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Abstract

Objective: Testing for occult blood in faeces is widely used in bowel cancer screening around the world. In many programmes,
the faecal immunochemical test (FIT) is replacing the traditional guiaic faecal occult blood test (gFOBT). There have been a
number of reports on the clinical impact of making this change; yet, no-one has considered the pre-analytical and analytical
impact of moving from a gFOBT to a FIT bowel cancer screening programme.

Methods: We interrogated data obtained in a FIT pilot carried out in England in 2014 to assess the timeliness of specimen
collection device return time and analysis for gFOBT and FIT, the impact of time to analysis on faecal haemoglobin (f-Hb)
concentration, and any differences observed between analyses carried out at two different testing laboratories.

Results: FIT kits were returned on average 5.6 days sooner than gFOBT. The time to analysis for FIT leads to an overall rise in
f-Hb concentration within the manufacturer’s stated |4-day stability period.

Conclusion: Both these factors are important considerations for laboratories when considering setting up a bowel cancer
screening programme, especially if transitioning from gFOBT to FIT. Our data also support previous evidence of males having a
higher f-Hb than females and demonstrate that after adjusting for sex, age and screening hub, neither index of multiple
deprivation nor screening episode significantly affected f-Hb.
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Introduction

Testing for occult blood in faeces is widely used in bowel
cancer screening programmes across the world."?

Historically, this has been carried out using the guaiac
faecal occult blood test (gFOBT), which provides qualita-
tive results. The National Health Service (NHS) bowel
cancer screening programme (BCSP) in England intro-
duced the gFOBT to a screening population aged 60-70
in 2006. In 2015, the BCSP was fully rolled out to include
people aged 6074 inclusive. The service was provided by
five regional hubs across England.

The faecal immunochemical test for haemoglobin (FIT)
uses antibodies derived against the globin component of
the haemoglobin (Hb) molecule to quantify the human Hb
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concentration in a faecal specimen (f-Hb). The benefits of
FIT over gFOBT have been well described.*® These
include the ability to automate and quantitate analysis
and the specificity of the antibodies to human Hb.

In 2014, the BCSP carried out a large comparative FIT
pilot study to establish the acceptability and diagnostic
performance of FIT compared to gFOBT.? Two of the
five hubs in England were included in the study: the
Midlands and North-West Hub (M&NWH) and the
Southern Hub (SH). These two hubs cover over half of
the eligible population in England, which at the time of
sending out invites was 1.1-1.2 million subjects per year.
Each hub performed analysis of FIT samples for its served
population. The study demonstrated marked improve-
ments in uptake, specifically in groups where uptake was
previously low, and higher detection rates for cancer and
advanced adenoma were reported at a range of thresholds
used for referral for colonoscopy.’

In this study, we have interrogated the data obtained in
the FIT pilot study to

e assess the timeliness of specimen collection device
return time and analysis for gFOBT and FIT

e evaluate the effect of device return time and time to
analysis on f-Hb results obtained by FIT

e cvaluate the extent to which results obtained differ by
hub

e cxamine the impact of age and sex on f-Hb results
obtained by FIT

e assess whether there is an association between f-Hb,
index of multiple deprivation (IMD) and episode type:

a. First screen with no previous invitation (first time
invitees)

b. First screen with previous non-response to invitation
(previous non-responders)

c. Second or subsequent screen (previous responders).

We use the term subject to describe someone invited to
participate in the screening programme and the term par-
ticipant to describe someone who has returned their test
kit.

The information obtained from this study can in theory
be used to help inform programmes (laboratories and
policy makers) about the changes that might occur when
transitioning from gFOBT to FIT.

Methods

The FIT pilot study is described in detail elsewhere.’
Briefly, over a six-month period in 2014, gFOBT Kkits
(Immunostics, Ocean Township, NJ, USA, supplied by
Alpha Laboratories, Eastleigh, UK) were sent as per
usual BCSP practice to the majority of subjects (total
1,123,306). FIT (OC-SENSOR, Eiken Chemical Co.,
Ltd, Tokyo, Japan) devices were sent to 1 in 28 subjects
(total 40,928) from the M&NWH and the SH. The BCSP

call/recall system was modified so that the first in every 28
routine invitations sent out for each screening centre was a
FIT. This regime was strictly applied to ensure that any
additional colonoscopy workload generated was split
across screening centres. The pre-invitation letters for
gFOBT and FIT were similar in content, the difference
being that those invited for FIT received an additional
single information sheet explaining that they had been
invited as part of the FIT pilot and the rationale for the
study. Participants were asked to record on their gFOBT
sample(s) or FIT device the date(s) the specimen(s) were
collected and were provided with a pre-paid envelope to
return their kit or device through the postal system.
gFOBT kits were returned in an envelope and the FIT
device in a uniquely designed box. Both types were sent
out and returned using the same postal process, and all
were logged onto the electronic Bowel Cancer Screening
System (BCSS) on the day of receipt in the laboratory.

Of the 1,123,306 subjects sent a gFOBT kit, 661,780
(59%) valid results were obtained. Of the 40,928 subjects
sent a FIT device, 27,238 (67%) valid FIT results were col-
lected. All participants with a positive gFOBT result or an
f-Hb > 20 ng Hb/g faeces were referred for follow-up and
managed according to the usual BCSP protocol and were
given a clinic appointment for follow-up in their local screen-
ing centre. The presence of f-Hb on gFOBT is observed as a
blue colour visible to the eye when hydrogen peroxidase is
added to the sample and left for 30s to develop. Each
gFOBT kit has three faecal samples spread on two windows
(six in total per kit). Five out of six windows need to turn
blue for the sample to be reported as positive. Subjects were
sent a repeat gFOBT Kkit if between one and four windows
were blue. If negative, a third kit was sent. If the retest had
any blue window on either repeat, the subject was classified
as positive. Subjects were only included in the final analysis if
they had a definitive result, so with gFOBT, if a repeat kit
was not returned following a weak positive, then they were
defined as having not been adequately screened.

FIT kits that had not been dated or had incorrect dates
were analysed and if positive the result was reported. If the
result was negative the sample was spoilt, and the subject
asked to complete another kit. Samples that were not
dated but returned less than 10 days from the date of
issue were reported.

Data on participant age, sex, IMD status, previous
screening history (episode type), f-Hb concentration and
result of further investigation for those with a positive
gFOBT and f-Hb > 20pg Hb/g faeces were extracted
from the BCSS. The dataset used in this paper was
extracted from the BCSS with reference ODR_1819_103.
It has been substantially updated and cleaned since the
previous publication, in particular including f-Hb results
which became available after the previous publication was
written and so will not have exactly the same numbers as
previously reported.®’® Compared to the previous paper,
in the FIT group, we report on two fewer subjects (40,928
vs. 40,930), 71 more participants with valid FIT results
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(27,238 vs. 27,167), six more samples with f-Hb >20png
Hb/g faeces (2133 vs. 2127) and one more colonoscopy
result (1825 vs. 1824).

Statistical methods

We analysed three measures of time:

e number of days between date the testing kit was sent to
a subject and the date the kit was logged at the hub
(total return time);

e number of days between the date of specimen collection
(written on kit by participant) and logged at the hub
(specimen return time);

e number of days between date of specimen collection
and date of specimen being analysed at the hub (time
to analysis).

For the date of specimen collection for gFOBT, which
includes three samples, the date of the last sample was
used. For FIT, the date the sample was taken was used.

For both time intervals, we compared the difference
between gFOBT and FIT using the Wilcoxon rank-sum
test. We used means, standard deviations (SD) and medians
and interquartile ranges (IQR) to describe the results with
respect to these time intervals. For the estimation of asso-
ciations of both time intervals, hub, age, sex, IMD and

episode type with f-Hb, the situation was complicated by
the fact that the majority of participants had undetectable
f-Hb; that is, f-Hb below the manufacturer’s stated limit of
detection (LOD) of 4pg Hb/g faeces. We therefore used
hurdle regression,”'” simultaneously fitting a probit regres-
sion of the binary variable of whether a detectable f-Hb was
observed on the potential predictor variables and a linear
regression of the natural logarithm of the f-Hb on the pre-
dictor variables for those with a detectable f-Hb (i.e. >4 g
Hb/g faeces). We used numerical data for specimens with f-
Hb at or above the LOD. In routine practice, numerical
values should only be used if above the limit of quantifica-
tion, which, for this assay, is 10 ug Hb/g faeces (manufac-
turer quoted). However, since this is a research study, we
have used numerical data for specimens with f-Hb above
the LOD as previously described.!! Even among those with
detectable f-Hb, the distribution of f-Hb was very skewed to
higher f-Hb, so, in our analysis, we used the logarithm of
f-Hb, and for descriptive purposes, we calculated the geo-
metric means of f-Hb.

All analyses were carried out in StataMP version 16.1
on a Windows 8 platform.

Results

Tables 1 and 2 give a breakdown of participants who
returned valid gFOBT and FIT kits in terms of their

Table |. Frequencies and proportions of participants with gFOBT devices, who were adequately screened, and had definite positive results,

stratified by demographic characteristics and episode type.

gFOBTSs sent

Returned gFOBTSs

Adequately screened Definitive positive

(n=1,123,306) (n=668,487) (n=661,780) (n=11,506)

Factor/category N % N % N % N %
Hub
Southern 588,562 47.3 361,755 54.1 358,295 99 6521 1.8
Midlands and North West 537,744 52.3 306,732 45.9 303,485 98.9 4985 1.6
Sex (n, %)

Female 577,184 51.3 358,321 53.6 355,198 99.1 5023 1.4

Male 549,122 48.8 310,166 46.4 306,582 98.8 648l 2.1
Age (y)

59-64 474,992 422 260,248 38.9 256,465 98.5 4263 1.6

65-69 389,898 34.6 247,546 37 245,744 99.3 4035 1.6

70-75 261,416 23.2 160,693 24 159,571 99.3 3208 2.0
IMD quintile®

IMD | 165,118 14.7 73,638 I 72,601 98.6 1709 2.3

IMD 2 180,436 16 97,854 14.7 96,791 98.9 2715 2.8

IMD 3 238,268 21.2 143,124 214 141,746 99 2063 1.4

IMD 4 259,929 23.1 165,358 24.7 163,833 99.1 2525 1.5

IMD 5 282,280 25.1 188,370 28.2 186,668 99.1 2492 1.3

IMD n/k® 275 . 143 141 98.6 2 1.4
Screening episode

Previous responders 631,165 56 538911 80.6 535,406 99.3 8842 1.6

First-time invitees 175,615 15.6 89,188 13.3 87,295 97.9 1510 1.7

Previous non-responders 319,526 284 40,388 6 39,079 96.8 1154 29

gFOBT: guaiac faecal occult blood test.
?Calculated as a percentage of all returned gFOBT devices.

PIMD, index of multiple deprivation. IMD | to IMD 5 is the scale from the most deprived to the least deprived.
“Participants whose postcode could not be linked to lower layer super output areas.
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Table 2. Frequencies, proportions, geometric means and 80% empirical percentile ranges of participants with analysable FIT devices and
detectable faecal haemoglobin concentrations (f-Hb in pug Hb/g faeces), stratified by demographic characteristics and episode type.

FITs sent Analysable FIT devices  Detectable f-Hb (>4 png Hb/g Positive f-Hb (=20 ng Hb/g
(n=40,928) (n=127,238) faeces) (n=5805) faeces) (n=2133)
Factor/category N % N % N % GM* N % GMP 80%PR*
Hub
Southern 21,640 529 14,743 54.1 2778 18.8 19 1049 7.1 78 24-405
Midlands and North West 19,288 47.1 12,495 45.9 3027 24.2 I8 1084 8.7 78 25-389
Sex (n, %)
Female 21,064 415 14,404 52.9 2851 19.8 16 947 6.6 69 24-300
Male 19,864 48.5 12,834 47.1 2954 23 21 1186 9.2 86 25481
Age (y) 2142
59-64 17,428 42.6 11,154 41 2066 19.2 I8 771 6.9 78 25-389
65-69 14,037 34.3 9685 35.6 1597 21.3 I8 747 7.7 80 25-383
70-75 9463  23.1 6399 235 25 19 615 9.6 76 24401
IMD quintile®
IMD | 5775 14.1 3016 .1 817 27.1 20 324 10.7 75 24-359
IMD 2 6560 16 408l I5 994 24.4 20 392 9.6 78 25-432
IMD 3 8676  21.2 5883 21.6 1226 20.8 I8 435 74 80 25-394
IMD 4 9554  23.3 6686 24.6 1372 20.5 I8 504 7.5 79 25-405
IMD 5 10,357 25.3 7568 27.8 1396 18.4 17 478 6.3 78 24416
IMD n/k® 6 4 0
Screening episode
Previous responders 22,737 55.6 20,465 75.1 4356 21.3 18 1592 7.8 75 24-367
First—time invitees 6453 15.8 3962 14.6 728 18.4 17 248 6.3 82 25-522
Previous non-responders 11,738 287 28I1 10.3 721 25.6 22 293 10.4 91 25-450

?Calculated as a percentage of all FIT that were returned and analysable.

Geometric mean (GM). Cases of f-Hb less than the LOD (4 pg Hb/g faeces) were arbitrarily set to | pg Hb/g faeces to enable calculation of an overall

geometric mean.
“80% percentile range (PR) is the 10th and the 90th percentile observed.

4IMD: index of multiple deprivation. IMD 1-IMD 5 is the scale from the most deprived to the least deprived.
SParticipants whose postcode could not be linked to lower layer super output areas.

Table 3. Time to return of specimens for gFOBT and FIT.

Time variable® Quantity gFOBT (n = 6,27,006)" FIT (n=26,121)° p-Value (Wilcoxon)
Total return time Median (IQR) 14.0 (11.0-25.0) 9.0 (6.0-16.0) p < 0.0001
Mean (SD) 19.4 (12.1) 13.8 (11.4)
Specimen return time Median (IQR) 2.0 (1.0-3.0) 2.0 (1.0-3.0) p < 0.0001
Mean (SD) 2.2 (1.8) 2.1 (1.2)
Time to analysis Median (IQR) 4.0 (2.0-5.0) 2.0 (1.0-3.0) p < 0.0001
Mean (SD) 45 (3.2) 2.2 (1.5)

?All three time variables are measured in days. Defined as: Total return time = date device sent to a subject-date kit logged in a hub; Specimen return
time = date sample logged in a Hub - date sample taken; Time to analysis = date sample analysed - date sample taken.
®Only includes subjects who have a valid value (positive and no greater than 60) in all three time periods.

characteristics, demographics and f-Hb statistics. In both
the hubs, higher positivity was observed by both methods
in males compared to females, in older participants and in
more deprived populations. Previous non-responders had
the highest positivity using gFOBT and FIT. Higher pos-
itivity for gFOBT was observed in the M&NWH. For
those with detectable f-Hb, higher values were observed
in the SH.

There were 627,006 subjects returning a gFOBT kit and
26,121 returning a FIT kit with a recorded date kit sent,
date sample taken, date kit logged and date analysed.

Table 3 shows means (SD) and medians (IQR) for total
return time, specimen return time and time to analysis.
Only subjects whose device return time, sample return
time and time to analysis are of at least oneday and no
longer than 60days are included. All times were signif-
icantly longer for gFOBT than for FIT (p <0.0001). All
times showed considerably smaller variation for FIT.
FIT kits were returned on average 5.6days sooner
than gFOBT kits from day kit sent out. The postal
process for returning the gFOBT and FIT kits was
the same.
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Detailed day-by-day data on numbers with undetect-
able f-Hb and average f-Hb for those with detectable
f-Hb are given in Table 4. Because of small numbers
received after eightdays, data are broken down by day
until day 7 and then grouped together for greater than
or equal to eightdays. For the first sevendays, the
median f-Hb increases for participants with a detectable
f-Hb (>4 pg Hb/g faeces). However, the median f-Hb did
not display a particular upwards or downwards trend for
participants with a positive f-Hb (>20pug Hb/g faeces).
A total of 330 kits were received with no sample date,
4 had an illegible date and 65 had an incorrect date.

In the hurdle regression model, there was a significantly
increased probability of having a detectable f-Hb with an
increasing time to analysis in days, with a probit regression
coefficient 0.02 (95%CI: 0.013-0.026) corresponding to a
relative increase of approximately 2% per day to analysis
in the probability of a detectable f-Hb. The multivariable
hurdle regression results for those with detectable f-Hb are
shown in Table 5. The hurdle regression showed a small
but statistically significant increase in f-Hb with time to
analysis, corresponding to an approximate 2.0% increase
per day. There was a small but significant increase in f-Hb
with increasing age, corresponding to a 0.6% increase with

Table 4. Detailed f-Hb by individual day between specimen taken and analysis®.

Undetectable f-Hb

Detectable f-Hb

Positive f-Hb

All (<4 pg Hb/g faeces) (>4 pg Hb/g faeces) (=20 pg Hb/g faeces)

Time to 80% 80%
analysis Maximum Median  percentile Median  percentile
indays N f-Hb N % N % f-Hb range® N % f-Hb range®
| 9844 20,854 7873 80.0 1971 200 1l 5-109 659 6.7 60 24451
2 7294 32,002 5741 787 1553 213 I3 5-112 546 75 58 25-357
3 5333 9880 4195 78.7 1138 213 13 5—I11 436 82 53 25-320
4 2670 6422 2083 78.0 587 220 I3 5-130 224 84 54 24-732
5 815 2027 622 76.3 193 237 15 5-107 84 103 46 24-289
6 264 1601 198 75.0 66 250 25 4-154 35 133 63 27-368
7 141 1676 102 723 39 277 26 4-169 21 149 58 27-227
8-+ 289 2220 217 75.1 72 249 12 5-61 26 9.0 44 23-722
Total 26,650 32,002 21,031 79.0 5619 21 13 5-114 2031 76 56 25-383

?Only includes subjects with a valid record of the period between specimen taken and analysis.

®80% percentile range is the 10th and the 90th percentile observed.

Table 5. Results from hurdle regression, reported as changes per unit or from baseline category, of natural logarithm of f-Hb on time to

analysis and demographic variables.?

Change in log (f-Hb) per

95% confidence

Variables unit or from baseline p-Value interval Standard error
Time to analysis (days) 0.0197 <0.001 0.0131-0.0262 0.0033
Age (y) 0.0006 0.597 —0.0015-0.0026 0.0010
Sex

Female Baseline - - -

Male 0.0510 <0.001 0.0363-0.0657 0.0075
IMD quintile®

IMD | Baseline - -

IMD 2 0.0126 0.355 -0.0141-0.0393 0.0136

IMD 3 -0.0117 0.361 -0.0367-0.0134 0.0128

IMD 4 -0.0061 0.627 —-0.0309-0.0186 0.0126

IMD 5 —-0.0149 0.237 —0.0400-0.0100 0.0126
Screening episode

First-time invitees Baseline - - -

Previous non-responders 0.0061 0.649 —0.0200-0.0322 0.0162

Previous responders 0.0290 0.073 —0.0027-0.0607 0.0133
Screening hub

Southern Baseline - - -

Midlands and North West -0.0206 0.007 —0.0355 to -0.0057 0.0076

*Four participants whose IMD quintiles could not be identified were excluded from analysis.
BIMD: index of multiple deprivation. IMD |-IMD 5 is the scale from the most deprived to the least deprived.
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Figure |. Faecal haemoglobin concentration (f-Hb in pig Hb/g faeces), capped at 1000 g Hb/g faeces, by time to sample analysis (days),

capped at 14 days.

every 10-year age difference. Males had significantly
(around 5.0%) higher f-Hb than females. And f-Hb results
were approximately 2% lower in the M&NWH compared
to the SH. There was no significant effect of IMD or epi-
sode type.

Figure 1 shows the f~-Hb concentrations against day of
sample analysed, post collection. The majority of samples
were received and analysed within the first seven days.

Discussion

To our knowledge, there are only two published pilots of FIT
in existing rolled out gFOBT-based screening pro-
grammes.™'> These focus on uptake, positivity and clinical
outcomes. Likewise, the published data describing the transi-
tion from a gFOBT to a FIT screening programme are also
all concerned with positivity, uptake and clinical outcomes.'*
16 These factors are all crucially important in terms of a
screening programme. What this paper adds to the current
knowledge base is the pre-analytical and analytical variations
that occur during the transition from gFOBT to FIT and the
impact these might have on a screening programme.

The higher f-Hb values in males were to be
expected.!”'® Whilst gFOBT positivity was higher in the
SH compared to M&NWH, interestingly, the positivity for
FIT at the two thresholds analysed was lower in the SH
compared to the M&NWH. The reason for this is unclear
although it might be related to the threshold at which a
gFOBT generates a positive result. Throughout the study,
thorough quality assurance procedures were in place
which included participation in external quality assurance
schemes and a sample swap scheme. These ensured that
the results obtained in both hubs for gFOBT and FIT

overall were equal, so there is no evidence that local pro-
cesses impacted the results.

In a multivariate hurdle regression model, there was no
significant effect of IMD or episode on f-Hb, although
there was a suggestive but not significant increase in f-
Hb for participants who had previously participated in
bowel cancer screening.

It took significantly less time for a participant to return a
FIT kit compared to a gFOBT kit. This is to be expected to a
degree because, for FIT, only a single sample is required as
compared to three separate samples. However, the mean dif-
ference of 5.6 days indicates that it might not just be due to
the difference in number of samples required, and we would
speculate, based on anecdotal data from participants in the
study, that FIT is a more acceptable and straightforward test
for people to complete. There is extremely limited data avail-
able to assess patient perception of faecal testing although
what is available does indicate that patients find FIT easy to
complete. In addition, the participants were made aware in
the pre-invitation letter that they were part of a study which
might have introduced a bias, particularly because they were
told to return the kit within 10 days. To fully assess the more
rapid return time of FIT, the above data analysis should be
repeated in a fully rolled out FIT screening programme.

The more rapid analysis time for FIT can be explained
by the fact that the analytical method used a semi-
automated analyser, and in addition, the samples being
part of a study meant that they were analysed by a dedicat-
ed group of staff who were rotated on to the analysers. This
did not impact the routine analysis of the gFOBT Kkits.

The time to analysis for FIT has a positive impact on f-
Hb concentration within the manufacturer’s stated 14-day
stability period. f-Hb is well known to be unstable, and it is
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for this reason samples are collected straight into a buffer in
the FIT tube because this contains agents that stabilise the
Hb, preventing degradation. Evidence shows that over long
time periods, there is a decrease in f-Hb, and therefore,
laboratories analyse samples as soon as they can, and as
such, one might have expected a deterioration rather than
an increase in f-Hb with time to analysis.'” However, it
should be noted that times to analysis within this study
were almost entirely within the manufacturer’s recom-
mended limit of 14 days. Only eight (0.03%) were analysed
after this limit, and exclusion of these did not alter the
results. This finding is supported by other studies that
have also demonstrated a small increase in f-Hb within
the first 14 days when using the same manufacturer’s FIT
kits and reagents, including the same buffer formulation
that was used in the OC-Sensor device in 2014 for the cur-
rent study.”>*! Hypothetically, it might be that during the
first few days, as time progresses, the Hb molecule opens up
exposing more epitopes for binding to the anti-Hb antibody
in the reagent. This is speculation, and further work is
required to confirm the findings from this study. What is
reassuring about this finding is that so long as samples are
analysed within the manufacturer’s stated stability period
(14 days for OC-Sensor), then a delay of a few days has no
detrimental effect on the outcome for the participant. In
fact, it could be postulated that a delay of a day or two
might increase chances of a positive result being obtained
and hence a pre-cancer/cancer being detected.

In summary, we have demonstrated that FIT specimens
are collected and returned more rapidly than gFOBT Kkits
in a screening programme. The time to analysis for FIT
leads to an overall rise in f-Hb concentration within the
manufacturer’s stated 14-day stability period. Both these
factors are important considerations for laboratories when
considering setting up a bowel cancer screening pro-
gramme, especially if transitioning from gFOBT to FIT.
Our data also support previous evidence of males having a
higher f-Hb than females and demonstrate that, after
adjusting for the sex effect, neither IMD nor screening
episode significantly affects f-Hb.

The clinical benefits of changing from gFOBT to FIT
have been well reported. What this study highlights is the
impact on testing laboratories, and hopefully, this infor-
mation can support laboratories and policy makers plan-
ning to make the transition to plan resources. The key to
demonstrating the reality of the differences observed here
will be repeating the analysis in a fully rolled out FIT
screening programme.
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