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RESEARCH ARTICLE

Faecal immunochemical tests for the diagnosis of symptomatic colorectal
cancer in primary care: the benefit of more than one sample

Cecilia H€ogberga, Lars S€oderstr€omb and Mikael Liljaa

aDepartment of Public Health and Clinical Medicine, Unit of Research, Education, and Development – €Ostersund, Umeå University,
Umeå, Sweden; bUnit of Research, Education, and Development, Region J€amtland H€arjedalen, €Ostersund, Sweden

ABSTRACT
Objective: Faecal immunochemical tests (FITs) are used to screen for colorectal cancer (CRC) and
as diagnostic aids in symptomatic patients. However, the number of samples per FIT varies. It is
unclear if there is any advantage to analyse multiple-sample FITs in symptomatic patients.
Design and setting: This is a post hoc analysis of a retrospective study that included all cases of
CRC and adenomas with high-grade dysplasia (HGD) between 2005 and 2009 in the county of
J€amtland, Sweden.
Subjects: All patients with CRC and adenomas with HGD that initially presented with symptoms
to primary care and delivered FITs.
Main outcome measure: The likelihood of a positive FIT in cases of CRC and adenomas with
HGD; when analysing one, two or three samples.
Results: Of 195 patients, 160 delivered three-sample FITs. Using the 139 cases in which at least
one sample was positive, the likelihood of detecting a positive sample upon analysis of only one
of the three samples was 0.91 (95% CI: 0.85–0.95), indicating that 13 positive cases may have
been missed.
Conclusion: Use of a one-sample FIT instead of a three-sample FIT as a diagnostic aid may result
in the missing of one tenth of symptomatic CRCs and adenomas with HGD.
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Introduction

Colorectal cancer (CRC) is the second most common
cancer in women and the third most common in men
worldwide [1]. Adenomas with high-grade dysplasia
(HGD) have an increased risk of developing into cancer
[2]. Faecal occult blood tests (FOBTs) are used in many
countries to screen for CRC [3]. FOBTs are also used as
diagnostic aids for symptomatic patients in several
countries, for example in secondary care after a nega-
tive sigmoidoscopy or, as in Sweden in unselected
patients in primary care [4,5]. Despite lack of evidence
and guidelines, FOBTs are frequently used in Sweden
when doctors feel clinical uncertainty [5].

The older guaiac faecal occult blood tests (gFOBTs)
are being replaced with the newer faecal immunochemi-
cal tests (FITs), which are more sensitive and specific [6].
FITs can be qualitative with a fixed cut-off level for the
amount of faecal haemoglobin, or quantitative with the
possibility of setting different cut-offs. Convenient qualita-
tive point of care (POC) tests have been in use for many
years. There is some minor evidence to support the use

of FITs in symptomatic patients in primary care [7].
Studies concerning patients already referred to secondary
care have also suggested that FITs can be useful in the
evaluation of symptomatic patients [8,9]. Knowledge of
the optimal cut-off level and the optimal number of sam-
ples per test are lacking.

While screening with gFOBTs often analyses six-
sample tests, screening with FITs often analyses one-
sample tests [3]. However, studies have shown that
two-sample and three-sample FITs detect more cases
of CRC than one-sample FITs [10–12]. On the other
hand, a recent study suggested that a one-sample FIT
was preferable to a two-sample FIT for screening [13].

Our aim was to evaluate the advantage, if any, of
analysing more than one sample per FIT in symptom-
atic patients.

Method

This is a post hoc analysis of a retrospective study
that included all patients diagnosed with CRC and
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adenomas with HGD from 2005 to 2009 in the
county of J€amtland, Sweden. Detailed information
about materials and methods has been previously
published [14]. In brief, information of all patients
diagnosed with CRC and adenomas with HGD in the
county were received from the regional Cancer
Registry. The county’s electronic health records,
including all primary and secondary care data for all
patients, were searched for all FITs for the patients,
beginning two year before the diagnosis. Two years
was chosen as this is the recommended screening
interval in Europe [15]. This analysis included all
patients who initially presented to primary care and
there delivered FITs.

It was customary to order and analyse three-sample
FITs in all health centres except one; this centre was
excluded in this analysis. The samples were taken from
three consecutive stools and the time from the con-
sultation to the third sample taken rarely exceeded
one week. There was no screening program for CRC.

The samples were analysed by trained laboratory
staff at health centres. Actim Fecal Blood (Oy Medix
Biochemica Ab), an immunochemical, qualitative and
visually read dipstick test, was used for the analysis.
The sensitivity was 50 ng haemoglobin/ml of faecal
solution. With an expected mass of 10–20mg faeces in
each sample, and a volume of the buffering solution
of 10ml, this corresponded to 25–50 mg/g faeces
according to the manufacturer [16]. Data regarding all
FITs that were analysed within two years prior to clin-
ical diagnosis of CRC and adenomas with HGD was
registered.

Statistics

In order to have a balanced data set with sufficient
number of cases, only the cases with three analysed
samples were used. Because the order in which each
patient had collected the samples was unknown, it
was not possible to directly estimate the effect of
analysis of one, two or three samples. For cases
where one or two samples out of three were positive,
the order between the three samples was rando-
mised. The randomisation was repeated 10,000 times,
and the likelihood of receiving at least one positive
sample when analysing one, two or three samples
was estimated. This was done using data for all cases,
as well as using data only for cases where at least
one of the samples showed a positive result.
Confidence intervals were estimated according to
Jeffrey [17].

Ethical approval was obtained from the Regional
Ethical Review Board, Umeå (2010-358-31M).

Results

Of 323 patients that initially presented to primary care,
195 patients were included in the studied group
(Figure 1). A total of 160 patients delivered exactly
three samples, 139 of these had at least one positive
sample. The number of positive samples for each FIT is
presented in Table 1. Twenty-one patients did not
deliver all three ordered samples. All samples of the
FIT were negative in 25 (12.8%) patients.

Using all 160 cases with exactly three analysed sam-
ples, the likelihood of obtaining a positive sample
when analysing one of the three samples was 0.79
(95% CI: 0.72–0.85), compared to 0.87 (95% CI:
0.81–0.91) when analysing all three samples. Using
only the 139 cases (with three analysed samples)
where at least one sample was positive, the likelihood
of finding a positive sample when analysing one of
the samples was 0.91 (95% CI: 0.85–0.95) (Table 2).
These results indicate that 13 positive cases may have
been overlooked in the second scenario.

Recorded at the
Regional Cancer Registry

N = 538 (472+66)1

Inves�ga�on started in primary care
N = 323 (294+29)1

Emergency admi�ance,
inves�ga�on started outside primary

care or hospital in Jämtland,
par�cipants in surveillance programs.

N = 189 (167+22)1

FIT with 1-6 samples analysed
N=195 (178+17)1

More than one tumour reported at the
same �me

N = 26 (11+15)1

Not 3 samples requested as rou�ne
N=20 (20+0)1

No FIT analysed
N=108 (96+12)1

FIT with 3 samples analysed
N=160 (145+15)

FIT with 3 samples analysed, 1 sample posi�ve
N=139 (126+13)

All 3 samples nega�ve
N=21 (19+2)

FIT with </>3 samples analysed
N=35 (33+2)

Figure 1. Selection of the study group, starting with 538
patients. 1(colorectal cancerþ adenomas with high-grade dys-
plasia). FIT: faecal immunochemical test.
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Discussion

To our knowledge, this is the first evaluation of the
effectiveness of different numbers of samples for a
POC FIT used for diagnostic purposes in primary care
in symptomatic patients with CRC or adenomas with
HDG.

It is important to rule out serious conditions such
as CRC with a high degree of safety. This study
showed that using one-sample FITs instead of three-
sample FITs, in 139 cases with CRC or adenomas with
HGD where at least one of three faecal samples was
positive, would potentially have resulted in the miss-
ing of 13 of the 139 cases.

However, only relying on FITs seems not to be suffi-
cient. Also with three samples, 21 out of 160 patients
had negative FITs and would not have been detected.
Potentially, adding presence of anaemia to the FIT
result could be of help in diagnosing CRC, as we have
previously indicated [7].

A one-sample FIT with a very low cut-off level may
be an alternative to multiple-sample FITs, however,
resulting in a low specificity [18,19]. Also, it can only
be used with quantitative FITs and thus is less prac-
tical for use at primary care health centres.
Furthermore, with the use of a one-sample FIT the risk
of not detecting CRCs with intermittent bleeding may
remain.

This study has several limitations. It is retrospective
and it has a rather small number of patients. FITs were
not analysed in all patients with CRC or adenomas
with HGD, and presumably not in those regarded to

have a definite need for referral. The majority of
patients delivered a three-sample FIT, but not all.
However, negative FITs were found in patients deliver-
ing one-sample or two-sample FITs as well as in
patients delivering more than three samples, which
indicates that there was no major bias in the selection
of patients with three-sample FITs. The interpretation
of the FIT relies on the staff visually reading the test.
Potentially this could influence the results even
though the study well reflects the clinical situation. It
is also worth remembering that with other FITs brands,
using other cut-offs, perhaps another sensitivity of the
test would have been demonstrated.

Qualitative FITs are visually read and can be less
exact than quantitative FITs, as test results may be
affected by variations between different readers.
Further studies are needed to determine the optimal
cut-off level for qualitative and quantitative FITs,
respectively, when used as diagnostic aids in primary
care. Potentially, an increased chance of at least one
false-positive test result could be a consequence of
multiple-sample testing, and thus, a larger study is
needed to clarify the adequate number of samples
and the clinical situations where FITs could help the
clinician. However, the study reflects current practices
in that the FITs were ordered at the discretion of pri-
mary care physicians when they presumably needed a
diagnostic aid.

In conclusion, this study shows that the use of a
one-sample POC FIT instead of a three-sample POC FIT
as a diagnostic aid in primary care may result in the
missing of one-tenth of symptomatic CRCs and adeno-
mas with HGD.
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Table 2. The likelihood of receiving at least one positive sam-
ple of a three-sample faecal immunochemical test (FIT), with
different numbers of samples analysed, in patients with colo-
rectal cancer or adenomas with high-grade dysplasia and 95%
confidence intervals.

Using all cases
(n = 160)

Using only positive cases
(n = 139)

One sample analysed 0.79 (0.72–0.85) 0.91 (0.85–0.95)
Two samples analysed 0.84 (0.78–0.89) 0.97 (0.93–0.99)
Three samples analysed 0.87 (0.81–0.91) 1.00 (0.98–1.00)

Table 1. The number of positive samples for each faecal immunochemical test (FIT) in symptomatic patients diagnosed with
colorectal cancer or adenomas with high grade dysplasia (HGD).

Number of positive samples.
Total (adenomas HGD).

0 1 2 3 4 5 6

FITs with 1 sample N¼ 8 2 6
FITs with 2 samples N¼ 13 1 2 10 (1)
FITs with 3 samples N¼ 160 21 (2) 12 (4) 15 (2) 112 (7)
FITs with 4 samples N¼ 4 1 1 1 0 1
FITs with 5 samples N¼ 2 0 0 0 0 0 2 (1)
FITs with 6 samples N¼ 8 0 0 1 1 1 0 5
Total N¼ 195 25 (2) 21 (4) 27 (3) 113 (7) 2 2 (1) 5
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