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ABSTRACT

Background/Aims: Fecal calprotectin (FC) is reported to have a broad diagnostic accuracy for colorectal cancer (CRC). Therefore, we
explored the diagnostic value of FC for CRC using meta-analytical techniques to substantiate the assertion.

Materials and Methods: An electronic search of the MEDLINE and Embase databases was conducted to identify studies that assessed
the diagnostic accuracy of FC for CRC. The sensitivities and specificities of the eligible studies were summarized using a bivariable

random-effects model.

Results: In total, 20 studies were included in the final analysis. The pooled sensitivity, specificity, positive likelihood ratio, and negative
likelihood ratio of FC for CRC detection were 0.83 (95% confidence interval Cl, 0.77-0.88), 0.61 (95% Cl, 0.54-0.68), 2.15 (95% Cl, 1.82-
2.55), and 0.28 (95% Cl, 0.21-0.37), respectively. The overall diagnostic odds ratio of FC for CRC was 7.76 (95% Cl, 5.41-11.12) with an
area under the curve of 0.81 (95% CI, 0.77-0.84), whereas the diagnostic value of FC for colorectal adenoma was relatively inferior (area
under the curve, 0.55; 95% Cl, 0.51-0.59; diagnostic odds ratio, 1.27; 95% Cl, 0.91-1.78).

Conclusion: The results imply that the FC test, as currently implemented, cannot be recommended for CRC detection.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common ma-
lignancy worldwide and accounts for >10% of all cancer
deaths (1). Based on the guidelines of the National Insti-
tute for Health and Care Excellence, serious pathology
is predicted by clinical manifestations, including rectal
bleeding, weight loss, and a change in bowel habits (1).
However, these symptoms are not specific to CRC and
hence have a rather low positive predictive value of 3%-
4%, thereby precluding their utility for establishing a di-
agnosis of CRC (1). Although colonoscopy is considered
the gold standard for early detection of CRC and its pre-
cursors (adenoma), this invasive and expensive method
involves patient discomfort and potential complications
(2). Therefore, a non-invasive screening method is need-
ed to identify patients suspected of having CRC who oth-
erwise would require colonoscopy.

Fecal calprotectin (FC) is a mucosal neutrophil deg-
radation product, the presence of which appropriate-
ly correlates with bowel inflammation (2,3). FC is also a
well-established biomarker of inflammatory bowel dis-
ease (1). Moreover, FC is associated other bowel diseas-

es, including CRC, adenoma, diverticulitis, and infectious
diarrhea (4).

Colorectal cancer is associated with a local, acute inflam-
matory reaction of varying intensity. It is hypothesized
that the local release of the chemotactic factor leads to
the recruitment of neutrophils to the tumor site (4). A
variety of inflammatory cells primarily along the invasive
margin infiltrate human CRC tissue. Calprotectin activity
is frequently detected in granulocytes and macrophages
in CRC, and an increased numbers of granulocytes have
been found in the feces of patients with CRC, likely be-
cause of shedding from the ulcerated tumor (5). Further-
more, it has been hypothesized that circulating leuko-
cytes may actively migrate through neoplastic tissues in
response to intraluminal antigens (5).

Numerous studies have evaluated the diagnostic accura-
cy of FC for the early detection of CRC. Despite the large
body of evidence, conflicting results have raised concerns
about the predictive value of FC for CRC detection across
various patient populations. Indeed, a meta-analysis pub-
lished in 2007 has revealed that FC is not suitable as a
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screening test for CRC because of its relatively low di-
agnostic accuracy (6). After a decade, many new studies
have been published regarding the diagnostic accuracy of
FC for CRC. Thus, we conducted a systematic review and
meta-analysis to update the current evidence.

MATERIALS AND METHODS

Search strategy

For our meta-analysis, we followed the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses and
guidelines from the Cochrane Diagnostic Test Accuracy
Working Group (7). A computerized search of MEDLINE
(from January 1, 1966 to December 31, 2016) and EM-
BASE (from January 1, 1974 to January 31, 2017) was
performed to identify potentially relevant articles. The
search was conducted using the following keywords: cal-
protectin (“calprotectin”, “leukocyte L1 antigen complex”,
and “calgranulin”), colorectal (“colon”, "rectal”, “intesti-
nal”, and "bowel"), and cancer (“malignancy”, “neoplasm”,
“tumor”, and “adenoma”). In addition, the bibliographies
from these potential articles were manually searched
to identify additional studies. Citations were limited to
those published in English. This work was approved by
the Ethics Committee of our hospital. Informed consent
was waived off because it was a meta-analysis.

s

Study selection

Two reviewers (X.Y. and JH. independently reviewed
potentially relevant articles for eligibility and inclusion.
Studies were included if they met the following inclusion
criteria: (1) prospective design published in a manuscript
form; (2) patients for whom FC was used to detect CRC or
colorectal adenoma; (3) an appropriate reference standard
(endoscopy, radiology, or pathology) was included; (4) ab-
solute numbers of true-positive, false-negative, true-neg-
ative, and false-positive observations for CRC and colorec-
tal adenoma were reported or if data were sufficient to
construct a 2x2 contingency table. Case reports, editorials,
review articles, and clinical guidelines were excluded. Dis-
agreements were resolved by a consensus.

Data extraction and quality assessment

A custom-made standardized form was used for data ex-
traction. The following data were extracted for each eli-
gible study: the surname of the first author, publication
year, location of the study population, study design, sam-
ple size (the number of patients with CRC or adenoma
and the total number of subjects screened), details of the
FC test (FC assay method, cut-off value), and a reference
standard. The results were transformed by multiplying
each value by a factor of 5, as previously confirmed, be-
cause some studies used a conventional assay to mea-
sure FC in terms of milligrams per liter (6-8).

The methodological qualities of the studies were assessed
using the Quality Assessment of Diagnostic Accuracy
Studies-2 (QUADAS-2) tool (9). QUADAS-2 consists of
four key categories: patient selection, index test, reference
standard, and flow and timing. Each category was assessed
in terms of the risk of bias, and the first three categories
were also considered to determine applicability.

Data synthesis and statistical analysis

The 2x2 tables (numbers of true-positives, false-pos-
itives, true-negatives, and false-negatives) were con-
structed in accordance with the data from the included
studies. The pooled estimates of sensitivity and spec-
ificity, positive likelihood ratio (PLR), negative likelihood
ratio (NLR), and diagnostic odds ratio (DOR) were ob-
tained using a bivariate random-effects model (10). Also,
a hierarchical summary receiver-operating characteristic
(HSROC) curve was produced to present the summa-
ry estimates of sensitivities and specificities along with
their corresponding 95% confidence interval (Cl) and
prediction region. Moreover, the area under the HSROC
curve (AUC) was calculated (11). The AUC and DOR val-
ues were used to evaluate the diagnostic efficacy of FC
for the CRC and colorectal adenoma groups. A DOR of 1
implies that the test is incapable of determining whether
a patient has a colorectal neoplasm. A higher value indi-
cates better test performance.

Heterogeneity was evaluated using the Q-statistic and
quantified using I°. For the Q test, a p value of <0.10 was
considered to imply heterogeneity. The value of 2 rep-
resents the proportion of total variation contributed by the
between-study variation. The source of heterogeneity was
explored using a threshold analysis, subgroup analysis, and
meta-regression. Fagan plots were applied to illustrate the
relationship among the prior test probability, PLR/NLR, and
posterior test probability, and the Deek’s test was used to
evaluate publication bias (12). All statistical analyses were
conducted using the STATA software version 12.0 (College
Station; Texas, USA). A p value of <0.05 was considered to
reflect statistical significance.

RESULTS

Study selection and characteristics

Our literature search identified 213 articles, of which 181
were then excluded upon an examination of the titles
or abstracts because they were reviews, experimental
studies, meta-analyses, comments, or other irrelevant
articles (diagnostic studies of other biomarkers, letters,
editorials, and consensus statements). Of the remain-
ing 32 articles, 12 were subsequently excluded from the
meta-analysis because two provided insufficient data to
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construct a 2x2 table, five did not focus on the diagnos-
tic study of interest, one did not have a control group,
three were not prospective design, and one reported
other cancers not relevant to CRC. As a result, 20 stud-
ies were identified for inclusion in our meta-analysis
(Figure 1) (1-4,13-28).

Baseline characteristics of the 20 eligible studies are sum-
marized in Table 1. These studies were published between
1993 and 2017 and were performed in seven regions. Of
the 20 studies, 18 were conducted in Europe and two in

citations were initially
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Figure 1. Flow chart for the selection of published studies for
inclusion in our analysis
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Figure 2. Forrest plots of sensitivity and specificity data for FC for
CRC detection

the USA. The number of participants in each study ranged
from 80 to 2,321 and included a total of 427 cases with a
diagnosis of CRC and 1,806 cases with a diagnosis of ade-
noma (one study presented 40 cases that described pol-
yps) (13). Overall, six studies used the conventional FC as-
say, 12 used the new assay, one used both assay, and one
did not specify the detection method (1-4,13-28). Based
on the results from QUADAS-2, the study bias and appli-
cability outcomes were assessed; the results are shown in
supplementary Figure S1. Of the 20 studies, 11 were judged
as high-risk in one or more of the four key categories.

Diagnostic accuracy of the FC test

If multiple cut-off values or different assays for FC were
reported in a single study, only the cut-off value or assay
with the largest overall accuracy was used for the final
analysis. Table 2 presents the results of the pooled sen-
sitivity, specificity, AUC, and DOR of FC for distinguishing
colorectal neoplasia. There were 18 studies that evaluated
the diagnostic performance of FC for CRC detection (1-4,
13, 14, 16-21, 23-28). The pooled sensitivity and pooled
specificity estimates were 0.83 (95% Cl, 0.77-0.88) and
0.61 (95% ClI, 0.54-0.68), respectively. Forest plots for
pooled sensitivity and specificity are shown in Figure 2.
The PLR and NLR values were 2.15 (95% ClI, 1.82-2.55)
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Figure 3. Hierarchical summary receiver-operating characteristic
(HSROC) graph of the included studies that evaluated the diagnostic
accuracy of FC for CRC detection
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Table 1. Baseline characteristics of studies included in the meta-analysis

Author Patient Disease Sample No.of No. of Reference
(year) Region spectrum type size CRC adenomas Assay standard Cut-off
Roseth Norway Known CRC, CRC, 206 53 40° Roseth Pathology, 10 mg/L
etal. colorectal polyp endoscopy
(13) 1993 polyps
Kronborg Europe  High-risk CRC, 814 23 203 PhiCal Pathology, 10 mg/L
et al. population adenoma test endoscopy
(14) 2000 for CRC
Limburg USA Chronic Adenoma 110 - 21 PhiCal Pathology, 100 pg/g
et al. diarrhea test endoscopy
(15) 2000
Tibble et al. UK Suspected CRC, 220 2 3 Roseth Pathology, 10 mg/L
(16) 2000 inflammatory adenoma endoscopy

bowel disease
Kristinsson Norway First-degree CRC, 237 9 73 PhiCal test Pathology, 10 mg/L
et al. relatives of adenoma endoscopy
(17) 2001 patients

operated

for CRC
Tibble et al. UK Suspected CRC CRC, 295 66 29 Unclear Pathology, 10 mg/L
(4) 2001 adenoma endoscopy
Summerton UK Unselected CRC, 134 8 6 PhiCal and Pathology, 10 mg/L
et al. patients with adenoma Calprest endoscopy 50 pg/g
(18) 2002 symptoms ELISA

and/or signs
Tibble et al. UK Suspected CRC 346 7 - Roseth Pathology, 10 mg/L
(19) 2002 organic bowel ELISA endoscopy

disease
Carroccio Italy Chronic CRC 80 3¢ - Calprest Pathology, 50 pg/g
et al. diarrhea ELISA endoscopy
(20) 2003
Costa et al. Italy Outpatient CRC, 239 18¢ 8 Calprest Pathology, 50 pg/g
(21) 2003 clinic adenoma ELISA endoscopy,

radiology

Limburg et al. USA Suspected CRC  CRC, 412 3 94 PhiCal Pathology, 50 pg/g
(22) 2003 adenoma test endoscopy
Hoff et al. Norway CRC screening CRC, 2,321 16 787 PhiCal Pathology, 50 pg/g
(23) 2004 in an average adenoma test endoscopy

risk population
Meucci et al. Italy Unselected CRC, 870 34 244 Calprest Pathology, 50 mg/dL
(24) 2010 outpatients polyp ELISA endoscopy

referred for

colonoscopy
Kok et al. Nether- Suspected CRC, 382 19 53 Calprotectin  Pathology, 50 pg/g
(25) 2012 lands organic bowel adenoma POC test endoscopy

disease
Parente et al. Italy Suspected CRC  CRC, 280 47 85 Calprotectin  Pathology, 50 pg/g
(26) 2012 adenoma Buhlmann endoscopy

ELISA

Mowat et al. UK Suspected CRC  CRC, high- 755 28 41 Calprotectin  Pathology, 50 pg/g
(1) 2016 risk adenoma EK-CAL endoscopy
Rutka et al. Hungary Suspected CRC CRC, 95 19 36 Quantum  Pathology, Unclear
(27) 2016 adenoma Blue ELISA endoscopy
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Table 1. Baseline characteristics of studies included in the meta-analysis (Continued)

Author Patient Disease Sample No.of No. of Reference
(year) Region spectrum type size CRC adenomas Assay standard Cut-off
Turvill et al. UK Suspected CRC  CRC, 654 39 33 EK-CAL Pathology, 50 pg/g
(8) 2016 adenoma Calprotectin endoscopy,

210 mm ELISA radiology
Hogberg Sweden Suspected CRC CRC, high- 373 8 8 CALPROV® Pathology, 100 pg/g
et al. risk Calprotectin endoscopy
(2) 2017 adenoma ELISA Test
Widlak et al. UK Suspected CRC  CRC, 430 25°b 42 ELISA Pathology 50 pg/g
(28) 2017 adenoma Calprotectin

immunoassay

2Described as “polyps”; badenomas with high-grade dysplasia were considered as CRC; cdescribed as “colorectal cancer or adenomatous polyps”;

dincluded two cases with colorectal lymphoma
CRC: colorectal cancer; ELISA: enzyme-linked immunosorbent assay

Table 2. Diagnostic performance of FC for colorectal
neoplasia

CRC vs. Adenoma vs.
non-CRC non-adenoma
Number of patients 8,913 7,662

Sensitivity (95% ClI)
12 (%)

Specificity (95% CI)
12 (%)

PLR (95% Cl)

0.83 (0.77, 0.88)
61.72%
0.61 (0.54, 0.68)
97.98%
2.15 (1.82, 2.55)

0.49 (0.37, 0.61)
92.79%
0.57 (0.49, 0.65)
97.84%
1.14 (0.96, 1.35)

12 (%) 87.24% 91.76%

NLR (95% Cl) 0.28 (0.21,0.37)  0.90 (0.76, 1.06)
12 (%) 64.99% 84.97%

AUC (95% Cl) 0.81(0.77,0.84)  0.55 (0.51, 0.59)
12 (%) 96% 99%

DOR (95% CI) 7.76 (5.41,11.12)  1.27 (0.91, 1.78)
12 (%) 97.97% 100.00%

FC: fecal calprotectin; Cl: confidence interval; PLR: positive likelihood
ratio; NLR: negative likelihood ratio; AUC: area under the HSROC curve;
DOR: diagnostic odds ratio; HSROC: hierarchical summary receiver-op-

erating characteristic

and 0.28 (95% ClI, 0.21-0.37), respectively, and the AUC
and DOR values were 0.81 (95% Cl, 0.77-0.84) and 7.76
(95% ClI, 5.41-11.12), respectively (Figure 3).

Of the 20 eligible studies, 15 (1-4, 13-17, 21-23, 25, 26,
28) evaluated the diagnostic accuracy of FC for colorec-
tal adenoma. For adenoma, the overall pooled sensitivity,
specificity, PLR, and NLR for FC were 0.49 (95% ClI, 0.37-
0.61),0.57 (95% CI, 0.49-0.65), 1.14 (95% CI, 0.96-1.35),
and 0.90 (95% Cl, 0.76-1.06), respectively. The average
AUC and DOR values for adenoma were 0.55 (95% ClI,
0.51-0.59) and 1.27 (95% CI, 0.91-1.78), respectively.

Overall, these results suggested that the utility of FC for
detecting colorectal adenoma was insufficient for clinical
application (Table 2).

Publication bias

Deek’s funnel plot asymmetry and the results of the
Deek’s test (p=0.204 for CRC, p=0.407 for adenoma) did
not suggest any potential publication bias (Figure 4).

Investigation of heterogeneity

Our results were heterogeneous (Table 2). We first per-
formed a Spearman analysis and found that there was no
threshold effect within the studies (r=0.451, p=0.060).
We also performed subgroup analyses to detect the
source of heterogeneity based on patient spectrum, FC
assay method, prevalence, sample size, publication year,
and cut-off value. Synthesized data revealed that the
heterogeneity did not significantly change with variations
in the patient spectrum (Table 3). CRC detection by the
conventional FC assay exhibited greater sensitivity than
the new assay, as evidenced by the reduced heteroge-
neity (°=37.42%) and an increased DOR value of 12.15
(5.67,26.05). Therefore, the assay by which FC was mea-
sured appeared to significantly contribute to the het-
erogeneity. Probably, the performance characteristics of
FC for CRC detection were considerably better in stud-
ies with a higher level of prevalence (above the average)
and a smaller sample size (below the median). However,
the diagnostic performance remained similar and the
heterogeneity did not notably decrease with respect to
the publication year or cut-off value (Table 3). We also
performed meta-regression to identify any significant
sources of heterogeneity (Figure S2). The patient spec-
trum (p<0.01), FC assay (p<0.001), sample size (p<0.001),
and publication year (p<0.001) significantly contributed
to the heterogeneity in sensitivity. However, the cut-off
value (p<0.05) accounted for heterogeneity in specificity.
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Figure 4. Funnel plot with superimposed regression line for studies of
(A) CRC and (B) colorectal adenoma

Predictive value of the FC test

The Fagan plot was applied to assess the clinical utility
of the FC test for predicting CRC in the screened popu-
lations (Figure S3). The diagnosis of CRC was confirmed
in 4.6% (n=427) of the total included patients (n=9,253).
Consequently, with a pretest probability of 4.6%, a posi-
tive FC test was found to predict an increase in the risk of
CRC to 10%; conversely, a negative FC test was found to
decrease the risk of CRC to 1%.

DISCUSSION

In this study, we conducted a robust systematic review and
meta-analysis. The results showed that the pooled sensi-
tivity and specificity values of FC for CRC were approxi-
mately 83% and 61%, respectively. In addition, the overall
accuracy of FC for predicting CRC was 81%. With regard
to colorectal adenoma, the FC test is of inferior diagnostic
value as assessed by our quantitative analysis (AUC, 0.55;
95% Cl, 0.51-0.59; DOR, 1.27; 95% CI, 0.91-1.78).

The latest systematic review was published in 2007,
which included 12 studies with respect to the diagnostic
accuracy of FC for colorectal neoplasia (6). Our present
analysis included 20 studies and it updates the body of
evidence. The prior systematic review combined CRC and
adenoma together as "neoplasia” and concluded that FC
was not suitable for CRC screening. Our study differs in
that we analyzed each case of CRC and adenoma. Nev-
ertheless, our results suggest that the FC test, as it cur-
rently exists, cannot be recommended for CRC detection.

The diagnosis of CRC can be challenging for gastroenter-
ologists because of its nonspecific symptoms. At present,
the majority of referred cases from primary care for evalu-
ation of bowel symptoms undergo invasive tests including
colonoscopy, but the diagnosis of pathology is low (1). For
example, currently, only 8% of patients who complain of
bowel symptoms receive a confirmed diagnosis of CRC
(3). Also, functional gastrointestinal disorders, including ir-
ritable bowel syndrome, are often found to coexist in 75%
of symptomatic patients (as assessed with colonoscopy),
and such conditions respond well to the typical treatment
(3,26). However, colonoscopy is an invasive, expensive
procedure with an established risk of complications. More-
over, there is limited availability of colonoscopy services in
many regions of the world; thus, colonoscopy screening
should be reserved for higher risk individuals to optimize
resource utilization (26). Therefore, a non-invasive and
simple test may be preferable for prioritizing referrals for
colonoscopy. The fecal occult blood test has been widely
used as a preliminary assessment, and it has been shown
to reduce disease-specific mortality; however, its accura-
cy is affected by the dietary pattern, and nearly 50% of
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Table 3. Subgroup analyses of FC for CRC detection

No. of Sensitivity Specificity PLR NLR AUC DOR

Subgroup studies  (95% ClI) (95% Cl) (95% CI) (95% ClI) (95% CI) (95% Cl)
Patient spectrum
Suspected CRC 9 0.81 0.63 219 0.30 0.81 7.42

(0.73, 0.88) (0.49, 0.75) (1.63,2.96) (0.21,0.41)  (0.78,0.84) (4.66, 11.82)
12 (%) 69.72% 98.61% 93.16% 69.54% 96% 99.60%
Others 8 0.85 0.59 2.09 0.25 0.76 8.28

(0.73,0.92) (0.52, 0.66) (1.76, 2.48) (0.14, 0.45) (0.72, 0.80) (4.21,16.26)
12 (%) 62.87% 97.76% 49.09% 69.17% 80% 96.00%
FC assay
Old 6 0.88 0.63 2.39 0.20 0.80 12.15

(0.78, 0.93) (0.58, 0.68) (1.98, 2.87) (0.11,0.36) (0.77, 0.84) (5.67, 26.05)
12 (%) 37.42% 90.38% 10.33% 41.39% 0% 90.99%
New 9 0.78 0.59 1.92 0.36 0.77 5.30

(0.68, 0.86) (0.45,0.72) (1.47,2.50) (0.27,0.49) (0.73,0.81) (8.55, 7.93)
12 (%) 76.48% 99.00% 90.80% 76.68% 97.00% 96.97%
Prevalence
>average 9 0.87 0.59 214 0.21 0.85 10.07

(0.81,0.92) (0.48,0.70) (1.66,2.77) (0.15,0.31)  (0.82,0.88) (6.04,16.77)
12 (%) 58.07% 97.59% 90.89% 52.41% 93% 98.93%
<average 9 0.75 0.64 2.07 0.40 0.76 5.22

(0.64, 0.83) (0.54,0.72) (1.68, 2.53) (0.29, 0.55) (0.72,0.79) (3.41,7.99)
12 (%) 40.98% 98.26% 61.72% 48.60% 92% 83.80%
Sample size
>median 9 0.78 0.62 2.06 0.35 0.78 5.87

(0.68, 0.86) (0.49, 0.73) (1.59, 2.67) (0.26,0.47) (0.74,0.82) (3.98, 8.65)
12 (%) 61.02% 98.93% 89.60% 45.95% 96% 91.34%
<median 9 0.88 0.61 2.25 0.19 0.89 11.86

(0.84,0.92) (0.53, 0.68) (1.85,2.74) (0.13,0.28) (0.86, 0.91) (6.87,20.47)
12 (%) 52.74% 90.99% 78.89% 71.70% 35% 99.71%
Publication year
Before 2007 10 0.86 0.63 2.33 0.22 0.78 10.49

(0.76, 0.92) (0.57, 0.69) (2.00, 2.70) (0.13,0.39) (0.74, 0.82) (5.59,19.72)
12 (%) 60.69% 96.25% 54.46% 68.24% 83% 93.57%
After 2007 8 0.80 0.60 1.99 0.33 0.79 6.00

(0.71, 0.87) (0.44,0.73) (1.47,2.69) (0.25,0.44) (0.76,0.83) (3.88,9.28)
12 (%) 66.65% 98.64% 91.38% 60.78% 96% 97.75%
Cut-off value
50 pg/g or 10 mg/L 15 0.84 0.59 2.06 0.27 0.81 7.71

(0.78, 0.89) (0.51, 0.67) (1.73, 2.45) (0.19,0.37) (0.77,0.84) (5.06, 11.76)
12 (%) 60.61% 98.12% 87.29% 65.00% 95% 97.56%
Others 3 - - - - - -
12 (%) - - - - - -

AUC: area under the HSROC curve; FC: fecal calprotectin; Cl: confidence interval; CRC: colorectal cancer; PLR: positive likelihood ratio; NLR: negative

likelihood ratio; DOR: diagnostic odds ratio; HSROC: Hierarchical summary receiver-operating characteristic
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colonoscopies performed based on a positive fecal occult
blood test result show no evidence of neoplasia (26). In-
deed, previous studies have supported the use of the fe-
cal immunohistochemical test (FIT) for CRC screening in
average-risk populations because of its high accuracy and
reproducibility (29). FC is stable in stools because of its re-
sistance to bacterial degradation at room temperature for
up to 7 days, and studies have found that the sensitivity of
the FC test for detecting CRC ranges from 79% to 95%
(2). However, our data suggest that the FC test alone is not
powerful enough to screen for CRC. Therefore, we infer
that there is probably no place for FC as a screening tool
for CRC in average-risk populations.

Although the FC test cannot be recommended as the
sole screening modality for CRC, our data still have clin-
ical implications. We propose that FC should be used
as an auxiliary tool to help clinicians stratify CRC risk in
different patients because the FC test may help predict
CRC development. Nevertheless, significant risk factors
associated with CRC, such as age, gender, anemia, family
history of cancer, and change of bowel movement habits,
should also be considered when planning further treat-
ment. Indeed, previously reported preliminary results
substantiated the benefit of the FC test in a diagnostic
model of significant colorectal disease (including CRC)
(30). It is thus imperative that future studies include larg-
er and better-defined patient populations.

There was significant heterogeneity among some of our
results. We selected studies with a prospective design
and excluded case-control studies because they tend to
overestimate the diagnostic precision. Therefore, the het-
erogeneity caused by the study design was largely avoid-
ed. We used a random-effects model, which assumed
that the true effects were normally distributed, and more
weightage was assigned to the small-sized studies com-
pared with the fixed-effects model. Subgroup analyses
were also conducted to address heterogeneity (Table
3). However, the subgroup summary estimates did not
differ significantly from the overall summary estimates,
suggesting that the overall summary measures reflect
the reasonable estimations of the overall FC test accura-
cy despite some statistical heterogeneity. Selection bias
was likely to be another source of heterogeneity because
numerous different diagnoses were grouped together in
some of our analyses. For instance, the non-CRC group
or non-adenoma group contained patients with diverse
gastrointestinal conditions, such as inflammatory bow-
el disease, diverticulosis, food intolerance, and irritable
bowel syndrome, as well as healthy controls. Nonethe-
less, this phenomenon reflects a “real world” scenario and
therefore provides a realistic estimation of the CRC risk.

Moreover, meta-regression was used to decipher the na-
ture of heterogeneity. Patient spectrum, FC assay meth-
od, sample size, publication year, and cut-off value were
identified as potential confounding factors that may have
contributed to the heterogeneity.

Some limitations of our study merit consideration. First,
the FC assay varied across studies, and this affected
our interpretation of the analyses. Second, we could not
determine the sensitivity and specificity of FC for CRC
stratified by disease site (proximal or distal) or cancer
stage because of a paucity of relevant data. Third, few
studies focused on the value of simultaneously or con-
secutively administering patients with other tests. For
example, Mowat et al. (1) found FIT to be superior to FC,
whereas others found a similar negative predictive value
when comparing FC and FIT (25,26). Overall, three stud-
ies assessed the value of the combination of FC and FIT
for detecting CRC but showed no significant improve-
ment in the diagnostic accuracy (1,2,28). However, the
resolution of this issue will require more data and addi-
tional studies. These approaches could aid clinicians to
maximize the use of FC and other biomarkers in clinical
practice. Fourth, our study could not derive a summa-
rized estimation of the performance of FC for advanced
adenoma because the definition of advanced adenoma
varied across studies. Finally, the absence of data from
Asia may compromise the results. Several of the included
studies were conducted in primary care facilities. Howev-
er, in Asia, particularly mainland China, the public prefers
to select hospital-based services instead of communi-
ty-based primary care against a background of the "bare-
foot doctor” legacy in rural China and hence, a mistrust
of doctors. China has the largest population in the world;
however, cancer surveillance needs improvement, and
the availability of endoscopy in secondary-care facilities
lags far behind other areas of the world. Therefore, stud-
ies are needed to address this deficiency.

In summary, the FC test was found to be unsuitable for
screening CRC. Whether the combination of FC and
other biomarkers would enhance CRC detection needs
further investigation. Moreover, studies from Asia are ur-
gently needed.

You can reach the supplemental figures of this
article at https://10.5152/tjg.2018.17606
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Figure S1. Risk of bias and applicability concerns: (A) Summary infor-
mation (B) Graphical depiction
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Figure S2. Meta-regression and subgroup analysis for sources of
heterogeneity in CRC
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Figure S3. Fagan's plot for the post-test probability of CRC after an
FC-positive result (upper line) or FC-negative result (lower line)






