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Colorectal cancer

Detection of advanced colorectal
neoplasia and relative colonoscopy
workloads using quantitative faecal
immunochemical tests: an observational
study exploring the effects of
simultaneous adjustment of both sample
number and test positivity threshold

Graeme P Young

ABSTRACT

Objective When screening for colorectal cancer (CRC)
using quantitative faecal immunochemical tests (FIT),

test parameters requiring consideration are the faecal
haemoglobin concentration (f-Hb) positivity cut-off and
the number of stools sampled. This observational study
explored variation in f-Hb between samples and the
relationship between sensitivity for advanced neoplasia
(AN, cancer or advanced adenoma) and colonoscopy
workload across a range of independently-adjusted
parameter combinations.

Design Quantitative FIT data (OC-Sensor) were accessed
from individuals undergoing personalised colonoscopic
screening with an offer of 2-sample FIT in the intervening
years. We estimated variation in f-Hb between samples in
12710 completing 2-sample FIT, plus test positivity rates
(colonoscopy workload) and sensitivity for AN according to
parameter combinations in 4037 instances where FIT was
done in the year preceding colonoscopy.

Results There was large within-subject variability
between samples, with the ratio for the second to the

first sample f-Hb ranging up to 18-fold for all cases,

and up to 56-fold for AN cases. Sensitivity for AN was
greatest at lower f-Hb cut-offs and/or using 2-sample

FIT. Colonoscopy workload varied according to how
parameters were combined. Using different cut-offs for
1-sample FIT and 2-sample FIT to return similar sensitivity,
workload was less with 2-sample FIT when the sensitivity
goal exceeded 35%.

Conclusion Variation in f-Hb between samples is

such that both parameters are crucial determinants of
sensitivity and workload; independent adjustment of each
should be considered. The 2-sample FIT approach is best
for detecting advanced adenomas as well as CRC provided
that the colonoscopy workload is feasible.

INTRODUCTION
Many countries use faecal occult blood
tests (FOBT) for colorectalcancer (CRC)

,' Richard J Woodman,? Erin Symonds®"

What is already known about this subject?

» Quantitative faecal immunochemical tests allow
flexibility in screening for colorectal neoplasia but
because there is day-to-day variation in the concen-
tration of haemoglobin in stools, sampling just one
stool compared with two increases the risk of miss-
ing a significant lesion, especially advanced adeno-
mas which bleed less than cancers. Most organised
screening programmes around the world adjust the
cut-off for test positivity so as to control the colo-
noscopy workload when using just one sample, but
there has been little consideration of the workload
implications when positivity cut-off is assessed in
relation to the number of samples collected.

What are the new findings?

» Due to the very large variation in faecal haemo-
globin concentration demonstrated between sam-
ples, many advanced adenomas were missed
when sampling just one stool and especially when
using a higher cut-off for test positivity. The find-
ings demonstrated that a 1-sample test was not
necessarily associated with a lower colonoscopy
workload if a 2-sample test had its cut-off set in-
dependently to return a comparable sensitivity. If
detection of advanced adenomas is an important
goal of the screening programme and where a colo-
noscopy workload of >5% is feasible, a 2-sample
test required fewer colonoscopies for an equivalent
sensitivity.

screening in the form of either guaiac FOBT
(gFOBT) or the newer faecal immunochem-
ical tests for haemoglobin (FIT).' The devel-
opment of quantitative FIT has improved
detection of colorectal neoplasia and is now
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How might it impact on clinical practice in the foreseeable

future?

» Screening programmes wishing to reduce colorectal cancer inci-
dence through detection of advanced adenomas, should carefully
consider workloads associated with a 2-sample test as this is likely
to provide better detection of advanced adenomas with a lower or
equivalent colonoscopy workload.

the predominant FOBT screening technology used
worldwide.'™ Recent studies have shown that FIT reduces
CRC mortality as well as incidence through detection
and removal of early stage cancers or precancerous
adenomas.**

Quantitation of faecal haemoglobin concentration
(f-Hb) has provided flexibility for screening programmes
to choose the criterion value (the ‘cut-off’ f-Hb at which
a test is reported as positive) that triggers diagnostic
colonoscopy.” "'' This facilitates planning of health
service capacity to manage the resultant colonoscopy
workload, but choice of cut-off also affects sensitivity for
neoplasia.'” #*

The positivity cut-off is not the only variable to be
considered as it is known that blood loss from neoplasms
and hence f-Hb varies from day to day.'” '® Traditionally,
gFOBT-based screening has required collection of three
stool samples to allow for this'® but the better sensitivity
of FIT for CRC and advanced adenomas'” '® has resulted
in a shift to sampling just one or two stools. Japan intro-
duced 2-sample FIT screening in 1992 on the basis of a
randomised controlled trial."’ Within a few years studies
in Japan had shown a reduced mortality when screening
with FIT compared with gFOBT.*” Most national organ-
ised population screening programmes now request
sampling from just one sample' * although several regions
including Australia,”’ Slovenia® and certain Canadian
provinces® elect to use a 2-sample approach.

The underpinning biological determinants for detec-
tion of a cancer or advanced adenoma by FIT are how
much they bleed and how much it varies from day to day,
while the technological determinant is the positivity cut-
off chosen. Both test parameters—the cut-off and number
of stools sampled—can be varied independently when
using quantitative FIT®** and each should be carefully
considered as there will be implications for key outcomes
of a screening programme.'* ***° Currently applied cut-
offs vary from 15 to higher than 80 pg Hb/g faeces” within
organised screening programmes. Selecting a lower cut-
off achieves better sensitivity for advanced neoplasia
(cancer and advanced adenornas)7 % but screening
jurisdictions vary in how low they are prepared to go as
lowering it is associated with a concomitant increase in
the positivity rate, leading to a higher colonoscopy work-
load.” Many countries have also chosen one sample as
there is concern that requesting people to sample two
rather than one stool might affect the participation rate

which will in turn affect intention-to-screen outcomes.
Given that f-Hb varies between stools, one sample could
be positive while the other negative. Such disagreement
in test positivity rate means that sensitivity for neoplasia
will vary between stools depending on the chosen posi-
tivity cut-off.

As a result, shifting from a 2-sample test to a I-sample
test (or vice versa) affects sensitivity for neoplasia and
colonoscopy workload (positivity rate in the screened
population) unless the positivity cut-off is also adjusted.’
There has been little consideration of the approach
where sample number and cut-off are simultaneously
but independently adjusted. Choice of test parameters
(variables of sample number and criterion value for the
positivity cut-off) relate directly to the strategic goals of a
programme, such as targeting a sensitivity for advanced
adenomas that reduces incidence of CRC, choosing a
feasible colonoscopy workload or compromising between
the two with acceptable cost-effectiveness.

This study assessed sensitivity of FIT for advanced
colorectal neoplasia and the associated population test
positivity rates across a range of combinations of the two
test parameters (each adjusted independently). We also
assessed variation in f-Hb between samples and how this
affected agreement (reproducibility) in test positivity at
different cut-offs.

METHODS

Overview

FIT and colonoscopy data were reviewed from a
large population—the ‘SCOOP’ programme27—29—at
increased risk for CRC and under surveillance with
intermittently-scheduled colonoscopy plus a 2-sample
FIT in the intervening years. Data from those completing
FIT were analysed to determine within-individual vari-
ability between the first and second FIT, as well as popu-
lation positivity rates for combinations of l-sample FIT
and 2-sample FIT with different f-Hb cut-offs. Data from
a subgroup who had completed FIT within 12 months
prior to colonoscopy were analysed for sensitivity for
advanced neoplasia modelled across a wide range of cut-
offs (10 to 150 pg Hb/g faeces) in the settings of 1-sample
testing and 2-sample testing.

Population

Data were extracted for people enrolled in the SCOOP
programme during the period July 2008 to April 2019.
Enrolment was determined by their physician according
to whether their risk (based on personal or family history
of neoplasia) was sufficient to justify intermittent colo-
noscopy (usually third or fifth yearly) according to
Australian guidelines.” In addition to colonoscopy, indi-
viduals were given the opportunity to complete 2-sample
FIT every 1 to 2 years between scheduled colonoscopies.
The indication for being in the programme was personal
history of colorectal neoplasia in 68.1% (13 095/19 229)
and family history of CRC in all others.
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All cases completing a 2-sample FIT were included for
assessment of within-individual variability of f-Hb between
the two samples, as well as estimation of population test
positivity rate. Cases eligible for inclusion in the esti-
mates of test sensitivity were those who had undergone a
colonoscopy (regardless of the FIT result) and who had
returned a 2-sample FIT in the preceding 365 days. Cases
were excluded as follows: incomplete colonoscopy, poor
preparation, uncertainty about the diagnosis, diagnosis
of inflammatory bowel disease or a genetic syndrome
(familial adenomatous polyposis or Lynch syndrome), or
failed sample development.”!

Programme interventions
FIT kits (OC-Sensor, Eiken Chemical Company, Tokyo,
Japan) were provided by mail, with instructions as previ-
ously described.” Participants were instructed to sample
from two different stools (passed at least 30 min apart),
to keep the samples in a cool place (eg, refrigerator) and
to return the collected samples, with collection date and
time, within 2 weeks. Determination of f-Hb followed
manufacturer instructions as previously described™ and
results expressed as pg Hb/g faeces. When a FIT result
was positive (cut-off 20pg Hb/g faeces (100ng/mL
sample buffer)) in either stool, the scheduled colonos-
copy was brought forward.™

Colonoscopies were scheduled within participating
institutions (Flinders Medical Centre, Bedford Park;
Repatriation General Hospital, Daw Park; Noarlunga
Hospital, Noarlunga Centre; South Australia) and
were conducted according to best practice and accred-
itation requirements at the time. Pathological findings
were characterised by colonoscopic appearance and
histopathology.*®

Outcomes and modelling
FIT positivity for the entire population was estimated
across a range of cut-offs up to 150 pg Hb/g, using either
the l-sample (specifically the first sample) or 2-sample
(highest in either sample) approach. Colonoscopy work-
load was defined as the FIT positivity rate for the entire
population who returned a FIT according to the various
cut-off and sample-number combinations. The sensitivity
for advanced neoplasia in cases completing colonoscopy
within 12 months of providing a 2-sample FIT, was deter-
mined as the proportion of cases returning a positive FIT
at the different cut-off/sample number combinations.
Case phenotype for a given colonoscopic examination
was defined as the most advanced pathology if multiple
neoplasms were present, with the hierarchy being CRC,
advanced adenoma, non-advanced adenoma and cases
without neoplasia. Cancer was defined by presence of
invasive colorectal adenocarcinoma. Advanced adenoma
was defined by presence of adenoma with any of the
following features: size 210mm, high grade dysplasia or
villous change, =23 adenomas of any size or type, sessile
serrated adenoma with dysplasia or traditional serrated

adenoma. Non-advanced adenoma consisted of any other
adenoma state.

Statistical analysis

Agreement in f-Hb values between first and second
samples was assessed using Bland-Altman analysis, with
log transformation of the haemoglobin (Hb) values
prior to analysis due to their positive skew. The upper
and lower 95% LOA of the Bland-Altman plots provided
the estimated degree to which 95% of subjects’ log-
transformed Hb values differed between first and second
samples. The upper and lower tolerance limits which
represent the 95% ClIs for the upper and lower LOA were
also calculated.

The frequency of agreement of a FIT result between
the first and second samples was assessed using logistic
regression with agreement as the dependent variable,
phenotype as the independent variable and using
different cut-off values for agreement.

Test positivity rate across cut-offs (agreement within
phenotypes) was assessed using Poisson regression with
the total number positive as the dependent variable, cut-
off as the independent variable and the total number of
tests as the exposure. Results are expressed as a rate ratio
for positivity at each cut-off versus a cut-off value of 10 pg
Hb/g.

Log-transformed f-Hb levels were compared between
phenotypes using linear regression. Back-transformation
of the estimated coefficients was then used to provide the
ratio of the geometric mean Hb between phenotypes.

All 95% Cls for positivity and sensitivity were calculated
using the Exact method for a finite population and based
on size of the group and of the relevant population from
which it was drawn. Analyses were performed using Stata
V.16.0 (StataCorp, USA), Excel and Prism. All hypothesis
tests were two-sided with a Type 1 error rate of alpha=0.05.

Role of the funding source

Eiken Chemical Company provided test kits only and
had no other roles including none in the study design,
conduct or manuscript preparation. The corresponding
author had full access to all the data in the study and
had final responsibility for the decision to submit for
publication.

RESULTS
Participants
Of the 19229 registrants in the SCOOP programme, a
2-sample FIT was returned on 50396 occasions. FIT was
completed correctly by 12710 on 32413 occasions, and
7.04% were positive considering a 2-sample test (either
positive) and a cut-off for positivity of 20png Hb/g. Colo-
noscopies were undertaken on 18717 occasions; 43.3%
(8104/18 717) of these had a finding of cancer or
adenoma.

Due to the study duration, some people underwent
several colonoscopies; there were 4244 colonoscopies
conducted in 3499 people within 365 days of completing
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Active in colonoscopy surveillance
program (July 2008 — April 2019)
N=31,530 patients

I

Offered FIT
N=19,229 patients

I

Returned FIT
N=12,713 patients

]

Returned FIT with 2 correctly completed
samples
N=12,710 patients; N=32,413 occasions

}

Colonoscopy performed within 12
months of FIT
N=3,499 patients

}

Quality colonoscopy with verified
diagnosis
N=3,349 patients; N=4,037 occasions

Data used for population test
positivity rate and within-
individual f-Hb variation

Data used for sensitivity
estimations

Figure 1 Details of participant engagement in surveillance
and nature of the subpopulations used for modelling.
FIT,faecal immunochemical test; f-Hb, faecal haemoglobin
concentration.

the 2-sample FIT (figure 1). After exclusions, 4037
were eligible for outcome analysis. Advanced neoplasia
was diagnosed in 15.5% (n=626) of the colonoscopies,
which included 0.5% with CRC (n=21) and 15.0% with
advanced adenomas (n=605). Adenomas of any type were
detected in 44.7% (n=1804).

Faecal haemoglobin concentrations

Clinical phenotypes of eligible cases with their demo-
graphic characteristics and f-Hb (for each sample and for
the maximum of the two), are shown in table 1. The {-Hb

in cancer cases were significantly higher than those in
each other phenotypic group (p<0.001) and significantly
lower in those with a normal colorectum than each other
phenotype (p<0.001), regardless of which sample context
was examined. The geometric mean of f-Hb in cases with
advanced adenoma was 21.0% higher (Exp(f)=1.210;
95% CI1=0.978 to 1.498) than those with low-risk adenoma
(p=0.08, 2-sample FIT based on the higher value).

Comparison of haemoglobin concentration between first and
second samples

Analysis of agreement (by Bland-Altman analysis) in f-Hb
between the first and second samples is shown in online
supplemental figure 1. There was no systematic fixed bias
favouring either the first or second sample; mean differ-
ence in Hb between samples (all samples) was 0.003,
95% CI=-0.018 to 0.024 (log_ pg Hb/g faeces), p=0.799,
and for advanced neoplasia was 0.005, 95% CI -0.179 to
0.170, p=0.959. There was large within-subject variability
between samples, with the ratio for the second to the first
sample f-Hb ranging up to 18fold for all cases, and even
more widely for AN cases (up to 56-fold) (online supple-
mental table 1 and figure 1).

Actual f-Hb concentrations for first and second samples
are shown for patients with cancer in figure 2. The propor-
tion of cases that would be called positive with a 1-sample
FIT, given a cut-off currently in use within screening
programmes, would vary widely; the same would apply to
advanced adenoma (data not shown).

Result concordance between samples
Due to the large variation in f-Hb between samples, we
also examined the frequency of agreement of the result

Table 1 Clinical phenotypes of eligible cases with their demographic characteristics and faecal haemoglobin concentrations

(for each sample and for the maximum of the two)

Main phenotype

Advanced Adenoma
neoplasia (cancer
plus advanced
adenoma) Cancer Advanced Non-advanced No neoplasia
n=4037 626 (15.5%) 21 (0.5%) 605 (15.0%) 1199 (29.7%) 2212 (54.8%)
Demographic
Age (years), 66.5 (60.9 to 70.6) 69.8 (64.0 to 71.1) 66.4 (60.7 to 70.6)  65.3 (59.1 to 70.2) 63.4 (56.0 to 68.9)
Median, IQR
Gender (% male) 356 (56.9) 10 (47.6) 346 (57.2) 666 (55.5) 992 (44.8)

Faecal haemoglobin by sample context

First sample 6.0 (0.8 t0 29.9)
(Mg/g, median

IQR))

Second sample
(Mg/g, median
IQR))

Highest of either

sample (ug/g,
median IQR))

29.0 (10.0 to 165)
6.6(1.21029.0) 126.2 (13.9 to 358.9)

22.4 (2.0t049.2) 155.0 (27.4 to 837.1)

5.6 (0.8 to 28.4) 3.2(0.4t022.9) 1.6 (0to20.6)

5.6 (1.0 t0 28.2) 3.2(0.4t024.0) 1.6 (0t020.2)

21.6(1.8t044.7) 11.4(1.2t042.4) 4.2 (0.6 to 38.5)
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Figure 2 Faecal haemoglobin concentrations for first
and second samples in patients with colorectal cancer.
Hb,haemoglobin.

(concordancy) in the first and second samples at selected
cut-off values in each phenotype (figure 3). Based on
logistic regression, there were significant differences in
concordancy across the range of cut-offs for all pheno-
types (p<0.001 for each). At each cut-off, a positive result
for both samples was more likely in cases with cancer
compared with other phenotypes. For example, at a
cut-off of 10pg Hb/g a cancer phenotype was 8.7 times
more likely to have both samples positive compared with
cases without neoplasia (OR=8.7; 95% CI=2.5 to 31.1;
p=0.001). For all other phenotypes, positive concordance
was always highest at a cut-off of 10pg Hb/g and fell
significantly at the higher cut-offs (figure 3, p<0.001 for
each phenotype) except for cancer (p=0.89).

Sensitivity for advanced neoplasia according to test
parameters

Figure 4 shows sensitivity for advanced neoplasia across
a wide range of cut-offs for 1-sample and 2-sample tests.
Sensitivity progressively rose as the cut-off value was
lowered and was significantly higher for the 2-sample
context at each cut-off. The rate ratios for advanced
neoplasia (of sensitivity relative to those at 10pg Hb/g)

Non-neopl -80pg/g cut-off

Non-neopl -40pg/g cut-off
Non-neopl -20pg/g cut-off
Non-neopl -10pg/g cut-off

Adv Neopl -80pg/g cut-off
Adv Neopl -40pg/g cut-off
Adv Neopl -20pg/g cut-off
Adv Neopl -10pg/g cut-off

Adv Ad -80pg/g cut-off
Adv Ad 40pg/g cut-off
Adv Ad -20pg/g cut-off
Adv Ad -10pg/g cut-off

Cancer -80pg/g cut-off
Cancer 40pg/g cut-off
Cancer -20pg/g cut-off
Cancer -10pg/g cut-off

0% 10% 20% 30% 40% S0% 60% 70% 80% 90% 100%
Concordancy

B Both positive Discordant M Both negative

Figure 3 Test result concordance (agreement between
the first and second samples) at selected cut-offs for the
main phenotypes. AdvAd, advanced adenoma; Adv Neopl,
advanced neoplasia; Non-neopl, non-neoplastic.
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Figure 4 Sensitivity for advanced neoplasia across a wide
range of cut-offs for 1-sample (first sample) and 2-sample
(maximum of the two) tests in the cases where colonoscopy
was performed within 365 days of the 2-sample FIT
(regardless of FIT result). Bars show 95% Cls. FIT,faecal
immunochemical test; Hb, haemoglobin.

for 20, 40 and 80pg Hb/g were 0.77, 0.43 and 0.24,
respectively (p<0.001 for each).

Actual sensitivities for cancer, advanced adenoma
and advanced neoplasia at four selected cut-offs
can be deduced for a 2-sample test by summing the
percentages for positive concordance and discordant
results shown in figure 3. For example, sensitivity for
advanced adenoma was almost 60% at cut-off 10pg
Hb/g and fell to approximately 17% at cut-off 80 pg
Hb/g.

Population test positivity rate according to test parameters
Figure 5 shows that population test positivity rates
varied between 2% and 20% across a wide range of cut-
offs for l-sample and 2-sample contexts in all 32413
instances where a 2-sample FIT was returned. At any
given cut-off, test positivity was higher for 2-sample
FIT.

Choosing test variables when sensitivity is the goal

The respective test cut-offs that would need to be
applied to l-sample and 2-sample tests to return an
equivalent sensitivity for advanced neoplasia, were
modelled together with the related population test
positivity rate (table 2). For every given sensitivity,
the f-Hb cut-off was higher for 2-sample FIT, due to
the lack of concordance in positivity between samples
and the extra opportunity to detect a lesion. It is also
apparent that the population test positivity rate (colo-
noscopy workload) differed between sample contexts
but the degree of difference was dependent on the
desired sensitivity. At sensitivities 235%, the colonos-
copy workload was higher with 1l-sample compared
with 2-sample FIT.
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Figure 5 Population test positivity rate across a wide
range of cut-offs for 1-sample (first sample) and 2-sample
(maximum of the two) tests in all 32413 instances where a
2-sample FIT was returned. Bars show 95% Cls. FIT,faecal
immunochemical test; Hb, haemoglobin.

Choosing test variables when controlling colonoscopy
workload is the goal

The respective cut-off values that would need to be
applied to 1-sample and 2-sample tests to return equiva-
lent colonoscopy workloads with I-sample and 2-sample
tests were modelled, together with respective sensitivities

for advanced neoplasia (table 3). For every given work-
load, the test cut-off was higher for 2-sample FIT. Sensi-
tivity rates did not differ when seeking workloads in the
range of 2% to 5%, but when workloads of 6% and above
were addressed, sensitivity was higher with 2-sample FIT.

DISCUSSION

When establishing a CRC screening programme, many
decisions need to be made to ensure that this multistep
process succeeds. Reduction of the incidence of CRC is
dependent on and achieved by removal of adenomas. ™%
Effective detection of targeted neoplastic lesions along
with feasibility of workloads are key considerations
when deciding on the screening strategy. This study, in
exploring agreement in f-Hb between samples and the
relationship between sensitivity for advanced neoplasia
and colonoscopy workload demonstrated that when
setting programme goals for those using a quantitative
FIT, both parameters of sample number as well as f-Hb
cut-off for test positivity warrant consideration. Consid-
ering both adds additional flexibility to that provided by
cut-off adjustment alone.

This study demonstrated that agreement in f-Hb
between samples was poor, with wide variation seen
between first and second samples. While such variation
has been reported in the literature'® ** the degree of

Table 2 Estimated test positivity cut-offs that must be applied to 1-sample and 2-sample tests to return an equivalent
sensitivity for advanced neoplasia, together with respective population positivity rates (colonoscopy workloads)

Cut-off achieving sensitivity equivalence

Sensitivity for advanced _("=626, Hg Hb/g faeces)

Population test-positivity rate* (n=32413)

1-sample 2-samplet

neoplasia 1-sample 2-samplet
55% 4.0 16.4
50% 6.0 22.4
45% 9.2 25.6
40% 12.6 28.4
35% 18.4 32.2
30% 24.2 38.8
25% 29.8 48.0
20% 37.6 68.6
15% 49.2 97.2
10% 83.8 157.2

16.35% to 5298
15.9%-16.8%
11.74% to 3806
11.4%-12.1%
8.5% to 2755
8.2%-8.8%
6.57% to 2130
6.3%-6.8%
4.73% to 1532
4.5%-5.0%
3.82% to 1239
3.6%-4.0%
3.22% to 1045
3.0%-3.4%
2.63% to 852
2.5%-2.8%
2.02% to 656
1.9%-2.2%
1.30% to 422
1.2%-1.4%

8.18% to 2652
7.9%-8.5%
6.45% to 2091
6.2%-6.7%
5.83% to 1889
5.6%-6.1%
5.39% to 1748
5.1%-5.6%
4.86% to 1575
4.6%-5.1%
4.18% to 1354
4.0%-4.44%
3.46% to 1120
3.3%-3.7%
2.57% to 832
2.4%-2.7%
1.97% to 639
1.8%-2.1%
1.30% to 422
1.2%-1.4%

*Positivity rate, n and 95% CI
TMaximum value of the two samples.
Hb, haemoglobin.
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Table 3 Estimated positivity cut-offs for one and two sample contexts which give an equivalent population test positivity
rate, together with respective sensitivities for advanced neoplasia

Cut-off achieving population test positivity rate Sensitivity (%, for advanced neoplasia, 95% CI) for

Population test- equivalence (ug Hb/g faeces)

sample context at that cut-off (n=626)

1-sample

2-sample*

positivity rate 1-sample 2-sample*
2% 49.8 94.2
3% 32.4 56.2
4% 22.4 40.2
5% 17.0 30.6
6% 13.8 24.6
7% 11.6 20.0
8% 9.8 16.6
9% 8.4 14.4
10% 7.4 12.8

14.9% (n=93)

12.0%-17.7%
22.8% (n=143)
19.3%-26.0%
31.5% (n=197)
28.0%-35.4%
36.3% (n=227)
32.3%-40.0%
39.1% (n=245)
35.1%-42.9%
41.4% (n=259)
37.3%-45.2%
44.4% (n=278)
40.3%-48.2%
45.8% (n=287)
41.7%-49.7%
46.8% (n=293)
42.7%-50.6%

15.3% (n=96)

12.6%-18.4%
21.9% (n=137)
18.9%-25.5%
29.1% (n=182)
25.4%-32.6%
37.2% (n=233)
33.3%-41.0%
47.3% (n=296)
43.2%-51.1%
54.3% (n=340)
50.2%-58.1%
55.1% (n=345)
51.8%-58.9%
55.8% (n=349)
51.6%-59.5%
56.7% (n=355)
52.7%-60.6%

*Maximum value of the two samples.

variation and its effect on test positivity when adjusting
cut-off, especially for advanced adenomas, has remained
unclear. Because f-Hb concentrations for advanced
neoplasia, especially advanced adenomas, often fell
within the range of f-Hb cutoffs chosen in practice,
FIT sensitivity for these lesions was compromised by the
collection of one sample compared with two samples.
Consequently, concordance between samples for a posi-
tive result was dependent on cut-off for positivity.

Our findings are consistent with previous observations
in the literature showing that f-Hb (a reflection of the
actual amount of blood loss) is dependent on neoplastic
phenotype, being highest for cancer followed by advanced
adenoma states.” ” ' #* % Consequently and again in
agreement with earlier reports,®” '' #* we observed that
sensitivity for neoplasia was increased by lowering the cut-
oftf and/or increasing sample number, but in doing so
the associated colonoscopy workload increased. But we
found that such an inverse relationship is not a simple
one when simultaneously but independently adjusting
both variables. Concordance for test positivity between
two samples was low, especially for advanced adenomas
and especially when the cutoff was raised. Therefore,
the proportion of advanced adenomas detected, and of
cancer to a lesser extent, is critically dependent on the
choice of each variable since detection is compromised if
only one stool is to be sampled.

In a screening population, the proportion of tests that
are positive determines the colonoscopy workload; aiming
for a higher sensitivity results in a higher overall test posi-
tivity rate. We found that the workload rises progressively

as the number of samples increases (unless the cut-off is
raised) or as the cut-off is lowered (unless the number of
samples is reduced). The highest colonoscopy workload
was seen at the lowest cut-off while simultaneously using
a 2-sample test because testing two samples reduces the
chance that an f-Hb above the cut-off will be missed. The
colonoscopy workload varied from 2% to 10% (in the
cut-off range of 7.4 to 94.2ng Hb/g) depending on the
sample number/cut-off combination; respective sensitiv-
ities for advanced neoplasia varied from approximately
15% to 57%. In matching 1-sample and 2-sample FIT
thresholds to achieve the same sensitivity, colonoscopy
workload was significantly less with 2-sample FIT when
the sensitivity goal exceeded 35%.

When a screening programme requires feasible
management of workloads, different test cut-offs have
been applied around the world." ' *8 A number of
countries, including the Netherlands, UK and New
Zealand,” ** have been cautious in undertaking
programmes and the accepted colonoscopy workload sits
at the lower levels of the wide range shown in table 3. For
example, the Dutch programme moved from an initial
cut-off of 15pg Hb/g in l-sample to a higher cut-off of
47ng Hb/g due to the unmanageable workload." Simi-
larly, the screening programme in New Zealand increased
from 15pg Hb/g to 40pg Hb/g."” When constraining
workloads to this degree, our findings show that there is
no sensitivity benefit in moving to a 2-sample approach
(even when raising the cut-off to achieve equivalent colo-
noscopy rate).
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On the other hand, where it is desired to maintain
detection of advanced adenomas and where a colonos-
copy workload of >5% is feasible, our findings show that
a 2-sample test requires fewer colonoscopies for an equiv-
alent sensitivity. In matching both parameters for equiva-
lent colonoscopy workloads, sensitivity was similar in the
workload range of 2% to 5%, but where higher workloads
were feasible, better sensitivity was achieved with 2-sample
FIT. Consequently, deciding which test variables to use is
notsimply a matter of managing feasibility of colonoscopic
workload by adjusting the cut-off if the same number or
additional lesions can be detected with equivalent or less
colonoscopic workload. Programmes that have a goal of
good detection of advanced adenomas should consider
the 2-sample approach. Three-dimensional modelling of
the relationship between colonoscopic effort (number
needed to colonoscope to detect one case with advanced
neoplasia), advanced neoplasia detection rate and colo-
noscopy workload in conditions aiming for best detection
of advanced neoplasia showed that the 2-sample approach
requires the least effort.” Our findings also align with
those of a French modelling study where they found that
the number needed to screen to detect a lesion was lower
for the 2sample test.” They observed similar positivity
rate of 1.6% for 1-sample FIT at cut-off 68 ng Hb/g and
2-sample FIT at 116 pg Hb/g. Our findings might differ
from those of a recent Dutch screening study conducted
over four rounds where they found that workloads were
higher with a 2-sample test but they did not adjust the
cut-off for the 2-sample test and lesion detection was not
assessed in all cases regardless of FIT result.*®

Relative cost-effectiveness of 1-sample versus 2-sample
testing has been considered in several studies. The cost
per case detected in a FIT-screening study where only
positive cases proceeded to colonoscopy was shown to be
lowest for a 2-sample test compared with l-sample and
3-sample tests.” In comparing cost-effectiveness of FIT
screening by I-sample and 2-sample methods by proba-
bilistic modelling, both one and two samples were cost-
effective and the per person cost varied by just over one
dollar due to the provision of the extra collection tube
in the 2-sample context." A microsimulation model
was used to compare costs (life years gained) drawing
data from FIT screening studies in the Netherlands.”®
A 2-sample test provided additional life years gained
but at additional cost. That study, and others, did not,
however, consider costs and resultant colonoscopy work-
loads when the variables of cut-off and sample number
were independently adjusted to achieve equivalent sensi-
tivities. Modelling was also undertaken in populations
when only those with a positive FIT were colonoscoped,
meaning that the cost of missing adenomas was not avail-
able. In the current study, there were a large number of
cases with neoplasia, especially advanced adenoma states,
and sensitivity for neoplasia was estimated in cases who all
underwent colonoscopy after completion of a 2-sample
quantitative FIT, regardless of the test result. Our find-
ings could now be incorporated into cost-effectiveness

modelling studies. While we accepted cases where FIT
was performed anytime in the 12 months preceding colo-
noscopy and so assumed that the lesions found at colo-
noscopy were present at the time of taking the test, it is
accepted that the natural history of colorectal neoplasia
is of the order of a decade.*

While the population was not an average-risk naive
screening population there is no obvious reason to think
that the principles which have emerged would be irrel-
evant to a typical screening population. The number of
cancers in this study population was only 21 out of the
3499 meeting inclusion criteria for full modelling. As
some in the study had previously undergone polypectomy,
we would expect there to be a small number with cancer.
The proportion with advanced adenomas, despite some
colonoscopies being brought forward because of a posi-
tive FIT, were comparable to that of the entire popula-
tion, and within 3% of the rate seen by others in a similar
programme.* In addition, our FIT positivity rate for the
32413 completed tests was similar to that reported in
Scandinavian** and Australian screening populations.*
The former reported positivity rates of 7.2% and 4.2%
for a 2-sample and l-sample FIT respectively at cut-off
20ug/g, compared with our findings of 7.0% and 4.4%.
Similarly high test positivity rates at a low cut-off were
observed in a screening study in Israel.*!

In the current study, we have not been able to consider
differences in population participation based on the
collection of just one rather than two samples. In a Dutch
population-based randomised controlled trial comparing
l-sample and 2-sample FIT, the difference in participation
rates was just 0.2%."° They also found that when seeking a
higher detection rate for neoplasia, the 2-sample method
was more efficient. In a US study, there was a small (4%)
difference in participation rates between a l-sample and
2-sample FIT but the actual stoolsampling device was
very different between the two brands of FIT." In other
words, there is no conclusive evidence to support that
participation in screening is improved when requiring
just one sample.

In conclusion, variation in f-Hb between samples is
such that both positivity cut-off and sample number
are, together, crucial determinants of test sensitivity for
advanced neoplasia (especially advanced adenomas)
and for colonoscopy workload. If a programme goal
includes reduction of cancer incidence, then detection
of advanced adenomas is important. As test-positivity
cut-offs applied in practice fall within the range of f-Hb
observed in cases with advanced adenomas and cancers,
their detection, especially of advanced adenomas, is
compromised when sampling only one stool and espe-
cially when raising the cut-off as well. While the lower
sensitivity of a 1-sample test can be addressed by choosing
a lower cut-off than would be used for a 2-sample test, the
relationship between these test parameters and outcomes
is complex. If the sensitivity goal for advanced neoplasia
is >35%, then colonoscopy workload is significantly less
using two samples. Thus a 2-sample approach seems
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preferable where programme detection of advanced
adenomas has a priority alongside that of cancer.
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