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Abstract

Background: Populations differ with respect to their cancer risk and screening preferences, 
which may influence the performance of colorectal cancer (CRC) screening programs. 
This review aims to systematically compare the mortality effect of CRC screening across 
European regions.

Methods: Six databases including Embase, Medline, Web of Science, PubMed publisher, 
Google Scholar and Cochrane Library were searched for relevant studies published before 
March 2018. Bibliographic searches were conducted to select studies assessing the effect 
of various screening tests (guaiac fecal occult blood test [gFOBT]; flexible sigmoidoscopy 
[FS]; fecal immunochemical test [FIT]; and colonoscopy) on CRC mortality in Europe 
(PROSPERO Protocol: CRD42016042433). Abstract reviewing, data extraction and risk of 
bias assessment were conducted independently by two reviewers.

Results: A total of 18 studies were included; of which, 11 were related to gFOBT, 4 to FS, 
2 to FIT, and 1 to colonoscopy; 8 were randomized clinical trials, and 10, observational 
studies, and an approximately equal number of studies represented Northern, Western, and 
Southern European regions. Among individuals invited to screening, CRC mortality reduc-
tions varied from 8% to 16% for gFOBT and from 21% to 30% for FS. When studies with a 
high risk of bias were considered, ranges were more extensive. The estimated effectiveness of 
gFOBT and FS screening appeared similar across different European regions.

Conclusions: CRC mortality impact of inviting individuals with similar adopted screening 
strategies (gFOBT or FS) may be consistent across several European settings.
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Introduction

Colorectal cancer (CRC) is the second and the third leading cause of cancer death among 
men and women in Europe, with more than 242,000 deaths estimated in 2018.2 The highest 
mortality rates were reported in Eastern Europe (Hungary and Slovakia), where CRC inci-
dence rates have increased sharply in the last decades owing to changes in lifestyle factors.2, 4 
Screening has the potential to reduce the burden of CRC, with the scientific literature sug-
gesting a reduction in CRC mortality ranging from 18% to 57% (depending on the screening 
test investigated).73 In 2003, the European Council acknowledged the effectiveness of fecal 
occult blood testing (FOBT) screening and recommended the implementation of organised 
CRC screening for men and women aged 50-74 years in the European countries.55

However, CRC screening was not implemented homogenously across Europe. Existing 
organised programs differed in terms of target ages, screening interval and primary test.57 In 
Finland, biennial guaiac FOBT (gFOBT) screening is offered to men and women aged 60-69 
years, 62, 74 whereas in France and the United Kingdom (UK), biennial gFOBT is offered 
from the age of 50 to 74 years,75, 76 and in the Netherlands, Spain, Slovenia, Ireland, Malta, 
and Hungary biennial fecal immunochemical test (FIT) screening is offered in various age 
ranges between 50 and 75 years.57, 77-79 CRC screening also varies within the countries, for 
instance, in Italy. There, 112 regional CRC screening programs were gradually implemented 
during 2003-2012, some offering the FIT and some offering flexible sigmoidoscopy (FS).63

CRC screening implementation, performance and its geographical differences are cur-
rently monitored.80 The first European Guidelines on quality assurance in CRC screening 
and diagnosis have been published, making standards and recommendations to improve 
CRC screening programmes (especially in quality assurance and the management of de-
tected lesions).81 The European Parliament has encouraged member states to invest more 
in reducing screening inequalities and stimulating early cancer diagnosis. To assist each 
country in reaching these goals, the European Commission funded the EU-TOPIA project 
(EU-Framework Programme, Horizon 2020 – 634753). EU-TOPIA will systematically 
evaluate the harms and benefits of existing screening programs for CRC in all European 
countries and identify ways to improve health outcomes and reduce screening inequalities 
of European Union (EU) citizens. As a first step, and to assess the appropriateness of vari-
ous chosen screening policies, EU-TOPIA will review the evidence of the effectiveness of 
alternative screening strategies across European countries.

In this study, we systematically reviewed the literature on the effectiveness of screening 
in Europe, focussing on geographical disparities in the effectiveness of screening.
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Methods

We performed a systematic literature review following the preferred reporting items for 
systematic reviews and meta-analyses (PRISMA) statement.82 This study was registered as 
part of a planned review, and its protocol was published on 6th July  2016 in PROSPERO 
(International prospective register of systematic reviews, CRD42016042433).83

Literature search
Systematic bibliographic searches were conducted on the databases Embase, Medline Ovid, 
Web of Science, PubMed publisher, Google Scholar and Cochrane Library to identify 
potentially relevant studies. All databases were searched from inception to 1st April 2016 
(subsequently updated to 1st March 2018). The computer-assisted searches were designed 
and performed by a research librarian using controlled keywords to assess concepts related 
to screening, CRC and mortality among European countries (Supplementary Table 2.1a-
2.1b). In addition, the search was augmented with a list of relevant, recently published, 
articles. All references were managed using Thomson Reuters Endnote X7.1, and duplicates 
were removed.

Study selection, data extraction, and quality assessment
Two investigators independently reviewed the titles and abstracts of all references identified 
by the literature search. A list of potential studies was retrieved considering the PICOS 
(population, intervention, control, outcome and study design) criteria defined in the study 
protocol (Table 2.1).83 Inclusion criteria were defined to select relevant studies investigating 
the reduction in CRC mortality due to screening and focusing on populations invited to 
organised CRC screening programmes. To avoid exclusion of relevant references, studies 
that only reported CRC incidence reductions in the abstract were initially not excluded. 
Eligible articles were then reviewed in depth, and an additional selection was made ap-
plying the following eligibility criteria proposed by Elmunzer et al73: i) studies in which 
data or patients were duplicated in other manuscripts; ii) studies in which data were not 
reported for at least 5 years of follow-up; iii) studies in which the total number of events 
and participants were not reported for each study group or iv) studies that assessed only the 
effect on CRC incidence.

From each included article, the following data were extracted: first author; year of pub-
lication; country where the study was conducted; study design; screening modality; screen-
ing target population; follow-up information; sample size of the study and the reported 
estimates (with the corresponding 95% confidence intervals [95%CI]) of the CRC screening 
effect on cancer-specific mortality (as per the underlying cause of death from hospital or 
mortality registry, depending on the study). Information on adjustment for demographic 
differences between participants and non-participants in screening was also extracted.84 For 
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each included study, conflict of interest was reviewed and reported in Supplementary Table 
2.2. Eligible articles were divided based on European areas (Northern, Western, Southern, 
and Eastern Europe) following the classification provided by EUROVOC Multilingual 
Thesaurus of the European Union.85 To assess quality and bias, the studies were evaluated 
using validated evaluation tools. Randomized controlled trials (RCTs) were evaluated using 
the Cochrane Library criteria for systematic reviews of interventions and risk assessment. 
Observational studies were assessed using the criteria provided by the Newcastle-Ottawa 
Scale (NOS).86, 87 In brief, risk of bias was categorized as follows: “high risk” was assigned 
to RCTs when at least one of the Cochrane Library criteria was assumed at high risk and to 
observational studies with an NOS score ≤ 4; “moderate risk” was assigned to RCTs when at 
least one of the Cochrane Library criteria was assumed at moderate risk and to observational 
studies where the NOS score ranged from 5 to 7 and “low risk” was assumed otherwise. 
Based on this categorisation, the results were interpreted by both excluding and including 
studies at high risk of bias to explore the impact of quality assessment on review conclusions. 
All studies were quality assessed independently by two reviewers. Disagreements between 
the two investigators were solved by consensus or consulting a third reviewer.

Table 2.1. Inclusion and exclusion criteria

Category Inclusion Exclusion

Population People invited to / participating in 
organised mass screening for colorectal 
cancer

Interventions organised screening for colorectal cancer 
(e.g. FS, gFOBT, FIT, colonoscopy)

Controls People not invited for/participating 
organised screening or people participating 
in opportunistic screening only

Outcomes Change in mortality due to colorectal 
cancer screening (colorectal cancer 
mortality reduction)

Study design Randomised controlled trials and 
observational studies, such as prospective 
and retrospective controlled cohort studies.

Study designs that do not directly assess the 
effect of screening.

Systematic reviews, meta-analyses, modelling/
simulation studies, non-original research 
studies (e.g. editorials, letters) and abstracts 
only.

Language English

gFOBT: Guaiac fecal occult blood test; FIT: Fecal immunochemical test; and FS: Flexible sigmoidoscopy.
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Results

A total of 3,741 citations were retrieved through the initial searches (Figure 2.1). A subse-
quent updated bibliographic search provided 620 additional references. After removal of 
duplicates, 3,034 potentially relevant citations were identified, and 70 potential articles for 
detailed evaluation were selected based on the title and abstract review. Fifty-two of these 
articles were excluded due to the eligibility criteria (Supplementary Table 2.3-2.4), and 
thus, 18 were included in the final analysis.

The included articles varied based on region (7 from Northern Europe, 5 from Southern 
and 6 from Western), screening test assessed (11 for gFOBT, 3 for FS, 2 for FIT, 1 for FS in 
combination with FIT and 1 for colonoscopy), and study design (8 RCTs, 7 cohort studies 
and 3 case-control studies). No studies were retrieved from Eastern Europe.
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Of the 8 RCTs, 4 assessed gFOBT (3 at low risk of bias and one moderate, Supplementary 
Tables 2.5a-2.5b); and 4 trials focused on FS (3 at low and one at high risk of bias caused 
by a possible bias in the random selection procedure, Supplementary Tables 2.5c-2.5d). 
Considering observational studies, risk of bias varied from 4 to 8 out of 9 on the NOS 
(Supplementary Tables 2.6-2.7): one study scored 4 (high risk of bias); 6 studies scored 5 
or 6 and 3 studies scored 7 or 8 points.

What is the impact of gFOBT screening across Europe?
Effectiveness of gFOBT was investigated using various study designs and target ages: 
screening was offered to individuals between ages 45 and 74 or 75 years in two RCTs32, 33 and 
a population-based cohort study;88 between the ages 50 to 63-74 years in three cohort stud-
ies;76, 89, 90 between the ages 60 and 64-69 years in two RCTs;36, 62 and for anyone older than 
40 years in two case-control studies.91, 92 Despite these differences, the estimated impact of 
gFOBT screening did not vary substantially across studies. Among individuals invited to 
screening, gFOBT screening (participation rate ranging from 48 to 70%) decreased their 
CRC mortality by 8-16% compared with that of those not invited (Table 2.2, not including 
studies at high risk of bias).32, 33, 36, 76, 88, 90 When studies at higher risk of bias were included, 
no effect on CRC mortality was documented in Finland (relative risk [RR] = 1.04, 95%CI: 
0.84-1.3, study at moderate risk; and standardized mortality ratio [SMR] = 1.2, 95%CI: 
0.75-1.7, at high risk of bias; Figure 2.2).62, 89 For individuals participating in screening, the 
reduction in CRC mortality was up to 40%.92 However, this effect was estimated only in ob-
servational studies (3 case-control and 3 cohort studies)76, 88, 91-93 and may be confounded by 
demographic differences between participants and non-participants in screening. As shown 
by Libby et al, estimates for cancer-specific mortality reduction adjusted for confounding 
are significantly lower (RR = 0.83, 95%CI: 0.79-0.87) than unadjusted measures (RR = 0.73, 
95%CI: 0.65-0.82).76

What is the impact of screening with the FIT in Europe?
Two observational studies assessed the effect of FIT screening on CRC mortality, both 
from Southern Europe (Italy; Table 2.2).37, 94 Among individuals invited to FIT screen-
ing, incidence-based CRC mortality (i.e. CRC mortality in those with a confirmed CRC 
diagnosis in the local cancer registry) was 36% lower than that among those not invited 
(estimated with a maximum follow-up of 8 years).37 The probability of dying from CRC was 
41% lower in those who participated in FIT screening than in those who did not participate. 
However, this estimate was not adjusted for demographic differences between participants 
and non-participants.94
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What is the impact of once-in-a-lifetime FS screening across Europe?
The effect of offering FS screening was investigated by 4 RCTs (Table 2.3, and Figure 
2.3).28, 30, 34, 95 Studies differed based on screening participation (58-81%), sample size, age 
at screening (from 50-55 to 64 years), enrolment and risk of bias. The median follow-up 
varied from 10.9 to 21.0 years. Long-term outcomes (follow-up up to 21 years) and the 
effectiveness of FS in combination with FIT screening were investigated only in Northern 
Europe.30, 95 CRC mortality reductions due to once-only FS screening ranged from 21% to 
30% (point estimates; among those invited compared with among those not invited).28, 30, 34 
When FS was offered in combination with the FIT, probability of dying from CRC was 
25% lower in the invited group than in the not-invited reference group (RR = 0.75, 95%CI: 
0.57-0.99).30

Figure 2.2. Impact of gFOBT and FIT screening per European region (intention-to-treat analysis). gFOBT, 
guaiac fecal occult blood test; FIT, fecal immunochemical test
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Among participants in FS screening group, CRC mortality was 38-41% lower in the 
invited participants than in the not-invited control group (estimates adjusted for demo-
graphic differences in non-participants; Figure 2.3).28, 34

What is the impact of colonoscopy in Europe?
The effect of colonoscopy screening on CRC mortality was only evaluated in one Swiss 
study (Table 2.3).96 In a closed prospective cohort study of 22,686 individuals, the reported 
risk reduction for CRC death was 88% (95%CI: 7%-99%) among those who participated 
in screening compared with among those who did not participate (not adjusted for demo-
graphic differences in non-participants).

Figure 2.3. Impact of Flexible sigmoidoscopy screening per European region and THE type of assessment 
(intention-to-treat or per-protocol analysis). FS, flexible sigmoidoscopy.
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How does the effect of CRC screening differ across Europe?
Effectiveness of FIT and colonoscopy screening was only investigated in a few countries, 
and therefore, a direct comparison across different European regions was not possible. For 
gFOBT, the effectiveness of screening in terms of CRC reduction mortality varied from 9 to 
13% in Western Europe33, 76, 88 to 16% in Northern Europe.32, 36 For FS screening, effects on 
CRC mortality varied from a 21% to 30% reduction across European regions, when studies 
at high risk of bias were excluded.28, 30, 34

For individuals participating in screening (especially with gFOBT), demographic differ-
ences between participants and non-participants were not considered in the effect estima-
tions, limiting the comparison between studies.

Discussion

In this systematic review, we evaluated the variation in the effectiveness of different CRC 
screening strategies across European regions. To our knowledge, no previous studies have 
investigated the variation in screening effectiveness across countries, especially countries 
that share similar health goals such as EU member states. We found that citizens invited 
to CRC screening in some European countries were at lower risk of dying from CRC than 
those not invited: up to 30% for FS and to 16% for gFOBT (excluding studies with a high 
risk of bias). The effect of gFOBT and sigmoidoscopy screening varied only moderately 
between and within European regions, with variations ranging from 8% to 13% in Western 
to 16% in Northern Europe for the effect of gFOBT; and from 21% in Northern to 30% 
in Western Europe for the effect of FS. Moreover, evidence from RCTs showed consistent 
results across Europe, especially when the duration of follow-up was adequate (>10 years).

Screening with gFOBT was mainly conducted in Northern and Western Europe, varying 
in screening target ages and reporting different screening participation rates. Participation 
geographically varied across Europe, indicating a higher willingness to accept gFOBT 
screening among individuals included in studies conducted in Northern (67-70%) than in 
Western Europe (56-61%). Nevertheless, an 8-16% reduction in CRC mortality was found 
across Europe in those invited to gFOBT screening,32, 33, 36, 76, 88, 90 and recent population-
based cohort analyses, performed in Scotland and France, indicated a 10-13% lower risk 
of dying from CRC.76, 88 Although two studies from Finland showed no impact on CRC 
mortality in that country, the small sample size (study at high risk, which was conducted by 
Malila et al.)89 or limited follow-up (study at moderate risk of bias, which was conducted by 
Pitkaniemi et al.)62 may explain those results. A recent modelling study (conducted by Chiu 
et al.)97 supported the latter explanation, predicting a 9% CRC mortality reduction after 10 
years of follow-up for the Finnish study of Pitkaniemi et al. For those persistently participat-
ing in gFOBT screening, effectiveness was higher (up to 40% lower CRC mortality), but this 

14 Erasmus Medical Center Rotterdam



effect was mainly observed in case-control studies that did not take into consideration the 
demographic differences between participants and non-participants.88, 91-93 Therefore, these 
results may be biased and driven by other factors, such as different underlying CRC risks or 
the healthy screenee effect.

Offering FS once in a lifetime was associated with a reduction in CRC mortality ranging 
from 21% to 30% when studies at high risk of bias were excluded.28, 30, 34 Variations in the 
screening participation rate and intervention group sample size may explain the slight dif-
ference in the effect range: compared with the UK RCT, the Italian and Norwegian trials had 
fewer individuals invited and participating in FS screening (sample size of the intervention 
group: 17,136-10,283 versus 57,099 individuals, respectively; participation rate: 58-65% 
versus 71%, respectively).28, 30, 34

It is important to note that evidence of the effectiveness of FS was reported only in 
RCTs based on predefined populations willing to accept this screening modality.28, 34 At this 
time, few population-based organised screening programmes were implemented using this 
test (Italy [Piedmont], Norway, and England),57, 98 and based on their monitoring data, FS 
screening uptake was found to be lower in the unselected population than that observed in 
the RCTs (i.e. ≥ 58%): response rates varied from 29% (Italy [Turin and Verona]) to 43% 
(England).67 Nevertheless,  FS has the possibility to better detect and remove adenomatous 
polyps (by participating in screening once in a life-time) and could be superior in reducing 
CRC mortality compared to at least gFOBT (if we restrict and compare only RCT results).

There was much less evidence for the effectiveness of FIT and colonoscopy screening. 
FIT was implemented mainly in Southern and Eastern Europe (Italy, Spain, Malta, Slovenia, 
and Hungary) and in a few countries in Western Europe (The Netherlands and Ireland).57 
However, almost all of these population-based screening programmes were implemented 
relatively recently, making it impossible at this point to observe a mortality effect. Until 
now, the impact of FIT in reducing CRC mortality was only reported in Italian studies.37, 94 
Opportunistic or pilot colonoscopy screening programmes have been implemented in more 
countries57, 98 although evidence of their impact on CRC mortality is lacking, with only one 
European observational study providing information on the beneficial effect of participat-
ing in colonoscopy screening.96 Three RCTs comparing FIT and colonoscopy screening are 
underway, but their results may not be available for another 10 years.46, 47, 99

Since 2003, the EU has recommended CRC screening for men and women, suggesting 
starting and ending gFOBT screening within the ages 50-74 years (the effectiveness of other 
CRC screening modalities was not yet assessed by RCTs at the time of the recommenda-
tion).55 However, in 2012, new multidisciplinary, evidence-based European guidelines for 
quality assurance in CRC screening were proposed, reporting that the FIT, FS, and total 
colonoscopy might be commonly considered reasonable alternatives to gFOBT screening.56 
Our study suggests that the effect of FS and gFOBT on CRC mortality may be consistent 
across several European settings, indicating that FS screening is more effective than gFOBT. 
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Several studies have highlighted the impact of FS in reducing CRC incidence (another 
critical outcome of CRC screening),28, 30, 34 whereas gFOBT seems not to have had a statisti-
cally significant effect on this outcome.33 Although it may be reasonable to assume a higher 
efficacy from endoscopy screening than from gFOBT, the current recommended stool test 
across Europe is the FIT, which can achieve at least the same CRC mortality reduction as 
that observed with gFOBT (or potentially similar to that observed with FS),37, 94 but with the 
additional effect on reducing CRC incidence.37, 94 Thus, policymakers should consider test-
specific effectiveness and population preferences (such as expected participation in screen-
ing) as the essential determinants in deciding which CRC screening program to implement. 
Results from a RCT in the Netherlands showed a far higher initial uptake with stool tests 
(FIT: 61.5% and gFOBT: 49.5%) than with endoscopy investigations (FS: 32.4%).100 Simi-
larly, annual screening participation rates were higher in Italian FIT screening programmes 
than in those adopting FS (compliance in 2011: FIT 47.1%; and FS 24.5%).63 Nevertheless, 
FS is offered once in a lifetime, whereas screening with stool tests needs recurrent partici-
pation over several screening rounds to achieve their expected effects on CRC mortality. 
Considering initial uptake or annual participation rates instead of cumulative uptake over 
time may therefore not be appropriate, 67 especially in light of the recent data showing that 
there were significantly fewer regular participants than the participants in the first screening 
round.101-103 In addition, potential constraints in endoscopy resources and harms of screen-
ing need to be considered by decision-makers. Depending on the type of screening, the 
demand for endoscopy may increase substantially. Shortage of colonoscopy capacity may 
reduce the potential benefit of the CRC screening (especially among those with lower social 
economic status). Increasing colonoscopy efficiency, training, and regulations may curb 
this demand, but at least 10-15 years are needed to completely overcome the shortage.104 
Furthermore, screening might lead to the overtreatment of some  pre-cancerous lesions 
that  would never develop into CRC, increasing risks of screening.  In some rare cases, 
colonoscopy examinations could even cause severe complications or death (especially when 
polypectomy is performed).

Important limitations are evident and noteworthy. First, in assessing the effect of partici-
pating in screening, few studies corrected their estimates to take into account demographic 
differences among participants and non-participants, therefore affecting external compara-
bility of their findings. Thus, any review of the effect of participating in screening between 
and within European regions may be affected by selection bias. Moreover, the evidence of 
effectiveness for various screening strategies was limited: evidence for FIT and colonoscopy 
screening was available only for a few countries, and it was impossible to compare their 
effectiveness across different European regions. The impact of these screening modalities 
was assessed mainly in observational studies distinguished by a selected group of individu-
als actively participating in screening (especially for colonoscopy). With such designs, the 
results are particularly prone to selection bias. In our review, we included some evidence 
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based on data collected in periods and populations with less favourable CRC survival (i.e. 
evidence for gFOBT screening in England and Denmark).105 CRC survival has substantially 
increased in the last decades owing to improvements in surgical and medical oncology (es-
pecially in managing rectal carcinoma).106, 107 Thus, the effect of gFOBT on CRC mortality 
may be overestimated in those studies. Finally, this study is limited by the absence of studies 
conducted in Eastern European countries. Considering the recent GLOBOCAN estimates, 
CRC mortality was higher in Central and Eastern Europe than in the European average in 
both men and women.2 Hence, CRC screening could be more effective in that region.108

To conclude, this review highlights the beneficial effect of CRC screening across Europe. 
The impact on CRC mortality of inviting individuals with screening strategies adopting 
gFOBT or FS seem to be consistent across several European settings. As a consequence, 
to improve or implement CRC screening programmes, European policymakers should 
carefully consider national endoscopy resources and population preferences in conjunction 
with efficacy of screening modalities.
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Supplementary Table 2.3. Characteristics of excluded studies.

Study Reason for exclusion Study Reason for exclusion

Constantini AS, 
2008

The study did not report the 
number of events and the total 
number of the participant in each 
study group.

Brenner H, 
2001

Controls were cancer cases.

Senore C, 2015 Mortality data published in 
Segnan N, 2011. No update.

Goodyear SJ, 
2008

Cohort selection not clear. No 
number of case per age.

Parente F, 2015 The study did not report the 
number of events and the total 
number of the participant in each 
study group.

Gill MD, 2012 Max follow-up less than 5 years.

Citarda F, 2001 Cases are selected after a positive 
colonoscopy examination.

Suttie SA, 2012 The study did not report the 
number of events and the total 
number of the participant in each 
study group.

Parente F, 2008 The study was focused on test 
performance characteristics. 
Moreover, follow-up less than 4 
years.

Brenner H, 
2016

The study did not report the 
number of events and the total 
number of the participant in each 
study group.

Bonelli L, 2006 Intervention was only previous 
negative screening.

Mansouri D, 
2015

The study did not report the total 
number of the participant in each 
study group.

Zorzi M, 2015 No screening programs with at 
least of 5 years after the CRC 
screening introduction.

Rácz I, 2002 No control group.

Järvinen HJ, 
2000

High risk population. Jörgensen OD, 
2002

Mortality data update in Kronborg 
O, 2004.

Wahrendorf J, 
1993

No control group. All individual 
received FOBT.

Thiis-Evensen 
E, 1999

Mortality data update in Thiis-
Evensen E, 2013.

Hardcastle JD, 
1996

Mortality data update in 
Scholefield JH, 2012.

Kronborg O, 
1997

Mortality data update in Kronborg 
O, 2004.

Mapp TJ, 1999 Mortality data update in 
Scholefield JH, 2012.

Kronborg 
O,1996

Mortality data update in Kronborg 
O, 2004.

Robinson MHE, 
1999

Outcome was not CRC mortality 
or incidence reduction.

Lindholm E, 
1995

Outcome was not CRC mortality 
or incidence reduction.

Robinson MH, 
2000

Outcome was not CRC mortality 
or incidence reduction.

Kronborg O, 
1992

Outcome was not CRC mortality 
or incidence reduction.

Lamah M, 2001 Moderate risk population. Kronborg O, 
1989

Max follow-up less than 5 years.

Scholefield JH, 
2002

Mortality data update in 
Scholefield JH, 2012.

Hoff G, 2009 Mortality data update in Holme 
Ø, 2014.

Faivre J, 2004 Mortality data update in Hamza 
S, 2014.

Hoff G, 1996 Outcome was not CRC mortality 
or incidence reduction.
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Supplementary Table 2.3. Characteristics of excluded studies. (continued)

Study Reason for exclusion Study Reason for exclusion

Goodyear SJ, 
2008

Study provided data on 30-
days mortality after hospital 
admission.

Rasmussen M, 
1999

Control group was not no 
screening or opportunistic 
screening.

Whynes DK, 
2010

Outcome was not CRC mortality 
or incidence reduction.

Kewenter J, 
1994a

Mortality data update in Lindholm 
E, 2008.

Courtney ED, 
2013

No correct control group: 
symptomatic patients.

Kewenter J, 
1994b

Mortality data update in Lindholm 
E, 2008.

Libby G, 2014 Study provided data on 30-
days mortality after hospital 
admission.

Castells A, 2014 Control group was not no 
screening or opportunistic 
screening.

Saratzis A, 2015 Follow-up less than 2-3 years. Quintero E, 
2012

Control group was not no 
screening or opportunistic 
screening.

Hardcastle JD, 
1989

Mortality data update in 
Scholefield JH, 2012.

Zorzi M, 2014 Ecologic study. Two screening 
areas.

Friedrich K, 
2015

Study did not provide a direct 
estimation of CRC mortality 
reduction due to screening.

Mackay C, 2014 Study did not provide a direct 
estimation of CRC mortality 
reduction due to screening.

McClements PL, 
2012

Study did not provide a direct 
estimation of CRC mortality 
reduction due to screening.

Brenner H, 
2011

Intervention was only previous 
negative colonoscopy.

Brenner H, 2014 Outcome was CRC incidence 
reduction

Blom J, 2008 Outcome was CRC incidence 
reduction

Atkin WS, 2010 Mortality data update in Atkin 
WS, 2017.

Holme O, 2014 Mortality data update in Holme 
O, 2018.
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