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ABSTRACT
Objective  To assess clinicopathological predictors and 
prognosis in early-onset colorectal cancer (CRC) in Lynch 
syndrome with comparison to patients diagnosed from age 
40 and up.
Design  National, retrospective register-based case–
control study.
Setting  Danish national hereditary CRC register.
Participants  Individuals with Lynch syndrome diagnosed 
with CRC from January 1950 to June 2020. The analysis 
was based on 215 early-onset CRCs diagnosed between 
15 and 39 years of age and 574 CRCs diagnosed at age 
40–88 years.
Main outcome measures  Clinical and histopathological 
characteristics and survival. Confounding variables were 
analysed by Cox analysis.
Results  27.2% of the tumours in the Danish Lynch 
syndrome cohort were diagnosed under age 40. Disease-
predisposing alterations in MLH1 and MSH2 were 
overrepresented in the age 15–39 cohort compared with 
patients diagnosed over age 40. CRCs diagnosed under 
age 40 showed an adverse stage distribution with 36.2% 
stage III–IV tumours compared with 25.8% in the over age 
40 group. However, young patients diagnosed with early-
stage tumours did have a significantly better prognosis 
compared with early-stage tumours in the older age group.
Conclusions  Early-onset CRC in Lynch syndrome is 
primarily linked to alterations in MLH1 and MSH2 and 
displays an adverse stage distribution. These observations 
serve as a reminder of surveillance, symptom awareness 
and rapid diagnostic handling of CRC in young adults with 
Lynch syndrome.

INTRODUCTION
Colorectal cancer (CRC) incidence shows 
divergent trends in various age groups. 
In many western countries, the incidence 
of CRC above age 50 is decreasing, which 
has been attributed to the introduction of 
population-based screening.1 At the same 
time, incidence rates under age 50 annually 
increase by 1%–3% with particularly worrying 
rates in the youngest age group from age 
18 to 40 years.2–12 In 2010, 5% of colon 
cancers and 9% of rectal cancers were diag-
nosed under age 50. Due to these increasing 

incidences it has been estimated that 11% of 
colon cancers and 22% of rectal cancers will 
be diagnosed under age 50 by 2030 with the 
largest estimated increase in the age group 
20–34 years.8 13 However, paediatric CRC is 
rare with an estimated frequency under 1 per 
1 000 000 cases.6

Young age at onset is a hallmark of heredi-
tary cancer, and at least 20% of the CRC cases 
are estimated to show familial patterns, and 
5% carry disease-predisposing genetic vari-
ants.14–16 Under age 35–40 years, up to one-
third of the cases have been reported to be 
linked to hereditary syndromes, such as Lynch 
syndrome.16–19 Lynch syndrome is caused 
by disease-predisposing genetic variants in 
the mismatch-repair (MMR) genes MLH1, 
MSH2, MSH6 and PMS2 and represents the 
most common cause of hereditary CRC. Indi-
viduals with Lynch syndrome have 40%–70% 
risk of CRC with a mean age at first diagnosis 
of 40–45 years, and 40% of the tumours are 
diagnosed under age 40.8 20–22 The increased 
life-time risk of CRC motivates surveillance 
colonoscopies, which typically include bien-
nial examinations from age 25 years.23 24 
Rational design of surveillance programmes 
is challenged by variable age at onset and risk 

Strengths and limitations of this study

	► Data from a nation-wide Lynch syndrome register 
were used for comparison between early-onset 
and late-onset cases in a genetically predisposed 
population.

	► Access to detailed clinicopathological data in a large 
study cohort allows for adjustment for factors such 
as sex, gene variant, tumour location and tumour 
stage.

	► Incomplete data on surveillance colonoscopies pre-
vent analyses of route to diagnosis.

	► Long study timespan implies that risk factors, sur-
veillance, diagnostics and treatment have changed 
during study time.
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of cancer within families, which calls for increased knowl-
edge of predictors and characteristics of CRC under age 
40 in individuals with Lynch syndrome.25

In individuals under age 40, symptoms of CRC tend to 
be unspecific. Furthermore, the disease is not a first-hand 
diagnostic consideration, which may explain observed 
diagnostic delays in this group. Patients with CRC under 
age 40 show a predilection for tumours in the descending 
colon and the rectum, an over-representation of signet-
ring cell histology, mucinous and poor differentiation, 
more advanced stage at diagnosis and higher mortality 
rates.5 9 12 26–28 The clinicopathological characteristics in 
the early-onset group suggest distinct routes of tumour 
development, though the molecular underpinnings 
remain to be defined. Data on early-onset CRC in Lynch 
syndrome are scarce and better knowledge in this field 
could support risk-adapted surveillance.29 Motivated 
by the alarming increase in incidence of sporadic CRC 
under age 40, we defined this age as cut-off for early-onset 
CRC in Lynch syndrome. This also fits well with a mean 
age at diagnoses just above 40 in individuals with Lynch 
syndrome who do not undergo surveillance. We aimed to 
define predictors of early-onset CRC in Lynch syndrome, 
as well as clinicopathological characteristics and prog-
nosis based on a national Lynch syndrome cohort.

METHODS
Study population and data extraction
This retrospective register-based case–control study was 
based on the national Danish Hereditary Non-polyposis 
Colorectal Cancer (HNPCC) register. The register 
contains more than 80 000 individuals with a suspected 
or verified risk of familial or hereditary CRC.30 All indi-
viduals with disease-predisposing MMR gene alterations 
were eligible for the study, which defined a cohort of 520 
families in which all diagnoses were verified based on clin-
ical charts and/or histopathology reports. We considered 
the first primary CRC and defined the early-onset group 
as CRC cases diagnosed under age 40. Two hundred and 
fifteen cases aged 15–39 years where found and the clini-
copathological findings and survival of these groups were 
compared with the remaining cases diagnosed at 40–88 
years of age.

Clinical data were extracted from the Danish HNPCC 
register on 11 June 2020 and the following variables were 
retrieved: MMR gene alteration (in the genes MLH1, 
MSH2, MSH6, PMS2 and EPCAM), sex, date of birth, date 
of death, documentation for diagnostics, date of diag-
nosis, tumour morphology, stage and location. EPCAM 
alterations can cause inactivation of the downstream 
MSH2 gene31 and were pooled with MSH2 variants. The 
reported TNM classification was translated into clinical 
stage with analysis of tumour stage as well as clinical 
stage. Stage I included T1–T2, N0 and M0 tumours. Stage 
II consisted of T3–T4, N0 and M0. Stage III was T1–T4, 
N1-2 and M0, and stage IV included any T, any N and M1. 
Likewise, reports of tumours located in the ascending 

colon, cecum, hepatic flexure and transverse colon 
were altogether analysed as proximal tumours, whereas 
reported tumours in the sigmoid colon, splenic flexure 
and descending colon were considered distal tumours.

Diagnoses based only on family history (n=14) and 
metachronous/synchronous tumours (n=239) were 
excluded. Furthermore, diagnoses before 1950 were 
removed (n=3), leaving 789 eligible individuals for the 
study (figure  1). We would like to note that register 
studies are not subjected to ethical review according to 
Danish regulations. Furthermore, the manuscript has 
been written in accordance with the Strengthening the 
Reporting of Observational Studies in Epidemiology 
reporting guidelines.32

Patient and public involvement
Public and patient involvement was planned through 
the Danish HNPCC register that arranges annual patient 
information events and presents ongoing research proj-
ects on its web page.

Statistical analysis
Clinicopathological characteristics in the two study 
groups were initially analysed by univariate methods. 
Categorical variables in the two cohorts were analysed 
using χ2 test and differences within continuous variables 
were evaluated for normality assumption and calculated 
using Student’s t-test. Five-year survival probabilities were 
visualised using the Kaplan-Meier method and differ-
ences between the two cohorts were estimated adjusted 

 

Figure 1  Flowchart of the study population. CRC, colorectal 
cancer; HNPCC, Hereditary Non-polyposis Colorectal 
Cancer.
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for stage by Kaplan-Meier estimator and tested by using 
log-rank test. Variables that were found to be statistically 
significant were further analysed. Adjusted estimates 
were presented as hazard ratios (HR) from Cox propor-
tional hazard models and tested by Wald test. Possible 
confounding factors for the Cox model included MMR 
gene and tumour stage. The proportion of CRC under 
age 40 years in the total cohort (n=789) was stratified 
by year of diagnostics and the ratio of CRCs diagnosed 
under versus over age 40 per decade is shown in a bar 
plot to illustrate possible time-dependent incidence. All 
statistical analyses were conducted using R (R Core Team 
(2019) V.3.6.1. R: A language and environment for statis-
tical computing. R Foundation for Statistical Computing, 
Vienna, Austria) using the ggplot233 and survival34 pack-
ages. All p values were two-sided and statistical signifi-
cance was reached at <0.05.

RESULTS
In the total Danish Lynch syndrome cohort, the first CRC 
was considered in patients diagnosed after year 1950 
(N=789). The total cohort contained 447 males (56.7%) 
and 342 females (43.3%) from 418 different families aged 
15–88 years with a mean age at diagnosis of 48.9 years. 
In total, 51.7% of the CRCs were diagnosed under age 
50, 27.2% under age 40, 5.6% under age 30% and 1.8% 
under age 25. The majority (59.1%) of the tumours were 
located in the proximal colon. Disease-predisposing gene 
alterations in the cohort affected MLH1 in 33.0%, MSH2 
in 39.4%, MSH6 in 22.2% and PMS2 in 5.4% (table 1).

Due to incomplete data, further analyses related to histo-
pathological subtypes were not performed. Moreover, 
inadequate data were available to test if the proportion 
of CRC were diagnosed during surveillance more often 
in the 40–88 age group than in the group under age 40. 

Table 1  Clinical and histopathological characteristics of first colorectal cancer diagnosis in relation to age group

Age (years) Total 15–39 40–88 P value

Characteristics  �

 � Families/individuals 418/789 149/215 350/574 N/A

 � Sex, male (%) 447 (56.7) 124 (57.7) 323 (56.3) p=0.785

 � Age at diagnosis, mean (range) 48.9 (15–88) 33.1 (15–39) 54.8 (40–88) N/A

 � Year of diagnosis, mean (range) 2001 (1951–2020) 1996.5 (1953–2019) 2002.6 (1951–2020) N/A

 � Age at death, mean (range) 59.5 (25.3–96.9) 47.3 (25.3–89.1) 64.3 (41.0–96.9) p<0.001*

 � Mean survival in years (range) 12.3 (0–55.7) 15.8 (0–55.7) 11.0 (0–42.1) p<0.001*

Disease-predisposing gene n (%) n (%) n (%) p<0.001

 � MLH1 260 (33.0) 92 (42.8) 168 (29.3)

 � MSH2 311 (39.4) 97 (45.1) 214 (37.3)

 � MSH6 175 (22.2) 20 (9.3) 155 (27.0)

 � PMS2 43 (5.4) 6 (2.8) 37 (6.4)

Tumour location p=0.734

 � Proximal colon 443 (59.1) 116 (56.6) 327 (60.0)

 � Distal colon 184 (24.6) 53 (26.3) 131 (24.0)

 � Rectum 122 (16.3) 35 (17.1) 87 (16.1)

Clinical stage p=0.006

 � I 132 (19.4) 24 (13.3) 108 (21.6)

 � II 355 (52.1) 91 (50.6) 264 (52.7)

 � III 150 (22.0) 46 (25.6) 104 (20.8)

 � IV 44 (6.4) 19 (10.6) 25 (5.0)

Tumour stage p=0.006

 � T1 44 (7.4) 10 (6.9) 34 (7.5)

 � T2 93 (15.6) 17 (11.7) 76 (16.9)

 � T3 247 (41.4) 49 (33.8) 198 (43.9)

 � T4 212 (35.6) 69 (47.6) 143 (31.7)

Characteristics for the total cohort. Distribution and p values between under age 40 and above age 40 for characteristics, disease-
predisposing gene, tumour location, clinical stage and tumour stage.
*Student’s t-test.
NA, not applicable.
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Age distribution in relation to disease-predisposing MMR 
gene, tumour location within the bowel and tumour stage 
are presented in online supplemental figure S1.

Comparison between CRCs diagnosed under age 
40 versus over age 40 using univariate analysis consid-
ered age at diagnosis, age at death, survival in years, 
sex, MMR gene alteration, tumour location, clinical 
stage and tumour stage (table  1). The early-onset 
cases (N=215) were diagnosed at age 15–39 years, and 
the over age 40 cases (N=574) were diagnosed at age 
40–88 years. Mean age at death was 47.3 years in the 
age 15–39 cohort versus 64.3 in the over age 40 cohort, 
whereas mean survival was 15.8 years in the age 15–39 
group and 11.0 years in the over age 40 group. The 
differences in age of death and survival could be influ-
enced by differences in life expectancy between these 
cohorts. Disease-predisposing alterations in the MMR 
genes MLH1 (42.8% vs 29.3%) and MSH2 (45.1% vs 
37.3%) were overrepresented in the age 15–39 group, 
whereas MSH6 alterations were overrepresented among 
individuals diagnosed from age 40 and up (27.0% vs 
9.3 %) (p<0.001). CRCs diagnosed from age 15 to 39 
were associated with an adverse stage distribution with 
more advanced clinical tumour stage (stage III and IV, 
p=0.006) as well as a higher tumour stage T4 (p=0.006). 
Sex and tumour location did not significantly differ 
between the two cohorts (table 1).

The unadjusted 5-year survival analysis did not reveal 
differences between the groups with a 5-year overall 
survival probability of 82% (unadjusted log-rank p=0.86) 
in both groups (online supplemental figure 2). Factors 
that showed significant correlation in univariate analyses, 
that is, disease-predisposing gene and clinical stage, were 
included in the adjusted multivariate Cox model. Tumour 
stage was not included due to its interaction with clinical 
stage. Age group and disease-predisposing gene(s) were 
not significantly associated with overall survival, whereas 
clinical stage did predict an increased risk for death as 
expected with HRs of 5.06 for clinical stage III and 28.1 
for clinical stage IV (table 2).

Next, we investigated differences in 5-year survival in the 
two age groups stratified for clinical tumour stage (online 
supplemental figure 3A–D). There was an increased prob-
ability of 5-year overall survival in the 15–39 age group 
with tumour stage II (online supplemental figure 3A) 
(p=0.03). Differences in survival between the age groups 
in tumour stage I, III and IV were insignificant and in 
some cases, such as stage IV, the numbers were quite low 
(online supplemental figure 3D). Therefore, we chose to 
analyse early-stage and late-stage between the age groups, 
where stage I and II were classified as early-stage (I+II) 
and stage III and IV as late-stage (III+IV) (figure 2). After 
adjustment for tumour stage, 5-year overall survival in 
early-stage tumours was 97% in the age 15–39 group and 
90% in the group diagnosed over age 40 (p=0.017). The 
corresponding figures in late-stage tumours were 55% in 
the age 15–39 group and 65% in the group above age 40 
(p=0.27).

In the data set from the national Danish HNPCC 
registry we could follow the age distribution at diagnosis 
of the first CRC over time (figure 3A, B). The frequency of 
CRCs diagnosed per decade increased in both age groups 
(figure  3A). However, the largest increase in numbers 
was observed in the group above age 40. Reported diag-
noses per decade remained relatively constant in the 
group under age 40 during the time period 1950–1989, 
whereas the incidences doubled during the period 1990–
2019 (figure 3A). The proportion of the two groups per 
decade, shows that the older group starts as the minor 
group, and ends up comprising 80% of diagnosed CRC 
in the last decade (figure 3B). The increasing number of 
diagnosed CRCs is influenced by an expanding number 
of identified Lynch syndrome families and due to surveil-
lance programmes that have gradually been introduced 
for individuals with increased risk of CRC. Thus, these 
data need to be interpreted with caution. Our data do, 
however, not support an increasing proportion of CRCs 
in the age 15–39 group over time in the Danish Lynch 
syndrome cohort.

Among adolescents and young adults under age 25 
we observed 14 CRCs, of which 6 were diagnosed under 
age 20. Clinicopathological data from these cases are 
summarised in online supplemental table 1. Of the 14 
CRCs under age 25, data on diagnostic path were avail-
able from 9 cases, of whom 8 were diagnosed due to symp-
toms. Two of these individuals had concurrent ulcerative 
colitis, which motivated colonoscopy in the only individual 
diagnosed through surveillance. This subset showed a 
predominance for advanced T stages with 28.6% T3 and 
28.6% T4 tumours, though still with a predominance for 

Table 2  HRs for 5-year overall survival in the colorectal 
cancer Lynch syndrome cohort

Characteristics HR 95% CI P value

Age of onset

 � 40–88 years (reference) — —

 � 15–39 years 0.90 0.64 to 1.28 0.6

Clinical stage

 � Stage I (reference) – –

 � Stage II 1.94 0.86 to 4.36 0.11

 � Stage III 5.06 2.25 to 11.4 <0.001

 � Stage IV 28.1 12.3 to 64.3 <0.001

 � Unknown 10.2 4.57 to 22.6 <0.001

Disease-predisposing gene

 � PMS2 (reference) – –

 � MLH1 1.23 0.53 to 2.86 0.6

 � MSH2 0.97 0.42 to 2.26 >0.9

 � MSH6 1.39 0.58 to 3.33 0.5

HR, 95% CI and p value for age of onset (of first colorectal 
cancer), age of diagnosis, clinical stage, disease-predisposing 
gene and tumour stage.

https://dx.doi.org/10.1136/bmjopen-2021-053538
https://dx.doi.org/10.1136/bmjopen-2021-053538
https://dx.doi.org/10.1136/bmjopen-2021-053538
https://dx.doi.org/10.1136/bmjopen-2021-053538
https://dx.doi.org/10.1136/bmjopen-2021-053538
https://dx.doi.org/10.1136/bmjopen-2021-053538
https://dx.doi.org/10.1136/bmjopen-2021-053538
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clinical stage II (50.0%) and few stage III–IV tumours 
(online supplemental table 1).

DISCUSSION
Based on the national Danish Lynch syndrome cohort, 
we demonstrate that early-onset CRC, defined as tumours 
under age 40 (15–39 years), is largely driven by disease-
predisposing variants in MLH1 and MSH2 and show a 
dismal clinicopathological profile with an overrepresenta-
tion of advanced tumours (T4 and stage III–IV tumours). 
In this age group, 36.2% of the patients were diagnosed 
with stage III–IV tumours compared with 25.8% in the 
group above age 40. Among patients diagnosed with early-
stage tumours, the age 15–39 group showed significantly 
better survival whereas no significant difference applied 
to late-stage tumours. However, the over-representation 

of late-stage tumours in the age 15–39 group with an 
overall 5-year survival of 55% calls for increased aware-
ness to support early diagnostics and thereby improved 
outcomes.

Our population approach with data from 215 CRC cases 
in the age 15–39 group and 574 CRCs diagnosed at age 
40 and up, provides a robust sample size. Nevertheless, 
the retrospective cohort design over a long time period 
could introduce ascertainment bias based on more distin-
guishing phenotypes in the earlier years. This was indeed 
observed in the higher percentage of early-onset cases in 
the early decades (figure 3A–B). This would imply that 
early-onset cases may have been more frequent in the 
early study period and may more often represent index 
cases with a tendency for more advanced tumour stage. 
Bias may also relate to TNM stages since pathology record 

Figure 2  Five-year survival curve for colorectal cancer adjusted for age group and tumour stage. FIve-year survival probability 
in the early-onset group (age 15–39 years) and the late-onset group (age 40–88 years) stratified by clinical tumour stage I–II and 
stage III–IV.

Figure 3  Frequency and proportion of early-onset colorectal cancers from 1950 to 2019. Frequency (A) and proportion (B) of 
diagnosed colorectal cancers in Lynch syndrome patients diagnosed under age 40 (blue) and above age 40 (orange). Diagnosed 
cases are represented per decade from 1950 to 2019, where each decade are depicted as 1950–1959, 1960–1969 and so on.

https://dx.doi.org/10.1136/bmjopen-2021-053538
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from the first half of the study period used the Dukes clas-
sification and generally had a lower number of lymph 
nodes identified and evaluated, which implies a less 
precise conversion into TNM stages. Furthermore, we did 
not have access to complete information on surveillance 
colonoscopies, which implies that we could not correct 
for route of diagnosis, that is, symptomatic versus during 
surveillance.

Compared with sporadic CRC, tumours linked to Lynch 
syndrome have been demonstrated to have a favourable 
prognosis with survival probabilities above 80% after 10 
years for stage I–III tumours, which has been linked to 
growth patterns with strong immune reactions and a 
lower risk of nodal spread.35 We verify an excellent prog-
nosis for stage I–II tumours with 5-year survival rates of 
97% in the age 15–39 cohort and 90% in the above age 
40 cohort. However, among patients diagnosed under 
age 40, 36.2% were clinical stage III–IV at diagnosis with 
81.4% of the tumours being T3–T4. Whether this reflects 
particularly early and aggressive tumour development in 
these patients, suboptimal compliance to surveillance or 
insufficient surveillance procedures as regards to quality 
or colonoscopy, surveillance intervals or other factors, 
remains unknown. Risk modifying factors such as the 
specific MMR gene defects, genetic modifiers, lifestyle 
factors and inflammatory processes, may influence the 
individual risk. The observation that adolescents, young 
adults and patients up to age 40 frequently present with 
large and late-stage tumours calls for attention to surveil-
lance procedures, adherence and potential risk factor 
reduction in this patient group.36 For late-stage tumours, 
5-year survival rates were not significantly different at 
55% in the early-onset group and 65% in the late-onset 
group. These figures support observations of an adverse 
prognosis in adolescents and young adults with non-
hereditary CRC where prolonged diagnostic processes, 
adverse risk factor profiles and an overrepresentation of 
advanced disease stages have been documented.6 11 On 
the other hand, the significantly better outcomes with 
97% 5-year survival for young patients with early-stage 
disease motivates early diagnostics in genetically predis-
posed individuals.

In Denmark, colonoscopic surveillance in Lynch 
syndrome is initiated from age 25, which implies that 
cases under this age were symptomatic, except for occa-
sional patients surveilled due to intercurrent inflamma-
tory bowel disease. Our study confirms that in Lynch 
syndrome the risk of developing CRC under age 40 is 
driven by disease-predisposing alterations in MLH1 and 
MSH2, which supports risk-adapted surveillance from age 
25 in MLH1 and MSH2 carriers and from age 30 years 
in MSH6 and PMS2 carriers.37 Tailored surveillance based 
on transparent risk communication is aimed at early diag-
nostics, patient safety and rational use of resources. In the 
Danish Lynch syndrome cohort, 1.8% of CRCs were diag-
nosed under age 25. Within this subgroup, 57.2% of the 
tumours were T3–T4, though only 21.3% were clinical 
stages III–IV (online supplemental table 1). International 

Lynch syndrome surveillance programmes for CRC 
generally include biennial colonoscopies from age 20 to 
25 years.30 38 In Denmark the recommended start age for 
colonoscopic surveillance is 25 years, which aligns with 
the start age recommended within the recent European 
guidelines.39 The youngest cases in our cohort were aged 
15 and 18 years, respectively, at diagnosis. Information 
regarding CRC in the teenage period in Lynch syndrome 
is largely based on case reports, which precludes conclu-
sions on genetic predictors and disease causes and 
implies that evidence for best practise is limited.40 41 The 
observation of early-onset CRC in patients with concom-
itant inflammatory bowel disease adds to a previously 
suggested increased risks and lower age at onset (median 
36 years) in the 1.4% of Lynch syndrome individuals 
that have inflammatory bowel disease with a particularly 
increased risk for patients with ulcerative colitis.42–47 
Suppression of low-grade inflammation by non-steroidal 
anti-inflammatory drugs could be particularly relevant in 
individuals with this dual risk profile. This is supported 
by preclinical data on synergistic effects from MMR defi-
ciency and inflammation with an accelerated neoplastic 
process demonstrated in MSH2-deficient mice and from 
clinical observations of long-lasting effects from Aspirin 
demonstrated in the CAPP2 trial.48–51 Denmark has a 
high and increasing incidence of inflammatory bowel 
disease, which implies that the diagnostic duality, Lynch 
syndrome and inflammatory bowel disease, is relevant 
from a cancer-prevention and early diagnostics perspec-
tive.42 52

In summary, 27.2% of the CRCs diagnosed in the Danish 
Lynch syndrome cohort developed under age 40% and 
1.8% were diagnosed under age 25. CRCs under age 40 
is linked to disease-predisposing alterations in MLH1 
and MSH2 and show an adverse risk profile with more 
advanced stage tumours. In contrast, Lynch syndrome 
patients diagnosed with stage I–II tumours under age 
40, show a significantly better survival than the older age 
group. This underscores an unmet need for optimised 
clinical management to support early diagnostics in 
young individuals at increased risk of CRC. Furthermore, 
a possible link to inflammatory bowel disease is suggested 
in adolescents and young adults, which calls for attention 
to surveillance procedures and awareness of symptoms in 
individuals with dual risk profiles.

CONCLUSION AND CLINICAL IMPLICATIONS
Our investigation addresses early-onset CRC in a national 
Lynch syndrome cohort. We demonstrate that develop-
ment of CRC in Lynch syndrome individuals under age 
40 is largely driven by disease-predisposing variants in 
MLH1 and MSH2. This age group also shows a signifi-
cant overrepresentation of T4 tumours and late-stage 
tumours which have implications for patient survival. 
Though being a rare presentation, we would like to stress 
awareness of early-onset CRC in order to optimise patient 
outcome.

https://dx.doi.org/10.1136/bmjopen-2021-053538
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