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Abstract
Background: A single sampled faecal immunochemical test (FIT) has moderate sensitivity for colorectal cancer and
advanced adenomas. Repeated FIT sampling could improve test sensitivity. The aim of the present study is to
determine whether any of three different strategies of double FIT sampling has a better combination of sensitivity
and specificity than single FIT sampling.
Methods: Test performance of single FIT sampling in subjects scheduled for colonoscopy was compared to double
FIT sampling intra-individually. Test positivity of double FIT sampling was evaluated in three different ways: 1) “one
of two FITs+” when at least one out of two measurements exceeded the cut-off value, 2) “two of two FITs+” when
both measurements exceeded the cut-off value, 3) “mean of two FITs+” when the geometric mean of two FITs
exceeded the cut-off value. Receiver operator curves were calculated and sensitivity of single and the three
strategies of double FIT sampling were compared at a fixed level of specificity.
Results: In 124 of 1096 subjects, screen relevant neoplasia (SRN) were found (i.e. early stage CRC or advanced
adenomas). At any cut-off, “two of two FITs+” resulted in the lowest and “one of two FITs+” in the highest
sensitivity for SRN (range 35-44% and 42%-54% respectively). ROC’s of double FIT sampling were similar to single
FIT sampling. At specificities of 85/90/95%, sensitivity of any double FIT sampling strategy did not differ significantly
from single FIT (p-values 0.07-1).
Conclusion: At any cut off, “one of two FITs+” is the most sensitive double FIT sampling strategy. However, at a given
specificity level, sensitivity of any double FIT sampling strategy for SRN is comparable to single FIT sampling at a different
cut-off value. None of the double FIT strategies has a superior combination of sensitivity and specificity over single FIT.

Background
In the United States of America and in Europe, colorectal
cancer (CRC) ranks second as cause of cancer related
death [1,2]. Screening is the most realistic approach to
decrease CRC related mortality. Screening with guaiacbased faecal occult blood tests (g-FOBTs) has been shown
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to decrease disease specific mortality [3-5]. Faecal immunochemical tests (FITs or i-FOBTs) have been shown to
be superior to g-FOBTs [6-9]. A major benefit of (semi-)
quantitative FITs is that by adjustment of the threshold
for positivity, test characteristics and number of follow-up
colonoscopies can be tuned to local resources [10,11].
Since sensitivity of FIT for CRC is in the range of 66-87%
[8,12,13], and sensitivity for advanced adenomas is even
lower (27-38% depending on the cut-off value) [8,13,14],
there is still room for improvement. One approach for
improving the sensitivity of FIT based screening could be
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to increase the number of samples tested, which is common practice for gFOBTs [3-5].
So far, most studies on double FIT sampling either did
not perform colonoscopy in FIT negative individuals
[15,16], did not evaluate different definitions of positivity
for double FIT sampling [14,17,19], or did not assess the
effect of different cut-off values [17,20]. In addition, none
of these studies evaluated the effect of multiple sampling
on specificity.
This prospective, multi-centre cohort study aims to
investigate whether sensitivity for the detection of screen
relevant neoplasia (CRC stage I, II or advanced adenomas) of single FIT sampling can be increased by double
FIT sampling, without substantially affecting specificity.
Primary goal is to compare sensitivity and specificity of
single FIT sampling and different strategies of double
FIT sampling, at a predefined range of cut-off values, in a
colonoscopy controlled population. In this study, we
report that double and single FIT sampling have a comparable combination of sensitivity and specificity, at a different cut-off value.

Methods
Study population

From June 2008 to October 2009, all ambulatory patients
(≥18 years) scheduled for elective colonoscopy in three
participating medical centres in and around Amsterdam,
were invited to participate in this study irrespective of
their indication for colonoscopy (i.e. screening, surveillance, or presence of symptoms). Exclusion criteria were
either hospitalization, age below 18 years, colostomy,
total colectomy, colitis with ulcer(s), or a documented
history or subsequent diagnosis of inflammatory bowel
disease (IBD). In addition, individuals in which colonoscopic examination remained incomplete due to insufficient bowel lavage or technical difficulties, who did not
adhere to the instructions on FIT sampling (e.g. failed to
provide the dates of FIT sampling), or could not provide
informed consent, were excluded from analysis. The local
Medical Ethics Review Boards of each of the hospitals
approved this study.
Study design

All eligible individuals were asked to perform a FIT on
two subsequent days prior to colonoscopy. Elective
patients were invited to participate in this study by telephone. Individuals interested in the study received a
more detailed information package by mail, including
two FITs, sampling instructions and an informed consent
form. Subjects who could repetitively not be reached by
telephone were send the same package with an additional
explanatory letter.
An automated FIT was used (OC-sensor®, Eiken Chemical Co., Tokyo, Japan). This semi-quantitative test is
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considered positive when the haemoglobin concentration
in the test tube exceeds the pre-determined cut-off value.
Patients were instructed to perform this test on two separate days, before bowel preparation by laxatives was
started, and write the date of performance on the FIT
container.
The baseline FIT was defined as the sample taken from
a bowel movement one day prior to colonoscopy (t = -1),
whereas the additional FIT for double sampling was performed on stool produced two days before colonoscopy
(t = -2; see Figure 1). Illustrated and written instructions
explained participants to sample their stool without contamination with water or urine. All FITs were sampled at
home and there were no restrictions in diet or medication during the week in which stool was sampled. Participants were instructed to obtain FIT samples at a
maximum of 72 hours prior to colonoscopy, and to put
the FIT samples in the zip lock bags that were included
in the mail package. Participants were requested to store
the zip lock bags in the refrigerator until departure for
the endoscopy department.
Completed FITs and informed consent forms were collected at the endoscopy-department at the day of colonoscopy. All FITs were stored at minus 20 degrees Celsius
on arrival. Tests were analyzed according to the manufacturer’s instructions by an experienced technician, who
was unaware of the clinical data, using the OC sensor
MICRO desktop analyzer (Eiken Chemical co., Tokyo,
Japan) [21].
Colonoscopy and lesions

All colonoscopies were performed or supervised by
experienced gastroenterologists, who were unaware of
the FIT results. Patients were offered to take conscious
sedation by Midazolam. A complete colonoscopy was
defined as intubation of the caecum with identification of
the ileocaecal valve or appendiceal orifice, or intubation
up to CRC (irrespective of the location and visualisation
of the whole colon). Incomplete colonoscopies or colonoscopies with insufficient bowel preparation, as judged
by the individual endoscopist, were excluded unless CRC
was found. However, if a barium enema, virtual colonography or second colonoscopy was performed within six
months, evaluation of the colon was considered complete
and the subject was included in analysis. Patients were
classified based on the most advanced lesion detected.
Histology of tissue samples obtained was evaluated
routinely. Lesion size was estimated by the endoscopist.
Adenomas ≥1.0 cm, adenomas with a villous component
(i.e. tubulovillous or villous adenoma) or adenomas with
high-grade dysplasia were defined as advanced adenomas
[22]. Colorectal carcinoma was staged according to the
AJCC cancer and TNM staging manual [23]. Screen
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Figure 1 Study design. FIT = faecal immunochemical test.

relevant neoplasia were defined as advanced adenoma
and/or early stage cancer (i.e. stage I and II).
Statistical analysis

Primary outcome measures were sensitivity and specificity of the baseline FIT (t = -1; henceforth single FIT)
and three strategies for double FIT sampling (results of
t = -1 and t = -2) for the detection of screen relevant
neoplasia. Results of single and double sampling were
compared intra-individually and colonoscopy and histopathology were considered as gold standard. This study
did not have the intention to determine the cut-off
value with optimal sensitivity and specificity for screening. Instead, we evaluated whether a combination of
sensitivity and specificity for double FIT sampling exists
that is superior to single FIT sampling.
Three different strategies for positive reading of double FIT sampling were used:

1. “one of two FITs+": haemoglobin concentrations
exceed the cut-off value in at least one out of two
samples.
2. “two of two FITs+": haemoglobin concentrations
exceed the cut-off value in both samples.
3. “mean of two FITs+": the geometric mean of haemoglobin concentrations from both samples exceeds
the cut-off value.
Test sensitivities and specificities were assessed at cutoff values of 50, 75, 100, 150, and 200 ng/ml. The Exact
method was used to calculate 95% confidence intervals.
Receiver operator curves (ROC’s) for detecting screen
relevant neoplasia were calculated for single FIT and all
three strategies of double FIT sampling. In addition,
sensitivities of all three strategies for double FIT sampling were compared to single FIT sampling at a specificity of 85%, 90% and 95% using McNemar’s test for
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correlated proportions. All analyses were performed
with SPSS for Windows Version 15.0 (SPSS Inc., Chicago, USA).

Results
Participants

Samples were returned by 1589 patients, 493 of which
were excluded from further analysis because of reasons
listed in Figure 2. In 33 cases repeated colonoscopy or
radiology was performed. Mean age of the participants
included was 60, 0 years (range 19-91 yrs, SD 12.5) and
48% of the study cohort was male.
Table 1 shows the primary indications for colonoscopy in
individuals eligible for analysis. In this cohort 59% (N =
646) of individuals were referred for colonoscopy because
of symptoms, whereas 37% (N = 408) of subjects were
referred for screening or surveillance colonoscopy. In 4%
(N = 42) of all individuals the indication remained
unspecified.
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(20%), stage II in 13 (37%), stage III in 6 (17%) and stage
IV in 3 (9%) patients. Six rectal cancers (17%) could not be
staged accurately due to the effects of preoperative radiation. In 104 (9, 5%) individuals, one or more advanced
adenomas were found. Consequently, screen relevant neoplasia were found in 124 (11, 3%) subjects.
Colorectal neoplasia detection and positivity rates

At a cut-off value of 50 ng/ml, the positivity rate of single
FIT was 17%, resulting in detection of 91, 4% (32/35) of
CRCs and 60, 6% (63/104) of all advanced adenomas
found at colonoscopy. In subjects who tested negative for
occult blood on single FIT, the additional FIT detected 2
more CRCs and 7 additional advanced adenomas.
Positivity rates ranged from 17-10% (with increasing cutoff values) for single FIT, from 22-12% for “one of two
FITs+”, from 12-7% for “two of two FITs+”, and from 179% for “mean of two FITs+”.

Colonoscopy results

Sensitivity and specificity of single and double FIT
strategies

Colorectal cancer was found in 35 (3, 2%) of 1096 included
individuals. Malignancies were classified as stage I in 7

Performance characteristics of single FIT and different
strategies of double FIT sampling for detecting screen

Figure 2 Study flow diagram of 1589 subjects who participated in FIT sampling and subsequently underwent colonoscopy.
¹Incomplete colon evaluation in spite of possible additional evaluation by repeated colonoscopy, barium enema or virtual colonography. FIT =
faecal immunochemical test, IBD = inflammatory bowel disease.
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Table 1 Primary indications for colonoscopy among 1096 consecutive patients enrolled for evaluation of double FIT
sampling
Indication Group
Symptomatic/suspect

Screening & Surveillance

Other

Indication for colonoscopy

N

Weight loss

11

Clinical suspicion of diverticulitis

7

Clinical suspicion of IBD

8

Abdominal pain

110

Anaemia

71

Hematochezia

156

Altered bowel habits

182

Clinical or radiological suspicion of CRC

25

Colonoscopy for polypectomy

21

Diarrhoea

31

Constipation

24

Total
Average risk

646
39

Familial history of CRC

111

Lynch syndrome

17

Polyp surveillance

196

Post CRC surveillance

45

Total

408

Not specified/others

42

Grand total

1096

FIT = faecal immunochemical test, IBD = inflammatory bowel disease, CRC = colorectal cancer

relevant neoplasia, at different cut-off values, are shown
in table 2.
At each cut-off value, maximum sensitivity for screen
relevant neoplasia was obtained with “one of two FITs+”.
Compared to single FIT, the highest increase in sensitivity was obtained with “one of two FITs+” at either 50, 75
or 100 ng/ml (6.4% increase over single FIT). However,
the confidence intervals of the sensitivity of single FIT
and “one of two FITs+” overlapped, and the specificity of
“one of two FITs+” (83.0, 87.4 and 89.8% at 50, 75, and
100 ng/ml, respectively) was lower than for single FIT
(88.2, 90.5, and 92.5% at 50, 75, and 100 ng/ml,
respectively).
At each cut-off value, maximum specificity was found
with “two of two FITs+”. The highest specificity (97, 5%)
of all double FIT strategies was observed for “two of two
FITs+” at the highest cut-off value (200 ng/ml). However,
“two of two FITs+” resulted in lower sensitivities than single FIT. Moreover, by using single FIT, comparable specificities as for “two of two FITs+” could be reached (up to
95%) by using higher cut-off values (see table 2).
Test characteristics of double FIT sampling strategies
were comparable to single FIT sampling at a different
cut-off value. For example at 75 ng/ml, the sensitivity of
“one of two FITs+” (52%) was higher than the sensitivity
of single FIT (46%). However, when the cut-off value of
single FIT was decreased to 50 ng/ml, sensitivity became

48% (CI 39-57) which is close to sensitivity of “one of
two FITs+” (52%; CI 43-61). The accompanying specificity of single FIT at 50 ng/ml (88, 2%) was virtually
equivalent to the specificity of “one of two FITs+” (87,
4%). As shown in table 2, test characteristics of “mean of
two FITs+” were comparable to single FIT.
Receiver operator curves

For single FIT and the three double FIT strategies, ROC’s
were constructed (see Figure 3). Highest sensitivities
were reached with “one of two FITs+” and “mean of two
FITs+”, whereas the highest specificities were reached
with “two of two FITs+”. For all double FIT strategies,
ROC’s and area under the curves (AUC’s) either overlapped or were very close to each other (see Figure 3).
Although the highest AUC was found for “mean of two
FITs+”, all AUC’s were within the 95% confidence interval of the AUC of single FIT.
Comparison at fixed specificities

To evaluate to what extent an increase in sensitivity by
double FIT sampling went at the cost of decreased specificity, single FIT and the three double FIT strategies were
analyzed at equal specificities. Table 3 shows cut-off
values and sensitivities at 85%, 90% and 95% specificity,
for each strategy. At any of these specificities, no strategy
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Table 2 Test characteristics of single and double FIT sampling for detection of screen relevant neoplasia
“one of two FITs+”

Single FIT

“two of two FITs+”

“mean of two FITs+”

Cut-off value

Sens

Spec

Sens

Spec

Sens

Spec

Sens

Spec

Cut-off 50

47, 6%

88, 2%

54, 0%

83, 0%

43, 5%

93, 2%

52, 4%

88, 8%

N

59/124

844/957

67/124

794/957

54/124

892/957

65/124

850/957

(CI)

(39-57)

(86-90)

(45-63)

(80-85)

(35-53)

(91-95)

(43-61)

(87-91)

Cut-off 75

46, 0%

90, 5%

52, 4%

87, 4%

41, 1%

94, 4%

46, 8%

91, 3%

N

57/124

866/957

65/124

836/957

51/124

903/957

58/124

874/957

(CI)

(37-55)

(88-92)

(43-61)

(85-89)

(32-50)

(93-96)

(38-56)

(89-93)

Cut-off 100
N

45, 2%
56/124

92, 5%
885/957

51, 6%
64/124

89, 8%
859/957

39, 5%
49/124

95, 5%
914/957

44, 4%
55/124

92, 8%
888/957

(CI)

(36-54)

(91-94)

(42-61)

(88-92)

(31-49)

(94-9s7)

(35-54)

(91-94)

Cut-off 150

42, 7%

94, 6%

47, 6%

92, 2%

35, 5%

96, 8%

38, 7%

94, 1%

N

53/124

905/957

59/124

882/957

44/124

926/957

48/124

901/957

(CI)

(34-52)

(93-96)

(39-57)

(89-93)

(27-45)

(95-98)

(30-48)

(92-96)

Cut-off 200

37, 9%

95, 1%

41, 9%

93, 2%

34, 7%

97, 5%

37, 1%

96, 1%

N
(CI)

47/124
(29-47)

910/957
(94-96)

52/124
(39-57)

892/957
(91-95)

43/124
(26-44)

933/957
(96-98)

46/124
(29-46)

920/957
(95-97)

Test characteristics at different cut-off values (ng/ml) of single and three strategies of double FIT sampling for detection of screen relevant neoplasia in 1081*
individuals referred for colonoscopy (SRN in 124, no AA nor CRC in 957). *15 cases of late stage CRC were excluded since they were not considered screen
relevant.
FIT = faecal immunochemical test, SRN = screen relevant neoplasia, AA = advanced adenoma, CRC = colorectal cancer, “one of two FITs+” = at least one of both FITs
above the cut-off value, “two of two FITs+” = both FITs above the cut-off value, “mean of two FITs+” = geometric mean of both FITs above the cut-off value, CI =
confidence interval, sens = sensitivity, spec = specificity

for double FIT sampling yielded a sensitivity that differed
significantly from the sensitivity of single FIT.
Additional analysis

All analyses described above were repeated for the outcomes advanced adenomas and CRC. Results are shown in
additional file 1: tables S1-S4 and additional file 1: figures
S1 and S2. The results found were very similar to those
for screen relevant neoplasia.
In total 251 cases were excluded because of an error in
FIT sampling. The majority of 155 cases was excluded as
the date of sampling of one or both of the tests was
unsure. These cases were included in additional analysis,
to evaluate if exclusion of these cases would cause bias.
As shown in the Additional file 1, the results of these
analysis were similar. The remaining 96 sampling errors
were due to sampling on or after the day of colonoscopy,
performance of only one test, or failure in FIT analysis.

Discussion
In the present study three different strategies of double
FIT sampling were compared to single FIT sampling. In
total, 1096 subjects were included and evaluated by colonoscopy. None of the double FIT strategies proved to have
a superior combination of sensitivity and specificity compared to single FIT sampling, as is clear from the comparable ROC’s and similar AUC’s found for all strategies.
When comparing sensitivities of single FIT and the three
double FIT strategies at fixed specificities of 85%, 90% and

95%, no relevant differences were observed. In fact, at
every level of specificity, a comparable sensitivity as
observed for “one of two FITs+” could be obtained by single FIT by simply lowering the cut off value.
A priori expectations were that double FIT sampling
would increase sensitivity, as this has been observed previously for g-FOBT and FIT [18,19,24]. Accordingly, it
was shown in the present study that the highest sensitivity was obtained for ‘’one of two FITs+’’. However, this
strategy resulted in the lowest specificity.
Our findings are in line with a recent study in a population with an increased risk for CRC, in which AUC’s for
the highest out of one, two or three FITs did not differ
[18]. Although a direct comparison with a recent Italian
screening study is difficult due to different methodology,
the authors could also not find a clear superior performance of double over single FIT sampling either [15].
Two other studies on double FIT sampling lacked calculation of direct sensitivity and specificity, as colonoscopy
was not performed in FIT negative individuals [15,16].
These characteristics are needed to determine how an
increase in sensitivity is counterbalanced by a decrease in
specificity. Less recent studies did not use quantitative
FITs or did not evaluate test characteristics at different
cut-off values [17,20]. In a recent study with a high CRC
prevalence, average risk individuals sampled stool before
screening colonoscopy. The authors found that the sensitivity increased and specificity decreased when a lower
cut-off value or multiple tests were used. However, no
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Test characteristics screen relevant neoplasia
70,0%

60,0%

50,0%

sensitivity

40,0%

30,0%
Single FIT (AUC 0.706; 95%CI 0.65-0.76)

20,0%

FIT+ (AUC 0.732; 95%CI 0.68-0.79)
FIT++ (AUC 0.689; 95%CI 0.63-0.75)
FITmean (AUC 0.735; 95%CI 0.68-0.79)

10,0%

0,0%
0,0%

10,0%

20,0%

1-specificity
Figure 3 ROC curves of single and double FIT sampling strategies for the detection of screen relevant neoplasia. FIT = faecal
immunochemical test, “one of two FITs+” = at least one of both FITs above the cut-off value, “two of two FITs+” = both FITs above the cut-off value,
“mean of two FITs+” = geometric mean of both FITs above the cut-off value, AUC = area under the curve, CI = confidence interval.

comparison was made at an equal specificity. The AUC’s
for advanced neoplasia for one, two or three FITs did not
differ [19]. In the present study, the full potential of double
FIT sampling was further studied by evaluation of several
definitions of positivity. The present study adds important
information as it is the first to determine if any of three
strategies of double FIT sampling could increase sensitivity
for screen relevant neoplasia, without substantially affecting specificity, at different cut-off values and in a colonoscopy controlled population.
A limitation of the present study is that not a screening
population was tested but a referral population, partially
containing high risk individuals. Therefore, test characteristics that depend on the prevalence of disease, i.e.
positive and negative predictive values, cannot be generalized from this study to the screening population.

However, the present study focused on sensitivity and
specificity, test characteristics that are not influenced by
the prevalence of the disease [25]. Still, in this referral
population, sensitivity may be overestimated and specificity underestimated due to work-up bias [26]. This may
occur as symptomatic participants have an increased likelihood for having both a positive FIT and a colorectal
neoplasm. In particular, it should be noted that lower
sensitivities for FIT in a screening population have been
reported [19,27]. On the other hand, we carried out a formal comparison of FIT results in CRC cases from a
screening and referral cohort and found similar FIT
results after correcting for tumour stage [28]. Since for
screening, only early stage cancers are relevant, in the
present study late stage cancers were excluded from the
analysis. Although possible differences in FIT results
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Table 3 Comparison of sensitivity of single and double FIT sampling for screen relevant neoplasia, at fixed specificities
“one of two FITs+”

Single FIT

“two of two FITs+”

“mean of two FITs+”

Spec

Sens

Cut-off

Sens

Cut-off

p-value

Sens

Cut-off

p-value

Sens

Cut-off

p-value

85%

51, 6%

34

53, 2%

59

1

n.a.*

n.a.*

n.a.*

53, 2%

40

1

90%

46, 0%

73

51, 6%

103

0, 07

44, 4%

27

0, 687

50, 8%

60

0, 125

95%

38, 7%

184

37, 9%

371

1

41, 1%

91

0, 453

37, 9%

159

1

Corresponding cut-off values (ng/ml) and sensitivities for screen relevant neoplasia of single FIT sampling and three different strategies of double FIT sampling at fixed specificities of 85%, 90% and 95%.
FIT = faecal immunochemical test, “one of two FITs+” = at least one of both FITs above the cut-off value, “two of two FITs+” = both FITs above the cut-off value, “mean of two FITs+” = geometric mean of both FITs above
the cut-off value, spec = specificity, sens = sensitivity, cut-off = cut-off value, n.a.* = no corresponding sensitivity and cut-off value found in the range 50-200 ng/ml
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between referral populations, like in the present study,
and screening populations cannot fully be excluded, the
present study design still allows for comparing the sensitivities of different sampling schemes for FIT for early
stage colorectal cancer. However, a complete correction
of work-up bias cannot be ascertained. One should keep
in mind that alternative study designs also have limitations like absence of a gold standard because no colonoscopies were performed, or in case colonoscopies were
performed, relatively low numbers of cancers found
[15,16,27]. In addition, in many studies different FITs,
different endpoints (advanced adenoma, advanced neoplasia, screen relevant neoplasia), a different amount of
cases, and a different selection of participants (e.g. subjects participating in colonoscopy screening) are used.
To evaluate the effect of work-up bias, analyses were
repeated after exclusion of subjects with rectal blood loss,
anaemia and clinical suspicion of CRC (data not shown).
Although the sensitivities for advanced adenomas found
were 4.5-10% lower, our results were similar in the sense
that double FIT sampling did not yield any superior combination of sensitivity and specificity compared to single
FIT. For CRC data were similar, although too few cases
remained to draw firm conclusions (data not shown).
In the current study the number of excluded participants was relatively high. This was mainly due to our
stringent protocol on FIT sampling. Of the 251 individuals
that were excluded from further analysis, in the majority
of cases this was because date of sampling was not registered correctly on the FIT container, as described in the
study protocol. Additional analysis including these cases
showed similar results. The percentage of incomplete
colonoscopies in the present study is in line with previous
studies [7,29].
According to our study protocol all FITs should be
stored in the refrigerator close to the moment of handing
in. In addition, both FITs are sampled maximum 72
hours prior to colonoscopy. As such, the time that the
tests are at room temperature is kept as limited as possible. FITs kept at higher temperatures, are more susceptible to a decrease in sensitivity as a result of haemoglobin
degradation. When compared to at least one of the
screening studies [7] this is still a relative short period of
time. Therefore, only a slight decrease in haemoglobin
concentration is to be expected [30].
An important asset of the present study is the relatively high tumour yield, which allowed analyzing FIT
performance for early and late stage CRC separately. As
the potential health gain is highest for individuals with
early stage cancer [31], this is relevant for population
based screening programs. A second strength of this
study is the fact that colonoscopy results were available
for all participants, allowing the direct calculation of
sensitivities and specificities.
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Conclusion
In conclusion, this study strongly suggests that double FIT
sampling, regardless of the definition of test positivity,
does not provide a superior combination of sensitivity and
specificity compared to single FIT sampling. Moreover, if
it is aimed to increase sensitivity at the cost of specificity,
this can be achieved equally well by lowering the cut-off
value of single FIT sampling rather than by double FIT
sampling. To what extent these findings pertain to the
general population awaits confirmation in a screening
setting.
Additional material
Additional file 1: Data on colorectal cancer and advanced
adenomas.

Acknowledgements
The authors gracefully acknowledge all participants and staff of the
endoscopy units at the three participating centres.
Preliminary data of this study were presented at the Digestive Disease Week
2010 in New Orleans and the United European Gastroenterology Week 2010
in Barcelona.
Author details
Gastroenterology and Hepatology, VU University Medical Centre, De
Boelelaan 1118, Amsterdam, The Netherlands. 2Epidemiology and
Biostatistics, VU University Medical Centre, De Boelelaan 1118, Amsterdam,
The Netherlands. 3Gastroenterology and Hepatology, Kennemer Gasthuis,
Boerhaavelaan 22, Haarlem, The Netherlands. 4Gastroenterology and
Hepatology, Sint Lucas Andreas Hospital, Jan Tooropstraat 164, Amsterdam,
The Netherlands. 5Clinical Chemistry, VU University Medical Centre, De
Boelelaan 1118, Amsterdam, The Netherlands. 6Pathology, VU University
Medical Centre, De Boelelaan 1118, Amsterdam, The Netherlands.
1

Authors’ contributions
FAO and STVT participated in the study concept and design; acquisition of
data; analysis and interpretation of data, statistical analysis and drafting of the
manuscript. VMHC participated in the study concept and design; statistical
analysis and interpretation of data and critical revision of the manuscript for
important intellectual content. RWMVDH participated in the study concept
and design; acquisition of data and critical revision of the manuscript for
important intellectual content. EW participated in the study concept and
design and acquisition of data. JSTSD participated in acquisition and
interpretation of data, and critical revision of the manuscript for important
intellectual content. IBL and SLK participated in acquisition and interpretation
of data. EVH and AAB participated in acquisition and interpretation of data,
technical and material support. GAM and CJJM participated in the study
concept and design; acquisition of data; analysis and interpretation of data,
critical revision of the manuscript for important intellectual content, and study
supervision. All authors read and approved the final manuscript.
Competing interests
All authors have no potential financial, professional or personal conflicts by
publishing this manuscript.
S.T. van Turenhout was supported by a research grand from CTMM (Centre for
Translational Molecular Medicine), The Netherlands. This company had no
influence on any aspect relevant to this study.
The OC sensor MICRO desktop analyzer was provided by Eiken Chemical co.,
Tokyo, Japan. This company had no influence on any aspect relevant to this
study.
Received: 8 May 2011 Accepted: 10 October 2011
Published: 10 October 2011

Oort et al. BMC Cancer 2011, 11:434
http://www.biomedcentral.com/1471-2407/11/434

References
1. Jemal A, Siegel R, Xu J, Ward E: Cancer Statistics, 2010. CA Cancer J Clin
2010.
2. Ferlay J, Parkin DM, Steliarova-Foucher E: Estimates of cancer incidence
and mortality in Europe in 2008. Eur J Cancer 2010, 46:765-781.
3. Mandel JS, Bond JH, Church TR, Snover DC, Bradley GM, Schuman LM,
Ederer F: Reducing mortality from colorectal cancer by screening for
fecal occult blood. Minnesota Colon Cancer Control Study. N Engl J Med
1993, 328:1365-1371.
4. Kronborg O, Fenger C, Olsen J, Jorgensen OD, Sondergaard O: Randomised
study of screening for colorectal cancer with faecal-occult-blood test.
Lancet 1996, 348:1467-1471.
5. Hardcastle JD, Chamberlain JO, Robinson MH, Moss SM, Amar SS,
Balfour TW, James PD, Mangham CM: Randomised controlled trial of
faecal-occult-blood screening for colorectal cancer. Lancet 1996,
348:1472-1477.
6. Guittet L, Bouvier V, Mariotte N, Vallee JP, Arsene D, Boutreux S, Tichet J,
Launoy G: Comparison of a guaiac based and an immunochemical faecal
occult blood test in screening for colorectal cancer in a general average
risk population. Gut 2007, 56:210-214.
7. van Rossum LG, van Rijn AF, Laheij RJ, van Oijen MG, Fockens P, van
Krieken HH, Verbeek AL, Jansen JB, Dekker E: Random Comparison of
Guaiac and Immunochemical Fecal Occult Blood Tests for Colorectal
Cancer in a Screening Population. Gastroenterology 2008, 135:82-90.
8. Oort FA, Terhaar Sive Droste JS, VAN DER Hulst RW, VAN Heukelem HA,
Loffeld RJ, Wesdorp IC, VAN Wanrooij RL, DE BL, Mutsaers ER, VAN DER RS,
Coupe VM, Berkhof J, Bouman AA, Meijer GA, Mulder CJ: Colonoscopy
controlled intraindividual comparisons to screen relevant neoplasia fecal immunochemical test versus guaiac based fecal occult blood test.
Aliment Pharmacol Ther 2009.
9. Allison JE, Tekawa IS, Ransom LJ, Adrain AL: A comparison of fecal occultblood tests for colorectal-cancer screening. N Engl J Med 1996,
334:155-159.
10. Terhaar Sive Droste JS, Oort FA, VAN DER Hulst RW, VAN Heukelem HA,
Loffeld RJ, van Turenhout ST, Ben L, Kanis SL, Neerincx M, Rakers M,
Coupe VM, Bouman AA, Meijer GA, Mulder CJ: Higher Fecal
Immunochemical Test cut-off levels: lower positivity rates but still
acceptable detection rates for early stage colorectal cancers. Cancer
Epidemiol Biomarkers Prev 2010.
11. van Rossum LG, van Rijn AF, Laheij RJ, van Oijen MG, Fockens P, Jansen JB,
Verbeek AL, Dekker E: Cutoff value determines the performance of a
semi-quantitative immunochemical faecal occult blood test in a
colorectal cancer screening programme. Br J Cancer 2009, 101:1274-1281.
12. Levi Z, Rozen P, Hazazi R, Vilkin A, Waked A, Maoz E, Birkenfeld S, Leshno M,
Niv Y: A quantitative immunochemical fecal occult blood test for
colorectal neoplasia. Ann Intern Med 2007, 146:244-255.
13. Morikawa T, Kato J, Yamaji Y, Wada R, Mitsushima T, Shiratori Y: A
comparison of the immunochemical fecal occult blood test and total
colonoscopy in the asymptomatic population. Gastroenterology 2005,
129:422-428.
14. Rozen P, Levi Z, Hazazi R, Waked A, Vilkin A, Maoz E, Birkenfeld S, Leshno M,
Niv Y: Identification of colorectal adenomas by a quantitative
immunochemical faecal occult blood screening test depends on
adenoma characteristics, development threshold used and number of
tests performed. Aliment Pharmacol Ther 2009, 29:906-917.
15. Grazzini G, Visioli CB, Zorzi M, Ciatto S, Banovich F, Bonanomi AG, Bortoli A,
Castiglione G, Cazzola L, Confortini M, Mantellini P, Rubeca T, Zappa M:
Immunochemical faecal occult blood test: number of samples and
positivity cutoff. What is the best strategy for colorectal cancer screening? Br
J Cancer 2009, 100:259-265.
16. Guittet L, Bouvier V, Mariotte N, Vallee JP, Levillain R, Tichet J, Launoy G:
Performance of immunochemical faecal occult blood test in colorectal
cancer screening in average-risk population according to positivity
threshold and number of samples. Int J Cancer 2009, 125:1127-1133.
17. Fraser CG, Matthew CM, Mowat NA, Wilson JA, Carey FA, Steele RJ:
Immunochemical testing of individuals positive for guaiac faecal occult
blood test in a screening programme for colorectal cancer: an
observational study. Lancet Oncol 2006, 7:127-131.
18. Rozen P, Comaneshter D, Levi Z, Hazazi R, Vilkin A, Maoz E, Birkenfeld S,
Niv Y: Cumulative evaluation of a quantitative immunochemical fecal
occult blood test to determine its optimal clinical use. Cancer 2010.

Page 10 of 10

19. Park DI, Ryu S, Kim YH, Lee SH, Lee CK, Eun CS, Han DS: Comparison of
Guaiac-Based and Quantitative Immunochemical Fecal Occult Blood
Testing in a Population at Average Risk Undergoing Colorectal Cancer
Screening. Am J Gastroenterol 2010.
20. Nakama H, Yamamoto M, Kamijo N, Li T, Wei N, Fattah AS, Zhang B:
Colonoscopic evaluation of immunochemical fecal occult blood test for
detection of colorectal neoplasia. Hepatogastroenterology 1999, 46:228-231.
21. Rozen P, Waked A, Vilkin A, Levi Z, Niv Y: Evaluation of a desk top
instrument for the automated development and immunochemical
quantification of fecal occult blood. Med Sci Monit 2006, 12:MT27-MT32.
22. Rex DK, Kahi CJ, Levin B, Smith RA, Bond JH, Brooks D, Burt RW, Byers T,
Fletcher RH, Hyman N, Johnson D, Kirk L, Lieberman DA, Levin TR,
O’Brien MJ, Simmang C, Thorson AG, Winawer SJ: Guidelines for
colonoscopy surveillance after cancer resection: a consensus update by
the American Cancer Society and US Multi-Society Task Force on
Colorectal Cancer. CA Cancer J Clin 2006, 56:160-167.
23. Greene Fea: AJCC (American Joint Committee on Cancer) Cancer Staging
Manual. Springer-Verlag vol New York; 2002, 113.
24. Lieberman DA, Weiss DG: One-time screening for colorectal cancer with
combined fecal occult-blood testing and examination of the distal
colon. N Engl J Med 2001, 345:555-560.
25. Altman D: Practical statistics for medical research; Chapman&Hall/CRC.
1991, 409-413.
26. Imperiale TF: Quantitative immunochemical fecal occult blood tests: is it
time to go back to the future? Ann Intern Med 2007, 146:309-311.
27. Brenner H, Haug U, Hundt S: Sex differences in performance of fecal
occult blood testing. Am J Gastroenterol 2010, 105:2457-2464.
28. van Turenhout ST, van Rossum LG, Oort FA, Laheij RJ, van Rijn AF, Meijer G,
Jansen JB, Dekker E, Mulder CJ: Is the performance of a faecal occult
blood test really different in a referred population compared with a
screening population? Gut 2009.
29. Neerincx M, Terhaar Sive Droste JS, Mulder CJ, Rakers M, Bartelsman JF,
Loffeld RJ, Tuynman HA, Brohet RM, VAN DER Hulst RW: Colonic work-up
after incomplete colonoscopy: significant new findings during follow-up.
Endoscopy 2010, 42:730-735.
30. van Rossum LG, van Rijn AF, van Oijen MG, Fockens P, Laheij RJ,
Verbeek AL, Jansen JB, Dekker E: False negative fecal occult blood tests
due to delayed sample return in colorectal cancer screening. Int J Cancer
2009, 125:746-750.
31. O’Connell JB, Maggard MA, Ko CY: Colon cancer survival rates with the
new American Joint Committee on Cancer sixth edition staging. J Natl
Cancer Inst 2004, 96:1420-1425.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2407/11/434/prepub
doi:10.1186/1471-2407-11-434
Cite this article as: Oort et al.: Double sampling of a faecal
immunochemical test is not superior to single sampling for detection
of colorectal neoplasia: a colonoscopy controlled prospective cohort
study. BMC Cancer 2011 11:434.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

