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Abstract

Background To assess the long-term association between organised colorectal cancer (CRC) screening strategies
and CRC-relate mortality.

Methods We systematically reviewed studies on organised CRC screening through PubMed, Ovid Medline, Embase
and Cochrane from the inception. We retrieved characteristics of organised CRC screening from included literature
and matched mortality (over 50 years) of those areas from the International Agency for Research on Cancer in May
2023.The variations of mortality were reported via the age-standardised mortality ratio. A random-effects model
was used to synthesis results.

Results We summarised 58 organised CRC screening programmes and recorded > 2.7 million CRC-related deaths
from 22 countries where rollout screening programmes were performed. The CRC screening strategy with faecal tests
(guaiac faecal occult blood test (gFOBT) or faecal immunochemical tests (FIT)) or colonoscopy as the primary screen-
ing offer was associated with a 41.8% reduction in mortality, which was higher than those offered gFOBT (4.4%), FIT
(16.79%), gFOBT or FIT (16.2%), and faecal tests (gFOBT or FIT) or flexible sigmoidoscopy (16.7%) as primary screening
test. The longer duration of screening was associated with a higher reduction in the pooled age-standardised mortal-
ity ratio. In particular, the pooled age-standardised mortality ratio became non-significant when the screening of FIT
was implemented for less than 5 years.

Conclusions A CRC screening programme running for> 5 years was associated with a reduction of CRC-related mor-
tality. Countries with a heavy burden of CRC should implement sustainable, organised screening providing a choice
between faecal tests and colonoscopy as a preferred primary test.
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Introduction

Worldwide, colorectal cancer (CRC) is the second lead-
ing cause of cancer-related deaths, accounting for 9.4% of
total cancer deaths in 2020 [1]. As most CRCs may take
years to progress from the early adenoma to invasive can-
cer, cancer screening serves as an effective intervention
to remove adenoma and prevent cancer, and further, to
decrease CRC-related mortality. According to previous
studies, CRC screening with guaiac faecal occult blood
test (gFOBT), faecal immunochemical test (FIT), flexible
sigmoidoscopy (FS), and colonoscopy could contribute
to a reduction of 14-16%, 22%, 28%, and 68% in CRC-
related mortality, respectively [2]. Simulation models also
showed the cost-effectiveness of these screening tests in
comparison with no screening [3]. Therefore, interna-
tional guidelines recommend CRC screening for older
adults aged above 45 or 50 years old [4-6].

The CRC screening involved organised programmes
and opportunistic programmes. An organised screening
programme includes a systematic process, which is mon-
itored externally at the government or institutional level.
Every step that is involved in the organised screening
process, from the invitation of the target population to
follow-up of screening participants with positive screen-
ing tests, is continuously evaluated for quality assurance.
Nevertheless, the traditional opportunistic screening
approach is largely performed only when a patient visits
a physician, which may lead to under- or over-screen-
ing, uncertain quality, or health inequity [2]. Levin et al.
reported that an organised CRC screening had twice the
participation rate (i.e., from 38.9% to 82.7%) when com-
pared with opportunistic screening in California. The
higher rates of screening were associated with a reduc-
tion from 30.9 to 14.7 deaths/100,000 [7].

A number of organised CRC programmes have been
introduced and implemented during the past two dec-
ades. A study from Italy contrasted the CRC-related
mortality in 2006-2011 with that before screening
(1995-2000) and observed a 22% decrease between early
screening areas and late screening areas [8]. The average
annual percentage changes were employed by Cardoso
et al. to compare the epidemiological changes of CRC in
relation to screening implementation across Europe [9].
Nevertheless, to our best knowledge, no study has been
conducted to systematically summarise the changes in
mortality as a result of the initiation of organised CRC
screening programmes worldwide.

Therefore, we aimed to systematically review the cur-
rent organised CRC screening programmes and match
their CRC-related mortality before and after the screen-
ing implementation. We also assessed the long-term
association between organised CRC screening strategies
and CRC-related mortality.

Page 2 of 8

Materials and methods

Literature search

This study was registered on PROSPERO Interna-
tional prospective register of systematic reviews
(CRD42021231274). We systematically reviewed all
organised CRC screening through PubMed, Ovid
Medline, Embase and Cochrane from the journals’
inception to Jan 2023. Grey literature was examined
via hand searching for relevant CRC screening pro-
grammes conducted at national levels. Other related
reviews involved in organised CRC screening were also
included as references. The following keywords and
MeSH terms were shown in Table S1. There were no
limitations on language or types of publication.

Data extraction

Two reviewers (JL and ZX) independently performed
the literature search, and any disagreements were
resolved by a third reviewer (HD). The characteristics
of CRC screening was extracted, including countries,
screening status, starting age, screening modality,
programme duration, screening coverage, and partici-
pation. Two independent reviewers (JL and ZX) also
retrieved the age-standardised CRC-related mortal-
ity (more than 50 years) of countries that conducted
organised CRC screening from the cancer mortality
database of the International Agency for Research on
Cancer (IARC) [10]. CRC was identified as C18-21 in
terms of the International Classification of Diseases
10th revision (ICD-10). The CRC-related mortality was
retrieved from the screening initiation year to the most
recent year with available data (extracted in May 2023).
As all mortality data was from the IARC database, no
risk of bias assessment was involved in this study.

Statistical analysis

The variations of mortality were reported, and the age-
standardised mortality ratio (ASMR) was calculated by
the mortality in the initial year and the latest year. We
used a random-effects model to synthesise the ASMR
with a 95% confidence interval (CI). I> was reported to
evaluate the heterogeneity, and I* of 25%, 50%, and 75%
indicated low, medium, and high heterogeneity, respec-
tively [11]. Since most I? of indicators are more than 50%,
we did not use a fixed-effects model to pool the ASMR.
Subgroup analyses were performed in terms of screen-
ing modalities, screening duration, and sex. We classi-
fied screening modalities into 5 types according to the
primary screening tests: 1) gFOBT only; 2) FIT only; 3)
gFOBT or FIT (switching from gFOBT to FIT or adopt-
ing anyone at the same time); 4) faecal tests (gFOBT or
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FIT) or ES; 5) faecal tests (gFOBT or FIT) or colonoscopy
offered as options for prospective screening participants.

Since the diversity of screening programmes between
countries might have an impact on the mortality out-
comes, a sensitivity analysis was performed to test the
robustness of the results. If we treated the annual ASMR
as longitudinal data, a statistic model should take into
account both the changes over time and the correla-
tions between the repeated measurements in each coun-
try. A linear mixed model was applied in this study. The
dependent variable was annual ASMR, and the inde-
pendent fixed factor was the modality. The country
was a random factor that allowed heterogeneity among
countries. Random-effect models were performed by R
software (version 3.6.3), and sensitivity analysis was con-
ducted via SPSS 25.

Results

A total of 19,236 citations were identified from the litera-
ture search. A sum of 9,970 citations remained after the
removal of duplicates, and 9,748 citations were further
excluded in the first stage of screening. After the second
stage of screening, 38 countries or areas were included
from 15 abstracts and 35 articles. After hand search for
national websites or reports and supplements from other
related reviews, a total of 58 countries or areas with
organised screening were included in this study (Fig. 1).
The characteristics of these organised CRC screenings
were shown in Table S2.

Among countries with the long-term implementa-
tion of CRC screening, Belgium, Czech, Finland, France,
Portugal, Spain, Sweden, UK (including England, Scot-
land and Wales), and Israel had changed gFOBT to FIT
as their primary screening test. Germany and Poland
adopted colonoscopy as the primary screening test for
all eligible participants, while Czech and Israel used colo-
noscopy as an alternative option together with faecal
tests for screening. Due to the different screening phases
of the index year, the range of coverage rates and partici-
pation rates varied widely.

A total of 31 countries or areas can be matched with
the cancer mortality database of the IARC, and the age-
standardised mortality change (over 50 years of age) was
presented in Fig. 2. Countries with the long-term imple-
mentation of screening programmes (e.g., France, Czech,
Australia, Israel, and Canada) showed a decreasing mor-
tality trend. However, there was no mortality reduction
for countries (e.g., Estonia, Hungary, and Finland) where
CRC screening was implemented for less than five years
or was conducted in the pilot phase.

After excluding countries or areas with pilot pro-
grammes, we finally obtained more than 2.7 million
CRC-related deaths from 22 countries or areas. The
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programmes that offered a choice of screening modal-
ity between faecal tests and colonoscopy (pooled
ASMR=0.582, 95% CI=0.525-0.645 1>=82.9%) was
associated with better performance as compared to
gFOBT (pooled ASMR=0.956, 95% CI=0.887-1.029,
>=82.0%), FIT (pooled ASMR=0.833, 95% CI=0.802—
0.866, I*=92.4%), gFOBT or FIT (pooled ASMR=0.838,
95% CI=0.807-0.871, I>=83.9%) and faecal tests or FS
(pooled ASMR=0.833, 95%CI=0.770-0.901, I*=95.5%)
as the primary screening test. Among the FIT screen-
ing subgroup, the pooled ASMRs were 0.929 (95%
CI=0.896-0.963, I*=0.0%), 0.795 (95% CI=0.732-0.864,
I’=53.5%), and 0.771 (95% CI=0.733-0.811, I*=70.2%)
for 1-5 years, 6—10 years, and 11-20 years after screen-
ing implementation, respectively. The pooled ASMRs
showed similar reducing trend with longer time of
implementation for gFOBT and FIT subgroup (0.848 for
6-10 years and 0.834 for 11-20 years) (Fig. 3).

Furthermore, our results showed that FIT only, gFOBT
or FIT, faecal tests or FS, and faecal tests or colonos-
copy as the primary screening test had significant asso-
ciations with decreased mortality in both sexes (ASMRs:
0.580-0.847). However, the ASMRs for gFOBT only were
non-significant in males (0.947, 95%CI=0.796-1.126,
I’=86%) and females (0.963, 95%CI=0.897-1.033,
1>=0%) (Fig. 4).

According to the linear mixed model, the screening
strategy with faecal test or colonoscopy as a primary
screening tool showed a significant decrease in ASMR
(P=0.004) when compared with gFOBT. The other
screening strategies did not significantly differ from
gFOBT as a primary test.

Discussions
In this study, we analysed the characteristics of organised
CRC screening programmes that have been performed
in 58 countries or areas worldwide. The screening using
faecal tests or colonoscopy as the primary screening test
was associated with a greater reduction in mortality,
followed by faecal tests or FS, FIT only, gFOBT or FIT,
and gFOBT only. Moreover, the CRC-related morality
was also influenced by screening duration. The pooled
ASMRs of mortality reduction in the FIT screening sub-
group showed a decreasing trend with a longer duration
of screening implementation. Additionally, we found that
programmes with gFOBT only as a primary screening
test had a limited impact on mortality reduction in males
and females. The sensitivity analysis also supported our
result that screening strategy offers faecal test or colo-
noscopy as a primary screening test showed a significant
reduction in ASMR in comparison with gfFOBT.

Existing evidence suggests that FIT had better per-
formance than gFOBT due to the higher participation
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rate and higher detection rate of CRC [12, 13]. Our
study indicated that the organised screening with the
FIT was associated with a greater reduction in mor-
tality (16.7%) than those with gFOBT (4.4%) as the
primary screening test, which was consistent with
previous research. A network meta-analysis reported
that FIT reduced 59% of CRC-related mortality, while
gFOBT only reduced CRC mortality by 14% [14]. Gini

and colleagues reported about 8—16% of the decline in
mortality attributable to gFOBT and 35-41% of mortal-
ity decline due to FIT screening in Europe [15]. The dif-
ferences in mortality reduction between our study and
others might be explained by the variations in screen-
ing coverage, screening uptake, people’s attitude to
CRC screening, development of novel treatment strate-
gies, and lifestyle modification [16].
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Fig. 2 Changes in age-standardised mortality among countries that performed organised colorectal cancer screening
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Fig. 3 The pooled age-standardised colorectal cancer-related mortality ratio by screening modalities and duration. ASMR: age-standardised
mortality ratio, gFOBT: guaiac faecal occult blood test, FIT: faecal immunochemical tests, FS: flexible sigmoidoscopy. Each country had two studies
(male and female), and this table only showed subgroups with at least two countries or areas (four studies). gFOBT subgroup involved Croatia
and the UK (Scotland) since the most available year of mortality in Scotland is 2017. FIT subgroup involved Australia, Ireland, Japan, South Korea,
Lithuania, Malta, Singapore, Slovenia, and the Netherlands. gFOBT and FIT subgroup involved Belgium, Canada, France, Portugal, Spain, Sweden,
and the UK (North Ireland). Faecal tests and FS subgroup involved Italy and the UK (England&Wales). Faecal tests and colonoscopy subgroup

involved Czech Republic and Israel
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a. Long-term impact of gFOBT as a primary screening tool on mortality

Study Implementation period Age-standardisation mortality rate 95%-Cl Weight
Croatia_Male 11-20 Years 1.033 [0.948; 1.126] 27.1%
UK, Scotland_Male 6-10 Years — 0.865 [0.786; 0.952] 24.9%
Croatia_Female 11-20 Years — 0.965 [0.874; 1.066] 24.2%
UK, Scotland_Female 6-10 Years  a 0.960 [0.868; 1.062] 23.9%
_

Random effects model — 0.956 [0.887; 1.029] 100.0%
Heterogeneity: /% = 59%, <> = 0.0034, p = 0.06

Residual heterogeneity: /> = 72%, p = 0.03 0.8 1 1.25

b. Long-term impact of FIT as a primary screening tool on mortality

Study Implementation period Age-standardisation mortality rate  95%-Cl Weight
Australia_Male 11-20 Years - 0.733 [0.690;0.778]  7.5%
Ireland_Male 1-5 Years —— 0.976 [0.869; 1.095] 5.0%
Japan_Male >20 Years 0.869 [0.851;0.887] 8.8%
Korea, South_Male 11-20 Years - 0.792 [0.756;0.830] 8.0%
Lithuania_Male 6-10 Years —& 0.780 [0.687;0.887] 4.6%
Malta_Male 1-5 Years 0.806 [0.572;1.137] 1.1%
Singapore_Male 6-10 Years — 0.900 [0.783;1.034] 4.2%
Slovenia_Male 6-10 Years —— 0.685 [0.601;0.781] 4.5%
The Netherlands_Male 1-5 Years = 0.923 [0.875;0.974] 7.7%
<

Australia_Female 11-20 Years - 0.824 [0.771;0.881] 7.2%
Ireland_Female 1-5 Years 8T 0.906 [0.786;1.044] 4.1%
Japan_Female >20 Years 0.851 [0.833;0871] 8.8%
Korea, South_Female 11-20 Years - 0.742 [0.704;0.781] 7.8%
Lithuania_Female 6-10 Years —— 0.803 [0.704;0.917] 4.4%
Malta_Female 1-5 Years 1.072 [0.753;1.527] 1.1%
Singapore_Female 6-10 Years —E— 0.884 [0.764;1.023] 4.0%
Slovenia_Female 6-10 Years — 0.746 [0.636;0.874] 3.6%
The Netherland_Female 1-5 Years &= 0.929 [0.876;0.986] 7.5%
Random effects model <> 0.833 [0.801; 0.866] 100.0%
Heterogeneity: /> = 84%, 1> = 0.0044, p <0.01

Residual heterogeneity: /> = 85%, p < 0.01 075 1 15
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c. Long-term impact of gFOBT or FIT as a primary screening tool on mortality

Study Implementation period Age-standardisation mortality rate 95%-Cl Weight
Belgium_Male 6-10 Years —B— 0.858 [0.799;0.923] 7.1%
Canada_Male 11-20 Years E 3 0.796 [0.762;0.831] 8.5%
France_Male 11-20 Years L ] 0.776 [0.753;0.800]  9.0%
Portugal_Male 6-10 Years - 0.887 [0.835;0.942] 7.6%
Spain_Male 11-20 Years = 0.934 [0.904;0.965] 8.9%
Sweden_Male 11-20 Years —= 0.824 [0.764;0.889] 6.9%
UK, North Ireland_Male 6-10 Years —— 0.808 [0.671;0.974] 2.9%
-
Belgium_Female 6-10 Years - 0.759 [0.704;0.819] 6.9%
Canada_Female 11-20 Years = 0.813 [0.777;0.851] 8.3%
France_Female 11-20 Years ) 0.830 [0.804;0.857] 8.9%
Portugal_Female 6-10 Years - 0.835 [0.777;0.897] 7.1%
Spain_Female 11-20 Years = 0.847 [0.816;0.879] 8.7%
Sweden_Female 11-20 Years = 0.858 [0.794;0.928] 6.8%
UK, North Ireland_Female 6-10 Years e 1.054 [0.865; 1.285]  2.6%
<

Random effects model < 0.838 [0.807; 0.871] 100.0%
Heterogeneity: /2 = 86%, t* = 0.0039, p < 0.01

Residual heterogeneity: /> = 87%, p < 0.01 0.8 1 1.25

d. Long-term impact of faecal tests or flexible sigmoidoscopy as a primary screening tool on mortality

Study Implementation period Age-standardisation mortality rate 95%-Cl Weight
ltaly_Male >20 Years = 0.858 [0.830;0.886] 25.1%
UK, England&Wales_Male 11-20 Years = 0.836 [0.809; 0.863] 25.1%
°
Italy_Female >20 Years = 0.744 [0.719;0.770] 25.0%
UK, England&Wales_Female 11-20 Years = 0.902 [0.872;0.934] 24.9%
—_—

Random effects model — 0.833 [0.770; 0.901] 100.0%
Heterogeneity: /> = 95%, 1> = 0.0061, p < 0.01

Residual heterogeneity: /2 = 97%, p < 0.01 08 1 1.25

e. Long-term impact of faecal tests or colonoscopy as a primary screening tool on mortality

Study Implementation period Age-standardisation mortality rate  95%-Cl Weight

Czech Republic_Male 11-20 Years 0.524 [0.493; 0.556] 28.1%
Isreal_Male 11-20 Years 0.650 [0.580;0.728] 22.5%
Czech Republic_Female 11-20 Years 0.544 [0.507; 0.583] 27.2%
Isreal_Female 11-20 Years 0.644 [0.573;0.724] 22.2%

Random effects model
Heterogeneity: /2 = 83%, % = 0.0088, p < 0.01
Residual heterogeneity: /2 = 88%, p < 0.01 05 1 2

0.582 [0.525; 0.644] 100.0%

Fig. 4 The pooled age-standardised colorectal cancer-related mortality ratio by screening modalities and sexes

Besides these two screening strategies, colonoscopy
was found to be associated with a 61-68% decline in
CRC-related mortality [14, 17, 18]. However, few coun-
tries or areas are equipped with adequate resources to
offer colonoscopy as a primary test in CRC screening
programmes. Furthermore, some countries offered colo-
noscopy as an alternative option for a primary screen-
ing test. We reported that the screening with faecal tests
or colonoscopy as a primary screening test had the best
performance (42%) among CRC screening modalities.
Among this subgroup, the Czech adopted faecal tests or
colonoscopy for eligible participants aged above 50 years,
while colonoscopy alone was offered to the high-risk pop-
ulation in Israel [19, 20]. A tailor-made screening strategy
by risk was recommended by the Asia—Pacific Working
Group on Colorectal Cancer, and they adopted the Asia—
Pacific Colorectal Screening score to stratify individuals
according to the risk of advanced neoplasia [21].

CRC screening programmes tend to have a time lag
to observe the benefit, as it often takes years for symp-
toms to appear or before death occurs. The United States
Preventive Services Task Force indicated that it should
take at least seven years to observe the benefit of CRC

screening [22]. Another survival meta-analysis estimated
that it took about 4.8 years to prevent one CRC-related
death per 5000 participants screened [23]. In our study,
we found a non-significant ASMR of mortality reduction
in screening programmes implemented with a duration
of less than five years, which may imply the existence
of the time lag effect of CRC screening. However, when
the duration of screening implementation exceeded five
years, we found that all subgroups had significant ASMRs
of mortality decrease and that the length of duration was
significantly associated with lower mortality. A longer
duration of screening might extend a larger screening
coverage and have a higher uptake rate, which could be
translated to a more obvious mortality reduction in the
general population.

Owing to the consideration of the programme surveil-
lance and quality control, we only included organised
screening in this study. Opportunistic screening requires
a well-developed primary care system that may contrib-
ute to a reduction in CRC-related mortality, for example,
in the US, where had fallen its CRC-related mortality in
these two decades. However, it may reduce the cost and
gain more effectiveness if organised screening is adopted.



Ding et al. BMC Cancer (2024) 24:365

Although there is no cost-effectiveness analysis (CEA)
in the US to compare the outcomes of organised and
opportunistic CRC screening programmes, there was a
CEA that supported organised cervical cancer screening
in another developed area (Hong Kong) [24]. Moreover,
organised screening could help to remain the equity of
access in cancer screening [25]. Also, organised screening
has a higher uptake rate than opportunistic screening.
For example, Germany implemented the opportunistic
screening programme and introduced colonoscopy as
a primary screening test, but the participation rate was
suboptimal [26]. Researchers suggested introducing
organised screening to replace opportunistic screening to
improve adherence [27, 28].

This study has some strengths. This study firstly
reviewed the long-term impact of all organised CRC
screening programmes on CRC-related mortality from a
global perspective. In addition, we extracted the mortal-
ity of people over 50 years of age rather than the general
population, as most CRC screening was initiated at the
age of 50 years, which is more appropriate to observe the
benefit of CRC screening. Moreover, we also observed
the mortality changing in relation to the screening dura-
tion with the time lag effect of mortality. Also, the linear
mixed model was used in this study to test the robustness
as a sensitivity analysis. Nevertheless, some limitations
should be addressed. First, our mortality reduction rates
are different from that of previous studies, which may
be due to the existence of potential confounders. These
include people’s attitude to CRC screening, changes in
lifestyle habits over time, and the development of novel
cancer treatments that were not able to be accounted for,
although a study from the US suggested that only 12% of
mortality decline was attributed to treatment [29]. Sec-
ond, the rollout process and uptake were not controlled
for in this study, hence we excluded the pilot programmes
from pooled estimates and conducted subgroup analyses
according to the duration of screening implementation.

In conclusion, CRC screening programmes with a
duration of implementation for over 5 years had an asso-
ciation with CRC-related mortality reduction, and the
primary screening strategy which provides an option of
faecal tests vs. colonoscopy is recommended for coun-
tries with adequate health resources. As the duration
of programme implementation plays a role, we suggest
formulation of a sustainable, organised CRC screening
programme as soon as possible in countries where the
burden of cancer is likely to increase substantially in the
near future.

Abbreviations
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