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Effectiveness of sigmoidoscopy
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colorectal cancer incidence and
mortality: a systematic review
and meta-analysis of randomized
controlled trial
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Objectives: We conducted a comprehensive analysis to compare colonoscopy
and sigmoidoscopy with standard care or fecal immunochemistry regarding
colorectal cancer incidence and mortality risk.

Methods: Until August 2023, literature from PubMed, Embase, Web of Science,
and Cochrane was systematically reviewed. We examined the impact of
colonoscopy or sigmoidoscopy versus standard care on colorectal cancer
outcomes, including incidence, cancer-specific mortality, and overall mortality.

Results: Among 4,265 screened articles, data from seven randomized controlled
trials (involving 663,319 participants) were analyzed. The intervention group
(colonoscopy or sigmoidoscopy) consisted of 258,938 participants, while the
control group received standard care or fecal immunochemical testing, totaling
404,381 participants, with both groups having average colorectal cancer risk,
without confounders. Pooled analyses indicated a 20% reduction in colorectal
cancer incidence (RR: 0.80, 95% CI: 0.77-0.83) and a 26% decrease in colorectal
cancer mortality (RR: 0.74, 95% CI: 0.69-0.80) in the intervention group
compared to standard care. All-cause mortality remained unchanged (RR: 1.03,
95% Cl: 0.99-1.07). Subgroup analysis favored sigmoidoscopy in reducing
colorectal cancer morbidity and mortality.

Conclusion: This meta-analysis of randomized controlled trials underscores the
effectiveness of colonoscopy and, notably, sigmoidoscopy in reducing colorectal
cancer incidence and mortality among average-risk populations. In comparison
to fecal immunochemical testing, both colonoscopy and sigmoidoscopy did not
significantly impact colorectal cancer incidence and mortality in this population.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/,
identifier CRD42023460007.
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1 Introduction

Colorectal cancer(CRC), a significant global health concern,
stands as the third most commonly diagnosed cancer and the
second leading cause of cancer-related deaths (1). For average-
risk populations, mass screening with colonoscopy or
sigmoidoscopy has been shown to have a large reduction in CRC
incidence and mortality by detecting precancerous polyp
production (2). However, the current long-term role of
endoscopic screening is difficult to quantify due to the lack of
pooled analyses of large multicenter randomized controlled trials
with recent long-term follow-up.

Cancer screening currently serves two main purposes: early
detection and prevention of cancer development (3). Treating
cancer at an early stage, when it can be controlled and cured,
reduces cancer mortality rates. Preventive cancer screening reduces
long-term cancer-related illness and death by detecting and treating
precancerous lesions like colorectal adenomas (4). Preventive
screening serves as an efficient strategy for diminishing cancer
occurrence and consequent fatalities (5).

In recent years, significant progress has been achieved in large
randomized controlled trials (RCTs) aimed at evaluating various
screening interventions for colorectal cancer. Notable examples
include the UK Flexible Sigmoidoscopy Screening Trial (UKFSST)
(6), the Norwegian Colorectal Cancer Prevention (NORCCAP) trial
(7), the Prostate, Lung, Colorectal, and Ovarian Cancer (PLCO)
trial (8), and the Nordic-European Initiative on Colorectal Cancer
(NordICC) (9). These trials have contributed valuable data to our
understanding of the effectiveness of different screening approaches
in reducing the burden of colorectal cancer. Valuable data on the
reduction of both the incidence and mortality rates of colorectal
cancer have been gleaned from these trials, which were conducted
over a median follow-up period of approximately 10 years or longer.

These large random controlled trials were conducted with
healthy people at average risk of CRC (Excluding individuals with
known potential risks for CRC) drawn by the experimenter from
population registries in the area where the trial was conducted for a
fixed time period, randomly assigned in a 1:1 or 1:2 ratio to either
accept an invitation to undergo a single screening colonoscopy or a
sigmoidoscopy (9, 10) (the invitation group) or not to accept an
invitation (the no intervention group or to have a fecal
immunochemical test (FIT) (11, 12). The main outcome measure
assessed in the study was the incidence of colorectal cancer and
mortality related to it, while the secondary outcome measure
focused on death from any cause. Two previously published
meta-analyses (13, 14) have examined the impact of
sigmoidoscopy and FIT on CRC incidence and mortality.
However, these analyses did not specifically investigate the effects
of sigmoidoscopy or colonoscopy on CRC incidence and mortality,
nor did they compare the effects of sigmoidoscopy or colonoscopy
with FIT on CRC incidence and mortality. Since then, the outcomes
of four randomized controlled trials have been published during the
period 2020-2023 (6, 9-11). In this study, we provide a pooled
analysis and updated evidence comparing the effectiveness of
colonoscopy or sigmoidoscopy in reducing CRC incidence and
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mortality. Furthermore, we endeavor to assess the impact of
colonoscopy or sigmoidoscopy in comparison with fecal
immunochemistry on CRC outcomes.

2 Materials and methods
2.1 literature search

In this meta-analysis, we adhered to the guidelines outlined in
the PRISMA 2020 statement (Preferred Reporting Items for
Systematic Evaluation and Meta-Analysis 2020 statement) (15)
and registered our study with PROSPERP under the registration
number CRD42023460007. The PRISMA 2020 checklist can be
found in Supplementary Table 1 for your reference. As of August
2023, we used PubMed, Embase, Web of Science, and Cochrane to
conduct a systematic literature search to compare the impact of
colonoscopy or sigmoidoscopy on CRC morbidity or mortality, and
published in English. Sigmoidoscopy”, “Colonoscopy”, “Colorectal
Neoplasms”, “Incidence”, and “Mortality” as search terms to search
the database. The detailed search strategy is provided in
Supplementary Table 1. We also conducted a manual review of
the bibliographies in all eligible studies. The retrieval and
assessment of randomized controlled trials was conducted by two
investigators independently. Differential results were assessed by a
third investigator. If discrepancies are found during the literature
search, the three researchers will negotiate to reach a consensus.

2.2 ldentification of eligible studies
Studies were included if they met the following criteria.

(1) The study employed a randomized controlled trial design.

(2) The study population was at average risk of not having
colorectal cancer.

(3) The intervention consisted of at least one of colonoscopy
and sigmoidoscopy.

(4) The study findings included data on either colorectal cancer
incidence rates or mortality rates, or both.

(5) Adequate data are available for the computation of the risk
ratio (RR).

In our evaluation and analysis, we opted to exclude the following
types of content: reviews, letters, comments, case reports, conference
abstracts, unpublished articles, and non-English articles. These
materials were excluded due to their limited availability of
information for comprehensive assessment and analysis.

2.3 Data extraction
The search results were imported into the EndNote X9 database

(Clarivate Analytics, Boston, MA, USA), and redundant entries were
eliminated. Two researchers conducted the data extraction process
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independently. A third researcher dealt with differentiated results.
Disagreements were resolved through consensus among the three
researchers, and final decisions were reached according to
standardized criteria. We have obtained the following information
from the randomized controlled trials included in our analysis: primary
author, publication year, duration of the study, geographic location of
the study, study methodology, sample size, participant age, follow-up
period, incidence of CRC mortality due to CRC, and overall mortality.

2.4 Quality assessment

The quality assessment of eligible RCTs was conducted
following the Cochrane Handbook for Systematic Reviews of
Interventions 5.1.0 based on seven terms: random sequence
generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome
data, selective reporting, and other sources of bias (16). Each facet of
the study was categorized into three assessment outcomes: low risk,
high risk, and unclear risk. Studies with a higher number of “low
risk” bias assessments were considered to be of greater quality.

Both authors independently evaluated the quality of all the
studies included in the analysis, and any discrepancies were
resolved through constructive discussion.

2.5 Statistical analysis

Evidence synthesis was performed in Review Manager 5.4.1
version (Cochrane Collaboration, Oxford, UK). The relative risk
(RR) was utilized to compare binary variables. All metrics were
reported along with 95% confidence intervals (CIs). The variability
among studies was evaluated using the chi-squared (}?) test,

commonly known as Cochran’s Q, and the inconsistency index (I?).

10.3389/fonc.2024.1364923

We considered statistical significance for heterogeneity as
follows: A 7 p-value less than 0.05 or an I” value exceeding 50%
were regarded as indicative of substantial heterogeneity. In the
presence of substantial heterogeneity (indicated by a > p-value <
0.05 or I > 50%), a random-effects model was employed to calculate
the pooled relative risk (RR). In an alternative approach, we utilized
the fixed-effect model. we also conducted one-way sensitivity
analyses to assess the impact of the included studies on the
aggregated findings for outcomes displaying substantial
heterogeneity. Publication bias was assessed through both visual
inspection of funnel plots using Review Manager 5.3 (Cochrane
Collaboration, Oxford, UK) and Egger’s regression tests conducted
with Stata 12.0 (Stata Corp, College Station, TX, USA) for outcomes
that included three or more studies (17). P value < 0.05 was
considered as statistically significant publication bias.

3 Results

3.1 Literature search and
study characteristics

Figure 1 shows the flowchart of the systematic search, selection,
and screening process. Through a comprehensive systematic
literature search, a total of 4,265 pertinent articles were identified
across various databases, including PubMed (n=908), Embase
(n=1292), Web of Science (n=1559), and Cochrane (n=506). After
eliminating redundant publications, a total of 2,906 titles and
abstracts were subjected to review. Ultimately, our meta-analysis
encompassed seven full-text articles that collectively comprised a
participant pool of 663,319 individuals. It’s noteworthy that all
seven of these studies were conducted as randomized controlled
trials (Table 1).

| PubMed (n=908) | I Embase (n=1292) | | Web of science (n=1559) I | Cochrane (n=506) |

1 Duplicates(n=1359)

Records excluded after review of titles
and/or abstracts with reasons(n=2821):
1.Not related to the topic (n=1831)
2.Replies and comments (n=56)

3.Reviews and meta-analyses (n=823)

4.Case reports (n=11)

5. Unpublished and non-English articles
(n=15)

Full-text articles excluded with reasons
(n=78):

1.Colonoscopy and sigmoidoscopy
were not included in the intervention

group (n=30)

2.Studies without sufficient data (n=21)
3.The participants were not at average
risk for colorectal cancer (n=27)

=
2
g
]
]
5
=2
Unique titles(n=2906)
e
£
‘g
8
5
7]
2
£ Eligible full-text articles(n=85)
8
=
2
2
S
£
Articles included in meta-analysis
(0=7)

FIGURE 1
Flowchart of the systematic search and selection process.
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3.2 Quality assessment

The results of the quality assessment showed that the primary
risk was from allocation concealment (selection bias), with almost
all included RCT's showing high-risk outcomes, and the secondary
risk was from blinding of subjects and experimental staff
(implementation bias), with some studies showing high-risk
outcomes. The included RCTs were all high-quality random
controlled trials (Supplementary Figures 1A, B).

3.3 Subject characteristics

3.3.1 Incidence

In this study, we included a total of 7 RCTs, involving a cohort
of 663,319 participants. Among them, 258,938 individuals were
assigned to the intervention group, while the remaining 404,381
were allocated to the control group. The pooled analysis revealed a
noteworthy decrease in the incidence of colorectal cancer within the
intervention group [Relative Risk (RR) = 0.80, 95% Confidence
Interval (CI) = 0.77-0.83]. Notably, no significant heterogeneity was
detected among the included studies (I* = 46%, p < 0.00001)
(Figure 2A). Upon visual inspection of funnel plots, a subtle
indication of publication bias was observed; nevertheless, Egger’s
test did not yield statistically significant results (p = 0.117)
(Supplementary Figure 2A).

3.4 Mortality for colorectal cancer

In our analysis, we incorporated data from a comprehensive
review comprising 5 RCTs, which collectively encompassed a
sizable cohort of 509,928 study participants. Among these,
184,619 individuals were assigned to the intervention group,

TABLE 1 Basic features of the included literature.

Study

Registration

Authors

Intervention

10.3389/fonc.2024.1364923

while 325,309 individuals constituted the control group. Our
synthesis of the available evidence yielded a noteworthy finding-a
statistically significant reduction in mortality rates associated with
colorectal cancer among participants in the intervention group. The
relative risk (RR) estimate was 0.74 (95% Confidence Interval [CI]:
0.69-0.80). Importantly, our analysis revealed minimal
heterogeneity across the included studies (I’=13%, p<0.00001)
(Figure 2B). The visual inspection of funnel plots revealed a
minor indication of publication bias, while the results of Egger’s
test indicated the existence of publication bias (p=0.014)
(Supplementary Figure 2B).

3.5 Mortality for all causes

In this systematic review, a total of three RCTs, involving a
cohort of 217,649 subjects were included. Among them, 65,928 were
assigned to the intervention group, while 151,721 were in the
control group. The results of our pooled analysis, illustrated in
Figure 2C using a forest plot, revealed no statistically significant
difference in all-cause mortality between the intervention and
control groups, with a calculated risk ratio (RR) of 1.03 (95% CI,
0.99-1.07).

We noted a substantial level of heterogeneity among the
included studies, as evidenced by an I” statistic of 60% and a p-
value of 0.13. Furthermore, we conducted a comprehensive
assessment of publication bias, both visually through funnel plots
(Supplementary Figure 2C) and using Egger’s test, which yielded a
non-significant result with a p-value of 0.350.

In summary, our analysis of these RCTs did not reveal a
significant impact of the intervention on all-cause mortality.
However, it’s important to acknowledge the presence of
heterogeneity among the studies, and further investigation may be
warranted to explore potential sources of variation.

Median
follow-up
(Years)

Age

Patients (n) (Years)

Control

period number group
Scope/ Intervention/ Incidence/
No intervention  control Mortality
. 2008.
gt‘lmem 232? Spain RCT NCT00906997 Colonoscopy Fit 5124/8976 59.1/59.3 10/10
Bretthaver | 2008- Northern o NCT00883792 Colonoscopy | . N° 28220/56365 10/10
et al. 2021 Europe intervention
Randel 2012-
et“:l ¢ S0t Norway RCT NCT01538550 Sigmoidoscopy Fit 69195/70096 63.3/52.2 10/10
Hol 1999- N
oime Norway RCT NCT00119912 Sigmoidoscopy | . O 20572/78220 56.1/56.9 10/10
et al. 2011 intervention
Mill 1993- N
e USA RCT NCT00002540 Sigmoidoscopy | . O 62312/62085 158
et al. 2012 intervention
. 1995- . . No
Atkin et al. UK RCT ISRCTN28352761  Sigmoidoscopy | . . 56379/111503 60.0/60.0 17/17
2023 intervention
Senore 1995- . . No
et al. 2016 Ttaly RCT ISRCTN27814061  Sigmoidoscopy intervention 17136/17136 15.4/18.8
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Scop Control Risk Ratio Risk Ratio
y
__Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed. 95% Cl
Atkin 2017 1215 56379 3225 111503 39.0% 0.75[0.70, 0.80] -
Bretthauer 2022 259 28220 622 56365 7.5% 0.83[0.72, 0.96]
Castells 2014 27 5124 38 8976 0.5% 1.24[0.76, 2.04]
Holme 2014 253 20572 1086 78220 8.1% 0.89[0.77,1.01] -
Miller 2019 1461 62312 1761 62085 31.8% 0.83[0.77,0.89] =
Randel 2021 202 69195 260 70096 4.7% 0.79 [0.66, 0.95]
Senore 2022 382 17136 468 17136 8.4% 0.82[0.71, 0.93] -
Total (95% CI) 258938 404381 100.0% 0.80[0.77, 0.83] *
Total events 3799 7460
Heterogeneity: Chiz = 11.10, df = 6 (P = 0.09); I = 46% 0‘5 0‘7 1 1'5 é
Test for overall effect: Z = 11.11 (P < 0.00001) : Favoﬁrs [Scopy] Favours [co}nrol]
B Scopy Control Risk Ratio Risk Ratio
Atkin 2017 345 56379 985 111503 42.3% 0.69[0.61, 0.78] L
Bretthauer 2022 72 28220 157 56365 6.7% 0.92[0.69, 1.21]
Holme 2014 73 20572 330 78220 8.8% 0.84[0.65, 1.08] - [
Miller 2019 368 62312 504 62085 322% 0.73 [0.64, 0.83] ol
Senore 2022 122 17136 157 17136  10.0% 0.78 [0.61, 0.98]
Total (95% CI) 184619 325309 100.0% 0.74[0.69, 0.80] >
Total events 980 2133
Heterogeneity: Chiz = 4.59, df = 4 (P = 0.33); 1= 13% 0'7 o 315 1 1'2 1‘5
Test for overall effect: Z = 7.67 (P < 0.00001) Fav-ours [écopy] Favomjrs [contr-ol]
C Scopy Control Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events Total Weight M-H 95% CI M-H 95% Cl
Bretthauer 2022 3036 28220 6079 56365 34.9% 1.00 [0.96, 1.04] —
Holme 2014 2183 20572 7762 78220 32.6% 1.07 [1.02, 1.12] &
Senore 2022 3155 17136 3062 17136 32.5% 1.03 [0.99, 1.08] T
Total (95% Cl) 65928 151721 100.0% 1.03[0.99, 1.07] -
Total events 8374 16903
Heterogeneity: Tau? = 0.00; Chiz = 5.01, df = 2 (P = 0.08); I = 60% o gs 0’9 ; 1‘2
Test for overall effect: Z = 1.51 (P = 0.13) Favours [experimental] Favours [control]
FIGURE 2

Forest plots of outcome indicator: (A) incidence of CRC, (B) mortality of CRC, (C) mortality for all causes.

3.6 Sensitivity analysis

We conducted a sensitivity analysis to evaluate the influence of
individual RCTs on the analytical outcomes. This was achieved by
systematically excluding each RCT, one at a time, from the analysis.
The sensitivity analysis showed that the heterogeneity of the analytic
results for CRC incidence and CRC mortality remained unchanged
by excluding any individual RCT (Supplementary Figures 3A, B),
whereas the heterogeneity for all-cause mortality disappeared when
we excluded the data reported by Bretthauer et al. (9) in 2021
(I’=13%, p=0.009) (Supplementary Figure 3C), which suggests that
the results of the present study for the analyses of CRC incidence and
CRC mortality are stable. This suggests that the report explains the
main reason for the heterogeneity in all-cause mortality rates.

3.7 Subgroup analysis

We performed a subgroup analysis of the intervention
(colonoscopy or sigmoidoscopy) in the intervention group, and the
treatment (FIT or no intervention) in the control group. The results
of the subgroup analysis showed that sigmoidoscopy had a more
significant effect on the reduction of CRC morbidity and mortality
(INCIDENCE, RR, 0.79,95% CI, 0.76-0.83, 1°’=48%, p<0.03,
MORTALITY FOR COLORECTAL CANCER RR, 0.73,95% CL
0.67-0.79, 1’=0%, p<0.00001) (Table 2). The effect of colonoscopy
or sigmoidoscopy on long-term morbidity was stable and significant
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for CRC compared with the no intervention group (RR, 0.80,95% CI,
0.77-0.83), and because we did not include RCT's in which the control
treatment was an immunochemical assay in the analysis of CRC
mortality and all-cause mortality, we did not report the results of the
subgroup analyses of the control treatments for CRC mortality and
all-cause mortality. cause mortality subgroup analysis results.

4 Discussion

In pooled analyses, it was observed that screening methods
involving sigmoidoscopy or colonoscopy led to a notable decrease
of 20% in the incidence of CRC, with a relative risk (RR) of 0.80
[95% confidence interval (CI) 0.77-0.83], when compared to the
usual-care group in the average-risk population. Additionally, there
was a substantial 26% reduction in CRC-related mortality (RR, 0.74,
95% CI 0.69-0.80) associated with these screening approaches.
However, it is important to note that there was no statistically
significant change observed in all-cause mortality (RR, 1.03, 95% CI
0.99-1.07). The original authors of the relevant RCTs provided an
explanation, suggesting that the slight increase in all-cause
mortality might be associated with participants becoming more
attentive to their health after engaging in the trial (9, 10, 18). The
possibility of detecting diseases may have increased, leading to a
mild elevation in all-cause mortality. Further subgroup analyses
indicated that sigmoidoscopy had a more significant impact on
reducing CRC morbidity and mortality.
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TABLE 2 Results of subgroup analysis.

Incidence Mortality for colorectal cancer Mortality for all causes
Subgroup
RR 2 RR 2 RR
Stud P value | Stud P value | Stud P value
Y 1o5%ci Y. 195%Ci Y lo5%ci
) 74 1.
Total 7 080 <0.00001 46% 5 07 <0.00001 13% 3 03 0.13 60%
[0.77, 0.83] [0.69, 0.80] [0.99, 1.07]
Intervention 7
0.95 0.92 1.00
Colonoscopy 2 0.77 58% 1 0.54 NA 1 0.91 NA
[0.65, 1.37] [0.69, 1.21] [0.96, 1.04]
o 0.79 0.73 1.05
Sigmoidoscopy | 5 0.03 48% | 4 <0.00001 0% 2 0.009 24%
[0.76, 0.83] [0.67, 0.79] [1.01, 1.09]
Control group 7
. . 0.80
No intervention 5 <0.00001 50%
[0.77, 0.83]
) 0.83
Fit 2 0.75 66%
[0.70, 0.99]

RR, Risk ratio; CI, confidence interval; Fit, Fecal immunochemical test; NA, Not available.

Our pooled analysis of all seven randomized controlled trials
assessed the long-term role of colorectal screening and the role of
endoscopic screening compared with FIT. The results showed that
colonoscopy or sigmoidoscopy, particularly sigmoidoscopy, was
effective in reducing the incidence and mortality of colorectal
cancer in an average-risk population. Nevertheless, in contrast to
physical fitness, colonoscopy or sigmoidoscopy did not demonstrate
a statistically significant reduction in the incidence and mortality
rates of colorectal cancer among individuals at average risk. The
quality assessment tables (Supplementary Figure 1B) and the
associated pooled analyses suggest that the observed heterogeneity
in all-cause mortality may be attributed to differences in trial design.
Specifically, the randomized controlled trial conducted by
Bretthauer et al. (2022) (9) employed a strict blinding protocol,
wherein the purpose of the trial was concealed from patients, and
the intervention group underwent tighter control, limiting their
participation in other tests and behaviors beyond those specified by
the experimenters. In contrast, in the random controlled trials
reported by Holme et al. (18) and Senore et al. (10), the purpose
of the trial was known to the intervention group and there was no
monitoring of other relevant behaviors (19) (modification of
lifestyle, other relevant tests).

Based on the data we extracted, the optimal age for endoscopic
colorectal cancer screening is uncertain. Current guidelines
recommend starting screening at age 45, 50, or 55 (20, 21). Based
on expert consensus, it is recommended that sigmoidoscopy be
performed every five years, while colonoscopy should be conducted
every 10 years (22). Our study demonstrated long-term
reductions in CRC morbidity and mortality after a single
colonoscopy or sigmoidoscopy compared with the no intervention
group, and although the intervention group participated in two
sigmoidoscopies in the results reported by Miller et al. in 2019,
sensitivity analyses showed that removing that RCT left our results
almost unchanged (INCIDENCE, RR, 0.79,95% CI, 0.75-0.83,
1’=49%, p<0.00001, mortality for colorectal cancer, RR, 0.75,95%
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CI, 0.68-0.82, I’=33%, p<0.00001),and Randel et al. reported in the
2021 results in a long-term reduction in the incidence of CRC after a
single endoscopy compared with two rounds of Fit within two years
(RR, 0.79,95% CI, 0.66-0.95), which may prompt guideline
developers to reconsider the interval between endoscopic
screenings (23), taking into account cost-effectiveness and available
resources (5, 24).

The pooled analysis of the seven randomized controlled trials was
based on an intention-to-treat analysis, indicating that selection bias
was minimized (25). However, the true benefit of colonoscopy or
sigmoidoscopy may be even greater than we reported due to
adherence issues in the screening group and contamination
interference in the no intervention group (26). Even using the latest
methods of causal inference (27), it remains challenging to separate
the actual screening benefits from analysis bias in each scenario.
Therefore, we contend that the proposed intention-to-treat analyses
provides the most effective results currently attainable.

Our subgroup analyses showed a more significant effect of
sigmoidoscopy on morbidity and mortality of CRC (incidence,
RR, 0.79,95% CI, 0.76-0.83, 1*=48%, p<0.03, mortality for
colorectal cancer RR, 0.73,95% CI. 0.67-0.79, I’=0%, p<0.00001).
Compared with Fit, although the combined analysis showed that
sigmoidoscopy or colonoscopy still had a more significant reduction
in CRC morbidity and mortality, due to the heterogeneity of this
outcome (I’=66%, p<0.75) and the fact that in the data reported by
Castells et al. in 2014 (12) and Randel et al. in 2021 (11),
respectively, data regarding a single endoscopy examination
versus Fit examination varied considerably, and given the larger
impact of the number of people actually examined in the intention-
to-treat analyses and confounding factors such as the multiple
rounds of examinations that may have been performed in the FIT
group, the impact of endoscopy and Fit on CRC morbidity and
mortality should be further combined with other factors (28) (e.g.,
exclusion of people included in the intervention group but who
were not actually examined). The concept of endoscopy is similar to
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that of screening using fecal testing. Sigmoidoscopy or colonoscopy
is itself a preventive screening tool through which polyps can be
detected and removed, thereby reducing CRC incidence. This
similarity leads us to analyze the impact of the two modalities of
screening on CRC morbidity and mortality in terms of the resources
available to society and the economic cost of screening (29, 30).

In the currently included RCTs, the geographical distribution is
primarily concentrated in Europe and North America, with a
notable lack of data from continents such as South America,
Africa, and Asia. However, these continents are home to a large
number of underdeveloped and developing countries and regions,
where the protective role of colonoscopy or sigmoidoscopy for the
local populations remains to be elucidated. More importantly, our
data suggest that multiple rounds of FIT may approximate or
achieve the protective effect against CRC provided by regular
endoscopic examinations, such as colonoscopy every five years
(22). In traditional randomized controlled trials (RCTs), single or
double rounds of FIT are typically compared with endoscopic
examination. However, directly equating a single round of FIT
with endoscopic examination overlooks considerations of resource
allocation efficiency and economic benefits (23).. In the future,
designing RCT experiments that incorporate socio-economic
factors (for example, scientifically adjusting the number of FIT
rounds) will have greater clinical practice significance and societal
value. Furthermore, we anticipate witnessing the emergence of
RCTs with more rational and rigorous experimental designs and
larger sample sizes. It is crucial to understand how to adjust the
rounds of FIT to achieve or approximate the protective effects of
colonoscopy or sigmoidoscopy within the same timeframe. Such
studies could provide a cost-effective and well-protective
alternative, particularly for resource-limited and economically
challenged underdeveloped and developing countries and regions.
This approach aims to intervene in the incidence and mortality
rates of colorectal cancer globally, extending beyond the confines of
Europe and North America.

The main strengths of our study are the large number of
individuals included, the long-term follow-up, the access to
previously unpublished detailed data, and the expertise of all study
groups. Endoscopy (including both colonoscopy and sigmoidoscopy)
was analyzed as a comprehensive entity, and compared with FIT.
Limitations of this analysis include the relatively small number of
included randomized controlled trials (7 RCTs). Additionally, while
the Akita trial in Japan (31) is of interest, it has only reported baseline
results thus far. Given this limitation, our analysis primarily focused
on RCTs conducted in Europe and North America. However, it is
important to note that data from other continents, such as Asia and
Africa, are lacking in this analysis.

In conclusion, our pooled analysis of all seven large randomized
trials on sigmoidoscopy or colonoscopy screening suggests that both
procedures have a significant impact on colorectal cancer (CRC)
morbidity and mortality. They can effectively reduce long-term CRC
morbidity and mortality. Based on our analysis of the data and
baseline information from the RCTs included in our study, and
taking into account resource allocation efficiency, we recommend
initiating sigmoidoscopy screening at age 50 and repeating it every
three to five years, alongside colonoscopy screening every five years.
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Regarding colonoscopy compared to FIT, further discussion is
needed on their impact on colorectal cancer incidence and
mortality, taking into account a variety of factors such as the
number of testing rounds and the invasiveness of the testing
modality. However, based on our data analysis results and the
current limited experimental designs of RCTs, while prioritizing
resource and economic considerations, we recommend annual FIT
for individuals aged 50 and above.
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