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Abstract

Objectives: Faecal immunochemical testing for haemo-
globin (FIT) is used to triage patients for colonic in-
vestigations. Point-of-care (POC) FIT devices on the market
have limited data for their diagnostic accuracy for colorectal
cancer (CRC). Here, a POC FIT device is compared with a
laboratory-based FIT system using patient collected sam-
ples from the urgent referral pathway for suspected CRC.
Methods: A prospective, observational cohort study.
Patients collected two samples from the same stool. These
were measured by POC QuikRead go® (Aidian Oy, Espoo,
Finland) and laboratory-based FOB Gold Wide® (Sentinel
Diagnostics, Italy). Faecal haemoglobin <10 μg haemo-
globin/g of faeces was considered as negative. At this
threshold, comparisons between the two systems were
made by calculating percentage agreement and Cohen’s

kappa coefficient. Proportion of negative results were
compared with Chi squared testing. Sensitivities for CRC
were calculated.
Results: A total of 629 included patients provided paired
samples for FIT to compare the QuikRead go® and FOB Gold
Wide®. The agreement around the negative threshold was
83.0% and Cohen’s kappa coefficient was 0.54. The Quik-
Read go® reported 440/629 (70.0% of samples) as negative
compared to 523/629 (83.1%) for the FOB Gold Wide®, this
difference was significant (p-value<0.001). Sensitivities for
CRC detection by the QuikRead go® and FOB Gold Wide®

were 92.9% (95% confidence interval (CI): 68.5–98.7%) and
100% (CI: 78.5–100%) respectively.
Conclusions: Both systemswere accurate in their ability to
detect CRC. Whilst good agreement around the negative
thresholdwas identified, more patients would be triaged to
further colonic investigation if using the QuikRead go®.

Keywords: colorectal cancer; faecal immunochemical
testing; point of care testing.

Introduction

Faecal immunochemical testing for haemoglobin (FIT)
offers a non-invasive means to triage patients to colonic
investigations for both the screening and symptomatic
cohorts. There are a wide variety of point-of-care (POC)
devices marketed for FIT [1–3]. Early diagnostic accuracy
studies show that quantitative POC analysers can perform
well [3–5]. A POC FIT analyser within a clinical setting
provides the potential for faster decision-making and
improved risk-stratification. This could be particularly
beneficial when assessing for suspected colorectal cancer
(CRC) on urgent referral pathways [6]. Awaiting a labo-
ratory generated FIT result can delay referral from pri-
mary care or the initial secondary care appointment. Use
of the POC FIT analyser could streamline the patient
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pathway by facilitating a more rapid review of urgent re-
ferrals or support the implementation of “straight to test”
strategies used in secondary care.

In England, samples for FIT are typically sent to lab-
oratories for analysis. There are three laboratory FIT
systems (FOB Gold Wide®, OC-SensorTM and HM-JACKarc)
that were recommended by NICE in 2017 [7]. A recent
laboratory study carried out an analytical evaluation of
three POC analysers and ascertained that the QuikRead
go® (Aidian Oy, Espoo, Finland) was potentially suitable
for quantitation of faecal haemoglobin (f-Hb) at POC [8]. It
was also the most usable, as it was easily portable and
could determine a result within 2 min [8]. To assess for
clinical utility, it is necessary to compare the diagnostic
accuracy and correlation of results to a laboratory-based
system [6, 9].

The aim of the study was to compare the POC FIT
methodwith a laboratory-based FITmethod in the context
of patients referred urgently for suspected CRC. This was
achieved by determining the agreement between results
and displaying paired f-Hb concentrations for the Quik-
Read go® (Aidian Oy, Espoo, Finland) and the FOB Gold
Wide® (Sentinel Diagnostics, Italy). Diagnostic accuracies
were also compared for CRC and serious bowel disease
(SBD).

Materials and methods

Study design

The “POCFIT study” (REC: 19/LO/0889)was designed as a prospective
observational cohort study. Paired sampling from the same faecal
material was performed to allow testing on both the QuikRead go®

POC analyser and the laboratory-based FOB Gold Wide® method used
on the SENTiFIT® 270 analyser. This was to enable direct comparison
between the f-Hb results and diagnostic accuracy of the two systems
for patients on the colorectal urgent referral pathway for suspected
CRC. The FOB Gold Wide® as a laboratory system, is established in
symptomatic testing programmes and has been demonstrated to
perform well analytically alongside other FIT systems [10]. Therefore,
it was selected for comparison as an available system in the reference
laboratory. This also provided the opportunity to expand the limited
data for symptomatic patients for the FOB Gold Wide®.

Recruitment took place between July 2019 and March 2020 from
symptomatic patients referred to the Royal Surrey NHS Foundation
Trust (RSFT). These patients were invited by post and asked to provide
two samples from the same bowel motion/faecal sample. The postage
invitation supplied the patients with specialised collection devices
suitable for both the QuikRead go® and FOB Gold Wide® (further de-
tails in Supplementarymaterial, Appendix 1 – FITTER Checklist). They
were asked to bring their samples to their clinic appointment, where
written consent was obtained if they wished to enrol in the observa-
tional study.

Sample size calculation

Westwood et al. (2017) reported that the sensitivity for CRC of
laboratory-based FIT in symptomatic patients was 92.1% (95% CI
86.9–95.3%) [11]. Under the assumption that POC QuikRead go®

operated with the same sensitivity, a margin of error table (defined as
the half-width of a 95% confidence interval) was computed. These
computations assumed a CRC prevalence rate of 4% in the urgent
referral pathway cohort [12]. The table showed that with a sample size
of 600 subjects to undergo FIT, a sensitivity of 92.5% could be esti-
mated within a margin of error of 10% to determine diagnostic
accuracy.

Inclusion and exclusion criteria

Patients ≥18 years of age referred on the urgent referral pathway were
included. This pathway consisted of patients referred from primary
care to colorectal surgery at RSFT with “red flag” bowel symptoms
or anaemia according to NG12 guidance [13]. Patients had to have
capacity to consent and have provided their samples from fresh faeces
and not a stoma bag. Patients who had collected their FIT samples
more than 10 days prior to clinic appointment were excluded based
upon sample stability recommendations by the manufacturer.

Patients were included in the diagnostic accuracy analysis only if
a definitive colorectal investigation was subsequently made. This was
either by colonoscopy or CT colonography as both are both highly
sensitive for CRC [14]. Patients undergoing flexible sigmoidoscopy
were only included if they had presented with perianal symptoms or
anorectal bleeding (bright red blood seen separate to the stool in the
pan or on the paper). All CRC diagnoses were confirmed by histology
reports. High Risk adenomas (HRA) and inflammatory bowel disease
(IBD)were also reported. HRAswere defined as either (i) any advanced
adenoma (≥10 mm, any sessile serrated lesion or adenomas that
contained high risk dysplasia), or (ii) if total number of polyps was ≥5,
as per the British Society of Gastroenterology guidelines for surveil-
lance [15]. SBD was defined as a diagnosis of CRC, IBD or HRA.

FIT sample analysis

Further details of specimen collection and handling, analysis, quality
management and result recording can be found in Supplementary
material, Appendix 1 where these headings are described according to
the FITTER checklist [16]. Three colorectal doctors were trained to use
the QuikRead go® and were involved in the recruitment from their
clinics. They underwent guidance to use the analyser and followed an
agreed standard operating procedure. All FOB Gold Wide® samples
were analysed in the research laboratory based at the Bowel Cancer
Screening Southern Hub in Guildford. All laboratory analysis was
overseen by a state-registered biomedical scientist. The two assays
used in this study are currently only used for research purposes and
not routine clinical use, so are not accredited. However, FOB Gold
Wide® has undergone thorough validation. All assays that are
routinely used at RSFT bowel cancer screening hub and biochemistry
department are UKAS accredited.

As this was an observational study, FIT results were not used to
determine investigation outcomes. The POC processing was per-
formed within the clinic appointment, but the results were blinded to
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the patient and clinician to avoid potential bias and not influence
investigation choice.

Data

A secure web-based clinical database, associated with RSFT and
approved by the local information governance team,was developed to
audit colorectal patients on the urgent referral pathway. Recruited
participants for the study were assigned a unique trial number and
their FIT results were entered into the database in a pseudonymised
fashion. Access to this data was restricted to members of the research
team.

Statistical analysis

Whilst the samples were taken from the same bowel motion/faecal
sample, the heterogenic blood distribution within faeces means that
the f-Hb are not identical for each paired sample [17]. The two sys-
tems have different limits of detection (<10 μg/g for QuikRead and
<3 μg/g for FOB Gold Wide®) and quantification (>200 μg/g for
QuikRead go® and >1700 μg/g for FOB Gold Wide®). For comparison
of paired samples, results outside these ranges were excluded and
subsequent non-paired data points were also excluded. To exclude
bias, results outside <10 μg/g and >200 μg/g for FOB Gold Wide®

were also excluded. The relationship of these pairs were demon-
strated by a Bland–Altman plot.

Results where f-Hb <10 μg/g was considered a negative result.
The proportion of results that showed f-Hb <10 μg/g was compared
between the two systems using Chi squared testing. Inter-assay per-
centage agreement at this same thresholdwas calculated and assessed
with Cohen’s Kappa coefficient [18]. Diagnostic accuracy for CRC and
serious bowel disease (SBD)was calculatedusing the EP12-A2 protocol

[19]. Receiver operator characteristic (ROC) curves were created using
Analyse-it (Software version: Method Validation edition Ltd, Leeds,
UK) on a Windows 10 platform. Area under the curves (AUC) were
estimated using the DeLong test [20] and was considered significant if
p-value<0.05.

Results

Figure 1 displays the pathway for results to be analysed.
832 patients were invited to the study and 199 patients were
not consented. The reasons for not consenting were: not
attending appointment or appointment cancelled (n=16),
reporting to have not received the pack (n=5) or not sam-
pling at home to bring to clinic (n=178). All remaining 633
patients provided the two FIT samples andwere consented.
Two pairs of samples were later excluded as days between
sampling and analysis were >10 days and two other pairs
were excluded as the sampleswere taken from a stoma. 629
samples were suitable for analysis. The demographics for
these patients are shown in Table 1.

Agreement

After excluding results outside the limits of detection and
quantification (<10 μg/g or >200 μg/g for theQuikRead go®)
and subsequent non-paired data, there were 58 paired data
points. Figure 2 shows a Bland–Altman plot showing six
points outside the 95% confidence interval. In this graph,

Figure 1: Pathway for results to be analysed.
POC, point-of-care; FIT, faecal immunochemical testing; DNA, did not attend; CRC, colorectal cancer.
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the bias was -3 μg/g and positive difference was when
the f-Hb for QuikRead go® was higher than f-Hb for FOB
Gold Wide®. The median values of the 58 paired results
were 32 μg/g for both the QuikRead go® and FOB Gold
Wide®.

The QuikRead go® reported 440/629 (70.0% of sam-
ples) with an f-Hb <10 μg/g compared to 523/629 (83.1%) for
FOB Gold Wide®. The proportion of samples testing nega-
tive on each analyser, using f-Hb <10 μg/g as a cut-off, was
statistically different (p-value<0.001). With the same f-Hb
threshold for both tests, an agreement of 83.0% was found
and Cohen’s Kappa coefficient was 0.54.

Diagnostic accuracy

Of the 629 patients with paired FIT results, 553 underwent
colonic investigations that were suitable to give definitive

diagnostic outcomes for comparison. There were 14 pa-
tients diagnosed with CRC. Results where the f-Hb was
<10 μg/g were considered negative, there was one false
negative out of 379 negative samples from the QuikRead
go® and no false negatives out of 457 negative samples
from the FOB Gold Wide®. This breakdown is displayed
in Figure 1. In the case of the false negative for the Quik-
Read go®, the f-Hb reading for the FOB Gold Wide® was
120 μg/g.

The sensitivities to CRC for the QuikRead go® and FOB
Gold Wide® were 92.9% (95% confidence interval (CI):
68.5–98.7%) and 100% (CI: 78.5–100%) respectively. The
specificities for the QuikRead go® and FOB Gold Wide®

were 70.1% (CI: 66.1–73.8%) and 84.8% (81.5–87.6%)
respectively. There were 29 diagnoses of HRA and 9 di-
agnoses of IBD making a total of 52 SBD diagnoses
(including CRC). The sensitivities of theQuikRead go® and
FOB GoldWide® for SBDwere 76.9% (CI: 63.9–86.3%) and
65.4% (CI: 51.8–76.9%) respectively. Further sensitivities
and specificities at other cut-offs are displayed in Table 2
for CRC and Table 3 for SBD.

CRC diagnostic accuracy is displayedwith ROC curves
in Figure 3. Therewas anAUC for the QuikRead go® of 0.92
(CI: 0.83–1.00) and an AUC for the FOBGoldWide® of 0.97
(CI: 0.95–0.99). Both results were significantly different
from 0.50 with a p-value<0.001. The difference noted
between the two values (0.92 and 0.97) using the DeLong
method was not significant (p-value=0.97). SBD diag-
nostic accuracy is displayed with ROC curves in Figure 4.
There was an AUC for the QuikRead go® of 0.81 (CI: 0.74–
0.88) and an AUC for the FOB Gold Wide® of 0.80
(CI: 0.73–87). Both results were significantly different
from 0.50 with a p-value<0.001.

Table : Age and sex of  patients that provided samples and
included in comparison.

Variable Number (% of total)

Sex
Male  (.%)
Female  (.%)

Age, years
18–39  (.%)
40–49  (.%)
50–59  (.%)
60–69  (.%)
70–79  (.%)
80–89  (.%)
≥90  (.%)

Figure 2: Bland–Altman plot to show the
relationship of the 58 paired f-Hb results
between the QuikRead go® and FOB Gold
Wide® when results were between the
limits of detection and quantification.
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Discussion

In this study, we report on the agreement around an f-Hb
threshold of <10 μg/g and the diagnostic accuracies

between a POC analyser and a laboratory-based system for
FIT. Both systems are highly sensitive for CRC. The het-
erogeneity of faeces means that two paired faecal samples
collected this way will not give identical results [17].
However, the Bland–Altman plot demonstrates a good
relationship between the two systems and there is no clear
overall bias from one analyser to the other. It is reassuring
that the results did demonstrate a high percentage agree-
ment, and the diagnostic accuracies for both CRC and SBD
were not significantly different.

Regarding f-Hb <10 μg/g as a negative result, there

was a significant difference in the proportion of patients

that tested negative using the QuikRead go® compared to

the FOB Gold Wide® (70.0 vs. 83.1%). Therefore, if using

the QuikRead go®, more patients would potentially be

referred for colonoscopy. This is also demonstrated in the

positive predictive value of the FOB Gold Wide® being

nearly double than that of the QuikRead go® (14.6 vs.

7.5%), which could have an impact on the number needed

to scope for CRC. The higher number of false positivesmay

also induce unnecessary and avoidable stress for pa-

tients, who would have otherwise avoided a colonoscopy.

Cohen’s kappa coefficient demonstrated moderate

agreement. However, this is lower than the agreement

found by Chapman et al. who used this to comparing two

Table : Colorectal cancer diagnostic accuracy according to faecal haemoglobin cut-off.

Analyser ≥Cut off value
(µg Hb/g faeces)

Sensitivity (% con-
fidence interval)

Specificity (% con-
fidence interval)

Positive predic-
tive value, %

Negative
predictive
value, %

Likelihood
ratio (+ve)

Likelihood
ratio (‒ve)

QuikRead
go®

 .% (.–.) .% (.–.) . . . .
 .% (.–.) .% (.–.) . . . .
 .% (.–.) .% (.–.) . . . .

FOB Gold
Wide®

 % (.–) .% (.–.) .  . 

 % (.–) .% (.–.) .  . 

 .% (.–.) .% (.–.) . . . .
 .% (.–.) .% (.–.) . . . .

Table : Serious bowel disease diagnostic accuracy according to faecal haemoglobin cut-off.

Analyser ≥Cut off value
(µg Hb/g faeces)

Sensitivity (% con-
fidence interval)

Specificity (% con-
fidence interval)

Positive predic-
tive value, %

Negative
predictive
value, %

Likelihood
ratio (+ve)

Likelihood
ratio (‒ve)

QuikRead
go®

 .% (.–.) .% (.–.) . . . .
 . (.–.) . (.–.) . . . .
 . (.–.) . (.–.) . . . .

FOB Gold
Wide®

 .% (.–.) . (.–.) . . . .
 . (.–.) . (.–.) . . . .

 . (.–.) . (.–.) . . . .
 . (.–.) . (.–.) . . . .

Figure 3: Receiver operator characteristic curves for QuikRead go®

and FOB Gold Wide® for colorectal cancer.
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laboratory-based systems (OC-SensorTM and HM-JACKarc)

and found kappa to be 0.79 [21].
The emergence of COVID-19 has prompted a greater

need to rationalise endoscopic resources, which has
broadened the application of FIT within the symptomatic
population [22]. This use of triage has enabled significant
reduction in the overall need for colonoscopy [23, 24].
However, if different FIT systems are used, the lack of
standardisation creates variation between the quantitative
results [10, 25]. There is currently no standardisation of FIT
methods [26]. Using different systems, whilst maintaining
the same cut-off concentration for positivity, has been
shown to alter referral rates [21, 27]. This has implications
for both risk stratification for patients as well as resource
and cost implications.

The high sensitivity for CRC of the QuikRead go® was
similar to that of the FOBGoldWide® implying that the POC
analyser is safe for clinical use. The 92.9% CRC sensitivity
and 76.4% SBD sensitivity of the QuikRead go® is in line
with the recent multi-centre NICE FIT study that reported
laboratory-based FIT in the suspected cancer cohort with
high-risk symptoms to be 90.9% for CRC and 62.6% for SBD
using <10 μg/g as a cut-off [28]. Use of higher thresholds
such as 100 or 150 μg/g, as shown in Table 2, was poorer for
the QuikRead go® as CRC sensitivity dropped to 71.4 and
57.1% respectively for CRC. However, the FOB Gold Wide®

did maintain a high sensitivity at the 100 μg/g cut-off and
would have missed only one CRC. Use of higher thresholds
can be beneficial in grading risk for patients, particularly
in resource limited situations, such as the COVID-19

pandemic [24]. The difference in sensitivity using <10 μg/
g as a cut-off between the QuikRead go® and FOB Gold
Wide® was made by noting one false negative reading by
the QuikRead go® analyser. In this case, there was a wide
difference in the two f-Hb readings. Whilst the QuikRead
go® reported <10 μg/g, the FOB Gold Wide® gave a reading
of 120 μg/g. Such a wide difference could highlight a
sampling error exacerbated by the request to perform the
two samples from the same faeces. A possible reason for a
false negative is no stool being placed into the sampling
grooves. We cannot exclude the possibility that this
discrepant result was due to no faecal material being pre-
sent in the QuikRead go® collection device.

The POC system, used within an outpatient setting for
the symptomatic patient, removes the need for laboratory
sample delivery and processing time. Having a device that
is comparable in its diagnostic accuracy to laboratory-
based testing can provide reassurance to patients and
clinicians for its utility. Usability for a POC device is also a
key consideration for application [6], the results from
the QuikRead go® would have all been available within the
timeframe of each consultation within the study. The
analyser is easily portable and can return a result within
2 min [8].

Whilst FIT collection devices were sent to patients in
the post for this study, the collection devices could instead
be provided to patients as part of an initial GP appointment
for them to bring to their secondary care appointment. Use
of a standard operating procedure, documentation as per
study protocols and use of a database allowed for accurate

Figure 4: Receiver operator characteristic
curves for QuikRead go® and FOB Gold
Wide® for serious bowel disease.
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recording of results. For better entry into electronic patient
records, the QuikRead go® has the potential to be inte-
grated into hospital results systems and for a barcode
reader to scan a barcode on the device. This would better
facilitate audit and service evaluation to meet the gover-
nance responsibilities [9].

Ideally, the POC system could be used in primary care,
however, further evidence generation centred around this
as a clinical pathway is needed to evaluate its potential
impact [9]. Using the device within a single consultation
would be the most efficient, but faecal sampling would
need to be performed at home and brought back for a
further appointment, if samples are collected by the pa-
tient. Alternatively, a clinician may be able to collect a
sample at clinical examination via a digital rectal exami-
nation, two studies have described this technique [29, 30].
If this method is to be deemed accurate, then potential for
POC FITwithin a single consultation would bemore viable.

The focus of the study was in obtaining f-Hb concen-
trations for the two systems and determining diagnostic
accuracies. Therefore, we have not carried out a cost
benefit analysis of POC FIT compared to laboratory-based
FIT as part of the study. Such an analysis would need to
assess the potential benefits againstmore than just reagent
costs, but also equipment procurement, maintenance costs
and extra staffing requirements as part of a new service
evaluation.

Study limitations

The number of CRCs detected in our cohort of suspected
cancer patients was low. This created a wider confidence
interval around the sensitivity than anticipated for our
sample size. However, the confidence interval for SBD is
more precise. The authors also recognise that the gold
standard comparison of colonoscopy, CT colonography or
flexible sigmoidoscopy provides potential error as none of
these tests are themselves 100% sensitive for CRC [14].
Verification by correlating the results with the FOB Gold
Wide®, that is a registered laboratory-based method, con-
tributes to validating the results we have found for the POC
device. All CRCs detected by the original gold standard
colonic investigation were subsequently confirmed by
histological diagnoses.

Conclusions

TheQuikRead go®POC analyser showed a good percentage
agreement to the FOB Gold Wide® method and both

systems were highly sensitive for CRC. This offers potential
to faster decision-making, cost saving opportunities and
patient experience in the suspected cancer pathway.
However, using f-Hb <10 μg/g as a cut-off means that
significantly more patients would test positive if using
the QuikRead go®. This has implications on the proportion
of patients that would be triaged to further colonic
investigation.
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