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Abstract

Purpose This systematic review evaluated the effectiveness of population-based colorectal cancer (CRC) screening pro-
grams using fecal occult blood tests (gFOBT or FIT) among adults aged 45-75 years.

Methods We included studies comparing participants in population-based CRC screening programs with unscreened indi-
viduals. Outcomes were all-cause mortality, CRC-specific mortality, CRC incidence, and stage IV CRC incidence. Two
reviewers independently performed study selection, data extraction, and risk-of-bias assessment. Pooled RRs were calcu-
lated by meta-analysis, and certainty of evidence was assessed using GRADE.

Results No difference was observed in all-cause mortality (RR=1.00, 95% CI 0.99-1.01; 5 studies, 1,474,576 participants;
moderate-certainty evidence). RCTs evaluating gFOBT demonstrated a reduction in CRC-specific mortality (RR=0.89, 95%
CI 0.84-0.94; 5 studies, 1,474,576 participants; moderate-certainty evidence), corresponding to 38 fewer CRC deaths per
100,000 individuals screened (95% CI, 55 fewer to 21 fewer). Non-RCTs evaluating FIT reported larger reductions in CRC-
specific mortality (RR=0.21, 95% CI 0.20-0.21; 5 studies, 7,435,956 participants), although the certainty of evidence was
low. RCTs showed no significant effect on CRC incidence or stage IV CRC incidence, whereas non-RCTs evaluating FIT
suggested reductions in both outcomes; however, the certainty of evidence was also low.

Conclusion Fecal occult blood test—based screening reduces CRC-specific mortality but not all-cause mortality. FIT-based
screening may provide additional benefits by reducing CRC incidence and stage IV disease; however, these findings are sup-
ported by low-certainty evidence and require confirmation in RCTs.
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Introduction

Colorectal cancer (CRC) is the third most commonly diag-
nosed cancer worldwide, accounting for approximately
10% of all cancer cases, and the second leading cause of
cancer-related death globally [1]. In 2022, an estimated 1.9
million new cases of CRC and more than 900,000 deaths
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occurred worldwide, highlighting its substantial global bur-
den. It predominantly affects individuals aged > 50 years,
although incidence is increasing among younger adults [1].
CRC is particularly amenable to screening because it
commonly develops through a prolonged preclinical phase,
often progressing from adenomatous polyps and other pre-
cursor lesions to invasive cancer [2]. Detection and removal
of premalignant lesions can prevent CRC, while diagnosis
at an earlier stage increases the likelihood of curative treat-
ment and reduces morbidity and mortality [3]. The lower
the stage is, the greater the likelihood of curative treatment.
In contrast, Stage IV colorectal cancer is associated with a
5-year survival rate of approximately 13—18% [4].
Screening for CRC can be performed using several meth-
ods, including colonoscopy, flexible sigmoidoscopy, CT
colonography, stool DNA testing, and fecal occult blood
testing [5]. Among these, colonoscopy is considered the
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reference standard and can be used as both a screening and
diagnostic procedure, whereas positive results from nonin-
vasive tests generally require confirmation by colonoscopy.
Colonoscopy has excellent accuracy, with 95% sensitivity
and 98% specificity; however, it is difficult to implement
in countries with continental dimensions, a large popula-
tion, and a developing economy [5]. In contrast, fecal occult
blood testing is inexpensive, widely accessible, noninva-
sive, and more feasible for large-scale population-based
screening programs.

There are two methods available to search for fecal
occult blood: guaiac (gFOBT) and the immunochemical
method (FIT) [6]. The first is a colorimetric method, which
is based on the oxidation of guaiac catalyzed by the action
of peroxidase present in hemoglobin, resulting in a blue
color. FIT uses specific antibodies against human hemoglo-
bin or other blood components. The main advantages of FIT
over the gFOBT method include the fact that there is no
need for preparation before the exam (food and medication
restrictions); it is not sensitive to bleeding originating from
the upper gastrointestinal tract (because it only reacts with
undegraded globin); and it has a better detection limit of
hemoglobin per gram of feces [5].

Randomized trials of stool-based CRC screening have
predominantly evaluated gFOBT and have established a
reduction in CRC-specific mortality [7-9]. However, FIT
has largely replaced gFOBT in contemporary screening
programs because of its practical and analytical advantages,
while evidence regarding its effect on mortality derives pre-
dominantly from non-randomized population-based studies
[10-12]. Consequently, the evidence supporting stool-based
screening currently comprises two distinct but complemen-
tary bodies of evidence: randomized evidence establishing
the mortality benefit of gFOBT-based screening and more
recent observational evidence evaluating the effectiveness
of FIT in contemporary practice.

Therefore, this systematic review aimed to provide an
updated and comprehensive assessment of the effects of
population-based CRC screening programs using fecal
occult blood tests (gFOBT or FIT) among adults aged
45-75 years.

Methods

This systematic review was performed according to the
recommendations of the Cochrane Collaboration [13] and
reported according to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analysis) State-
ment [14]. Its protocol was registered on the International
Prospective Register of Systematic Reviews (PROSPERO)
- Registration number CRD42020169541.
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Eligibility Criteria

For this systematic review, randomized controlled stud-
ies (RCTs) in which patients were randomly allocated into
two groups (with and without intervention) were included.
Owing to the lack of RCTs that evaluated mortality out-
comes with screening via the FIT method, prospective popu-
lation cohort studies that used the FIT method and evaluated
mortality were included. The included studies followed the
“PICO” structure described below.

Participants (P)

Participants were defined as adult individuals aged between
45 and 75 years, with a standard risk for CRC, who were
asymptomatic for this cancer, and who underwent popula-
tion screening for this neoplasm. The term “standard risk”
applies to people who are not predisposed to CRC.

Types of Interventions (1)

Individuals in the intervention group underwent fecal occult
blood tests via gFOBT or FIT.

Comparison (C)

Individuals in the control group were defined as those who
did not participate in population screening for CRC.

Outcomes (O)

All-cause mortality and CRC-specific mortality were con-
sidered main outcomes, and the other outcomes included
the incidence of CRC and its incidence at stage IV (distant
metastases), adverse events related to colonoscopy with and
without polypectomy (bleeding or intestinal perforation),
quality of life, survival within five years and the need for
chemotherapy and radiotherapy.

Exclusion Criteria

We excluded studies whose screening method was not
gFOBT or FIT, studies whose population corresponded to
symptomatic patients or individuals at high risk for CRC
development, non-population-based screening studies, stud-
ies that did not assess mortality as an outcome, and non-
RCTs evaluating gFOBT.

Identification of Studies - Electronic Databases

A comprehensive literature search was conducted in MED-
LINE (via PubMed), Embase, LILACS, and the Cochrane
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Central Register of Controlled Trials (CENTRAL). The
search strategy combined controlled vocabulary terms (e.g.,
MeSH and Emtree terms) and free-text keywords related to
colorectal cancer, colorectal neoplasms, fecal occult blood
testing, guaiac fecal occult blood testing, colorectal cancer
screening, and cohort studies. Operators (“AND” and “OR”)
were used to combine search terms as appropriate. For MED-
LINE and Embase, validated search filters recommended
by the Cochrane Collaboration for identifying RCTs were
applied. Additionally, MeSH and Emtree terms related to
cohort studies were incorporated into the search strategy to
capture eligible observational studies. No restrictions were
imposed on language, publication date, or publication status.
The initial search was performed on October 18, 2019, and
updated on April 19, 2024. Detailed search strategies for all
databases are provided in Supplementary Material.

EndNote X9 citation management software was used to
download references and remove duplicate entries. The ini-
tial screening of abstracts and titles was performed via the
free web application Rayyan QCRI [15].

Study Selection

Titles and abstracts were independently screened in dupli-
cate by pairs of reviewers to determine potential eligibility.
Three reviewers (LTS, SNS and VSNN) screened studies
published up to 2019, while two reviewers (MCJF and GCP)
screened studies published between 2019 and 2024. Stud-
ies selected for full-text review were subsequently assessed
for consistency with the predefined PICO framework. Dis-
agreements were resolved through discussion, with consen-
sus reached among the reviewers.

Data Extraction and Management

The three reviewers (LTS, MCJF and GCP) used a standard
form to extract the following data from the selected studies:
year of publication, country, randomized or non-RCT, screen-
ing frequency, type of intervention and comparison, number
of patients randomized to the intervention and comparison
groups, main outcomes and mean age of participants.

To ensure consistency between reviewers, we performed
a calibration exercise before beginning the review. In the
case of duplicate publications or multiple reports from the
primary study, data extraction was optimized using the best
information available for all items in the same study.

Assessment of Risk of Bias in Included Studies

Risk of bias was assessed using the revised Cochrane Risk
of Bias tool (RoB 2) [16], which evaluates five domains:

randomization, deviations from intended interventions,
missing outcome data, outcome measurement, and selective
reporting. Each domain was independently assessed by two
reviewers as having low risk of bias, some concerns, or high
risk of bias.

For non-RCTs, risk of bias was assessed using the
ROBINS-I tool [17], which evaluates seven domains: con-
founding, participant selection, intervention classification,
deviations from intended interventions, missing data, out-
come measurement, and selective reporting. Each domain
was rated as low, moderate, serious, or critical risk of bias,
and an overall risk-of-bias judgment was subsequently
assigned.

Data Analysis

Meta-analyses were conducted using Stata Statistical Soft-
ware, version 16 (Stata Corp LLC, College Station, TX,
USA). The primary effect measures were the relative risks
(RRs) of colorectal cancer incidence, colorectal cancer
mortality, all-cause mortality, and adverse events, with cor-
responding 95% confidence intervals (CIs). Pooled effect
estimates were calculated using the DerSimonian—Laird
random-effects model to account for potential clinical and
methodological heterogeneity across studies.

Subgroup Analysis

The studies were divided according to their design into RCT
or non-RCT studies. The meta-analyses were performed
separately for each subgroup.

Sensitivity Analysis

A leave-one-out sensitivity analysis was performed by
sequentially excluding each study from the meta-analysis
and recalculating the pooled effect estimate. Additionally,
sensitivity analyses using a fixed-effects model were con-
ducted, and the corresponding sensitivity analysis plots
were generated to evaluate the robustness and stability of
the findings.

Heterogeneity Analysis

Inconsistencies between the results of the studies included
were ascertained by visual inspection of forest plots (no
overlap of CIs around the effect estimates of the individual
studies) and by Higgins or I? statistics, in which I> >
50% indicated a moderate probability of heterogeneity,
and by chi-square tests (Chi2), where p < 0.10 indicated
heterogeneity [13].
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Publication Bias

Publication bias was planned to be assessed when at least 10
studies were available for a given meta-analysis, as recom-
mended by methodological guidelines [13]. In such cases,
funnel plot asymmetry would be visually inspected and for-
mally evaluated using Egger’s regression test.

Quality of Evidence

The quality of the evidence of the effect size was assessed
according to the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) guidelines [18].

Results

The search strategy identified 4,135 records after duplicate
removal. Of these, 37 studies were selected for full-text
review (Fig. 1). Ultimately, 10 studies met the eligibility
criteria and were included in the review, comprising a total
of 14 publications, as some studies were reported in more
than one publication [7-12, 19-26].

A total of 23 studies were excluded for the following rea-
sons: overlapping data with an included study (n=12); non-
RCT screening (n=4); no mortality data reported (n=2);
case—control design (n=2); review article without primary
data (n=1); adverse events not reported by study group
(n=1); and non-population-based screening (n=1). The list
of excluded studies and their corresponding references are
provided in the Supplementary Material.

Study Characteristics

Among the 10 studies included, five were RCTs that used
gFOBT as an intervention and no screening as a comparator.
Most studies applied gFOBT with biennial frequency, and
only one study used different screening intervals (interven-
tion group participants were invited to the first screening
round and to one or two rescreening rounds) [22]. The five
remaining studies were prospective cohort studies evaluat-
ing FIT-based screening compared with no screening. FIT
was predominantly performed biennially, with screening
periods ranging from approximately 4 to 11 years, reflecting
repeated screening over time; one study evaluated a single
screening round.

Fig. 1 PRISMA flow di f
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"
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" Records identified from™: screening:
ﬁ Databases (n = 5095) > Duplicate records removed
b= Registers (n = 0) (n=960)
=
—
y
—
Records screened »| Records excluded™
(n=4135) (n=4098)
A4
Reports sought for retrieval Reports not retrieved
> (n=37) . (n=0)
=
@
2
o v
o Reports excluded (n = 23):
(Fr{]eg%r;s). assessed for eligibility — 3| Overlapping data with an included study (12)
Non-randomised screening studies (4)
Mortality not reported (2)
Case-control study (2)
Review article (1)
) AEs not reported by group (1)
v Not population-based screening (1)
Reports included in review (n=14)
Studies included in review (n = 10)
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CRC screening was initiated between 45 and 60 years
of age and generally continued until 69 to 80 years of age.
The main characteristics of all included studies, including
screening frequency and duration of the screening period,
are summarized in Table 1.

Risk of Bias

No RCT was judged to be at high risk of bias in any domain
of the RoB 2 tool. Overall, most randomized trials were
assessed as having low risk of bias or some concerns across
the evaluated domains, and their detailed assessments are
presented in Fig. 2. According to the ROBINS-I tool, four
non-RCTs were judged to be at serious risk of bias and
one at moderate risk of bias, with detailed evaluations pro-
vided in the Supplementary Material. The main concerns
involved residual confounding, self-selection into screening

Table 1 Characteristics of the included studies

participation, healthy-volunteer bias, and contamination
between comparison groups. In contrast, the risk of bias
related to outcome measurement, missing data, and selec-
tive reporting was generally low across studies.

Meta-Analysis

Regarding all-cause mortality, there was no evidence that
CRC screening reduced mortality risk (RR: 1.0, 95% CI:
0.99-1.01; 5 RCTs, 1,474,576 participants; moderate cer-
tainty of evidence; Fig. 3; Table 2).

In terms of CRC mortality, RCTs evaluating gFOBT
reported a pooled RR of 0.89 (95% CI: 0.84-0.94; 5 studies,
1,474,576 participants; moderate-certainty evidence), cor-
responding to 38 fewer CRC deaths per 100,000 individuals
screened (95% CI: 55 fewer to 21 fewer; Fig. 4; Table 2).
Leave-one-out sensitivity analyses of the RCTs showed that

Author Year Country Design Intervention Frequency N° Participants Age at Screen- Follow-up Out-
CRC screening/control screen- ing comes
ing Time
(years)
Baldac- 2022 Italy Cohort FIT Biennial 380,651/ 50-69 2005- 1lyears All-M,
chini 327,100 2016 CRC -M
Blom 2024 Sweden Cohort FIT, FOBT Biennial 203,670/ 60-69 2008— 10.8 CRC -M
175,778 2012 years
Chiu 2015/2021 Taiwan Cohort FIT Biennial 3,067,853/ 50-69 2004— 10years CRC-M.
2,349, 846 2009 CRC -F,
CRC-1V
Kronborg 2004 Denmark RCT  gFOBT Biennial 431,190/ 45-75 1985- 17 years All-M,
430,755 2002 CRC-M,
CRC -F,
CRC -1V
Lindholm 2008 Sweden RCT  gFOBT Twice 34,144/ 6064 1982— 155 All-M,
34,164 1995  years CRC -M,
CRC -F
Shaukat/ 2000 EUA RCT  gFOBT Biennial 15,587/ 60-80 1976-  18/30 All-M,
Mandel 15,394 82/86— years CRC -M,
92 CRC -F,
CRC-IV
Njor 2022 Denmark  Quasi- FIT Once 262,893/ 50-71 2014- 3.3 Years CRC-M
experi- 634,919 2017
mental
Pitkani- 2015/2019/2010 Finland RCT gFOBT Biennial 180,210/ 60—69 2004- 4.5years All-M,
emi/ \Y% 2012 CRC -M,
Paimela CRC -F,
Kosken- CRC -1V
vuo
Scholefield 2012 United RCT gFOBT Biennial 76,466/ 45-74 1981- 20years All-M,
Kingdom 76,384 1991 CRC -M,
CRC-F,
CRC-1V
Ventura 2014 Italy Cohort FIT Biennial 6,961/ 50-70 1993— 11 years CRC-M.
26,285 1999 CRC -F

FIT: fecal immunochemical test; gFOBT: guaiac-based fecal occult blood test; RCT: randomized controlled trial; CRC: colorectal cancer; CRC-
M: colorectal cancer—specific mortality; CRC-F: frequency (incidence) of colorectal cancer; CRC-IV: frequency of stage IV colorectal cancer;

All-M: all-cause mortality
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Fig. 2 Risk of bias assessment of the included randomized controlled trials according to the RoB 2 tool
Fig. 3 Forest plot of the effect
of colorectal cancer screening Risk ratio %
on all-cause mortality compared
with no screening. Low=low Author Year  FIT/gFOBT RoB2 (95% Cl) Weight
risk of bias; SC=some concerns,
according to the Cochrane Risk
of Bias 2 (RoB 2) tool. Note:
Weights are from random-effects Kronborg 2004 gFOBT Low - 1.00 (0.97, 1.02) 7.84
model Lindholm 2008 gFOBT sc - 1.02(0.99, 1.04) 9.46
Pitkaniemi 2015 gFOBT Low - 1.01 (0.98, 1.04) 5.21
Scholefield 2012 gFOBT Low 4 1.00 (0.99, 1.01) 54.03
Shaukat 2013 gFOBT SC “ 0.99 (0.98, 1.01) 23.46
Overall, DL (I2 =0.0%, p=0.531) 1.00 (0.99, 1.01) 100.00
- T T -
Favours CRC screening 9 1 11 Favours no CRC screening

no single study materially influenced the pooled effect esti-
mate, Supplementary Material. Consistent with these find-
ings, sensitivity analyses using fixed- and random-effects
models yielded similar results, Supplementary Material.

In contrast, among the non-RCTs, pooled estimates dif-
fered between models because the study by Chiu et al. con-
tributed approximately 73% of the total study population.
Given the predominance of this study, the fixed-effect model
was considered the most appropriate and was therefore used
for the primary analysis. Non-RCTs evaluating FIT screen-
ing reported a pooled RR of 0.21 (95% CI: 0.20-0.21; 5
studies; 7,435,956 participants; low-certainty evidence),
corresponding to 405 fewer CRC deaths per 100,000 indi-
viduals screened (410 fewer to 405 fewer; Fig. 4; Table 2).
When random-effects model was applied, the pooled effect
estimate was attenuated and no longer statistically signifi-
cant (RR 0.47, 95% CI 0.20-1.13).

For RCTs, CRC screening was not associated with a
significant reduction in overall CRC incidence compared

@ Springer

with no screening (RR: 0.98, 95% CI: 0.91-1.06; 5 stud-
ies, 1,474,576 participants, moderate-certainty evidence
Fig. 5). In contrast, among non-RCTs evaluating FIT
screening, the primary fixed-effect analysis (largely influ-
enced by the study by Chiu et al., which accounted for
approximately 73% of the total study population) dem-
onstrated a substantially lower incidence of CRC among
screened individuals (RR: 0.34, 95% CI: 0.33-0.35;
6,158,696 participants).

Regarding stage-specific outcomes, gFOBT screen-
ing evaluated in RCTs was not associated with a signifi-
cant reduction in the incidence of stage IV CRC compared
with no screening (RR: 0.88, 95% CI: 0.77-1.02; 4 stud-
ies, 1,367,087 participants; moderate-certainty evidence;
Fig. 6). Conversely, non-RCTs evaluating FIT screen-
ing showed a markedly lower incidence of stage IV CRC
among screened individuals (RR: 0.27, 95% CI: 0.24-0.30;
low-certainty evidence; Fig. 6), suggesting a reduction in
advanced-stage disease at diagnosis.
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Table 2 Summary of findings for colorectal cancer screening with fecal occult blood testing and certainty of evidence assessed using GRADE

Certainty assessment Ne of patients Effect Certainty ~ Impor-
Ne of Study Risk Inconsistency Indi- Impre- Other Colorectal Can- No screening Rela- Absolute tance
studies  design of rect- cision con- cer Screening tive  (95%
bias ness sider- Using gFOBT 95% CI)
ations CI)

All-cause Mortality (follow-up: range 23 months to 30 years; assessed with: gFOBT)

5 ran- seri- not serious not not none 82,481/737,597 82,137/736,979 RR 0 fewer @@@O CRIT-
dom- ous? seri-  serious (11.2%) (11.1%) 1.00 per Moderate  ICAL
ized ous (0.99 100.000
trials to (from

1.01) 111
fewer
to 111
more)

Cancer Colorrectal Mortality (follow-up: range 23 months to 30 years; assessed with: gFOBT)

5 ran- seri- not serious not not none 2262/737,597  2538/736,979 RR 38 ODPDO CRIT-
dom- ous® seri-  serious (0.3%) (0.3%) 0.89 fewer Moderate ICAL
ized ous (0.84 per
trials to 100.000

0.94) (from
55
fewer
to 21
fewer)

Cancer Colorrectal Mortality (follow-up: range 9 years; assessed with: FIT)

5 non-  very not serious not not none 4545/3,922,028 18,027/3,513,928 RR 405 SPOO CRIT-
ran- seri- seri-  serious (0.1%) (0.5%) 0.21 fewer Low ICAL
dom-  ous® ous (0.20 per
ized to 100.000
studies 0.21) (from

410

fewer
to 405
fewer)

CI: confidence interval; RR: risk ratio. Moderate=the true effect is likely close to the estimate but may be substantially different. Low=the true

effect may be substantially different from the estimate

Explanations

a. All studies were classified as some concerns on deviations from intended interventions

b. The main concerns were residual confounding, self-selection bias, and contamination between comparison groups

Results from the leave-one-out sensitivity analyses and
from the alternative meta-analytic models are presented in
the Supplementary Material. Specifically, for outcomes pri-
marily analyzed using a fixed-effect model, the correspond-
ing random-effects estimates are provided, whereas for
outcomes primarily analyzed using a random-effects model,
the corresponding fixed-effect estimates are also reported.

Descriptive Results of Included Studies

Regarding safety, only two RCTs reported procedure-
related adverse events. In the study by Lindholm et al., four
large-bowel perforations occurred following endoscopic
polypectomy, corresponding to 0.8% of the 513 adenomas
removed [22, 27]. Additionally, one episode of delayed
post-polypectomy bleeding was reported 12 days after

the procedure, whereas no complications were observed
among the 1,987 double-contrast barium enema examina-
tions performed. Long-term follow-up data from the Min-
nesota Colon Cancer Control Study further suggested that
colonoscopy-related complications were uncommon, with
an overall complication rate of approximately 0.1%; how-
ever, the nature and severity of these adverse events were
not reported in detail [25]. Beyond these findings, no addi-
tional RCTs or non-RCTs systematically assessed the physi-
cal harms associated with CRC screening.

Moreover, several important patient-centered outcomes,
including procedure-related complications (such as bleed-
ing and intestinal perforation), quality of life, psychological
impact, and the need for subsequent oncological treatments,
including chemotherapy or radiotherapy, were not system-
atically evaluated or reported in the included studies.

@ Springer
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rdz and Risk ratio %
author rob2/robins-I (95% ClI) Weight
Yes
Kronborg 2004 gFOBT Low 861945 —+— 0.89 (0.78, 1.01) 18.86
Lindholm 2008 gFOBT SC 68308 —o 0.84 (0.71, 0.99) 11.80
Pitkaniemi 2015 gFOBT Low 360492 -5—0— 1.04 (0.84, 1.28) 6.45
Scholefield 2012 gFOBT Low 152850 ':9- 0.90 (0.84, 0.98) 51.20
Shaukat 2013 gFOBT SC 30981 —L 0.79 (0.67, 0.94) 11.68
Subgroup, MH (I’ = 7.2%, p = 0.365) o 0.89 (0.84,0.94) 100.00
No
Chiu 2021 FIT Serious 5.4e+06 * E 0.15 (0.15, 0.16) 88.16
Ventura 2014 FIT Serious 33246 : —_— 0.58 (0.38, 0.89) 0.33
Baldacchini 2022 FIT Serious 707751 E - 0.39 (0.35, 0.43) 5.59
Blom 2024 FIT Serious 379448 : - 0.81 (0.74, 0.89) 4.78
Njor 2022 FIT Moderate 897812 E —r 0.87 (0.71, 1.05) 1.15
Subgroup, MH (I* = 99.7%, p < 0.001) 0 0.21(0.20,0.21)  100.00
Heterogeneity between groups: p = 0.000
I T I I
Favours CRC screening 2 5 1 15 2  Favours no CRC screening

Fig.4 Forest plot showing the effect of colorectal cancer (CRC) screen-
ing on CRC-specific mortality compared with no screening. Low =low
risk of bias; SC=some concerns, according to the Cochrane Risk of
Bias 2 (RoB 2) tool. Results from the random-effects model, as well as

Discussion

In response to the increasing global burden of CRC, fecal
occult blood test-based screening strategies have been
widely implemented and extensively evaluated. In the pres-
ent meta-analysis, stool-based screening was associated
with a reduction in CRC-specific mortality, representing the
principal demonstrated benefit of this intervention. In RCTs,
screening resulted in 38 fewer CRC deaths per 100,000 indi-
viduals screened (95% CI, 21 to 55 fewer). Although this
absolute effect may appear modest at the individual level,
organized screening programs target large populations; con-
sequently, even relatively small absolute reductions in mor-
tality may translate into a substantial number of CRC deaths
prevented at the population level.

Non-RCTs evaluating FIT screening also showed a
reduction in CRC-specific mortality, with larger effect esti-
mates than those observed in the RCTs. Although the cer-
tainty of this evidence was rated as low, primarily because
of the observational nature of the studies and the potential
for residual confounding and selection bias, the larger effect

@ Springer

the leave-one-out sensitivity analyses, are presented in the Supplemen-
tary Material. Note: Weights and between-subgroup heterogeneity test
are from Mantel-Haenszel model

observed with FIT should not necessarily be attributed
entirely to limitations of the observational design. Differ-
ences in study design preclude a direct comparison between
the magnitude of the effects observed with FIT and gFOBT,
and some degree of overestimation cannot be excluded.
However, it is also plausible that at least part of the observed
difference reflects characteristics of FIT itself and of con-
temporary screening programs.

This interpretation is supported by biological and clini-
cal plausibility. FIT specifically detects human hemoglo-
bin, generally requires only a single stool sample, and
does not require dietary restrictions, characteristics that
may facilitate participation and adherence to repeated
screening [5]. Thus, although the randomized evidence
from gFOBT trials cannot be directly extrapolated to FIT,
it provides important evidence that repeated stool-based
screening can reduce CRC mortality, while the more
recent observational studies provide complementary evi-
dence specifically addressing FIT. Taken together, the
randomized gFOBT evidence and observational FIT evi-
dence should be regarded as complementary rather than
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Fig.5 Forest plot of the associa-

tion between colorectal cancer RDZ and Risk ratio %

screening and overall colorectal o .

cancer incidence in screened Author Year (95% Cl) Weight

versus unscreened populations.

Note: Weights and between-sub-

group heterogeneity test are from ~ Y€S

Mantel-Haenszel model Kronborg 2004 861945 * 1.02(0.93,1.12) 16.48
Lindholm 2008 68308 - 0.96 (0.86,1.06) 14.21
Mandel 2000 30981 - 0.85(0.75, 0.96) 9.62
Pitkaniemi 2015 360492 B 1.11(1.01,1.22) 15.29
Scholefield 2012 152850 - 0.97 (0.91,1.02) 44.40
Subgroup, MH (I* = 69.5%, p = 0.011) < 0.98 (0.95,1.02) 100.00
No
Chiu 2021 5.4e+06 . E 0.29 (0.28,0.30) 89.64
Ventura 2014 33246 E —— 0.81 (0.67,0.96) 0.61
Baldacchini 2022 707751 E . 0.77 (0.73, 0.80) 9.75
Subgroup, MH (I2 =99.9%, p <0.001) ' 0.34 (0.33,0.35) 100.00
Heterogeneity between groups: p = 0.000

R T T T T .
Favours CRC screening 2 5 1 15 2 Favours no CRC screening

Fig.6 Forest plot of the associa-

tion between colorectal cancer RDZ and Risk ratio %

screening and the incidence of o .

stage IV colorectal cancer, com- Author Year (95% CI) Weight

paring screened and unscreened

populations. Note: Weights and v

between-subgroup heterogene- es .

ity test are from random-effects Koskenvuo 2019 —- 0.90 (0.71,1.13)  24.71

del :

mode Kronborg 1996 — 0.86 (0.66, 1.13)  19.74
Mandel 1993 —0—5- 0.62 (0.42,0.92) 11.02
Scholefield 2012 +° 0.96 (0.85,1.10)  44.53
Subgroup, DL (I = 34.8%, p = 0.203) <> 0.88 (0.77,1.02) 100.00
No
Chiu 2021 . 0.26 (0.25,0.27) 67.05
Baldacchini 2022 +— 0.29 (0.25,0.34) 32.95
Subgroup, DL (I = 59.3%, p = 0.117) <> 0.27 (0.24, 0.30) 100.00

interchangeable, with the latter providing contemporary
evidence of FIT effectiveness that is consistent with, and
biologically plausible in the context of, the mortality ben-
efit established by randomized gFOBT trials.

Heterogeneity between groups: p = 0.000

Favours CRC screening 2

Favours no CRC screening

Retaining the randomized gFOBT evidence is also par-
ticularly important from a public health and policy per-
spective. Several countries, including Brazil, have not yet
implemented organized population-based CRC screening
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programs, and decisions regarding their introduction depend,
in part, on the certainty of evidence for clinically relevant
benefits. The randomized gFOBT trials provide moderate-
certainty evidence of a reduction in CRC mortality and
therefore constitute an important evidence base supporting
stool-based screening. If the synthesis were restricted to
FIT, evidence for CRC mortality would rely predominantly
on non-randomized studies and would consequently be of
low certainty, potentially limiting the evidence available to
support implementation decisions. Thus, retaining gFOBT
trials alongside contemporary FIT studies provides a more
comprehensive evidence base for countries considering the
implementation of population-based stool-based screening
programs.

Additional evidence supporting the association between
FIT screening and reduced CRC mortality comes from a
recent nested case-control study by Doubeni et al. (2024)
[28]. In a large screening-eligible population, completion of
at least one FIT within the preceding 5 years was associated
with a 33% lower odds of CRC death (adjusted OR, 0.67;
95% CI, 0.59-0.76). Although this study was not eligible
for inclusion in our meta-analysis because of its case-con-
trol design, its findings provide complementary contem-
porary evidence supporting the effectiveness of FIT-based
screening.

Notably, RCTs did not demonstrate a significant reduc-
tion in overall CRC incidence or in the incidence of stage
IV CRC at diagnosis. In contrast, non-RCTs evaluating FIT
screening showed reductions in both overall CRC incidence
and stage IV CRC incidence, suggesting that FIT-based
screening may contribute to earlier detection and prevention
of advanced disease. Nevertheless, these findings should be
interpreted cautiously given the lower certainty of evidence
associated with the non-randomized data.

No significant reduction in all-cause mortality was
observed, suggesting that the benefits of CRC screening
are primarily disease-specific and may not be sufficient to
influence overall survival. However, this finding should
be interpreted in light of the fact that the randomized evi-
dence was derived predominantly from studies evaluating
gFOBT. Compared with FIT, gFOBT has lower sensitiv-
ity for the detection of advanced adenomas and colorectal
cancer, lower specificity, and more demanding sample han-
dling requirements [29, 30]. Furthermore, gFOBT typically
requires dietary restrictions and the collection of multiple
stool samples, factors that may adversely affect screening
adherence. In contrast, FIT employs antibodies specific to
human hemoglobin, does not require dietary restrictions,
generally requires fewer samples, and has demonstrated
higher sensitivity and participation rates in population-
based screening programs. Consistent with these character-
istics, the non-RCTs included in our review showed larger

@ Springer

reductions in CRC-specific mortality and significant reduc-
tions in both overall CRC incidence and stage IV CRC
incidence among individuals undergoing FIT screening.
Nevertheless, the certainty of this evidence was low because
of the inherent limitations of observational studies. There-
fore, although FIT-based screening may provide greater
benefits through improved participation and more accurate
detection of clinically relevant lesions, confirmation from
randomized trials evaluating contemporary FIT strategies
remains warranted.

Most studies included in our review evaluated biennial
screening strategies. Although the Minnesota Colon Can-
cer Control Study reported numerically greater reductions
in CRC mortality with annual than with biennial gFOBT
screening, the trial was not designed to directly compare
screening intervals, and no statistically significant superior-
ity of annual screening was demonstrated [25]. Importantly,
both annual and biennial screening strategies were associ-
ated with significant reductions in CRC mortality compared
with no screening, supporting the effectiveness of biennial
screening programs.

Another relevant aspect concerns the definition of the
FIT test cutoff for considering a positive result. There is
no consensus on the ideal value. Common cutoff values
range from 10 to 20 pg of hemoglobin per gram of stool,
but some countries use higher values to reduce the number
of colonoscopies needed, even if this implies a slight reduc-
tion in the test’s sensitivity. A lower cutoff point increases
lesion detection but also generates more false positives,
overloading the healthcare system. For CRC, the optimal
threshold for a positive result might be between 10 and
20 pg/g (with a false-positive rate of 7%) or 20 pg/g or
greater (with a false-positive rate of 5%), with the former
increasing colonoscopy resources for false-positive results
alone by 40% [31]. The choice of cutoff point represents
a balance between sensitivity, specificity, and operational
capacity. International guidelines, such as the European
Guidelines for Quality Assurance in Colorectal Cancer
Screening, recognize this variation and recommend that the
cutoff point be adjusted flexibly according to the local con-
text [32]. Recent studies have explored personalizing the
cutoff point based on individual factors such as age, sex,
and clinical history, which may further improve screening
effectiveness [33].

Our findings are consistent with previous systematic
reviews demonstrating that fecal occult blood test-based
CRC screening reduces CRC-specific mortality. Earlier
reviews, including those by Towler et al. and Hewitson et
al., established the mortality benefit of stool-based screening
based predominantly on randomized trials of gFOBT [34].
Subsequent systematic reviews and meta-analyses have
reinforced these findings [3, 35-37]. However, the evidence
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synthesized in these reviews was largely derived from
gFOBT trials, whereas FIT, which is currently preferred in
many screening programs, was either not evaluated or was
less comprehensively represented. Moreover, several earlier
reviews preceded the availability of longer-term follow-up
from major screening studies. Importantly, these previous
systematic reviews did not formally assess the certainty of
the evidence using a structured framework such as GRADE.
This is particularly relevant for population-based screening,
as the certainty of evidence regarding benefits and harms is
an essential consideration for policymakers and health sys-
tems when deciding whether to implement organized CRC
screening programs, especially in countries where such pro-
grams have not yet been established.

Our review further extends the existing literature by eval-
uating CRC incidence, advanced-stage disease, and safety
outcomes, while formally assessing the certainty of evi-
dence for each outcome using the GRADE framework. By
integrating randomized evidence from gFOBT trials with
contemporary evidence on FIT effectiveness and explicitly
evaluating the certainty of the evidence, our findings pro-
vide a broader and more clinically relevant evidence base to
support decision-making on the implementation of popula-
tion-based CRC screening programs.

Limitations and Future Research

This review has several limitations. First, the randomized
evidence was derived almost gFOBT, a screening modal-
ity that has largely been replaced by FIT in contemporary
screening programs because of its superior diagnostic per-
formance and higher participation rates. Consequently, the
benefits observed in RCTs may not fully reflect the effec-
tiveness of current FIT-based screening strategies.

Second, although non-RCTs evaluating FIT demonstrated
larger reductions in CRC mortality, overall CRC incidence,
and stage IV CRC incidence, the certainty of this evidence
was low because of the inherent limitations of observational
study designs, including the potential for residual confound-
ing, selection bias, and health-user effects. Therefore, causal
inferences regarding the magnitude of benefit associated
with FIT screening should be made cautiously.

Third, important patient-centered outcomes were infre-
quently reported. Data on screening-related harms, includ-
ing colonoscopy-associated bleeding and perforation,
psychological effects, quality of life, overdiagnosis, and the
need for subsequent oncological treatments were limited or
unavailable. As a result, the balance between benefits and
harms could not be comprehensively assessed.

Finally, substantial variation existed across studies
with respect to screening intervals, follow-up duration,

participation rates, and diagnostic pathways following a
positive screening test. These differences may have con-
tributed to variability in effect estimates and limit the direct
comparability of results across screening programs.

Future research should prioritize RCTs evaluating con-
temporary FIT-based screening strategies, including differ-
ent FIT thresholds and screening intervals. Studies should
also incorporate patient-centered outcomes, adverse events,
quality-of-life measures, and cost-effectiveness analyses
to better inform screening policies. In addition, long-term
comparative studies are needed to determine the optimal
FIT screening frequency and to evaluate whether the larger
benefits observed in observational studies can be confirmed
in randomized settings.

Conclusion

In conclusion, this systematic review demonstrated that
CRC screening, although not associated with a reduction
in overall mortality, significantly reduces CRC mortality.
Observational studies suggest that FIT-based screening may
provide additional advantages, including reductions in CRC
incidence and advanced-stage disease at diagnosis.

These findings indicate that screening is effective for
early detection, which may allow for earlier interventions
and, consequently, better outcomes related to the disease.
In view of these findings, decisions about the implemen-
tation and recommendation of population-based screening
programs should be considered. Studies are also needed on
aspects such as cost-effectiveness, patient preferences, bur-
den of examinations, and risks associated with screening.
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