in collaboration with:

ERRATUM TO

Faecal immunochemical tests to triage patients with lower
abdominal symptoms for suspected colorectal cancer referrals in
primary care: A systematic review and cost-effectiveness analysis

1. The following study:
Parente F, Marino B, Ilardo A, Fracasso P, Zullo A, Hassan C, et al. A combination of faecal
tests for the detection of colon cancer: a new strategy for an appropriate selection of
referrals to colonoscopy? A prospective multicentre Italian study. Eur J Gastroenterol
Hepatol 2012;24(10):1145-52.
was erroneously included in the systematic review. This study did not use HM-JACKarc (as
specified in the scope and protocol for this assessment), but rather used an older version
(HM-JACK). HM-JACK and HM-JACKarc are different analytical systems and use different
sampling devices. HM-JACK is no longer available in Europe. The above study has therefore
been removed from the results sections of the systematic and added to the list of excluded
studies.
Corrected versions of pages 4, 18, 40-46, 48, 66-69, 71 and 158 are copied below.
The study has been deleted from Appendix 2 and Appendix 3. All publications relating to this
study have added to Appendix 4 (excluded studies). A revised version of Appendix 4 is
provided below.
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1.

Abstract

Background
Colorectal cancer (CRC) is the third most common cancer in the UK. Symptoms, such as rectal
bleeding, unexplained weight loss, anaemia, abdominal pain and altered bowel habit can be
associated with CRC, but will usually have another explanation. Faecal immunochemical tests (FIT)
can detect blood in stools that is not visible to the naked eye. These tests may help to determine
which patients are most likely to benefit from further investigation.
Objectives
To assess the clinical and cost effectiveness of FIT as triage test for people presenting in primary
care, with low risk symptoms for CRC.
Methods
Twenty-four resources were searched to March 2016. Review methods followed published
guidelines. Studies were assessed for quality using QUADAS-2 and PROBAST. The bivariate model
was used to estimate summary sensitivity and specificity for meta-analyses involving four or more
studies, otherwise random effects logistic regression was used. The health economic analysis
considered the long-term costs and quality adjusted life years (QALYs) associated with different
faecal occult blood tests and no triage (referral straight to colonoscopy). The de novo model
consisted of a diagnostic decision model, a Markov model to estimate long-term costs and QALYs
associated with the treatment and progression of CRC and a Markov model to estimate the QALYs
associated with no CRC.
Results
Ten studies (25 publications and two unpublished manuscripts) were included in the clinical
effectiveness review. When FIT testing was based on a single faecal sample and a threshold of 10 µg
Hb/g faeces was applied, the sensitivity estimates for OC-Sensor, 92.1% (95% CI: 86.9 to 95.3%), and
HM-JACKarc, 100% (95% CI: 71.5 to 100%), indicated that these tests may be useful to rule-out CRC.
Specificity estimates were 85.8% (95% CI: 78.3 to 91.0%) and 76.6% (95% CI: 72.6 to 80.3%),
respectively. Triage using FIT at this threshold could rule-out CRC and avoid colonoscopy in
approximately 75% of symptomatic patients. In addition, data from our systematic review suggest
that between 22.5% and 93% of patients with a positive FIT test and no CRC will have other
significant bowel pathologies.
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Assessment of cost effectiveness
A de novo health economic model was developed to explore the cost effectiveness of using FIT for
Hb as a triage step in the investigation of symptomatic people presenting in primary care who are at
low risk of CRC. The cost effectiveness of FIT was compared to guaiac faecal occult blood tests
(gFOBT) and to no triage (referral straight to colonoscopy). The model consists of three parts, a
decision model reflecting the diagnosis of colorectal cancer, a Markov state-transition model to
estimate long-term costs and effects (life years and QALYs) associated with the treatment and
progression of CRC and a Markov state-transition model to estimate the life years and QALYs
associated with those who do not have CRC. The following strategies were included in the main
economic analysis:


Triage using OC-Sensor at a threshold of 10 µg Hb/g faeces



Triage using HM-JACKarc at a threshold of 10 µg Hb/g faeces



Triage using gFOBT



No triage (referral straight to colonoscopy)

The model was largely based on that used in the Suspected cancer: recognition and referral NICE
guideline (NG12) but with diagnostic accuracy data coming from the systematic review used to
inform the assessment of effectiveness. Where available, data was obtained from the most recent
published sources, although expert opinion was required to inform some parameters. Any
differences in costs between the tests in patients without CRC were assumed to occur only in the
first year. Any differences in life expectancy between tests for patients without CRC were assumed
to be only due to difference in mortality due to colonoscopy/CTC. A negative FIT or gFOBT results in
a watchful waiting strategy, in which a colonoscopy/CTC will be performed when symptoms persist,
which is assumed to occur with all CRC patients. All unit cost data on FIT were obtained from
manufacturers where supplied.
The uncertainty about the model input parameters and the potential impact on the model results
were explored by scenario, one-way deterministic and probabilistic sensitivity analyses.
Results
Assessment of clinical effectiveness
Ten studies (25 publications and two unpublished manuscripts) were included in the systematic
review. The main potential sources of bias in the included studies related to patient spectrum and
patient flow (numbers of patients who did not return a FIT sample or who were subsequently
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Quality assessment was undertaken by one reviewer and checked by a second reviewer (MW and
SL), any disagreements will be resolved by consensus or discussion with a third reviewer.
The results of the quality assessments are summarised and presented in tables and graphs in the
results of the systematic review and are presented in full, by study, in Appendix 3.
3.1.5

Methods of analysis/synthesis

Sensitivity and specificity were calculated for each set of 22 data. The bivariate/hierarchical
summary receiver operating characteristic (HSROC) model was used to estimate summary sensitivity
and specificity with 95% confidence intervals (CIs) and prediction regions around the summary
points, and to derive hierarchical summary receiver operating characteristic curves for metaanalyses involving four or more studies.46-48 This approach allows for between-study heterogeneity
in sensitivity and specificity, and for the trade-off (negative correlation) between sensitivity and
specificity commonly seen in diagnostic meta-analyses. For meta-analyses with fewer than four
studies we estimated separate pooled estimates of sensitivity and specificity, using random-effects
logistic regression.49 Heterogeneity was assessed visually using summary receiver operating
characteristic plots and statistically using the variance of logit (sensitivity) and logit (specificity) ,
where “logit” indicates the logistic function: the smaller these values the less heterogeneity between
studies. Analyses were performed in Stata 10 (StataCorp LP, College Station, Texas, USA), using the
metandi command. For analyses that would not run in Stata we used MetaDisc.50
Studies were grouped by FIT assay type, by target condition and by threshold. We compared the
accuracy of different FIT assays by tabulating summary estimates from analyses for commonly used
thresholds. Stratified results tables receiver operating characteristic ROC space plots were used to
illustrate the variation of test performance by threshold.
We used summary receiver operating characteristic (ROC) plots to display summary estimates from
analyses which included a minimum of four data points.
3.2

Results of the assessment of clinical effectiveness assessment

The searches of bibliographic databases and conference abstracts identified 5,782 references. After
initial screening of titles and abstracts, 113 were considered to be potentially relevant and ordered
for full paper screening; of these 21 were included in the review,12,

51-70

Additionally, four

presentations were obtained through contact with a clinical expert (CF).71-74 One unpublished
manuscript was provided, through NICE, by the manufacturer of FOB Gold (personal communication:
e-mail from Philippa Pinn, Sysmex UK Ltd, via. Rebecca Albrow, Technical Lead, NICE
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to Marie Westwood, Project lead, KSR Ltd, 21/06/2016). Additional unpublished work was provided
by the clinical expert (CF) (personal communication, ahead of publication: e-mail from Callum Fraser,
Honorary Consultant Clinical Biochemist, NHS Tayside, to Marie Westwood, Project lead, KSR Ltd,
10/07/2016). All potentially relevant studies cited in other documents supplied by the test
manufacturers had already been identified through other sources. Figure 1 shows the flow of studies
through the review process, and Appendix 4 provides details, with reasons for exclusions, of all
publications excluded at the full paper screening stage. In total there were ten included studies
derived from 27 articles.
Seventy-four articles were excluded after full text screening. Twelve articles could not be obtained7586

and one further article was published in Russian with no English abstract.87

We contacted the authors of publications that reported data from studies with mixed populations
(symptomatic, screening and surveillance patients) to request separate data for the symptomatic
subgroup; where no additional data were obtained, these studies were excluded (see Appendix 4).
The authors of two studies55, 57 provided additional test accuracy data, which were included in our
review.
3.2.1

Overview of included studies

Details of the ten included studies and their associated references are provided in Table 3.
Additional data were supplied by the authors of two studies.55, 57 In the case of Terhaar sive Droste
2011,57 the authors provided overall data for symptomatic study from the master database, which
holds data for all of their publications (personal communication: e-mail from Sietze van Turenhout to
Marie Westwood 12/06/2016). The results section of this report cites studies using the primary
publication and, where this is different, the publication (shown in bold in Table 3) in which the
referenced data were reported.
Five studies reported accuracy data for the OC-Sensor assay; one used the iO analyser (Eiken
Chemical Co., Tokyo, Japan),51 one used the OC-Sensor Diana automated immunoturbidimetric
analyser (Eiken Chemical Co., Tokyo, Japan),12 two used the MICRO desktop analyser (Eiken Chemical
Co., Tokyo, Japan),52, 57 and one did not report the analyser used.54 Three studies reported accuracy
data for the HM-JACKarc automated system (Kyowa Medex, Tokyo, Japan).55, 56, 74 The remaining two
studies reported accuracy data for the FOB Gold assay; one used the Roche Modular P/917 analyser
(Roche Diagnostics Ltd, West Sussex, UK),53 and the other used the SENTiFIT 270 analyser (Sentinal
Diagnostics, Milan, Italy), (personal communication: e-mail from Philippa Pinn, Sysmex UK Ltd, via.
Rebecca Albrow, Technical Lead, NICE to Marie Westwood, Project lead, KSR Ltd, 21/06/2016). There
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were no studies, using the Ridascreen Hb or the Ridascreen Hb/Hp complex assays, which met the
inclusion criteria for this assessment. None of the included studies reported data comparing
different FIT assays, or comparing one or more FIT assays to a gFOBT method. All studies included in
our systematic review were diagnostic cohort studies which reported data on the diagnostic
accuracy of FIT, where the target condition was CRC or advanced neoplasia (defined as CRC or high
risk adenoma [HRA]). Five studies reported additional accuracy data various non-malignant and
composite target conditions.12, 51, 55, 57, 74
Six of the diagnostic accuracy studies included our systematic review also reported uptake rates for
participants invited to provide a sample for FIT testing.12, 51, 52, 54, 55, 74
No RCTs or CCTs were identified; no studies provided data on patient-relevant outcomes following
FIT compared to gFOBT or no faecal occult blood testing.
All ten included studies were conducted in Europe; one in England,74 three in Scotland,12, 51, 55 three
published studies52, 54, 56 and one unpublished study (personal communication: e-mail from Philippa
Pinn, Sysmex UK Ltd, via. Rebecca Albrow, Technical Lead, NICE to Marie Westwood, Project lead,
KSR Ltd, 21/06/2016) in Spain, and one each in the Netherlands,57 and Slovenia.53 Three studies were
publically funded,51, 52, 54 five studies reported receiving some funding from manufacturers (including
supply of test kits, reagents and analysers),12, 54-56, 74 one study did not report details of funding,53 and
the unpublished study was conducted at the request of the test manufacturer.
Full details of the characteristics of study participants, study inclusion and exclusion criteria, and FIT
assay used and reference standard are reported in the data extraction tables presented in Appendix
2 (Tables a and b).
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Screening

Identification

Figure 1: Flow of studies through the review process

Records identified through database searching:
MEDLINE
n = 3,198
Medline In-Process & Daily Update
n = 255
EMBASE
n = 5,255
CENTRAL
n = 446
DARE
n = 34
CDSR
n = 25
NHS EED
n = 103
HTA
n = 27
INAHTA Publications
n=8
NIHR HTA
n=1
ARIF Reviews Database
n = 17
PROSPERO
n=9
MEDLINE Epub Ahead of Print
n = 80
ClinicalTrials.gov
n = 51
EU Clinical Trials Register
n=1
WHO ICRTP
n = 29
(Total n = 9,539)

Eligibility

(Total n = 153)

Records after duplicates removed
(n = 5,847)

Records screened
(n = 5,847)

Included

Conference searching:
AACC
n=3
AGA DDW
n = 92
BSG
n=6
EuroMedLab
n=5
UEGW
n = 47

Full-text articles assessed
for eligibility
(n = 113)

Records excluded
(n = 5,734)

Full-text articles excluded
(n = 77)
Full-text articles identified
as duplicates
(n=2)
Russian language article,
no English abstract
(n =1)
Unobtainable articles
(n=12)
Total (n=89)

Included studies
n =10
(25 publications and 2
unpublished manuscripts)
Additional unpublished data
were obtained for 2 published
studies

Additional records identified
through other sources:
Information from
manufacturers: 1
Contacting clinical experts: 5
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Table 3: Details of included studies

Details
HM-JACKarc

Country

N

Reference standard

Thomas 201674
Godber 201655
Macdonald 2015 70;
Godber 2014 64
Auge 201656
Auge 201465;
Auge 201571

England
Scotland

450
507

CT/ Colonoscopy.
Colonoscopy

Spain

208

Colonoscopy

Slovenia
*****

NR
***

Colonoscopy
**********

McDonald 201212

Scotland

280

Mowat 201551
Steele 201473
Rodríguez-Alonso 201552
Cubiella 2014 (COLONPREDICT)54
Diaz Ondina 201460;
Cubiella 201572
Unpublished dataǂ
Terhaar sive Droste 201157
Oort 201162;
van Turenhout 01068;
van Turenhout 201458; Imperiale
201261;
van Turenhout 01167;
Oort 201063;
van Turenhout 201259;
Larbi 201266;
van Turenhout 201069

Scotland

755

Colonoscopy and flexible
sigmoidoscopy.
Colonoscopy

Spain
Spain

1003
787

Colonoscopy
Colonoscopy

The
Netherlands

2058

Colonoscopy

FOB Gold system
Krivec 201153
*************************
*************ƚ

OC-sensor

ƚ personal communication: e-mail from Philippa Pinn, Sysmex UK Ltd, via. Rebecca Albrow, Technical Lead,
NICE to Marie Westwood, Project lead, KSR Ltd, 21/06/2016.
ǂ personal communication, ahead of publication: e-mail from Callum Fraser, Honorary Consultant Clinical
Biochemist, NHS Tayside, to Marie Westwood, Project lead, KSR Ltd, 10/07/2016
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3.2.2

Study quality

All studies included in this systematic review were diagnostic cohort studies. The methodological
quality of these studies was assessed using the QUADAS-2 tool44 (summarised in Table 4 and Figure
2). One of these studies52 and an additional report72 and un-published paper (personal
communication, ahead of publication: e-mail from Callum Fraser, Honorary Consultant Clinical
Biochemist, NHS Tayside, to Marie Westwood, Project lead, KSR Ltd, 10/07/2016) linked to a second
study54 reported the development and validation of risk prediction scores that included FIT, in
addition to test accuracy results. These studies were assessed using PROBAST (Table 5) as well as
QUADAS-2. The full QUADAS-2 assessments for each study are provided in Appendix 3a and
PROBAST assessment results are provided in Appendix 3b.
Two studies were reported only as conference abstracts, with limited descriptions of methods.53, 74
Two studies were rated as ‘low’ risk of bias for all domains.54, 56 ******************************
*********************************************************************************
******************************************************************************
******************************************************************************
*******************************************************************************
************************************************* The main potential sources of bias,
across the included studies, concerned flow and timing, and application of the index test. Three
studies were rated as ‘high’ risk of bias on the flow and timing domain because some patients who
returned a sample for FIT or who agreed to participate in the study were subsequently excluded
from the analysis: Mowat 201551 excluded 11% of participants who returned a FIT sample because
they were not subsequently referred to secondary care or because the referral was cancelled;
Thomas 201674 excluded 12.5% of participants who returned a FIT sample (no reasons for exclusion
were reported); McDonald 201212 excluded 41% of people who originally agreed to participate in the
study (38% did not return a FIT sample before endoscopy and 3% completed FIT but not endoscopy).
********************************************************************************
********************************************************************************
*******************************************************************************
*******************************************************************************
************************************
All of the included studies were rated as having ‘high’ concerns about applicability with respect to
participants. This was because no study reported data specific to the population defined in the scope
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for this assessment (people presenting, in primary care settings, with lower abdominal symptoms,
who are at low risk for CRC according to the criteria defined in NG121). Only one study was
conducted in a primary care setting,51 reporting that FIT was ordered by GPs at the point of referral
to secondary care. All studies included some participants who had symptoms that may be
considered to be associated with a higher probability of CRC and which are components of the
criteria for two week referral as defined in NG121 (e.g. rectal bleeding). In addition, although all of
the included studies were conducted in Europe, only four were conducted in the UK (one in
England74 and three in Scotland12, 51, 55) Given that population studies have shown variation in faecal
Hb concentrations, and hence potential variation in optimal thresholds for FIT, across different
geographic location,88, 89 this may limit the applicability of our findings to UK settings.
Table 4: QUADAS-2 results for studies of FIT assays
RISK OF BIAS

REFERENCE
STANDARD

INDEX TEST

FLOW AND
TIMING

PATIENT

REFERENCE
STANDARD

INDEX TEST

PATIENT
SELECTION

Study
+
+
Auge 201656
Cubiella 2014
(COLONPRED
+
+
ICT)54
Godber
+
+
201655
*******
*********
***********
*
****
*
53
?
Krivec 2011
McDonald
+
+
201212
Mowat
+
+
201551
RodríguezAlonso
?
+
201552
Terhaar sive
+
+
Droste 201157
Thomas
?
+
201674
+ Low Risk; - High Risk; ? Unclear Risk

APPLICABILITY CONCERNS

+

+

-

+

+

+

+

-

+

+

?

+

-

+

+

*
?

*
?

*

-

*
+

*
-

?

-

-

+

?

+

-

-

+

+

+

+

-

+

+

+

?

-

+

+

?

-

-

+

+

* Personal communication: e-mail from Philippa Pinn, Sysmex UK Ltd, via. Rebecca Albrow, Technical Lead,
NICE to Marie Westwood, Project lead, KSR Ltd, 21/06/2016
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Figure 2: Summary of QUADAS-2 results for studies of FIT assays
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3.2.4

Diagnostic peformance of the HM-JACKarc FIT assay

Details of HM-JACKarc studies
Three diagnostic cohort studies,55, 56, 74reported in seven publications, 55, 56, 64, 65, 70, 71, 74 provided data
on the diagnostic performance of the HM-JACKarc FIT assay. Two studies reported accuracy data,
where CRC was the specified target condition55, 74 The prevalence of CRC, diagnosed at colonoscopy,
was 2.2% in the Godber 2016 study,55 and 4.9% in Thomas 2016.74 One of the CRC studies55 and one
additional study56 also reported data for the composite target condition of advanced neoplasia (CRC
or HRA). Each of the studies used a different definition of HRA; Auge 201656 defined HRA based on
size, morphology or number of lesions (any lesion ≥10 mm in diameter or with villous architecture or
high grade dysplasia, or ≥3 non-advanced adenomas) and Godber 201655 defined higher risk
adenoma, based on size or number of lesions, using a combination of the British Society of
gastroenterology (BSG) categories high risk (≥5 adenomas or ≥3 adenomas at least one of which is
≥10 mm diameter) and intermediate risk (3-4 small adenomas or at least one adenoma ≥10 mm
diameter).90 Two studies reported additional accuracy data for various non-malignant and composite
target conditions.55, 74
No study reported data specific to the population defined in the scope for this assessment (people
presenting, in primary care settings, with lower abdominal symptoms, who are at low risk for CRC
according to the criteria defined in NG121). No studies were conducted in a primary care setting; all
three studies were conducted in outpatient clinics.55, 56, 74 One study stated that FIT was requested
after referral for colonoscopy55 and in the remaining two studies, the timing of FIT in relation to
colonoscopy referral was unclear.56, 74 One study, reported as a conference abstract, stated that only
symptomatic patients were included, but did not report details of presenting symptoms.74 The
remaining two studies included patients who had been referred for colonoscopy,55,

56

and one

55

recorded presenting symptoms (reason for referral). Both of the studies that reported presenting
symptoms included some participants who had symptoms may be considered to be associated with
a higher probability of CRC and which are components of the criteria for two week referral as
defined

in

NG121

(e.g.

rectal

bleeding).

Presenting

symptoms

included

rectal

bleeding/haematochezia, abdominal pain, change in bowel habit, constipation or diarrhoea,
anaemia and weight loss. The median age of study participants was 67 years,74 63 years56 and 59
years55 and the overall age range was 16 to 93 years. There were no data linking presenting
symptoms to age. One study reported data on the effects of the sex of participants on the accuracy
of HM-JACKarc for the detection of advanced neoplasia.56 Full details of participant characteristics
are provided in Appendix 2, Table a.
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All three studies reported data on the accuracy of HM-JACKarc FIT using a single faecal sample. 55, 56,
74

One study also compared the accuracy of single versus double sampling FIT for the detection of

advanced neoplasia.56
Two studies reported information about uptake rates in participants invited to provide a sample for
FIT. 55, 74
Accuracy of HM-JACKarc for the detection of CRC
Two studies reported data on the accuracy of HM-JACKarc FIT using a single faecal sample and
thresholds of 10 µg Hb/g faeces,55 and 7 µg Hb/g faeces.74 Full test performance results are provided
in Table 11. There was little variation in test performance between the 7 and 10 µg Hb/g faeces
thresholds; the sensitivity estimates were 100% and 91.3%, respectively, and the corresponding
specificity estimates were 76.6% and 79.2%.55, 74 As with the OC-Sensor FIT assay, the optimal test
performance (maximising both sensitivity and specificity) appeared to occur with thresholds of 7 or
10 µg Hb/g faeces; none of the HM-JACKarc studies reported test performance characteristics for
any detectable Hb. Using test performance data from Godber 2016,55 and a CRC prevalence estimate
of 2.2% taken from the same study, to consider the outcome of testing for a hypothetical cohort of
1,000 patients indicates that no CRCs would be missed using the 10 µg Hb/g faeces threshold, but
229 unnecessary colonoscopies would be carried out (assuming that all patients with a positive FIT
result receive colonoscopy and that all colonoscopies conducted in patients without CRC are
considered unnecessary); CRC would be correctly ruled out in 750 people (Figure 8). Please see
subsequent sections for information on other significant bowel pathologies that may be detected by
FIT and hence may form part of the false positive or ‘unnecessary colonoscopy’ population.
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Figure 8: Testing outcomes for a hypothetical cohort of 1,000 patients using HM-JACKarc the 10 µg
Hb/g faeces threshold for the target condition CRC

Figure 9: ROC space plot for the HM-JACKarc assay using different thresholds for the target
condition of advanced neoplasia (CRC or HRA)
1
0.9
0.8

Sensitivity

0.7
0.6

Any detectable Hb
10 µg Hb/g faeces

0.5

20 µg Hb/g faeces

0.4

30 µg Hb/g faeces
0.3

40 µg Hb/g faeces

0.2
0.1
0
0

0.1

0.2

0.3

0.4

0.5

0.6

1-Specificity

0.7

0.8

0.9

1

PAGE 69:
Accuracy of HM-JACKarc for the detection of advanced neoplasia (CRC or HRA)
Two studies reported data on the accuracy of HM-JACKarc FIT using a single faecal sample, where
the target condition as expanded to include CRC or HRA.55, 56 Two studies, Godber 201655 and Auge
201656, assessed the diagnostic performance of the 10 µg Hb/g faeces threshold for different
definitions of this expanded target condition (see Details of HM-JACKarc Studies, above); these two
studies reported very different estimates of sensitivity (70% and 34.5%, respectively). In addition to
the difference in the definition of HRA, the Auge 2016 study differed from Godber 2016 in that it
included some patients who were undergoing colonoscopy for polyp surveillance and excluded
people with GI bleeding or active rectal bleeding; the prevalence of CRC in Auge 2016 was the
lowest of any study included in this review (0.96%).56 Auge 2016 reported test performance
characteristics using a range of thresholds; sensitivity decreased and specificity increased with
increasing threshold and the ‘any detectable Hb’ threshold was associated with high sensitivity
(96.6%) and very low specificity (10.6%).56 Full test performance results for all thresholds evaluated
in individual studies are provided in Table 12. The variation in test performance characteristics
according to the threshold used is illustrated in a ROC space plot (Figure 9).
Based on the data from Godber 2016, expanding the target condition from CRC only to include CRC
or HRA, resulted in an increase in prevalence from 2.2% to 5.9%.55 Using test performance data from
this study, and an estimate for the prevalence of advanced neoplasia of 5.9%, to consider the
outcome of testing for a hypothetical cohort of 1,000 patients indicates that, applying FIT at the 10
µg Hb/g faeces threshold would result in 21 advanced neoplasias being missed. Since data indicate
that no CRCs would be missed at this threshold (see previous section), it may be assumed that the
missed cases would all be higher risk adenomas. Using the 10 µg Hb/g faeces threshold, 205
unnecessary colonoscopies would be carried out (assuming that all patients with a positive FIT result
receive colonoscopy and that all colonoscopies conducted in patients without at least higher risk
adenoma are considered unnecessary); CRC and higher risk adenoma would be correctly ruled out in
727 people (Figure 10).
Data from Auge 2016 indicated that, in this population (CRC prevalence <1%), high sensitivity (good
rule-out performance) could only be achieved using the ‘any detectable Hb’ threshold; the sensitivity
at this threshold was 96.6%.56 This study also compared the performance of double versus single
sampling and found that 100% sensitivity could be achieved by using the highest value from two
consecutive samples and the ‘any detectable Hb’ threshold.56 The use of two consecutive samples
increased sensitivity, compared to single sampling, at all thresholds, but sensitivity remained low
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Table 11: Accuracy of HM-JACKarc for the detection of CRC using a single faecal sample
Threshold
(µg Hb/g
Study
faeces)
TP
FN
FP
TN
55~
Godber 2016
≥10
11
0
116 380
74
Thomas 2016
≥7
21
2
89 338
~
*

Total N
507
450

2x2 Data
reported
calculated

Sensitivity % (95% CI)
100 (71.5, 100)*
91.3 (79.8, 102.8)

Specificity % (95% CI)
76.6 (72.6, 80.3)*
79.2 (75.3, 83)

Personal communication (e-mail from Ian Godber to Marie Westwood 08/06/2016)
Calculated estimate

Table 12: Accuracy of HM-JACKarc for the detection of advanced neoplasia (CRC or high/higher risk adenoma) using a single faecal sample
Threshold
(µg Hb/g
Study
faeces)
TP FN FP
TN Total N 2x2 Data
Sensitivity % (95% CI) Specificity % (95% CI)
Any detectable Hb
56
*
Auge 2016
0
28 1 160 19
208
calculated
96.6 (82.8, 93.4)
10.6 (6.9, 15.9)
10 µg Hb/g faeces
Auge 201656
≥10
10 19 23 156
208
calculated
34.5 (19.9, 52.7)
87.2 (81.6, 91.3)
55~
**
Godber 2016
≥10
21 9 106 371
507
reported
70.0 (50.6, 85.3)
77.8 (73.8, 81.4)**
Other thresholds
56
Auge 2016
≥20
9 20 13 166
208
calculated
31 (17.3, 49.2)
92.8 (88, 95.7)
56
Auge 2016
≥30
9 20 12 167
208
calculated
31 (17.3, 49.2)
93.3 (88.7, 96.1)
56
Auge 2016
≥40
8 21 11 168
208
calculated
27.6 (14.7, 45.7)
93.9 (89.4, 96.6)
*

The limit of detection for the assay is 0.6 µg Hb/g faeces or 0.6 ng/ml buffer
Personal communication (e-mail from Ian Godber to Marie Westwood 08/06/2016)
**
Calculated estimate
~
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alone.141 Faecal calprotectin is an inflammatory marker, whilst M2-PK is a key enzyme in tumour
metabolism.141 This study found that, in all cases, the addition of at least one further test to FIT
resulted in markedly increased sensitivity and decreased specificity. The sensitivity and specificity
estimates for FIT alone and CRC were 61.7% (95% CI: 47.4 to 74.2%) and 88.8% (95% CI: 84.1 to
92.3%); for the combination of FIT and faecal calprotectin these estimates were 90.9% (95% CI: 78.8
to 96.4%) and 35.9% (95% CI; 29.7 to 42.6%), for FIT and M2-PK sensitivity and specificity were
91.5% 995% CI: 80.1 to 96.6%) and 57.1% (95% CI: 50.6 to 63.2%) and for all three markers they
were 95.7% (85.7 to 98.8%) and 24.1% (18.8 to 30.2%).141 Although all sensitivity estimates were
generally lower, this pattern was repreated where the target condition was advanced neoplasia.141
However, the FIT threshold in this study (20 µg Hb/g faeces) was higher than that which the results
of our systematic review indicate is likely to be the optimal threshold (10 µg Hb/g faeces or a lower
threshold). A second study of accuracy for the target condition of advanced neoplasia, which did not
meet the inclusion criteria for this assessment because it used a qualitative FIT method,142 also
found that combining faecal calprotectin with FIT (where a positive result was defined as either or
both tests positive) resulted in increased sensitivity and decreased specificity (92% (95% CI: 82 to
97%) and 49% (95% CI: 43 to 54%)) compared to FIT alone (74% (95% CI: 62 to 83%) and 82% (95%
CI: 78 to 86%)).142 The effectiveness of combining other biomarkers with quantitative FIT (at the
threshold at which FIT is likley to be used in practice) remains unclear. We did not identify any data
about the effects of adding faecal calprotectin (or any other biomarker) to risk scores that include
FIT. An un-published study provided AiC (personal communication: e-mail from Karel Moons,
Professor of Clinical Epidemiology, University Medical Center, Utrecht, the Netherlands, to Marie
Westwood, Project lead, KSR Ltd, 20/06/2016) **************************************
***************************************************************************
********************************************************************************
**********************************************************************************
********************************************************************************
*****************************************************************************
**********. Given the trade-off between ease of use/simplicity and diagnostic performance, the
clinical value of including additional variables (e.g. symptoms and further diagnostic tests) in risk
scores for CRC and/or other significant bowel disease is likely to require further investigation.
There is uncertainty about downstream consequences of using FIT to triage symptomatic patients in
primary care. It can be seen from the findings of our systematic review (see Sections 3.2.3 to 3.2.5)
that triage using FIT at thresholds around 10 µg Hb/g faeces has the potential to correctly rule-out
CRC and avoid colonoscopy in approximately 75% of symptomatic patients and that this estimate
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sequentially against criteria; the first criterion failed is classified as the reason for exclusion.
The table shows which of the criteria each study fulfilled (“Yes”) and on which items it failed
(“No”), as well as any which were (“Unclear”). Articles which did not report primary
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