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MEASURES OF DIAGNOSTIC TEST PERFORMANCE

This section summarises the measures of diagnostic test performance used in the review, and how

these are calculated.

True positives (TP)

True negatives (TN)

False positives (FP)

False negatives (FN)

Sensitivity

Specificity

Test accuracy

Likelihood ratio (LR) :
positive (+ LR)
negative (-LR)

Diagnostic odds ratio
(DOR)

Positive predictive value
(PPV)

+ -
Test + |a b
result - c d

Reference Standard

Number of people correctly diagnosed as having the
disease (a)

Number of people correctly diagnosed as not having the
disease (d)

Number of people with a positive test result that do not
have the disease (b)

Number of people with a negative test result that have the
disease (c)

a/(a + c) — Proportion of people with the target disorder who
have a positive test result.

d/(b + d) - Proportion of people without the target disorder
who have a negative test result.

Proportion of people that were correctly identified as having
the disease, or not having the disease
(a+d [ at+b+c+d)

Describes how many times a person with disease is more
likely to receive a particular test result than a person without
disease. A likelihood ratio of a positive test result is usually
a number greater than 1, a likelihood ratio of a negative test
result usually lies between 0 and 1.
+ LR=[a/(a + ¢)] / [b/(b + d)]

= sensitivity / (1 —specificity)
-LR =[c/(a +c)]/[d/(b + d)]

= (1 - sensitivity) / specificity

Used as an overall (single indicator) measure of the
diagnostic accuracy of a test. It is calculated as the odds of
positivity among diseased people, divided by the odds of
positivity among non-diseased people. When a test
provides no diagnostic evidence then the DOR is 1.0.
[sensitivity/(1—specificity)] / [(1—sensitivity)/ specificity]
+LR/-LR

ad/bc

The probability of disease among all persons with a positive
test result: a/(a + b)



Negative predictive value
(NPV)

Receiver operating curve
(ROC curve)

Summary ROC curve
(sROC curve)

The probability of non-disease among all persons with a
negative test result: d/(c + d)

A ROC curve represents the relationship between ‘true
positive fraction’ (sensitivity) and ‘false positive fraction’ (1 —
specificity). It displays the trade-offs between sensitivity
and specificity as a result of varying the cut-off value for
positivity in case of a continuous test result.

The summary ROC approach models test accuracy,
defined by the log of the diagnostic odds ratio
(D=logit(sensitivity) - logit(1-specificity)), as a function of
test threshold (S= logit(sensitivity) + logit(1-specificity)). S
relates to the positivity threshold: it has a value of 0 in
studies where sensitivity equals specificity, it is positive in
studies where sensitivity is higher than specificity, and
negative when specificity is higher than sensitivity. For a
set of primary studies, the following linear regression model
is fitted:

D=a+pS

where D is the log odds ratio in each study, a is the
intercept, which is the expected log odds ratio when S=0,
is the coefficient of S, indicating whether the log diagnostic
odds ratio varies with the threshold.

The estimated summary ROC-curve can be plotted by
computing the expected sensitivity for each value of 1-
specificity across the range of the observed values. The
expected sensitivity is given by:
sensitivity=[1+e ) R

where V=specificity/(1-specificity)



EXECUTIVE SUMMARY

Background

Early detection and removal of carcinomas and precancerous adenomas can reduce mortality from
colorectal cancer (CRC). FOBTSs utilise the fact that CRC and large polyps tend to bleed. Guaiac
FOBTs detect the haem moiety of haemoglobin molecules by making use of the pseudoperoxidase
activity of haem. Haem releases oxygen from hydrogen peroxide (the developer), which then reacts
with the colourless guaiac to form a blue dye. Immunochemical FOBTs are said to be more sensitive
because they use monoclonal or polyclonal antibodies raised against the globin moiety of human
haemoglobin, detecting intact human haemoglobin or its very early degradation products. Screening
using FOBTSs has been shown in clinical trials to reduce mortality from CRC by 15 to 33%, for average
risk populations. During 2000-2002, the UK CRC Screening Pilot was carried out in order to
determine the feasibility of screening for CRC in the UK population using the guaiac FOBT, Hema-
Screen, and to verify whether mortality reductions achieved in the setting of randomised trials could
be repeated in population based programmes. The results led the National Screening Committee to
recommend FOBTSs as the initial method for CRC screening of an average risk population. However,
due to the “need for repeatedly testing 'weak positive' results”, further research into the possible use
of an immunochemical FOBTs was recommended.

Objectives

This review aimed to determine the diagnostic accuracy and cost effectiveness of different types of
FOBT, for screening for adenomas and/or CRC in an average risk population, with a view to
determining whether a specific FOBT could be singled out as the most accurate and cost-effective.

Methods
A systematic review was undertaken according to the Centre for Reviews and Dissemination
guidelines for undertaking systematic reviews."*

Data sources: studies were identified through searches of electronic databases, internet searches,
hand-searching of relevant journals, scanning reference lists of included studies and reviews, and
consultation with experts in the field.

Study selection: Two reviewers screened titles and abstracts for relevance. Full papers of
potentially relevant studies were assessed for inclusion by one reviewer with random checking by a
second. Published and unpublished studies in any language were eligible for inclusion. Studies
evaluating the diagnostic accuracy of guaiac or immunochemical FOBTSs for the identification of CRC
or adenomatous polyps in an average risk adult population, that reported sufficient information to
construct a 2 x 2 table, were eligible for inclusion. Cohorts were also derived from randomised
controlled trials comparing the efficacy of screening, using results for the intervention arm (screened
population), as long as the drop out rate was less than 15%. Full economic evaluations were included
if they compared at least two FOBTs and the measure of health benefit included detection of cancer
and/or adenomas, or years of life saved.

Data extraction: Data extraction was performed by one reviewer and checked by a second. Quality
assessment was performed independently by two reviewers.

Data synthesis: Results were analysed according to test type (immunochemical or guaiac). Within
these groups, data were analysed according to target condition. For each test the ranges in
sensitivity, specificity, likelihood ratios (positive and negative), and diagnostic odds ratios were
calculated. Results were presented graphically as forest plots and ROC plots. Heterogeneity was
investigated using the Q and I? statistics, and visual examination of forest plots. Where sufficient data
were available, heterogeneity was further investigated using regression analysis. Due to the
statistically significant heterogeneity between studies in all groups, pooling was not undertaken. A
structured abstract was written for each included economic evaluation and a summary of the
evaluations presented.
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Results
Diagnostic accuracy of guaiac FOBTSs:

e Overall, the sensitivities of guaiac FOBTs reported in diagnostic cohort studies for the
detection of all neoplasms was low, ranging from approximately 6% to 46% for Haemoccult,
43% for Haemoccult Sensa, and 83% for KryptoHaem (this single study used sigmoidoscopy
as the reference standard which may overestimate the accuracy of KryptoHaem).

e Generally, accuracy seemed better for the diagnosis of CRC, with sensitivities ranging from
approximately 25% to 96% for Haemoccult, 62% to 79% for Haemoccult Sensa, and 27% for
Shionogi B.

e The accuracy for detecting adenomas was lower, with sensitivities for Haemoccult ranging
from approximately 4% to 19% for the detection of all adenomas, and 4% to 33% for the
detection of adenomas of 1cm or larger.

e Specificity was 80% or higher for all tests on all measured outcomes.

e Diagnostic case control studies generally reported higher sensitivities than the cohort studies.

Diagnostic accuracy of immunochemical FOBTSs:

e Overall, studies of immunochemical FOBTs had more methodological flaws than guaiac
studies. Fifty-one percent were diagnostic case-control studies, and most were poorly
reported.

e Overall, the sensitivities of immunochemical FOBTs reported in diagnostic cohort studies for
the detection of all neoplasms varied between approximately 5% (OC Light) and 63%
(Immudia HemSp).

e For the diagnosis of CRC, sensitivities ranged from approximately 2% (Flexsure) to 98%
(MonoHaem), for all adenomas from 4% (OC Light) to 63% (Immudia HemSp), and for
adenomas of 1cm or larger from 28% (Flexsure) to 67% (Immudia HemSp).

e Specificity was 89% or higher for all named immunochemical FOBTs on all measured
outcomes.

¢ Where a test was evaluated in both cohort and case-control studies, the case control studies
reported higher sensitivities than the cohort studies.

Comparison of immunochemical and guaiac FOBTSs: Direct comparisons between guaiac
and immunochemical FOBTs were few and gave inconsistent, and often conflicting, results. Less
reliable indirect comparisons showed no clear preference for either guaiac or immunochemical
FOBTSs.

Economic evaluations: Seven full economic evaluations were included. Studies varied in relation
to outcomes reported, the perspective taken, sensitivities and specificities used as thresholds, the
stage of disease being detected and the age range of the screening cohorts. In addition, the range of
countries in which the studies were conducted, and their year of publication, means that
generalisability of the results of the evaluations is uncertain.

Conclusions

Studies that included direct comparisons indicated a better overall test performance for
immunochemical than for guaiac FOBTSs, but this evidence was very limited and of poor quality.
Indirect comparisons showed no clear evidence to suggest that either guaiac or immunochemical
FOBTs performed better. Poor reporting of data limited the scope of this review. We would
encourage investigators to use the STARD guidelines when reporting diagnostic accuracy studies.

Implications for practice

There are data to suggest that Immudia HemSp may be superior to other immunochemical FOBTs
evaluated, in terms of diagnostic accuracy. In comparison, there is little evidence that any particular
guaiac FOBT has superior performance to the others. Direct comparisons between guaiac and
immunochemical FOBTs gave inconsistent, and often conflicting results, therefore there is no clear
evidence to suggest that either guaiac or immunochemical FOBTs have superior diagnostic accuracy,
either for the detection of all neoplasms or CRC. Less reliable indirect comparisons failed to identify a
clear preference for either guaiac or immunochemical FOBTs. Factors, other than accuracy, that
should be considered when deciding which FOBT to use for screening include: the effects of sampling
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methods and dietary restrictions upon compliance; sample storage and transportation issues, and
cost-effectiveness. Data included in the review provided no clear evidence on any of these factors.

Implications for future research

Further research is required to fully evaluate the comparative diagnostic accuracy of FOBTs. Large,
well designed diagnostic cohort studies, recruiting appropriate patient spectra, are required. Such
studies should give consideration to the clinical information available to those interpreting tests, and
this should be representative of what would be available during an actual screening programme.
Consideration should be given to the use of the same reference standard to confirm diagnosis,
regardless of the FOBT result. At a minimum an appropriate, standard follow-up period for
participants with a negative FOBT should be defined.

Research should primarily concentrate on direct comparisons between guaiac and immunochemical
FOBTSs, and the relative cost-effectiveness of these tests in the UK setting. The impact of dietary
restrictions and re-hydration on guaiac FOBTSs also remains an area where further research would be
beneficial. These practical factors, if they prove important for diagnostic accuracy, may be significant
considerations when deciding whether or not to use a guaiac FOBT. Issues of patient acceptability
and compliance also require further investigation. The reporting of future diagnostic accuracy studies
should follow the recommendations of the STARD statement.
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1. BACKGROUND

1.1 Burden of disease

Colorectal cancer (CRC) is a major health concern and a leading cause of death in the Western
World. The estimated lifetime risk is 5% to 6%, with approximately 75% of new cases occurring after
the age of 50." In a recent report, the World Health Organization estimated a worldwide incidence of
nearly 1 1rpillion cases of CRC per year.12 Almost 50% of CRC patients will eventually die of their
disease.

In England and Wales over 30,000 new cases of CRC are diagnosed each year, and about half of
these people will die from their disease.'**® The incidence of CRC is gradually increasing, largely due
to the aging of the population (the rate among people aged 75 or over is ten times higher than the rate
in people aged 45-55).” Approximately 50% of cases of CRC in the UK present in people between
the ages of 50 and 69 years, and less than 1% present in people under the age of 40 years.'®

1.2 The case for screening for colorectal cancer

Mortality from CRC can be reduced by early detection and removal of colorectal adenomas, from
which approximately 95% of cancers arise.” Large randomised controlled trials (RCTs) have shown
that annual or biennial screening for CRC neoplasms in asymptomatic people over the age of 50
years, using FOBTs, can reduce the incidence of CRC mortality by between 15 and 33%.2°%°
However, FOBT screening has also been associated with potentially harmful effects, including the
complications of colonoscopy,® disruption of lifestyle, stress, and discomfort during screening
procedures.”> %

FOBT is currently the method for the initial screening of an average risk population for CRC
recommended by the National Screening Committee. The choice of FOBT was based on the findings
of two cancer screening workshops hosted by The Scottish and Welsh Offices and held in Edinburgh
in 1997 and Cardiff in 1998. The first workshop debated the available evidence for a population
screening programme for CRC and the second workshop concentrated on the practicalities of putting
the theory into practice (details are available on the National Screening Committee website
(http://www.open.gov.uk/doh/nsc/nsch.htm).

In order to determine the feasibility of screening for CRC in the UK population, using FOBT, and to
verify whether mortality reductions achieved in the setting of RCTs could be repeated in population
based programmes, pilot screening studies were carried out."® ?* The pilots were conducted in two
sites, one in central England and the other in Scotland, during the years 2000 to 2002."% 2% %

The UK Pilot was designed as a biennial screening programme using a non-hydrated guaiac FOBT
(Hema-Screen), applied without pre-test dietry restriction, in those aged between 50 and 69 years.
Participants received an invitation by mail together with the test kit. Tests were performed at home on
specimens collected from three consecutive bowel motions and returned by mail to one of two
laboratories (located within each pilot area) for evaluation.”” The invitation to participate and the test
card were sent directly to individuals, without intervention by a clinician.

The results of the UK Pilot suggest that population based FOBT screening is feasible. The Pilot was
able to reproduce the key findings from the Nottingham trial, specifically: It achieved an overall
response rate close to 60%, as well as similar values for test positivity, rates of cancers detected,
stage of screen-detected cancers, and the predictive value of positive tests to those observed in the
trial.”® ?® Based on international comparisons, adverse effects of screening in the UK Pilot (including
complications from colonoscopy) were low. These results led to the conclusion that a national
programme of FOBT screening, based on the model of screening used in the UK Pilot, should result
in mortality reductions similar to those observed in the RCTs.

Because of the limited resources available, it was decided that any national CRC screening
programme should concentrate on participants aged between 50 and 69 years in the first instance,
with the aim of reviewing this policy after two completed rounds of screening.'® The lower age limit
was based on the fact that the incidence of CRC is very low in people under the age of 50 years.29



The selection of the upper age limit was based primarily on the findings of the Nottingham FOBT trial,
which found that uptake of screening was low among people aged over 70 years (48%).?

One of the main concerns arising from the UK Pilot was the need for repeat-testing of ‘weak positive’
results to verify positivity. This caused the screening process to be lengthened in many cases.
Further research was therefore recomended on alternative FOBT methods (e.g. immunological) with
the potential to provide more definitive results on the first test.?® Based on this recommendation, the
current review aimed to assess which of the available FOBTs perform best (singly or in combination)
in an average risk population invited for screening for adenomas and colorectal cancer. Alternative
faecal markers are currently being developed (e.g. mutated DNA, albumin, calprotectin), but these are
still in the early phases of research, and are therefore not considered in this review.*?

1.3 The use of FOBTSs in average risk population screening for CRC

FOBTSs utilise the fact that CRC and large polyps tend to bleed. The test detects non-visible (occult)
blood in the faeces, before there is any clinical evidence of bleeding. However, FOBTSs test for the
presence of blood and blood breakdown products, not neoplasia, and the presence of blood and
blood breakdown products may have other causes. They are therefore used to screen average-risk
asymptomatic populations in order to identify those at increased risk of having colorectal neog)lasm, in
whom more invasive and more accurate diagnostic tests (e.g., colonoscopy) are justified."*

A variety of FOBTs are available including, guaiac, immunochemical, haem-porphyrin tests and
flushable tests. Haem-porphyrin tests require fluorescent spectrophotometry and more complex
laboratory procedures, which ultimately limit their application in a population screening setting and are
therefore not considered in this review.** ** Flushable FOBTs, which are interpreted by screening
participants themselves and then flushed down the toilet, have not yet been evaluated in RCTs," and
as a health professional is not involved in reading this type of test, they will not be used by the
National Screening Programme (where the test will be processed in a controlled manner). They are
therefore not included in the current review. Further stool markers are currently being developed, e.g.
detection of mutated DNA, tests for albumin, and calprotectin, but these are still in the early phases of
research, and are therefore not considered in this review."

In summary, this review considered the use of guaiac and immunochemical FOBT methodologies.
FOB testing kits, for these two methods, consist of a sample collection device (usually a card, tube or
wipe) and analysis based on the guaiac-peroxidase reaction or on an immunological detection
system.31 The majority of kits involve the patient collecting the stool sample and delivering the
sampling device to the doctor or laboratory for analysis. Guaiac tests generally use card collection
devices because drying the stool smears helps to preserve the haem moiety. Immunological methods
most oftegl1 use collection devices containing liquid with suitable preservatives for stool sample
collection.

As well as sample stability, the accuracy of FOBTs depends upon appropriate performance and
interpretation of the test(s). Interpretation of FOBTs might be problematic when they are used by
inexperienced personnel. In a retrospective review of questionnaires applied to accredited laboratory
personnel (in order to determine their ability to interpret FOBT results), 12% were unable to correctly
interpret sample test cards (mainly false-positive results).** This finding raised concerns that peogle
with detectable colorectal cancers are being missed, solely because of errors in interpretation.3 34
One suggestion to imJ)rove test interpretation is the use of tests with automated reading, such as
Magstream HemSp.3 Alternatively a centralised location for the collection, processing, and
interpretation of all tests would facilitate measures to improve consistency.®* *

1.3.1 Guaiac FOBTs

Guaiac FOBTs detect the haem moiety of haemoglobin molecules by making use of the
pseudoperoxidase activity of haem; haem releases oxygen from h%/drogen peroxide (the developer),
which then reacts with the colourless guaiac to form a blue dye.*® ***® The testing process generally
requires that the patient applies two distinct samples taken from each of three separate bowel
movements onto three test cards (or slides) each of which contains two windows lined with guaiac
paper. The cards are developed in a physician's office or clinical laboratory. If any of the six windows
are positive they turn blue. In the UK Pilot a triple test, integrated single card method was used,
where test cards with one to four blue windows (called spots in the UK Pilot) were called 'weak



positive' and participants with ‘weak positive’ results were asked to complete a second test. If this
repeat test had any positive spots, then the final result was considered to be positive.? If this second
test had no positive spots, a third test was done to confirm a negative result. When five or six positive
windows were present in the first kit, the result was considered positive without repeat testing.
Regardless of the number of spots that are required before a patient is considered positive, all tests
deemed to be positive should be followed by a colonoscopy.** *®

Guaiac tests are generally best at detecting large, more distal lesions. Because they depend upon
peroxidase or pseudo-peroxidase activity in the faeces, and are not specific to the pseudoperoxidase
activity of human haemoglobin, many variables are said to influence their results. These include
dietary factors, for example animal haemoglobin/myoglobin in red meat, fruits and vegetables high in
peroxidase activity (false-positive results), high doses of vitamin C (false-negative results), aspirin or
other medication that may cause gastrointestinal bleeding (false-positive results) and faecal
hydration.** ** ** The drying out of the faecal specimen and exposure to high ambient temperature
can also result in false negative findings.”® * ** * Conversely rehydration of the sample may
deactivate the peroxidases from fruit and vegetables reducing the number of false positive results. A
systematic review of five RCTs of CRC screening using a guaiac test (Haemoccult) suggested that
mild-to-moderate dietary restriction during unrehydrated FOBT may not be necessary as it did not
appear to affect positivity rates and completion rates.’” However, the review did not include evidence
on the use of more recent guaiac tests such as Haemoccult Sensa, which are believed to be more
susceptible to the effects of diet. It also failed to account for dietary differences between countries and
ethnic groups.”® 3% %

Studies included in this review used the following guaiac tests:

Haemoccult

In this test, pseudoperoxidase activity converts colourless guaiac to blue in the presence of a
developer that contains hydrogen peroxidase. The test produces a qualitative yes or no result, with a
positive result being defined as a blue colour diffused into a 0.5 cm margin around the stool specimen
within one minute of developer application.38 Development is performed in the laboratory or in the
medical office. Studies have shown that accurate test interpretation requires training, particularly for
borderline results.>* Two versions of this test are considered together in this review: Haemoccult and
Haemoccult Il, and are referred to as Haemoccult throughout.

The literature describes the two major limitations of Haemoccult as low sensitivity and the need for
dietary restrictions. Although re-hydration has been used to increase sensitivity in the past, it has
been abandoned because it seems to alter the concentration of the developer used and thus
produces an unacceptible increase in false-positive results.®® The current review used regression
analysis to evaluate the impact of re-hydration and dietary restrictions on the overall diagnostic
accuracy (as indicated by the DOR) of Haemoccult.

Haemoccult Sensa

Haemoccult Sensa differs from Haemoccult in that it uses an enhancer to allow detection of lower
levels of peroxidase activity.®® The manufacturer’s definition of a positive result is the same as that for
Haemocult. According to the manufacturer, Haemoccult Sensa produces a more stable and readable
positive result than Haemoccult.*® Haemoccult Sensa is afparently very sensitive to peroxidases and
dietary restrictions have been recommended with its use.”®> The manufacturer states that Haemoccult
Sensa slides can be either prepared and developed immediately or prepared and stored for up to 14
days at controlled room temperature (15 to 30°C) before being developed.® Waiting several days may
allow unstable vegetable peroxidase to break down, leaving only the pseudo-peroxidase activity
attributable to haemoglobin.* This strategy may reduce the number of false-positive results.

Shionogi B
The only available information was that the test is produced by Shionogi Pharmaceutics Co., in
Osaka, Japan.

KryptoHaem
The test has been produced in Germany, but no further information is currently available.



1.3.2 Immunochemical FOBTs

Immunochemical FOBTs are said to be more sensitive because they use monoclonal or polyclonal
antibodies raised against the globin moiety of human haemoglobin, detecting intact human
haemoglobin or its very early degradation products.31 They avoid interference from compounds which
are known to affect the guaiac tests. Labelled antibody attaches to the intact globin antigen, resulting
in a positive test result.* The globin protein does not remain intact after passage through the upper
gastrointestinal tract. Therefore, a positive immunochemical FOBT is specific for bleeding in the lower
gastrointestinal tract.”> 3* 3 “° Current studies report positive test results of between 3% and 6% of
screened populations.”® %% 3% 4! Greater sensitivity also has the potential to increase the number of
false-positive tests (decreased specificity) due to the detection of physiological blood loss.*

Immunochemical FOBTs are more expensive than guaiac tests. However, it has been suggested that
the greater cost may have a minimal effect on cost-effectiveness of screening in the long-term, if they
detect more CRC in early stages.™® %

Studies included in this review used the following immunochemical tests:

Feca-EIA

Feca-EIA is a test kit based on the enzyme immunoassay (EIA) method used for the detection of
occult blood in the faeces. It seems that it was produced by Nordic Pharmaceuticals, but is no longer
available for use and no relevant information was found in the studies using this test.”? Two other
tests using the enzyme immunoassay (EIA) method are evaluated together in the current review:
Hemo-EIA and Stick-EIA.

FlexSure

This test has the advantage of simplicity and can be developed by a clinician or a laboratory
technician. FlexSure (Beckman Coulter, Inc., Palo Alto, CA) is based on the specific binding of
human haemoglobin to human haemoglobin antibody.38 In the test device, antihuman haemoglobin is
immobilised in a test strip. In the presence of antihuman haemoglobin conjugate, human
haemoglobin migrates chromatographically along the test strip to the test line.®® If the test is positive a
visible line appears, indicating the presence of human blood in the stool sample. The absence of this
line indicates a negative test. The test procedure takes about five minutes and must be interpreted
immediately to be accurate.

Because FlexSure results need to be interpreted immediately, this test might not be easily applicable
for screening large populations.® In addition, FlexSure is no longer commercially available in the USA
or UK.

Immudia HemSP

The Immudia HemSp test (Beckman Coulter, Inc., Palo Alto, CA) is based on a reverse passive
haemagglutination.®> **  This assay uses fixed chicken erythrocytes coated with antihuman
haemoglobin-immunized rabbit serum. These erythrocytes agglutinate in the presence of human
haemoglobin in faecal specimens.

Immudia HemSp consists of a test card similar to Haemoccult, but with a wider area for sample
placement. The specimen placement area consists of many small disks. The test subjects are
instructed first to make a thin faecal smear on the test filter paper. A diluent is added for development
and the specimen is incubated at room temperature for 30 minutes before results are interpreted.
Samples showing agglutination at a dilution of 1:8 are interpreted as a positive result.

Other versions of the same test are: HemeSelect, RPHA, and Magstream HemSp. The latter is an
automated version using magnetic gelatine particles. Immudia HemSp is manufactured in Japan by
Fujirebio and in Western countries by Beckman Coulter. Although this test has been approved for
use in the USA by the FDA, its use was discontinued. The automated version of the Immudia HemSp
test, Magstream HemSp, is currently being used in Australia. It is not clear if it is currently available in
the UK.

latro Hemcheck
This is a latex agglutination inhibition assay.*” The tip of a collection stick is J)ushed into the stool at
several different points, and sealed in a small plastic tube containing buffer.*” One drop of the faecal



liquid is put in a well and mixed with anti-human-haemoglobin antibody attached to latex particles.
Samples are classified as positive when no agglutination occurs within 1.5 minutes of completion of
the test procedure, and negative when agglutination occurs.*

LA Hemochaser

This is a latex agglutination assay. The test aims to detect transferin as well as human-haemoglobin.
Stool is collected in the same way as the stool collection for the latro Hemcheck test. One drop of the
faecal liquid is put in a well and mixed with anti-human-haemoglobin antibody attached to latex
particles. Samples are classified as 4positive when agglutination occurs after three minutes, and
negative when no agglutination occurs.*?

MonoHaem

According to the manufactures, MonoHaem incorporates an immobilised monoclonal antibody on a
slide  which  selectively binds human  haemoglobin  from the faecal sample
(http://www.chemicon.com/Product/ProductDataSheet.asp?Productltem= 991040995). After
application of the sample to the slide, the bound haemoglobin is detected using an aqueous ethanolic
solution of gum guaiac followed by hydrogen peroxidase. The gum guaiac resin contains alpha
guaiaconic acid which is oxidised in the presence of peroxide to a blue coloured product by the
pseudoperoxidase enzymatic action of haemoglobin. Because the haemoglobin is bound selectively
by the localised monoclonal antibody on the slide, a positive reaction appears as a blue ring or spot
confined to the area of antibody immobilisation. The manufactures describe a positivity rate of 2.4%
and a false positive rate of 1 to 3% for MonoHaem.

OC Light

This is a latex agglutination assay.”” Stool sampling methods are the same as those of latro
Hemcheck.* Two drops of the faecal liquid are put in the well and mixed with anti-human-
haemoglobin antibody attached to polystyrene latex particles. Samples are classified as positive
when agglutination occurs three minutes after completion of the test procedure, and negative when no
agglutination occurs.? The haemoglobin concentration can be calculated at a rate of 90
measurements per hour with the OC-Sensor system, and various positivity thresholds can be set.**

Other versions of the same test are; OC Hemocatch, OC Hemodia and LAT. This test did not receive
an approval by the FDA in the USA. OC Light is manufactured by Eiken Chemical in Japan.”® The
test is not apparently available in the UK.

Ouchterlony
No information about the characteristics of this test is available.

SPA test

This assay uses human haemoglobin antibody coated staphylococcal protein A co-agglutination.46
Stool sampling methods are the same as those of latro Hemcheck. After collection, one drop of the
faecal liquid and a drop of SPA reagent are put on a glass plate (1% staphylococcus coated with
human haemoglobin antibody) and mixed. Samples are classified as positive when agglutination
occurs after one to three minutes from completion of the test procedure, and negative when no
agglutination occurs.*®






2. RESEARCH QUESTIONS

The aim of this project was to carry out a systematic review to determine the most accurate and/or
cost-effective FOBT, or combination of FOBTSs, for use in an average risk population invited to
undergo screening for colorectal neoplasms (adenomas and cancers). This review takes as its
starting point the assumption that screening for colorectal neoplasms, in an average risk population,
using FOBT, is an effective and cost-effective strategy, (see Section 1.2).

The specific objectives of the review were:

e To determine the diagnostic accuracy of different types of FOBTSs (singly or in combination) when
used in an average risk population to screen for colorectal neoplasms.

e To determine the cost-effectiveness of different types of FOBTs when used in an average risk
population to screen for colorectal neoplasms.

e To determine whether further studies are necessary in order to evaluate the relative diagnostic
accuracy of FOBTSs.






3. REVIEW METHODS

An advisory panel was established. In addition to providing subject-specific input during the review,
members of the panel were invited to offer comment on the protocol and draft report. Details of
advisory panel members can be found in Appendix A. The systematic review was performed in
accordance with the Centre for Reviews and Dissemination (CRD) guidelines for undertaking
systematic reviews'" and published guidelines on the meta-analysis of diagnostic tests.*’>*

A list of FOBT tests, along with any known manufacturers and UK distributors is given in Appendix B.
Studies included in the review evaluated the following FOBTSs:

1. Guaiac tests: Haemoccult, Haemoccult Sensa, KryptoHaem, and Shionogi B.

2. Immunochemical tests: Feca-EIA, Hemo-EIA, Stick-EIA, FlexSure , Immudia HemSp, latro
Hemcheck, LA Hemochaser, MonoHaem, OC Light, Ouchterlony, and SPA test.

3.1 Search strategy

A database of published and unpublished literature was assembled from systematic searches of
electronic sources, handsearching, and consultation with experts in the field. The database was built
using the EndNote 6 software package.

A Medline search strategy was devised and after exploring a series of sensitive search strategies, a
more precise strategy was chosen that attempted to maximise capture of relevant records whilst
excluding large numbers of irrelevant records. The MEDLINE search strategy was than translated
and adapted as appropriate for each database searched. Details of the search strategies are
presented in Appendix C. All databases were searched from inception to the most recent date
available. There were no restrictions by country, language, publication date or study design.

The following databases were searched: MEDLINE, EMBASE, BIOSIS, Pascal, Science Citation
Index (SCI), Cochrane Database of Systematic Reviews (CDSR), Cochrane Central Register of
Controlled Trials (CENTRAL), Database of Abstracts of Reviews of Effects (DARE), Health
Technology Assessment Database (HEED), NHS Economic Evaluation Database (NHS EED), and
Latin American and Caribbean Literature on the Health Sciences (LILACS). In addition, information
on studies in progress, unpublished research or research reported in the grey literature was sought by
searching a range of relevant databases including Inside Conferences, Systems for Information in
Grey Literature (SIGLE), Dissertation Abstracts, the National Research Register (NRR), National
Technical Information Service (NTIS) and the GrayLit Network.

Internet searches were also carried out using a specialist search engine (OMNI:
http://www.omni.ac.uk/), a general search engine (Google: http://www.google.co.uk/), and a meta-
search engine (Copernic: http://www.copernic.com/).

Hand searches of the following key journals were performed: Gastroenterology (January 1965 to
December 2004), Scandinavian Journal of Gastroenterology (January 1998 to December 2004),
American Journal of Gastroenterology (January 1998 to December 2004), Cancer (January 1996 to
January 2005) and Journal of Medical Screening (January 1997 to December 2004). In addition,
hand searches of the following conference proceedings were carried out: Prevention screening and
management of the colonic cancers (conference of consensus), Paris, France, 29th January 1998;
Cancer research at the European level, Brussels, Belgium, September 1994; Colon examination
study in Japan, 12th Meeting, Chiba, Japan, Oct 1994; Annual Meeting of the British Society of
Gastroenterology, Birmingham, UK, March, 2003.

The reference lists of included studies and any systematic reviews identified were also searched to
identify further potentially relevant studies.

3.2 Inclusion and exclusion criteria
Two reviewers (KSW, JB) independently screened titles and abstracts for relevance. Disagreements
were resolved by consensus. Full papers of potentially relevant studies were obtained and assessed



for inclusion by one reviewer (JB). A predefined form with a checklist of explicit study selection
criteria, constructed using Microsoft Access, was used to assess full papers for inclusion. All studies
considered to be eligible for inclusion, and a random selection of studies considered not eligible were
checked by a second reviewer (KSW). Any disagreements were resolved by consensus. Where
consensus could not be reached, a third reviewer was consulted (JK). Appendix D provides details of
the procedure used for selecting studies.

A predefined form with a checklist of explicit study selection criteria was constructed using Microsoft
Access. This was based on the categories described in Appendix E. The checklist was piloted in 20
studies and adapted as necessary. There were separate inclusion and exclusion criteria for studies of
diagnostic accuracy and economic evaluations.

3.2.1 Inclusion criteria for FOBT diagnostic accuracy studies

Study design: Any study evaluating diagnostic accuracy of FOBTs where FOBT results were
compared with those of a reference standard (diagnostic cohort and diagnostic case-control studies).
Randomised and non-randomised controlled trials comparing the efficacy of screening of two or more
FOBTs were also eligble for inclusion; for these studies the results for the intervention arm (screened
population) were treated as a diagnostic cohort. Diagnostic cohorts derived from trials were only
included where the drop out rate, from the intervention arm, was less than 15%.

Population: Average risk adult population. Studies conducted in high-risk populations (e.g., family
history of CRC, polyposis, symptomatic) were excluded.

Index tests: Any guaiac or immunochemical FOBT used (singly or in combination) in the identification
of CRC or adenomatous polyps, whether or not dietary restrictions were imposed. Studies evaluating
flushable FOBTSs and/or further stool markers currently being developed, such as detection of mutated
DNA, tests for albumin, and calprotectin were excluded.

Reference standard: Diagnostic cohort studies, including cohorts derived from trials, were required to
report details of the reference standard used; any reference standard was accepted. Screening trials
had to report at least two screening rounds or, if a cancer registry/questionnaire was used as the
reference standard, between three and ten years follow-up. Diagnostic case-control studies were
included in the review whether or not the details of the reference standard used to verify disease
status was reported.

Outcome measures: Studies were required to report sufficient information to construct a 2 x 2 table.
Where sufficient data were available, separate 2 x 2 tables were constructed for the accuracy of the
FOBT to detect all neoplasms, CRC, all adenomas, adenomas >1cm in size and adenomas < 1cm in
size. If a study evaluated more than one test, but only reported sufficient data to construct a 2 x 2
table for one FOBT, only data for that FOBT were included in the review. The secondary outcome of
interest was adverse events related to the FOBT.

3.2.2 Inclusion criteria for economic evaluations of FOBTs
Study design: Full economic evaluations available on the NHS EED database were eligible for
inclusion.

Population: Average risk adult population. Studies conducted in a high-risk population (e.g., family
history of CRC, polyposis, symptomatic) were excluded.

Intervention: Studies comparing at least two FOBTs were eligible for inclusion. Studies evaluating
flushable FOBTSs and/or further stool markers currently being developed, such as detection of mutated
DNA, tests for albumin, and calprotectin, or evaluations that assessed a single FOBT were excluded.
Economic evaluations assessing the cost-effectiveness of CRC screening, where the programme
happened to include FOBT testing, and economic evaluations that assessed a single FOBT were
excluded.

Outcome measures: Economic evaluations where costs from a health service or broader (e.g.
societal) perspective or appropriate health-related outcomes were reported were eligible for inclusion.
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3.3 Data extraction

Data extraction forms were developed using Microsoft Access. These were piloted on a small
selection of studies. Data extraction was performed by one reviewer (KSW) and checked by a second
(JB). Any disagreements were resolved by consensus. Where consensus could not be reached, a
third reviewer was consulted (JK). Papers in French, Portuguese, Italian, Spanish were extracted by
one reviewer (KSW) and the data were entered directly into the Access database. Other non-English
language papers (Chinese, Japanese, Dutch, German, Czech, Polish, Hungarian) were extracted by
one reviewer (JB), accompanied by a speaker of that language, and the data were entered directly
into the Access database. A second reviewer did not check non-English language studies.

3.3.1 Diagnhostic accuracy studies
The following information was extracted for studies used to assess the diagnostic accuracy of FOBTSs:

Study details: Study identifier (EndNote ID), author, year, country, setting, study design, aim of the
study, number of participants, and duration of follow up.

Population details: Description of the participants included in the study (age, gender, ethnicity, and
other potential risk factors), predefined inclusion and/or exclusion criteria, dietary restriction, method
of patient selection, disease prevalence, and number of participants recruited/included in the study.

Details of index test: Test evaluated (guaiac or immunochemical (IC), IC test/methodology (e.g.,
passive haemagglutination, latex agglutination), details of test execution, name of test (preferably as it
is used in the UK), method and location of development, method and number of stools collected,
frequency of tests, time between specimen collection and development and storage conditions if there
was any delay, faecal haemoglobin limit of detection (for IC tests), and definition of positive test.

Details of reference standard: Reference standard used for both positive and negative FOBT result
(e.g., colonoscopy, flexible sigmoidoscopy, follow up), and number of patients that completed the
reference standard.

Outcome details: Data were used to construct a 2 x 2 table (true positives (TP), false positives (FP),
true negatives (TN) and false negatives (FN). Data on adverse events was also extracted.

3.3.2 Economic evaluations

For economic evaluations, data were extracted on the tests being compared, study population, the
time period over which the study was performed, measures of effectiveness, direct costs (medical and
non-medical), production costs, resource use, currency, results and details of any decision modelling
and sensitivity analysis.

3.4 Quality assessment

Quality assessment forms were developed using Microsoft Access. Quality assessment was carried
out independently by two reviewers (KSW, JB). Any disagreements were resolved by consensus.
The quality of French, Italian, Portuguese and Spanish papers was assessed by one reviewer (KSW),
and Chinese, Czech, Dutch, German, Hungarian, Japanese and Polish by one reviewer (JB)
accompanied by a speaker of the language.

The results of the quality assessment were used for descriptive purposes to provide an indication of
the common quality issues across the included studies and to provide a transparent method of
recommendation for design of future studies. In addition, where sufficient data were available, quality
components were included as explanatory variables in regression analyses to investigate possible
associations with diagnostic accuracy.

3.4.1 Diagnostic accuracy studies

Diagnostic cohort studies, including cohorts derived from trials, and diagnostic case-control studies
were assessed for methodological quality using the assessment tool for diagnostic studies
(QUADAS).”” The sources of bias assessed using this tool include spectrum bias, selection bias,
appropriateness of reference standard, verification bias, review bias, and clinical review bias. Two
criteria, the avoidance of disease progression and incorporation bias, were not scored as they were

11



deemed irrelevant to this topic. The QUADAS tool together with details on how studies were scored is
provided in Appendix F.

3.4.2 Economic evaluations

The quality of the economic evaluations was assessed according to a checklist developed by
Drummond et. al. (2000).>* This checklist reflects the criteria for economic evaluation detailed in the
methodological guidance developed by the National Institute for Clinical Excellence.*

3.5 Synthesis

FOBT characteristics were identified from manufacturers information and from the FDA registered
haematology medical devices list™® Results were analysed according to the specific FOBTs being
evaluated. Within these groups, tests were analysed according to the target condition (all neoplasms,
colorectal cancers, all adenomas, and adenomas > 1cm). For each data set the sensitivity, specificity,
positive and negative likelihood ratios, and diagnostic odds ratios (DOR) were calculated, with 95%
Cls, using MetaDisc.*®

DOR were calculated as the Odds (Sensitivity) / Odds (1-specificity), or ad/bc in a 2 x 2 table. DOR
have the advantage of being a single indicator of diagnostic accuracy in contrast to most of the other
measures, which have to be judged in pairs. The DOR can take values between 0 and infinity, with
high values indicating good test performance.> > To account for 0 cells in the 2 x 2 tables, 0.5 was
added to every cell for all 2 x 2 tables as recommended by Moses et. al. (1993).>’

Whenever more than four studies were included for a specific FOBT and target condition, individual
study results were presented graphically in ROC space. Between study heterogeneity of the
sensitivity, specificity, likelihood ratios and DOR was investigated using the Cochrane Q statistic®® and
through visual examination of Galbraith plots of study results.”** We measured the impact of
heterogeneity (1% in the meta-analyses.® I* describes the proportion of total variation in study
estimates that is due to heterogeneity and can be calculated from the Cochran Q statistics.®” ®* The
following equation was used to calculate |1

1* =100%x 2=

and data were not pooled where I* was above 75%.*" Since I> was above 75% in all data sets, no
pooled estimates are presented. Where more than ten data sets were available for any one grouping
of test type and target condition, heterogeneity was further investigated using the Moses-Shapiro-
Littenberg method for meta-regression analysis.”® ® For these data sets SROC curves were estimated,
using the following equation:

1

1
1+b

e%x 1—Spe |=»
Spe

Sen =

1+

a and b were calculated using the following regression equation:
D=a+bS

D = [logit (TPR) — logit (FPR)] = log (DOR)

S =[logit (TPR) + logit (FPR)}]

Logit (TPR) = In(TPR/(1-TPR))
Logit (FPR) = In(FPR/(1-FPR))
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This was estimated by regressing D against S, weighting according to sample size, for each study.
Beta provides an estimate of the extent to which D is dependent on the threshold used. If beta is O
(when line is symmetric with respect to the line TPR = 1 — FPR), or not significantly different from O,
then the DOR is not affected by the threshold used. When this was the case the DOR was pooled
according to standard methods for pooling odds ratios.>® ®® In such cases the following equation was
used to calculate the SROC curves:

1
1

DOR, x(l‘SpeJ
Spe

Sen =

1+

The sROC model outlined above was extended to include the following covariates.®®

e Factors affecting the index test (for example: rehydration of the stool specimen, dietary
restrictions prior to testing)

e QUADAS items*

Initially univariate analysis was performed with items included individually in the model. Items which
showed a significant association with D at the 10% significance level were investigated further using
step-wise multivariate models; a minimum of ten data sets per variable entered were pre-requesit for
multivariate modelling. In this approach, all items found to be significant in the univariate models were
entered into the multivariate model, weighted by sample size, and then dropped in a step-wise fashion
with the least significant item dropped first. The final model was achieved when all items remaining in
the model showed a significant association with D at the 5% level. All analyses were performed using
random effect models in the MetaDisc software (version 1.3).%°

3.5.1 Economic evaluations

Narrative summaries were produced for each full economic evaluation, comparing two or more
FOBTSs, identified.
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4. RESULTS OF THE REVIEW

4.1 Results of the literature searches

The literature searches identified 3,259 references. Of these, 1089 were considered to be potentially
relevant and ordered. Figure 1 shows the flow of studies through the review process and the number
of studies excluded according to each of the inclusion criteria. Appendix G gives details of the studies
included in the review, and appendix H lists the studies that were excluded from the review, with the
reason for exclusion. Appendix | details on which database(s) each included study was identified.

We identified 130 studies that evaluated the diagnostic accuracy of either a guaiac or
immunochemical FOBT in a screening population, and 86 trials that assessed the efficacy of
screening with FOBT compared to no screening. Of these, 17 were designed as diagnostic cohort
studies®®® and 21 diagnostic case control studies™™ ® "% 10428192 anq were included in the review. In
addition, 17 screening trials,> ® *® %% seven RCTs""**® and seven economic evaluations *****° also
met the inclusion criteria. Therefore, a total of 69 studies were included: 59 provided data on the
diagnostic accuracy of FOBTSs, three described adverse events related to the use of FOBTs, and
seven reported economic evaluations comparing at least two FOBTS.

Thirty-four of the studies evaluating diagnostic accuracy were conducted in Asia (China, Hong Kong,
Japan, Korea, Singapore and Taiwan), two in Australia, 13 in Europe (UK, Denmark, France, Republic
of Ireland, Italy, Norway and Sweden), 11 in the USA, and two were conducted in Israel. The two
studies conducted in the UK provided details of adverse events only."** ! Of the economic
evaluations, two were conducted in Asia, two in the UK, two in other European countries, and one in
the USA. Six studies were available only as abstracts.’® 8% 9% 99 101103 A tota| of 317 non-English
language papers were assessed for this review: seven Chinese, one Croatian, six Czech, five Danish,
three Dutch, 85 French, 97 German, one Hebrew, one Hun%arian, 29 ltalian, 65 Japanese, one
Portuguese, and 16 Spanish. Two Chinese,* °* two German® ®® and eight Japanese™™ ° ®* ® papers
met the inclusion criteria and were translated. We were unable to locate full papers for 68 references.
The majority of these were identified through handsearching and were published in either German or
Japanese during the 1980s. Attempts were made to contact the authors of these papers without
success.

Twenty three of the included diagnostic accuracy studies evaluated guaiac FOBTS,®* 62 6770, 72,7781, 83,
93, 94, 97, 100, 105-107, 110, 112, 113 25 ImmunOCthlCBJ FOBTS,42, 46, 66, 71, 73-76, 82, 85-92, 95, 96, 98, 99, 101-103, 108 10
evaluated both types of FOBT'™ and one evaluated a guaiac and immunochemical FOBT in
sequence and did not rePort results for the two FOBTSs separately.** Three studies provided data for
adverse events only.'*" ' ™ gix of the economic evaluations evaluated both guaiac and
immunochemical FOBTs'>** and one evaluated two guaiac FOBTs."**

The included studies evaluated the following FOBTSs:

Guaiac FOBTs: Haemoccult, Haemoccult Il, Haemoccult Sensa, KryptoHaem, and Shionogi B.
Immunochemical FOBTs: Checkmate Hemo, Feca-EIA, Hemo-EIA, Stick-EIA, FlexSure, HemeSelect,
Immudia HemSp, Imdia HemSp, Magstream HemSp, RPHA, latro Hemcheck, LA Hemochaser,
MonoHaem, OC Hemodia, OC Hemocatch, OC Light, LAT, HB Latex, Ouchterlony and the SPA test.

4.2 Guaiac FOBTs

Five guaiac-baed FOBTs were evaluated in the included studies, Haemoccult, Haemoccult II,
Haemoccult Sensa, KryptoHaem and Shionogi B. The results of Haemoccult and Haemoccult Il were
grouped together, and are referred to as Haemoccult throughout the review. The number of
participants ranged from 44 to 97,205. The gender differential was not reported in 19 studies, but
where reported, the proportion of males ranged from 40.7% to 100%. Twenty seven studies did not
report a mean age of the participants. Of those that did, the mean age ranged from 40 to 68 years.
Where a mean age was not reported, only sixteen studies reported the age range of the participants.
The youngest participants included were 13 years in the control group of a diagnostic case control
trial, and 20 years in a diagnostic cohort study. The oldest participants were were 89 years in the case
group of a diagnostic case control trial, and 88 years in a diagnostic cohort study.
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Studies describing adverse events (2 RCTs, 1 screening trial)

DC: Diagnostic cohort; DCC: Diagnostic case-control; RCT: Ranopmised controlled trial; EE: Economic evaluation; SR: Systematic review.

Figure 1: Flow chart of studies through review process
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Of the 31 studies that evaluated a named guaiac FOBTS, 17 mgosed dietary restrictions before
testing,® 1 04 0% 67, 68,72, 77-79, 94, 97, 100, 105, 106, 110, 113 £, did not,* one study imposed restrictions
on repeat testing only,"®” and nine provided no information regardingdletary restrictions, > &9 708183,

% Of the 23 studies that evaluated Haemoccult, four re-hydrated the slides before analysis,’® *" 1"
119 fourteen did not re-hydrate the slides, 7.8, 64, 65, 69, 77, 78,80, 95, 94, 100, 106, 112, 113 rehydrated the slides
from some people and not for others,”” and four provided no information on the rehydrat|on status of
the slides.®* 8! The other named guaiac FOBTs were developed either with rehydratlon without
rehydration,® "> 1% or the hydration status was not reported.* * ** &

4.2.1 Quality

Of the 33 studies that evaluated the diagnostic accuracy of guaiac FOBTs, 11 were diagnostic cohort
studies,® ® 770 727780 15 were diagnostic case-control studies,’* & " % 1% 818 and 12 were either
screening studies or RCTs from which a diagnostic cohort was derived.> ® 994 97, 100,105-107, 110, 112, 113
Figure 2 shows the proportion of guaiac FOBT studies that answered “yes”, “no” and “unclear” to each
one of the QUADAS items. Sixty nine percent of studies fulfilled the crlterla for avoidance of partial
verification bias, and 39% for the avoidance of differential verification bias. Forty two percent of
studies detailed how people were selected for inclusion in the study and/or included an appropriate
spectrum of patients. Thirty three percent of studies reported sufficient details on how the reference
standard was performed, and 22% on how the index test was performed, to permit replication. Sixty
four percent of studies failed to report sufficient details on clinical review bias, 42% on diagnostic
review bias, and 50% on test review bias to judge whether these were avoided. Study withdrawals
and handling of uninterpretable results were reported in over 70% of studies.

1. Spectrum composition

2. Selection criteria

3a. Appropriate reference standard - positive FOBT/cases?

3b. Appropriate reference standard - negative FOBT/controls?

4. Partial verification bias

5. Differential verification bias

6a. Index test execution details

H Yes
ONo 6b. Reference execution details
O Unclear

7. Test review bias

8a. Diagnostic review bias

8b. Clinical review bias

9. Uninterpretable/intermediate results

10. Withdrawals

T T T T T T T T T T
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 2: Proportion of guaiac FOBT studies rated as yes, no, or unclear on each of the
QUADAS items

The reference standards used, where reported, varied considerably across the studies, with
colonoscopy, barium enema, sigmoidoscopy or cancer registry used individually or in combination for
people with a positive FOBT or cases. Colonoscopy, barium enema, sigmoidoscopy, cancer registry,
follow-up or re-screening, individually or in combination, were used for people with a negative FOBT
or controls.

4.2.2 Diagnosis of all neoplasms using guaiac FOBTs

Eleven diagnostic cohorts evaluated the dla%nostlc accuracy of guaiac FOBTs to detect all neoplasms.
Nine evaluated Haemoccult,®* 8 &7 7. 77. 78.80. 97. 113 56 Haemoccult Sensa® and one Kwptohaem
The reference standards used for people with a positive FOBT included colonoscopy,” " 77 8 97
colonoscopy and barium enema (in some or all parhcg)ants) colonoscopy and barium enema and
rigid sigmoidoscopy,’ colonoscopy or barium enema, with one study also referring to the cancer
registry,® or sigmoidoscopy.®”

17



Sensitivity Haemoccult - not rehydrated
Allison (1990)" —— 019 (015-0.24)
Bang (1986)" | _g— 006 [0.03-010]
Foley (1992)”/ —— 014 [0.07-0.24]
Parikh (2001)" —— 045 [033-058]
Rasmussen (1999)**3 —— 003 [00&-0713
Ribet (1980)" — 014 (006030
sung (2003)° il 013 [013-0.26]
Haemoccult - rehydrated
Collins (2005)*
Foley (1992)" -+ 011 (0.09-013
' . —— 014 (0.08-0.23
Lieberman (2001) &+ 010 [D.DS-D.'IE]
Haemoccult Sensa
Allison (2002)° —_—— 043 [0.36-052
KryptoHaem
Klug (1983)% & 085 (062-057
a 0z 04 0e 0a 1
Senzitivity
Specificity Haemoccult - not rehydrated
Allison (1990)% o050 [D 99-099]
fj’;j EiZiii o099 (097099
— .
| 2oy
Rasmussen (1999)™** * DEIB EDHBDHH%
Ribet (1980)"® e
el
Haemoccult - rehydrated
Collins (2005)"” + | 0% [053-0%
Foley (1992)°" —4 091 [0.87-053)
Lieberman (2001)" + |09 [092-059
Allison (002 | 138moceult Sensa ¢ |09 [030-09)
qlug tsgaye | KTYPtoHaem 409 (097-099)
I 0.2 04 0.6 04 1

S pecificity

Figure 3: The sensitivity and specificity of guaiac FOBTs for the detection of all neoplasms as
reported in diagnostic cohort studies
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The reference standards used for people with a negative FOBT included colonoscopy,® '

sigmoidoscopy,®> °7 %8 7% 7. 113 flexible colonoscopy,® sigmoidoscopy and barium enema,’ or referral
to the cancer registry.** Six cohort studies recruited an appropriate patient spectrum.®* % 7% 77 8. 97
Two studies did not name the guaiac FOBT used and therefore results are presented in table 1 but
not included in the synthesis." * There was statistically significant heterogeneity (Cochrane Q<0.05
and/or |2>75%) between studies evaluating Haemoccult, therefore pooling was not undertaken.

Overall, Haemoccult had a low sensitivity, which ranged from 6.2% (specificity 98.0%) to 45.5%
(specificity 94.0%) when three consecutive stool samples were examined. Comparing studies that
rehydrated the Haemoccult slides with those that didn't, sensitivity ranged from 10.2% (specificity
93.6%) to 14.4% (specificity 90.5%) when reh)/drated,m' %97 and 6.2% (specificity 98.0%) to 45.5%
(specificity 94.0%) when not rehydrated.®* °>®" 77 7880113 oy one study reported results separately
for both rehydrated and non-rehydrated Haemoccult FOBTSs; the two tests were conducted on stool
specimens from different people,”’ therefore no direct comparisons of rehydrated and non-rehydrated
Haemoccult were available. Two cohort studies compared the accuracy of Haemoccult tests where
samples were collected at home for three consecutive days to that of Haemoccult performed using a
single stool specimen collected via a digital rectal examination (DRE).”” %" One study reported that
both sensitivity and specificity were slightly better for the home test (Home: sensitivity 45.5%,
specificity 94%; DRE: sensitivity 41.0%, specificity 92.8%).”" The other study reported very low
sensitivities for both tests, although this was slightly higher with the home test (Home: sensitivity
11.3%, specificity 93.9%; DRE: sensitivity 4.3%, specificity 97.5%).>” Seven of the studies evaluating
Haemoccult imposed dietary restrictions,® ®* ¢% 7" 78 97113 gne did not® and one did not specify
whether restrictions were imposed or not,”® therefore it was not possible to evaluate the impact of
dietary restrictions on the diagnostic accuracy of Haemoccult.

The study evaluating Haemoccult Sensa reported a higher sensitivity than all but one Haemoccult
study (43.1%), although specificity was slightly lower than most of the Haemoccult studies (90.7%).
The study evaluating KryptoHaem reported the highest sensitivity (83.3%), and the second highest
specificity (98.4%) of all the guaiac FOBTs evaluated for the detection of neoplasms in diagnostic
cohort studies.®® The main results are presented in figures 3 and 4, and all results are presented in
table 1.

Sensitivity
1,
0.9 -
0.8 -
0.7
0.6
0.5 -
0.4 -
0.3 -
0.2 e o)
01-¢g¢®
O I I I I T T T T T !
O 01 02 03 04 05 06 07 08 09 1

1-Specificity

Figure 4: The detection of all neoplasms using Haemoccult (@), Haemoccult Sensa () and
Kryptohaem (O) based on the results of the diagnostic cohort studies.
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Five diagnostic case-control studies evaluated the diagnostic accuracy of guaiac FOBTs for the
detection of all neoplasms. Three evaluated Haemoccult,” "* % one Haemoccult Sensa,’® one
Kryptohaem® and one Shionogi B.® Three studies used colonoscopy to verify disease status of both
cases and controls,” "> ! one used colonoscopy to diagnose the condition in cases but the reference
standard used to verify the disease-free status of controls was not reported,”® and one did not report
the reference standard used for either cases or controls.** No diagnostic case control study was
deemed to have an appro;)riate patient spectrum. There was statistically significant heterogeneity
(Cochrane Q<0.05 and/or I">75%) between studies evaluating Haemoccult, therefore pooling was not
undertaken.

In contrast to the results from the cohort studies, the diagnostic case control studies reported
relatively high sensitivities for Haemoccult for the detection of all neoplasms, and lower specificities.
Sensitivity ranged from 50.0% (specificity 50.0%) to 71.3% (specificity 66.2%), and specificity from
50.0% (sensitivity 50.0%) to 99.0% (sensitivity 65.2%).> " ®* None of the case-control studies
reported whether the Haemoccult slides were rehydrated prior to developing or not. Haemoccult
Sensa was reported as having a much higher sensitivity (72.2%) and specificity (99.0%) in the case
control study than the cohort study.10 The case-control study reported a similar specificity for the
detection of neoplasms using Kryptohaem to that of the cohort study (98.4%), however, the sensitivity
was much lower (47.4%).83 Shionogi B was only evaluated in a case-control study, and was reported
as having the highest sensitivity of the guaiac FOBTs evaluated using this study design, and the
second highest when all studies were taken into consideration (73.4%).° However, this study reported
the lowest specificity of all the guaiac FOBTs used to detect all neoplasms (60.3%). The main results
are presented in figure 5 and 6, and all results are presented in table 1.

Sensitivity Haemoccult - hydration state not specified
Bhattachawa (].997)81 _— 0.50 [038 R DEE]
Miyoshi (1992)° N — 072 [0.57-0.84)
St John (1992)" v 065 (0.58-0.72)

Haemoccult Sensa

St John (1993)*°

i — 072 [0ER-0.79)
Lampe (1982)" KryptoHaem
S — 0.47 [0.39-0.58)
Shionogi B
Miyoshi (1992)° S S— 074 [0.59-0.86)
a 0.z 0.4 06 0a 1

Sensitivity

Figure 5a: The sensitivity of guaiac FOBTs for the detection of all neoplasms as reported in
diagnostic case-control studies
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Figure 5b: The specificity of guaiac FOBTs for the detection of all neoplasms as reported in
diagnostic case-control studies
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Figure 6: The detection of all neoplasms using Haemoccult (@), Haemoccult Sensa (QO),
Kryptohaem () and Shionogi B (A) based on the results of the diagnostic case-control
studies
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4.2.3 Diagnosis of colorectal cancer using guaiac FOBTs

Nineteen diagnostic cohort studies evaluated the diagnostic accuracy of guaiac FOBTs for the
detection of CRC. Sixteen evaluated Haemoccult,® 8 % ©7: 69, 70. 80,93, 94,197, 100,106, 107, 110, 112, 113 4y 0
Haemoccult Sensa® ® '® and one Shionogi B.” The reference standards used for people with a
positive FOBT included colonoscopy,® ¢ 7% %0 97: 105,112 ¢ 6n0scopy and barium enema (in some or all
participants),**> ** colonoscopy or barium enema,®* ®® with one study also referring to the cancer
registry,* colonoscopy and follow-up,® sigmoidoscopy,®” % ** sigmoidoscopy and barium enema'®
referral to the cancer registry,”> **” or GP contact, questionnaires and referral to the cancer registr%/.100
The reference standards used for people with a negative FOBT included colonoscopy,® '
sigmoidoscopy,®> &7 68 70 7793, 113 glayiple colonoscopy,® sigmoidoscopy,'®® *% referral to the cancer
registry with follow-up,® ®* referral to the cancer reqistry,eg‘ 72,100 112 ragcreening and referral to the
cancer regiss}rg;‘;’o 12;’ or an annual questionnaire.”” Ten studies recruited an appropriate patient
spectrum.”™ G R IR IR SR SR 22 There was statistically significant between study heterogeneity
(Cochrane Q<0.05 and/or I*>>75%) in all test groups, therefore pooling was not undertaken.

Overall, the accuracy of Haemoccult for detecting CRC appeared better than that for all neoplasms.
The sensitivity of Haemoccult when three consecutive stool samples were examined ranged from
25.0% (specificity 98.74%) to 96.2% (specificity 99.2%) and the specificity ranged from 80.0%
(sensitivity 30.0%) to 99.2% (sensitivity 96.29%).” & 8% 6% 67, 69. 70, 80,93, 94, 97, 100, 106, 107, 110, 112, 113
Rehydrated Haemoccult slides produced sensitivities ranging from 27.1% (specificity 95.6%) to 89.1%
(specificity 92.73%), and specificities from 89.9% (sensitivity 50.0%) to 95.6% (sensitivity 27.1%).% %"
107, 119 Non-rehydrated Haemoccult slides had sensitivities from 25.0% (specificity 98.7%) to 96.2%
(specificity 99.29%) and specificities from 80.0% (sensitivity 30.0%) to 99.2% (sensitivity 96.2%).% %4 %
7,69, 80, 93,94, 100, 106, 112, 113 cohort studies that imposed dietary restrictions had sensitivities ranging
from 7.4% (specificity 97.0%) to 100% gspecificit 99.2%) and specificities from 90.0% (sensitivity
50.0%) to 99.2% (sensitivity 100%).% 8 ©5 67 94,97, 100,106, 110, 113 Tha two cohort studies that did not
imposed dietary restrictions reported sensitivities of 25.0% (specificity 80.0%)%° and 58.0% (specificity
97.3%).69 One study imposed restrictions on repeat testing only and reported a sensitivity of 26.1%
and specificity of 95.6%.'%" Three studies did not specify whether restrictions were imposed or not.”®

One study compared the accuracy of Haemoccult tests where samples were collected at home for
three consecutive days to that of Haemoccult performed using a single stool specimen collected via a
digital rectal examination (DRE), and reported that sensitivity was better with the home test (Home
test: 34.1%, DRE: 8.0%), but specificity was slightly higher with the DRE test (Home test: 92.6%,
DRE: 96.9%).”” One study compared the accuracy of Haemoccult when one, two and three stools
were tested, and reported an increase in sensitivity with the number of stools tested, from 83.3%
(specificity 90.0%) when one stool was tested, to 95.2% (specificity 72.6%) when three were tested.’

Cohort studies of Haemocult for the detection of CRC was the only grouping with a sufficient number
of data sets to support preliminary regression analyses. Neither sample rehydration nor dietary
restrictions before the test were found to significantly affect overall accuracy (as indicated by DOR) in
univariate analyses. When individual QUADAS items were considered, univariate analyses indicated
that studies which adequately reported selection criteria and studies that adequately reported the
details of how index tests were conducted had significantly lower accuracy than those that did not
(RDOR = 0.30 (95% CI:0.10;0.89), p = 0.03 and RDOR = 0.24 (95% CI:0.06;1.00), p = 0.05,
respectively).

The sensitivity of Haemoccult Sensa ranged from 62.2% (specificity 95.5%) to 78.6% (specificit
86.7%) and was therefore on the whole a more sensitive and less specific test than Haemoccult.> ® *®
The one study that evaluated Shionogi B reported a sensitivity of 26.8% and specificity of 94.1%."
The main results are presented in figures 7 and 8, and all results are presented in table 1.
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Figure 7a: The sensitivity of guaiac FOBTs for the detection of CRC as reported in diagnostic

cohort studies
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Figure 7b: The specificity of guaiac FOBTs for the detection of CRC as reported in diagnostic
cohort studies
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Figure 8: The detection of colorectal cancers using Haemoccult (@), Haemoccult Sensa (O)
and Shionogi B (A) based on the results of the diagnostic cohort studies

Four diagnostic case-control studies evaluated the diagnostic accuracy of guaiac FOBTs for the
detection of CRC. Two evaluated Haemoccult® ” and two evaluated Shionogi B.** One study reported
using colonoscopy and barium enema to diagnose disease in cases and upper and lower tract
endoscopy to verify the disease-free status of controls.” the other three studies did not report the
reference standards used.**°

The sensitivity of the Haemoccult test was reported as 95.2% in one study,® which was comparable
with the highest value reported in a cohort study and 53.0% in the other.” The reported specificities,
however, were at the lower end of the spectrum, 72.6%° and 85.6%.” The sensitivity of Shionogi B
was reported as being much higher in the case control studies, at 81.7%" and 75.0%° (when the
‘quasipositive’ results reported in these studies were classified as positive), compared to the cohort
study where sensitivity was 26.8%. The corresponding specificities were 63.3%* and 95.0%°,
compared with 94.1% in the cohort study. Even when the ‘quasipositive’ results were classified as
negative, sensitivity of Shionogi B was still much higher in the case control studies, at 69.7%"* and
70.0%. The corresponding specificities were 79.0%" and 97.6%.% The main results are presented in
figure 9 and 10, and all results are presented in table 1.
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Figure 9: The sensitivity and specificity of guaiac FOBTs for the detection of CRC as reported
in diagnostic case-control studies
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Figure 10: The detection of colorectal cancers using Haemoccult @) and Shionogi B (/\) based
on the results of the diaghostic case-control studies

4.2.4 Diagnosis of all adenomas using guaiac FOBTSs

All seven diagnostic cohorts that evaluated the diagnostic accuracy of guaiac FOBTSs for the detection
of all adenomas, used Haemoccult.* ®% ®" 70 8. 97. 113 Thare were no diagnostic case-control studies
evaluating the diagnostic accuracy of guaiac FOBTSs to detect all adenomas. The reference standards
used for people with a positive FOBT included colonoscopy,70 8097 colonoscopy and barium enema
(in some or all participants),™ colonoscopy or barium enema,® ®® with one study also referring to the
cancer reglstry,64 or si m0|doscopy The reference standards used for people with a negat|ve FOBT
included colonoscopy,® %" sigmoidoscopy,®® ¢” 7> ™3 or referral to the cancer registry.** Five studies
recruited an appropriate patient spectrum. 64.67.70.80.97 There was statistically significant heterogeneity
(Cochrane Q<0.05 and/or 1>>75%) between studies evaluating Haemoccult, therefore pooling was not
undertaken.

For the five studies that examined Haemocult slides that had not been rehydrated, the sensitivity of
Haemoccult was low when three consecutive stool were examined, ranging from 5.2% (specificity
98.0%) to 19.1% (6peCIfICI 79.7%). Specificity ranged from 79.7% (sensitivity 19.1%) to 98.9%
(sensitivity 17.5%).°" *> o, 113 Rehydrated Haemoccult slides were examined in three studies.
These also reported low sensitivities, ranging from 9.5% (specificity 93.6%) to 12.9% (specificity
90.5%), and specificities from 90.5% (sensitivity 12.9%) to 93.9% (sensitivity 9.7%).°” "> " One study
compared the accuracy of Haemoccult tests where samples were collected at home for three
consecutive days to that of Haemoccult performed using a single stool specimen collected via a digital
rectal examination examination (DRE). Sensitivity was reported as very low for both tests, but was
slightly better with the home test (Home: 9.7%, DRE: 4.1%), and specifici