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Summary
Background Demographic aging is expected to increase the number of colorectal cancer (CRC) cases in many coun-
tries. Screening for CRC can substantially reduce the disease burden but its use has remained rather limited in Ger-
many. We aimed to quantify the expected impact of demographic aging on the future CRC burden and the potential
to reduce that burden by increased use of screening colonoscopy offers in Germany.

Methods We obtained sex- and age-specific data on colonoscopy use from AOK, the biggest health insurance pro-
vider in Germany, and combined these with the projected demographic development and current CRC incidence
rates. We estimated the number of new CRC cases until 2060, assuming screening colonoscopy use to be constant
or to increase to between 1¢5 and 3 times the current levels.

Findings Ten-year screening colonoscopy utilization rates were low (<20% in both sexes in all age groups). Assum-
ing no change in screening colonoscopy use, the overall annual caseload was predicted to increase from approxi-
mately 62,000 cases in 2020 to more than 70,000 cases by the year 2040 and more than 75,000 cases by 2050. To
avoid increasing case numbers, an increase of screening colonoscopy use to more than 3 times current levels would
be needed.

Interpretation At current levels of screening use, the strong effects of the demographic aging imply that the CRC
caseload will significantly increase in the decades to come. CRC screening efforts will need to be substantially
increased to even maintain the current level of incident cases.
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Introduction
Although the colorectal cancer (CRC) incidence rate has
declined by more than 20% over the last 16−18 years,1

CRC remains the third most common cancer in Ger-
many.2 There is overwhelming evidence that screening
reduces CRC incidence and mortality,3−7 and screening
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is recommended to start at ages 45 or 50 for individuals
at average risk.8,9 Stool-test- and colonoscopy-based
screening has been offered to the German general pop-
ulation since 1977 and 2002, respectively, and the
strong incidence reductions over the last two decades
are likely to be largely attributable to the uptake of popu-
lation-wide screening offers.10−12 An overview of the
CRC screening offers in Germany is provided in Table 1.

Notably, the absolute number of incident CRC cases
has also declined in the past two decades, but to a much
lesser extent as compared to the incidence rates.1 This is
attributable to the demographic change in Germany,
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Research in Context

Evidence before this study

The demographic transition in Germany leads to a
higher number and proportion of people at older age
who are at higher risk of colorectal cancer (CRC) relative
to the overall population. While screening colonoscopy
strongly reduces CRC incidence, it is unknown to what
extent screening efforts will need to be intensified to
compensate for the expected increase in CRC case
numbers.

Added value of this study

Assuming no change in screening colonoscopy use, the
annual number of newly diagnosed CRC cases is
expected to increase from approximately 62,000 in
2020 to more than 70,000 by the year 2040 and more
than 75,000 cases by the year 2050. We demonstrate
that an increase in 10-year use of screening colonos-
copy to more than 3 times the current levels would be
required to even maintain the number of incident CRC
cases at current levels.

Implications of all the available evidence

The strong effects of the demographic transition in Ger-
many imply that the number of newly diagnosed CRC
cases will significantly increase in the decades to come.
A substantial increase in use of effective screening
offers will be needed to at least maintain the 2020 level
of newly diagnosed cases.
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leading to a higher number and proportion of people at
older age. Even stronger demographic changes are
expected in the years to come. The absolute number of
men and women 67 years or older is expected to
increase from approximately 16 million in 2019 (19% of
total population) to more than 21 million in 2060 (28%
of total population).13 The considerably higher CRC
risks in older age groups14 suggest that even to maintain
the current level of newly diagnosed CRC cases, screen-
ing uptake will need to increase substantially. However,
Screening Test Offers for Men

Colonoscopy Start of eligibility: age 50

Up to two screening colonoscopies 10 years apart; 2nd s

ing colonoscopy only if 1st one was used before age

Fecal immuno-

chemical test

(FIT)b

Annually from age 50 to 54 if no screening colonoscopy

Biennially from age 55 onwards if no screening colonos

used

Table 1: Screening offer in Germany since April 2019.
a

a From October 2002 to March 2019, screening colonoscopy was offered from

to age 50, while the offer for women remained unchanged.
b Following a positive FIT, diagnostic colonoscopy is warranted. The traditiona
detailed evidence on screening uptake is sparse, as typi-
cally reported colonoscopy utilization rates do not dis-
criminate between screening and diagnostic procedures,
or are based on surveys highly prone to selection bias,
with individuals interested in health topics being those
most likely to respond.15

Combined with projections of the expected future
CRC burden, the availability of such utilization data
would allow for an estimation of the magnitude of
potential effects of increases in uptake of screening
offers. Such an analysis could provide vital guidance for
policymakers as to healthcare planning, resource alloca-
tion and the evaluation of screen-related interventions.16

The objective of this study therefore was, firstly, to
assess the utilization of screening and diagnostic colo-
noscopies in Germany, and secondly, to project the
expected numbers of annually diagnosed CRC cases in
the decades to come. Thirdly, while fecal testing also
contributes to CRC incidence reductions, screening
colonoscopy constitutes the gold standard screening test
for CRC, with high sensitivity even for non-advanced
CRC precursor lesions. As an exemplary case study, we
therefore sought to calculate the potential effect of
increased screening colonoscopy utilization rates on the
future CRC caseload.
Methods

Data sources
Utilization of colonoscopy and stool tests. Aggregated
anonymized data on colonoscopy and stool tests use
were provided by the scientific institute of the
“Allgemeine Ortskrankenkasse” (AOK), as previously
reported.17−19 AOK is the biggest statutory health insur-
ance company in Germany, which covers 26.9 million
people all over Germany (approximately one-third of the
German population). As all data were anonymized and
de-identified prior to analysis, no approval by an institu-
tional review board or informed consent was required.

The analysis on colonoscopy use was performed on
consecutive insurance years from 2008 to 2017 in
Offers for Women

Start of eligibility: age 55

creen-

65

Up to two screening colonoscopies 10 years apart; 2nd screen-

ing colonoscopy only if 1st one was used before age 65

is used Annually from age 50 to 54

copy is Biennially from age 55 onwards if no screening colonoscopy is

used

aged 55 on for both sexes. In April 2019, the eligibility age was lowered for men

lly used guaiac-based stool tests were replaced by modern FITs in 2017.
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subjects continuously insured within the study period.
Based on these data, cumulative use rates of screening
colonoscopy were derived, which is recommended every
10 years.9 Subjects with CRC diagnosis (ICD-10 codes
C18−C20) within the study period were excluded. In
the study population, sex- and age-specific utilization
rates of screening and diagnostic colonoscopies (i.e.,
colonoscopies for surveillance, workup of symptoms, or
other screening tests) were determined by reviewing
inpatient and outpatient prescription data (see Supple-
mentary Text 1 for details).

For ancillary analyses, we obtained data on the bien-
nial use of stool tests for the period 2015−2019. This
includes data on the traditional guaiac-based stool tests
as well as modern fecal immunochemical tests (FITs),
which replaced the guaiac-based tests in 2017. We also
obtained the number of individuals with diagnostic
colonoscopy in the year 2019. As follow-up colonosco-
pies after a positive stool test are documented as diag-
nostic procedures, data on the potential use of FIT prior
to a diagnostic colonoscopy were used as an additional
proxy on screening utilization.
CRC incidence rates. We extracted sex- and age-group-
specific absolute numbers of CRC cases as well CRC
incidence rates for the German general population in
the year 2018 (the most recent year available) from the
interactive database of the German Centre for Cancer
Registry Data14 which provides combined and quality-
checked data from epidemiological cancer registries in
Germany.
Population forecasts up to the year 2060. We retrieved
the results of the 14th coordinated population projection
based on the year 2018 by the German Federal Office of
Statistics, which covers the period up to 2060.20 Its
core consists of nine main variants, which illustrate the
range of possible developments and show how the pop-
ulation development is influenced by the demographic
components of fertility, mortality, and migration. For
our analysis, we chose variant G2-L3-W3, which
assumes moderate changes in fertility and life-expec-
tancy and uses migration patterns averaged for the
period 1990−2018.
Statistical analysis

Utilization of colonoscopy and stool tests. Colono-
scopy utilization rates were summarized stratified by
use (screening, diagnostic and combined), sex, and age-
groups (10 year-steps, age as per end of the observation
period; age groups 50−54 and 55−59 were reported sep-
arately as both sexes were eligible only from age 55
onwards during the study period (Table 1)). Use of stool
tests was summarized for biennial periods (2015−2016,
www.thelancet.com Vol 20 Month , 2022
2016−2017, 2017−2018, and 2018−2019) and stratified
by age groups within the eligible target population for
use of stool tests, starting at age 50 for both sexes
(50−54; 55−59; 60−69; 70−79). As a proxy for the pro-
portion of diagnostic colonoscopies due to a positive
result of a stool test screening, we divided the number
of individuals who had used a FIT within 184 days prior
to a diagnostic colonoscopy through the number of indi-
viduals with a documented diagnostic colonoscopy in
the year 2019.
Forecast of newly diagnosed CRC cases up to the year
2060. We calculated the numbers of CRC cases that
would be expected in the years 2030, 2040, 2050 and
2060 in the absence of changes in sex- and age-specific
incidence rates by multiplying the sex- and age-specific
incidence rates for the year 2018 by the expected num-
ber of individuals projected to live in Germany in the
corresponding years. Using the same methodology, we
also calculated the number of CRC cases expected to
have occurred in 2020 (not yet available from the
German Centre for Cancer Registry).

Then, reductions of sex- and age-specific CRC case
numbers that could be achieved by increasing use of
screening colonoscopy were calculated for each sex- and
age group as follows:

Let Pcurr be the current prevalence of having had a
colonoscopy within the past 10 years, I0 the incidence of
CRC among those who did not have a colonoscopy in
the past 10 years, and RR the rate reduction of those
who had a colonoscopy within the past 10 years com-
pared to those who did not have a colonoscopy. RR was
assumed to be 0.31 based on a meta-analysis of epidemi-
ological studies.4 Because CRC precursors are typically
detected and removed at diagnostic colonoscopies in the
same manner as at screening colonoscopies, the same
rate reduction was assumed for both screening and
diagnostic colonoscopies. In addition, we also assumed
the same rate reduction for those who had both a
screening colonoscopy and a diagnostic colonoscopy in
the previous 10 years, i.e. we assumed no incremental
protection from screening colonoscopy among people
who also had a diagnostic colonoscopy.

Then the current, observed sex-and age-specific inci-
dence rates within the respective sex-age-groups,
denoted Icurr are given as

Icurr ¼ Pcurr � RR� I0 þ 1� Pcurrð Þ � I0

¼ Pcurr � RRþ 1� Pcurrð Þ � I0 ð1Þ

from which sex- and age-specific values of I0 were
derived as

I0 ¼ Icurr= Pcurr � RRþ 1� Pcurrð Þ ð2Þ
Then, assuming I0 to remain constant over time, the

future sex- and age-specific incidence rates that would
3
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be expected with increased prevalences of colonoscopy
used (Pinc), denoted Ifut, were derived as

Ifut ¼ Pinc � RRþ 1� Pincð Þ � I0: ð3Þ
For our calculations, we assumed Pinc to increase

along corresponding increases of screening colonoscopy
use of 50%, 100%, and 200% relative to the prevalence
of having had a screening colonoscopy within the past
10 years as observed in the colonoscopy utilization data
obtained from AOK. The use of diagnostic colonosco-
pies within the past 10 years was assumed to remain
constant, and the increases in overall colonoscopy preva-
lences were assumed to exclusively result from
increases in the proportion of individuals who used
screening colonoscopy. As the starting age for screening
colonoscopy eligibility in men was only recently lowered
to age 50 (Table 1) (i.e., not yet captured in the utiliza-
tion data obtained for this analysis), we assumed identi-
cal screening colonoscopy utilization rates for men aged
50−54 as for those aged 55−59.

By multiplying the resulting future sex- and age-spe-
cific incidence rates by the expected number of individuals
projected to live in Germany in the years 2030−2060, we
estimated the effect of increases in screening colonoscopy
utilization on projected numbers of newly diagnosed CRC
cases for the corresponding years. In addition, we calcu-
lated the difference in case numbers to the baseline esti-
mate of the year 2020 assuming no change in screening
colonoscopy uptake.

Finally, we estimated the numbers of CRC cases pre-
vented by screening colonoscopy use by subtracting the
numbers of CRC cases assuming current or increased
levels of screening colonoscopy uptake (as calculated
previously) from the number of CRC cases expected
without any screening colonoscopy use.

It should be noted that calculating the effect of an
increased use of only screening colonoscopy implicitly
assumes the current level of uptake of fecal testing, which
is also offered as a primary screening option in Germany,
to remain constant. This may be a rather unrealistic
assumption in practice, as, for instance, a higher CRC
screening awareness of a population (leading to higher
uptake) would likely manifest across all available screening
options. Our calculations should therefore be understood
as an exemplary case study on screening colonoscopy,
which is commonly regarded as the gold standard screen-
ing test for CRC. Though it may be unlikely that our find-
ings will be directly transferable to real-life screening
settings, such case study will nonetheless provide a useful
illustration of the impact of demographic changes and pro-
vide a first quantification of the extent to which screening
efforts may need to be intensified.
Sensitivity analysis
To explore the impact of uncertainty related to this key
parameter of the forecast, the RR of those who had a
colonoscopy within the past 10 years compared to those
who did not have a colonoscopy was either discounted
by 20% (i.e., RR = 0.25) or increased by 20% (i.e.,
RR = 0.37). These sensitivity analyses reflect a possible
even stronger or weaker effect of screening colonoscopy
on CRC incidence reductions.
Role of the Funding Source
Financial support for this study was provided in part by
a grant by the German Federal Ministry of Education
and Research (grant number 01GL1712). The funding
agreement ensured the authors’ independence in
designing the study, interpreting the data, writing, and
publishing the report.
Results

Utilization of colonoscopy and stool tests
Figure 1 shows the cumulative proportions of colonos-
copy utilization in men and women consistently insured
by AOK from 2008 to 2017. In younger age groups,
colonoscopy use was rare and exclusively driven by diag-
nostic colonoscopies, which also reflects the eligibility
ages for screening colonoscopy (starting at age 55 during
the study period). However, diagnostic colonoscopies
made up for the larger proportion of overall colonoscopy
utilization even in age-groups eligible for screening
colonoscopy. In the first years of eligibility (age group
55−59), only 8% of men and women used a screening
colonoscopy. Use of screening colonoscopy remained
low (<20%) also in older age groups, peaking in those
60−69 of age, at only 17% in men and 19% in women.

Use of FIT within 2-year intervals was overall consis-
tent across age groups (ranging from 16−21%, 15−21%,
14−19% and 13−17% for age groups 50−54, 55−59,
60−69, and 70−79, respectively) but varied slightly by
observation period, with highest (17−21%) and lowest
(13−16%) utilization rates observed for the years
2015−2016 and the years 2018−2019, respectively
(Supplementary Figure 1). In 2019, the proportion of
diagnostic colonoscopies with preceding fecal test
ranged from 10% to 15% (Supplementary Figure 2).
Forecast of newly diagnosed CRC cases up to the year
2060
The projection of expected CRC cases by sex for the
years 2030, 2040, 2050 and 2060 are shown in
Figure 2. Assuming no changes in colonoscopy utiliza-
tion levels and sex- and age-specific risks, the CRC bur-
den will significantly increase along the projected
demographic change in Germany. Based on the latest
available incidence rates (from 2018), approximately
35,000 men and 27,400 women were newly diagnosed
with CRC in 2020. For the years 2030, 2040, 2050 and
2060, these numbers are projected to increase to
www.thelancet.com Vol 20 Month , 2022



Figure 1. Cumulative use of colonoscopy from 2008 to 2017 in AOK insured men and women, stratified by use (screening vs
for diagnostic clarification, and combined), sex and age group.

* Breakdown by age 50−54 and 55−59 as eligibility started at age 55 during the study period: age 50−54, 0%, age 55−59, 8%
(identical for men and women).

Combined numbers may not add up as individuals may have had both screening and diagnostic colonoscopies during the study
period. Indicated age is at end of the study period.

Articles
approximately 39,000, 42,600, 44,100, and 44,500
cases in men and 29,400, 31,900, 33,200, and 32,400
in women, respectively, reflecting an 11−27% (men)
and an 8−21% (women) higher caseload versus the esti-
mated numbers for the year 2020.
Effect of increased screening colonoscopy utilization
An overview of implied levels of total colonoscopy utili-
zation assuming 50%, 100%, and 200% higher screen-
ing colonoscopy utilization rates relative to current
levels is given in Table 2. Such increase in use of
www.thelancet.com Vol 20 Month , 2022
screening colonoscopy would markedly alter the
expected number of annually diagnosed and prevented
CRC cases (Figures 3 and 4). Broadly, each 100%
increase of (exclusive) screening colonoscopy use rela-
tive to the levels as observed in the AOK dataset would
reduce the number of additionally expected cases by
3400−3700 (8%) in men and 2300−2400 (7−8%) in
women, for all considered years as compared to the
expected numbers when no change in screening colo-
noscopy use was assumed.

However, even substantial increases in screening
colonoscopy utilization would not consistently lead to a
5



Figure 2. Projection of newly diagnosed colorectal cancer cases until 2060 assuming constant colonoscopy utilization levels.
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Age group Men

Use of any colonoscopy (%) assuming a change in
screening colonoscopy usea by

+/� 0% +50% +100% +200%

50−59 23 24 26 29

60−69 38 44 50 62

70−79 44 49 54 64

80−89 41 44 48 55

90−99 28 30 31 34

Women

50−59 28 30 32 36

60−69 42 49 56 70

70−79 43 48 53 63

80−89 35 38 40 45

90−99 20 20 21 22

Table 2: Projected 10-year cumulative use of any colonoscopy
assuming no change, 50%, 100% or 200% increase in uptake of
screening colonoscopy, stratified by sex and age-group.

a Relative to the current levels.
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reduction of the expected number of CRC cases com-
pared with the expected numbers for the year 2020.
This is particularly evident for the years 2050 and
2060, when even a 200% relative increase of screening
colonoscopy use would imply that the caseload as per
2020 would still slightly increase by 1−6%.

At the same time, reflecting the strong effects of the
demographic transition, the numbers of prevented CRC
cases were projected to slightly increase across all con-
sidered years even without changes in screening colo-
noscopy utilization patterns. Accordingly, assuming
higher levels of colonoscopy uptake would translate into
significantly higher numbers of prevented cases. For
instance, a 200% increase of screening colonoscopy use
by the year 2060 would result in approximately 11,200
and 7000 annually prevented CRC cases in men and
women, respectively, an increase by 279% in men and
241% in women as compared to the 2020 baseline level.

An interactive analysis tool illustrating the effects of
varying levels of increases in screening utilization is
available from our website.21
Sensitivity analysis
Results of sensitivity analyses are shown in Supplemen-
tary Figures 3−4. Findings were robust when varying
the incidence rate reduction by screening colonoscopy
within a 40% range, as varying this assumption repro-
duced the overall picture seen in the base case analysis.
Discussion
This study illustrates the strong impact of the demo-
graphic change on the future CRC burden in Germany,
and the potential mitigative effects of increases in
www.thelancet.com Vol 20 Month , 2022
screening colonoscopy use. We first assessed current
10-year screening colonoscopy utilization rates in the
German general population, which were found to be
low (<20%) in all age groups in both men and women.
Secondly, assuming the colonoscopy use to be constant,
we forecasted the number of newly diagnosed CRC
cases by the year 2060. The annual caseload for men
and women combined was predicted to increase from
approximately 62,000 cases in 2020 to more than
70,000 cases by the year 2040 and more than 75,000
cases by 2050. Finally, by modeling the effect of an
increase of screening colonoscopy use on the forecasted
numbers, we found that screening colonoscopy utiliza-
tion rates would need to increase by more than 200%
by the year 2050 to prevent an increase in numbers of
incident cases compared to current numbers.
Findings in context
Overall, use of screening colonoscopy as reported in our
study is in line with the latest reported utilization rates
for the national level,22 with minor differences likely
attributable to different socioeconomic characteristics of
our study population (AOK insured men and women
only). However, the national registry does not provide
data on diagnostic colonoscopy utilization. Overall colo-
noscopy use in Germany as reported in previous surveys
or population-based studies reached up to 50% within
10 years.10,15,23 However, none of these stratified for
screening versus diagnostic use, and the studies are
prone to selection bias, with individuals with a healthier
lifestyle being more likely to participate. In addition, as
survey data were collected from self-reports, reporting
and recall biases cannot be ruled out.

Several previous studies forecasting the future CRC
burden in Germany have been published, mostly relying
on a methodology similar to our study.24−28 More recently,
both the International Agency for Research on Cancer26,27

as well as a study by the University of Pittsburgh28 pre-
dicted approximately 70,000 cases for Germany alone by
the year 2040, which is in line with our estimates. Further
studies assessing trends of the CRC burden29,30 did not
report estimates specifically for Germany or only reported
estimates for mortality, but not incidence.

To our knowledge, no previous study has estimated
the expected effect of increased screening use on the
forecasted CRC caseload. Even though our findings
may not be directly transferable to other healthcare sys-
tems, this case study for Germany may therefore pro-
vide guidance and an useful blueprint also for other
European countries facing similar demographic trends,
such as Italy and Spain.31
Implications for colorectal cancer screening
The demographic transition in Germany and other
industrialized countries has been foreseen for several
7



Figure 3. Changes in numbers of expected (panels A−D) and prevented (panels E−H) colorectal cancer cases in Germany for the years 2030−2060 as compared to the year 2020, assuming
no change, 50%, 100% or 200% increase in uptake of screening colonoscopy (men).
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Figure 4. Changes in numbers of expected (panels A−D) and prevented (panels E−H) colorectal cancer cases in Germany for the years 2030−2060 as compared to the year 2020, assuming
no change, 50%, 100% or 200% increase in uptake of screening colonoscopy (women).
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decades,24 and it is broadly known that the risk of CRC
strongly increases with age.32 While it might generally
be recognized that these factors will lead to a trend of
rising CRC case numbers, the strong decline of CRC
incidence rates over the last two decades1 may have fos-
tered the misconception that this trend is already suffi-
ciently counteracted by current CRC screening
measures. Demonstrating that such an impression is
misguided, our study illustrates that the strong effects
of the demographic transition will require substantial
increases of primary and secondary prevention efforts
even to maintain the current level of incident CRC
cases.

Firstly, diet and lifestyle were shown to have a major
role in CRC, with approximately half of CRC cases
assumed to be preventable by adopting healthy lifestyle
behaviors (such as non-smoking, moderate alcohol con-
sumption and physical activity).33,34 Even though major
changes to dietary and lifestyle patterns on a population
level may be difficult to achieve, our findings may be
used to underline the high relevance of primary preven-
tion to policymakers, as well as to specifically target
high-risk individuals.

Secondly, screening offers should be further
improved. In particular, there are two features of the
current design of the German early detection program
for CRC that require reconsideration. One is that
screening colonoscopy is offered from age 55 only for
women. Along with the offer of annual stool testing at
ages 50−54, there is strong potential for inefficient use
of colonoscopy capacities in women who previously had
multiple negative stool tests.35 On the other hand, it
could be shown that women would also benefit substan-
tially from lowering the starting age for screening colo-
noscopy to age 50 in terms of CRC risk reduction.36

Notably, evidence is accumulating in several countries
that CRC risk increases in younger adults,37,38 favoring
even lower starting ages, e.g., age 45, for both sexes.39

Potentially even more concerning, screening colo-
noscopy is currently only offered twice, leading to an
upper age limit at ages 60 for men and 65 for women,
if the first screening colonoscopy was used as recom-
mended. As CRC risks steeply increase with age and the
life expectancy in Germany is set to exceed 80 years for
both sexes soon,40 complementary screening offers for
the elderly would likely imply further sizeable reduc-
tions of the CRC burden.36 Considering the findings of
our study, additional screening offers for the elderly
(e.g. an additional screening offer from age 70) should
be implemented with even higher priority.

Thirdly, efforts to increase screening uptake need to
be strongly enhanced. In our study, 10-year screening
colonoscopy use in the eligible target population ranged
from 4% to 17% in men and from 2% to 19% in women.
Assuming an additional 2−3% of diagnostic colonosco-
pies related to FIT screening (as 10−15% of diagnostic
colonoscopies were preceded by a FIT, and 20−34% of
individuals had a diagnostic colonoscopy), this implies
that in most age-groups less than 20% of eligible indi-
viduals made use of screen-related colonoscopy.

Evidence on the determinants of adherence to CRC
screening offers and measures to increase uptake is con-
stantly evolving. In line with the findings of the ancillary
analyses conducted for this study, screening by FITs
tends to achieve higher uptake rates as compared to
screening colonoscopy,15 the gold standard screening
test for early detection of CRC and its precursors. How-
ever, even though stool tests are significantly less sensi-
tive in detecting CRC precursor lesions as compared to
screening colonoscopy (which allows for detection and
removal of precursor lesions at high sensitivity directly
upon examination), increased uptake of FIT screening
will likely also contribute to reducing the CRC caseload
and should be promoted next to screening colonoscopy.

In our data, higher participation rates were seen in
those aged 60 years or older versus younger ages, which
is in accordance with findings of previous studies15 and
suggests that screening in younger adults should be par-
ticularly promoted. In the literature, an association was
also reported for lifestyle factors and cultural back-
ground, suggesting that individuals with low socioeco-
nomic status are less likely to use screening and thus
may need to be targeted with priority.41

In Germany, a first step towards an organized
screening program was made in 2019 with personal
invitation letters sent out to the eligible population at
ages 50, 55, 60 and 65. However, such single invitation
letters every 5 years, which are accompanied by lengthy
(>20 pages) and highly technical information bro-
chures, are unlikely to achieve any relevant increase in
use of screening offers, particularly among less edu-
cated high-risk groups. There is meanwhile overwhelm-
ing evidence, both from randomized clinical trials and
real life experience from multiple countries, that well-
organized screening programs that combine effective,
easy to understand communication of screening offers
with low-threshold access to screening may strongly
increase adherence to effective screening offers.42−45

Taking this evidence into account, policymakers should
engage to carefully revise the current offers and invita-
tion schemes of the German early cancer detection pro-
gram for CRC.
Limitations
We made several simplifying assumptions when calcu-
lating the expected number of CRC cases in the future.
For instance, sex- and age-group-specific CRC incidence
in the absence of screening were assumed to be con-
stant over time. Although observed incidence rates sub-
stantially declined in the past two decades,1 this most
likely primarily reflected the gradual increase in
“cumulative” screening uptake, in particular of newly
introduced screening colonoscopy, and only to a lesser
www.thelancet.com Vol 20 Month , 2022
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extent changes in lifestyle or birth-cohort effects.
Although changes in major CRC risk factors may also
have a substantial impact on age- and sex-specific inci-
dence rates, the effects of such changes may partly can-
cel out. For example, whereas prevalence of smoking
has started to decline and is expected to further decline
in Germany,46 prevalence of overweight and obesity are
on the rise.47 As well, since the actual incidence rates
for the year 2020 were not yet available, we used the
incidence rates observed in 2018 as a starting point for
our calculations. However, given only minor changes in
incidence rates from 2016 to 2018 (age-standardized
rates varied by <1% in this period)14 and in the absence
of any recent major changes in screening practice, sig-
nificant differences between 2018 and 2020 incidence
rates appear unlikely.

The study is also limited by the use of colonoscopy
utilization data from AOK, which, despite being the big-
gest statutory health insurance company in Germany,
may not be fully representative for the whole German
population due to differences in socio-economic charac-
teristics. However, though slightly lower, we found the
use of screening colonoscopy in our study to be overall
comparable to the latest national utilization rates,22 sug-
gesting only marginal differences in colonoscopy use
between those AOK insured and the German general
population. On the same note, to derive the cumulative
colonoscopy use rates, individuals with CRC diagnosis
during the study period were excluded (regardless of
mode of detection). The colonoscopy use rates in our
study may therefore possibly be underestimated, and
the required increase in uptake of screening colonos-
copy to maintain a comparable caseload in the future
may possibly be overestimated. However, as carcinomas
are typically found in <1% of conducted screening colo-
noscopies,22 this effect is likely negligible.

We also assumed a uniform relative risk for use ver-
sus non-use of colonoscopy for the whole of the study
population although in practice, these parameters may
vary between specific subgroups of patients, e.g., accord-
ing to sex, age, family history, lifestyle, and previous use
of screening tests. However, even though varied param-
eters by subgroups may have contributed to slightly
improve the accuracy of our forecast, we believe our
assumptions to be sufficiently robust to provide an over-
all impression of the impact of demographic transition
on the future CRC caseload in Germany. This is also
underpinned by the affirmative results seen in the sen-
sitivity analyses. We purposely also abstained from re-
running the analyses with alternative assumptions with
respect to the population projection as provided by Ger-
man Federal Office of Statistics, as none of the variants
varied considerably with respect to the screening-eligi-
ble population.

Finally, as further analyses were out of scope of this
study, we limited the forecast to incident cases (but not
mortality) and only considered the effect of increases in
www.thelancet.com Vol 20 Month , 2022
screening colonoscopy use (but not FIT screening). Spe-
cifically, further calculations on the effect of a possible
increase in use of FIT screening would have added sev-
eral layers of complexity and required additional
assumptions, e.g., regarding longitudinal uptake pat-
terns over time, as fecal testing is recommended at
annual or biennial intervals.48 However, given the bene-
fits of FITs (e.g., they are easy to use and require little
resources), there is also large potential and need for
efforts to increase use of FITs whose effects should be
evaluated in further research. Future studies should
also focus on the forecasted number of CRC deaths in
the future, as well as on the impact of increases in FIT
screening use on the expected CRC burden.
Conclusion
Currently, less than 20% of the eligible population
make use of screening colonoscopy offers. Assuming
these participations rates to remain constant, the strong
effects of the demographic transition in Germany imply
that the number of newly diagnosed CRC cases will sig-
nificantly increase in the decades to come. CRC screen-
ing efforts will need to be substantially increased to
even maintain the current level of incident cases.
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