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Abstract

Background: The utility of faecal immunochemical tests
(FIT) in assessment of symptomatic patients with lower
gastrointestinal symptoms has not been well explored.
The aims of this study were to evaluate the diagnostic yield
for advanced colorectal neoplasia (ACRN) in symptomatic
patients using the first of two FIT samples (FIT/1) and the
higher concentration of two FIT samples (FIT/max).
Methods: Samples from two consecutive bowel motions
from 208 symptomatic patients who required colonoscopy
were analysed using the HM-JACKarc analyser (Kyowa
Medex Co., Ltd., Tokyo, Japan). Patients were categorised
into two groups: patients with any ACRN and individuals
with other diagnoses or normal colonoscopy.

Results: Colonoscopy detected ACRN in 29 patients. In these
patients, FIT/1 and FIT/max were significantly higher than
in patients with low-risk adenoma (p=0.006 and p=0.024),
other findings (p=0.002 and p=0.002) and normal colon-
oscopy (p<0.001 and p<0.001). The areas under the curves
(AUC) of FIT/1 and FIT/max were 0.71 and 0.69, respec-
tively. Undetectable FIT/1 rules out 96.6% of ACRN and the
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specificity was 10.6%. Increasing the FIT/1 cut-off to 10 ug
Hb/g faeces, sensitivity and specificity were 34.5% and
87.2%, respectively. Similar results were obtained using
FIT/max with 20 ug Hb/g faeces cut-off, providing a sensi-
tivity and specificity of 34.5% and 85.6%, respectively.
Conclusions: Undetectable FIT is a good strategy to rule-
out ACRN in symptomatic patients. The diagnostic yield
of collecting two samples for FIT can be achieved with one
sample, but a lower faecal haemoglobin concentrations
(f-Hb) cut-off is required.

Keywords: advanced colorectal neoplasia; colorectal
cancer; diagnostic yield; faecal haemoglobin; faecal
immunochemical test; symptomatic patients.

Introduction

In asymptomatic population-based screening programmes
for colorectal cancer (CRC), tests for haemoglobin in faeces
have been designed to identify occult bleeding from neoplas-
tic lesions before any signs and symptoms become apparent
There is considerable evidence from such CRC screening
programmes that faecal immunochemical tests (FIT) for
haemoglobin have superior analytical and clinical perfor-
mance characteristics to traditional guaiac-based faecal
occult blood tests (gFOBT) [1, 2]. FIT are now well recognised
as the non-invasive tests of choice to identify screened indi-
viduals for referral to colonoscopy to detect existing neopla-
sia and pre-malignant colorectal lesions [3-6].

FIT are available in two analytical system formats,
qualitative and quantitative. The introduction of quantita-
tive FIT allows different cut-off faecal haemoglobin con-
centrations (f-Hb) to be selected that, when added to other
aspects, such as the frequency of testing, the age range of
individuals screened and the number of samples collected
for analysis by each individual, facilitates a spectrum of
different possible approaches in relation to the screening
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strategy [7-9]. As it is dogma that not all lesions will be
detected using one sample, because of the heterogeneous
nature of the faecal sample matrix and the likely intermit-
tent bleeding patterns of significant lesions, the diagnostic
yield of FIT might be improved by the collection of more
than one sample, taken from different bowel motions.
However, some studies have concluded that, in using FIT
for screening, two or more samples do not improve the diag-
nostic yield compared to one sample [7-10]. The majority of
the studies previously reported have been performed with
analytical systems from a single FIT manufacturer, but it
has recently been suggested that diagnostic performance
may differ between manufacturers [11, 12]. However, this
aspect has not been widely studied and it is unknown if;
for example the mass of faecal sample collected and buffer
volume in the different sample collection devices available
also affect diagnostic yield [13]. Other factors than the test
characteristics can affect to the variability in FIT positivity
and therefore to the diagnostic yield. Some studies suggest
the possibility of degradation of haemoglobin in faeces
with delayed sample return [14, 15] and ambient tempera-
ture also can affect positivity [16, 17].

It is important to note that most of the previous work
on analytical and clinical aspects of FIT has been done in
the context of CRC screening. Although combinations of
symptom and results of FITs were alleged to show good
diagnostic performance for CRC, evidence from primary
care has said to be lacking [18]. Most primary care provid-
ers deal with many patients presenting with lower abdomi-
nal symptoms, but the prevalence of significant colorectal
disease is low and a tool to aid in triage for colonoscopy
would be of considerable value for individuals and for
health services. It has been suggested that FIT could provide
a very useful investigation in this clinical setting [13, 19, 20].
However, many unexplored variables still exist. Which of
the one or two FIT samples is the better investigational
approach has never been studied in symptomatic patients
and there is controversy over whether FIT should be used
as a rule-in or rule-out examination. Thus, the aims of this
study were to evaluate the diagnostic yield for advanced
colorectal neoplasia (ACRN) in symptomatic patients using
one or two FIT samples, to assess differences with respect
to the population characteristics and to identify appropri-
ate strategies for use of FIT in this clinical context.

Materials and methods
Study design

We performed a prospective study to assess the diagnostic accuracy
of FIT to detect ACRN, comprising CRC and advanced adenoma,
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comparing the use of one or two FIT samples, and to establish strat-
egies for detection, or exclusion, of ACRN in patients with lower
abdominal symptoms.

Study population

The study analysed 208 consecutive patients who attended Hospital
Clinic (Barcelona) from December 2013 to March 2014 and required
colonoscopy for the investigation of lower abdominal symptoms or
colonic polyp surveillance. Patients undergoing CRC screening or with
a history of gastrointestinal bleeding, active rectal bleeding, menstrua-
tion, haematuria, or known ulcerative colitis were excluded. Patients
were asked to begin faecal sampling 5 days before colonoscopy to
ensure that two samples were collected before bowel cleansing prepara-
tion was initiated. No dietary restriction was undertaken. Medications,
such as aspirin and non-steroidal anti-inflammatory drugs (NSAID),
were withdrawn 1 week before preparation for colonoscopy. The study
was approved by the Hospital Clinic Ethics Committee (2013/8432) and
all patients provided written informed consent. All patients received
an oral or telephone explanation of the study and were sent written
instructions on collecting and storing the faecal sample for FIT with the
sample collection devices. In order to assure stability of the haemoglo-
bin in the samples, participants were informed to store the samples at
4 °C before delivery to the laboratory within the following 5 days.

Samples and analysis

Patients were asked to collect samples from two consecutive bowel
motions using the sample collection devices provided (Kyowa-Medex
Co., Ltd., Tokyo, Japan). The sample collection device collects 2 mg
faeces through filling of two small dimples at the end of a round
probe attached to the device cap: the probe is then reinserted into
the device which contains 2.0 mL buffer. Samples were analysed
using the fully automated analyser HM-JACKarc (Kyowa-Medex Co.,
Ltd.), which employs a latex immunoturbidimetry technology with
detection by integrated sphere turbidimetry. The performance char-
acteristics of this recently introduced analytical system have been
documented in considerable detail elsewhere [21]. Devices returned
were stored at 4 °C and then allowed to warm to room temperature
prior to analysis within the next 24 h. f-Hb found were reported as
ug Hb/g faeces, as recommended by the Expert Working Group on
FIT for Screening, Colorectal Cancer Screening Committee, World
Endoscopy Organisation [22]. The method calibration curve is linear
for concentrations in the range 7-400 pg Hb/g faeces with a lower
analytical detection limit of 0.6 ug Hb/g faeces [21]. Samples >400 ug
Hb/g faeces were diluted with buffer from an unused sample col-
lection device. All analysis were carried out by one laboratory
technician; the laboratory has a total quality management system
and is certified to ISO 9001:2008 standards by AENOR, Asociacién
Espaiiola de Normalizacion y Certificacion (Spain). The analyser was
calibrated once every 2 weeks with the calibrators provided (Kyowa-
Medex Co., Ltd.). Each analytical run was preceded by analysis of two
quality control materials (Kyowa-Medex Co., Ltd.).

Endoscopy

Colonoscopy was carried out to the caecum or up to an obstructing
carcinoma if present, without knowledge of f-Hb results. All lesions
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were categorised and, if colorectal polyps were detected, the polyp
site was recorded and polypectomy performed whenever possible.
Histology of all detected lesions was evaluated by expert patholo-
gists devoted to gastrointestinal oncology, following the European
Guidelines for Quality Assurance in Colorectal Cancer Screening
and Diagnosis [23]. According to the pathology and histology results,
patients were categorised into two groups: firstly, those with any
ACRN and, second, individuals with other diagnoses (i.e. inflamma-
tory and hyperplastic polyps, inflammatory bowel disease, haemor-
rhoids, angiodysplasia and diverticulosis) or a normal examination
(hereafter referred to as the non-advanced colorectal neoplasia
[NACRN] group). ACRN was defined as CRC or high-risk adenoma,
which in turn was defined as any advanced adenoma (lesions >1 cm
in size or with a villous component or high-grade dysplasia) or >3
non-advanced adenomas. Tumour staging was established according
to the TNM classification system of the UICC [24]. Finally, patients
were classified according to the most advanced lesion present.

Statistical analysis

A logarithmic transformation for graphic representation of f-Hb
was performed. The Mann-Whitney U-test was used to assess dif-
ferences between the f-Hb of the two groups, ACRN and NACRN.
Receiver operating characteristic (ROC) curves for f-Hb were cre-
ated as aids to determine clinical performance characteristics and
examine f-Hb cut-off ranging 10-40 pg Hb/g faeces. The sensitivity
(true positives/[true positives+false negatives]), the specificity (true
negatives/[true negatives+false positives]) and the positive (true posi-
tives/[true positives+false positives]) and negative (true negatives/
[true negatives+false negatives]) predictive values for ACRN at dif-
ferent f-Hb were calculated. ROC curves for the first f-Hb found by
FIT (FIT/1) and the higher f-Hb of the two samples (FIT/max) were
compared using the Delong method [25] and differences in sensitivity
and specificity using FIT/1 or FIT/max at a range of identical f-Hb cut-
off were calculated. Statistical analysis was performed using PASW
Statistics, Release Version 18.0.0 (SPSS, Inc., Chicago, IL, USA) and
GraphPad Prism version 4.00 (GraphPad Software, San Diego, CA,
USA). p<0.05 was regarded as a statistically significant difference
between two data sets.

Results

Colonoscopy findings

Of 208 patients (92 men, 116 women), with a median age
of 63 years (range 22-86 years), ACRN detected by colon-
oscopy in 29 patients (14.0%). These included two CRC at
stages II and III (1.0%) and 27 high-risk adenoma (13.0%).
Low-risk adenoma were also found in 41 patients (19.7%):
other less serious colorectal lesions, including inflamma-
tory and hyperplastic polyps, inflammatory bowel disease,
haemorrhoids, angiodysplasia, diverticulosis and minor
irrelevant abnormalities, were found in 91 additional
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patients (43.8%). In 47 patients (22.6%), no unusual find-
ings were detected and the colonoscopy was reported as
normal. The prevalence of ACRN in men and women was
18.5% and 10.3%, respectively (p=0.088).

f-Hb

Figure 1 shows the distributions of f-Hb for FIT/1 and FIT/
max. The median f-Hb of FIT/1 and FIT/max and inter-
quartile ranges (IQR) were 0.8 (0.3-2.9) ug Hb/g faeces
and 0.9 (0.6-7.4) ug Hb/g faeces, respectively. The FIT/max
result was not concordant with the FIT/1 result on 39.2%
of occasions. As expected, significantly lower f-Hb con-
centration in FIT/1 as to compared FIT/max was observed
(p<0.001). The positivity rate at f-Hb cut-offs of 10, 20 and
30 ug Hb/g faeces were 15.8%, 10.5%, 10.0%, for FIT/1 and
23.4%, 17.2% and 16.7% for FIT/max.

The f-Hb partitioned by sex, colonoscopy and pathol-
ogy diagnosis are documented in Table 1. In patients with
ACRN, FIT/1and FIT/max were significantly higher than in
patients with low-risk adenoma (p=0.006 and p=0.024),
other findings (p=0.002 and p=0.002) and normal colon-
oscopy (p<0.001 and p<0.001). FIT/1 was undetectable in
one patient (3.4%) with ACRN and FIT/max was detect-
able (a numerical result >0 pug Hb/g faeces in all patients
with ACRN. In men and women with ACRN, no statisti-
cally significant differences were observed between FIT/1
and FIT/max (p=0.760 and p=0.378); in contrast, FIT/1
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Figure 1: Distributions of faecal haemoglobin concentrations in
first sample (FIT/1) and the higher of two samples (FIT/max) in all
patients.

*p<0.05.
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Table 1: Faecal haemoglobin concentrations according to sex, colonoscopy and pathology/histology findings for FIT/1 and FIT/max.

Variable No. Faecal haemoglobin concentration, ug Hb/g faeces
FIT/1 Median (IQR) FIT/max Median (IQR) p-Value

All patients 208 0.8(0.3-2.9) 0.9 (0.6-7.4) 0.002
Men 92 0.8 (0.3-3.7) 1.2 (0.6-14.4) 0.050
Women 116 0.7 (0.2-2.2) 0.9 (0.6-3.6) 0.013
Advanced colorectal neoplasia 29 3.1(0.8-43.4) 3.6 (0.9-75.6) 0.423
Men 17 9.2(0.8-70.3) 9.2 (0.9-80.8) 0.760
Women 12 2.5(0.8-4.6) 3.0 (1.4-35.1) 0.378
Remaining findings 179 0.7 (0.2-1.7) 0.9 (0.6-3.6) 0.001
Men 75 0.7 (0.3-2.1) 0.9 (0.6-8.0) 0.032
Women 104 0.6 (0.2-1.5) 0.9 (0.5-3.2) 0.016
Low-risk adenoma? 41 0.6 (0.3-2.4) 0.8 (0.5-14.0) 0.078
Men 25 0.5(0.2-2.1) 0.8 (0.4-14.4) 0.080
Women 16 0.7 (0.4-2.0) 0.9 (0.6-7.6) 0.474
Other findings (see text)? 91 0.7 (0.3-2.0) 0.9(0.6-3.7) 0.031
Men 37 0.7 (0.4-2.0) 0.9 (0.6-3.5) 0.330
Women 54 0.6 (0.2-1.8) 1.1 (0.6-5.6) 0.050
Normal colonoscopy? 47 0.7 (0.2-1.2) 0.9 (0.4-1.6) 0.117
Men 13 0.8 (0.6-1.2) 1.2 (0.8-13.7) 0.223
Women 34 0.6 (0.1-1.1) 0.7 (0.3-1.2) 0.203

Included in remaining findings.

was significantly lower in men and women with NACRN curves (AUC) were 0.71 (95% CI 0.59-0.82) and 0.69 (95%
(p=0.032 and p=0.016) as shown in Figure 2. CI 0.59-0.80), respectively. No statistical differences were
observed between these. However, at specificities ranging
from 60% to 85%, sensitivity was higher with FIT/1 as
Diagnostic yield for ACRN compared to FIT/max. The sensitivity, specificity and
positive and negative predictive values for ACRN in rela-
Figure 3 displays the ROC curves for ACRN detection tion to sex at different f-Hb cut-off are shown in Table 2.
obtained with FIT/1 and FIT/max. The areas under the Higher sensitivities at similar specificities were observed
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Figure 2: Box and whisker plots showing median and interquartile ranges for faecal haemoglobin concentration (ug Hb/g faeces) in rela-
tion to sex and colonoscopy findings for FIT/1 and FIT/max in two groups, advanced colorectal neoplasia (ACRN, colorectal cancer plus
high-risk adenoma) and all other findings (others).

*p<0.05.
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Figure 3: ROC curve for faecal haemoglobin in advanced colorec-
tal neoplasia using first sample (FIT/1) and higher of the two FIT
samples (FIT/max).

AUC for FIT/1=0.71(95% Cl 0.59-0.82): AUC for FIT/max=0.69 (95%
C10.59-0.80). Not statistically significant (NSS).
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in men compared to women. Positive predictive values
were higher in men, whereas negative predictive values
were higher in women. The diagnostic yield for the entire
group was calculated at a range of f-Hb cut-offs from 10 to
40 ug Hb/g faeces (Table 3).

Discussion

We have provided here a detailed evaluation of the utility of
one vs. two samples for f-Hb measurement using a new auto-
mated FIT analytical system in the detection or exclusion of
ACRN among symptomatic men and women. It is widely
recognised that f-Hb are higher in men than women, and
also increase as age increases [12, 26, 27]: these are impor-
tant considerations to take into account, not only when an
analytical system is evaluated, but also in the use of FIT in
screening, surveillance and diagnosis. We have confirmed
that higher f-Hb are found in men with lower abdominal
symptoms compared with women, consistent with other
studies [26, 27]. Similarly, a higher clinical sensitivity for
detecting ACRN was observed in men than in women, as

Table 2: Sensitivity, specificity and positive and negative predictive values for advanced colorectal neoplasia of FIT/1 and FIT/max at differ-
ent cut-off faecal haemoglobin concentrations in relation to sex.

Cut-off f-Hb, pg
Hb/g faeces

Sensitivity (95% ClI)

Specificity (95% Cl)

PPV (95% CI)

NPV (95% ClI)

Men
FIT/1°
FIT/max>°
FIT/110
FIT/max?°
FIT/120
FIT/max?®
FIT/130
FIT/max3°
FIT/14
FIT/max*°
Women
FIT/ 10
FIT/max>°
FIT/110
FIT/max?°
FIT/12°
FIT/max?®
FIT/130
FIT/max3®
FIT/14
FIT/max*°

100% (81.6%—100%)

100% (81.6%—-100%)
47.1% (26.2%-69.0%)
47.1% (26.2%-69.0%)
41.2% (21.6%—-64.0%)
41.2% (21.6%—64.0%)
41.2% (21.6%—-64.0%)
41.2% (21.6%—64.0%)
41.2% (21.6%—64.0%)
41.2% (21.6%—-64.0%)

91.7% (64.6%—98.5%)
100% (75.5%-100%)
16.7% (4.7%—44.8%)

33.3% (13.8%-60.9%)
16.7% (4.7%—44.8%)
25.0% (8.9%—53.2%)
16.7% (4.7%—44.8%)
25.0% (8.9%—-53.2%)

8.3% (1.5%—35.4%)
25.0% (8.9%—-53.2%)

8.0% (3.7%—16.4%)
2.7% (0.7%-9.2%)
86.7% (77.2%-92.6%)
76.0% (65.2%—84.3%)
92.0% (83.6%—96.3%)
82.7% (72.6%—-89.6%)
92.0% (83.6%—-96.3%)
82.7% (72.6%—89.6%)
92.0% (83.6%—-96.3%)
84.0% (74.1%—-94.6%)

12.4% (7.4%—-20.0%)
3.8% (1.5%—9.4%)
87.6% (79.8%-92.6%)
81.9% (73.2%-88.0%)
93.3% (86.8%—-96.7%)
87.6% (79.8%-92.6%)
94.3% (88.0%-97.3%)
88.6% (80.9%-93.3%)
95.2% (89.3%-97.9%)
91.4% (84.5%—95.4%)

19.8% (12.7%-29.4%)

18.9% (12.1%-28.2)
44.4% (24.6%—66.3%)
30.8% (16.5%—-50.0%)
53.8% (29.1%-76.8%)
35.0% (18.1%-56.7%)
53.8% (29.1%-76.8%)
35.0% (18.1%—-56.7%)
53.8% (29.1%-76.8%)
36.8% (19.2%-59.0%)

10.7% (6.1%-18.1%)
10.6% (6.2%—17.7%)
13.3% (3.7%-37.9%)
17.4% (7.0%-37.1%)
22.2% (6.3%—54.7%)
18.8% (6.6%—-43.0%)
25.0% (7.2%-59.1%)
20.0% (7.1%-45.2%)
16.7% (3.0%-56.3%)
25.0% (8.9%—53.2%)

100% (60.9%—-100%)

100% (34.2%-100%)
87.8% (78.5%-93.5%)
86.4% (76.1%-92.7%)
87.3% (78.2%-93.0%)
86.1% (76.3%—-92.3%)
87.3% (78.2%-93.0%)
86.1% (76.3%-92.3%)
87.3% (78.2%-93.0%)
86.3% (76.6%—92.4%)

92.9% (68.5%—98.7%)

100% (51.0%—-100%)
90.2% (82.7%-94.5%)
91.5% (83.9%-95.6%)
90.7% (83.6%—94.8%)
91.1% (83.8%—95.2%)
90.8% (83.8%—-94.9%)
91.2% (83.9%—-95.2%)
90.1% (83.1%-94.4%)
91.4% (84.5%—95.4%)

95% Cl, 95% confidence interval; f-Hb, faecal haemoglobin concentration with cut-off shown as superscript; NPV, negative predictive value;
PPV, positive predictive value.
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diagnostic yield of collecting two samples for FIT (using a
fHb cut-off of 20 ug Hb/g faeces) can be achieved with one
sample, albeit using a lower f-Hb cut-off (10 ug Hb/g faeces).
We have studied the diagnostic yield and in this study have
concentrated on the use of FIT as a diagnostic rule-in test
for ACRN. However, irrespective of the f-Hb cut-off and the
number of samples analysed, the clinical sensitivity is low,
as is the positive predictive value and the AUC. This implies
that this investigation is far less than ideal at detecting sig-
nificant colorectal disease, with many false positives being
found: all positives are referred for colonoscopy and so
much of the workload will be directed to those who may
not truly warrant this expensive, time-consuming and not
without risk invasive investigation. In contrast, the speci-
ficity is high at all f-Hb cut-offs and, with both one and
two samples, there are few false negative test results. In
addition, the negative predictive values are similarly high
throughout and do not depend on the f-Hb cut-off. This sug-
gests that those with an undetectable f-Hb will be unlikely
to have significant colorectal disease, although a few cases
would be missed. In our opinion, FIT users must consider
choosing the cut-off based on the clinical needs and in rela-
tion to different clinical and demographic aspects. It has
been advocated that FIT should be used as a rule-out test
in the symptomatic [20], although some have also exam-
ined FIT as a rule-in test [19]. Clearly, there are merits and
disadvantages to both approaches and we believe that this
requires considerable further research, including whether
adding age and sex into the interpretation, as we have done
in asymptomatic population screening [33], would have sig-
nificant benefits for individual patient care.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Research funding: Menarini Diagnosticos, S.A., provided
instruments, reagents and technical support. Grants
received: J.M. Auge (Menarini Diagnosticos, S.A.).
Employment or leadership: None declared.

Honorarium: None declared.

Competing interests: The funding organisation(s) played
no role in the study design; in the collection, analysis, and
interpretation of data; in the writing of the report; or in the
decision to submit the report for publication.

References

1. Allison JE, Tekawa IS, Ransom L), Adrain AL. A comparison of fecal
occult-blood tests for colorectal-cancer screening. N Engl) Med
1996;334:155-9.

Auge et al.: One vs. two FIT samples in symptomatic patients = 131

2. Lee CS, O’Gorman P, Walsh P, Qasim A, McNamara D, O’Morain CA,
et al. Immunochemical faecal occult blood tests have supe-
rior stability and analytical performance characteristics over
guaiac-based tests in a controlled in vitro study. ] Clin Pathol
2011;64:524-8.

3. Duffy MJ, van Rossum LG, van Turenhout ST, Malminiemi O,
Sturgeon C, Lamerz R, et al. Use of faecal markers in screening
for colorectal neoplasia: a European group on tumor markers
position paper. Int) Cancer 2011;128:3-11.

4. Labianca R, Nordlinger B, Beretta GD, Mosconi S, Mandala M,
Cervantes A, et al. Early colon cancer: ESMO clinical practice
guidelines for diagnosis, treatment and follow-up. Ann Oncol
2013;24(Suppl 6):vi64-72.

5. Rex DK, Johnson DA, Anderson JC, Schoenfeld PS, Burke CA,
Inadomi JM. American college of gastroenterology guidelines
for colorectal cancer screening 2009 [corrected]. Am | Gastroen-
terol 2009;104:739-50.

6. Sturgeon CM, Duffy M), Stenman UH, Lilja H, Brunner N,

Chan DW, et al. National academy of clinical biochemistry labo-
ratory medicine practice guidelines for use of tumor markers in
testicular, prostate, colorectal, breast, and ovarian cancers. Clin
Chem 2008;54:e11-79.

7. Goede SL, van Roon AH, Reijerink JC, van Vuuren A}, Lansdorp-
Vogelaar |, Habbema JD, et al. Cost-effectiveness of one versus
two sample faecal immunochemical testing for colorectal cancer
screening. Gut 2013;62:727-34.

8. Wilschut JA, Habbema JD, van Leerdam ME, Hol L, Lansdorp-
Vogelaar |, Kuipers EJ, et al. Fecal occult blood testing when colon-
oscopy capacity is limited. ] Natl Cancer Inst 2011;103:1741-51.

9. Wilschut JA, Hol L, Dekker E, Jansen JB, van Leerdam ME,
Lansdorp-Vogelaar |, et al. Cost-effectiveness analysis of a
quantitative immunochemical test for colorectal cancer screen-
ing. Gastroenterology 2011;141:1648-55.

10. Hernandez V, Cubiella ), Gonzalez-Mao MC, Iglesias F, Rivera C,
Iglesias MB, et al. Fecal immunochemical test accuracy in
average-risk colorectal cancer screening. World ) Gastroenterol
2014;20:1038-47.

11. Chiang TH, Chuang SL, Li-Sheng CS, Chiu HM, Ming-Fang YA,
Yueh-Hsia CS, et al. Difference in performance of fecal immuno-
chemical tests with the same hemoglobin cut-off concentration
in a nationwide colorectal cancer screening program. Gastroen-
terology 2014;147:1317-26.

12. Fraser CG, Rubeca T, Rapi S, Chen LS, Chen HH. Faecal haemo-
globin concentrations vary with sex and age, but data are not
transferable across geography for colorectal cancer screening.
Clin Chem Lab Med 2014;52:1211-6.

13. Rapi S, Rubeca T, Fraser CG. How to improve the performances
of fecal immunological tests (FIT): need for standardization
of the sampling and pre-analytical phases and revision of
the procedures for comparison of methods. Int ] Biol Markers
2015;30:e127-31.

14. Brown LF, Fraser CG. Effect of delay in sampling on haemoglobin
determined by faecal immunochemical tests. Ann Clin Biochem
2008;45:604-5.

15. van Rossum LG, van Rijn AF, van Oijen MG, Fockens P, Laheij R},
Verbeek AL, et al. False negative fecal occult blood tests due
to delayed sample return in colorectal cancer screening. Int
Cancer 2009;125:746-50.

16. Vilkin A, Rozen P, Levi Z, Waked A, Maoz E, Birkenfeld S,
et al. Performance characteristics and evaluation of an



132 —— Augeetal.: One vs. two FIT samples in symptomatic patients

17.

18.

19.

20.

21.

22.

23.

24.

25.

automated-developed and quantitative, immunochemical, fecal
occult blood screening test. Am ] Gastroenterol 2005;100:2519-25.
Guittet L, Guillaume E, Levillain R, Beley P, Tichet J, Lantieri O,

et al. Analytical comparison of three quantitative immunochemi-
cal fecal occult blood tests for colorectal cancer screening.
Cancer Epidemiol Biomarkers Prev 2011;20:1492-501.

Jellema P, van der Windt DA, Bruinvels DJ, Mallen CD, van Wey-
enberg SJ, Mulder CJ, et al. Value of symptoms and additional
diagnostic tests for colorectal cancer in primary care: system-
atic review and meta-analysis. Br Med ) 2010;340:¢1269.
Cubiella J, Salve M, Diaz-Ondina M, Vega P, Alves MT, Iglesias F,
et al. Diagnostic accuracy of the faecal immunochemical test

for colorectal cancer in symptomatic patients: comparison with
NICE and SIGN referral criteria. Colorectal Dis 2014;16:0273-82.
McDonald PJ, Digby J, Innes C, Strachan JA, Carey FA, Steele R},
et al. Low faecal haemoglobin concentration potentially rules out
significant colorectal disease. Colorectal Dis 2013;15:e151-9.
Carroll M, Piggott C, Pearson S, Seaman H, Halloran S. Evalua-
tion of quantitative faecal immunochemical tests for haemoglo-
bin. Guildford, UK: Guildford Medical Device Evaluation Centre
(GMECQ), 2014.

Fraser CG, Allison JE, Young GP, Halloran SP, Seaman HE. Improv-
ing the reporting of evaluations of faecal immunochemical tests
for haemoglobin: the FITTER standard and checklist. Eur ) Cancer
Prev 2015;24:24-6.

Segnan N, Patnick J, von Karsa L. European guidelines for qual-
ity assurance in colorectal cancer screening and diagnosis.
Luxembourg: Publications Office of the European Union, 2010.
Sobin LH, Gospodarowicz M, Wittekind C. TNM classification of
malignant tumours, 7th ed. New York: Wiley-Blackwell, 2009.
Delong ER, DeLong DM, Clarke-Pearson DL. Comparing

the areas under two or more correlated receiver operating

26.

27.

28.

29.

30.

31

32.

33.

DE GRUYTER

characteristic curves: a non-parametric approach. Biometrics
1988;44:837-45.

Brenner H, Haug U, Hundt S. Sex differences in perfor-
mance of fecal occult blood testing. Am ] Gastroenterol
2010;105:2457-64.

McDonald PJ, Strachan JA, Digby |, Steele R}, Fraser CG. Faecal
haemoglobin concentrations by gender and age: implications
for population-based screening for colorectal cancer. Clin Chem
Lab Med 2012;50:935-40.

Khalid-de Bakker CA, Jonkers DM, Sanduleanu S, de Bruine AP,
Meijer GA, Janssen JB, et al. Test performance of immunologic
fecal occult blood testing and sigmoidoscopy compared with
primary colonoscopy screening for colorectal advanced adeno-
mas. Cancer Prev Res (Phila) 2011;4:1563-71.

Levi Z, Rozen P, Hazazi R, Vilkin A, Waked A, Maoz E, et al. A
quantitative immunochemical fecal occult blood test for colorec-
tal neoplasia. Ann Intern Med 2007;146:244-55.

Roy HK, Bianchi LK. Differences in colon adenomas and carci-
nomas among women and men: potential clinical implications.
J Am Med Assoc 2009;302:1696-7.

Sadik R, Abrahamsson H, Stotzer PO. Gender differences in gut
transit shown with a newly developed radiological procedure.
Scand ) Gastroenterol 2003;38:36-42.

Raginel T, Puvinel J, Ferrand O, Bouvier V, Levillain R, Ruiz A,

et al. A population-based comparison of immunochemical fecal
occult blood tests for colorectal cancer screening. Gastroenter-
ology 2013;144:918-25.

Auge JM, Pellise M, Escudero JM, Hernandez C, Andreu M,
Grau J, et al. Risk stratification for advanced colorectal
neoplasia according to fecal hemoglobin concentration in

a colorectal cancer screening program. Gastroenterology
2014;147:628-36.



