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Guidelines 1

Background
!

According to the most recent estimates by the In-
ternational Agency for Research on Cancer [33]
colorectal cancer (CRC) is the most common can-
cer in Europewith 432 000 newcases inmen and
women reported annually. It is the second most
common cause of cancer deaths in Europe with
212000 deaths reported in 2008. Worldwide CRC
ranks third in incidence and fourth in mortality
with an estimated 1.2 million cases and 0.6 mil-
lion deaths annually. The European Union (EU)
recommends population-based screening for
breast, cervical and colorectal cancer using evi-
dence-based tests with quality assurance of the
entire screening process including diagnosis and
management of patients with screen-detected le-
sions [25]. The EU policy takes into account the
principles of cancer screening developed by the
World Health Organization [128] and the exten-
sive experience in the EU in piloting and imple-
menting population-based cancer screening pro-
grammes [123]. Screening is an important tool in
cancer control in countries with a significant bur-
den of CRC, provided the screening services are
high quality [124]. The presently reported multi-
disciplinary, evidence-based guidelines for quali-
ty assurance in colorectal cancer screening and

diagnosis have been developed by experts and
published by the EU [107].

Methods
!

The methods used are described in detail else-
where in this supplement [79]. Briefly, a multidis-
ciplinary group of authors and editors experi-
enced in programme implementation and quality
assurance in colorectal cancer screening and in
guideline development collaborated with a litera-
ture group consisting of epidemiologists with
special expertise in the field of CRC and in per-
forming systematic literature reviews. The litera-
ture group systematically retrieved, evaluated
and synthesized relevant publications according
to defined clinical questions (modified Patient-
Intervention-Comparison-Outcome-Study meth-
od). Bibliographic searches for most clinical ques-
tions were limited to the years 2000 to 2008 and
were performed on Medline, and in many cases
also on Embase and The Cochrane Library. Addi-
tional searches were conducted without date re-
strictions or starting before 2000 if the authors
or editors who were experts in the field knew
that there were relevant articles published before
2000. Articles of adequate quality recommended
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Multidisciplinary, evidence-based guidelines for
quality assurance in colorectal cancer screening
and diagnosis have been developed by experts in
a project coordinated by the International Agency
for Research on Cancer. The full guideline docu-
ment covers the entire process of population-
based screening. It consists of 10 chapters and
over 250 recommendations, graded according to
the strength of the recommendation and the sup-
porting evidence. The 450-page guidelines and
the extensive evidence base have been published
by the European Commission. The chapter on fae-

cal occult blood testing includes 21 graded re-
commendations. The content of the chapter is
presented here to promote international discus-
sion and collaboration by making the principles
and standards recommended in the new EU
Guidelines known to awider professional and sci-
entific community. Following these recommen-
dations has the potential to enhance the control
of colorectal cancer through improvement in the
quality and effectiveness of screening pro-
grammes and services.
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by authors because of their clinical relevance were also included.
Only scientific publications in English, Italian, French and Span-
ish were included. Priority was given to recently published, sys-
tematic reviews or clinical guidelines. If systematic reviews of
high methodological quality were retrieved, the search for pri-
mary studies was limited to those published after the last search
date of the most recently published systematic review, i. e. if the
systematic review had searched primary studies until February
2006, primary studies published after February 2006 were
sought. If no systematic reviews were found, a search for primary
studies published since 2000 was performed.
In selected cases references not identified by the above process
were included in the evidence base, i. e. when authors of the
chapters found relevant articles published after 2008 during the
period when chapter manuscripts were drafted and revised prior
to publication. The criteria for relevance were: articles concern-
ing newand emerging technologieswhere the research grows ra-
pidly, high-quality and updated systematic reviews, and large
trials giving high contribution to the robustness of the results or
allowing upgrading of the level of evidence.
The methodological quality of the retrieved publications was as-
sessed using the criteria obtained from published and validated
check lists. Evidence tables were prepared for the selected stud-
ies. The evidence tables, clinical questions and bibliographic lit-
erature searches are documented elsewhere [78].
In the full guidelines document prepared by the authors and edi-
tors [107] over 250 recommendations were formulated according
to the level of the evidence and the strength of the recommenda-
tion using the following grading scales.

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

sample size, or systematic reviews (SRs) of RCTs
II one RCTof reasonable sample size, or 3 or less RCTs with small

sample size
III prospective or retrospective cohort studies or SRs of cohort

studies; diagnostic cross-sectional accuracy studies
IV retrospective case-control studies or SRs of case-control

studies, time-series analyses
V case series; before/after studies without control group, cross-

sectional surveys
VI expert opinion

Strength of recommendation:
A intervention strongly recommended for all patients or

targeted individuals
B intervention recommended
C intervention to be considered but with uncertainty about its

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

Results
!

Twenty-one graded recommendations are provided in Chapter 4.

Recommendations1
!

Guaiac faecal occult blood tests (gFOBT)
4.1 Guaiac faecal occult blood tests (gFOBT) have proven char-

acteristics that make them suitable for population screen-
ing. They lack the analytical specificity and sensitivity of
immunochemical tests, their analysis cannot be automa-
ted 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 de-
pending on local labour costs, the mechanism of kit distri-
bution and collection and reduced sample stability in im-
munochemical testing, they might prove more practicable
and affordable than immunochemical testing (I–B).Sect 4.2.4;
4.2.7; 4.3; 4.4.2

Faecal immunochemical tests for haemoglobin (FIT)
4.2 Immunochemical tests have improved test characteristics

compared with 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 charac-
teristics including ease of use by the participant and la-
boratory, suitability for transport, sampling reproducibil-
ity and sample stability are all important when selecting
the FIT most appropriate for an individual screening pro-
gramme (II–A).Sect 4.2.5; 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 popu-
lation 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 significant-
ly shorter. Until more stability data are published, screen-
ing 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 tempera-
tures for long periods of time (III–A).Sect 4.3.3.2; 4.3.4

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 usingmore than one spe-

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

* The first digit of the section numbers and recommendation numbers refers
to the respective chapter in the guidelines. For Chapters 1 to 3 see: [65,76,
84] and for Chapters 5 to 10 see: [118,115,92,114,7,8], respectively.
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cimen together with criteria for assigning positivity to
provide a referral rate that is clinically, logistically and fi-
nancially appropriate to the screening programme. The
clinical sensitivity and specificity of testing can be modi-
fied 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).Sect 4.4.3.2; 4.4.3.1; 4.4.4

▶ Determining test positivity
4.6 The choice of a cut-off concentration to be used in an im-

munochemical 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 differ-
ent 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 algo-
rithm and transport arrangements work together to pro-
vide a positivity rate that is clinically, logistically and fi-
nancially acceptable (VI–A).Sect 4.4.3.1; 4.4.3.2; 4.4.4

Test interference
▶ Dietary restriction
4.7 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 po-
tential for dietary interference is significantly less for im-
munochemical tests. With the qualification that a diet pe-
culiar 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 immunochem-
ical tests (II–D).Sect 4.3.2.1; 4.3.2.3; 4.3.4

▶ Drug restriction
4.8 Interference from bleeding associated with drugs such as

aspirin, nonsteroidal anti-inflammatory drugs and antic-
oagulants (e.g. warfarin) present potential interference in
both guaiac and faecal immunochemical tests for haemo-
globin. Although the literature carries some contradictory
reports of the effect of anticoagulants on screening out-
come, drug restriction is not recommended for population
screening programmes using either guaiac-based or im-
munochemical tests (III–D).Sect 4.3.2.2; 4.3.2.3; 4.3.4

Faecal sampling/collection system
4.9 Many factors influence the uptake and reliability of sample

collection. Inappropriate implementation can result in
grossly misleading results. No single collection method is
supported by the literature; however, the following factors
should be considered when selecting a device for taking
samples in population screening:
▶ The distribution process should be reliable and reach all

selected subjects.
▶ The laboratory should be able to identify the subject ID

on the test device unambiguously, perhaps using a suit-
able barcode.

▶ The laboratory should be able to check the manufactur-
er’s device expiry date on each returned device.

▶ The instructions for using the device must be simple and
clear.

▶ The device should to be simple and easy to use by the
target population.

▶ The device should leave minimal opportunity for collec-
tion error.

▶ The device should facilitate consistency in the volume of
sample collected.

▶ The device/instructions should discourage inappropriate
repeat sampling into/onto the sample device.

▶ Misuse of the device by participants should not cause loss
of sample buffer.

▶ The system should not be susceptible to interference
from toilet bowl disinfectants, etc.

▶ 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.

▶ 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 la-
belling 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
▶ Number of laboratory sites
4.10 Population screening necessitates the receipt, measure-

ment and recording of thousands of tests each day. The
samples should be analysed without delay to avoid further
sample degradation and avoid an increase in false negative
results. Interlaboratory 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, analy-
tical and quality standards and shared staff training. The a-
nalysis 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

▶ Laboratory staff
4.11 All laboratories providing population screening should be

led by a qualified clinical chemist who is trained and ex-
perienced in the techniques used for analysis and with
clinical quality assurance procedures (VI–B).Sect 4.3.3.4; 4.3.4

▶ Laboratory accreditation and quality monitoring
4.12 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_ca-
talogue.htm). The laboratories should perform internal
quality control (IQC) procedures and participate in an
appropriate external quality assessment scheme (EQAS)
(VI–B).Sect 4.3.3.4

▶ Distribution of FOBT kits by mail
4.13 Distribution and receipt of FOBT kits using local postal ser-

vices can be an effective means of reaching the designated
population (Ch. 2 [76], Rec. 2.15) (II–B). Sect 2.5.1.1; 4.2.1; 4.3.3.4
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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 [76],
Rec. 2.14) (II–A):Sect 4.2.3; 4.2.4; 4.4.4

▶ Dietary restrictions
In order to enhance participation in screening, test kits
should not require dietary restrictions (Ch. 2 [76], Rec.
2.17) (II–A).Sect 4.3.2.1; 4.3.2.3; 4.4.4; 2.5.1.2

▶ Kit design
The design of a test kit shouldmake it acceptable to the tar-
get population (see Ch. 2 [76], 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 [76], Rec. 2.16) (V–A).Sect 4.2.3; 4.2.4;

4.4.4; 2.5.1.1

Identification of participants and test results
4.15 Automated check protocols should be implemented to en-

sure correct identification of the screened population and
complete and accurate recording of individual screening
participation and test results (see Ch. 2 [76], Rec. 2.18)
(VI–A).Sect 4.3.4; 2.5.1.3

Classification of test results
4.16 Protocols should be implemented to ensure standardised

and reliable classification of the test results (Ch. 2 [76],
Rec 2.19) (VI–A).Sect 4.3.4; 2.5.1.3

Quality Assurance
▶ Quality assurance of gFOBT testing
4.17 Whilst an immunochemical test is recommended, pro-

grammes that adopt a traditional guaiac test need to apply
additional laboratory quality procedures. To minimise
variability and error associatedwith visual test reading, in-
cluding manual results input, the following procedures
should be considered (VI–B):Sect 4.3.3.4; 4.3.4

▶ Use of appropriate temperature, artificial lighting and
neutral-coloured walls in the reading laboratory;

▶ Use of a national laboratory training programme to
prosper consistency of interpretation;

▶ A blinded internal QC check each day for each analyst
before commencing testing;

▶ Adoption of a monitoring programme to identify
operator-related analytical performance (e.g. positivity
variability and bias); and

▶ Double entry of test results
▶ Quality assurance of FIT testing
4.18 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 ana-
lytical accuracy and precision across the measurement
range with particular emphasis at the selected cut-off lim-
it. Rigorous procedures need to be agreed and adopted on
how internal quality control data are interpreted and how
the laboratory responds to unsatisfactory results. Perform-
ance data, both internal quality control and external qual-
ity assessment data, should be shared and reviewed by a
quality assurance team working across the programme.
Sufficient instrumentation should be available to avoid de-

lays in analysis due to instrument failure or maintenance
procedures (VI–B).Sect 4.3.3.4; 4.3.4

▶ External quality assessment
4.19 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 popula-
tion screening (III–B).Sect 4.3.3.4; 4.3.4

▶ Outcome monitoring
4.20 All aspects of laboratory performance in respect of the

screening test should be part of a rigorous quality assur-
ance system. Uptake, undelivered mail, time from collec-
tion to analysis, analytical performance (internal QC and
external QA), positivity rates, lost & spoilt kits and techni-
cal failure rate, technician performance variability and bias
should each be subject to rigorous monitoring (VI–A).Sect
4.3.3.4; 4.3.4

▶ Quality of information
4.21 The proportion of unacceptable tests received for meas-

urement 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 [84], Rec. 3.9) (III–A).Sect 4.3.4; 3.3.2

4.1 Introduction
!

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, which
could be safely and cheaply transported to a centralised labora-
tory for accurate, reproducible, and cheap automated analysis.
None of the currently available tests fully meet all of those crite-
ria.
That colorectal cancers and adenomatous polyps bleed, be it to
varying degrees and perhaps intermittently, has provided faecal
blood haemoglobin as the biomarker of choice for current screen-
ing programmes. The presence of blood in faeces can be due to
pathological conditions other than neoplasia, from physiological
blood loss of between 0.5 and 1.0mL/d [80], fromvigorous brush-
ing of gums and from dietary constituents such as meat andmeat
products [34].
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 screen-
ing test has been demonstrated in three randomised controlled
trials [48, 63, 77]. The test detects the haem component of hae-
moglobin, which is identical across human and animal species
and is chemically robust and only partially degraded during its
passage through the gastrointestinal tract. gFOBTs provide little
specificity for lesions of the distal intestinal tract and cannot dis-
tinguish between human blood and blood residues from the diet.
The analytical sensitivity of gFOBTs to haemoglobin can be in-
creased by hydrating the sample before analysis; however this
brings little benefit because increased clinical sensitivity is ac-
companied by decreased clinical specificity. More subtle adjust-
ment to the analytical sensitivity of gFOBTs is not technically pos-
sible, and screening programmes must configure their pro-
gramme algorithm (the required number of stool samples and
the required number of positive test spots) and secondary inves-
tigations, usually colonoscopy, to meet the gFOBT positivity rate.

Halloran SP et al. Faecal occult blood testing – Chapter 4… Endoscopy 2012; 44: 1–23

Guidelines4
En

d
o
sc
o
py

"4
50

",
3.
8.
12

,s
ei
te
n
w
ei
se

█ Proof copy for correction only. All forms of publication, duplication or distribution prohibited under copyright law. █



A significant technical enhancement to the simple guaiac test for
blood is achieved by using an antibody (immunoglobulin) specif-
ic 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 fertility, pregnancy and drug tests.
Whilst the haem component of blood is common to all species,
globin is conveniently species-specific, so faecal immunochem-
ical tests for haemoglobin, or FIT should not be subject to interfer-
ence from dietary blood. Detection of globin also confers the ad-
vantage of making the test more specific to bleeding from the
distal gastrointestinal tract, since protease enzymes gradually
digest blood from the proximal tract during its passage through
the intestine, rendering it less likely to be recognised by the anti-
bodies used in an FIT.
Immunochemical technology enables detection of blood at lower
concentrations than gFOBTs and therefore increases clinical sen-
sitivity by detecting smaller blood losses from small or intermit-
tently bleeding lesions. Whilst improved analytical specificity re-
duces false-positive tests from dietary blood, their increased ana-
lytical sensitivity means that small losses from inflammatory dis-
eases or physiological sources will bring new false-positives with
a higher positivity rate and decreased specificity. Several newer
FIT have the ability to adjust and set the cut-off concentration
abovewhich the device will report a positive result. These adjust-
ments are made on an instrument reader, and such instruments
can provide the additional and important opportunity of auto-
mating the process. Examples of products with these characteris-
tics are the OC-Sensor Diana, Eiken Chemical Co., Tokyo, Japan, and
the SENTiFOB, Sentinel Diagnostics SpA, Milan, Italy.
Population screening for colorectal cancer can now benefit from
tests that have an adjustable detection limit and have the effi-
ciencies and analytical reproducibility facilitated through auto-
mated analysis; currently only FIT 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 EUmail 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 pathologies or physiological sour-
ces of the biomarker

3. Minimal analytical or biological interference (e.g. diet
and drugs)

III. 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
III. 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 population who have early-stage
colorectal cancer or adenoma and are amenable to successful
treatment [128]. The screening test must also show adequate dis-
crimination 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 identify only the number of
participants that is logistically and financially acceptable for re-
ferral to colonoscopy clinics.
When interpreting the clinical sensitivity and specificity of tests
described in the literature, it is important 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 gFOBTs and FIT. 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 [80] of the effect of non-ster-
oidal anti-inflammatory drugs (NSAIDs) on blood loss showed a
normal daily loss in 1000 participants of less than 1mL/d. Blood
losses greater than 1mL/d may be seen following vigorous brush-
ing 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 2mL/d, which increases to 5mL/d
in 5% and 10mL/d or more in 1% of those taking larger doses.
Large daily aspirin doses of 1800mg or more, cause daily blood
losses of between 5mL/d and 10mL/d. Other chronic inflamma-
tory conditions of the gastrointestinal tract including inflamma-
tory bowel disease, colitis, Crohn’s disease and perianal lesions
also increase blood loss.
Macrae & St. John [75] showed the close relationship between
adenoma size and blood loss using 51-chromium-labelled red
cells. Levi et al. [68] used the FIT 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.
[36] demonstrated a clear relationship between increasing faecal
blood concentration, measured with the FOB Gold FIT, and
pathological change in 375 fresh samples from participants of
the Scottish programme. Ciatto et al. [20] used the FIT 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
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a matter of conjecture whether all early-stage cancers bleed and
whether they bleed intermittently, dependent perhaps upon on
the mechanics of the gastrointestinal tract and the passage of di-
gested foodstuffs. Intermittent or variable blood loss partially ex-
plains why the less-sensitive guaiac tests do not show consistent-
ly positive test 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 bru-
shes. Whilst most kits require the sample to remain away from
the water in the toilet bowl before sampling, other devices sam-
ple thewater that surrounds the stool. Many systems accept sam-
ples taken from toilet tissue paper. One RCT [23] showed that
different sampling techniques can change FOBT screening com-
pliance and two cross-sectional studies [29,44] reported infor-
mation on preference among different types 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 proce-
dures with complex instructions greatly aggravate the inherent
difficulties in collecting faecal samples.
Effective sampling is also important to the reliability of the test.
Whilst the composition of faecal samples is affected by intestinal
transit time, stool consistency [95], undigested foodstuffs and
variable sample volume will also add to poor test performance.
A technique that enables the sample to reflect blood throughout
the stool is preferable and so a probe that can be inserted into
various parts of the stool or a spatula or brush that enables collec-
tion of material across a large surface area must be better than
single point sampling [23,111,132]. A well-designed RCT con-
ducted in Australia on 1818 urban residents, aged 50–69 years,
compared the participation rate of three screening cohorts [23].
The invited population used awooden 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 signifi-
cantly higher in the InSure group (Hemoccult SENSA: 23.4%,
FlexSure: 30.5%, InSure: 39.6% χ2=37.1, p<0.00001). In a UK
cross-sectional study [29] 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 ac-
ceptability 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 [44] 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 vol-

ume 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 win-
dow. 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 FIT, the latter two having
devices that make use of a serrated probe. This collection method
is used only for immunochemical devices and the probe surface,
the number and depth of the groves in the serrated probe and the
size of the hole throughwhich the probe is insertedwill 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 sys-
tem.

4.2.4 Guaiac faecal occult blood test – gFOBT
The guaiac-based FOBT is still a commonly used method for de-
tecting blood in faeces. The method exploits the pseudoperoxi-
dase properties of the haemmoiety 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 vi-
tae). The reaction produces a compound with a quinine structure
that rearranges by two-fold electron transfer to produce an un-
stable blue bis-methylene quinone dye.
Guaiac is still manufactured by extraction from tree resin and is
therefore susceptible to batch variation. Batch variation is poten-
tially 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 Car-
ibbean and is subject to Appendix II of the Convention on Inter-
national Trade in Endangered Species (CITES) [60]. This is an in-
ternational 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 per-
mit certifying that they are legally obtained and that export will
not be detrimental to the survival of the species.
In all current guaiac-based devices, the guaiac is absorbed into fil-
ter paper containedwithin a cardboard 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.
Themass of the faecal sample will be influenced by the size of the
application window and the thickness of the cardboard sur-
rounding 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 man-
ufacturer, typically 30–60 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 high-
light 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.
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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
directions must be clear so that the sample is applied to the cor-
rect window. The design of the sample applicator needs to facili-
tate easy sample transfer and be suitable for the particular design
of the kit. The size of the test window and the applicator must
match to minimise marked under- or over-application 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 de-
tection) of between 0.3 and 1mg Hb/g of faeces, but this will be
affected by the sample loading levels and the time between col-
lection and testing. The guaiac test can be made more sensitive
(0.15mg Hb/g) by hydrating the sample on the test kit before
adding hydrogen peroxide; that is the principal use in the He-
moccult Sensa, Beckman Coulter Inc. Fullerton, CA, USA.

4.2.5 Immunochemical tests – FIT
Unlike gFOBT, the utility of faecal immunochemical tests for hae-
moglobin (FIT) has been demonstrated only in one randomised
controlled trial [121]; however the analytical superiority of im-
munochemical tests mean that they have recently become the
test of choice for colorectal cancer screening programmes. FIT
have been used for population screening in Japan since 1992
[103], 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 anti-
bodies are attached to a latex particle, dye or an enzyme that in
the presence of human globin forms a complex that can be de-
tected by turbidity, aggregation (latex agglutination, haemagglu-
tination and colloidal gold agglutination) or coloured dye pro-
duced 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 varia-
tion of the immunochemical test marketed by Chemicon Europe
Ltd,MonoHaem, uses antibodies against human globin to specifi-
cally immobilise haemoglobin and then the guaiac reaction to
detect the haem.
FIT are typically 10-fold more expensive than gFOBTs [35]. In-
creased FIT test kit cost can be offset by the use of automated ana-
lysers and thus reduced staff costs and, where multiple gFOBT
test cards are in use, by using a single FIT because adequate clin-
ical sensitivity and specificity can be obtained using a single FIT.
Immunochemical tests confer increased analytical specificity for
human haemoglobin, and by using sensitive detection systems,
they increase test sensitivity to low blood concentrations. FIT
typically have limits of detection of less than 200µgHb/g stool
and can detect as little as 0.3mL of blood added to a stool sample
[102].
Faecal immunochemical tests for haemoglobine provide oppor-
tunities 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 [36]. Instrumentation also provides an opportunity tomanu-
ally 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 sam-
ple using automated analysers can be quantitative, the impossi-
bility of providing a reproducible sample means that these sys-
tems must not be considered capable of providing reliable quan-
titative test results in faeces. The gFOBT and FIT might both be
considered semi-quantitative, the immunochemical test is analy-
tically 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 [52]. Imipramine and desipra-
mine 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 themarket
[116]. 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 contami-
nants with stabilising properties.
The measurement of porphyrins produced by the action of intes-
tinal bacteria on haemoglobin provides an alternative method for
measuring blood in faeces [2,3,105] and recently mass spectro-
photometric 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 markers includes albumin,
haptoglobin, transferrin, pyruvate kinase (PK) isoenzyme type
M2, calprotectin, Ca3 anaphylatoxin, colon-specific antigen
(CCSA-3 and CCSA-4) and a variety of DNA-related markers.
When used alongside guaiac-based or immunochemical devices,
PK isoenzyme type M2 has not shown adequate specificity for
population screening [83, 108]. Calprotectin has a role in identi-
fying patients with inflammatory bowel disease, but a meta-
analysis of the literature in 2006 concluded that it was unsuitable
for screening for colorectal cancer [125].
The use of molecular biology techniques to identify cancer-relat-
ed DNA or protein biomarkers, used singly or as a panel, shows
promise but is in its infancy. The use of DNAmicroarrays 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 in-
creased sensitivity and specificity for invasive cancer and ad-
vanced neoplasia using faecal DNA relative to gFOBT, but failed
to detect over 50% in each group [56]. A recent paper by Wang &
Tang [126] showed the hypermethylated SFRP2 gene in faecal
DNA to be a candidate colorectal biomarker, but none of these
DNA-related markers has been demonstrated to have the neces-
sary characteristics to qualify them for use in population screen-
ing. In Young’s review of new screening tests he remarks that the
epigenetic marker for the methylated vimentin gene has im-
proved sensitivity for cancer but that its overall performance re-
lative to existing gFOBT and FIT remains unclear [18,130]. In a
2008 review of the cost-effectiveness of faecal DNA, immuno-
chemical and guaiac-based tests using the Markov model, the au-
thors conclude that bloodmarkers remain the preferred option in
high-adherence populations [88]. AMedline review of new stool-
based tests by Haug concluded that “while promising perform-
ance characteristics have been reported for some tests, more per-
suasive evidence from larger, prospectively designed studies…
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was needed” [49]. Currently the newmarkers are both expensive
and show very poor sensitivity to cancer and adenomas.
In the short term, marker tests based on gene or epigenetic mu-
tations 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 faecal occult blood tests
Guaiac faecal occult blood tests have proven characteristics that
make them suitable for population screening. They lack the ana-
lytical specificity and sensitivity of immunochemical tests, their
analysis cannot be automated and the Hb 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 de-
pending 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

Faecal immunochemical tests for haemoglobin
Immunochemical tests have improved test characteristics com-
pared with 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 FIT
most appropriate for an individual screening programme (Sect.
4.2.5, 4.3 and 4.4.2) (II–A).Rec 4.2

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).Rec 4.3

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 confi-
dence. The detection system used by FIT makes the test inherent-
ly 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 fae-
ces, or mg (or μg) of haemoglobin/g or mL of faeces. Most manu-
facturers and scientific papers quote mg Hb/g faeces. The haemo-
globin content should be determined with knowledge of the hae-
moglobin concentration in the blood used, and faeces should be
measured as the wet weight of a formed stool sample. Some
manufacturers and studies also quote the concentration of hae-
moglobin not in faeces but in the buffer solution used for analy-
sis, and this is different for different devices, making simple com-
parison of device sensitivity difficult e.g. the Hem-SP devices car-
ry 0.3mg faeces/mL buffer and OC-Sensor 10mg faeces/mL buffer.

Given the variable consistency of faecal samples and the depen-
dence upon diet and intestinal transit time, the relationship be-
tween patient samples and test samples prepared in the labora-
tory 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 be-
tween participant sampling and analysis in a screening pro-
gramme. The unstable nature of samples used in FOBTs is discus-
sed 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 gFOBTs,
with the exception of the simple process of hydrating the speci-
men before testing.With Hemoccult SENSA this process increases
test sensitivity but at the expense of specificity, thereby increas-
ing the false-positive rate [77, 93].
Point-of-care FIT typically use an immunochromatographic tech-
nique that produces a coloured line where the antibodies and
haemoglobin are immobilised. The presence of the line is detect-
ed by eye, and the limit of detection is dependent upon the con-
figuration of the device, the characteristics of the antibodies and
chromogens and the visual acuity of the reader. These FIT devices
are suitable for small-volume point-of-care testing but are unsui-
table for population screening and do not provide numeric re-
sults.
The heterogeneous nature of faeces and the inherent inconsis-
tency in sample collection makes reliable quantitative measure-
ment of blood in faeces impracticable. However, many of the au-
tomated immunochemical test devices that are suitable for pop-
ulation screening provide a numeric analytical result for the sam-
ple presented for analysis. These systems determine the turbidity
or colour density of a reaction between haemoglobin and the an-
tibody/chromogen system. Measurement is usually performed in
a cuvette containing an aliquot of sample in buffer and added re-
agents (OC-Sensor, FOB Gold).
Whilst the results provided by these systems must not be consid-
ered 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 sensitiv-
ity and specificity of the test. Such a system enables colonoscopy
referral rates to meet 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.
●" Table4.1 gives the analytical sensitivities quoted by manufac-
turers for a range of FOBT devices. Differences in quoted analyti-
cal sensitivity may reflect the use of different methods of assess-
ment as well as product characteristics.

4.3.2 Analytical specificity and interference
In the context of gFOBT and FIT, 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 frompatho-
logical or physiological sources, which is termed biological inter-
ference since the interference is not as a result of a weakness in
the analytical system.
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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 posi-
tive interference from oxidising agents and compounds with oxi-
dase or peroxidase properties. gFOBTs are also subject to nega-
tive interference from compounds with reducing properties
such as vitamin C. In its 2007 guidance to industry, the US FDA
Center for Devices 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 supplements, and haemoglobin from beef,
chicken, fish, horse, goat, pig, rabbit and sheep.
Evidence suggests that although the gFOBT test is open to inter-
ference from normal diets, this is not substantial and is reported
to be negated by a time delay of at least 48h between sample col-
lection and analysis [110]. A diet including 750g of raw peroxi-
dase-rich fruit and vegetables daily is reported to cause false po-
sitive results, although 750g is an unusually large daily consump-
tion. A systematic review of the effect of diet on gFOBT showed
that dietary restriction was not necessary [90]. The five rando-
mised trials included in the review all used gFOBT Hemoccult
tests. None of the studies showed a statistically significant differ-
ence 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, in-
cluding aspirin), and vitamin C were prohibited compared with
a control group without dietary restrictions (meta-analysis: ab-
solute difference in positivity rate 0%; 95% CI, –1% to 1%). A co-
hort study conducted in Israel by Rosen, Knaani & Samuel [97] on
944 asymptomatic subjects attending colorectal cancer screening
(mean age 60.2±11.1) reported an overall gFOBT positive rate of
7.5%, while neoplasia was found in 16 (22.5%) subjects with po-
sitive gFOBT. Among subjects with and without dietary restric-
tion, the positivity rates were 7.2% and 5.5% respectively (p=
0.26). These positivity rates are markedly higher than those ob-
served 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 [117].
FIT brings a significant improvement in analytical specificity. The
use of a specific antibody against human globin makes cross-re-
activity 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 FIT will detect haemoglobin variants. Polyclonal assays
are unlikely to show cross-reactivity problems, but manufactur-
ers should provide evidence that their analytical systems react si-
milarly with all known haemoglobin variants. A recent evaluati-
on has shown that with HbA1c, HbS, HbC, HbD, HbE and HbF
using the Hem-SP/MagStream HT, OC-Sensor Diana and FOB
Gold Sentinel Systems, only HbF showed poor recovery and
might give false negative results [64].
Instant-View is an FIT that was used by the Australian health ser-
vice, and since it requires sampling from the toilet bowl it is sub-
ject 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 pres-
ence of toilet bowl deodorizers, fresheners and cleaner, and re-
quired that toilet bowl deodorizers, fresheners or cleaners be re-
moved from the toilet bowl before collecting samples and that
the toilet be freshly flushed.
●" Table4.2 lists known gFOBT interferences. A good account is
included in the MHRA Report of 2000 and summarized by Star-
key [113].

4.3.2.2 Biological interference
Any physiological process or non-colorectal cancer-related
pathological lesion that increases the loss of blood into the intes-
tine 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 or NSAIDs.

Aspirin and NSAIDs
One double-blind RCT and one cohort study investigated wheth-
er the use of regular aspirin or NSAIDs is a risk factor for a false-
positive FOBT result. A double-blind RCT [43] was conducted on
40 healthy volunteers aged 29.8 ± 0.6 years who were rando-
mised to placebo, or doses of 30mg, 81mg, or 325mg of aspirin.
Short-term (30 days) use of low-dose aspirin did not induce suf-
ficient 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 [59] 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 le-
sion 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

Table 4.1 Analytical sensitivities.

Product name Manufacturer/Supplier Analytical Sensitivity

Guaiac-based test

Coloscreen Helena Laboratories, Texas, USA 0.9mg Hb/g

Hema-Screen Immunostics Inc. 3505 Sunset Avenue, Ocean, New Jersey, 07712, USA 0.6mg Hb/g

Hemoccult Beckman Coulter Inc. Fullerton, CA 92835, USA 30% positivity at 0.3mg Hb/g

Hemoccult SENSA Beckman Coulter Inc. Fullerton, CA 92835, USA 75% positivity at 0.3mg Hb/g

MonoHaem Chemicon Europe Ltd 1.05mg Hb/g

Hema-Check Siemens PLC 6mg Hb/g

HemaWipe Medtek Diagnostics LLC, supplier; BioGnosis Ltd 2mg Hb/g

Automated Immunochemical Test/Analyser

OC-Sensor/OC-Sensor Diana & OC-Sensor Micro Eiken Chemical Co., Tokyo, Japan 40µg Hb/g

Hem-Sp/MagStream HT Fujirebio Inc. Japan 10ng Hb/mL

FOB Gold/SENTiFOB analyser Medinostics Products
Supplier; Sentinel Diagnostics SpA, Milan, Italy

14ng Hb/mL
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findings (chi-squared test for trend p=0.6). Overall, advice to pa-
tients to 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. [69] showed an increase in sensitivity
but no loss of specificity of FIT (OC–Sensor) for detection of can-
cer and advanced adenomas in those using aspirin/NSAIDs or an-
ticoagulants.

Anticoagulants
Anticoagulants present a further source of biological interfer-
ence. The effect of anticoagulants on the false-positive rate in a
population-based FOBT screening programme was evaluated in
two studies [12, 21]. The cohort study conductedwithin the Scot-
tish 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 warfar-

in) at the time of testing is associated with a statistically signifi-
cant 6.4% increased rate of negative colonoscopy. 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 war-
farinwhowere referred for the evaluation of a positive FOBT [12].
For each patient taking warfarin, an age- and gender-matched
control was enrolled. The positive predictive value (PPV) of
FOBT for gastrointestinal 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).
●" Table4.3 summarises sources and mechanisms of biological
interference which will reduce the specificity of either gFOBT or
FIT analysis.

Table 4.3 Biological interferences.

Physiological Comment Reference

Loss from the gums after vigorous teeth brushing

Menstrual bleeding – –

Pathological

Inflammatory bowel disease (Crohn’s disease, colitis) [94]

Gastritis from alcohol or chemotherapeutic drugs –

Gastric cancer [135, 136]

Anti-inflammatory drugs
(ibuprofen, naproxen, corticosteroids, phenylbutazone)

Increased blood loss of 1–2mL/d. 5% of those on high dose NSAIDs lost
5mL/d

[80]
[69]

Aspirin No FIT interference reported in low dose aspirin. High-dose blood loss
5mL/d

[3, 80]
[69]

Proximal intestinal tract inflammation (gastritis, oesophagitis
and gastric and duodenal ulceration)

[94]

Anticoagulation therapy 2005 study showed no effect from warfarin [12]

Perianal bleeding – –

Table 4.2 gFOBT Analytical interference.

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

[34, 53]

Myoglobin [1, 6, 74, 106, 127]

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

[101]

Contact with toilet sanitizers in toilet water Potential for negative and positive interference. gFOBT less than FIT.
Reported in chlorine-releasing agents

[54]

Raw fruits & turnips, broccoli, horseradish, cauli-
flower, 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

[53, 110]

Negative interference Comment Reference

Vitamin C (Ascorbic acid) Reducing agents counters oxidising effect on guaiaconic acid. Vitamin C
intake should be < 250m/d. Normal diet unlikely to interfere but high dose
supplements might do so

[39, 57, 58]

Degradation of haem Haem degrades slowly, a process that is accelerated if the faecal sample
remains moist and warm

CEP Report 2006
[11]

Contact with toilet sanitizers in toilet water Potential for negative and positive interference. gFOBT less than FIT [54]
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4.3.2.3 Dietary and drug restrictions
Potential interference of diet and drug intake on test perform-
ance 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 dis-
cussed in Ch. 2 [76] (Section 2.5.1.2). Whilst most gFOBT manu-
facturers recommend dietary advice, the potential 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
[22]. Two further studies [23, 31] 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 ex-
clude the possibility of other factors contributing to the out-
comes.

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 concentra-
tions. This well-described interference is called the prozone or
“hook” effect. The concentration of haemoglobin at which an FIT
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 er-
roneous 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 reprodu-
cible and representative of the stool, of the required volume and
be adequately preserved. Many of the issues that impinge on
sample quality have been discussed earlier. The stability of hae-
moglobin 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 FIT. 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. For
gFOBTs the maximum time period is usually between 14 and 21
days; for FIT it is much less.
Haem in haemoglobin is degraded slowly after collection; if sam-
ples 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 [131]. The UK NHS
MHRA report of 2000 illustrated the influence of excessive sam-
ple loading, high temperature storage, and exposure to sunlight
on 12 occult blood kits [89]. The UK NHS CEP report of 2006 re-
ported the effect of sample storage time upon positivity for four
gFOBT kits, the change from positive to negative test result being
most marked with those test kits that have the lowest limit of de-
tection [11]. For gFOBT, a regression study by Faure et al. investi-
gated the influence of temperature and moisture on gFOBT sensi-
tivity. In this study it was observed that the positivity rate of He-
moccult II in a 10-year screening programme showed a signifi-

cant change between 1.61% in summer to 2.80% during the win-
ter [30]. 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% hu-
midity, 58.0% at 25°C with silica gel; p=0.007).
Globin in haemoglobin is an easily degraded protein moiety and
more susceptible to degradation than haem. Proteolysis of globin
should be minimised between sample collection and analysis.
Whilst appropriate constituents in collection buffer solutions
might reduce degradation, the stability of globin in the wet
collection systems used by most FIT 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 suscep-
tible 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 hapto-
globin can minimise adsorption and help stabilise the haemoglo-
bin. Unpublished data from the manufacturers of the immuno-
chemical devices Hem-SP and OC-Sensor show good stability at
refrigerator temperatures (4°C) but marked deterioration with
rising temperature. Vilkin et al. [122] and Rosen et al. [99]
showed, over 21 days, no significant change at 4°C or 20°C but a
daily fall of 3.7% ± 1.8at 28°C with the FIT OC-Micro system
(Eiken Chemical Co., Tokyo, Japan). Rozen used storage in a refrig-
erator and supplied an opaque double zip-lock bag for such sto-
rage. Fraser et al. [37] reported the successful use of dried sam-
ples for FIT using two Immunostics products (Immunostics Inc.
Sunset Avenue, Ocean, New Jersey, USA). Hema-Screen Devel-A-
Tabwas used to collect the sample and Hema-Screen SPECIFIC as
the immunochemical assay system. The low concentrations of
haemoglobin detectable in FIT 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 FIT. The accept-
able 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 andMay 2009, the Australian Screening
Programme encountered stability problems with the Haem-Sp/
MagStream HT system [9]. Positivity levels fell markedly during
the 6-month period, and participants required retesting. Very
high summer temperatures and the introduction of a new buffer
with a lower protein concentration may have contributed to hae-
moglobin instability in this programme and a consequent reduc-
tion in positivity rates. A recent report describes retrospective a-
nalysis of measured haemoglobin over several years by the
screening programme in Northern Italy [40]. The study reveals
significant seasonal variation in the positivity rates of in the OC-
Sensor FIT that may be attributed to by high summer tempera-
tures. Manufacturers of FIT devices specify stringent storage and
transit conditions to minimise the sample deterioration. These
conditions present a practical challenge to the organisation of
FIT-based screening programmes.
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4.3.3.3 Device consistency
The ability of FIT and gFOBT kits to maintain consistent perform-
ance across reagent batch changes and product redesigns is im-
portant for population screening since minor changes in product
sensitivity and specificity can greatly change the number of pa-
tients referred for 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 suscepti-
ble to product inconsistency than manufactured monoclonal an-
tibody reagents that can be used by FIT. Polyclonal antibodies,
which are used for each of the current automated FIT, are suscep-
tible to batch-to-batch variation, and therefore an understanding
of the batch size of all reagent components is important. In amar-
ket 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 adopt-
ed by laboratories providing gFOBT and FIT analysis for popula-
tion screening. To minimise analytical and procedural variability,
the 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 accre-
dited to ISO 15189:2007, Medical laboratories–Particular re-
quirements for quality and competence (http://www.iso.org/iso/
iso_catalogue.htm). The laboratory should be led by a qualified
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 con-
trol and assessment procedures and associated information tech-
nology.
For those laboratories using visually read gFOBTs, the design of
the test kit will influence the reliability of analysis. Reproducibil-
ity in detecting the blue gFOBT colour in the presence of dark fae-
cal 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 checked professionally 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 op-
portunity 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 that are markedly different from themean or
who exhibit marked variability.
Most gFOBTs and point-of-care FIT devices have ameans of check-
ing 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 work-
ing correctly. Point-of-care FIT devices provide a similar check of
reagent 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 FIT analysis
will require internal quality control procedures appropriate to
the chosen technique and instrument. As a minimum, laborator-
ies should adopt the manufacturers’ instructions for use, and give
consideration to what additional internal quality control meas-
ures 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 par-
ticipating laboratories, and is particularly important for a nation-
al screening programme utilising several laboratories. The avail-
ability of an EU-wide EQAS is desirable. National population
screening programmes should have quality assurance proce-
dures that enable oversight of the analytical performance of all
screening laboratories. Satisfactory performance in an EQAS pro-
vides an objective criterion of competence.
A summary of the three FIT systems that have some of the char-
acteristics suitable for population screening is provided in●" Ta-
ble4.4.

4.3.4 Recommendations
Sample stability between collection and analysis
Whilst a maximum period of 14 days between collection and a-
nalysis is frequently quoted for many guaiac faecal occult blood
tests, that quoted for immunochemical tests is significantly short-
er. Until more stability data are published, screening pro-
grammes should adopt the conditions and period of storage de-
scribed in manufacturer’s instructions for use having determined
that they are appropriate for local conditions that might expose
samples to high temperatures for long periods of time (Sect.
4.3.3.2) (III–A).Rec 4.4

Test interference – drug and diet restriction
Dietary constituents present potential interference in guaiac fae-
cal occult blood tests. Dietary restriction has not been demon-
strated to significantly increase screening specificity, and risks
reducing participation rate. The potential for dietary interference
is significantly less for immunochemical tests. With the qualifica-
tion 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 (Sect. 4.3.2.1, 4.3.2.3) (II–D).Rec 4.7

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 faecal
immunochemical tests for haemoglobin. Although the literature
carries some contradictory 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
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Table 4.4 Comparative table of automated FIT.

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 agglutination. 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 aggre-
gates. In the presence of human haemoglobin, the particles remain ag-
gregated 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 needs 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 that
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: 0.3mg of faeces
Volume of buffer in collection device: 1mL
Analyser sample volume: 25 μL
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: 10ng/mL
Use in population screening: Japan, France and Slovenia
Recent pertinent scientific papers: [67, 81,82]
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 parti-
cles coated with polyclonal anti haemoglobin Ao antibodies. The assay
uses a 6-point standard curve, and measurement is made at 600nm with
an algorithm that 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
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: 10mg of faeces
Volume of buffer in collection device: 2mL
Analyser sample volume: 35 μL
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
100ng/mL
Limit of detection: 20 ng/mL in buffer
Use in population screening: The Netherlands [120, 121], Northern
Italy [16], US, Uruguay [32] 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 between 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 preparations 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: 10mg of faeces
Volume of buffer in collection device: 1.7mL
Analyser sample volume: 10 μL
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: 15–1000ng/mL.
Use in population screening: Italy [100] & France
Recent pertinent scientific papers: [36]
Website URL: http://www.sentinel.it/uk/
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Faecal sampling/collection system
Many factors influence the uptake and reliability of sample collec-
tion. Inappropriate implementation can result in grosslymislead-
ing results. No single collectionmethod is supported by the litera-
ture; however, the following factors should be considered when
selecting a device for taking samples in population screening:
▶ The distribution process should be reliable and reach all

selected subjects.
▶ The laboratory should be able to unambiguously identify the

subject ID on the test device perhaps using a suitable barcode.
▶ The laboratory should be able to check the manufacturer’s

device expiry date on each returned device.
▶ The instructions for using the device must be simple and clear.
▶ The device should to be simple and easy to use by the target

population.
▶ The device should leave minimal opportunity for collection

error.
▶ The device should facilitate consistency in the volume of sam-

ple collected.
▶ The device/instructions should discourage inappropriate re-

peat sampling into/onto the sample device.
▶ Misuse of the device by participants should not cause loss of

sample buffer.
▶ The system should not be susceptible to interference from

toilet bowl disinfectants, etc.
▶ 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.

▶ 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 cho-
sen 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).Rec 4.9

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 de-
naturation and avoid an increase in false negative results. In-
ter-laboratory analytical imprecision is well described and can
be observed through established external quality assurance
schemes. Improved consistency is achieved by adopting com-
mon 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 ana-
lytical centres should be minimised with automated analytical
systems utilisedwherever possible and agreed common testing
procedures adopted by each centre (Sect. 4.3.3.4) (VI–B).Rec 4.10

▶ 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 as-
surance procedures (Sect. 4.3.3.4) (VI–B).Rec 4.11

▶ Laboratory accreditation and quality monitoring
All laboratories providing screening services should be asso-
ciated with a laboratory accredited to ISO 15189:2007 Medical
laboratories–Particular requirements for quality and compe-
tence. The laboratories should perform internal quality control

(IQC) procedures and participate in an appropriate external
quality assessment scheme (EQAS, Sect. 4.3.3.4) (VI–B).Rec 4.12

▶ 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 popula-
tion (Ch. 2 [76], Rec. 2.15, Sect. 2.5.1.1 and Sect. 4.4.3.4) (II–B).
Rec 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 [76], Rec. 2.18, Sect 2.5.1.3) (VI–A).Rec 4.15

Classification of test results
Protocols should be implemented to ensure standardised and re-
liable classification of the test results (Ch. 2 [76], Rec 2.19, Sect.
2.5.1.3) (VI–A).Rec 4.16

Quality assurance
▶ Quality assurance of gFOBT testing
Whilst an immunochemical test is recommended, programmes
that adopt a traditional guaiac test need to apply additional la-
boratory quality procedures. To minimise variability and error
associatedwith visual test reading, includingmanual results in-
put, the following procedures should be considered (Sect.
4.3.3.4) (VI–B):Rec 4.17

▶ Use of appropriate temperature for artificial lighting and
neutral-coloured walls in the reading laboratory;

▶ Use of a national laboratory training programme to prosper
consistency of interpretation;

▶ A blinded internal QC check each day for each analyst prior
to commencing testing;

▶ Adoption of a monitoring programme to identify operator
related analytical performance (e.g. positivity variability and
bias); and

▶ Double entry of test results
▶ Quality assurance of FIT testing
Consistency in analytical performance must be assured by the
adoption and application of rigorous quality assurance proce-
dures. 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 unsatis-
factory results. Performance data, both internal quality control
and external quality assessment data, should be shared and re-
viewed by a quality assurance team working across the pro-
gramme. Sufficient instrumentation should be available to
avoid delays in analysis due to instrument failure or mainte-
nance procedures (Sect. 4.3.3.4) (VI–B).Rec 4.18

▶ External quality assessment
A European external quality assessment scheme should be de-
veloped 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 4.19

▶ Outcome monitoring
All aspects of laboratory performance in respect of the screen-
ing test should be part of a rigorous quality assurance system.
Uptake, undelivered mail, time from collection to analysis, ana-
lytical performance (internal QC and external QA), positivity
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rates, lost & spoilt kits and technical failure rate, technician per-
formance variability and bias should each be subject to rigorous
monitoring (Sect. 4.3.3.4) (VI–A).Rec 4.20

▶ Quality of information
The proportion of unacceptable tests received for measure-
ment 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 [84], Rec. 3.9, Sect. 3.3.2) (III–A).Rec 4.21

4.4 Clinical performance
!

4.4.1 Description of terms used to describe test
effectiveness
gFOBTscreening has been proven to be effective in reducing colo-
rectal cancer mortality [50]. In randomised trials the reduction in
cause-specific mortality ranged from 15% [48] to 33% [77]. Such
a large variance in mortality can be explained by test differences,
different numbers of faecal samples, different intervals between
invitation cycles (one-year or two-year) and different responses
to invitation associated with the characteristics and composition
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 eval-
uated.
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
performs quite differently from the gFOBTs used in European
trials [48,63] and is both more sensitive and less specific. Com-
parison of the clinical performance of gFOBT and FIT is complex
because FIT 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 per-
formance characteristics.
Although only one population-based RCT has been described
with FIT [121], the many published diagnostic accuracy studies
provide information on the comparative ability of current tests
to distinguish subjects with or without colorectal cancer and ade-
noma and can be considered an acceptable indication of the satis-
factory performance of FIT in population screening [13].
Diagnostic accuracy studies have compared:
a) subjects performing one or both tests (gFOBT and FIT) and

performing a total colonoscopy (or sigmoidoscopy) independ-
ently from the result of the test (cohort studies);

b) subjects performing one or both tests and undergoing colo-
noscopy if one or both tests are positive (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 (≥10mm), high-risk adeno-
mas (high-grade dysplasia, villous change, serrated histology
or≥3 polyps), all adenomas (including small adenomas), alone
or combined 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, speci-
ficity, positive predictive value (PPV), false positive rate, like-
lihood 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
(●" Table4.5) Where, a are true positive, b are false positive, c are
false negative and d are true negative.
Sensitivity=a/(a+c)
Specificity=d/(b+d)
PPV=a/(a+b)
“True” in true positive, is an abstract concept because in practice
a reference standard must be adopted. For colorectal cancer
screening, true is usually defined by the outcome of total colo-
noscopy, the best practical diagnostic procedure we have though
it does not have a sensitivity of 100%. In a clinical 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 dif-
ficulty of estimating false negative has a great impact on sensitiv-
ity but much less so on specificity. In fact (c) is a 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 nega-
tives. Very often this estimate is obtained by measurement of the
interval cancers (i. e. the number of colorectal cancers that are di-
agnosed in subjects negative to the test during a 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 esti-
mates 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 colorectal cancer, the disease status is usually deter-
mined from a histological examination of biopsy specimens of
those with positive test results, because it is not ethically accept-
able to collect biopsies from all individuals undertaking a screen-
ing test. The sensitivity and specificity of screening test are there-
fore usually estimated using interval cancers. As initially de-
scribed by Day [28] interval cancers will not include slow-grow-
ing cancers missed by the test and not evident between two
screening events (therefore clinical sensitivity will be overesti-
mated). Conversely, interval cancers will include fast-growing
cancers not present at the time of the screening test, but develop-
ing during the interval period (thus underestimating clinical sen-
sitivity). This limitation is common to all screening procedure
evaluations.
Programme sensitivity is an estimate of sensitivity (i. e. the num-
ber 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 rea-
son it is sometimes 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

Table 4.5 Simple 2 × 2 contingency table.

Disease Present Disease Absent

+ – Total

Positive Test + a b a +b

Negative Test – c d c +d

Total a + c b +d
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(more precisely, 1– (interval cancers occurred in x years/expect-
ed cancers in x years)). This estimate gives an idea of cancers an-
ticipated by screening, and it is not affected by overdiagnosis.
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 later to specificity.

4.4.2 Comparative clinical performance – gFOBT and FIT
Many studies comparing FIT 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 Tech-
nology Assessment of New Zealand (NZHTA) which had the aim
of identifying the international evidence for the clinical and cost
effecttiveness of screening tests for colorectal cancer [61]. This
review included all primary research published as full original re-
ports and secondary research, systematic reviews and meta-ana-
lyses published since November 2004. It also included seven eligi-
ble primary research papers [19,23,62,96,98,104,134] and five
eligible secondary research papers; [10,24,26,91,133].
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 with or superior
to guaiac testing… The conclusions on this topic should be revis-
ited if further reliable evidence on the comparative performance
of screening FOBTs becomes available”.
A similar conclusionwas reached in a systematic review commis-
sioned by the UK NHS and undertaken by the Centre for Reviews
and Dissemination of the University of York in 2007 [13] which
examined the literature until 2004.The review included 59 stud-
ies. 39 evaluated gFOBTs, 33 evaluated FIT and one evaluated se-
quential FOBTs. It concluded that there was no clear evidence
from direct or indirect comparisons to suggest that guaiac or
immunochemical FOBTs performed better. However amongst
FIT, Immudia-HemSP (now Hem-SP) appeared to be the most
sensitive and specific.
In the four years since 2004, six studies comparing the perform-
ance of gFOBT and FIT have been published [4,27,45,70,111,
121]. Some further studies have investigated the accuracy of FIT
which, although without a direct comparison with gFOBTs, con-
firmed the performance of FIT that was reported in the following
studies [15,68,82].
In Australia, Smith et al. [111] performed a paired comparison of
an FIT (InSure) with a sensitive gFOBT (Hemoccult SENSA); 2351
asymptomatic and 161 symptomatic subjects were requested to
perform both FOBTs. FIT returned a true-positive result signifi-
cantly more often in cancer (n=24; 87.5% vs 54.2%) and in signif-
icant adenomas (n=61; 42.6% vs 23.0%) while the false-positive
rate for any neoplasia was marginally higher with the FIT 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 FIT
(41.9% vs 40.4%).
In Israel, Levi et al. [70] compared a gFOBT with an FIT (OC-MI-
CRO, nowOC-Sensor) in a small number (151) of patients referred
for colonoscopy either because of a positive gFOBT or because
theywere above average risk of colorectal cancer. Sensitivity, spe-
cificity, and PPV for significant colorectal neoplasia were 75%, 34
% and 12%, respectively, for gFOBT, and were 75%, 94% and 60%

for FIT. For a positive gFOBT, 4 times more colonoscopies were
needed to identify a significant neoplasm compared with FIT,
and at more than 4 times greater cost.
In France, Guittet et al. [45] compared the performance of gFOBT
and FIT (Immudia-HemSP (now Hem-SP)) among 10 673 aver-
age-risk persons aged 50–74 years. Colonoscopy was offered
only if either FOBT was positive. The threshold for a positive FIT
was varied between 20ng/mL and 75ng/mL. Overall, the results
depended on the adopted FIT threshold. At the lower threshold
(20ng/mL), FIT 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 FIT as compared
with gFOBT). It is worth noting that at a threshold of 75ng/mL,
FIT detected 90% more advanced neoplasms with a significant
33% decrease in the false-positive risk. A further publication
from this study [46] reported that the gain in sensitivity from
using FIT vs gFOBT was proportional to the degree of blood loss
from the lesion and its location. The benefits for cancer detec-
tion were restricted to lesion of the rectum.
In the US, Allison et al. [4] prospectively compared two types of
FOBTs, a sensitive gFOBT (Hemoccult SENSA) and a manual FIT
(FlexSure). A large number of patients (7394 subjects were eligi-
ble for the study) were requested to perform both tests. All pa-
tients positive for either FOBTs were invited to have a total colo-
noscopy, 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 esti-
mate the absolute sensitivity and specificity for detecting ad-
vanced 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 FIT and 64.3% (95% CI, 35.6%
to 86.0%) for the gFOBT. The sensitivity for detecting distal ad-
vanced adenomas was higher for gFOBT than for FIT 41.3% (95
% CI, 32.7% to 50.4%) vs 29.5% (95% CI, 21.4% to 38.9%). PPV was
much higher for FIT than for gFOBT for distal cancer (5.2% and
1.5% for FIT and gFOBT respectively) and for advanced adenomas
(19.1 and 8.9% for FIT and gFOBT respectively). The authors con-
cluded that FIT has high sensitivity and specificity for detecting
left-sided colorectal cancer and that it may be a useful replace-
ment for the gFOBT.
The study by Dancourt et al. [27] compared the performance of a
3-day gFOBT and 2-day FIT in 17 215 subjects. For 1205 subjects
who participated and had colonoscopy, the PPV for the guaiac
and immunochemical test was respectively 5.9% vs 5.2% for can-
cer and 27.2% and 17.5% for adenoma.
The study by van Rossum et al. [121] represents a milestone in
the comparison of gFOBT with FIT, being the first randomised
trial in a population-based screening setting. A large number of
people (20623) aged 50–75 years were randomised to either
gFOBT (Hemoccult II, Beckman Coulter Inc. Fullerton, CA, USA) or
FIT (OC-Sensor). For FIT, the standard cut-off of 100ng/mL was
used. FIT showed higher compliance than did gFOBTs (56.9% vs
46.9% respectively p<0.01). The positivity rate was significantly
higher in FIT compared with 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 FIT. The detection
rate per 1000 examinations for cancer was 71% higher in FIT
compared with gFOBT; the detection rate per 1000 examinations
for advanced adenomaswas 106% higher in FIT as comparedwith
gFOBT. The number-to-scope to find 1 cancer or 1 adenoma was
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comparable between the tests, with the PPV not statistically dif-
ferent. In conclusion, FIT compared with 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 programmes. The UK Pilot study adop-
ted 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
[117].
In Italy, a 1-day single sample FIT biennial test with positivity cut-
off at 100ng/mL is used in the regional colorectal cancer pro-
grammes. The paper by Zorzi that described Italian screening
programmes showed a quite different outcome to the UK Pilot
study [137]. The positivity rate was relatively high, 5.3% during
the first round, the detection rate for cancer was 3.1 in 1000 (al-
most two times the UK figure) and the detection rate for adeno-
ma 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%) [117]. The Italian programme had
adopted a more sensitive (but less specific) strategy compared
with the UK.
Hol et al. [51] recently reported a randomised comparison of
gFOBT (Hemoccult II) and FIT (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 posi-
tive and for FIT a single result above a cut-off concentration of 50
ng/mL was designated positive. Test kits were all distributed and
returned bymail. Participants with positive results received colo-
noscopy. gFOBT positivity was 2.8%, and FIT positivity was 8.1%
at a cut-off of 50ng/mL, 5.7% at 75ng/mL, 4.8% at 100ng/mL and
4.0% at 150ng/mL. At an FIT cut-off concentration of 75ng/mL,
the detection rate for advanced neoplasia was 2×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 before testing with Hemoccult SENSA. With He-
moccult SENSA, hydration increases test sensitivity at the ex-
pense of specificity, thereby increasing the false-positive rate
[77, 93]. Hemoccult and Hemoccult SENSA have been compared
in two large studies [77]. As a result of rehydration, the rate of po-
sitive results increased more than fourfold, from 2.4 to 9.8%. Sen-
sitivity increased from 80.8% to 92.2% while both specificity and
PPV decreased (specificity: 90.4% rehydrated and 97.7% non-re-
hydrated. PPV: 2.2 rehydrated and 5.6 non-rehydrated). In the
study by Levin, Hess & Johnson [71] the positivity rates were 5%
and 14.6% and PPV 14% and 7% respectively for the non-rehydra-
ted and the rehydrated. Rehydration using Hemoccult SENSA in-
creases clinical sensitivity and decreases specificity and PPV. The
high positivity rate of this approach renders it unsuitable for pop-
ulation screening.

With FIT that provide a numeric result, it is possible to adjust the
cut-off limit to obtain an acceptable compromise between clini-
cal sensitivity and specificity. This manipulation can provide an
adequate detection rate from an acceptable cohort of subjects in-
vited for colonoscopy. Several recent papers have addressed the
issue of modifying the faecal haemoglobin cut-off limit of FIT in-
cluding the following studies [14,16,17,67,87,99,109,120,122].
The data are summarised in●" Table4.6. By increasing the posi-
tive cut-off limit, the test sensitivity and positivity rate decreases
and specificity and PPVs for colorectal cancer detection increase.
It must be appreciated that these studies used different commer-
cial products with different analytical characteristics, and there-
fore simple comparisons can be misleading.
Chen found an analytical cut-off limit range of 100–150ng/mL
faecal haemoglobin in an FIT to provide an acceptable balance be-
tween sensitivity and specificity [17,87]. Increasing the cut-off
limit to 300ng/mL brought an increase in specificity that was
small for the corresponding decrease in sensitivity and detection
of cancers. A recent study by van 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
100ng/mL cut-off to 75ng/mL brought ‘optimal’ results and may
be recommended for population screening in the Netherlands
[120]. This study also concluded that where colonoscopy capacity
is insufficient, a cut-off up to 200ng/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 single stool samples [4].
Unsurprisingly other studies show agreement with that conclu-
sion [5, 42, 85, 86, 96, 112, 129]. Nakama et al. using MonoHaem,
showed sensitivities of 89% for cancer with 3 stools compared
with 56% for a single stool [85].
Using Hem-SP, Morikawa showed low sensitivity for cancer using
a single-day sample [82]. Rozen et al. [99] used 3 stools for the
OC-Sensor which contrasts with 2-day samples used in Japan
[86] and 1-day biennial testing performed in Italy [14]. The rela-
tive insensitivity in the Italian study to lesions in the proximal
bowel (16.3 vs 30.7%) raises further doubts about the use of a sin-
gle-day sample. In a study using OC-Sensor in an at-risk popula-
tion, Levi et al. [68] took numeric measurements from three sam-
ples and used the highest concentration of the three as the discri-
minating factor. Recent studies have taken the average concen-
tration from 2 stool measurements as the discriminating param-
eter, 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 FIT [17].
In the study by Levi et al. [68] using an FIT 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 heteroge-
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neity or poor sample technique that will reduce clinical sensitiv-
ity. Imperiale [55] commenting on the paper by Levi in his editor-
ial in Annals of Internal Medicine [68], speculated that concentra-
tion-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. [47], using a cut-off concentration of 20ng/mL, re-
viewed the relative effectiveness of using one sample, one posi-
tive from two samples, two positives from two samples or a
mean positive from two samples all measured using the Mag-
Stream FIT. 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 bet-
ter than one from two specimens and the cut-off should be adjus-
ted to provide an acceptable positivity rate.
A recent paper by Grazzini et al. [41] looked at the clinical out-
come of biennial population screening in 20596 residents of
Northern and Central Italy aged 50–69 years. The study uses
OC-Sensor and compares outcomes from strategies using differ-
ent cut-off limits (80, 100 and 120ng/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, particu-
larly for adenomas, decrease the PPV and cost more. At the an-
nual Digestive Diseases Week conference in 2010 van Roon et al.

[119] illustrated the relationship between positivity rate, detec-
tion rate, cut-off limits, the number of samples measured and
the use of different algorithms for combining the results. For po-
sitivity rates between 4% and 9% the user can obtain similar clin-
ical 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 in-
convenience 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.

4.4.3.3 Sequential testing
Two consecutive diagnostic accuracy studies conducted in Scot-
land as part of the UK pilot screening study investigated whether
testing individuals with positive gFOBT tests using an FIT could
be more effective in selecting those who should receive colonos-
copy [37,38]. 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 FIT positive sub-
jects of having cancer was 7.75 (95% CI, 1.84–31.4).
A Chinese study [73] of 324 subjects who had colonoscopy (mean
age 53.5±15.3) showed that a FIT 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).

Table 4.6 Comparison of clinical performance at different cut-off concentrations

Study Japan [86] Italy

(OC-Hemodia)

[16]

Italy

(Latex agglutination)

[14]

France [66] Taiwan

[72]

Israel

[99, 122]

Germany

[109]
Faecal Hb

cut-off (ng/mL)

Test Positivity (%) 20 – – – 5.8 – – –

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 Sensitivity (%) 20 – – 85.0 – – –

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 Specificity (%) 20 – – 94.0 – –

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 CRC (%) 20 – – – 6.0 – –

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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In a multicentre comparison using different FOBT tests on 554
patients referred for colonoscopy (mean age 59.8±11.7), a combi-
nation test with a highly sensitive gFOBT (Hemoccult SENSA) and
an FIT (FlexSure (FS) or Hemeselect (HS), Beckman Coulter Inc.
Fullerton, CA, USA) showed slightly reduced sensitivity but signif-
icantly fewer false-positive tests than any single test [42]. 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 [76] (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 contradic-
tory and many reflect local circumstances. Whilst the analytical
method, gFOBT vs FIT, will not directly influence compliance, the
influence of test method 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 FIT 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 [41].

4.4.4 Recommendations
Screening algorithm:
▶ Sample and test numbers
Few studies have examined the number of stool specimens nec-
essary to optimise the diagnostic performance of FOBT. Consid-
eration should be given to using more than one specimen togeth-
er with criteria for assigning positivity which together provide a
referral rate that is clinically, logistically and financially appropri-
ate to the screening programme. The clinical sensitivity and spe-
cificity of testing can bemodified depending on how the test data
are used. Guaiac-based tests typically use 3 stools, but an algo-
rithm using additional tests can be used to adjust clinical sensi-
tivity and specificity (Sect. 4.4.3.2, 4.4.3.1) (III–C).Rec 4.5

▶ Determining test positivity
The choice of a cut-off concentration to be used in an immuno-
chemical test to discriminate between a positive and negative re-
sult will depend on the test device chosen, the number of sam-
ples 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 de-
vice 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 positiv-
ity rate that is clinically, logistically and financially acceptable
(Sect. 4.4.3.1, 4.4.3.2) (VI–A).Rec 4.6

Maximisation of uptake – Influencing factors associated with the
test kit
The choice of the test kit must be influenced by factors that en-
hance accessibility and uptake (see below and Sect. 4.2.3 and
4.2.4; see also Ch. 2 [76], Rec. 2.14, Sect. 2.5.1.1) (II–A).Rec 4.14

▶ Dietary restrictions
In order to enhance participation in screening, test kits should
not require dietary restrictions (Ch. 2 [76], 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 [76], 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 [76], 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 vari-
ety of different tests and study settings, we can conclude that FIT,
in comparison with gFOBT:
▶ Has no need for dietary restriction;
▶ Has a major problemwith sample instability, and collected

samples preferably should be kept cool and returned immedi-
ately 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 ade-

nomas 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 specifi-
city (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 colorec-
tal cancer screening programme that will meet local health-
care expectations within available resources.

In a multidisciplinary process, wide consensus has been achieved
on a comprehensive package of evidence-based recommenda-
tions for faecal occult blood testing in colorectal cancer screening
and diagnosis. Following these recommendations has the poten-
tial to enhance the control of colorectal cancer in Europe and
elsewhere through improvement in the quality and effectiveness
of the screening process that extends from systematic invitation
to management of screen-detected cases.
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