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Preface

John Dalli*

Colorectal cancer is the second most common newly diagnosed cancer and the second most common
cause of cancer death in the EU. Many of these deaths, however, could be avoided through early
detection, by making effective use of screening tests followed by appropriate treatment.

For this reason, the evidence-based European Code Against Cancer recommends that men and
women from 50 years of age should participate in colorectal screening. This has been given effect
within the EU by the 2003 Council Recommendation on cancer screening. Making this screening effec-
tive, in turn, depends on appropriate quality assurance at all levels.

That is the aim of the "European Guidelines for Quality Assurance in Colorectal Cancer Screening and
Diagnosis". These guidelines, the result of tireless efforts over many years by a wide range of Euro-
pean experts, represent a major achievement, with the potential to add substantial value to the
efforts of the Member States to improve control of colorectal cancer.

This, in turn, will save lives and help improve the quality of life of millions of EU citizens, their families
and friends.

This publication will ensure that any organisation, programme or authority in the Member States, as
well as every European citizen, can gain access to the recommended standards and procedures. It
represents a concrete contribution by the European Commission to our shared European objective of
preventing human illness and disease.

I should like to thank the editors, authors, contributors and reviewers of these guidelines for assem-
bling, analysing and documenting the enormous quantity of evidence on which this volume has been

based. I am confident that it will become an indispensable guide for colorectal cancer screening in the
coming years.

Brussels, July 2010

*European Commissioner for Health and Consumer Policy



Preface

Christopher Wild*

Colorectal cancer is the third most common in incidence and the fourth most common cause of cancer
death worldwide, with an estimated 1.2 million new cases and 609 000 deaths in 2008. Based on
demographic trends, the annual incidence is expected to increase by nearly 80% to 2.2 million cases
over the next two decades and most of this increase will occur in the less developed regions of the
world. These regions are ill equipped to deal with the rapidly increasing demand for cancer treatment
resulting from population growth and higher life expectancy. Even greater increases in the worldwide
burden of the disease can be expected if less developed regions adopt a more “westernised” life style.
Concerted efforts to control colorectal cancer are therefore of increasing importance worldwide.

Fortunately, experience in Europe has shown that systematic early detection and treatment of colorec-
tal lesions before they become symptomatic has the potential to improve control of the disease, par-
ticularly if they are effectively integrated into an overall programme of comprehensive cancer control.
Coordinated resources are needed not only for screening and primary prevention programmes but
also for further development and capacity building in diagnosis and therapy of colorectal cancer,
especially in the less developed regions of the world because of the expected changes mentioned
above. Political commitment and appropriate investment at an early stage are not only likely to lower
the future burden of disease, but also to save considerable resources when organised, population-
based programmes are fully established.

The authors and editors of the new European quality assurance guidelines have taken care to point
out that organised as opposed to “opportunistic” screening programmes are recommended because
they include an administrative structure responsible for programme implementation, quality assurance
and evaluation. Population-based programmes generally require a high degree of organisation 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. These efforts should be supported by effective communication for groups with lim-
ited access to screening, such as less advantaged socio-economic groups. This, in turn, should permit
an informed decision about participation, based on objective, balanced information about the risks and
benefits of screening. The population-based approach to programme implementation is also recom-
mended because it provides an organisational framework for effective management and continuous
improvement of the screening process, such as through linkage with population registers and cancer
registries for optimization of invitation to screening and for evaluation of screening performance and
impact respectively. In this context research after implementation of screening should be an integral
part of population-based programmes.

Crucial to the success of any cancer screening programme is the availability of comprehensive, evi-
dence-based quality assurance guidelines, addressing all of the steps in the screening process, includ-
ing not just performance of a test, but also information and invitation, diagnostic work-up of lesions
detected in screening, treatment, surveillance and any other subsequent care. Widespread application
of the standardised indicators recommended in the Guidelines will facilitate quality management and
promote the international exchange of information and experience between programmes that is es-
sential for continuous quality improvement.



PREFACE

Finally, as Director of an international agency I would like to highlight the outstanding international
cooperation that has gone into the preparation of these Guidelines. But also, as the landscape of can-
cer occurrence evolves to cast the burden of colorectal cancer on new regions facing increasing inci-
dence rates due to an aging population and “westernised” life style, it is vital that the excellence dem-
onstrated here is pursued and translated to appropriate guidance for the widest possible audience on
a global scale.

Lyon, October 2010

*Director, International Agency for Research on Cancer
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Preface

Jean-Francois Rey, Colm O’Morain, René Lambert

Quality assurance has always been a key issue in digestive endoscopy. Fortunately, this important
topic has recently also been placed high on the agenda of the health authorities, healthcare providers
and patient associations. A major reason for this is the increasing awareness that effective screening
programmes will have a vital role to play in helping to cope with growing problem of colorectal cancer
in Europe. Effective screening should supplement ongoing efforts to improve primary prevention, as
well as the diagnosis and therapy of symptomatic disease. However, the potential of screening to
reduce the burden of the most common cancer in Europe will require an enormous expansion in the
number of people attending national programmes. That in turn will require substantial resources and
expanded efforts in the field of quality assurance.

Colonoscopy plays a key role in every colorectal cancer screening programme because it is the gold
standard by which the status of people with positive screening tests is evaluated. The same applies to
patients in a symptomatic service. As pointed out in the new European Guidelines, efforts to improve
quality and expand screening should be well planned and should lead to improvement not just in
screening, but also in symptomatic care. These efforts should also have a positive impact on the
availability of high quality endoscopy for symptomatic services, by providing sufficient resources to
achieve and maintain appropriate waiting times.

The international collaboration and cooperation in developing the new European Guidelines for quality
assurance in colorectal cancer screening and diagnosis has also shown that additional tools are now
being developed to assist gastroenterologists in evaluating their current level of performance in
screening. It should be kept in mind, however, that these initiatives, though important, can only be
effective if they stimulate action to continuously improve and maintain high levels of professional per-
formance.

The following factors remain fundamental to achieving high quality in endoscopy:

Thorough cleansing of the large bowel is the first mandatory step. If the endoscopist’s vision is
obscured, small or flat lesions anywhere in the colon and particularly sessile lesions in the right colon
may go undetected.

Patient tolerance and acceptance of the endoscopic examination is also of prime importance and can
be increased by sedation. National or cultural differences in this domain should be taken into account.

Training, adequate equipment and external evaluation of endoscopy units has proved to be essential
during the start-up of a national screening programme. Such activities are likely to play an increas-
ingly important role in quality assurance of symptomatic endoscopy in the coming years.

Nice, Ireland, Lyon, October 2010

Jean-Frangois Rey Colm O'Morain René Lambert
Co-author President Elect, UEGF Council Co-author
Institut Arnault Tzanck Trinity College Dublin International Agency for

Research on Cancer
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Preface

J Patnick, N Segnan, L von Karsa (Editors)

The editorial board would like to thank all the authors, reviewers and other contributors who have
worked so hard to develop these first Guidelines for the new colorectal screening cancer screening
programmes which are emerging across the EU. This has been a major undertaking since many of
these chapters broke new ground in European collaboration and challenged established practice. The
chapters have been produced to a new evidence-based protocol that will, from now on, be used
across all EU cancer screening guidelines and this also presented the authors and reviewers with fresh
challenges.

It is, however, fair to say that the production has been a very stimulating experience to those
involved, and the evolution of the guidelines created strong bonds for future joint working.

The guidelines are designed to ensure that in the future each Member State can deliver screening to a
high standard even if they are at the beginning of a screening programme. There is another thank
you due. This is to the citizens of the EU and those patients on whose past experiences of screening
and endoscopy these guidelines are based.

Oxford, Turin, Lyon, October 2010

Julietta Patnick
Director, NHS Cancer Screening Programmes

Visiting Professor, Cancer Screening Research Unit
University of Oxford

Nereo Segnan
Director, Unit of Cancer Epidemiology
CPO Piemonte and AOU San Giovanni Battista Hospital

Lawrence von Karsa
Head, Quality Assurance Group

Section of Early Detection and Prevention
International Agency for Research on Cancer
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Role of screening in colorectal cancer control

Colorectal cancer (CRC) is the most common newly-diagnosed cancer and the second most common
cause of cancer deaths in Europe. In the 27 Member States of the European Union, CRC ranks second
in incidence and mortality in both sexes, with approximately 330 000 new cases and 149 000 deaths
estimated for men and women combined in 2008 (Ferlay, Parkin & Steliarova-Foucher 2010). Even in
those Member States in the lower range of age-standardised rates of CRC, the burden of disease is
significant compared to other regions of the world (see Ferlay et al. 2010). CRC is therefore an impor-
tant health problem across the EU.

The aim of screening is to lower the burden of cancer in the population by discovering disease in its
early latent stages. This permits more effective treatment than if diagnosed later when symptoms oc-
cur. Early treatment of invasive lesions, for example by endoscopic resection of early CRC, can be
generally less detrimental for quality of life. The endoscopic removal of pre-malignant lesions also re-
duces the incidence of CRC by stopping the progression to cancer. Randomised trials in people of
average risk invited to attend screening have shown a reduction in CRC mortality (Hardcastle et al.
1996; Kronborg et al. 1996; Mandel et al. 1999; Atkin et al. 2010) and incidence (Mandel et al. 2000;
Atkin et al. 2010).

Council Recommendation on cancer screening

The potential of screening for improving control of CRC has been recognised by the Council of the
European Union. On 2 December 2003 the Council recommended implementation of population-based
screening programmes using evidence-based tests for breast, cervical and colorectal cancer to the EU
Member States (Council of the European Union 2003) (Appendix 2). The Council Recommendation
fulfils the criteria for screening defined by the World Health Organization (Wilson & Jungner 1968) and
takes into account the substantial experience in implementation of population-based cancer screening
programmes in the EU. The Recommendation spells out fundamental principles of best practice in
early detection of cancer. It invites EU Member States to take common action to implement cancer
screening programmes with an organised, population-based approach and appropriate quality assur-
ance at all levels, taking into account European quality assurance Guidelines for cancer screening,
where they exist (von Karsa et al. 2008).

By the end of 2007, ten EU Member States were in the process of implementing national population-
based CRC screening programmes (Cyprus, Finland, France, Hungary, Italy, Poland, Portugal, Roma-
nia, Slovenia and the United Kingdom) (see Appendix 3 (Commission of the European Communities
2008)). Furthermore, seven Member States had established nationwide non-population-based pro-
grammes. In the meantime, ten Member States have newly established or have upgraded the status
of their existing CRC screening programmes (Czech Republic, France, Ireland, Lithuania, Portugal,
Slovakia, Slovenia, Spain, Sweden and the United Kingdom). In addition, Denmark and the Nether-
lands are currently in the decision process for implementing population-based CRC screening pro-
grammes.

Need for effective quality assurance

The potential harm caused by CRC screening includes the creation of unnecessary anxiety and mor-
bidity, inappropriate economic cost, and exposure to the risk of invasive procedures for detection and
diagnosis as well as for removal of lesions detected in screening. As demonstrated in implementation
of breast and cervical cancer screening programmes, overall screening outcome and quality depend
on the performance at each step in the screening process. To achieve the potential benefit of CRC
screening, quality must therefore be optimal at each step in the process. This includes identification
and personal invitation of the target population, performance of the screening test and, if necessary,
diagnostic work-up, treatment, surveillance and aftercare of screen-detected lesions (Perry et al.
2008; von Karsa et al. 2010; Arbyn et al. 2010).
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Screening is performed on predominantly healthy people; comprehensive quality assurance is also
required to maintain an appropriate balance between benefit and harm in the large numbers of people
eligible to attend cancer screening programmes. The Council of the European Union therefore recom-
mends appropriate, comprehensive quality standards and best practice in the implementation of can-
cer screening programmes. European quality assurance Guidelines for breast and cervical cancer
screening have been developed by experts and published by the EU (European Commission 2006;
European Commission 2008). The availability of the new European guidelines for quality assurance in
colorectal cancer screening and diagnosis will now make similar standards available to the Member
States in which colorectal cancer screening programmes are currently running or being established.

Primary screening test recommended by the EU

The Council Recommendation calls for introduction of new cancer screening tests in routine healthcare
only after they have been evaluated in randomised controlled trials (RCTs). To date, only the faecal
occult blood test (FOBT) for men and women aged 50-74 years has been recommended by the EU for
CRC screening (Appendix 2). In addition, any screening policy for colorectal cancer should take into
account the available evidence and the numerous other principles and standards of best practice laid
down in the Council Recommendation. Although the use of endoscopic screening methods is increas-
ing, the majority of colorectal cancer screening examinations performed in the EU use the evidence-
based test recommended by the Council of the EU.

Purpose of the EU quality assurance Guidelines

The purpose of the new EU Guidelines is not to recommend other modalities that might currently also
be suitable for CRC screening in the EU. Instead, the Guidelines provide guiding principles and evi-
dence-based recommendations on the quality assurance that should be followed when implementing
screening programmes using the various modalities currently adopted in publicly mandated CRC
screening programmes in the Member States.

The Editors have been conscious of the importance of raising and maintaining quality standards across
all the EU Member States. While never abandoning those standards and recommendations that are
crucial for mortality reduction, we have as far as possible attempted to achieve an equitable balance
that can be used across a wide spectrum of cultural and economic healthcare settings. As with any
standards and recommendations, these should be continuously reviewed in the light of future experi-
ence. It is not the purpose of these guidelines to promote recent research findings before they have
been demonstrated to be of proven benefit in clinical practice. Neither should this edition be regarded
as a textbook or in any way a substitute for practical clinical training and experience.

The Guidelines have been developed to inform European policymakers and public health specialists,
and any other interested parties about the essential issues, guiding principles, standards and proce-
dures of quality assurance and best practice that should be taken into account in running and estab-
lishing colorectal cancer screening programmes in the EU Member States.

The Guidelines have been specifically developed for screening of the average-risk population in which
most CRC develops. High-risk individuals should be referred for high-risk protocols if available. Since
the relative variation in the moderate risk of developing CRC in most people with a family history of
CRC is less than the geographic variation in average risk between the Member States, no attempt was
made to develop recommendations tailored to this subgroup of the population. However, in the ab-
sence of hereditary syndromes people identified with a family history of CRC should not be excluded
from average risk screening (see Chapter 2). The potential benefit and harm of screening recom-
mendations tailored to people with a positive family history could be examined in greater depth in the
preparation of the next edition of the Guidelines.
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Process of guideline development

The Guidelines have been developed in an international collaborative project that was co-financed by
the EU Public Health Programme.!® The project involved over 90 experts serving as authors, contribu-
tors, editors or reviewers from 32 countries including 21 EU Member States 13 of which acceded to
the EU before 2004 (Austria, Belgium, Denmark, Finland, France, Germany, Italy, Luxembourg,
Portugal, Spain, Sweden, the Netherlands and the United Kingdom) and eight of which acceded later
to the EU (Czech Republic, Hungary, Latvia, Lithuania, Malta, Poland, Romania and Slovenia), as well
as one EU applicant country (Croatia). The other countries represented among the collaborators in-
cluded Argentina, Australia, Canada, China, India, Israel, Japan, Korea, Norway and the United States
of America.

The new EU quality assurance Guidelines build on the successful developments in previous editions of
the other EU screening Guidelines. The comprehensive CRC Guidelines cover the entire screening
process from invitation to management of screen-detected lesions. Although the Guidelines focus on
elements essential to screening, it is recognised that certain principles are equally important in diag-
nosis. Training, multi-disciplinary teamwork, monitoring and evaluation, cost-effectiveness, minimising
adverse effects, and timeliness of further investigations are referred to repeatedly throughout the
chapters. The applicability of many of the recommended standards and procedures to quality assur-
ance in both screening and diagnosis is therefore reflected in the title of the first edition. Variations in
style and emphasis have been unavoidable given the diverse sources of the contributions. However,
the editors have maintained a high degree of conformity of approach.

The process used for identifying and evaluating the relevant evidence and for developing respective
recommendations in the new Guidelines is described in detail in the section on Principles of evidence
assessment and methods for reaching recommendations. Briefly, scientific and editorial management
was provided by an editorial board with extensive experience in development of best practice guide-
lines, in evaluation of strategies for CRC screening and in programme management. The editorial
board drafted an initial comprehensive outline of the Guidelines and recruited a multidisciplinary group
of experts from across Europe to collaborate in revising the outline and drafting the chapters of the
guideline according to an agreed methodology.

Additional scientific support was provided by a Literature Group consisting of epidemiologists with
special expertise in the field of CRC and in critical appraisal of clinical studies. The Literature Group
worked closely with the authors and editors in preparing and conducting systematic reviews of the
literature on clinical questions of key importance. Bibliographic searches were conducted for the time
period extending from January 2000 to December 2008. Some articles published between 2000 and
2008 and not retrieved by the systematic search were considered to be relevant by the authors. Those
references have therefore been included in the body of evidence with the agreement of the editorial
board. In addition, articles published after December 2008 that were judged of high relevance by the
authors and editors were also included in the Guidelines evidence base.

Preliminary versions of the draft guidelines were repeatedly reviewed and revised through multi-
disciplinary meetings of the authors, editors and the Literature Group, as well as in pan-European
network meetings with participants from all of the EU Member States.

Grant agreement No 2005317: Development of European Guidelines for Quality Assurance of Colorectal Cancer
Screening. Partner institutions: Oxford University Cancer Screening Research Unit, Cancer Epidemiology Unit,
University of Oxford, Oxford, United Kingdom; Unit of Cancer Epidemiology, Centre for Cancer Epidemiology and
Prevention (CPO) and S. Giovanni University Hospital, Turin, Italy; Public Association for Healthy People,
Budapest, Hungary; European Cancer Patient Coalition (ECPC), Utrecht, Netherlands ; Quality Assurance Group,
Section of Early Detection and Prevention, International Agency for Research on Cancer, Lyon, France.
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Guideline publication format

The print version of the Guidelines (400 pages) consists of 10 chapters each of which includes a list of
key recommendations at the beginning of the chapter. The recommendations are graded according to
the strength of the recommendation and the supporting evidence (for scale see below). The respec-
tive evidence is also summarised in the body of the chapters, with explicit citation of over 750 refer-
ences in the Guidelines. In total, over 250 recommendations are provided.

The version of the Guidelines provided on the internet (web version) includes all of the elements in
the print version, as well as an extensive Appendix 1 in digital format (1000 pages) with a complete
record of the key clinical questions and corresponding bibliographic searches conducted by the Litera-
ture Group. The search results are documented in table format, and in summary documents. Al-
together summary documents for over 100 clinical questions, and over 500 evidence tables are pro-
vided.

The level of evidence and the strength of each of the key recommendations presented in the front of
each chapter is indicated using the following grading scales:
For the 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

IIT prospective or retrospective cohort studies or SRs of cohort studies; diagnostic cross section-
al 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
For the strength of the respective recommendation:
A intervention strongly recommended for all patients or targeted individuals
intervention recommended
intervention to be considered but with uncertainty about its impact

intervention not recommended

m O O W

intervention strongly not recommended

Images illustrating the chapter on Quality assurance in pathology in colorectal cancer screening and
diagnosis will be provided on a virtual pathology website at: http://www.virtualpathology.leeds.ac.uk.

Scope of recommendations in the Guideline chapters

The numerous guiding principles, evidence-based recommendations and conclusions presented in the
new EU Guidelines for quality assurance in colorectal cancer screening and diagnosis cannot all be
presented here. In addition to the key aspects of screening policy and methodology already men-
tioned above, the following points are highlighted in order to illustrate the scope and depth of the
recommendations and conclusions in the first edition.

Chapter 1 - Evidence for the effectiveness of colorectal cancer screening

The first chapter deals with the currently available evidence for the effectiveness of CRC screening,
key operational parameters (age-range, interval between two negative screening examinations, or
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some combinations of tests) and cost-effectiveness. Among other things, the discussion of the 17
graded recommendations presented in the chapter reveals that the most evidence is available for the
primary screening test (FOBT) recommended by the EU.

Chapter 2 - Organisation of colorectal screening programmes

The 29 recommendations and conclusions in Chapter 2 deal with key organisational aspects that influ-
ence the quality and effectiveness of CRC screening. There is a broad consensus in the EU on the
fundamental principle that a colorectal cancer screening programme is a multidisciplinary undertaking.
The effectiveness of the programme is a function of the quality of the individual components of the
process.

It is also recognised that the provision of the screening service must account for the values and pref-
erences of individuals as well as the perspectives of public health. The public health perspective in the
planning and provision of screening services requires commitment to ensuring equity of access and
sustainability of the programme over time. Taking into account the perspective of the individual re-
quires commitment to promoting informed participation and to providing a high quality, safe service.

Successful implementation of a screening programme entails more than simply carrying out the
screening tests and referring individuals to assessment whenever indicated. Specific protocols must
also be developed for identifying and subsequently inviting the target population. Protocols are also
required for patient management in the diagnosis, treatment, and surveillance phases in order to en-
sure that all individuals have timely access to the proper diagnostic and treatment options.

Irrespective of the organisational approach, it should be recognised that appropriate political and fi-
nancial support is crucial to the successful implementation of any screening programme.

Chapter 3 - Evaluation and interpretation of screening outcomes

Chapter 3 includes 20 graded recommendations on the processes and procedures required for effec-
tive monitoring and evaluation of CRC screening programmes. Of fundamental importance is the com-
plete and accurate recording of all relevant data on each individual and every screening test per-
formed - including the test results, the decisions made as a consequence, diagnostic and treatment
procedures and the subsequent outcome, including cause of death.

The chapter also provides an overview of performance measurements currently available from pub-
lished trial results and population-based screening programmes. Based on this evidence and experi-
ence in implementation of population-based screening programmes, the authors and editors were able
to reach a consensus on recommended standards of acceptable and desirable performance for a num-
ber of parameters. These initial standards, as well as the relevant standards available from other
chapters are presented in a table at the end of the Executive Summary. The numbering of the stan-
dards is not indicative of importance. As explained elsewhere in the Guidelines, programmes should
monitor numerous additional parameters in order to maintain and continuously improve quality. It is
hoped that adherence to the other recommendations in the Guidelines will lead to development of a
database that permits future expansion and improvement of the current standards.

Chapter 4 - Faecal occult blood testing

Chapter 4 includes 21 detailed and in some cases complex recommendations dealing with design and
application of faecal occult blood tests in CRC screening. It is recognised that the ideal biochemical
test for population-screening of colorectal cancer would use a biomarker, specific and sensitive for
both cancer and pre-cancer, on an easily collected sample, that could be safely and cheaply trans-
ported to a centralised laboratory for accurate, reproducible, and inexpensive automated analysis. In
addition to these factors which are important for test performance, other key aspects should be taken
into account that may influence the acceptability of the test in the target population. These include
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the design of the test kit, the instructions provided with the kit and the manner in which it is distribut-
ed. Laboratory quality assurance and external quality assessment also play an important role.

Chapter 5 - Quality assurance in endoscopy

Chapter 5 provides a comprehensive view of the many-faceted aspects of quality assurance in endo-
scopy in its use both for the follow-up of screen-positives as well as for primary screening.!! The com-
plexity of the relevant issues is reflected by the comparatively large number of specific recommenda-
tions dealing with planning and location of endoscopic services, infrastructure and equipment,
preparation of the patient and aftercare, endoscopic technique, performance of endoscopists, quality
improvement, policies and processes; a total of 50 recommendations.

The organisation of the chapter follows the patient journey to provide an explanation of the relevant
issues of quality assurance that can also be used to improve the acceptability of CRC screening. This
approach reflects the fundamental consensus of the authors and editors that everyone undergoing
endoscopy, whether for primary screening, for assessment of abnormalities detected in screening, for
assessment of symptoms, or for surveillance, should have as pleasant an experience as possible. A
positive experience will help encourage people to recommend screening, assessment and surveillance
to their friends, family and colleagues.

It is also recognised that the screening service must take into account the perspectives of endoscopy
as well as public health to ensure that the experience is high-quality, safe and efficient as well as per-
son-oriented. Furthermore, screening should take account of historic developments within different
local and cultural contexts.

Although primary screening endoscopy is less complex than follow-up endoscopy (of screen-positives)
primarily because of the lower frequency of high-risk lesions in primary screening endoscopy, care
must be taken to ensure that the introduction of screening does not compromise endoscopy services
for symptomatic patients and that screening and symptomatic (diagnostic) services achieve the same
minimum levels of quality and safety. It is also recognised that, wherever possible, the quality assur-
ance required for screening should have an enhancing effect on the quality of endoscopy performed
for symptomatic patients and for other reasons. As for the other chapters in these Guidelines, the
authors of chapter 5 have emphasised that screening and diagnosis of appropriate quality requires a
multidisciplinary approach to diagnosis and management of lesions detected during endoscopy.

Chapter 6 - Professional requirements and training

Chapter 6 provides 23 graded recommendations dealing with the requisite competency of screening
staff. As previously mentioned with regard to the other chapters in the Guidelines, the fundamental
need for a multidisciplinary approach and hence the need for special training of the multidisciplinary
team that is responsible for a colorectal screening programme is recognised.

All staff involved in the delivery of a colorectal cancer screening programme require knowledge of the
basic principles of colorectal cancer screening. The need for specialist training in screening differs be-
tween the different disciplines and is most important for those involved in the delivery of the service
and diagnosis, e.g. laboratory staff, endoscopists, radiologists, pathologists and nurses. The surgical
treatment of screen-detected cancer and post-operative treatment is not performed differently accord-
ing to whether a cancer is screen detected or symptomatic, but there are certain considerations for
the surgeon to take into account when treating a screen-detected cancer. Professional requirements
of oncologists are not discussed in this chapter because, stage for stage, their role in the treatment of
screen-detected disease is no different from that in symptomatic disease.

Note that although endoscopic screening programmes are running in some Member States, the FOBT is the only
CRC screening test currently recommended by the EU (Appendix 2).
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Chapter 7 - Quality assurance in pathology

The present chapter suggests practical guidelines for pathology within a colorectal screening program-
me. The pathology service plays a very important role in colorectal cancer screening since the man-
agement of participants in the programme depends on the quality and accuracy of the diagnosis.
Pathology affects the decision to undergo further local and/or a major resection as well as surveillance
after screening. The adoption of formal screening programmes leads to improvement not only in the
management of early but also of advanced disease through the introduction of guidelines, quality
standards, external quality assurance and audit. In screening programmes, the performance of indi-
viduals and programmes must be assessed and it is advantageous if common diagnostic standards are
developed to ensure quality, recognise areas where sufficient evidence is still lacking, and initiate
high-quality studies to gather the evidence required.

Chapter 7 includes 23 graded recommendations concentrating on the areas of clinical importance
(Quirke et al. 2010). It is hoped that these recommendations will also help to standardise quality and
performance across the European Union. The associated annex deals with some of the more difficult
areas and suggests topics for future research (Vieth et al. 2010). Guidelines for the reporting and
management of resected specimens have been included in an attempt to move towards agreed mini-
mum European standards of pathology in these areas as well. This is the first edition of what will be a
continuing process of revision as new data emerge on the pathology, screening and management of
colorectal cancer. It is also hoped that by setting minimum standards, these will be followed in all pro-
grammes and that this will encourage the development of higher standards amongst the pathology
community and screening programmes.

Chapter 8 - Management of lesions detected in colorectal cancer screening

The inclusion of a chapter with 32 graded recommendations on management of lesions detected in
CRC screening recognises that reduction in CRC mortality is the main endpoint of any CRC screening
programme. It is also recognised that all screening modalities will detect substantial numbers of indiv-
iduals with adenomas (Levin et al. 2008) as well as a lesser number of lesions in the serrated path-
way, some of which should be treated as adenomas (see Ch. 7). As adenomas are recognised to be
pre-malignant (Leslie et al. 2002) screening has the potential to reduce the incidence of the disease if
these lesions are adequately managed. To achieve the dual aims of mortality and incidence reduction
it is essential that all the elements of the screening service achieve and maintain high levels of quality.
The screening process can only be successful if it is followed by timely and appropriate management
of screen-detected lesions.

In essence, the management of screen-detected adenomas and carcinomas does not differ, stage for
stage, from that required for symptomatic disease. However, screening detects a different spectrum
of disease compared with that diagnosed in the symptomatic population (i.e. higher proportion of
early disease). Thus, there are some considerations in the management of screen-detected disease
that should be emphasised. In this Chapter of the Guidelines the management of endoscopically
detected pre-malignant lesions, pT1 cancers, as well as colon cancer and rectal cancer which is not
limited to the submucosa are dealt with separately and discussion is focused on issues pertinent to
screening. For these reasons, adjuvant chemotherapy and the management of advanced disease are
not discussed.

Of prime general importance is the wide consensus that colorectal neoplasia is best managed by a
multi-disciplinary team. The relevant disciplines include: surgery, endoscopy, pathology, radiology,
radiotherapy, medical oncology, specialist nursing, genetics and palliative care (SIGN 2003), which
should work in close collaboration with primary care. Furthermore, it is recognised that the interval
between the diagnosis of screen-detected disease and the start of definitive management is a time of
anxiety for the patient and affords the opportunity, if prolonged, for disease progression. For these
reasons, standards have been set which aim at minimising delay (NHS 2007). Also of relevance in this
regard is the recognition that colonoscopy is not merely a diagnostic procedure, but has therapeutic
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capacity (Cotton & Williams 1996), and it is essential that the endoscopist carrying out screening
colonoscopy has the necessary expertise to remove all but the most demanding lesions (see also
Chapter 5).

Chapter 9 - Colonoscopic surveillance following adenoma removal

Chapter 9 includes 24 graded recommendations and a comprehensive strategy for surveillance after
removal of adenomas in people taking part in screening programmes in any Member State. The rec-
ommendations in the EU Guidelines recognise that people with previous adenomas are at increased
risk for recurrent adenomas and thus eventually colorectal cancer (Atkin, Morson & Cuzick 1992). The
risk depends mainly on findings during baseline colonoscopy, in particular the number, size and histo-
logical grade of removed adenomas. This allows categorisation of patients into different risk groups.
The indication and interval for surveillance is determined primarily by the presumed risk for recurrence
of advanced adenomas and cancer, and secondarily by age, co-morbidity, and patient wishes.

The primary aims of colonoscopic surveillance are to reduce the morbidity and mortality from colorec-
tal cancer by removing high risk adenomas before they have had a chance to become malignant, and
by detecting invasive cancers at an early, curable, stage. It must be kept in mind however, that col-
onoscopy is a costly, invasive and scarce resource. Therefore, colonoscopy surveillance should be un-
dertaken only in people at increased risk, and at a minimum frequency required to provide adequate
protection against the development of cancer. If colonoscopy surveillance is undertaken, it should be
performed to the highest standard.

Because surveillance colonoscopy consumes considerable endoscopic resources it may prevent a
country that has difficulty meeting demand from sustaining reasonable waiting times. Screening pro-
grammes should therefore have a policy on surveillance with a hierarchy of action for different risk
groups based on resource availability. The policy may limit surveillance to the high risk group if suffi-
cient resources are not available to include people with lower risk.

Chapter 10 - Communication

Chapter 10 provides 35 recommendations dealing with communication in CRC screening. The large
body of guidance reflects the essential goal of CRC screening programmes which is to reduce the bur-
den of illness and death due to colorectal cancer. Screening programmes can only be successful if
they ensure that as many people in the target population as possible receive the relevant information
to be able to make informed decisions about whether or not they wish to attend CRC screening. As
adverse effects are intrinsic to screening practice, participants should understand that a balance exists
between benefits and harms associated with CRC screening (Holland, Stewart & Masseria 2006). A
key component of CRC screening programmes, therefore, is the information and education provided
about CRC, and CRC screening tests and procedures.

The recommendations in the EU Guidelines reflect the wide consensus that people who use CRC
screening services should receive accurate and accessible information that reflects the most current
evidence about the CRC screening test and its potential contributions to reducing illness as well as
information about its risks and limitations. Achieving this goal is challenging, due to the complexity of
CRC screening programmes compared to other established programmes such as screening for breast
or cervical cancer. In CRC screening multiple tests are currently in use (FOBT in most, as well as flexi-
ble sigmoidoscopy (FS) and colonoscopy in some Member States). Furthermore, some screening tests
are invasive, and have known adverse effects. Finally, some CRC screening procedures are generally
undertaken without supervision from a healthcare professional (FOBT screening test and bowel clean-
sing procedure in preparation for follow-up colonoscopy or endoscopy screening). Therefore specific
instructions on how to use the FOBT kit or perform the bowel cleansing procedure need to be com-
municated to the patient.
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The recommendations in the chapter on Communication have therefore been developed to give
people involved in providing and/or managing CRC screening (e.g. managers, decision-makers, health
professionals etc.) an insight into the complexity of communication in CRC screening and its related
critical issues. Pragmatic recommendations are also provided on information strategies/tools/interven-
tions that can be used in current or future programmes. These recommendations mainly refer to an
organised (and centralised) CRC screening programme, as this represents the gold standard to
achieve (see Chapters 1 and 2). In the Communication chapter, the authors specifically provide guid-
ance for screening programmes based on the primary screening test recommended by the EU, the
faecal occult blood test (FOBT, see Chapter 4) which is also the most frequently used test in pro-
grammes implemented by the Member States. Most of the recommendations can be applied to endo-
scopy programmes as well.

Performance standards

The following Summary Table presents the performance standards in the first edition of these Guide-
lines. The numbering is not indicative of importance; more complete information regarding definition
and context is provided in the sections indicated. As explained in the Guidelines, programmes should
monitor numerous additional parameters in order to maintain and continuously improve quality. The
standards listed in the present Summary Table are based on an overview of performance measure-
ments currently available from published trial results and population-based screening programmes
(see Chapter 3). In light of this evidence and experience in implementation of population based
screening programmes, the authors and editors of the current version of the Guidelines were able to
reach a consensus on the recommended targets across the EU. On occasions we have had to accept
that different disciplines and different Member States show some variation of priorities and target lev-
els. In all cases we have attempted to list what we regard as the most generally appropriate profes-
sionally agreed levels for usage in a pan-European setting. In any case, all targets should be con-
stantly reviewed in the light of experience and revised accordingly with regard to results achieved and
best clinical practice. As far as possible, targets given refer to men and women aged 50-74 years in-
vited to and/or attending a CRC screening programme.
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EXECUTIVE SUMMARY

Summary Table of performance standards in colorectal cancer screening

Acceptable Desirable

Indicator!
level level
1 Invitation coverageRec37; Sect3:3.1 95% >95%
2 Uptake rateRec38i Sect3.3.1 >45% >65%
3 Rate of inadequate FOBTRec 3.9 4.21; Sect 3.3.2; 4.3.4 <3% <1%
4 Maximum time between test and receipt of result should be >90%
15 daysRec 3.15; Sect 3.3.4
5 Rate of referral to follow-up colonoscopy after positive test 90% >95%
Rec 3.10; Sect 3.3.2, 3.3.3
6 Maximum time between referral after positive screening >90% >95%
(any modality) and follow-up colonoscopy should be 31 days
Rec 3.16, 5.19; Sect 3.3.4, 5.3.5
7  Compliance with follow-up colonoscopy after positive FS 85% >90%
Rec 3.14; Sect 3.3.2, 3.3.3
8 Rate of complete colonoscopies. Follow-up and screening >90% >95%
colonoscopies to be recorded separately
Rec 3.11; Rec 5.41, Sect 3.3.2, 3.3.3, 5.4.5.1
9 Time interval between positive colonoscopy/FS and definitive >95%
management should be within 31 days
Rec 3.17, 8.2; Sect 3.3.4, 8.2
10 Endoscopists participating in a CRC screening programme 300 >300
should perform a minimum no. of procedures per year
Rec 5.38; Sect 5.4.5.1
11 Biopsies and lesions identified in the screening programme and >90%
the subsequent resection specimen should be reported on a
proformaRec 7.11; Sect 7.6.5.2, 7.8
12 Rate of high-grade neoplasia reported by pathologists in a <5%
colonoscopy screening programmeRec 7-21i Sect 7.7
13 Rate of high-grade neoplasia reported by pathologists in a <10%

FOBT screening programmeRec 7:21; Sect 7.7

1 Sect (superscript) refers to the section/s of the Guidelines dealing with the respective indicator.

Rec (superscript) refers to the number of the corresponding recommendation in the Guidelines.
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Introduction

The evidence-based process for development of the recommendations in the first edition of the Euro-
pean Guidelines for quality assurance in colorectal cancer screening and diagnosis was established at
the outset of the project in 2006 by an editorial board with extensive experience in development of
best practice guidelines, in evaluation of strategies for colorectal cancer (CRC) screening and in pro-
gramme management. In 2007 the editorial board drafted an initial comprehensive outline of the
Guidelines and recruited a multidisciplinary group of experts in colorectal cancer screening and diag-
nosis across the European Union to collaborate in revising the outline and drafting the chapters, in-
cluding guiding principles and recommendations. Additional scientific support was provided by a Lit-
erature Group consisting of epidemiologists with special expertise in the field of CRC and in perform-
ing systematic literature reviews.

The expert Literature Group provided technical and scientific support to the authors and editors in
searching the relevant literature, assessing the methodological quality of retrieved studies, defining a
grading system of the level of evidence and strength of the recommendations, and preparing evidence
tables and summary documents for over 500 references identified through systematic reviews of the
literature according to the priorities and procedures agreed with the editorial board and the authors.

The Literature Group was coordinated by N. Segnan at the Unit of Cancer Epidemiology, Department
of Oncology of the Piedmont Centre for Cancer Prevention (CPO Piemonte) and S. Giovanni University
Hospital, Turin, Italy, and was lead by S. Minozzi at the same institution. Other members of the Litera-
ture Group were based at the CPO in Turin and at the Oxford University Cancer Screening Research
Unit, Cancer Epidemiology Unit, Oxford, United Kingdom. Additional scientific and technical support
was provided by the International Agency for Research on Cancer, Quality Assurance Group, Section
of Early Detection and Prevention, Lyon, France.

The principles of evidence assessment and the methods for developing the recommendations pre-
sented in the Guidelines are described below. The contribution of the Literature Group was crucial to
the feasibility of this resource-intensive process. In addition to the above-mentioned activities, it
included assistance to the chapter authors in defining relevant clinical questions of key importance.

The clinical questions for which evidence was collected by the Literature Group and the results of the
literature search and analysis conducted by the group are presented in Appendix 1 to the Guidelines.
The appendix is only available in electronic format, due to the extensive size of the records that corre-
spond to approximately 1 000 printed pages.

The editors of the first edition of the Guidelines hope that this approach will promote regular updating
of the evidence-based Guidelines and that resources will be available in the future to expand the cur-
rent evidence base and the respective documentation, as well as to improve the methods that have
been followed.

Definition of clinical questions

In multidisciplinary workshops conducted in 2007 and 2008 the chapter authors met with the editorial
board and the Literature Group. At these meetings, the table of contents of the Guidelines was re-
peatedly revised and the methodology of evidence-based guideline development, including the proc-
ess of identifying and evaluating the relevant evidence for each chapter based on the topics in the re-
vised outline was agreed with the authors. Subgroups of authors responsible for each chapter also
worked individually with members of the Literature Group to develop clinically relevant questions
based on the revised chapter outlines, and the results for each chapter were subsequently discussed
with the entire group of authors and editors and the Literature Group in plenary workshop sessions in
order to ensure a common methodological approach and to reach a consensus on questions of key
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importance requiring the support of the Literature Group in order to identify and assess the relevant
evidence. This collaborative, multidisciplinary approach remained a guiding principle throughout the
entire process up to completion of drafting and editing of the Guideline chapters.

The clinical questions initially formulated by the authors of each chapter and subsequently agreed
with the editorial board and the other authors were developed according to the PICOS method
(Greenhalgh 1997; O'Connor, Green & Higgins 2008; Richardson et al. 1995) modified slightly to take
into account the aim of screening to lower the burden of the disease in the population:

P: patients/population characteristics

I: experimental intervention on which the question is focused
C: comparison intervention / control /reference group

0: outcome measure relevant for the clinical question

S: study design on which to base the evidence search

The extensive list of initial clinical questions was reduced to a feasible number, by prioritising ques-
tions of key importance for each chapter. In total, 113 clinical questions were prioritised. The PICOS
components of each prioritised question were subsequently used by the Literature Group to define
specific key words that were then employed in comprehensive bibliographic searches. The results of
these activities were reported back to the authors and editors in subsequent workshops and electroni-
cally. This enabled the editors and authors to provide continuous professional and scientific support to
the process of identifying and analysing the relevant evidence.

Bibliographic review

The Literature Group performed bibliographic searches on Medline, Embase, and the Cochrane library
databases from January 2000 to December 2008 using mesh terms and free text words. Searches
were conducted without date restrictions if the authors or editors who were experts in the field knew
that there were relevant articles published before 2000. Published articles suggested by the authors
and not retrieved by a systematic search, were also considered. Only scientific publications in English,
Italian, French and Spanish were included. Priority was given to recently published, systematic reviews
or clinical guidelines. If systematic reviews of high methodological quality were retrieved, the search
for primary studies was limited to those published after the last search date of the most recently pub-
lished 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 concerning new and emerging technologies where research is growing rapidly, high quality
and updated systematic reviews, and large trials that make a significant contribution to the robustness
of the results or allow upgrading of the level of evidence.

Inclusion criteria

The inclusion criteria applied by the Literature Group were based on the highest level of available evi-
dence, taking into account study design. For primary studies, for each kind of question (e.g., effec-
tiveness, diagnostic accuracy, acceptability and compliance) a hierarchy of the study designs and in-
clusion/exclusion criteria was developed by the epidemiologists in the Literature Group. For example,
for effectiveness studies randomised controlled trials (RCT) were initially searched for. If RCTs were
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retrieved, no other types of study design were considered. If no, or only a few and/or small RCTs
were retrieved, quasi-experimental studies were considered. If no quasi-experimental studies were
found, prospective or retrospective cohort and case-control studies were considered. If studies with
none of the above designs were retrieved, cross-sectional studies and case series were included. For
diagnostic accuracy questions, cross-sectional studies with verification by reference standard were
considered as the best source of evidence.

Quality assessment

The methodological quality of the publications retrieved by the Literature Group was assessed using
the following criteria obtained from published and validated check lists.
Systematic reviews - quorum checklist

A validated checklist for evaluating the manner in which systematic reviews have been conducted was
not available when the methods for the present EU Guidelines were established. Therefore the
QUOROM checklist that assesses the quality of reporting was used as a proxy to assess the methodo-
logical quality of systematic reviews. This approach reflects the view that the quality of reporting can
be used as a criterion for the quality of the process of preparing a systematic review (Moher et al.
1999).

Randomised Controlled Trials

Randomised controlled trials were assessed using the following criteria suggested in the Cochrane
Handbook {Higgins, 2008 754 /id} and by the Cochrane Effective Practice and Organisation of Care
Review Group {EPOC, 2002 755 /id}:

e Unit of allocation (i.e. who or what was allocated to study groups: individuals or clusters);

e Unit of analysis (i.e. results analysed as events at the level of individuals or clusters);

e If unit of allocation and unit of analysis differ, was cluster analysis performed?

e Protection against selection bias (adequate sequence generation and allocation concealment);

e Protection against performance bias (blinding of providers);

e Protection against contamination (blinding of participants);

e Protection against attrition bias (intention to treat analysis, few lost at follow up balanced be-
tween groups); and

e Protection against detection bias (blinding of participants and outcome assessors).

Observational studies: cohort studies and case control studies

Observational studies were evaluated using the following criteria of the Newcastle-Ottawa Scale (for
recent overview see: (Wells et al. 2010)

e Case control studies:
o Adequate definition of the cases;
o Representativeness of the cases;
o Selection source of controls;
o Definition of controls;
o Comparability of cases and controls on the basis of the design or analysis;

o Method of exposure assessment;
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o Same method of ascertainment for cases and controls;

o Non-Response rate.

Cohort studies:

o Representativeness of the exposed cohort;

o Selection source of the non-exposed cohort;

o Method of exposure assessment;

o Demonstration that outcome of interest was not present at start of study;
o Comparability of cohorts on the basis of the design or analysis;

o Method outcome assessment;

o Adequacy of follow up of cohorts.

Interrupted time series studies

Studies based on interrupted time series were assessed using the following criteria suggested by the
Cochrane Effective Practice and Organisation of Care Review Group (EPOC 2002):

LIV

Clearly defined point in time when the intervention occurred.
o A: Intervention occurred at a clearly defined point in time;
o B: NOT CLEAR because not reported in the paper;

o C: Intervention did not occur at a clearly defined point in time.

At least three data points before and three after the intervention.

o A: Three or more data points before and three or more data points recorded after the inter-
vention;

o B: NOT CLEAR because not reported in the paper;

o C: Less than three data points recorded before, and less than three data points recorded af-
ter intervention.

Protection against secular changes (the intervention is independent of other changes).

o A: Intervention occurred independently of other changes over time;

o B: NOT CLEAR because not reported in the paper;

o C: Intervention was not independent of other changes over time.

Protection against detection bias (intervention unlikely to affect data collection).

o A: Intervention unlikely to affect data collection (for example, sources and methods of data
collection were the same before and after the intervention);

o B: NOT CLEAR because not reported in the paper;

o C: Intervention likely to affect data collection (for example, any change in source or method
of data collection before vs. after the intervention).

Blinded assessment of primary outcome(s).

o A: Explicit statement of authors that the primary outcome variables were assessed blindly OR
the outcome variables are objective e.g. length of hospital stay, drug levels as assessed
by a standardised test;

o B: NOT CLEAR if not specified;

o C: Outcomes were not assessed blindly.



Completeness of data set.
o A: Data set covers 80-100% of total number of participants or episodes of care in the study;
o B: NOT CLEAR if not specified;

o C: Data set covers less than 80% of the total number of participants or episodes of care in
the study.

Diagnostic accuracy studies

The criteria used to evaluate diagnostic accuracy studies were obtained from the QUADAS checklist
(Whiting et al. 2003):

Study design: diagnostic cross-sectional studies with prospective or retrospective recruitment;
case control;

Spectrum of patients representative of the individuals who will receive the test in practice;
Patients selection criteria clearly described;

Verification by reference standard of all or a randomised sample of subjects (absence of verifica-
tion bias);

Execution of the index and comparator tests adequately described;

Execution of the reference standard adequately described;

Independent and blind interpretation of index test and reference standard results;
Un-interpretable /intermediate test results reported;

Withdrawals from the study explained.

Clinical guidelines

The quality of clinical guidelines evaluated by the Literature Group was assessed using the following
most relevant criteria derived from the COGS checklist (Shiffman et al. 2003):

Description of the clinical specialisation of the members of the panel of guideline authors;
Search strategy described (databases, years covered, any language restriction);
Inclusion criteria of primary studies stated;

Method used to analyse and synthesise the evidence and to reach the consensus among the
panellists to elaborate the recommendation described;

Presence of a grading of level of evidence and/or of the strength of the recommendation; and

Presence of a complete reference list.

Evidence tables and summary documents

The Literature Group prepared the following documents based on the publications retrieved for each
clinical question or group of clinical questions. The documents were subsequently used by the authors
in drafting respective chapters:

An evidence table for each retrieved study with the main characteristics of the study (study de-
sign, objective of the study, comparisons, participant’s characteristics, outcome measures, results,
methodological quality, level of evidence);

A summary document with a synthesis of the number, types and characteristics of the retrieved
studies, their overall methodological quality, a description of the main methodological flaws, the
study results and the conclusions and the overall level of evidence.
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Evidence tables were not prepared for: additional publications cited in the background sections of the
chapters; pathological and clinical classifications; technical instructions; narrative reviews; editorials
and personal communications; and articles published before 2000 and cited by the authors after the
systematic search of the literature.

Some articles published between 2000 and 2008 and not retrieved by the systematic search were con-
sidered to be relevant by the authors. Those references have therefore been included in the body of
evidence in agreement with the editorial board. For these articles, evidence tables were prepared after
December 2009, but the respective results were not included in the summary documents.

The above documents, together with the clinical questions and respective bibliographic literature
searches for each chapter, are documented in Appendix 1.

Grading system

The key recommendations presented in each chapter of the Guidelines are listed at the front of the
respective chapter together with a grading of the evidence on which each recommendation is based,
and the strength of the recommendation. Only the highest level of evidence supporting a recommen-
dation is reported. The following grading scales are used:

Level of the evidence

e I: multiple randomised controlled trials (RCTs) of reasonable sample size, or systematic reviews
(SRs) of RCTs

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

e III: prospective or retrospective cohort studies or SRs of cohort studies; diagnostic cross section-
al accuracy studies

e IV: retrospective case-control studies or SRs of case-control studies, time-series analyses
e V: case series; before/after studies without control group, cross sectional surveys

e VI: expert opinion

Strength of the recommendations

The strength of recommendations was graded according to the following scale:

e A: intervention strongly recommended for all patients or targeted individuals

e B: intervention recommended

e C: intervention to be considered but with uncertainty about its impact

e D: intervention not recommended

e E: intervention strongly not recommended

The strength of each key recommendation was determined by the authors of each chapter in agree-

ment with the Guidelines editorial board.

Following the list of key recommendations at the beginning of each chapter, the rationale and the evi-
dence on which the recommendations are based is summarised in the body of the chapter, including
the respective levels of evidence.

In a number of chapters, in addition to the key recommendations, fundamental statements (Guiding

Principles) defining the aims and scope of the recommendations presented in the chapter are provided
at the front of the text. Most of the Guiding Principles are considered to be self-evident. All reflect the
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consensus of the authors and editors on essential principles of best practice in screening and diagno-
sis of colorectal cancer. In addition to these principles, additional advisory statements are made in the
body of the chapters that are not specifically graded. These statements also represent the consensus
of the authors and editors on best practice.

Correspondence between level of evidence and strength of recommendation

This present grading of the strength of recommendations did not require a rigid correspondence with
the levels of evidence. For example grade A was given to interventions for which there was evidence
level I (multiple RCTs or SR of RCTs) but also to interventions that could not be assessed by RCTs,
(e.g. psychological aspects, the importance of an accurate information to the patients, etc). Grade B
was given to interventions with lower evidence level (II or III) but also for interventions with evi-
dence level I but with uncertainty about their impact in the population or about practical implementa-
tion (e.g. lack of resources for implementation, social barriers, supposed lack of acceptability by the
target population). Grade C level was given to interventions for which evidence was not available or
was of low grade (i.e. IV, V) or that may not have been considered of high importance for other rea-
sons (i.e. psychological or social aspects). Grades D and E were assigned to interventions for which
there was evidence of no benefit for participants, or for which the harm outweighed the benefits.

Table 1 Correspondence between level of evidence and strength of recommendations

Strength of recommendation

A B C D E

I C Cc C C

II Nc C C C

cevelsof | m Nc C c c Nc
v Nc Nc C Nc Nc
Vv Nc Nc C Nc Nc
VI Nc Nc C Nc Nc

C: Coherence between the level of evidence and the strength of recommendations
Nc: No coherence between the level of evidence and the strength of recommendations

Method of obtaining consensus between the chapter authors
and editors and the internal peer review

Each subgroup of authors responsible for a chapter received all the evidence tables and summary
documents relating to the respective clinical questions. The authors drafted each chapter by describ-
ing the relevant issues, summarising the evidence, and including recommendations and conclusions.
The authors also proposed a grading for the strength of the evidence and the strength of the respec-
tive recommendations, based on the results of the literature search and on their clinical experience, as
well as any additional pertinent scientific literature that was taken into account with agreement from
the editorial board. The draft chapters and the proposed strength of each recommendation were dis-
cussed with the editorial board and the authors of all chapters to reach consensus.
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External peer review

Chapter drafts were subsequently sent to international experts in their respective fields for external
peer review. They were also made available for web consultation with restricted access by experts in-
volved in screening programmes. Comments and criticisms were considered and a final version of the
chapters was elaborated. Preliminary and nearly final versions of the Guidelines chapters were pre-
pared and discussed at pan-European network meetings of screening experts, clinicians, advocates,
healthcare planners and regulators from all of the EU member states and two EU applicant countries
in 2008 and 2009.

Final editing

During 2010, final changes resulting from the network discussion in November 2009 were taken into
account by the authors of respective chapters. The consistency of the recommendations between the
individual chapters was reviewed by the editorial board and corrections were made where necessary.

The editors recognise that the approach to collection of the relevant evidence adopted for the Guide-
lines may have permitted introduction of bias if the authors or editors were not aware of significant
publications after December 2008 because the systematic searches performed by the Literature Group
were limited to this date. However, the relevant publications of studies published after 2008 that have
been cited by the authors to justify recommendations have been evaluated by the Literature Group
and respective evidence tables are included in Appendix 1. In view of the qualifications and experi-
ence of the authors and editors and the transparency of the process of guideline development, the
editors have concluded that further efforts to limit this potential bias would have little or no impact on
the content of the final recommendations. As mentioned in the introduction, the editors hope that the
approach to evidence-based guideline development adopted for the first edition of the European
Guidelines for Quality Assurance in Colorectal Cancer Screening and Diagnosis will promote systematic
discussion of the evidence base for the Guidelines and that resources will be available in the future to
continuously update and expand the current evidence base and the respective documentation.
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Guiding principles

The aim of screening as a tool for cancer control is to lower the burden of cancer in the popu-
lation by discovering latent disease in its early stages and treating it more effectively than if
diagnosed later when symptoms have appeared.

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

In 1968 the World Health Organisation (WHO) defined the first set of principles for population
screening (Wilson & Jungner 1968). These principles are still valid today. Together with the sub-
stantial 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 Decem-
ber 2003.

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

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.

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 Recommen-
dation.

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 assurance which should be followed
when implementing CRC screening using the various modalities currently adopted in publically
mandated programmes in the EU Member States.



Recommendations and conclusions®

Guaiac FOBT

1.1

1.2

1.3

There is good evidence that invitation to screening with FOBT using the guaiac test reduces
mortality from colorectal cancer (CRC) by approximately 15% in average risk populations of
appropriate age (I).Sect1-21:1

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 pro-
gramme should not exceed two years (II - B).Sect1:2:1:2

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 young-
er and older individuals, taking into account the balance between risk and benefit and the avail-
able resources (VI - B).Sect1:2:1:3

Immunochemical FOBT

1.4

1.5

1.6

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.Se<t 1-22:1 Ad-
ditional evidence indicates that iFOBT is superior to gFOBT with respect to detection rate and

positive predictive value for adenomas and cancer (see also Ch. 4, Rec. 4.2) (III).Set 1-2:2.1;
4.2.5; 4.3; 4.4.2

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

In the absence of additional evidence, the age range for a screening programme with iFOBT

can be based on the limited 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

1.8

1.9

There is reasonable evidence from one large RCT that flexible sigmoidoscopy (FS) screening
reduces CRC incidence and mortality if performed in an organised screening programme with
careful monitoring of the quality and systematic evaluation of the outcomes, adverse effects
and costs (II),Sect1:3:1-1

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).Sect1:3:1.2; 1.3.2.2

There is limited evidence suggesting that the best age range for FS screening should be be-
tween 55 and 64 years (III — C). After age 74, average-risk FS screening should be discontin-
ued, given the increasing co-morbidity in this age range (V - D).Se<t 1:3:1.3

Sect (superscript) after each recommendation in the list refers the reader to the section/s of the Guidelines deal-
ing with the respective recommendation.

Rec (superscript) throughout the chapter refers to the number of the recommendation dealt with in the preced-
ing text.
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1.10 Limited evidence exists on the efficacy of colonoscopy screening in reducing CRC incidence and
mortality (III). However, recent studies suggest that colonoscopy screening might not be as
effective in the right colon as in other segments of the colorectum (IV).Set 1-3-2:1

Colonoscopy

1.11 Limited available evidence suggests that the optimal interval 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 neoplastic 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 colono-
scopy appears to be around 55 years (IV - C). Average risk colonoscopy screening should not
be performed before age 50 and should be discontinued after age 74 (V - D).Se<t 13-2:3

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 14

New screening technologies under evaluation

1.14 There currently is no evidence on the effect of new screening tests under evaluation on CRC in-
cidence 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).Se<t 13

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$ 50 000 per life-year gained (III).Sect1-1:2:4; 1.2:2.4; 1.3.1.4; 1.3.2.4

1.16 There is some evidence that iFOBT is a cost-effective alternative 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).Se<t 1-2:14



1.1 Background

1.1.1 Colorectal cancer in Europe

Colorectal cancer (CRC) is an important health problem in Europe. Each year approximately 435 000
people are newly diagnosed with CRC (Ferlay, Parkin & Steliarova-Foucher 2010). About half of these
patients die of the disease making CRC the second leading cause of cancer deaths in Europe.

CRC mortality varies among the 27 EU Member States, with Hungary having the highest mortality
rates and Cyprus having the lowest (Table 1.1). At least part of the differences in CRC mortality can
be explained by differences in lifestyle, screening practices and treatment between countries (von
Karsa et al. 2010).

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: Ferlay, Parkin &
Steliarova-Foucher 2010)

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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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 precursor lesions called adenomas, according to the adenoma-carcinoma se-
quence (Figure 1.1) (Muto, Bussey & Morson 1975; Morson 1984). 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 (Hofstad 2003). An adenoma grows in size and can de-
velop high-grade neoplasia. At a certain point in time, the adenoma can invade the submucosa and
become malignant. Initially, this malignant cancer is not diagnosed and does not give symptoms 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 de-
velop one or more adenomas in a lifetime (Hofstad 2003), but the majority of these adenomas will
never develop into CRC. Only 5-6% of the population actually develop CRC (Jemal et al. 2008). The
average duration of the development of an adenoma to CRC is unobserved, but is estimated to take at
least 10 years (Winawer et al. 1997). This long latent phase provides an excellent window of opportu-
nity for early detection of the disease.

Figure 1.1: Schematic overview of the adenoma-carcinoma sequence.
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When detected in the adenoma-phase, removal of the adenoma can prevent the incidence of CRC
(Winawer et al. 1993). But even when detected as an early-stage cancer, prognosis is considerably
better than for late-stage cancer (Ciccolallo et al. 2005) as can be seen in Figure 1.2. Several screen-
ing tests for CRC are available, including guaiac and immunochemical faecal occult blood tests
(FOBT), sigmoidoscopy, colonoscopy, CT colonography (CTC), stool DNA testing and capsule endos-

copy.

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 indi-
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Figure 1.2: Three-year CRC survival by stage and number of lymph nodes examined, for
countries in the Eurocare study (data source: Ciccolallo et al. 2005).
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vidual and/or the community (Wilson & Jungner 1968). As such, screening is a commendable method
to reduce the burden of disease. However, population screening targets an (apparently) healthy popu-
lation, and should therefore only be conducted after a careful consideration of both harms and bene-
fits.

In 1968, the World Health Organisation (WHO) defined the first set of principles for population screen-
ing (Wilson & Jungner 1968). These were:

The condition sought should be an important health problem for the individual and community.
There should be an accepted treatment or useful intervention for patients with the disease.
Facilities for diagnosis and treatment should be available.

There should be a recognisable latent or early symptomatic stage.

There should be a suitable screening test or examination.

The test should be acceptable for the population.

The natural history of the disease should be adequately understood.

® N ook~ W=

There should be an agreed policy for referring for further examination and whom to treat as pa-
tients.

9. The cost should be economically balanced in relation to possible 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 (Hanselaar 2002):

8 European guidelines for quality assurance in colorectal cancer screening and diagnosis - First edition



il

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

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

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.
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 screen-
ing programme.

8. Screening programmes are concerted actions meeting organisational and managerial require-
ments.

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 (Council of the
European Union 2003) (see also Appendix 2). 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) disease 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). This introductory chapter presents the evidence
which confirms that CRC screening fulfils the above criteria established by the WHO. The subsequent
chapters provide comprehensive recommendations and additional applicable evidence essential to en-
suring that screening programmes also fulfil the principles of best practice and quality assurance men-
tioned above and elucidated in the Council Recommendation on Cancer Screening (see Sect. 1.1.4).

The European Guidelines for Quality Assurance in Colorectal Cancer Screening and Diagnosis have
been developed to inform European policymakers and public health specialists, and particularly also
professionals, programme managers and any other staff involved in the provision of screening ser-
vices, 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 which should be taken into account in running and establishing 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 screening programmes has been acquired
through the screening networks established by the European Union in the Europe Against Cancer pro-
gramme which have been consolidated under the subsequent EU Health programmes in the European
Cancer Network. The EU networks have shown that overall screening outcome 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 lesions, treatment, surveillance and subsequent
care. Screening is performed on predominantly healthy people; comprehensive quality assurance is
also required to maintain an appropriate balance 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 screening accessible to those in the popula-
tion who may benefit and in order to adequately monitor, evaluate and continuously improve per-
formance (European Commission 1996; European Commission 2001; European Commission 2006; von
Karsa et al. 2008; European Commission 2008; Perry et al. 2008; Arbyn et al. 2010).

Implementation of organised programmes is recommended because they include an administrative
structure responsible for service delivery, quality assurance and evaluation. Population-based pro-
grammes generally require a high degree of organisation 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 evi-
dence-based screening for breast or cervical cancer, the population-based approach to programme
implementation is also recommended for CRC screening because it provides an organisational frame-
work conducive to effective management and continuous improvement of the screening process, such
as through linkage with population and cancer registries for optimisation of invitation to screening and
for evaluation of screening performance and impact. Nationwide implementation of population based
screening programmes makes services performing to the high standards available to the entire popu-
lation 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 (von Karsa et al.
2010).

On 2 December 2003, the Health Ministers of the European Union unanimously adopted a recom-
mendation on cancer screening based on the developments and experience in the Europe Against
Cancer programme (Council of the European Union 2003) (Appendix 2). The Recommendation of the
Council of the European Union spells out fundamental principles of best practice in early detection of
cancer and invites EU Member States to take common action to implement national cancer screening
programmes with an organised, population-based approach and with appropriate quality assurance at
all levels, taking into account European quality assurance guidelines for cancer screening, where they
exist (von Karsa et al. 2008).

The adoption and subsequent implementation of the Council Recommendation on Cancer Screening
has been repeatedly supported by vigorous initiatives of the European Parliament documented in par-
liamentary resolutions (European Parliament 2004; European Parliament 2006; European Parliament
2008). Continued, concerted efforts to implement the Council Recommendation including efforts to
continuously update the European screening quality assurance guidelines have also been recom-
mended by the Council at the conclusion of the Slovenian EU Presidency and more recently (Council of
the European Union 2008; Council of the European Union 2010). These efforts, have also contributed
to the adoption of the new European Partnership for Action Against Cancer which includes activities
dedicated to improving implementation of the Council Recommendation (European Commission 2009).

The Council Recommendation and the EU guidelines also emphasise the need for effective communi-
cation in order to reach groups commonly found to have limited access to screening, such as less ad-
vantaged socioeconomic groups. This, in turn, should permit an informed decision about participation,
based on objective, balanced information about the risks and benefits of screening (Hanselaar 2002;
Giordano et al. 2006; Giordano et al. 2008; von Karsa 1995; von Karsa et al. 2010) (see also Chapter
10).

In addition to the above-mentioned fundamental principles of quality assurance in implementation of
cancer screening programmes, the Council Recommendation and the European quality assurance
guidelines deal with other essential elements such as registration, monitoring and training. Of particu-
lar 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 in-
troduction of novel screening tests.
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The EU recommends implementation of new cancer screening tests in routine healthcare only after ef-
ficacy has been conclusively demonstrated in randomised controlled trials (RCTs) and other relevant
aspects have been taken into account such as cost effectiveness in the different healthcare systems of
the Member States (items 6(a) to (d) in Council Recommendation, Appendix 2). Potentially promising
new modifications of established screening tests may also be considered for introduction into routine
healthcare once the effectiveness of the modification has been demonstrated, possibly using other
epidemiologically validated surrogate endpoints (item 6 (e) in Council Recommendation, Appendix 2).

Only the FOBT for men and women aged 50-74 years has been recommended to date by the EU for
CRC screening.? Any change in the recommended screening policy for predominantly healthy individu-
als 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 numerous other principles
and standards of best practice laid down in the Council Recommendation.

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 (FOBT). The purpose of
the European Guidelines for Quality Assurance in Colorectal Cancer Screening is not to provide recom-
mendations on which other modalities might now be suitable for CRC screening in the EU. Instead,
the new European Guidelines provide guiding principles and evidence-based recommendations on the
quality assurance which should be followed when implementing CRC screening using the various mo-
dalities 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 sufficient participation, the percent mortality reduction is generally ex-
pected 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
throughout Europe indicate that the potential benefit of CRC screening is significant in all European
countries.

By the end of 2007, several EU Member States were in the process of implementing a national popula-
tion screening programme (von Karsa et al. 2008; Commission of the European Communities 2008)
(see Appendix 3). 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 nation-
wide population-based programme (Hungary, Cyprus, Portugal, 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, ten Member States have established or upgraded the status of their CRC screening
programmes (Czech Republic, France, Ireland, Lithuania, Portugal, Slovak Republic, Slovenia, Spain,
Sweden and the United Kingdom). In addition Denmark and the Netherlands are currently in the deci-
sion process for implementing a CRC screening programme.

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 accordance with 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 ac-
cordance with European guidelines for quality assurance in breast cancer screening and diagnosis (Council Rec-
ommendation 1(b)).
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As mentioned above, the current EU screening policy only recommends faecal occult blood testing for
population-based screening (Council of the European Union 2003) (see Section 1.1.4). Currently, the
guaiac FOBT is the only test for which extensive evidence of efficacy has been established in more
than one RCT (Hardcastle et al. 1996; Kronborg et al. 1996; Mandel et al. 1999; Lindholm, Brevinge &
Haglind 2008).

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 immunochemical tests (iFOBT). GFOBTs investigate the presence of any blood,
whereas iIFOBTs are specific for human blood (for more detailed information on test characteristics
and clinical performance, see Chapter 4).

1.2.1 Guaiac FOBT3

1.2.1.1 Evidence for efficacy

Three systematic reviews have evaluated the evidence for the efficacy of gFOBT screening (Heresbach
et al. 2006; Hewitson et al. 2007; Kerr et al. 2007). The reviews all included the RCTs of Minnesota,
Nottingham and Funen which compare gFOBT screening with no screening (Mandel et al. 1993; Hard-
castle et al. 1996; Kronborg et al. 1996). In addition, the Cochrane review by Hewitson also included
the then-unpublished results of the Goteborg study (Lindholm, Brevinge & Haglind 2008), whereas the
Heresbach review also included the block-randomised trial from Burgundy (Faivre et al. 2004). All
three reviews found a significant reduction in CRC mortality: 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 (Hewitson et al.
2007).

In a subgroup analysis, Heresbach showed that CRC mortality reduction 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 (Heresbach et al. 2006).

In conclusion, there is good evidence that gFOBT screening reduces CRC mortality by 14%—16% in
people of appropriate age invited to attend screening. The observed, modest reduction in CRC mortal-
ity has not been shown to impact overall mortality (I).Rec -

1.2.1.2 Evidence for the interval
There are no specific trials investigating the best screening interval for programmes with gFOBT. One

RCT conducted in the Minnesota area on healthy volunteers aged 50 to 80 years reported data on an-
nual and biennial screening (Mandel et al. 1993). After 13 years of follow-up, a statistically significant

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 Appendix 2).
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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 England and in Denmark) subsequently showed statistically significant 15% and
18% mortality reductions, respectively, with biennial screening (Hardcastle et al. 1996; Kronborg et al.
1996). A second publication of the Minnesota trial provided updated results through 18 years of fol-
low-up and reported a 21% CRC mortality reduction in the biennial screening group, while the reduc-
tion in CRC mortality for annual screening remained 33% (Mandel et al. 1999).

In conclusion, both annual and biennial screening with gFOBT have been shown to be effective meth-
ods for significantly reducing CRC mortality (I). The results of the Minnesota trial imply that the bene-
fit from annual screening appears to be greater than for biennial screening (II). No clear recommen-
dation 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 biennial screening by gFOBT reported a formal subgroup analysis regarding ef-
ficacy of screening in different age groups (Mandel et al. 1993; Hardcastle et al. 1996; Kronborg et al.
1996; Lindholm, Brevinge & Haglind 2008). 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
(Scholefield et al. 2002).

Circumstantial evidence for the age range comes from the differences in age range of the RCTs. Table
1.2 gives an overview of the age ranges of the four RCTs of Minnesota, Nottingham, Funen and Gote-
borg and the observed mortality reductions in these trials (Hewitson et al. 2007). Goteborg investi-
gated 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 indirect comparison, the table shows
that CRC mortality reduction is significant for all age ranges and that the magnitude of the relative risk
reduction is similar for all age ranges investigated.

Table 1.2: Age range and mortality reduction in the four randomised controlled 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

In summary, the best age range for offering gFOBT screening has not been investigated in trials. Cir-
cumstantial 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 in-
clude 60 to 64 years in which CRC incidence and mortality are high and life-expectancy is still consid-
erable. 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 -3
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1.2.1.4 Evidence on risks vs. benefit and cost-effectiveness

GFOBT screening is a safe screening method with no direct adverse health effects. However, it is as-
sociated with false-positive test results, leading to anxiety and unnecessary follow-up colonoscopies.
Approximately 1% of screened individuals in the Nottingham and Funen trials had a positive gFOBT
and no adenomas or CRC detected at follow-up colonoscopy. In the UK pilot programme of gFOBT
screening, a similar false positivity rate was found. Because of rehydration of the gFOBT, the rate of
false-positive test results was almost 9% in the Minnesota trial.

Per 10 000 follow-up colonoscopies after positive tests, approximately 7 perforations and 9 major
bleeds were reported in the RCTs of Nottingham and Minnesota. In the UK pilot programme 5 perfor-
ations per 10,000 colonoscopies were reported. For unrehydrated gFOBT, this means that there are
approximately 16 major 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 RCTSs, or in the UK pilot programme.

In a well-organised, high-quality screening programme using unrehydrated gFOBT, the risks of ad-
verse effects are limited (I).

A systematic review (Pignone et al. 2002a) for the United States Preventive Services Task Force
(USPSTF) compared the cost-effectiveness of the following CRC screening strategies: FOBT; sigmoido-
scopy; 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$ 5 691 to
US$ 17 805 per life-year gained (Pignone et al. 2002a). The included studies differed 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 (Lejeune et
al. 2004; Whynes 2004). The first one estimated the cost-effectiveness of biennial FOBT screening
over up to five screening rounds within the Nottingham trial (Whynes 2004). The cost of screening
was US$ 8 300 (£ 5 290) per cancer detected (at 2002 prices). Under conservative assumptions, the
incremental cost per life year gained as a result of screening was US$ 2 500 (£ 1 584). A French cost-
effectiveness analysis on a hypothetical cohort of 100 000 asymptomatic individuals aged 50 to 74
years confirmed that biennial FOBT screening for CRC was a cost-effective strategy (Lejeune et al.
2004). Incremental costs per life-year gained of screening over no screening were US$ 4 600
(€ 3 375) and US$ 6 400 (€ 4 705) 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$ 50 000 per life-year gained (III).Rec 15

1.2.2 Immunochemical FOBT*

1.2.2.1 Evidence for efficacy

To date, there has been one RCT evaluating the efficacy of iFOBT screening. In this study, 94 423 in-
dividuals were offered a once-only iFOBT screen. After 8 years, the investigators found a statistically
significant 32% reduction in rectal cancer mortality, but no reduction in colonic or overall CRC mortal-

iFOBT is an evidence-based screening test for CRC that fulfils the requirements 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 Appendix 2).
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ity (Zheng et al. 2003). There are two caveats concerning this study: Firstly, follow-up of positive
iFOBT was performed by flexible sigmoidoscopy, which may explain the lack of effectiveness in the
entire colon. Furthermore, randomisation was based on townships and not on individuals.

In addition, three Japanese case—control studies evaluated the efficacy of iFOBT (Saito et al. 1995;
Saito et al. 2000; Nakajima et al. 2003). All three studies found a significant reduction in CRC mortal-
ity 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 implement a new CRC screening test
without an RCT on CRC mortality, 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 (Winawer
et al. 1997). This evidence is available for iFOBT: there have been 13 population-based screening
studies comparing performance characteristics of gFOBT and iFOBT (Allison et al. 1996; Castiglione et
al. 1996; Rozen, Knaani & Samuel 2000; Zappa et al. 2001; Ko, Dominitz & Nguyen 2003; Wong et al.
2003; Hughes et al. 2005; Hoepffner et al. 2006; Smith et al. 2006; Allison et al. 2007; Guittet et al.
2007; Dancourt et al. 2008; van Rossum et al. 2008). Although the studies used different tests and
slightly different protocols, the results of all studies consistently showed that iFOBT has significantly
higher sensitivity for advanced adenomas and cancer than the gFOBT (Hemoccult II). For some cut-
off levels for referral, iFOBT was also more specific (see also Ch. 4, Sect. 4.2.5 and 4.3.2).

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. There is additional evidence
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 iIFOBT showed that a reduction in risk of CRC
death was only statistically significant for those subjects screened within three years prior to the diag-
nosis. 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 additional evidence, the interval for iFOBT screening can best be set at
that for gFOBT, but should not exceed three years (VI - C).Rec -5

1.2.2.3 Evidence for the age range

No evidence is available on the best age range for iFOBT screening. Given the similarities between the
tests, the age range for a screening programme using iFOBT can best be based on the limited evi-
dence for the optimal age range from gFOBT trials (see Rec. 1.3, Sect. 1.2.1.3) (VI - C).Rec 16

1.2.2.4 Evidence on risks vs. benefit and cost-effectiveness

As with gFOBT, there are no serious adverse health effects directly 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 (Segnan et al. 2005; Segnan et al. 2007) and in the NORCCAP trial (Gondal et al. 2003) had a
positive iFOBT without adenomas or CRC detected at subsequent diagnostic colonoscopy. In the
NORCCAP study, six perforations were reported after colonoscopy (Gondal et al. 2003). However, all
of these complications occurred in therapeutic colonoscopies following polypectomy. There were no
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perforations in purely diagnostic colonoscopies without adenomas or cancer detected. In addition,
there were four major bleeds and one burnt serosa syndrome. The total complication rate with
colonoscopy was 4 per 1 000 colonoscopies (Gondal et al. 2003).

In a well-organised high-quality iFOBT screening programme, the risks of adverse effects are limited
(I1I).

There were no studies specifically addressing the cost-effectiveness of iFOBT, but three studies that
compared the cost-effectiveness of iFOBT to that of gFOBT (Berchi et al. 2004; Li et al. 2006; Parekh,
Fendrick & Ladabaum 2008). Two studies concluded that iFOBT screening was at least as effective as
gFOBT screening, but less costly (Li et al. 2006; Parekh, Fendrick & Ladabaum 2008). In the third
analysis, the use of iFOBT for 20 years of biennial screening cost € 59 more than gFOBT per target in-
dividual, and led to a mean increase in individual life expectancy of 0.0198 years, which corresponds
to an incremental cost-effectiveness ratio of US$ 4 100 (€ 2 980) per years of life saved.

In conclusion, iFOBT seems to be a cost-effective alternative to gFOBT, either dominating grFOBT or
providing incremental benefit at costs per life-year gained well below the commonly used threshold of
US$ 50 000 per life-year gained (III).Rec1-15; 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 physician can detect abnormalities and remove them in one procedure. The two
main endoscopy procedures are flexible sigmoidoscopy and colonoscopy. With sigmoidoscopy only ap-
proximately one-half of the colorectum can be inspected, whereas colonoscopy generally visualises
the complete colorectum.

1.3.1 Sigmoidoscopy’

1.3.1.1 Evidence for efficacy

For sigmoidoscopy screening, evidence on the efficacy is available from three RCTs: the Telemark and
NORCCAP studies in Norway and the large UK study in which 57 237 individuals were randomised to
the screening group for once-only sigmoidoscopy alone (Table 1.3). The UK study was the only study
to find a significant 31% reduction in CRC mortality from sigmoidoscopy in an intention-to-treat analy-
sis (Atkin et al. 2010). However, the Norwegian trials had considerably smaller sample sizes (13,823
individuals in the screening group in the NORCCAP study, and only 400 in the Telemark study); the
NORCCAP study also had a shorter follow-up. Therefore these studies may have been underpowered
(Thiis-Evensen et al. 1999; Hoff et al. 2009). In per-protocol analyses, the NORCCAP study did find a
significant 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 screening

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 Appendix 2).
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might 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 in which only people who actively ex-
pressed their interest in being randomised were enrolled. Although CRC incidence in the trial control
group was similar to what is expected in the general population, the results cannot be directly ex-
trapolated 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 (Prorok et al. 2000; Segnan et al. 2002).

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% reduction* No difference 23% reduction*
CRC mortality 50% reduction 27% reduction 31% reduction*
Overall mortality 57% increase* No difference No difference

Per-protocol analysis

CRC incidence - - 33% reduction*
CRC mortality - 59% reduction* 43% reduction*
* significant - not reported

In addition, three case-control studies of good methodological quality have been published. In these
studies, sigmoidoscopy was compared with no screening (Newcomb et al. 1992; Selby et al. 1992;
Muller & Sonnenberg 1995) while adjusting for the main confounding factors (family history of CRC,
FAP, polyposis, ulcerative colitis and number of periodic health examinations). All three studies found
a significant reduction in CRC mortality and two of them also in CRC incidence. Finally, a prospective
cohort study including 24 744 asymptomatic men aged 40-75 years at average risk of CRC, showed a
significant 42% reduction in overall CRC incidence and 56% in distal cancer incidence from screening
endoscopy after 8 years of follow-up. The study did not find a significant difference in proximal cancer
incidence or overall CRC mortality (Kavanagh et al. 1998).

In conclusion, there is reasonable evidence that flexible sigmoidoscopy screening reduces CRC inci-
dence and mortality, if performed in an organised screening programme with careful monitoring of the
quality and systematic evaluation of the outcomes, adverse effects and costs (II).Re< 17

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 detection rate of adenomas and cancer three and five years, respectively, after a
negative sigmoidoscopy (Platell, Philpott & Olynyk 2002; Schoen et al. 2003). 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, (Schoen et al. 2003) and 50% lower 5
years after a negative examination (Platell, Philpott & Olynyk 2002). Nevertheless, the authors of the
two studies arrived at different conclusions: Platell suggested that rescreening the average-risk popu-
lation with flexible sigmoidoscopy 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 negative examination.
The UK flexible sigmoidoscopy screening study showed that there was little attenuation of the protec-
tive effect of sigmoidoscopy after 11 years of follow-up (Atkin et al. 2010), suggesting that the inter-
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val 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 intervals of three and five years. The UK flexible sigmoidoscopy study and
evidence for colonoscopy screening seems to indicate that the optimal interval for endoscopy screen-
ing should not be less than 10 years and may even be extended to 20 years (see Sect. 1.3.2.2)

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 (Segnan et al. 2007). 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 (Atkin et al. 2010).

There has been one cross-sectional study comparing safety, tolerability, completion, and endoscopic
findings of sigmoidoscopy between individuals 50-74 years old and individuals 75 years and older
(Pabby et al. 2005). The study demonstrated that elderly subjects =75 years old have an increased
rate of endoscopist-reported difficulties and a higher rate of incomplete examinations compared to
subjects aged 50-74 years. Complication rate and detection rate of adenomas and advanced adeno-
mas were similar in both cohorts, while an increased detection of carcinomas in the elderly was ob-
served.

In conclusion, there is limited evidence suggesting that the best age range for flexible sigmoidoscopy
screening should be between 55 and 64 years (III — C). One study suggests that for screening in the
elderly population (75 years and older) tolerability is an issue (V). Average-risk sigmoidoscopy screen-
ing 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
(Table 1.4). Severe complication rates from sigmoidoscopy varied from 0% to 0.03%. Minor complica-
tions 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 complications occurred in
1.6%-3.9% of follow-up colonoscopies.

In a well-organised high-quality flexible sigmoidoscopy screening programme the risk of severe com-
plications 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, (Pig-
none et al. 2002a). One study showed that with favourable conditions sigmoidoscopy screening could
be cost-saving. In the other studies the cost-effectiveness ratio varied from US$ 12 477 to US$ 39 359
per life-year gained. More recent cost-effectiveness analyses found similar ratios (US$ 7 407—
US$ 23 830) (Song, Fendrick & Ladabaum 2004; Pickhardt et al. 2007; Vijan et al. 2007). A recent
study based in England also estimated that sigmoidoscopy screening could be cost-saving (Tappenden
et al. 2007).

All cost-effectiveness analyses show that the cost-effectiveness of sigmoidoscopy screening is below

the commonly used threshold of US$ 50 000 per life-year gained. Some studies suggest that sigmoid-
oscopy screening could even be cost-saving (III).Rec 113
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Table 1.4: Major and minor complication rates in population-based sigmoidoscopy

screening
SCORE SCORE 2 UK FS trial NORCCAP
(Segnan et al. (Segnan et al. (UK Flexible Sig- (Gondal et al.
2002) 2005) moidoscopy 2003)
Screening Trial
Investigators
2002)

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%

1.3.2 Colonoscopy®

1.3.2.1 Evidence for efficacy

Until recently, there has been no RCT investigating the efficacy of colonoscopy screening; a large mul-
ticentre 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 colonoscopy screening (Pignone et al. 2002b; Walsh & Terdiman 2003) include one pro-
spective observational study comparing CRC incidence in a population that underwent colonoscopy
and removal of detected lesions with the incidence of three reference populations (Winawer et al.
1993). Incidence in the cohort 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 con-
trols that were not from the same underlying population. Recently, a second prospective observational
study showed a 65% lower CRC mortality and 67% lower CRC incidence in individuals with a screen-
ing colonoscopy compared to the general population (Kahi et al. 2009). Two recent case—control stud-
ies also found a significant reduction of 31% in CRC mortality (Baxter et al. 2009) and 48% in ad-
vanced neoplasia detection rates (Brenner et al. 2010). 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 dis-
ease.

Cross-sectional surveys have shown that colonoscopy is more sensitive than sigmoidoscopy in detect-
ing adenomas and cancers and that this increased sensitivity could translate into increased effective-
ness (Walsh & Terdiman 2003).

In conclusion, limited evidence exists on the efficacy of colonoscopy screening on CRC incidence and
mortality (III). However, recent studies suggest that colonoscopy might not be as effective in the
right colon as in other segments of the colorectum (IV).Re¢ 1% Results of at least one large RCT
would permit more definitive conclusions about the efficacy of colonoscopy as a primary screening
test.

Colonoscopy is not a screening test for CRC recommended by the EU. The applicable items in the Council Rec-
ommendation of 2 December 2003 are 6(a) to 6(d) (see Sect. 1.14 and Appendix 2).
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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 colonoscopy was 31%
lower than general population rates and remained reduced beyond 10 years after the negative
colonoscopy (Singh et al. 2006). Similar results were obtained in the case—control study (Brenner et
al. 2006): 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 pro-
spective studies found a risk of adenoma 5 years after a negative colonoscopy ranging from 2.1% to
2.7% and a risk of advanced adenoma or cancer ranging from 0.0% to 2.4% (Rex et al. 1996; Huang
et al. 2001; Ee, Semmens & Hoffman 2002; Yamaji et al. 2004; Lieberman et al. 2007).

Evidence for the timing of colonoscopy intervals is limited. A cohort 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).Rec1-11

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 between 55 and 64 (Segnan et al. 2007). However, no studies have been
published which directly investigated the optimal age range for colonoscopy screening. Two cross-
sectional studies compared detection rates in a cohort of 40-49-year-olds with those in older cohorts
(Imperiale et al. 2002; Rundle et al. 2008). Although an increase in the prevalence of neoplasms in
the 50-59 years age group compared with the 40—49 years age group was observed in the first study,
this difference was not statistically significant (Rundle et al. 2008). The prevalence of CRC in the sec-
ond study was significantly lower in the 40-49-year-old cohort than in the cohort older than 49 years
(p=0.03), (Imperiale et al. 2002). A German case—control analysis assessed the possible impact of
colonoscopic screening history in different age groups (Brenner et al. 2005). 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 endoscopy appeared
to be around 55 years. The previously reported cross-sectional study on safety, tolerability, comple-
tion, and endoscopic findings of sigmoidoscopy screening (see Sect. 1.3.1.3) suggests that tolerability
is also an issue in colonoscopy screening in individuals over 74 years of age (Pabby et al. 2005).

There is no direct evidence confirming the optimal age range for colonoscopy screening. Indirect evi-
dence suggests that the prevalence 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 discontinued after age 74 (V - D).Rec 112

1.3.2.4 Evidence on risks vs. benefit and cost-effectiveness

Major complication rates with screening colonoscopy were obtained from five population-based stud-
ies and varied from 0-0.3% (Table 1.5) (Lieberman et al. 2000; Schoenfeld et al. 2005; Regula et al.
2006; Kim et al. 2007; Rainis et al. 2007). None of the studies reported minor complications. Compli-
cation rates with screening colonoscopies are considerably higher than for sigmoidoscopy, but slightly
lower than for follow-up colonoscopies after a positive 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, because relatively few people in the FOBT target population are ex-
posed to the potential harm of follow-up colonoscopy.
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In a well-organised high-quality colonoscopy screening programme, 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$ 9 038 to US$ 22 012 per life-
year gained. Recent studies found similar ratios (US$ 8 090-US$ 20 172) (Ladabaum et al. 2001;
Song, Fendrick & Ladabaum 2004; Pickhardt et al. 2007; Vijan et al. 2007). One recent study in Ger-
many estimated that a once-only colonoscopy screening could be cost-saving compared to no screen-
ing (Sieg & Brenner 2007).

All cost-effectiveness analyses show that the cost-effectiveness of colonoscopy screening is below the
commonly used threshold of US$ 50 000 per life-year gained (III).Rec 13

Table 1.5: Complication rates with screening colonoscopies

Lieberman Regula et Schoenfeld | Rainisetal. | Kim et al.

et al. 2000 al. 2006 et al. 2005 2007 2007
Severe 0.3% 0.1% 0% 0.08% 0%
complications

1.4 Evidence for effectiveness of FOBT and
sigmoidoscopy combined’

No trials have assessed the impact of combining sigmoidoscopy screening with annual or biennial
FOBT on CRC incidence or mortality. One trial comparing a combination of flexible sigmoidoscopy 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 (Hoff et al. 2009).

Four studies reported diagnostic yield with a combination of once-only sigmoidoscopy and once-only
FOBT, compared to FOBT and/or sigmoidoscopy alone (Rasmussen et al. 1999; Lieberman & Weiss
2001; Gondal et al. 2003; Rasmussen, Fenger & Kronborg 2003; Segnan et al. 2005). The yield of the
combination of once-only sigmoidoscopy with once-only FOBT was 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 FOBT was 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 (Rasmussen, Fenger & Kronborg 2003). When
the detection rate was calculated among the invited (as opposed to examinees) diagnostic yield was
higher in the biennial FOBT programme because of the higher compliance with FOBT. These conclu-
sions should be considered cautiously, however, because they are based on an indirect comparison of
two trials and because sigmoidoscopy may prevent advanced adenomas and CRC. A comparison of
cumulative detection rates of advanced adenomas and CRC may therefore be biased in favour of bi-
ennial FOBT screening.

Combination of FOBT and sigmoidoscopy is not a screening approach for CRC recommended by the EU. The ap-
plicable items in the Council Recommendation of 2 December 2003 are 6(a) to 6(d) (see Sect. 1.14 and Appendix
2).
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Two studies evaluated the effect of offering combined once-in-a-lifetime testing on screening compli-
ance (Gondal et al. 2003; Segnan et al. 2005). While one study showed a significantly lower compli-
ance with the combination of sigmoidoscopy and FOBT compared to FOBT alone (Segnan et al. 2005)
the other did not find a difference between the combination, and sigmoidoscopy alone (Gondal et al.
2003).

The impact on CRC incidence and mortality of combining sigmoidoscopy screening with annual or bi-
ennial 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).Rec 113

1.5 New screening technologies under
evaluation®

Besides the established FOBT and endoscopy tests, several new technologies are currently under de-
velopment 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 evaluation on CRC incidence and mortality (see Sections 1.5.1-3) New screen-

ing 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 investigate 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 re-
views have been published between 2003 and 2008 on CTC performance characteristics in comparison
to colonoscopy (Sosna et al. 2003; Halligan et al. 2005; Mulhall, Veerappan & Jackson 2005; Purka-
yastha et al. 2007; Rosman & Korsten 2007; Walleser et al. 2007; Whitlock et al. 2008). All meta-
analyses and primary studies (Reuterskiold et al. 2006; Arnesen et al. 2007; Chaparro Sanchez et al.
2007) 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 re-
ported patient preferences and found that participants prefer CT colonography over colonoscopy,
(Jensch et al. 2008; Roberts-Thomson et al. 2008). None of the retrieved studies considered the pos-
sible 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 technological char-
acteristics of the technique must be settled. These questions include the appropriate threshold size for
referral of findings, costs of the procedure in relation to its effectiveness and the potential risks from
the radiation exposure (VI - A).

New technologies under evaluation are not recommended for CRC screening 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 Appendix 2).

22



il

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 evaluating the CRC incidence or mortality reduction from stool DNA test-
ing. Systematic reviews of performance characteristics of stool DNA tests (Bluecross Blueshield Asso-
ciation Special Report: 2006; Whitlock et al. 2008; Loganayagam 2008) included two prospective stud-
ies assessing diagnostic performance in an average-risk population (Imperiale et al. 2004; Ahlquist et
al. 2005). Both studies found that stool DNA testing was more sensitive than Hemoccult II for ad-
vanced neoplasia, without loss of specificity. However, sensitivity of stool DNA was still only 50% and
20% in the respective studies (Imperiale et al. 2004; Ahlquist et al. 2005).

A new version of the stool DNA test has been developed that incorporates 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% (Itzkowitz et al. 2008).

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 approximately
US$ 350, stool DNA screening is not a cost-effective option for CRC screening (Zauber et al. 2007;
Parekh, Fendrick & Ladabaum 2008). According to one study, costs should be 6-10 times lower before
stool DNA screening could compete with other available screening tests (Zauber et al. 2007).

Stool DNA with version 1 testing has superior sensitivity over Hemoccult II, at similar levels of speci-
ficity (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 population, and costs need to be reduced before stool DNA testing can be recom-
mended 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 gas-
trointestinal tract. No studies have reported on CRC incidence and mortality reduction from capsule
endoscopy. Two reviews have evaluated its test performance characteristics compared to colonoscopy
and/or CT colonography (Fireman & Kopelman 2007; Tran 2007). Since the reviews, four more studies
on the diagnostic accuracy of capsule endoscopy have been published (Eliakim et al. 2009; Gay et al.
2009; Sieg, Friedrich & Sieg 2009; Van Gossum et al. 2009). Sensitivity in the studies included in the
review varied from 56-76%, and specificity from 64-69% (Fireman & Kopelman 2007; Tran 2007).
The newer studies showed somewhat better estimates than the earlier studies, with sensitivity ranging
from 72—-78% and specificity from 53-78% (Eliakim et al. 2009; Gay et al. 2009; Sieg, Friedrich &
Sieg 2009; Van Gossum et al. 2009). However, these test characteristics are still inferior compared to
colonoscopy.

Capsule endoscopy bears promise as an alternative to colonoscopy, because the examination can be
realised without intubation, insufflation, pain, sedation or radiation; no serious adverse effects 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 endoscopy can be recommended for screening (VI - A).Rec 114
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2

Guiding principles for organising a colorectal
cancer screening programme

A colorectal cancer screening programme is a multidisciplinary undertaking. The objective is to
reduce mortality from and possibly incidence of colorectal cancer without adversely affecting the
health status of those who participate in screening. The effectiveness is a function of the quality
of the individual components of the process.

The provision of the service must account for the values and preferences of individuals as well as
the perspectives of public health.

The public health perspective in the planning and provision of screening services requires com-
mitment to ensuring equity of access and sustainability of the programme over time.

Taking into account the perspective of the individual requires commitment to promoting informed
participation and to providing a high quality, safe service.

Implementation entails more than simply carrying out the screening tests and referring individuals
to assessment whenever indicated. Specific protocols must be developed for identifying and sub-
sequently inviting the target population. Protocols are also required for patient management in
the diagnosis, treatment, and surveillance phase in order to ensure that all individuals have timely
access to the proper diagnostic and treatment options.

Complete and accurate recording of all relevant data on each individual and every screening test
performed, including the test results, the decision made as a consequence, diagnostic and treat-
ment procedures and the subsequent outcome, including cause of death, should be ensured. This
monitoring process is of fundamental importance.

The quality assurance required for screening should also enhance the quality of the service of-
fered to symptomatic patients.

Appropriate political and financial support are crucial to the successful implementation of any
screening programme.
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1

Recommendations and conclusions®

Organised vs. non-organised screening

2.1

2.2

In order to maximise the impact of the intervention and ensure high coverage and equity of
access, only organised screening programmes should be implemented, as opposed to case-
finding or opportunistic screening as only organised programmes can be properly quality as-
Sured (III - A)_Sect 2.2.1; 2.2.2; 2.2.3

When organising a screening programme, several fundamental aspects should be considered:
the legal framework, the availability and accuracy of epidemiological and demographic data,
the availability of quality-assured services for diagnosis and treatment, promotional efforts, a
working relationship with the local cancer registry, and follow-up for causes of death at individ-
ual level (VI - A).Se<t 2:2:3

Implementing the screening programme

2.3

2.4

2.5

2.6

A population registry should be implemented for screening if not yet available, combining the
most accurate and updated information about the target population (VI - A).Se<t 231

If the screening policy allows for exclusions, the exact definition of the criteria should be given.
Exclusions should be carefully and routinely monitored for appropriateness and quality
(VI - A).Sect 2.3.1.1

In the absence of hereditary syndromes people with a positive family history should not be ex-
cluded from CRC screening programmes (III - B).Sect 2:3:1:2

Subjects belonging to families with hereditary syndromes, identified at the time of screening,
should be referred to special surveillance programmes or family cancer clinics, if available
(III - B).Sect 2.3.1.2

Participation in screening

2.7

2.8

2.9

2.10

2.11

Access to screening and any follow-up assessment for people with abnormal test results should
not be limited by financial barriers. In principle, screening should be free of charge for the par-
tiCipant (I - A).Sect 24.2.1

In the context of an organised program, personal invitation letters, preferably signed by the
general practitioner, should be used. A reminder letter mailed to all non-attenders increases at-

tendance rate and is therefore recommended (see also Chap. 10, Rec. 10.7) (I - A).Sect 2:4-3-1i
2.4.3.2; 10.4.1.2

Although more effective than other modalities, phone reminders may not be cost-effective (see
also Chap. 10, Rec. 10.8) (I - B).Sect 2:4:3:210.4.1.2

Provision of information is necessary to enable subjects to make an informed choice, but it is
not sufficient to enhance participation. Organisational measures enabling people to attend
screening should be implemented (I - A).Sect 24.3:3:1

Primary health care providers should be involved in the process of conveying information to
people invited for screening (see also Chap. 10, Rec. 10.6) (II - A).Sect 2:4:3.4; 2.4.3.4.1;10.4.1.1

Sect (superscript) after each recommendation in the list refers the reader to the section/s of the Guidelines deal-
ing with the respective recommendation.

Rec (superscript) throughout the chapter refers to the number of the recommendation dealt with in the preced-
ing text.
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2.12

2.13

2

General practitioners or family physicians (or primary health care practitioners, where preven-
tive services are not primarily based on primary care physicians) should be involved in the im-
plementation of organised programmes (I - A).Set 2:4-3:4:2

Reducing organisational barriers to physicians’ advice should be a priority for interventions
aimed at promoting GPs’ involvement in organised screening programmes (I - B).Sect 2:4-:3-4.2

Testing protocol

2.14

2.15

2.16

2.17

2.18

2.19

2.20

2.21

2.22

2.23

For FOBT-based screening programmes, the choice of the kit provider should aim to maximise
accessibility for the target population (II - A).Sect 2511

Mailing of FOBT kits may be a good option, taking into account feasibility issues (such as reli-
ability of the mailing system and test characteristics) as well as factors that might influence
cost-effectiveness (such as the expected effect on the participation rate) (see also Chap. 10,
Rec. 10.9) (II - B).Sect 2.5.1.1; 10.4.1.3

Clear and simple instructions should be provided with the kit (see also Chap. 10, Rec. 10.10)
(v - A).Sect 2.5.1.1;10.4.1.3

In order to enhance compliance, testing procedures that require no or only minor dietary re-
strictions are preferred (I - A).Se<t 2:5:1-2

Systematic (preferably automated) check protocols should be implemented in order to ensure
correct identification of the screenee’s test results and recognition of incomplete or erroneous
data (VI - A).Sect 2,5.1.3

Protocols should be in place to ensure standardised and reliable classification of the test results
(VI - A).Sect 2.5.1.3

Bowel preparation for screening sigmoidoscopy should preferably involve a single procedure.
Cultural factors should be taken into account and population preference should be assessed.
(II - B).Sect 2.5.2.2

For screening sigmoidoscopy, several providers should be available that are close to the target
population. Organisational options include the possibility of having the enema administered at
the endoscopy unit. Clear and simple instructions should be provided with the preparation
(II - B).Sect 2.5.2.2

To date no single bowel preparation for colonoscopy has emerged as consistently superior over
another in terms of efficacy and safety (I) although sodium phosphate may be better tolerated
and it has been shown that better results are obtained when the bowel preparation is adminis-
tered in two steps (the evening before and on the morning of the procedure) (II). It is there-
fore recommended that there should be colonic cleansing protocols in place and the effective-
ness of these should be monitored continuously (see Ch. 5, Rec. 5.22) (VI - A),Sect 2:5:2:3; 5.3.3

For colonoscopy, several providers should be available that are close to the target population.
Clear and simple instructions should be provided with the preparation (VI - B).Se<t 2:5:2:2/2.5.2.3

Management of people with positive test results and fail-safe mechanism

2.24

2.25

In order to ensure timely and appropriate assessment, an active follow-up of people with an
abnormal screening test result should be implemented, using reminders and computerised sys-
tems for tracking and monitoring management of these patients (II - A).5e<t 253

The cost charged to the participant undergoing assessments should be as low as possible in
order to promote equity of access (II - A).Sect 253

Screening policy within the healthcare system

2.26

Gender and age-specific screening schedules deserve careful attention in the design and im-
plementation of screening interventions (III - C).Sect 2:6:3-1
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2.27 The costs of screening organisation (including infrastructure, information technology, screening
promotion, training and quality assurance), the occurrence of adverse effects and the likelihood
that patients will actually complete the tests required for any given strategy represent addi-
tional important factors to be taken into account in the design and implementation of screening
interventions and in the choice of the screening strategy (III - A),Sect 2-6-1-3; 2.6.3.2-5

Implementation period (step-wise)

2.28 Ideally, any new screening programme should be implemented using individual level random-
isation into screening and control groups in the phase in which resources and practical limi-
tations prohibit the full coverage of the target population (VI - A).Set 264

Data collection and monitoring

2.29 In order to be able to evaluate the effectiveness of screening, the data must be linked at the
individual level to several external data sources including population register, cancer or pathol-
ogy registries, and registries of cause of death in the target population. Therefore, legal au-
thorisation should be put in place when the screening programme is introduced in order to be

able to carry out programme evaluation by linking the above-mentioned data for follow-up
(VI - A).Sect 2.6.5.1; 2.6.5.2
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2.1 Introduction

National and organised, population-based cancer screening programmes have been in place since the
early 1960s, when cervical cancer screening was first implemented in Finland. In fact, the concept of
organised screening has largely been built on this experience. The effectiveness of a programme can
be measured by the reduction of mortality from the specific cancer site, and this depends on the ex-
tent of organisation, i.e. how well different factors in the screening process can be linked together.
These factors include the identification of the target population, the performance of the test, and di-
agnostics and treatment of those who need further assessment or treatment after the primary screen-
ing test (Laara, Day & Hakama 1987; Quinn et al. 1999).

The effectiveness of screening with regard to its impact on mortality and incidence of CRC is a func-
tion of the quality of the individual components of the process, from the organisation and administra-
tion up to the assessment, treatment and follow-up of screen-detected lesions.

Fundamental to the success of a screening programme is that people in the target population are ac-
tually screened. The uptake rate is a critical determinant of the impact of screening on the reduction
of CRC incidence and mortality at the population level. Equity of access to screening is clearly as im-
portant a challenge as is high compliance in new screening programmes. Understanding the reasons
for non-participation is helpful in the planning phase when considering factors that should be taken
into account in the design of the screening programme.

Concerns have been raised about the potential conflict between advocating high uptake rates and the
intention to promote informed uptake, i.e. enabling people to make an informed choice about whether
or not they want to be screened. The purpose of screening should be to benefit the whole community,
while at the same time respecting the individual’s autonomy that includes the right to refuse screen-
ing. Interventions aimed at increasing uptake should try to identify ways to minimise barriers to par-
ticipation among those who have understanding of its likely benefits, limitations and harms.

2.2 Organised vs. non-organised screening

The specific policy of a screening programme determines the target age and gender and possibly the
geographical area, the screening test and screening interval, and further diagnostics and treatment for
those who need them.

The implementation of a population based screening programme is characterised by the definition of a
specific population (by target age and geographical area), with eligible subjects being actively invited
following an explicit and pre-defined protocol specifying the planned screening interval, as well as the
testing and assessment procedures. Screening tests and the related assessments are usually free of
charge for the target population in this context.

This policy may be implemented within different organisational contexts, but in all options a pre-
defined organised protocol is required that takes into consideration the entire process.
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2.2.1 Opportunistic screening or case-finding

Case-finding may take place outside an organised programme in which case it is referred to as oppor-
tunistic screening. This type of screening may be the result of a patient request or a recommendation
made during routine medical consultation for unrelated conditions, or on the basis of a possible in-
creased risk of developing colorectal cancer (family history or other known risk factors). Opportunistic
screening is less efficient and more costly both in terms of resources and harms, and thus it is not
recommended as an alternative to organised screening.

2.2.2 Comparison of coverage and effectiveness

Two cross-sectional surveys have assessed the increase in coverage (17% and 23%) resulting from
the introduction of organised cervical cancer screening versus the pre-existing opportunistic approach
(Ronco et al. 1997; Bos et al. 1998). Both in the United Kingdom and Norway the introduction of an
organised screening programme was associated with a decrease in the incidence rate of invasive cer-
vical cancer and an increase in the target population coverage, as compared to the period preceding
the start of the programme when opportunistic screening was already widespread (Quinn et al. 1999;
Nygard, Skare & Thoresen 2002). A decrease in the incidence rate of invasive cervical cancer in
women who received organised screening compared to opportunistic screening was also observed in a
cohort study (Lynge et al. 2006) and a case control study (Nieminen et al. 1999). A 20% decrease in
incidence of invasive cervical cancer was observed in Turin, Italy, among women invited to an organ-
ised programme, compared with those not invited, after introduction of the organised programme in
an area in which intensive opportunistic screening was already established (Ronco et al. 2005).

Similar findings have been reported by studies conducted in the context of breast cancer screening.
Organised screening programmes can ensure better coverage of hard-to-reach populations, as sug-
gested by a recent survey: compared to women undergoing opportunistic screening, participants in an
organised programme were more likely to have never been screened, tended to ignore screening effi-
cacy and were at risk of abandoning screening, as a result of their less-favourable attitudes towards
prevention (Chamot, Charvet & Perneger 2007). A recent case—control study conducted in Italy
showed that the introduction of breast cancer screening programmes was associated with a reduction
in breast cancer mortality attributable to the additional impact of the organised programmes over and
above the background spontaneous mammography activity. Compared to those not yet invited,
women invited to the organised programmes showed a 25% (OR:0.75; 95%CI:0.62—-.92) reduction of
the risk of death from breast cancer (Puliti et al. 2008).

Available data from studies conducted in the context of CRC screening indicate that the introduction of
organised programmes can have a similar impact, at least on target population coverage. A nation-
wide observational telephone survey, conducted in France (Eisinger et al. 2008), showed that greater
compliance with reduced inequalities in the distribution across social groups was achieved in geo-
graphical departments where CRC screening was organised by health authorities.

2.2.3 Prerequisites for organised screening

The International Agency for Research on Cancer (IARC) has defined an organised screening pro-
gramme as one that has the following features: 1) an explicit policy with specified age categories,
method and interval for screening; 2) a defined target population; 3) a management team responsible
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for implementation; 4) a health-care team for decisions and care; 5) a quality assurance structure;
and 6) a method for identifying cancer occurrence and death in the population (IARC 2005).

When organising a new screening programme the following fundamental aspects should therefore be
considered:

1. the legal framework for identification and follow-up of the population;

2. the availability and accuracy of the necessary epidemiological data upon which the decision to
begin screening is based;

3. the availability and accessibility of essential demographic data to identify the target population
and set up an invitation system;

4, the availability and accessibility of quality-assured services for diagnosis and treatment of colorec-
tal cancer and its precursors;

5. promotional efforts to encourage participation in the programme;

6. a working relationship with the local Cancer Registry?, if available, and causes of death registry,
and maintenance of population and screening registers, to include adjustments to the programme
and to ensure evaluation of the effects and follow-up for causes of death at individual level.

The evaluation of outcomes and interpretation of results from the entire screening programme are
affected by these aspects, therefore the feasibility of an effectively managed programme should be
piloted or built up gradually in the phase in which resources and practical limitations prohibit the full
coverage of the target population. It is recognised that the context and logistics of screening pro-
grammes will differ by country and even by region. For example the prior existence of a population
registry facilitates the issuing of personalised invitations, whereas the absence of a population register
may encourage recruitment by open invitation. Many of these contextual differences will explain the
differences in outcomes. In opportunistic screening programmes or case-finding, the aforementioned
aspects are overlooked and evaluation of the benefits and possible harms will not be possible. The
disadvantages also include many unnecessary screenings per person and low coverage of the entire
target population, leading to low impact at the public health level. Compared with opportunistic
screening, organised screening permits much greater attention to the quality of the screening process
including follow-up of participants (Miles et al. 2004). Consequently, organised screening provides
greater protection against the harms of screening, including over-screening, poor quality and compli-
cations of screening, including poor follow-up of participants with positive test results.

Summary of evidence

e Organised screening programmes achieve better coverage of the target population including hard-
to-reach or disadvantaged groups (IV - V).

e Organised screening is more effective, and hence likely to be more cost-effective than opportunis-
tic screening or case-finding. The available evidence indicates that organised screening results in a
larger reduction of invasive cancer incidence (cervical cancer) or mortality (breast cancer)
(I1I - IV).

e Organised screening provides greater protection against the harms of screening, including over-
screening, poor quality and complications of screening, and poor follow-up of participants with
positive test results (III).

Recommendations

e In order to maximise the impact of the intervention and ensure high coverage and equity of ac-
cess, only organised screening programmes should be implemented as opposed to case-finding or

% If a cancer registry is lacking, registration of the target cancer should be initiated with the screening programme.
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opportunistic screening as only organised programmes can be properly quality-assured
(III - A).Rec 2.1

e When organising a screening programme several fundamental aspects should be considered: the
legal framework, the availability and accuracy of epidemiological and demographic data, the avail-
ability of quality-assured services for diagnosis and treatment, promotional efforts, a working rela-
tionship with the local Cancer Registry, and follow-up for causes of death at individual level
(VI - A).Rec 2.2

2.3 Implementing the screening programme

Organised CRC screening is a multi-step process including:

e Identification of the target population;

e Recruitment of eligible subjects;

e Delivery of screening test;

e Reporting of screening test results;

e Reassurance of people with normal results and information on the timing of the next test;
e Recall of people with unsatisfactory/inadequate screening test

e Follow-up of people with positive tests, i.e. diagnostic procedures and treatment needed, includ-
ing a fail-safe system to make sure this actually happens; and

e Registration, monitoring and evaluation of the entire programme.

Issues related to programme implementation are discussed in Section 2.6.4.

2.3.1 Identifying and defining the target population

Catchment areas and target populations must be clearly defined. The necessary data include unique
identification for each person, such as nhame, date of birth, relevant health insurance or social security
numbers, general practitioner (GP) where appropriate, and contact address. Population registers or
registries can in general provide such data, but they must be updated regularly to account for popula-
tion migration, deaths and changes in personal details. In those countries in which population regis-
tries are based on administrative areas of small size, communication between registries is essential.
Suitable registries might include population, electoral, social security, screening programme, and
health service registries. Incomplete or inaccurate registries can result in certain groups (such as tran-
sients or ethnic minorities) not being invited for screening.

If an accurate, complete and regularly-updated register of the whole target population does not exist,
an administrative database that combines information from available registries for all people to be
included in screening should be implemented for the purposes of the programme. The legal basis for
access to such registries must be set up and all data protection measures should be implemented ac-
cording to the national and European legislation.
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e A population registry should be implemented for screening if not yet available, combining the
most accurate and updated available sources (VI - A).Re¢23

Recommendation

2.3.1.1 Inclusion and exclusion criteria

The target population for a CRC screening programme includes all people eligible to attend screening
on the basis of age and geographical area of residence. However, each programme may apply addi-
tional exclusion/inclusion criteria to identify the population eligible for screening. Potential reasons for
excluding a subject from screening might include conditions in which offering the screening test is not
appropriate, such as terminal illness (no benefit could be attained through screening), recent (the
relevant period should be specified and justified) screening test (the expected benefit achievable by
repeating the test might not outweigh the risks associated with the procedure), previous diagnosis of
CRC or pre-malignant lesions (these patients should already be followed-up according to specific sur-
veillance protocols, and their inclusion in screening might result in the offer of conflicting management
options).

The extent to which such individuals can be identified and excluded from the target population will
vary by screening programme: for some programmes it may not be feasible or desirable to identify
every category of potential exclusion prior to invitation.

The necessary information may be collected at the first personal contact with the screenee, i.e. at the
time of a possible colonoscopy assessment in the case of FOBT programmes, or at the time of the
screening exam for FS or colonoscopy programmes.

Exclusion might alternatively be based on the information gathered through the GPs or other primary
care providers, who may be requested to check the eligibility of their patients ear-marked for invita-
tion.

If the screening policy allows for exclusions, the exact definition of the respective criteria should be
given and exclusions should be carefully and routinely monitored for appropriateness and equity.

Recommendation

If the screening policy allows for exclusions, the exact definition of the criteria should be given. Exclu-
sions should be carefully and routinely monitored for appropriateness and equity (VI - A).Rec 24

2.3.1.2 Family history

People with a positive family history for CRC are sometimes considered for exclusion from screening
programmes targeting average-risk people.

Implementing this option requires the adoption of procedures for identifying people with a positive
family history and accurately collecting the information that is relevant to assess an individual’s level
of risk. It is also necessary to ensure that an alternative organised programme is in place for this
group of people.

Specific surveillance protocols based on colonoscopy at shorter intervals and starting at a younger age
have been shown to be effective and are recommended for members of families with hereditary syn-
dromes. However, it is still not clear if more intensive surveillance for people at moderate risk can
achieve a favourable cost-benefit ratio (Sondergaard, Bulow & Lynge 1991; Benhamiche-Bouvier et al.
2000; Nakama et al. 2000; Johns & Houlston 2001; Church 2005; Baglietto et al. 2006; Butterworth,
Higgins & Pharoah 2006; Menges et al. 2006; Cottet et al. 2007) (III).
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If an alternative option (i.e. access to a specific surveillance protocol) is not available, people with
positive family history should not be excluded from a population-based screening programme as
screening offers the opportunity of access to an intervention that may ensure protection for people
who would not be otherwise be covered.

Furthermore, family history, in the absence of hereditary syndromes, does not represent an indication
for changing standard surveillance protocols (see Ch. 9, Sect. 9.2.3.2, Rec. 9.13). In a recent study,
the characteristics of the neoplasm rather than individual’s family history were found to be associated
with the risk of recurrence among subjects not fulfilling the Amsterdam criteria. This suggests that
these people could be considered at moderate risk of developing CRC and that surveillance intervals of
more than five years may be appropriate in these cases (Dove-Edwin et al. 2005). Therefore, family
history should not represent a criterion for exclusion from the screening programme, even for patients
identified at the time of assessment.

Summary of evidence

Members of families with hereditary syndromes should follow specific surveillance protocols based on
colonoscopy at shorter intervals and starting at a younger age (III).

Recommendations

o In the absence of hereditary syndromes people with a positive family history should not be ex-
cluded from CRC screening programmes (III - B).Rec 25

e Subjects belonging to families with hereditary syndromes identified at the time of screening
should be referred to special surveillance programmes or family cancer clinics, if available
(III - B).Rec 2.6

2.4 Participation in screening

The planning and implementation of screening programmes should take into account cultural, behav-
ioural, economic and organisational factors.

2.4.1 Barriers

Several factors influencing participation have been identified related to individual’s characteristics, the
setting and the organisation of the intervention and the knowledge, attitudes and practice of the pro-
vider (Vernon 1997; Jepson et al. 2000). The findings concerning the relative weight of these factors
are not consistent across studies assessing determinants and barriers to participation. However, the
variability of the reported findings is probably related to the different conditions under which the ex-
amined screening interventions have been implemented.

The organisation of screening within health services appears, in most countries, to be a major deter-
minant of participation rate. Lack of insurance coverage and cost of the test have been identified as
the main negative influences on participation for all screening interventions and tests. Also, lack of
resources is the most likely explanation for the negative association of lower socio-economic status
with completion of CRC screening tests (Sutton et al. 2000; McCaffery et al. 2002; Cokkinides et al.
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2003; Slattery, Kinney & Levin 2004; Dassow 2005; Wardle, Miles & Atkin 2005). Other factors related
to service organisation which were fairly consistently related to poor screening attendance are the
amount of time required to perform screening, distance from the test provider and lack of physician
recommendation (III - V).

Knowledge and perceived benefits of screening, perceived risk of CRC and health motivation were as-
sociated with higher participation in most of the studies assessing the influence of these determinants.
Worry about pain, discomfort, or embarrassment associated with the test, or fear of test results were
also consistently associated with a lower attendance (James, Campbell & Hudson 2002; Montano et al.
2004; Weinberg et al. 2004; Wardle, Miles & Atkin 2005; Lawsin et al. 2007) (V).

Gender and age differences in participation to CRC screening have also been reported; most studies
have shown a trend to decreased participation among older people, although these findings have not
been confirmed by all investigators. It has been reported that participation may be higher among
women for FOBT screening and among men for endoscopy screening (James, Campbell & Hudson
2002; McCaffery et al. 2002; Menon et al. 2003; Slattery, Kinney & Levin 2004; Wardle, Weinberg et
al. 2004; Dassow 2005; Miles & Atkin 2005; Segnan et al. 2005; Lawsin et al. 2007) (V).

Support from a partner probably explains the positive association of marriage with screening uptake.
This is more prominent in males. One reason for these findings could be that women have prior ex-
perience of screening (breast, cervix) and may therefore need less support to participate (Sutton et al.
2000; Menon et al. 2003; Wardle, Miles & Atkin 2005; Malila, Oivanen & Hakama 2008) (V).

2.4.2 Interventions to promote participation

A systematic review (Stone et al. 2002), assessed the effectiveness of the following on improving
screening participation: regulatory and legislative actions (outside the medical care organisation), fi-
nancial incentives for providers or patients, organisational change (changes in clinical procedures or
facilities and infrastructures), reminders for providers and screenees, provider feedback, education
and visual materials. The most effective was the implementation of organisational changes that made
delivery of these services a routine part of patient care (establishing separate clinics devoted to
screening, involving nursing or clerical staff in the delivery of services, adoption of monitoring and
quality improvement approaches), reducing, or eliminating costs for the individual or establishing a
system of reminders.

2.4.2.1 Removing financial barriers

Experimental studies conducted in the context of breast cancer screening showed that reduced
charges for screening are effective in encouraging uptake among disadvantaged groups (Jepson et al.
2000). Sending an FOBT with a postage-paid envelope for returning the sample resulted in a signifi-
cantly higher uptake, compared to non-postage (Jepson et al. 2000). The return rate was highly sig-
nificant for medically uninsured people in one of the studies (Miller & Wong 1993). Offering a free
FOBT in addition to educational intervention was superior to the educational intervention alone in
promoting completion of screening (Plaskon & Fadden 1995). Offering financial incentives to subjects
invited for screening was not found to have an impact on participation (Jepson et al. 2000).

Summary of evidence

e Free-of-charge screening is associated with increased participation, including participation of dis-
advantaged groups (I).
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e The implementation of organisational changes that make delivery of screening a routine part of
health care (establishing a system of reminders, establishing separate clinics devoted to screen-
ing, involving nursing or clerical staff in the delivery of services, adoption of monitoring and qual-
ity improvement approaches) represent the most effective interventions to enhance participation
rate (I).

Recommendation

e Access to the screening tests and to the follow-up assessment for individuals with abnormal test
results should not be limited by financial barriers. In principle access should be free of charge for
the participant (I - A).Re<27

2.4.3 Invitation

2.4.3.1 Invitation letter

Strong evidence indicates that receiving a letter signed by the GP increases screening uptake, com-
pared to receiving letters signed by other figures of authority (Jepson et al. 2000; Cole et al. 2002;
Federici et al. 2005).

A personal invitation letter from the GP is also associated with increased participation when the FOBT
kit is delivered by mail (Cole et al. 2002).

It should be considered however that individuals can be encouraged to participate through support
provided by other trusted health care professionals. In the Nordic countries, for example, invitation
letters are not signed, but refer to the local authorities, and the observed participation rates are very
high (70%) (Malila, Oivanen & Hakama 2008).

A positive impact on participation due to the offer of a pre-fixed appointment has been reported by
several studies of breast and cervical cancer screening (IARC handbook vol 10, (IARC 2005) and has
also been confirmed among people invited for FS screening. Inviting people to obtain the FOBT kit
within a pre-defined time interval, or offering a pre-defined appointment for kit delivery has been
adopted in some programmes, but comparative data on the impact of these strategies are lacking.

Data from a recent trial (Cole et al. 2007) indicate that an advance notification letter significantly in-
creases participation in FOBT screening (from 39.5% to 48.3%). The effect was explained by a popu-
lation shift in readiness to undertake screening.

2.4.3.2 Reminders

In the English NHS Screening Programme over 50% of participants only respond after receiving a re-
minder about 28 days after receiving their initial postal invitation. A well-conducted review (Jacobson
& Szilagyi 2005) that assessed the effectiveness of different kinds of reminders (reminder and recall
systems delivered by letter; postcard; telephone; auto-dialler; or in person, e.g. a provider gives face-
to-face reminder) concluded that all kinds of reminders are effective, with telephone reminders being
the most effective, but also the most costly.

Summary of evidence

e A personalised letter signed by the general practitioner or by another trusted primary health care
provider is more effective than an impersonal letter sent by a central screening centre (I).

e An advance notification letter may increase participation (II).
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e Any kind of reminder is effective in increasing participation, with telephone reminders being the
most effective although the most costly option (I).

Recommendations

e In the context of an organised programme, personal invitation letters, preferably signed by the
GP, should be used. A reminder letter should be mailed to all non-attenders to the initial invitation
(I - A).Rec 2.8

e Although more effective than other modalities, phone reminders may not be cost-effective
(I - B)-Rec 2.9

2.4.3.3 Delivering information about screening

Although the organisation of screening within health services emerges as the most important determi-
nant of uptake, factors related to culture, values and beliefs may still play a role. Also, provision of
information is clearly necessary to enable subjects to make an informed choice.

Data from the National Health Interview Survey (NHIS) consistently indicate that lack of awareness of
CRC represents one of the main determinants of the underutilisation of screening.

Data from people recruited in the UK sigmoidoscopy trial (Wardle et al. 2004) who were requested to
express their intention to attend screening suggest that part of the explanation of the socio-economic
status (SES) gradient may be the difference in beliefs and expectations. Lower social groups evaluated
the offer of a screening test, which had been publicised identically and was provided free of charge ,
at a convenient location and time, to all social groups, as being more frightening and less beneficial,
than higher social groups. In England, with overall population participation at 60% despite free test-
ing, the uptake rate of the FOBT programme is lower in deprived areas and among ethnic minorities
(von Wagner et al 2009). Rural areas were shown to have a lower participation rate than urban areas
(Launoy et al. 1993; Giorgi Rossi P. et al. 2005).

Therefore, the way the population is informed about the potential benefits and harms of screening is
of particular importance. Strategies aimed at improving population knowledge and awareness of CRC
and screening should target health professionals as well as individuals (see also Chapter 10).

Most programmes provide written information in the form of leaflets to people invited for screening.
(see also Chapter 10).

Mass-media campaigns are also implemented, to support enrolment in organised programmes (see
also Chapter 10).

Interventions aimed at promoting health professionals practice and communication with people invited
for screening is discussed in Section 2.4.3.4.1 when considering the role of GPs/family physicians (see
also Chapter 10).

2.4.3.3.1 Information conveyed with the invitation (see also Chapter 10)

A systematic review of methods aimed at enhancing screening rates concluded that educational inter-
ventions are less effective than organisational changes and should not be the first choice (Stone et al.
2002). Findings from more recent studies (Harris et al. 2000; Lipkus, Green & Marcus 2003; Robb et
al. 2006; Costanza et al. 2007) support such a conclusion. When individuals interested in screening
were requested to actively seek further information and a referral to screening from their providers,
an information brochure was observed to have no impact, but the number of screening requests in-
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creased significantly when the GP delivered an FOBT request form together with the information pam-
phlet.

The content and format of the information material sent with the invitation may influence a subject’s
decision to undertake screening (see also Chapter 10). An individually tailored interactive multimedia
programme at the physician’s office seemed more efficacious in increasing readiness to undergo
screening, as compared to the same intervention not individually tailored (Jerant et al. 2007). Inter-
ventions that use visual instruments to enhance appeal and clarity are more effective: adding illustra-
tions about the polyp-cancer process and the removal of the polyps during FS to written material was
associated with a significant increase in knowledge and understanding (Brotherstone et al. 2006). Cul-
turally and linguistically appropriate approaches promoting FOBT can enhance screening practice in
groups of low-income and less acculturated minority patients (Tu et al. 2006).

Summary of evidence

e The impact of information conveyed with the invitation is greater if the invitation is signed by an
individual’s physician. Involvement of GPs also shows a positive influence on the impact of more
tailored and structured information methods (II).

Recommendations

e Provision of information is necessary to enable subjects to make an informed choice, but it is not
sufficient to enhance participation. Organisational measures should be implemented in order to
enhance participation in screening (I - A).Rec %10

2.4.3.4 The role of primary care providers

Primary health care providers can be effective media for improving awareness of the risk of cancer
and of the benefits of screening, for increasing confidence in the screening test method and for coun-
tering the reluctance to collect faecal samples. In many European countries this provider is the gen-
eral practitioner (GP), but other trusted health professionals, such as community nurses for example,
may play a similar role.

Primary health care providers should be trained to deliver evidence-based information on screening
and there should be a consensus on the programme protocol before starting the programme.

2.4.3.4.1 Role of GPs/family physicians

The involvement of GPs in screening can be very effective in improving compliance, according to the
findings of several studies from different countries (Launoy et al. 1993; Tazi et al. 1997; Grazzini et al.
2000; Brawarsky et al. 2004; Federici et al. 2006; Sewitch et al. 2007; Seifert et al. 2008), but the
effect is dependent upon the GP's own willingness to get involved. The findings of studies conducted
in the context of opportunistic screening showed that the probability of not receiving a GP recommen-
dation for CRC screening was highest among those with a low socioeconomic status (SES) (Brawarsky
et al. 2004; Wee, McCarthy & Phillips 2005; Klabunde, Schenck & Davis 2006; Schenck, Klabunde &
Davis 2006). These findings suggest that inadequate provider counselling represents an important
determinant of the SES gradient in screening uptake. Compliance was shown to be closely linked to
practitioner motivation also in the context of organised programmes (Launoy et al. 1993; Federici et
al. 2006).

Knowledge of GP attitudes and preferences is therefore crucial in enhancing participation. A study
based on semi-structured questionnaires addressed to 32 GPs in England (Woodrow et al. 2006) indi-
cated that for GPs to effectively promote screening they must have adequate information prior to the
start of a screening programme. The evidence should be based specifically on the effectiveness of the
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screening programme, and information on the proportion of false negatives and the proportion of
false positives.

Summary of Evidence

e The implementation of organisational measures aimed at facilitating participation in screening is
required in order to achieve the expected impact of educational interventions (II).

Recommendation

e Primary health care providers should be involved in the process of conveying information to peo-
ple invited for screening (II - A).Rec %11

2.4.3.4.2 Interventions aimed to promote provider involvement (See also Chapter 10)

Provider education has been identified as a potentially effective intervention to promote CRC screen-
ing utilisation, even if the implementation of organisational measures may be necessary to achieve an
impact of educational efforts (Stone et al. 2002). This conclusion is supported by the results of recent
experimental studies: educational seminars offered to physicians did not show an effect on rates of
CRC screening (Walsh et al. 2005), while a reminder note to the physician to direct his patients to per-
form an FOBT was more effective than a mail reminder and as effective as a phone reminder for the
patients.

Even if GPs are not delivering kits, or not collecting or reading the test cards, they should be aware of
how the programme, and in particular the invitation scheme, is structured. They can advise non-
compliers about screening, which is important for older people, or for those with lower socio-economic
status, and they can offer counselling for patients with positive tests. To facilitate this task, GPs
should receive the results of screening and assessment tests performed by their patients.

Summary of evidence

e Primary health care providers appear to be effective media for improving awareness of the risk of
cancer and the benefits of screening, and increasing confidence in and countering the reluctance
to take the screening test (I).

e Educational interventions are less effective than organisational changes in improving the impact of
physicians’ counselling on their patients’ screening rates (I).

Recommendations

e GPs or family physicians (or primary health care practitioners where preventive services are not
primarily based on primary care physicians) should be involved in the implementation of organised
screening programmes (I - A).Rec 212

e Reducing organisational barriers to physician’s advice should be a priority for interventions aimed
at promoting GP involvement in organised screening programmes (I - B).Rec 213

49



2.5 Testing protocol

2.5.1 FOBT

2.5.1.1 Delivery of kits and collection of stool samples (see also Chapter 4)

The test kit may be delivered by mail, at GPs’ offices or outpatient clinics, by pharmacists, or in other
community facilities, and in some cases with the support of volunteers. There is no evidence that any
of these strategies may have an impact on the proportion of inadequate samples, provided that clear
and simple instruction sheets are included with the kit (Courtier et al. 2002; UK Colorectal Cancer
Screening Pilot Group 2004; Zorzi et al. 2007).

The choice of the provider should aim to maximise accessibility, taking into account local conditions,
settings and cultural factors.

Mailing of the FOBT kit with instructions, together with the invitation letter and the information leaflet,
is effective in increasing participation rates (Church et al. 2004; Segnan et al. 2005). These results are
consistent with previous reports indicating that the GP’s letter and mailing of FOBT kits represent the
most important factors for improving compliance (King et al. 1992). Mailing of the FOBT kit might not
always represent a cost-effective strategy, if the baseline participation rate and the expected increase
in participation are low. Compared to mailing a second FOBT kit to all non-responders, mailing a recall
letter with a test order coupon resulted in a substantial decrease in the programme costs, but also in
a significant decrease in participation (Tifratene et al. 2007). The authors of the trial suggested, how-
ever, that the spared costs might be allocated more efficiently to communication interventions that
might have a higher impact on compliance.

Several test providers close to the target population should be available when the subject is required
to reach health or community facilities to get the kit. A recent study (Federici et al. 2006) showed that
the time required to reach the test provider was the strongest determinant of compliance: OR (<15
minutes versus 15-30 or >30 minutes):0.8 (0.5-1.3) and 0.3 (0.2-0.7) respectively.

Volunteers or non-health professionals may also be involved in the distribution and collection of kits.
Delivery of kits may represent in this case an additional opportunity for counselling, for conveying in-
formation about the programme and for providing instructions for test utilisation. Subjects contacted
at home by a trained non-health professional who delivered the kit and collected the sample from the
participant’s home showed a substantially higher completion rate of iFOBT, as compared to the group
who received the kit by mail with an invitation from their primary care physician, (Courtier et al.
2002).

Community volunteers, who have received some general training by the programme staff, have been
involved in the kit distribution in the context of ongoing organised programmes and their involvement
has been consistently associated with high participation rates (Zorzi et al. 2007). As no randomised
comparison is available, it is difficult to dissociate their specific effect from other characteristics of the
communities or target populations involved. Sustainability over time represents an important issue to
be taken into account when planning to use volunteer support.

The modalities adopted for stool collection, storage and shipping of the sample to the laboratory are
mainly dependent on the characteristics of the test adopted, i.e. its stability at environment tempera-
ture. Based on these considerations mailing of the samples may be an option that can be imple-
mented more easily for guaiac than for immunochemical tests, which need to be processed faster.
Accessibility of the collection facilities remains an important goal, but the logistics of the sample han-
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dling may promote reducing the number of collection facilities in order to ensure an appropriate stor-
age or timely shipping to the laboratories.

See also Chapter 4 for tests characteristics and storage requirements.

Summary of evidence

e There is no evidence that the proportion of inadequate samples may be affected by the provider
used to deliver the kit, if clear and simple instruction sheets are provided with the kit (II - V).

e The time required to reach the test provider represents a strong determinant of compliance (II).

e Sending the FOBT kit together with the invitation letter may be more effective than sending a let-
ter alone, but this strategy may not be cost-effective (II).

Recommendations

e The choice of the kit provider should aim to maximise accessibility of the target population
(II - A).Rec 2.14

e Mailing of FOBT kit may be a good option, taking into account feasibility issues (such as reliability
of the mailing system and test characteristics), as well as factors that might influence cost-
effectiveness (such as the expected impact on participation rate) (II - B).Rec215

e Clear and simple instruction sheets should be provided with the kit (V - A).Rec 216

2.5.1.2 Performing the test: dietary restrictions and number of samples

In order to reduce the probability of a false positive result, dietary restrictions are usually recom-
mended when guaiac-based tests are used. Retesting of subjects with a positive test (possibly with
dietary restrictions being recommended) represents an alternative option adopted in some pro-
grammes to deal with this problem. A review of 5 trials (10 359 participants overall) comparing Guaiac
FOBT with and without dietary restriction found a significant difference in compliance in favour of test-
ing without dietary restrictions only in the trial where restrictions were particularly extensive. Authors
concluded that advice to restrict the diet and avoid NSAIDs and vitamin C does not substantially re-
duce completion rate except perhaps when the dietary restrictions are particularly extensive (Pignone
et al. 2001). More recent randomised trials (Cole et al. 2003; Federici et al. 2005; van Rossum et al.
2008) have demonstrated that better compliance can be achieved using iFOBT compared to a guaiac-
based test. These results are not explained by the nature of the test but by lack of dietary and drug
restrictions and easier and more pleasant sampling methods. Indeed, dietary restriction was associ-
ated with a significant decrease in participation also among people offered iFOBT test, compared to
controls receiving the same test who where not advised to control their diet (Cole & Young 2001).

Summary of evidence

e Compliance is affected by dietary restriction and number of stool samples to be collected. Compli-
ance is found to be consistently higher when the test adopted does not require modification of a
subject’s diet and sampling is limited to one bowel movement (I).

Recommendation

e In order to enhance compliance, testing procedures that require no or only minor dietary restric-
tions are to be preferred (I - A).Rec 217

2.5.1.3 Examination of the samples, test interpretation and reporting

Detailed protocols on handling the stool samples must be available and followed. Identification and
tracing of the sample through the entire process should be ensured by adopting appropriate labelling
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allowing the sample and patient’s ID code to be linked. Automated check protocols should be imple-
mented in order to avoid mismatching of the results. All data, including test results, should have a
regular backup system.

Guidelines for the equipment, organisation, quality assurance (within and between laboratories) to be
adopted for different FOB tests, as well as the professional requirements for the staff, are described in
Chapters 4 and 6.

An operational definition for an inadequate screening test should be made explicit in the programme
protocol, taking into account the characteristics of the test (i.e. the stability and the storage require-
ments of the tests) as well as the testing procedure adopted (i.e. the number of samples or of cards
required) (see Sect. 2.5.4.2.1 and 2.5.4.2.2).

Protocols should be in place to define the appropriate test and the algorithm used to classify a test
result (as negative or positive). For quantitative or semi-quantitative iFOBTSs, an explicit definition of
cut-off levels for haemoglobin concentration should be defined. Protocols or rules for combining re-
sults when using multiple samples, the number of samples that are needed to evaluate the test result,
etc. must be in place. When using a quantitative test, provision should be made to record the informa-
tion concerning the actual amount of haemoglobin, both for tests classified as negative and for those
classified as positive.

Some people may present with clinical conditions such as inflammatory bowel disease (Crohn’s dis-
ease or haemorrhagic recto-colitis), which may explain a positive FOBT result. In such cases, if no
cancers were detected, then the screening result should be classified as negative for the purposes of
the screening programme. These patients should then be referred for treatment in the appropriate
clinical setting.

See Chapter 10 for a discussion of information about negative test results.

Recommendations

e Systematic (preferably automated) check protocols should be implemented in order to ensure cor-
rect identification of the screenee’s test results and recognition of incomplete or erroneous data
(VI - A).Rec 2.18

e Protocols should be in place to ensure standardised and reliable classification of the test results
(VI - A).Rec 2.19

2.5.2 Endoscopy

2.5.2.1 Obtaining bowel preparation for endoscopy screening

The bowel preparation may be obtained from the office of the primary health care provider (e.g. GP),
from endoscopy units or other screening facilities, or from pharmacists. There is no evidence concern-
ing the impact of any of these strategies on participation rate, or on the proportion of inadequate ex-
ams. The aim should be to maximise accessibility taking into account local conditions, setting and cul-
ture. Several providers close to the target population should be available. The bowel preparation
should be provided with clear and simple instruction sheets (see also Chapter 5).
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The acceptability of different types of preparations is influenced by cultural factors, which should be
considered together with the evidence concerning the effect of the preparation, when choosing
among different options. No difference in the proportion of inadequate exams was observed when
comparing a single enema regimen to a preparation using two enemas or to oral preparation (Senore
et al. 1996; Atkin et al. 2000).

2.5.2.2 Bowel preparation for sigmoidoscopy (see also Chapter 5)

Summary of evidence

e A bowel preparation regimen using a single enema self-administered at home two hours before
the endoscopy has been reported as the most acceptable option (II).

e Using two enemas may not decrease participation, while a preparation using both oral preparation
and enema has a negative effect on compliance (II).

Recommendations

e Bowel preparation for screening sigmoidoscopy should involve a single procedure, either enema or
oral preparation. A single self-administered enema seems to be the preferred option, but cultural
factors should be taken into account, and population preference should be assessed
(II - B).Rec 2.20

e Several providers of bowel preparation close to the target population should be available when the
subject is required to reach health or community facilities to get the preparation. Organisational
options include the possibility of having the enema administered at the endoscopy unit. Clear and
simple instruction sheets should be provided with the preparation (II - B).Rec %2

2.5.2.3 Bowel preparation for colonoscopy (see also Chapter 5)

Data on the impact of different preparation regimens in the context of population screening with
colonoscopy are lacking. A recent systematic review (Belsey, Epstein & Heresbach 2007) concluded
that no single bowel preparation emerged as consistently superior, but sodium phosphate was better
tolerated. The authors identified a need for rigorous study design to enable unequivocal conclusions to
be drawn on the safety and efficacy of bowel preparations (see Ch. 5, Sect. 5.3.3).

Timing of administration of the recommended dose appears important, as it has been established that
split dosing (the administration of at least a portion of the laxative on the morning of the examination)
is superior to dosing all the preparation the day before the test, both for sodium-phosphate and poly-
ethylene glycol (Aoun et al. 2005; Parra-Blanco et al. 2006; Rostom et al. 2006; Cohen 2010) (II)

Summary of evidence

e To date no single bowel preparation for colonoscopy has emerged as consistently superior over
another in terms of efficacy and safety (I) although sodium phosphate may be better tolerated
and it has been shown that better results are obtained when the bowel preparation is adminis-
tered in two steps (the evening before and on the morning of the procedure) (II).

Recommendations

e Preparation regimes used for colonoscopy seem equivalent in terms of efficacy and safety, al-
though sodium phosphate may be better tolerated (I) and it has been shown that better results
are obtained when the bowel preparation is administered in two steps (the evening before and on
the morning of the procedure) (II). It is therefore recommended that there should be colonic
cleansing protocols in place and the effectiveness of these should be monitored continuously (see
also Ch. 5, Rec. 5.22, Sect. 5.3.3) (VI - A).Rec2:22
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e Several providers close to the target population should be available when the subject is required
to reach health or community facilities to obtain the preparation. Clear and simple instruction
sheets should be provided with the preparation (VI - B).Rec 223

2.5.2.4 Test interpretation and reporting

2.5.2.4.1 Inadequate test

As mentioned above (Sect. 2.5.1.3), an operational definition for an inadequate screening test should
be made explicit in the programme protocol, taking into account the characteristics of the test as well
as the testing procedure adopted .

2.5.2.4.2 Defining a negative test and episode result

An explicit protocol defining the conditions for classifying a test as negative should be adopted, speci-
fying the criteria for referral to colonoscopy assessment (in FS-based programmes) or surveillance
(TC-based programmes).

Also, an operational definition for a negative screening episode should be made explicit in the pro-
gramme protocol. A screening episode should be classified as negative when, based on the results of
the primary test or of the recommended assessments (if any), the subject is referred again to the
standard screening protocol. The rationale for having such pragmatic definition is to avoid the risk of
labelling people detected with lesions that do not have clinical and prognostic significance (see also
Chapter 10). This approach allows concomitant measurement of the detection rates for various types
of lesions that are included among the performance indicators listed in Chapter 3.

See Chapter 10 for details on how to communicate information about negative and positive test re-
sults.

2.5.3 Management of people with positive test results and fail-safe
mechanisms

The potential reduction of mortality through cancer screening can only be achieved if subjects with
abnormal findings receive timely and appropriate follow-up for detected abnormalities.

The findings of a recent US survey indicated that less than 15% of health plans monitor receipt of ap-
propriate follow-up care by patents with abnormal results. This lack of organised tracking systems
probably explains the low proportion of people with abnormal screening findings who receive ade-
quate follow-up (Yabroff et al. 2003). In particular, among patients receiving FOBT screening in the
Veterans health administration, 41% of those with a positive test failed to receive appropriate as-
sessment (Etzioni et al. 2006). The negative implications of follow-up failures are substantial, including
at the population level. A previous analysis of the screening history of invasive cervical cancers identi-
fied by a population-based cancer registry showed that about 20-25% of women with invasive cancer
had been recommended for an early repeat smear, but had not received adequate follow-up (Bucchi &
Serafini 1992).

Effective interventions targeting the screen-positive individuals include (Bastani et al. 2004): reducing

financial and other barriers for further investigations or eliminating the costs for the patients, mail or
telephone reminders, and providing written information material or telephone counselling addressing
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fears related to abnormal findings. All these interventions were found to be successful in increasing
the proportion of people receiving timely follow-up. Few interventions have been assessed at the
practice/provider level. The offer of same-day follow-up on-site colposcopy for abnormal Pap-smears
(Holschneider et al. 1999) or an on-site colonoscopy following a positive sigmoidoscopy (Stern et al.
2000), has led to improved patient compliance. In a predominantly minority and indigent population
targeted for cervical cancer screening, subjects managed through a specialised clinic, including nurse
case manager, tracking system, reminder calls, rescheduling of missed appointments and clinical staff-
ing with on-site colposcopy, achieved a significantly increased follow-up compared to a randomly as-
signed control group (Engelstad et al. 2001). The implementation of infrastructure (computerised sys-
tems for tracking and monitoring of screening abnormalities) and organisational changes (multidisci-
plinary team work) are required to ensure sustainability over time of effective interventions.

Treatment and after-care service following evidence-based guidelines should be offered to all patients
detected with cancer or pre-invasive lesions at the time of assessment of abnormal screening findings.

Summary of evidence

e Reducing the financial barriers for further investigations, utilisation of mail or telephone remind-
ers, written information material or telephone counselling addressing fears related to abnormal
findings, implementation of computerised systems for tracking and monitoring of screening ab-
normalities and organisational changes (multidisciplinary team work) were found to be successful
in increasing timely follow-up (II).

Recommendations

e In order to ensure timely and appropriate assessment, active follow-up of people with screening
abnormalities should be implemented, using reminders and computerised systems for tracking and
monitoring management of these patients (II - A).Rec 224

o The cost to the participant undergoing assessments should be as low as possible in order to pro-
mote equity of access (II - A).Rec 225

2.5.4 Follow-up of population and interval cancers (see also
Chapter 3)

The ascertainment of interval cancers represents a key component of the evaluation of a screening
programme. The documentation and evaluation process requires forward planning and linkage be-
tween screening registries and cancer registries, including data on causes of death, with no losses to
follow-up. Data collection and reporting should cover all cancers appearing in the target population.

Methods of ascertainment and follow-up may differ across countries and screening programmes de-
pending on the availability and accessibility of data and of existing data sources: cancer/pathology
registries, clinical or pathology records or death records/registries. See Chapter 3 for a description of
the indicators and the data requirements.
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2.6 Screening policy within the healthcare
system

There should be a national and governmental context for planning of CRC screening. The programme
needs political support with sustainable funding to succeed. If appropriate structures in the healthcare
system are lacking, screening should not be implemented until they are developed, for example using
the implementation phase to build up the needed structures.

It is essential that the programme is integrated into the healthcare system and is accepted by both
the population and health professionals involved in the diagnostic process for CRC. Organisation of the
screening programme should integrate the structures of the entire health care system appropriately
and it should comply with national guidelines and protocols. Within the organisational framework of
the programme, the target population should be defined as well as the frequency of screening. Provi-
sions should be made for the financing of the programme, including evaluation costs.

The professional and organisational managers of a screening programme must have sufficient author-
ity and autonomy, including an identified budget and sufficient control over the use of resources to
effectively control the quality, effectiveness and cost-effectiveness of the programme and the screen-
ing service. The institutional structure must facilitate effective management of quality and perform-
ance.

Process and outcome indicators should be constantly evaluated to serve the needs of the individual
and the health service.

Adequate protection of all data should be ensured, following requirements set by European directives
concerning data protection and national privacy legislation.

2.6.1 Local conditions at the start of a programme

Before implementation of a screening programme, an inventory of baseline conditions including infor-
mation on opportunistic screening rates, background CRC incidence rates and availability of endo-
scopic resources should be made.

In order to run a successful programme, adequate resources, in terms of both staff and facilities must
be available, and an adequate infrastructure must be in place.

Colonoscopy is the final common denominator of all the CRC screening strategies. Therefore, as the
implementation of any form of population screening for CRC will place greater demands on colono-
scopy resources, the feasibility of CRC screening also depends on the availability of colonoscopy ser-
vices. There may also be limitations to access for subjects in rural or remote areas and in the public
health sector. Clearly, CRC screening is only feasible if access can be guaranteed to individuals who
participate in screening.

In many European countries, CRC early detection activity exists in some form, e.g. testing personally
initiated by patients, or as a component of private health care. According to the findings of a recent
survey conducted in 10 European countries and in Canada, about 10% of colonoscopies are per-
formed for screening (Burnand et al. 2006). However a wide variation was found in the occurrence
and in the appropriateness of the exams. The inappropriateness rates ranged between 0% and 50%.
Similarly the proportion of colonoscopies performed following clinical indications which were judged to
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be inappropriate was about 25%, suggesting overuse of the exam. Even if screening exams should be
delivered within dedicated sessions (see also Chapter 5), promoting a more appropriate use of colono-
scopy might therefore increase quality of care and favour an efficient use of available resources. As
suggested by simulations conducted in the US (Seeff et al. 2004) a more efficient use of colonoscopy
resources may result in an increase in the capacity to meet the demand of screening-induced colono-
scopies.

It is unlikely, however, that simply providing funds to increase existing activity will enable the pro-
gramme or screening policy to be successful. In parallel with introducing the general principles of or-
ganised screening, governments should consider the introduction of administrative measures (i.e. not
paying for unnecessary exams) and implementing educational interventions aimed at enhancing ap-
propriateness of colonoscopy referrals. In some countries, re-allocation of resources already used for
opportunistic screening activities will be sufficient to cover the entire target population within a de-
fined screening interval.

2.6.2 Defining the relevant healthcare professional and facilities

Depending on each country’s health system and culture, different health professionals can be involved
in kit delivery and stool sampling collection or in delivering bowel preparation for endoscopy screening
(i.e. GPs, nurses, paramedics, pharmacists, volunteers from no-profit organisations, etc.), as well as in
performing sigmoidoscopy when offered as a screening test (i.e. GPs, nurses gastroenterologists,).
Each country should follow quality assurance standards for the facilities and establish minimum train-
ing requirements for each type of professional, fulfilling the present guidelines (see Chapter 6).

2.6.2.1 Diagnostic and treatment centres

Screening will be neither effective nor efficient if patients with a positive FOBT or FS are not followed
up with a proper evaluation of the entire colon and appropriate management, if needed. Trained en-
doscopists are essential, and each programme should establish and monitor validated training for
colonoscopy, following the guidelines in Chapter 6. To help in the planning of location of endoscopic
services for screening, five levels of competency are proposed in Chapter 5 (see 5.3.1). The defini-
tions of the proposed levels take into account the facilities and the level of competency which are
necessary to remove screen-detected lesions, and consequently how often the patients should be re-
ferred elsewhere in order to have the detected lesions safely and expertly removed. If all resources
are not available in a given area, large centres, particularly for diagnosis and treatment, can serve
more than one area, provided that adequate communication is established.

2.6.2.2 Public health specialists

Considering the different healthcare environments, public health specialists with adequate epidemiol-
ogical knowledge or equivalent expertise are recommended. These professionals are needed from the
onset, to ensure that the programme includes a population-based information system that monitors
each step of the screening process. They will then be responsible for gathering data and for ongoing
monitoring in order to identify problems that need intervention. These public health specialists can be
based at a national or regional level, whereas the other health professionals who are providing
screening services are needed in each area. Public health specialists should have training in and an
understanding of basic epidemiology, statistics and communication. A European training programme
on monitoring and evaluation of screening programmes would be desirable (see also Chapter 6).
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2.6.3 What factors should be considered when deciding which
primary test to use?

According to the findings of a survey of the International ColoRectal Cancer Screening Network
(ICRCSN) describing CRC screening protocols adopted in various countries, a number of diverse
screening initiatives have been implemented with a wide variation in various aspects of programme
implementation including the tests used for primary screening. Currently FOBT is the only primary test
recommended by the EU for CRC screening (Council of the European Union 2003,
Appendix 2, see Ch. 1, Sect. 1.1.4) (Benson et al. 2008).

Today there is a range of options for CRC screening in the average-risk population. The tests com-
monly adopted in screening interventions include tests for occult blood (either guaiac or immuno-
chemical), sigmoidoscopy (FS) and total colonoscopy (TC). Whether one method is superior to the
other is not clear from several analyses (Pignone et al. 2002; Zauber et al. 2008). Although clear ex-
perimental evidence is available only for FOBT, FS and TC are commonly considered as reasonable
alternatives (see Chapter 1). It has been suggested that a country’s screening initiative should be
adapted to suit population size, healthcare system and methods of funding, and should be individual-
ised to practice settings and if possible to people (Benson et al. 2008; Whitlock et al. 2008). Thus,
when deciding which primary test to use, several factors should be considered. Some of them are
connected with country-specific conditions.

2.6.3.1 Gender and age differences (see also Chapter 1)

CRC incidence and mortality are consistently lower among women than among men, and they show
an increasing trend with age, although age-specific CRC incidence and mortality vary strongly within
Europe. Comparative analyses of age- and gender specific CRC incidence and mortality in 38 European
countries indicate that the differences across countries translate to wide age ranges at which compa-
rable levels of risk are reached. The risk advancement attributable to these geographical differences in
age-specific incidence and mortality rates across Europe has been estimated to be up to 10 years or
more, while the lower incidence and mortality among women quite consistently translates to an age
difference of approximately 4-8 years at which comparable levels of risk are reached (Regula et al.
2006; Brenner et al. 2007b; Brenner, Hoffmeister & Haug 2008). CRC incidence and mortality repre-
sent important parameters affecting potential benefits of screening, which must be weighed against
costs and potential adverse side effects when choosing the age of screening initiation.

Cost-effectiveness modelling of different strategies was generally consistent in evaluating as efficient
to begin screening between 50 and 60 (Eddy 1990; Ness et al. 2000); decreasing the stop age from
85 to 75 yielded a small reduction in life-years gained with a large reduction in the number of tests.
Another important factor when assessing the age at which to stop screening is the remaining life ex-
pectancy.

2.6.3.2 Participation

Acceptability of the proposed strategy and test represents a critical determinant of the impact of an
organised programme. It influences the cost-effectiveness of the most commonly recommended tests
due to different levels of participation (Zauber et al. 2008). The effectiveness of an intervention is
therefore influenced by the compliance level that can be achieved, and ultimately the best option for a
patient is the one he or she will attend. It has been suggested that the relevant information when
comparing different strategies should be the estimate of the level of relative adherence to different
tests which provide comparable levels of life-years gained per number of colonoscopies. More accept-
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able tests would pick up a higher proportion of prevalent lesions, even if their sensitivity were low,
because more people would attend screening (Segnan et al. 2007).

Differences in exclusion criteria, if any, should be taken into account.

Thus the availability of different screening methods that would allow individuals in the target popula-
tion to choose their preferred strategy based on their preferences and values does not seem to be an
effective option. The offer of a choice between two tests was not associated with increased coverage
in a recent trial (Segnan et al. 2005). Offering an alternative test to people refusing the main screen-
ing strategy of a screening programme might represent a feasible option (Zorzi et al. 2007). However,
the sustainability and the organisational impact of such strategy should be assessed at the local level.

2.6.3.3 Screening interval and neoplasia detection rates according to the site
distribution (see also Chapter 1)

Evidence from randomised trials indicates that annual guaiac FOBT is associated with a higher mortal-
ity reduction compared to biennial screening. Observational studies (Saito et al. 1995; Zappa et al.
2001) support the indication of biennial screening with iFOBT (see also Chapter 4). The recommended
interval for colonoscopy screening is usually 10 years, although evidence from observational studies
would indicate that the protective effect may be longer. A five-year interval is usually recommended
for FS screening, although available evidence does not support such a recommendation: observational
studies have indeed suggested that the protective effect of the exam for CRC arising in the distal co-
lon may last for more than 10 years and it would justify the adoption of a protocol offering the test
once in a lifetime (Selby et al. 1992; Newcomb et al. 2003).

The expected impact of endoscopic tests is also related to the site distribution of the neoplastic lesions
in the colon and on their natural history (see also Chapter 1).

According to the results of a population-based case—control study, about 75-80% of colorectal cancer
cases could be prevented by colonoscopy, with stronger effect for distal than for proximal CRCs
(Brenner et al. 2007a). Recent cohort studies of people examined with colonoscopy confirm a protec-
tive effect of colonoscopy but suggest that the protective effect for proximal lesions might be overes-
timated (Lakoff et al. 2008; Baxter et al. 2009).

2.6.3.4 Cost-effectiveness (see also Chapter 1)

Available evidence from cost-effectiveness analysis suggests that all commonly considered CRC
screening strategies (FOBT, FlexiSig, TC total colonoscopy) are nearly equivalent for prevention of
colorectal cancer mortality (assuming 100% adherence) (Zauber et al. 2008) and they therefore rep-
resent reasonable alternatives. Compared with no screening, nearly all analyses found that any of the
common screening strategies for adults 50 years of age or older will reduce mortality from colorectal
cancer. The cost per life-year saved for colorectal cancer screening (US$ 10 000 to US$ 25 000 for
most strategies compared with no screening) compares favourably with other commonly endorsed
preventive health care interventions, such as screening mammography for women older than 50 years
of age or treatment of moderate hypertension.

The costs of a screening programme are strongly affected by the organisation of screening, including
the costs of infrastructure, information technology, screening promotion, training and quality assur-
ance, and by the characteristics of the health system. These same factors represent the main deter-
minants of the cost of the screening test, which influences the estimates of the relative costs of differ-
ent strategies. The timing of the costs and benefits should be considered as well: for example, endo-
scopy costs are met at the beginning, while those of FOBT spread over 10 years.
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Also, the advantage in terms of risk reduction must be weighed not only against the programme
costs, but also against the inconvenience for the patient and the adverse effects (some of them caus-
ing death, potentially, thus mortality evaluation is also key in cost-effectiveness) associated with each
strategy. These factors will influence the likelihood that patients will actually complete the tests re-
quired for any given strategy and therefore these factors also have a strong impact on the costs of
the tests.

2.6.3.5 Resources and sustainability of the programme

A recent resources-use analysis of the strategies considered for the UK bowel cancer screening pro-
grammes found considerable differences between screening strategies in terms of endoscopy staffing
and capital requirements. Limited availability of endoscopy services would favour the adoption of
strategies using highly specific tests targeting older age groups, while a sigmoidoscopy-based strategy
would be preferred if the financial resources are constrained. Also, the high number of cases detected
when adopting a strategy using biennial FOBT for people aged 50 to 69 would have a significant im-
pact on surgical services. Resource constraints, mainly related to availability of highly qualified per-
sonnel (Vijan et al. 2004) represent a strong barrier to the adoption of colonoscopy as a primary
screening tool.

Summary of evidence

e The balance in favour of screening is likely to be reached at rather different ages in the various
European countries, and several years later among women than among men (III).

e Offering people the option to choose a preferred strategy based on individual preferences and
values does not result in increased coverage (II). Offering an alternative test to people refusing
the main screening strategy adopted by a screening programme might represent a feasible and
effective option (V).

e The relative effectiveness in terms of incidence and mortality reduction of TC compared to FS
might be overestimated (IV).

e The costs of a screening programme are strongly affected by the organisation of screening, by the
characteristics of the health system. Different strategies involve different timing of the expected
costs and of the achievable benefits (III).

e The impact of each specific strategy is strongly affected by its acceptability in the target popula-
tion (III).

Recommendations

e Gender- and age-specific screening schedules deserve careful attention in the design and imple-
mentation of screening interventions (III - C).Rec 226

e The costs of screening organisation (including infrastructure, information technology, screening
promotion, training and quality assurance), the incidence of adverse effects and the likelihood
that patients will actually complete the tests required for any given strategy represent additional
important factors to be taken into account in the design and implementation of screening inter-
ventions and in the choice of the screening strategy (III - A).Rec 2?7

2.6.4 Implementation period (step-wise)

From an epidemiological perspective implementation entails more than simply carrying out the screen-
ing process and onward referral for assessment whenever required. The particular epidemiological
concerns at the early, implementation phase focus on the complete and accurate recording of all indi-
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vidual data pertaining to every participant, the screening test, its result, the decisions made as a con-
sequence and their eventual outcome in terms of diagnosis and treatment and monitoring the causes
of death.

Pilot demonstration projects have been carried out in some European countries to assess the feasibil-
ity of national programmes and their impact on routine services and to test whether the short-term
outcomes of RCTs could be achieved in a context of routine care by a programme covering the whole
target population (UK Colorectal Cancer Screening Pilot Group 2004; Goulard et al. 2008).

A new screening programme should be implemented in such a way that effectiveness can be evalu-
ated. This can be achieved using individual-level randomisation into screening and control groups at
the phase when the programme is new and resources and practical limitations prohibit the full cover-
age of the target population. This step-wise implementation, in which the target population is gradu-
ally taken into the programme as available resources expand, is both feasible and accepted when the
available resources are used to their full extent.

A randomised screening design is helpful in the start-up phase when all the healthcare services and
the infrastructure have not been evaluated within the screening programme, and since there cannot
be certainty that the desired outcome and quality will be reached in that particular programme. In the
first years of screening, an invitation scheme that gradually expands to cover more regions and age
groups over the years can be used. Individuals in the control group will be offered screening later af-
ter the first years. This provides an unbiased comparison group.

A model from Finland is based on individual-level randomisation over the first six years (Malila, Anttila
& Hakama 2005). For a six-year implementation phase it was expected that the number of colorectal
cancer deaths will accumulate during 10 years from launching the programme in a population of
around 3 million and a colorectal cancer mortality rate of approximately 15/100 000. Meanwhile, fea-
sibility can be studied and the programme monitored with various process indicators such as atten-
dance rates, proportion of test positives, detection rates, and positive predictive values.

A randomised screening design can also be used to assess the impact of alternative policies, such as
different methods of invitation, or different target age groups. The randomised approach may also
represent an acceptable and feasible alternative to assess the impact of a new screening test or to
compare cost-effectiveness of different screening strategies, when a clinical randomised trial to evalu-
ate the reduction in cancer occurrence or mortality is deemed impractical.

For other aspects relevant to implementation of screening programmes, see Sect. 2.3.1.

Recommendation

e Ideally, any new screening programme should be implemented using individual-level randomisa-
tion into screening and control groups in the phase when resources and practical limitations pro-
hibit the full coverage of the target population (VI - A).Rec 228

2.6.5 Data collection and monitoring (see also Chapter 3)

2.6.5.1 Data sources

To determine whether a programme has been effective with respect to its impact on mortality and
morbidity requires continuous follow-up of the target population over an extended period of time, and
ascertainment and recording of the outcomes of the screening process and of the indicators of pro-
gramme impact.
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There is a special need to monitor performance of programmes using new tests.

The monitoring and evaluation of the programme therefore require that adequate provision be made
in the planning process for the complete and accurate recording of all the relevant data. Achieving this
goal is dependent on the development of comprehensive systems for documentation of the screening
process, monitoring of data acquisition and quality, and accurate compilation and reporting of the re-
sults.

The information system should be designed to support the implementation of the different steps of
screening, to record screening findings of each individual, to identify those detected with abnormali-
ties, to monitor that the recommended action has been taken and to collect information about as-
sessments and treatment.

For the purposes of impact evaluation this information should be linked to several external data
sources, and legal authorisation to be able to achieve this should be secured: population registries, for
estimating population coverage and to identify people in the target population in relation to their
screening history; cancer or pathology registries, for cancer follow-up and for quality assurance pur-
poses and feed-back to clinicians; and cause of death register for individuals in addition to population
statistics, for assessing vital status and cause of death for final effectiveness evaluation.

2.6.5.2 How to respond to outcomes of monitoring

The design of the information system should take into account the views and data requirements of all
groups involved in the screening programme. A wide range of consultation and participatory planning
is important to improve programme evaluation, through common definition of data elements, indica-
tors and standards. The programme should ensure that professionals involved in screening receive
timely feedback on programme and individual performance. Rapid publication of the monitoring re-
sults is important as screening units and other actors need the information to run their activity and to
implement quality assurance and training efforts. (See also Chapter 6).

In order to achieve these aims it is recommended to identify a coordination board that is responsible
for regularly auditing the programme and taking necessary actions (including indications about the
specific organisational changes which are necessary to meet the desired quality standards).

Recommendation

e In order to be able to evaluate effectiveness of screening, the data must be linked to several ex-
ternal data sources including population registries, cancer or pathology registries, and registers of
the cause of death at the individual level in the target population. Therefore, legal authorisation
should be put in place in order to be able to link the aforementioned data for follow-up when
screening is introduced (VI - A).Rec 229

62



2

2.7 References

Aoun E, Abdul-Baki H, Azar C, Mourad F, Barada K, Berro Z, Tarchichi M & Sharara AI (2005), A randomized sin-
gle-blind trial of split-dose PEG-electrolyte solution without dietary restriction compared with whole dose PEG-
electrolyte solution with dietary restriction for colonoscopy preparation, Gastrointest.Endosc., vol. 62, no. 2, pp.
213-218.

Atkin WS, Hart A, Edwards R, Cook CF, Wardle J, McIntyre P, Aubrey R, Baron C, Sutton S, Cuzick J, Senapati A &
Northover JM (2000), Single blind, randomised trial of efficacy and acceptability of oral picolax versus self admin-
istered phosphate enema in bowel preparation for flexible sigmoidoscopy screening, BMJ, vol. 320, no. 7248, pp.
1504-1508.

Baglietto L, Jenkins MA, Severi G, Giles GG, Bishop DT, Boyle P & Hopper JL (2006), Measures of familial aggre-
gation depend on definition of family history: meta-analysis for colorectal cancer, J Clin.Epidemiol., vol. 59, no. 2,
pp. 114-124.

Bastani R, Yabroff KR, Myers RE & Glenn B (2004), Interventions to improve follow-up of abnormal findings in
cancer screening, Cancer, vol. 101, no. 5 Suppl, pp. 1188-1200.

Baxter NN, Goldwasser MA, Paszat LF, Saskin R, Urbach DR & Rabeneck L (2009), Association of colonoscopy and
death from colorectal cancer, Ann.Intern.Med., vol. 150, no. 1, pp. 1-8.

Belsey ], Epstein O & Heresbach D (2007), Systematic review: oral bowel preparation for colonoscopy, Afi-
ment,Pharmacol. Ther., vol. 25, no. 4, pp. 373-384.

Benhamiche-Bouvier AM, Lejeune C, Jouve JL, Manfredi S, Bonithon-Kopp C & Faivre J (2000), Family history and
risk of colorectal cancer: implications for screening programmes, J.Med.Screen., vol. 7, no. 3, pp. 136-140.

Benson VS, Patnick ], Davies AK, Nadel MR, Smith RA & Atkin WS (2008), Colorectal cancer screening: a com-
parison of 35 initiatives in 17 countries, Int.J.Cancer, vol. 122, no. 6, pp. 1357-1367.

Bos AB, van BM, van Gessel-Dabekaussen AA & Habbema JD (1998), Organised cervical cancer screening still
leads to higher coverage than spontaneous screening in The Netherlands, Eur.J.Cancer, vol. 34, no. 10, pp. 1598-
1601.

Brawarsky P, Brooks DR, Mucci LA & Wood PA (2004), Effect of physician recommendation and patient adherence
on rates of colorectal cancer testing, Cancer Detect.Prev., vol. 28, no. 4, pp. 260-268.

Brenner H, Chang-Claude J, Seiler CM, Sturmer T & Hoffmeister M (2007a), Potential for colorectal cancer pre-
vention of sigmoidoscopy versus colonoscopy: population-based case control study, Cancer Epidemiol.Biomarkers
Prev., vol. 16, no. 3, pp. 494-499.

Brenner H, Hoffmeister M, Arndt V & Haug U (2007b), Gender differences in colorectal cancer: implications for
age at initiation of screening, Br.J.Cancer, vol. 96, no. 5, pp. 828-831.

Brenner H, Hoffmeister M & Haug U (2008), Should colorectal cancer screening start at the same age in European
countries? Contributions from descriptive epidemiology, Br.J.Cancer, vol. 99, no. 3, pp. 532-535.

Brotherstone H, Miles A, Robb KA, Atkin W & Wardle J (2006), The impact of illustrations on public understanding
of the aim of cancer screening, Patient.Educ.Couns., vol. 63, no. 3, pp. 328-335.

Bucchi L & Serafini M (1992), Spontaneous screening for cervical cancer and diagnostic histories of incident
cases, 7umori, vol. 78, no. 4, pp. 239-243.

Burnand B, Harris JK, Wietlisbach V, Froehlich F, Vader JP & Gonvers 1] (2006), Use, appropriateness, and diag-
nostic yield of screening colonoscopy: an international observational study (EPAGE), Gastrointest.Endosc., vol. 63,
no. 7, pp. 1018-1026.

Butterworth AS, Higgins JP & Pharoah P (2006), Relative and absolute risk of colorectal cancer for individuals with
a family history: a meta-analysis, £ur J Cancer, vol. 42, no. 2, pp. 216-227.

63



Chamot E, Charvet Al & Perneger TV (2007), Who gets screened, and where: a comparison of organised and
opportunistic mammography screening in Geneva, Switzerland, Eur.J.Cancer, vol. 43, no. 3, pp. 576-584.

Church JM (2005), A scoring system for the strength of a family history of colorectal cancer, Dis.Colon Rectum,
vol. 48, no. 5, pp. 889-896.

Church TR, Yeazel MW, Jones RM, Kochevar LK, Watt GD, Mongin SJ, Cordes JE & Engelhard D (2004), A ran-
domized trial of direct mailing of fecal occult blood tests to increase colorectal cancer screening, J.Natl.Cancer
Inst., vol. 96, no. 10, pp. 770-780.

Cohen LB (2010), Split dosing of bowel preparations for colonoscopy: an analysis of its efficacy, safety, and toler-
ability, Gastrointest.Endosc., vol. 72, no. 2, pp. 406-412.

Cokkinides VE, Chao A, Smith RA, Vernon SW & Thun MJ (2003), Correlates of underutilization of colorectal can-
cer screening among U.S. adults, age 50 years and older, Prev.Med., vol. 36, no. 1, pp. 85-91.

Cole SR, Smith A, Wilson C, Turnbull D, Esterman A & Young GP (2007), An advance notification letter increases
participation in colorectal cancer screening, J.Med.Screen., vol. 14, no. 2, pp. 73-75.

Cole SR & Young GP (2001), Effect of dietary restriction on participation in faecal occult blood test screening for
colorectal cancer, Med.J.Aust., vol. 175, no. 4, pp. 195-198.

Cole SR, Young GP, Byrne D, Guy JR & Morcom J (2002), Participation in screening for colorectal cancer based on
a faecal occult blood test is improved by endorsement by the primary care practitioner, J.Med.Screen., vol. 9, no.
4, pp. 147-152.

Cole SR, Young GP, Esterman A, Cadd B & Morcom J (2003), A randomised trial of the impact of new faecal hae-
moglobin test technologies on population participation in screening for colorectal cancer, J.Med.Screen., vol. 10,
no. 3, pp. 117-122.

Costanza ME, Luckmann R, Stoddard AM, White MJ, Stark JR, Avrunin ]S, Rosal MC & Clemow L (2007), Using
tailored telephone counseling to accelerate the adoption of colorectal cancer screening, Cancer Detect.Prev., vol.
31, no. 3, pp. 191-198.

Cottet V, Pariente A, Nalet B, Lafon J, Milan C, Olschwang S, Bonaiti-Pellie C, Faivre J & Bonithon-Kopp C (2007),
Colonoscopic screening of first-degree relatives of patients with large adenomas: increased risk of colorectal tu-
mors, Gastroenterology, vol. 133, no. 4, pp. 1086-1092.

Courtier R, Casamitjana M, Macia F, Panades A, Castells X, Gil MJ, Hidalgo JM & Sanchez-Ortega JM (2002), Par-
ticipation in a colorectal cancer screening programme: influence of the method of contacting the target popula-
tion, Eur.J.Cancer Prev., vol. 11, no. 3, pp. 209-213.

Dassow P (2005), Setting educational priorities for women's preventive health: measuring beliefs about screening
across disease states, J Womens Health (Larchmt.), vol. 14, no. 4, pp. 324-330.

Dove-Edwin I, Sasieni P, Adams J & Thomas HJ (2005), Prevention of colorectal cancer by colonoscopic surveil-
lance in individuals with a family history of colorectal cancer: 16 year, prospective, follow-up study, BMJ, vol. 331,
no. 7524, p. 1047.

Eddy DM (1990), Screening for colorectal cancer, Ann.Intern.Med., vol. 113, no. 5, pp. 373-384.

Eisinger F, Cals L, Calazel-Benque A, Blay JY, Coscas Y, Dolbeault S, Namer M, Pivot X, Rixe O, Serin D, Roussel C
& Morere JF (2008), Impact of organised programs on colorectal cancer screening, BMC.Cancer, vol. 8, p. 104.

Engelstad LP, Stewart SL, Nguyen BH, Bedeian KL, Rubin MM, Pasick RJ & Hiatt RA (2001), Abnormal Pap smear
follow-up in a high-risk population, Cancer Epidemiol.Biomarkers Prev., vol. 10, no. 10, pp. 1015-1020.

Etzioni DA, Yano EM, Rubenstein LV, Lee ML, Ko CY, Brook RH, Parkerton PH & Asch SM (2006), Measuring the
quality of colorectal cancer screening: the importance of follow-up, Dis Colon Rectum, vol. 49, no. 7, pp. 1002-
1010.

Federici A, Giorgi RP, Bartolozzi F, Farchi S, Borgia P & Guastcchi G (2006), The role of GPs in increasing compli-
ance to colorectal cancer screening: a randomised controlled trial (Italy), Cancer Causes Control, vol. 17, no. 1,
pp. 45-52.

64



2

Federici A, Giorgi RP, Borgia P, Bartolozzi F, Farchi S & Gausticchi G (2005), The immunochemical faecal occult
blood test leads to higher compliance than the guaiac for colorectal cancer screening programmes: a cluster ran-
domized controlled trial, J.Med.Screen., vol. 12, no. 2, pp. 83-88.

Giorgi Rossi P., Federici A, Bartolozzi F, Farchi S, Borgia P & Guasticchi G (2005), Understanding non-compliance
to colorectal cancer screening: a case control study, nested in a randomised trial [ISRCTN83029072], BMC.Public
Health, vol. 5, p. 139.

Goulard H, Boussac-Zarebska M, Ancelle-Park R & Bloch J (2008), French colorectal cancer screening pilot pro-
gramme: results of the first round, J.Med.Screen., vol. 15, no. 3, pp. 143-148.

Grazzini G, Castiglione G, Isu A, Mantellini P, Rubeca T, Sani C, Turco P & Zappa M (2000), Colorectal cancer
screening by fecal occult blood testing: results of a population-based experience, 7umori, vol. 86, no. 5, pp. 384-
388.

Harris MA, Byles JE, Cockburn J & D'Este C (2000), A general practice-based recruitment strategy for colorectal
cancer screening, Aust.N.Z.J.Public Health, vol. 24, no. 4, pp. 441-443.

Holschneider CH, Felix JC, Satmary W, Johnson MT, Sandweiss LM & Montz FJ (1999), A single-visit cervical car-
cinoma prevention program offered at an inner city church: A pilot project, Cancer, vol. 86, no. 12, pp. 2659-
2667.

IARC (2005), Cervix Cancer Screening, JARC Handbooks of Cancer Prevention no. 10.

Jacobson V] & Szilagyi P (2005), Patient reminder and patient recall systems to improve immunization rates,
Cochrane.Database.Syst.Rev. no. 3, p. CD003941.

James AS, Campbell MK & Hudson MA (2002), Perceived barriers and benefits to colon cancer screening among
African Americans in North Carolina: how does perception relate to screening behavior?, Cancer Epidemiol Bio-
markers Prev., vol. 11, no. 6, pp. 529-534.

Jepson R, Clegg A, Forbes C, Lewis R, Sowden A & Kleijnen J (2000), The determinants of screening uptake and
interventions for increasing uptake: a systematic review, Health Technol.Assess., vol. 4, no. 14, p. i-133.

Jerant A, Kravitz RL, Rooney M, Amerson S, Kreuter M & Franks P (2007), Effects of a tailored interactive multi-
media computer program on determinants of colorectal cancer screening: a randomized controlled pilot study in
physician offices, Patient.Educ.Couns., vol. 66, no. 1, pp. 67-74.

Johns LE & Houlston RS (2001), A systematic review and meta-analysis of familial colorectal cancer risk,
Am.J.Gastroenterol., vol. 96, no. 10, pp. 2992-3003.

King J, Fairbrother G, Thompson C & Morris DL (1992), Colorectal cancer screening: optimal compliance with
postal faecal occult blood test, Aust.N.Z.J.5urg., vol. 62, no. 9, pp. 714-719.

Klabunde CN, Schenck AP & Davis WW (2006), Barriers to colorectal cancer screening among Medicare consum-
ers, Am.J.Prev.Med., vol. 30, no. 4, pp. 313-319.

Laara E, Day NE & Hakama M (1987), Trends in mortality from cervical cancer in the Nordic countries: association
with organised screening programmes, Lancet, vol. 1, no. 8544, pp. 1247-1249.

Lakoff J, Paszat LF, Saskin R & Rabeneck L (2008), Risk of developing proximal versus distal colorectal cancer
after a negative colonoscopy: a population-based study, Clin.Gastroenterol.Hepatol., vol. 6, no. 10, pp. 1117-
1121.

Launoy G, Veret JL, Richir B, Reaud JM, Ollivier V, Valla A & Gignoux M (1993), Involvement of general practitio-
ners in mass screening. Experience of a colorectal cancer mass screening programme in the Calvados region
(France), Eur.J.Cancer Prev., vol. 2, no. 3, pp. 229-232.

Lawsin C, DuHamel K, Weiss A, Rakowski W & Jandorf L (2007), Colorectal cancer screening among low-income
African Americans in East Harlem: a theoretical approach to understanding barriers and promoters to screening, J
Urban.Health, vol. 84, no. 1, pp. 32-44.

Lipkus IM, Green LG & Marcus A (2003), Manipulating perceptions of colorectal cancer threat: implications for
screening intentions and behaviors, J Health Commun., vol. 8, no. 3, pp. 213-228.

65



Lynge E, Clausen LB, Guignard R & Poll P (2006), What happens when organization of cervical cancer screening is
delayed or stopped?, J.Med.Screen., vol. 13, no. 1, pp. 41-46.

Malila N, Anttila A & Hakama M (2005), Colorectal cancer screening in Finland: details of the national screening
programme implemented in Autumn 2004, J Med.Screen., vol. 12, no. 1, pp. 28-32.

Malila N, Oivanen T & Hakama M (2008), Implementation of colorectal cancer screening in Finland: experiences
from the first three years of a public health programme, Z. Gastroenterol., vol. 46 Suppl 1, p. S25-S28.

McCaffery K, Wardle J, Nadel M & Atkin W (2002), Socioeconomic variation in participation in colorectal cancer
screening, J Med.Screen., vol. 9, no. 3, pp. 104-108.

Menges M, Fischinger J, Gartner B, Georg T, Woerdehoff D, Maier M, Harloff M, Stegmaier C, Raedle ] & Zeitz M
(2006), Screening colonoscopy in 40- to 50-year-old first-degree relatives of patients with colorectal cancer is
efficient: a controlled multicentre study, Int.J.Colorectal Dis., vol. 21, no. 4, pp. 301-307.

Menon U, Champion VL, Larkin GN, Zollinger TW, Gerde PM & Vernon SW (2003), Beliefs associated with fecal
occult blood test and colonoscopy use at a worksite colon cancer screening program, J Occup.Environ.Med., vol.
45, no. 8, pp. 891-898.

Miles A, Cockburn J, Smith RA & Wardle J (2004), A perspective from countries using organized screening pro-
grams, Cancer, vol. 101, no. 5 Suppl, pp. 1201-1213.

Miller MF & Wong JG (1993), Reducing financial barriers enhances the return rate of stool Hemoccult packets,
Am.J.Med.Sci., vol. 306, no. 2, pp. 98-100.

Montano DE, Selby JV, Somkin CP, Bhat A & Nadel M (2004), Acceptance of flexible sigmoidoscopy screening for
colorectal cancer, Cancer Detect.Prev., vol. 28, no. 1, pp. 43-51.

Nakama H, Zhang B, Fukazawa K & Abdul Fattah AS (2000), Family history of colorectal adenomatous polyps as a
risk factor for colorectal cancer, Eur.J.Cancer, vol. 36, no. 16, pp. 2111-2114.

Ness RM, Holmes AM, Klein R & Dittus R (2000), Cost-utility of one-time colonoscopic screening for colorectal
cancer at various ages, Am.J.Gastroenterol., vol. 95, no. 7, pp. 1800-1811.

Newcomb PA, Storer BE, Morimoto LM, Templeton A & Potter JD (2003), Long-term efficacy of sigmoidoscopy in
the reduction of colorectal cancer incidence, J.Natl.Cancer Inst., vol. 95, no. 8, pp. 622-625.

Nieminen P, Kallio M, Anttila A & Hakama M (1999), Organised vs. spontaneous Pap-smear screening for cervical
cancer: A case-control study, /nt.J.Cancer, vol. 83, no. 1, pp. 55-58.

Nygard JF, Skare GB & Thoresen SO (2002), The cervical cancer screening programme in Norway, 1992-2000:
changes in Pap smear coverage and incidence of cervical cancer, J.Med.Screen., vol. 9, no. 2, pp. 86-91.

Parra-Blanco A, Nicolas-Perez D, Gimeno-Garcia A, Grosso B, Jimenez A, Ortega J & Quintero E (2006), The tim-
ing of bowel preparation before colonoscopy determines the quality of cleansing, and is a significant factor con-
tributing to the detection of flat lesions: a randomized study, World J.Gastroenterol., vol. 12, no. 38, pp. 6161-
6166.

Pignone M, Campbell MK, Carr C & Phillips C (2001), Meta-analysis of dietary restriction during fecal occult blood
testing, £/7.Clin.Pract., vol. 4, no. 4, pp. 150-156.

Pignone M, Saha S, Hoerger T & Mandelblatt J (2002), Cost-effectiveness analyses of colorectal cancer screening:
a systematic review for the U.S. Preventive Services Task Force, Ann.Intern.Med., vol. 137, no. 2, pp. 96-104.

Plaskon PP & Fadden MJ (1995), Cancer screening utilization: is there a role for social work in cancer prevention?,
Soc.Work Health Care, vol. 21, no. 4, pp. 59-70.

Puliti D, Miccinesi G, Collina N, De L, V, Federico M, Ferretti S, Finarelli AC, Foca F, Mangone L, Naldoni C, Petrella
M, Ponti A, Segnan N, Sigona A, Zarcone M, Zorzi M, Zappa M & Paci E (2008), Effectiveness of service screening:
a case-control study to assess breast cancer mortality reduction, Br.J.Cancer, vol. 99, no. 3, pp. 423-427.

Quinn M, Babb P, Jones J & Allen E (1999), Effect of screening on incidence of and mortality from cancer of cer-
vix in England: evaluation based on routinely collected statistics, BMJ, vol. 318, no. 7188, pp. 904-908.

66



2

Regula J, Rupinski M, Kraszewska E, Polkowski M, Pachlewski ], Orlowska J, Nowacki MP & Butruk E (2006),
Colonoscopy in colorectal-cancer screening for detection of advanced neoplasia, N.Engl.J.Med., vol. 355, no. 18,
pp. 1863-1872.

Robb KA, Miles A, Campbell J, Evans P & Wardle J (2006), Can cancer risk information raise awareness without
increasing anxiety? A randomized trial, Prev.Med., vol. 43, no. 3, pp. 187-190.

Ronco G, Pilutti S, Patriarca S, Montanari G, Ghiringhello B, Volante R, Giordano L, Zanetti R, Mancini E & Segnan
N (2005), Impact of the introduction of organised screening for cervical cancer in Turin, Italy: cancer incidence by
screening history 1992-98, Br.J.Cancer, vol. 93, no. 3, pp. 376-378.

Ronco G, Segnan N, Giordano L, Pilutti S, Senore C, Ponti A & Volante R (1997), Interaction of spontaneous and
organised screening for cervical cancer in Turin, Italy, Eur.J.Cancer, vol. 33, no. 8, pp. 1262-1267.

Rostom A, Jolicoeur E, Dube C, Gregoire S, Patel D, Saloojee N & Lowe C (2006), A randomized prospective trial
comparing different regimens of oral sodium phosphate and polyethylene glycol-based lavage solution in the
preparation of patients for colonoscopy, Gastrointest.Endosc., vol. 64, no. 4, pp. 544-552.

Saito H, Soma Y, Koeda J, Wada T, Kawaguchi H, Sobue T, Aisawa T & Yoshida Y (1995), Reduction in risk of
mortality from colorectal cancer by fecal occult blood screening with immunochemical hemagglutination test. A
case-control study, Int.J.Cancer, vol. 61, no. 4, pp. 465-469.

Schenck AP, Klabunde CN & Davis WW (2006), Racial differences in colorectal cancer test use by Medicare con-
sumers, Am.J.Prev.Med., vol. 30, no. 4, pp. 320-326.

Seeff LC, Manninen DL, Dong FB, Chattopadhyay SK, Nadel MR, Tangka FK & Molinari NA (2004), Is there endo-
scopic capacity to provide colorectal cancer screening to the unscreened population in the United States?, Gastro-
enterology, vol. 127, no. 6, pp. 1661-1669.

Segnan N, Senore C, Andreoni B, Arrigoni A, Bisanti L, Cardelli A, Castiglione G, Crosta C, DiPlacido R, Ferrari A,
Ferraris R, Ferrero F, Fracchia M, Gasperoni S, Malfitana G, Recchia S, Risio M, Rizzetto M, Saracco G, Spandre M,
Turco D, Turco P & Zappa M (2005), Randomized trial of different screening strategies for colorectal cancer: pa-
tient response and detection rates, J.Nat/l.Cancer Inst., vol. 97, no. 5, pp. 347-357.

Segnan N, Senore C, Andreoni B, Azzoni A, Bisanti L, Cardelli A, Castiglione G, Crosta C, Ederle A, Fantin A, Fer-
rari A, Fracchia M, Ferrero F, Gasperoni S, Recchia S, Risio M, Rubeca T, Saracco G & Zappa M (2007), Compar-
ing attendance and detection rate of colonoscopy with sigmoidoscopy and FIT for colorectal cancer screening,
Gastroenterology, vol. 132, no. 7, pp. 2304-2312.

Seifert B, Zavoral M, Fric P & Bencko V (2008), The role of primary care in colorectal cancer screening: experi-
ence from Czech Republic, Neop/asma, vol. 55, no. 1, pp. 74-80.

Selby 1V, Friedman GD, Quesenberry CP, Jr. & Weiss NS (1992), A case-control study of screening sigmoidoscopy
and mortality from colorectal cancer, N.Engl.J.Med., vol. 326, no. 10, pp. 653-657.

Senore C, Segnan N, Rossini FP, Ferraris R, Cavallero M, Coppola F, Pennazio M & Atkin WS (1996), Screening for
colorectal cancer by once only sigmoidoscopy: a feasibility study in Turin, Italy, J Med.Screen., vol. 3, no. 2, pp.
72-78.

Sewitch MJ, Fournier C, Ciampi A & Dyachenko A (2007), Adherence to colorectal cancer screening guidelines in
Canada, BMC.Gastroenterol., vol. 7, p. 39.

Slattery ML, Kinney AY & Levin TR (2004), Factors associated with colorectal cancer screening in a population-
based study: the impact of gender, health care source, and time, Prev.Med., vol. 38, no. 3, pp. 276-283.

Sondergaard JO, Bulow S & Lynge E (1991), Cancer incidence among parents of patients with colorectal cancer,
Int.J.Cancer, vol. 47, no. 2, pp. 202-206.

Stern MA, Fendrick AM, McDonnell WM, Gunaratnam N, Moseley R & Chey WD (2000), A randomized, controlled
trial to assess a novel colorectal cancer screening strategy: the conversion strategy--a comparison of sequential
sigmoidoscopy and colonoscopy with immediate conversion from sigmoidoscopy to colonoscopy in patients with
an abnormal screening sigmoidoscopy, Am.J.Gastroenterol., vol. 95, no. 8, pp. 2074-2079.

67



Stone EG, Morton SC, Hulscher ME, Maglione MA, Roth EA, Grimshaw JM, Mittman BS, Rubenstein LV, Rubenstein
LZ & Shekelle PG (2002), Interventions that increase use of adult immunization and cancer screening services: a
meta-analysis, Ann.Intern.Med., vol. 136, no. 9, pp. 641-651.

Sutton S, Wardle ], Taylor T, McCaffery K, Williamson S, Edwards R, Cuzick J, Hart A, Northover J & Atkin W
(2000), Predictors of attendance in the United Kingdom flexible sigmoidoscopy screening trial, J Med.Screen., vol.
7, no. 2, pp. 99-104.

Tazi MA, Faivre J, Dassonville F, Lamour J, Milan C & Durand G (1997), Participation in faecal occult blood screen-
ing for colorectal cancer in a well defined French population: results of five screening rounds from 1988 to 1996,
J.Med.Screen., vol. 4, no. 3, pp. 147-151.

Tifratene K, Eisinger F, Rinaldi Y, Didelot R & Seitz JF (2007), Colorectal cancer screening program: cost effec-
tiveness of systematic recall letters, Gastroenterol.Clin.Biol., vol. 31, no. 11, pp. 929-933.

Tu SP, Taylor V, Yasui Y, Chun A, Yip MP, Acorda E, Li L & Bastani R (2006), Promoting culturally appropriate
colorectal cancer screening through a health educator: a randomized controlled trial, Cancer, vol. 107, no. 5, pp.
959-966.

UK Colorectal Cancer Screening Pilot Group (2004), Results of the first round of a demonstration pilot of screen-
ing for colorectal cancer in the United Kingdom, BMJ, vol. 329, no. 7458, p. 133.

van Rossum LG, van Rijn AF, Laheij RJ, van Oijen MG, Fockens P, van Krieken HH, Verbeek AL, Jansen JB & Dek-
ker E (2008), Random comparison of guaiac and immunochemical fecal occult blood tests for colorectal cancer in
a screening population, Gastroenterology, vol. 135, no. 1, pp. 82-90.

Vernon SW (1997), Participation in colorectal cancer screening: a review, J Natl.Cancer Inst., vol. 89, no. 19, pp.
1406-1422.

Vijan S, Inadomi J, Hayward RA, Hofer TP & Fendrick AM (2004), Projections of demand and capacity for colono-
scopy related to increasing rates of colorectal cancer screening in the United States, Aliment.Pharmacol.Ther.,
vol. 20, no. 5, pp. 507-515.

Walsh JM, Salazar R, Terdiman JP, Gildengorin G & Perez-Stable EJ (2005), Promoting use of colorectal cancer
screening tests. Can we change physician behavior?, J.Gen.Intern.Med., vol. 20, no. 12, pp. 1097-1101.

Wardle ], McCaffery K, Nadel M & Atkin W (2004), Socioeconomic differences in cancer screening participation:
comparing cognitive and psychosocial explanations, Soc.Sci.Med., vol. 59, no. 2, pp. 249-261.

Wardle J, Miles A & Atkin W (2005), Gender differences in utilization of colorectal cancer screening, J
Med.Screen., vol. 12, no. 1, pp. 20-27.

Wee CC, McCarthy EP & Phillips RS (2005), Factors associated with colon cancer screening: the role of patient
factors and physician counseling, Prev.Med., vol. 41, no. 1, pp. 23-29.

Weinberg DS, Turner BJ, Wang H, Myers RE & Miller S (2004), A survey of women regarding factors affecting
colorectal cancer screening compliance, Prev.Med., vol. 38, no. 6, pp. 669-675.

Whitlock EP, Lin JS, Liles E, Beil TL & Fu R (2008), Screening for colorectal cancer: a targeted, updated system-
atic review for the U.S. Preventive Services Task Force, Ann.Intern.Med., vol. 149, no. 9, pp. 638-658.

Woodrow C, Rozmovits L, Hewitson P, Rose P, Austoker J & Watson E (2006), Bowel cancer screening in Eng-
land: a qualitative study of GPs' attitudes and information needs, BMC.Fam.Pract,, vol. 7, p. 53.

Yabroff KR, Washington KS, Leader A, Neilson E & Mandelblatt J (2003), Is the promise of cancer-screening pro-
grams being compromised? Quality of follow-up care after abnormal screening results, Med.Care Res.Rev., vol.
60, no. 3, pp. 294-331.

Zappa M, Castiglione G, Paci E, Grazzini G, Rubeca T, Turco P, Crocetti E & Ciatto S (2001), Measuring interval
cancers in population-based screening using different assays of fecal occult blood testing: the District of Florence
experience, Int.J.Cancer, vol. 92, no. 1, pp. 151-154.

68



ORGANISATION 2

Zauber AG, Lansdorp-Vogelaar I, Knudsen AB, Wilschut J, van BM & Kuntz KM (2008), Evaluating test strategies
for colorectal cancer screening: a decision analysis for the U.S. Preventive Services Task Force, Ann.Intern.Med.,
vol. 149, no. 9, pp. 659-669.

Zorzi M, de' Bianchi PS, Grazzini G & Senore C (2007), [Ouality indicators for the evaluation of colorectal cancer
screening programmes], Epidemiol.Prev., vol. 31, no. 6 Suppl 1, pp. 6-56.

European guidelines for quality assurance in colorectal cancer screening and diagnosis - First edition 69



ORGANISATION

70 European guidelines for quality assurance in colorectal cancer screening and diagnosis - First edition



Evaluation and interpretation of
screening outcomes

Authors

Sue Moss

Rosemary Ancelle-Park
Hermann Brenner



EVALUATION AND INTERPRETATION OF SCREENING OUTCOMES

Authors

Sue Moss, United Kingdom
Rosemary Ancelle-Park, France
Herman Brenner, Germany

Contributors
Josep Espinas, Spain

Reviewers
Jack Cuzick, United Kingdom
Elsebeth Lynge, Denmark

Acknowledgements
The comments and suggestions received from consultation of the European Cancer Network are
gratefully acknowledged.

72 European guidelines for quality assurance in colorectal cancer screening and diagnosis - First edition



33

Recommendations?

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13
3.14

3.15

3.16

The development of comprehensive systems for documentation of the screening processes,
monitoring of data acquisition and quality, and accurate compilation and reporting of results
are essential to the evaluation of population screening programmes (VI - A).Sect 31

Detailed eligibility criteria should be predefined, based on a pre-specified protocol (see also
Ch. 2, Rec. 2.4, Sect. 2.3.1.1) (VI - B).Set3:21

A database consisting of individual records (one record per person for each screening episode)
is essential in order to produce results on screening performance (VI - A).Set 3-2:1

Quality control procedures for the database should be available and run regularly to check the
quality of the data and to correct data entry errors (VI - A).Set3-21

For monitoring the programme, tables presenting performance indicators should be produced
at regular intervals (at least annually) by age and gender and by type of screening test using
the collected data (VI - A).Set3:25

All indicators should be calculated and reported for age-gender subgroups (VI - A).Set3:3

Invitation coverage should be high (95%) in order to maximise screening impact
(VI - A).Sect 3.3.1

A minimum uptake of 45% is acceptable (III - A), but it is recommended to aim for a rate of
at least 65% (III - A),5et 331

Rates of inadequate FOBTs should remain low. These reflect the understanding of the people
who are using the test and therefore the quality of the information given to the population.

Less than 3% is acceptable, less than 1% is desirable (See Ch. 4, Rec. 4.21) (III - A).Se<t 3-3-2
4.3.4

High rates of referral to follow-up colonoscopy should be achieved for people with a positive
screening test or examination requiring follow-up (90% is acceptable, >95% is desirable)
(VI - A).Sect 3.3.2; 3.3.3

The proportion of screening and follow-up colonoscopies that are incomplete should be re-
corded separately. A completeness rate of >90% is acceptable, >95% is desirable (see also
Ch- 5[ Rec. 5.41) (III - A)_Sect 3.3.2; 3.3.3; 5.4.5.1

A favourable stage distribution in screen-detected cancers compared to clinically diagnosed
cancers should be observed. In absence of this condition a screening programme could not be
effective (I - A).5ect33:2

The rate of serious adverse effects should be monitored carefully (III - A).Se<t 3:3-2: 3:3.3

High rates of compliance with follow-up colonoscopy should be achieved (85% is acceptable,
>90% is desirable) (III - A),Sect33.23:3.3

The time in days, between completion of a screening test and receipt of results by the partici-

pant should be as short as possible: acceptable standard >90% within 15 days (VI - A).5*
3.34

Follow-up colonoscopy after positive screening (any modality) should be scheduled within 31
days of referral (acceptable standard is >90%, desirable >95%). (See Ch. 5, Rec. 5.19)
(VI - B).Sect 3.3.4; 5.3.5

Sect (superscript) after each recommendation in the list refers the reader to the section/s of the Guidelines deal-
ing with the respective recommendation.

Rec (superscript) throughout the chapter refers to the number of the recommendation dealt with in the preced-
ing text.

73
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3.17 The time interval between positive FS or colonoscopy and definitive management should be
minimised and in 95% of cases should be no more than 31 days (acceptable standard) (see
Ch. 8, Rec. 8.2) (VI - B).Sect3:3:4: 8.2

3.18 The evaluation of surrogate outcome measures requires rigorous data collection of colorectal
cancer registrations and stage of disease in the target population. Such data should also be col-
lected for the time period leading directly up to the introduction of a screening programme to
allow trends to be analysed (VI - A).Set 34

3.19 Data on interval cancers should be collected and reported (VI - A).Se<t 3:4-1

3.20 Evaluation of interval cancer rates requires careful linkage of cancer registrations with screen-
ing history to allow cancers to be classified (i.e. as screen detected, interval, non-responders,
other). A link with the cancer registry should be established (VI - A).Sect3:4-1
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3.1 Introduction

Evaluation and interpretation of screening outcomes are essential to recognising whether a colorectal
cancer screening programme is achieving the goals for which it has been established. It is recognised
that the context and logistics of screening programmes will differ by country and even by region. For
example, the prior existence of a population register facilitates issuing personalised invitations,
whereas the absence of such a register may lead to recruitment by open invitation. Many of these
contextual differences will affect the measured outcomes.

The effectiveness of a programme is a function of the quality of its individual components. Success of
the programme is measured not only by its impact on public health, but also by its organisation, im-
plementation, and acceptability.

The organisational aspects of a screening programme, described in Chapter 2 of these Guidelines in-
fluence the evaluation and interpretation of screening outcomes. Therefore all aspects of the pro-
gramme should be monitored and evaluated.

To determine whether a programme has been effective with regard to its impact on morbidity and
mortality requires continuous follow-up of the target population over an extended time-frame. There-
fore early-performance indicators using standard definitions, available early in the lifetime of a screen-
ing programme are essential to measure the quality of the programme and its potential longer-term
impact.

A key component in the evaluation of population screening programmes is data collection. Colorectal
cancer screening can be performed using various tests or techniques. Data collection necessary for
evaluation can be common to all tests or specific to particular tests. The examples given in these
Guidelines refer to in vitro stool tests based on detection of faecal occult blood (FOBT) that are cur-
rently the most widely used, and to endoscopic tests i.e. flexible sigmoidoscopy (FS) or colonoscopy
(CS). In the text, gFOBT refers to guaiac-based FOBTSs, and iFOBT to immunological FOBTSs.

This chapter includes only the minimum data variables and indicators that should be collected and
measured for the purposes of programme evaluation. It does not discuss quality indicators such as
those used to measure endoscopist performance or patient satisfaction; a number of such indicators
are described elsewhere in the Guidelines.

It should be noted that in a setting where opportunistic screening (for example by colonoscopy) has
been taking place for some time, the uptake and performance of an organised programme may differ
markedly from those in a setting where no such screening has been taking place. The majority of the
values of the indicators described below will relate to the latter setting.

Recommendation

e The development of comprehensive systems for documentation of the screening processes, moni-
toring of data acquisition and quality, and accurate compilation and reporting of results are essen-
tial to the evaluation of a population screening programme (Day, Williams & Khaw 1989)
(VI - A).Rec 3.1
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3.2 Data items necessary for evaluation

This section describes the data items and information that must be collected, recorded and stored in
order to generate the indicators, analyses and reports required for evaluation.

3.2.1 Programme conditions

Programme type

As mentioned above, the organisational aspects of a screening programme influence the evaluation
and interpretation of screening outcomes. Population-based programmes are recommended because
they require an infrastructure that is conducive to implementation of quality assurance and evaluation,
such as through linkage of screening data and cancer registry data (Karsa et al. 2010). It is therefore
important to document the type of programme (population-based or non-population-based) and to
describe the sources of population data used for identification and invitation of the eligible target
population (e.g. population registry). Data on screening outcomes should be linked with data from
other registries in order to monitor and evaluate the programme.

Primary screening test

Currently only the faecal occult blood test (FOBT) is recommended by the EU for CRC screening.
However endoscopic screening programmes with flexible sigmoidoscopy (FS) or colonoscopy (CS) as
primary screening tests are currently running in a number of Member States. Given the potential im-
pact of the type of primary screening test or tests used in a programme on the respective results and
performance, the type of primary screening test should always be indicated when documenting results
and reporting.

Population base

A screening programme is population based when every member of the target population in the area
designated to be served by the programme is known to the programme, and when the eligible mem-
bers of the target population are individually invited to participate.

The availability and reliability of target population data will depend on the existence, quality and ac-
cessibility of population registers in the region where the programme is being set up. Population regis-
ters are not always available and demographic data for identifying the target population might be ob-
tained from various sources, e.g. census data, electoral registers, private or statutory health care reg-
isters or health insurance funds registers. The choice of the target population database for issuing
invitations will depend on the completeness of the database and on the individuals or variables in-
cluded, e.g. electoral registers might not include eligible foreigners or dates of birth.

A database consisting of individual records (one record per person for each screening episode) is es-
sential in order to produce results on organisational aspects of the programme (coverage, participa-
tion) and screening performance. The data collected should respect a logical order and follow the de-
velopment of the screening process (identification of person [date of birth, gender], date of invitation,
date of reminder, date of test, test results, date of the examination performed during assessment,
results, colonoscopy date, results, adverse effects, treatment). The location in the bowel of any de-
tected lesions or cancers (Tumour site) should also be recorded [Rectum, sigmoid, descending colon
(distal colon) transverse colon, splenic flexure, ascending colon].

Each variable should be precisely defined. All data collected for each round should be kept and up-
dated information should not overwrite data provided during preceding rounds. All information on the
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timing of events during each screening episode, including invitation history, should be recorded as
calendar dates. This ensures maximal flexibility of the database for future evaluation efforts and par-
ticipation in multi-centre studies. It also permits distinguishing between the first and subsequent
screening episodes and between participants with different patterns of attendance (see Section 3.3).

e Self registrations

Self registrations are defined as eligible residents of the designated area served by the programme,
who request screening but who are not identified by the target population register used to generate
invitations. Their number should be reported separately.

e Self referrals

Self referrals are defined as people requesting screening before receipt of an invitation or outside the
invited age-range. They should not be included in coverage by invitation, or in participation rate if in
the relevant age range, but their number should be reported separately.

Recommendations

o Detailed eligibility criteria should be pre-defined based on a pre-specified protocol (see also Ch. 2,
Rec. 2.4, Sect. 2.3.1.1) (VI - B).Rec32

e A database consisting of individual records (one record per person for each screening episode) is
essential in order to produce results on screening performance (VI - A).Rec3:3

e Quality control procedures for the database should be available and run regularly to check the
quality of the data and to correct any data entry errors. (VI - A).Rec34

3.2.2 Invitation variables

Target population

The target population are those people of eligible age according to the programme policy residing in
the area designated to be served by the screening programme.

Eligible population

The eligible population are those people in the target population who fulfil the eligibility criteria speci-
fied in the programme policy.

Invited

The invited are those members of the eligible population who have received an invitation for screening
according to the programme policy/process; e.g. invited by mail, by primary care practitioner. N.B.
Not all invitations sent may be received.

3.2.3 Process variables of primary screening and follow up

3.2.3.1 Process variables in screening with the faecal occult blood test (FOBT)
and other in vitro tests

The following process variables are described in the context of screening with faecal occult blood test-
ing because FOBT is the only screening test currently recommended by the EU. In principle, the same
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definitions apply to other in vitro tests. It is recommended that the type of test used for screening is
indicated when reporting data
e Screened/tested

The group of screened or tested participants are those who have used and returned an FOBT irre-
spective of the result. This includes people with inadequate/incomplete results. Note that each person
is counted once regardless of the number of tests performed.

e Inadequate test

An inadequate FOBT is a test returned by a participant, the results of which cannot be reliably deter-
mined (see Chapter 4). The quality is insufficient for processing and the test cannot be used for re-
cording a result according to the programme policy.

e Positive test

A positive i.e. abnormal FOBT result is a result based on the last adequate test that according to the
programme policy leads directly to referral to follow-up colonoscopy.

e Referral to follow-up colonoscopy?

This variable refers to participants with a positive FOBT who require an appointment for follow-up
colonoscopy. Ideally all participants with positive FOBTs would be referred to follow-up colonoscopy.

3.2.3.2 Variables in endoscopic screening

The following process variables are described in the context of CRC screening in which either flexible
sigmoidoscopy (FS) or colonoscopy (CS) is used as the primary screening test.

e Screened

The group of screened participants comprises those people who have attended the FS or CS screening
examination, irrespective of the result. This includes people with inadequate/incomplete results. Note
that each person is counted once regardless of the number of exams performed.

e Inadequate test

This group comprises those participants who attended the FS or CS screening examination, the results
of which could not be interpreted because of inadequate preparation, and who do not have an ade-
quate screening FS or CS in the reporting period. In such cases a new screening examination should
be performed.

e Positive test

A positive i.e. abnormal screening FS or CS is one resulting either directly in diagnosis of cancer or
removal of an adenoma or other lesion, or in referral for further investigation according to the pro-
gramme policy (see Chapters 2 and 5).

e Referral to follow-up colonoscopy

Included in this group are the participants with a positive screening FS or CS who require a medical
appointment for follow-up colonoscopy.>

The process variables related to performance of follow-up colonoscopy as a result of a positive FOBT test are the
same as for follow-up colonoscopy as a result of a positive FS or CS screening examination. They are therefore
described in Section 3.2.3.2 (“referral to surgery or tertiary endoscopy”, “severe complications requiring hospitali-
sation”, “30-day mortality”).

In rare cases in which follow-up colonoscopy is not possible, other follow-up examinations may be performed.
Those patients should be included in the group referred to follow-up CS but should also be counted separately.
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This group of participants includes those who require an appointment for surgery or tertiary endo-
scopy for removal of challenging lesions following a positive screening FS or CS (or as a consequence
of follow-up colonoscopy after primary screening with FS or CS).

e Referral to surgery or tertiary endoscopy

e Severe complications requiring hospitalisation

A very small number of participants will develop severe complications such as hospitalisation within 30
days due to serious haemorrhage involving transfusion, or due to perforation, vagal syndrome or peri-
tonitis-like syndrome as a consequence of primary screening with FS or CS (or as a consequence of
follow-up colonoscopy for any primary screening test).

e 30-day mortality

In @ much smaller number of participants than those experiencing severe complications requiring hos-
pitalisation, death may occur within 30 days after having undergone primary screening with FS or CS
or follow-up colonoscopy, whether diagnostic or therapeutic, for any screening test. If the death is
attributed to complications caused by the endoscopy, the participant should be counted in this group.

3.2.4 Programme outcome variables

The following outcome variables apply to CRC screening performed with any of the currently available
primary screening tests.

Follow-up colonoscopy

Participants in the group on which diagnostic or therapeutic colonoscopy* has been performed to fol-
low-up primary screening according to programme policy include participants, the screening endo-
scopy of which was inadequate or incomplete. Note that each person is counted once regardless of
the number of follow-up colonoscopies that were performed. Where more than one colonoscopy or
other follow-up investigation is performed, the reported result should be that of the complete diagnos-
tic or therapeutic work-up.

Definitions of what is included in the reported result (e.g. grade of neoplasia,” TNM stage, other le-
sions) are given in Chapter 7 (Sect. 7.2, Table 7.1, Rec. 7.1-7.5, 7.8).

If more than one lesion is found, then the lesion with the worst prognosis (see Chapter 7) should be
indicated as the outcome of screening.

In the event of more than one detected lesion in a person where it is not possible to determine differ-
ence in prognosis, then the lesion requiring the most invasive procedure (see Ch. 7 and Ch. 8) should
be recorded.

Lesions

Any lesion removed or biopsied at endoscopy or surgery (whether or not they were diagnosed as ade-
nomas) should be recorded.

Adenomas

Pathological specimens removed at endoscopy or surgery that have been reported by a pathologist to
be adenomatous should be recorded.

See previous footnote on follow-up colonoscopy.

In screening programmes the use of the term “advanced adenoma” has developed and is sometimes used to
categorise adenomas for management. In the present context an advanced adenoma is one that is either
>10 mm or contains high-grade mucosal neoplasia or a villous component (Ch. 7).
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Advanced adenoma

If it is not possible to collect such details for organisational reasons, the programme should at least
focus on collecting and reporting data on adenomas =10 mm in size (see Ch. 9, Sect. 9.1). For defini-
tion, see Ch. 7, Sect. 7.2, and footnote 5 on previous page.

Cancers

Colorectal cancer diagnosed by the screening programme, or diagnosed as a direct result of participat-
ing in the screening programme (see Ch. 7, Sect 7.2 for definition).

Severe complications requiring hospitalisation

For definition, see Sect. 3.2.3.2.

30 day mortality
For details, see Sect. 3.2.3.2.

3.2.5 Data tables

Recommendation

e For monitoring the programme, tables presenting performance indicators should be produced at
regular intervals (at least annually) by age and gender and by type of screening test using the col-
lected data (VI - A).Rec3:5

Tables should present data for people, not data for tests, and therefore each person is counted once
regardless of the number of tests performed (see Table 3.1).

They should present the participation in the programme, the main results of testing, and the main
detection outcomes. When processing the data, decisions should be made regarding age. Age can be
calculated according to different events (age at invitation, age at time of screening, age at time of
diagnosis). Age at time of screening is preferable for indicators pertaining to the testing procedure,
results and outcome. Age should be presented in 5-year groups.
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Table 3.1: List of recommended data tables to be produced by CRC screening programmes

Targeted

Eligible

Invited

Screened/tested at first screening and at subsequent screening episodes

Inadequate tests

Positive test or screening

Follow-up colonoscopy examination attended (diagnostic assessment and/or treatment)

Negative follow-up colonoscopy examination (diagnostic assessment and/or treatment)

W N UL WN e

Positive follow-up colonoscopy examination (diagnostic assessment and/or treatment)

—_
o

. Lesion detected (at least one)

[y
—

. Adenoma detected (at least one)

[y
N

. Non-advanced adenoma detected (at least one)

—
w

. Advanced/high-risk adenoma detected (at least one)

—
N

. Cancer detected by stage

Tables should record the number of people by age, sex and type of screening test in the respective
reporting period. Where applicable, data should be broken down by initial and subsequent screening
episodes.

3.3 Early performance indicators

Several rounds of screening are required before the impact of a screening programme on CRC mortal-
ity in the target population can be measured. Early performance indicators using standard definitions
must therefore be used early in the lifetime of a screening programme to measure the quality of the
screening process and to assess its potential longer-term impact. The accumulating experience in pi-
loting and implementing population-based screening programmes provides an evidence base that can
be used to establish and refine standards and set performance targets.

Factors affecting performance indicators

Coverage and uptake, i.e. participation, are organisational parameters that apply to CRC screening
programmes using any kind of primary screening test. They have a substantial impact on the potential
effectiveness of any screening programme because they reflect the degree to which the population is
exposed to the screening intervention. Coverage and uptake in turn will be affected by the age and
gender distribution of the target population due to differential uptake rates. Screening performance
indicators will be affected by the age and gender distribution of the population screened due to varia-
tion in underlying incidence of disease.
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Recommendation

e All indicators should be calculated and reported for age-gender subgroups (VI - A).Rec3-6
In addition, age-gender standardised measurements should be developed for comparative purposes.

Age should be recorded as the age of the person at the time of the invitation (for measurement of
coverage/participation) or at time of screening (for measurement of screening outcome) for the re-
spective screening round. The outcome of the screening examination for a person should thus be re-
corded in the same age category throughout a particular screening episode.

Screening performance indicators will also be affected by the background incidence in the target
population in the absence of screening. Efforts should therefore be made to document age-gender
specific incidence rates in the target population for the period immediately prior to the introduction of
the screening programme.

If high-risk subjects are identified, managed, and/or excluded from the programme and reported
separately, this should be stated.

Performance indicators will also vary according to whether the screen is a prevalent (first) screen for
those invited for the first time, an incident (repeat) screen for those previously screened at the routine
interval, or a screen for previous non-responders. Indicators at subsequent rounds will vary according
to the screening interval.

Only the first organised screening round will consist entirely of subjects invited and attending for the
first time; all additional rounds will comprise subjects falling into each of the categories described
above. The cut-off point for separating ‘subsequent regular’ from ‘subsequent irregular’ screening
should be established, taking into consideration that most programmes do not succeed in inviting
each individual participant at the routine screening interval (e.g. a cut-off point at 30 months for a
programme with a 2-year screening interval).

Data should be analysed separately for those invited/screened at:

e initial screening, i.e. the first invitation of individual people within the screening programme, re-
gardless of the organisational screening round;

e subsequent invitation for previous never responders;
e subsequent invitation for those previously screened®;

e screens as a result of self-referral (defined as people requesting screening before reception of an
invitation or outside the invited age range); and

e screened following self-registration (those not recorded in target population).

Tables 3.2-3.5 list the key performance indicators for grFOBT, iFOBT, FS and colonoscopy respectively
that have been reported from randomised controlled trials and from population-based programmes.
For the majority of indicators the published values will have been influenced by the screening policy
adopted in the respective trials and programmes. Other than those related to participation, the values
reported here have therefore not been used to define acceptable levels.

There are a large number of possible process indicators, reflecting specific parts of the screening
process. The present outline is confined to those that have epidemiological importance as identified
within the trials. They measure participation, quality, efficacy, and organisation. Except for measures
of participation, all other indicators are presented separately for in vitro tests (FOBT) and for endo-
scopic tests (FS or colonoscopy).

Where possible, these should be separated into invitations at the routine screening interval defined by the screen-
ing policy, and subsequent invitations at irregular intervals, i.e. those who have been screened at least once who
do not respond to an invitation to routine re-screening and are invited in a subsequent organisational screening
round [or attend a subsequent screening more than a defined time frame after the previous test].
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3.3.1 Programme coverage and uptake

Coverage and uptake, i.e. participation are organisational parameters that apply to CRC screening pro-
grammes using any kind of primary screening test.

Coverage by invitation

Coverage of the screening programme by invi-

tation is the extent to which the invitations sent N people invited during the time frame*

out by the screening programme within the de-

fined screening interval include the eligible popu- N eligible people in the target population
lation. It gives information on the performance of during the time frame*

the organisation of the programme in inviting the * equal to the defined screening interval or
target population within the defined screening reporting period, e.g. 12 months in the case of
period. yearly reporting.

The eligible population is defined in Ch. 2, Sect. 2.3.1.1 (inclusion/exclusion criteria).

Recommendation

 Invitation coverage should be high (95%) in order to maximise screening impact. (VI - A).Re<3-7

Coverage by examination

Coverage of the screening programme by examin-

ation is the extent to which screening examina- N screened/tested during the time frame*

tions have actually been delivered to the eligible

population. N eligible people in the target population
during the time frame*

Screened here is defined as people tested at least * equal to the defined screening interval or

once regardless of whether the result was reporting period

adequate or inadequate and includes self referrals

but not self registrations. The latter should be counted but reported separately. Coverage of the tar-
get age range for invitation will by definition exclude self referrals outside the age range. This is im-
portant in programmes where no comprehensive population lists are available and self referral or self
registration can account for a large proportion of subjects screened.

Both of the coverage indicators (by invitation and examination) are useful at a local level to assess
completeness of population lists and target population’s database.

Uptake (participation) rate

The number of people who have been screened,
within a defined time frame following an invita- N people invited and screened/tested
tion, as a proportion of all people who are invited during the time frame*

to attend for screening.

N eligible people invited

The effectiveness of the programme will depend during the time frame*
on the participation rate. In the randomised * equal to the defined screening interval or
FOBT trials, uptake at the first round was reporting period

between 49.5% and 66.8% (Table 3.2); uptake

at subsequent rounds varied according to the policy for reinvitation. In a US study that recruited vol-
unteers 75%—-78% of subjects invited were screened at least once (Mandel et al. 1993). Reported up-
take in population-based programmes ranges from 17.2% to 90.1% at the first round; the range at
subsequent rounds is smaller (22.3%-52.1%) (see Tables 3.2 and 3.3).
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For flexible sigmoidoscopy, uptake rates in RCTs ranged from 32.4% to 83.5%, again with high rates
being associated with recruitment of volunteers or those who had expressed interest in participation).
In population-based programmes, uptake rates range from 7% to 55% (Table 3.4).

Recommendation

e A minimum uptake of at least 45% is acceptable (III - A), but it is recommended to aim for a
rate of at least 65% (Faivre et al. 1991; Zorzi et al. 2008) (III - A).Rec38

3.3.2 Outcomes with faecal occult blood testing (FOBT) for primary
screening

A table should be made to present the test results (positive, negative, or inadequate) by gender and
age. Results should also be broken down by initial and subsequent screens as described above (Sec-
tion 3.3). FOBT indicators will vary according to the type of test used and programme policy, and
therefore these should be reported.

Inadequate FOBT rate

The rate of inadequate tests is defined as the pro-
portion of people screened with one or more FOBT N people who returned only inadequate
returned during the respective time frame (e.g. a FOBTSs during the time frame*

12-month period) none of which were adequate.

N people tested

Rates of inadequate tests should remain low. They during the time frame*
reflect, among other things, the understanding of * equal to the defined screening interval or
the people who are using a test and therefore also reporting period

the quality of the information provided to them.

In population-based programmes, inadequate gFOBT rates between 0.4% and 4.5% (Table 3.2) have
been reported. No data are available yet for iFOBT.

Recommendation

e An inadequate rate of FOBT less than 3% is acceptable, less than 1% is desirable (see Ch.4,
Rec 4.21, Sect. 4.3.4) (III - A).Re<39

Positive FOBT rate

In the RCTs of gFOBT, the positive rate without

rehydration was 1.2%-3.8%, and with rehydra- N people with a positive FOBT result
tion 1.7%-15.4%. In average risk population- during the time frame*

based programmes the positive rate for gFOBT

in participants aged 50-69 years was 1.5% - N people adequately tested
8.5% in the first round. Only two studies have during the time frame*
reported rates at subsequent rounds, with * equal to the defined screening interval or
positive rates of 0.8% and 1.8% (Table 3.2). reporting period

For iFOBT the range of positive rates in population-based studies was 4.4%—11.1% in the first round,
with one study reporting a rate in subsequent rounds of 3.9% (Zorzi et al. 2008) (Table 3.3).

Positive test rates for gFOBT will depend on the method of slide handling used, and will be higher if

the slides are rehydrated. The positive rate for iFOBT will vary according to the cut-off level adopted
(see Chapter 4).
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Positive rates should be presented in a table by 5—year age groups and gender. Positive rates are
higher in men than in women and increase with age in both genders reflecting the natural history of
the disease.

Referral to follow-up colonoscopy after FOBT

The rate of referral for follow-up colonoscopy after

a positive FOBT is defined as the proportion of N people presenting with a positive test and

people screened with a positive test and referred referred for colonoscopy during the time

to colonoscopy among those presenting with a frame*

positive/abnormal test during the respective time

frame. N people presenting with a
positive/abnormal test during the time frame*

* equal to the defined screening interval or
Recommendation reporting period
e High rates of referral to follow-up colonoscopy should be achieved for people with a positive

screening test or examination requiring follow-up (90% is acceptable, >95% is desirable)
(VI - A).Rec 3.10

Follow-up colonoscopy compliance rate

N people having attended a colonoscopy
In the RCTs using gFOBT, colonoscopy compliance examination during the time frame*
rates range from 73% to 95%; in population pro-
grammes rates between 88% and 92% have been N people presenting with a positive screening
reported. (Table 3.2) test and referred during the time frame*

* equal to the defined screening interval or
reporting period

Recommendation

e High rates of compliance with follow-up colonoscopy should be achieved (85% is acceptable,
>90% is desirable) (III - A).Rec314

Follow-up colonoscopy outcome, detection rates

A table should be made to present colonoscopy results by gender and age:
e Negative, (defined as no identified lesions, adenomas or cancers);

e Presence of adenomas of any size;

e Presence of non-advanced adenomas;

e Presence of advanced adenomas; and

e Presence of advanced cancers.

The above colonoscopy indicators are essential programme indicators of efficacy.

Completion of follow-up colonoscopy after FOBT

The proportion of incomplete colonoscopies should be recorded (see Chapter 5 for definition). One

RCT of FOB testing reported a completion rate at follow-up colonoscopy of 89% (Kronborg et al.

1996).

Recommendation

e A completion rate of follow-up colonoscopy of >90% is acceptable, >95% is desirable (see also
Ch. 5, Rec. 5.41) (III - A).Rec3-11

If more than one lesion is found, the lesion with the worst prognosis should be used for evaluation
purposes as the result of follow-up colonoscopy.
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In the event of more than one detected lesion in a person where it is not possible to determine differ-
ence in prognosis, then the lesion requiring the most invasive procedure should be recorded, (see

Ch. 1 and Ch. 7).

Detection rates of FOBT screening programme

e Lesion detection rate

The lesion detection rate is reported in % and is
defined as the proportion of participants with at
least one detected lesion among those adequately
tested during the respective time frame.

e Adenoma detection rate

The adenoma detection rate is reported per 1 000
(%o0) and is defined as the proportion of partici-
pants with at least one detected adenoma among
those adequately tested during the respective
time frame.

e Advanced adenoma detection rate

The advanced adenoma detection rate is reported
per 1 000 (%o) and is defined as the proportion of
participants with at least one detected advanced
adenoma among those adequately tested during
the respective time frame.

e Cancer detection rate

Detection rates for cancers and adenomas ob-
served in population-based programmes using
FOBT are summarised in Table 3.2 and 3.3.
Cancer detection rates range from 1.2%o to
9.5%o0 at the first round, with lower rates at sub-
sequent rounds. Detection rates of all adenomas
range from 5.2%o0 to 22.3%o0 at the first round,
with lower rates at subsequent rounds. (However
some studies report only advanced or high-risk
adenomas.)

e Stage of screen-detected cancers

N people with at least one detected lesion
during the time frame*

N people adequately tested
during the time frame*

* equal to the defined screening interval or
reporting period

N people with at least one detected
adenoma during the time frame *

N people adequately tested
during the time frame*

* equal to the defined screening interval or
reporting period

N people with at least one detected advanced
adenoma during the time frame *

N people adequately tested
during the time frame*

* equal to the defined screening interval or
reporting period

N people with at least one detected cancer
during the time frame *

N people adequately tested
during the time frame*

* equal to the defined screening interval or
reporting period

The stage distribution of screen-detected cancers should be reported by screening round, age and
gender. In the RCTs using only gFOBT, the proportion of screen-detected cancers that were Dukes
Stage A ranged from 26% to 36% (Table 3.2).

The staging of colon cancer should use firstly the international TNM classification and secondly the
Dukes classification (see Chapter 7).
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Recommendation

tive (I - A).Rec 3.12

33

e A favourable stage distribution in screen-detected cancers compared to clinically diagnosed can-
cers should be observed. In absence of this condition a screening programme could not be effec-

Positive predictive values for FOBT screening programmes

Since lesions can only be detected if follow-up colonoscopy is performed, the definitions below take
into account whether or not follow-up CS was actually performed. Other positive predictive values can
be calculated, such as the PPV of the positive test without any further adjustment. In this case, the
denominator would be the number of people presenting with a positive test result leading to referral

for colonoscopy.

e PPV for detection of lesions

The positive predictive value (PPV) for detection
of a lesion through an FOBT screening program-
me is defined as the percentage of people with
detection of at least one lesion at follow-up CS
among those with positive FOBT tests who have
attended follow-up CS.

e PPV for detection of adenoma

The positive predictive value for detection of an
adenoma through an FOBT screening programme
is defined as the percentage of people with
detection of at least one adenoma at follow-up CS
among those with positive FOBT tests who have
attended follow-up CS.

e PPV for detection of advanced adenoma

The positive predictive value for detection of an
advanced adenoma through an FOBT screening
programme is defined as the percentage of peo-
ple with detection of at least one advanced ade-
noma at follow-up CS among those with positive
FOBT tests who have attended follow-up CS.

Values varied between 14.6% and 54.5% in the
RCTs using only gFOBT without rehydration and
from 6.0% to 11.0% with rehydration.

e PPV for detection of cancer

The positive predictive value for detection of a
cancer through an FOBT screening programme is
defined as the percentage of people with
detection of at least one cancer at follow-up CS
among those with positive FOBT tests who have
attended follow-up CS. Values varied between
5.2% and 18.7% in the RCTs without rehydration
and from 4.5% to 8.6% in the initial round of
population-based programmes (5.3% to 10.6% in
subsequent screening) (Tables 3.2 and 3.3).

N people with at least one detected lesion
during the time frame *

N people positive to FOBT having attended a
colonoscopy during the time frame*

* equal to the defined screening interval or
reporting period

N people with at least one detected
adenoma during time frame*

N people positive to FOBT having attended a
colonoscopy during the time frame*

* equal to the defined screening interval or
reporting period

N people with at least one detected
advanced adenoma advanced adenoma
during time frame*

N people positive to FOBT having attended a
colonoscopy during the time frame*

* equal to the defined screening interval or
reporting period

N people with at least one detected cancer
during time frame*

N people positive to FOBT having attended a
colonoscopy during the time frame*

* equal to the defined screening interval or
reporting period
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EVALUATION AND INTERPRETATION OF SCREENING OUTCOMES

Table 3.2: Evidence on performance indicators for guaiac based FOB testing.

Range from RCTs' | Range from population-based

programmes’

49.5%—-66.8%
60%—94%

17.2%-70.8%
22.3%-52.1%

Uptake rate 1st round

Subsequent round

Inadequate rate - 0.4%—-4.5%

Positive rate for FOBT 1.2%-3.8%

(1.7%—-15.4%)
(with rehydration)

1.5%-8.5%

Subsequent screen 0.8%—-1.8%

1st screen

Colonoscopy compliance rate

73%°-95%

87.8%-91.7%

Colonoscopy completion rate

89%-100%

72%-95%

(0.9%-6.1%)
(with rehydration)

Adenoma detection rate 1st screen 5-14.5%o0 5.2-10.5%o0
Subsequent screen 3.8%o0 3.3-4.7%o0

Cancer detection rate 1st screen 1-2.5%0 1.2-2.3%o0
Subsequent screen 1.1-1.4%o0 0.9-0.94%o0

Proportion of screen detected cancers 26%—-36% -

that are stage A

PPV for adenoma as the most severe 14.6%—-54.8% 30.3%

lesion (6.0%—11.0%) 26.8%

(with rehydration)
PPV for cancer 5.2%-18.7% 1st screen 6.2%-8.5%

Subsequent screen 5.3%-10.6%

Adverse effects (perforation, serious
haemorrhage)

0.5%-1.6%

of subjects undergoing

colonoscopy

! Minnesota  (Mandel et al. 1993)

age range 50-80

annual and biennial, Hemoccult, 82.5% rehydrated.

Goteborg  (Kewenter et al. 1994)

Funen (Kronborg et al. 1996)
Nottingham (Hardcastle et al. 1996)
Netherlands (Hol et al. 2010)

Greece (Chrissidis et al. 2004)
France (Denis et al. 2007)
Italy (Federici et al. 2006)
UK (Hart et al. 2003)
Spain (Peris et al. 2007)

UK (Weller et al. 2007)
Finland (Malila et al. 2008)

age range 60-64

age range 45-75
age range 45-74
age range 50-74

age range 50+

age range 50-74
age range 50-74
age range 41-65
age range 50-69
age range 50-69
age range 60-69

Others had an alternative such as barium enema

2 screens at 16-24 month interval, Hemoccult II,

majority hydrated.
biennial, Hemoccult II not rehydrated.
biennial, Hemoccult not rehydrated.
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EVALUATION AND INTERPRETATION OF SCREENING OUTCOMES @

Table 3.3: Evidence on performance indicators for iFOB testing

Data from RCT* Range from population-
based programmes’

Uptake (participation) rate 61.5% 17%-90.1%
Inadequate rate - -
Positive rate Round 1 4.8% 4.4%-11.1%

Any round 7.1%

Round 2 3.9%

Colonoscopy compliance rate 96% 60%-93.1%
Colonoscopy completion rate 98% -
Adenoma detection rate 1st screen 27.6%o0 13.3-22.3%o0
Cancer detection rate 1st screen 4.7%o0 1.8-9.5%0

2nd screen 1.3%o0
PPV adenoma 1st screen 59.8% 19.6%-40.3%
PPV cancer 1st screen 10.2% 4.5%-8.6%

2nd screen 4.0%

! Netherlands (Hol et al. 2010)

2 Ttaly (Crotta et al. 2004)
Italy (Grazzini et al. 2004)
Uruguay (Fenocchi et al. 2006)
Japan (Saito 2006)

age range 50-74

age range 50-74
age range 50-70
age range 50+

age range 40+

Endoscopic complications in FOBT screening programme

In addition to death within 30 days, other serious complications that may be attributable to the endo-
scopic examination are described in Sect. 3.2.3.2. However, many different endoscopic complications
can occur in FOBT screening programmes, all complications should be recorded as well as the respec-

tive cause, if ascertainable.

For any complication the rate is defined as the
proportion of participants presenting with a com-
plication among those having attended a colono-
scopy during the respective time frame. The rate
should be calculated in total and separately for
screening and follow-up colonoscopy if applicable.

N people presenting with complication
during the time frame*

N people having attended a colonoscopy
during the time frame *

* equal to the defined screening interval or
reporting period
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Recommendation
e The rate of serious adverse effects should be monitored carefully (VI - A).Rec3-13

The RCTs in Nottingham and Minnesota showed that approximately 16 major complications due to
follow-up CS occurred per 1 million persons screened with FOBT. This corresponds approximately to
the risk of major complications from follow-up colonoscopy in a well-organised high-quality flexible
sigmoidoscopy screening programme (see Ch. 1, Sect. 1.2.1.4 and 1.3.1.4).

3.3.3 Outcomes with flexible sigmoidoscopy (FS) or colonoscopy
(CS) as primary screening tests

A table should be made to present the test results (positive, negative, or inadequate) by gender and
age. Results should also be broken down by initial and subsequent screens as described above (Sect.
3.3).

Inadequate FS or CS rates

An inadequate FS or CS occurs when the examin-
ation cannot be performed because of inadequate-
preparation.

N people with an inadequate FS or CS,
respectively, during the time frame*

N people screened with FS or CS,

In two RCTs inadequate FS rates ranged from
respectively, during the time frame*

11% to 12.7% (Table 3.4) (Weissfeld et al. 2005;

* equal to the defined screening interval or
reportina period

Segnan et al. 2007).

Complete FS or CS rates

FS and CS examinations are considered complete

when conducted under adequate bowel prepara-
tion and with visualisation of the colon beyond the
sigmoid-descending-colon-junction (FS), or the
caecum (CS).

One RCT has reported a rate of incomplete CS

N people with complete FS or CS,
respectively*

N people screened with FS or CS, respec-
tively, under adequate bowel preparation

* equal to the defined screening interval or

examination of 7.5% (Segnan et al. 2007). Other reporting period
authors reported rates of 1.3% and 8.9% for CS (Schoenfeld et al. 2005; Regula et al. 2006). The
recommended standard (unadjusted caecal intubation rate, see Ch. 5, Sect 5.4.5.1) is >90%.

Endoscopy outcome tables

A table should be made to present the screening endoscopy results by gender and age:
e Negative, (defined as no identified lesions, adenomas or cancers);

e Presence of adenomas of any size;

e Presence of non-advanced adenomas;

e Presence of advanced adenomas; and

e Presence of cancers.

A similar table should be made to present the endoscopic results of follow-up colonoscopy in partici-
pants with positive FS or CS screening exams who are referred to follow-up colonoscopy (see below).

To calculate the following detection rates, the data of the two tables should be combined. Separate

analysis of screening and follow-up endoscopy is also recommended for quality assurance purposes
(see below: “Follow-up colonoscopy outcome tables”).
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Positive FS or CS rate

The positive FS rate reported in different studies
depends on the definition used (for example whe-
ther removed lesions not requiring further surveil-
lance are recorded as a positive result or a nega-
tive result). The reported rates varied from 17.6%
to 27.7% in 4 RCTs (Table 3.4). Positive CS rates
ranging from 20.4% to 53.8% have been reported
from population studies (Lieberman et al. 2000;
Shoenfeld et al. 2005; Regula et al. 2006). The

33

N people with a positive FS or CS result,
respectively, during the time frame *

N people screened with FS or CS,
respectively, during the time frame *

* equal to the defined screening interval or
reporting period

latter rate was reported in a study with a high percentage of participants with a family history of CRC.

Detection rates of FS or CS screening programmes

¢ Lesion detection rate

The lesion detection rate is reported in % and is
defined as the proportion of participants with at
least one detected lesion among those adequately
tested during the respective time frame.

Detection rates should be presented in a table by
5-year age groups and gender.

e Adenoma detection rate

The adenoma detection rate is reported in % and
is defined as the proportion of participants with at
least one detected adenoma among those ade-
quately tested during the respective time period.

In the RCTs of flexible sigmoidoscopy, adenoma
detection rates ranged from 8.7% to 12.1% (Ta-
ble 3.4).

e Advanced adenoma detection rate

The advanced adenoma detection rate is reported
in % and is defined as the proportion of partici-
pants with at least one detected advanced ade-
noma among those adequately tested during the
respective time period.

Advanced adenoma detection rates of 4.9% to
8.6% have been reported in population studies of
colonoscopy (Lieberman et al. 2000; Shoenfeld et
al. 2005; Regula et al 2006) (Table 3.5).

e Cancer detection rate

The cancer detection rate is determined as the
proportion of FS or CS screening participants, re-
spectively, with at least one detected colorectal
cancer among those adequately examined during
the respective time period. In the RCTs of flexible
sigmoidoscopy, detection rates ranged from
2.9%0 to 5.4%0 (Table 3.4). Somewhat higher
rates can be expected for screening CS due to
inspection of the entire colon.

N people with at least one detected lesion
during the time frame*

N people adequately tested with FS or CS,
respectively, during the time frame*

* equal to the defined screening interval or
reporting period

N people with at least one detected
adenoma during the time frame*

N people adequately tested with FS or CS,
respectively, during the time frame*

* equal to the defined screening interval or
reporting period

N people with at least one detected
advanced adenoma during the time frame*

N people adequately tested with FS or CS,
respectively, during the time frame*

* equal to the defined screening interval or
reporting period

N people with at least one detected
cancer during the time frame*

N people adequately tested with FS or CS,
respectively, during the time frame*

* equal to the defined screening interval or
reporting period
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Referral to follow-up colonoscopy after FS or CS

The respective rate of referral for follow-up co-
lonoscopy after a positive screening FS or CS is
defined as the proportion of people with a positive
screening examination and referred to colonosco-
py among those presenting with a positive/abnor-
mal screening exam during the respective time
frame and requiring follow-up CS according to the
programme policy. In the RCTs of flexible sigmoid-
oscopy, referral rates ranged from 8.3% to 19.5%
of all participants with a positive FS (Table 3.4).

N people presenting with a positive FS or CS,
respectively, and referred for follow-up CS
during time frame*

N people presenting with a positive/abnormal
FS or CS, respectively, and requiring follow-up
during the time frame*

* equal to the defined screening interval or
reporting period

As a percentage of all people with a positive test result, referral rates for follow-up colonoscopy will be
much higher in FOBT-based screening programmes, than in FS screening programmes, depending on
the programme policy for referral after a positive screening FS. Referral for follow-up CS after screen-
ing CS will be much less common than after screening FS because most lesions found at screening
can be removed during screening CS. However, as a proportion of all people referred to follow-up ac-
cording to the programme policy, compliance should be high irrespective of type of primary screening

test.

Recommendation

e High rates of referral to follow-up colonoscopy should be achieved for people with a positive
screening FS or CS requiring follow-up (90% is acceptable, >95% is desirable) (VI - A).Rec 310

Follow-up colonoscopy compliance rate after screening FS or CS

The rate of compliance with referral to follow-up
colonoscopy after a positive endoscopic screening
examination is defined as the proportion of people
having attended a follow-up CS during the time
frame among those presenting with a positive
screening FS or CS, respectively, who were refer-
red during the time frame.

Recommendation

N people having attended a follow-up CS
examination during the time frame*

N people presenting with a positive screening
FS or CS, respectively, and referred during
the time frame*

* equal to the defined screening interval or
reporting period

e High rates of compliance with follow-up colonoscopy should be achieved (85% is acceptable,

>90% is desirable) (VI - A).Rec3-14

Follow-up colonoscopy outcome tables

A table should be made to present colonoscopy results by gender and age:
e Negative (defined as no identified lesions, adenomas or cancer);

e Presence of adenomas of any size;

e Presence of non-advanced adenomas;
e Presence of advanced adenomas; and
e Presence of cancer.

As mentioned above, a similar table should be made to present the results of primary screening endo-
scopic exams. To calculate the programme detection rates of lesions, adenomas and cancers, the data

of the two tables should be combined.

Completion of follow-up colonoscopy after FS or CS

The proportion of follow-up colonoscopies that are incomplete (lack of visualisation of the caecum,

see Ch. 5, Sect. 5.4.5.1) should be recorded.
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e For follow-up colonoscopy after FS or screening CS, a completion rate of 90% is acceptable,
>95% is desirable (see also Ch. 5, Rec. 5.41) (III - A).Rec3:11

Recommendation

If more than one lesion is found during follow-up colonoscopy, then the lesion with the worst progno-
sis should be used for the programme evaluation.

In the event of more than one detected lesion in a person where it is not possible to determine differ-
ence in prognosis, then the lesion requiring the most invasive procedure should be used for the
evaluation database (see Sect. 3.2.4; Ch. 7).

Endoscopic complications of FS or CS screening programmes

The endoscopic complications that can appear in CRC screening programmes using FS or CS are the
same as those described above with respect to follow-up colonoscopy performed in an FOBT screen-
ing programme (see Sect. 3.3.2, p. 89).

The following complications are defined as serious: death within 30 days; or hospitalisation within 30
days due to serious haemorrhage involving transfusion, or due to perforation, vagal syndrome or peri-
tonitis-like syndrome. All complications should be recorded as well as the respective cause, if discerni-
ble.

For any complication the rate is defined as the
proportion of participants presenting with a com- N people presenting with complication
plication among those having attended the of FS or CS, respectively, during time frame*
respective type of endoscopic exam (FS or CS).
Rates should be broken down by exams perform-
ed for primary screening and exams performed
for follow-up of positive screening results. * equal to the defined screening interval or
reporting period
In RCTs, rates of severe complications of FS have been reported at 0.02% to 0.03% (Weissfeld et al.
2005; Segnan et al. 2007). Three studies of colonoscopy screening have reported rates of severe
complications of 0.0% to 0.3% (Lieberman et al. 2000; Schoenfeld et al. 2005; Regula et al. 2006). In
a well-organised high-quality flexible sigmoidoscopy screening programme the risk of major complica-
tions is about 0.3%—0.5% for follow-up colonoscopy (III) (see also Ch. 1, Sect. 1.2.1.4 and 1.3.1.4).

N people having attended the respective
exam (FS or CS) during the time frame *

Recommendation

The rate of serious adverse effects should be carefully monitored (VI - A).Rec3:13
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EVALUATION AND INTERPRETATION OF SCREENING OUTCOMES

Table 3.4: Evidence on performance indicators for flexible sigmoidoscopy

Range from
RCTs'

Range from
population studies’

Uptake rate

32.4%-83.5%

7%—55%

Inadequate rate

11%-12.7%

Positive rate

10.2%-27.7%

1st round 5.4%
2nd round 3.9%

Referral rate for further investigation

8.3%-19.5%

Adenoma detection rate

8.7%—-20.6%

14%
Syr recall 11%

Cancer detection rate

2.9%0-5.8%o0

4%o0
Syr recall 0.0%o0

Proportion of screen detected cancers

54%—-62% 69% (Stage I)
Dukes stage A

0.02%—0.03%
Near to 0%

Severe complications Perforations

Severe haemorrhage

! SCORE (Segnan et al. 2002)
UKFS (UK Flexible Sigmoidoscopy
Screening Trial Investigators 2002)  age range 55-64
NORCCAP  (Gondal et al. 2003)
PLCO (Weissfeld et al. 2005)
SCORE2 (Segnan et al. 2005)
SCORE3 (Segnan et al. 2007)
Netherlands (Hol et al. 2010)

age range 55-64

age range 55-64
age range 55-74
age range 55-64
age range 55-64
age range 50-74

Italy (Federici et al. 2006) age range 50-74
UK (Brotherstone et al. 2007) age range 60-64
Australia (Viiala & Olynyk 2007) age range 55-64
Italy (Zorzi et al. 2008) age range 50-69
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Table 3.5: Evidence on performance indicators for screening colonoscopy

Population studies’
Positive rate 20.4%-53.8%?
Any adenoma or cancer detection rate 14.9%-37.5%?
Advanced neoplasia detection rate 4.9%-10.5%
Advanced adenoma detection rate 4.9%—-8.6%
Complication rate 0.0%—-0.3%
Lus (Schoenfeld et al. 2005) women age range 50-79
us (Lieberman et al. 2000) men age range 50-75
Poland (Regula et al. 2006) age range 50-66

High percentage of participants with family history of CRC

3.3.4 Screening organisation

A number of indicators can be used to monitor the organisational performance of a screening pro-

gramme.

Time interval between completion of test and receipt of results

The time interval between performing a test and receipt of results will affect patient outcomes in

terms of anxiety and potentially screening outcomes in terms of stage of diagnosis of disease.

Recommendation

e The time interval between completion of test and receipt of results by the subject should be as
short as possible, (acceptable standard: >90% within 15 days) (VI - A).Rec3-15

Time interval between positive test and follow-up colonoscopy

A timely procedure is not critical in the context of primary screening but it is very important when en-
doscopy is performed following a previous positive screening test. A delayed procedure may not be
critical biologically, but it can cause unnecessary anxiety for the screenee.

To ensure that patient anxiety is not unnecessarily increased, it is recommended that follow-up
colonoscopy after positive screening be performed as soon as reasonably possible but no later than
within 31 days of referral.

Recommendation

e Follow-up colonoscopy after positive screening (any modality) should be scheduled within 31 days
of referral (an acceptable standard is >90%, >95% is desirable). (See Ch. 5, Rec. 5.19, Sect.
5.3.5). (VI - B).Rec3.16
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Time interval between positive endoscopy (CS or FS) and start of definitive man-
agement

The interval between the diagnosis of screen-detected disease and the start of definitive management
is a time of anxiety for the patient and affords the opportunity, if prolonged, for disease progression.
For these reasons, standards aimed at minimising delay have set the maximum interval at 31 days
(NHS 2007) (see Ch. 8, Rec. 8.2, Sect. 8.2).

Recommendation

e The time interval between the diagnosis of screen-detected disease and the start of definitive
management should be minimised. Acceptable standard: >90%, desirable >95% within 31 days
(see Ch. 8, Rec. 8.2) (VI - B). Rec3-17

Time interval between consecutive primary screening tests

The time interval between two consecutive primary screening tests will affect the coverage of the pro-
gramme by invitation/screening.

The interval between two consecutive primary screening tests should be monitored to remain within
an acceptable level (depending on the screening interval). People should be re-invited according to
the date of their last test and not that of their last invitation.

If possible data pertaining to endoscopic surveillance should be monitored.
Proportion of people referred for endoscopic surveillance and proportion of people complying to endo-
scopic surveillance.

3.4 Long-term impact indicators

The primary objective of screening for CRC is to achieve a reduction in disease-specific mortality; in
the case of FS or colonoscopy screening this will be achieved largely by a reduction in the incidence of
CRC. However such a reduction in either mortality or incidence will not be discernible until many years
after the introduction of the screening programme. (In some areas, opportunistic screening by colono-
scopy may be widespread before the start of the programme, therefore diluting the effect of a pro-
gramme). Methods for studying mortality reduction are discussed later in this chapter. In the mean-
time other indicators of the impact of screening on disease incidence and mortality should be moni-
tored. These include rates of interval cancers, and surrogate outcome measures that can be used to
predict the impact of screening on CRC mortality (or on the incidence of invasive disease) such as
rates of overall (age-specific) incidence, stage-specific incidence rates (Denis et al. 2007).

Costs associated with all aspects of the programme should be recorded. Estimates of cost effective-
ness will vary according to the health care system in the area. Costs should be monitored carefully,
but comparisons between countries will be complex. (Aspects of cost-effectiveness are discussed in
Chapter 1).

Finding the appropriate networking level for evaluation of incidence and mortality depends on the or-

ganisational structure of the programme. In some programmes (e.g. UK) this will be at a national
level, whereas for others it will be at a regional level.
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e Evaluation of surrogate outcome measures requires rigorous data collection of bowel cancer regis-
trations and stage of disease in the target population. It is also preferable that such data are col-
lected for the time period leading directly up to the introduction of a screening programme to al-
low trends to be analysed (VI - A).Rec 318

Recommendation

3.4.1 Interval cancers

Interval cancers are those that occur following a negative screening episode, in the interval before the
next invitation to screening is due. For faecal occult blood testing interval cancers may occur following
a negative FOBT, or following a positive test result with negative further assessment (colonoscopy).
Rates of interval cancers reflect both the sensitivity of the screening test (false negatives), and the
incidence of newly-arising cases not present at the time of screening. With increasing time since nega-
tive test, the rate and proportion of the latter will increase. In the absence of repeat screening, inci-
dence rates would eventually reach the background level again. Rates of interval cancers should
therefore be presented by time period (years) since previous screen.

For endoscopy screening and for colonoscopy follow-up of FOBT, interval cancers reflect the quality of
screening as well as the sensitivity of the screening test.

Recommendation

» Data on interval cancers should be collected and reported (VI - A).Rec3-19

Recommendation

e Evaluation of interval cancer rates requires careful linkage of cancer registrations with screening
history to allow cancers to be classified (i.e. as screen detected, interval, non-responders, other).
The requisite linkage must be established with the cancer registry (VI - A), Rec3-20

Rates of interval cancers will depend on the underlying incidence in the population. They will also de-
pend on the extent of selection bias, whereby rates in those not participating in screening differ from
the general population rates. For this reason it is important that (age- and gender-specific) incidence
rates in non-responders are also monitored, to allow for the underlying incidence in responders to be
estimated.

Background incidence rates can be estimated from rates prior to the introduction of screening (al-
though time trends need to be considered) or from areas not covered by the screening programme
(when geographic differences need to be considered).

The interval cancer rate can therefore be expressed as a proportion of the background incidence rate,
standardised for age and gender, by dividing the number of interval cancers in the specific age/gender
group (I) by the ones expected based on the background incidence for that age/gender group (C), or
as a proportion of the background incidence rate adjusted for non-participants (C*). The adjusted rate
can be calculated as:

C*=(C-(1-P)N)/P

P: participation rate
N: rate in non-responders

The comparisons can be adjusted for differences in age and gender.
The rate of interval cancers in the period after a negative screening provides information on the sensi-

tivity of the programme. The sensitivity of gFOBT-based program for detection of cancer has been
estimated as 55%—-57% using this method. In the Nottingham trial the estimate was based on overall
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rates of interval cancers of 0.64 per 1000 person-years in the two year period after screening (Moss et
al. 1999). Using the same method, the sensitivity of iIFOBT-based programme has been reported as
82% (Zappa et al. 2001).

No data are available yet on the sensitivity of FS or colonoscopy-based programmes.

3.4.2 CRC incidence rates

Immediately following the introduction of a screening programme, incidence rates in the target age
range should increase due to the detection of prevalent disease by screening. At re-screening, rates
should return to background level apart from the advancement of the age of diagnosis by screening.

Age- and gender-specific incidence rates should therefore be reported over time. FS screening should
eventually lead to a reduction in incidence rates due to detection and removal of adenomas of the
distal colon, but as discussed above this is a long-term effect. Screening FOBT may also have an
eventual impact in reducing incidence rates, but the effect will be less due to lower detection rates of
adenomas.

Cumulative incidence rates or proxies should be used to monitor potential over-diagnosis of cancer
that is cancer that would not otherwise appear during the lifetime of the individual.

3.4.3 Rates of advanced-stage disease

Screening (both FOBT and FS) should result in a reduction in the overall population incidence of late
stage disease (DUKES C & D) prior to any reduction in mortality and can therefore be used as an early
indicator of effectiveness. Because screening will result in the detection of a large number of early
stage cases, and hence a reduction in the proportion of late stage disease, it is preferable to monitor
rates of late stage disease. The ability to do this will depend on the completeness of stage information
that ideally should be available for a sufficiently lengthy period immediately prior to the introduction of
the screening programme, to allow trends to be studied.

Projected mortality based on stage-adjusted cancer incidence.

Models have been developed to use prognostic information provided by Dukes stage and age at diag-
nosis to predict cancer mortality.

3.4.4 CRC mortality rates

As discussed above, it will be several years before the impact of population screening on CRC mortal-
ity becomes observable, and many more years before the full effect is achieved. The timing of a re-
duction depends on the natural history of the disease, and the ‘lead time’ due to screening (i.e. the
time by which screening advances the date of diagnosis) as well as on the time taken to cover the
target population. It will also depend on the quality of screening.

Methods to evaluate the impact of screening on CRC mortality include analyses of population trends,
cohort studies (aggregated or individual-based) and case-control studies.
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Mortality from CRC has been decreasing in many European countries since the mid 1990's, (Karim-Kos
et al. 2008). Analyses of the routinely produced age-gender specific population rates over time will be
subject to limitations due to the dilution of the effect of screening from deaths occurring in cases di-
agnosed prior to the introduction of screening, and/or at an age below which invitations begin. This
can be overcome by use of refined CRC mortality rates in which such deaths are excluded. However,
the rates will also be confounded by other factors such as cohort effects on underlying incidence, and
by the effects of improvements in treatment and/or the stage of diagnosis of symptomatic disease on
survival and mortality. Thus whilst a lack of any reduction in population mortality rates several years
after the introduction of a screening programme should be a cause for concern, it is difficult to use
such trends to quantify the effect, and attempts to do so should take account of the factors discussed
above.

Population trends

Cohort studies

In some settings, the introduction of population screening will have been phased in such a way as to
facilitate comparisons of populations invited at different time points. Such a model has been used in
Finland (see Ch. 2, Sect. 2.6.4). In the absence of such a system, comparisons can be made between
geographical areas (regions invited/not invited to screening) or between the same population in dif-
ferent time periods before and after the introduction of screening. Both types of comparison are liable
to possible bias due to underlying differences in the risk in the populations/time-periods. This may —
under certain circumstances — be compensated for by including also a comparison group from geo-
graphic areas where no invitational program existed from before the introduction of screening. Cohort
studies using aggregated data need estimates of incidence in order to avoid dilution effect discussed
above.

These biases can be avoided by individual-based cohort studies in which deaths and cancer registra-
tions are linked to screening histories.

Case-control studies

Case control studies that compare ‘exposure’ (i.e. ‘screening”) between cases (deaths from CRC) and
controls are an attractive alternative to cohort studies in terms of cost and effort. However, careful
consideration of the design issues is necessary to avoid a number of potential biases, (Hosek, Flanders
& Sasco 1996). The major problem with such studies is that of selection bias, due to different levels of
underlying risk in participants and non-participants with screening. Methods to adjust for this are re-
quired both to estimate the mortality benefit in those actually screened, and the ‘impact’ on the popu-
lation invited for screening.
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Recommendations?

Guaiac-based faecal occult blood tests

4.1 Guaiac-based faecal occult blood tests have proven characteristics that make them suitable for
population screening. They lack the analytical specificity and sensitivity of immunochemical
tests, their analysis cannot be automated and the concentration at which they turn from nega-
tive to positive cannot be adjusted by the user. For these reasons guaiac-based tests are not
the preferred test for a modern population screening programme, although depending on local
labour costs, the mechanism of kit distribution and collection and reduced sample stability in
immunochemical testing, they might prove more practicable and affordable than immunochemi-
cal testing (I - B).Sect 4.2.4;4.2.7; 4.3; 4.4.2

Immunochemical faecal occult blood tests

4.2 Immunochemical tests have improved test characteristics compared to conventional guaiac-bas-
ed tests. They are analytically and clinically more sensitive and specific, their measurement can
be automated and the user can adjust the concentration at which a positive result is reported.
Immunochemical tests are currently the test of choice for population screening; however, in-
dividual device characteristics including, ease of use by the participant and laboratory, suitability
for transport, sampling reproducibility and sample stability are all important when selecting the
iFOBT most appropriate for an individual screening programme (II - A).Se<t 4-2:5i 4:2.7; 4.3; 4.4.2

DNA and other related new markers

4.3  Only tests for blood in faeces have been demonstrated to have the necessary characteristics to
be suitable for population screening. DNA and other related new markers are currently
unsuitable for screening, either singly or as members of a panel of tests (III - D).Sect 4-2:6; 4.2.7

Sample stability between collection and analysis

4.4  Whilst a maximum period of 14 days between collection and analysis is quoted for many guaiac
faecal occult blood tests, that quoted for immunochemical tests is significantly shorter. Until
more stability data are published, screening programmes should adopt the conditions and
period of storage described in manufacturer’s Instructions for Use having determined that they
are appropriate for local conditions which might expose samples to high temperatures for long
periods of time (III - A).Sect4-3-3-24.34

Screening algorithm:
¢ Sample and test numbers

4.5 Few studies have examined the number of stool specimens necessary to optimise the diagnostic
performance of FOBT. Consideration should be given to using more than one specimen together
with criteria for assigning positivity which together provide a referral rate that is clinically,
logistically and financially appropriate to the screening programme. The clinical sensitivity and
specificity of testing can be modified depending on how the test data are used. Guaiac-based
tests typically use 3 stools, but an algorithm using additional tests can be used to adjust clinical
sensitivity and specificity (III - C).Se<t4-4.3-2; 4.4.3.1; 4.4.4

Sect (superscript) after each recommendation in the list refers the reader to the section/s of the Guidelines deal-
ing with the respective recommendation.

Rec (superscript) throughout the chapter refers to the number of the recommendation dealt with in the preced-
ing text.
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4.6

Test i

4.7

4.8

¢ Determining test positivity

The choice of a cut-off concentration to be used in an immunochemical test to discriminate
between a positive and negative result will depend on the test device chosen, the number of
samples used and the algorithm adopted to integrate the individual test results. Whilst an in-
creasing number of studies are reporting the experience of different algorithms, local conditions,
including the effect on sample stability of transport conditions, preclude a simple prescribed
algorithm at this time. Adoption of a test device and the selection of a cut-off concentration
should follow a local pilot study to ensure that the chosen test, test algorithm and transport
arrangements work together to provide a positivity rate that is clinically, logistically and finan-
C|a|Iy acceptable (VI - A).Sect 4.4.3.1; 4.4.3.2; 4.4.4

nterference:
e Dietary restriction

Dietary constituents present potential interference in guaiac faecal occult blood tests. Dietary
restriction has not been demonstrated to significantly increase screening specificity, and risks
reducing participation rate. The potential for dietary interference is significantly less for immu-
nochemical tests. With the qualification that a diet peculiar to a particular country or culture
may not have been tested or reported, dietary restriction is not indicated for programmes using
either guaiac-based or immunochemical tests (II - D),Sect 4-3-2:1; 4.3.2.3; 4.3.4

e Drug restriction

Interference from bleeding associated with drugs such as aspirin, nonsteroidal anti-inflamma-
tory drugs and anticoagulants (e.g. warfarin) present potential interference in both guaiac and
immunochemical faecal occult blood tests. Although the literature carries some contradicting
reports of the effect of anticoagulants on screening outcome, drug restriction is not recom-
mended for population screening programmes using either guaiac-based or immunochemical
tests (III _ D)_Sect 4.3.2.2; 4.3.2.3; 4.3.4

Faecal sampling/collection system

4.9
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Many factors influence the uptake and reliability of sample collection. Inappropriate implementa-
tion can result in grossly misleading results. No single collection methodology is supported by
the literature; however, the following factors should be considered when selecting a device for
taking samples in population screening:

e The distribution process should be reliable and reach all selected subjects.

e The laboratory should be able to unambiguously identify the subject ID on the test device
perhaps using a suitable barcode.

e The laboratory should be able to check the manufacturer’s device expiry date on each re-
turned device.

e The instructions for using the device must be simple and clear.

e The device should to be simple and easy to use by the target population.
e The device should leave minimal opportunity for collection error.

e The device should facilitate consistency in the volume of sample collected.

e The device/instructions should discourage inappropriate repeat sampling into/onto the sam-
ple device.

e Misuse of the device by participants should not cause loss of sample buffer.
e The system should not be susceptible to interference from toilet bowl disinfectants, etc.

e The screening participant should be able to record the date of sample collection to ensure
the laboratory can verify receipt within an acceptable sample stability period.



4}

e The process used by the subject for returning the device should be simple, reliable, safe
and, when appropriate, should meet EU postal regulations.

A local pilot study should be undertaken to ensure that the chosen device and associated distri-
bution, sampling and labelling procedures are acceptable (VI - A),Sect 4-2:3; 4.2.4; 4.3.2.1; 4.3.3.4; 4.3.4

Laboratory organisation:

4.10

4.11

4.12

4.13

e Number of laboratory sites

Population screening necessitates the receipt, measurement and recording of thousands of tests
each day. The samples should be analysed without delay to avoid further sample denaturation
and avoid an increase in false negative results. Inter-laboratory analytical imprecision is well de-
scribed and can be observed through established external quality assurance schemes. Improved
consistency is achieved by adopting common analytical platforms, analytical and quality stan-
dards and shared staff training. The analysis needs to be reproducible across a screening popu-
lation and therefore the number of analytical centres should be minimised with automated
analytical systems utilised wherever possible and agreed common testing procedures adopted
by each centre (VI - B).seCt 4.3.3.4;4.3.4

e Laboratory staff

All laboratories providing population screening should be led by a qualified clinical chemist who
is trained and experienced in the techniques used for analysis and with clinical quality assurance
procedures (VI - B).Sect 4.3.3.4;4.3.4

e Laboratory accreditation and quality monitoring

All laboratories providing screening services should be associated with a laboratory accredited to
ISO 15189:2007 Medical laboratories - Particular requirements for quality and competence. The
laboratories should perform Internal Quality Control (IQC) procedures and participate in an
appropriate External Quality Assessment Scheme (EQAS) (VI - B).Sect4.3:3-4

e Distribution of FOBT kits by mail

Distribution and receipt of FOBT kits using local postal services can be an effective means of
reaching the designated population (Ch. 2, Rec. 2.14) (II - B), Sect 2:5:1:1; 4.2.1; 4.3.3.4

Maximisation of uptake — Influencing factors associated with the test kit

4.14

The choice of the test kit must be influenced by factors that enhance accessibility and uptake
(see below and Ch. 2, Rec. 2.14) (II - A);Sect4-2:3; 4.2.4; 4.4.4

o Dietary restrictions

In order to enhance participation in screening, test kits should not require dietary restric-
tions (Ch. 2, Rec. 2'17) (II - A)lSect 4.3.2.1; 4.3.2.3; 4.4.4; 2.5.1.2

o Kit design

The design of a test kit should make it acceptable to the target population (see Ch. 2, Rec.
2'14) (II - A).Sect 4.2.3;4.2.4; 4.4.4; 2.5.1.1

¢ Simple and clear instructions

A clear and simple instruction sheet should be provided with the test kit (Ch. 2, Rec. 2.16)
(V - A).Sect4.2.3/4.2.4; 444, 25.1.1

Identification of participants and test results

4.15

Automated check protocols should be implemented to ensure correct identification of the
screened population and complete and accurate recording of individual screening participation
and test results (see Ch. 2, Rec. 2.18) (VI - A),Sect4:3.4; 2.5.1.3
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Classification of test results

4.16

Protocols should be implemented to ensure standardised and reliable classification of the test
results (Ch. 2, Rec 2.19) (VI - A),Sect4:3.4; 2.5.1.3

Quality Assurance:

4.17

4.18

4.19

4.20

4.21
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¢ Quality assurance of gFOBT testing

Whilst an immunochemical test is recommended, programmes that adopt a traditional guaiac
test need to apply additional laboratory quality procedures. To minimise variability and error
associated with visual test reading, including manual results input, the following procedures
should be considered (VI - B):Sect4:3-3:4; 4.3.4

o Use of appropriate temperature for artificial lighting and neutral-coloured walls in the
reading laboratory;

o Use of a national laboratory training programme to prosper consistency of interpreta-
tion;

o A blinded internal QC check each day for each analyst prior to commencing testing;

o Adoption of a monitoring programme to identify operator related analytical performance
(e.g. positivity variability and bias); and

o Double entry of test results
¢ Quality assurance of iFOBT testing

Consistency in analytical performance must be assured by the adoption and application of rigor-
ous quality assurance procedures. Manufacturer’s Instructions for Use must be followed. Labor-
atories should perform daily checks of analytical accuracy and precision across the measure-
ment range with particular emphasis at the selected cut-off limit. Rigorous procedures need to
be agreed and adopted on how internal quality control data is interpreted and how the labora-
tory responds to unsatisfactory results. Performance data, both internal quality control and
external quality assessment data, should be shared and reviewed by a Quality Assurance team
working across the programme. Sufficient instrumentation should be available to avoid delays in
analysis due to instrument failure or maintenance procedures (VI - B),Sect 4.3:3.4; 4.3.4

e External quality assessment

A European external quality assessment scheme should be developed to facilitate Europe-wide
quality assurance of occult blood testing and enhance the reproducibility of testing within and
between countries providing population screening (III - B),Sect 4.3:3.4; 4.3.4

e Outcome monitoring

All aspects of laboratory performance in respect of the screening test should be part of a rigor-
ous quality assurance system. Uptake, undelivered mail, time from collection to analysis, analyti-
cal performance (internal QC and external QA), positivity rates, lost & spoilt kits and technical
failure rate, technician performance variability and bias should each be subject to rigorous
monitoring (VI - A)_Sect 4.3.3.4;4.3.4

e Quality of information

The proportion of unacceptable tests received for measurement is influenced by the ease of use
of the test kit and the quality of the instructions for use. This proportion should not exceed 3%
of all kits received; less than 1% is desirable (see Ch. 3, Rec. 3.9) (III - A),Sect 4-3:4; 3:3.2
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4.1 Introduction

The ideal biochemical test for population-screening of colorectal cancer would use a biomarker, spe-
cific and sensitive for both cancer and pre-cancer, on an easily collected sample, which could be safely
and cheaply transported to a centralised laboratory for accurate, reproducible, and cheap automated
analysis. None of the currently available tests fully meet all of those criteria.

That colorectal cancers and adenomatous polyps bleed, be it to varying degrees and perhaps inter-
mittently, has provided faecal blood haemoglobin as the biomarker of choice for current screening
programmes. The presence of blood in faeces can be due to pathological conditions other than neo-
plasia, from physiological blood loss of between 0.5 and 1.0 mL/d (Moore, Derry & McQuay 2008),
from vigorous brushing of gums and from dietary constituents such as meat and meat products
(Fludger et al. 2002).

The cheapest but least specific means of detecting haemoglobin uses guaiac gum, is often referred to
as the guaiac Faecal Occult Blood Test or gFOBT, and its efficacy as a colorectal cancer screening test
has been demonstrated in three randomised controlled trials (Mandel et al. 1993; Hardcastle et al.
1996; Kronborg et al. 1996). The test detects the haem component of haemoglobin, which is identical
across human and animal species and is chemically robust and only partially degraded during its pas-
sage through the gastrointestinal tract. gFOBTs provide little specificity for lesions of the distal intes-
tinal tract and cannot distinguish between human blood and blood residues from the diet.

The analytical sensitivity of gFOBTs to haemoglobin can be increased by hydrating the sample prior to
analysis; however this brings little benefit because increased clinical sensitivity is accompanied by de-
creased clinical specificity. More subtle adjustment to the analytical sensitivity of gFOBTSs is not techni-
cally possible, and screening programmes must configure their programme algorithm (the required
number of stool samples and the required number of positive test spots) and secondary investiga-
tions, usually colonoscopy, to meet the gFOBT positivity rate.

A significant technical enhancement to the simple guaiac test for blood is achieved by using an anti-
body (immunoglobulin) specific to human globin, the protein component of haemoglobin. These
immunochemical techniques use specific antibodies and are well-established and ubiquitous in clinical
laboratories. At the point-of-care, immunochemical tests have been widely adopted, notably in fertile-
ity, pregnancy and drug tests.

Whilst the haem component of blood is common to all species, globin is conveniently species specific,
so immunochemical Faecal Occult Blood tests, frequently referred to as iFOBT or FIT should not be
subject to interference from dietary blood. Detection of globin also confers the advantage of making
the test more specific to bleeding from the distal gastrointestinal tract, since protease enzymes gradu-
ally digest blood from the proximal tract during its passage through the intestine, rendering it less
likely to be recognised by the antibodies used in an iFOBT.

Immunochemical technology enables detection of blood at lower concentrations than gFOBTs and
therefore increases clinical sensitivity by detecting smaller blood losses from small or intermittently
bleeding lesions. Whilst improved analytical specificity reduces false positive tests from dietary blood,
their increased analytical sensitivity means that small losses from inflammatory diseases or physio-
logical sources will bring new false positives with a higher positivity rate and decreased specificity.
Several newer iFOBTs have the ability to adjust and set the cut-off concentration above which the
device will report a positive result. These adjustments are made on an instrument reader, and such
instruments can provide the additional and important opportunity of automating the process. Exam-
ples of products with these characteristics are the OC-Sensor Diana, Eiken Chemical Co., Tokyo,
Japan, and the SENTIFOB, Sentinel Diagnostics SpA, Milan, Italy.
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Population screening for colorectal cancer can now benefit from tests that have an adjustable detec-
tion limit and have the efficiencies and analytical reproducibility facilitated through automated
analysis; currently only iFOBT provides this opportunity.

4.2 Biochemical tests for colorectal cancer

4.2.1 Characteristics of a test for population-screening of colorectal
cancer

The list below summarises the analytical and clinical aspects of biomarker testing that make it suitable
for population screening and identifies characteristics that are important for effective and efficient
implementation.

Testing Process
a. Sample
i. Reliable sample collection, reproducible sample size
ii. Sample collection process is simple requiring minimal contact with the stool
iii. Safe and acceptable for the chosen method of transport, meets EU mail regulations

b. Biomarker (analyte)

i. Sufficiently stable, at ambient temperature, between sample collection and testing

ii. Analytical sensitivity and specificity
1. Adequate analytical sensitivity and specificity
2. Adequate discrimination between neoplastic colorectal pathology and other patholo-

gies or physiological sources of the biomarker

3. Minimal analytical or biological interference (e.g. diet and drugs)

ii. Ability to adjust sensitivity (and specificity) to be clinically and practically acceptable

C. Analysis
i. Easy and reliable to measure
ii. Amenable to automation
iii. Acceptably reproducible
iv. Amenable to quality control and assessment monitoring

d. Availability of test
i. Reliable commercial source, long-term quality provider
ii. Acceptable inter and intra-batch reproducibility
ii. Affordable

Clinical Outcome
a. Acceptable clinical performance

i. Sensitivity

ii. Specificity

iii. Positive predictive value
The outcome of a screening test must be the identification of an acceptable proportion of the popula-
tion who have early-stage colorectal cancer or adenoma and are amenable to successful treatment
(Wilson & Jungner 1968). The screening test must also show adequate discrimination between those
who have the disease and those who do not. Critically, the clinical sensitivity and specificity of the test
and the way it is implemented must only identify that number of participants which is logistically and
financially acceptable for referral to colonoscopy clinics.
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When interpreting the clinical sensitivity and specificity of tests described in the literature, it is impor-
tant to do so in the specific context of the study, the method of implementation, the nature of the
population served and other local health and social welfare issues.

4.2.2 Faecal blood loss

An abnormal increase in blood loss into the intestine is necessary for the success of grFOBTs and
iFOBTSs. Faecal haem, haem-derived porphyrin and 51-chromium-labelled red cells have all been used
to determine physiological blood loss. A recent systematic review by Moore, Derry & McQuay (2008)
of the effect of non-steroidal anti-inflammatory drugs (NSAIDs) on blood loss showed a normal daily
loss in 1000 participants of less than 1 mL/d. Blood losses greater than 1 mL/d may be seen following
vigorous brushing of teeth and gums, and in irritation and inflammation of the intestinal tract. Most
NSAIDs, and aspirin in low doses, produce an increased blood loss of 1 to 2 mL/d which increases to
5mL/d in 5% and 10 mL/d or more in 1% of those taking larger doses. Large daily aspirin doses of
1800 mg or more, cause daily blood losses of between 5 mL/d and 10 mL/d. Other chronic inflam-
matory conditions of the gastrointestinal tract including inflammatory bowel disease, colitis, Crohns’
disease and perianal lesions also increase blood loss.

Macrae & St John (1982) showed the close relationship between adenoma size and blood loss using
51-chromium-labelled red cells. Levi et al. (2007) used the iFOBT OC-Sensor to show increasing faecal
haemoglobin from normal and hyperplastic polyps through non-advanced and advanced polyps to
cancer, with a wide spread of concentrations within each category. Fraser et al. (2008) demonstrated
a clear relationship between increasing faecal blood concentration, measured with the FOB Gold
iFOBT, and pathological change in 375 fresh samples from participants of the Scottish population.
Ciatto et al. (2007) used the iFOBT OC-Sensor and a population that included 191 cancers and 890
adenomas detected at colonoscopy to show increasing faecal haemoglobin concentration with
increasing lesion severity and size. It remains a matter of conjecture whether all early-stage cancers
bleed and whether they bleed intermittently, dependant perhaps upon on the mechanics of the
gastrointestinal tract and the passage of digested foodstuffs. Intermittent or variable blood loss
partially explains why the less-sensitive guaiac tests do not show consistently positive tests results in
patients who are later diagnosed with colorectal cancer and why, even with highly sensitive tests,
100% clinical sensitivity is not achieved.

4.2.3 Sample collection for Faecal Occult Blood Test devices

Effective sample collection is critical to the success of a screening programme. The process of
collection needs to be as simple as possible. Participants will always find the process inconvenient and
unpleasant. Clear, simple and practical instructions are very important both to encourage participation
and to the collection of a satisfactory specimen. The easier it is to present the stool for sampling and
to transfer it to the test device, the greater the likely uptake to a screening programme. Current test
kits use cardboard and wooden spatulas, plastic probes with serrated ends and brushes. Whilst most
kits require the sample to remain away from the water in the toilet bowl prior to sampling, other
devices sample the water that surrounds the stool. Many systems accept samples taken from toilet
tissue paper. One RCT (Cole et al. 2003) showed that different sampling techniques can change FOBT
screening compliance and two cross-sectional studies (Greenwald 2006; Ellis et al. 2007) reported
information on preference among different type of stool sampling methods. Practical experience has
shown that in the age group commonly screened, physical and mental disabilities present a further
reason for non-participation. Difficult sampling procedures with complex instructions greatly aggravate
the inherent difficulties in collecting faecal samples.
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Effective sampling is also important to the reliability of the test. Whilst the composition of faecal sam-
ples is affected by intestinal transit time, stool consistency (Rosenfield et al. 1979), undigested
foodstuffs, variable sample volume will also add to poor test performance. A technique which enables
the sample to reflect blood throughout the stool is preferable and so a probe which can be inserted
into various parts of the stool or a spatula or brush which enables collection of material across a large
surface area must be better than single point sampling (Cole et al. 2003; Young et al. 2003; Smith et
al. 2006). A well-designed RCT conducted in Australia on 1818 urban residents, aged 50-69 years,
compared the participation rate of three screening cohorts (Cole et al. 2003). The invited population
used a wooden spatula (Hemoccult SENSA Beckman Coulter Inc. Fullerton, CA, USA), a spatula
(FlexSure OBT Beckman Coulter Inc. Fullerton, CA, USA, three samples), and a brush (InSure Enterix
Inc., Edison, New Jersey, USA, two samples) for sample collection. The overall participation rate was
significantly higher in the InSure group (Hemoccult SENSA: 23.4%, FlexSure: 30.5%, InSure: 39.6%
¥x2=37.1, p<0.00001). In a UK cross-sectional study (Ellis et al. 2007) 1318 (50%) of the eligible
population (n = 2639) registered with two general practices were randomly selected and sent a three
page questionnaire to determine the acceptability of three methods of FOBT sampling, a sterile long
stick transport swab, a conventional smear card with short wooden applicator and a scoop with
collection pot. The swab was found most preferable and the smear-card the least preferred method of
collection. A small cross-sectional study (Greenwald 2006) compared toilet tissue and the short
wooden applicator with the Hemoccult test but failed to show a statistical difference (p=0.05).

When applying a sample to the test device, consistent application of the required volume is important.
Doubling the sample volume can double the analytical sensitivity and halving it will halve analytical
sensitivity. The thickness of the card surrounding the sample collection window on a guaiac test kit is
important since it will influence the volume of sample transferred onto the window. A probe that, after
collection, has to pass through a small hole to wipe off sample excess is an elegant system that is
used in the Hem-SP, OC-Sensor and FOB Gold iFOBT, the latter two having devices which make use of
a serrated probe. This collection method is only used for immunochemical devices and the probe
surface, the number and depth of the groves in the serrated probe and the size of the hole through
which the probe is inserted will affect the sample volume added to the buffer in the collection tube.
Stool consistency will alter the volume of sample which adheres to the groves in the probe. Poor
manufacturing tolerance will also contribute to a reduction in reproducibility of the sampling system.

4.2.4 Guaiac Faecal Occult Blood Test - gFOBT

The guaiac-based FOBT is still a commonly used method for detecting blood in faeces. The method
exploits the pseudoperoxidase properties of the haem moiety in haemoglobin and liberates oxygen
from 3-5% dilutions of hydrogen peroxide in ethanol or methanol. The released nascent oxygen then
reacts with alpha guaiaconic acid, the phenolic compound (2,5-di-(4-hydroxy-3-methoxyphenyl)-3,4-
dimethylfuran) present in guaiac, a resin extracted from a hardwood tree guaiacum officinale (lignum
vitae). The reaction produces a compound with a quinine structure that rearranges by two-fold
electron transfer to produce an unstable blue bis-methylene quinone dye.

Guaiac is still manufactured by extraction from tree resin and is therefore susceptible to batch
variation. Batch variation is potentially a significant problem for population screening programmes for
which a small change in analytical sensitivity could markedly change the referral rate for colonoscopy.

Guaiacum officinale is a tree native to South America and the Caribbean and is subject to Appendix 2
of the Convention on International Trade in Endangered Species (CITES) (Keong 2009). This is an
international agreement regulating trade in endangered species in order to protect them from
exploitation and extinction. Under CITES, export of specimens is subject to a government-issued
permit certifying that they are legally obtained and that export will not be detrimental to the survival
of the species.
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In all current guaiac-based devices, the guaiac is absorbed into filter paper contained within a card-
board support. Faeces is applied by the participant to one side of the filter paper and, on receipt of
the card, the laboratory applies an alcoholic solution of hydrogen peroxide to the other side of the
paper. The volume of hydrogen peroxide added is not critical but the quantity of faeces applied is.
The mass of the faecal sample will be influenced by the size of the application window and the thick-
ness of the cardboard surrounding it. The hydrogen peroxide is usually applied from a dropper bottle
and the laboratory staff look for the development of a blue colour within a time window prescribed by
the kit manufacturer, typically 3060 seconds. The blue dye is unstable and late reading will result in
false negative results.

The test kit should have a means of checking performance; many kits will have a test positive and test
negative quality control strip that develops alongside the participant’s results and can highlight gross
product or user errors. This QC strip should extend across the area used for clinical testing to enable
identification of incomplete application of guaiac to the filter paper during product manufacture.

Good kit design can greatly facilitate proper use. The identity of the card and participant should be
easily and uniquely identified by the laboratory, usually by way of a barcode. Instructions and direc-
tions must be clear so that the sample is applied to the correct window. The design of the sample
applicator needs to facilitate easy sample transfer and be suitable for the particular design of the Kkit.
The size of the test window and the applicator must match to minimise marked under- or over-appli-
cation of the sample. The device should carry the date the sample was applied so that the laboratory
can disregard specimens that are too old to give reliable results.

Guaiac tests typically have an analytical sensitivity (limit of detection) of between 0.3 and 1 mg Hb/g
of faeces, but this will be affected by the sample loading levels and the time between collection and
testing. The guaiac test can be made more sensitive (0.15 mg Hb/g) by hydrating the sample on the
test kit prior to adding hydrogen peroxide; that is the principal use in the Hemoccult Sensa, Beckman
Coulter Inc. Fullerton, CA, USA.

4.2.5 Immunochemical tests - iFOBTs

Unlike gFOBT, the utility of immunochemical faecal occult blood tests (iFOBTs) has only been demon-
strated in one randomised controlled trial (van Rossum et al. 2008); however the analytical superiority
of immunochemical tests mean that they have recently become the test of choice for colorectal cancer
screening programmes. iFOBTs have been used for population screening in Japan since 1992 (Saito
2007), and the OC-Sensor was approved for use in the U.S. by the Food and Drugs Administration
(FDA) in 2001. Immunochemical tests can use monoclonal or polyclonal antibodies raised against
human globin, the protein component of haemoglobin. The antibodies are attached to a latex particle,
dye or an enzyme that in the presence of human globin forms a complex that can be detected by
turbidity, aggregation (latex agglutination, haem-agglutination and colloidal gold agglutination) or
coloured dye produced by an enzyme. Since the protein structure of human globin is unique to
humans, the immunochemical test should not be subject to interference from animal blood in the diet.
Unlike haem, proteolytic enzymes gradually degrade globin as it moves through the intestine, and this
confers on it more specificity for pathology in the distal intestinal tract than does haem. A variation of
the immunochemical test marketed by Chemicon Europe Ltd, MonoHaem, uses antibodies against
human globin to specifically immobilise haemoglobin and then the guaiac reaction to detect the haem.

iFOBTSs are typically 10-fold more expensive than gFOBTSs (Fraser 2008). Increased iFOBT test kit cost
can be offset by the use of automated analysers and thus reduced staff costs and, where multiple
gFOBT test cards are in use, by using a single iIFOBT because adequate clinical sensitivity and
specificity can be obtained using a single iFOBT.
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Immunochemical tests confer increased analytical specificity for human haemoglobin, and by using
sensitive detection systems, they increase test sensitivity to low blood concentrations. iFOBT's
typically have limits of detection of less than 0.2 mg/g stool and can detect as little as 0.3 mL of blood
added to a stool sample (Saito 1996).

Immunochemical FOBTs provide opportunities for improved population screening. Hem-SP, OC-Sensor
and FOB Gold all use spectrophotometric measurement systems, sometimes with charged coupled
devices (CCD), to measure the degree of agglutination, turbidity or the colour generated by the test.
Automating instrument measurement increases test throughput and measurement precision, and
eliminates user bias (Fraser et al. 2008). Instrumentation also provides an opportunity to manually
adjust the cut-off limit below which the test is reported as negative and not referred for prospective
colonoscopy.

Whilst the measurements performed on the buffered faecal sample using automated analysers can be
quantitative, the impossibility of providing a reproducible sample means that these systems must not
be considered capable of providing reliable quantitative test results. The gFOBT and iFOBT must both
be considered at semi-quantitative although the immunochemical test is analytically superior.

4.2.6 Other tests

o-Toluidine and benzidine have both been used as alternatives to guaiac but have been discontinued
because they have been shown to be to be carcinogenic (IARC 2010). Imipramine and desipramine
have also been described as alternative reagents to guaiac and have reports of less interference from
vegetable peroxidases, iron and vitamin C, but they have not gained a place in the market (Syed,
Khatoon & Silwadi 2001). Alpha guaiaconic acid, the active component of guaiac gum, has been
synthesised but proved unstable and unsuitable as an alternative to the tree extract, which may
contain contaminants with stabilising properties.

The measurement of porphyrins produced by the action of intestinal bacteria on haemoglobin provides
an alternative method for measuring blood in faeces (Schwartz 1983; Ahlquist et al. 1984; Ahlquist et
al. 1985) and recently mass spectrophotometric methods have been described, but they are unlikely
to be adopted for population screening.

The literature describes many alternative biomarkers for the presence of colorectal cancer. These mar-
kers includes albumin, haptoglobin, transferrin, pyruvate kinase isoenzyme type M2, calprotectin, Ca3
anaphylotoxin, colon-specific antigen (CCSA-3 and CCSA-4) and a variety of DNA-related markers.

PK isoenzyme type M2 has shown poor sensitivity and specificity when used alongside two immuno-
chemical devices (Mulder et al. 2007). Calprotectin has a role in identifying patients with inflammatory
bowel disease, but a meta-analysis of the literature in 2006 concluded that it was unsuitable for
screening for colorectal cancer (von Roon et al. 2007).

The use of molecular biology techniques to identify cancer-related DNA or protein biomarkers, used
singly or as a panel, shows promise but is in its infancy. The use of DNA microarrays to detect the
present of mutations in genes such as TP53, K-ras, APC, BAT-26 and BRAF might bring us closer to
earlier detection. A study of 5486 asymptomatic patients by Imperiale in 2004 showed increased
sensitivity and specificity for invasive cancer and advanced neoplasia using faecal DNA relative to
gFOBT, but failed to detect over 50% in each group (Imperiale et al. 2004). A recent paper by Wang
& Tang (2008) showed the hypermethylated SFRP2 gene in faecal DNA to be a candidate colorectal
biomarker, but none of these DNA related markers have been demonstrated to have the necessary
characteristics to qualify them for use in population screening. In Young’s review of new screening
tests he remarks that the epigenetic marker for the methylated vimentin gene has improved sensitivity
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for cancer but that its overall performance relative to existing gFOBT and iFOBT remains unclear
(Chen et al. 2005; Young & Cole 2007). In a 2008 review of the cost-effectiveness of faecal DNA,
immunochemical and guaiac-based tests using the Markov model, the authors conclude that blood
markers remain the preferred option in high-adherence populations (Parekh, Fendrick & Ladabaum
2008). A MEDLINE review of new stool-based tests by Haug concluded that “while promising
performance characteristics have been reported for some tests, more persuasive evidence from larger,
prospectively designed studies... was needed” (Haug & Brenner 2005). Currently the new markers are
both expensive and show very poor sensitivity to cancer and adenomas.

In the short term, marker tests based on gene or epigenetic mutations may show merit for use in
screening selected high-risk populations or for monitoring disease progression or recurrence, but in
the long term we may see them as the preferred markers for general population screening.

4.2.7 Recommendations

Guaiac-based faecal occult blood tests

Guaiac-based faecal occult blood tests have proven characteristics that make them suitable for popu-
lation screening. They lack the analytical specificity and sensitivity of immunochemical tests, their
analysis cannot be automated and the concentration at which they turn from negative to positive
cannot be adjusted by the user. For these reasons guaiac-based tests are not the preferred test for a
modern population screening programme, although depending on local labour costs, the mechanism
of kit distribution and collection, and reduced sample stability in immunochemical testing, they might
prove more practicable and affordable than immunochemical testing (Sect. 4.2.4, 4.3 and 4.4.2)
(I - B).Rec 4.1

Immunochemical faecal occult blood tests

Immunochemical tests have improved test characteristics compared to conventional guaiac-based
tests. They are analytically and clinically more sensitive and specific, their measurement can be
automated and the user can adjust the concentration at which a positive result is reported.
Immunochemical tests are currently the test of choice for population screening; however, individual
device characteristics including, ease of use by the participant and laboratory, suitability for transport,
sampling reproducibility and sample stability are all important when selecting the iFOBT most
appropriate for an individual screening programme (Sect. 4.2.5, 4.3 and 4.4.2) (II - A).Rec42

DNA and other related new markers
Only tests for blood in faeces have been demonstrated to have the necessary characteristics to be

suitable for population screening. DNA and other related new markers are currently unsuitable for
screening, either singly or as members of a panel of tests (Sect. 4.2.6) (III - D).Rec43
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4.3 Analytical characteristics and performance

4.3.1 Analytical sensitivity

Analytical sensitivity or limit of detection describes the lowest concentration that an analytical system
can detect with confidence. The detection system used by iFOBTs makes the test inherently more
sensitive than guaiac-based systems. The concentration units quoted for analytical sensitivity depend
on the method used for determination, for example mL of blood/g or mL of faeces, or mg (or pg) of
haemoglobin/g or mL of faeces. Most manufacturers and scientific papers quote mg Hb/g faeces. The
haemoglobin content should be determined with knowledge of the haemoglobin concentration in the
blood used, and faeces should be measured as the wet weight of a formed stool sample. Some manu-
factures and studies also quote the concentration of haemoglobin not in faeces but in the buffer solu-
tion used for analysis, and this is different for different devices, making simple comparison of device
sensitivity difficult e.g. the Hem-SP devices carry 0.3 mg faeces/mL buffer and OC-Sensor 10 mg
faeces/mL buffer.

Given the variable consistency of faecal samples and the dependence upon diet and intestinal transit
time, the relationship between patient samples and test samples prepared in the laboratory is often a
poor one. Manufacturers may quote sensitivity on blood solutions rather than spiked faecal samples
and if quoted for faecal samples, the time period between in-vitro addition of blood to faeces and
analysis is unlikely to be typical of that between participant sampling and analysis in a screening
programme. The unstable nature of samples used in FOBTS is discussed later in this chapter.

4.3.1.1 Analytical sensitivity and cut-off limits

Until recently it has not been possible to adjust the analytical sensitivity of FOBTs and so adjust the
proportion of positive tests. This facility to adjust sensitivity is still not available for gFOBTSs, with the
exception of the simple process of hydrating the specimen prior to testing. With Hemoccult SENSA this
process increases test sensitivity but at the expense of specificity, thereby increasing the false positive
rate (Mandel et al. 1993; Ransohoff & Sandler 2002).

Point-of-care iFOBTSs typically use an immunochromatographic technique that produces a coloured line
where the antibodies and haemoglobin are immobilised. The presence of the line is detected by eye,
and the limit of detection is dependent upon the configuration of the device, the characteristics of the
antibodies and chromogens and the visual acuity of the reader. These iFOBT devices are suitable for
small-volume point-of-care testing but are unsuitable for population screening and do not provide
numeric results.

The heterogeneous nature of faeces and the inherent inconsistency in sample collection makes reli-
able quantitative measurement of blood in faeces impracticable. However, many of the automated
immunochemical test devices that are suitable for population screening provide a numeric analytical
result for the sample presented for analysis. These systems determine the turbidity or colour density
of a reaction between haemoglobin and the antibody/chromogen system. Measurement is usually per-
formed in a cuvette containing an aliquot of sample in buffer and added reagents (OC-Sensor, FOB
Gold).

Whilst the results provided by these systems must not be considered quantitative measures of faecal
haemoglobin, the numeric results provide an opportunity to select a cut-off limit above which a test
can be defined as positive. This feature enables the user to adjust the positivity rate and thereby the
clinical sensitivity and specificity of the test. Such a system enables colonoscopy referral rates to meet
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the available colonoscopy resource. The clinical implications of manipulating the cut-off limit and/or
the number of samples used for analysis is described later in this chapter.

Table 4.1 gives the analytical sensitivities quoted by manufacturers for a range of FOBT devices.
Differences in quoted analytical sensitivity may reflect the use of different methods of assessment as
well as product characteristics.

Table 4.1: Analytical sensitivities

Product name Manufacturer/Supplier Analytical Sensitivity

Guaiac-based test

Coloscreen Helena Laboratories, Texas, 0.9 mg Hb/g
USA

Hema-screen Immunostics Inc. 3505 Sunset | 0.6 mg Hb/g
Avenue, Ocean, New Jersey,
07712, USA

Hemoccult Beckman Coulter Inc. Fullerton, | 30% positivity at 0.3 mg Hb/g
CA 92835, USA

Hemoccult SENSA Beckman Coulter Inc. Fullerton, | 75% positivity at 0.3 mg Hb/g
CA 92835, USA

MonoHaem Chemicon Europe Ltd 1.05 mg Hb/g

Hema-Check Siemens PLC 6 mg Hb/g

HemaWipe Medtek Diagnostics LLC, 2 mg Hb/g

supplier; BioGnosis Ltd

Automated Immunochemical

Test/Analyser

OC-Sensor/OC-Sensor Diana & Eiken Chemical Co., Tokyo, 40 ug Hb/g
OC-Sensor Micro Japan

Hem-SP/MagStream HT Fujirebio Inc. Japan 10 ng Hb/mL
FOB Gold/SENTiFOB analyser Medinostics Products 14 ng Hb/mL

Supplier; Sentinel Diagnostics
SpA, Milan, Italy

4.3.2 Analytical specificity and interference

In the context of gFOBT and iFOBT, analytical specificity is the ability of the test to detect human
blood accurately without interference from other endogenous or exogenous components of the
faeces. It does not include interference from blood produced from pathological or physiological
sources, which is termed biological interference since the interference is not as a result of a weakness
in the analytical system.

4.3.2.1 Analytical interference

gFOBTs use a non-specific reaction for detecting blood and whilst cheap and simple to use, they are
inherently susceptible to positive interference from oxidising agents and compounds with oxidase or
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peroxidase properties. gFOBTs are also subject to negative interference from compounds with
reducing properties such as vitamin C. In its 2007 guidance to industry, the US FDA Centre for Device
and Radiological Health illustrated the range of dietary substances known to interfere with gFOBTs:
broccoli, cantaloupe, cauliflower, horseradish, parsnip, red radish, turnip, iron and vitamin C supple-
ments, and haemoglobin from beef, chicken, fish, horse, goat, pig, rabbit and sheep.

Evidence suggests that although the gFOBT test is open to interference from normal diets, this is not
substantial and is reported to be negated by a time delay of at least 48 h between sample collection
and analysis (Sinatra, St John & Young 1999). A diet including 750 g of raw peroxidase rich fruit and
vegetables daily is reported to cause false positive results however 750 g is an unusually large daily
consumption. A systematic review of the effect of diet on gFOBT showed that dietary restriction was
not necessary (Pignone et al. 2001). The five randomised trials included in the review all used gFOBT
Hemoccult tests. None of the studies showed a statistically significant difference between the group in
which peroxidise-containing food (red meat, no red meat, poultry, fish, or certain raw vegetables and
fruits), nonsteroidal anti-inflammatory drugs (NSAIDs, including aspirin), and vitamin C were prohibit-
ed compared with a control group without dietary restrictions (meta-analysis: absolute difference in
positivity rate 0%); 95% CI, —1% to 1%). A cohort study conducted in Israel by Rozen, Knaani &
Samuel (1999) on 944 asymptomatic subjects attending colorectal cancer screening (mean age
60.2+11.1) reported an overall grFOBT positive rate of 7.5%, while neoplasia was found in 16 (22.5%)
subjects with positive gFOBT. Among subjects with and without dietary restriction, the positivity rates
were 7.2% and 5.5% respectively (p = 0.26). These positivity rates are markedly higher than those
observed in the UK screening pilots (1.6% in England and 2.1% in Scotland with an average of 1.9%)
and are now observed in the fully rolled-out screening programme which does not advocate dietary
restriction (UK Colorectal Cancer Screening Pilot Group 2004).

iFOBT brings a significant improvement in analytical specificity. The use of a specific antibody against
human globin makes cross reactivity with dietary haemoglobin very unlikely, and the method used for
detecting the antibody reaction can also be made largely free from interference from other dietary
interference. Studies have not been published that demonstrate whether the reagents used in iFOBTs
will detect haemoglobin variants. Polyclonal assays are unlikely to show cross-reactivity problems, but
manufacturers should provide evidence that their analytical systems react similarly with all known
haemoglobin variants. A recent evaluation has shown that with HbAlc, HbS, HbC, HbD, HbE and HbF
using the Hem-SP/MagStream HT, OC-Sensor/Diana and FOB Gold Sentinal Systems, only HbF
showed poor recovery and might give false negative negative results (Lamph et al. 2009).

Instant-View is an iFOBT that was used by the Australian health service, and since it requires sampling
from the toilet bowl it is subject to other potential analytical interferences. In their US FDA 510(k)
submission, the US supplier of Instant-View, Alfa Scientific Designs, disclosed decreased analytical
sensitivity in the presence of toilet bowl deodorizers, fresheners and cleaner, and required that toilet
bowl deodorizers/fresheners or cleaners be removed from the toilet bowl! prior to collecting samples
and that the toilet be freshly flushed.

Table 4.2 lists known gFOBT interferences. A good account is included in the MHRA Report of 2000
and summarized by Starkey (2002).

4.3.2.2 Biological interference

Any physiological process or non-colorectal cancer related pathological lesion that increases the loss of
blood into the intestine is a source of biological interference. Although aspirin and NSAIDs pose

potential interference, studies have shown either no effect or an increased sensitivity to the detection
of cancer and adenomas among those who are taking aspirin.
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Positive interference

Comment

Reference

Non-human blood (beef, pork,
chicken, pheasant, salmon,
sardines, black pudding,
German blutwurst, French
boudin noir, Spanish morcilla
and liver)

Reduced by cooking.

Avoid red meat for 3 days prior to
sampling.

Meta-analysis suggests dietary restriction
not necessary

(Illingworth 1965; Fludger et al.
2002)

Myoglobin (Lifton & Kreiser 1982; Achord
1983; Welch & Young 1983;
Scriven & Tapley 1989;
Anderson, Yuellig & Krone Jr.
1990)

Iron Mixed reports about whether iron

supplements interfere

Providone-iodine antiseptic

Use on perianal area or in urinary catheters
should be avoided since iodine will oxidise
guaiaconic acid.

(Said 1979)

Contact with toilet sanitizers in
toilet water

Potential for negative and positive
interference. gFOBT less than iFOBT.
Reported in chlorine-releasing agents

(Imafuku, Nagai & Yoshida
1996)

Raw fruits & turnips, broccoli,
horseradish, cauliflower,
cantaloupe, parsnip and red
radish

Large daily consumption only, causes
interference. Caused by peroxidases that
act like haemoglobin and give false
positives.

Cooking for 20 mins at 100°C destroys
peroxidases and a delay of 2 days between
collection and analysis is also effective as
long as a non-hydrated gFOBT is used

(Illingworth 1965; Sinatra, St
John & Young 1999)

Negative interference

Comment

Reference

Vitamin C (Ascorbic acid)

Reducing agents counters oxidising effect
on guaiaconic acid. Vitamin C intake should
be <250 m/d. Normal diet unlikely to
interfere but high dose supplements might
do so

(Jaffe et al. 1975; Garrick, Close
& McMurray 1977; Jaffe & Zierdt
1979)

Degradation of haem

Haem degrades slowly a process that is
accelerated if the faecal sample remains
moist and warm

CEP Report 2006 (Bennitt,
Burtonwood & Halloran 2006)

Contact with toilet sanitizers in
toilet water

Potential for negative and positive
interference. gFOBT less than iFOBT

(Imafuku, Nagai & Yoshida
1996)

Aspirin and NSAIDs

One double-blind RCT and one cohort study investigated whether the use of regular aspirin or NSAIDs
is a risk factor for a false-positive FOBT result. A double-blind RCT (Greenberg, Cello & Rockey 1999)
was conducted on healthy volunteers aged 29.8 £ 0.6 years who were randomised to placebo and
those receiving doses of 30 mg, 81 mg, and 325 mg of aspirin. Short-term (30 days) use of low-dose
aspirin did not induce sufficient intestinal injury to cause positive FOBTs (number of GI erosions
aspirin group: 6/30 (20%); placebo: 1/10 (10%) p = 0.66). A cohort study (Kahi & Imperiale 2004)
showed no difference in the prevalence of colonoscopic findings that would potentially explain a
positive FOBT result between regular aspirin or NSAID users and non-users, even after adjusting for
factors that affect the risk of a lesion that would account for a positive result (absolute difference 2%
(95% CI -10-14), p=0.7). The study also found no relationship between the dose of aspirin and the
likelihood of colonoscopic findings (chi-squared test for trend p=0.6). Overall, advice to patients to
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restrict their diet and avoid NSAIDs and vitamin C does not appear to change positivity rates. This
finding was consistent across all studies, regardless of the intensity of the restriction. A recent report
by Levi et al. (2009) showed an increase in sensitivity but no loss of specificity of iFOBT (OC-Sensor)
for detection of cancer and advanced adenomas in those using asprin/NSAIDs or anticoagulants.

Anticoagulants

Anticoagulants present a further source of biological interference. The effect of anticoagulants on the
false-positive rate in a population-based FOBT screening programme was evaluated in two studies
(Bini, Rajapaksa & Weinshel 2005; Clarke et al. 2006). The cohort study conducted within the Scottish
arm of the national colorectal cancer screening pilot on 846 subjects aged 50-69 years old showed
that taking anticoagulant medication (aspirin, COX-2 inhibitors, other NSAIDs and warfarin) at the
time of testing is associated with a statistically significant 6.4% increased rate of negative colonos-
copy. Diagnosis of colorectal neoplasia was higher in the no-anticoagulant group compared with the
anticoagulant medication cohort (56.5% vs. 47.5%; absolute difference 9%, p=0.012). A study in an
American healthcare system programme looked at all patients taking warfarin who were referred for
the evaluation of a positive FOBT (Bini, Rajapaksa & Weinshel 2005). For each patient taking warfarin,
an age- and gender-matched control was enrolled. The positive predictive value of FOBT for gastro-
intestinal lesions consistent with occult blood loss in patients taking warfarin was similar to that in the
age- and gender-matched control group of subjects with a positive FOBT who were not taking oral
anticoagulants (59.0%, 95% CI, 52.3-65.8%; 53.8%, 95% CI, 47.0-60.6%; p=0.27).

Table 4.3 summarises sources and mechanisms of biological interference which will reduce the
specificity of either gFOBT or iFOBT analysis.

Table 4.3: Biological interferences

Physiological Comment Reference

Loss from the gums after vigorous teeth brushing

Menstrual bleeding - -

Pathological

Inflammatory bowel disease (Crohns disease, colitis) (Rockey et al. 1998)

Gastritis from alcohol or chemotherapeutic drugs -

Gastric Cancer (Zhou, Yu & Zheng 1999;

Zappa et al. 2007)

Anti-inflammatory drugs

(ibuprofen, naproxen, corticosteroids,
phenybutazone)

Increased blood loss of 1-2
mL/d. 5% of those on high
dose NSAIDs lost 5mL/d

(Moore, Derry & McQuay
2008)

(Levi et al. 2009)

Aspirin

No iFOBT interference
reported in low dose
aspirin. High-dose blood
loss 5 mL/d

(Ahlquist et al. 1985),
(Moore, Derry & McQuay
2008)

(Levi et al. 2009)

Proximal intestinal tract inflammation (gastritis,
oesophagitis and gastric and duodenal ulceration)

(Rockey et al. 1998)

Anticoagulation therapy

2005 study showed no
effect from warfarin

(Bini, Rajapaksa &
Weinshel 2005)

Perianal bleeding

4.3.2.3 Dietary and drug restrictions

Potential interference of diet and drug intake on test performance has been pointed out above (Sect.
4.3.2.1 and 4.3.2.2) and the organisational aspects of drug and dietary restriction are discussed in Ch.
2 (Section 2.5.1.2). Whilst most gFOBT manufacturers recommend dietary advice, the potential
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detrimental impact on participation rates makes it unattractive. One study used an immunochemical
test and compared the participation rates of two groups, one with and one without dietary restriction
(Cole & Young 2001). Two further studies (Cole et al. 2003; Federici et al. 2005) compared
participation rate in a guaiac test with dietary restriction and in an immunochemical test without
dietary restriction. Predictably, all three studies found greater participation when the diet was
unrestricted. However, these studies and their data are not sufficient to exclude the possibility of
other factors contributing to the outcomes.

4.3.3 Other factors influencing analytical performance

4.3.3.1 Prozone effect

Immunochemical analysis is prone to giving falsely low results when the analyte being tested is at
markedly elevated concentrations. This well described interference is called the prozone or “hook”
effect. The concentration of haemoglobin at which an iFOBT exhibits this effect needs to be very high
and should be disclosed by the manufacturer. If an analytical method exhibits a prozone effect, then
the measurement system should be able to detect erroneous results and warn the analyst. This is a
requirement of U.S. FDA 510(k) submissions.

4.3.3.2 Sample quality

The quality of the sample is very important; it must be reproducible and representative of the stool, to
be of the required volume and be adequately preserved. Many of the issues that impinge on sample
quality have been discussed earlier. The stability of haemoglobin in faeces is an important
consideration when selecting the preferred test, developing arrangements for sample transport to the
laboratory and determining the urgency of analysis on the arrival of samples in the laboratory.

The haem moiety used in gFOBTS is more stable than the globin moiety used in iFOBTSs. Transport of
a dried sample, which is used for most guaiac test kits, provides greater stability than that in wet
buffer which is usually used for immunochemical tests. The acceptable time period between sampling
and testing is defined by the product manufacturers in their Instructions For Use (IFU). For gFOBTs
the maximum time period is usually between 14 and 21 days; for iFOBT it is much less.

Haem in haemoglobin is degraded slowly after collection; if samples are collected onto filter paper, the
design of the test device and envelope should maximise the speed of drying and so help preserve the
sample. Young et al. demonstrated the deterioration of wet samples in a study using gFOBT in 1996
(Young, Sinatra & St John 1996). The UK NHS MHRA report of 2000 illustrated the influence of
excessive sample loading, high temperature storage, and exposure to sunlight on 12 occult blood kits
(Pearson, Bennitt & Halloran 2000). The UK NHS CEP report of 2006 reported the effect of sample
storage time upon positivity for four grFOBT Kkits, the change from positive to negative test result being
most marked with those test kits that have the lowest limit of detection (Bennitt, Burtonwood &
Halloran 2006). For gFOBT, a regression study by Faure et al. investigated the influence of
temperature and moisture on gFOBT sensitivity. In this study it was observed that the positivity rate
of Hemoccult II in a 10-year screening programme showed a significant change between 1.61% in
summer to 2.80% during the winter (Faure et al. 2003). No significant effect of temperature alone
was observed: the positive rate decreased from 74.0% at 4°C in the presence of silica gel to 68.0% at
30°C in the presence of water (p=0.52). In this study the decrease in positive rate due to the
presence of moisture was statistically significant (84.0% at 4°C and 100% humidity, 58.0% at 25°C
with silica gel; p=0.007).
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Globin in haemoglobin is an easily degraded protein moiety and more susceptible to denaturation than
haem. Proteolysis of globin should be minimised between sample collection and analysis. Whilst ap-
propriate constituents in collection buffer solutions might reduce degradation, the stability of globin in
the wet collection systems used by most iFOBTSs is poor compared with haem used in gFOBTs. The
concentration of haemoglobin in the buffer solutions after sampling can be very low, typically
20ng/mL with the collection device used by the MagStream HT. At these low concentrations the
haemoglobin molecule is susceptible to decomposition and may be adsorbed onto the surface of the
collection vessel and measurement cuvette. Buffers that are rich in proteins such as bovine serum
albumin (BSA) and haptoglobin can minimise adsorption and help stabilise the haemoglobin. Unpub-
lished data from the manufacturers of the immunochemical devices Hem-SP and OC-Sensor show
good stability at refrigerator temperatures (4°C) but marked deterioration with rising temperature.
Vilkin et al. (2005) and Rozen et al. (2006) showed, over 21 days, no significant change at 4°C or
200C but a daily fall of 3.7% + 1.8 at 28°C with the iFOBT OC-Micro system (Eiken Chemical Co.,
Tokyo, Japan). Rozen used storage in a refrigerator and supplied an opaque double zip-lock bag for
such storage. Fraser et al. (2007) reported the successful use of dried samples for iFOBTs using two
Immunostics products (Immunostics Inc. Sunset Avenue, Ocean, New Jersey, USA). Hema-screen
Devel-A-Tab was used to collect the sample and Hema-screen Specific as the immunochemical assay
system. The low concentrations of haemoglobin detectable in iFOBT devices increases susceptibility to
stability problems. Whilst sample stability has not presented a major difficulty for programmes using
gFOBTS, it is likely to do so for those adopting wet sample collection with iFOBTSs. The acceptable time
between collection and analysis is markedly influenced by ambient temperature during storage and
transport, and this will depend on transport and weather conditions.

Between December 2008 and May 2009, the Australian Screening Programme encountered stability
problems with the Haem-ST/MagStream HT system (Australian Government 2009). Positivity levels fell
markedly during the 6-month period, and participants will require retesting. Very high summer
temperatures and the introduction of a new buffer with a lower protein concentration may have con-
tributed to haemoglobin instability in this programme and a consequent reduction in positivity rates. A
recent report describes retrospective analysis of measured haemoglobin over several years by the
screening programme in Northern Italy (Grazzini et al. 2010). The study reveals significant seasonal
variation in the positivity rates of in the OC-Sensor iFOBT that may be attributed to by high summer
temperatures. Manufacturers of iFOBT devices specify stringent storage and transit conditions to
minimise the sample deterioration. These conditions present a practical challenge to the organisation
of iIFOBT-based screening programmes.

4.3.3.3 Device consistency

The ability of iFOBT and gFOBT kits to maintain consistent performance across reagent batch changes
and product redesigns is important for population screening since minor changes in product sensitivity
and specificity can greatly change the number of patients referred to colonoscopy. Companies need to
be able to demonstrate good quality manufacturing practice and quality assurance procedures that
minimise batch-to-batch variation. Guaiac gum is a natural product and is therefore more susceptible
to product inconsistency than manufactured monoclonal antibody reagents that can be used by
iFOBTs. Polyclonal antibodies, which are used for each of the current automated iFOBTs, are
susceptible to batch-to-batch variation, and therefore an understanding of the batch size of all reagent
components is important. In a market with many small manufacturers, the long-term viability of the
product and company should also be considered.

4.3.3.4 Analytical quality assurance — Internal Quality Control (IQC) and External
Quality Assessment Schemes (EQAS)

Rigorous analytical quality assurance procedures must be adopted by laboratories providing grOBT
and iFOBT analysis for population screening. To minimise analytical and procedural variability, the
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number of laboratories used for population screening should be small. In the English programme,
laboratories typically serve a population of 10-15 million, approximately 10-16 % of which will be
within the screening age group. All laboratories providing screening services should be associated with
a laboratory accredited to ISO 15189:2007, Medical laboratories - Particular requirements for quality
and competence (http.//www.iso.org/iso/iso catalogue.htm) The laboratory should be led by a quali-
fied clinical chemist who is trained and experienced in the techniques used for analysis and in clinical
quality assurance procedures. The laboratory staff should be appropriately trained and competent in
the use of the analytical device/ instrumentation, quality control and assessment procedures and asso-
ciated information technology.

For those laboratories using visually read gFOBTS, the design of the test kit will influence the reliability
of analysis. Reproducibility in detecting the blue gFOBT colour in the presence of dark faecal pigments
depends on good staff training and experience but can be improved by other factors. The visual acuity
and colour perception of the reader should be professionally checked and monitored. The colour of
the test card surrounding the sample, the colour of surrounding walls and the colour temperature and
brightness of artificial lighting all should be considered. The opportunity for errors due to operator
fatigue should be minimised by enforcing periodic work breaks. The competence of staff to perform
visual tests should be checked before they commence each batch of analysis, typically using pre-
loaded test kits with known positivity that is hidden from the operator. A rigorous monitoring system
should be adopted to identify staff who have spot positivity rates which are markedly different to the
mean or who exhibit marked variability.

Most gFOBTs and point-of-care iFOBT devices have a means of checking the integrity of the device
and reagents by way of a quality control check integral to the device. For gFOBT, this control can
check whether guaiac has been applied across the whole of the test area and whether the hydrogen
peroxide reagents are working correctly. Point-of-care iFOBT devices provide a similar check of rea-
gent integrity but are unsuitable for population screening.

The case for automation in population screening programmes is a strong one, and should significantly
influence the choice of an acceptable occult blood testing system. Automated iFOBT analysis will
require internal quality control procedures appropriate to the chosen technique and instrument. As a
minimum, laboratories should adopt the manufacturers’ instructions for use, and give consideration to
what additional internal quality control measures can be used to check instrument accuracy and
imprecision throughout the period of analysis. Good analytical performance is particularly important at
the selected cut-off concentration, and quality control measures should reflect that requirement.

Participation in an external quality assessment scheme (EQAS) is seen as mandatory for tests
performed in a clinical laboratory. Participation in an EQAS enables assessment of bias between
participating laboratories, and is particularly important for a national screening programme utilising
several laboratories. The availability of an EU-wide EQAS is desirable. National population screening
programmes should have quality assurance procedures that enable oversight of the analytical
performance of all screening laboratories. Satisfactory performance in an EQAS provides an objective
criterion of competence.

A summary of the three iFOBT systems that have some of the characteristics suitable for population
screening is provided in Table 4.4.
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Table 4.4: Comparative table of automated iFOBT

Hem-SP/MagStream HT

Alternative name(s): Developed from Immudia-Hem-SP (Marketed as HaemSelect in the US)
Manufactured by: Fujirebio Inc. Japan

Sold by: Fujirebio Europe B.V. (http://www.fujirebio.co.jp/english/index.html)

Principle of measurement system: MagStream Hem-Sp® is based on magnetic particle agglutina-
tion. The faecal specimens are incubated with magnetic gelatine particles which are ferrite and gum
Arabic coated with rabbit anti-human haemoglobin antibodies. The solid particles are collected in the
centre of microplate wells by magnetic attraction and inclined to about 60 degrees and examined for
change in particle aggregates. In the presence of human haemoglobin, the particles remain aggregat-
ed in a spot with minimal change (positive result). In the absence of human haemoglobin, particles
flow down the slope (negative result). The appearance of particle aggregates is interpreted by
MagStream HT using CCD image capture and computer determination of the length of the line of
magnetic particles. The company recommends that 1 of 2 samples need to be positive and state that
the measurement system has not been designed for quantitative measurement. This system has been
developed to give a sharp cut-off at a concentration of 20 ng/mL and not to provide quantitative
measurements for user-defined cut-off concentrations, and is not CE marked for this purpose.

Recommended number of separate samples used for assessment: 2 samples
Method of sample collection: Stick in buffer held within the device

Means of reading: MagStream HT, an automated instrument which holds 400 samples and has a
memory capacity of 2 million test results

Speed of analysis: 960 tests per hour (MagStream HT)

Quantity collected by sampling device: 0.3 mg of faeces

Volume of buffer in collection device: 1 mL

Analyser sample volume: 25 L

Quality control: Standard laboratory QC procedures

Mailing acceptable to EU: It is being used in both France and Slovenia.
Cut-off level: Not designed or CE marked for an adjustable cut-off
Limit of detection: 10 ng/mL

Use in population screening: Japan, France and Slovenia

Recent pertinent scientific papers: (Launoy et al. 2005; Morikawa et al. 2005; Morikawa et al.
2007)

Website URL: Fujirebio
Fujirebio Inc Japan
http://www.fujirebio.co.jp/english/product/immunological.html

OC-Sensor

Alternative name(s): OC-Hemodia, OC light (not available in EU)
Manufactured by: Eiken Chemical Co., Tokyo, Japan

Sold by: Mast (UK), Alfa Wassermann (Italy), Pharmatrade (Israel)

Principle of system: Latex agglutination using polystyrene latex particles coated with polyclonal anti
haemoglobin Ao antibodies. The assay uses a 6-point standard curve, and measurement is made at
600 nm with an algorithm which uses a kinetic endpoint.

Recommended number of separate samples used for assessment: 1 sample
Method of sample collection: Serrated stick in buffer held within the device
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Means of reading: OC-Sensor Diana & OC-Sensor Micro (successor to OC-Sensor Neo) are both
automated instruments and are both CE marked. The Diana has a memory capacity for 100 000 test
results

Speed of analysis: 280 samples per hour (OC-Sensor Diana)

Quantity collected by sampling device: 10 mg of faeces

Volume of buffer in collection device: 2 mL

Analyser sample volume: 35 L

Quality control: Standard laboratory QC procedures

Mailing acceptable to EU: Reported to have been agreed by the UK post office
Cut-off level: CE marked for a user defined cut-off. Default setting 100 ng/mL
Limit of detection: 20 ng/mL in buffer

Use in population screening: The Netherlands (van Rossum et al. 2008; van Rossum et al. 2009),
Northern Italy (Castiglione et al. 2000), US, Uruguay (Fenocchi et al. 2006) and France

Website URL: http://www.eiken.co.jp/en/company/index.html
URL: http://www.eiken.co.jp/en/product/index.html#anc03

FOB Gold
Manufactured by: Sentinel Diagnostics SpA, Milan, Italy

Principle of system: The FOB Gold reagents use an antigen-antibody agglutination reaction be-
tween human haemoglobin and polyclonal anti-human haemoglobin antibodies coated on polystyrene
particles. Agglutination is measured as an increase in absorbance at 570 nm and is proportional to the
concentration of human haemoglobin contained in the sample. The calibrator is a lyophilized material
containing human haemoglobin, and this is used to generate a six-point calibration curve using serial
dilutions of the reconstituted material. The manufacturer provides lyophilized quality control prepara-
tions at two haemoglobin concentrations. The total reading time is 8 minutes.

Means of reading: The FOB Gold reagents can be used on any suitable immunoassay automated
analyser although the manufacturer provides the SENTIFOB analyser

Speed of analysis: 75 tests/hr (SentiFOB)

Quantity collected by sampling device: 10 mg of faeces
Volume of buffer in collection device: 1.7 mL
Analyser sample volume: 10 pL

Quality control: Standard laboratory QC procedures
Mailing acceptable to EU: Not known

Cut-off level: CE Marked for a user defined cut-off

Limit of detection: 14 ng/mL buffer

Range Measuring range: 15-1000 ng/mL.

Use in population screening: Italy (Rubeca et al. 2006) & France
Recent pertinent scientific papers: (Fraser et al. 2008)
Website URL: http://www.sentinel.it/uk/
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4.3.4 Recommendations

Sample stability between collection and analysis

Whilst a maximum period of 14 days between collection and analysis is frequently quoted for many
guaiac faecal occult blood tests, that quoted for immunochemical tests is significantly shorter. Until
more stability data are published, screening programmes should adopt the conditions and period of
storage described in manufacturer’s Instructions for Use having determined that they are appropriate
for local conditions which might expose samples to high temperatures for long periods of time (Sect.
4.3.3.2) (III - A).Rec44

Test interference - drug and diet restriction

Dietary constituents present potential interference in guaiac faecal occult blood tests. Dietary restrict-
tion has not been demonstrated to significantly increase screening specificity, and risks reducing par-
ticipation rate. The potential for dietary interference is significantly less for immunochemical tests.
With the qualification that a diet peculiar to a particular country or culture may not have been tested
or reported dietary restriction is not indicated for programmes using either guaiac-based or immuno-
chemical tests (Sect. 4.3.2.1, 4.3.2.3) (II - D).Rec#47

Interference from bleeding associated with drugs such as aspirin, nonsteroidal anti-inflammatory
drugs and anticoagulants (e.g. warfarin) present potential interference in both guaiac and immuno-
chemical faecal occult blood tests. Although the literature carries some contradicting reports of the
effect of anticoagulants on screening outcome, drug restriction is not recommended for population
screening programmes using either guaiac-based or immunochemical tests (Sect. 4.3.2.2, 4.3.2.3)
(III - D).Rec 4.8

Faecal sampling/collection system

Many factors influence the uptake and reliability of sample collection. Inappropriate implementation
can result in grossly misleading results. No single collection methodology is supported by the litera-
ture; however, the following factors should be considered when selecting a device for taking samples
in population screening:

e The distribution process should be reliable and reach all selected subjects.

e The laboratory should be able to unambiguously identify the subject ID on the test device perhaps
using a suitable barcode.

e The laboratory should be able to check the manufacturer’s device expiry date on each returned
device.

e The instructions for using the device must be simple and clear.

e The device should to be simple and easy to use by the target population.
e The device should leave minimal opportunity for collection error.

e The device should facilitate consistency in the volume of sample collected.

e The device/instructions should discourage inappropriate repeat sampling into/onto the sample
device.

e Misuse of the device by participants should not cause loss of sample buffer.
e The system should not be susceptible to interference from toilet bow! disinfectants, etc.

e The screening participant should be able to record the date of sample collection to ensure the
laboratory can verify receipt within an acceptable sample stability period.
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The process used by the subject for returning the device should be simple, reliable, safe and,
when appropriate, should meet EU postal regulations.

A local pilot study should be undertaken to ensure that the chosen device and associated distribution,
sampling and labelling procedures are acceptable (Sect. 4.2.3, 4.2.4, 4.3.2.1, 4.3.3.4) (VI - A).Rec4®

Laboratory organisation:

Number of laboratory sites

Population screening necessitates the receipt, measurement and recording of thousands of tests
each day. The samples should be analysed without delay to avoid further sample denaturation
and avoid an increase in false negative results. Inter-laboratory analytical imprecision is well de-
scribed and can be observed through established external quality assurance schemes. Improved
consistency is achieved by adopting common analytical platforms, analytical and quality standards
and shared staff training. The analysis needs to be reproducible across a screening population and
therefore the number of analytical centres should be minimised with automated analytical systems
utilised wherever possible and agreed common testing procedures adopted by each centre (Sect.
4.3.3.4) (VI - B).Rec 410

Laboratory staff

All laboratories providing population screening should be led by a qualified clinical chemist who is
trained and experienced in the techniques used for analysis and with clinical quality assurance
procedures (Sect. 4.3.3.4) (VI - B).Rec 411

Laboratory accreditation and quality monitoring

All laboratories providing screening services should be associated with a laboratory accredited to
ISO 15189:2007 Medical laboratories - Particular requirements for quality and competence. The
laboratories should perform Internal Quality Control (IQC) procedures and participate in an appro-
priate External Quality Assessment Scheme (EQAS, Sect. 4.3.3.4) (VI - B).Rec 412

Distribution of FOBT kits by mail

Distribution and receipt of FOBT kits using local postal services can be an effective means of
reaching the designated population (Ch. 2, Rec. 2.15, Sect. 2.5.1.1 and Sect. 4.4.3.4) (I - B).R®¢

4.13

Identification of participants and test results

Automated check protocols should be implemented to ensure correct identification of the screened
population and complete and accurate recording of individual screening participation and test results
(see Ch. 2, Rec. 2.18, Sect 2.5.1.3) (VI - A).Rec 415

Classification of test results

Protocols should be implemented to ensure standardised and reliable classification of the test results
(Ch. 2, Rec 2.19, Sect. 2.5.1.3) (VI - A).Rec#16

Quality Assurance

Quality assurance of gFOBT testing

Whilst an immunochemical test is recommended, programmes that adopt a traditional guaiac test
need to apply additional laboratory quality procedures. To minimise variability and error assoc-
iated with visual test reading, including manual results input, the following procedures should be
considered (Sect. 4.3.3.4) (VI - B):Rec 417
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o Use of appropriate temperature for artificial lighting and neutral-coloured walls in the reading
laboratory;

o Use of a national laboratory training programme to prosper consistency of interpretation;
o A blinded internal QC check each day for each analyst prior to commencing testing;

o Adoption of a monitoring programme to identify operator related analytical performance (e.g.
positivity variability and bias); and

o Double entry of test results

e Quality assurance of iFOBT testing

Consistency in analytical performance must be assured by the adoption and application of rigorous
quality assurance procedures. Manufacturer’s Instructions for Use must be followed. Laboratories
should perform daily checks of analytical accuracy and precision across the measurement range
with particular emphasis at the selected cut-off limit. Rigorous procedures need to be agreed and
adopted on how internal quality control data is interpreted and how the laboratory responds to
unsatisfactory results. Performance data, both internal quality control and external quality assess-
ment data, should be shared and reviewed by a Quality Assurance team working across the pro-
gramme. Sufficient instrumentation should be available to avoid delays in analysis due to instru-
ment failure or maintenance procedures (Sect. 4.3.3.4) (VI - B).Rec 418

e External quality assessment

A European external quality assessment scheme should be developed to facilitate Europe-wide
quality assurance of occult blood testing and enhance the reproducibility of testing within and
between countries providing population screening (Sect. 4.3.3.4) (III - B).Rec 419

e Outcome monitoring

All aspects of laboratory performance in respect of the screening test should be part of a rigorous
quality assurance system. Uptake, undelivered mail, time from collection to analysis, analytical
performance (internal QC and external QA), positivity rates, lost & spoilt kits and technical failure
rate, technician performance variability and bias should each be subject to rigorous monitoring
(Sect. 4.3.3.4) (VI - A).Rec4-20

e Quality of information

The proportion of unacceptable tests received for measurement is influenced by the ease of use
of the test kit and the quality of the instructions for use. This proportion should not exceed 3% of
all kits received; less than 1% is desirable (see Ch. 3, Rec. 3.9, Sect. 3.3.2) (III - A).Rec4-21

4.4 Clinical performance

4.4.1 Description of terms used to describe test effectiveness

gFOBT screening has been proven to be effective in reducing colorectal cancer mortality (Hewitson et
al. 2007). In randomised trials the reduction in cause-specific mortality ranged from 15% (Hardcastle
et al. 1996) to 33% (Mandel et al. 1993). Such a large variance in mortality can be explained by test
differences, different numbers of faecal samples, different intervals between invitation cycles (one-
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year or two-year) and different responses to invitation associated with the characteristics and compo-
sition of the population screened. The sensitivity and specificity quoted for a test will therefore be
influenced both by the test’s analytical characteristics and the context in which the test is used and
evaluated.

gFOBTs come in two forms, the conventional form with normal sensitivity and the more sensitive
variety, Hemoccult SENSA, in which the sample is hydrated before analysis. Hemoccult SENSA per-
forms quite differently from the gFOBTSs used in European trials (Hardcastle et al. 1996; Kronborg et
al. 1996) and is both more sensitive and less specific. Comparison of the clinical performance of
gFOBT and iFOBT is complex because iFOBTs can have different levels of specificity and sensitivity
indeed they may have variable positive cut-off concentrations. Changes in cut-off concentrations
result in different clinical performance characteristics.

Although only one population-based RCT has been described with iFOBT (van Rossum et al. 2008),
the many published diagnostic accuracy studies provide information on the comparative ability of cur-
rent tests to distinguish subjects with or without colorectal cancer and adenoma and can be consider-
ed an acceptable indication of the satisfactory performance of iFOBT in population screening (Burch et
al. 2007).

Diagnostic accuracy studies have compared:

a) subjects performing one or both tests (gFOBT and iFOBT) and performing a total colonoscopy (or
sigmoidoscopy) independently from the result of the test (cohort studies);

b) subjects performing one or both tests and undergoing colonoscopy if one or both tests are posi-
tive (cohort studies);

c) Diagnosis determined beforehand and the test performed subsequently (case-control studies);
and

d) Different subjects performing different tests.

Colorectal cancer, large adenomas (= 10 mm), high-risk adenomas (high-grade dysplasia, villous
change, serrated histology or > 3 polyps), all adenomas (including small adenomas), alone or com-
bined have been used as reference standards in the various studies.

The comparative clinical performance of the different tests has usually been based on the following
indicators: Sensitivity, specificity, Positive Predictive Value (PPV), false positive rate, likelihood ratio for
a positive or a negative test which is derived from sensitivity and specificity (sensitivity/(1-specificity))
for + LR; (1-sensitivity)/specificity for —LR.

All of these parameters derive from the well-described 2*2 table

Disease Present

Disease Absent

+ - Total

Positive Test + a atb

Negative Test - c d c+d
Total a+c b+d

Where, a are true positive, b are false positive, ¢ are false negative and d are true negative

Sensitivity = a/(a+c)
Specificity = d/(b+d)
PPV = a/(a+b)
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“True” in true positive, is an abstract concept because in practice a reference standard must be adopt-
ed. For colorectal cancer screening, true is usually defined by the outcome of total colonoscopy, the
best practical diagnostic procedure we have though it does not have a sensitivity of 100%. In a clini-
cal setting it is not always possible to perform a total colonoscopy on all subjects who have negative
screening tests, so it is difficult to estimate the number of false negatives (c) and true negatives (d).
The difficulty of estimating false negative has a great impact on sensitivity but much less so on speci-
ficity. In fact (c) is @ number much lower than (d), so that the sum c+d (i.e. the number of negatives
to the test) is a small overestimate of d.

For sensitivity, (c) is a significant proportion of (a+c), so that it is necessary to have a direct estimate
of the number of false negatives. Very often this estimate is obtained by measurement of the interval
cancers (i.e. the number of colorectal cancers that are diagnosed in subjects negative to the test dur-
ing defined interval of time). Clearly the reliability of the estimated number of false negatives will
depend on the time interval, and that will increase as time elapses. It is therefore important when
comparing estimates of sensitivity obtained in this way to verify that the time interval used is the
same.

The ideal theoretical approach to estimating cancer-screening performance would be to obtain the
disease status using a “gold-standard” method that is independent of the screening method. For colo-
rectal cancer, the disease status is usually determined from a histological examination of biopsy speci-
mens of those with positive test results, because it is not ethically acceptable to collect biopsies from
all individuals undertaking a screening test. The sensitivity and specificity of screening test are there-
fore usually estimated using interval cancers. As initially described by Day (1985) interval cancers will
not include slow-growing cancers missed by the test and not evident between two screening events
(therefore clinical sensitivity will be overestimated). Conversely, interval cancers will include fast-
growing cancers not present at the time of the screening test, but developing during the interval
period (thus underestimating clinical sensitivity). This limitation is common to all screening procedure
evaluations.

Programme sensitivity is an estimate of sensitivity (i.e. the number of CRC detected/the number of
cancers detected plus the number of interval cancers occurring in a certain interval of time) and is
biased toward overdiagnosis of CRC (i.e. it estimates diagnosis of CRC that would never occur
clinically). For this reason it is sometime preferable to give an estimate of sensitivity based on the
ratio between interval cancers (in a defined time period) and the number of cancers expected in the
same period (more precisely, 1- (interval cancers occurred in x years/expected cancers in x years)).
This estimate gives an idea of cancers anticipated by screening, and it is not affected by overdiag-
nosis.

It is also worth noting that from a practical point of view, the choice of the test (or combination of
tests) is not based on clinical sensitivity and specificity but on the determination of detection rate (for
cancer or adenomas) and its correlation with positivity being first correlated to sensitivity and latter to
specificity.

4.4.2 Comparative clinical performance - gFOBT and iFOBT

Many studies comparing iFOBT and gFOBT have been performed in the last 8 years, and several
systematic reviews of the literature have been undertaken more recently.

In 2007 Kerr published a systematic review by the Health Technology Assessment (NZHTA) of New
Zealand which had the aim of identifying the international evidence for the clinical and cost effect-
tiveness of screening tests for colorectal cancer (Kerr et al. 2007). This review included all primary
research published as full original reports and secondary research, systematic reviews and meta-
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analyses published since November 2004. It also included seven eligible primary research papers
(Rozen, Knaani & Samuel 1997; Rozen, Knaani & Samuel 2000; Saito et al. 2000; Zappa et al. 2001;
Cheng et al. 2002; Cole et al. 2003; Ko, Dominitz & Nguyen 2003) and five eligible secondary research
papers; Australian Health Technology Advisory Committee (AHTAC) (1997), Conseil d'Evaluation des
Technologies de la Santé du Quebec (2000), Canada, Craven UK (Craven 2001), Young World Health
Organization and World Organization for Digestive Endoscopy (Young et al. 2002), Piper Blue Cross
Blue Shield Association Technology Evaluation Center US (Piper 2004).

The review concluded that “there is limited definitive evidence regarding superior immunochemical
FOBT performance over the guaiac tests. However, evidence from cross-sectional studies suggests
that the immunochemical test HemeSelect, Beckman Coulter Inc. Fullerton, CA, USA... is comparable,
or superior, to guaiac testing... The conclusions on this topic should be revisited if further reliable
evidence on the comparative performance of screening FOBTs becomes available”.

A similar conclusion was reached in a systematic review commissioned by the UK NHS and undertaken
by the Centre for Reviews and Dissemination of the University of York in 2007 (Burch et al. 2007)
which examined the literature until 2004. The review included 59 studies 39 evaluated gFOBTSs, 35
evaluated iFOBTs and one evaluated sequential FOBTs. It concluded that there was no clear evidence
from direct or indirect comparisons to suggest that guaiac or immunochemical FOBTs performed bet-
ter. However amongst iFOBTs, Immudia-HemSP (now Hem-SP) appeared to be the most sensitive and
specific.

In the four years since 2004, six studies comparing the performance of gFOBT and iFOBT have been
published (Levi et al. 2006; Smith et al. 2006; Allison et al. 2007; Guittet et al. 2007; Dancourt et al.
2008; van Rossum et al. 2008). Some further studies have investigated the accuracy of iFOBTs which,
although without a direct comparison with gFOBTSs, confirmed the performance of iFOBTs which was
reported in the following studies (Morikawa et al. 2005; Castiglione et al. 2007; Levi et al. 2007).

In Australia, Smith et al. (2006) performed a paired comparison of an iFOBT (InSure) with a sensitive
gFOBT (Hemoccult SENSA); 2351 asymptomatic and 161 symptomatic subjects were requested to
perform both FOBTSs. iFOBT returned a true-positive result significantly more often in cancer (n = 24;
87.5% vs. 54.2%) and in significant adenomas (n = 61; 42.6% vs. 23.0%) while the false-positive
rate for any neoplasia was marginally higher with the iFOBT than the gFOBT (3.4% vs. 2.5%; 95% CI
of difference, 0—1.8%): the PPV for cancer and significant adenomas was slightly better for iFOBT
(41.9% vs 40.4%).

In Israel, Levi et al. (2006) compared, a gFOBT with an iFOBT (OC-MICRO, now OC-Sensor) in a small
number (151) of patients referred for colonoscopy either because of a positive gFOBT or because they
were above average risk of colorectal cancer. Sensitivity, specificity, and positive predictive value for
significant colorectal neoplasia were 75%, 34% and 12%, respectively, for gFOBT, and were 75%,
94% and 60% for iFOBT. For a positive gFOBT, 4 times more colonoscopies were needed to identify a
significant neoplasm compared with iFOBT, and at more than 4 times greater cost.

In France, Guittet et al. (2007) compared the performance of gFOBT and iFOBT (Immudia-HemSP
(now Hem-SP)) among 10 673 average-risk persons aged 50-74 years. Colonoscopy was offered only
if either FOBT was positive. The threshold for a positive iFOBT was varied between 20 ng/mL and 75
ng/mL. Overall, the results depended on the adopted iFOBT threshold. At the lower threshold (20
ng/mL), iFOBT detected 1.5 times as many cancers and nearly 2.6 times as many high-risk adenomas
as gFOBT; however, it also increased the relative false-positive rates (2.17 times more frequent for
each relevant lesion detected in iFOBT as compared to gFOBT). It is worth noting that at a threshold
of 75 ng/mL, iFOBT detected 90% more advanced neoplasms with a significant 33% decrease in the
false-positive risk. A further publication from this study (Guittet et al. 2009a) reported that the gain in
sensitivity from using iFOBT vis gFOBT was proportional to the degree of blood loss from the lesion
and its location. The benefits for cancer detection were restricted to lesion of the rectum.
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In the USA, Allison et al. (2007) prospectively compared two types of FOBTs, a sensitive gFOBT
(Hemoccult SENSA) and a manual iFOBT (Flexsure). A large number of patients (7394 subjects were
eligible for the study) were requested to perform both tests. All patients positive for either FOBTs
were invited to have a total colonoscopy, whereas all patients negative to FOBT were advised to have
a sigmoidoscopy. All cancers occurring during the two years following the test were identified, so that
it was possible to estimate the absolute sensitivity and specificity for detecting advanced neoplasms in
the left colon within two years after the FOBT screening for the two tests administered separately and
in combination. The sensitivity for detecting cancer was 81.8% (95% CI = 47.8% to 96.8%) for the
iFOBT and 64.3% (95% CI = 35.6% to 86.0%) for the gFOBT. The sensitivity for detecting distal
advanced adenomas was higher for gFOBT than for iFOBT 41.3% (95% CI = 32.7% to 50.4%) vs
29.5% (95% CI = 21.4% to 38.9%). PPV was much higher for iFOBT than for gFOBT for distal cancer
(5.2% and 1.5% for iFOBT and gFOBT respectively) and for advanced adenomas (19.1 and 8.9% for
iFOBT and gFOBT respectively). The authors concluded that iFOBT has high sensitivity and specificity
for detecting left-sided colorectal cancer and that it may be a useful replacement for the gFOBT.

The study by Dancourt et al. (2008) compared the performance of a 3-day gFOBT and 2-day iFOBT in
17 215 subjects. For 1205 subjects who participated and had colonoscopy, the PPV for the guaiac and
immunochemical test was respectively 5.9% v 5.2% for cancer and 27.2% and 17.5% for adenoma.

The study by van Rossum et al. (2008) represents a milestone in the comparison of gFOBT with
iFOBT, being the first randomised trial in a population based screening setting. A large humber of
people (20 623) aged 50-75 years were randomised to either gFOBT (Hemoccult 11, Beckman Coulter
Inc. Fullerton, CA, USA) or iFOBT (OC-Sensor). For iFOBT, the standard cut-off of 100 ng/mL was
used. iIFOBTs showed higher compliance than did gFOBTs (56.9% vs 46.9% respectively p<.01). The
positivity rate was significantly higher in iFOBTs compared to gFOBTs (5.0% vs. 2.4% respectively,
p<0.01). Cancer or advanced adenomas were found, respectively, in 11 and 46 of gFOBTs and in 24
and 121 of iFOBTs. The detection rate per 1000 examinations for cancer was 71% higher in iFOBT
compared to gFOBT; the detection rate per 1000 examinations for advanced adenomas was 106%
higher in iFOBT as compared to gFOBT. The number-to-scope to find 1 cancer or 1 adenoma was
comparable between the tests, with the PPV not statistically different. In conclusion, iFOBT compared
to gFOBT demonstrated a higher detection rate with a similar PPV.

The results of these five studies are consistent with data from the first European screening pro-
grammes. The UK Pilot study adopted Hema-screen, a conventional non-rehydrating gFOBT, using
duplicate samples on 3 consecutive stools extended to 2 further sets of 3 stools if indicated. This UK
pilot study gave a positivity rate during the first round of 1.9%. The Detection Rates (DR) for cancer
and neoplasia (cancer and advanced or non-advanced adenoma) were 1.62 in 1000 and 6.91 in 1000
respectively. The PPV for neoplasia was 46.9% in England and 47.3% in Scotland (UK Colorectal
Cancer Screening Pilot Group 2004).

In Italy, a 1-day single sample iFOBT biennial test with positivity cut-off at 100 ng/mL is used in the
regional colorectal cancer programmes. The paper by Zorzi that described Italian screening
programmes showed a quite different outcome to the UK Pilot study (Zorzi et al. 2008). The positivity
rate was relatively high, 5.3% during the first round, the DR for cancer was 3.1 in 1000 (almost two
times the UK figure) and the DR for adenoma was 24.7 in 1000 (more than three times the UK result).
The PPV for neoplasia was slightly higher than that observed in UK pilot study (54% vs 46.9%) (UK
Colorectal Cancer Screening Pilot Group 2004). The Italian programme had adopted a more sensitive
(but less specific) strategy compared to the UK.

Hol et al. (2009) recently reported a randomised comparison of gFOBT (Hemoccult II) and iFOBT (OC-
Sensor) in a population-based trial in the southwest Netherlands (age 50-74 years). For gFOBT, any 1
of 6 windows collected from 3 stools was designated positive and for iFOBT a single result above a
cut-off concentration of 50 ng/mL was designated positive. Test kits were all distributed and returned
by mail. Participants with positive results received colonoscopy. gFOBT positivity was 2.8%, and iFOBT
positivity was 8.1% at a cut-off of 50 ng/mL, 5.7% at 75 ng/mL, 4.8% at 100 ng/mL and 4.0% at 150
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ng/mL. At an iFOBT cut-off concentration of 75 ng/mL, the detection rate for advanced neoplasia was
2x higher than that by gFOBT and was considered to be the optimum cut-off and balance between
detection rate and positivity.

4.4.3 Optimising clinical performance using test cut-off limits &
algorithms

4.4.3.1 Cut-off limits

Until recently it has not been possible to adjust the analytical sensitivity of FOBT tests. This is still not
possible for existing gFOBTS, with the exception of the simple adjunct of hydrating the specimen prior
to testing with Hemoccult SENSA. With Hemoccult SENSA, hydration increases test sensitivity at the
expense of specificity, thereby increasing the false positive rate (Mandel et al. 1993; Ransohoff &
Sandler 2002). Hemoccult and Hemoccult SENSA have been compared in two large studies (Mandel et
al. 1993). As a result of rehydration, the rate of positive results increased more than fourfold, from
2.4 to 9.8%. Sensitivity increased from 80.8% to 92.2% while both specificity and PPV decreased
(specificity: 90.4% rehydrated and 97.7% non-rehydrated. PPV: 2.2 rehydrated and 5.6 non-rehydrat-
ed). In the study by Levin, Hess & Johnson (1997) the positivity rates were 5% and 14.6% and PPV
14% and 7% respectively for the non-rehydrated and the rehydrated. Rehydration using Hemoccult
SENSA increases clinical sensitivity and decreases specificity and positive predictive value. The high
positivity rate of this approach renders it unsuitable for population screening.

With iFOBTSs that provide a numeric result, it is possible to adjust the cut-off limit to obtain an accept-
able compromise between clinical sensitivity and specificity. This manipulation can provide an ade-
quate detection rate from an acceptable cohort of subjects invited for colonoscopy. Several recent
papers have addressed the issue of modifying the faecal haemoglobin cut-off limit of iFOBTs including
the following studies (Sieg et al. 1999; Castiglione et al. 2000; Nakama, Zhang & Zhang 2001;
Castiglione et al. 2002; Launoy et al. 2005; Vilkin et al. 2005; Rozen et al. 2006; Chen et al. 2007; van
Rossum et al. 2009). The data are summarised in Table 4.5. By increasing the positive cut-off limit,
the test sensitivity and positivity rate decreases and specificity and positive predictive values for
colorectal cancer detection increase. It must be appreciated that these studies used different
commercial products with different analytical characteristics, and therefore simple comparisons can be
misleading.

Chen found an analytical cut-off limit range of 100-150 ng/mL faecal haemoglobin in an iFOBT to
provide an acceptable balance between sensitivity and specificity (Nakama, Zhang & Zhang 2001;
Chen et al. 2007). Increasing the cut-off limit to 300 ng/mL brought an increase in specificity that was
small for the corresponding decrease in sensitivity and detection of cancers. A recent study by Rossum
of 6157 50-75 year old Dutch participants and using a single OC-Sensor collection and OC-Micro
analyser concluded that dropping from the standard 100 ng/mL cut-off to 75 ng/mL brought ‘optimal’
results and may be recommended for population screening in the Netherlands (van Rossum et al.
2009). This study also concluded that where colonoscopy capacity is insufficient, a cut-off up to 200
ng/mL would result in minimal false negatives for cancer although more for advanced adenoma. Policy
makers are faced with an arbitrary decision based on the balance between missed cancers/advanced
adenomas and the cost of colonoscopy

4.4.3.2 Number of stool specimens
Several studies have now examined the influence of the number of samples used for testing on clinical

sensitivity and specificity. Allison takes any positive result from 3 stool samples measured using
FlexSure OBT as an indication for referral and shows higher sensitivity for cancer than studies using
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single stool samples (Allison et al. 2007). Unsurprisingly other studies show agreement with that
conclusion (St John et al. 1993; Allison et al. 1996; Knaani & Samuel 1997; Nakama et al. 1999;
Greenberg et al. 2000; Nakama, Zhang & Fattah 2000; Rozen, Wong et al. 2003). Nakama et al. using
Monohaem, showed sensitivities of 89% for cancer with 3 stools compared with 56% for a single stool
(Nakama et al. 1999).

Using Hem-SP, Morikawa showed low sensitivity for cancer using a single-day sample (Morikawa et al.
2005). Rozen et al. (2006) used 3 stools for the OC-Sensor which contrasts with 2-day samples used
in Japan (Nakama, Zhang & Fattah 2000) and 1-day biennial testing performed in Italy (Castiglione et
al. 2002). The relative insensitivity in the Italian study to lesions in the proximal bowel (16.3 vs
30.7%) raises further doubts about the use of a single-day sample. In a study using OC-Sensor in an
at-risk population, Levi et al. (2007) took numeric measurements from three samples and used the
highest concentration of the three as the discriminating factor. Recent studies have taken the average
concentration from 2 stool measurements as the discriminating parameter, an approach that reduces
the positivity rate.

The use of different cut-off limits and different numbers of stool samples illustrates how programme
algorithms can manipulate clinical sensitivities and specificities for the lesions of interest. Chen
describes the use of a cost-effectiveness model as a method of determining the optimal cut-off
concentration for an iFOBT (Chen et al. 2007). In the study by Levi et al. (2007) using an iFOBT OC-
Micro, a scatter plot of 2 consecutive samples showed that of those with cancer or adenomas, 21 of
91 had elevated or markedly elevated faecal blood in one sample but were normal in the other. This is
further evidence of intermittent or variable bleeding, sample heterogeneity or poor sample technique
that will reduce clinical sensitivity. Imperiale (2007) commenting on the paper by Levi in his editorial
in Annals of Internal Medicine (Levi et al. 2007), speculated that concentration-related clinical
sensitivity and specificity could be used to determine post-test risk. If risk was related to subject age
or sex, this would provide more sophisticated criteria for colonoscopy referral than is currently used.

Guittet et al. (2009b), using a cut-off concentration of 20 ng/mL, reviewed the relative effectiveness
of using one sample, one positive from two samples, two positives from two samples or a mean
positive from two samples all measured using the Magstream iFOBT. The study concluded that for any
sensitivity the mean of two results provided the highest specificity, and at any positivity it provided
the highest sensitivity and specificity. It also concluded that one positive from a single specimen was
better than one from two specimens and the cut-off should be adjusted to provide an acceptable
positivity rate.

A recent paper by Grazzini et al. (2009) looks at the clinical outcome of biennial population screening
in 20 596 residents of Northern and Central Italy aged 50-69 years. The study uses OC-Sensor and
compares outcomes from strategies using different cut-off limits (80, 100 and 120 ng/mL), one or two
samples and referral criteria based on either one positive or two positive results. No strategy is singled
out as preferable, although some show limited benefit. Generally, those strategies resulting in more
colonoscopy referrals increase the detection rate, particularly for adenomas, decrease the positive
predictive value and cost more. At the annual Digestive Diseases Week conference in 2010 van Roon
et al. (2010) illustrated the relationship between positivity rate, detection rate, cut-off limits, the
number of samples measured and the use of different algorithms for combining the results. For
positivity rates between 4% and 9% the user can obtain similar clinical outcomes by changing the cut-
off with either one or two samples. The dilemma for a population-screening programme is where to
draw the line between detection rates, cost and the inconvenience and morbidity associated with
colonoscopy. The study showed no significant reduction in uptake for the two-sample strategy, but it
did require the samples to be stored in a refrigerator. The choice is likely to be influenced greatly by
both financial and logistical considerations.
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Table 4.5: Comparison of clinical performance at different cut-off concentrations

Study Nakama, | Castiglione | Castiglione | Launoy & | Lietal. | Vilkin et | Sieg et
Zhang & et al. et al. Berchi (2007) al. al.
Faecal Fattah (2000) (2002) (2005) | Taiwan (2005) (1999)
Hb (2000) Italy Italy France Rozen et | Germany
cut-off Japan (OC- (Latex al.
(ng/mL) Hemodia) aggluti- (2006)
nation) Israel
Test 20 - - - 5.8 - - -
Positivity
(%)
50 6.5 - - 3.1 - - -
75 - - - 2.0 - - -
100 - 3.5 4.2 - 5.5 - -
150 4.1 2.5 3.0 - - - -
200 2.0 2.3 - - - -
300 3.3 - - - - - -
Test 20 - - 85.0 - - -
Sensitivity
(%)
50 89 - 68.0-83.0 |81.5 79.4 -
75 - - 61.0-81.0 |- 76.5 -
100 - 84.0 - 81.5 76.5 -
150 81 78.9 - 69.2 70.6 87
200 - 73.4 - 64.6 64.7 83
300 56 - - - - 78
Test 20 - - 94.0 - -
Specificity
(%)
50 94 - 97.0 89.7 -
75 - - 98.0 93.3 -
100 - 97.2 - 95.3 -
150 96 97.2 - 95.9 -
200 - 97.2 - 96.3 -
300 97 - - - -
PPV for 20 - - - 6.0 - -
CRC (%)
50 8.6 - - 9.0 36.0 -
75 - - - 13.0 45.6 -
100 - 8.8 9.0 - 54.2 -
150 12.6 11.5 11.6 - 54.5 -
200 - 13.9 13.4 - 56.4 -
300 10.8 - - - - -
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4.4.3.3 Sequential testing

Two consecutive diagnostic accuracy studies conducted in Scotland as part of the UK pilot screening
study investigated whether testing individuals with positive gFOBT tests using an iFOBT could be more
effective in selecting those who should receive colonoscopy (Fraser et al. 2006; Fraser et al. 2007) In
both studies the two-tier approach gave very high sensitivities of 95-96% with a negative carrying a
less than 1% chance of invasive cancer. The odds ratio for iFOBT positive subjects of having cancer
was 7.75 (95% CI 1.84-31.4).

A Chinese study (Li et al. 2006) of 324 subjects who had colonoscopy (mean age 53.5+15.3) showed
that an iFOBT following a positive gFOBT had a better specificity for colon cancer detection than
gFOBT (94.2% vs. 75.5%), and with similar sensitivity (93.8% and 95.9% vs. 95.9%, p>0.05).

In a multicentre comparison using different FOBT tests on 554 patients referred for colonoscopy
(mean age 59.8+11.7), a combination test with a highly sensitive gFOBT (Hemoccult SENSA) and an
iFOBT (FlexSure-FS or Hemeselect-HS, Beckman Coulter Inc. Fullerton, CA, USA) showed slightly
reduced sensitivity but significantly fewer false-positive tests than any single test (Greenberg et al.
2000). The specificity of SENSA/FS (95.7%, p=0.03) and SENSA/HS (95.2%, p=0.07) for the
detection of colorectal cancer were each greater than that of any individual test.

4.4.3.4 Participation rate and choice of test

Factors that influence participation rate (uptake) are addressed in Chapter 2 (Sect. 2.4, 2.5.1.1 and
2.5.1.2). Whilst many studies have reported the effect on compliance of different test devices and
sampling permutations, some of these are contradictory and many reflect local circumstances. Whilst
the analytical methodology, gFOBT vs. iFOBT, will not directly influence compliance, the influence of
test methodology on the method of sampling, the number of samples required, a requirement for
dietary restriction and the improved clinical outcome will all have a bearing on uptake. The magnitude
of the influence will depend on local circumstances. Well-conducted randomised trials have clearly
demonstrated that better compliance can be achieved using current iFOBTs than with gFOBTS, but the
major influencing factor(s) remain a matter of speculation. In his recent paper Grazzini makes the
important observation that, in a biennial screening programme looking for a slow growing adenoma,
greater compliance over the long term might be more important than a higher detection rate on a
single screen (Grazzini et al. 2009).

4.4.4 Recommendations

Screening algorithm:
e Sample and test numbers

Few studies have examined the number of stool specimens necessary to optimise the diagnostic
performance of FOBT. Consideration should be given to using more than one specimen together
with criteria for assigning positivity which together provide a referral rate that is clinically,
logistically and financially appropriate to the screening programme. The clinical sensitivity and
specificity of testing can be modified depending on how the test data are used. Guaiac-based
tests typically use 3 stools, but an algorithm using additional tests can be used to adjust clinical
sensitivity and specificity (Sect. 4.4.3.2, 4.4.3.1) (III - C).Rec45
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The choice of a cut-off concentration to be used in an immunochemical test to discriminate
between a positive and negative result will depend on the test device chosen, the number of
samples used and the algorithm adopted to integrate the individual test results. Whilst an
increasing number of studies are reporting the experience of different algorithms, local conditions,
including the effect on sample stability of transport conditions, preclude a simple prescribed
algorithm at this time. Adoption of a test device and the selection of a cut-off concentration
should follow a local pilot study to ensure that the chosen test, test algorithm and transport
arrangements work together to provide a positivity rate that is clinically, logistically and financially
acceptable (Sect. 4.4.3.1, 4.4.3.2) (VI - A).Rec46

Determining test positivity

Maximisation of uptake - Influencing factors associated with the test kit

The choice of the test kit must be influenced by factors that enhance accessibility and uptake (see
below and Sect. 4.2.3 and 4.2.4; see also Ch. 2, Rec. 2.14, Sect. 2.5.1.1) (II - A):Rec414

Dietary restrictions

In order to enhance participation in screening, test kits should not require dietary restrictions (Ch.
2, Rec. 2.17, Sect. 2.5.1.1; 4.3.2.1 and 4.3.2.3) (II - A).

Kit design

The design of a test kit should make it acceptable to the target population (see Ch. 2, Rec. 2.14,
Sect. 2.5.1.1, 4.2.3 and 4.2.4) (II - A).

Simple and clear instructions

A clear and simple instruction sheet should be provided with the test kit (Ch. 2, Rec. 2.16, Sect.
2.5.1.1; Sect. 4.2.3 and 4.2.4) (V - A).

4.5 Conclusions

Although it is difficult to draw simple conclusions from the variety of different tests and study settings,
we can conclude that iFOBT, in comparison with grFOBT:

Has no need for dietary restriction;

Has a major problem with sample instability, and collected samples should preferably be kept cool
and returned immediately for analysis;

Provides a greater participation rate than gFOBT;

Needs a smaller number of stool samples than gFOBT;

Shows a greater relative sensitivity than gFOBT;

Shows a greater sensitivity for the detection of advanced adenomas than gFOBT;
Has a higher recall rate than most gFOBTS;

Has a PPV similar to those obtained with most gFOBTS;

Provides an opportunity of using a numeric threshold to find the most appropriate balance
between sensitivity and specificity (i.e. between detection rate and positivity to the test); and

Allows the opportunity to balance recall and detection rates providing each country with the tools
to implement a colorectal cancer screening programme that will meet local healthcare expecta-
tions within available resources.
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Guiding principles for a colorectal screening
endoscopy service

People undergoing endoscopy, whether for primary screening, for assessment of abnormalities
detected in screening, for assessment of symptoms, or for surveillance, should have as good an
experience as possible, permitting them to encourage screening, assessment and surveillance of
appropriate quality to their friends, family and colleagues.

The provision of the service must take into account the perspectives of endoscopists and public
health to ensure that the experience is high-quality, safe, efficient as well as person-oriented.

Provision of screening should take account of historic development within different local and cul-
tural contexts.

The provision of primary screening endoscopy is less complex than follow-up endoscopy (of
screen-positives) primarily because of the lower frequency of high-risk lesions in primary screen-
ing endoscopy.

The introduction of screening must not compromise endoscopy services for symptomatic patients.

Screening and symptomatic (diagnostic) services should achieve the same minimum levels of
quality and safety.

Wherever possible the quality assurance required for screening should have an enhancing effect
on the quality of endoscopy performed for symptomatic patients and for other reasons.

Screening and diagnosis of appropriate quality requires a multidisciplinary approach to diagnosis
and management of lesions detected during endoscopy.
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Recommendations?

Planning and location of endoscopy services

5.1

5.2
5.3

5.4
5.5

5.6
5.7

5.8

When implementing high-volume primary screening endoscopy consideration should be given
to locating services in convenient locations for participants (VI - B).Set 314

Screening services should be provided in proximity to clinical services (VI - C).Se<t 5-1:2

The planning of screening services should take account of the frequency of high-risk lesions in
the screening population and the competencies and equipment required to remove these le-
sions safely and completely (III - B).Set>1:2

The referral rate for excision of high-risk lesions should be audited (VI - B).Se<t 5:1-2

The clinical lead of the screening service should be satisfied that staff have the necessary com-
petencies, that the equipment is sufficient to perform the necessary procedures and that ad-
verse events can be dealt with effectively (VI - A),Sect5-1-2

Equipment and training needs should be assessed before screening begins (VI - A).Sect 5:1-2

The impact of demand from screening on waiting times for symptomatic patients should be
assessed to ensure that there is sufficient planned new capacity to avoid inappropriately long
waiting times for symptomatic patients (VI - A).Se<t 5:1-5

Any screening service, regardless of setting, should make an assessment of the risk of adverse
events and develop the capability to respond to emergencies (VI - A).Sect 518

Infrastructure and equipment

5.9

5.10

5.11

5.12

5.13

5.14
5.15

5.16
5.17

5.18

The infrastructure of an endoscopy unit must include facilities for pre-procedure assessment
and recovery, and be designed to allow good patient flow in order to maximise efficiency
(VI - B) Sect 5.1.6

The environment must have sufficient privacy to maintain the dignity of patients
(VI - B).Sect 5.1.6; 5.3.6

The volume of equipment should match the demand put upon it to maximise efficiency and
avoid patient delays (VI - B).5e<t 543

Video endoscopes with the facility for focal application of dye are required for the detection and
assessment of high-risk colorectal lesions (III — B).5e<t 54:3

There should be an adequate supply of accessories suited to the endoscopic interventions un-

dertaken within the unit (VI - B).5et 543
National policies on the use of re-usable accessories should be adopted (VI - B).5et54-3

There should be properly maintained resuscitation equipment in the endoscopy room and re-
covery area (VI - B),Sect 5:4:3; 5.5.2

Maintenance of equipment should be undertaken by competent staff (V - A).Set 543

There should be regular review of the functioning and cleansing of all endoscopes, according to
national or pan-European guidelines containing accepted, published recommendations and
standards (VI - B).Sect54:3

The results of the review should be available at all times in the endoscopic unit (VI - A).
Sect 5.4.3

Sect (superscript) after each recommendation in the list refers the reader to the section/s of the Guidelines deal-
ing with the respective recommendation.

Rec (superscript) throughout the chapter refers to the number of the recommendation dealt with in the preced-
ing text.
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Preparation of the patient and aftercare

5.19

5.20

5.21

5.22

5.23

5.24

5.25

5.26

5.27

5.28

Follow-up colonoscopy after positive screening (any modality) should be scheduled within 31

days of referral (acceptable >90%, desirable >95%). (See also Ch. 3, Rec. 3.16) (VI - B).5¢
5.3.5; 3.3.4

Each endoscopy service must have a policy for pre-assessment that includes a minimum data
set relevant to the procedure. There should be documentation and processes in place to sup-
port and monitor the policy (see also Ch. 10, Rec. 10.28) (III - B).Sect 5:3.2; 10.4.3

Bowel preparation for screening flexible sigmoidoscopy should involve a single procedure, ei-
ther enema or oral preparation (II). A single self-administered enema seems to be the pre-
ferred option, but cultural factors should be taken into account, and patient preferences should
be assessed (see also Ch. 2, Rec. 2.20) (II - B).Set- 533

To date no single bowel preparation for colonoscopy has emerged as consistently superior over
another (I) although sodium phosphate may be better tolerated and it has been shown that
better results are obtained when the bowel preparation is administered in two steps (the eve-
ning before and on the morning of the procedure) (II). It is therefore recommended that there
should be colonic cleansing protocols in place and the effectiveness of these should be moni-
tored continuously (VI - A),Sect5:3-3

Several providers of bowel preparation close to the target population should be available when
a patient is required to reach health or community facilities to obtain the preparation. Clear and
simple instruction sheets should be provided with the preparation. For flexible sigmoidoscopy
screening, organisational options should include the possibility of having the enema adminis-
tered at the endoscopy unit. (See Ch. 2, Rec. 2.21) (VI - B).Se<t 533

Cleansing solution containing mannitol or other malabsorbed carbohydrates (e.g. sorbitol) must
be avoided in the preparation of the colon because of the risk of explosion with electrocautery
(III - A).Sect 5.4.4

The endoscopy service must have policies that guide the consent process, including a policy on

withdrawal of consent before or during the endoscopic procedure (see also Ch. 10, Rec. 10.29)
(VI - B).Sect 5.3.1; 10.4.3

Before leaving the endoscopy unit, patients should be given a verbal explanation of the results
of their procedure; they should also be given written information to support the verbal explana-
tion (see also Ch. 10, Rec. 10.30) (VI - A).Sect 5:5:3; 10.4.3

The outcome of screening examinations should be communicated to the primary care doctor
(or equivalent) so that it becomes part of the core patient record (see also Ch. 10, Rec. 10.31)
(VI - B).Sect 5.5.5; 10.4.3

There should be pre-defined clinical pathways for individuals found to require further inter-
vention for cancer, including pT1 cancers, incompletely-removed lesions and difficult-to-remove
lesions; as well as for incomplete examinations; and for individuals requiring further surveil-
lance. (See Sect. 5.4.4 and Ch. 8, Sect. 8.3.6 and Ch. 9). In addition, failsafe mechanisms must
be in place to ensure that these interventions occur (I - B).Se<t 5:5:5

Endoscopic technique

5.29

5.30

5.31
5.32

There should be local policies and processes in place to optimise sedation and patient support
in order to maximise tolerance and minimise risk of complications (I - B).5et 544

Because there is no clear benefit from a particular approach (I), and for practical reasons it is
recommended that policies on the use of sedation should be adopted according to protocols
based on national or pan-European guidelines, and must take into account historical context,
the impact on the patient experience and costs (I - B).Se<t 513

Carbon dioxide insufflation is recommended for colonic endoscopic procedures (I - A).Sect 544

Carbon dioxide insufflation should be avoided in patients with COPD, known CO, retention or
reduced pulmonary function (VI - A),5e<t 344
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5.33

5.34

5.35

5.36

The utilisation of magnetic endoscope imaging (MEI) technology may be considered for pa-
tients requiring colonoscopy, particularly when little or no sedation is used (II - B).Set 542

The use of variable stiffness colonoscopes is recommended for screening colonoscopy
(I - B) Sect 5.4.2

To achieve a high-quality colonoscopic examination it is necessary to perform a complete intu-
bation of the colon and to carefully inspect the mucosa during withdrawal (I - A).Sect5:4-5-1

If the endoscopist doubts whether he/she is able to remove a high-risk lesion, the lesion must
be appropriately documented and, if necessary, its position marked with a tattoo. The patient
should then be referred elsewhere to have the lesion removed endoscopically or surgically
(VI - A).Sect 5.1.2

Performance of endoscopists and quality improvement

5.37

5.38

5.39

5.40

5.41

5.42
5.43

5.44

5.45

5.46

5.47

It is recommended that the annual number of procedures performed by an endoscopist is re-

corded to ensure that the sample size for key performance indicators is sufficient (III - A).5et
5.4.5.1

Each endoscopist participating in a colorectal cancer screening programme should undertake to
perform at least 300 procedures per year to ensure there is a sufficient sample size to assess
competence. A higher volume of procedures is desirable (III - B).Sect 5:4-5-1

Services should be planned such that individual endoscopists achieve a desirable volume of
procedures (>300/year) (III - B),Sect 5:1:2 5:4.5.1

There should be auditable photo documentation of completion, preferably a panoramic image

of the ileo-caecal valve and caecum, or a video clip with a respective snapshot (VI - A).
Sect 5.4.5.1

The unadjusted caecal intubation rate should be a prime indicator of quality of colonoscopy.

The acceptable standard is >90%; >95% is desirable (see also Ch.3, rec. 3.11) (III - A).5e*
5.4.5.1; 3.3.2; 3.3.3

There should be documentation and review of reasons for failed completion (III - B).Se<t 5:4-5:1

Screening programmes should adopt a minimum set of outcomes to determine the quality of
inspection of the colonic mucosa (VI - A).Sect 5:4:5:1

It is recommended that unplanned hospital admission on the same day as the endoscopic pro-

cedure be a key adverse outcome. Reasons for admission should be documented (III - A).Se
5.4.5.2

Endoscopic services must have processes in place to identify and record adverse outcomes oc-
curring after the patient leaves the endoscopy unit (VI - B).5e<t 5:4-5:2

All screening programmes should have processes in place for monitoring, auditing, reviewing
and acting upon key auditable outcomes and quality indicators (III - A).Set5-2

All endoscopists and centres performing endoscopy should participate in a continuous quality
improvement programme, including tracking of quality and safety indicators for individual en-
doscopists. This should include action plans, for both endoscopists and staff, for addressing
suboptimal performance (VI - A).Set>-17

Policies and processes

5.48

5.49
5.50

150

Decontamination policies and procedures should be compliant with national or pan-European
guidelines containing accepted, published recommendations and standards. The policies should
be available in the endoscopy department and updated regularly (VI - A).Se<t 54-1

Decontamination processes should be audited against defined indicators (VI - A).Sect 541

The endoscopy unit should create and regularly review clinical guidelines, policies and proc-
esses, taking into account relevant national or pan-European guidelines (VI - B).5e<t5-¢
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5.1 Effect of screening modality on the provision
of endoscopic services for screening

5.1.1 Clinical setting

Colonoscopy is the recommended test for follow-up investigation for individuals who have tested posi-
tive with other CRC screening tools (FOBT, Flexible sigmoidoscopy (FS), and also in experimental
studies assessing potential screening tools, e.g. DNA faecal markers and CT colonography). High-
quality endoscopy (colonoscopy and flexible sigmoidoscopy (FS)) is also used in some Member States
as a screening tool for colorectal cancer. The frequency of endoscopy when used as a primary screen-
ing tool will be much higher than endoscopy used as a follow-up investigation of another screening
test. Thus the phrase ‘high-volume screening endoscopy’ will be used to refer to endoscopy used as a
primary screening tool and ‘low-volume screening endoscopy’ will be used to refer to follow-up endo-
scopy. However, it is recognised that if the test positivity rate in a FOBT screening programme is high
a large volume of colonoscopies will be generated. The key practical difference of these high- and
low-volume populations requiring endoscopy in a screening context is the probability of identifying
and nature of high-risk lesions (see below).

The setting in which the endoscopic procedure will be performed will be determined by:
e quality and safety determinants;

e the need for sedation;

e patient-orien