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Abstract
Objective  To present comparative data about the 
performance of colorectal cancer (CRC) screening 
programmes in the European Union Member States (EU 
MSs).
Design  Cross-sectional study. We analysed key 
performance indicators—participation rate, positivity 
rate (PR), detection rate (DR) and positive predictive 
value for adenomas and CRC—based on the aggregated 
quantitative data collected for the second EU screening 
report. We derived crude and pooled (through a random 
effects model) estimates to describe and compare trends 
across different MSs/regions and screening protocols.
Results  Participation rate was higher in countries 
adopting faecal immunochemical test (FIT) (range: 
22.8%–71.3%) than in those using guaiac faecal 
occult blood test (gFOBT) (range 4.5%–66.6%), and it 
showed a positive correlation (ρ=0.842, p<0.001) with 
participation in breast cancer screening in the same 
areas. Screening performance showed a large variability. 
Compliance with referral for colonoscopy (total 
colonoscopy (TC)) assessment ranged between 64% 
and 92%; TC completion rate ranged between 92% and 
99%. PR and DR of advanced adenomas and CRC were 
higher in FIT, as compared with gFOBT programmes, and 
independent of the protocol among men, older subjects 
and those performing their first screening.
Conclusions  The variability in the results of 
quality indicators across population-based screening 
programmes highlights the importance of continuous 
monitoring, as well as the need to promote quality 
improvement efforts, as recommended in the EU 
guidelines. The implementation of monitoring systems, 
ensuring availability of data for the entire process, 
together with initiatives aimed to enhance reproducibility 
of histology and quality of endoscopy, represent a 
priority in screening programmes management.

Introduction
There is convincing evidence that screening can 
significantly reduce both colorectal cancer (CRC) 
incidence and mortality,1 and results from model-
ling studies suggest that CRC screening is a cost-ef-
fective intervention.2 Based on this evidence, several 
institutions and scientific organisations recommend 

the implementation of CRC screening to reduce 
the burden of disease. The Council of the Euro-
pean Union had urged already in 2003 the Member 
States  (MSs) to introduce screening for CRC 
through a systematic population-based approach 
with quality assurance at all appropriate levels.3 

Several effective screening options are available,4 
and their expected cost-effectiveness ratio is depen-
dent on several factors, including background risk, 
screening protocol, targeted age range, programme 
organisation and acceptability of the methods. The 
differential impact of these factors in different 
jurisdictions likely explains the observed vari-
ability in the screening policies adopted in different 
programmes.

Available data about the actual impact of 
screening recommendations, as well as of the 
different programmes policies are however limited.

Significance of this study

What is already known on this subject?
►► Cross-country comparative data about 
colorectal cancer (CRC) screening performance 
indicators are limited.

What are the new findings?
►► This is the first report presenting comparative 
data about performance of ongoing CRC 
organised screening programmes, using quality 
indicators recommended by international 
guidelines. Our analysis documented a large 
variability, which might result in potential 
variations in the future balance of benefits and 
harms of the programmes.

How might it impact on clinical practice in the 
foreseeable future?

►► These findings highlight the importance 
of regular data collection for monitoring and 
quality improvement purposes. Efforts aimed 
to promote reproducibility of histology, as well 
as the implementation of monitoring systems, 
ensuring availability of data about the entire 
screening process, represent a priority to 
improve comparability of the quality indicators.
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Table 1  Definitions used for main performance indicators

Indicator Definition

Positivity 
rate ‍

Subjects with a positive test
Total number of screenees with adequate samples (positive+negative tests).‍

Detection 
rate ‍

Screenees detected with the specific lesion
Total number of screenees with adequate samples (positive+negative tests).‍

Positive 
predictive 
value ‍

Screenees with the lesion of interest
Total number of screenees undergoing colonoscopy assessment

following a positive primary screening test. ‍

The first report on CRC screening in the European Union 
(EU)5 presented descriptive information about the diffusion of 
screening programmes as well as about the adopted protocol 
and the organisation of screening delivery. It showed that popu-
lation-based programmes in 2008 had been implemented in 
12 MSs only and that most programmes were still in the early 
roll-out or pilot phase.

The survey conducted in the context of the ICRCSN 
network,6 covering 35 CRC screening initiatives all over the 
world (23 in Europe) and including established population-based 
programmes, pilots and research projects, reported information 
about screening protocol and implementation status. The lack 
of standardised definitions limited the interpretability of the 
screening performance data.

The CRC interest group, established in the context of the 
International Cancer Screening Network (ICSN), promoted an 
international survey aiming to collect quantitative data about 
screening participation using definitions based on a consensus 
document previously drafted by an experts panel.7 The requested 
data could be provided by 12 countries (9 European) using faecal 
tests for Hb, showing a wide variability in the participation rates 
and a trend towards a higher screening uptake among women 
than among men.8

Following the publication of the EU quality assurance guide-
lines on cancer screening,4 the EU Commission funded the 
second report on cancer screening programmes in the MSs.9 The 
aims of the report were to update the information about the 
status of implementation and level of organisation of screening 
programmes (for breast, cervical and colorectal cancer) in the 
MSs and to collect the necessary quantitative data to get, for 
each country, comparable estimates of the quality indicators of 
programme performance defined in the guidelines.

We are presenting the results of a comparative analysis of CRC 
screening performance across the EU MSs, based on the data 
collected in the second EU report.

Methods
The methodology of the preparation of the report and the 
information about the implementation status of CRC screening 
programmes in the EU and their organisation, including the 
management of invitations, have been described in two previous 
publications.10-11 Briefly, experts, with special knowledge 
in screening programme monitoring and evaluation, having 
access to the relevant information, as well as the mandate of 
the responsible national authorities to provide the requested 
information, were identified from each of the 28 MSs. They 
were requested to fill in an online questionnaire designed to 
capture the qualitative information on the programme policy, 
implementation status, type of test and screening protocol 
(positivity cut-off, number of tests  and screening interval), 
organisation and quality control activities. Performance data 
were collected in Microsoft Excel tables, designed to collect 
aggregated data about the main indicators of screening perfor-
mance described in the EU guidelines,4 stratified by age (5 year 
age groups), gender and, for programmes using faecal tests, 
screening history (initial and subsequent tests). The programme 
performance data were requested for the most recent year 
in which complete data were routinely available, which in 
the majority of cases was 2013. A user’s guide was provided 
including a description of the aims of the tables and of the 
necessary data, with the definition of the requested variables as 
well as of the indicators derived from each table. The authors 
checked the filled in questionnaires and the data tables, and the 

data providers were contacted to collect the missing data or to 
resolve the apparent inconsistencies.

We defined screening programmes as population-based only if 
the eligible target population in an area served by the programme 
were individually identified and personally invited to attend 
screening in each round of screening.

Coverage by invitation has already been reported in another 
paper,11 and we report here only data about coverage by exam-
ination, calculated (both for population and non-population 
based programmes) as the number of subjects undergoing 
a primary screening test in the reference year over the target 
population. To take into account the variability in the observed 
screening policies in different EU MSs, three definitions of target 
population were used: (A) the population aged 50–74 years (the 
widest recommended age range in most screening guidelines, as 
well as in the EU Council statement in 2003); (B) the specific age 
range targeted by the local programme protocol in each country; 
and (C) the target for the reference year, stipulated by country 
specific roll-out plans, or to the target population of pilot proj-
ects, or to the population of the regions having already started 
the roll-out phase. The EUROSTAT12 figures for the reference 
year were used for all countries for (A) and (B), while national 
statistics were used in some cases to estimate the target in the 
roll-out phase (or pilot programmes). Annual target popula-
tion was calculated as the total target divided by the screening 
interval; birth cohorts were used in the case of endoscopy 
programmes offering screening once in the lifetime.

Participation rate was calculated (only for population based 
programmes) as the number of subjects personally invited for 
screening in the reference year who were screened by 30 June of 
the following year, over the total number of subjects personally 
invited in the reference year.

We also report data about positivity rate (PR), detection rate 
(DR) and positive predictive value (PPV) for adenomas, advanced 
adenomas and CRC. The denominator for these indicators was 
restricted to subjects with adequate samples (positive+neg-
ative tests) to ensure comparability of the results, as several 
programmes could not provide the information concerning the 
proportion of inadequate tests, or they could not provide these 
data stratified by age. The most advanced lesion per screenee 
was used to estimate the DR and the PPV. Tables 1 shows the 
definitions used for these indicators.

Quantitative data about performance indicators will be 
presented separately for non-population-based and popula-
tion-based programmes.

Data stratified by age, gender and screening history were 
available from nine MSs and seven regions (from four MSs) 
having implemented population-based screening programmes 
using faecal tests. The target age of 60–69 years was common to 
all these programmes; six (five using guaiac faecal occult blood 
test (gFOBT)) programmes were also targeting individuals aged 
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70–74 years and eight (five using FIT) included also individuals 
aged 50–59 years.

Descriptive data have been reported for PR, compliance with 
TC referral, completion rate of TC, DR of adenomas and CRC, 
as well as for PPV for advanced neoplasia: advanced adenoma 
+ CRC (AN) by country/region and screening protocol; 95% 
CIs for the estimated indicators, measured as proportions, were 
derived assuming the binomial distribution. Overall estimates 
of the indicators of interest by age (50–54 years, 55–59 years, 
60–64  years  and 65–69  years) gender and screening history 
were calculated as pooled proportions with 95% CIs, using an 
inverse variance method (random effects model) to account 
for the variation between screening cohorts from different 
countries.

Associations between variables were assessed by the Pearson’s 
correlation coefficient.

Given the variability in the starting and stopping age and the 
unbalanced distribution of the two screening methods (FIT and 
gFOBT) in the youngest and oldest age groups, comparative 
analyses by country and screening test have been performed only 
among screenees in the age range 60–69 years. Restricting the 
analysis to this age group, targeted in all programmes, allowed 
to control for one of the main factors (ie, age) influencing the 
prevalence of neoplasia and therefore the outcomes of screening 
while including the information from all countries providing the 
relevant data.

First, we fit four separate random-effects models within 
each subset defined by the test (FIT and gFOBT) and screening 
history (initial=first screening test; subsequent=screening tests 
performed by screenees having already attended in previous 
rounds). We then combined the estimates and standard errors 
(SEs) from each model into a data frame, adding a variable to 
distinguish the two models in relation to the screening test and 
the estimated amounts of heterogeneity within each subset. We 
then compared the two estimates by applying a fixed-effects 
model, because the (residual) heterogeneity within each subset 
had already been accounted for by fitting random-effects model 
and using the variable screening test to distinguish the two esti-
mates as a covariate; the test of the difference between the two 
estimates is a Wald-type test.

All statistical tests were two  sided, and p value <0.05 was 
considered as statistically significant. We used the SAS software 
(release V.9.2) and R (V.3.4.1) for the analyses and to draw 
figures.

Results
Coverage by examination could be estimated for 21 out of 23 
countries/regions having implemented a population-based 
organised programme; coverage by examination could be esti-
mated for two out of four countries offering only opportu-
nistic screening. Overall coverage for people aged 50–74 years 
was 14.0% (range:  0.5%–53.1%); the examination coverage 
of the population actually targeted by the established or pilot 
programmes was estimated as 16.2% (range: 0.6%–56.1%), 
reaching 18.2% (range: 0.6%–64.8%), when considering the 
planned target for the reference year in those countries where 
the programme was still in the roll-out, or pilot, phase. Exam-
ination coverage was 19.8% in population-based programmes 
over the entire 50–74 years target age range and 25.1% in the 
age range targeted by the programmes; it was 4.2% in non-pop-
ulation-based programmes, but this figure was underestimated, 
as several programmes could not provide data about the oppor-
tunistic screening activity (table 2).
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Figure 1  Participation rate by gender, age and screening protocol programmes using faecal tests.

Figure 2  Association of participation in CRC screening and in breast cancer screening programmes using faecal tests. CRC, colorectal cancer.

Data about screening uptake were provided by 12 MSs and 
9 regions (Stockolm Gotland; Calvados; Piedmont; UK Wales, 
Scotland, Northern Ireland, England; Wallonia-Bruxelles; and 
Flemish region) from 5 MSs, all having implemented a popula-
tion-based programme: 10 countries/regions had adopted FIT, 
9 had adopted gFOBT, 2 were offering endoscopy screening 
once in the lifetime (one sigmoidoscopy: flexible sigmoidos-
copy (FS), and one colonoscopy: TC). The overall participa-
tion (figure  1) was 49.5% (95% CI 49.5% to 49.6%; range: 
22.8%–71.3%) in countries having adopted FIT screening and 
33.2% among gFOBT programmes (95% CI 33.2% to 33.3%; 

range:  4.5%–66.6%). The desirable uptake rate in the EU 
Guidelines is >65%4: gFOBT uptake was higher than 50% in 
three Northern European countries, while it was below 25% 
in the remaining states; FIT uptake ranged between 36% and 
71%. Independent of the type of faecal test adopted, partic-
ipation was consistently higher, within all countries, among 
people older than 59 years, as compared with the younger age 
group, as well as among women as compared with men. Both 
overall participation rate (figure  2) (ρ=0.842, p<0.001) and 
the size of the difference in the uptake between women and men 
(ρ=0.611, p=0.0264) showed a strong positive correlation  on D
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with the participation rate in breast cancer screening in the 
same areas.

The uptake was higher (24.5%,  95% CI 24.1% to 24.8%) 
among subjects invited for FS than among those invited for TC 
(15.7%, 95% CI 15.3% to 16.1%); men being more likely than 
women to respond to the invitation for endoscopy.

The regional FS programme in Italy adopted a sequential 
approach, offering FS, once in the lifetime, as primary screening 
test, and biennial FIT, as an alternative to those who refuse 
FS.13 Such strategy combining the two tests results in substan-
tial increase in the population coverage (from 24% to 40% in 
the reference year) achieving a similar coverage among men as 
among women.

Screening performance indicators
Overall results – programmes using faecal tests
The average compliance with referral for assessment TC 
(table 3a) was 80.9% (range: 64.1%–92.2%) in the nine popula-
tion-based programmes (seven countries; two regions) using FIT 
and 83.1% (range: 72.6%–89.4%) in the nine population-based 
programmes using gFOBT (six regions; three countries); 
the corresponding figure for the two non-population-based 
programmes providing the data was around 50%.

The information about completeness of assessment TCs 
(table 3a) was provided by 12 population-based programmes (5 
regions and one country using gFOBT; 4 countries and 2 regions 
using FIT): the average completion rate was 94.1% (range: 
92.4%–98.8%) for programmes using FIT and 97.0% for 
programmes using gFOBT (range: 91.0%–97.6%). As expected, 
completion rates tend to be lower among women than among 
men (gFOBT programmes: 96.8% vs 97.3%; FIT programmes: 
92.3% vs 95.1%).

A wide variability (table 3b) was observed in the DR as well as 
in the ratio of advanced to low-risk adenomas; the ratio ranging 
between 0.97 and 2.89 among FIT and between 0.09 and 1.69 
among gFOBT programmes.

PR and DR of advanced adenomas and CRC (figure 3) were 
associated with gender, age, screening history and screening 
protocol: both among women and among men they were higher 
in programmes using FIT than among those using gFOBT and 
among subjects performing their first test in the programme, as 
compared with those having undergone previous test, showing a 
trend towards an increase with age, which was more pronounced 
in FIT-based programmes.

Information about screening performance indicators was 
provided by three non-population-based programmes using 
faecal tests (two FIT and one gFOBT), with only one of them 
reporting data about screening outcomes. Considering the 
60–69 years  age group, PR was higher than the EU average 
for population-based programmes, both with gFOBT (4.5% vs 
2.0%) and with FIT (7.8%–8.0% vs 6.3%). The DR and the PPV 
were lower than the EU average for all outcomes considered 
(CRC, advanced adenomas and adenomas) among subjects aged 
60–69 years in the only programme providing the information.

Descriptive data about quality indicators of performance of 
endoscopy programmes are reported in table  4. When consid-
ering the age range 55–59 years, targeted in both areas (although 
the invitation was restricted to subjects aged 58–59 years in the 
FS programme), the DR was similar with TC as with FS, both 
for CRC (3.4‰ vs 3.2‰ , OR: 0.96; 95% CI 0.82 to 1.12) and 
for advanced adenomas (5.0% vs 4.8%, OR: 0.96; 95% CI 0.52 
to 1.80), while it was lower with FS than with TC for low-risk 
adenomas (7.5% vs 21.5%, OR: 0.30; 95% CI 0.27 to 0.33).

The DR was similar for all outcomes considered (CRC, 
advanced adenomas and adenomas) in the TC opportunistic 
programme in the Czech Republic as in the population-based 
Polish programme in the age range 55–64 years.

Comparative performance data – age group 60–69 years
The PR was higher with FIT than with gFOBT both at the initial 
(gFOBT: 2.24%, 95% CI 1.77% to 2.84%; range: 1.8%–4.0%; 
FIT: 6.09%, 95% CI  5.22% to 7.09%; range: 3.3%–9.8%) 
and at subsequent screening (gFOBT:  2.02%, 95% CI 1.63% 
to 2.50%; range: 1.8%–4.0%; FIT: 4.28%, 95% CI  3.74% to 
4.89%; range: 3.3%–9.8%) (Figure 4).

FIT programmes showed a better performance for the detec-
tion of CRC (figure 5) and advanced adenomas (figure 6) , both 
at initial and subsequent screening, as compared with those 
adopting gFOBT. The PPV for CRC was higher (5.5%; 95% CI 
4.5% to 6.7%) in gFOBT-based programmes than in FIT-based 
programmes (3.7%; 95% CI 3.0% to 4.5%) among subjects with 
previous negative tests but not among subjects performing their 
first test in the programme (gFOBT: 7.6%; 95% CI 6.2% to 9.3%; 
FIT: 6.8%; 95% CI 6.3% to 7.3%); the PPV was higher with 
FIT than with gFOBT for advanced adenomas (data not shown). 
A lower prevalence both of CRC and advanced adenomas was 
observed among women than among men, but the overall trends 
were maintained also within each gender group. Although FIT 
programmes adopting a higher positivity cut-off level tended to 
show a lower PR and a lower DR of advanced adenomas, there 
was not a clear association of the positivity cut-off level with 
these indicators.

Discussion
This is the first report presenting comparative data about perfor-
mance of ongoing CRC screening programmes, using quality 
indicators recommended by the international guidelines. Moni-
toring efforts have been implemented in most EU countries, 
and these results are confirming that quantitative data about 
screening activity from national, or regional, programmes can be 
provided in a standard format and that these data can be used to 
calculate indicators, based on the formulas defined in the guide-
lines, to ensure comparability of the results.

Quantitative data about screening performance indicators 
were not available from previous reports5 6 or were limited to 
data about participation rates.8 The authors of the ICSN report6 
had concluded that the development of quality assurance proto-
cols and indicators to allow commonly understandable results 
to be reported across all participants represented a priority for 
future monitoring efforts.

The overall findings of our analysis are consistent with avail-
able evidence from trials, or observational studies, assessing the 
impact of CRC screening strategies, although variability was still 
high across countries.

Consistent with available evidence14 15 indicating that the 
adoption of FIT is associated with a higher compliance, partici-
pation rates were, on average, higher among programmes using 
FIT, as compared with those using gFOBT. The observed differ-
ences across EU countries confirm that also other factors than 
the test itself are influencing screening uptake. The observed 
association of the uptake in breast and in CRC screening within 
each country would indeed suggest that cultural background, 
different perceptions on cancer screening and health services 
organisation are playing a major role. A higher awareness of the 
role of screening in reducing the burden of cancer likely explains 
the larger gender gap favouring women, when introducing 
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Table 3a  Positivity rate, compliance with TC referral and TC completion rate
Programmes using faecal tests

Age 50–75 years 

gFOBT programmes

Screenees (N) Positive tests Colonoscopy assessment

N % Performed % Compliance % Completed

Belgium Wallonia+Brussels, women 21.570 789 3.7 574 72.8 92.3

Belgium Wallonia+Brussels, men 19.049 836 4.4 605 72.4 89.8

Belgium Wallonia+Brussels, all 40.619 1.625 4.0 1.179 72.6 91.0

Croatia, all 202.951 8.112 4.0 6.645 81.9 NA

Finland, women 33.316 734 2.2 581 79.2 NA

Finland, men 25.934 994 3.8 801 80.6 NA

Finland, all 59.250 1.728 2.9 1.382 80.0 NA

France, women 1.273.503 24.721 1.9 20.938 84.7 97.5

France, men 1.042.750 26.854 2.6 22.390 83.4 97.7

France, all 2.316.253 51.575 2.2 43.328 84.0 97.6

Latvia, all 68.498 2.807 4.1 NA NA NA

Sweden Stockholm Gotland, women 36.491 1.053 2.9 933 88.6 94.7

Sweden Stockholm Gotland, men 28.571 1.246 4.4 1.123 90.1 95.3

Sweden Stockholm Gotland, all 65.062 2.299 3.5 2.056 89.4 95.0

UK England, women 1.150.602 16.813 1.5 13.896 82.7 NA

UK England, men 1.020.427 22.884 2.2 19.220 84.0 NA

UK England, all 2.171.029 39.697 1.8 33.116 83.4 NA

UK Northern Ireland, all 62.170 1.563 2.5 1.277 81.7 96.5

UK Scotland, women 261.227 4.285 1.6 3.376 78.8 94.3

UK Scotland, men 230.304 5.886 2.6 4.722 80.2 96.9

UK Scotland, all 491.531 10.171 2.1 8.098 79.6 95.8

UK Wales, women 72.380 1.165 1.6 950 81.5 94.6

UK Wales, all 63.388 1.840 2.9 1.532 83.3 96.5

UK Wales, all 135.768 3.005 2.2 2.482 82.6 95.8

FIT programmes

Positivity cut-off Screenees Positive tests Colonoscopy assessment

μg. Hb/g. faeces N N % Performed (N) % Compliance % Completed

Belgium Flemish region, women 15 164.000 10.560 6.4 0 0.0 98,3

Belgium Flemish region, men 15 153.520 15.313 10.0 0 0.0 98,8

Belgium Flemish region, all 15 317.520 25.873 8.1 0 0.0 98,5

Czech Republic, women 15 290.561 18.058 6.2 9.654 53.5 95,5

Czech Republic, men 15 204.758 18.081 8.8 9.833 54.4 97,5

Czech Republic, all 15 495.319 36.139 7.3 19.487 53.9 94,8

France Calvados, women 180 13.455 394 2.9 347 88.1 93,1

France Calvados, men 180 10.153 382 3.8 334 87.4 94,3

France Calvados, all 180 23.608 776 3.3 681 87.8 93,7

Hungary, women 20 4.450 318 7.1 205 64.5 NA

Hungary, men 20 3.416 451 13.2 289 64.1 NA

Hungary, all 20 7.866 769 9.8 494 64.2 NA

Ireland, all 20 23.511 1.898 8.1 1.352 71.2 96,1

Italy, women 20 1.062.738 43.641 4.1 33.472 76.7 90,9

Italy, men 20 906.793 51.084 5.6 40.003 78.3 93,8

Italy, all 20 1.969.531 94.725 4.8 73.475 77.6 92,4

Lithuania, women NA 146.087 8.459 5.8 4.356 51.5 NA

Lithuania, men NA 88.170 8.594 9.7 4.027 46.9 NA

Lithuania, all NA 234.257 17.053 7.3 8.383 49.2 NA

Malta, all 16–20*+ 6.754 290 4.3 192 66.2 NA

Netherlands, women† 15–47‡ 269.779 16.621 6.2 12.809 77.1 NA

Netherlands, men† 15–47‡ 254.356 24.221 9.5 18.950 78.2 NA

Netherlands, all† 15–47‡ 524.135 40.842 7.8 31.759 77.8 NA

Slovenia, women 20 (2 samples) 138.703 6.548 4.7 6.076 92.8 98,4

Slovenia, men 20 (2 samples) 113.245 8.599 7.6 7.893 91.8 99,0

Slovenia, all 20 (2 samples) 251.948 15.147 6.0 13.969 92.2 98,8

Spain, women 20 241.529 12.635 5.2 11.513 91.1 91,9

Spain, men 20 207.430 17.366 8.4 15.694 90.4 93,4

Spain, all 20 448.959 30.001 6.7 27.207 90.7 92,8

*Borderline cases retested.
†The Dutch data have been published in a paper presenting the results of the first year of screening activity.19

‡The positivity cut-off had been changed during the reference year.
FIT, faecal immunochemical test; gFOBT, guaiac faecal occult blood test.
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FOBT programmes, based on the regular repetition of a preven-
tive test, in those countries where participation in breast cancer 
screening is high.

Participation in a single invitation round is generally higher in 
programmes offering FIT/gFOBT, as compared with the those 
offering endoscopy screening.16 However, it should be consid-
ered that regular repetition of faecal tests is needed to achieve 
the expected protective effect, while a single FS, or TC, ensures 
a long-lasting protection to all attendees. Therefore, more 
appropriate comparison would require to estimate the cumu-
lative adherence to gFOBT/FIT invitations over a time interval 
comparable with the duration of the protective effect of FS/TC.

As documented by comparative trials,17 18 colonoscopy 
referrals due to positive screening test, as well as DR of CRC, 
advanced adenomas and all adenomas were higher with FIT than 
with gFOBT, while PPV was higher with FIT than with gFOBT 
for adenomas but not for CRC. The choice of the positivity 
cut-off, in particular with FIT, as well as the background CRC 
incidence and/or the self-selection of subjects at different back-
ground risk, in countries reporting a low examination coverage, 
may contribute to explain the residual variability in the PR and 
DR across the EU countries, after accounting for age, gender, 
screening history and screening protocol. The observed impact 
of increasing the positivity cut-off level in the FIT-based Dutch 
screening programme19 is confirming that the choice of the 
cut-off value for a positive screening result has a strong influence 
on PR, PPV and DR values.

Also, on a single examination, the neoplasia yield was substan-
tially higher in programmes using endoscopy than in those using 
FIT or gFOBT.20 21

Although the relevant information was provided only by 13 
programmes, available data would suggest that the quality of 
the examinations was generally satisfactory, with a TC comple-
tion rate ranging between 92% and 99% and an adenoma detec-
tion rate  (ADR) ranging between 39% and 61% in FIT-based 
programmes and between 12% (FS) and 28% (TC) in programmes 
adopting screening endoscopy. The ADR in FIT-based programmes 
is influenced by the age, gender and screening history distribution 
of the subjects examined in a given year, as well as by the posi-
tivity cut-off adopted in each programme. The national or regional 
average does not convey, however, information about the variability 
of the performance of individual endoscopists and endoscopy units. 
Such variability still represents a problem that needs to be addressed 
within each programme.

Of note, low compliance with the referral for further assessment 
seems still a key limitation for the effectiveness of many programmes. 
Indeed, the observed TC uptake among subjects with positive FOBT 
results was still below the recommended standards in several coun-
tries, although this finding might be partially explained, in some 
MSs, by incomplete information about the examinations performed 
outside the programme rather than by a high refusal rate.

However, although difficulties in retrieving and combining 
information from different sources (ie, screening test results and 
endoscopy databases) might play a role, the lack of information 
about screening outcomes of screenees with a positive test is likely 
related to persisting barriers limiting both data and patient’s flow 
across the interfaces between the different phases of the screening 
process, as a result of inadequate organisational and information 
technology (IT) infrastructure. Indeed, several countries could not 
provide data about the outcome of TC referral (including quality 
of the TC examination and histology results) or of treatment of 
screen-detected lesions. In particular, only two countries provided 
the requested information about management of patients with 
advanced adenomas and early CRC, which limits the scope of this 
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Figure 3  Positivity and detection rate of advanced adenomas and CRC by gender, age*, screening history and screening protocol programmes using 
faecal tests. *Only one country adopting FIT provided data for the 70–74 years age range, and therefore, we restricted the analysis to the age range 
50–69 years. CRC, colorectal cancer; FIT, faecal immunochemical test; gFOBT, guaiac faecal occult blood test.

Table 4  Colonoscopy completion rate and neoplasia yield – endoscopy programmes
By gender and age

Complete 
TCs (N) TCs (N)

TC 
completion 
rate % Screenees (N) Adenomas (N)

DR
%

Advanced 
adenomas (N)

DR
% CRCs (N)

CRC DR
‰ 

Italy (Piedmont) 
sigmoidoscopy*

50–59 years Women 369 391 94.4 5567 468 8.4 165 3.0 14 2.5

Men 670 702 95.4 5996 954 15.9 385 6.4 25 4.2

60–69 years Women

Men

70–74 years Women

Men

Total 1039 1093 95.1 11 563 1422 12.3 550 4.8 39 3.4

Poland 
colonoscopy

50–59 years Women 2311 2402 96.2 2402 477 19.9 83 3.5 8 3.3

Men 2326 2375 97.9 2375 786 33.1 154 6.5 8 3.4

60–69 years Women 2276 2365 96.2 2365 522 22.1 100 4.2 14 5.9

Men 2107 2170 97.1 2170 833 38.4 196 9.0 21 9.7

70–74 years Women

Men

Total 9020 9312 96.9 9312 2618 28.1 533 5.7 51 5.5

Czech Republic 
colonoscopy

50–59 years Women 698 727 96.0 727 124 17.1% 25 3.4 4 5.5

Men 805 810 99.4 810 252 31.1 73 9.0 6 7.4

60–69 years Women 1109 1142 97.1 1142 255 22.3 69 6.0 7 6.1

Men 1119 1134 98.7 1134 420 37.0 128 11.3 13 11.5

70–74 years Women 228 241 94.6 241 66 27. 23 9.5 4 16.6

Men 236 243 97.1 243 78 32.1 28 11.5 2 8.2

Total 4195 4297 97.6 4297 1195 27.8 346 8.1 36 8.4

*Screenees detected with 1 polyp >9 mm, or with 1 advanced adenoma (any size), or with >2 tubular adenomas, <10 mm, with low-grade dysplasia, or with CRC, as well as those with inadequate preparation detected 
with any polyp, are referred for TC assessment.
CRC, colorectal cancer.
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Figure 4  Positivity rate by country, gender, screening history and screening protocol. Programs using faecal tests – Age 60–69 Positivity cut-off (μg. 
Hb/gr. Faeces) – FIT programs: France:180; Italy, Spain: 20; Slovenia: 20 (2 samples); The Netherlands:15-47. 

Figure 5  Detection rate of advanced adenomas by country, gender, screening history and screening protocol. Programs using faecal tests – Age 
60–69 Positivity cut-off (μg. Hb/gr. Faeces) – FIT programs: France:180; Italy, Spain: 20; Slovenia: 20 (2 samples); The Netherlands:15-47. 

survey for the evaluation of potential harms of screening, which 
could be associated with inappropriate surgical or endoscopy 
management resulting in undertreatment or overtreatment.

Although definitions of all required items were provided in 
the user’s guide, still variability in the classifications used in 
different countries might contribute to explain the differences in 
the programme performance. This seems to be the case for the 
DR and PPV of advanced adenomas: the observed variability in 

the ratio of advanced to all adenomas likely reflects the differ-
ences in the criteria adopted in different countries to classify 
these lesions rather than a difference in their incidence across 
EU countries.

Data on the implementation of screening were collected 
within the framework of publicly mandated programmes. 
Information about performance of opportunistic screening 
are limited: only two countries could provide PR and only 
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Figure 6  CRC detection rate by country, gender, screening history and screening protocol. Programs using faecal tests – Age 60–69 Positivity cut-off 
(μg. Hb/gr. Faeces) – FIT programs: France:180; Italy, Spain: 20; Slovenia: 20 (2 samples); The Netherlands:15-47. 

one could provide data about compliance with assessment and 
histology results.

Data reported in this survey refer to a calendar period ranging 
between 2011 and 2014. Screening protocols have been modi-
fied and/or the roll-out phase has been completed in some partici-
pating countries in more recent years.10 Participation and coverage 
rates might have improved, following such changes, but it seems 
unlikely that the performance of the screening protocols might have 
changed over time. So we think that our comparative analysis of 
performance indicators still conveys valid and informative results.

In conclusion, quality indicators of CRC screening activity 
could be derived based on quantitative data collection, allowing 
comparative analyses of programmes performance. These find-
ings are confirming the EU guidelines4 recommendation to 
implement organised population-based programmes, as opposed 
to opportunistic screening, as only organised programmes can 
be properly monitored. Programmes implementing systematic 
monitoring and comprehensive recording of screening activity 
can also use the collected information to intervene at an early 
stage to timely address deficiencies in quality.

Although the overall results are consistent with the expected 
trends, based on available evidence of effectiveness of established 
screening strategies, the analysis still revealed large variability in 
the quality indicators across organised population programmes, 
reflecting also potential variations in the balance of benefits and 
harms in the future.

The implementation of an organisational and IT infrastruc-
ture ensuring availability of accurate data covering the entire 
screening, assessment and treatment process, as well as the 
interfaces across these different steps, represent a priority to 
support systematic monitoring of screening performance and to 
improve completeness of available information. Efforts aimed at 
promoting the reproducibility of histology examinations would 
enhance the comparability of the quality indicators of screening 
outcomes. Assessing the possible reasons of the observed vari-
ability, beyond the adopted screening strategies, represents an 

opportunity to identify areas for improvement of programme 
performance and of the health impact of screening in the EU.
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