the combination of FOBT and sigmoidoscopy; and colonoscopy.
The included studies found that the cost-effectiveness of CRC
screening with annual or biennial gFOBT varied from US$5691
to US$17805 per life-year gained [89]. The included studies dif-
fered with respect to what screening strategies were most cost-
effective and the review concluded that no recommendation of
one screening strategy over the others could be made based on
the available evidence (III–D).Rec 1.17

Two studies specifically investigated the cost-effectiveness of
gFOBT screening in Europe [63,136]. The first one estimated the
cost-effectiveness of biennial FOBT screening over up to five
screening rounds within the Nottingham trial [136]. The cost of
screeningwasUS$8300 (£ 5290) per cancer detected (at 2002 pri-
ces). Under conservative assumptions, the incremental cost per
life year gained as a result of screening was US$2500 (£1584). A
French cost-effectiveness analysis on a hypothetical cohort of
100000 asymptomatic individuals aged 50 to 74 years confirmed
that biennial FOBT screening for CRC was a cost-effective strategy
[63]. Incremental costs per life-year gained of screening over no
screening were US$ 4600 (€3375) and US$6400 (€4705) with a
20 and 10-year time horizon, respectively.
Costs per life-year gained with gFOBT screening are well below
the commonly used cost-effectiveness threshold of US$50000
per life-year gained (III).Rec 1.15

1.2.2 Immunochemical FOBT4

1.2.2.1 Evidence for efficacy
To date, there has been one RCT evaluating the efficacy of iFOBT
screening. In this study, 94423 individuals were offered a once-
only iFOBT screen. After 8 years, the investigators found a statis-
tically significant 32% reduction in rectal cancer mortality, but no
reduction in colonic or overall CRCmortality [144]. There are two
caveats concerning this study: Firstly, follow-up of positive iFOBT
was performed by flexible sigmoidoscopy, whichmay explain the
lack of effectiveness in the entire colon. Furthermore, randomisa-
tion was based on townships and not on individuals.
In addition, three Japanese case-control studies evaluated the ef-
ficacy of iFOBT [80,104,105]. All three studies found a significant
reduction in CRC mortality from iFOBT screening, ranging from
23% to 81%, depending on the study and years since last iFOBT.

Clinical societies have argued that it might be appropriate to im-
plement a new CRC screening test without an RCTon CRCmortal-
ity, if there is convincing evidence that the new test has: (1) at
least comparable performance (e.g. sensitivity and specificity)
in detecting cancers and adenomas; (2) is equally acceptable to
patients and (3) has comparable or lower complication rates and
costs [138]. This evidence is available for iFOBT: there have been
13 population-based screening studies comparing performance
characteristics of gFOBT and iFOBT [2,3,16,24,39,46,50,60,102,
117,128,140,142]. Although the studies used different tests and
slightly different protocols, the results of all studies consistently
showed that iFOBT has significantly higher sensitivity for ad-
vanced adenomas and cancer than the gFOBT (Hemoccult II). For
some cut-off levels for referral, iFOBTwas also more specific (see
also Ch. 4 [41], Sect. 4.2.5 and 4.3.2).
There is reasonable evidence from an RCT (II) that iFOBT screen-
ing reduces rectal cancer mortality, and from case control studies
(IV) that it reduces overall CRC mortality. There is additional evi-
dence showing that iFOBT is superior to gFOBT with respect to
detection rate and positive predictive value (III).Rec 1.4

1.2.2.2 Evidence for the interval
The three case–control studies evaluating the efficacy of iFOBT
showed that a reduction in risk of CRC deathwas only statistically
significant for those subjects screened within three years prior to
the diagnosis. No reduction in risk was observed after three
years.
This circumstantial evidence suggests that the screening interval
with iFOBT should not exceed three years (III). Due to lack of ad-
ditional evidence, the interval for iFOBT screening can best be set
at that for gFOBT, but should not exceed three years (VI–C).Rec 1.5

1.2.2.3 Evidence for the age range
No evidence is available on the best age range for iFOBT screen-
ing. Given the similarities between the tests, the age range for a
screening programme using iFOBT can best be based on the lim-
ited evidence for the optimal age range from gFOBT trials (see
Rec. 1.3, Sect. 1.2.1.3) (VI–C).Rec 1.6

1.2.2.4 Evidence on risks vs. benefit and cost-effectiveness
As with gFOBT, there are no serious adverse health effects direct-
ly attributable to iFOBT screening. Complications in an iFOBT
screening programme occur from diagnostic colonoscopies after
positive test results. Approximately 2–3% of individuals offered
iFOBT screening in the Italian SCORE 2 and 3 trials [110,112]
and in the NORCCAP trial [38] had a positive iFOBTwithout ade-
nomas or CRC detected at subsequent diagnostic colonoscopy. In
the NORCCAP study, six perforations were reported after colo-
noscopy [38]. However, all of these complications occurred in
therapeutic colonoscopies following polypectomy. There were
no perforations in purely diagnostic colonoscopies without ade-
nomas or cancer detected. In addition, there were four major
bleeds and one burnt serosa syndrome. The total complication
rate with colonoscopy was 4 per 1000 colonoscopies [38].
In awell-organised high-quality iFOBTscreening programme, the
risks of adverse effects are limited (III).
There were no studies specifically addressing the cost-effective-
ness of iFOBT, but three studies that compared the cost-effective-
ness of iFOBT to that of gFOBT [11,64,83]. Two studies concluded
that iFOBT screening was at least as effective as gFOBT screening,
but less costly [64, 83]. In the third analysis, the use of iFOBT for
20 years of biennial screening cost € 59 more than gFOBT per tar-

4 iFOBT is an evidence-based screening test for CRC that fulfils the require-
ments of the Council Recommendation of 2 December 2003.The applicable
items in the Recommendation are 1(a) in combination with 6(e) (see Sect.
1.14 and [21]).
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get individual, and led to a mean increase in individual life expec-
tancy of 0.0198 years, which corresponds to an incremental cost-
effectiveness ratio of US$4100 (€2980) per years of life saved.
In conclusion, iFOBT seems to be a cost-effective alternative to
gFOBT, either dominating gFOBT or providing incremental bene-
fit at costs per life-year gained well below the commonly used
threshold of US$50000 per life-year gained (III).Rec 1.15; 1.16

1.3 Evidence for effectiveness of endoscopy screening
!

With endoscopy screening, a flexible tube is inserted into the
anus to inspect the colorectum. With this procedure, the physi-
cian can detect abnormalities and remove them in one proce-
dure. The two main endoscopy procedures are flexible sigmoido-
scopy and colonoscopy. With sigmoidoscopy only approximately
one-half of the colorectum can be inspected, whereas colonosco-
py generally visualises the complete colorectum.

1.3.1 Sigmoidoscopy5

1.3.1.1 Evidence for efficacy
For sigmoidoscopy screening, evidence on the efficacy is avail-
able from three RCTs: the Telemark and NORCCAP studies in Nor-
way and the large UK study inwhich 57237 individuals were ran-
domised to the screening group for once-only sigmoidoscopy
alone (●" Table1.3). The UK studywas the only study to find a sig-
nificant 31% reduction in CRC mortality from sigmoidoscopy in
an intention-to-treat analysis [8]. However, the Norwegian trials
had considerably smaller sample sizes (13823 individuals in the
screening group in the NORCCAP study, and only 400 in the Tele-
mark study); the NORCCAP study also had a shorter follow-up.
Therefore these studies may have been underpowered [47,123].
In per-protocol analyses, the NORCCAP study did find a signifi-
cant reduction in CRC mortality. Both the Telemark and UK study
found a significant reduction in CRC incidence. The disturbing
finding in the very small Telemark study that sigmoidoscopy
screeningmight increase overall mortality in the screening group
was not corroborated by either the NORCCAP or UK study. The UK
trial used a two-step invitation process inwhich only people who
actively expressed their interest in being randomisedwere enrol-
led. Although CRC incidence in the trial control groupwas similar
to what is expected in the general population, the results cannot
be directly extrapolated to the general population. Future results
from 2 other large RCTs in Italy and the US will be used to assess
the findings of these trials [91,111].

In addition, three case-control studies of good methodological
quality have been published. In these studies, sigmoidoscopy
was compared with no screening [78,81,113] while adjusting
for the main confounding factors (family history of CRC, FAP,
polyposis, ulcerative colitis and number of periodic health exam-
inations). All three studies found a significant reduction in CRC
mortality and two of them also in CRC incidence. Finally, a pro-
spective cohort study including 24744 asymptomatic men aged
40–75 years at average risk of CRC, showed a significant 42% re-
duction in overall CRC incidence and 56% in distal cancer inci-
dence from screening endoscopy after 8 years of follow-up.The
study did not find a significant difference in proximal cancer in-
cidence or overall CRC mortality [57].
In conclusion, there is reasonable evidence that flexible sigmoi-
doscopy screening reduces CRC incidence and mortality, if per-
formed in an organised screening programme with careful mon-
itoring of the quality and systematic evaluation of the outcomes,
adverse effects and costs (II).Rec 1.7

1.3.1.2 Evidence for the interval
There are no studies directly assessing the optimal interval for
sigmoidoscopy screening. Two studies have evaluated the detec-
tion rate of adenomas and cancer three and five years, respec-
tively, after a negative sigmoidoscopy [90,106]. Both studies
found a significantly lower detection rate at the second screening
than at initial screening. The rates were 65–75% lower three
years after a negative examination, [106] and 50% lower 5 years
after a negative examination [90]. Nevertheless, the authors of
the two studies arrived at different conclusions: Platell suggested
that rescreening the average-risk population with flexible sig-
moidoscopy at intervals longer than 5 years could be considered,
whereas Schoen concluded that although the overall percentage
of detected abnormalities is modest, the data raise concern about
the impact of a screen interval longer than 3 years after a nega-
tive examination. The UK flexible sigmoidoscopy screening study
showed that there was little attenuation of the protective effect
of sigmoidoscopy after 11 years of follow-up [8], suggesting that
the interval for rescreening should not be less than 10 years. This
is in line with the evidence for colonoscopy screening (see Sect.
1.3.2.2).
In conclusion, the optimal interval for sigmoidoscopy screening
was only assessed in two indirect studies that only considered in-
tervals of three and five years. The UK flexible sigmoidoscopy
study and evidence for colonoscopy screening seems to indicate
that the optimal interval for endoscopy screening should not be
less than 10 years and may even be extended to 20 years (see
Sect. 1.3.2.2)

Table 1.3 CRC Incidence and
mortality reduction from three
randomised controlled trials on
sigmoidoscopy screening.

Outcome Telemark, Norway NORCCAP, Norway UK FS trial, UK

Intention-to-treat analysis

CRC incidence 80% reduction1 No difference 23% reduction1

CRC mortality 50% reduction 27% reduction 31% reduction1

Overall mortality 57% increase1 No difference No difference

Per-protocol analysis

CRC incidence – – 33% reduction1

CRC mortality – 59% reduction1 43% reduction1

1 significant; – not reported.

5 Flexible sigmoidoscopy is not a screening test for CRC recommended by the
EU. The applicable items in the Council Recommendation of 2 December
2003 are 6(a) to 6(d) (see Sect. 1.14 and [21]).
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1.3.1.3 Evidence for the age range
Evidence on the age-specific prevalence of colorectal adenomas
suggests that the best age range for flexible sigmoidoscopy
screening is between 55 and 64 [112]. A significant reduction in
incidence and mortality of CRC has recently been shown in this
age range in a large RCT using flexible sigmoidoscopy performed
once in a lifetime as the primary screening test [8].
There has been one cross-sectional study comparing safety, toler-
ability, completion, and endoscopic findings of sigmoidoscopy
between individuals 50–74 years old and individuals 75 years
and older [82]. The study demonstrated that elderly subjects
≥ 75 years old have an increased rate of endoscopist-reported dif-
ficulties and a higher rate of incomplete examinations compared
to subjects aged 50–74 years. Complication rate and detection
rate of adenomas and advanced adenomas were similar in both
cohorts, while an increased detection of carcinomas in the elder-
ly was observed.
In conclusion, there is limited evidence suggesting that the best
age range for flexible sigmoidoscopy screening should be be-
tween 55 and 64 years (III–C). One study suggests that for
screening in the elderly population (75 years and older) tolerabil-
ity is an issue (V). Average-risk sigmoidoscopy screening should
be discontinued after age 74, given the increasing co-morbidity
in this age range (V–D).Rec 1.9

1.3.1.4 Evidence on risks vs. benefit and cost-effectiveness
Four population-based screening trials reported on complication
rates with flexible sigmoidoscopy (●" Table1.4). Severe complica-
tion rates from sigmoidoscopy varied from 0% to 0.03%. Minor
complications occurred in 0.2–0.6% of sigmoidoscopies. Severe
complication rates with follow-up colonoscopy were about 10
times as high as with sigmoidoscopy (0.3–0.5%). Minor compli-
cations occurred in 1.6–3.9% of follow-up colonoscopies.
In awell-organisedhigh-quality flexible sigmoidoscopy screening
programme the risk of severe complications is about 0–0.03% for
sigmoidoscopies and 0.3–0.5% for follow-up colonoscopies (III).
Six studies in the USPSTF review estimated the cost-effectiveness
of sigmoidoscopy screening, [89]. One study showed that with
favourable conditions sigmoidoscopy screening could be cost-
saving. In the other studies the cost-effectiveness ratio varied
from US$12477 to US$39359 per life-year gained. More recent
cost-effectiveness analyses found similar ratios (US$7407–US$
23830) [87,118,129]. A recent study based in England also esti-
mated that sigmoidoscopy screening could be cost-saving [122].
All cost-effectiveness analyses show that the cost-effectiveness of
sigmoidoscopy screening is below the commonly used threshold
of US$50000 per life-year gained. Some studies suggest that sig-
moidoscopy screening could even be cost-saving (III).Rec 1.15

1.3.2 Colonoscopy6

1.3.2.1 Evidence for efficacy
Until recently, there has been no RCT investigating the efficacy of
colonoscopy screening; a large multicentre trial is currently
underway in Norway, Poland, the Netherlands, Iceland, Sweden
and Latvia comparing the efficacy of a once-only colonoscopy to
no screening. Systematic reviews evaluating the efficacy of colo-
noscopy screening [88,134] include one prospective observa-
tional study comparing CRC incidence in a population that under-
went colonoscopy and removal of detected lesions with the inci-
dence of three reference populations [139]. Incidence in the co-
hort under investigation was 76% to 90% lower than that of the
reference populations. These results should be interpreted with
caution because the study used historical controls that were not
from the same underlying population. Recently, a second pro-
spective observational study showed a 65% lower CRC mortality
and 67% lower CRC incidence in individuals with a screening co-
lonoscopy compared to the general population [56]. Two recent
case–control studies also found a significant reduction of 31%
in CRC mortality [10] and 48% in advanced neoplasia detection
rates [15]. However, the reduction in these studies was limited
to the rectum and left side of the colon. No significant reduction
was found in right-sided disease.
Cross-sectional surveys have shown that colonoscopy is more
sensitive than sigmoidoscopy in detecting adenomas and cancers
and that this increased sensitivity could translate into increased
effectiveness [134].
In conclusion, limited evidence exists on the efficacy of colonos-
copy screening on CRC incidence and mortality (III). However, re-
cent studies suggest that colonoscopy might not be as effective in
the right colon as in other segments of the colorectum (IV).Rec 1.10

Results of at least one large RCT would permit more definitive
conclusions about the efficacy of colonoscopy as a primary
screening test.

1.3.2.2 Evidence for the interval
The optimal interval for colonoscopy screening has been assessed
in a cohort study and a case-control study. The cohort study
found that CRC incidence in a population with negative colonos-
copy was 31% lower than general population rates and remained
reduced beyond 10 years after the negative colonoscopy [116].
Similar results were obtained in the case–control study [14]:
after adjustment for potential confounding variables, a previous
negative colonoscopy was associated with a 74% lower risk of
CRC. This risk reduction persisted up to 20 years. Several prospec-
tive studies found a risk of adenoma 5 years after a negative colo-
noscopy ranging from 2.1% to 2.7% and a risk of advanced adeno-
ma or cancer ranging from 0.0% to 2.4% [26,49,67,99,141].
Evidence for the timing of colonoscopy intervals is limited. A co-
hort and case-control study suggest that screening colonoscopies
do not need to be performed at intervals shorter than 10 years
and that this time interval may even be extended to 20 years
(III–C).Rec 1.11

1.3.2.3 Evidence for the age range
Evidence on the age-specific prevalence of colorectal adenomas
suggests that the best age range for colonoscopy screening is be-

Table 1.4 Major and minor complication rates in population-based sigmoi-
doscopy screening.

SCORE

[111]

SCORE 2

[110]

UK FS trial

[125]

NORCCAP

[38]

Sigmoidoscopy

Severe complications 0.02% 0.02% 0.03% 0%

Minor complications 0.6% 0.5% 0.2% 0.2%

FU colonoscopy

Severe complications 0.3% 0.3% 0.5% 0.4%

Minor complications 3.9% 3.9% 0.4% 1.6%

6 Colonoscopy is not a screening test for CRC recommended by the EU. The
applicable items in the Council Recommendation of 2 December 2003 are
6(a) to 6(d) (see Sect. 1.14 and [21]).
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tween 55 and 64 [112]. However, no studies have been published
which directly investigated the optimal age range for colonosco-
py screening. Two cross-sectional studies compared detection
rates in a cohort of 40–49-year-olds with those in older cohorts
[52,103]. Although an increase in the prevalence of neoplasms in
the 50–59 years age group compared with the 40–49 years age
groupwas observed in the first study, this difference was not sta-
tistically significant [103]. The prevalence of CRC in the second
study was significantly lower in the 40–49-year-old cohort than
in the cohort older than 49 years (p=0.03) [52]. A German case–
control analysis assessed the possible impact of colonoscopic
screening history in different age groups [13]. For all screening
schemes except those with a single endoscopy around age 50 or
70, strong, highly significant risk reductions between 70% and 80
% were estimated. The optimal age for a single screening endos-
copy appeared to be around 55 years. The previously reported
cross-sectional study on safety, tolerability, completion, and en-
doscopic findings of sigmoidoscopy screening (see Sect. 1.3.1.3)
suggests that tolerability is also an issue in colonoscopy screen-
ing in individuals over 74 years of age [82].
There is no direct evidence confirming the optimal age range for
colonoscopy screening. Indirect evidence suggests that the prev-
alence of neoplastic lesions in the younger population (less than
50 years) is too low to justify colonoscopic screening, while in the
elderly population (≥75 years) lack of benefit could be a major
issue. The optimal age for a single colonoscopy appears to be
around 55 years (IV–C). Average-risk colonoscopy screening
should not be performed before age 50 and should be discontin-
ued after age 74 (V–D).Rec 1.12

1.3.2.4 Evidence on risks vs. benefit and cost-effectiveness
Major complication rates with screening colonoscopy were
obtained from five population-based studies and varied from
0–0.3% (●" Table1.5) [59,66,94,97,107]. None of the studies re-
ported minor complications. Complication rates with screening
colonoscopies are considerably higher than for sigmoidoscopy,
but slightly lower than for follow-up colonoscopies after a posi-
tive FOBT or sigmoidoscopy. The balance between benefit and
harm for people attending screening colonoscopy may still be
less favourable than for people attending FOBT screening, be-
cause relatively few people in the FOBT target population are ex-
posed to the potential harm of follow-up colonoscopy.
In a well-organised high-quality colonoscopy screening pro-
gramme, major complications occur in 0–0.3% of colonoscopies
(IV).
Six studies in the USPSTF review estimated the cost-effectiveness
of colonoscopy screening. The cost-effectiveness of colonoscopy
screening varied in these studies from US$9038 to US$22012
per life-year gained. Recent studies found similar ratios (US$
8090–US$20172) [62,87,118,129]. One recent study in Germa-
ny estimated that a once-only colonoscopy screening could be
cost-saving compared to no screening [114].
All cost-effectiveness analyses show that the cost-effectiveness of
colonoscopy screening is below the commonly used threshold of
US$50000 per life-year gained (III).Rec 1.15

1.4 Evidence for effectiveness of FOBT and
sigmoidoscopy combined7

!

No trials have assessed the impact of combining sigmoidoscopy
screening with annual or biennial FOBTon CRC incidence or mor-
tality. One trial comparing a combination of flexible sigmoido-
scopy and once-only FOBT with sigmoidoscopy alone did not
find a lower post-screening CRC incidence in the group with the
combination strategy than in the group with sigmoidoscopy
alone [47].
A few studies reported diagnostic yield with a combination of
once-only sigmoidoscopy and once-only FOBT, compared to
FOBT and/or sigmoidoscopy alone [38,65,95,96,110]. The yield
of the combination of once-only sigmoidoscopy with once-only
FOBTwas significantly higher than that of once-only FOBT alone,
but not higher than that of once-only sigmoidoscopy alone.
When a once-only combination of sigmoidoscopy with FOBTwas
compared with biennial FOBT alone, the cumulative detection
rates for cancer and advanced adenoma became similar among
the two strategies after 5 rounds of biennial FOBT screening
[95]. When the detection rate was calculated among the invited
(as opposed to examinees) diagnostic yield was higher in the bi-
ennial FOBT programme because of the higher compliance with
FOBT. These conclusions should be considered cautiously, how-
ever, because they are based on an indirect comparison of two
trials and because sigmoidoscopy may prevent advanced adeno-
mas and CRC. A comparison of cumulative detection rates of ad-
vanced adenomas and CRC may therefore be biased in favour of
biennial FOBT screening.
Two studies evaluated the effect of offering combined once-in-a-
lifetime testing on screening compliance [38,110]. While one
study showed a significantly lower compliance with the combi-
nation of sigmoidoscopy and FOBT compared to FOBT alone
[110] the other did not find a difference between the combina-
tion, and sigmoidoscopy alone [38].
The impact on CRC incidence and mortality of combining sigmoi-
doscopy screening with annual or biennial FOBT has not yet been
evaluated in trials. There is currently no evidence for extra
benefit from adding a once-only FOBT to sigmoidoscopy screen-
ing (II).Rec 1.13

1.5 New screening technologies under evaluation8

!

Besides the established FOBT and endoscopy tests, several new
technologies are currently under development for CRC screening.
The most important ones are CT colonography (CTC), stool DNA
and capsule endoscopy screening. There currently is no evidence
on the effect of these and other new screening tests under evalu-

Table 1.5 Complication rates
with screening colonoscopies.

Lieberman et al.

2000 [66]

Regula et al.

2006 [97]

Schoenfeld et al.

2005 [107]

Rainis et al.

2007 [94]

Kim et al.

2007 [59]

Severe complications 0.3% 0.1% 0% 0.08% 0%

7 Combination of FOBT and sigmoidoscopy is not a screening approach for
CRC recommended by the EU. The applicable items in the Council Recom-
mendation of 2 December 2003 are 6(a) to 6(d) (see Sect. 1.14 and [21]).

8 New technologies under evaluation are not recommended for CRC screen-
ing by the EU. The applicable items in the Council Recommendation of
2 December 2003 are 6(a) to 6(d) (see Sect. 1.14 and [21]).
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ation on CRC incidence and mortality (see Sections 1.5.1–3).
New screening technologies are therefore not recommended for
screening the average-risk population (VI–D).Rec 1.14

1.5.1 CT colonography
CTC is a potential technique for CRC screening. With CTC, two-
and three-dimensional digital images are constructed to investi-
gate the presence of lesions in the colon and rectum. Studies on
the impact of CTC screening on CRC incidence or mortality have
not yet been conducted. Seven systematic reviews have been
published between 2003 and 2008 on CTC performance charac-
teristics in comparison to colonoscopy [40,77,92,101,119,133,
135]. All meta-analyses and primary studies [6,17,98] reported
that sensitivity was low for small polyps and increased with
polyp size. The incidence of adverse events was very low in all
studies which assessed this outcome. Three studies also reported
patient preferences and found that participants prefer CT colono-
graphy over colonoscopy, [55,100]. None of the retrieved studies
considered the possible damage associated with radiation. All
studies concluded that CT is not ready for routine use in clinical
practice.
Before CTC can be recommended for average-risk screening, it
must be demonstrated to be highly and consistently sensitive in
a variety of settings and questions about the optimal technologi-
cal characteristics of the technique must be settled. These ques-
tions include the appropriate threshold size for referral of find-
ings, costs of the procedure in relation to its effectiveness and
the potential risks from the radiation exposure (VI–A).

1.5.2 Stool DNA
With stool DNA testing, faeces are investigated for the presence
of disrupted or methylated DNA. There have been no studies eval-
uating the CRC incidence or mortality reduction from stool DNA
testing. Systematic reviews of performance characteristics of
stool DNA tests [12,69,135] included two prospective studies
assessing diagnostic performance in an average-risk population
[1,51]. Both studies found that stool DNA testing was more sensi-
tive than Hemoccult II for advanced neoplasia, without loss of
specificity. However, sensitivity of stool DNA was still only 50%
and 20% in the respective studies [1,51].
A new version of the stool DNA test has been developed that in-
corporates only two markers. The use of only two markers will
make the test easier to perform, reduce the cost, and facilitate
distribution to local laboratories. In a case–control study of this
test, Itzkowitz found a high sensitivity of 83% but the specificity
was significantly worse than the older version at 82% [53].
An important issue which must be addressed before widespread
implementation of stool DNA testing becomes possible involves
costs. Two studies have shown that at current costs of approxi-
mately US$350, stool DNA screening is not a cost-effective option
for CRC screening [83,143]. According to one study, costs should
be 6–10 times lower before stool DNA screening could compete
with other available screening tests [143].
Stool DNAwith version 1 testing has superior sensitivity over He-
moccult II, at similar levels of specificity (III). Version 2 seems to
have even better sensitivity, at the expense of worse specificity
(IV). The diagnostic accuracy of stool DNA needs to be confirmed
by large multicentre prospective trials in the average-risk popu-
lation, and costs need to be reduced before stool DNA testing can
be recommended for CRC screening (VI–D).

1.5.3 Capsule endoscopy
With capsule endoscopy, a camera with the size and shape of a
pill is swallowed to visualise the gastrointestinal tract. No studies
have reported on CRC incidence and mortality reduction from
capsule endoscopy. Two reviews have evaluated its test perform-
ance characteristics compared to colonoscopy and/or CT colono-
graphy [34,124]. Since the reviews, four more studies on the di-
agnostic accuracy of capsule endoscopy have been published [27,
35,115,127]. Sensitivity in the studies included in the review
varied from 56–76%, and specificity from 64–69% [34,124].
The newer studies showed somewhat better estimates than the
earlier studies, with sensitivity ranging from 72–78% and speci-
ficity from 53–78% [27,35,115,127]. However, these test charac-
teristics are still inferior compared to colonoscopy.
Capsule endoscopy bears promise as an alternative to colonosco-
py, because the examination can be realised without intubation,
insufflation, pain, sedation or radiation; no serious adverse ef-
fects have been reported. However, accuracy data show inferior
performance compared to colonoscopy (III). Better diagnostic
performance results from large multicentre prospective trials in
the average-risk population are required before capsule endosco-
py can be recommended for screening (VI–A).Rec 1.14

Conclusions
!

In a multidisciplinary process, wide consensus has been achieved
on a comprehensive package of evidence-based recommenda-
tions for quality assurance in colorectal cancer screening. Follow-
ing these recommendations has the potential to enhance the
control of colorectal cancer in Europe and elsewhere through im-
provement in the quality and effectiveness of the screening pro-
cess that extends from systematic invitation to management of
screen-detected cases.
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