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ABSTRACT

Background & Aims: Fecal immunochemical tests (FITs) and flexible sigmoidoscopies are commonly used
modalities for colorectal cancer (CRC) screening. We performed a systematic review and meta-analysis to
compare the effectiveness of FIT and sigmoidoscopy in CRC screening.

Methods: PRISMA statement and Cochrane guidelines were followed for this review. Digital dissertation
databases were searched from inception till December 1st 2020 and randomized clinical trials comparing
the detection rates of CRC for FIT and sigmoidoscopy were included. Outcomes for analysis included
participation rates and detection rates of CRC, advanced adenomas and advanced colorectal neoplasia for
both screening modalities.

Results: Five randomized clinical trials with a total of 261,755 patients were included for the analysis. The
participation rate for FIT was significantly higher compared to flexible sigmoidoscopy (OR 2.11, 95% CI
1.29-3.44, p=0.003). In intention-to-screen analysis, the detection rate for advanced colorectal neoplasia was
significantly lower with FIT (OR 0.62, 95% CI 0.45-0.84, p=0.002) as compared to flexible sigmoidoscopy but
not statistically different for CRC (OR 1.15, 95% CI 0.65-2.02, p=0.63).

Conclusion: Despite lower participation amongst patients, CRC screening with flexible sigmoidoscopy leads to
higher detection of advanced colorectal neoplasia, when compared to a single round of fecal immunochemical

testing.

Key words: colorectal cancer screening — sigmoidoscopy - fecal immunochemical test — meta-analysis.

Abbreviations: CRC: colorectal cancer; FIT: fecal immunochemical test; gFOBT: guaiac-based fecal occult

blood test; OR: odds ratio.

INTRODUCTION

Colorectal cancer (CRC)
is the fourth most commonly
diagnosed cancer in the world
[1]. It accounted for nearly 1.8
million new cases worldwide in
2018 [2]. However, the incidence
and mortality rates of CRC seem
to be decreasing in the developed
world [3]. This has largely been
attributed to a combination of
better screening modalities and
more effective treatment. Several
stool and visualization-based
tools, such as the guaiac-based
fecal occult blood test (gFOBT),
fecal immunochemical test (FIT),
FIT-DNA, colonoscopy, flexible

sigmoidoscopy and computerized tomography colonography
have been shown to reduce the incidence rate for CRC [4].
Colonoscopy, the most utilized screening test, with the highest
sensitivity and specificity, has the added advantage of being
able to perform therapeutics [5, 6]. Flexible sigmoidoscopy
has been shown to have similar efficacy to colonoscopy in
identifying left-sided lesions with a reduction in incidence and
mortality rates by 25% and 30% respectively, when compared
to no screening or usual care [7-11]. Fecal immunochemical
test has been reported to have better sensitivity than gfFOBT
in detecting CRCs and advanced adenomas and has largely
replaced gFOBT as the fecal test of choice [12-16].

Despite the well-known efficacy of these tools, the full
benefit is undermined by their underutilization and low
adherence rates. Some factors associated with underutilization
of endoscopic screening are cumbersome bowel preparations,
need for sedation or anesthesia, invasiveness of the procedures
and potential complications [17]. A meta-analysis in 2012
suggested that higher detection rates associated with
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endoscopy minimized any impact of lower adherence rates in
a screening setting [13]. However, the analysis was limited by
a large number of studies utilizing gFOBT which has largely
been replaced by FIT now. Several studies have since then
evaluated FIT and compared it to flexible sigmoidoscopy as
a screening technique for CRC [18-22]. We hereby present
a systematic review and meta-analysis of randomized trials
comparing detection and participation rates of FIT and flexible
sigmoidoscopy in CRC screening.

METHODS

Our study was performed in accordance with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) statement and Cochrane guidelines for systematic
reviews [23, 24].

Search Strategy

The search strategy was designed and conducted by the
authors. Three reviewers (H.R.M., R.A. & A.B.) independently
and in duplicate searched PubMed, Cochrane Central Register
of Controlled Trials (CENTRAL), CINAHL, Scopus and Google
Scholar. using multiple search terms (‘fecal immunochemical
test, FIT, ‘FOBT’, ‘sigmoidoscopy; ‘endoscopy’) from inception
to December 1% 2020 (Supplementary file). All titles and
abstracts were identified by the authors and screened to
accrue potentially eligible studies. Then, the same reviewers
independently assessed all selected full-text manuscripts for the
eligibility. Disagreements between two reviewers were resolved
through consensus and after input from the third reviewer and
principal investigator.

Eligibility Criteria

The specific inclusion criteria for the systematic review and
meta-analysis were: (1) all randomized trials in patients more
than 50 years of age comparing FITs to flexible sigmoidoscopies
as strategies for CRC screening; (2) studies with information
available to evaluate the detection rates of CRC based on
screening strategy used; (3) full text articles available in English
language. Thus, reviewed studies included in our analysis were
randomized trials comparing the detection rates of CRC with
FITs to flexible sigmoidoscopies. Non-randomized studies and
studies evaluating gFOBT were excluded from the analysis.

Study Characteristics and Quality assessment

We selected data collection forms for randomized trials
based on Cochrane Collaboration risk assessment tool to
adhere to principles of sound methodological quality [25].
For each study, we ascertained seven domains to identify
imbalances in baseline characteristics. We used the terms “low
risk” and “high risk” of bias at the study level for scoring system.
In our study, “unclear bias” was judged from baseline imbalance
which could not be ascertained from the seven domains.

Quality assessments were also conducted independently,
and discrepancies were resolved by consensus.

Outcome measures
The outcomes for this systematic review and meta-analysis
were: 1) participation rates amongst patients offered screening
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with FITs and flexible sigmoidoscopies, and 2) detection rates
of CRC, advanced adenomas and advanced colorectal neoplasia
(CRC and advanced adenoma) amongst patients subjected
to screening with FITs and sigmoidoscopies. A per-protocol
analysis (per-screenee) was performed to calculate detection
rate in the population that underwent the screening test and
an intention-to-screen analysis (per-invitee) was performed to
calculate the detection rate in the population that was offered
screening, irrespective of participation.

Data Extraction

Three reviewers (H.R.M., R.A., A.B.) independently
reviewed and abstracted data on detection and participation
rates for each eligible study. If there were multiple reports
stemming from a specific study database, data from the most
robust study was extracted with other studies contributing
towards bibliography. The reviewers sorted the data separately
in all stages of study collection, data extraction and quality
assessment. All discrepancies found between 2 reviewers were
resolved with consensus and inputs from other authors.

Quantitative data synthesis

All data were analyzed using the computer software
(Review Manager (RevMan), version 5.4.1, the Cochrane
Collaboration, 2020). The final pooled risk estimates were
obtained using random effects models by the methods of
DerSimonian and Laird with inverse variance weighting. Raw
data for detection and participation events and nonevents from
each study were used to calculate a crude odds ratio (OR) for
each study. The Cochrane Q and the I* statistics were calculated
to assess heterogeneity between studies. P<0.10 for chi-square
test and I? <20% were interpreted as low-level heterogeneity.

RESULTS

Results of the Search

The initial library search identified 1,435 potentially
relevant citations from PubMed, Medline, CENTRAL,
EMBASE, Scopus and clinical trial registries. Subsequently,
after removal of duplicates, 1,014 underwent title and abstract
review. The remaining manuscripts were scrutinized further
and finally, five studies were included in the full review. There
was no overlap of patients among the different studies. The
PRISMA flowchart for the search strategy is shown in Fig. 1.

Included Studies

Five studies with a total of 261,755 patients were included in
the review. All the studies were randomized, population-based
clinical trials. The cut-offs for FIT positivity varied across the
studies: 100 pug/g for Segnan et al. [18], 20 pg/g for Hol et al.
[19], 15 ug/g for Castells et al. [20] & Randel et al. [22] and 10
ug/g for Grobbee et al. [21]. The characteristics of the included
studies are shown in Table I.

Risk of Bias in Included Studies

All the included studies reported adequate methods of
randomization except for Grobbee et al. [21] where details of
the randomization process were not described. None of the
included studies reported adequate concealment to prevent
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Fig. 1. PRISMA flowchart for review process.

selection bias or detection bias. Blinding of participants and
personnel was not possible, which is usually the scenario in
endoscopy studies, and therefore could lead to performance
bias. All the studies had low risk of attrition bias except for
Randel etal [22]. Castells et al [20] extrapolated sigmoidoscopy
results from colonoscopy. Grobbee et al. [21] and Hol et al. [19]
have described possible selection bias in the results. Therefore,
overall, the studies are fair in quality with regards to the risk
of bias. The quality assessment has been illustrated in Fig. 2.
Due to the low number of included studies (n<10), our
meta-analysis is underpowered to detect any publication bias.

Outcome Analysis

The odds of participation were higher with FIT as compared
to flexible sigmoidoscopy (OR: 2.11, 95%CI: 1.29-3.44,
p=0.003). The Forest Plot for this analysis has been shown
in Fig. 3.

In per-protocol analysis, the odds of detection of CRC
were lower with FIT as compared to flexible sigmoidoscopy

Table I. Characteristics of included studies

(OR: 0.76, 95%CI: 0.61-0.96, p=0.02). This analysis has been
shown in Fig. 4.

In intention-to-screen analysis, there was no statistically
significant difference in the detection rate of CRC amongst
the two groups (OR: 1.15, 95%ClI: 0.65-2.02, p=0.63). This has
been shown in Fig. 5.

In per-protocol analysis, the odds of detection of advanced
colorectal neoplasia were significantly lower in FIT group
compared to flexible sigmoidoscopy group (OR: 0.40, 95%CI:
0.32-0.48, p<0.001). This has been shown in Fig. 6.

In intention-to-screen analysis, FIT was associated with
a lower detection rate of advanced neoplasia as compared to
flexible sigmoidoscopy (OR: 0.62, 95%CI: 0.45-0.84, p=0.002).
This has been illustrated in Fig. 7. The odds of detection of
advanced adenoma were significantly lower in FIT group
compared to flexible sigmoidoscopy in both per-protocol (OR:
0.37,95%CI: 0.30-0.46, p<0.001) and intention-to-screen (OR:
0.58, 95%CI: 0.43-0.79, p<0.001) analysis. The Forest Plots for
these analyses are shown in Figs. 8 and 9 respectively.

Study Year Design Country Patient Age Total number Sigmoidoscopy FIT type and cut-off for
(years) of patients positivity (Hb/feces)
Segnan et al. 2007 Population-based Italy 55-64 20,042 Flexible Immudia HemSp, 100 pg/g
[18] Multicenter Randomized Sigmoidoscopy
Trial
Holetal. [19] 2010 Population-based Netherlands  50-74 15,011 Flexible OC sensor, 20 ug/g
Randomized Trial Sigmoidoscopy
Castellsetal. 2014 Population-based Spain 50-69 57,404 Estimated by OC sensor, 15 ug/g
[20] Multicenter Randomized Colonoscopy
Trial
Grobbee etal. 2020 Population-based Netherlands  50-74 30,007 Flexible Not specified, 10 ug/g
[21] Randomized Trial Sigmoidoscopy
Randel etal22 2020 Population-based Norway 50-74 139,291 Flexible OC Sensor-Diana, 15 pg/g
Randomized Trial Sigmoidoscopy

FIT: fecal immunochemical test.
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Fig. 2. Quality Assessment of Included Studies.

FIT Sigmoidoscopy 0Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% ClI
Segnan 2007 1965 6075 1944 6018 20.0% 1.00 [0.93, 1.08] 2007 -
Hol 2010 2979 4843 1522 4700 19.9% 3.34 [3.07, 3.63] 2010 -
Castells 2014 10611 26599 5059 26703 20.0% 2.84[2.73, 2.95] 2014 =
Grobbee 2020 8847 14651 2435 7882 20.0% 3.41[3.22, 3.61] 2020 -
Randel 2020 40966 70096 36065 69195 20.1% 1.29 [1.26, 1.32] 2020 =
Total (95% CI) 122264 114498 100.0% 2.11 [1.29, 3.44] —*
Total events 65368 47025
Heterogeneity: Tau® = 0.31; Chi* = 2280.43, df = 4 (P < 0.00001); I* = 100% 1 t t t
Test for overall effect: Z = 2.99 (P = 0.003) 0.2 ) 0-'5 2 >
Favors Sigmoidoscopy Favors FIT
Fig. 3. Forest Plot for comparison of participation rate.
FIT Sigmoidoscopy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Segnan 2007 2 1965 12 1944 2.3% 0.16 [0.04, 0.73] 2007 +—m
Hol 2010 14 2979 8§ 1522  6.6% 0.89[0.37,2.13] 2010 I E—
Castells 2014 36 10611 20 5059 15.5% 0.86 [0.50, 1.48] 2014 —
Grobbee 2020 41 8847 13 2435 12.2% 0.87 [0.46, 1.62] 2020 —
Randel 2020 173 40966 202 36065 63.3% 0.75[0.61, 0.92] 2020 i 3
Total (95% CI) 65368 47025 100.0% 0.76 [0.61, 0.96] L3
Total events 266 255
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Fig. 4. Forest Plot for comparison of detection rate of colorectal cancer in per-protocol analysis.
FIT Sigmoidoscopy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Segnan 2007 2 6075 12 6018 9.6% 0.16 [0.04, 0.74] 2007 +————
Hol 2010 14 4843 8 4700 17.4% 1.70 [0.71, 4.06] 2010 -1
Castells 2014 36 26599 20 26703 23.2% 1.81[1.05,3.12] 2014 ——
Grobbee 2020 41 14651 12 7882 21.4% 1.84 [0.97, 3.50] 2020 |
Randel 2020 173 70096 202 69195 28.5% 0.85 [0.69, 1.04] 2020 i
Total (95% CI) 122264 114498 100.0% 1.15 [0.65, 2.02] -
Total events 266 254
i 2 _ . 2 _ _ 2 I | I 1
Heterogeneity: Tau® = 0.28; Chi* = 17.53, df = 4 (P = 0.002); I’ = 77% hos 02 t 20

Test for overall effect: Z = 0.48 (P = 0.63)

Favors Sigmoidoscopy Favors FIT

Fig. 5. Forest Plot for comparison of detection rate of colorectal cancer in intention-to-screen analysis.
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FIT Sigmoidoscopy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Segnan 2007 23 1965 100 1944 11.5% 0.22 [0.14, 0.35] 2007 ———
Hol 2010 73 2979 111 1522 17.0% 0.32 [0.24, 0.43] 2010 —
Castells 2014 288 10611 317 5059 23.2% 0.42 [0.35, 0.49] 2014 —-
Grobbee 2020 295 8847 175 2435 21.9% 0.45 [0.37, 0.54] 2020 —
Randel 2020 1123 40966 1901 36065 26.3% 0.51 [0.47, 0.55] 2020 -
Total (95% CI) 65368 47025 100.0% 0.40 [0.32, 0.48] <
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Heterogeneity: Tau® = 0.04; Chi* = 23.20, df = 4 (P = 0.0001); I = 83% 012 055 é 5!
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Fig. 6. Forest Plot for comparison of detection rate of advanced colorectal neoplasia in per-protocol analysis.
FIT Sigmoidoscopy Odds Ratio 0dds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Segnan 2007 23 6075 100 6018 15.5% 0.22 [0.14, 0.35] 2007 +—=——
Hol 2010 73 4843 111 4700 19.0% 0.63 [0.47, 0.85] 2010 —
Castells 2014 288 26599 317 26703 21.7% 0.91[0.78, 1.07] 2014 —&
Grobbee 2020 295 14651 175 7882 21.2% 0.90 [0.75, 1.09] 2020 -
Randel 2020 1123 70096 1901 69195 22.7% 0.58 [0.53, 0.62] 2020 -
Total (95% CI) 122264 114498 100.0% 0.62 [0.45, 0.84] -‘-
Total events 1802 2604
Heterogeneity: Tau® = 0.11; Chi* = 59.49, df = 4 (P < 0.00001); I = 93% } t } f
Test f ll effect: Z = 3.03 (P = 0.002) 02 0.2 ‘ >
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Fig. 7. Forest Plot for comparison of detection rate of advanced colorectal neoplasia in intention-to-screen analysis.
FIT Sigmoidoscopy 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Segnan 2007 21 1965 88 1944 11.2% 0.23[0.14,0.37] —=—
Hol 2010 59 2979 103 1522 16.5% 0.28 [0.20, 0.39] -
Castells 2014 252 10611 297 5059 23.4% 0.39[0.33, 0.46] —a
Grobbee 2020 254 8847 162 2435 22.1% 0.41[0.34, 0.51] —=—
Randel 2020 950 40966 1699 36065 26.8% 0.48 [0.44, 0.52] &*
Total (95% CI) 65368 47025 100.0% 0.37 [0.30, 0.46] <
Total events 1536 2349
Heterogeneity: Tau? = 0.04; Chi* = 21.51, df = 4 (P = 0.0003); I = 81% 052 ols ;‘_‘ §
Test for overall effect: Z= 9.32 (P < 0.00001) Favors Sigmoidoscopy Favors FIT
Fig. 8. Forest Plot for comparison of detection rate of advanced adenoma in per-protocol analysis.
FIT Sigmoidoscopy Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Segnan 2007 21 6075 88 6018 14.7% 0.23 [0.15, 0.38] 2007 _—
Hol 2010 59 4843 103 4700 18.5% 0.55[0.40, 0.76] 2010 —
Castells 2014 252 26599 297 26703 22.0% 0.85[0.72, 1.01] 2014 —
Grobbee 2020 254 14651 163 7882 21.4% 0.84 [0.68, 1.02] 2020 —
Randel 2020 950 70096 1699 69195 23.3% 0.55 [0.50, 0.59] 2020 -
Total (95% CI) 122264 114498 100.0% 0.58 [0.43, 0.79] -
Total events 1536 2350
P 2 _ . Chi2 = = 2= [ t t t t d
Heterogeneity: Tau® = 0.10; Chi® = 47.75, df = 4 (P < 0.00001); I* = 92% 01 02 0s 3 S 10

Test for overall effect: Z = 3.55 (P = 0.0004)
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Fig. 9. Forest Plot for comparison of detection rate of advanced adenoma in intention-to-screen analysis.

DISCUSSION

In this systematic review and meta-analysis of five
randomized trials with a total of 261,755 patients, we
found that flexible sigmoidoscopies are associated with
higher CRC and advanced neoplasia detection rates but
lower participation rates, as compared to FITs. The overall
diagnostic yield of advanced colorectal neoplasia for flexible
sigmoidoscopies is significantly higher as compared to FITs
but that of CRC is not statistically different between the two
screening modalities.

A previous meta-analysis comparing different colorectal
screening techniques also found a higher diagnostic yield
of colorectal neoplasia with endoscopic screening when
compared with fecal tests [13]. However, that data was based
predominantly on gFOBT which have been found to be inferior
to FITs [15,16]. Also, in their analysis, endoscopic screening
comprised of both flexible sigmoidoscopy and colonoscopy,
such that a direct comparison of sigmoidoscopy with FIT was
not possible.

The detection of advanced neoplasia is a relevant
intermediate outcome of colorectal screening studies [18]. In
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our intention-to-screen analysis, FIT has a significantly lower
detection rate of advanced colorectal neoplasia as compared
to flexible sigmoidoscopy. This is largely driven by a lower
detection rate of advanced adenomas as the detection rates of
CRC were not statistically different between the two groups.
As advanced adenomas are considered a surrogate marker of
CRC [26], their higher detection with sigmoidoscopy confers
an advantage in reducing the incidence of CRC over a screening
interval in a population [27].

Another important outcome in colorectal screening is the
participation rate for different screening modalities across the
population. Our analysis confirms lower odds of participation
with sigmoidoscopy compared to fecal testing, as has been the
case previously [28]. This is likely attributable to invasiveness
of the procedure, risk of potential complications and the need
for complex infrastructure associated with it. The participation
rates differ across the included studies highlighting the fact
that other factors like patient awareness and effectiveness
of screening program influence patient participation at a
community level [29].

It is to be noted that our results are a comparison of the
diagnostic yields of ‘once only’ flexible sigmoidoscopy with
a single round of FIT. In a screening programme, multiple
rounds of fecal testing would have been undertaken in a 5
or 10-year period over which a single flexible sigmoidoscopy
is usually performed. Therefore, the true diagnostic yield of
FIT in a given screening interval would be expected to be
higher due to multiple rounds being administered and higher
participation at the community level. Unfortunately, three of
the included studies only report data over the first round of
FIT and therefore, comparison of detection rates over a longer
time period was not possible in our analysis.

A major limiting factor affecting CRC screening in a
population is the endoscopic capacity of that region [30].
A potential benefit with stool testing is that it helps identify
higher-risk individuals who can be selectively referred for
colonoscopy. It is, however, to be noted that the FIT-positive
patients need timely follow up colonoscopies as delaying
colonoscopies in these patients has been shown to be associated
with higher incidence of CRC [31]. Careful planning and
implementation is therefore needed to devise efficient
colorectal cancer screening programmes.

There are certain limitations to our analysis. As stated
previously, the results may skew towards FIT when multiple
rounds of FIT are compared to single flexible sigmoidoscopy
over a given screening interval. There is heterogeneity amongst
the studies, especially in terms of the participation rates.
This is likely accounted by the cultural and organizational
differences amongst the study populations and perhaps, by
the large size of the populations as well. However, given the
large difference in our outcome analysis, this heterogeneity
is unlikely to be of any clinical significance. Also, blinding
is not feasible in endoscopy-based studies and is an inherent
limitation that could lead to a performance bias. However, the
included studies have uniformity in outcome definition and
therefore, the heterogeneity is low. Also, the cut-offs for FIT
positivity varied ten-fold across the studies. The Segnan study
[18] used a cut-off of 100 ug/g Hb/feces for FIT positivity. This
is one of the earlier studies using FITs when they were newly
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implemented in population-based studies. The cut-offs for
positivity have since then been revised and are much lower
now. The expected influence of this variability between studies
was hard to address specifically even by using random-eftects
models for conducting the meta-analysis. Lastly, our meta-
analysis is underpowered to detect any publication bias due
to the small number of included studies.

CONCLUSIONS

Despite lower participation amongst patients, CRC
screening with flexible sigmoidoscopy leads to higher detection
of advanced colorectal neoplasia, when compared to a single
round of FIT. Future data on mortality reduction is needed to
differentiate between the two screening techniques.
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