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ABSTRACT
Motivated by studies on early-onset colorectal cancer (EO CRC, below 50 years) from the United States (US) and elsewhere, this 
study aimed to provide national incidence trends of EO CRC for Germany. We retrieved colorectal cancer cases (ICD-10 codes 
C18-C20) using pooled data from German cancer registries with high-quality data. Appendix (C18.1) was excluded from the main 
analyses and investigated separately. We calculated age-standardised incidence rates (ASR) by calendar year, age group, sex, tu-
mour site, histological subtype, tumour size, grading and estimated corresponding average annual percent changes (AAPC). For 
comparison, US cancer registry data was drawn from the Surveillance, Epidemiology, and End Results programs 21 population-
based registries (SEER 21). From 2003 to 2023, ASRs of EO CRC (C18-C20 excluding C18.1) increased for men (AAPC: 0.8%) and 
women (AAPC: 0.9%) in Germany. By 10-year age groups, the increase was limited to men and women aged 20–29 years (AAPC 
males: 3.3%; AAPC females: 3.9%) and 30–39 years (AAPC males: 2.2%; AAPC females: 2.0%). For appendix cancer (C18.1), ASRs 
were rising for all age groups below 50 years of age. Increases for both colorectal cancer (excluding the appendix) and appendix 
cancer tended to be higher for cancers with good prognosis (neuroendocrine neoplasms, small size, low grading). In contrast to 
the US, Germany had a substantially lower EO CRC incidence in 2003 that increased at a slower pace. It is important to monitor 
future EO CRC incidence trends. The causes of the observed trends remain unclear.
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1   |   Introduction

Over the last years, a number of international studies have found 
increasing incidence rates of colorectal cancer among adults 
below 50 years of age, often described as early-onset colorectal 
cancer (EO CRC), in both men and women [1–6]. The relative in-
crease in incidence has been higher for younger age groups, such 
as 20–29 years and 30–39 years [2–4]. Similar trends for young 
adults have been observed for Germany [7, 8]. Contrary to the in-
creasing incidence rates among young adults, age-standardised 
incidence rates of CRC over all ages have been declining for sev-
eral decades in many countries, such as the United States [9], 
Canada, Australia [2] and Germany [10].

Tumour sites most affected by the increase of EO CRC differ 
between studies, which is partly due to differential data analy-
sis [11]. Many studies, for instance, excluded or reported the ap-
pendix separately because appendix cancer has been affected by 
classification changes and differs from CRC in terms of aetiol-
ogy and biological behaviour [2, 4, 7, 8, 12–15]. Most studies that 
excluded the appendix reported a more pronounced increase 
for rectal cancer compared with colon cancer [11]. For the US 
Surveillance, Epidemiology, and End Results program (SEER), 
for instance, the annual percent changes (APC) of rectal can-
cer incidence were 3.2% for the age group 20–29 years (period 
1974–2013) and 3.2% for the age group 30–39 years between (pe-
riod 1980–2013), while the corresponding APCs for colon cancer 
were 2.4% (period 1983–2013) and 1.0% (period 1988–2013) [4]. 
Studies on appendix cancer incidence trends alone showed large 
relative increases starting in the 1990s and exceeding those of 
rectal and colon cancer [12, 14]. These increases were not lim-
ited to young adults [14].

Histological subtype of EO CRC cases is predominantly adeno-
carcinoma [13, 16] except for the appendix [8], where neuroendo-
crine neoplasms (NEN) are more common. NEN can be grouped 
into neuroendocrine tumours (NETs) and neuroendocrine car-
cinoma (NEC), whereby NETs show a substantially better prog-
nosis compared with adenocarcinomas as well as NECs [13]. 
However, histological subtype stratification regarding trends 
of EO CRC is scarce. Three studies, one from SEER [16] and 
two from the most populous German states [8, 13], showed that 
the proportion of NEN among CRC increased in all age groups 
while the proportion of adenocarcinomas decreased. This trend 
was more pronounced for rectum compared to colon (without 

appendix) [11, 16]. For this reason, it is necessary to account for 
histological subtype in EO CRC studies to avoid confounding by 
histology [17].

Causes of the increasing incidence of EO CRC are not adequately 
understood. Most cases occur sporadically and up to 30% have 
an inherited component, that is, a hereditary cancer syndrome 
or a family history of CRC [6]. Apart from genetic and familial 
risk factors, the EO CRC patient population comprises patients 
at increased CRC risk due to known risk factors such as inflam-
matory bowel disease as well as patients without a predisposition 
[1]. The observed birth cohort effect in combination with a long 
latency period points to major lifestyle changes beginning in 
the 1950s like childhood and adolescent obesity, antibiotic use, 
low physical activity, unhealthy diet and reproductive technol-
ogy potentially leading to early-life physiological or metabolic 
changes affecting the gut microbiome [6, 18, 19]. Recent studies 
have found Escherichia coli in the gut microbiota that carry the 
polyketide synthase (pks) island, which leads to the production 
of Colibactin and drives mutational processes [20]. Diagnosis of 
EO CRC tends to occur due to the onset of signs and symptoms 
in a later cancer stage compared with average-onset CRC [6].

CRC Screening in Germany currently starts at the age of 50 
including faecal occult blood test (FOBT, since 1977, every 
2 years) and colonoscopy (since 2002, two every 10 years) 
[21, 22]. Recently, there have been a number of changes such 
as the replacement of FOBT by faecal immunochemical test 
(FIT) in 2017, the reduction of the colonoscopy start age from 
55 to 50 years for men in 2019 and for women in 2025, as well 
as the implementation of an invitation procedure in 2019. For 
risk groups with a CRC predisposition, such as polyposis, colitis 
ulcerosa, or a family history of CRC, German guidelines recom-
mend colonoscopy by the age of 40 at the latest [23].

Most detailed EO CRC analyses and a large part of the evidence 
so far stem from the United States, while similarly detailed stud-
ies are scarce for European countries and Germany as part of it. 
For instance, existing studies on EO CRC in Germany are char-
acterised by various limitations, such as the analysis of a single 
state [8, 13], no differentiation between colorectum and appen-
dix  [7], the neglect of histological subtypes [7] or the focus on 
a single subtype [24] as well as a wide range of age groups that 
were analysed [13]. Thus, our study aimed to provide national 
trends of CRC incidence and mortality for Germany up to the 
year 2023, focusing on age groups below 50 years of age accord-
ing to tumour site and histological subtype. This may help to 
understand the nature of EO CRC trends in Germany and the 
factors driving those trends. We also aimed to compare overall 
EO CRC incidence trends in Germany with the United States, 
where the increase of EO CRC was reported first [25].

2   |   Material and Methods

2.1   |   Data

We retrieved national data on incident CRC (codes C18-C20 of the 
International Statistical Classification of Diseases and Related 
Health-Problems, Tenth Revision, ICD-10) from the Centre for 
Cancer Registry Data (Zentrum für Krebsregisterdaten [ZfKD]) 

What's New?

The evidence on the rising incidence of colorectal cancer 
among adults below 50 years of age largely stems from 
the United States. Using high-quality cancer registry data 
for the 2003–2023 period in Germany, this study found 
a moderate increase of early-onset colorectal cancer inci-
dence that was limited to those aged 20–39 years and more 
pronounced among the 20–29-year-olds. The increase, 
which was driven by adenocarcinomas and neuroendo-
crine neoplasms, was generally observed for cancers with 
good prognosis. The incidence of early-onset colorectal 
cancer in Germany was substantially lower and increased 
at a slower pace than the US incidence.
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at the Robert Koch Institute as of 20 June 2025 [26]. We did not 
restrict the data regarding age, death certificate only (DCO) 
cases or multiple primary cancers. The ZfKD data is based on 
data from population-based cancer registries at the federal state 
level, which were initially established by state initiative begin-
ning in the 20th century and have been mandatory since 2009 
for all states based on national law [27]. The selection of the 
study period and states was based on quality indicators, that 
is, completeness of coverage and proportion of DCO cases [27], 
with the aim to attain a large study population with a prefera-
bly long study period. Based on these criteria we included the 
states Bavaria, Brandenburg, Bremen, Hamburg, Lower Saxony, 
Mecklenburg-Vorpommern, Saarland, Saxony and Schleswig-
Holstein, with a completeness of 90% or more and a proportion 
of DCO cases of less than 15% (among those aged 20–49 years) 
for each year of the period 2003–2023. For the largest state North 
Rhine-Westphalia, which reached completeness of coverage in 
2008, we included the administrative district of Münster that 
fulfilled the criteria in 2003 and beyond. Hereafter, we use the 
term state to refer to German federal states and the adminis-
trative district of Münster. The analysis set covered 46% of the 
German population of 83.3 million people as of 2023. Although 
the inclusion of North Rhine-Westphalia would have increased 
the covered population, given that it represents 21.6% of the 
German population, doing so would have shortened the study 
period by 5 years. The population data based on the latest census 
in 2022 as well as the colorectal cancer mortality data for the 
study period and study states were also retrieved from the ZfKD.

For the comparison of EO CRC incidence trends in Germany 
and the United States, we additionally retrieved US data from 
SEER*Explorer for incidence based on SEER 21 and for mortal-
ity based on US mortality [28]. SEER 21 is the largest SEER da-
tabase covering 21 US population-based cancer registries with 
incidence data available from 2000 onwards (https://​seer.​cancer.​
gov/​regis​tries/​​terms.​html).

2.2   |   Variables

We stratified by years of age at diagnosis (20–29, 30–39, 
40–49 years, 50 years and above) and sex (male, female). 
Tumour site of CRC was grouped into proximal colon (ICD-
10 codes C18.0, C18.2-C18.4), distal colon (C18.5-C18.7), 
overlapping lesion of colon (C18.8), not otherwise specified 
colon (C18.9) and rectum (C19, C20). Appendix (C18.1) was 
considered separately. Categorisation of histological subtype 
was based on the International Classification of Diseases for 
Oncology, Third Edition (ICD-O-3) [29], into adenocarcino-
mas (histological codes: 8140-8149, 8160-8163, 8190-8221, 
8250-8552, 8570-8576, 8940-8941, 9110) and NEN (8013, 
8041, 8152, 8154, 8240, 8241, 8244, 8245, 8246, 8249). The 
remaining histological codes were grouped into unspecified 
cancers (8000-8005, 8010-8012, 8014-8015, 8020-8022, 8050) 
and other specific cancers (all other histological codes). For 
the appendix, cases with the histological code 8240 that had 
been classified as ‘borderline malignant’ (behaviour code 1) 
in earlier years of this study were included due to a respective 
behaviour code change to ‘malignant’ (behaviour code 3) from 
ICD-O-3 to its first revision in 2013 [29]. Moreover, we strati-
fied for tumour size (T category: T1, T2, T3, T4, Unknown) and 

grading (Low: G1, Intermediate: G2, High: G3/G4, Unknown) 
according to the TNM Classification of Malignant Tumours 
(8th edition) [30].

For comparison of Germany with the United States, we used col-
orectal cancer cases (ICD codes C18-C20 excluding C18.1) below 
50 years of age at diagnosis and stratified by sex (male, female), 
which was available in both databases. Cases were not grouped 
according to histological subtype, tumour size or grading.

2.3   |   Statistical Analysis

We calculated age-standardised rates (ASRs) for incidence and 
mortality per 100,000 person-years based on the European stan-
dard population [31] with 95% confidence intervals (95% CI) [32] 
by calendar year, age group, sex, and, with regard to incidence, 
additionally by tumour site, histological subtype, tumour size 
and grading. DCO cases were included in the analysis of inci-
dence to avoid underestimation. To analyse long-term trends, 
we calculated average annual percent changes (AAPCs) with 
95% CIs [33]. AAPCs are a weighted average of annual percent 
changes (APCs) from a Joinpoint model, also known as seg-
mented regression, which is a log-linear regression of ASRs 
with year of diagnosis as independent variable. We performed 
separate analyses for the colorectum (ICD-10 codes C18-C20 ex-
cluding C18.1) and the appendix (ICD-10 code C18.1). As cause 
of death data was only available in terms of three digits ICD-10 
codes, we could only analyse mortality of tumours of the entire 
colorectum including the appendix.

For comparability of EO CRC incidence trends between 
Germany and the United States, we calculated ASRs using the 
2000 US standard population [34] as SEER*Explorer provided 
only ASRs accordingly based on the SEER 21 registries from 
2000 to 2022 [28]. Trend analysis was based on APCs exclud-
ing 2020 incidence rates in order to have estimates similar to 
the trend data published by SEER*Explorer. Comparison was 
limited to the colorectum (ICD-10 codes C18-C20 excluding 
C18.1) as separate data for the appendix was not available. 
Additionally, we similarly compared EO CRC mortality trends 
between Germany and the United States from 2000 to 2023. As 
SEER*Explorer only published US mortality and no mortality 
estimates restricted to the SEER 21 registries, we also used na-
tionwide German mortality data (including all federal states) 
for consistency.

ASR analyses were performed using Stata v19.0 (https://​www.​
stata.​com/​) and AAPC analyses using Joinpoint Regression 
Programme v5.4 from the US National Cancer Institute [35].

3   |   Results

3.1   |   Study Population

We identified 28,046 colorectal cancers in 27,568 persons aged 
20–49 years within the study period 2003–2023. Most cases were 
observed in the age group 40–49 years (n = 21,653; 77.2%) and 
among males (n = 15,621; 55.7%) (Table 1). 12,438 cases (44.3%) 
were localised in the rectum, followed by 7766 cases (27.7%) in 
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the distal colon and 6177 cases (22.0%) in the proximal colon. 
The proportion of rectal cancers was higher in men, while the 
proportion of distal colon cancers was higher in women. In 
terms of histological subtype, 25,327 cases (90.3%) were ade-
nocarcinomas, 1351 cases (4.8%) NEN, 231 cases (0.8%) other 
specific cancers and 1137 cases (4.1%) unspecified cancers. The 
proportion of adenocarcinoma increased, while the proportion 
of NEN decreased with age regarding all histological subtypes. 
The most frequent tumour size was T3 (n = 12,137; 43.3%) fol-
lowed by unknown T category (n = 5321; 19.0%). The most fre-
quent grading was intermediate (n = 16,005; 57.1%), though the 
proportion of low and high grading was higher in the younger 
age groups. Within the subgroup of colorectal NEN, a different 
distribution with a higher proportion of rectal cancers (74.9%), 
T1 cancers (37.3%), cancers with unknown T category (44.8%) 
and cancers with low grading (62.4%) was observed (data not 
shown).

The frequency distributions for appendix cancers are shown in 
Table  S1. We identified 2969 cases in total. In contrast to col-
orectal cancers, appendix cancers were more equally distributed 
across the 10-year age groups, more frequent among women 
compared with men and most cases were NEN (n = 2071; 69.8%), 
though their proportion was decreasing with age. We also ob-
served more T1 cancers as well as cancers with low grading 
compared with colorectal cancers.

3.2   |   Age-Standardised Rates and Annual Percent 
Change of Incidence and Mortality by Age Group 
and Sex

Between 2003 and 2023, ASRs of colorectal cancer incidence 
increased for ages 20–49 years for both males (2003: 7.8 per 
100,000 [95% CI: 7.2 to 8.4]; 2023: 9.6 per 100,000 [95% CI: 
8.9 to 10.3]) and females (2003: 7.2 per 100,000 [95% CI: 6.6 to 
7.8]; 2023: 8.3 per 100,000 [95% CI: 7.7 to 9.0]) (Figure 1). The 

increase was similar for men (AAPC: 0.8%; 95% CI: 0.3 to 1.3) 
and for women (AAPC: 0.9% [95% CI: 0.5 to 1.3]) (Table 2). In 
contrast, corresponding ASRs for those aged 50 years and above 
substantially declined for males (AAPC: −2.7% [95% CI: −2.9 to 
−2.5]) and females (AAPC: −2.4% [95% CI: −2.6 to −2.1]) (data 
not shown).

Figure 2 shows the ASRs of EO CRC incidence and mortality by 
10-year age groups. Incidence per 100,000 was highest in the age 
group 40–49 years. The relative ASR increase, however, was high-
est for those aged 20–29 years (AAPC males: 3.3% [95% CI: 1.6 to 
5.1]; AAPC females: 3.9% [95% CI: 2.3 to 5.7]) followed by those 
aged 30–39 years (AAPC males: 2.2% [95% CI: 1.5 to 2.9]; AAPC 
females: 2.0% [95% CI: 1.0 to 3.1]) (see also Table S2). For the age 
group 40–49 years incidence remained stable (AAPC males: 0.4% 
[95% CI: −0.3 to 1.0]; AAPC females: 0.4% [95% CI: −0.0 to 0.8]), 
though the incidence from 2017 onwards tended to be slightly 
higher than before. ASRs of EO CRC incidence were approx-
imately four times higher than the ASRs of EO CRC mortality. 
There was no clear mortality trend for the age group 20–29 years, 
while mortality increased for males aged 30–39 years (AAPC: 2.0% 
[95% CI: 0.7 to 3.4]) but not females (AAPC: 1.3% [95% CI: −0.6 
to 3.2]) and declined for males aged 40–49 years (AAPC: −1.1% 
[95% CI: −1.9 to −0.2]) but not females (AAPC: −0.6% [95% CI: 
−1.6 to 0.3]).

For appendix cancers, the ASRs of incidence and their trend were 
rather similar for the 10-year age groups between 20 and 49 years 
(Table S3, Figure S1). The ASRs were below 1.0 per 100,000 in 
2003 and increased to about 1.5 per 100,000 until the years 2012–
2014 and remained stable to the end of the study period.

3.3   |   Incidence Trends by Tumour Characteristics

Stratified by tumour site, AAPCs for rectum cancer were higher 
for women than for men in the age group 20–29 years. AAPCs for 

FIGURE 1    |    Age-standardised incidence rates with 95% confidence intervals of colorectal cancer for ages 20–49 and 50+ in Germany, 2003–2023, 
by sex. ICD-10 codes C18-C20 excluding C18.1. Age-standardised incidence rates per 100,000 based on the European standard population (1976). 
Scale of y-axis varies.
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men and women aged 30–39 years were lower for proximal colon 
compared with distal colon and rectum (Table  2). For the age 
group 40–49 years, we observed a slight increase for proximal and 
distal colon in men and a slight increase for rectum cancers in 
women. Incidence of cancers with unspecified tumour site tended 
to decrease across all age groups (see also Figure  S2). Figure  3 
shows the ASRs of EO CRC incidence according to histological 
subtype. AAPCs for adenocarcinomas were similar to the overall 
AAPCs while those for NEN were much higher for the age groups 
30–39 and 40–49 years. For the age group 20–29, no AAPCs were 
estimated for NEN due to years with zero cases. As for histological 
subtype, ASRs of unspecified histological subtype declined over 
the study period for females aged 30–39 years as well as males and 
females aged 40–49 years. Regarding tumour size, we observed 
a substantial increase of ASR for T1 independent of age, while 
the AAPCs were stable for T2 as well as T3 and positive for T4 in 
males and females aged 30–39 years (Table 2, Figure S3). A similar 
trend was observed for grading with low grading cancers having 
AAPCs well above-average, intermediate grading cancers slightly 
being below-average and high grading cancers having negative 
AAPCs for the age groups 30–39 and especially 40–49 (Table 2, 
Figure S4). Half of AAPCs for tumour size and grading could not 
be estimated for the age group 20–29 due to years with zero cases.

Regarding appendix cancers, only a few AAPCs could be esti-
mated due to many categories that had years with zero cases 
(Table  S4). AAPCs for adenocarcinoma as well as NEN were 
very similar to the overall AAPCs. For unknown T category as 
well as unknown grading, we found negative AAPCs for males 
and females aged 30–39 years and females aged 40–49 years, 
while AAPCs for low grading were positive across all age groups 
and tended to be higher than overall AAPCs.

3.4   |   Comparison of EO CRC Incidence 
and Mortality Trends Between Germany 
and the United States

Figure 4 shows the sex-stratified ASRs of incidence and mortal-
ity for those below 50 years of age in Germany and the United 

States. Both the ASRs of incidence and their slope were lower 
in Germany than in the United States for both men and women 
(Table S5). In addition, there was an increase in trend for men 
in the year 2016 and women in the year 2019 in the United 
States but not in Germany, where we identified no Joinpoints. 
Regarding mortality, ASRs for men and women were also lower 
in Germany than in the United States, and the difference tended 
to increase over time (Figure 4). In men, we observed Joinpoints 
followed by an increase from 2014 in Germany and from 2004 
in the United States, while there was no increase in Germany 
and a slight increase in the United States for mortality in women 
(Table S6).

4   |   Discussion

This study observed a moderate increase of EO CRC incidence 
in Germany, which was, based on the stratified analysis by 
10-year age groups, limited to those aged 20–39 years with a 
stronger rise in the age group 20–29 years. The increase was 
driven by adenocarcinomas as well as NENs and it was gener-
ally observed for cancers with good prognosis, that is, NENs, 
cancers of small tumour size and cancers with low grading. 
Though cancers with good prognosis were also found to in-
crease in the age group 40–49 years, the overall incidence did 
not increase within this age group due to a parallel decrease 
in the incidence of cancers with high grading, unspecified site 
as well as unspecified histological subtype. EO CRC mortality 
in Germany did not change (age group 20–29 years), increased 
slightly (30–39 years) or declined slightly (40–49 years) so that, 
consequently, the ratio of mortality to incidence declined over 
the study period. In contrast to Germany, EO CRC incidence in 
the United States was already substantially higher in the past 
and increased at a faster pace over the study period. Regarding 
appendix cancer, incidence was rising for all age groups up to 
50 years of age, though the rise was predominantly observed in 
the years 2003–2012.

In addition to confirm previous findings from Germany 
[7, 8, 13, 24], our results also cover recent years that include the 

FIGURE 2    |    Age-standardised incidence and mortality rates with 95% confidence intervals of colorectal cancer for ages 20–49 in Germany, 
2003–2023, by sex. Incidence for ICD-10 codes C18-C20 excluding C18.1 and mortality for ICD-10 codes C18-C20 including C18.1. Age-standardised 
incidence and mortality rates per 100,000 based on the European standard population (1976). Scale of y-axis varies.
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introduction of the German CRC Screening programme. We 
also added EO CRC estimates for both colorectal and appendix 
cancer stratified by histological subtype. An earlier study using 
German cancer registry data showed that the increase in colorec-
tal NENs is primarily due to an increase in well-differentiated 
NETs that have a substantially better prognosis than adenocar-
cinoma and NECs [36]. Similar to our findings, previous stud-
ies from Germany [7, 24] and other Western countries [2–4] 
reported largest relative incidence increases for the youngest 
age groups with increases diminishing in older age groups. In 
contrast to countries, such as the United States, New Zealand 

or Canada [2, 4], however, studies from Germany [7, 24], includ-
ing our results, have shown a stable CRC incidence among those 
aged 40–49 years (after control of confounding by appendix and 
NEN). Regarding tumour site, we did not observe a distinctly 
higher increase of colon cancer compared with rectal cancer 
in the age groups 20–29 and 30–39 years. This finding is in line 
with most previous studies [2, 4, 8, 12, 24] and contradicts other 
studies [3] that were confounded by appendix.

Several hypotheses have been raised to explain the increase 
of EO CRC ranging from hereditary factors and inflammatory 

FIGURE 3    |    Age-standardised incidence rates with 95% confidence intervals of colorectal cancer for ages 20–49 in Germany, 2003–2023, by sex 
and histological subtype. ICD-10 codes C18-C20 excluding C18.1. AC, adenocarcinomas; NEN, neuroendocrine neoplasms; OSP, other specific can-
cers; UNSP, unspecified cancers. Age-standardised incidence rates per 100,000 based on the European standard population (1976). Scale of y-axis 
varies.

FIGURE 4    |    Age-standardised incidence and mortality rates with 95% confidence intervals of colorectal cancer below age 50 in Germany and the 
United States, 2000–2023, by sex. Incidence for ICD-10 codes C18-C20 excluding C18.1 and mortality for ICD-10 codes C18-C20 including C18.1. 
Age-standardised incidence rates per 100,000 based on the 2000 US standard population. Germany: Incidence based on analysis set and mortality 
based on all states; United States: Incidence based on SEER 21 registries and mortality based on all states. Scale of y-axis varies.
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bowel disease to lifestyle factors affecting early-life physiological 
processes [1, 6, 19] as well as potential artefacts like confounding 
by histology [17] and earlier detection. Obesity, which is linked 
to other lifestyle factors such as low physical activity and un-
healthy diet, represents a state of chronic inflammation [6] and 
is regarded as the most likely hypothesis for EO CRC incidence 
increase [19]. Studies have shown that obesity, specifically at a 
young age, increases the risk of EO CRC [37, 38]. In Germany, 
obesity prevalence has increased in the age group 25–34 years for 
males and females between 1990/1992 and 2008/2011 from 11% 
to 17% and 9% to 14% based on a body mass index (BMI) of 30 or 
more, respectively [39], but has been stable at around 6% for chil-
dren aged 3–17 years between 2003/2006 and 2014/2017 based 
on a BMI at or above the 97th percentile of sex-specific BMI-
for-age [40]. In the United States, obesity prevalence increased 
in the age group 20–39 years between 2007/2008 and 2015/2016 
from 31% to 36% based on a BMI of 30 or more and for those aged 
2–19 years from 17% to 19% based on a BMI at or above the 95th 
percentile of sex-specific BMI-for-age [41]. Though the numbers 
are not exactly comparable, obesity prevalence in Germany was 
much lower than in the United States prior to and during the ob-
served period of time and it might have contributed to the sub-
stantially lower EO CRC incidence in Germany. In addition, EO 
CRC mortality in the United States increased on average by 1.2% 
per year between 2004 and 2020 [9], which was not confirmed 
by our results for Germany.

Earlier detection seems to have influenced our findings, given 
the increase in incidence of cancers with good prognosis in all 
10-year age groups below 50 years. Improved early detection is 
also plausible in view of the nearly stable mortality that did not 
parallel the increasing incidence. Assessing the role of the CRC 
screening programme regarding EO CRC incidence trends in 
Germany, however, is challenging as the program starts at 
age 50 and there is a lack of data on opportunistic screening 
and related time trends. German claims data analyses showed 
that 10-year prevalence of colonoscopy was around 10% for 
the age groups 30–34 and 35–39 years and around 15% for the 
age groups 40–44 and 45–49 years [42, 43], which is quite sub-
stantial. The use of FOBT or FIT seemed to play no role [43]. 
Recent changes of the CRC screening programme in Germany, 
that is, the reduction of the colonoscopy start age for men from 
55 to 50 years in 2019 and the implementation of an invitation 
procedure in same year may also have increased the use of 
FIT and colonoscopy in younger age groups, especially those 
aged 45–49 years. The slight increase in the sex-specific inci-
dence trends for the age group 40–49 years from 2017 might 
be an indication for this phenomenon. The interruption in 
the trend in 2020 is probably due to the COVID-19 pandemic, 
which impaired cancer diagnosis [44]. Another factor boosting 
earlier detection of CRC cases among young adults may have 
been the broadly based long-time awareness campaigns by the 
Burda Foundation that deliberately addressed people below 
50 years and may have increased their likelihood of seeking 
medical care in case of symptoms or family members being 
diagnosed with CRC [24]. In the United States, the recent EO 
CRC incidence increase following 2020, the first year of the 
COVID-19 pandemic, is likely due to a new recommendation 
by the US Preventive Services Task Force to include adults 
aged 45–49 years in CRC screening [45].

Lowering the start age for CRC screening to 45 years is not 
supported by our study as EO CRC incidence in the age group 
40–49 years has been stable for the last 20 years and, more 
importantly, as the net benefit of screening individuals below 
50 years with no suspicion of CRC and no specifically increased 
CRC risk in Germany is currently unclear [45, 46]. Furthermore, 
other preconditions for implementing or changing a screen-
ing programme [47, 48] are not met in several respects. First, 
Germany is far from having implemented all practicable, cost-
effective preventive strategies, which is evidenced by a recent 
comparison of prevention policy among 18 European countries 
including physical activity and diet that ranks Germany 17th 
reaching 37 of a maximum of 100 possible points [49]. Better 
primary prevention would also help reduce the risk of other 
non-communicable diseases such as cardiovascular condi-
tions. Second, EO CRC incidence in Germany remained low 
compared with the CRC incidence beyond 50 years of age in 
Germany or the EO CRC incidence in the United States. For 
instance, of on average 56,200 new CRC cases (including the 
appendix) per year in Germany between 2021 and 2023, only 
3000 cases (5.4%) were EO CRC [21]. Third, there seem to be al-
ternatives and a better use of resources. A study on the uptake 
of CRC screening among those 40–54 years old in Germany, for 
instance, concluded that in the group with a first-degree rela-
tive with CRC, a large proportion was not in compliance with 
the medical guidelines recommending screening by the age of 
40 at the latest [50]. Thus, the potential of a risk-based screen-
ing has not been fully exploited. Starting population-based 
screening earlier would also draw away resources, which are 
needed for groups with a known substantially higher CRC risk 
like familial predisposition, other preconditions related to CRC 
and older age [51].

Ongoing and future studies should aim to further elucidate the 
role of early-life exposures including factors such as obesity, an-
tibiotic use, low physical activity and dietary patterns including 
the consumption of ultra-processed food, and their impact on 
the gut microbiota [6]. Other studies may also explore the addi-
tional effect of environmental and lifestyle factors on CRC risk 
in patients with a hereditary syndrome [6]. Further research is 
also needed on the prevalence trends of specific EO CRC risk 
factors over time including pathogenic germline variants and 
pks-positive Escherichia coli to better understand their role in 
EO CRC increase.

A major strength of this study is that it is the first to analyse 
EO CRC incidence in Germany by 10-year age groups and sex 
with stratification for tumour site as well as histological sub-
type based on large high-quality cancer registry data. Thus, we 
were able to avoid confounding of EO CRC incidence trends by 
anatomy, that is, tumour site, and histology. We also used latest 
population data, which had been corrected according to the cen-
sus 2022 that revealed a substantial overcount of the population, 
especially of young adults. Lastly, we compared incidence trends 
for Germany and the United States, offering two distinct views 
on EO CRC trends.

Study limitations include a potential selection as well as de-
tection bias, classification changes and a potential registration 
bias. A selection bias might arise from selecting a subset of 

 10970215, 2026, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ijc.70600 by D

eutsches K
rebsforschungszentrum

 (D
K

FZ
), W

iley O
nline L

ibrary on [28/10/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



2216 International Journal of Cancer, 2026

all German states. Our analyses, however, covered 46% of the 
German population. Similarly, results based on SEER 21 data 
may not be generalisable; however, this is the largest avail-
able SEER database covering 12 more population-based can-
cer registries as compared with SEER 9, on which previous 
studies were based. We aimed to control for a detection bias 
by considering various tumour characteristics, enabling us to 
observe different time trends regarding histological subtype, 
tumour size and grading. Classification changes are an im-
portant source of bias; however, analysis of colorectum and 
appendix was done separately [17] and the previously border-
line malignant appendix tumours affected by classification 
changes [29] were included in the analysis. We cannot exclude 
a potential registration bias due to delayed notification to the 
cancer registries, leading to an underestimation of CRC inci-
dence for the most recent years. However, this bias is expected 
to be limited as only states with complete registration were 
included in the analysis.

We conclude that there has been a moderate incidence increase 
of EO CRC in Germany, which was limited to those aged 
20–29 and 30–39 years. A large part of this increase was due 
to cancers with good prognosis, that is, NENs, cancers with 
small tumour size and cancers with low grading. However, 
an increase was also observed for T4 cancers in the age group 
30–39 years for both males and females, which makes it likely 
that observed EO CRC incidence trends reflect not only earlier 
diagnosis but also an increased risk due to specific exposures 
such as obesity. In contrast to Germany, EO CRC incidence 
in the United States has been substantially higher throughout 
the years and has increased at a faster pace. Results from the 
United States can, therefore, not be transferred to the German 
population. It is important to monitor future EO CRC inci-
dence and mortality trends. Lowering the CRC screening age 
in the German general population, however, does not seem 
warranted at present.
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