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Abstract. Background/Aim: Noninvasive fecal occult blood
tests (FOBTs) are recommended by current guidelines for
colorectal cancer (CRC) screening. Our aim was to assess the
diagnostic performance of traditional guaiac-based FOBTs
(gFOBT) and new-generation immunochemical FOBTs
(iFOBT) in CRC screening by carrying out a systematic review
and meta-analysis. Patients and Methods: PubMed, Embase,
Cochrane Library, and Web of Science were searched for
eligible articles published before February 17, 2020. Three
independent investigators conducted study assessment and data
extraction. Diagnosis-related indicators for use of FOBTs in the
detection of CRC (as the endpoint) in a screening setting were
summarized, and further stratified by the type of FOBT (gFOBT
vs. iFOBT). STATA software was used to conduct the meta-
analysis. Pooled sensitivities and specificities were calculated
using a random-effects model. Hierarchical summary receiver
operating characteristic curves were plotted and area under the
curves (AUC) were calculated. Results: The electronic search
identified 573 records after duplicates were removed, of which
75 full-text articles were assessed for eligibility. Finally, a total
of 31 studies were eligible for the meta-analysis. In the ROC
comparison test, there was a statistically significant difference
in the performance of gFOBT and iFOBT tests, with AUC=0.77
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(95% confidence interval=0.75-0.79) and AUC=0.87 (95%
confidence interval=0.85-0.88), respectively (p=0.0017). In
formal meta-regression, test brand did not prove to be a
significant study-level covariate that would explain the observed
heterogeneity between the studies. Conclusion: New-generation
iFOBTs were found to have a significantly higher diagnostic
performance as compared with gFOBTSs, advocating the use of
only fecal immunochemical tests in all newly implemented CRC
screening programs.

Colorectal cancer (CRC) is the third most common cancer
worldwide, with over 1.85 million new cases and over
880,000 deaths occurring in 2018 (1). Population-based
screening offers an opportunity for primary prevention and
early detection of CRC, with a favorable impact on mortality
(2, 3). A wide variety of screening tests are available for
CRC, the most widely used being tests for fecal occult blood
(FOBT). The use of FOBT was shown to reduce cancer
mortality in five large randomized trials (4-8). Several
international and national guidelines currently recommend
that both women and men at an average risk should undergo
organized screening for advanced adenoma and CRC (9).
For detection of FOB, guaiac-based test (gFOBT) and
fecal immunochemical test (FIT or iFOBT) are commercially
available. The guaiac-based tests utilize the pseudo-
peroxidase activity of hemoglobin (Hb; free or intact),
whereby guaiac is oxidized by hydrogen peroxidase. Because
this reaction takes place with any peroxidase present in stool,
gFOBT tests are non-specific to human Hb, with interference
by any foodstuffs with peroxidase content, by certain
chemicals or even medications (9, 10). Based on a
completely different concept, iFOBTs detect the globin
moiety of intact human Hb or its degradation products (9,
10). The guaiac-based tests have been available for decades,
and their clinical performance has been more extensively
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Figure 1. Study chart. gFOBT: Guaiac-based fecal occult blood test; iFOBT: immunochemical fecal occult blood test.

studied than that of the FIT tests (9, 10), which were
developed in Finland in the late 1980s (11).

Given the continuing debate on the advantages and
shortcoming of these two test types, and because of a
surprising scarcity of direct head-to-head comparative studies
(12, 13), we felt it appropriate to carry out a comprehensive
systematic review and meta-analysis covering all eligible
studies to compare the diagnostic performance of gFOBTs and
iFOBTs in diagnosis of CRC in a screening setting. Because
of the reported heterogeneity of the study endpoints regarding
CRC precursor lesions (adenomas, polyps), it was only
possible to use invasive colorectal carcinoma as the endpoint
in this meta-analysis, following the same practice adopted by
a previous meta-analysis of iFOBTs some years ago (14).

Patients and Methods

We performed a systematic review and a meta-analysis following
the recommendations of the PRISMA statement (15).

Data sources and search process. In order to identify potential

studies reporting data on the diagnostic performance of FOBTs for
detecting CRC, three independent investigators searched MEDLINE
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via PubMed, Ovid Embase, the Cochrane Library, and the Web of
Science to collect studies published before February 2020 using the
following combined search terms: [colorectal (or) colon (or) rectum]
(and) [cancer (or) carcinoma (or) malignancy] (and) [faecal
immunochemical test (or) fecal immunochemical testing (or) fecal
immunochemical test (or) faecal immunochemical testing (or) faecal
occult blood test (or) FOBT] (and) [detection (or) screening (or)
detecting (or) diagnosis]. We also searched the reference lists of the
studies included and relevant published reviews.

An initial search based on the titles and abstracts was conducted
to exclude studies that were not relevant to the study topic. In
addition, conference abstracts without full texts or studies written in
non-English language were also excluded. For potential eligible
articles identified in the initial search, a full-text review was
performed using the following inclusion criteria: i) reporting of FOBT
results along with colonoscopy-biopsy results as the gold standard
reference test to confirm the CRC endpoint; ii) specific diagnostic
information was provided in detail to enable derivation of true-
positive (TP), false-positive (FP), false-negative (FN) and true-
negative (TN) numbers, or these diagnosis-related indicators were
directly accessed. We excluded all studies that did not meet these
inclusion criteria and those where essential information was missing
or could not be calculated from the reported data by the investigators.
Data extraction and quality assessment. Assessment of the included
studies was performed independently by three investigators during
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Table 1. The guaiac-based fecal occult blood test studies included in this meta-analysis.

ID of study Author (Ref) Country Year Test panel TP,n FN,n FP, n TN, n
1. Rozen er al. (18) Israel 1995 (n=527) Hemoccult SENSA 2 2 42 155
2 Allison et al. (19) USA 1996 (n=7493) HemeSelect 22 10 418 7,043
3 Allison et al. (19) USA 1996 (n=7,904) Hemoccult I SENSA 27 7 1,046 6,824
4 Allison et al. (19) USA 1996 (n=8,065) Hemoccult 1T 13 22 185 7,845
5 Wong et al. (20) China 2003 (n=135) Hemoccult SENSA 9 0 47 79
6 Hopffner et al. (23) Germany 2006 (n=407) Hemoccult SENSA 20 34 100 253
7 Levi et al. (24) Israel 2006 (n=151) Hemoccult SENSA 4 0 46 101
8 Smith et al. (25) Australia 2006 (n=133) Hemoccult SENSA 8 9 30 86
9 Allison et al. (27) USA 2007 (n=5,799) Hemoccult SENSA 9 5 575 5210
10 Dancourt et al. (29) France 2008 (n=1,7217) Hemoccult SENSA 21 36 521 16,640
11 Guittet et al. (30) France 2009 (n=1,277) Hemoccult 1T 27 16 363 871
12 Hol et al. (31) Netherlands 2010 (n=2,351) Hemoccult 11 6 0 59 2,286
13 Oort et al. (32) Netherlands 2010 (n=1,821) Hemoccult 1T 46 16 76 1,683
14 Paimela et al. (33) Finland 2010 (n=52,998) Hemoccult 1T 66 62 740 52130
15 Park et al. (34) South Korea 2010 (n=770) Hemoccult SENSA 4 9 57 690
16 Parra-Blanco et al. (35) Spain 2010 (n=1,756) Hemofec 8 6 166 1,576
17 Levi et al. (36) Israel 2011 (n=2,266) Hemoccult SENSA 8 0 80 2,178
18 Shuhaibar et al. (37) Ireland 2011 (n=221) Hemoccult SENSA 3 0 14 204
19 Chen et al. (38) China 2012 (n=897) Data NA 25 0 372 500
20 Fraser et al. (39) Scotland 2012 (n=1,301) Hemascreen 38 91 203 1,172
21 Brenner et al. (41) Germany 2013 (n=857) Hemoccult SENSA 5 10 53 789
22 Lee et al. (43) Taiwan 2013 (n=3172) Hemoccult SENSA 34 5 363 2,770
23 Randell et al. (44) Canada 2013 (n=249) Hemoccult SENSA 0 2 11 236
24 Vasilyev et al. (12)* Russia 2015 (n=209) Hemoccult SENSA 81 14 4 110
25 Guimareas et al. (13)* Brazil 2019 (n=209) Hemoccult SENSA 28 9 27 145
26 Nicholson et al. (46) UK 2019 (n=238) gFOBT (brand NA) 6 1 79 152

TP: True positive; FP: false positive; FN: false negative; TN: true negative; NA: not available. *CRC endpoint.

the whole process. When disagreement occurred, consensus was
reached through discussion between the investigators. The following
information was extracted: Year of publication, country, study
setting, population characteristics, diagnostic  outcomes,
characteristics of the FOBT (type, test brand, and cut-off value),
sensitivity, and specificity.

In this review, we only focused on the diagnostic accuracy of FOBT
in one single round of testing. For multiple rounds of FOBT tests, only
the first-round result was extracted. Sensitivity was defined as the
proportion of FOBT-positive patients among those who were
diagnosed with the outcome of interest (invasive CRC). Specificity
referred to the number of participants with negative FOBT results
divided by the number of participants without biopsy-confirmed CRC.
For quantitative FOBTs with more than one cut-off value reported in
the study, the cut-off values recommended by the manufacturer were
used. Because of the heterogeneity of the non-cancer endpoints
reported in different studies, only invasive cancer was accepted as the
study endpoint in this meta-analysis. Potential risks of bias and
applicability of the included studies were assessed according to the
Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2)
scoring system, (16) and the detailed protocol is shown in Figure 1.
Statistical analysis. All analyses were performed with STATA/SE
version 16.1 (StataCorp, College Station, TX, USA). Statistical tests
presented were two-sided, and p-values of less than 0.05 was
considered statistically significant. Using 2x2 tables, we calculated
sensitivity and specificity with 95% confidence intervals (95% CI)
for each study, and created separate forest plots for showing each

set of data, separately for the gFOBT and iFOBT tests. We
calculated the summary estimates of sensitivity and specificity,
positive and negative likelihood ratios and diagnostic odds ratio
(DOR), using a random-effect bivariate model and fitted the
summary hierarchical receiving operating characteristic (HSROC)
curves for both gFOBT and iFOBT tests using CRC as the endpoint.

Using STATA’s predict tool, we also made posterior predictions
(empirical Bayes estimates) of the sensitivity and specificity in each
study. Empirical Bayes estimates give the best estimates of the true
sensitivity and specificity in each study, the study-specific point
estimates usually shrinking toward the summary point of the
HSROC. We explored statistical heterogeneity between studies
through visual examination of the forest plots and the HSROC
curves. Because conventional funnel plots are not recommended to
investigate the potential publication bias in meta-analysis of the
diagnostic test accuracy studies, this was not done. Instead, to study
the potential publication bias, we used Cook’s distance (17) here to
check for particularly influential studies, together with a scatter plot
of the standardised (level 2) residuals to check for distinct outliers.
In addition, we also performed meta-regression using restricted
maximum likelihood estimation (REML), with different weights to
assess whether the test brand (in both test categories) was a
significant study-level covariate (i.e. a source of heterogeneity
between studies). The Moses—Shapiro-Littenberg method (MetaDiSc
software 1.4, Free download, Unit of Clinical Biostatistics team of
the Ramén y Cajal Hospital, Madrid, Spain) was used to add the test
brand (numerical variable) as a covariate to the model. The anti-
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Table II. The immunochemical fecal occult blood test studies included in this meta-analysis.

ID of study Author (Ref) Country Year Test panel TP, n FN,n FP,n TN,n
1 Wong et al. (20) China 2003 (n=135) FlexSure OBT 8 1 19 107
2 Wong et al. (21) China 2003 (n=250) Magstream 1000/HEM 7 0 22 221
SP automated system
3 Morikawa el al. (22) Japan 2005 (n=21,805) Magstream 1000/ 52 27 1,179 2,0547
Hem SP automated system
4 Hopffner et al. (23) Germany 2006 (n=407) Prevent ID 40 14 152 201
5 Levi et al. (24) Israel 2006 (n=151) OC-Micro 3 1 17 130
6 Smith er al. (25) Australia 2006 (n=133) INSURE 14 3 41 75
7 Levi et al. (26) Israel 2007 (n=1,000) OC-Micro
=50 ng/ml 17 0 153 830
=100 ng/ml 15 2 101 882
=150 ng/ml 14 3 80 903
8 Allison et al. (27) USA 2007 (n=5,356) FlexSure OBT 9 2 575 4,770
9 Lohsiriwat et al. (28) Thailand 2007 (n=100) OC-Light 91 9 4 60
10 Dancourt et al. (29) France 2008 (n=17,217) InstantView 19 36 1,166 15,994
11 Guittet et al. (30) France 2009 (n=1,277) Magstream 1000/Hem 41 2 987 247
SP automated system
12 Oort et al. (32) Netherlands 2010 (n=1,821) OC-Sensor 54 8 160 1599
13 Park et al. (34) South Korea 2010 (n=770) OC-SENSA MICRO
=50 ng/ml 12 1 97 660
>100 ng/ml 12 1 75 682
=150 ng/ml 11 2 61 696
14 Levi et al. (36) Israel 2011 (n=1,204) OC-Micro 6 0 147 1051
15 Shuhaibar et al. (37) Ireland 2011 (n=254) OC-Sensor 3 0 13 238
16 Chen et al. (38) China 2012 (n=897) Data not available 24 1 292 580
17 de Wijkerslooth et al. (40) Holland 2012 (n=1,303) OC-Sensor (=50 ng/ml) 7 1 116 1,179
18 Brenner et al. (41) Germany 2013 (n=857) OC-Sensor 11 4 132 710
19 Chiu et al. (42) Taiwan 2013 (n=18,297) OC-LIGHT 22 6 1,322 16,967
20 Lee et al. (43) Taiwan 2013 (n=3,172) OC-Sensor Diana 32 7 101 3,032
21 Randell et al. (44) Canada 2013 (n=249) Hemo Techt NS-Plus 2 0 42 205
22 Imperiale et al. (45) USA 2014 (n=10,000) OC FIT-CHEK 48 17 648 9,287
23 Vasilyev et al. (12)* Russia 2015 (n=209) ColonView Hb/VR 94 1 11 103
ColonView Hb/Hp/VR 95 0 19 95
ColonView Hb/AR 52 0 15 89
ColonView Hb/Hp/AR 52 0 20 84
24 Guimareas et al. (13)* Brazil 2019 (n=209) ColonView Hb/VR 34 3 61 111
ColonView Hb/Hp/VR 34 3 66 106
ColonView Hb/AR 34 3 55 117
ColonView Hb/Hp/AR 35 2 60 112

TP: True positive; FP: false positive; FN: false negative; TN: true negative; NA: not available. *CRC endpoint.

logarithmic transformation of the resulting estimated parameters was
interpreted as a relative DOR of the corresponding covariate. The
relative DOR indicates the change in diagnostic performance of the
test under study per unit increase in the covariate.

Results

Literature search result. The electronic search identified 573
records after duplicates were removed, of which 75 full-text
articles were assessed for eligibility. Of the 75 articles, 24
articles (26 studies) reporting gFOBT (Table I) and 24
articles (24 studies) using iFOBT (Table II) analysis met the
inclusion criteria. Finally, a total of 31 individual studies
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were included in the meta-analysis. Figure 1 shows the flow
chart of the steps in this selection process and lists the
reasons for exclusion.

Study characteristics. The 24 articles for 26 studies
reporting gFOBT analysis included a total of 99,854
individuals (12, 13, 18-20, 23-25, 27, 29-39, 41, 43, 44, 46),
with 886 patients being diagnosed with CRC (Table I). The
24 articles for 24 studies reporting iFOBT analysis included
a total of 87,073 individuals (12, 13, 20-30, 32, 33, 36-38,
40-45), of whom 777 had CRC. Fourteen gFOBT studies
were conducted in Europe, four in the United States and
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Sensitivity of the gFOBT studies

%

Study ES (95% Cl) Weight
Vasilyev et al.2015 (12) | —— 0.85(0.77,0.92) 4.69
Guimaraes et al.2018 (13) ——— 0.76 (0.59, 0.88) 4.41
Rozen et al. 1995 (18) + + 0.50 (0.07,0.93) 2.57
Allison et al. 1996 (19) _— 0.69 (0.50, 0.84) 4.35
Allison et al. 1996 (19) —_— 0.79 (0.62,0.91) 4.38
Allison et al. 1996 (19) —_— ! 0.37 (0.21, 0.55) 4.39
Wong et al.2003 (20) ¢ 1.00 (0.66, 1.00) 3.43
Hopffner et al. 2006 (23) —_—— ' 0.37 (0.24,0.51) 4.55
Levi et al.2011 (24) ; <+ 1.00 (0.40, 1.00) 2.57
Smith et al. 2006 (25) T 0.47 (0.23,0.72) 3.97
Allison et al.2007 (27) - 0.64 (0.35,0.87) 3.82
Dancourt ef al.2008 (29) —_— ! 0.37 (0.24,0.51) 4.57
Guittet et al. 2009 (30) —_— 0.63 (0.47,0.77) 4.47
Hol et al.2010 (31) L < 1.00 (0.54, 1.00) 3.01
Oortet al. 2010 (32) —:—0— 0.74 (0.62, 0.84) 4.59
Paimela et al. 2010 (33) —_— 0.52 (0.43,0.60) 4.74
Park et al.2010 (34) < ' 0.31(0.09, 0.61) 3.76
Parra-Blanco et al. 2010 (35) * 0.57 (0.29, 0.82) 3.82
Levi et al.2011 (36) : < 1.00 (0.63, 1.00) 3.31
Shuhaiba et al.2011 (37) : ¢ 1.00 (0.29, 1.00) 2.26
Chen et al.2012 (38) 1 — 1.00 (0.86, 1.00) 4.22
Fraser et al.2012 (39) — : 0.29 (0.22,0.38) 4.74
Brenner et al.2013 (41) * : 0.33 (0.12,0.62) 3.88
Lee et al.2013 (43) | ———e— 0.87(0.73,0.96) 4.44
Randell et al.2013 (44) * r 0.00 (0.00, 0.84) 1.86
Nicholson et al. 2019 (46) L * 0.86 (0.42, 1.00) 3.17
Overall (1*2 =89.08%, p=0.00) <> 0.68 (0.57, 0.79) 100.00

I I I I
0.1

02 03 04 05 06 07 08 09

1.0
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Figure 2. Pooled sensitivity of the studies using guaiac-based fecal occult blood test (§FOBT) (random-effects model). ES: Estimated sensitivity,

CI: confidence interval.

three in China. Eleven iFOBT studies were performed in
Europe, five in China and two in the United States. Sixteen
gFOBT studies assessed the diagnostic performance with
Hemoccult SENSA (12, 13, 18-20, 23-25, 27, 29, 34, 36, 37,
41, 43, 44), five with Hemoccult II (19, 30-33), one with
HemeSelect (19), one with Hemofec (35), one with
Hemascreen (39); in two studies the test brand was not
available (38, 46). Nine iFOBT studies assessed the
diagnostic performance with OC-Sensor/OC-Micro (24, 26,
32, 34, 36, 37, 40, 41, 43), three with Magstream (21, 22,
30), two with FlexSure OBT (20, 27), two with OC-Light
(28, 42), two with ColonView-FIT (12, 13), one with
Prevent ID (23), one with INSURE (25), one with
InstantView (29), one with Hemo Techt NS-Plus (44), one
with OC FIT-CHECK (45); in one study the test brand
remained unknown (38).

Diagnostic performance of gFOBT. The summaries of the
diagnostic performance of gFOBT for all the included
studies are shown in the forest plots with the pooled
sensitivity (Figure 2) and pooled specificity (Figure 3) for
the CRC endpoint. The pooled overall sensitivity and
specificity of gFOBT tests for detecting CRC were 0.68
(95% CI1=0.57-0.79) and 0.88 (95% CI=0.84-0.91),
respectively. In 13 gFOBT studies (11 articles: 12, 13, 19,
20, 24, 31, 36- 38, 43, 46), the sensitivity was higher than
0.68, and the specificity was higher than 0.88 in 14 (13, 19,
27,29,31-37,41, 44). The best six gFOBT studies showed
100% sensitivity (20, 24, 31, 36-38), of which four used
Hemoccult SENSA (20, 24, 36, 37), one Hemoccult II (31)
and in one study the test brand was not given (38). The best
eight gFOBT studies showed 96-99% specificity (12, 19,
29, 31, 32, 33, 36, 44), of which four used Hemoccult
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Specificity of the gFOBT studies

Study

Vasilyev et al.2015 (12)
Guimaraes et al.2018 (13)
Rozen et al. 1995 (18)
Allison et al. 1996 (19)
Allison et al.1996 (19)
Allison et al.1996 (19)
Wong et al.2003 (20)
Hopffner et al.2006 (23)
Levi et al.2011 (24)
Smith et al. 2006 (25)
Allison et al. 2007 (27)
Dancourt et al.2008 (29)
Guittet et al.2009 (30)

Hol et al.2010 (31)

Oortet al.2010 (32)
Paimela ef al.2010 (33)
Park et al.2010 (34)
Parra-Blanco et al.2010 (35)
Levi et al.2011 (36)
Shuhaiba et al. 2011 (37)
Chen et al.2012 (38)
Fraser et al.2012 (39)
Brenneret al. 2013 (41)
Leeet al.2013 (43)
Randell et al.2013 (44)
Nicholson et al.2019 (46)
Overall (1"2 =99.57%, p=0.00)

%
ES (95% CI) Weight
0.96 (0.91, 0.99)
0.84 (0.78, 0.89)
0.79 (0.72, 0.84)
* 0.94 (0.94, 0.95)
0.87 (0.86, 0.87)
¢ 0.98(0.97,0.98)
0.59 (0.50, 0.67) 3.58
0.72 (0.67,0.76) 3.82
0.69 (0.61, 0.76) 3.61
0.74 (0.65, 0.82) 3.52
® 0.90 (0.89, 0.91) 3.98
¢ 0.97(0.97,0.97) 3.99
0.71 (0.68,0.73) 3.94
¢ 0.97(0.97,0.98) 3.96
¢ 0.96(0.95,0.97) 3.96
¢ 0.99(0.98,0.99) 3.99
0.92 (0.90, 0.94) 3.91
0.90 (0.89, 0.92) 3.96
¢ 0.96(0.96,0.97) 3.96
0.94 (0.89, 0.96) 3.73
0.57 (0.54, 0.61) 3.92
0.85(0.83,0.87) 3.95
0.94 (0.92, 0.95) 3.92
0.88 (0.87,0.90) 3.97
0.96 (0.92,0.98) 3.76
0.66 (0.59, 0.72) 3.74
0.88 (0.84, 0.91) 100.00

3.52
3.66
3.70
3.98
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Figure 3. Pooled specificity of the studies using guaiac-based fecal occult blood test (§FOBT) (random-effects model). ES: Estimated specificity,

CI: confidence interval.

SENSA (12, 29, 36, 44) and another four used Hemoccult
11 (19, 31-33).

Diagnostic performance of iFOBT. The summaries of the
diagnostic performance of iFOBT in diagnosis of the CRC
endpoint are shown in forest plots with the pooled sensitivity
(Figure 4) and pooled specificity (Figure 5). The pooled
overall sensitivity and specificity of iFOBT tests were 0.86
(95% CI=0.78-0.93) and 0.85 (95% CI=0.81-0.88),
respectively. In 12 iFOBT studies (12, 13, 20, 21, 28, 30, 32,
36-38, 40, 44), the sensitivity was higher than 0.86, and the
specificity exceeded 0.85 in 15 (21, 22, 24, 26-29, 32, 34,
36, 37,40,42,43,45).

The best five iFOBT studies showed 100% sensitivity, all
using different test brands: ColonView (12), Magstream (21),
OC-Micro (36), OC-Sensor (37) and Hemo Techt NS-Plus (44).
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The best seven iFOBT studies showed 93-97% specificity;
two studies were performed with OC-Light (28, 42), two
with OC-Sensor (37, 43), and one each with Magstream (22),
InstantView (29) and OC FIT-CHEK (45).

HSROC analyses and empirical Bayes estimates. STATA
(metandiplot algorithm) was used to draw the HSROC
curves to enable comparison of the pooled overall diagnostic
performance of gFOBT compared with iFOBT (Figures 6
and 7). In HSROC analyses, iFOBT was found to have a
statistically significantly greater AUC with 0.87 (95%
CI=0.85-0.88) than gFOBT with 0.77 (95% CI=0.75-0.79)
(p=0.0017; ROCcomp test).

We also constructed empirical Bayes estimates to compare
the overall diagnostic performance of gFOBT compared with
iFOBT (Figures 8 and 9). Empirical Bayes estimates are
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Sensitivity of the iIFOBT studies

%

Study ES (95% Cl) Weight
Vasilyev et al.2015 (12) i —%/1.00 (0.96,1.00)  5.29
Guimaraes et al.2018 (13) — % 092(078,098) 487
Wonget al.2003 (20) o 0.89 (0.52,1.00)  3.51
Wonget al.2003 (21) : % 1.00(0.59, 1.00) 3.19
Morikawa et al.2005 (22) _— ! 0.66 (0.54,0.76)  5.24
Hopffner et al.2006 (23) il 0.74 (0.60, 0.85)  5.08
Levi et al.2006 (24) *> d 0.75(0.19,0.99) 2.48
Smith et al.2006 (25) - 0.82 (0.57,0.96) 4.24
Leviet al.2007 (26) - 0.82 (0.57,0.96) 4.24
Allison et al.2007 (27) — 0.82(0.48,0.98) 3.76
Lohsiriwatet al.2007 (28) —%—  0091(0.84,096) 5.31
Dancourtet al.2008 (29) S ! 0.35(0.22,0.49) 5.09
Guittet et a/.2009 (30) ~—— 0.95(0.84,0.99) 4.96
Oortet al.2010 (32) —%—  087(076,094) 514
Parket al.2010 (34) -+ 0.85 (0.55,0.98)  3.95
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Figure 4. Pooled sensitivity of the studies using immunochemical fecal occult blood test (iFOBT) (random-effects model). ES: Estimated sensitivity,

CI: confidence interval.

known to give the best estimate of the true sensitivity and
specificity of each study, and these estimates were shown to
‘shrink’ towards the summary points as compared with the
study-specific estimates (without empirical Bayes estimates,
as shown in Figures 6 and 7). This shrinkage was generally
greater for sensitivity than for specificity, reflecting both the
smaller variance of sensitivity (on the logit scale) and the
fact that most studies have fewer individuals with CRC than
without (no cancer/adenoma), leading to more precise
estimates of specificity than of sensitivity.

Publication bias and quality assessment. Cook’s distance is
a measure of the influence of a study on the model
parameters and can be used to check for particularly
influential studies. To check for outliers, standardized
predicted random effects can be interpreted as standardized

study-level residuals. In Figures 10 and 11, the residual
corresponding to the test specificity have been plotted on a
reversed axis to correspond with the convention used in the
HSROC plots.

In Figures 10 and 11, the two graphs are best read in
combination. Cook’s distance shows which studies were
influential, while the standardized residuals give some
insight into why. Figure 10 shows that the iFOBT study by
Guittet et al. (ID 11, Magstream) (30) was particularly
influential, followed by those of Vasilyev et al. (ID 23,
ColonView) (12), Dancourt et al. (ID 10, InstantView) (29)
and Hoepffner et al. (ID 4, Prevent ID (23). Studies by
Vasilyev et al. (ID 23, ColonView) (12) and Chen et al. (ID
16, test brand not available) (38) had high standardized
residuals for specificity, leading to influence on both the
mean and variance of logit-transformed sensitivity. The
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Specificity of the iIFOBT studies
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Figure 5. Pooled specificity of the studies using immunochemical fecal occult blood test (iFOBT) (random-effects model). ES: Estimated specificity,

CI: confidence interval.

iFOBT study by Dancourt et al. (29) had a large (negative)
standardized residual for specificity and also appeared to be
influential as judged by its Cook’s distance.

In Figure 11 and Table I, the gFOBT study by Chen et al.
(ID 19, test brand not available) (38) was found to be
particularly influential, followed by those of Wong et al. (ID
5, Hemoccult SENSA) (20) and Hol et al. (ID 12, Hemoccult
I (31).

In meta-regression, no confirmatory evidence to support
the role of test brand as an important source of heterogeneity
among the iFOBT studies was shown. The test brand used
did not prove to be a significant study-level covariate, with
relative DOR=1.10 (95% CI=0.94-1.29; p=0.235). The same
was true among the studies using gFOBT, with relative
DOR=0.92 (95% CI1=0.59-1.44; p=0.716).
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Discussion

Although there is a general agreement that iFOBTs have
better test performance than gFOBTs, there are several
iFOBT brands on the market and limited data on the
performance of individual test brands makes it difficult to
decide which test to choose e.g. in planned CRC screening
or in routine diagnosis of FOB (10,12-14). iFOBTs have
several advantages as compared with gFOBT in CRC
screening, including no need for dietary restrictions, no
stool sample instability and smaller number of stool
samples needed (10). In addition, a decision analysis
revealed that there is no difference in life-years gained
when comparing annual iFOBT testing with colonoscopy
every 10 years (47).
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Figure 6. Hierarchical summary receiver operating characteristic
(HSROC) curve of the studies using guaiac-based fecal occult blood test.

To provide additional evidence-based information to
support the difficult choice between gFOBT and iFOBTs
(10), we conducted a systematic review and formal meta-
analysis (with meta-regression) covering 26 gFOBT and 24
iFOBT studies all evaluating test performance in CRC
screening, using invasive CRC as an endpoint. Similarly to
a recent meta-analysis of iFOBT tests by Lee ef al. in 2014
(14), the other endpoints (i.e. adenomas, advanced
adenomas) were abandoned in this meta-analysis because of
a highly variable practice of classifying these cancer
precursor lesions thus compromising an unbiased use of
these endpoints, important although they are from the point
of CRC screening (10, 12-14).

To our knowledge, this is the first systematic review and
meta-analysis to evaluate the methodological quality of the
included studies, which is essential in order to confirm the
strength of the pooled summary results. We carried out an
appropriate investigation of the quality of the original
studies using the QUADAS-2 quality assessment tool (16).
This is justified because the data from the diagnostic
performance studies require more complex statistical
approaches than needed e.g. for meta-analysis of the studies
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Figure 7. Hierarchical summary receiver operating characteristics (HSROC)
curve of the studies using immunochemical fecal occult blood test.

reporting simple proportions only. To properly account for
the correlation between sensitivity and specificity, and
obtain unbiased summary estimates of sensitivity and
specificity, we used the multilevel statistical methods
available in STATA software (48).

In the present meta-analysis, the pooled sensitivity and
specificity of gFOBT were 68% and 88% as compared to
those of the iIFOBTs (86% and 85%, respectively) (Figures 2-
5). This is the first formal demonstration of the superiority of
iFOBTs over gFOBTs, based on rigorous meta-analysis of
original studies that have been controlled for their quality by
the QUADAS-2 assessment tool (16). The present results are
in alignment with the data reported by Lee et al. in their
meta-analysis of iFOBTS, albeit not all studies included in the
present analysis were yet available in 2014 when their report
was published (14). Of note, gFOBTs were not included in
their analysis, and this was done for the first time in this
study to enable a direct comparison of the two techniques
using the pooled summary performance indicators.

It is of major (commercial) interest to assess whether
some of the test brands in the two categories (gFOBT and
iFOBT) were particularly influential in this meta-analysis,
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Figure 8. Empirical Bayes estimates of the sensitivity and specificity of
the immunochemical fecal occult blood test in studies.

i.e. had a significant influence on the pooled summary
estimates in the forest plots. This can be done by different
approaches. The simplest way is to make a visual inspection
of the forest plots depicting the pooled estimates of
sensitivity and specificity, separately for iFOBT and gFOBT
tests (Figures 2-5). Using this approach, one can easily pick
out the studies with the highest sensitivity and specificity.
Among both test categories, there were several studies where
the test sensitivity was 100%. This high sensitivity is
achieved at the expense of lower specificity. Importantly,
there was no single study (or test brand), neither among the
gFOBTs or iFOBTSs, that was 100% specific for the CRC
endpoint (Figures 2-5). As pointed out before (10, 12, 13),
this is exactly what is to be expected because of the simple
fact that fecal occult blood detected by these tests is not
specific to invasive CRC but can also be derived from
various other neoplastic or non-neoplastic sources.

A more formal approach for investigating the studies that
are particularly influential is based on calculating Cook’s
distance, together with the standardized residuals to check for
the distinct outliers (Figures 10 and 11). Among the gFOBT
studies, particularly influential were the study by Chen et al.
(Table I, ID 19, test brand not available) (38), followed by
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Figure 9. Empirical Bayes estimates of the sensitivity and specificity of
the guaiac-based fecal occult blood test in studies.

that of Wong et al. (Table I, ID 5, Hemoccult SENSA) (20)
and of Hol et al. (Table I, ID 12, Hemoccult II) (31).

Among the iFOBT studies, the study of Guittet ef al. (Table
II, ID 11, Magstream) (30) was particularly influential,
followed by that of Vasilyev et al. (Table II, ID 23, ColonView)
(12), Dancourt et al. (Table II, ID 10, InstantView) (29) and
Hoepftner et al. (Table II, ID 4, Prevent ID) (23). These studies
can also easily be identified from the forest plots by their
indicators that deviate from the mainstream. Highlighting a
study as influential, however, is not an indication that this was
due to the test brand used. Such a statement would be justified
only if the test brand is demonstrated to be a significant study-
level covariate in meta-regression where the test brand has
been included as a covariate.

To cast light on this intriguing issue, we performed REML
separately for gFOBTs and iFOBTs, testing different options
for the weights (inverse variance weight, study size weight,
unweighted) to determine whether the test brand was a
significant study-level covariate. Meta-regression did not
provide any confirmatory evidence to support the role of test
brand as an important source of heterogeneity between the
iFOBT and gFOBT studies as shown in the Results section.
Thus, it seems clear that the test brand used in the studies was
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Figure 11. Evaluation of the influential studies of guaiac-based fecal occult blood test using Cook’s distance (A) and standardized residuals (B).
Se: Sensitivity; Sp: specificity; ustd: standard deviation. Cook’s d: Cook’s distance.

not a significant determinant of the heterogeneity between the
studies that was observed in the forest plots (Figures 2-5). In
practice, this means that none of the test brands included in the
original studies in either of the categories is superior to the

others. This is not unexpected given that the different test
brands with the gFOBT and iFOBT technologies are based on
similar technological principles, with no fundamental
differences in their clinical performance.
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While considering the strengths and weaknesses of the
present approach, it is to be admitted that meta-analyses are
always subject to the detection and verification biases related
to the original studies, since CRC (study endpoint) might be
missed at a rate of 0.2-5% even if colonoscopy is used (49,
50). Language bias is also possible, since we omitted the
non-English studies; previous reports suggest that this type
of language exclusion has only little effect on the pooled
summary estimates in meta-analysis (51). There seems to be
an interesting seasonal variation in iFOBT test performance,
with lower positivity rates in hot weather, due to the
degradation of hemoglobin (52). Use of a standard collection
device/probe with a known buffer may also be subject to
bias. However, at the moment there is no accepted
international quality control standard for the use of iFOBTs.

Our meta-analysis has several strengths. Firstly, the meta-
analysis included the systematic use of the QUADAS-2 quality
assessment tool (16) and followed the recommendations of the
PRISMA statement (15). Secondly, our study was based on a
comprehensive systematic search of all major global databases,
thus minimizing the likelihood of missing any eligible studies.

In conclusion, our systematic review and meta-analysis
suggests that the diagnostic capabilities of iFOBTs are
superior to those of gFOBTSs as a screening tool for CRC. Of
interest is the question of which iFOBT test should one
choose: Quantitative or qualitative, and which test brand? In
quantitative iFOBTs, the cut-off for a positive test for faecal
haemoglobin concentration can be adjusted by the end user
(Magstream, OC-Sensor/Micro, Ridascreen and OC-
Hemodia). In qualitative iFOBTS, the positive test cut-off
concentration is pre-set, and the test is read as positive or
negative by either visual or automatic reading (ColonView-
FIT, InstantView, Prevent ID, OC-Light, FlexSure OBT and
Hemeselect). The current data based on a formal meta-
regression do not provide definitive confirmation of a
superiority of any test brand or even of the impact of the test
brand as an important source of heterogeneity between studies.
Of the quantitative iFOBTSs, the studies using Magstream have
shown excellent diagnostic performance. Of the qualitative
iFOBT brands, ColonView-FIT, InstantView and Prevent ID
seem to be the three topmost choices for CRC screening
because of their confirmed excellent test characteristics.
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