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Summary

Background The substantial and increasing global burden of colorectal cancer (CRC) underscores the imperative to
enhance implementation and utilization of effective CRC screening offers. Therefore, we examined the lifetime and
up-to-date use of CRC screening tests across various countries, and described utilization trends over time.

Methods We conducted a systematic review on the extent and recent trends of utilization of CRC screening tests
among people 45 years or older in different countries around the globe. PubMed/Medline, Web of Science, and
Embase electronic databases were screened for eligible studies from inception to June 30, 2024. The study protocol
was registered with international prospective register of systematic reviews (PROSPERO) (CRD42023391344).

Findings A total of 50 studies, based on nationally-representative data, were finally included - 27 from the United
States (US) and 23 from other countries. The overall utilization of CRC screening has steadily increased over time
in many countries, reaching 74.9% in Denmark in 2018-2020, 64% in Korea in 2020, and 72% in the US
in 2021. Nevertheless, the utilization rates remain far below the national or continental targets in most countries.
In contrast to European and Asian countries, where screening was predominantly fecal test-based, the approach in
the US was primarily driven by colonoscopy, and the uptake of fecal tests and sigmoidoscopy gradually declined
in the past two decades.

Interpretation Despite ongoing progress in CRC screening offers and utilization, there remains large potential for
enhanced roll-out and utilization of effective CRC screening programs for enhanced control of CRC incidence and
mortality in the years ahead.

Funding There was no funding source for this study.
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mount global health significance, constituting over one- copy (FS) and colonoscopy are screening modalities for
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Nevertheless, the slow development and the long ~ domized trials.” ¢ However, these screening tests have
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Research in context

Evidence before this study

Despite ample evidence demonstrating the efficacy of diverse
colorectal cancer (CRC) screening strategies in reducing CRC
incidence and mortality, substantial disparities persist,
encompassing the adoption of screening tests by the population,
the initiation and types of population screening programs, test
availability, and ultimately, utilization rates worldwide.

In addition to manually searching the reference lists of relevant
published articles, comprehensive literature searches were
conducted in PubMed, Web of Science, and Embase from
inception to June 2024. Search terms including ‘colorectal cancer,
or neoplasms, or carcinoma,” were combined with terms such as
‘fecal tests,” ‘fecal occult blood test,” ‘fecal immunochemical test,’
‘colonoscopy,” ‘endoscopy,” and ‘sigmoidoscopy,” as well as terms
denoting screening strategies such as ‘mass screening,” ‘early
detection of cancer,’ ‘population-based screening,’ or
‘community-based screening.” Our literature search showed that
while many countries still fall short of achieving their screening
utilization targets, the ongoing evolution and growing adoption
of CRC screening guidelines underscore the need for timely
documentation of the impact of screening policies and practice
decisions over time. In this systematic review, we examined the

To facilitate screening uptake, many countries and
regions set various time-bound population CRC
screening utilization and offering targets, e.g. reaching
80% utilization by 2018 in the US and offering
screening to 90% of eligible individuals by 2025 in
Europe.'”"

With the development of new screening modalities
and changes in the epidemiology of CRC, several tech-
nical guidelines and recommendations have been made
and updated over the years,'*'* including introduction of
computed tomographic (CT) colonography, fecal
immunochemical test (FIT), fecal DNA tests in combi-
nation with a FIT (mt-sDNA), and commencement of
screening at younger age of 45 years.""” Other guide-
lines, especially in Europe, have also placed emphasis
on the screening framework, prioritizing organized
systems over an opportunistic approach.”

Given these continuous changes, it is important to
monitor screening utilization to evaluate progress over
time and identify possible barriers, enhancers, and
disparities to utilization inherent in various screening
methods and systems. In this systematic review, we
mapped the lifetime and up-to-date use of CRC
screening tests across various countries, and investi-
gated trends over time.

Methods

Study design, protocol and registration

A systematic review of the literature on the utilization of
CRC screening tests across the world was undertaken.

lifetime and up-to-date utilization of CRC screening tests globally
and investigated usage trends over time.

Added value of this study

Our review provides comprehensive documentation and
analysis of CRC screening test utilization rates spanning the
last four decades. It highlights the impacts and significance of
screening test availability, preventive health policies, and the
diverse screening guidelines and methodologies implemented
across various countries and regions on screening test
utilization among eligible populations across the world.

Implications of all the available evidence

In light of the recent development of new guidelines, such as
those set forth by the American College of Gastroenterology,
alongside ongoing evaluations of existing screening
programs, such as the European programs, and the growing
adoption of population-based CRC screening beyond Europe
and North America, our review offers timely insights with
practical and policy implications. These insights have the
potential to influence the future trajectory of CRC screening
programs, aiming to meet the increasing need to reduce CRC
incidence and mortality.

The protocol for this study was registered with inter-
national prospective register of systematic reviews
(PROSPERO) in January 2023 (CRD42023391344)
(https://www.crd.york.ac.uk/PROSPERO/).

Data sources and search strategy

The electronic databases of PubMed/Medline, Web of
Science, and Embase were searched for relevant arti-
cles using relevant search terms, including Medical
Subject Headings in PubMed/Medline. The search
terms include “colorectal cancer”, “fecal tests”, “fecal
immunochemical test”, “colonoscopy”, endoscopy”,
“sigmoidoscopy”,  “screening”,  population-based
screening, and early detection of cancer. The full
combination terms and search results from electronic
databases are presented in Table S1.

Searches were conducted in January 23-March 16,
2023, covering the period from inception until
December 2022, with no restrictions applied. Cross-
referencing by manual review of the reference lists of
included articles was performed to add to the final list of
included articles. A repeat search was conducted to
identify new articles published up to June 30, 2024.

Study selection

All citations were imported into Rayyan QCRI system-
atic review software.'® Titles, abstracts, and full-texts of
articles were independently screened by two reviewers
(IO, RC) according to eligibility criteria per protocol. The
preferred reporting items for systematic reviews and
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meta-analyses (PRISMA) guidelines for reporting of
systematic reviews were followed.

Relevant studies that presented national estimates of
CRC screening test utilization in the eligible population
aged 45 years and older were included in the review.
Studies that focused primarily on CRC screening among
higher-risk populations, such as those with a family
history of CRC, Lynch syndrome, and inflammatory
bowel disorders, were excluded. Studies that reported
CRC screening use as a follow-up procedure after pos-
itive screenings only or CRC treatment were not
considered as were those with small sample sizes fewer
than 150.” The data extraction flow chart is presented in
Fig. 1, and the list of excluded articles, with reasons and
references, is presented in Supplementary appendix 2,
Table E1 and Item E2.

Data extraction and quality assessment

Two reviewers (IO and RC) independently and manually
extracted data from the included studies using a pre-
tested form in Microsoft® Excel. Information extracted
included study characteristics: demographic informa-
tion of study participants; outcomes studied; and the
utilization rate of CRC screening tests.

Quality assessment and risk of bias were indepen-
dently assessed by two reviewers (IO and RC) using the
Effective Public Health Practice Project (EPHPP)
assessment tool for observational studies.” Discrep-
ancies were resolved by discussion between the two
reviewers and, where necessary, additional co-authors
(HB and MH) to resolve disagreements.

Outcomes

The outcome of interest was the national estimates of
utilization of CRC screening tests according to relevant
guidelines. Broadly, this involves utilization of guaiac-
based fecal occult blood test (gFOBT) or FIT within
the last 1-2 years, mt-sDNA within the past 3 years,
flexible sigmoidoscopy and CT colonography within the
last 5 years, and colonoscopy or endoscopy within the
last 5-10 years.

Data synthesis and analysis

Study outcomes were descriptively summarized and
results presented by type of CRC screening tests. Unless
otherwise specified, weighted proportions were used as
reported in studies that used large population-based
samples with complex sampling strategy. When re-
ported, the corresponding confidence intervals, as well
as age- and sex-specific estimates, were also presented.
Due to the disproportionately large number of eligible
studies from the US, analysis by type of CRC tests was
sub-grouped by location, mainly the US and all other
countries. A time trend analysis for utilization of each
test was descriptively conducted using studies with
consistent outcome definitions. For many countries, we
were unable to look at temporal trends in screening
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utilization because data for several time points was
lacking.

All figures (except Fig. 1) were produced using the
“ggplot2” package in RStudio Version 4.3.2 (RStudio,
Inc., Boston, MA, USA).

Statistics
No statistical tests were applied in the study.

Ethics statement
Patient consent for publication: Not applicable.

Role of the funding source
There was no funding source for this study.

Results

Data sources and quality ratings

From an initial pool of 9165 articles retrieved and
screened based on title and abstract, 210 underwent
full-text screening. Ultimately, 50 observational
studies, offering nationally-representative estimates,
were included in the final review spanning data from
1987 to 2021 (Fig. 1). For each EPHPP domain, the
quality ratings for the included studies were between
low and moderate, essentially due to the self-reported
nature of the data (Supplementary appendix 1,
Table S2).

Twenty-seven studies presented screening estimates
for the US, predominantly using population-based data
from the National Health Interview Survey (NHIS) and
the Behavioral Risk Factor Surveillance System
(BRFSS)."** Additionally, six studies reported estimates
for Korea,**° four each for Germany,”** and Can-
ada,””* three for Switzerland,”*' and one each for
Singapore,” Saudi Arabia,” Austria,” and Spain.®
Furthermore, reports by Cardoso et al.* and Ola et al.
provided estimates for 30 European countries based
on data from the European Health Interview Survey
(EHIS) in 2013-2015 and 2018-2020, respectively.

Fecal tests use in the US

Nineteen studies provided estimates for fecal tests
(gFOBT or FIT) in the US."*7¢ (Table 1) Recent use of
fecal tests, mainly defined as use within 1-3 years, was
reported in all studies except Zhu et al.,* with estimates
ranging from 27.1% in 1998 to 12.6% in 2020. The
usage of fecal tests among the newly eligible age group
of 45-49 was estimated at 2.4% in 2021.*° In addition,
recent use of mt-sDNA ranged between 2.7% in 2018
and 5.8% in 2020°** (Table 1, Table S3).

Endoscopy use in the US

For endoscopy utilization, 21 studies provided esti-
mates, with test intervals of 3-5 years for sigmoidos-
copy, 5-10 years for colonoscopy, and 5 years for CT
colonography.””** (Table 2) Lifetime colonoscopy use
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Fig. 1: Flowchart of the article selection process for the review.

was reported by five studies,?******7* ranging from 23%
in 1997 to 72% in 2019.*

Regarding recent use of colonoscopy, eight studies”’
202932333 reported estimates varying between 19.0% in
2000 to 64.5% in 2020 among individuals aged
50-75.7*° Recent estimate indicate a 17.8% utilization
rate among individuals aged 45-49 as of 2021.** Con-
cerning sigmoidoscopy use, 10 studies reported its use

as a separate screening modality.!*202-202930:323335 The
highest use of sigmoidoscopy was reported for 2000
(15.3%); as of 2015, less than 1% of the US adult pop-
ulation reported recent sigmoidoscopy use.***

Seven studies reported up-to-date use of either
colonoscopy or sigmoidoscopy, with estimates varying
from 13% in 1987 to 45.2% in 2005.212%26-285137
Although not frequently recommended, CT
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First author (Yr) Study characteristics CRC test utilization
Data source Latest year Sample size Age Time frame Overall Men Women
Anderson® (1995)*° NHIS 1992 4428 50+ 3yrs 26.3% 25.4% 26.9%
1yr 17.3% NR
Breen® (2001)" NHIS 1998 11,925 50+ 2 yrs 27.1%" 28.5% 26.1%
Nadel® (2002)*° NHIS 1998 12,128 50+ 1yr 19.5% (18.7-20.3) NR
Swan® (2003)” NHIS 2000 11,622 50+ 1yr 25%" 24.0% 26.0%
Seef® (2004)*” NHIS 2000 11,480 50+ 1yr 17.1% (16.3-17.9) 16.8% 17.5%
Ever 36.7% (35.6-37.8) NR
Subramanian (2005)* NHIS 2000 12,505 50+ 1yr 13.3%" NR
Liang® (2006)** NHIS 2003 11,779 50+ Ever 13.6%° NR
Up-to-date (1 yr) 6.6%”
Meissner® (2006)” NHIS 2003 11,548 50+ 1yr 15.6% 16.1% 15.3%
Shapiro® (2008)*° NHIS 2005 11,918 50+ 1yr 12.0% (11.3-12.7) 12.6%  11.6%
Doubeni® (2010)” MCBS 2005 7614 65-80  2yrs 10.4% NR
Swan® (2010)** NHIS 2005 11,890 50+ 1yr 12.0%" 123%  11.8%
Klabunde® (2011)*° NHIS 2008 7776 50-75 1yr 10.9% (10.0-12.0) NR
Shapiro® (2012)*° NHIS 2010 8952 50-75 1yr 8.8% (8.1-9.6) 8.9% 8.7%
Cole® (2012)** BRFSS 2005 466,175 50+ 1yr 8.8%" NR
de Moor* (2018)** NHIS 2015 12,541 50-75 1yr 7.1% (6.5-7.8) 7.5% 6.8%
Shapiro® (2021)* NHIS 2018 10,595 50-75 gFOBT/FIT: 1 yr 8.8% (8.1-9.5) 11.7% 10.8%
mt-sDNA: 3 yrs 2.7% (2.4-3.2)
Zhut (2021)** HH survey® 2019 1595 45-75 gFOBT: Ever 47.5% 43.8%  50.9%
mt-sDNA: Ever 25.8% 24.1% 27.1%
He® (2023)* BRFSS 2020 175,698 50-75 gFOBT/FIT: 1 yr 12.6% 12.2% 13.0%
mt-sDNA: 3 yrs 5.8% 5.5% 6.2%
Star® (2024)*° NHIS 2021 NA 45-49 gFOBT/FIT: 1 yr 2.4% (1.8-3.3) NR
Abbreviations: NHIS, National Health Interview Survey; MCBS, Medicare Current Beneficiary Survey (MCBS) Access to Care data; BRFSS, Behavioral Risk Factor Surveillance
System; HH survey, Household survey; gFOBT, guaiac-based fecal occult blood test; FIT, fecal immunochemical test; mt-sDNA, multi-target stool DNA test; NR, not
reported; yr(s), year(s). “Table ordered first according to publication year, then the year of data collection. "Data calculated from the available information in the article.
“Other information (e.g. estimates for other years reported in the study, or estimates by age or sex) are provided in Table 53). “Sample sizes for the subgroups are very small
and may impact the reliability of the subgroup estimates.
Table 1: Estimates of recent and lifetime use of fecal test (gFOBT or FIT, or mt-sDNA) from the United States.”

colonography was reported by four studies,”®?”*>*
with the highest estimate reaching 2.7% as of
2020.* Generally, the utilization of all endoscopic
screening methods increased with age, peaking
around age 65-75, and was more prevalent among
men than women (Table 2, Table S4).

Combined use of fecal tests, sigmoidoscopy, and/or
colonoscopy in the US

Twenty studies,*?0»-3*353044 provided combined data
on fecal test use within 1-3 years, sigmoidoscopy within
3-5 vyears, and/or colonoscopy within 5-10 years
(Table 3). Overall, the extracted data reveals a consistent
increase in CRC screening utilization over the past three
decades, increasing from 23% in 1987 to 72.4% in
2020.” As of 2021, CRC screening test utilization
among the newly eligible 45-49 age group was esti-
mated at 19.7%.*° Overall, utilization was highest for
ages 65-74, while sex differences in utilization yielded
mixed results with no substantial variations observed
(Table 3, Table S5).
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Fecal test use in other countries

All studies included from other countries provided es-
timates for fecal test utilization, except for two studies
from Germany*** and one each from Canada®™ and
Korea.”* The reported estimates were for fecal tests
conducted within 1-2 years, except for studies present-
ing data on lifetime use (Table 4).

Recent fecal test utilization varied widely among
countries. Data from Switzerland between 2007 and
2017 revealed a declining pattern (from 13% to 5.3%)"
similar to the pattern observed in the US. Conversely,
findings from the Korean National Cancer Screening
Survey indicated a rise in recent fecal test utilization,
increasing from 3.8% in 2004 to 27.6% in 2013.7 A
comparable upward trend was noted in Canada in
2003-2012 (from 15.1% to 30.1%).~" In Singapore, as
of 2008, about one-fifth of the eligible population had
recently utilized fecal tests.®> By 2012-2013, utilization
had increased to cover close to one-third of the eligible
population in both Canada and Korea.”*” In Europe,
utilizing data from EHIS 2013-2015 and 2018-2020,
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First author (Yr) Study characteristics

CRC test utilization

Abbreviations: NHIS, National Health Interview Survey; CPS II, Cancer Prevention Study (CPS) Il Nutrition Cohort; BRFSS, Behavioral Risk Factor Surveillance System; MCBS,
Medicare Current Beneficiary Survey (MCBS) Access to Care data; HH survey, Household survey; Endo, endoscopy; Col., colonoscopy; CT Col, computed tomographic

colonoscopy; FS, flexible sigmoidoscopy; NR, not reported; yr(s), year(s). *Table ordered first according to publication year, then the year of data collection. *Data calculated
from the available information in the article. “Other information (e.g. estimates for other years reported in the study, or estimates by age or sex) are provided in Table 54).

Data source ~ Latest year ~ Sample size  Age Time frame Overall Men Women
Breen® (2001)"° NHIS 1998 11,925 50+ FS: 3 yrs 13.6%" 19.0%  9.8%
Nadel® (2002)*° NHIS 1998 12,190 50+ Proc/FS: 3 yrs 13.6% (12.9-14.3) NR
Proc/FS: 5 yrs 15.9% (15.1-16.7) 211%  11.6%
Swan® (2003)”* NHIS 2000 11,622 50+ Endo: 3 yrs. 25.0% NR
Seef” (2004)” NHIS 2000 11,588 50+ Col: 10 yrs; FS: 5 yrs.  33.9% (32.9-35.0) 37.4%  311%
Ever 38.1% (37.1-39.2) NR
Chao (2004)* CPS Il 1997 129,246 50-79  FS/Col: 5 yrs 14.2%"° 171%  11.9%
Ever 23.0%" 271%  19.6%
Subramanian® (2005)”>  NHIS 2000 12,505 50+ Col: 5 yrs 29.1% 31.8%  26.5%
FS: 5 yrs 153% 16.8%  13.9%
Liang® (2006)* NHIS 2003 11,779 50+ Col: 10 yrs/Ever 29.1%/29.1%" NR
FS: 5 yrs/Ever 4.2%/30%b
Meissner® (2006)” NHIS 2003 11,395 50+ Col: 10 yrs 30.8%" 322%  29.8%
FS: 5 yrs 6.6%° 7.6% 5.9%
Shapiro® (2008)*° NHIS 2005 12,045 50+ Endo: 10 yrs 452% (44.0-46.4) 46.9%  43.9%
Doubeni® (2010)”/ MCBS 2005 23,833 65-80  Endo: 10 yrs. <5 yrs: 48.9%; NR
>5 yrs: 9.0%
Swan® (2010)°® NHIS 2005 12,016 50+ Col: 10 yrs; FS: 5yrs  21.5%" 237%  19.8%
Klabunde® (2011)*° NHIS 2008 7776 50-75  Col: 10 yrs 47.5% (45.9-49.0) NR
FS: 5 yrs 2.4% (1.9-3.0)
Shapiro® (2012)*° NHIS 2010 8952 50-75  Col: 10 yrs 54.6% (53.2-55.9) 54.4%  54.7%
FS: 5 yrs 1.3% (1.0-1.6) 1.6% 1.0%
CT Col: Ever 1.3% (1.0-1.7) 1.7% 1.0%
Cole® (2012)** BRFSS 2005 466,175 50+ FS: 5 yrs; Col: 10 yrs.  29.0%° NR
de Moor* (2018)*” NHIS 2015 12,541 50-75  Col: 10 yrs 58.3% (57.0-59.6) 57.6%  59.1%
FS: 5 yrs 0.7% (0.5-0.9) 1.0% 0.3%
Sanford (2019)*° NHIS 2015 83,176 50-75 Col: Ever Current/former/ NR
never smokers
43.8%/65.2%/57.7%
Hong® (2021)*° NHIS 2018 34,768 45-85  CT col: 5 yrs 13% 1.5% 1.2%
Shapiro® (2021)* NHIS 2018 10,595 50-75  Col: 10 yrs; 61.1% (59.9-62.3) 61.4%  60.8%
FS: 5 yrs 2.4% (2.1-2.8) 2.7% 2.1%
CT col: 5 yrs 1.0% (0.8-1.3) 1.2% 0.8%
Zhu® (2021)** HH survey 2019 1595 50-75  Col: Ever 72.2% 725%  72.6%
He® (2023)*° BRFSS 2020 175,698 50-75  Col: 10 yrs 64.5% 633%  653%
FS: 5 yrs 3.8% 47% 32%
CT col: 5 yrs 2.7% 3.2% 2.3%
Star® (2024)*° NHIS 2021 NA 45-49  Col: 10 yr 17.8% (16.0-19.8) NR

Table 2: Estimates of recent and lifetime use of lower gastrointestinal endoscopy or CT colonography from the US.”

Cardoso et al.* and Ola et al."® provided estimates cate-
gorized by type of CRC screening offer. Utilization
within the past two years ranged from 3.6% in Romania
to 51.5% in France in 2013-2015° and from 3.6% in
Bulgaria to 67.1% in Denmark in 2018-2020," with
more favorable rates overall observed in countries of-
fering fecal tests within fully implemented national
organized screening programs®'® (Table S6).

Five studies, one each from Singapore,” Canada,”
Korea,” Switzerland,”" and Spain,” presented recent

utilization estimates by sex, revealing fairly equal utili-
zation between males and females. Additionally, two
studies from Canada’**” and one each from Korea™ and
Spain® reported recent fecal test use by age group.
Utilization generally increased with increasing age, and
was highest in age group 64-74 years (Table S6).

Endoscopy use in other countries

Nineteen studies reporting estimates on the utilization
of colonoscopy or sigmoidoscopy were included These
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First author (Yr) Study characteristics

CRC test utilization

estimates by age or sex) are provided in Table S5).

Data source Latest year Sample size Age Time frame Overall Men Women
Breen® (2001)"° NHIS 1998 11,925 50+ FOBT: 2 yrs; FS: 3 yrs. 33.0%” 37.1% 30.2%
Nadel® (2002)*° NHIS 1998 12,072 50+ FOBT:1 yr; Proct/FS: 5 yrs 22.9% (22.0-23.8) 27.1% 19.6%
Swan® (2003)* NHIS 2000 11,622 50+ FOBT:1 yr or Endo: 3 yrs. 39.5%" 40.6%°  38.9%"
Seef* (2004)* NHIS 2000 11,468 50+ FOBT + endo. 42.5% (41.4-43.5) 44.5% 41.0%
Ever 54.2% (53.1-55.2) NR
Subramanian® (2005)”* NHIS 2000 12,505 50+ FOBT: 1 yr; FS: 5 yrs; Col. 10 yrs. 25.1% 26.7% 23.8%
Liang® (2006)** NHIS 2003 11,779 50+ FOBT: 1 yr; FS: 5 yrs; Col. 10 yrs. 42.0% 45.0%°  42.0%"
Ever 55.0% 57.0% 56.0%
Meissner® (2006)”° NHIS 2003 11,302 50+ FOBT: 1 yr; FS: 5 yrs, Col-10 yrs 44.5%" 46.5% 43.1%
Shapiro® (2008)°° NHIS 2005 11,943 50+ FOBT: 1 yr; Endo: 10 yrs 50.0% (48.8-51.2) 51.7% 48.7%
Klabunde® (2011)*° NHIS 2008 7776 50-75 Up-to-date with screening 54.5% (52.9-56.2) NR
Shapiro (2012)* NHIS 2010 8825 50-75 FOBT: 1 yr; FS: 5 yrs, Col.: 10 yrs 58.3% (56.6-60.1) 58.2% 58.4%
Cole® (2012)°" BRFSS 2005 466,175 50+ FOBT: 1 yr; FS: 5 yrs; Col.: 10 yrs. 52.1%"° NR
Sabatino® (2015)*° NHIS 2013 13,045 50-75 FOBT: 1 yr; FS: 5 yrs; Col: 10 yrs 57.8% (56.6-59.0) 56.7% 58.9%
White® (2017)** NHIS 2015 12,650 50-75 FOBT: 1 yr; FS: 5 yrs; Col: 10 yrs 62.4% (61.1-63.7) NR
de Moor® (2018)*” NHIS 2015 12,541 50-75 FOBT: 1 yr; FS: 5 yrs; Col: 10 yrs 61.3% (60.0-62.6) 60.7% 62.0%
Shapiro (2021)* NHIS 2018 10,595 50-75 FOBT/FIT: 1 yr 66.9% (65.8-68.1) 67.4 66.5%
Col: 10 yrs; CT col./FS: 5 yrs. mt-sDNA:
3 yrs
Sokale® (2022)* BRFSS 2020 779,143 50-75 FOBT/FIT: 1 yr 72.5% (71.9-73.1) NR
Col: 10 yrs; FS: 5 yrs + FOBT/FIT-3 yrs.
Santiago-Rodriguez® (2023)* NHIS 2018 43,624 50-75 FOBT: 1yr, FS: 5 yrs + FOBT: 3 yrs, Col: 62.8% (62.2-63.3) NR
10 yrs.
He® (2023)* BRFSS 2020 175,698 50-75 FOBT/FIT: 1 yr; 70.4% 69.3% 71.4%
FS: 5 yrs + FOBT/FIT-3 yrs; Col: 10 yrs
FIT: 1 yr; mt-sDNA: 3 yrs; 72.4% 71.2% 73.5%
FS: 5-10 yrs; CT col: 5 yrs; Col: 10 yrs;
Castafieda-Avila (2024)** BRFSS 2012-2020 989,700 50-75 FOBT/FIT: 1 yr; Col: 10 yrs; FS: 5 yrs + 66.5% 47.7% 523%
FOBT/FIT-3 yrs.
Star® (2024)*° NHIS 2021 NA 45-49  gFOBT/FIT: 1 yr; Col: 10 yrs 19.7% (17.8-21.6) NR

Abbreviations: NHIS, National Health Interview Survey; BRFSS, Behavioral Risk Factor Surveillance System; FOBT, fecal occult blood test; gFOBT, guaiac-based fecal occult blood test; FIT, fecal
immunochemical test; mt-sDNA, multi-target stool DNA test; Endo, endoscopy; Col., colonoscopy; FS, flexible sigmoidoscopy; Proct., proctoscopy; NR, not reported; yr(s), year(s). *Table ordered first
according to publication year, then year of data collection. "Data calculated from the available information in the article. “Other information (e.g. estimates for other years reported in the study, or

Table 3: Estimates of use of fecal tests, FS and/or colonoscopy (combined) in the United States.”

studies include one each from Singapore,*”” Saudi Ara-
bia,” and Austria,* two from Canada,”>*’ three from
Switzerland,” ' four from Germany,”* five from Ko-
rea,”* and two from 30 European countries®"
(Table 5).

Lifetime use of colonoscopy was reported by two
studies from Germany,’”*> and one from Korea,” and
Austria.* In Germany, estimates ranged from 35.6% in
2004 to 60.1% in 2014/2015,'°* while utilization
reached 61.1% in Austria.®*

Substantial variations were noted in recent colo-
noscopy utilization estimates across the included
countries. The lowest reported estimate was in Saudi
Arabia at 0.6% in 2006-2007,* while the highest uti-
lization was reported in Germany at 58.5% in 2014.%
In Korea, utilization increased from 14.4% to 35.2%
in 2004-2013.“ A comparable pattern was observed in
Switzerland in 2007-2017 (21.9-42.8%).°' In Europe,
data from both EHIS surveys indicated variations in
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recent colonoscopy use based on the type of CRC
screening offered. Austria maintained the highest rates
among 50-74-year-olds in 2013-2015 and 2018-2020
(51.6% and 54.4%, respectively), while Bulgaria equally
showed the lowest utilization for both years (2.3% and
4.4%, respectively).®*

Four studies reported aggregated estimates for colo-
noscopy and sigmoidoscopy (or endoscopy) in
Switzerland (6.4% in 2007 and 15.0% in 2012),
Canada (37.2% in 2012),”” and Korea (18.5% in 2013).*

Regarding utilization of sigmoidoscopy only, a study
from Singapore provided estimates, both overall and by
sex indicating low 5-year utilization among eligible
adults (data from 2007/2008: 10.8%), with slightly
higher utilization observed in men.®

The overall utilization pattern of endoscopy in our
extracted data revealed a higher rate in men and among
older groups in most countries'#°5457.6162 (Table 5,
Table S7).
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First author (Yr) Study characteristics CRC test utilization
Country Data Latest ~ Sample  Age Time  Overall Men Women
source year size frame

Cardoso® (2020)° 30 European countries  EHIS 2015 125375 50-74 2yrs By country: see Table S6 NR

0la“ (2024)"° 29 European countries  EHIS 2020 129,750 50-74 2 yrs By country: see Table S6  NR

Wahidie (2023)** Austria AHIS 2019 8267 50+ Ever  80.1%" NR

Sewitch (2007)>° Canada CCHS 2003 17,498 50+ 2yrs  151% NR

Major[ (2015)% Canada CCHS 2012 9973 50+ 2 yrs 23.0% (22.0-24.0) NR

Singh® (2015)*” Canada CCHS 2012 NR 50-74 2yrs  30.1% 30.0%  30.2%
Sieverding (2010)°*  Germany HCAP 2004 15810  50-70 Ever  53.4%" 44.0%  62.5%°
Wahidie (2022) Germany GHU 2015 11,757 50+ Ever  81.9%° NR

Choi® (2010)* Korea KNCSS 2008 922 50-79 1yr 21.3% 21.0%  21.6%
Park® (2012)"° Korea KNCSS 2011 4100 50+ lyr  25.0% NR

Suh® (2016)" Korea KNCSS 2013 4100 50+ 1yr 27.6% NR

Buic (2017)* Korea KNCSS 2014 2066 50-74 Ever  52.1% 50.4%  49.6%
Choi® (2018)*° Korea KNCSS 2013 2154 50+ 1yr 29.7% 52.8%  47.2%
Khoja (2018){’% Saudi Arabia SNSEH 2007 2946 60+ 1yr 4.4% NR

Wong (2013)% Singapore HH survey 2008 1743 50+ 1yr 20.9% 22.4%  20.0%
Portero de la Spain SNHS and EHS 2020 6929 50-69 2yrs  Overall: 38.0% 37.7%  383%
Cruz® (2023)%° 2020: 43.9%

Spaeth (2013)>° Switzerland SHIS 2007  NR 50+ 1yr  77% NR

Fedewa® (2015)%° Switzerland SHIS 2012 7224 50-75  2yrs 9.8% NR

Schneider® (2022)°*  Switzerland SHIS 2017 8038 50-75 2yrs 5.3% 5.4% 5.2%
Abbreviations: CCHS, Canadian Community Health Survey; HH survey, Household survey; HCAP, Health Care Access Panel; KNCSS, Korean National Cancer Screening Survey;
SHIS, Swiss Health Interview Survey; SNSEH, Saudi National Survey for Elderly Health; EHIS, European Health Interview Survey; AHIS, Austrian Health Interview Survey;
SNHS, Spanish National Health Survey; EHS, European Health Survey; GHU, German Health Update; gFOBT, guaiac-based fecal occult blood test; NR, not reported; yr(s),
year(s). *Table ordered first according to country (in alphabetical order), then the year of data collection. ®Data calculated from the available information in the article.
“Other information (e.g. estimates for other years reported in the study, or estimates by age or sex) are provided in Table S6).
Table 4: Estimates of recent and lifetime use of fecal test (gFOBT or FIT) in other countries.”

Combined use of fecal tests, flexible sigmoidoscopy
and/or colonoscopy in other countries

Fifteen studies from Canada, Singapore, Switzerland,
Korea, Saudi Arabia, and Europe reported utilization of
fecal tests, flexible sigmoidoscopy and/or colonoscopy
(combined).>0#-#742505557-63 - Screening  within recom-
mended guidelines for any test in Canada increased
from 30.1% in 2003“ to 55.2% in 2012,” aligning
respectively with comparable estimate reported in Korea
[55.6% (2013)]."° In Switzerland, the overall utilization
rate in 2017 (48.1%)' was comparable to some other
European countries based on EHIS 2013-2015 data (e.g.
Denmark: 47.0%).* Among European nations, Germany
(70.9%) and Denmark (74.9%) exhibited the highest
utilization of either fecal tests or colonoscopy among
people aged 50-74 respectively, in 2013-2015 and
2018-2020, while Romania (6.3%) and Bulgaria (6.3%)
reported the lowest utilization rates, respectively, in
these years.*'* In Saudi Arabia, CRC screening use was
only 5.6% in 2007.° Estimates from Korea demon-
strated a substantial increase from 19.9% in 2004 to
64.4% in 2020 (Table 6, Table S8).

Description of temporal trends in CRC screening
test use

Using data from included studies from 1987,'#2022%~
20:28,2052,33,35,404145 we observed a steady rise in use of any

CRC screening test from approximately 24% in 1987 to
70% in 2020 in the US This increase was predominantly
driven by a steep increase in colonoscopy utilization,
from nearly 20% in 2000 to 64.5% in 2020.** In
contrast, following an initial rise up to 1998, both fecal
tests and sigmoidoscopy utilization continuously
declined from approximately 20% (fecal tests) and
13.6% (sigmoidoscopy) in 1998 to as low as 7.1% and
less than 1%, respectively, in 2015.2**> However, there
has been a slight increase in the utilization of these tests
since 2016, along with the newly-introduced mt-sDNA
(5.8% in 2020)* (Fig. 2).

The utilization of any screening test continuously
increased over time in Korea,”* Switzerland,**' Can-
ada,””** and most of Europe.*’® Despite slight down-
turns in 2009-2011 and 2016-2017, the use of any
screening tests consistently increased in Korea, driven
almost equally by both fecal tests and colonoscopy,
mirroring the pattern observed in Canada Conversely, in
Switzerland, the prevalence of CRC screening is pre-
dominantly propelled by colonoscopy, while the use of
fecal tests steadily declined (Figs. 3-6).

Discussion
This review summarizes national estimates of CRC
screening test utilization among eligible age groups
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First author (Yr) Study characteristics CRC test utilization
Country Data Latest ~ Sample Age  Time frame  Overall Men Women
source year size
Cardoso® (2020)° 30 European EHIS 2015 125,375 50-74 Col: 10 yrs By country: see NR
countries Table S7
Ola“ (2024)"° 29 European EHIS 2020 129,750 5074 Col: 10yrs By country: see NR
countries Table S7
Wahidie (2023)** Austria AHIS 2019 8267 50+  Col: Ever 61.1%" NR
Sewitch (2007)> Canada CCHS 2003 17,498 50+ 10 yrs 20.6% NR
Singh (2015)*” Canada CCHS 2012 NR 50-74 FS/Col: 37.2% 37.6% 36.9%
10 yrs
Sieverding® (2010)°"  Germany HCAP 2004 15,810 50-70 Col: Ever 35.6% 33.4%" 36.8%"
Starker® (2017)>° Germany GEDA/ 2014/ 9489 55+  Col: 10 yrs  58.5% 60.8% 56.5%
EHIS 15
Wahidie (2022)°” Germany GHU 2014/ 11,757 50+  Col: Ever 60.1%" NR
15
Hornschuch® Germany GePaRD 2017 7,475,668 NR Col: 10 yrs 31.0% See Table S7
(2022)>*
Choi® (2010)* Korea KNCSS 2008 922 50-79 Endo: 10 yrs  20.5% 19.3% 21.6%
Park® (2012)* Korea KNCSS 2011 4100 50+ Col: 10yrs  23.6% NR
Suh® (2016)>* Korea KNCSS 2013 4100 50+  Col: 10yrs  352% NR
Bui® (2017)* Korea KNCSS 2014 2066 50-74 Col: Ever 41.4% 52.8%"° 47.3%°
Choi (2018)*° Korea KNCSS 2013 2154 50+  Endo: 10 yrs 37.3% NR
Khoja (2018)% Saudi Arabia SNSEH 2007 2946 60+  Col: 5yrs 0.6% NR
Wong (2013)* Singapore HH survey 2007/8 1743 50+  Col: 10yrs  Col. 14.0% Col: 16.1% Col: 12.7%
FS: 5 yrs Sig: 10.8% Sig: 12.1%  Sig: 10.0%
Spaeth (2013)° Switzerland SHIS 2007  NR 50+  Endo:5yrs  6.4% NR
Fedewa“ (2015)*° Switzerland SHIS 2012 7224 50-75 Endo: 10 yrs  15.0% NR
Schneider® (2022)61 Switzerland SHIS 2017 8038 50-75 Col: 10 yrs 42.8% 42.8% 42.7%
Abbreviations: CCHS, Canadian Community Health Survey; HH survey, Household survey; HCAP, Health Care Access Panel; KNCSS, Korean National Cancer Screening Survey;
SHIS, Swiss Health Interview Survey; GEDA: Gesundheit in Deutschland aktuell; SNSEH, Saudi National Survey for Elderly Health; EHIS, European Health Interview Survey;
GePaRD, German Pharmacoepidemiological Research Database; GHU, German Health Update; AHIS, Austrian Health Interview Survey; Col., colonoscopy; FS, flexible
sigmoidoscopy; NR, not reported; yr(s), year(s). “Table ordered first according to country (in alphabetical order), then the year of data collection. "Data calculated from the
available information in the article. “Other information (e.g. estimates for other years reported in the study, or estimates by age or sex) are provided in Table S7).
Table 5: Estimates of recent and lifetime use of lower Gl endoscopy (Colonoscopy or FS) in other countries.”

across different countries. The overall usage of CRC
screening tests showed an upward trend over time in
the majority of the countries examined in this review,
accompanied by considerable variations in the extent of
utilization for each test. Nevertheless, the estimates
remained below desired levels of utilization, as most
national targets are unmet to date.

The upward trend observed in the US was driven by
the rapid rise in colonoscopy utilization since the early
2000s.“'"** However, recent studies indicate a new surge in
the adoption of gFOBT/FIT in the US, as well as the
increasing use of mt-sDNA.**** The surge in colonoscopy
utilization is likely strongly linked to its recommendation
by US physicians.” Indeed, despite the challenges associ-
ated with colonoscopy, including its high cost, need for
rigorous bowel preparation, and potential complications
due to its invasive nature,* a significant proportion of US
primary care physicians reported a considerable uptick in
recommending colonoscopy compared to fecal tests, while
the volume of recommended sigmoidoscopies decreased
substantially.” This can be partly attributed to the percep-
tion of colonoscopy as the gold standard. However, it is
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also viewed as more readily available, and concerns
about potential legal repercussions if not offered to pa-
tients have contributed to the significant increase in its
recommendation.”

Although colonoscopy has made a significant contri-
bution to accelerating population CRC screening use in
the US, there is concern about its potential to exacerbate
disparities in healthcare access. As colonoscopy con-
tinues to be the predominant screening method, dispar-
ities in CRC screening uptake persist along ethnic and
racial lines, socioeconomic status, and among the unin-
sured and underinsured populations.?” 26

Except for mt-sDNA, which is only approved in the
US, fecal tests have gained widespread adoption in
various parts of the world as the primary screening
method, with colonoscopy primarily reserved for follow-
up tests following a positive fecal test.* In Europe, the
EU Commission’s Independent Expert Report on Can-
cer Screening recommended FIT as the triage test in
organized CRC screening programs.”” While recog-
nizing the superior performance of endoscopic screen-
ings, FIT was considered more acceptable, cost-effective,

Review
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First author (Yr) Study characteristics CRC test utilization
Country Data Latest ~ Sample Age Time frame Overall Men Women
source year size
Cardoso? (2020)° 30 European countries  EHIS 2015 125,375 50-74 FOBT/FIT: 2 yrs, Col. 10 yrs. By country: see Table S8 NR
ola® (2024)*° 29 European countries  EHIS 2020 129,750 50-74  FOBT/FIT: 2 yrs, Col. 10 yrs. By country: see Table S8  NA
Sewitch (2007)>° Canada CCHS 2003 17,498 50+ FOBT: 2 yrs, Endo: 10 yrs 30.1% NR
Ever 41.7%
Singh® (2015)*” Canada CCHS 2012 NR 50-74 Either or both FOBT (1 yr) and FS/Col. 55.2% 54.9%  55.5%
Simkin (2019)°° Canada CCHS 2014 22,523  50-74 Either/both FOBT: 2 yrs and FS/Col: 10 yrs  52.0% NR
Choi® (2010)* Korea KNCSS 2008 922 50-79  Col: 10 yrs, DCBE: 5 yrs; FOBT: 1 yr 36.6% NR
Park? (2012)*° Korea KNCSS 2011 21,865 50+ Col: 10 yrs, DCBE: 5 yrs; FOBT: 1 yr 35.3% NR
Ever 56.1%
Suh? (2016)" Korea KNCSS 2013 30,105 50+ Col: 10 yrs, FOBT: 1 yr; DCBE: 5 yrs 55.6% 56.3% 54.9%
Ever 70.3% NR
Choi® (2018)*° Korea KNCSS 2013 2154 50+ FOBT: 1 yr, Col: 10 yrs. 67.0% 49.6% 50.4%
Park? (2022)*° Korea KNCSS® 2020 29,040  50-74 FIT: 1 yr, DCBE: 5 yrs, or Col: 10 yrs 64.4% 673% 61.6%
Khoja“ (2018)% Saudi Arabia SNSEH 2006/7 2946 60+  FOBT: 1 yr; Col: 5 yrs. 5.6% 5.9%°  5.4%"
Wong (2013)* Singapore HH survey 2007/8 1743 50+ FOBT- 1 yr, FS: 5 yrs; Col.- 10 yrs 26.7% 28.7%  25.4%
Spaeth (2013)°° Switzerland SHIS 2007 NR 50+ FOBT- 1 yr, Endo: 5 yrs 13.0% NR
Fedewa (2015)°° Switzerland SHIS 2012 7224 50-75 FOBT: 2 yrs, Endo: 10 yrs 22.2% NR
Schneider® (2022)°*  Switzerland SHIS 2017 8038 50-75 Any test 48.1% 482%  47.9%
Abbreviations: CCHS, Canadian Community Health Survey; HH survey, Household survey; KNCSS, Korean National Cancer Screening Survey; SHIS, Swiss Health Interview Survey; SNSEH, Saudi National
Survey for Elderly Health; EHIS, European Health Interview Survey; FOBT, fecal occult blood test; FIT, fecal immunochemical test; Endo, endoscopy; Col., colonoscopy; FS, flexible sigmoidoscopy; DCBE,
double-contrast barium enema; NR, not reported; yr(s), year(s). *Table ordered first according to country (in alphabetical order), then the year of data collection. "Data calculated from the available
information in the article. “Up-to-date with CRC screening was defined as FIT within 1 year, or DCBE within 5 years, or colonoscopy within 10 years in 2005-2018. This was changed to FIT within 1 year or
colonoscopy within 10 years in 2019-2020.°° “Other information (e.g. estimates for other years reported in the study, or estimates by age or sex) are provided in Table S8).
Table 6: Estimates of use of any CRC Screening test in other countries.”

10

and required less highly skilled manpower.”” These  enhance screening uptake and alleviate technical and
factors contributed to the growing utilization of fecal =~ logistical barriers to screening. In the US, the cumula-
tests beyond the US. They are equally relevant to  tive impact of physicians’ favorable attitudes towards
resource-constrained regions in Asia, South America, colonoscopy,” and its unique advantages as the sole
and sub-Saharan Africa, offering an opportunity to  single-step test encompassing screening, diagnostic,
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Fig. 2: Trends in CRC screening utilization in the US, 1987-2020. Circle size represents relative sample size. Only studies that used test intervals
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within 1 year, colonoscopy within 10 years, sigmoidoscopy or computed tomographic (CT) colonography within 5 years, or multitarget stool
DNA (mt-sDNA) within 3 years.

www.thelancet.com Vol 75 September, 2024



Review

8

3
3
3

=

é 60 60

‘e

50 50

=

2

k]

Sao 40 .
3 ‘ ®

@

£30 ‘ (] |30 O
K

& o e}

620 20

© o ‘

)

3
3

0
2003 2005 2007 2009 2011 2013 2015 2017 2019 2021

Canada

@Q ”

2003 2005 2007 2009 2011 2013 2015 2017 2019 2021

Switzerland

Method
 Any test

° Colo.
° FOBT/FIT

g8 [
L J
30 ..
20 O@o
%8

2003 2005 2007 2009 2011 2013 2015 2017 2019 2021

ol

Korea
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colonoscopy within 5 years, double-contrast barium enema (DCBE) within 5 years, or fecal occult blood test (FOBT) within a year. Subsequently,
the interval for colonoscopy was extended to 10 years, and DCBE was excluded from the recommendations starting in 2018.%>*

and therapeutic capabilities,”” might have played a role
in its prioritization over fecal tests.

Similarly, in contrast to organized screening systems
where a two-step approach involving fecal tests could
prove effective, the predominantly opportunistic nature
of CRC screening in the US makes fecal tests less
favorable as a first-line method. This, in part, has
influenced the country’s CRC screening guidelines."
Following the US Centers for Medicare and Medicaid
Services policy that necessitated co-payment for follow-
up colonoscopy after a positive fecal test, in contrast to
direct screening colonoscopy, the incentive for fecal test
utilization was effectively diminished.”

Various factors may account for the gradual decline in
the utilization of FS for CRC screening. The requirement
for a follow-up colonoscopy when polyps are detected
during screening FS renders it relatively cost-inefficient.*
Additionally, its long-term efficacy in reducing CRC
incidence and mortality among women is uncertain.”
Considering the affordability and procedural simplicity
of gFOBT/FIT compared to FS, this might also affect
adherence to FS among eligible populations. Moreover,
the clinical guidelines from the American College of
Gastroenterology recommend FS primarily for in-
dividuals with incomplete colonoscopy or those who are
unfit or unwilling to undergo colonoscopy or FIT.**
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Fig. 5: Colonoscopy utilization in Europe in 2013-2015 and 2018-2020.

While there was notable variability in sex-specific
screening utilization over time, the overall age-specific
pattern consistently revealed low utilization among
younger age groups across all countries and screening
methods. Given the anticipated increase in CRC inci-
dence and mortality in the coming decades,” the
absence of targeted strategies to promote screening
uptake among younger, eligible age groups within many
existing screening guidelines and programs could
exacerbate this detrimental trend.

In the studies reviewed, we observed that a majority
of the existing data and population surveys inadequately
distinguish between screening and diagnostic tests for
CRC. There has been an argument suggesting that
differentiating between screening and non-screening
CRC tests is inconsequential, as repeat screening tests
are deemed unnecessary even when initially conducted
for non-screening purposes.””” Nonetheless, segre-
gating the tests facilitates a precise assessment of
screening program effectiveness, preventive health
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education, and the identification and potential resolu-
tion of barriers and disparities in access and utilization
of these tests.”

Despite the proven reliability of self-reported sur-
veys,”* achieving complete discrimination between
screening and non-screening tests remains chal-
lenging.”” However, incorporating comprehensive sup-
porting information in the surveys and encouraging
interviewers, where applicable, to diligently explain the
distinctions can be beneficial. Additionally, the creation
of distinct questions for screening and non-screening
CRC tests in surveys may prompt respondents to
think critically about the accuracy of the information
they provide.

Due to the paucity of studies” and our emphasis on
nationally representative reports, this review did not
include estimates from countries in Africa, South
America, and much of Asia. This may potentially reflect
the limited availability of CRC screening tests, the
absence of population-based screening programs, or the
lack of research-centric population health surveys and
databases in these regions. Nevertheless, the cost-
effectiveness of screening colonoscopy and FIT has
been established in some parts of Asia and Africa,”>”
and feasibility studies have been suggested to explore
the implementation of FIT-based screening in Africa.”

A recent review identified a lack of infrastructure and
trained personnel for endoscopy, along with insufficient
patient education about CRC screening, as barriers to
screening in Africa.”* Addressing these potential bar-
riers is crucial, and there is a need to integrate proven
screening strategies tailored to local resources and
technical and logistical peculiarities.

In a large population like China, most CRC
screening programs are predominantly conducted at
provincial and municipal levels, with two central and
four regional-level programs initiated as of 2020.”
However, most research has focused on evaluating
program-specific metrics rather than the overall
population-level screening utilization rates. A recent
review showed that the national average screening
coverage among the eligible age group (40-74 years)
across these existing programs—including organized,
opportunistic, and physical examination pathways—re-
mains approximately 3%.”

Progressively, as many countries strive to achieve
diverse population CRC screening utilization targets,
the emphasis should be on enhancing accessibility,
affordability, eliminating disparities in access, and
adopting resource-effective strategies. The imple-
mentation of organized CRC screening programs has
proven effective in enhancing screening uptake, for
example in Europe, particularly when implemented on a
national scale.®"

Also, the implementation of organized screening
guidelines with FIT could empower physicians in their
messaging and recommendations. It has been
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demonstrated to rapidly increase CRC screening utili-
zation, particularly in regions previously operating
opportunistic programs.® The recent American College
of Gastroenterology guidelines recommending a FIT-
based organized system could further accelerate CRC
screening utilization.” Moreover, the concurrent
implementation of the new US Centers for Medicare
and Medicaid Services cost coverage for follow-on co-
lonoscopy may offer synergistic support, contributing to
the reduction of disparities in CRC screening.”

Furthermore, the availability of multiple screening
alternatives could attract individuals with diverse
screening preferences.” Combining various strategies
to mobilize eligible individuals is likely to enhance test
utilization, even within organized screening systems.'**'

A key strength of this study is its inclusion of studies
exclusively utilizing nationally representative data. The
analysis of time trends in CRC screening test utilization,
especially in the US, offers a comprehensive overview of
the progress achieved over the past three decades,
providing an opportunity to understand how various
policies and guidelines have impacted screening
utilization.

A limitation of the study is that majority of eligible
studies were identified in the US, largely owing to the
consistent availability of population-based data like
NHIS over several decades. In contrast, eligible studies
from other regions are limited or sometimes absent,
making it challenging to form a comprehensive under-
standing of screening utilization over the long term.
Similarly, we cannot rule out potential biases that might
have been introduced due to non-inclusion of studies
which utilized regional/provincial-level data or data
from large population subgroups.

Additionally, since the included studies predomi-
nantly relied on self-reported data, the risk of recall and
reporting biases, with the potential for both over-
estimation and underestimation of screening test use,
cannot be ruled out.

Overall, CRC screening tests remain underutilized in
many countries, notwithstanding the rising
colonoscopy-driven trends in the US and the increasing
adoption of triage fecal tests in Europe and a few other
countries. Efforts to reduce CRC incidence and mor-
tality rely on wide coverage and utilization of proven
screening tests by all eligible individuals. Hence,
without discarding other screening options, including
sigmoidoscopy, the implementation of organized, FIT-
based programs could be a cost-efficient strategy to
rapidly increase screening uptake, even in resource-
limited settings.

Distinguishing between screening and non-
screening tests in surveys is useful. Where resources
permit, regular population-based surveys are encour-
aged to facilitate prompt, policy-relevant decision-mak-
ing for addressing screening uptake and various barriers
to screening utilization.

13



Review

14

Contributors

Conceptualization of topic: 1.0., R.C., and H.B.; Research methodology:
1.0., R.C., M.H,, and H.B. Data curation: I.O. and R.C.; analysis, software,
and investigation: 1.0.; resources: H.B. Writing—Original draft prepara-
tion: 1.0.; Writing—Co-authors review and editing: 1.0., R.C., M.H., and
H.B.; Supervision: H.B. All authors have read and approved the submitted
version. All the authors verified the underlying data used in the study.

Data sharing statement

The data used in this study is available as published data in the various
included articles. Data inventories are also provided as supplementary
materials.

Declaration of interests
The authors declare no conflicts of interest in the conduct of this study.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
org/10.1016/j.eclinm.2024.102783.

References

1

10

11

12

13

Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer ] Clin. 2021;71:209-249.
https://doi.org/10.3322/caac.21660.

Brenner H, Chen C. The colorectal cancer epidemic: challenges and
opportunities for primary, secondary and tertiary prevention. Br |
Cancer. 2018;119:785-792. https://doi.org/10.1038/s41416-018-0264-x.
Brenner H, Stock C, Hoffmeister M. Effect of screening sigmoid-
oscopy and screening colonoscopy on colorectal cancer incidence
and mortality: systematic review and meta-analysis of randomised
controlled trials and observational studies. BMJ. 2014;348:82467.
https://doi.org/10.1136/bmj.g2467.

Shaukat A, Levin TR. Current and future colorectal cancer
screening strategies. Nat Rev Gastroenterol Hepatol. 2022;19:521—
531. https://doi.org/10.1038/s41575-022-00612-y.

Brenner H, Heisser T, Cardoso R, Hoffmeister M. Reduction in
colorectal cancer incidence by screening endoscopy. Nat Rev Gas-
troenterol  Hepatol.  2024;21:125-133.  https://doi.org/10.1038/
541575-023-00847-3.

Bretthauer M, Loberg M, Wieszczy P, et al. Effect of colonoscopy
screening on risks of colorectal cancer and related death. N Engl ] Med.
2022;387:1547-1556. https://doi.org/10.1056/NE[M0a2208375.
Cardoso R, Niedermaier T, Chen C, Hoffmeister M, Brenner H.
Colonoscopy and sigmoidoscopy use among the average-risk pop-
ulation for colorectal cancer: a systematic review and trend analysis.
Cancer Prev Res. 2019;12:617-630.

Cardoso R, Guo F, Heisser T, Hoffmeister M, Brenner H. Uti-
lisation of colorectal cancer screening tests in European countries
by type of screening offer: results from the European health
interview survey. Cancers. 2020;12:1409. https://doi.org/10.3390/
cancers12061409.

von Wagner C, Baio G, Raine R, et al. Inequalities in participation
in an organized national colorectal cancer screening programme:
results from the first 2.6 million invitations in England. Int | Epi-
demiol. 2011;40:712-718.

Ola I, Cardoso R, Hoffmeister M, Brenner H. Utilization of colo-
rectal cancer screening tests across European countries: a cross-
sectional analysis of the European health interview survey 2018-
2020. Lancet Reg Health Eur. 2024;41:100920. https://doi.org/10.
1016/j.lanepe.2024.100920.

Bradley DT, Treanor C, McMullan C, Owen T, Graham A,
Anderson D. Reasons for non-participation in the Northern Ireland
bowel cancer screening programme: a qualitative study. BM] Open.
2015;5:e008266. https://doi.org/10.1136/bmjopen-2015-008266.
National Colorectal Cancer Roundtable. 2017 4 29. 80% by 2018
communications guidebook: recommended messaging to reach the
unscreened. Available online at: https://nccrt.org/resource/2017-
80-2018-communications-guidebook-recommended-messaging-
reach-unscreened/. Accessed October 18, 2023.

Council of the European Union. Council recommendation on
strengthening prevention through early detection: a new EU
approach on cancer screening replacing council recommendation

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

2003/878/EC — adoption. https://data.consilium.europa.eu/doc/
document/ST-14770-2022-INIT/en/pdf; 2022. Accessed December
30, 2022.

Shaukat A, Kahi CJ, Burke CA, et al. ACG clinical guidelines:
colorectal cancer screening 2021. Am J Gastroenterol. 2021;116:458—
479. https://doi.org/10.14309/ajg.0000000000001122.

US Preventive Services Task Force. Screening for colorectal cancer:
US preventive Services task force recommendation statement.
JAMA. 2021;325:1965-1977. https://doi.org/10.1001/jama.2021.
623.

Mourad O, Hossam H, Zbys F, Ahmed E. Rayyan — a web and
mobile app for systematic reviews. Syst Rev. 2016;5:210. https://doi.
0rg/10.1186/s13643-016-0384-4.

Thomas BH, Ciliska D, Dobbins M, Micucci S. A process for sys-
tematically reviewing the literature: providing the research evidence
for public health nursing interventions. Worldviews Evid Based Nurs.
2004;1:176-184. https://doi.org/10.1111/§.1524-475X.2004.04006.x.
Anderson LM, May DS. Has the use of cervical, breast, and colo-
rectal cancer screening increased in the United States? Am J Public
Health. 1995;85:840-842. https://doi.org/10.2105 /ajph.85.6.840.
Breen N, Wagener DK, Brown ML, Davis WW, Ballard-Barbash R.
Progress in cancer screening over a decade: results of cancer
screening from the 1987, 1992, and 1998 national health interview
surveys. J Natl Cancer Inst. 2001;93:1704-1713. https://doi.org/10.
1093 /jnci/93.22.1704.

Nadel MR, Blackman DK, Shapiro JA, Seeff LC. Are people being
screened for colorectal cancer as recommended? Results from the
national health interview survey. Prev Med. 2002;35:199-206.
https://doi.org/10.1006/pmed.2002.1070.

Swan |, Breen N, Coates R], Rimer BK, Lee NC. Progress in cancer
screening practices in the United States: results from the 2000
national health interview survey. Cancer. 2003;97:1528-1540.
https://doi.org/10.1002/cncr.11208.

Seeff LC, Nadel MR, Klabunde CN, et al. Patterns and predictors of
colorectal cancer test use in the adult U.S. population. Cancer.
2004;100:2093-2103. https://doi.org/10.1002 /cncr.20276.
Subramanian S, Amonkar MM, Hunt TL. Use of colonoscopy for
colorectal cancer screening: evidence from the 2000 national health
interview survey. Cancer Epidemiol Biomarkers Prev. 2005;14:409—
416. https://doi.org/10.1158/1055-9965.EPI-03-0493.

Liang SY, Phillips KA, Nagamine M, Ladabaum U, Haas JS. Rates
and predictors of colorectal cancer screening. Prev Chronic Dis.
2006;3:A117.

Meissner HI, Breen N, Klabunde CN, Vernon SW. Patterns of
colorectal cancer screening uptake among men and women in the
United States. Cancer Epidemiol Biomarkers Prev. 2006;15:389-394.
https://doi.org/10.1158/1055-9965.EP1-05-0678.

Shapiro JA, Seeft LC, Thompson TD, Nadel MR, Klabunde CN,
Vernon SW. Colorectal cancer test use from the 2005 National Health
Interview Survey. Cancer Epidemiol Biomarkers Prev. 2008;17:1623—
1630. https://doi.org/10.1158/1055-9965.epi-07-2838.

Doubeni CA, Laiyemo AO, Young AC, et al. Primary care, eco-
nomic barriers to health care, and use of colorectal cancer
screening tests among Medicare enrollees over time. Ann Fam
Med. 2010;8:299-307. https://doi.org/10.1370/afm.1112.

Swan J, Breen N, Graubard BI, et al. Data and trends in cancer
screening in the United States: results from the 2005 national
health interview survey. Cancer. 2010;116:4872—-4881. https://doi.
org/10.1002/cncr.25215.

Klabunde CN, Cronin KA, Breen N, Waldron WR, Ambs AH,
Nadel MR. Trends in colorectal cancer test use among vulnerable
populations in the United States. Cancer Epidemiol Biomarkers Prev.
2011;20:1611-1621. https://doi.org/10.1158/1055-9965.EPI-11-
0220.

Shapiro JA, Klabunde CN, Thompson TD, Nadel MR, Seeff LC,
White A. Patterns of colorectal cancer test use, including CT colo-
nography, in the 2010 National Health Interview Survey. Cancer
Epidemiol Biomarkers Prev. 2012;21:895-904. https://doi.org/10.
1158/1055-9965.EPI1-12-0192.

Cole AM, Jackson JE, Doescher M. Urban-rural disparities in
colorectal cancer screening: cross-sectional analysis of 1998-2005
data from the centers for disease control’s behavioral risk factor
surveillance study. Cancer Med. 2012;1:350-356. https://doi.org/10.
1002 /cam4.40.

de Moor JS, Cohen RA, Shapiro JA, et al. Colorectal cancer
screening in the United States: trends from 2008 to 2015 and
variation by health insurance coverage. Prev Med. 2018;112:199—
206. https://doi.org/10.1016/j.ypmed.2018.05.001.

www.thelancet.com Vol 75 September, 2024



Review

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

Shapiro JA, Soman AV, Berkowitz Z, et al. Screening for colorectal
cancer in the United States: correlates and time trends by type of
test. Cancer Epidemiol Biomarkers Prev. 2021;30:1554—-1565. https://
doi.org/10.1158/1055-9965.EPI-20-1809.

Zhu X, Parks PD, Weiser E, Griffin JM, Limburg PJ, Finney
Rutten LJ. An examination of socioeconomic and racial/ethnic
disparities in the awareness, knowledge and utilization of three
colorectal cancer screening modalities. SSM Popul Health. 2021;14:
100780. https://doi.org/10.1016/j.ssmph.2021.100780.

He Y, Xu T, Fang J, et al. Trends in colorectal cancer screening in
the United States, 2012 to 2020. ] Med Screen. 2023;30:125-133.
https://doi.org/10.1177/09691413231174163.

Star J, Siegel RL, Minihan AK, Smith RA, Jemal A, Bandi P.
Colorectal cancer screening test exposure patterns in US adults 45
to 49 years of age, 2019-2021. J Natl Cancer Inst. 2024;116:613-617.
https://doi.org/10.1093 /jnci/djae003.

Chao A, Connell CJ, Cokkinides V, Jacobs EJ, Calle EE, Thun MJ.
Underuse of screening sigmoidoscopy and colonoscopy in a large
cohort of US adults. Am | Public Health. 2004;10:1775-1781.
https://doi.org/10.2105/A]PH.94.10.1775.

Sanford NN, Sher DJ, Butler S, et al. Cancer screening patterns
among current, former, and never smokers in the United States,
2010-2015. JAMA Netw Open. 2019;2:€193759. https://doi.org/10.
1001 /jamanetworkopen.2019.3759.

Hong YR, Xie Z, Turner K, Datta S, Bishnoi R, Shah C. Utilization
pattern of computed tomographic colonography in the United
States: analysis of the U.S. national health interview survey. Cancer
Prev Res. 2021;14:113-122. https://doi.org/10.1158/1940-6207.
CAPR-20-0175.

Sabatino SA, White MC, Thompson TD, Klabunde CN, Centers for
Disease Control and Prevention (CDC). Cancer screening test use -
United States, 2013. MMWR Morb Mortal Wkly Rep. 2015;64:464—
468.

White A, Thompson TD, White MC, et al. Cancer screening test
use - United States, 2015. MMWR Morb Mortal Wkly Rep.
2017;66:201-206. https://doi.org/10.15585/mmwr.mm6608al.
Sokale 10, Rosales O, Montealegre JR, Oluyomi AO, Thrift AP.
Trends in up-to-date colorectal cancer screening among U.S. adults
aged 50-75 years and variations by race/ethnicity and U.S. census
bureau divisions. AJPM Focus. 2022;2:100055. https://doi.org/10.
1016/j.focus.2022.100055.

Santiago-Rodriguez EJ, Shariff-Marco S, Gomez SL, Hiatt RA.
Disparities in colorectal cancer screening by time in the U.S. and
race/ethnicity, 2010-2018. Am | Prev Med. 2023;65:74-82. https://
doi.org/10.1016/j.amepre.2023.01.033.

Castafieda-Avila MA, Tisminetzky M, Oyinbo AG, Lapane K. Racial
and ethnic disparities in use of colorectal cancer screening among
adults with chronic medical conditions: BRFSS 2012-2020. Prev
Chronic Dis. 2024;21:E12. https://doi.org/10.5888 /pcd21.230257.
Choi KS, Jun JK, Lee HY, et al. Increasing uptake of colorectal
cancer screening in Korea: a population-based study. BMC Public
Health. 2010;10:265. https://doi.org/10.1186/1471-2458-10-265.
Park B, Choi KS, Lee YY, Jun JK, Seo HG. Trends in cancer
screening rates among Korean men and women: results from the
Korean National Cancer Screening Survey (KNCSS), 2004-2011.
Cancer Res Treat. 2012;44:113-120. https://doi.org/10.4143 /crt.
2012.44.2.113.

Suh M, Choi KS, Park B, et al. Trends in cancer screening rates
among Korean men and women: results of the Korean national
cancer screening survey, 2004-2013. Cancer Res Treat. 2016;48:1—
10. https://doi.org/10.4143 /crt.2014.204.

Bui NC, Cho HN, Lee YY, et al. Stages of adoption for fecal occult
blood test and colonoscopy tests for colorectal cancer screening in
Korea. Cancer Res Treat. 2018;50:416—427. https://doi.org/10.4143/
crt.2017.075.

Choi E, Lee YY, Suh M, et al. Associations of perceived risk and
cancer worry for colorectal cancer with screening behaviour.
J Health  Psychol. 2018;23:840-852. https://doi.org/10.1177/
1359105316679721.

Park B, Lee YY, Song SY, et al. Trends of colorectal cancer
screening rates in Korea: Korean national cancer screening survey
2005-2020. Gut Liver. 2022;16:930-941. https://doi.org/10.5009/
gnl210419.

Sieverding M, Matterne U, Ciccarello L, Haug U. Colonoscopy use
in a country with a long-standing colorectal cancer screening pro-
gramme: evidence from a large German survey. Z Gastroenterol.
2010;48:1351-1357. https://doi.org/10.1055/5-0029-1245611.

www.thelancet.com Vol 75 September, 2024

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Wahidie D, Yilmaz-Aslan Y, Brzoska P. Participation in colorectal
cancer screening among migrants and non-migrants in Germany:
results of a population survey. Gastrointest Disord. 2022;4:97-107.
https://doi.org/10.3390/gidisord4030011.

Starker A, Buttmann-Schweiger N, Kraywinkel K, Kuhnert R. The
utilization of colonoscopy in Germany. J Health Monit. 2017;2:76—
81. https://doi.org/10.17886 /rki-gbe-2017-126.

Hornschuch M, Schwarz S, Haug U. 10-year prevalence of diag-
nostic and screening colonoscopy use in Germany: a claims data
analysis. Eur J Cancer Prev. 2022;31:497-504. https://doi.org/10.
1097/CEJ.0000000000000736.

Sewitch M]J, Fournier C, Ciampi A, Dyachenko A. Adherence to
colorectal cancer screening guidelines in Canada. BMC Gastro-
enterol. 2007;7:39. https://doi.org/10.1186/1471-230X-7-39.

Major D, Armstrong D, Bryant H, et al. Recent trends in breast,
cervical, and colorectal cancer screening test utilization in Canada,
using self-reported data from 2008 and 2012. Curr Oncol.
2015;22:297-302. htips://doi.org/10.3747/c0.22.2690.

Singh H, Bernstein CN, Samadder JN, Ahmed R. Screening rates
for colorectal cancer in Canada: a cross-sectional study. CMAJ
Open. 2015;3:E149-E157. https://doi.org/10.9778 /cmajo.20140073.
Simkin J, Ogilvie G, Hanley B, Elliott C. Differences in colorectal
cancer screening rates across income strata by levels of urbaniza-
tion: results from the Canadian community health survey (2013/
2014). Can ] Public Health. 2019;110:62-71. https://doi.org/10.
17269/s41997-018-0143-5.

Spaeth A, Zwahlen M. Use of lower gastrointestinal endoscopy and
fecal occult blood test in the 2007 Swiss Health Interview Survey
respondents aged 50 years and older. Endoscopy. 2013;45:560-566.
https://doi.org/10.1055/s-0032-1326636.

Fedewa SA, Cullati S, Bouchardy C, et al. Colorectal cancer
screening in Switzerland: cross-sectional trends (2007-2012) in so-
cioeconomic disparities. PLoS One. 2015;10:e0131205. https://doi.
org/10.1371/journal.pone.0131205.

Schneider R, Syrogiannouli L, Bissig S, et al. Ten-year changes in
colorectal cancer screening in Switzerland: the swiss health inter-
view survey 2007, 2012 and 2017. Prev Med Rep. 2022;27:101815.
https://doi.org/10.1016/j.pmedr.2022.101815.

Wong RK, Wong ML, Chan YH, Feng Z, Wai CT, Yeoh KG. Gender
differences in predictors of colorectal cancer screening uptake: a
national cross-sectional study based on the health belief model.
BMC Public Health. 2013;13:677. htips://doi.org/10.1186/1471-
2458-13-677.

Khoja A, Aljawadi M, Al-Shammari SA, et al. Utilization of colo-
rectal cancer screening among Saudi elderly population: a study
from the Saudi national survey for elderly health. Asian Pac |
Cancer Prev. 2018;19:3401-3407. https://doi.org/10.31557/APJCP.
2018.19.12.3401.

Wahidie D, Yilmaz-Aslan Y, Brzoska P. Heterogeneity in the uti-
lization of fecal occult blood testing and colonoscopy among mi-
grants and non-migrants in Austria: results of the Austrian Health
Interview Survey. Gastrointest Disord. 2023;5:37-49. https://doi.org/
10.3390/gidisord5010004.

Portero de la Cruz S, Cebrino J. Uptake patterns and predictors of
colorectal cancer screening among adults resident in Spain: a
population-based study from 2017 to 2020. Front Public Health.
2023;11:1151225. https://doi.org/10.3389/fpubh.2023.1151225.
Fisher DA, Princic N, Miller-Wilson LA, et al. Utilization of a
colorectal cancer screening test among individuals with average
risk. JAMA Netw Open. 2021;4:€2122269. https://doi.org/10.1001/
jamanetworkopen.2021.22269.

Zapka J, Klabunde CN, Taplin S, et al. Screening colonoscopy in the
US: attitudes and practices of primary care physicians. | Gen Intern
Med.  2012;27:1150-1158.  https://doi.org/10.1007/s11606-012-
2051-3.

Phillips KA, Liang SY, Ladabaum U, et al. Trends in colonoscopy
for colorectal cancer screening. Med Care. 2007;45:160-167.
https://doi.org/10.1097/01.mlr.0000246612.35245.21.

May FP, Yang L, Corona E, Glenn BA, Bastani R. Disparities in
colorectal cancer screening in the United States before and after
implementation of the Affordable Care Act. Clin Gastroenterol
Hepatol. 2020;18:1796-1804.e2. https://doi.org/10.1016/j.cgh.2019.
09.008.

European Commission, Directorate-General for Research and
Innovation, Group of Chief Scientific Advisors. Cancer screening in
the European union. Publications Office of the European Union;
2022. https://doi.org/10.2777/867180.



Review

16

71

72

73

74

75

76

Editorial. Increasing access to colorectal cancer screening in the
USA. Lancet Gastroenterol Hepatol. 2022;7(9):781. https://doi.org/
10.1016/S2468-1253(22)00246-1.

Holme @, Loberg M, Kalager M, et al. Long-term effectiveness of
sigmoidoscopy screening on colorectal cancer incidence and mor-
tality in women and men: a randomized trial. Ann Intern Med.
2018;168:775-782. https://doi.org/10.7326/M17-1441.

Morgan E, Arnold M, Gini A, et al. Global burden of colorectal
cancer in 2020 and 2040: incidence and mortality estimates from
GLOBOCAN. Gut. 2023;72:338-344. https://doi.org/10.1136/
gutjnl-2022-327736.

Najafi F, Moradinazar M, Hamzeh B, Rezaeian S. The reliability of
self-reporting chronic diseases: how reliable is the result of popu-
lation-based cohort studies. J Prev Med Hyg. 2019;60:E349-E353.
https://doi.org/10.15167/2421-4248 /jpmh2019.60.4.1118.

Schenck AP, Klabunde CN, Warren JL, et al. Data sources for
measuring colorectal endoscopy use among Medicare enrollees.
Cancer Epidemiol Biomarkers Prev. 2007;16:2118-2127. https://doi.
org/10.1158/1055-9965.EP1-07-0123.

Ginsberg GM, Lauer JA, Zelle S, Baeten S, Baltussen R. Cost
effectiveness of strategies to combat breast, cervical, and colorectal
cancer in sub-Saharan Africa and South East Asia: mathematical

77

78

79

80

81

modelling study. BMJ. 2012;344:e614. https://doi.org/10.1136/
bmj.e614.

Phisalprapa P, Supakankunti S, Chaiyakunapruk N. Cost-effec-
tiveness and budget impact analyses of colorectal cancer screenings
in a low- and middle-income country: example from Thailand.
J Med Econ. 2019;22:1351-1361. https://doi.org/10.1080/13696998.
2019.1674065.

Lee R, Holmes D. Barriers and recommendations for colorectal
cancer screening in Africa. Glob Health Action. 2023;16:2181920.
https://doi.org/10.1080/16549716.2023.2181920.

Li Y], Wang X, Wu YJ, et al. Access to colorectal cancer screening in
populations in China, 2020: a coverage-focused synthesis analysis.
Int | Cancer. 2024;155:558-568. https://doi.org/10.1002/ijc.34938.
Levin TR, Corley DA, Jensen CD, et al. Effects of organized colo-
rectal cancer screening on cancer incidence and mortality in a large
community-based population. Gastroenterology. 2018;155:1383—
1391.e5. https://doi.org/10.1053/j.gastro.2018.07.017.

Dougherty MK, Brenner AT, Crockett SD, et al. Evaluation of in-
terventions intended to increase colorectal cancer screening rates in
the United States: a systematic review and meta-analysis. JAMA
Intern Med. 2018;178:1645-1658. https://doi.org/10.1001 /jamai-
nternmed.20118.

www.thelancet.com Vol 75 September, 2024



