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Summary
Background Screening for colorectal cancer (CRC) decreases cancer burden through removal of precancerous lesions
and early detection of cancer. The COVID-19 pandemic has disrupted organised CRC screening programs worldwide,
with some programs completely suspending screening and others experiencing significant decreases in participation
and diagnostic follow-up. This study estimated the global impact of screening disruptions on CRC outcomes, and
potential effects of catch-up screening.

Methods Organised screening programs were identified in 29 countries, and data on participation rates and COVID-
related changes to screening in 2020 were extracted where available. Four independent microsimulation models
(ASCCA, MISCAN-Colon, OncoSim, and Policy1-Bowel) were used to estimate the long-term impact on CRC
cases and deaths, based on decreases to screening participation in 2020. For countries where 2020 participation
data were not available, changes to screening were approximated based on excess mortality rates. Catch-up
strategies involving additional screening in 2021 were also simulated.

Findings In countries for which direct data were available, organised CRC screening volumes at a country level
decreased by an estimated 1.3–40.5% in 2020. Globally, it is estimated that COVID-related screening decreases led to
a deficit of 7.4 million fewer faecal screens performed in 2020. In the absence of any organised catch-up screening,
this would lead to an estimated 13,000 additional CRC cases and 7,900 deaths globally from 2020 to 2050; 79% of the
additional cases and 85% of additional deaths could have been prevented with catch-up screening, respectively.

Interpretation COVID-19-related disruptions to screening will cause excess CRC cases and deaths, but appropriately
implemented catch-up screening could have reduced the burden by over 80%. Careful management of any disruption
is key to improving the resilience of colorectal cancer screening programs.
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Introduction
Colorectal cancer (CRC) screening for asymptomatic
average-risk individuals typically involves either primary
screening with a faecal test followed by a diagnostic
colonoscopy for individuals with a positive test result, or
primary screening with colonoscopy.1 Organised
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population-based CRC screening programs have been
established in many jurisdictions, particularly in high-
income countries.2,3 These programs typically have
either national or regional coverage and are organised by
government health bodies with oversight of the distri-
bution and processing of faecal tests, usually faecal
1
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Research in context

Evidence before this study
Screening asymptomatic individuals with faecal occult blood
testing and/or colonoscopy has been found to be effective in
reducing colorectal cancer incidence and mortality in long-
term cohort follow-up and in trials. Many organised programs
provide screening to individuals to help reduce the colorectal
cancer burden. Participation is a key determinant in screening
program effectiveness, and changes to participation can
significantly change long-term cancer incidence and mortality
rates. The COVID-19 pandemic has had a significant impact
on health systems since 2020 and has affected cancer
screening programs worldwide. The short- and long-term
implications for cancer burden have not been assessed at a
global level.

Added value of this study
This study includes a review of the impact of COVID-19 on
organised colorectal cancer screening programs in 2020;

where direct data is not available, the extent of disruptions on
programs was estimated. These data were used to generate
estimates of the long-term impact on colorectal cancer
burden using four independent calibrated and validated
microsimulation models. This study also assessed the impact
of providing catch-up screening for all individuals that missed
screening in 2020.

Implications of all the available evidence
COVID-19 significantly disrupted organised colorectal cancer
screening globally. Decreases in screening participation in
2020 have potential to result in an increased cancer burden
over the decades to come, but this can be largely mitigated
through carefully implemented approaches to conducting
catch-up screening for those that missed screening.
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immunochemical test (FIT), to eligible participants. In
some settings, primary colonoscopy screening is also
offered alongside faecal testing. Most programs have
been established over the last two decades,4 with addi-
tional countries initiating pilot programs, notably in
South America5,6 and Asia.7

Opportunistic CRC screening, here defined as
screening outside of programs administered by gov-
ernment health bodies, also occurs either in lieu of,8,9 or
alongside, organised screening.10,11 This is often either
ad-hoc screening, frequently by colonoscopy, completed
by an individual independently of an organised pro-
gram, or in many settings screening through an insurer,
as is common in the United States12 and Japan13 among
other countries.

The COVID-19 pandemic resulted in varying levels
of disruption to CRC screening programs between
countries. These disruptions have the potential to
impact long-term CRC outcomes, and careful manage-
ment and planning is required to minimise their effect
and build more robust programs.14–17 Both in the wake
of the COVID-19 pandemic and in planning for any
future disruptions, it is critical to consider the appro-
priate allocation and continuation of resources, espe-
cially where health systems are under strain. Services
such as cancer screening can become a lower priority for
health systems under pressure and for individuals with
competing priorities.18,19

This was exemplified during the COVID-19
pandemic when many countries temporarily paused
their organised CRC screening programs; even when
screening was available, individuals may have been
more reluctant to engage in screening.18 In some set-
tings where programs were not formally paused, de-
creases in screening volume have been documented. In
the Netherlands, for example, primary screening was
suspended from March to May 2020,20 while in
Australia, the program was not formally suspended but
a 55% reduction in organised faecal screening partici-
pation rates was observed from March to May 2020
compared to the same period in 2019.21 Reductions were
also observed in opportunistic screening rates in set-
tings such as the United States.22

The total reduction in CRC screening rates attribut-
able to COVID-19 may not be clear for some time as
waves of COVID-19 infections continue and health
systems adjust, and the full extent of the impact on CRC
outcomes is unknown.18 Appropriate and timely
screening can detect and remove precancerous lesions
before they develop into CRC, or detect CRC at earlier
stages with better prognosis, leading to a decrease in
both CRC cases and deaths. Any shortfall in screening
caused by a disruption or delay can diminish these
health benefits.23 However, it can be decades before the
complex impact of decreases to screening becomes
apparent, due to the long sojourn time of precancerous
colorectal lesions. Simulation modelling can be useful
in providing robust and useful long-term estimates of
the impact of screening and disruptions on cancer
incidence and mortality rates.24 Modelling outputs can
inform policy decision-making when decisive action
cannot wait. For example, modelling of hypothetical
disruptions to screening informed planning by the
Australian Government Department of Health for the
National Bowel Cancer Screening Program.16

This study aims to estimate the global impact of
screening decreases on CRC outcomes. We harnessed
real-world country-level screening data and estimated
changes to screening volume in countries for whom
direct data were not available. We also estimated the
www.thelancet.com Vol 62 August, 2023
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benefits of providing catch-up screening to individuals
who missed screening. The focus of this study is on
organised screening, as data, such as participation levels
and screening frequency is more readily available for
these programs unlike opportunistic screening for
which data is scarce; additional estimates are provided
which may be of relevance to opportunistic screening.

This study was conducted by the International Part-
nership for Resilience in Cancer Systems (I-PaRCS),
formerly the COVID-19 and Cancer Global Modelling
Consortium (CCGMC; www.ccgmc.org). I-PaRCS was
established in 2020 to support decision-making in can-
cer control during the COVID-19 pandemic and to
support ongoing resilience in cancer systems, and
brings together independent modelling groups and
other multidisciplinary experts internationally. This
study extends the work of prior I-PaRCS studies on
COVID-19 and CRC screening conducted at the indi-
vidual country level.14,15
Methods
To generate estimates, this work combined a range of data
sources and modelling elements (Fig. 1). To summarise:

1. A review of organised screening programs was used
to identify program information, pre-2020
screening rates, and, where available, screening
rates for 2020.

2. For programs where 2020 screening rates were not
available, potential rates were statistically imputed
based on local excess mortality rates during 2020.

3. Four independent models were used to estimate the
impact of changes to screening participation rates in
2020 on long-term colorectal cancer burden for each
organised screening program.

4. Country-level estimates were aggregated to generate
global estimates.
Fig. 1: High-level schematic of the modelling method for generating es
decreases on long-term CRC burden. For additional details, see Appendix
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Further technical details regarding the modelling
methods are included in Appendix A—Technical
Methods and Appendix B—Additional modelling
methods.

Review of organised screening programs
To inform the estimates, a review was completed of
existing organised screening programs, including the
program design and pre-COVID status-quo screening
volume based on the most recent data available prior to
2020. This data was collated by the I-PaRCS team of
representatives from many of the countries included in
the search, as well as a further review to identify data in
countries not represented in the consortium. The most
recent data was prioritised in settings where data from
2019 was unavailable; this was used as the “status quo”
screening volume for modelling purposes, to estimate
screening levels in the absence of any impact of COVID-
19. Official data sources, such as governmental reports,
were prioritised when there was more than one source;
in their absence, we used the most recent and most
complete data sources that were identified by the group.

We here use screening volume to refer to the absolute
number of people completing screening as part of an
organised program, where the decreases in volume
potentially reflect both system-level disruptions and in-
dividual behaviours. Note that screening volume is
related to but distinct from the “screening participation
rate” (percentage of people invited who completed
screening) or “screening coverage rate” (percentage of
people at eligible ages who completed screening). As
these measures differ between countries, screening
volume was used for modelling purposes, to reduce
ambiguity; a change in the absolute number of
screening tests completed corresponds to a change in
the absolute number of CRC cases and deaths. This
avoids possible local variations in the definition of
screening participation.
timates of the global impact of COVID-related organised screening
B—Additional modelling methods. CRC: Colorectal cancer.
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Where 2020 data was available, pre-COVID-19 data
were compared to 2020 screening volume during the
COVID-19 pandemic to estimate the drop in screening
volume. Only screening data identified as of June 2022
was included in the analysis. Based on these countries, a
correlation was then estimated between any decreases in
screening volume and the WHO-estimated excess all-
cause mortality in 2020.25 This correlation was chosen
as a proxy for the impact of COVID-19 on health ser-
vices in general in 2020, and the potential downstream
effect on CRC screening. Other indicators of health
system disruption, such as COVID cases/deaths, were
also evaluated as potential indicators.

The relationship between 2020 excess all-cause mor-
tality and 2020 screening decreases was used to fit a
linear regression, which was used to impute estimates of
screening decreases for countries where 2020 data was
not available. These are here referred to as the imputed
COVID-related screening decreases. It must be emphasised
that these imputed decreases are not intended to be es-
timates of the true impact in any specific country, instead
providing estimates to be used to generate a global
aggregate. Although the correlation is strong enough to
suggest a strong estimate in the aggregate, it is not
intended to be used to infer realistic local estimates. For
this reason, country-level results based on imputed data
are included in the appendix only.

Screening programs were stratified into categories
based on the recommended age range and frequency of
screening (Supplementary Table S1), so that modelling
(see below) for countries with similar screening program
design could be based on a small set of “template out-
puts”; this was completed to reduce the computational
burden of the modelling by streamlining the analysis
where possible. See Appendix A for additional details.

Modelling estimates
To estimate the impact of these decreases to screening
volume on short- and long-term health outcomes, four
independent microsimulation models of CRC and
screening were used to model the relationship between
decreases in participation and health outcomes. These
models are ASCCA (Adenoma and Serrated pathway to
Colorectal CAncer), MISCAN-Colon (MIcrosimulation
SCreening ANalysis for colorectal cancer), OncoSim,
and Policy1-Bowel. Each of these models have been
used at national and international levels to inform
health policy, and have been calibrated and validated to
ensure they are able to generate meaningful estimates of
colorectal cancer burden.26–30 Key model parameters are
included in Supplementary Table S2.

These microsimulation models simulate patients
across their lifetime, and estimating their likelihood of
developing CRC, including their stage at diagnosis and
survival probabilities. The impact of screening, including
the removal of precancerous polyps and detection of
cancer at earlier stages with higher survival probability, is
then modelled. For this project, each of the four models
was used to simulate the potential health impacts associ-
ated with COVID-related changes to CRC screening for
each relevant country based on the participation volumes
ascertained in the review and imputation described above.
In this way estimates were generated of the downstream
impact of screening changes on cancer burden.

Scenarios modelled
Scenarios were simulated based on the possible changes
to participation in 2020—see Supplementary Table S3.
Scenario A assumed changes were either those observed
in each country or the imputed COVID-related screening
decreases. Scenarios B, C, and D estimated the impact of
25%, 10%, and 50% decreases in screening volume in
2020 respectively, to represent a likely average drop in
screening (Scenario B) as well as low and high possible
decreases (Scenarios C and D respectively) as supple-
mentary analyses. These scenarios were simulated even
for countries where 2020 screening data was available.
Although these scenarios are counterfactual for those
countries, by providing a full set of estimates, these
outputs can be used to make inferences for future de-
creases in screening in those countries.

Each scenario was modelled with and without full
catch-up screening in 2021 for all individuals who
missed screening in 2020, to determine the potential
impact of a catch-up screening policies. Full details are
included in Appendix A (Technical Methods) and
Appendix B (Worked Example). An additional analysis
calculating changes in CRC incidence and mortality per
screen missed was completed, designed to estimate the
relative impact of any disruption to opportunistic
screening. A sensitivity analysis exploring the impact of
program rollout on outcomes is also included.

Role of the funding source and study approval
The funding source had no role in the design and
conduct of the study; collection, management, analysis,
and interpretation of the data; preparation or review of
the manuscript; approval of the manuscript, and deci-
sion to submit the manuscript for publication. As this
was a simulation modelling study with no patient data,
no institutional approval or other study approval was
required or sought.
Results
Review of organised screening programs
Thirty-one countries and regions were identified which
had organised screening programs (Table 1) with suffi-
cient data to inform modelling, with pre-COVID (status
quo) participation rates ranging from 13.8% to 74.7%.

In ten countries, screening data were identified to
calculate the relative decrease in screening volume in
2020 compared to pre-2020 rates. These ranged from a
1.27% decrease to a 40.51% decrease (Table 2, Fig. 2).
www.thelancet.com Vol 62 August, 2023
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Although 2020 screening data were limited at the
time of review, the relative decreases were strongly
correlated with estimated 2020 excess all-cause mortality
rates per 100,000 in each country.25 This was thus used
as an indirect measure of the impact of COVID on local
health systems, and thus on colorectal cancer screening,
in 2020. The Pearson correlation coefficient for this data
was R = 0.66.

Based on this correlation, the following linear
regression model was fit to describe a linear relationship
Countrya Age-standardised CRC
rates per 100,000
persons

Screening program

Incidence49 Mortality49 Screening age range

Australia 33.1 8.9 50–74

Belgiumd 35.3 10 50–74

Canada 31.2 9.9 50–74

Croatia 36.3 19.6 50–74

Czechia 33.7 12.3 50−f,g

Denmark 40.9 11.8 50–74

France 30.1 10.4 50–74

Georgia 15.6 8.3 50–69

Germanye 25.8 9.9 50−f

Hungary 45.3 20.2 50–70

Iceland 28.5 9.5 55–75

Ireland 34.9 12.4 60–69

Israel 21.9 9.0 50–74

Italyi 29.3 10.1 50–69

Japan 38.5 11.6 40−f

Lithuania 27.6 11.7 50–74

Malta 25.7 10.1 55–66

Netherlands 41.0 13.5 55–75

Portugal, Alentejo and Centro 39.4 13. 50–69

Portugal, Norte 39.4 13. 50–69

Singapore 33.0 16.2 50−f

Slovakia 43.9 21. 50–74

Slovenia 39.6 11.7 50–74

South Korea 27.2 7.8 50–80

Spaink 35.8 11.5 50–69

Sweden 27.8 10.8 60–69

Switzerland 22.3 7.5 50–69

Taiwanl 26.480 11.280 50–74

UK–Englandm 34.1 11.4 60–74

UK—N. Irelandm 34.1 11.4 60–74

UK–Scotlandm 34.1 11.4 50–74

UK–Walesm 34.1 11.4 58–74

Uruguay 32 14.3 50–69

Abbreviations: CRC, Colorectal cancer; UK, United Kingdom. aFor Luxembourg, Monteneg
on the participation rates in these programs; they were excluded from the analysis. bSee
start age, and number of lifetime screens. cThe year noted is the most recent year prior
Brussels regions. eAlso offers organized colonoscopy screening; for the purposes of this
ages 50–54. hWhere screening is provided as screening volume (number of participants
regional programs. jBased on data from municipal screening, as screening participation
participation rates, but up-to-date data is unavailable. kCalculated from data available f
mortality was not available for Taiwan. mFor England, Northern Ireland, Scotland, and
Kingdom rates from GloboCan.

Table 1: Information on the design of national and regional CRC screening p
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between the two variables (Fig. 2).

Imputed relative screening decrease = 1.194 × 10−3

× (2020 excess all cause mortality per 100, 000) + 0.1178

The correlation between other factors and screening
decreases in 2020 were calculated, such as COVID-19
cases or deaths. Excess all-cause mortality was found
to have the strongest correlation and thus was used for
(years) Screening interval Screening categoryb Status quo screening rate/volume (year)c Sources

Biennial 3 43.5% (2019) 21,50

Biennial 3 31.1% (2019) 51,52

Biennial 3 42.9% (2017) 53

Biennial 3 15.3% (2014) 51,54

Biennial 3 30.1% (2019) 55

Biennial 3 60.3% (2019) 56

Biennial 3 30.5% (2019) 57

Biennial 2 74.7% (2015) 58,59

Biennialg 3 51.0% (2016) 60

Biennial 2 36.7% (2013) 51,54

Biennial 2 30.0% (2015) 51,61

Biennial 4 112,077h (2018/9) 62

Annual 1 1,026,579h (2019) 63

Biennial 2 43.5% (2019) 64,36

Annual 1 13.8%j (2019) 65–68

Biennial 3 17.9% (2018) 69

Biennial 4 35.7% (2013) 51,54

Biennial 2 71.8% (2019) 70

Biennial 2 62.8% (2014) 54

Biennial 2 29.% (2019) 71

Annual 1 27.3% (2016) 72,73

Biennial 3 34.0% (2019) 74

Biennial 3 50.5% (2012) 60

Annual 1 19.1% (2019) 75

Biennial 2 52.9% (2019) 76,77

Biennial 4 68.4% (2016) 51,78

Biennial 2 16,377h (2014) 79

Biennial 3 1,180,000h (2016) 81

Biennial 4 62.4% (2019) 82

Biennial 4 59.4% (2017) 83

Biennial 3 63.0% (2019) 84

Biennial 4 58.9% (2019) 85

Biennial 2 42.0% (2019) 86

ro, and New Zealand, it was established that there was an organised screening program, but no data was identified
Supplementary Table S1. Closest screening category identified to be used in modelling, based on screening interval,
to 2019 with complete screening data available at the time of review. dBased on data from Flanders, Wallonia, and
study, only faecal screening has been included. fNo official screening stop age. gScreening is offered annually from
) in official sources rather than participation rate, this has been replicated here. iCalculated from data available by
rates were not available for workplace-based screening. Workplace-based screening is likely to have higher
or regional programs in Barcelona, Basque Country, Valencia, and Catalonia. lGloboCan data on incidence and
Wales, local screening program data was used, and CRC incidence rates and mortality ASRs were overall United

rograms, and local CRC rates and participation rates.
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Relative
reduction in
primary
screening in
2020 vs 2019

Reduction in
screening
volume in
2020 vs
expected

No catch-up (Scenario A.1) Full catch-up in 2021 (Scenario A.2) Reduction in additional
burden attributable to
catch-up screening

Excess all-cause
mortality per
100,000,
202,025

Additional cases,
2020–2050

Additional deaths,
2020–2050

Additional cases,
2020–2050

Additional deaths,
2020–2050

Cases,
2020–2050

Deaths,
2020–2050

Australia 6.33%21 111,410 221 (109, 297) 101 (65, 124) 47 (4, 150) 15 (−13, 57) 78.70% 85.10% −30

Belgium 18.08%87,a 77,262 167 (93, 232) 81 (57, 96) 36 (3, 115) 12 (−11, 46) 78.40% 85.20% 146

Canada 36.22%88,36,b 1,276,680 2,174 (1,002, 3,037) 1,154 (720, 1,449) 478 (57, 1,544) 190 (−135, 694) 78.00% 83.50% 45

Czechia 16.86%55 106,835 213 (109, 278) 132 (89, 160) 45 (−3, 178) 20 (−6, 88) 78.90% 84.80% 126

Denmark 5.06%89,c 22,991 51 (25, 71) 26 (17, 31) 11 (1, 35) 4 (−2, 14) 78.40% 84.60% 8

Italy 36.58%64 878,458 1,907 (1,192, 2,475) 1,102 (837, 1,396) 365 (−73, 1,507) 118 (−99, 708) 80.90% 89.30% 166

Japan 1.27%67 79,876 114 (67, 138) 55 (47, 71) 114 (67, 138) 55 (47, 71) −c −c −24

Netherlands 15.36%90 250,174 553 (243, 813) 298 (180, 363) 135 (−7, 542) 58 (−8, 243) 75.60% 80.50% 85

Singapore 22.22%73 15,131 17 (9, 22) 12 (9, 18) 17 (9, 22) 12 (9, 18) −c −c −1

Spain 40.51%76,77,36,d 328,217 896 (655, 1,197) 479 (403, 637) 158 (−41, 676) 25 (−101, 297) 82.40% 94.80% 155

All results are relative to the comparator (status quo participation rates in 2020). Results in brackets are the range of model estimates. aBased on data from Flanders and Brussels regions. bBased on data for
Ontario. cCatch-up screening was not simulated for annual programs, as individuals would be invited to screening in 2021 regardless. dBased on data from Barcelona, Basque, Valencia, and Catalonia
regions.

Table 2: Scenario A: estimated increase in CRC cases and deaths over 2020–2050 by country, for countries with robust data on the decrease in screening participation in 2020.
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this study. Note that excess CRC mortality in 2020 is
unlikely to be a significant contributor to excess short-
term (2020) all-cause mortality, both due to the small
proportion of deaths in the population and data sources
Fig. 2: Relative decreases to organised screening participation in 2020 vs
screening data was unavailable, the best fit was used to calculate the impu
A.1 and A.2. The shaded region shows the 95% confidence interval for t
suggesting there have been limited changes to cancer
mortality during the COVID-19 pandemic so far.31 The
findings of this study demonstrate that the impact on
excess CRC mortality is more likely to be a long-term
local 2020 excess all-cause mortality rates.25 For areas where 2020
ted screening decrease. These decreases were used to model Scenario
he imputed values.

www.thelancet.com Vol 62 August, 2023
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Scenario A: Observed and
imputed COVID-related
screening decrease in 2020

Scenario B: 25% relative
screening decrease in
2020

Scenario C: 10%
relative screening
decrease in 2020

Scenario D: 50%
relative screening
decrease in 2020

Screens missed, 2020 7,432,858 9,829,213 3,931,685 19,658,427

No catch-up Additional cases, 2020–2050 13,600 (7,143, 17,733 16,848 (8,841, 21,790) 6,739 (3,536, 8,716) 33,696 (17,683, 43,581)

Additional deaths, 2020–2050 7,989 (5,422, 9,857) 9,639 (6,668, 12,175) 3,855 (2,667, 4,870) 19,279 (13,336, 24,351)

Full catch-up Additional cases, 2020–2050 2,883 (566, 8,448) 5,578 (2,128, 11,739) 2,231 (851, 4,695) 11,157 (4,256, 23,478)

Additional deaths, 2020–2050 1,178 (−482, 4,056) 2,478 (539, 5,232) 991 (215, 2,092) 4,956 (1,078, 10,464)

All results are relative to the comparator (status quo participation rates in 2020). Results in brackets are the range of model estimates.

Table 3: Global outcomes for organised screening programs, for observed and imputed COVID-related screening decreases (Table 2 and Supplementary
Table S6), and relative 10%, 25%, and 50% screening decreases in 2020.

Articles
effect. Therefore, excess all-cause mortality was chosen
as an appropriate independent indicator of the impact of
COVID-19.

Modelled estimates of CRC health outcomes
The screening data identified were used to inform
modelled estimates of the impact of screening decreases
on CRC incidence and mortality. Across all modelled
scenarios, decreases to screening would lead to in-
creases in CRC incidence and mortality rates, with
greater decreases in screening volume leading to greater
increases in excess CRC incidence and mortality.
Globally, it was estimated that the aggregate observed
and imputed COVID-related screening decreases (Sce-
nario A) led to a deficit of 7.4 million faecal screens in
organised programs in 2020 (Table 3). Among the
countries for which 2020 screening data was available,
approximately 3.1 million faecal screens in organised
programs would be missed (Table 2); 42% of the esti-
mated global total. The remaining 58% of missed
screens were estimated to occur in countries without
data available on screening in 2020.

In 2020, there would be an estimated decrease of
10,664 CRC diagnoses, which would be diagnosed
either at later screening rounds or symptomatically,
potentially at later disease stages. This decrease in di-
agnoses in 2020 and subsequent increase can be seen in
Fig. 3. Over the period 2020–2050, this would lead to
14,000f excess CRC cases and 8,000 excess CRC deaths
in the absence of any catch-up screening for individuals
who missed screening, compared to status quo
screening volume in 2020 (Fig. 3). Between the four
models used, the estimated excess cases ranged from
7,100 to 18,000, and excess deaths ranged from 5,400 to
9,900; model ranges are included in the results tables.
In scenarios where catch-up screening was modelled,
the diagnoses that were missed could be made in 2021
during catch-up screening. Catch-up screening in 2021
for individuals in biennial screening programs who
missed screening could prevent up to 79% of the excess
fFigures in text cited to two significant figures.
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cases and up to 85% of the excess deaths from 14,000 to
2,900 and 8,000 to 1,200 respectively. Annual global
outcomes are included in Supplementary Table S4.

The health impacts of decreases to screening for
countries with 2020 data are shown in Table 2, and re-
sults for individual countries with imputed screening
decreases are shown in Supplementary Table S5 and
Supplementary Fig. S1.

In Scenario B, a 25% relative reduction in screening
in 2020 across all organised screening programs was
simulated. Per-country results from this analysis are
shown in Supplementary Table S6 and Fig. 4, and global
results are shown in Table 3 and Supplementary Fig. S2.
In this scenario, 11 million screens would be missed in
2020, and there would be an excess 17,000 CRC cases
and 9,600 CRC deaths over 2020–2050. With catch-up
screening, this would be limited to 5,600 excess cases
and 2,500 excess deaths—a 67% and 74% reduction,
respectively. Annual global outcomes are included in
Supplementary Table S7.

Simulations were also completed with 10% and 50%
relative screening decreases in each country (Scenarios
C and D)—larger decreases led to proportionally larger
impacts on health outcomes (Table 3, Supplementary
Table S8, Supplementary Table S9). Per-model global
results are also included for comparison purposes
(Supplementary Table S10).

Other CRC screening
In all settings with screening, including opportunistic
screening, any decrease in screening in 2020 would
translate to an increase in cancer burden over
2020–2050, and catch-up screening could reduce the
impact on incidence and mortality by 73–88% and
81–94% respectively (Table 4, Supplementary Fig. S3).

For example, in the United States, it was estimated that
3.8 million screening colonoscopies were missed from
March to May 2020 through opportunistic screening,22

which is primarily conducted through individuals’
healthcare insurance providers. These modelling esti-
mates indicate that this chance in opportunistic colonos-
copy screening alone could lead to an estimated additional
41,000 CRC cases and 17,000 CRC deaths over 2020–2050
7
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Fig. 3: Scenario A: Global cumulative additional CRC cases (panel A) and CRC deaths (panel B), with modelled 2020 observed decreases in
screening volume and imputed decreases based on local COVID-19 death rates where local data is not available. Results are shown without
(Scenario A.1) and with (Scenario A.2) catch-up in each panel. All results are relative to the comparator (status quo participation rates in 2020).
Shaded regions show the range between the estimates generated by the four models.

Fig. 4: Scenario B.1: Additional CRC cases and deaths over 2020–2050 attributable to a hypothetical 25% relative decrease in all countries
without robust 2020 screening data available. No catch-up screening was modelled for this scenario. All results are relative to the comparator
(status quo participation rates in 2020) and are organised in order of additional cases.
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without proper catch-up. There would also be impacts due
to disruptions to the use of faecal tests, which were
significantly affected in the US; however, quantifying this
effect was complicated by recent changes to screening age
range recommendations,32 making it difficult to measure
the true impact. This is likely to be the case in other high-
income countries as well—however, there is not sufficient
evidence on the volume or patterns of screening outside of
organised programs to make specific estimates in the
scope of this project. However, the results regarding the
impact of catch-up screening are likely to be generally true
across all programs.
www.thelancet.com Vol 62 August, 2023
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Screening category No catch-up Full catch-up Reduction in
additional burden
attributable to
catch-up screening

Additional CRC cases per
100,000 screens missed,
2020–2050

Additional CRC deaths per
100,000 screens missed,
2020–2050

Additional CRC cases per
100,000 screens missed,
2020–2050

Additional CRC deaths per
100,000 screens missed,
2020–2050

CRC cases CRC
deaths

SC 1 (annual faecal screening, age 50–74) 53 (23, 77) 25 (11, 38) −a – – –

SC 2 (biennial faecal screening, age 50–69) 101 (43, 180) 61 (35, 117) 23 (−5, 86) 10 (−9, 38) 77.2% 83.6%

SC 3 (biennial faecal screening, age 50–74) 92 (35, 145) 53 (34, 79) 25 (4, 67) 10 (−4, 31) 72.8% 81.1%

SC 4 (biennial faecal screening, age 60–69) 131 (65, 204) 85 (59, 127) 19 (7, 32) 5 (−9, 9) 85.5% 94.1%

SC 5 (colonoscopy screening at age 50, 60 and 70) 1,056 (761, 1,634) 455 (284, 689) 124 (−48, 425) 43 (−15, 137) 88.3% 90.5%

All results are relative to the comparator (status quo participation rates in 2020). Results in brackets are the range of model estimates. aCatch-up screening was not simulated for annual programs, as
individuals would be invited to screening in 2021 regardless.

Table 4: Total additional CRC cases and deaths over 2020–2050, per 100,000 screens missed in 2020 (faecal or colonoscopy).

Articles
Sensitivity analyses
The sensitivity analysis on the impact of program start
time showed that excess CRC incidence and mortality
rates were highest when the screening program had
only been implemented in 2020. Only small differences
in outcomes were observed between implementation in
2005, 2010, and 2015, for both faecal and colonoscopy
screening (Supplementary Fig. S4, Supplementary
Fig. S5). This implies that new screening programs
were more likely to be impacted by the pandemic
compared to programs that had been established in
2015 or earlier. The impact of differing implementation
years is significantly reduced when catch-up screening
is included.
Discussion
This is the first modelling study to estimate the impact
of decreases to organised CRC screening on a global
scale, informed by real-world and estimated screening
data on the scale of disruption during the COVID-19
pandemic. Although 2020 screening data was unavai-
lable in many settings, global health impacts were esti-
mated by estimating potential decreases to screening.
This study estimated that CRC screening disruptions in
2020 could lead to 14,000 additional CRC cases and
8,000 additional CRC deaths worldwide over the next 30
years. Our results show that catch-up screening can
reduce excess cases and deaths by up to 80%.

The current analysis builds on prior studies, which
assessed the impact of colorectal screening disruptions
for selected individual countries.14,15,33,34 This includes
previous studies from the I-PaRCS consortium which
modelled the impact of hypothetical pauses to
screening, before data on 2020 disruptions was avail-
able. The estimates from the current study give, for the
first time, an insight into the global impact of the
pandemic on cancer burden related to colorectal cancer
screening. Although catch-up screening was only
www.thelancet.com Vol 62 August, 2023
simulated in 2021 and later catch-up was not explicitly
modelled, these results strongly suggest that countries
should attempt to catch-up in those who missed
screening as soon as practicable; this is likely to mitigate
much of the long-term adverse effects on CRC burden.

A key strength of this study is the comparative
analysis harnessing multiple well-established micro-
simulation models and experienced modelling teams,
who completed the analyses independently. The range
of estimates across models was aggregated and provides
researchers and policymakers with useful data on both
the total possible impact and uncertainty around these
estimates. As it is infeasible to develop tailored micro-
simulation models for each country included in this
study, multiple models provide a broader and more
robust range of estimates, as conditions in each country
are likely to resemble the conditions simulated by at
least one of the models. This approach to global
modelling by simulating a core set of imputed screening
programs and extrapolating may be useful in future
global epidemiological modelling and builds on similar
approaches used previously.35

The scenarios modelled represent a range of de-
creases to screening volumes in 2020, capturing both
observed decreases and hypothetical 10%, 25%, and
50% decreases. The true decrease to screening in any
setting is likely to fall in the range captured by these
scenarios. Data on catch-up screening conducted in
2021 were not available, but the true rate of catch-up
screening in any given country will lie between the
“no catch-up” and “full catch-up” scenarios modelled.
For example, the observed shortfall in screening in
Denmark in 2020 is believed to be attributable to a delay
in screening invitations.36 It is therefore likely that all
individuals who would have participated in 2020
returned to screening in 2021, meaning health out-
comes in Denmark would align more closely with full
catch-up (Scenario A.2, Table 2) with a limited impact
on CRC outcomes. Screening data for the Flanders
9
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region of Belgium showed that formal catch-up
screening was provided within 2020, with those that
missed screening in March–May or November invited to
return in June–July or December respectively.37 Overall,
screening participation in Flanders was 48.5% in 2020,
compared to 51.5% in 2019—this rapid return to status
quo is estimated to lead to a lessened impact on health
outcomes, demonstrating the benefit of catch-up
screening. Generally, these estimates show the benefit
of catch-up screening for individuals that miss a
screening round, whether due to COVID-19 or other
causes. Although in any given setting it may be difficult
to administer catch-up, either due to capacity issues or
ongoing disruptions, wherever possible individuals
should be returned to screening as soon as possible.

Our global estimates results provide a useful indi-
cation of the possible impact of disruptions to organised
CRC screening but there are limitations. These fall
primarily into two categories: data limitations and
modelling limitations. Most notably, screening data
from 2020 was not available or was incomplete in many
countries. To address this, imputed decreases for
countries where data were not available were inferred
using a novel method correlating screening with excess
all-cause mortality. Though they are not intended to
reflect the true local screening impact and are unlikely
to be accurate on a country level, these results are useful
in generating global estimates of the possible impact on
CRC outcomes, and the ranges of estimates including
10%, 25%, and 50% reductions in Scenarios B, C, and D
provide a set of realistic outcomes in each country. This
range of hypothetical disruptions can also be used to
inform planning and policy around future disruptions
of various magnitudes. The observed correlation be-
tween excess all-cause mortality and a specific health
service such as colorectal cancer screening has impli-
cations for other similar exercises in terms of under-
standing the impacts on health services, and suggests
that excess all-cause mortality might be a useful general
marker of health system resilience.

As in any modelling study, there are limitations to
what can be feasibly and accurately modelled. Screening
programs can differ in complex and nuanced ways, and
we could not directly model each country of interest.
Therefore, it was necessary to identify the most important
variables to represent each country and simplify the other
parameters. Some countries were assigned to a screening
category which only approximately matched the local
setting; these results may be less accurate. There were
also countries where no participation data could be
found, either before or during 2020; these countries were
excluded from the analysis. These countries had smaller
populations and less well-established programs, so are
unlikely to have a large volume of screening presently.

Other nuances of CRC screening could not be
captured in as much detail as a setting-specific micro-
simulation model-based analysis. For example, post-
polypectomy colonoscopy surveillance recommenda-
tions were assumed to be the same as the originally
modelled countries, and no COVID-related changes to
colonoscopy surveillance could be captured due to a lack
of data. Although surveillance recommendations can
vary by country, it has previously been noted that
differing recommendations would not have a significant
impact on population-level health outcomes,38 so this is
unlikely to substantially impact our predictions. Simi-
larly, test characteristics of faecal tests were assumed to
be the same as the originally modelled country, due to a
lack of data around sensitivity and specificity of specific
brands and thresholds used in each setting. Addition-
ally, the detailed background rollout of the screening
program in each country over time could not be fully
captured, as these rollouts can be quite complex, with
many countries changing screening technology and/or
age range. To address this, the effects of different pro-
gram initiation years were assessed in a sensitivity
analysis and were shown to have minor impact
(Appendix C).

Trends in CRC incidence and variations in the
specificity and sensitivity of the specific brand of
screening tests used in each country were not
captured by this study. Overall CRC incidence and
mortality rates in each country were accounted for,
and other factors were modelled as in the originally
modelled countries. Because of this and the other
reasons listed above, we did not present estimates of
CRC cases and deaths in each individual simulated
country, nor the impact of status quo screening; only
estimates of the overall changes in CRC cases and
deaths attributable to a decrease in screening. We also
did not model the impacts of COVID-19 on CRC
incidence and survival outside of the direct effects of
screening participation–for example, effects on diag-
nostic rates outside of screening,20,39 the effect of de-
lays to treatment,40 and survival rates in people with
cancer who contract COVID-19.41 Future work will
address the combined impact of these effects on the
long-term CRC burden.

Specific results could not be generated for opportu-
nistic screening, including colonoscopy screening, as
longitudinal data on this type of screening and its
effectiveness is sparse and cannot be modelled in a
generalisable way. Opportunistic screening exists in
many countries, and so may also represent a significant
increase in CRC burden due to COVID-related disrup-
tions that is not captured in the scope of this study.
Instead, we reported rates of additional CRC cases and
deaths per 100,000 people who missed screening in
2020. Without reference to specific settings, these rates
make a clear case for the importance of catch-up
screening, which was estimated to reduce the
increased burden in CRC cases and deaths by
72.8–94.1%. Decreases in opportunistic screening are
likely to lead to increases to disease burden similar to
www.thelancet.com Vol 62 August, 2023
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decreases in organised programs. The qualitative
demonstration of the benefits of catch-up screening is
clear. Opportunistic screening on a large scale as in the
United States experienced massive decreases in
screening volumes in 2020; in settings like this, catch-
up screening could lead to a dramatic improvement in
outcomes. It should also be noted that much of the
world, particularly developing countries, lack access to
screening, whether organised or opportunistic; although
this means the COVID-19 pandemic may not have had
an impact on screening in these settings, lack of access
screening still contributes significantly to inequities in
CRC burden worldwide.

This study, in line with previous studies,14,33,34 high-
lights the importance of ensuring that individuals return
to screening as soon as possible, via organised targeted
catch-up screening. By targeting individuals who missed
screening during 2020 and/or 2021, screening could
return to near-typical effectiveness. Mass-media cam-
paigns aimed at improving screening participation can
be very cost-effective,42,43 even at high cost44; similar
campaigns could help screening return to pre-COVID
levels.

Careful monitoring of this catch-up screening would
be needed to manage the increase in follow-up colo-
noscopy demand.45 Previous estimates suggest that us-
ing a higher positivity threshold for faecal testing and/or
extending the window for catch-up screening could help
manage colonoscopy demand by prioritising individuals
at highest risk.15 These results will help manage the
diagnostic burden as health systems return to capacity.
In many countries program-related colonoscopies make
up a small proportion of the overall colonoscopy
burden,46 and prioritising patients with positive faecal
tests could lead to better outcomes.47 Many countries
have already taken measures to address changes to co-
lonoscopy supply and demand.48

Global emergencies such as the COVID-19
pandemic impact all aspects of health services and de-
livery. For preventative health measures which provide
long-term benefits such as CRC screening, the effect
may manifest for decades to come, and there is a risk
that the lifesaving benefits will not be accessed for many
people. The findings of this study show not only the
possible extent of this impact globally, but also describes
a path forward through appropriate catch-up screening
and continued encouragement of screening participa-
tion. As these health impacts can take decades to even-
tuate, it is crucial that this catch-up screening occurs as
quickly as possible. By carefully planning and designing
screening programs to be resilient to future disruptions,
health systems can reduce the impact on population
health.
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