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ABSTRACT

Purpose: The global incidence and mortality of early-age onset colorectal cancer (EOCRC, or CRC diagnosed under 50 years)
has increased in recent decades. High-risk surveillance and personalised oncological treatment may improve patients’ outcomes.
This study aims to characterise real-world somatic and germline molecular profiles in European EOCRC patients.

Patients and Methods: Consecutive patients across the UK, Spain, Germany and Italy from the GEOCODE and SECOC
consortia were identified using electronic patient records. Clinicopathological, somatic and germline testing data were collected
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on EOCRC patients. Tests included mismatch repair (MMR), somatic next generation sequencing (NGS) and germline multi-
gene panels.

Results: Eight hundred ninety-three EOCRC patients were identified from 23 European centres (45.7% female, median age 42,
range 14-49), predominantly in the distal colorectum: 205/893 (22.9%) patients with right-sided tumours, 302/893 (33.8%) left-
sided tumours, 288/893 (32.2%) rectal tumours and 97/893 (10.8%) unknown. On somatic analysis, 735/893 (82.3%) of patients
had pMMR tumours and 148/893 (16.5%) dMMR. Although 534/893 (59.7%) did not receive NGS somatic testing, somatic
variants were detected in 233/359 (64.9%) of those tested. Germline variants were detected in 133/210 (63.3%) patients tested.
Lynch syndrome was diagnosed in 93/210 (44.2%), of whom 17/93 (18.2%) presented with pMMR tumours. Systematic recording
of family history in these real-world data was variable. In all patients with family history recorded, 153/484 (31.4%) patients
reported a relative with CRC.

Conclusions: Our results support universal and paired somatic and germline multi-gene panels for all EOCRC patients,
regardless of MMR status or family history. Systematic molecular testing approaches are necessary to address disparities in
people with EOCRC. Larger unselected cohort studies would support validation of testing prediction models and estimates of

clinically relevant variant actionability.

1 | Background

The rising incidence of early-onset colorectal cancer (EOCRC)
in adults under 50 has become a significant global health
concern, with rates expected to increase by 27.7% for colon
cancer and 46% for rectal cancer by 2030 [1, 2]. While the ma-
jority of colorectal cancer (CRC) diagnoses are in older adults
(late-onset colorectal cancer [LOCRC] diagnosed > age 50), the
incidence in this population is declining, possibly due to na-
tional average-risk population screening programs. Of addi-
tional concern is the trend for increased mortality in younger
patients [3-5].

Diagnoses of EOCRC will more often be related to Mendelian
syndromes such as Lynch or polyposis syndromes (~16%
compared to < 3% in LOCRC) [6], however testing for these
conditions and evaluation of family history may be variable [7].
Family history of CRC in one first-degree relative (FDR) in-
creases the risk of developing the disease by 2-4 fold [8]; how-
ever, most sporadic cases remain unexplained, although other
risk factors may also contribute a small but significant propor-
tion of EOCRC risk, including inflammatory bowel disease and
polygenic risk [9, 10]. Therefore, there exist opportunities to
improve the current standard of care for patients diagnosed with
EOCRC through accurate estimation of risk [10, 11]. Whilst
investing in research to understand the causes of increasing
incidence of CRC in the younger age group is necessary, it is
important that existing gaps in clinical care, and the options for
immediate change are also recognised.

Somatic molecular data may also provide therapeutic options to
improve outcomes from CRC diagnosis. Recent data from the
United States analysed a cohort of 10,000 cases [12], including
3185 EOCRC cases, to understand the distinct clinical and
molecular profiles in comparison with LOCRC. In keeping with
previous data, EOCRC more commonly presents with tumours
in the left colon and rectum [5, 13], whereas LOCRC presents
with proximal tumours [13]. EOCRC presents more frequently
at advanced stages possibly because of delay in diagnosis and
more aggressive disease biology [4, 5]. Unique mutational pat-
terns in this study were observed in EOCRC with higher TP53
mutations and lower APC, KRAS and BRAF mutations in

microsatellite stable tumours, suggesting different pathogenic
pathways. This diverges from previous studies which had higher
rates of KRAS and APC mutations [12]. This may be due to
previous data being based on smaller sample sizes and reflect
the inconsistences and complex and heterogenous nature of
EOCRC.

This study collected real-world data of somatic and germline
molecular testing outcomes in cases of EOCRC from the Euro-
pean GEOCODE together with SECOC (Spanish EOCRC) con-
sortia. By characterising gaps in testing, we may identify
opportunities for improvements in care and surveillance for
patients diagnosed with EOCRC [14].

2 | Methods
2.1 | Study Design and Data Sources

This is a retrospective, descriptive, multicentre European study
where consecutive, unselected patients diagnosed with EOCRC
were identified at 23 sites across the following European
countries: England, Spain, Germany and Italy. The study aims
to identify real world data and understand disparities across
European centres. This built upon the previously collected
datasets from the Global Early-Onset Colorectal Cancer Data-
base (GEOCODE) and the Spanish Early-Onset Colorectal
Cancer Cohort (SECOC) [6]. GEOCODE is a worldwide con-
sortium study exploring global patterns of EOCRC; data were
collected on patients from participants from the following Eu-
ropean countries: Spain, Italy, UK and Germany. SECOC is a
Spanish group that integrates hospitals from Madrid, Barcelona,
the Basque Country, Castilla y Leon and Navarra. Data from
GEOCODE and SECOC were curated to avoid duplicates.

2.2 | Study Population and Inclusion/Exclusion
Criteria

Patients were included with a histologically confirmed diagnosis
of colon or rectal adenocarcinoma with diagnosis at age < 50.
This consisted of consecutive diagnoses presented to each
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Key Summary

« Established knowledge of the subject

o Early-onset colorectal cancer (EOCRC), diagnosed
before age 50, is rising globally.

o Previous studies have described the presence of mi-
crosatellite instability (MSI) and germline mismatch
repair (MMR) mutations in a subset of EOCRC cases,
but real-world data on comprehensive somatic and
germline testing in unselected EOCRC populations
remain limited.

« Significant and/or new findings of this study

o We analysed real-world molecular testing data from
EOCRC patients across multiple European centres,
providing a picture of current germline and somatic
testing practices outside of research settings.

o While MMR immunohistochemistry (IHC) was
widely implemented, germline and somatic testing
rates were significantly lower, with only 23% of pa-
tients receiving germline results and 40% undergoing
somatic profiling, highlighting underutilisation of
comprehensive testing despite clinical guidelines.

o Among tested patients, pathogenic germline variants
were identified in 14.8% of the entire cohort, noting
that only 23% of patients were tested. Of patients
diagnosed with Lynch syndrome 18% of them pre-
sented with pMMR tumours. Somatic testing revealed
common alterations (e.g. KRAS, TP53, BRAF), and a
subset of patients harboured actionable mutations,
64.9% of those tested.

o These data underline the need for broader and more
consistent implementation of molecular testing in
EOCRC and suggest potential missed opportunities
for targeted therapy, genetic counselling, and family
risk assessment.

centre, that is, every case that was diagnosed as a colon or rectal
cancer, regardless of the following information availability and
whether they had treatment or not. Patients were excluded if
they did not have a diagnosis of colon or rectal cancer or were
older than 50 years at the time of diagnosis. Benign tumours, or
patients with other types of tumours found in the bowel for
example, lymphoma, were also excluded.

Flowchart showing molecular testing gi

Healthcare professianals must tell
people about the possible implications
of test results for themselves and their
relatives, and ensure that relevant
support and information is available

Identification of consecutive EOCRC patients was undertaken
by local teams, utilising electronic patient records and clini-
copathological, somatic and germline testing data were
collected manually using a standardised coded spreadsheet to
allow collation of outcomes. This included patients with colon
or rectal cancer of any stage (TNM I-IV). The dataset
included histological features such as presence of signet ring
cells, degree of differentiation, mucinous features, lymphocyte
infiltration, staging, family history of colorectal or other can-
cers (including other Lynch syndrome associated cancers),
mismatch repair testing for possible Lynch syndrome or
MLH1 hypermethylation and subsequent clinically validated
NGS somatic and/or germline testing using multi-gene panel
tests with associated institutional assessment of pathogenicity.
The data were collected by healthcare professionals in each
hospital and transferred anonymously for collation and data
cleaning. In the UK, the data were collected retrospectively
and anonymised via service evaluation with associated ethical
approval. For the SECOC cohort, this was a prospective study
and therefore patients provided written informed consent as
well as consent for research publication. All countries
required consent for germline testing to identify pathological
variants.

Molecular testing varied by country and institution. In most
centres, diagnostic pathways included tumour-based testing
such as mismatch repair (MMR) immunohistochemistry and/or
microsatellite instability (MSI) analysis. Patients with suspected
hereditary cancer underwent germline testing targeting relevant
genes, most commonly the MMR genes (MLH1, MSH2, MSHS6,
PMS2, and EPCAM), using methods such as DNA sequencing
and large rearrangement analysis (e.g., MLPA). In some cohorts,
broader next-generation sequencing (NGS) panels were
employed to assess therapeutic targets or evaluate hereditary
cancer risk. Whole-exome sequencing (WES) was used in select
centres as part of universal tumour sequencing approaches. It is
not possible to offer exact testing methods on a patient by pa-
tient basis from this dataset. Due to institutional variability, we
present an example Flowchart 1 illustrating UK guidelines for
diagnostic pathways across participating sites [14]. Site-specific
variation may reflect national guidelines, local resource avail-
ability, or historical evolution in testing strategies.

for Lynch syndrome in people with colorectal cancer

Offer testing to all people with colorectal cancer, when first diagnosed, using immunohistochemistry (IHC) for mismatch
repair proteins or microsatelite instability (MSI) testing to identify tumours with deficient DNA mismatch repair

Use clinical judgement to decide whether to test tumour
tissue from a biopsy, resected colorectal tumour or polyp

Do an MS test

M) result negative (MSS) *_ Mt result posiive

(MS-L or MSI-H)

Do a BRAF V600 test

No further testing Test positive

Test negative

Do an IHC 4-panel test for MLH1, MSH2, MSHG and PMS2
MUHLIHC result MLH1, MSH2, MSHS or

‘abnormal PMS2 IHC result normal

No further testing

MSH2, MSHE or
PMS2 IHC results
abnormal

Do an MLH1 promoter hypermethylation test

Test positive

Test negative

Confirm Lynch syndrome by genetic
testing of germline DNA

Abbreviations: MSI-H, MSi-

High; MSI-L, MSi-Low; MSS,
microsatelite stable.

genetic

testing with people referred for DNA germline testing N I c E National Instifute for

Health and Care Excellence

Flowchart 1 | Molecular testing strategies for Lynch syndrome in people with colorectal cancer.
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2.3 | Statistical Analysis

Descriptive and comparative analyses were conducted using
Microsoft Excel and R. Summary statistics (including fre-
quencies, medians, and ranges) were calculated to characterise
clinical and molecular subgroups. Chi-squared tests were used
to evaluate associations between categorical variables. Datasets
were stratified by mismatch repair status (e.g., dMMR vs.
PMMR), country, and other relevant clinical factors. Statistical
significance was determined by p-values, with a significance
threshold of p < 0.05. Patients from different national cohorts
were pooled to enable cross-country comparison, with data
validation performed locally.

3 | Results
3.1 | Cohort Description

In total, 893 patients with EOCRC were included from 23 Euro-
pean centres (Table 1). The median age at diagnosis was 42 (range
from 14-49) years; 45.7% were female. Regarding CRC location,
the majority (66%) were in the left colon and rectum (33.8% and
32.2% respectively) with 22.9% in the right colon (remainder un-
known 10.9%). 22.3% were diagnosed with stage IV disease [15,
16]. 4% of patients had evidence of signet ring histology, compared
with 1% in reported literature [15]. A record of family history of
CRC was provided in 54.2% of patients, of whom 153/484 (31.4%)
patients reported a relative with CRC, of which 81/484 (16.7%)
had a family history of CRC in a 1st degree relative and 96/484
(19.8%) had a family history of CRC in a 2nd degree relative.

3.2 | Germline Variants

A minority 210/893 (23.5%) were offered germline testing results
(Table 2). Of these, 112/210 (63.3%) had a confirmed germline
variant (Figure 1a). Of most of these patients, 94/112 (84.8%) had
a pathogenic variant consistent with a diagnosis of Lynch syn-
drome (MLH1, MSH2, MSH6, PMS2, EPCAM). Other variants
reported included 9 APC variants, 9 MUTYH variants (hetero-
zygous) and 1 each of BRCA, ATM, FANCA and CHEK2, as
shown in Figure 1b. The rates of testing varied per country, as
shown in Figure 1c. There was disproportionate germline testing
in patients with dAMMR tumours: 114/148 (77%) patients with
dMMR received germline testing compared with 87/732 (11.9%)
with pMMR, 9/13 patients with unknown MMR status received
germline testing. Among those tested, 17 of 210 patients (8%) with
germline testing had Lynch syndrome despite having pMMR
tumours. The percentage of the total cohort diagnosed with
Lynch syndrome was 10.4% (93/893). The median age of patients
with a germline variant was 39 and of those tested was 40 (overall
cohort median age 42). Detection of germline variants according
to stage is demonstrated in the heatmap in Figure 1d. There were
no CMMRD cases described in the cohort.

3.3 | Somatic Variants

Most patients received MMR testing (98.9% of this cohort;
Figure 2a). However, a minority of patients, 359/893 (40.2%) had

TABLE 1 | Characteristics of the cohort of patients including
demographic information, tumour location, stage of disease and family
history.

Number of
patients with
available results

Number of

Whole cohort patients (%)

Country of origin 893
UK 327 (36.6)
Spain 323 (36.1)
Ttaly 210 (23.5)
Germany 33 (3.6)
Sex 893
F 408 (45.7)
M 484 (54.1)
Not recorded 1 (0.1%)
Tumour location 893
Rectum 302 (33.8)
Left 288 (32.2)
Right 205 (23.0)
Other 1(0.2) Polyposis
Not recorded 97 (10.9)
Stage at diagnosis 893
I 144 (16.1)
I 185 (20.7)
11 334 (37.4)
v 198 (22.3)
Not recorded 32 (3.6)
Family history of CRC 484
Yes 152 (31.4)
No 332 (68.6)
Family 484
relationship CRC
1st degree 81 (16.7)
2nd degree 96 (19.8)

available somatic NGS testing results to inform treatment
(Figure 3a). Standard somatic testing panels include variants
that allow access to clinical trials. For example, 144/359 (40.1%)
of those patients who have had testing have a KRAS mutation;
full results are provided in Table 3 and Figure 3b. Some of these
mutations provide druggable targets which could provide op-
tions for treatment as per ESMO guidelines [16] and via clinical
trial eligibility.

3.4 | Characteristics of dMMR Cohort

148/893 patients (16.5%) were diagnosed with dMMR CRCs.
Regarding location, the majority of patients had disease in the
right colon n = 71 (50.0%), left colon n = 41 (27.7%), rectum
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TABLE 2 | Germline results including number of patients who have
had testing and results of NGS germline testing panel of the proportion
of tested patients who had dMMR IHC status and important results
including germline Lynch syndrome diagnosis.

Germline Number of patients
pathogenic Number of with available
variant (NGS) patients (%) results
Yes 112 (53.3) 210
No 98 (46.7)
MLH1 41 (19.5) 114 MMRd (54.3)
MSH2 28 (13.3) 87 MMRp (41.4)
MSH6 7 (3.3) 9 unknown (4.3)
PMS2 18 (8.6)
EPCAM 1(0.5)
APC 9 (4.3)
MUTYH 9 (4.3)
Other significant 4 (1.9) BRCA,
result ATM, FANCA,

CHEK2
Lynch syndrome 93 (45.2) 210
total
pMMR 17 (18.2) 6 MLHI, 2 MSH2, 8
dMMR 76 (81.7) MSH6, 1 PMS2

n = 41 (27.7%) and unknown n = 10 (6.8%). We examined the
relationship between MMR status and tumour location, which
revealed a statistically significant difference in tumour location
distribution between dMMR cases (n = 148) and all pMMR
cases (n = 735) (Y*(4) = 65.07, p = 2.488e-13), and suggests that
tumour location is not randomly distributed across MMR
groups, with dAMMR cases more frequently occurring on the
right side as shown in Figure 4. In terms of staging 26 patients
had stage I disease (17.6%), 42 had stage II disease (28.3%), 58
stage III disease (39.2%), 19 stage IV disease (12.8%), 3 had
unknown stage (2.0%) as shown in Figure 5a,b. With regard to
the relationship between mismatch repair (MMR) status and
cancer stage, this was associated with a highly significant dif-
ference in stage distribution between dMMR cases (n = 148) and
all MMR cases (n = 893) (x*(4) = 38.25, p < 0.0001). Notably,
dMMR cases had a lower proportion of advanced disease (stage
IV) compared to the overall MMR cohort, suggesting differences
in disease progression patterns as shown in Figure 5a,b.
Seventy-five patients (50.7%) had a somatic variant detected of
which only three had a BRAF mutation, 2 had a MLHI mutation
and 1 patient had 2 variants of unknown significance (VUS) in
MSH6. Ninety-one patients (61.5%) had a germline variant
detected, of which 76 (51.4%) were consistent with LS. We
observed substantial heterogeneity in molecular testing path-
ways across countries. Some cohorts applied universal tumour
sequencing or routine panel-based testing, while others
employed targeted strategies based on clinical suspicion. These
variations reflect evolving guidelines and testing availability
across time and region. For example, it is not known how many
of these patients had tested for MLHI promoter hyper-
methylation, which is now embedded into many different
testing pathways for dMMR [14, 17].

3.5 | Patients With pMMR Tumours Who Were
Found to Have Lynch Syndrome

Whilst this is a very small proportion of patients in the entire
cohort, this should be considered when reviewing the findings.
The authors thought however, that this group of patients was
interesting and therefore more information is given. Seventeen
patients with pMMR tumours were diagnosed with Lynch
syndrome on germline testing (Figure 2c), with six MLH]I
pathogenic variant carriers, 2 MSH2 pathogenic variant carriers,
eight MSH6 pathogenic variant carriers and 1 PMS2 pathogenic
variant carrier. Again, the preponderance was for left sided
cancers with 12/17 from the left colon or rectum and 2/17 from
the right colon (3 unknown). There was no statistically signifi-
cant difference in tumour location distribution when comparing
PMMR CRC to the entire cohort (4*(2) = 1.00, p = 0.607), sug-
gesting that tumour laterality in pMMR Lynch syndrome cases
does not differ from the broader CRC population, however, we
note the limited numbers. The TNM tumour staging was stage
I = 2 patients, stage II = 5 patients, stage III = 7 patients and
stage IV = 3 patients, using chi-squared statistics there was a
statistically significant difference when compared to the entire
cohort (¥*(3) = 49.94, p < 0.0001) suggesting that there is a
lower burden of stage IV disease in this group. 4/17 patients had
a history of colorectal cancer in a first degree relative, 5 different
patients had a history of a possible Lynch associated cancer in a
first degree relative, 5 patients in total had a history of CRC in a
second degree relative however, 4 of these patients also had a
history of CRC in a first degree relative. In 2 of these 17 patients,
somatic mutations detected in mismatch repair genes corre-
sponded to the germline pathogenic variant.

4 | Discussion

In this study, we analysed real-world data from patients diag-
nosed with EOCRC in 23 European centres in 4 countries.
While MMR testing was available in most participating units,
the rates of subsequent molecular testing were suboptimal. Only
40.3% of patients received somatic testing results, and only 23%
had documented germline testing. The data are primarily
observational and retrospective and indications for testing
evolved across different centres and countries during the time
period. This variability reflects standard data collection practices
across different healthcare systems. Selection of consecutively
diagnosed patients helps to mitigate reporting bias and highlight
clinically relevant gaps in routine testing and data availability.
Our findings support the need to unify criteria and universal
tumours sequencing across Europe.

Geographical disparities influence access to speciality care,
eligibility for testing and treatment options, ultimately impacting
patient outcomes. The data we present here is from centres who
are motivated in addressing this global problem and likely
represent services that are more advanced than the average
institution.

MMR immunohistochemistry (IHC) is commonly used across
European centres as the index test of mismatch repair function.
This test is relatively inexpensive and an effective method for
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FIGURE 1 | (a) Number of patients receiving germline testing and variants detected. Of the entire cohort of patients 893, a total of 210 received

germline testing, of whom 112 tested positive for a pathogenic variant, 98 tested negative and 683 were not tested. (b) Germline variants detected.

(c) Germline testing and results per country. (d) Germline variant heatmap per stage.

identifying patients who require further testing. However, the
sensitivity and specificity of this test may not be well-validated in
younger patients due to the fact it has historically been validated
in the older population, although some more recent publications
include a younger cohort [18]. For this age group, it might be
more appropriate to use a broader range of tests to evaluate
tumour phenotype, including MSI and tumour mutational
burden (TMB) analysis. These tests would need to be clinically
validated against the current gold-standard methods to deter-
mine if multiple methods of testing improved diagnosis in this
age group. Globally, MMR and Lynch syndrome practices vary
with some centres providing reflex testing with other centres
needing to request tests on a patient-by-patient basis. However,
without robust service planning, diffusion of responsibility can

result in lower levels of testing [7] although our study does not
have information on why certain patients did not receive testing.

Our findings align with data suggesting that there are similar
overall numbers of patients with dMMR in EOCRC when
compared with LOCRC, around 16% [6]; however, the repre-
sentativeness of our sample must be considered [19]. Germline
testing results were available in 23.5% of all patients included in
the cohort. This may reflect the lag time of testing for patients to
receive genetic testing, focus on immediate care or if patients
were too unwell to undergo testing or to attend appointments
for discussion about genetic testing. As a result, only 10.4% of
the cohort had a diagnosis of Lynch syndrome lower than in the
reported literature for this age group [6].
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FIGURE 2 | (a)Number of patients tested for mismatch repair (MMR) with immunohistochemistry and result whether dAMMR (mismatch repair
deficient) or pMMR (proficient). (b) Proportion of patients with dAMMR status having Lynch syndrome on germline testing. (c) Proportion of patients

with pMMR status having Lynch syndrome on germline testing.
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FIGURE 3 | (a) Number of patients receiving somatic (tumour) testing and variants detected. Of the entire cohort of 893, a total of 331 patients

received somatic testing. (b) Somatic variants detected.

Our findings also show higher levels of germline testing in pa-
tients with AMMR tumours: 114/148 (77%) patients with dAMMR
received germline testing compared with 87/732 (11.9%) pa-
tients with pMMR. Among those tested, 17 of 210 patients (8%)
with germline testing had Lynch syndrome despite having
PMMR tumours. This discrepancy suggests that IHC alone may
miss Lynch syndrome or other genetic causes of colorectal
cancer. Some patients with pMMR CRC may be tested in the
absence of dMMR, for example based on family history or
because of age thresholds in different health systems. However,
the proportion of patients who were diagnosed with Lynch
syndrome out of the cohort that were tested was 17/87 (19.5%)

pointing to potential underdiagnosis [9, 16, 20]. In a larger study
by Latham et al, 1.9% of pan-cancer patients with MSI-
indeterminate and 0.3% microsatellite-stable had Lynch syn-
drome [11]. These findings support germline testing for every
patient under 50 years of age regardless of MMR status.

Somatic variant testing is useful in prognostication as well as to
personalise oncological treatments for patients. The landscape
of molecular changes may differ in EOCRC compared with
LOCRC and there may be mutations found that allow access to
clinical trials. Comprehensive molecular testing improved data
collection, enhanced clinical trial access and ensured optimal

2018
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TABLE 3 | Tumour characteristics and somatic results including number of patients with available results and pathogenic variants detected and

implications on treatment options based on these diagnoses.

Number of
Tumour characteristics patients (%) Number of patients with available results
Somatic testing 893
dMMR 148 (16.5) Access to immune checkpoint inhibitors and prognosis in early stage
PMMR 735 (82.3) disease
Unknown 10 (1.2)
Somatic pathogenic 359
variant (NGS)
Yes 233 (64.9) NB patients may have more than one mutation
No 126 (35.1)
MLH1 52 (14.5)
MSH2 1(0.3)
MSH6 27 (7.5)
PMS2 11 (3.1)
POLE 11 (3.1)
POLD1 5(1.4)
KRAS 144 (40.1) RAS/RAS wt left sided tumours suitable to receive EGFR inhibitors
NRAS 49 (13.6) targeted treatment-encorafenib/cetuximab for BRAF V600E mutations
BRAF 21 (5.8)
PIK3CA 39 (10.9)
TP53 61 (17.0)
Tumour location distribution by MMR status
100%
75%

dMMR

Tumour location

pMMR

MMR status

FIGURE 4 | Tumour location for dMMR tumours n = 148 with right colon n = 71 (50.0%), left colon n = 41 (27.7%), rectum n = 41 (27.7%) and
unknown n = 10 (6.8%) and for pMMR tumours n = 735 with 258 (35.4%) rectal disease, 257 (35.0%) in the left colon, 132 (18.0%) in the right colon, 1
(0.1%) in other area and 87 (11.8%) unknown.
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FIGURE 5 | (a) TNM stage for dIMMR tumours n = 148 with 26 (17.6%) patients stage I disease, 42 (28.4%) with stage II disease, 58 (39.2%) with
stage III disease, 19 (12.8%) stage IV disease and 3 (2%) unknown. (b) and for all tumours n = 893 with 144 (16.1%) patients having stage I disease, 185
(20.7%) with stage II disease, 334 (37.4%) with stage III disease and 198 (22.1%) with stage IV disease and 32 (3.6%) unknown.

care. Identification of patients as RAS/RAF wildtypes allows
access to targeted treatment with EGFR blockade. Standard
somatic variant panels often include investigational mutations
essential for emerging treatments.

Clinical trials have variable access according to a wide range of
factors such as location, recruitment windows and inclusion/
exclusion criteria. The digestive cancers Europe website ad-
dresses these disparities for patients from EU and EAA countries
[21]. Additionally, race- and sex-based molecular differences may
offer novel biological insights into disparities in patient outcomes
[22]. Accessing these trials can be challenging due to variations in
health literacy among patients [23]. The younger EOCRC de-
mographic also amplifies the perceived value of quality-adjusted
life years (QALYs) [24].

In the whole CRC population (regardless of age) the proportion
of patients diagnosed with stage IV disease is around 10% with
lower levels of stage IV cancer in a screen detected population
[25, 26]. Our cohort has a higher proportion with advanced
disease of 22%, which may reflect multiple adverse factors
including a lack of population screening, delays to diagnosis, or
more aggressive disease biology in people with EOCRC. How-
ever, compared with rates of stage IV disease in a wider popu-
lation, our recorded rates are lower than previously reported.
This may mean our population is not representative of the wider
EOCRC population, or may be related to the fact that there is a
lot of missing data.

Although this dataset does not capture oncologic and treatment
outcomes or survival for patients, it reflects findings from other
large clinical trial datasets showing that there are pathogenic
variants detected in around 16%-25% of cases with EOCRC
[27]. However, when only a small proportion of our cohort had
germline testing, it is difficult to make any firm conclusions as
to its comparability. This study concluded that EOCRC patients
were more likely to complete adjuvant chemotherapy but
showed a worse outcome in stage III disease [24]. The IDEA
collaboration and other studies suggest that many EOCRC

patients receive aggressive treatment without evidence of sur-
vival benefit [23, 24].

Family history was documented in only 54% of patients. Of that
cohort, only 19.8% of patients had a history of CRC in a 1st
degree relative. Family history data is often gathered during
oncology clinics, but it is often incomplete, inaccurate, or not
collected at all. As a result, prediction models like PREMM [25],
which rely on detailed information, may be less effective. This
may be due to the clinic's focus on treatment discussions, which
are the priority for healthcare professionals and patients at that
time in treatment. Using electronic tools or questionnaires could
improve the collection and storage of family history data,
enabling the development of more accurate and comprehensive
datasets for predictive models. There are many suggestions that
positive family history could prompt earlier screening in high-
risk individuals but with this data not being collected
routinely it is difficult to implement this in the real world setting
or understand if this is a problem [11, 15, 16, 23, 26].

Identification of inherited syndromes enables personalised sur-
veillance and chemoprevention as well as cascade testing of
family members. This allows family members to access pre-
ventative screening programmes and explore options for family
planning and other measures to reduce risk such as lifestyle
management, obesity management, H. pylori testing and aspirin
use [7], relavent for those diagnosed with Lynch syndrome.

Our findings reveal substantial variability in molecular diag-
nostic practices for EOCRC across Europe. This likely reflects
differences in clinical guidelines, diagnostic infrastructure, and
policy frameworks. While the retrospective design and data
heterogeneity limit direct comparisons, our study provides
valuable insight into real-world testing patterns.

Finally, as molecular testing approaches and indications have
evolved over the study period, our findings further support
the need for standardised universal tumour sequencing in
EOCRC. Despite the limitations—including retrospective design,
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inconsistent data completeness, and centre-specific practices—
this work highlights clear opportunities to enhance diagnostic
pathways and optimise care for individuals with EOCRC [20].
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