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ABSTRACT

Background and study aims Published studies report a

higher adenoma detection rate (ADR) for FIT-DNA as com-

pared with FIT. Data are less replete about the performance

of stool-based tests for sessile serrated polyp (SSP) detec-

tion. We performed a meta-analysis to evaluate the per-

formance of FIT and FIT-DNA testing for SSP detection rate

(SSPDR) in patients undergoing colonoscopy for follow up

of positive noninvasive tests.

Methods A comprehensive literature search of multiple

databases (until September 2022) was performed to identi-

fy studies reporting SSPDR in patients with positive FIT or

FIT-DNA tests. The outcome was overall colonoscopy de-

tection of any SSPs and advanced serrated polyps (ASP:

SSP ≥ 10mm and/or dysplasia).

Results Included were 482,405 patients (52.4% females)

with a mean age of 62.3 ± 4.4 years from 23 studies. The

pooled SSPDR for all positive stool-based tests was 5.3%

and higher for FIT-DNA (15.0%, 95% confidence interval

[CI] 8.3–25.7) versus FIT (4.1%, 95% CI 3.0–5.6; P=

0.0002). The overall pooled ASP detection rate was 1.4%

(95% CI 0.81–2.3) and higher for FIT-DNA (3.8 %, 95% CI

1.7–8.6) compared with FIT (0.71%, 95% CI 0.36–1.4;

P<0.01). SSPDR with FIT-DNA was also significantly higher

than FIT when the FIT cutoff was >10 ug/g and in FIT-posi-

tive patients in studies conducted in North America

(P<0.05).

Conclusions FIT-DNA outperformed FIT in both SSP and

ASP detection including FIT with a lower threshold cutoff

of >10 ug/g. Further comparative studies are needed to as-

sess the impact of our findings on colorectal cancer reduc-

tion.

Supplementary Material is available at

https://doi.org/10.1055/a-2256-3411
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Introduction
Fecal immunochemical testing (FIT) and FIT-DNA testing are
stool-based tests recommended for average risk colorectal can-
cer (CRC) screening by numerous organizations in the United
States [1, 2, 3]. FIT detects human globin using monoclonal or
polyclonal antibodies whereas FIT-DNA includes assay for mu-
tant KRAS, methylated BMP3, and NDRG4, in combination with
a FIT [4]. FIT is adopted as the primary CRC screening tool for
the majority of European countries, Canada, and Australia and
in programmatic approaches to screening in the United States
[5]. The goal of stool testing is to identify early-stage CRC, but
optimally, it would also detect benign precursors to CRC includ-
ing advanced adenomatous or serrated polyps. Most CRCs de-
velop from an adenoma while approximately 20% to 30% origi-
nate from sessile serrated polyps (SSPs) [1]. SSPs are presumed
to result from mutations in genes responsible for cell prolifera-
tion and differentiation, such as the hypermethylation pathway,
and tend to bleed less so they may not be detected with FIT
testing [6]. Previous studies have also reported a higher adeno-
ma detection rate (ADR) with FIT-DNA than with FIT and ad-
vanced SSPs; however, data on the SSP detection rate (SSPDR)
with stool-based tests are less robust.

Therefore, we performed a meta-analysis aimed evaluating
the SSPDR of FIT and FIT-DNA testing in patients undergoing
colonoscopy for positive stool test follow up.

Methods
Search strategy

A comprehensive search of several databases was conducted
from their inception to August 30, 2022. The databases includ-
ed Ovid MEDLINE and Epub Ahead of Print, In-Process and other
non-indexed citations, Ovid Embase, Ovid Cochrane Central
Register of Controlled trials, Ovid Cochrane Database of Sys-
tematic Reviews, and Scopus. An experienced medical librarian
using inputs from the study authors helped with the literature
search. Controlled vocabulary supplemented with keywords
was used to search for studies of interest. The full search strat-
egy is available in Appendix 1. The PRISMA and MOOSE check-
list were followed and are provided in Appendix 2 and Appen-
dix 3[7, 8].

Study selection

We included studies that reported SSPDR from colonoscopy
after a positive FIT or FIT-DNA in average-risk asymptomatic po-
pulations. Studies were included irrespective of the study sam-
ple size, setting, FIT cutoff, FIT test brand, number of FIT tested,
or geography as long as data needed for the analysis were
provided.

Studies done in a pediatric population (aged < 18 years), ab-
stracts, studies not published in the English language, and not
reporting primary outcome (SSPDR) were excluded. In case of
multiple publications from the same cohort and/or overlapping
cohorts, data from the most recent and/or most appropriate
comprehensive report were retained.

Data abstraction and quality assessment

Data about study-related outcomes in the patient studies were
abstracted onto a standardized form by at least two authors
(RG, MA), and two authors (RG, MA) did the quality scoring in-
dependently. Any disagreements between authors about inclu-
sion/exclusion criteria and quality scoring were discussed with
the third author (SG) and final decisions were reached by mu-
tual agreement. Primary study authors were contacted via
email as needed for further information and/or clarification
about data.

The Newcastle-Ottawa scale was used to assess the quality
of cohort studies [9]. This quality score consisted of eight ques-
tions, the details of which are provided in Supplementary Ta-
ble1. The Jadad score was used for randomized trials [10].

Outcomes assessed

The primary outcome of the meta-analysis was pooled SSPDR.
We further categorized serrated findings into advanced serra-
ted polyp (ASP) detection rate (ASPDR) and proximal serrated
polyp (PSP) detection rate. ASPs was defined as any serrated
polyp ≥ 10mm or with dysplasia and PSP was defined as any ser-
rated polyp located proximal to the splenic flexure. SSPDR and
ASPDR were compared between FIT and FIT-DNA cohorts. Sub-
group analyses were performed based on FIT cutoff, continent,
and study type.

Statistical analysis

Pooled estimates were calculated in each case following the
methods suggested by DerSimonian and Laird using the ran-
dom-effects model [11]. When the incidence of an outcome
was zero in a study, a continuity correction of 0.5 was added to
the number of incident cases before statistical analysis [12].
Heterogeneity was assessed between study-specific estimates
by using Cochran Q statistical test for heterogeneity and the I2

statistics [13, 14]. In this, values of < 30%, 30% to 60%, 61% to
75%, and > 75% were suggestive of low, moderate, substantial,
and considerable heterogeneity, respectively [15]. Publication
bias was ascertained, qualitatively, by visual inspection of fun-
nel plot and quantitatively, with the Egger’s test [16]. When
publication bias was present, further statistics using the fail-
Safe N test and Duval and Tweedie’s “Trim and Fill” test was
used to ascertain the impact of the bias [17, 18]. A Wald-type
test was conducted to compare the summary effect sizes
across subgroups: using either a Z-score or a Q-statistic (both
yield the same P value), whether or not two groups had signifi-
cantly different outcomes. P ≥ 0.05 was used a-priori to define
significance of the difference between compared groups. Meta-
regression analyses were conducted using mixed level models
and taking one predictor’s influence at a time on the outcome.
All analyses were performed using R statistical software (Meta-
for package).
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Results
Search results and population characteristics

A total of 410 studies were found on the initial search, of which
309 records were screened after removing duplicates. Seventy-
five full-length articles were assessed for inclusion and 23 stud-
ies were included in the final analysis [19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41]. Six-
teen studies reported SSPDR after only FIT testing [19, 20, 21,
22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34], three reported
SSPDR on both FIT and FIT-DNA [35, 36, 37], and three studies
reported SSPDR after only FIT-DNA testing (▶Fig. 1) [38, 39,
40, 41].

A total of 482,405 patients were included from 23 studies
(▶Table1). The mean patient age was 62.3 ± 4.4 years includ-
ing 52.4% females. A total of 355,319 patients were FIT positive
in 19 studies and 5,087 were FIT-DNA positive from seven stud-
ies. Among the 355,319 FIT-positive and 5087 FIT-DNA-positive
patients, 99.4% (N=353,319) and 89.4% (N =4,552) underwent
subsequent colonoscopy, respectively. The FIT cutoff ranged
from ≥ 4 to ≥ 55 ug/g in the included studies. The most com-
mon cutoff for FIT was ≥ 10 ug/g (N =8 studies) followed by ≥

20 ug/g from five studies. The most common FIT kit was OC-
Sensor (N=7 studies) followed by OC FIT-CHEK (N =3 studies)
(▶Table1). Eight studies reported FIT results in 237,647
screened patients whereby 15,089 (6.3%) were FIT positive
and 13,089 (86.7%) patients underwent colonoscopy. All stud-

ies of FIT-DNA testing included multitargeted stool DNA (MT-
sDNA). Six studies reported FIT-DNA results in which 24,549
screened patients were screened, 4,847 subjects (19.7%) test-
ed positive, and 4,312 (88.9%) underwent colonoscopy (▶Ta-
ble2).

Characteristics and quality of included studies

Nine studies were prospective, 13 were retrospective, and one
was a randomized controlled trial. Among the 22 cohort stud-
ies, all were high-quality based on the Newcastle-Ottawa scale
and one randomized trial was good-quality based on the Jadad
scale (Supplementary Table 1).

Meta-analysis outcomes

The pooled SSPDR for all positive stool-based tests was 5.3%
(95% confidence interval [CI] 4.0–6.9; I2 = 99.5%) from 17 stud-
ies. The pooled SSPDR for FIT-DNA was 15.0% (95% CI 8.3–25.7;
I2 = 94.5%, 3 studies) which was significantly higher compared
with FIT (4.1%, 95% CI 3.0–5.6; I2 = 99.6%, 14 studies; P =
0.0002; ▶Fig. 2a). The pooled ASPDR was 1.4% (95% CI 0.81–
2.3; I2 = 96.7%) and higher with FIT-DNA at 3.8 % (95% CI 1.7–
8.6; I2 = 92.8%) as compared with FIT (0.71%, 95% CI 0.36–1.4;
I2 = 75.4%; P < 0.01; ▶Fig. 2b). The pooled rate of PSPs could
only be calculated with FIT which was 4.6% (95% CI 2.9–6.9; I2

= 99.9%; 8 studies ▶Fig. 2c).

Subgroup analyses

Subgroup analyses were performed for SSPDR and ASPDR
based on FIT cutoff (≥ 10 vs. 20 ug/g or FIT10 and FIT20
groups), continent (North America vs. Europe after FIT), study
type (retrospective vs prospective after FIT), FIT vs FIT-DNA in
North America and FIT10 vs. FIT-DNA. SSPDR in FIT-DNA was
significantly higher than both FIT10 (15.0%; 95% CI 8.3–25.7;
I2 = 94.5%, 3 studies vs. 6.0%; 95% CI 5.2–6.8; I2 = 94.6%, 7 stud-
ies, P < 0.001) (▶Fig. 3a) and FIT group in NA (15.0%; 95% CI
8.3–25.7; I2 = 94.5%, 3 studies vs. 7.1%; 95% CI 6.4–7.9; I2 =
71.3%, 5 studies, P < 0.001) (▶Fig. 3b). Pooled SSPDR was also
significantly higher in FIT10 compared with FIT20 group (4.4%;
95% CI 3.2–6.1, I2 = 94.6%, 7 studies vs. 2.1%; 95% CI1.4–3.1, I2

= 99.6, 5 studies, P < 0.006). There were no significant differen-
ces in SSPDR after FIT between NA and Europe; and based on
study type. These results are summarized in ▶Table3.

ASP detection rate was found to be significantly higher in
prospective studies (1% vs 0.4%, P =0.01) as compared with ret-
rospective studies (▶Table 3). There was a trend toward higher
rates of ASPDR in FIT-DNA (3.8%, 95% CI, 2.3%-6.8% vs. 1.03%,
95% CI 0.39–2.69, P =0.053) compared with FIT10. There was
no difference in ASPDR based on FIT cutoff (≥ 10 vs. 20 ug/g)
(P =0.1) (▶Table 3). Subgroup analyses comparing NA vs. Eur-
ope and FIT vs. FIT-DNA in NA were not possible due to the lim-
ited number of studies.

Meta-regression

Meta-regression was performed for the primary outcome of
SSPDR based on age, gender, FIT cutoff, and study type, none
of which had any significant predictive influence on SSPDR (P >
0.05 for all) (▶Table 4).
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Validation of meta-analysis results

Sensitivity analysis

To assess whether any one study had a dominant effect on the
meta-analysis, we excluded one study at a time and analyzed its
effect on the main summary estimate. On this analysis, Zorzi et
al had significant influence on SSPDR for all stool-based screen-
ing tests [34]. After excluding that study, the pooled SSPDR for
all stool-based tests changed to 6.3% (95% CI, 5.4–7.4%, I2 =
97.7%).

Publication bias

Based on visual inspection of the funnel plot as well as quantita-
tive measurement that used the Egger regression test, there
was evidence of publication bias (Supplementary Fig. 1, Eg-

gers 2-talied P =0.001). On further trim and fill analysis, SSPDR
was adjusted to 6.3% (95% CI, 4.7–8.2, 1 study added). Based
on the overlapping confidence interval, the impact of publica-
tion bias was considered minimal.

Discussion
In this large meta-analysis of approximately 500,000 patients
undergoing stool-based colorectal cancer screening, the
pooled SSPDRs and ASPDRs for stool-based tests were 5.3%
and 1.4%, respectively. The pooled SSPDR with FIT-DNA was
significantly higher (15%) compared with FIT (4.1%). This re-
mained true for ASPDR as well (3.8% vs. 0.71%, P < 0.01). This
is the first meta-analysis reporting SSPDR on colonoscopy

▶Table 2 Study and population characteristics of FIT-DNA screened population.

Author,

year

Coun-

try

Study type Age

(range

or

mean

with

SD)

years

Female

(%)

FIT-

DNA

scree-

ned

FIT-

DNA

posi-

tive

Colonos-

copy

SSPDR

(N, %)

ASP

(N, %)

SSP Included

Ander-
son et
al, 2022

USA Retrospec-
tive

61–67 50.90% 240 240 51
(21.2%)

Clinically relevant
serrated polyps
[including all tradi-
tional serrated
adenomas, all ses-
sile serrated
polyps (SSP), and
HPs ≥ 10 mm

Bosch et
al, 2019

Neth-
er-
lands

Prospec-
tive trial

50–75 49% 1014 94 94 11
(11.7%)

ASP was defined as
a serrated or hy-
perplastic polyp ≥
1 cm and/or a ser-
rated polyp with
low- or high-grade
dysplasia

Deiss-
Yehiely
et al,
2022

USA Retrospec-
tive

63.8 ± 9 64% 3987 605 476 26
(4.3%)

only SSA ≥ 10mm
or dysplasia, no
TSA or HP

Imper-
iale et al,
2022

USA Prospec-
tive

47.8 ±
1.5

47.70% 816 53 53 1 (1.9%) Serrated lesions ≥
10 mm

Imper-
iale et al,
2014

USA Prospec-
tive

64.2 ±
8.4

53.70% 9989 2652 2652 42
(1.6%)

NR

Johnson
et al,
2017

USA Retrospec-
tive

69 62% 1908 201 132 36
(17.9%)

NR

Vakil et
al, 2020

USA Retrospec-
tive

65 ± 8 57.90% 6835 1242 905 110
(8.8%)

NR

FIT, fecal immunochemical test; SD, standard deviation; SSP, sessile serrated polyp/lesion; DR, detection rate; PSSP, proximal sessile serrated polyp/lesion; ASP, ad-
vanced serrated lesion; TSA, traditional serrated adenoma; HP, hyperplastic polyp.
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done for follow up after a positive stool-based CRC screening
test.

SSP detection and resection is important to reduce CRC and
establishing a benchmark for SSPDR on colonoscopy after a po-
sitive stool-based test would be of importance. SSPs are more
difficult to detect endoscopically than adenomas due to their
flat morphology and indistinct borders [4] and detection can
be improved with longer withdrawal times, training, and visual
and technological aids [42, 43]. It has been recently suggested
that the SSPDR goal should be ≥ 7% for screening colonoscopy

[44]. Significantly lower post-colonoscopy CRC rates have been
noted in providers with clinically significant SSPDRs of 3% to 9%
vs. 3% even in endoscopists with high ADRs (>25%) [45]. Cur-
rently, comparative data on detection of serrated lesions in pa-
tients undergoing colonoscopy after positive stool-based test-
ing are limited. Our study reports significantly higher SSP and
ASP detection rates after positive FIT-DNA as compared with
positive FIT testing. Prior observations demonstrate that FIT-
DNA has a higher sensitivity for detecting conventional adeno-
mas including advanced adenomas as compared with FIT [35,

Study Proportion 95 % C.I.

Test = FIT
Anderson et al, 2022 0.119 [0.080; 0.172]
Carot et al, 2018 0.214 [0.186; 0.244]
Chang et al, 2017 0.017 [0.009; 0.031]
Chu et al, 2022 0.070 [0.068; 0.072]
Cock et al, 2019 0.019 [0.010; 0.035]
Manzano-Robleda et al, 
 2020 0.009 [0.001; 0.061]
Grobbee et al, 2020 0.077 [0.066; 0.089]
Kligman et al, 2018 0.043 [0.023; 0.081]
Lund et al, 2019 0.003 [0.002; 0.004]
Mowat et al, 2019 0.008 [0.005; 0.015]
O’reilly et al, 2021 0.075 [0.070; 0.080]
Telford et al, 2021 0.071 [0.069; 0.073]
Van Doorn et al, 2015 0.097 [0.079; 0.118]
Zorzi et al, 2017 0.018 [0.017; 0.019]
Combined proportion 0.041 [0.030; 0.056]
Heterogeneity: I2 = 100 %, τ2 = 0.3300, χ2

13= 2964.27 (P = 0)

Test = FIT-DNA
Anderson et al, 2022 0.212 [0.165; 0.269]
Johnson et al, 2017 0.179 [0.132; 0.238]
Vakil et al, 2020 0.089 [0.074; 0.106]
Combined proportion 0.150 [0.083; 0.257]
Heterogeneity: I2 = 95 %, τ2 = 0.3300, χ2

2= 36.43 (P < 0.01)

Combined proportion 0.053 [0.040; 0.070]
Heterogeneity: 
I2 = 99 %, τ2 = 0.3300, χ2

16= 3094.79 (P = 0)
Residual heterogeneity: 
I2 = 100 %, χ2

16= 3000.70 (P = 0)
a

Study Proportion 95 % C.I.

Test = FIT

Bosch et al, 2019 0.033 [0.008; 0.124]

Chang et al, 2017 0.014 [0.007; 0.027]

Cock et al, 2019 0.008 [0.003; 0.020]

Manzano-Robleda et al, 

 2020 0.000 [0.000; 0.067]

Imperiale et al, 2014 0.004 [0.002; 0.010]

Mowat et al, 2019 0.004 [0.002; 0.009]

Zorzi et al, 2017 0.004 [0.003; 0.004]

Combined proportion 0.007 [0.004; 0.014

Heterogeneity: I2 = 75 %, τ2 = 0.6005, χ2
6= 24.44 (P <0.1)

Test = FIT-DNA

Bosch et al, 2019 0.117 [0.066; 0.199]

Deiss-Yehiely et al, 2022 0.043 [0.029; 0.062]

Imperiale et al, 2022 0.019 [0.003; 0.122]

Imperiale et al, 2014 0.016 [0.012; 0.021]

Combined proportion 0.038 [0.017; 0.086]

Heterogeneity: 

I2 = 93 %, τ2 = 0.6005, χ2
3= 41.68 (P < 0.01)

Combined proportion 0.014 [0.008; 0.023]

Heterogeneity: 

I2 = 97 %, τ2 = 0.6005, χ2
10= 299.38 (P < 0.01)

Residual heterogeneity: 

I2 = 86 %, χ2
9= 66.11 (P < 0.01)

b

Study Cases Total Proportion 95 % C.I.

Bleijenberg et al, 2020 6608 62341 0.106 [0.104; 0.108]

Bronzwaer et al, 2020 396 2889 0.137 [0.125; 0.150]

Carot et al, 2018 44 767 0.057 [0.043; 0.076]

Chu et al, 2022 3808 74605 0.051 [0.049; 0.053]

Denis et al, 2022 993 13067 0.056 [0.055; 0.058]

Mowal et al, 2019 12 1447 0.008 [0.005; 0.015]

Telford et al, 2021 5889 104326 0.056 [0.055; 0.058]

Zorzi et al, 2017 585 72021 0.008 [0.007; 0.009]

Random eff ects model  0.046 0.046 [0.030; 0.070]

Heterogeneity: I2 = 100 %, τ2 = 0.4073, χ2
10= 4996.27 (P = 0)

c

SSP detection rate

Advanced SSP detection rate

Proximal SSPDR

0.1

0.1

0.1

0.2

0.2

0.2

0.30

0

0

0.05

0.05

0.05

0.15

0.15

0.15

0.25

▶ Fig. 2 Forest plot showing a pooled SSP, b ASP, and c proximal SSP detection rate in average risk patients screened with stool-based tests.

Garg Rajat et al. Sessile serrated polyp… Endosc Int Open 2024; 12: E474–E487 | © 2024. The Author(s). E483



36, 46]. These findings provide information with which to coun-
sel patients about the utility of one versus the other test. De-
tection of methylated pathway aberrations in SSPs by FIT-DNA
and lack of bleeding of SSPs are the most likely reason for high-
er detection versus FIT [47]. Literature suggests that this in-
creased detection or sensitivity of FIT-DNA for premalignant
polyps is associated with a reduced specificity that leads to
false-positive results and increased health care costs [48].
Data about cost-effectiveness of FIT-DNA as compared with
FIT are contradictory [49, 50, 51]. In one modeling study, an-
nual FIT and colonoscopy every 10 years were found to be
more cost-effective than FIT-DNA every 3 years with equal par-
ticipation rates for all strategies, whereas another study report-
ed FIT-DNA to be more cost-effective than FIT or colonoscopy
and led to the highest quality-adjusted life-years savings [50,
51, 52]. Further studies can help determine the favorability of
FIT-DNA over FIT test in terms of cost-effectiveness and screen-
ing interval.

Subgroup analysis also provided some interesting findings. A
higher SSPDR was noted in the FIT10 group vs. the FIT20 group
(4.4% vs. 2.1%). This is not surprising because decreasing FIT
cutoff has been reported to have higher sensitivity for detect-
ing conventional adenomas and CRC [53, 54, 55, 56]. However,
FIT10 group still had a lower SSPDR as compared with FIT-DNA
(5.9% vs. 15%), suggesting that FIT-DNA outperformed FIT for
SSPs even at its lowest level of hemoglobin detection, further
supporting the use of FIT-DNA for detecting these lesions.
SSPDR was higher with FIT-DNA as compared with FIT in studies
conducted in North America, which should support the use of
FIT-DNA over FIT for CRC screening in this population. ASP was

higher in prospective studies than in retrospective studies. The
reasons for this finding are not entirely clear. A few potential ex-
planations include increased awareness about SSPs among phy-
sicians performing screening colonoscopies that would impact
SSPDR in prospective studies a lot more than in retrospective
studies. It could also be a result of the Hawthorne effect among
physicians participating in prospective studies, which is unlikely
to be present in retrospective studies. There was no statistically
significant difference in detection of ASPs in FIT-DNA vs. FIT10
or between the FIT10 and FIT 20 groups. This is most likely due
to the small sample size, as only three studies provided data for
these subgroups.

Our study has several important implications. First, SSPDR
appears to be an important quality metric for colonoscopy.
The lesions which should be included in the definition and addi-
tional studies on post-colonoscopy CRC are important because
previous studies have used variable definition for SSPs, such as
SSPDR, PSP detection rate, or clinically significant SSP detection
[57]. In addition, SSPDR as a colonoscopy quality metric also
depends on pathologic diagnosis due to the high degree of in-
terobserver variation in pathologic determination of SSPs [58].
SSP definition along with pathologic examination will also need
to be standardized before it can be accepted as a quality meas-
ure of colonoscopy [58]. The higher rate of detection of SSPs
with FIT-DNA comes at cost of poor specificity, which can lead
to heightened anxiety in both patients and colonoscopist.
Based on current evidence, FIT-DNA clearly outperforms FIT
for SSP detection even when compared with the lowest FIT cut-
off. Whether this higher detection of SSPs translates into de-
creased incidence of CRC will need to be determined in future

Study Proportion 95 % C.I.

Test = FIT
Chang et al, 2017 0.017 [0.009; 0.031]
Chu et al, 2022 0.070 [0.068; 0.072]
Cock et al, 2019 0.019 [0.010; 0.035]
Grobbee et al, 2020 0.077 [0.066; 0.089]
Mowat et al, 2019 0.008 [0.005; 0.015]
Telford et al, 2021 0.071 [0.069; 0.073]
Van Doorn et al, 2015 0.097 [0.079; 0.118]
Combined proportion 0.060 [0.052; 0.069]
Heterogeneity: I2 = 95 %, τ2 = 0.0225, χ2

6 = 11031 (P <0.01)

Test = FIT-DNA
Anderson et al, 2022 0.212 [0.165; 0.269]
Johnson et al, 2017 0.179 [0.132; 0.238]
Vakil et al, 2020 0.089 [0.074; 0.106]
Combined proportion 0.150 [0.083; 0.257]
Heterogeneity: I2 = 95 %, τ2 = 0.0225, χ2

2= 36.43 (P < 0.01)

Combined proportion 0.077 [0.068; 0.086]
Heterogeneity: I2 = 95 %, τ2 = 0.0225, χ2

2= 36.43 (P <0.01)
Residual heterogeneity: I2 = 95 %, χ2

8= 146.75 (P <0.01)

a

Study Proportion 95 % C.I.

Test = FIT
Anderson et al, 2022 0.019 [0.080; 0.172]
Chu et al, 2022 0.070 [0.068; 0.072]

Manzano-Robleda et al, 

 2020 0.009 [0.001; 0.061]
Kligmann et al, 2018 0.043 [0.023; 0.081]
Telford et al, 2021 0.071 [0.069; 0.073]
Combined proportion 0.071 [0.064; 0.080]
Heterogeneity: I2 = 71 %, τ2 = 0.0076, χ2

4 = 13.92 (P <0.01)

Test = FIT-DNA
Anderson et al, 2022 0.212 [0.165; 0.269]
Johnson et al, 2017 0.179 [0.132; 0.238]
Vakil et al, 2020 0.089 [0.074; 0.106]
Combined proportion 0.150 [0.083; 0.257]
Heterogeneity: I2 = 95 %, τ2 = 0.0076, χ2

2= 36.43 (P < 0.01)

Combined proportion 0.085 [0.078; 0.093]
Heterogeneity: I2 = 94 %, τ2 = 0.0076, χ2

7= 116.44 (P <0.01)
Residual heterogeneity: I2 = 88 %, χ2

6= 50.35 (P <0.01)

bSSPDR (FIT 10 vs FIT-DNA SSPDR NA (FIT vs FIT-DNA)
0.1 0.10.2 0.2 0.30.250.30 00.05 0.050.15 0.150.25

▶ Fig. 3 Forest plot showing pooled SSPDR in a FIT-DNA-positive vs. FIT10 group and b FIT-DNA vs. FIT in North American cohort.
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studies. In addition, different screening intervals, qualitative vs
quantitative FIT, and different test kits all add to variability in
FIT performance. In the era of moving toward noninvasive
screening modalities, FIT-DNA with a wider screening interval
is likely going to outperform FIT, but its long-term impact on
further decreasing CRC incidence and mortality remains to be
seen.

This review has several strengths. We performed a systema-
tic literature search with well-defined inclusion criteria. Redun-
dant studies were careful excluded and only medium- to high-
quality studies were included. The pooled sample size of includ-
ed patients was large with narrow CIs for most estimates. This
also allowed for various subgroup analyses and meta-regres-
sion. There are several limitations to this study. The included
studies were mostly reported from tertiary care referral centers
and may not be entirely representative of the general popula-
tion. Retrospective studies included in the analysis could have
contributed to selection bias. Various FIT studies had dissimilar

designs in terms of interval to repeat FIT test, cutoff for hemo-
globin in the stool sample, and use of one vs. multiple FITs for
one-time screening. In addition, variable definitions of SSPs
contributing to multiplicity issues and comparison of summary
effects using the Z-score or q-statistics, which primarily report
on the presence or absence of heterogeneity between groups,
also added to limitations of our study. We did not account for
synchronous adenomas because previous studies have report-
ed on FIT performance for adenomas. There was presence of
publication bias but its impact is considered minimal; however,
we were unable to account for other reporting biases such as
citation bias or outcome reporting bias, which influenced how
likely it was that a finding will end up in our meta-analysis. All
these factors could have contributed to the significant hetero-
geneity in the results. However, most of these limitations are
inherent in any meta-analysis and an attempt was made to ad-
dress these issues with various statistical methods, including
subgroup analysis, sensitivity analysis, and meta-regression.

▶Table 3 Summary of pooled rates on subgroup analysis.

Subgroup SSP detection rate* P value ASP detection rate* P value

FIT-10 vs FIT-DNA < 0.0001 0.053

FIT ≥ 10 ug/g 5.8% (5.0–6.7), I2 = 94.6%, 7 studies 1.03% (0.39–2.69), I2 = 66.1%, 4 studies

FIT-DNA 15.0% (8.3–25.7), I2 = 94.5%, 3 studies 3.81% (1.52–9.24), I2 = 92.8%, 4 studies

FIT by cutoff 0.004 0.101

FIT ≥ 10 ug/g 4.4% (3.2–6.1), I2 = 94.6%, 7 studies 0.98% (0.53–1.81), I2 = 66.1%, 4 studies

FIT ≥20 ug/g 2.1% (1.4- 3.1), I2 = 99.6, 5 studies 0.48% (0.26–0.87), I2 = 15.1%, 3 studies

North America < 0.0001

FIT 7.2% (6.3–8.2), I2 = 71.3%, 5 studies only 2 studies

FIT-DNA 15.0% (8.3–25.7), I2 = 94.5%, 3 studies

Continent P =0.09

North America 6.5% (3.9–10.5), I2 = 71.3, 5 studies only 2 studies

Europe 3.9% (2.6–5.6), I2 = 99.7, 7 studies

Study type 0.19 0.018

Retrospective 3.6% (2.5–5.2), I2 = 99.7%, 10 studies 0.4% (0.23–0.68), I2 = 0, 3 studies

Prospective 5.6% (3.2–9.8), I2 = 98.3, 4 studies 1% (0.58–1.7), I2 = 61%, 4 studies

Values are pooled rate, 95% Confidence interval, I2 and number of studies.
SSP, sessile serrated polyp; ASP, advanced serrated polyp; FIT, fecal immunochemical test.
Bold indicates significant P values.

▶Table 4 Meta-regression results of SSP detection rate with various factors.

Factor Coefficient with 95% CI P value

Age –0.19 (–0.41- 0.025) 0.08

Female gender 0.56 (–2.1–3.19) 0.67

Fit cutoff –0.04 (–0.11–0.012) 0.11

Retrospective –0.47 (–1.18–0.23) 0.19
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Conclusions
In conclusion, our meta-analysis demonstrates that FIT-DNA
seems to detect a higher proportion of SSPs and ASPs as com-
pared with FIT in a population at average risk for CRC. Further
head-to-head studies are needed to ascertain the CRC mortal-
ity reduction with the use of FIT-DNA as compared with FIT.
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