Bucksch et al. BMC Cancer (2020) 20:460

https://doi.org/10.1186/512885-020-06926-x B M C C ancer

RESEARCH ARTICLE Open Access

Cancer risks in Lynch syndrome, Lynch-like ®
syndrome, and familial colorectal cancer
type X: a prospective cohort study

Karolin Bucksch' @, Silke Zachariae', Stefan Aretz>3, Reinhard Bittner”, Elke Holinski-Feder™®, Stefanie Holzapfel*”,
Robert Hiineburg®’, Matthias Kloor®®, Magnus von Knebel Doeberitz*°, Monika Morak™®, Gabriela M&slein'®,
Jacob Nattermann®’, Claudia Perne®?, Nils Rahner'", Wolff Schmiegel'?, Karsten Schulmann''*,

Verena Steinke-Lange>®, Christian P. Strassburg®’, Deepak B. Vangala'?, Jirgen Weitz'>, Markus Loeffler’,

Christoph Engel' on behalf of the German Consortium for Familial Intestinal Cancer

Check for
updates

Abstract

Background: Individuals with pathogenic germline variants in DNA mismatch repair (MMR) genes are at increased
risk of developing colorectal, endometrial and other cancers (Lynch syndrome, LS). While previous studies have
extensively described cancer risks in LS, cancer risks in individuals from families without detectable MMR gene
defects despite MMR deficiency (Lynch-like syndrome, LLS), and in individuals from families fulfilling the
Amsterdam-Il criteria without any signs of MMR deficiency (familial colorectal cancer type X, FCCX) are less well
studied. The aim of this prospective study was to characterise the risk for different cancer types in LS, LLS, and
FCCX, and to compare these with the cancer risks in the general population.

Methods: Data was taken from the registry of the German Consortium for Familial Intestinal Cancer, where
individuals were followed up prospectively within the framework of an intensified surveillance programme at
recommended annual examination intervals. A total of 1120 LS, 594 LLS, and 116 FCCX individuals were analysed.
From this total sample, eight different cohorts were defined, in which age-dependent cumulative risks and
standardised incidence ratios were calculated regarding the first incident occurrence of any, colorectal, stomach,
small bowel, urothelial, female breast, ovarian, and endometrial cancer, separately for LS, LLS, and FCCX.

Results: The number of individuals at risk for first incident cancer ranged from 322 to 1102 in LS, 120 to 586 in LLS,
and 40 to 116 in FCCX, depending on the cancer type of interest. For most cancer types, higher risks were
observed in LS compared to LLS, FCCX, and the general population. Risks for any, colorectal, stomach, urothelial,
and endometrial cancer were significantly higher in LLS compared to the general population. No significantly
increased risks could be detected in FCCX compared to LLS patients, and the general population. Colorectal and
endometrial cancer risks tended to be higher in LLS than in FCCX.

(Continued on next page)

* Correspondence: karolin.bucksch@imise.uni-leipzig.de

YInstitute for Medical Informatics, Statistics and Epidemiology (IMISE),
University of Leipzig, Leipzig, Germany

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-020-06926-x&domain=pdf
http://orcid.org/0000-0003-4586-4032
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:karolin.bucksch@imise.uni-leipzig.de

Bucksch et al. BMC Cancer (2020) 20:460

Page 2 of 11

(Continued from previous page)

needed to obtain more precise risk estimates.

surveillance study

Conclusions: The characterisation of cancer risks in patients with LLS and FCCX is important to develop
appropriate surveillance programmes for these specific intermediate risk groups. Larger prospective studies are
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Background

Lynch syndrome (LS) is an autosomal dominantly inher-
ited disorder, which is caused by pathogenic germline
variants in one of the DNA mismatch repair (MMR)
genes MLHI, MSH2, MSH6, PMS2 or in the EPCAM
gene [1-3]. It is estimated that one of 279 individuals in
the general population carries a pathogenic MMR gene
variant [4]. LS is the most common hereditary colorectal
cancer syndrome and is responsible for about 2 to 4% of
all colorectal cancers [5-7]. Individuals with LS are at an
increased risk of developing colorectal, endometrial and
other types of cancer [8—12]. Early age of onset and fa-
milial clustering of cancers are clinical indicators of LS.
In order to identify families suspected of having LS, the
Amsterdam criteria and Bethesda guidelines were estab-
lished [13-16]. An essential characteristic of LS is MMR
deficiency (AMMR) of the tumours, as shown by reduced
or lost immunohistochemical staining and/or microsatel-
lite instability (MSI). A previous study by our group
showed that in families meeting the Amsterdam or Be-
thesda criteria and having microsatellite instability-high
colorectal cancer, only 53% carried a pathogenic germ-
line MMR or EPCAM gene variant [17]. It has been sug-
gested to designate individuals from families without a
pathogenic germline MMR gene defect despite signs of
dMMR as having Lynch-like syndrome (LLS) [18, 19]. In
our previous study, it could be shown that in 37% of
Amsterdam-II positive families no signs of dMMR could
be found ([17]. Individuals from Amsterdam-positive
families without any signs of dAMMR were characterised
as a distinct risk group, the so-called “familial colorectal
cancer type X” (FCCTX or FCCX) [18, 20]. The different
clinical aspects and molecular features of LS, LLS, and
FCCX are summarized elsewhere [21].

A comprehensive characterisation of cancer risks is an
important prerequisite for developing appropriate cancer
surveillance and prevention programmes. To date, many
studies have characterised cancer risks in LS, also using
prospective data, but fewer studies have characterised
cancer risks in LLS and FCCX [7-12, 19-33]. The aim
of the present analysis was therefore to estimate and
compare the risk for different types of cancers in indi-
viduals with LS, LLS, and FCCX based on data from a
prospective surveillance study of the German Consor-
tium for Familial Intestinal Cancer. Additionally, we

aimed to compare these risk estimations to cancer risks
in the general population in Germany.

Methods

Study population

The study population was taken from a prospective
registry study of the “German Consortium for Familial
Intestinal Cancer” (formerly termed “German HNPCC
Consortium”). Six university centres collected informa-
tion about families suspected of having Lynch syndrome
based on the Amsterdam-II criteria and/or revised Be-
thesda guidelines [15, 16]. All participants gave their
written informed consent at registry inclusion, and the
registry was approved by the Ethics Committees of all
participating institutions.

A tissue sample (tumour or adenoma) of the index pa-
tient was examined for MMR deficiency (dAMMR) using
immunohistochemistry (IHC) and/or microsatellite ana-
lysis (MSA). In case of dMMR (or if no tissue sample
was available), a germline mutation analysis of the MMR
genes MLHI, MSH2, MSH6 and PMS2, and the EPCAM
gene was carried out. Details about the diagnostic pro-
cedure are described elsewhere [17]. According to the
results of the tissue and subsequent germline DNA ana-
lyses, index patients were classified as having LS (ie.
with a proven class 4/5 germline variant), LLS (i.e. fulfill-
ing the Amsterdam-II and/or revised Bethesda criteria
and not having a class 4/5 germline variant despite signs
of dMMR in at least one family member), and FCCX
(i.e. not having any signs of dAMMR in the family while
fulfilling the Amsterdam-II criteria). Relatives of LS
index patients, who were predictively tested for the spe-
cific class 4/5 variant found in the index patient, were
also considered as having LS if they were tested positive.
Relatives of LLS and FCCX index patients were also con-
sidered as having LLS and FCCX, respectively. Individ-
uals from families with dMMR due to MLHI
methylation were not regarded as having LLS.

Individuals with LS, LLS, or FCCX according to the above
definitions were invited to participate in an intensified surveil-
lance programme comprising annual colonoscopies, esopha-
gogastroduodenoscopies, and gynaecological examinations.
These individuals comprised both index patients and at-risk
relatives. They were prospectively followed up and the result
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of each single surveillance examination was recorded in the
registry.

Individuals were included in the present analysis if
they had LS, LLS, or FCCX according to the above defi-
nitions. In the LS group, only MLH1, MSH2, and MSH6
carriers were included, whereas EPCAM and PMS?2 car-
riers were excluded due to the low sample size. Add-
itionally, all individuals had to have at least one
colonoscopy after study registration and a prospective
observation time of more than half a year.

Statistical analysis

From the above study population, eight different cohorts
were defined and cancer risks were determined for the
following eight types of cancers according to the Inter-
national Classification of Diseases (ICD-10): any cancer
(all Cxx without C77-C79), colorectal (C18-C20), stom-
ach (C16), small bowel (C17), urothelial (C65-C68), fe-
male breast (C50), ovarian (C56), and endometrial
cancer (C54.1). For each cancer type, its first incident
occurrence was analysed. Individuals, who already had
the cancer of interest before or within half a year after
the start of prospective observation (prevalent cancers)
were excluded. Therefore, patient numbers and observa-
tion times were different between the eight cohorts. Pa-
tients with prevalent cancers other than the cancer type
of interest were not excluded. Females who had under-
gone a hysterectomy prior to the start of the prospective
observation were excluded from the endometrial cancer
and females with an oophorectomy from the ovarian
cancer analyses.

Prospective observation started at the first colonos-
copy after study registration or at age 25, whichever oc-
curred last. Observation ended at the specific cancer
event of interest, the age of 80, the last documented con-
tact before May 12, 2019, or death, whichever came first.
For calculations of endometrial cancer, hysterectomy
was an additional reason for the end of observation, as
well as oophorectomy for ovarian cancer. The incident
occurrence of cancers other than the cancer type of
interest was no reason for censoring [9, 10]. Cumulative
cancer risks were determined for the different cancer
types stratified by the three risk groups LS, LLS and
FCCX, and by subgrouping the LS group into MLHI,
MSH2 and MSH6 carriers. Risk estimation was done
using the Kaplan-Meier product limit estimator account-
ing for the age at the beginning of prospective observa-
tion (left-truncation) [34]. For comparisons between
groups, the log-rank test was used. The proportional
hazards assumption was tested using scaled Schoenfeld
residuals [35, 36]. In addition, the log-minus-log-trans-
formed 95% confidence intervals of the product limit es-
timator were determined [34, 37]. In order to compare
cancer risks with the general population, the
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standardised incidence ratio (SIR) was calculated, which
is defined as the ratio between the observed number of
cancers of interest and the expected number of cancers
of interest in the general population. The number of ex-
pected cancers of interest was determined by the sum of
all products of the age-specific incidence rates for the
general population with the corresponding person-years.
The source of age-specific incidence rates in 5-year-
intervals for the general population in Germany (2000—
2014) was the German Centre for Cancer Registry Data
of the Robert Koch-Institute (Berlin, Germany. URL:
www.krebsdaten.de/abfrage). As information regarding
skin malignancies except malignant melanoma was not
available for the general population, individuals with
such neoplasms were excluded from the SIR calculation
of the cancer type “any cancer”. Ninety-five percent con-
fidence intervals for SIRs were calculated assuming a
Poisson distribution.

All reported testing was two-sided, and p-values lower
than 0.05 were considered statistically significant. Statis-
tical analyses were carried out with R 3.4.2 for Windows
(R Core Team. R: A language and environment for stat-
istical computing. R Foundation for Statistical Comput-
ing, Vienna, Austria. URL: https://www.R-project.org).

Results

Patient characteristics

The study population comprised a total of 1830 patients,
including 594 in the LLS, 116 in the FCCX group, and
1120 in the LS group (447 MLH1, 549 MSH2, and 124
MSHE6 carriers). In total, 1200 individuals were index pa-
tients. The detailed patient characteristics for the eight
different cancer types are summarised in Table 1 (a sex
specific summary is shown in Additional file 1: Tables
S1 and S2). The number of individuals at risk for first in-
cident cancer ranged from 322 to 1102 in LS, 120 to 586
in LLS, and 40 to 116 in FCCX, depending on the cancer
type. The median age at the start of the prospective obser-
vation ranged from 35 to 49 years depending on the risk
group and cancer of interest. Table S3 in Additional file 1
shows a detailed summary of patient numbers, observa-
tion times and numbers of incident cancers. The types of
cancers considered for the calculation of the type “any
cancer” are given in Additional file 1: Table S4.

Comparison of cancer risks between LS, LLS, and FCCX

The risk for any cancer by the age of 70 years was 63.7%
(95%CI 48.5-78.8%) for LS, 27.3% (95%CI 14.5-47.8%)
for LLS, and 25.0% (95%CI 6.6-70.2%) for FCCX pa-
tients (Fig. 1 and Table 2). Cumulative cancer risk was
higher for the LS group than for LLS or FCCX for any
cancer, small bowel, urothelial, female breast, ovarian,
and endometrial cancer. The risks in the FCCX group
were lower than in the LLS group for all cancer types,
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Table 1 Patient characteristics
FCCX LLS? LS Total
MLH1 MSH2 MSH6
n=116 n=>594 n=447 n=>549 n=124 n=1830
[Index patients] [79] [451] [279] [324] [67] [1200]
Individuals at risk, number [index patients]
Any 40 [9] 120 [11] 116 [6] 158 [12] 48 [5] 482 [43]
Colorectal 42 10] 140 [25] 133 [14] 206 [36] 57 [6] 578 [91]
Stomach 115 [78] 584 [442] 439 [271] 539 [316] 124 [67] 1801 [1174]
Small bowel 116 [79] 586 [443] 429 [263] 536 [315] 124 167] 1791 [1167]
Urothelial 116 [79] 585 [443] 445 [277] 524 [304] 122 [67] 1792 [1170]
Female breast 58 [40] 307 [224] 214 [115] 256 [138] 60 [28] 895 [545]
Ovarian 56 [38] 270 [190] 187 198] 202 [105] 48 [22] 763 [453]
Endometrial 53 [36] 254 [186] 152 [76] 163 [83] 45 [19] 667 [400]
Age at start of prospective observation, median (interquartile range)
Any 40 (35-50) 39 (30-46) 5 (29-43) 36 (30-43) 0 (34-48) 8 (30-45)
Colorectal 40 (35-51) 1(31-48) 7 (30-45) 39 (31-48) 2 (36-51) 9 (31-48)
Stomach 9 (41-55) 44 (38-51) 44 (35-54) 44 (36-52) 4 (37-57) 5(37-53)
Small bowel 49 (41-55) 4 (38-52) 44 (35-53) 44 (36-52) 4 (37-57) 45 (37-53)
Urothelial 49 (41-55) 4 (38-51) 44 (35-54) 4 (36-52) 44 (37-56) 44 (37-53)
Female breast 8 (41-55) 4 (38-52) 44 (35-54) 4 (36-54) 4 (38-55) 4 (37-53)
Ovarian 48 (41-53) 4 (38-50) 41 (34-52) 2 (34-51) 0 (37-49) 43 (36-51)
Endometrial 49 (41-55) 43 (37-49) 38 (32-47) 0 (33-46) 0 (37-47) 41 (35-49)
Median follow-up time, person-years
Any 6.8 69 65 6.4 65 6.5
Colorectal 7.1 6.3 6.5 7.0 7.1 6.8
Stomach 7.1 6.5 73 7.8 6.7 7.1
Small bowel 7.1 6.4 7.2 7.7 6.7 7.0
Urothelial 7.1 6.4 7.2 7.5 6.7 6.9
Female breast 7.2 6.5 6.7 8.1 7.1 7.1
Ovarian 73 6.3 6.5 7.0 73 6.8
Endometrial 72 59 6.0 6.0 7.1 6.1
Cumulative follow-up time, person-years
Any 308 838 819 1105 326 3395
Colorectal 329 964 938 1509 417 4157
Stomach 854 4019 3300 4222 843 13239
Small bowel 858 4011 3212 4164 843 13088
Urothelial 858 4003 3314 4006 829 13010
Female breast 420 2093 1539 1963 451 6467
Ovarian 417 1805 1292 1397 368 5278
Endometrial 376 1581 994 1019 315 4285
Individuals with incident cancer, number
Any 2 8 13 27 3 53
Colorectal 0 6 19 2 34
Stomach 0 4 4 5 0 13
Small bowel 0 1 14 0 24
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FCCX LLS® LS Total
MLH1 MSH2 MSH6
n=116 n=59% n=447 n=>549 n=124 n=1830
[Index patients] [79] [451] [279] [324] [67] [1200]

Urothelial 1 4 9 19 0 33
Female breast 1 3 3 6 4 17
Ovarian 0 0 0 5 0 5
Endometrial 0 5 9 13 1 28

® n =320 with deficient MMR protein expression in MLH1, n =127 in MSH2, n= 26 in MSH6. IHC was not performed in n= 121 individuals

except for female breast and ovarian cancer. The risk of
any cancer, small bowel, urothelial, and endometrial cancer
was statistically significantly higher in the LS group than in
the LLS group. No statistically significant differences for
“any cancer” were found in the sex-specific analyses,
whereas significant differences were also observed in males
for small bowel and urothelial cancer, but not in females.
No incident colorectal cancer events were observed in the
FCCX group. LLS patients showed a lower colorectal can-
cer risk (21.0%, 95%CI 9.9-41.3%) than LS patients (40.9%,
95%CI 28.3-56.4%) at age 70, but the difference between
LS, LLS, and FCCX was not statistically significant (p =
0.102). There were no significant differences between the
LLS and FCCX groups (Additional file 1: Figure S7).

Within the LS group, higher cancer risks were found for
MLHI and MSH2 carriers than for MSH6 carriers for any
cancer, colorectal, stomach, small bowel, urothelial, and
endometrial cancer (Fig. 2 and Table 2, Additional file 1:
Figure S8). The risk of ovarian cancer was highest in
MSH?2 carriers (Additional file 1: Tables S5 and S6) with
statistically significant differences between the three genes
(p=0.041). For urothelial cancer, risk differences were
borderline non-significant (p = 0.055).

The LLS group comprised 320 individuals from fam-
ilies with MMR deficiency in the MLH1 protein, 127 in
MSH2, and 26 in MSH6. The remaining 121 patients
could not be assigned to a specific MMR protein, because
only MSA but not IHC had been performed. There were
no statistically significant differences in cancer risks be-
tween MLH1, MSH2 and MSHS6 in the LLS group except
for urothelial cancer in women (p = 0.003). Women from
LLS families with MSH2 MMR deficiency had a higher
risk for urothelial cancer compared to women from fam-
ilies with MMR deficiency in MLH1 and MSH6.

Moreover, we found significant differences in cancer
risks between index patients and the at-risk relatives for
colorectal and endometrial cancer in the LLS group.
Index patients had a higher risk (p = 0.027) of colorectal
cancer at age 70 (50.0%, 95%CI 19.6—88.9%) compared
to their relatives (13.2%, 95%CI 4.4—35.9%), but a lower
risk (p =0.010) of endometrial cancer (4.0%, 95%CI 1.0—
15.3% vs. 23.1%, 95%CI 8.1-55.8%).

Comparison with general population risks

Compared to the general population, cancer risks in the
LS group were higher for all cancer types. These results
were statistically significant for all cancer types regard-
less of sex, with the exception of female breast cancer
(Fig. 3, Additional file 1: Figures S9 and S10). Standar-
dised incidence ratios (SIRs) ranged from 5.3 for “any
cancer” to 126.0 for small bowel cancer. Increased SIRs
in MLHI and MSH2 carriers were found in male LS pa-
tients for all types of cancer. These results were also sta-
tistically significant, except for stomach cancer where
only MLHI carriers had a significantly increased risk.
The SIR of colorectal cancer was also elevated in male
MSHG6 carriers, although not showing statistical signifi-
cance. Female MLHI and MSH2 carriers had elevated
SIRs for any cancer, colorectal, stomach, small bowel,
urothelial, and endometrial cancer, which were all statis-
tically significant, with the exception of stomach cancer
in MLHI carriers. In addition, female MSH2 carriers
showed a significantly increased risk of ovarian cancer.
The SIRs for female breast cancer were only slightly
marginally elevated for MLHI and MSH2 carriers com-
pared to the general population, while the SIR for MSH6
carriers was statistically significantly higher.

Larger SIRs were observed in the LLS group for any
cancer, colorectal, stomach, small bowel, urothelial, and
endometrial cancer, which were statistically significant
except for small bowel cancer. Regarding sex, signifi-
cantly increased SIRs in the LLS group were detected in
females for endometrial and urothelial cancer, as well as
in males for colorectal and stomach cancer. Cancer risks
were not statistically significantly increased in the FCCX
group compared to the general population.

Discussion

In this prospective study, we investigated different
organ-specific cancer risks in Lynch syndrome, Lynch-
like syndrome, and familial colorectal cancer type X. To
the best of our knowledge, this is the first report com-
paring cumulative cancer incidences in these three risk
groups based on prospective follow-up data. We found
higher cancer risks for LS than for LLS and FCCX
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Fig. 1 Age-dependent cumulative cancer risks

patients. Some cancer risks, such as colorectal and endo-
metrial cancer, tended to be higher in LLS than in the
FCCX group, but this did not reach statistical
significance.

A large number of retro- and prospective studies have
investigated cancer risks in LS patients [7-12, 19, 22-33].
The largest prospective studies to date, based on

internationally pooled data gathered in the Prospective
Lynch Syndrome Database (PLSD), provided risk esti-
mates for various cancer types in LS patients stratified by
age, gene, and sex [9-12]. The cumulative risks in LS pa-
tients found in our study are in agreement with those PLSD
studies, which did not include the data of our present study
[9-11]. We found statistically significant risk differences
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Table 2 Cumulative cancer risks (%) by age
LS

Cancer type Age (years) FCCX LLS LS MLH1 MSH2 MSH6
Any 40 00 (-) 125 (4.2-34.1) 2 (64-22.5) 14.0 (5.5-33.1) 138 (5.7-314) 00 (-)

50 10.0 (1.5-52.7) 20.5 (9.7-404) 256 (17.5-364) 24.1 (12.8-42.6) 31.6 (19.5-485) 7.7 (1.1-434)

60 10.0 (1.5-52.7) 27.3 (145-47.8) 49.0 (37.5-61.9) 440 (26.6-66.3) 60.3 (44.0-77.1) 209 (53-63.3)

70 25.0 (6.6-70.2) 273 (14.5-47.8) 63.7 (48.5-78.8) 520 (31.9-75.3) 722 (53.2-884) 36.7 (12.7-78.6)
Colorectal 40 0(-) 124 (4.2-33.8) 84 (3.7-183) 10.0 (3.3-27.9) 9.5 (29-283) 0(-)

50 0(-) 174 (75-374) 11.8 (6.3-21.5) 10.0 (3.3-27.9) 16.3 (7.7-32.7) 0(-)

60 0 (-) 21.0(99-41.3) 254 (16.8-37.2) 234 (10.8-46.6) 337 (21.0-51.1) 0 (-)

70 0(-) 21.0 (9.9-413) 409 (28.3-564) 304 (14.8-55.8) 49.1 (32.9-68.1) 14.3 (2.1-66.6)
Stomach 40 0@ 0(=) 0@ 0(=) 0() 0@

50 0= 0 (=) 0() 0(-) 0() 0()

60 0 (-) 4 (06-9.9) 7 (0.6-4.6) 9 (0.1-64) 4 (0.8-74) 0 (-)

70 0= 6 (14-14.5) 9 (1.3-6.5) 5 (0.6-9.9) 6 (1.3-9.5) 0(=)
Small bowel 40 0 0(=) 6 (0.1-4.1) 4(02-9.8) 0() 0()

50 0(-) 6 (0.1-4.4) 8 (0.7-4.8) 4 (0.2-9.8) 5(0.8-7.7) 0(-)

60 0 6 (0.1-4.4) 9 (3.5-10.1) 0(1.9-12.8) 6 (4.0-14.2) 0(-)

70 0 (-) 6 (0.1-4.4) 7 (76-17.6) 11.5 (5.8-22.0) 139 (8.0-234) 0 (-)
Urothelial 40 0(-) 0 (=) 00 (-) 00 (=) 0.0 (-) 0(-)

50 0(=) 0() 2.7 (1.3-5.6) 09 (0.1-6.1) 47 (21-10.3) 0(-)

60 0 (-) 5(04-5.9) 6.5 (4.0-104) 57 (24-133) 84 (4.7-147) 0 (-)

70 0(-) 7 (20-16.0) 12.5 (8.3-18.5) 11.3 (5.6-22.0) 16.3 (9.9-26.2) 0(-)
Female breast 40 0(-) 0() 00 (-) 0 () 00 (-) 0()

50 0 (-) 9 (0.7-114) 34 (13-87) 20(03-136) 1.6 (0.2-10.6) 12.0 (3.1-40.6)

60 59 (0.9-35.0) 9 (0.7-114) 79 (4.2-147) 73 (24-212) 6.8 (26-17.1) 12.0 (3.1-40.6)

70 59 (0.9-35.0) 9 (0.7-114) 11.9 (6.8-20.3) 3 (24-212) 12.2 (55-25.8) 20.8 (7.0-53.0)
Ovarian 40 00 (-) 0 (-) 0 (0.1-7.1) 0 (-) 24 (03-16.1) 0 (-)

50 00 (-) 0 (=) 9 (0.9-8.7) 0(-) 6.8 (2.2-19.6) 0(-)

60 00 (=) 0(=) 49(1.7-133) 0(=) 10.7 (4.0-26.9) 0()

70 00 (-) 0 (-) 4 (26-15.5) 0 (-) 14.0 (59-31.2) 0 (-)
Endometrial 40 00 (-) 0 (=) 4(0.2-9.3) 0 (-) 3.1 (04-202) 0 (-)

50 00 (=) 3(14-128) 15.3 (9.1-25.0) 14.5 (6.8-29.6) 16.8 (7.9-33.8) 10.0 (1.5-52.7)

60 00 (=) 7 (3.2-17.6) 28.8(19.1-41.9) 19.2 (9.2-37.5) 40.1 (24.5-60.7) 10.0 (1.5-52.7)

70 00 (-) 7 (3.2-17.6) 36.1 (234-52.7) 354 (13.8-72.2) 44.1 (27.8-64.5) 10.0 (1.5-52.7)

Numbers in brackets are 95% confidence intervals

between MLHI, MSH2, and MSH6 carriers only for ovarian
cancer, where MSH2 carriers had the highest risk. This
agrees with the results from the PLSD and other studies
showing that MSH2 carriers have higher ovarian cancer risks
than MLHI or MSH6 carriers [25, 26]. Compared to the
general population, we found a statistically significantly in-
creased risk of female breast cancer (SIR = 4.4, 95%CI 1.2—
11.2) only in MSH6 carriers. This is in agreement with re-
sults from a retrospective study of Roberts et al. [38], but in
disagreement with others studies, which have reported either

no increased risks for LS patients or elevated risks in MLH1
carriers [28, 29].

Compared to LS, considerably fewer studies have in-
vestigated cancer risks in LLS and FCCX. Rodriguez-
Soler and colleagues performed a population-based
study with 1705 consecutively included colorectal cancer
patients comparing cancer risks between LS, LLS, and
sporadic cancer [19]. They found that the risk of cancer
in LLS is lower compared to LS, but higher compared to
sporadic cancer. In our study, we found significantly
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Fig. 2 Age-dependent cumulative cancer risks of LS patients by gene

lower cancer risks in LLS compared to LS for any can-
cer, small bowel, urothelial, and endometrial cancer.
However, compared to the general population, the risks
of any cancer, colorectal, stomach, urothelial, and endo-
metrial cancer were significantly elevated for LLS as well
as for LS. This is of particular interest, as LLS patients

may need specific surveillance programmes. It has been
suggested that individuals with a history of cancer, as
well as their first-degree relatives should undergo colo-
noscopic screening every 3 years [39]. Regular esophago-
gastroduodenoscopy might also add value, as our study
showed an increased risk of stomach and small bowel



Bucksch et al. BMC Cancer (2020) 20:460 Page 9 of 11
g
Cancer .
Risk group LS by gene
type
LS . 5.3 (3.8-7.3) | MLH1 - 5.9 (3.2-10.1)
Anv® LLS - 2.7 (1.2-5.4) | MSH2 - 6.7 (4.2-10.0)
n
Y Fcex ’:—_'_'_‘ 0.7 (0.0-4.1) | MSH6 :lﬂ 1.8 (0.4-5.3)
00101 1 10 100 00101 1 10 100
LS - 24.3 (16.2-35.1) MLH1 -- 28.9 (11.6-59.5)
LLS - 14.8 (5.4-32.2) MSH2 = 29.4 (17.7-45.8)
Colorectal
FCCX ———1p— 0.0 (0.0-23.6) | MSH6 —a— 7.6 (0.9-27.6)
—r 1 1 711 —r 1 1 711
00101 1 10 100 00101 1 10 100
LS - 6.1(2.8-11.6) | MLH1 - 7.1(1.9-18.2)
LLS - 6.1 (1.7-15.7) MSH2 - 6.8 (2.2-15.9)
Stomach
FCCX —Tp— 0.0 (0.0-21.5) MSH6 ———1p— 0.0 (0.0-20.3)
rr T 1T 11 —r T 1T 711
00101 1 10 100 00101 1 10 100
LS # 126.0 (79.9-189.0) MLH1 - 130.8 (59.8-248.3)
Small LLS 4 11.9 (0.3-66.3) | MSH2 # 151.8 (83.0-254.8)
bowel FCCX & 0.0 (0.0-171.4) MSH6 ————p—— 0.0 (0.0-171.1)
| I I N | N I N R |
00101 1 10 100 00101 1 10 100
LS - 20.6 (13.7-29.8) MLH1 - 16.2 (7.4-30.8)
. LLS - 6.6 (1.8-16.8) | MSH2 - 30.2 (18.2-47.1)
Urothelial
FCCX b 5.7 (0.1-31.5) MSH6 ——1p— 0.0 (0.0-21.3)
rr T 1 11 —r T 1T 11
00101 1 10 100 00101 1 10 100
LS 1.7 (0.9-2.9) | MLH1 1.03 (0.2-3.0)
Female LLS 0.7 (0.2-2.1) | MSH2 1.5 (0.6-3.3)
breast FCCX 1.1(0.0-6.3) | MSH6 44 (1.2-11.2)
00101 1 10 100 00101 1 10 100
LS - 8.6 (2.8-20.2) | MLH1 e——Ff— 0.0 (0.0-15.6)
. LLS &—— 0.0 (0.0-10.7) | MSH2 - 18.4 (6.0-42.9)
Ovarian
FCCX ———F—— 0.0 (0.0-42.5) | MSH6 ——— 0.0 (0.0-53.1)
| N S . — | I I R ——
00101 1 10 100 00101 1 10 100
LS - 57.8 (36.7-86.8) MLH1 - 52.9 (24.2-100.4)
. LLS - 14.5 (4.7-33.8) | MSH2 &  80.1(42.6-136.9)
Endometrial
FCCX ——p— 0.0 (0.0-35.5) | MSH6 -T— 15.3 (0.4-85.4)
T T T T T T
00101 1 10 100 00101 1 10 100
* Without malignant neoplasms of skin except melanoma
Fig. 3 Comparison with general population risks: standardised incidence ratios (SIRs) with 95% confidence intervals

cancer. However, it should be noted that the LLS group
is heterogeneous as it may contains both individuals
with sporadic tumours with somatic MMR variants and
individuals with MMR germline variants, which were
not detected.

We did not find any significant differences in cancer
risks between MLH1, MSH2 and MSH6 in the LLS
group with the exception of urothelial cancer in women,
where women from families with a MMR deficiency in
the MSH2 protein showed a higher risk. There were also
no significant differences of cancer risks between index
patients and the at-risk relatives in the LLS group,

except for colon cancer and endometrial cancer, where
index patients had a higher risk of colon cancer but a
lower risk of endometrial cancer compared to the at-risk
relatives. These results need to be validated in larger,
ideally international collaborative studies, before specific
screening recommendations can be made for this risk
group.

Lindor et al. compared the incidence of different can-
cer types in individuals from Amsterdam-I families with
and without dMMR [20]. They concluded that individ-
uals without dMMR in their family have a lower inci-
dence of cancer than those with dMMR. Choi et al.
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compared the risks of first and metachronous colorectal
cancers in LS with those of members of FCCX families
and found higher risks in individuals with LS compared
to FCCX family members [23]. We observed lower can-
cer risks for FCCX compared to LS and LLS groups, al-
though these were not statistically significant. In
addition, we found no significantly higher risks for indi-
viduals of the FCCX group compared with the general
population. This raises the question of whether FCCX
patients require a different surveillance programme
compared to LS and LLS patients, and whether screen-
ing similar to the general population would be sufficient
for this group. Analyses with a larger number of FCCX
individuals would be helpful in order to investigate this
further.

A major strength of the present study was its pro-
spective design, which mitigates the problem of overesti-
mation of cancer risks due to ascertainment bias in
clinic-based retrospective studies [40]. However, some
limitations also need to be noted. One was the compar-
ably low sample size and observation time in the FCCX
group, resulting in large confidence intervals of the risk
estimates. Secondly, observation times above the age of
60 years were comparably low. Thirdly, since all of these
patients were under intensified colonoscopic surveil-
lance, with possible colorectal cancer prevention (to an
unknown extent) due to adenoma removal, the colorec-
tal cancer risk estimates obtained in our study do not re-
flect the natural course of disease. Fourthly, there could
be some underestimation of SIRs for endometrial cancer
since general population incidences were only available
for the ICD-10 group C54 and not specifically for C54.1.

Conclusions

This prospective study provides data on cancer risk esti-
mation in patients with LS and particularly with LLS
and FCCX, which is important to develop appropriate
surveillance programmes for these specific intermediate
risk groups. However, before specific surveillance recom-
mendations can be given, larger prospective studies are
needed to obtain more precise risk estimates. We
propose international databases for LLS and FCCX,
similar to the Prospective Lynch Syndrome Database
(PLSD), be set up.
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