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Simple Summary: Gastrointestinal symptoms are a common reason for endoscopic referral. Symp-
toms alone are unreliable predictors of colorectal cancer (CRC), but as CRC prognosis relies mainly
in an early diagnosis, many of these patients undergo colonoscopy. Therefore, most colonoscopies
performed in this setting are normal, exposing these patients to endoscopy-related risks and increas-
ing the workload of endoscopic units. This work analyses a point-of-care (POC) qualitative faecal
test that simultaneously detect four biomarkers, comparing it with a quantitative occult blood and
calprotectin tests, in stool samples of symptomatic patients referred for colonoscopy. Our results
indicate that the POC test may be a useful strategy to triage symptomatic patients, as patients with a
negative result in the four biomarkers have a low probability of relevant pathology (94.8–100% for
CRC). Moreover, a positive result in the four biomarkers was associated with high risk of serious
pathology (70.6% were diagnosed with CRC or inflammatory bowel disease).

Abstract: Most colonoscopies performed to evaluate gastrointestinal symptoms detect only non-
relevant pathologies. We aimed to evaluate the diagnostic accuracy of a qualitative point-of-care
(POC) test combining four biomarkers (haemoglobin, transferrin, calprotectin, and lactoferrin), a
quantitative faecal immunochemical test (FIT) for haemoglobin, and a quantitative faecal calprotectin
(FC) test in symptomatic patients prospectively recruited. Colorectal cancer (CRC), adenoma requir-
ing surveillance, inflammatory bowel disease (IBD), microscopic colitis, and angiodysplasia were
considered significant pathologies. A total of 571 patients were included. Significant pathology was
diagnosed in 118 (20.7%), including 30 CRC cases (5.3%). The POC test yielded the highest negative
predictive values: 94.8% for a significant pathology and 100% for CRC or IBD if the four markers
turned negative (36.8% of the patients). Negative predictive values of FIT, FC, and its combination
for diagnosis of a significant pathology were 88.4%, 87.6%, and 90.8%, respectively. Moreover, the
positive predictive value using the POC test was 82.3% for significant pathology when all biomarkers
tested positive (6% of the patients), with 70.6% of these patients diagnosed with CRC or IBD. The
AUC of the POC test was 0.801 (95%CI 0.754-0.848) for the diagnosis of a significant pathology.
Therefore, this POC faecal test allows the avoidance of unnecessary colonoscopies and prioritizes
high risk symptomatic patients.

Keywords: colorectal cancer; advanced adenoma; inflammatory bowel disease; faecal haemoglobin;
faecal calprotectin; faecal lactoferrin; faecal transferrin
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1. Introduction

Gastrointestinal symptoms are a common reason for consultation in both primary
and secondary care. Most of these symptoms do not correlate well with the diagnosis
of colorectal cancer (CRC) or other relevant pathologies [1,2]. However, due to the high
incidence and mortality of CRC [3] and considering that its prognosis is largely conditioned
by an early diagnosis [4], many of these patients undergo colonoscopy. Consequently, a
significant percentage of colonoscopies performed in symptomatic patients are normal or
detect only mild and benign pathologies [5], exposing these patients to the non-negligible
risk of endoscopy-related complications [6] and increasing the waiting lists, in a situation
in which the implementation of CRC screening programs [7] were already increasing the
colonoscopy workload in most public health systems. Furthermore, the current COVID-19
pandemic has caused a substantial reduction in endoscopic activity, thus increasing the
pressure on already overburdened endoscopic units [8]. Therefore, it is highly necessary to
establish strategies to determine which endoscopic procedures should be prioritized or may
be postponed. Regarding symptomatic patients, several strategies have been suggested
and implemented.

Current clinical practice guidelines recommend the use of the faecal occult blood
test with a faecal immunochemical test (FIT) in symptomatic patients to triage referral for
endoscopic examination, with a cut-off of 10 µg/g [9,10]. This statement is supported by
several studies, reporting a high negative predictive value (NPV) for CRC and advanced
adenoma [11,12]. FIT is a more accurate diagnostic tool that symptom-based referral
criteria [13], and it may be used even in patients with high-risk symptoms [14,15]. It
should be noted that some authors recommend a threshold of 20 µg/g, which is currently
used in most CRC screening programs [16], since it appears to have similar diagnostic
performance with less colonoscopies required [17]. After the onset of the COVID-19
pandemic, FIT has been widely recommended to triage symptomatic patients in need of
colonoscopy, as it allows both a reduction in endoscopic requirements and to potentially
minimize the long-term outcomes of diagnostic backlogs [18]. Faecal calprotectin (FC) is
a widely used biomarker for diagnosis and monitoring of inflammatory bowel disease
(IBD) [19]. The diagnostic yield of FC for the diagnosis of CRC and adenoma is less
established, though it appears to have a high NVP, being more sensitive but less specific
than FIT [20–22]. However, when combining FIT plus FC, the results of available studies are
not consistent. While some studies have concluded that this combination does not provide
a better diagnostic accuracy than FIT alone [23–25], others point to an enhanced diagnostic
performance [26,27]. This disparity can be related with the tests used, as differences in FC
levels are commonly found between assays from different manufacturers [28,29].

There is a paucity of studies regarding diagnostic performance of other biomarkers in
symptomatic patients. Faecal transferrin has been suggested to increase the sensitivity of
FIT alone in symptomatic patients for the detection of CRC and adenoma [30]. Conversely,
in a CRC screening population, the combination of both markers did not improve the
diagnostic performance of FIT [31]. Faecal lactoferrin correlates with inflammation similarly
to FC [32]. Evidence regarding its diagnostic accuracy in CRC and adenoma detection is
scarce, although one study reported similar results than FIT [33].

Quick point-of-care (POC) faecal tests have the main advantage of providing immedi-
ate results, so they can be extremely useful in primary care settings to select patients that
require prompt endoscopic examination or secondary care referral. Proper training and
quality assurance are mandatory to reduce inter-user variability [34,35].

In this study, we analysed the diagnostic accuracy of a quick POC qualitative faecal
test, simultaneously detecting the four biomarkers previously mentioned, as well as a quan-
titative FIT and FC test, in a cohort of symptomatic patients referred for colonoscopy. The
primary endpoint was to design new strategies enabling both the avoidance of unnecessary
colonoscopies and to prioritize referrals in symptomatic patients. Secondary endpoints
were to evaluate the diagnostic yield of each biomarker individually for the diagnosis of
relevant colonic pathologies and for each specific diagnosis.
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2. Materials and Methods

We conducted a single centre, prospective observational study enrolling patients with
gastrointestinal symptoms referred for diagnostic colonoscopy to the Endoscopic Unit
of Hospital Clinico Universitario Lozano Blesa (Zaragoza, Spain). Ethical approval was
granted by the local ethic committee (CEICA - Regional Ethical Committee of Aragón -
study code PI21/182). Patients referred for colonoscopy due to gastrointestinal symptoms
between March 2019 and July 2020, either from primary or secondary care, were consecu-
tively enrolled. Each patient was contacted approximately 1 week before the colonoscopy
was scheduled. Patients who agreed to participate were asked to collect a stool sample in
a universal faecal container the day before starting the colonic preparation, keep it refrig-
erated, and bring it to the hospital on the day of the colonoscopy. Every patient signed a
written informed consent before being included in the study. Patients who signed informed
consent, brought the stool sample, and underwent colonoscopy were included in the study.
Patients were excluded for the study if they were under 18 years old, colonoscopy was
requested due to other indications (CRC screening, adenoma, or IBD follow-up; family
history of CRC), or if the faecal sample returned was insufficient or unsuitable for analysis.

The following faecal tests were performed:

1. FOB+Transferrin+Calprotectin+Lactoferrrin®(CerTest Biotec S.L, Zaragoza, Spain),
a one-step chromatographic immunoassay for the simultaneous POC qualitative
detection of human haemoglobin (hHb), human transferrin (hTf), human calprotectin
(hCp), and human lactoferrin (hLf). Cut-off values of the test are 5.1 µg/g for hHb,
0.4 µg/g for hTf, 50 µg/g for hCp, and 10 µg/g for hLf.

2. FIT, by FOB Turbilatex®(CerTest Biotec S.L, Zaragoza, Spain), a latex turbidimetric
assay for the immunochemical quantitative detection of haemoglobin. A cut-off of
10 µg/g was chosen.

3. FC, by Calprotectin Turbilatex®(CerTest Biotec S.L, Zaragoza, Spain), a latex turbidi-
metric assay, with a cut-off of 50 µg/g.

Both quantitative tests (FIT and FC) were analysed using the ChemWell-T®turbidimetry
equipment (CerTest Biotec S.L, Zaragoza, Spain). The combined POC test was performed
and read by trained investigators. No laboratory equipment is needed, only the specimen
collection stick that fits in a collection tube and the test cartridge, enabling this test to be
performed in an outpatient clinic or in primary care setting. Investigators performing these
tests were blinded to the patient data and diagnosis. Colonoscopies were performed by
experienced gastroenterologists. We defined significant colonic pathology as the presence
of CRC, IBD, adenomas requiring endoscopic surveillance according to European Society
of Gastrointestinal Endoscopy Guidelines [36] (≥5 adenomas, adenoma of size ≥10 mm or
with high grade dysplasia, serrated lesions ≥10 mm or with dysplasia), microscopic colitis,
and angiodysplasia. Non-significant findings included, aside from normal examinations,
the following results: adenoma not requiring endoscopic surveillance and hyperplastic
polyp. Uncomplicated diverticular disease and haemorrhoids were accounted as normal
examinations. Gastroenterologists performing the endoscopic examinations were blinded
to the results of the faecal tests.

A descriptive analysis of patients included was performed. Continuous variables
were expressed as mean with standard deviation or median with interquartile range. The
Kolmogorov–Smirnov test was used to assess if continuous variables followed a normal
distribution. Qualitative variables were described with frequencies and percentages. Chi-
square, Kruskal–Wallis, and Man–Whitney U tests were used to evaluate the relationship
between different variables. Sensitivity, specificity, positive predictive value (PPV), NPV,
and the area under receiver operator curve (AUC) were calculated for each faecal test (FIT,
FC, and the four biomarkers that constitute the POC test), and for its possible combinations.
The method of DeLong et al. was used to test the statistical significance of the differences
between the AUCs [37]. A logistic regression analysis was performed to determine associa-
tions in terms of the odds ratio (OR) of each biomarker and its combinations adjusted by



Cancers 2023, 15, 721 4 of 14

different demographic variables with the diagnosis of relevant pathologies. SPSS version
21®and MedCalc version 13.3®were used for statistical analysis.

3. Results
3.1. Study Population

A total of 653 patients were contacted, of whom 608 agreed to participate in the study
(93.1% participation rate). Thirty-seven patients were excluded due to exclusion criteria.
Hence, 571 patients were included in the final analysis.

The most common finding was normal colonoscopy (56.7%, 24/571). Adenomas not
requiring surveillance were detected in 79 (13.8%) patients, and hyperplastic polyps in
50 (8.8%). Therefore, non-significant findings were reported in a 79.3% (453/571) of the
colonoscopies performed. Significant colonic pathology was found in 118 patients (20.7%),
that is, 30 CRC cases (5.3%), 15 IBD cases (2.6%), 53 patients diagnosed with adenoma
requiring surveillance (9.3%), seven with microscopic colitis (1.2%), and 13 with colonic
angiodysplasia (2.3%). The median age was 63 years (interquartile range 51.5–74.5 years),
with the youngest patient being 18 and the eldest 90 years old. There was nearly an equal
proportion of both sexes, although slightly more females were included (52.4%, 299/571).
Most colonoscopies were requested by primary care (64.8%, 370/571). Previous history
of rectal bleeding (28.9%, 165/571) was the commonest indication of referral, followed by
chronic diarrhoea (20%, 114/571). A total of 27.7% (158/571) of the patients were under
treatment with antiplatelets, anticoagulants, or nonsteroidal anti-inflammatory drugs
(NSAIDs). The baseline characteristics of the participants and their association with the
diagnosis of relevant colonic pathologies are summarized in Table 1.

Table 1. Baseline demographic data and their association with significant pathologies.

Demographic Data
Significant
Pathology

n = 118

Non-Significant
Findings
n = 453

p-Value
Univariant

p-Value
Multivariant

OR (CI 95%) 2

Median age in years (interquartile range) 70
(59.5–80.5)

60
(48.5–71.5) p < 0.01 p < 0.01

1.04 (1.02–1.05)

Gender Male
Female

67 (24.6%)
51 (17.1%)

205 (75.4%)
248 (82.9%) p = 0.017 p = 0.039

1.57 (1.03–2.42)

Concomitant
treatments

Any of the following
NSAIDs 1

Acetylsalicylic acid
Other antiplatelets

Vitamin K antagonist
Direct oral

anticoagulants

42 (26.6%)
9 (18%)

21 (27.3%)
4 (22.2%)
7 (43.8%)
6 (42.9%)

116 (73.4%)
41 (82%)

56 (72.7%)
14 (77.8%)
9 (56.3%)
8 (57.1%)

p = 0.02 p = 0.984

Department
requesting

colonoscopy

Primary Care
Gastroenterology
General Surgery

Other

89 (24.1%)
18 (12.9%)
4 (10.8%)
7 (29.2%)

281 (75.9%)
122 (87.1%)
33 (89.2%)
17 (70.8%)

p = 0.019 p = 0.229

Indication

Rectal bleeding
Chronic diarrhoea
Abdominal pain

Change in bowel habits
Anaemia / Iron

deficiency
Other

36 (21.8%)
18 (15.8%)
17 (17.5%)
16 (17.6%)
29 (32.6%)

2 (20%)

129 (78.2%)
96 (84.2%)
80 (82.5%)
75 (82.4%)
60 (67.4%)
13 (80%)

p = 0.064 -

1 NSAIDs: nonsteroidal anti-inflammatory drugs. 2 OR (95%CI): Odds ratio (95% confidence interval), risk of
presenting with a significant colonic pathology in each category.
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3.2. Diagnostic Accuracy of Faecal Tests

Positivity rates were 21.5% (123/571) for FIT, 50.4% (288/571) for FC, and 56.2%
(321/571) for the combination of both tests, considering this composite test positive if at
least one of both tests turned positive (FIT or FC). Table 2 shows the diagnostic accuracy of
quantitative FIT, FC, and the combination. Median values of FIT and FC results in each
diagnosis are presented in Table S1 in the Supplementary Materials.

Table 2. Diagnostic accuracy of FIT, FC, and the combination.

Diagnosis Test True
Positives

False
Negatives Sensitivity Specificity PPV NPV OR

(95%CI) 1

Significant
Pathology
(n = 118)

FIT
FC

FIT or FC

68
83
95

50
35
23

57.6%
70.3%
80.5%

87.9%
54.8%
50.1%

55.3%
28.8%
29.6%

88.4%
87.6%
90.8%

8.7
(5.4–13.9)

2.3 (1.5–3.7)
3.5 (2.1–5.8)

Colorectal
Cancer
(n = 30)

FIT
FC

FIT or FC

24
25
28

6
5
2

80%
83.3%
93.3%

81.7%
51.4%

45.9%%

19.5%
8.7%

8.7%%

98.7%
98.2%
99.2%

15.3
(6.1–38.9)

4.2
(1.6–11.3)

9.6
(2.3–41.2)

Inflammatory
Bowel

Disease
(n = 15)

FIT
FC

FIT or FC

11
13
14

4
2
1

73.3%
86.7%
93.3%

79.9%
50.5%
44.8%

8.9%
4.5%
4.4%

99.1%
99.3%
99.6%

16.3
(4.8–55.9)
9 (2–41.4)

15.3
(2–119.4)

Adenoma
Requiring

Surveil-
lance

(n = 53)

FIT
FC

FIT or FC

25
32
39

28
21
14

47.2%
60.4%
73.6%

81.1%
50.6%
45.6%

20.3%
11.1%
12.1%

93.8%
92.6%
94.4%

3 (1.7–5.6)
1.2 (0.7–2.1)
1.8 (1.1–3.2)

1 OR (95%CI): Odds ratio (95% confidence interval), risk of presenting the outcome with a positive result of the
test compared to a negative result, adjusted by age and sex.

Regarding the combined POC test, positivity rates were 23.8% (136/571) for hHb,
20.8% (119/571) for hTf, 58.3% (333/571) for hCp, and 13.3% (76/571) for hLf. In total,
36.8% (210/571) of the patients had a negative result in the four tests, whereas 6% (34/571)
tested positive in the four biomarkers. Table 3, Table 4, and Figure 1 represent the diag-
nostic accuracy of the POC faecal test when analysing each biomarker individually and in
combination.

Table 3. Diagnostic accuracy of each biomarker of the combined POC faecal test.

Diagnosis Test True
Positives

False
Negatives Sensitivity Specificity PPV NPV OR (95%CI) 1

Significant
Pathology
(n = 118)

hHb
hTf
hCp
HLf

79
53
98
41

39
65
20
77

66.9%
44.9%
83.1%
34.8%

87.4%
85.4%
48.1%
92.3%

58.1%
44.5%
29.5%
53.9%

91%
85.6%
91.6%
84.4%

12.6 (7.8–20.3)
5.3 (3.3–8.6)
3.7 (2.2–6.3)
5.7 (3.3–9.7)

Colorectal
Cancer
(n = 30)

hHb
hTf
hCp
HLf

26
18
28
18

4
12
2

12

86.7%
60%

93.3%
60%

79.7%
81.3%
43.6%
89.3%

19.1%
15.1%
8.4%

23.7%

99.1%
97.4%
99.2%
97.6%

22.2 (7.5–65.7)
6.7 (3.1–14.6)
8.4 (1.9–36.4)
10.8 (4.9–24)
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Table 3. Cont.

Diagnosis Test True
Positives

False
Negatives Sensitivity Specificity PPV NPV OR (95%CI) 1

Inflammatory
Bowel Disease

(n = 15)

hHb
hTf
hCp
HLf

14
10
15
14

1
5
0
1

93.3%
66.7%
100%
93.3%

78.1%
80.4%
42.8%
90.5%

10.3%
8.4%
4.5%

21.2%

99.8%
98.9%
100%
99.8%

75.3 (9.4–600.6)
8.1 (2.7–24.3)

-
142.6 (18–1128.2)

Adenoma
Requiring

Surveillance
(n = 53)

hHb
hTf
hCp
HLf

31
20
38
6

22
33
15
47

58.5%
37.7%
71.7%
11.3%

79.7%
80.9%
43%

86.5%

22.8%
16.8%
11.4%
7.9%

94.9%
92.7%
93.7%
90.5%

4.4 (2.4–8.1)
2.7 (1.4–5)

1.4 (0.7–2.7)
0.5 (0.2–1.4)

1 OR (95%CI): Odds ratio (95% confidence interval), risk of presenting the outcome with a positive result of the
test compared to a negative result, adjusted by age and sex.

Table 4. Diagnostic accuracy of the combined POC faecal test, considering the four possible cut-offs
according to the number of positive tests.

Diagnosis Positive
Tests

True
Positives

False
Negatives Sensitivity Specificity PPV NPV OR (95%CI) 1

Significant
Pathology
(n = 118)

≥1 test
≥2 tests
≥3 tests
4 tests

107
84
52
28

11
34
66
90

90.7%
71.2%
44.1%
23.7%

43.9%
78.6%
92%

98.7%

29.6%
46.4%
59.1%
82.3%

94.8%
91.3%
86.3%
83.2%

6.5 (3.4–12.6)
8.1 (5.1–12.9)
8.3 (5–13.9)

25 (9.5–65.7)

Colorectal
Cancer
(n = 30)

≥1 test
≥2 tests
≥3 tests
4 tests

30
26
19
15

0
4

11
15

100%
86.7%
63.3%
50%

38.8%
71.4%
87.3%
96.5%

8.3%
14.4%
21.6%
44.1%

100%
99%

97.7%
97.2%

-
13.9 (4.7–40.9)
10.2 (4.6–22.7)

24.9 (10.4–59.5)

Inflammatory
Bowel

Disease
(n = 15)

≥1 test
≥2 tests
≥3 tests
4 tests

15
15
14
9

0
0
1
6

100%
100%
93.3%
60%

37.8%
70.1%
86.7%
95.5%

4.2%
8.3%

15.9%
26.5%

100%
100%
99.8%
98.9%

-
-

126.5 (15.9–1008)
41.5 (12.6–136.9)

Adenoma
Requiring

Surveil-
lance

(n = 53)

≥1 test
≥2 tests
≥3 tests
4 tests

44
33
15
3

9
20
38
50

83%
62.3%
28.3%
5.7%

38.8%
71.4%
85.9%
94%

12.2%
18.2%
17.1%
8.8%

95.7%
94.9%
92.1%
90.7%

2.5 (1.2–5.3)
3.3 (1.8–6.1)
1.8 (0.9–3.6)
0.7 (0.2–2.5)

1 OR (95%CI): Odds ratio (95% confidence interval), risk of presenting the outcome with a positive result of the
test compared to a negative result, adjusted by age and sex.

Diagnostic accuracy of FIT, FC, and the combined POC test for the diagnosis of a
significant colonic pathology and CRC, stratified by the main presenting symptom, is
presented in Tables S2 and S3 in the Supplementary Materials.

Patients under any of the concomitant treatments analysed (NSAIDs, antiplatelets, or
anticoagulants) had a higher positivity rate of FIT (28.5% vs 18.9%, p = 0.01, only significant
in anticoagulants users, 43.3% vs 20.3%, p = 0.005), FC (65.8% vs 44.5%, p < 0.001, only
reaching significance in antiplatelets users, 68.7% vs 47.2%, p < 0.001), and the POC test with
≥1 tests (79.7% vs 56.9%, p < 0.01, 76% vs 61.9% in NSAIDs users, p = 0.033, 80.2% vs 60.2%
in antiplatelets users, p < 0.001, 90% vs 61.7% in anticoagulants users, p = 0.001), ≥2 tests
(44.9% vs 26.6%, p < 0.01, 45.3% vs 29.3% in antiplatelets users, p = 0.003, 60% vs 30.1% in
anticoagulants users, p = 0.01), and ≥3 tests cut-offs (20.3% vs 13.5%, p = 0.034, not reaching
significance in any of the specific drugs). The positivity rate of the POC test when four
positive tests was used as a cut-off was higher in patients taking concomitant treatments,
but this difference did not reach significance (7.6% vs 5.3%, p = 0.202). Nevertheless, no
significant differences were found in the false positive rate of FIT (42.2% vs 46.1%, p = 0.408),
FC (71.1% vs 71.2%, p = 0.549), or the POC test with ≥1 tests (69.8% vs 70.6%, p = 0.483),
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≥2 tests (59.1% vs 50%, p = 0.146), and ≥3 tests cut-offs (50% vs 35.7%, p = 0.139) in patients
taken any of these drugs. The false positive rate of the POC test with a cut-off of four
positive tests was significantly higher in patients under concomitant treatments (41.6% vs
4.7%, p = 0.014). Only 6/34 patients with four positive tests were not diagnosed with a
significant pathology, and five of them were under concomitant treatments (three were
taking antiplatelets, one NSAIDs, and one anticoagulants). Consequently, considering only
patients not taking any concomitant treatment, the PPV of a positive result in the four
biomarkers of the POC test increases up to 95.4% (21/22).
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Figure 1. Colonoscopy findings regarding the number of positive results of the four-biomarker com-
bined POC faecal test. 1 Low risk polyp includes adenomas with no indication of follow-up and 
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Figure 1. Colonoscopy findings regarding the number of positive results of the four-biomarker
combined POC faecal test. 1 Low risk polyp includes adenomas with no indication of follow-up
and hyperplastic polyps. 2 OR (95%CI): Odds Ratio (95% confidence interval), risk of presenting
significant colonic pathology for each result of the test compared to having the four biomarkers
negative, adjusted by age and sex.

3.3. Receiver Operator Curves Analysis

The AUCs for diagnosis of significant colonic pathology were 0.797 (95%CI 0.747–0.846)
for FIT, 0.651 (95%CI 0.595–0.708) for FC, and 0.690 (0.637–0.743) for the combination of both
tests. The AUC of FIT was significantly higher than both the AUC of FC and the AUC of
the combination of both tests (p < 0.01). The AUCs of each biomarker of the combined POC
test and of the combination of the four biomarkers are shown in Table 5. AUCs of all the
biomarkers explored in this study for the diagnosis of CRC, adenoma requiring surveillance,
and IBD are summarized in Table S4, available in the Supplementary Materials.
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Table 5. AUCs (95%CI) of each biomarker of the combined POC faecal test and the combination for
the diagnosis of significant colonic pathologies.

Diagnosis hHb hTf hCp hLf Combination
of Four Tests

Significant
pathology

0.772
(0.718–0.825)

0.652
(0.592–0.712)

0.656
(0.604–0.707)

0.635
(0.573–0.696)

0.801
(0.754–0.848)

p value 1 p = 0.076 p < 0.01 p < 0.01 p < 0.01 Reference

p value 1 Reference p < 0.01 p < 0.01 p < 0.01 p = 0.076
1 p value refers to the comparison of the AUC of each biomarker against the reference.

The AUC of the combination of the four tests was calculated considering the four
possible cut-offs according to the number of positive tests. The AUC of the combined
POC test was significantly higher than the AUC of FC, hTf, hCp, and hLf, although no
significant difference was found with the AUC of hHb (p = 0.076) and with quantitative
FIT (p = 0.848). The AUCs of the POC test compared with quantitative FIT and FC are
represented in Figure 2.
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ogy, being more than a half of the colonoscopies performed completely normal (56.7%). 
These figures are similar to those reported by other studies [13,14,17,23,24,27], hence strat-
egies to accurately triage symptomatic patients are urgently needed to avoid these unnec-
essary colonoscopies and ease pressures on endoscopic units.

Quantitative FIT, with a cut-off of 10 μg/g, showed a high NPV for CRC (98.7%) and 
for significant colonic pathology diagnosis (88.4%), with the highest AUC compared with 
the other test analysed, and similar (no statistically significant differences) to the AUC of 
the combined POC faecal test comprising four biomarkers. These findings are consistent 
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4. Discussion

This study evaluated the diagnostic accuracy of three different faecal tests (FIT, FC, and
a POC test combining four biomarkers) in symptomatic patients referred for colonoscopy
for either primary or secondary care. The first result that should be highlighted is that
only 20.7% of the patients included were diagnosed with a relevant colonic pathology,
being more than a half of the colonoscopies performed completely normal (56.7%). These
figures are similar to those reported by other studies [13,14,17,23,24,27], hence strategies
to accurately triage symptomatic patients are urgently needed to avoid these unnecessary
colonoscopies and ease pressures on endoscopic units.

Quantitative FIT, with a cut-off of 10 µg/g, showed a high NPV for CRC (98.7%) and
for significant colonic pathology diagnosis (88.4%), with the highest AUC compared with
the other test analysed, and similar (no statistically significant differences) to the AUC of the
combined POC faecal test comprising four biomarkers. These findings are consistent with
prior studies [14,17], confirming that FIT is a helpful test to triage symptomatic patients.
Combining FC with FIT did not improve the diagnostic accuracy of FIT alone, a conclusion
also reached by similar studies [23–25]. Nevertheless, it should be mentioned that FC
provided better sensitivity for CRC (83.3% vs 80%) and adenoma requiring surveillance
(60.4% vs 47.2%) detection than FIT. This finding is not consistent with the results of
previous comparative studies, with most suggesting than FIT is a more sensitive biomarker
than FC for CRC diagnosis [23,27]. However, evidence regarding FC diagnostic yield for
CRC and adenomas is not as solid as in FIT, and sensitivity values vary widely between
studies due to high heterogeneity, with some authors suggesting that FC may be a more
sensitive but less specific biomarker than FIT for CRC diagnosis [20]. In any case, both in
these mentioned studies [23–25] and in our population, a non-negligible number of patients
with a significant pathology had negative FIT results. In our cohort, 50 patients presented
with a significant pathology and were FIT negative (six CRC, four IBD, 28 adenomas
requiring surveillance, seven microscopic colitis, and five angiodysplasia). Even using
any detectable FIT as cut-off, as has been suggested by prior studies in symptomatic
patients [24], 15 patients with significant pathology would have been undetected, including
four cases of CRC. Similarly, a study performed in symptomatic patients referred for
colonoscopy reported a CRC miss rate of 14% using FIT with a cut-off of 10 µg/g [38].

Therefore, strategies to improve FIT diagnostic accuracy in this setting are necessary
to avoid these underdiagnosed cases without implying a high rate of false positives. In this
direction, the POC test combining four biomarkers may be a useful alternative as it has sev-
eral potential benefits, even though its overall diagnostic accuracy (AUC) is not better than
the quantitative FIT. As it is a POC test, it is easy to perform and interpret, does not need any
laboratory equipment, and gives immediate results. This could be advantageous especially
in outpatient clinics and primary care settings, reducing the interval between initial consul-
tation and endoscopic examination, and thus avoiding a delayed diagnosis of CRC cases,
which could potentially worsen its prognosis [39]. Indeed, this test can be performed even
by patients themselves, communicating the result to the medical team. This application
of the POC test would minimize the need of hospital visits, which has been advocated
as a strategy to minimize transmission during the COVID-19 pandemic [8]. Besides this
advantage, this test may also be integrated in telemedicine strategies, potentially alleviating
the pressure on healthcare systems, and promoting patient’s self-management [40]. This
test, as it combines markers with high sensitivity and others with high specificity, allows
the detection of both patients with low and high risks of colonic pathology. As it has been
previously reported [20], hCp had the highest sensitivity value for significant pathology
(83.1%), but with a low specificity (43.6%). In contrast, hLf (92.3%) and hHb (87.4%) yielded
the highest specificity. hHb, in parallel with the results of the quantitative test, was the
test with the best diagnostic accuracy, with an AUC significantly higher that any of the
other three tests and with no significant differences with the AUC of the combined POC
test. However, likewise in the quantitative test, hHb alone underdiagnosed 39 cases of
significant pathology including four cases of CRC. This is a lower number of undetected



Cancers 2023, 15, 721 10 of 14

cases compared with quantitative FIT, which is related to the fact that this quantitative test
has a threshold of 5.1 µg/g, which is lower than the cut-off chosen for the quantitative FIT
(10 µg/g).

The main advantage of the test comes when combining the results of the four biomark-
ers. Having a negative result in the four biomarkers showed the highest NPV for significant
colonic pathology (94.8%), being as high as 100% for both CRC and IBD. Only 11 cases
of significant colonic pathology were underdiagnosed, being nine adenomas requiring
surveillance and two cases of microscopic colitis. The NPV of a negative result in the four
biomarkers for the diagnosis of significant pathology was higher in females (97.3% vs
91.9% in males) and in younger patients (98.5% in patients under 50 years old vs 93% in
older patients). This better performance of the faecal test in women and younger patients
has been previously reported in similar studies [41]. A triage strategy based in the POC
test would have avoided 36.8% (210/571) of colonoscopies without missing any CRC or
IBD case. One might believe that this is not a real advantage as several strategies have
been published previously to avoid unnecessary colonoscopies in symptomatic patients,
reporting NPVs comparable to the figure reached by our test. As it has been mentioned, FIT
alone [12,14,15], FIT combined with FC [26,27], and FIT combined with symptoms-based
prediction models [13] have proved to be useful in this setting. Nevertheless, this study
provides a new strategy, as this POC faecal test allows not only the avoidance of unneces-
sary colonoscopies, but also to select patients at a very high risk of significant pathology in
whom an urgent colonoscopy would be warranted. In the 34 patients with a positive result
in the four biomarkers, the PPV for significant colonic pathology was 82.3%. CRC was
diagnosed in 15 of these patients and IBD in nine (70.6% PPV for CRC or IBD). According
to this data, 6% (34/571) of the total colonoscopies should have been prioritized and would
have diagnosed the 50% of all the CRC cases and 60% of IBD cases in our cohort.

Intermediate results of the combined test (2–3 tests positive) turned into progressive
lower sensitivity and higher specificity and vice versa, as is shown in Table 4 and Figure 1,
so the cut-off can be chosen according to the availability of endoscopic resources and the
clinical suspicion. This is a non-invasive, inexpensive, and easy to perform test, so in
case of persistence of symptoms it can be repeated. Regardless of the cut-off chosen, we
can state that patients with no positive tests have low risk of significant pathology and
colonoscopy can be avoided or postponed, and patients with four positive tests should
undergo urgent/preferent colonoscopy. This strategy would have improved the diagnostic
approach in 42.8% of the patients in our cohort.

Regarding the limitations of this study, even though we have included more than
500 patients in a single-centre population, the low prevalence of relevant pathologies in
symptomatic patients has led to a low number of CRC or IBD cases. Therefore, specific
analysis of the diagnostic yield of the studied tests for these individual diagnoses should be
interpreted with caution. Our results may lead to multicentric large scale studies, providing
a higher sample size. We have not performed an economic evaluation of the implementation
of these tests to triage symptomatic patients, which is also a major limitation of this
study. Previous studies conducted in similar populations suggested that combining faecal
biomarkers is a more cost-effective strategy than using a single faecal test, and especially
more than direct evaluation by colonoscopy [27]. Furthermore, faecal tests are usually
better accepted by symptomatic patients compared with endoscopic examination [42], thus
strategies based on these tests potentially could be applied more universally. Regarding
the influence that concomitant treatments (NSAIDs, antiplatelets, and anticoagulants) may
have had in these results, we have found a higher FIT positivity rate in anticoagulant users
without differences in the false positive rate, as has been reported previously [43]. FC, as
expected [29], and the POC test using 1–3 tests as cut-off yielded higher positivity rates in
patients under concomitant treatments, again without significant impact in its diagnostic
yield. Nevertheless, it should be noted that most patients with false positive results of the
POC test with four positive tests were under any of these concomitant treatments (5/6).
This finding suggests that having a positive result in the four biomarkers of the POC test
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implies a significantly higher risk of pathology (>90%) in patients not taking NSAIDs,
antiplatelets, or anticoagulants. These results should be interpreted with caution as this
study was not designed to assess the impact of drugs on biomarkers diagnostic yield, and
the number of patients with four positive tests is low.

Another potential limitation is that it might be believed that FIT has no indication
in patients consulting with rectal bleeding, which was the most frequent symptom in our
cohort (28.9%, 165/571). However, FIT was negative in 75.8% of these patients (125/165)
and the four biomarkers of the POC test were negative in 37% (61/165), with percent-
ages almost identical to the figures obtained in the whole cohort (78.5% and 36.8%). FIT
reached a sensitivity of 100% for CRC diagnosis (69.4% for significant pathology) in patients
consulting with rectal bleeding, and the NPV of the POC test for diagnosis of significant
pathology was 95.1% (Tables S2 and S3). A similar conclusion was reached by a multicentric
study including more than 3000 patients with rectal bleeding (sensitivity of FIT for CRC
diagnosis 96.6% vs 86.3% in patients consulting with other symptoms) [44]. Therefore, we
can conclude that either FIT or other faecal biomarkers should be used to rule out CRC in
patients with rectal bleeding.

5. Conclusions

In conclusion, the need for accurate strategies to triage symptomatic patients referred
for colonoscopy should be again highlighted, as the percentage of normal examinations in
this population is currently excessively high.

Our study supports the utility of FIT as a diagnostic tool in symptomatic patients,
given that it has a high NPV for CRC and significant pathologies. However, using only
FIT entails a relevant number of undetected cases. We provide new evidence about the
diagnostic accuracy of a POC faecal test combining four biomarkers that, although has
not yielded a better overall diagnostic accuracy than quantitative FIT, may allow both the
avoidance of unnecessary colonoscopies in low-risk patients, minimizing undetected cases,
and the prioritization of high risk symptomatic patients. Further research is needed to
explore the health economic benefits of using this test.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers15030721/s1, Table S1: Median values of FIT and FC
results in each diagnosis considered in the study. Table S2: Diagnostic accuracy of FIT, FC, and
the extreme results of the combined POC test for diagnosis of significant pathology stratified by
presenting symptom. Table S3: Diagnostic accuracy of FIT, FC, and the extreme results of the
combined POC test for diagnosis of CRC stratified by presenting symptom. Table S4: AUCs (95%CI)
of FIT, FC and each biomarker of the combined POC faecal test and its combination for the diagnosis
of CRC, IBD and adenoma requiring surveillance.

Author Contributions: Conceptualization, C.S., A.L. (Angel Lanas), A.L. (Alberto Lué), and G.H.-M.;
methodology, C.S., A.L. (Alberto Lué), and G.H.-M.; formal analysis, A.L. (Alberto Lué), and G.H.-M.;
investigation, G.H.-M., N.S., R.V., R.N., M.N., S.A. and E.C.; resources, S.A. and E.C.; data curation,
G.H.-M., N.S., R.V., R.N. and M.N.; writing—original draft preparation, G.H.-M.; writing—review
and editing, C.S., A.L. (Angel Lanas), A.L. (Alberto Lué) and F.G.; supervision, C.S., A.L. (Angel
Lanas), A.L. (Alberto Lué) and F.G.; project administration, C.S., A.L. (Angel Lanas), A.L. (Alberto
Lué) and F.G. All authors have read and agreed to the published version of the manuscript.

Funding: The APC was funded by CerTest Biotec S.L (Polígono Industrial Rio Gállego II, Calle J, nº 1,
50840, San Mateo de Gállego, Zaragoza, Spain, CIF code B50946854).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki. Study protocol was approved by the local ethic committee (CEICA—Regional Ethical
Committee of Aragón – study code PI21/182).

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

https://www.mdpi.com/article/10.3390/cancers15030721/s1
https://www.mdpi.com/article/10.3390/cancers15030721/s1


Cancers 2023, 15, 721 12 of 14

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: The authors thank CerTest Biotec S.L for providing the FOB Turbilatex®, Cal-
protectin Turbilatex®, and FOB+Transferrin+Calprotectin+Lactoferrrin®assays free of charge, as well
as the ChemWell-T®turbidimetry equipment.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Adelstein, B.A.; Macaskill, P.; Chan, S.F.; Katelaris, P.H.; Irwig, L. Most bowel cancer symptoms do not indicate colorectal cancer

and polyps: A systematic review. BMC Gastroenterol. 2011, 11, 65. [CrossRef] [PubMed]
2. Ismail, M.S.; Aoko, O.; Sihag, S.; Connolly, E.; Omorogbe, J.; Semenov, S.; O’Morain, N.; O’Connor, A.; Breslin, N.; Ryan, B.; et al.

Lower gastrointestinal symptoms and symptoms-based triaging systems are poor predictors of clinical significant disease on
colonoscopy. BMJ Open Gastroenterol. 2020, 7, e000221. [CrossRef]

3. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA A Cancer J. Clin. 2021, 71, 209–249. [CrossRef]

4. Brenner, H.; Bouvier, A.M.; Foschi, R.; Hackl, M.; Larsen, I.K.; Lemmens, V.; Mangone, L.; Francisci, S. Progress in colorectal
cancer survival in Europe from the late 1980s to the early 21st century: The EUROCARE study. Int. J. Cancer 2012, 131, 1649–1658.
[CrossRef] [PubMed]

5. Mozdiak, E.; Weldeselassie, Y.; McFarlane, M.; Tabuso, M.; Widlak, M.M.; Dunlop, A.; Tsertsvadze, A.; Arasaradnam, R.P.
Systematic review with meta-analysis of over 90 000 patients. Does fast-track review diagnose colorectal cancer earlier? Aliment.
Pharmacol. Ther. 2019, 50, 348–372. [CrossRef] [PubMed]

6. Kim, S.Y.; Kim, H.S.; Park, H.J. Adverse events related to colonoscopy: Global trends and future challenges. World J. Gastroenterol.
2019, 25, 190–204. [CrossRef]

7. Navarro, M.; Nicolas, A.; Ferrandez, A.; Lanas, A. Colorectal cancer population screening programs worldwide in 2016: An
update. World J. Gastroenterol. 2017, 23, 3632–3642. [CrossRef]

8. Domper-Arnal, M.J.; Hijos-Mallada, G.; Lanas, Á. The impact of COVID-19 pandemic in the diagnosis and management of
colorectal cancer patients. Ther. Adv. Gastroenterol. 2022, 15, 17562848221117636. [CrossRef]

9. Monahan, K.J.; Davies, M.M.; Abulafi, M.; Banerjea, A.; Nicholson, B.D.; Arasaradnam, R.; Barker, N.; Benton, S.; Booth, R.;
Burling, D.; et al. Faecal immunochemical testing (FIT) in patients with signs or symptoms of suspected colorectal cancer (CRC):
A joint guideline from the Association of Coloproctology of Great Britain and Ireland (ACPGBI) and the British Society of
Gastroenterology (BSG). Gut 2022, 71, 1939–1962. [CrossRef]

10. Cubiella, J.; Marzo-Castillejo, M.; Mascort-Roca, J.J.; Amador-Romero, F.J.; Bellas-Beceiro, B.; Clofent-Vilaplana, J.; Carballal, S.;
Ferrándiz-Santos, J.; Gimeno-García, A.Z.; Jover, R.; et al. Clinical practice guideline. Diagnosis and prevention of colorectal
cancer. 2018 Update. Gastroenterol. Hepatol. 2018, 41, 585–596. [CrossRef]

11. Westwood, M.; Lang, S.; Armstrong, N.; van Turenhout, S.; Cubiella, J.; Stirk, L.; Ramos, I.C.; Luyendijk, M.; Zaim, R.; Kleijnen, J.;
et al. Faecal immunochemical tests (FIT) can help to rule out colorectal cancer in patients presenting in primary care with lower
abdominal symptoms: A systematic review conducted to inform new NICE DG30 diagnostic guidance. BMC Med. 2017, 15, 189.
[CrossRef]

12. Saw, K.S.; Liu, C.; Xu, W.; Varghese, C.; Parry, S.; Bissett, I. Faecal immunochemical test to triage patients with possible colorectal
cancer symptoms: Meta-analysis. Br. J. Surg. 2022, 109, 182–190. [CrossRef]

13. Herrero, J.M.; Vega, P.; Salve, M.; Bujanda, L.; Cubiella, J. Symptom or faecal immunochemical test based referral criteria for
colorectal cancer detection in symptomatic patients: A diagnostic tests study. BMC Gastroenterol. 2018, 18, 155. [CrossRef]
[PubMed]

14. D’Souza, N.; Georgiou Delisle, T.; Chen, M.; Benton, S.; Abulafi, M. Faecal immunochemical test is superior to symptoms in
predicting pathology in patients with suspected colorectal cancer symptoms referred on a 2WW pathway: A diagnostic accuracy
study. Gut 2021, 70, 1130–1138. [CrossRef] [PubMed]

15. Booth, R.; Carten, R.; D’Souza, N.; Westwood, M.; Kleijnen, J.; Abulafi, M. Role of the faecal immunochemical test in patients
with risk-stratified suspected colorectal cancer symptoms: A systematic review and meta-analysis to inform the ACPGBI/BSG
guidelines. Lancet Reg. Health Eur. 2022, 23, 100518. [CrossRef] [PubMed]

16. Shaukat, A.; Levin, T.R. Current and future colorectal cancer screening strategies. Nat. Reviews. Gastroenterol. Hepatol. 2022, 19,
521–531. [CrossRef]

17. Navarro, M.; Hijos, G.; Sostres, C.; Lué, A.; Puente-Lanzarote, J.J.; Carrera-Lasfuentes, P.; Lanas, A. Reducing the Cut-Off Value of
the Fecal Immunochemical Test for Symptomatic Patients Does Not Improve Diagnostic Performance. Front. Med. 2020, 7, 410.
[CrossRef]

18. Loveday, C.; Sud, A.; Jones, M.E.; Broggio, J.; Scott, S.; Gronthound, F.; Torr, B.; Garrett, A.; Nicol, D.L.; Jhanji, S.; et al. Prioritisation
by FIT to mitigate the impact of delays in the 2-week wait colorectal cancer referral pathway during the COVID-19 pandemic: A
UK modelling study. Gut 2021, 70, 1053–1060. [CrossRef]

http://doi.org/10.1186/1471-230X-11-65
http://www.ncbi.nlm.nih.gov/pubmed/21624112
http://doi.org/10.1136/bmjgast-2018-000221
http://doi.org/10.3322/caac.21660
http://doi.org/10.1002/ijc.26192
http://www.ncbi.nlm.nih.gov/pubmed/21607946
http://doi.org/10.1111/apt.15378
http://www.ncbi.nlm.nih.gov/pubmed/31286552
http://doi.org/10.3748/wjg.v25.i2.190
http://doi.org/10.3748/wjg.v23.i20.3632
http://doi.org/10.1177/17562848221117636
http://doi.org/10.1136/gutjnl-2022-327985
http://doi.org/10.1016/j.gastrohep.2018.07.012
http://doi.org/10.1186/s12916-017-0944-z
http://doi.org/10.1093/bjs/znac073
http://doi.org/10.1186/s12876-018-0887-7
http://www.ncbi.nlm.nih.gov/pubmed/30359225
http://doi.org/10.1136/gutjnl-2020-321956
http://www.ncbi.nlm.nih.gov/pubmed/33087488
http://doi.org/10.1016/j.lanepe.2022.100518
http://www.ncbi.nlm.nih.gov/pubmed/36212984
http://doi.org/10.1038/s41575-022-00612-y
http://doi.org/10.3389/fmed.2020.00410
http://doi.org/10.1136/gutjnl-2020-321650


Cancers 2023, 15, 721 13 of 14

19. Reenaers, C.; Bossuyt, P.; Hindryckx, P.; Vanpoucke, H.; Cremer, A.; Baert, F. Expert opinion for use of faecal calprotectin in
diagnosis and monitoring of inflammatory bowel disease in daily clinical practice. United Eur. Gastroenterol. J. 2018, 6, 1117–1125.
[CrossRef]

20. Ross, F.A.; Park, J.H.; Mansouri, D.; Combet, E.; Horgan, P.G.; McMillan, D.C.; Roxburgh, C.S.D. The role of faecal calprotectin in
diagnosis and staging of colorectal neoplasia: A systematic review and meta-analysis. BMC Gastroenterol. 2022, 22, 176. [CrossRef]

21. Turvill, J.; Aghahoseini, A.; Sivarajasingham, N.; Abbas, K.; Choudhry, M.; Polyzois, K.; Lasithiotakis, K.; Volanaki, D.; Kim, B.;
Langlands, F.; et al. Faecal calprotectin in patients with suspected colorectal cancer: A diagnostic accuracy study. Br. J. Gen. Pract.
2016, 66, e499–e506. [CrossRef]

22. Ross, F.A.; Park, J.H.; Mansouri, D.; Little, C.; Di Rollo, D.G.; Combet, E.; Van Wyk, H.; Horgan, P.G.; McMillan, D.C.; Roxburgh,
C.S.D. The role of faecal calprotectin in the identification of colorectal neoplasia in patients attending for screening colonoscopy.
Color. Dis. 2022, 24, 188–196. [CrossRef] [PubMed]

23. Mowat, C.; Digby, J.; Strachan, J.A.; Wilson, R.; Carey, F.A.; Fraser, C.G.; Steele, R.J. Faecal haemoglobin and faecal calprotectin as
indicators of bowel disease in patients presenting to primary care with bowel symptoms. Gut 2016, 65, 1463–1469. [CrossRef]

24. Widlak, M.M.; Thomas, C.L.; Thomas, M.G.; Tomkins, C.; Smith, S.; O’Connell, N.; Wurie, S.; Burns, L.; Harmston, C.; Evans, C.;
et al. Diagnostic accuracy of faecal biomarkers in detecting colorectal cancer and adenoma in symptomatic patients. Aliment.
Pharmacol. Ther. 2017, 45, 354–363. [CrossRef]

25. Turvill, J.; Mellen, S.; Jeffery, L.; Bevan, S.; Keding, A.; Turnock, D. Diagnostic accuracy of one or two faecal haemoglobin and
calprotectin measurements in patients with suspected colorectal cancer. Scand. J. Gastroenterol. 2018, 53, 1526–1534. [CrossRef]
[PubMed]

26. Zhu, M.; Fan, L.; Han, M.; Zhu, S.; Zhang, S.; Shi, H. The usefulness of fecal hemoglobin and calprotectin tests in diagnosing
significant bowel diseases: A prospective study. Scand. J. Gastroenterol. 2022, 1–7. [CrossRef]

27. Lué, A.; Hijos, G.; Sostres, C.; Perales, A.; Navarro, M.; Barra, M.V.; Mascialino, B.; Andalucia, C.; Puente, J.J.; Lanas, Á.; et al. The
combination of quantitative faecal occult blood test and faecal calprotectin is a cost-effective strategy to avoid colonoscopies in
symptomatic patients without relevant pathology. Ther. Adv. Gastroenterol. 2020, 13, 1756284820920786. [CrossRef] [PubMed]

28. Laserna-Mendieta, E.J.; Lucendo, A.J. Faecal calprotectin in inflammatory bowel diseases: A review focused on meta-analyses
and routine usage limitations. Clin. Chem. Lab. Med. 2019, 57, 1295–1307. [CrossRef]

29. D’Amico, F.; Rubin, D.T.; Kotze, P.G.; Magro, F.; Siegmund, B.; Kobayashi, T.; Olivera, P.A.; Bossuyt, P.; Pouillon, L.; Louis, E.; et al.
International consensus on methodological issues in standardization of fecal calprotectin measurement in inflammatory bowel
diseases. United Eur. Gastroenterol. J. 2021, 9, 451–460. [CrossRef]

30. Chen, J.G.; Cai, J.; Wu, H.L.; Xu, H.; Zhang, Y.X.; Chen, C.; Wang, Q.; Xu, J.; Yuan, X.L. Colorectal cancer screening: Comparison
of transferrin and immuno fecal occult blood test. World J. Gastroenterol. 2012, 18, 2682–2688. [CrossRef]

31. Gies, A.; Cuk, K.; Schrotz-King, P.; Brenner, H. Fecal immunochemical test for hemoglobin in combination with fecal transferrin
in colorectal cancer screening. United Eur. Gastroenterol. J. 2018, 6, 1223–1231. [CrossRef] [PubMed]

32. Dai, C.; Jiang, M.; Sun, M.J.; Cao, Q. Fecal Lactoferrin for Assessment of Inflammatory Bowel Disease Activity: A Systematic
Review and Meta-Analysis. J. Clin. Gastroenterol. 2020, 54, 545–553. [CrossRef] [PubMed]

33. Hirata, I.; Hoshimoto, M.; Saito, O.; Kayazawa, M.; Nishikawa, T.; Murano, M.; Toshina, K.; Wang, F.Y.; Matsuse, R. Usefulness
of fecal lactoferrin and hemoglobin in diagnosis of colorectal diseases. World J. Gastroenterol. 2007, 13, 1569–1574. [CrossRef]
[PubMed]

34. Maclean, W.; Zahoor, Z.; O’Driscoll, S.; Piggott, C.; Whyte, M.B.; Rockall, T.; Jourdan, I.; Benton, S.C. Comparison of the QuikRead
go(®) point-of-care faecal immunochemical test for haemoglobin with the FOB Gold Wide(®) laboratory analyser to diagnose
colorectal cancer in symptomatic patients. Clin. Chem. Lab. Med. 2022, 60, 101–108. [CrossRef]

35. Kok, L.; Elias, S.G.; Witteman, B.J.; Goedhard, J.G.; Muris, J.W.; Moons, K.G.; de Wit, N.J. Diagnostic accuracy of point-of-care fecal
calprotectin and immunochemical occult blood tests for diagnosis of organic bowel disease in primary care: The Cost-Effectiveness
of a Decision Rule for Abdominal Complaints in Primary Care (CEDAR) study. Clin. Chem. 2012, 58, 989–998. [CrossRef]

36. Hassan, C.; Antonelli, G.; Dumonceau, J.M.; Regula, J.; Bretthauer, M.; Chaussade, S.; Dekker, E.; Ferlitsch, M.; Gimeno-
Garcia, A.; Jover, R.; et al. Post-polypectomy colonoscopy surveillance: European Society of Gastrointestinal Endoscopy (ESGE)
Guideline—Update 2020. Endoscopy 2020, 52, 687–700. [CrossRef]

37. DeLong, E.R.; DeLong, D.M.; Clarke-Pearson, D.L. Comparing the areas under two or more correlated receiver operating
characteristic curves: A nonparametric approach. Biometrics 1988, 44, 837–845. [CrossRef]

38. Farrugia, A.; Widlak, M.; Evans, C.; Smith, S.C.; Arasaradnam, R. Faecal immunochemical testing (FIT) in symptomatic patients:
What are we missing? Frontline Gastroenterol. 2020, 11, 28–33. [CrossRef]

39. Alonso-Abreu, I.; Alarcón-Fernández, O.; Gimeno-García, A.Z.; Romero-García, R.; Carrillo-Palau, M.; Nicolás-Pérez, D.; Jiménez,
A.; Quintero, E. Early Colonoscopy Improves the Outcome of Patients with Symptomatic Colorectal Cancer. Dis. Colon Rectum
2017, 60, 837–844. [CrossRef]

40. Dobrusin, A.; Hawa, F.; Montagano, J.; Walsh, C.X.; Ellimoottil, C.; Gunaratnam, N.T. Patients with Gastrointestinal Conditions
Consider Telehealth Equivalent to In-Person Care. Gastroenterology 2023, 164, 156–158.e2. [CrossRef]

41. Gies, A.; Niedermaier, T.; Alwers, E.; Hielscher, T.; Weigl, K.; Heisser, T.; Schrotz-King, P.; Hoffmeister, M.; Brenner, H. Consistent
Major Differences in Sex- and Age-Specific Diagnostic Performance among Nine Faecal Immunochemical Tests Used for Colorectal
Cancer Screening. Cancers 2021, 13, 3574. [CrossRef] [PubMed]

http://doi.org/10.1177/2050640618784046
http://doi.org/10.1186/s12876-022-02220-1
http://doi.org/10.3399/bjgp16X685645
http://doi.org/10.1111/codi.15942
http://www.ncbi.nlm.nih.gov/pubmed/34614299
http://doi.org/10.1136/gutjnl-2015-309579
http://doi.org/10.1111/apt.13865
http://doi.org/10.1080/00365521.2018.1539761
http://www.ncbi.nlm.nih.gov/pubmed/30621475
http://doi.org/10.1080/00365521.2022.2133551
http://doi.org/10.1177/1756284820920786
http://www.ncbi.nlm.nih.gov/pubmed/32523623
http://doi.org/10.1515/cclm-2018-1063
http://doi.org/10.1002/ueg2.12069
http://doi.org/10.3748/wjg.v18.i21.2682
http://doi.org/10.1177/2050640618784053
http://www.ncbi.nlm.nih.gov/pubmed/30288285
http://doi.org/10.1097/MCG.0000000000001212
http://www.ncbi.nlm.nih.gov/pubmed/30994521
http://doi.org/10.3748/wjg.v13.i10.1569
http://www.ncbi.nlm.nih.gov/pubmed/17461450
http://doi.org/10.1515/cclm-2021-0655
http://doi.org/10.1373/clinchem.2011.177980
http://doi.org/10.1055/a-1185-3109
http://doi.org/10.2307/2531595
http://doi.org/10.1136/flgastro-2018-101174
http://doi.org/10.1097/DCR.0000000000000863
http://doi.org/10.1053/j.gastro.2022.09.035
http://doi.org/10.3390/cancers13143574
http://www.ncbi.nlm.nih.gov/pubmed/34298786


Cancers 2023, 15, 721 14 of 14

42. Georgiou Delisle, T.; D’Souza, N.; Davies, B.; Benton, S.; Chen, M.; Ward, H.; Abulafi, M. Faecal immunochemical test for
suspected colorectal cancer symptoms: Patient survey of usability and acceptability. BJGP Open 2022, 6, 1–11. [CrossRef]
[PubMed]

43. Nieuwenburg, S.A.V.; Vuik, F.E.R.; Kruip, M.; Kuipers, E.J.; Spaander, M.C.W. Effect of anticoagulants and NSAIDs on accuracy of
faecal immunochemical tests (FITs) in colorectal cancer screening: A systematic review and meta-analysis. Gut 2019, 68, 866–872.
[CrossRef] [PubMed]

44. Hicks, G.; D’Souza, N.; Georgiou Delisle, T.; Chen, M.; Benton, S.C.; Abulafi, M. Using the faecal immunochemical test in patients
with rectal bleeding: Evidence from the NICE FIT study. Color. Dis. 2021, 23, 1630–1638. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3399/BJGPO.2021.0102
http://www.ncbi.nlm.nih.gov/pubmed/34645655
http://doi.org/10.1136/gutjnl-2018-316344
http://www.ncbi.nlm.nih.gov/pubmed/29871970
http://doi.org/10.1111/codi.15593
http://www.ncbi.nlm.nih.gov/pubmed/33605522

	Introduction 
	Materials and Methods 
	Results 
	Study Population 
	Diagnostic Accuracy of Faecal Tests 
	Receiver Operator Curves Analysis 

	Discussion 
	Conclusions 
	References

