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Abstract

Lynch syndrome is the most frequent hereditary colorectal cancer (CRC) syndrome, affecting approximately 1 in 300 in
the Western population. It is caused by pathogenic variants in the mismatch repair (MMR) genes including MLHI, MSH?2
(EPCAM), MSH6 and PMS2, and is associated with high risks of CRC, endometrial cancer and other cancers. In view of
these risks, carriers of such variants are encouraged to participate in colonoscopic surveillance programs that are known to
substantially improve their prognosis. In the last decade several important studies have been published that provide detailed
cancer risk estimates and prognoses based on large numbers of patients. These studies also provided new insights regarding
the pathways of carcinogenesis in CRC, which appear to differ depending on the specific MMR gene defect. In this report,
we will discuss the implications of these new findings for the development of new surveillance protocols.

Keywords Surveillance - Hereditary colorectal cancer - Lynch syndrome - Pathways carcinogenesis - “de novo” colorectal
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Introduction

Several important studies have recently been reported that
provide new insights into the value of colonoscopic sur-
veillance in the prevention of colorectal cancer (CRC) in
Lynch syndrome. Lynch syndrome (LS) is the most common
inherited form of CRC and is responsible for around 3%
of all CRCs, affecting approximately 1/300 in the Western
population [1]. Lynch syndrome is an autosomal dominant
inherited syndrome caused by a pathogenic variant in one of
the mismatch repair (MMR) genes (MLHI, MSH2/EPCAM,
MSHG6, or PMS?2) [2]. Carriers of MMR gene variants have
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a high risk of developing CRC, endometrial cancer and
some other cancers, depending of the underlying MMR
gene defect [3]. Surveillance of the colorectum was recom-
mended over 30 years ago by Henry Lynch [4, 5]. Today
there is general consensus that colonoscopic surveillance is
highly effective and substantially improves the prognosis of
CRC. However, as surveillance is not completely successful
in preventing CRCs, a keen subject of debate over the last
three decades has been the question of how to improve the
screening protocol to prevent al/l CRCs. The main solutions
put forward include shorter screening intervals [6, 7], and
improving the quality of colonoscopies [8].

In this report, we highlight several ground breaking stud-
ies on colorectal carcinogenesis and the prevention of CRC
in LS, and discuss their implications for new surveillance
guidelines. First, we provide a short summary of evidence
supporting a beneficial effect of colonoscopic surveillance,
and then offer possible explanations for the limited efficacy
of the current surveillance program for CRC prevention.
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Effectiveness of colonoscopic surveillance
over the last four decades

Studies undertaken in the 1980’s in Finland and The
Netherlands showed that colonoscopic surveillance of
families with Hereditary Non-Polyposis Colorectal Can-
cer (HNPCC), later diagnosed as LS families, had a high
yield of precursor lesions and CRC and led to a shift in
CRC stages [9, 10], with screen-detected CRC showing
only locally-restricted disease (Dukes A & B).

In the mid-1980’s, Jarvinen et al. began a “non-ran-
domised controlled trial” comparing 3-yearly colono-
scopic surveillance versus no surveillance in (suspected)
Lynch syndrome/HNPCC families. The Finnish investiga-
tors were able to establish a large control group because in
those early years, many high-risk individuals refused sur-
veillance or initially could not be traced. As this study was
the first and undoubtedly also the last controlled trial with
a ‘no surveillance arm’ in Lynch syndrome, this investiga-
tion remains the most important study in the field today.

The results showed that 3-yearly colonoscopic surveil-
lance (and polypectomy) reduced CRC by 62%, and also
significantly improved survival. The investigators also con-
cluded that the adenoma-carcinoma sequence is a feature
of the development of CRC in LS. Furthermore, the study
demonstrated that ~40% of cancers were not prevented when
a 3-year interval was used (circa 13% of patients under sur-
veillance developed CRC after 10 years follow-up) [11, 12].

In 1995, Dutch investigators published a registry case
series of suspected LS patients who developed CRC within
2-3 years after a normal colonoscopy, also suggesting that
a 3-year screening interval might be too long [6].

Between 2007 and 2010, three large LS registries in
Finland, Germany and The Netherlands reported the
results of prospective long-term surveillance [7, 13, 14].
As with the study by Jéarvinen, substantial CRC risk was
still present despite surveillance (22-35% risk by age
60 years or 7%/10 years follow-up). Nevertheless, all three
studies found a good overall prognosis for patients with
screen-detected CRC, with no mortality in the Finnish and
Dutch series and only local CRC in 41 (95%) out of 43
CRC:s in the German registry. Other surveillance studies
have reported similar results [15-17].

Explanations for the development of CRC
under surveillance

Possible explanations for a high frequency of CRC despite

intensive surveillance are that adenomas were missed dur-
ing a previous colonoscopy or that a deficiency of MMR
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function accelerates the initiation and progression of the
adenoma-carcinoma sequence. A third explanation is that
the carriers of an MMR gene defect develop CRC directly
from non-adenomatous mucosa (“de novo” CRC) [6].
These and other explanations are discussed in more detail
in Ahadova et al. [18]. Here we briefly discuss the original
hypotheses.

Regarding the first explanation, it is certainly possible
that adenomas are missed during colonoscopy in LS as this
is known to occur in an average risk population [19]. A pro-
portion of the remaining CRC risk could therefore be attrib-
uted to development of cancer from ‘missed adenomas’. As
a consequence, it is of the utmost importance that no effort
is spared in the improvement of the technical performance
of colonoscopies [20-23].

Various studies have shown that LS patients develop
adenomas 2—-4 times more frequently than average-risk
individuals [24, 25] and that they develop adenomas at a
younger age [24-26]. Another important finding was the
identification of MMR-deficient crypt foci in the normal
colon of virtually all carriers of an MMR pathogenic variant
(PV), reported by Matthias Kloor et al. in 2012 [27]. These
novel lesions show loss of MMR protein expression but are
neither dysplastic nor hyperplastic and should be differenti-
ated from aberrant crypt foci that show histomorphological
alterations [28]. MMR-deficient crypt foci represented the
first evidence of the potential initiating role of MMR defi-
ciency in the development of LS CRC, further supported
by the observation in LS precancerous lesions (adenomas)
reported by several independent research groups. Sekine
et al. showed that the majority (79%) of adenomas in MLH
and MSH2-PV carriers are MMR-deficient [29]. These
adenomas were found to carry APC or CTNNBI mutations
less frequently (37%) but to carry frameshift RNF43 muta-
tions involving mononucleotide repeats more frequently
(66%) than MMR-proficient adenomas. About half of the
APC mutations detected in adenomas were also (frameshift)
mutations involving repeat sequences. Ahadova et al. [30]
investigated the frequency of MMR-deficiency in adenomas
from LS patients by systematic literature analysis and by his-
tochemistry of 21 adenomas, reporting MMR deficiency in
77% of a total of 640 lesions. In addition, most (75%) APC
mutations detected in MMR-deficient LS-associated tumours
showed the mutational signatures of MMR deficiency [30].
Together, these findings suggest that MMR deficiency often
precedes and initiates adenoma formation in LS, which may
partly explain the increased CRC risk.

There is also ample evidence that carcinogenesis is
accelerated in LS. As far back as the 1980’s Mecklin et al.
reported a high frequency of advanced adenomas in HNPCC
families [31]. Jass et al. compared the incidence of adenomas
in HNPCC to an age-matched autopsy series and found that
HNPCC more often showed advanced aggressive adenomas
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at a young age. These authors concluded that because adeno-
mas are relatively uncommon, individually they must have
a high malignant conversion rate [25]. Later studies also
reported a high frequency of advanced adenomas in LS [24,
32].

Recently, Ahadova et al. proposed that some CRCs in LS
may develop ‘de novo’ from MMR-deficient crypt foci [33].
This proposed new pathway of LS-associated CRC carcino-
genesis is characterized by immediate invasive growth from
non-polypous mucosa and the presence of mutations in the
CTNNBI gene, which is known to be involved in the Wnt
Pathway and to be particularly associated with hereditary
MSI carcinogenesis [34-36]. These cancers appear to grow
submucosally and may escape detection during colonoscopy.

Based on these findings and on additional studies [30],
Ahadova et al. proposed three types of carcinogenesis in
LS: (1) progression from MMR-proficient adenomas; (2)
progression from MMR-deficient crypt foci, with develop-
ment of adenoma followed by accelerated growth; and (3)
progression from MMR-deficient crypt foci, with develop-
ment of invasive cancer without polyp formation (Table 1).

In summary, we can conclude that one or a combination
of the abovementioned explanations is responsible for the
substantial risk of CRC under surveillance.

New insights for prevention of Lynch
syndrome-associated CRC

In the last two decades, several important studies have been
initiated by a European collaborative group focused on
hereditary CRC, originally known as the ‘Mallorca group’
and now called the European Hereditary Tumour Group
(EHTG). The first of these, the Prospective Lynch Syndrome
Database (PLSD) established by Pal Mgller and other mem-
bers, was launched with the aim of prospectively evaluating
the cancer risk and prognosis of a large series of LS patients.
A second study was initiated by Juul Wijnen and aimed to
collect a large series of families with PMS2 to evaluate
cancer risk. A third international study was proposed by
Christoph Engel, the so-called 3 countries (Germany, Fin-
land and The Netherlands) study (3CS), which prospectively

Table 1 Pathways of CRC carcinogenesis in Lynch syndrome, as pro-
posed by Ahadova et al. [30]

Pathway type 1 Progression from MMR-proficient adenomas

Pathway type 2 Progression from MMR-deficient crypt foci,
with development of adenoma followed by

accelerated growth

Pathway type 3 Progression from MMR-deficient crypt foci,
with development of invasive carcinoma

without adenoma

evaluated the effect of different surveillance intervals on the
incidence of CRC. Each of these initiatives recently pro-
duced a series of very important papers that provide ground-
breaking insights into the prevention of CRC in LS.

PLSD studies

The Prospective LS Database (PLSD) has collected follow-
up data from more than 3000 carriers of a pathogenic vari-
ant, mainly found in the MLHI, MSH2 and MSH6 genes.
‘Prospective’ means that the moment of observation began
with the first surveillance colonoscopy in the setting of struc-
tured follow-up, which could be either recent or 1-3 decades
ago. The studies made possible by the PLSD have provided
detailed cancer risk estimates for patients without a previ-
ous cancer [37] and for those with a previous cancer [38].
In a third study [39], cancer risks were reported up to the
age of 75 years. In the most recent PLSD study, the original
series and a validation cohort of LS patients were compared
for cancer risks. Similar risks were found, after which the
two cohorts could be merged. The resulting cohort now has
around 6300 carriers of a pathological MMR variant, includ-
ing 400 PMS2 PV carriers [3]. In agreement with previous
reports, studies by Mgller et al. also showed a high CRC
risk despite colonoscopic surveillance, with a cumulative
CRC incidence at age 75 years of 57% and 48% for male and
female MLHI PV carriers, respectively, 51% and 47% for
male and female MSH2 PV carriers, respectively, 18% and
20% for male and female MSH6 PV carriers, respectively,
and 10% (both sexes) for PMS2 PV carriers [3]. In contrast
to the high CRC rates that occur despite surveillance, the
survival of patients with CRC was very good (colon cancer
S-year survival of 95%), although the survival of patients
with rectosigmoid cancers was lower (5-year survival of
75%). The authors have developed a web-based tool (www.
plsd.eu) that can be used to calculate an individual’s cancer
risk based on current age, sex and underlying MMR PV [3].

Additional PLSD studies have demonstrated that the
cumulative CRC incidence in MLHI PV carriers is inde-
pendent of surveillance intervals [40], and that CRC stage
or survival in MLHI and MSH2 PV carriers is not related to
the time since the last colonoscopy [41, 42].

PMS2 studies

A second initiative, proposed by Wijnen et al. aimed to col-
lect a large series of individuals with PMS2 PV in order
to calculate reliable risk estimates for CRC and other can-
cers. Wijnen and colleagues were able to collect 98 fami-
lies, including 377 proven MMR PV carriers from European
countries. In their first report, PMS2 cancer risks were cal-
culated using (modified) segregation analysis [43] and were
found to be significantly lower (CRC: 19% for male carriers
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and 11% for female carriers by age 70 years; EC: 12%) com-
pared to other MMR PVs, together with a significantly later
onset of CRC. As described by ten Broeke et al. [44], this
cohort was later extended to include families from around
the world, eventually totalling 284 families with 513 PV
carriers. The reported CRC risks were even lower than those
found in the previous study (CRC risk at age 80 years 13%
for males and 12% for females), although the EC risk was
similar. No increases in risk were found for other cancers.

Three-countries studies (3CS)

The third initiative was made possible by the collaboration
of LS registries in Germany, Finland and The Netherlands,
and was coordinated by Christoph Engel. The aim of the
first of the 3CS studies was to compare the results of colo-
noscopic surveillance in the 3 countries, facilitated by the
use of different surveillance intervals (annual surveillance
in Germany, 1-2 yearly surveillance in the Netherlands and
2-3 yearly surveillance in Finland). Follow-up data were
collected from 2747 carriers of an MLHI, MSH2 or MSH6
PV. Unexpectedly, the study did not show lower CRC inci-
dences or earlier CRC stages as a result of shorter colono-
scopic surveillance intervals (annual vs. 1-2 yearly and 2-3
yearly) [45]. CRC risk was actually found to be primarily
dependent on a number of independent risk factors, includ-
ing (1) the presence of a prior CRC diagnosis, (2) male sex,
(3) MLH1I or MSH? carrier status (in contrast to MSH6 car-
rier status), (4) age > 40 years at the index colonoscopy, and
(5) presence of an adenoma at the index colonoscopy.

In the second 3CS study, Engel et al. studied associations
between LS-associated pathogenic variants (MLHI, MSH2
and MSH6), the risk of (advanced) adenoma and CRC, and

somatic mutations in APC and CTNNBI [46]. The study
showed that the risk of advanced adenoma was significantly
higher in MSH2 PV carriers (17.8%) compared to MLH1
PV carriers (7.7%), whereas the risk of CRC was similar in
these PV carriers (11% at 10 years) but significantly higher
compared to risk in MSH6 PV carriers (5%).

Somatic mutations in APC were more frequently found
in tumours from MSH2 PV carriers compared to tumours
from MLHI PV carriers (75% vs. 11%), whereas somatic
mutations in CTNNBI were more common in tumours from
MLH]1 PV carriers than in MSH2-associated tumours (50%
vs. 7%). Three tumours from MSH6 PV carriers showed
APC mutations but no CTNNBI mutations (46). In another
recent study by ten Broeke et al. [47], the molecular pro-
file of tumours from PMS2 PV, MLHI PV and MSH2 PV
carriers was investigated. Differences in the proportions of
various genes (APC, RAS, T53, FBXW?7) were found, but the
most notable finding was the total lack of CTNNBI muta-
tions in PMS2 tumours (0 out of 20 tumours), compared to
CTNNBI mutation frequencies of 58% in MLHI tumours
and 6% in MSH?2 tumours. Another important finding was
the high proportion of MMR-proficient adenomas in PMS2
PV carriers. The findings are summarized in Table 2.

The combined results of clinical and molecular studies
suggest that cancer in carriers of the various pathogenic
MMR variants may be driven by different pathways. The
relatively high frequency of CTNNBI mutations and the low
frequency of APC mutations found in MLHI PV carriers,
in combination with the high risk of CRC and lower risk
of advanced adenoma (compared to MSH2 PV carriers),
suggest that the dominant pathway might be via immediate
development of invasive CRC from MMR-deficient crypt
foci without adenoma formation (i.e., pathway Type 3) [30].

Table 2 Clinical-molecular findings and the most likely involved dominant pathway of carcinogenesis in carriers of various LS pathogenic vari-

ants

Pathogenic MMR CRC risk at age 75 years Advanced adenomas at Somatic mutations in tumours Probable

variant 10-years follow—up3 dominant

pathway®

MLHI High (~50%)' 7.7% CTNNBI: 50%°/58%" Type 3
APC: 11°113%*

MSH? High (~50%)" 17.8% CTNNBI: 1%°/6%* Type 2
APC: 75°133%*

MSH6 Moderate (~20%)' 9.4% CTNNBI: 0 out of 3° Type 1
APC: 3 out of 3°

PMS?2 Low (~ 10%)? Not available CTNNBI: 0%* Type 1

APC: 30%*

#Ahadova et al. (2018) [30]
"Dominguez-Valentin et al. (2020) [3]
2ten Broeke et al. (2018) [44]

3Engel et al. (2020) [46]

“ten Broeke et al. (2018) [47]
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In contrast, findings in MSH2 PV carriers, including a low
frequency of CTNNBI mutations, a high frequency of APC
mutations, together with a high risk of CRC and advanced
adenomas, may indicate that pathway Type 2 is the dominant
pathway in these carriers. In MSH6 PV and PMS2 PV carri-
ers, the lack of CTNNBI mutations and the high frequency
of APC mutations in combination with the low risk of CRC
suggests that carcinogenesis from MMR-proficient adenoma
to cancer may be the dominant pathway (Type 1) (Table 2).

Discussion

What do these studies teach us in relation to colonoscopic
surveillance for the prevention of CRC in LS? Firstly, the
PLSD studies in particular, with the largest collection of car-
riers to date, confirmed the overall relatively good survival
of patients with CRC detected under surveillance. Secondly,
the PLSD, 3CS and PMS?2 studies demonstrated large differ-
ences in adenoma and/or CRC risk between the four groups
of MMR PV carriers. Thirdly, the 3CS and PLSD studies
showed that annual colonoscopic surveillance does not lead
to lower CRC incidence and lower stages of CRC compared
to longer intervals.

The favourable prognosis of CRC LS patients might be
explained by a strong immune response, which may restrict
tumour growth [18]. Systemic immune responses against
MMRd-induced frameshift peptides had been demonstrated,
supporting the concept of continuous immune surveillance
in LS [48]. This slow growth might also explain the lack
of influence of shorter surveillance intervals on the CRC
stage [45].

Some very interesting observations have been made
in clinical and molecular studies, suggesting that the four
groups of MMR PV carriers may follow distinct carcino-
genic pathways. Based on these differences, surveillance
protocols could be adjusted to suit each of the four MMR
gene groups, which might further improve the prognosis.

The type of carcinogenesis found in tumours from dif-
ferent MMR PV carriers appears to depend on the moment
and degree of MMR loss-of-function during cancer develop-
ment. Apparently, complete loss of MMR function already
commonly occurs at an early stage of carcinogenesis in
MLH]1 and MSH2 PV carriers, or may even be an initiat-
ing event giving rise to MMRd crypt foci. In MSH6 and
PMS2 PV carriers some MMR function may remain, due
to compensation for mutated MSH6 and PMS2 by other
MMR genes such as MSH3, MLH3, and PMS1 [49]. This
may explain why MMR deficiency occurs much later in the
adenoma-carcinoma sequence in these carriers.

What are the implications of these new findings for the
surveillance protocol?

Pathway Type 3 probably dominates in MLHI tumours,
which is associated with the submucosal growth of can-
cer or flat lesions that are hard to detect during endos-
copy (Table 2). However, as discussed above, the study
by Jarvinen et al. [12] demonstrated that polypectomy was
effective despite the inclusion of mainly MLHI PV carriers,
suggesting that other pathways are also involved. In view
of the potential development of small CRCs while skipping
the adenoma phase, surveillance at 2 year intervals appears
appropriate in these carriers. Even shorter intervals do not
appear to be safer, as annual colonoscopy did not lead to a
lower incidence of CRC in the above-mentioned 3CS study
[45]. In tumours from MSH2 PV carriers, studies indicate
that loss of MMR function leads to initiation of adenomas
followed by fast progression, processes compatible with
Type 2 pathway carcinogenesis. In this group of carriers the
optimal interval between colonoscopies is probably 2 years,
especially in view of the lack of effectiveness of even shorter
surveillance intervals in the 3CS study [45]. On the other
hand, this study, did not prove that a 2-3 year or, in par-
ticular, a 3-year interval is completely safe in MLHI and
MSH?2 PV carriers because age, sex, mutation, and previ-
ous neoplasia were used to individually adjust colonoscopy
intervals and in 30-40% of patients in the 2-3 year cohort,
the median colonoscopy interval actually was approximately
2 years [45].

As mentioned above, the risk of an incident CRC in the
3CS study was largely dependent on a number of (independ-
ent) risk factors, including the presence of a prior CRC diag-
nosis, male sex, MLHI or MSH?2 carrier status (in contrast
to MSHG carrier status), age > 40 years at the index colonos-
copy, and presence of an adenoma at the index colonoscopy
[45]. Engel et al. calculated that patients with 4 or 5 risk
factors had a 10-year CRC risk of 18-4%, while the risk in
patients with none or only 1 risk factor was 4-1% [45]. In
view of these findings, more frequent colonoscopic surveil-
lance might be appropriate in MLHI and MSH2 PV carriers
with multiple risk factors but more studies are needed to
validate such risk-adjusted surveillance strategy [45].

Regarding MSH6 PV carriers, the finding of APC somatic
mutations in the absence of CTNNBI mutations in the few
MSHG6 tumours available in the 3CS study should be con-
firmed in a larger series. However, these preliminary find-
ings, together with reports that indicate that adenomas in
MSHG6 PV carriers are mainly MMR proficient [50, 51],
suggest that pathway Type 1 carcinogenesis is the domi-
nant route of progression. Furthermore, surveillance was
recently shown to be very effective in this group of carri-
ers [52], as no CRCs were detected during 915 surveillance
colonoscopies in 143 MSH6 PV carriers, probably because
there seems to be more time to identify and remove initially
MMR-proficient adenomas [52]. In the 3CS study, the risk
of an advanced adenoma and incident CRC in 354 MSH6
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PV carriers at 10 years follow-up was only 9.4% and 4.7%,
respectively [46]. In view of these findings, a 2-3 yearly or
3-yearly colonoscopy is likely the optimal option.

The molecular findings in PMS2 tumours, together with
the low risk of CRC and the fact that most adenomas are
MMR proficient [47], suggest that CRCs develop accord-
ing to pathway Type 1 carcinogenesis. Similarly to MSH6
carriers, most adenomas can be detected and removed by
colonoscopy in this group of carriers, explaining the nearly
complete CRC prevention by colonoscopy in PMS2 PV car-
riers as reported by the recent PLSD study [3]. In view of
the low risk of CRC and the apparent absence of accelerated
progression of adenomas, a 3—5 year or 5 year interval might
be recommended [44].

The most recent CRC surveillance protocols for LS
patients are summarized in Table 3 [53-57]. The differ-
ences between these protocols, together with the surveillance
recommendations suggested above, reflect how difficult it
is to directly deduce screening interval recommendations

from the existing data in the absence of prospective studies.
It is clear that more studies are needed to substantiate the
recommendations.

In view of the large differences in cancer risks and molec-
ular findings between different groups of carriers, and the
necessary adjustments in surveillance protocols, it is impor-
tant that the terminology of LS is reconsidered to clarify the
fact that we are dealing with clinically distinct syndromes
[3]. A few years ago we suggested that the pathogenic gene
variant involved should be included in the name of the syn-
drome (e.g. MLHI-Lynch syndrome, etc.) [58], in the belief
that the use of these new terms will help to improve person-
alized care for patients with Lynch syndrome.

To summarize, there is convincing evidence that dis-
tinct pathways are involved in carcinogenesis driven by the
various MMR gene PVs. Based on this new knowledge,
the development of CRC during surveillance can be bet-
ter explained and should allow surveillance protocols to be
improved.

Table 3 Recent guidelines for colonoscopic surveillance in Lynch syndrome (see text for references)

Pathogenic variant

Colonoscopy interval ~ Lower age limits

American Gastroenterological Association Institute Guideline 2015
MLHI1/MSH2/MSH6/PMS2

American College of Gastroenterology 2015

1-2 years 20-25 years or 5 years before

youngest case in family

MLHI/MSH2/MSH6/PMS2 at least every 2 years® 2025 years®
British Society Gastroenterology & Association of Coloproctology of Great Britain & Ireland & UK Cancer Genetics Group Guidelines 2020°
MLHI/MSH?2 2 years 25 years
MSH6/PMS?2 2 years 35 years
European Hereditary Tumour Group (EHTG) & European Society of Coloproctology guidelines 2020
MLHI/MSH?2 2-3 years? 25 years
MSH6 2-3 years? 35 years
PMS?2 5 years 35 years
National comprehensive guidelines 2020 (www.nccn.org)
MLHI/MSH2 (& EPCAM) 1-2 years® 20-25 years
or 2-5 years prior to earliest
CRC if diagnosed before
25 years
MSH6/PMS2 1-2 years® 30-35 years
or 2-5 years prior to earliest
CRC
if diagnosed before 30 years
European Society of Gastrointestinal Endoscopy Guidelines 2019
MLHI/MSH?2 2 years 25 years
MSH6/PMS2 2 years 35 years

# Annual colonoscopy should be considered in mutation carriers

bConsider starting surveillance at 25-30 years in MSH6 and PMS2 mutation carriers

“Supported by the European Hereditary Tumour Group (EHTG)
42 years is recommended in patients with a previous CRC

Patients who may benefit from a shorter 1 versus 2 year interval include those with risk factors such as a history of CRC, male sex, MLH1/

MSH?2 pathogenic variants, age > 40 years, history of adenomas
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