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The CanScreen5 project is a global cancer screening data repository 
that aims to report the status and performance of breast, cervical and 
colorectal cancer screening programs using a harmonized set of criteria 
and indicators. Data collected mainly from the Ministry of Health in 
each country underwent quality validation and ultimately became 
publicly available through a Web-based portal. Until September 2022, 84 
participating countries reported data for breast (n = 57), cervical (n = 75) or 
colorectal (n = 51) cancer screening programs in the repository. Substantial 
heterogeneity was observed regarding program organization and 
performance. Reported screening coverage ranged from 1.7% (Bangladesh) 
to 85.5% (England, United Kingdom) for breast cancer, from 2.1% (Côte 
d’Ivoire) to 86.3% (Sweden) for cervical cancer, and from 0.6% (Hungary) to 
64.5% (the Netherlands) for colorectal cancer screening programs. Large 
variability was observed regarding compliance to further assessment 
of screening programs and detection rates reported for precancers and 
cancers. A concern is lack of data to estimate performance indicators across 
the screening continuum. This underscores the need for programs to 
incorporate quality assurance protocols supported by robust information 
systems. Program organization requires improvement in resource-limited 
settings, where screening is likely to be resource-stratified and tailored to 
country-specific situations.

A decline in cancer-specific mortality can be achieved through the 
implementation of screening programs for specific cancers; such pro-
grams need effective planning, adequate financial, human and technical 
resources, and stringent quality control1. Following the experiences of 
high-income countries (HICs), several low- and middle-income countries 
(LMICs) have included cancer screening programs in their national cancer 
control plans2. Many such screening programs, most being in LMICs and 
some even in HICs, have failed to deliver the expected clinical benefits3,4. 
One of the key factors contributing to the ineffective nature of these 

programs is the absence of an information system to collect performance 
data across the screening continuum, from the identification of the target 
population to the treatment and follow-up of screen-detected cancers 
and precursor lesions, and using the same for quality improvement of the 
program. An organization collecting individual-level data of the popula-
tion offered cancer screening using an information system, and using the 
same for program management is known as a screening registry.

Many European Union (EU) Member States have remained at 
the forefront of implementing quality-assured, population-based 
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Results
Up to September 2022, a total of 84 countries from 5 continents have 
participated in the CanScreen5 project, including 17 countries from 
Africa, 27 from the Americas, 10 from Asia, 29 from Europe and 1 from 
Oceania (Australia). Among these countries, seven (Antigua and Bar-
buda, Bulgaria, Dominica, Ecuador, Libya, Saint Kitts and Nevis and 
Saint Lucia) were not included in the analysis because they did not fulfill 
the minimum criteria of having a screening program for the cancer 
sites they submitted information on. Fifty-seven countries reported for 
breast cancer, 75 for cervical cancer and 51 for CRC screening programs. 
Most of the countries (88.1%, n = 74) reported for national programs, 
while others (Canada, China and India) reported only one or more 
regional programs (Fig. 1a–c).

Breast cancer screening programs
Data were obtained from 57 breast cancer screening programs (includ-
ing regional ones), 4 from Africa, 16 from the Americas, 9 from Asia, 
27 from Europe and 1 from Oceania (Australia). Extended Data Tables 
1 and 2 provide a summary of the qualitative information on breast 
cancer screening programs by continent.

Policies, protocol and organization
Almost half of the European programs (n = 12, 44.4%) have a law man-
dating the government to provide a national breast cancer screening 
program; however, there were fewer such programs in the Americas 
(n = 3, 18.8%) and Asia (n = 2, 22.2%), and none in Africa or Australia. Most 
programs started in 2000 or later and reported having an individual 
or a team responsible for implementing the screening activities. While 
87.7% of programs provided free-of-charge screening services across 
the continents (Africa (n = 3, 75.0%), Americas (n = 13, 81.3%), Asia (n = 8, 
88.9%), Europe (n = 25, 92.6%) and Australia), fewer (64.9%) provided 
free-of-charge diagnostic services (Africa (n = 1, 25.0%), Americas (n = 9, 
56.3%), Asia (n = 5, 55.6%), Europe (n = 22, 81.5%) and Australia).

Mammography was the screening test in all European programs, in 
Australia and in the Americas (n = 15, 93.8%); however, only one-third of 
programs in Asia (n = 3, 33.3%) adopted mammography as the screening 

cancer screening programs with a strong political commitment and 
adequate resource allocation. These programs are guided mostly by 
evidence-based recommendations from European quality assurance 
guidelines in breast, cervical and colorectal cancer (CRC) screening, 
which consistently highlight the necessity of regular monitoring and 
evaluation5–7. To achieve this, a cancer screening registry is vital to 
collect, use and store cancer screening data at the individual level 
that underpins the entire continuum of cancer screening. A screening 
registry is also an essential tool to implement invitation-based screen-
ing and track screen-positive individuals to ensure their compliance 
to further management.

The International Agency for Research on Cancer (IARC) 
reported the status and the performance of cancer screening pro-
grams from EU Member States in the years 2008 and 2017 (refs. 8,9). 
Such consecutive evaluations permit comparisons in the perfor-
mance of screening programs using a harmonized set of indicators. 
Outside the EU, cancer screening evaluation reports have only been 
published regularly in a few countries10,11. Most LMICs have only been 
reporting screening coverage based on population surveys because 
of logistic, fiscal and organizational challenges of data collection 
across the screening continuum12,13.

In 2019, IARC launched the Cancer Screening in Five Continents 
(CanScreen5) project, which aims to collect, analyze and disseminate 
information on cancer screening programs globally, and encourage 
and support countries to routinely collect screening performance 
data. This global project gathers information and performance data 
on breast, cervical and CRC screening programs in a standardized 
manner using an online portal (https://canscreen5.iarc.fr/). Validated 
data made publicly available through the portal will support program 
managers in cancer screening evaluation, benchmarking, quality 
improvement and informed policy formulation. This study describes 
how the CanScreen5 project works and reports the status, organiza-
tion and performance of screening programs that have participated 
in the project up to September 2022. The key outcomes of the current 
study and their implications to inform policies in cancer screening are 
displayed in Table 1.

Table 1 | Policy summary and key outcomes

Background Quality improvement supported by continuous monitoring and evaluation of performance is vital for cancer screening programs. However, 
there is a lack of global data to evaluate cancer screening implementation in the real world, especially data from LMICs. This prevents such 
programs from setting their own benchmarks and compare performance with similar regional programs. IARC initiated the CanScreen5 
project, a global cancer screening data repository, to fill this gap.

Main findings and 
limitations

Eighty-four countries joined the CanScreen5 project and shared qualitative or quantitative (or both) data on breast cancer, cervical 
cancer and CRC screening programs. Substantial heterogeneity exists between cancer sites and between countries regarding program 
organization, covering screening policies, protocols, governance, financing mechanisms, systems of invitation and recall, processing of 
data collected for program monitoring and quality assurance. Overall, organization was better in cancer screening programs from Europe 
than other continents. For specific cancer sites, CRC screening programs showed better organization. Similarly, considerable heterogeneity 
existed in program performance as noted through the estimation of harmonized indicators. Examination coverage ranged from 1.7% 
(Bangladesh) to 85.5% (England, United Kingdom) for breast cancer, from 2.1% (Côte d’Ivoire) to 86.3% (Sweden) for cervical cancer, and 
from 0.6% (Hungary) to 64.5% (the Netherlands) for CRC screening programs. The proportion advised further assessment following a 
screening test ranged from 0.6% (Chile) to 14.4% (Republic of Korea) for mammography-based screening and from 1.0% (Mozambique) 
to 2.8% (Bangladesh) for clinical breast examination-based breast cancer screening programs; from 0.5% (Sri Lanka) to 7.8% for cytology 
(Uruguay); from 2.3% (Kenya) to 78.8% (Ethiopia) for VIA-based cervical screening programs; and from 2.3% (Calvados, France) to 27.2% 
(Uruguay) for FIT-based CRC screening programs. Regardless of the screening protocol, further assessment participation rates varied 
substantially across cancer sites and countries, ranging from 39.7% in Morocco to 100% in the Czech Republic, Denmark and Portugal for 
breast cancer, from 39.0% in Poland to 100% in Hungary for cervical cancer, and from 33.0% in the Republic of Korea to 97.6% in the Czech 
Republic for CRC screening programs. The high variability in screening test and protocol, test positivity and further assessment compliance 
was reflected in the precancer and cancer detection rates.

Policy implications Substantial heterogeneity in screening program performance revealed by the first batch of data from the CanScreen5 project underscores 
the need for many such programs to do further in-depth analysis of their performance, identify the scope for improvement and take 
appropriate measures. To implement corrective actions, program managers need to be aware of the implications of the outcome indicators; 
for example, a low detection rate may indicate poor performance of the screening or diagnostic tests (or both) or low compliance of 
screen-positives, but may also be due to low prevalence of disease especially in a frequently screened population. The gap in data 
collection across the screening continuum in both high- and low-resource settings is a concern. Programs need to build robust information 
systems to be able to capture screening performance data and use the same for quality improvement. Almost all countries worldwide have 
invested greatly to strengthen disease surveillance mechanisms (including improvement of health information systems) to mitigate the 
COVID disease pandemic. Cancer screening programs need to leverage these new developments to improve their own performance  
and quality.
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test. Double reading of mammograms was widely practiced in Europe 
and Australia but not in the Americas. Clinical breast examination (CBE) 
was the primary screening test in all African programs.

Invitation to eligible women to participate in screening was 
reported by 96.3% (n = 26) of European programs; however, only 
12.5% of programs in the Americas and no programs in Africa did 
so. Active tracking of screening-positive women to ensure their 

compliance was performed in screening programs from Africa (n = 2, 
50%), the Americas (n = 10, 62.5%), Asia (n = 6, 66.7%), Europe (n = 23, 
85.2%) and Australia. Most of the programs in Europe (n = 24, 88.9%), 
Asia (n = 7, 77.8%), the Americas (n = 9, 56.3%) and Australia, but 
only 1 program in Africa (25%), reported data collection on an indi-
vidual basis. Likewise, the capability of the programs to link with 
population-based cancer registries (PBCRs) was highly variable 

a Breast cancer screening program

b Cervical cancer screening program

c CRC screening program

National data submitted Regional data submitted No program No data submitted

Fig. 1 | The status of data collection for the CanScreen5 project from various 
countries for breast cancer, cervical cancer and CRC screening programs. 
a–c, Status of data collection for breast cancer (a), cervical cancer (b) and CRC 
(c) screening. The dotted and dashed lines on the maps represent approximate 
borderlines for which there may not be full agreement as yet. The designations 

used and the presentation of the material in this publication do not imply the 
expression of any opinion whatsoever on the part of the WHO/IARC concerning 
the legal status of any country, territory, city or area or of its authorities, or 
concerning the delimitation of its frontiers or boundaries. Map disclaimer:  
all rights reserved.
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across the continents. Heterogeneity also existed in the manner of 
quality assurance.

Quantitative performance data
A comparative analysis of quantitative data on performance collected 
from 42 breast cancer screening programs (including regional ones) is 
presented in Fig. 2. Details of the data according to each country can be 
found in Supplementary Table 1. Screening examination coverage was 
highly heterogeneous, with reported coverage ranging from 1.7% in Bang-
ladesh to 85.5% in England. Considerable heterogeneity was also observed 
for the proportion of women put forward for further assessment, ranging 
from 0.6% (Chile) to 14.4% (Republic of Korea) for mammography-based 
screening and 1.0% (Mozambique) to 2.8% (Bangladesh) for CBE-based 
protocols. Furthermore, the assessment participation rate exceeded 90% 
in most European countries (except in Nicosia (Cyprus) and Wallonia 
(Belgium)) and Japan, while the rate was only 39.7% in Morocco. For pro-
grams adopting mammography as the screening method, the detection 
rate of carcinoma in situ of the breast ranged from 0.1 per 1,000 (Estonia 
and Poland) to 2.1 per 1,000 (Wales, United Kingdom); the detection rate 

for invasive cancer ranged from 1.9 per 1,000 (Portugal) to 8.1 per 1,000 
(Wales, United Kingdom). Morocco was the only country with a CBE-based 
program that provided data on invasive cancers detected; the detection 
rate of invasive cancer was 0.9 per 1,000.

Analysis according to World Bank income status
We also analyzed the results according to the World Bank income 
classification of countries (Supplementary Table 5). HICs had better 
organized screening programs compared to LMICs, which was sup-
ported by a law mandating screening provision in 41.2% (n = 14) of them. 
Compared to LMICs, HICs were also more likely to have an invitation 
system in place (n = 29, 85.3%) and use mammography as the primary 
screening test (n = 33, 97.1%), with double reading of all mammograms 
(n = 23, 67.6%); 85.3% of HICs (n = 29) had an information system that 
collects individual data.

Cervical cancer screening programs
Seventy-five cervical screening programs (including regional ones) 
reported data for the CanScreen5 project, 16 from Africa, 22 from the 
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Fig. 2 | Comparative values of selected performance indicators for the breast 
cancer screening programs that provided data to the CanScreen5 project. 
The reporting format is country or region, reporting year and screening protocol. 

Mx, mammography. aMexico: the target population is not the total of individuals 
eligible for screening (age-based). bJapan: women with a negative screening test 
receiving further assessment due to clinical recommendation were also included.
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Americas, 9 from Asia, 27 from Europe and 1 from Oceania (Australia). 
Extended Data Tables 3 and 4 provide a summary of the qualitative 
information on 75 cervical screening programs by continent.

Policies, protocol and organization
Policies for cervical screening were mandated by law in 16% (n = 12) of 
the programs (Americas (n = 3, 13.6%), Asia (n = 2, 22.2%), Europe (n = 7, 
25.9%)). Screening programs started before 2000 in the Americas (n = 9, 
40.9%), Europe (n = 9, 33.3%), Asia (n = 2, 22.2%), Africa (n = 1, 6.3%) and 
Australia. Cervical screening services were provided free of charge in 
88% of the programs in the project (Africa (n = 13, 81.3%), Americas 
(n = 19, 86.4%), Asia (n = 8, 88.9%), Europe (n = 25, 92.6%) and Australia). 
However, colposcopy and biopsy were only available as payable services 
in Africa (n = 8, 50.0%), the Americas (n = 13, 59.1%), Asia (n = 5, 55.6%) 
and Europe (n = 21, 77.8%). Screening tests were administered free of 
charge in Australia. Whether women have to pay for diagnostic tests 
depends on their insurance coverage.

While cytology was the most frequently used screening test in 
the Americas (n = 21, 95.5%), Asia (n = 6, 66.7%) and Europe (n = 27, 
100%), 93.8% (n = 15) of the programs in Africa reported using visual 
inspection with acetic acid (VIA). Human papillomavirus (HPV)-based 
screening (with or without cytology) was already introduced in Africa 
(n = 4, 25.0%), the Americas (n = 10, 45.5%), Asia (n = 2, 22.2%), Europe 
(n = 9, 33.3%) and Australia.

Screening invitation was reported in Europe (n = 21, 77.8%), Asia 
(n = 5, 55.6%), the Americas (n = 5, 22.7%) and Australia, but not in Africa. 
Most countries in Africa (n = 9, 56.3%) only invited human immunode-
ficiency virus-positive women for cervical screening. Individual-level 
data collection has been reported in Africa (n = 3; 18.8%), the Americas 
(n = 14, 63.6%), Asia (n = 7, 77.8%), Europe 74.1% (n = 20, 74.1%) and 
Australia. A link with PBCR was present in 70.4% (n = 19) of European 
programs. The proportion was much lower in the Americas (n = 2, 9.1%) 
and Asia (n = 2, 22.2%), and nonexistent in Africa.

Quantitative performance data
Only 33 cervical cancer screening programs provided quantitative 
data. Figure 3 describes a comparative analysis of performance based 
on those data; details of the data by country are found in Supplemen-
tary Table 2. The screening examination coverage ranged from 2.1% in 
Côte d’Ivoire to 86.3% in Sweden. Substantial heterogeneity existed for 
screening test positivity rates, ranging from 0.5% in Sri Lanka to 7.8% 
in Uruguay for cytology, and from 2.3% in Kenya to 78.8% in Ethiopia 
for VIA. More than half of programs (n = 21, 65.6%) could not provide 
data on participation in further assessment. The estimated participa-
tion rate in further assessment ranged from 39.0% in Poland to 98.8% 
in Finland. Both detection rate and positive predictive value (PPV) 
could be assessed only for 12 programs providing data on final histo-
pathological diagnosis. For programs using cytology as the primary 
screening method, the detection rate of CIN 2 or worse lesions (CIN 
2+) ranged from 1.0 per 1,000 in Poland to 12.8 per 1,000 in Denmark.

Of the four cervical screening programs in Africa and one in 
South America that adopted a screen-and-treat protocol, only two of 
these programs provided data on treatment. The treatment rates for 
screen-positive women were 54.6% in Zimbabwe and 82.3% in Guyana.

Analysis according to World Bank income status
Unlike breast cancer screening, less variability was observed in the 
organization of cervical screening programs across countries belong-
ing to different income status. An exception was the availability of 
diagnostic tests free of charge; while 81.0% (n = 17) of upper-middle 
income countries (UMICs) and 62.9% (n = 22) of HICs reported offer-
ing free diagnostic tests, only 42,1% (n = 8) of LMICs reported offering 
free diagnostic services. VIA was the primary cervical screening test in 
50.0%, 53.8% and 4.8% of LICs, LMICs and UMICs, respectively. None 
of the HICs reported using VIA.

Like breast cancer screening, cervical cancer screening programs 
from HICs were more likely than LMICs to have an invitation system 
in place with an information system collecting individual data (Sup-
plementary Table 6).

CRC screening programs
Fifty-one CRC screening programs (including regional ones) reported 
data for the CanScreen5 project: none from Africa; 18 from the Amer-
icas; 6 from Asia; 26 from Europe; and 1 from Oceania (Australia). 
Extended Data Tables 5 and 6 describe the qualitative information 
from CRC screening programs by continent.

Policies, protocol and organization
Most programs started in 2000 or later (n = 45, 88.2%) and used the fecal 
immunochemical test (FIT) for screening (n = 40, 78.4%). Colonoscopy 
was used as a primary screening test in Austria, Belgium, the Czech 
Republic, China, Germany, Greece, Turkey and Poland. The CRC screen-
ing programs were better organized than the breast or cervical cancer 
screening programs, with a high proportion of the programs having a 
dedicated budget (Americas (n = 13, 72.2%), Asia (n = 6, 100%), Europe 
(n = 24, 92.3%) and Australia) and provided free-of-charge screening 
services (Americas (n = 16, 88.9%), Asia (n = 5, 83.3%), Europe (n = 25, 
96.2%) and Australia) and diagnostic services (Americas (n = 13, 72.2%), 
Asia (n = 4, 83.3%), Europe (n = 20, 76.9%) and Australia). Screening 
invitation was reported by programs in the Americas (n = 8, 44.4%), Asia 
(n = 2, 33.3%), Europe (n = 23, 88.5%) and Australia; 78.4% (n = 40) of the 
countries and regions collected individual-level screening data. Pro-
grams reporting to have links with PBCR by region were Europe (n = 16, 
61.5%), Asia (n = 2, 33.3%), the Americas (n = 6, 33.3%) and Australia.

Quantitative performance data
Quantitative performance data on CRC screening was submitted by 30 
programs; a comparative analysis of the key performance indicators 
(KPIs) is shown in Fig. 4. Data organized according to country can be 
found in Supplementary Table 3. Examination coverage ranged from 
0.6% in Hungary to 64.5% in the Netherlands. Considerable heteroge-
neity was observed for screen positivity, ranging from 3.3% in France 
(Calvados) to 27.2% in Uruguay for FIT-based screening and from 1.8% 
in England (United Kingdom) to 4.1% in Latvia for guaiac fecal occult 
blood test (gFOBT). Further assessment participation rate ranged from 
33.0% in the Republic of Korea to 97.6% in the Czech Republic. The 
detection rate for advanced adenoma ranged from 0.8 per 1,000 in 
Scotland (United Kingdom) to 80.8 per 1,000 in the Czech Republic. 
The detection rate of invasive cancer ranged from 0.2 per 1,000 in 
Australia to 9.1 per 1,000 in the Czech Republic. The Czech Republic 
had colonoscopy-based screening and reported the highest detection 
rates for both advanced adenoma and CRC.

Analysis according to World Bank income status
Only UMICs (n = 8) and HICs (n = 43) had CRC screening programs; the 
qualitative indicators were similar between countries. More details 
according to the country or region stratified by income classification 
are available in Supplementary Table 7.

Discussion
Screening for breast cancer, cervical cancer and CRC linked with 
high-quality diagnostic and treatment services demonstrated sig-
nificant reduction in mortality in randomized controlled trials and 
ecological studies nested in real-world programs14–16. Quality assur-
ance, defined as the process of organizing services within a health 
program to ensure that the outcomes meet established standards and 
that health benefits to the target population are maximized, is a key 
component of screening program organization. An expert group led 
by IARC in 2022 listed 16 criteria that need to be fulfilled for a screen-
ing program to be considered as well organized; these include quality 
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assurance along with policy commitment, screening invitation, infor-
mation system, screening protocol and call–recall system17. Through 
fulfillment of these criteria, screening programs can ensure that any 
inherent harms are minimized and outweighed by the potential ben-
efits at the population level.

With an ultimate objective to improve the quality and impact of 
cancer screening programs, the CanScreen5 project engaged directly 
with screening program managers and coordinators and trained them 
to submit information from their own programs related to 13 of the 
16 essential criteria identified by the IARC expert group (Methods). 
With the help of global experts, CanScreen5 also listed and defined 
key indicators to measure performance across the screening con-
tinuum (Supplementary Table 4). Trained participants were requested 
to submit data from their respective programs to enable the project to 
estimate these indicators. By triangulating qualitative and quantitative 
information, strengths and deficiencies can be identified from these 
programs and the values of performance indicators can be interpreted 

in the right context. Countries need to learn from each other to adopt 
best practices and correct internal deficiencies.

A public screening policy formulated through a legislative process 
is the strongest commitment from the government, ensuring sustained 
allocation of funds for screening programs18. Although mostly reported 
from HICs in Europe, such good practices have also been reported by 
countries outside Europe. The Turkish cervical screening program was 
launched in 2004 with a law mandating that the government must dedi-
cate funding to provide free-of-charge HPV detection-based screening 
and diagnostic services. The Turkish program complied with many 
essential criteria of organized screening, such as invitation via text 
messages or phone calls (or both), active tracking of screen-positive 
women, a health information system collecting screening-related 
results and a team responsible for monitoring the program with pre-
specified performance indicators. In contrast, absence of a strong 
policy commitment and lack of assured financing (either directly or 
through insurance coverage) restricted the ability of many screening 
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Fig. 3 | Comparative values of selected performance indicators for cervical 
cancer screening programs that provided data to the CanScreen5 project. 
The reporting format is country or region, reporting year and screening protocol. 
Cyto, cytology. aCuba: examination coverage might be slightly overestimated 
because some participants outside the screening program were screened. 
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individuals eleigible for screening (based on age); the project in Guyana is at the 
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programs in Africa and Latin America to provide free-of-charge screen-
ing and downstream services. Consequentially, these programs suf-
fered from low coverage, low compliance to follow-up and lack of 
desired impact on cancer burden. Starting in the 1980s, highly organ-
ized CRC screening programs have been implemented in some EU 
countries such as Italy, the Netherlands and Spain with appropriate 
policy, coordination, financing, screening protocol and invitation, 
call–recall system and quality assurance. By disseminating such good 
practice, CanScreen5 provides an opportunity for other programs to 
improve the organization and quality of their own services.

The most frequently reported performance indicator for screen-
ing programs is screening coverage. Ideally, a screening program 
should be population-based, indicating that the program is capable 
of identifying screen-eligible individuals and systematically inviting 
them to participate in screening. Compared to opportunistic screen-
ing, population-based screening can achieve higher coverage and 
ensures more equitable use of resources and higher effectiveness 
at the population level19. These contrasts are seen in breast cancer 
screening programs in the Republic of Korea and Japan, the former 
being a population-based one whereas the latter is opportunistic. The 

screening coverage reported from the Republic of Korea was 56.7% 
whereas the same from Japan was only 15.1%. However, having a system 
of invitation alone will not have the desired benefits unless downstream 
diagnostic and treatment services are adequately strengthened20.

The participation rate of screen-positive individuals to further 
assessment is a very important process indicator to monitor the qual-
ity of services and depends on whether a system of active tracking of 
screen-positive individuals is in place or not. The cervical screening 
program in Finland, with an active tracking system, achieved a further 
assessment participation rate of 98.8%; in the Netherlands, the rate was 
76.1% without such facilities in place. Despite its high importance, our 
results show that most of the programs do not collect data to measure 
this indicator.

Measuring the detection rates of precancer or cancer (or both) is 
essential as an outcome indicator. The detection rate is impacted by 
several factors, which may not always be related to the quality of ser-
vices offered. For example, the highly variable detection rates of CRC 
in Europe (ranging from 0.9 per 1,000 in Finland to 9.1 per 1,000 in the 
Czech Republic) could be attributed to differences in the screening test, 
the positivity cutoff value for FIT (range 15–180 μg g−1 feces) or CRC risk 
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Fig. 4 | Comparative values of selected performance indicators for CRC 
screening programs that provided data to the CanScreen5 project. The 
reporting format is country or region, reporting year and screening protocol. 
aCzech Republic: examination coverage is underestimated in program-specific 

age ranges because screened persons aged over 79 are not reported. bCuba: it was 
not possible to separate the number of individuals screened opportunistically 
outside the program, thus coverage may have been overestimated.
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of the population, which is impacted by age, sex and screening preva-
lence. However, quality issues like further assessment compliance, 
which ranges from 36.3% in Belgium (Flanders) to 97.6% in the Czech 
Republic in Europe, and quality of diagnostic evaluation could also be 
responsible for low detection rates. In some instances, the gap in data 
quality was obvious from the indicators; for example, the detection 
rate of CIN 2+ in Slovenia was four times higher than that reported from 
Poland, despite being neighboring countries. The most likely explana-
tion for this observation was the difference in compliance to further 
assessment, which was 80.7% in Slovenia and only 39.0% in Poland.

Collecting data and measuring indicators will be of value only 
when these are compared to expected standards, usually described 
as acceptable and desirable, which are often program-specific. Set-
ting standards for the key indicators is an essential requirement for 
quality assurance, although this may be challenging. The performance 
standards for mammography screening were developed by the Breast 
Cancer Surveillance Consortium, including over 2 million screening 
mammography studies performed in over 1 million women in the 
United States of America, which indicated that the mean cancer detec-
tion rate and mean PPV to detect cancers are 4.7 per 1,000 and 4.8%, 
respectively21. The standards used in the United States of America are 
higher than those of more than half of the mammography programs 
in our study, indicating the need for setting at least some regional 
standards. Currently, European programs have standards for a limited 
number of indicators, for example, for CRC screening, participation 
rate to screening out of those invited, further assessment participa-
tion rate and completion rate of follow-up colonoscopy9. Collecting 
high-quality data on a continued basis will allow programs to set their 
own standards.

CanScreen5 also identified irrational policies and cancer screen-
ing practices in some countries. A decision to introduce a new screen-
ing program depends on disease burden, availability of resources, 
health system preparedness and prioritization of healthcare needs 
in the country. LMICs struggling to maintain a cervical cancer screen-
ing coverage over 10% have little justification to introduce a breast 
cancer screening program, as reported from Bangladesh. Kenya and 
South Africa continue to practice cytology-based screening despite the 
strong recommendation from the World Health Organization (WHO) 
to switch to HPV detection or VIA-based screening in settings where 
quality-assured cytology is difficult to implement22. Irrational practices 
have also been observed in HICs, for example, using colposcopy as a 
cervical cancer screening tool in Hungary.

An issue of concern is that many programs in our study did not 
have adequate quantitative data to be able to estimate the KPIs and 
evaluate their own quality. Among the participating programs, most 
could not share data beyond the number of participants screened 
and screen positivity. Lack of data related to further assessment of 
screen-positive individuals and detection of precancers or cancers 
may be due to logistic and financial constraints, low prioritization of 
quality assurance, lack of functioning information systems or hesitancy 
to publish ‘official’ data. Instead of collecting data from the program, 
LMICs mostly use data from the WHO’s STEPwise approach to surveil-
lance surveys to report screening coverage13,23. Such data are dependent 
on self-reports, which are subject to recall bias24. Moreover, screening 
coverage correlates poorly with the impact of screening (such as reduc-
tion in mortality) as demonstrated in several Latin American countries, 
underscoring the need for programs to measure the performance of 
diagnostic and treatment services25. Building on the experience from 
the Canscreen5 project, cancer screening programs should consider 
the following measures to improve data quality and completeness: (1) 
conduct a thorough assessment of services associated with screening 
based on the information and data available; (2) identify the essen-
tial criteria for organized programs that are either missing or poorly 
implemented; (3) develop a feasible, measurable and time-bound plan 
in consultation with all stakeholders to improve the quality of services 

at different levels; (4) dedicate an adequate budget for quality assur-
ance and put together a team responsible for implementing quality 
assurance, if not already in place; (5) build or strengthen information 
systems to capture performance data so that the quantitative data col-
lection tools can be completed and KPIs can be estimated; (6) create 
links with population databases (for example, electoral rolls or birth 
registers) to be able to identify screen-eligible individuals and with 
PBCR to monitor impact; (7) leverage the vertical investments made 
to improve surveillance systems and mobile health applications to 
mitigate the coronavirus disease (COVID) pandemic; and (8) invest in 
capacity building of policymakers, managers and health professionals 
engaged in screening-related activities to be able to understand the 
value and application of quality assurance.

The CanScreen5 project has limitations. Although our ambition was 
to reach out to all countries and build a data repository as an IARC flag-
ship program, that is, the Global Cancer Observatory (https://gco.iarc.fr),  
at this stage of the project we could only manage to collect data from 
a limited number of countries. As the project matures and published 
data become more visible, we hope to involve more countries as part 
of the network. The reasons for nonparticipation of some countries we 
approached to participate include: voluntary nature of participation (no 
national or global mandate); nonavailability of approval from higher 
authorities; and reluctance of programs to share data because of the 
fear of receiving criticism for poor performance. Another limitation 
is that the data collected from EU countries in 2016 are out of date. A 
new round of data collection from Europe will be initiated by IARC in 
2023 to update these data. Furthermore, the quantitative data from 
most LMICs is very incomplete. Sometimes programs are reporting the 
number of examinations and tests performed and not the number of 
participants undergoing screening, which makes it difficult to exclude 
participants undergoing repeat testing within a short interval. At this 
stage, CanScreen5 is collecting screening data on three cancer sites 
for which screening is most prevalent. However, as screening for other 
cancer sites becomes evidence-based and is implemented, for example, 
lung and prostate cancers, we have plans to include these too.

The strength of the CanScreen5 project is that we have not relied 
on secondary data sources; instead, we collected information provided 
and validated by program coordinators. This global initiative collects 
cancer screening performance data beyond screening coverage.

In conclusion, the CanScreen5 project is a dynamic, ongoing activ-
ity and not just a one-time data collection project. We will continue 
with our engagement with countries, especially LMICs, to enhance 
data collection and quality. Investments in information technology 
infrastructures, high population coverage with broadband and Inter-
net facilities, and digital capability building of the health workforce 
to mitigate the COVID pandemic-induced health crisis have created 
an enabling environment for countries to strengthen multisectoral 
digital healthcare26. We are optimistic that screening programs will 
take advantage of this accelerated digital transformation to reform 
the process of data collection. This will in turn improve the quality of 
data in CanScreen5 and make it an authentic data repository for cancer 
screening globally.
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Methods
Overview
The CanScreen5 project was launched in June 2019 and was built on 
IARC’s successful reporting of the status of implementation and perfor-
mance of cancer screening programs in EU Member States in collabora-
tion with the Centro di Riferimento per l'Epidemiologia e la Prevenzione 
Oncologica in Piemonte, Italy and the Finnish Cancer Registry8,9. The 
data collection tools, KPIs and strategies for data collection and vali-
dation used in the EU project were further refined to make these tools 
and strategies globally relevant and suitable for different resource set-
tings. This adaptation was done in consultation with an advisory board 
consisting of 21 cancer screening experts selected by IARC to represent 
different geographical regions and healthcare settings.

Network building and collaboration
CanScreen5 aims to collect information and data directly from each 
country’s Ministry of Health (MoH). IARC’s existing network of research 
collaborators across the globe is leveraged to reach out to the MoH. 
The contact person in the MoH is requested to identify program coor-
dinators or other experts capable of providing reliable information 
and data. We also liaise with WHO regional offices to establish contact 
with the MoH. If such contact with the MoH cannot be established in a 
particular country, we approach the academic or public health insti-
tutes (or both) associated with the implementation and evaluation of 
a screening program to identify potential data providers.

Training of potential data providers
Identified data providers complete a self-paced virtual learning mod-
ule. The module describes the objectives of the project, how to collect 
data using the data collection tools and how to submit the same online 
to the CanScreen5 portal. The definition of the various performance 
indicators and how those indicators will be estimated in the project 
are also explained. The e-learning modules, which are available free 
of charge on the IARC website (https://learning.iarc.fr/edp/courses/
pgm-cancer-screening/), go beyond just describing the methodology 
of the project. The modules cover principles of cancer screening, plan-
ning and implementation of screening programs, and particularly focus 
on the principles, steps and value of quality assurance in the context of 
cancer screening programs. Depending on the availability of resources, 
we organize face-to-face workshops with groups of data providers. Data 
providers are given password-protected access to the data submission 
platform after completion of virtual learning.

Participation in the project by the countries was voluntary and 
no payment was made to the data providers or their staff. We tried to 
convince the screening program managers to invest in collecting data 
from their own program budget. This is important for the long-term 
sustainability of a project of this magnitude.

Data collection
To be able to submit data to CanScreen5, a country (or a region within 
the country) should have a ‘screening program’ as per the CanScreen5 
definition. The project defines a screening program as one character-
ized by having at least a formal commitment from the health authorities 
to provide screening services to a defined eligible population27. This 
commitment must be documented as a law, an official notification or a 
recommendation. A documented screening protocol and a mechanism 
of monitoring and supervision are also required to fulfill the criteria of 
being a screening program.

Data providers can download the qualitative and quantitative data 
from the project portal, which is available in English, French, Russian 
and Spanish, to collect information and data from breast, cervical and 
CRC screening programs separately. Qualitative, freely downloadable 
data tools available on the portal are used to collect information on 
screening policies and protocols, governance and financing mecha-
nisms, systems of invitation and recall, process of data collection for 

program monitoring and protocol for quality assurance. The set of 
data collection tools includes the corresponding guideline on each 
item; definitions of key terms are provided (https://canscreen5.iarc.
fr/?page=datasources). Screening performance data are collected in 
quantitative forms across the screening continuum (from invitation 
to treatment), from national or regional programs. At the time of data 
submission, the data provider has to specify whether they are reporting 
for a national or a regional program. During our communications with 
them, after data submission, we further confirm whether the collected 
data reflect the entire country or a region only.

The minimum set of quantitative data requested from the pro-
grams is the number of individuals screened and the outcomes of the 
screening tests. Data are not processed further unless this minimum 
dataset is available from a program.

Data providers are advised to submit the most recent qualita-
tive information on the screening program and quantitative data for 
any year within the last 5 years. Data may be submitted for multiple 
consecutive years, if available. Selection of the year(s) for which 
quantitative data are submitted is at the discretion of the data pro-
vider based on the completeness of the data (including follow-up 
of screen-positive individuals). A data provider who does not have 
quantitative data may submit only qualitative information related 
to the program.

Data quality checks and data validation process
Data submission by any of the data providers to the CanScreen5 data 
platform triggers a notification to the IARC Secretariat that initiates 
the internal validation to check for data consistency, completeness 
and validity. Submitted information is cross-verified with information 
available from the policy and protocol documents of the programs. 
The Secretariat tries to resolve any queries or discrepancies through 
email exchanges and virtual meetings with the data providers. The 
project has a scientific committee (SC) consisting of 15 international 
experts in the field of cancer control. The internally validated data 
from each country are shared with two SC members to be reviewed 
independently. The data provider is contacted again to resolve any 
queries from the SC reviewers. Virtual meetings are often organized 
between the project Secretariat and the team responsible for data 
collection from a particular screening program to finalize contents 
based on consensus. The final version of the validated information 
and data is shared with the data provider for final approval before it is 
made publicly available and displayed on the CanScreen5 portal. The 
formats used to display information include fact sheets, data tables, 
comparison graphs and heatmaps.

Key definitions
All the quantitative indicators have been clearly defined on the Can-
Screen5 portal. The numerators and denominators needed to calculate 
each indicator are described in Supplementary Table 4. The data used 
for the numerator and denominator to estimate any indicator should be 
collected over the same time period (a particular year(s) or one round 
of screening); an individual tested twice during the specified period 
should be counted only once during that period. Even the terms used 
in the qualitative data collection form have been clearly defined on the 
portal to ensure harmonization of data collection. Some of these key 
definitions are given below.

Screening program. A screening program is defined as cancer screen-
ing performed in the framework of a publicly mandated program. To 
be considered a ‘program’ there has to be a commitment from the 
government to provide the screening services to the eligible popula-
tion as defined by laws, statutes, regulations or official notifications. 
In such cases, as a minimum, the eligible population, the screening test 
and the screening interval should be defined and there should be some 
mechanism for monitoring and supervision.

http://www.nature.com/naturemedicine
https://learning.iarc.fr/edp/courses/pgm-cancer-screening/
https://learning.iarc.fr/edp/courses/pgm-cancer-screening/
https://canscreen5.iarc.fr/?page=datasources
https://canscreen5.iarc.fr/?page=datasources


Nature Medicine

Article https://doi.org/10.1038/s41591-023-02315-6

Screening policy. This is a policy for a specific screening program 
that specifies the government’s commitment to provide screening 
services and defines the targeted age and sex groups, the geographical 
area and other eligibility criteria; the screening test and interval; and 
requirements for payment or co-payment, if applicable. As a minimum, 
the screening protocol and repeat interval, and the determinants of 
eligibility for screening are stated.

Screening protocol. A screening protocol is a detailed documented 
plan on how to deliver the screening activities. As a minimum, the 
screening protocol should include clear information on eligible indi-
viduals, target age, screening test, examination intervals, further 
assessment, referral system and quality assurance.

Individual invitation. An individual invitation, by letter, email, text 
message, phone call, home visit or other method, to eligible individu-
als in the target population to participate in the screening program is 
sent by the coordination team, by primary health centers or by general 
practitioners.

Quality assurance. Quality assurance encompasses activities intended 
to assure and improve quality at all levels of the screening process to 
maximize benefits and cost-effectiveness while minimizing harms. It 
includes the assessment or evaluation of quality, the identification 
of problems or shortcomings in the delivery of care, the design of 
activities to overcome these deficiencies and follow-up monitoring 
to ensure the effectiveness of corrective steps. Quality assurance of 
the screening process requires a robust system of program manage-
ment and coordination, ensuring that all aspects of the service are 
performing adequately.

Essential criteria for organized screening. The qualitative  
data collection tools collect data to assess 13 of the following 16 
essential criteria identified by an IARC expert group to define organ-
ized cancer screening:17 (1) the cancer screening program has a proto-
col or guideline describing at least the target population, screening 
intervals, screening tests, referral pathway and management of 
positive cases; (2) there is a system in place for identifying the tar-
get population; (3) there is a system in place for inviting eligible 
individuals for screening; (4) the cancer screening program has a 
policy framework from the health authorities defining governance 
structure, financing, and the goals and objectives of the program;  
(5) performance of the screening program is evaluated with appro-
priate indicators; (6) the protocol or guideline at least describes 
monitoring and evaluation; (7) there is a system in place for notifying 
the results to the screened individuals and informing them about 
follow-up; (8) there is a system in place for sending a recall notice 
to noncompliant individuals; (9) the program can be audited; (10) 
a specified team or organization is responsible for quality assur-
ance and improvement; (11) the performance of the cancer screen-
ing program is evaluated, published and widely disseminated on 
a regular basis; (12) all activities along the screening pathway are 
planned, coordinated and evaluated through a quality improvement 
framework (quality assurance); (13) there is an evidence-based pro-
tocol or guideline developed in consensus with most stakeholders; 
(14) an information system exists with appropriate links between 
population databases, screening information and cancer registries 
for screening implementation and evaluation; (15) the screening 
program has a provision for continued training for service provid-
ers; (16) the performance of the screening program is evaluated with 
reference standards for the indicators.The CanScreen5 project was 
started before we received recommendations from the IARC expert 
group. Hence, three indicators (6, 9 and 15) were not included in the 
qualitative questionnaire. These will be added in the next versions 
of the data collection tools.

Statistical analysis
For descriptive analysis on qualitative information, proportion (%) was 
used for each item according to continent (Africa, Asia, the Americas, 
Europe and Oceania). For performance indicators on quantitative data, 
examination coverage, proportion put forward for further assessment, 
further assessment participation rate, detection rate, PPV of the screen-
ing test and treatment rate were calculated for each program using the 
formulas presented in Supplementary Table 4 (using the CanScreen5 
website data manager).

Ethics and inclusion statement
CanScreen5 is a global cancer screening data repository that collects data 
across the world, including data from LMICs. Researchers from LMICs 
submitting data are included as authors in the list of CanScreen5 project 
collaborators. We fully endorse the Nature Portfolio guidance on LMIC 
authorship and inclusion and we are strongly committed to the inclusion 
of researchers from LMICs as the CanScreen5 project moves forwards.

The CanScreen5 project is relevant to all participating countries 
as they provided qualitative or quantitative data (or both) on cervical, 
breast and CRC screening programs. Quantitative data were aggre-
gated, covering the screening continuum from identification of the 
eligible population to treatment.

The IARC ethics committee reviewed the project and waived 
the requirement for any consent for collecting data. Data providers 
are mandated to ensure that they have the necessary approvals from 
authorities to share data.

Reporting summary
Further information on research design is available in the Nature Port-
folio Reporting Summary linked to this article.

Data availability
The data used in this manuscript are publicly available at https://can-
screen5.iarc.fr.
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Extended Data Table 1 | Information on the policy and protocol of breast cancer screening programs by continent
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Extended Data Table 2 | Information on the organization of breast cancer screening programs by continent
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Extended Data Table 3 | Information on the policies and protocol of cervical cancer screening programs by continent
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Extended Data Table 4 | Information on the organization of cervical cancer screening programs by continent
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Extended Data Table 5 | Information on the policies and protocol of colorectal cancer screening programs by continent
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Extended Data Table 6 | Information on the organization of colorectal cancer screening programs by continent
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