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ORIGINAL ARTICLE

Diagnostic accuracy of a quantitative faecal immunochemical test vs. symptoms
suspected for colorectal cancer in patients referred for colonoscopy

Georgios Tsapournasa, Per M. Hellstr€omb, Yang Caoc and Louise I. Olssond,e

aSchool of Medical Sciences, €Orebro University, Sweden; bDepartment of Medical Sciences, Uppsala University, Uppsala, Sweden;
cClinical Epidemiology and Biostatistics, School of Medical Sciences, €Orebro University, Sweden; dDepartment of Molecular Medicine and
Surgery, Karolinska Institutet, Stockholm, Sweden; eCamt€o, €Orebro University Hospital, €Orebro, Sweden

ABSTRACT
Objective: Determine diagnostic accuracy of a quantitative faecal immunochemical haemoglobin test
(QuikRead goVR FIT, Orion Diagnostica Oy) in symptomatic patients referred for colonoscopy, at various
cut-offs and for one or two tests.
Methods: Patients referred to four endoscopy units in mid-Sweden between 2013 and 2017 provided
information on lower abdominal symptoms and faecal samples from two separate days prior to
colonoscopy.
Results: In all, 5.4% (13/242) patients had colorectal cancer (CRC). For one FIT at cut-off 10mg Hb/g
faeces, sensitivity for CRC was 92% (95% CI 78–100%) and specificity 77% (95% CI 72–83%); equal to
74%; 95% CI 68–80 (178/242) colonoscopies potentially avoidable and one CRC missed. Based on the
maximal outcome of two FITs, sensitivity was 100%, specificity 71% (66–77%) and 68%; 95% CI 62–74
(160/237) colonoscopies potentially avoidable. Among 17% (42/242) patients with one FIT of >200mg
Hb/g faeces, 85% (11/13) had CRC. Positive predictive values of FIT varied 16.9–26.2% depending on
cut-off and one or two FITs, whereas NPVs were 99% and above in all scenarios.
In 60 patients reporting rectal bleeding, one FIT at cut-off 10mg Hb/g discriminated well between CRC
and other conditions (p¼ .001). In regression models, FIT was more important than age, sex and
all symptoms.
Conclusion: One or two FITs in symptomatic patients referred for colonoscopy imply powerful risk
stratification abilities for CRC, even among patients reporting rectal bleeding. Larger studies in various
settings will clarify how to make the best use of this opportunity.
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Introduction

Colorectal cancer (CRC) is the third most common cancer
diagnosed in 1.8 million patients annually and it is the
second cause of cancer-related deaths worldwide [1]. Most
CRC patients are diagnosed after a thorough workup of
symptoms, but the association between lower abdominal
symptoms and CRC is generally weak. The positive predictive
values for constipation, diarrhoea and abdominal pain in pri-
mary care is estimated to 1% or even lower [2], whereas the
association with rectal bleeding is stronger and the PPV
3–4% among elderly men [2,3]. The pressure on diagnostic
capacities to investigate all low risk but not no-risk patients
are high. Recent observations suggest an increasing inci-
dence of CRC at younger age [4] and consequently, age will
be a less reliable factor for selection purposes for bowel
examinations.

Lately, quantitative faecal immunochemical tests (FIT)
have emerged as a promising tool for selection purposes
and several studies have reported on low faecal hemoglobin

(f-Hb) concentration as a potential rule-out test for colorectal
cancer in symptomatic patients referred for colonoscopy
[5–8]. The objective of this study was to determine the diag-
nostic accuracy of a new quantitative FIT in such a popula-
tion of patients and, secondly, to estimate the relative
importance of lower abdominal symptoms in relation to the
FIT outcome in patients referred for colonoscopy.

Material and methods

Participants, inclusion and sample collection

This is a prospective study in symptomatic patients referred
for colonoscopy at four endoscopy units (Eskilstuna General
district hospital, €Orebro University hospital, Aleris Handen
and H€otorget Endoscopy centre, Stockholm) in mid-Sweden.
Patients were included from November 2013 to March 2017,
but recruitment periods differed between the sites. Adult
patients (>18 years) referred from primary care or local hos-
pitals for a colonoscopy investigating lower abdominal
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symptoms according to the referral letter were eligible.
Eligible patients were sent an invitation to participate in the
study along with the appointment letter for their colonos-
copy. Invitations had to be interrupted during clinically busy
periods and the study participants therefore represent a con-
venience series. Invited patients were contacted by phone a
few days later by a research nurse who provided further
information and ascertained patients fulfilled the inclusion
criteria of reporting symptoms associated with the colonos-
copy. For those who accepted participation, a specific case
report form was used by the nurse to collect information on
the nature of recent symptoms (abdominal pain, bloating,
rectal bleeding and rectal mucus, change in bowel habits,
weight loss). Patients could report one or several symptoms.
They were also asked about medication with aminosalicylic
acid or any anticoagulants. The research nurse was blinded
to all other aspects of the study.

Consenting patients were sent two FIT sampling devices
(QuikRead goVR FOB Sampling set, Orion Diagnostica Oy),
transportation tubes, pre-paid envelopes, written and pictor-
ial sampling instructions and a consent form to be signed
and returned. No recommendations on diet or the use of
drugs were given. Patients collected two samples from bowel
movements of separate days. They returned the samples on
the day of collection, or were instructed to keep them in the
refrigerator for at most three days.

Faecal haemoglobin concentration

Samples were sent to Unilabs hospital laboratory, Eskilstuna,
Sweden and analysed by the laboratory staff on the day of
arrival using the QuikRead goVR instrument (Orion Diagnostica
Oy). Calibration and analyses were performed according to
instructions provided by the manufacturer. Results were pro-
vided in the range of 15- >200 mg Hb/g faeces [9]. A supple-
mentary analysis of the obtained haemoglobin absorbances
was performed by Orion Diagnostica to provide a numerical
assessment of f-Hb concentration ranging between 10–15 mg
Hb/g faeces. Concentrations below this interval were
reported as <10 mg Hb/g. The laboratory staff was blinded to
all clinical information. A checklist for reporting on faecal
immunochemical tests is provided in Appendix A [10].

Reference standard

Colonoscopy reports for included patients were collected
and scrutinized by one researcher (GT), blinded to the FIT
outcome. The endoscopists were also blinded to the FIT out-
come and in most cases not aware of the patient participat-
ing in the study. The overwhelming majority of
colonoscopies were performed by specialists in gastroenter-
ology, followed by endoscopically experienced surgeons and
some 5% by fellowship gastroenterologists under surveil-
lance of their senior colleagues. The study relied on clinical
judgement insofar that any examination would be inter-
rupted if bowel cleansing was considered too poor.
Information on bowel cleansing was extracted from the writ-
ten colonoscopy reports.

Information on intraluminal findings as well as complete-
ness of the examination (intubation of caecum or ileum) was
extracted from records. Biopsy specimens were sent for path-
ology assessment and the outcome extracted from path-
ology reports. The pathologists were not aware of the study.
Any endoscopic finding of CRC was confirmed by pathology
reports. Findings of adenoma were categorized based on the
number and size approximation by endoscopists, and grade
of dysplasia and cellular architecture as assessed by the
pathologists. Advanced adenoma (AA) was classified as; 3 or
more adenomas, one adenoma 10mm or larger, and aden-
oma with high-grade dysplasia or villous architecture. All
other patients with a microscopically confirmed adenoma
were classified as ‘non-advanced adenoma’ (NAA). If a patient
had several neoplastic findings, they were categorized
according to the most advanced neoplastic lesion. The find-
ings of colitis were based on the macroscopic appearance as
described undoubtedly in the colonoscopy reports.

Sample size

We initially performed a pilot study at the Endoscopy unit,
Eskilstuna GDH in 2013 on twenty patients (not included in
the present study). We found that almost all, 12/13 patients
with no abnormalities at colonoscopy had <10 mg Hb/g fae-
ces, whereas two CRC patients both had >200 mg Hb/g, and
for five adenoma patients there was a mixed outcome. At
that time, there was only one study published on quantita-
tive FIT in symptomatic patients using another FIT (Eiken
Chemical Co., Tokyo, Japan) including only six CRC patients
[6]. As it showed very promising results and encouraged by
our pilot study, we decided to set up a prospective study. In
order to detect a statistically significant sensitivity of at least
0.90, at a statistical significance level a ¼ 0.05 and power ¼
0.80, 400 patients would be needed at 3% prevalence of CRC
and 240 patients at 5% prevalence of CRC.

Statistical analysis

F-Hb concentration of the first faecal sample provided by
each patient was denoted as “one FIT” and the highest
numerical outcome of FIT of any of two samples was
denoted as ‘max/2 FITs’. F-Hb concentration (mg Hb/g faeces)
were presented in four commonly used categories; <10,
10–14.9, 15–19.9 and �20. Sensitivity, specificity and predict-
ive values were calculated with corresponding 95% confi-
dence intervals (CIs). Positive and negative likelihood ratios
for various cut-offs and number of tests were calculated. The
statistical significance of age, sex, and symptoms in addition
to the FIT outcome >10 mg Hb/g was evaluated in a binary
logistic regression model, and odds ratios were estimated
with corresponding 95% CIs. Receiver operating characteristic
(ROC) curves were constructed and area under the curve
(AUC) calculated. Youden�s J statistic was used to find cut-off
on the ROC curve and relevant performance of FIT at certain
cut-offs was calculated accordingly [11]. All analyses were
performed in Stata 15.1 (StataCorp; College station, TX, USA)
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and SPSS 22 (IBM, Chicago, IL, USA). A two-sided p-value
<.05 was considered statistically significant.

A checklist for reporting according to the STARD guide-
lines is in Appendix B [12]. The study was approved of by
the Ethical review board in Stockholm in 2013-03-04 and reg-
istered in clinicaltrials.gov (NCT 02491593).

Results

In all, 355 patients were recruited but only 68.2% (242) pro-
vided complete information on both index and reference
test and included in the final analysis (Figure 1). Excluded
patients were 22% (78) with no information on the index
test and 10% (35) patients with no information on the refer-
ence test (further details in Figure 1).

Median age of included patients was 65 (range 20–87)
years, and 140 (57.9%) were females (Table 1). Most patients
(67%) were included at the site recruiting patients for the
longest time period (Eskilstuna GDH). In all, 13 (5.4%) were
diagnosed with CRC, whereas 86 (35.5%) had no abnormal-
ities at colonoscopy. Abdominal pain was reported by every
second patient and rectal bleeding had the highest PPV
(10%, 6/60) for CRC (Table 2).

In all, 98% (237/242) provided a second FIT (Table 3),
median one (IQR 1–2) day after the first sample. The distribu-
tion of f-Hb concentration of both one and max/2 FITs was
U-shaped, that is, among 86 patients with no abnormalities
at colonoscopy, one FIT showed <10 mg Hb/g in 78 (91%)
cases and among 42/242 (17%) patients with a FIT outcome
>200 mg Hb/g, 23/42 (55%) patients had clinically important
findings including eleven CRC, six AA, five colitis and one
patient with angiodysplasia. As expected, FIT was <10 mg
Hb/g in almost half of all patients with AA, and adding a
second FIT did not change this (Table 3). There was a

statistically significant difference in FIT >10 mg Hb/g between
patients with larger (15-20mm, n¼ 7) and smaller adenomas
(<10mm, n¼ 8) (86% vs. 25%, chi-square 5.5; p¼ .02). There
were only eight IBD (colitis) patients but 6/8 had FIT >10 mg
Hb/g of one FIT, and 8/8 of max/2 FITs.

Figure 1. Study flow chart.

Table 1. Basic characteristics of patients in the analyses (n¼ 242).

N (%)

Sex
Men 102 (42.1)
Women 140 (57.9)

Age groups
�39 21 (8.7)
40–49 28 (11.6)
50–59 45 (18.6)
60–69 57 (23.6)
70–79 74 (30.6)
�80 17 (7.0)

Unit
Eskilstuna GDH 162 (66.9)
Handen outpatient clinic 56 (23.1)
H€otorget outpatient clinic 9 (3.7)
€Orebro UH 15 (6.2)

Findings at colonoscopy
Colorectal cancer 13 (5.3)
Advanced adenoma 15 (6.2)
Non-advanced adenoma 23 (9.5)
Colitis NUD 8 (3.3)
Angiodysplasia 2 (0.8)
Diverticulosis 57 (23.6)
Miscellaneous 38 (15.7)
No abnormalities 86 (35.5)

Medication
Trombyl 23 (9.5)
Warfarin 12 (5.0)
Others and combinations 8 (3.3)
None 193 (79.8)
Missing data 6 (2.5)

Bowel cleansing
Satisfactory 140 (57.9)
No comments on bowel cleansing 80 (33.1)
Poor 22 (9.1)
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Poor bowel cleansing was reported for 22 patients and in
this group FIT was >10 mg Hb/g in five (23%) patients com-
pared to 59/220 (27%) in all others (p¼ .7). Among patients
under treatment of warfarin and other anticoagulants, FIT
was >10mg Hb/g in 6/20 (30%) vs. 58/222 (26%) in all others
(p¼ .7) (further data not shown).

Accuracy for colorectal cancer and avoidable
colonoscopies

Accuracy for CRC in the investigated population of one FIT
and max/2 FITs at cut-off 10, 15 and 20 mg Hb/g is presented
in Table 4. At cut-off 10 mg Hb/g and one FIT, sensitivity was
92.3% (12/13) (95% CI 77.8–1.00) and specificity 77.3% (177/
229) (95% CI 71.9–82.7). For max/2 FITs, sensitivity was 100%
(13/13) and specificity decreased to 71.4% (160/224) (95% CI
65.5–77.3). Positive predictive values were in the range
17.1–26.2% for one FIT and NPVs were very high (99–100%)
in all scenarios. The corresponding positive likelihood ratios
were in the range of 3 to 6, that is, a slight to moderate

effect for an increased post-test probability of disease and
the negative likelihood ratio were 0.1 or less in all scenarios
(with the exception for one FIT at cut-off 20 mg Hb/g), i.e. a
large effect for a reduced post-test probability of disease.

If selection for colonoscopy in this population had been
based on one FIT and cut-off 10 mg Hb/g, 73.6% (178/242)
(95% CI 68–80) colonoscopies could have been avoided and
one CRC, seven AA, 17 NAA, and two patients with colitis
would have been missed. Based on max/2 FITs at cutoff
10 mg Hb/g, 67.5% (160/237) (95% CI 62–74) colonoscopies
could have been avoided with no cancer and colitis, albeit
seven AA and 14 NAA patients would have been missed.

Area under the curve for CRC at cutoff 10 mg Hb/g for one
FIT and max/2 FITs was 0.85 and 0.86 respectively (Figure
2(a,b)). Youden�s J index of one FIT was 0.78 and for max/2
FITs 0.85; that is, again a small difference between one and
two tests.

Association with symptoms

Among 60 patients reporting rectal bleeding, one FIT was
>10 mg Hb/g in 20 patients, including all 6 patients with
CRC, and FIT was <10mg Hb/g in all 40 patients with no CRC
(chi-square 13.3; p< .001). This discriminatory ability of FIT
was similar through all symptoms (further data not shown).

Univariate odds for CRC were estimated and, unlike all
symptoms, only age and one FIT >10 mg Hb/g were signifi-
cant, whereas in a multivariate model, only FIT remained as
a significant covariate (Table 5).

Discussion

In this prospective study, a new quantitative FIT in a previ-
ously not investigated symptomatic Swedish population
showed a large potential for risk stratification among
patients referred for colonoscopy. Very high negative predict-
ive values for colorectal cancer of one FIT at cut-off 10 mg
Hb/g means a large proportion (70%) of colonoscopies could
potentially be avoided or at least assigned a lower priority,
whereas one FIT at cut-off >200 mg Hb/g identified a delimi-
tated group of less than 20% of referred patients and includ-
ing almost all with colorectal cancer.

We primarily focused our analyses on colorectal cancer as
the most urgent diagnosis to be established by colonoscopy.
We found a negative likelihood ratio as low as 0.1, signifying
that the test shows great capacity to provide clinicians with
useful information [13]. For instance, a pre-test probability of

Table 2. Reported symptoms and positive predictive value (PPV) for colorectal
cancer among patients referred for colonoscopy (n¼ 242).

Number of
patients (%)
reporting

each symptom

Predictive value
for CRC

(%; 95% CI)

Rectal bleeding 60 (24.8) 6/60 (10.0; 2.4–17.6)
Rectal mucus 65 (26.9) 6/65 (9.2; 2.2–16.2)
Bloating 161 (66.5) 9/161 (5.6; 2.1–9.1)
Abdominal pain 126 (52.1) 7/126 (5.6; 1.6–9.6)
Weight loss 64 (26.4) 4/64 (6.3; 0.3–12.3)
Bowel habits
More often 51 (21.1) 4/51 (7.8; 0.4–15.2)
More seldom 23 (9.5) 2/23 (8.7; �2.5–19.9)

Bowel contents
Looser 65 (26.9) 4/65 (6.2; 0.3–12.1)
Harder 29 (12.0) 2/29 (6.9; �2.23–16.1)

Missing information on symptoms 14 (5.8) –

Table 3. Faecal haemoglobin concentrations (mg Hb/g) of one FIT and max
value/2 FITs by colonoscopy findings. Values in parenthesis are row
percentages.

<10 10–14.9 15–19.9 �20 Total

One FIT
Cancer 1 (7.7) 0 1 (7.7) 11 (84.6) 13
AA 7 (46.7) 1 (6.7) 1 (6.7) 6 (40.0) 15
NAA 17 (73.9) 0 2 (8.7) 4 (17.4) 23
Colitis NUD 2 (25.0) 1 (12.5) 0 5 (62.5) 8
Angiodysplasia 1 (50.0) 0 0 1 (50.0) 2
Diverticulosis 44 (77.2) 4 (7.0) 5 (8.8) 4 (7.0) 57
Miscellaneous 28 (73.7) 4 (10.5) 1 (2.6) 5 (13.2) 38
No abnormalities 78 (90.7) 0 2 (2.3) 6 (7.0) 86
Total 178 (73.6) 10 (4.1) 12 (5.0) 42 (17.4) 242 (100)

Max/2 FITs
Cancer 0 1 (7.7) 0 12 (92.3) 13
AA 7 (46.7) 1 (6.7) 0 7 (46.7) 15
NAA 15 (68.2) 0 2 (9.1) 5 (22.7) 22
Colitis NUD 0 2 (25.0) 0 6 (75.0) 8
Angiodysplasia 1 (50.0) 0 0 1 (50.0) 2
Diverticulosis 40 (71.4) 2 (3.6) 8 (14.3) 6 (10.7) 56
Miscellaneous 25 (65.8) 7 (18.4) 0 6 (15.8) 38
No abnormalities 72 (86.7) 0 1 (1.2) 10 (12.0) 83
Total 160 (67.5) 13 (5.5) 11 (4.6) 53 (22.4) 237 (100)

Table 4. Accuracy and predictive values for colorectal cancer of one FIT and
max value/2 FITs at cut-off 10, 15 and 20 mg Hb/g.

Cutoff Sens (95% CI) Spec (95% CI) PPV (95 % CI) NPV (95% CI)

One FIT
10 92.3 (77.8–100) 77.3 (71.9–82.7) 18.8 (9.2–28.4) 99.4 (98.2–100)
15 92.3 (77.8–100) 81.7 (76.7–86.7) 22.2 (11.1–33.3) 99.5 (98.5–100)
20 84.6 (65.0–100) 86.5 (82.1–90.9) 26.2 (12.9–39.5) 99.0 (97.6–100)

Max/2 FITs
10 100 71.4 (65.5–77.3) 16.9 (8.5–25.3) 100
15 92.3 (77.8–100) 76.8 (71.3–82.3) 18.8 (9.2–28.4) 99.4 (98.2–100)
20 92.3 (77.8–100) 81.7 (76.6–86.8) 22.6 (11.3–33.9) 99.5 (76.1–87.3)
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Figure 2. (a) ROC curve for one FIT; (b) ROC curve for maximum value/2 FITs.

Table 5. Estimated odds ratio for colorectal cancer of uni- and multivariate analyses (n¼ 242).

Univariate analysis Multivariate analysis�

OR 95% CI p Value OR 95% CI p Value

One FIT
>10 ug Hb/g faeces 40.85 5.19–321.5 <.001� 32.03 4.01–255.9 .001

Demographics
Age 1.08 1.02–1.15 .01� 1.06 0.99–1.13 .08
Men 1.65 0.54–5.05 .38

Symptoms
Rectal bleeding 2.78 0.90–8.62 .08
Rectal mucus 2.47 0.80–7.64 .12
Bloating 1.14 0.34–3.82 .83
Abdominal pain 1.08 0.35–3.31 .90
Weight loss 1.25 0.37–4.22 .72
Change of bowel habits
Frequencya 2.03 0.66–6.26 .22
Consistencyb 1.37 0.45–4.22 .58

�Covariates included in the multivariate analysis.
aMore often or more seldom.
bLooser or harder.
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1% and LR (-) of 0.1 means the post-test probability of hav-
ing colorectal cancer in patients with a negative outcome of
the test is 1/1000. Such an ability to rule out disease is valu-
able in all ages, but not the least for elderly and/or frail
patients with severe comorbidity for whom bowel cleansing
and a colonoscopy is associated with more practical difficul-
ties and an increased risk of complications [14].

The results of this study are consistent with previous find-
ings for other FITs and our estimates of sensitivity for CRC at
cut-off 10 mg Hb/g do not differ from those reported for OC-
Sensor and HM-JackArc, both in the range of 90–100% [15].
Studies on single tests of OC-Sensor and HM-JackArc at vari-
ous cut-offs have shown similarly high values of NPVs as in
this study at 99–100% [5–8]. Our findings confirm another
recent study showing there is no advantage for diagnostic
accuracy of using two versus one FIT [16]. A recent health
technology assessment report summarized that faecal immu-
nochemical tests are useful to rule out CRC and triage based
on f-Hb concentration may turn up to 75% of colonoscopies
in referred patients avoidable, which would be cost-effective
compared to no triage [15].

The sensitivity of f-Hb concentration was limited for
adenomas, but most AA with a size of 15–20mm would
have been picked up at cut-off 10 mg Hb/g. The overall aden-
oma detection rate in the study was 16% (38/242), which is
lower compared to screening scenarios but consistent with
the findings for diagnostic colonoscopies [17–19]. The pri-
mary aim of diagnostic colonoscopies is to find or rule out
serious disease, and detection of adenoma may be less rele-
vant in some clinical situations. For 6/8 patients with IBD-col-
itis, first f-Hb concentration was >10 mg Hb/g and this is in
accordance with a primary care study reporting the majority
of IBD patients are identifiable by FIT [20]. The consequences
of diagnostic delay in IBD are far less serious than for CRC,
even though it may be associated with an increased risk of
surgery [21]. But efforts to avoid false negative results are
obviously vital and this may involve a search for any other
factor common factor in CRC patients with low f-Hb concen-
trations. There seems to be an association between anaemia
and a negative outcome of any FOBT [22,23], but unfortu-
nately complete data on B-Hb was not available in
this study.

The prevalence of CRC in our study was 5% and this is
higher than expected for all symptomatic patients referred
for routine diagnostic colonoscopies at the participating
centres. Only a minor fraction of all eligible patients were
included, on average just above one in twenty (6%). The dis-
tribution of age, sex and symptoms among patients included
indicate they are representative of larger population referred
for colonoscopy but yet there must have been some selec-
tion biases operating and this is a weakness of the study.
The PPVs presented are in other words somewhat overesti-
mated and, on the other hand, the NPVs then slightly under-
estimated. For instance, PPV of one FIT at cut-off 10 mg Hb/g
(19%) was still far above that of a single symptom (10% for
rectal bleeding) or any demographic characteristics (12% for
age 70–79 years). The NPVs at various cut-offs and of one or
two FITs were already 99%. The inclusion rate in our study

turned out lower than expected and one unpredictable rea-
son for this was the introduction of standardized cancer
pathways for colorectal cancer introduced in Sweden in 2016
[24]. This increased the general workload for endoscopy
units, and made it difficult to find enough time to include
patients prior to their colonoscopy.

In a multivariate regression model, only FIT remained as a
significant covariate. This indicates that once patients have
presented with symptoms possibly associated with serious
bowel disease, FIT early on is more productive than trying to
assess minute details of every specific lower abdominal
symptom before deciding on further workup. Likewise, f-Hb
has been reported to be more accurate for the detection of
CRC in patients referred for colonoscopy than symptom-
based referral criteria [25–28]. In this study, FIT discriminated
well between CRC and non-CRC even in patients with rectal
bleeding. As minor rectal bleeding is both commonly
reported and difficult to evaluate in primary care, this obser-
vation deserves further attention.

In our study, one out of six patients (57/355) did not
provide any faecal sample. Patients may simply have
changed their minds or it may be associated with the intro-
duction of standardized clinical cancer pathways. This
meant patients with alarm symptoms got an appointment
for colonoscopy much more promptly than previously, and,
consequently, there was much less time for patients to pro-
vide samples or even to be asked for participation in the
study. Overall we estimate some half of all patients who
were contacted by phone prior to colonoscopy declined
participation.

Every tenth of our patients provided faecal samples but
never presented for colonoscopy. Nonattendance is a com-
mon problem at endoscopy units and a rate of 10% is to be
expected [29,30] and adds to the question of optimal use of
diagnostic resources. It is a reminder that, even though col-
onoscopy is unsurpassed for combined diagnostic and inter-
ventional purposes, for patients it is also associated with
inconvenience, anxiety and pain [31].

In conclusion, this study has confirmed FIT as a promis-
ing triage test in symptomatic patients referred for colonos-
copy. For endoscopy units struggling with long waiting
times and patient safety, it could be used for prioritization
purposes. A large Scottish study has recently reported
promising results of FIT for risk assessment of significant
bowel disease including CRC in primary care [32]. Further
studies on how to make the best use of quantitative immu-
nochemical tests in symptomatic patients in various settings
should follow.
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Appendix A. Checklist for reporting on faecal immunochemical tests.

Specimen collection and handling

QuikReadGo, OrionDiagnostica Oy,
Sv€ardv€agen 21, Box 85, S-182 11
Danderyd, SwedenTel þ468-623 04 00

Name of specimen collection device and supplier (address). Essential

Quik Read FOB probe Description of specimen collection device (vial with probe/stick, card, other). Essential
Single faecal samples Description of specimens used if an in vivo study (single or pooled faeces,

artificial matrix with added blood, etc).
Essential for laboratory
evaluations

Probe Details of faecal collection method (sampling technique and number
of samples).

Essential

Patients Who collected the specimens from the samples (patient, technician, etc). Essential
Two faecal specimens from two

separate days
Number of faecal specimens used in the study (single, pooled, individual

patient faeces).
Essential for laboratory
evaluations

10mg Mean mass of faeces collected.� Essential
Buffer into which specimen is taken

by probe
Volume of buffer into which specimen is taken by probe, applicator stick

or card.�
Essential

Kept at the most three days in fridge
temperature at home before sent to the
laboratory by ordinary post (1 day)

Time and storage conditions of faecal specimen from“passing” to sampling,
including time and temperature (median and range).

Essential for laboratory
evaluations

Specimen analysed on the day or arrival to
the laboratory

Time and storage of collection devices from specimen collection to analysis,
including time and temperature (median and range). A concise description
of process from collection to analysis is recommended.

Essential

Analysis

QuikRead go, OrionDiagnostica Oy,
Sv€ardv€agen 21, Box 85, S-182 11
Danderyd, Sweden Tel þ468-623 04 00
Two instruments used during the study

Name of analyser, model, supplier (address), number of systems if more than
one used.

Essential

One Number of times each sample was analysed. Essential
75-1000 ng Hb/mL buffer, 15-200 mg Hb/g

faeces No reassays or dilutions
Analytical working range� and whether samples outside this range were

diluted (factor) and reassayed.
Essential for laboratory
evaluations

QuikRead go iFOBT. The reference material
has been verified with a method
comparable to the international Council
of Standardizationin Heamatology (ISCH )
reference method.

Source of calibrator(s) (supplier with address), number of calibrator(s), how
concentrations were assigned� and details of calibration process
including frequency.

Essential for
laboratoryevaluations

� 600 samples analysed. 64 patients had >
10 mg Hb/g faeces, and mean (SD) was
76 (74) mg Hb/g faeces.

Analytical imprecision�, ideally with number of samples analysed,
concentrations, and mean, SD and CV.

Essential for all studies

Quality management

Quik Read FOB positive control Cat.No 06027
Hb in buffert >1000 ng/mL or > 200 mg
Hb/g faeces. One control performed per
kit (50 tests)

Source (address) or description of internal quality control materials, number of
controls, assigned target concentrations and ranges, how target
concentrations were assigned, rules used for acceptance and rejection of
analytical runs.

Desirable for laboratory
evaluations

No Participation in external quality assessment schemes: (name and address of
scheme), frequency of challenges, performance attained.

Desirable for laboratory
evaluations

Unilabs Inc, Dep of Clinical Chemistry,
M€alarsjukhuset S-631 88
Eskilstuna Sweden

Accreditation held by the analytical facility (address). Desirable for laboratory
evaluations

5 biomedical scientists The number, training and expertise of the persons performing the analyses
and recording the results.

Essential

Result handling

Electronic and manual recording,
single reading

Mode of collection of data – manual recording or via automatic download to
IT system, single or double reading.

Desirable

lg Hb/g faeces Units used, with conversion to lg Hb/g faeces if ng Hb/mL used. Essential
Assigned by instrument 15lg Hb/g faeces

and then complementary analyses by
manufacturer

Cut-off concentration(s) if used and explanation of how assigned locally or by
manufacturer.�

Essential

Yes Were the analysts blinded (masked) to the results of the reference
investigation and other clinical information

Essential

Appendix B. STARD guidelines for reporting diagnostic accuracy studies.

Section & Topic No Item Reported on page #

TITLE OR ABSTRACT
1 Identification as a study of diagnostic accuracy using at least one measure of

accuracy (such as sensitivity, specificity, predictive values, or AUC)
1

ABSTRACT
2 Structured summary of study design, methods, results, and conclusions

(for specific guidance, see STARD for Abstracts)
2

(continued)

SCANDINAVIAN JOURNAL OF GASTROENTEROLOGY 191



Appendix B. Continued.

Section & Topic No Item Reported on page #

INTRODUCTION
3 Scientific and clinical background, including the intended use and clinical role of

the index test
4

4 Study objectives and hypotheses 4
METHODS
Study design 5 Whether data collection was planned before the index test and reference

standard
were performed (prospective study) or after (retrospective study)

5

Participants 6 Eligibility criteria 5
7 On what basis potentially eligible participants were identified

(such as symptoms, results from previous tests, inclusion in registry)
8 Where and when potentially eligible participants were identified (setting, location

and dates)
5

9 Whether participants formed a consecutive, random or convenience series
Test methods 10a Index test, in sufficient detail to allow replication 5-6

10b Reference standard, in sufficient detail to allow replication 6
11 Rationale for choosing the reference standard (if alternatives exist) –
12a Definition of and rationale for test positivity cut-offs or result categories

of the index test, distinguishing pre-specified from exploratory
7

12b Definition of and rationale for test positivity cut-offs or result categories
of the reference standard, distinguishing pre-specified from exploratory

6

13a Whether clinical information and reference standard results were available
to the performers/readers of the index test

6

13b Whether clinical information and index test results were available
to the assessors of the reference standard

6

Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy 7
15 How indeterminate index test or reference standard results were handled 5-6
16 How missing data on the index test and reference standard were handled 8
17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from

exploratory
7

18 Intended sample size and how it was determined 6-7

RESULTS
Participants 19 Flow of participants, using a diagram Fig 1

20 Baseline demographic and clinical characteristics of participants Table 1
21a Distribution of severity of disease in those with the target condition –
21b Distribution ofalternative diagnoses in those without the target condition Table 1
22 Time interval and any clinical interventions between index test and

reference standard
Fig 1

Test results 23 Cross tabulation of the index test results (or their distribution)
by the results of the reference standard

Table 3

24 Estimates of diagnostic accuracy and their precision (such as 95%
confidence intervals)

Table 4

25 Any adverse events from performing the index test or the reference standard NA
DISCUSSION

26 Study limitations, including sources of potential bias, statistical uncertainty, and
generalisability

11

27 Implications for practice, including the intended use and clinical role of the
index test

12

OTHER INFORMATION
28 Registration number and name of registry 2
29 Where the full study protocol can be accessed Clinicaltrials.gov
30 Sources of funding and other support; role of funders 12
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