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Summary

Background The Prospective Lynch Syndrome Database (PLSD) collates information on carriers of pathogenic or
likely pathogenic MMR variants (path_MMR) who are receiving medical follow-up, including colonoscopy
surveillance, which aims to the achieve early diagnosis and treatment of cancers. Here we use the most recent
PLSD cohort that is larger and has wider geographical representation than previous versions, allowing us to
present mortality as an outcome, and median ages at cancer diagnoses for the first time.

Methods The PLSD is a prospective observational study without a control group that was designed in 2012 and
updated up to October 2022. Data for 8500 carriers of path_MMR variants from 25 countries were included, providing
71,713 years of follow up. Cumulative cancer incidences at 65 years of age were combined with 10-year crude survival
following cancer, to derive estimates of mortality up to 75 years of age by organ, gene, and gender.

Findings Gynaecological cancers were more frequent than colorectal cancers in path_MSH2, path_MSHG and
path_PMS:2 carriers [cumulative incidence: 53.3%, 49.6% and 23.3% at 75 years, respectively]. Endometrial, colon and
ovarian cancer had low mortality [8%, 13% and 15%, respectively] and prostate cancers were frequent in male
path_MSH?2 carriers [cumulative incidence: 39.7% at 75 years]. Pancreatic, brain, biliary tract and ureter and kidney
and urinary bladder cancers were associated with high mortality [83%, 66%, 58%, 27%, and 29%, respectively].
Among path_MMR carriers undergoing colonoscopy surveillance, particularly path_MSH2 carriers, more deaths
followed non-colorectal Lynch syndrome cancers than colorectal cancers.

Interpretation In path_MMR carriers undergoing colonoscopy surveillance, non-colorectal Lynch syndrome cancers

were associated with more deaths than were colorectal cancers. Reducing deaths from non-colorectal cancers
presents a key challenge in contemporary medical care in Lynch syndrome.
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Research in context

Evidence before this study

We searched PubMed up to October, 2022 for articles in
English published using the search terms “Lynch syndrome
and cancer risk”, “Lynch syndrome and survival”, “Lynch
syndrome and mortality”, “extra colonic Lynch syndrome
tumor”, “Lynch syndrome and colorectal cancer incidence”
and “surveillance and Lynch syndrome” in the title or
abstract. However, reduction of colorectal cancer incidence
by colonoscopy surveillance has not been documented and
there are limited data regarding risks for other cancer types
and the effectiveness of wider cancer surveillance in
individuals with Lynch syndrome. Previously, outcomes

Introduction
Lynch syndrome (LS) is caused by pathogenic variants
in any of the four mismatch repair genes, MLH]I,
MSH2, MSHG6 or PMS2 or by deletion of the 3'end of
EPCAM (TACSTD1) which results in hypermethylation
of the MSH2 promoter (path_MMR).' Colonoscopy with
polypectomy has been advocated to prevent colorectal
cancer (CRC) in path_MMR carriers’; but several reports
have found high CRC incidence in path_MMR carriers
despite surveillance colonoscopy, as well as high
gynaecological cancer incidence.”* The efficacy of sur-
veillance for non-colorectal cancers in LS is not well
evidenced.” Survival following cancer diagnosis has
been reported,* guidelines for clinical interventions have
been issued” and the extent to which management
practices align with research findings and with the
guidelines based upon them has been discussed." The
main goal for intervention in a person with an inherited
cancer risk is to prevent premature death,"” but success
in achieving this has been difficult to measure in LS,
and the reports mentioned above have focused largely
on cancer incidence as a surrogate endpoint for survival.
Recently, the USA National Comprehensive Cancer
Network (NCCN) guidelines described the gene- and
organ-specific cumulative cancer risks in path_ MMR
carriers based on various data sources, including the
Prospective Lynch Syndrome Database (PLSD)."” How-
ever, when advocating colonoscopy for the prevention of
CRC, NCCN did not acknowledge that the CRC in-
cidences reported by PLSD were determined in in-
dividuals undergoing colonoscopy surveillance. It was
also stated that the incidences of some other cancers had

from interventions including colonoscopy have been
reported as cancer incidences, not survival.

Added value of this study

In carriers of MMR variants undergoing colonoscopy surveillance,
colorectal cancer was frequent but associated with low mortality
while some other cancers, notably bile duct, pancreas and brain,
were associated with high mortality and more deaths followed
non-colorectal than colorectal cancers.

Implications of all the available evidence
Prevention and treatment of non-colorectal cancers should be
prioritised to further reduce mortality in path_MMR carriers.

not been reported in the literature and the average ages
at diagnosis of cancers were described without indi-
cating how they were obtained.

There is a lack of evidence that surveillance prevents
extracolonic cancers, but current guidelines do include
surveillance recommendations for some of the many
extracolonic cancers associated with LS."***"'¢ There is
limited information on CRC and extracolonic cancer
mortality in path_MMR carriers who receive colonos-
copy surveillance. Providing new data on mortality was
the focus of this study.

The updated version of PLSD upon which the cur-
rent study is based includes 71,713 prospective follow-
up years, allowing us for the first time to present mor-
tality outcomes by gene and gender, for each organ in
which LS-associated cancers occur. We also present data
that will help to fill the knowledge gaps in the recent
NCCN guidelines when they are next updated, including
the median age at cancer diagnosis in each organ by
gene and gender.

Methods

The PLSD design

The PLSD is a prospective observational study without a
control group that was designed in 2012 and that provides
an aggregated compilation of combined genetic and clin-
ical information from all contributors up to October 2022.
The eligibility criteria include path_MMR carriers with or
without a previous cancer who are aged 25 years or older
on the day of their first prospectively planned and
completed surveillance colonoscopy.“*'*1177-1* Cancers are
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grouped by the three first positions in the ICD9 classifi-
cation system. This fails to identify sebaceous gland can-
cers. Osteosarcomas are recognised as part of LS, but
were found too infrequently to be included in the pre-
sentation of cancer incidences. In this study, cancers in the
following organs are denoted as LS cancers: colon, rectum,
endometrium, ovary, small intestine, bile duct, pancreas,
stomach, prostate, urinary bladder, ureter, brain and os-
teosarcoma. Adenocarcinomas share some phenotypic
characteristics, and there is a small possibility that a sub-
sequent cancer might have been a recurrence from a
previous cancer in the same or another organ. However,
local recurrences are usually clinically distinguished from
metachronous primaries. The path_ MMR carriers in the
current study were followed up with colonoscopy and
gynaecological surveillance according to local imple-
mentation of international recommendations. The gynae-
cological follow-up carried out by PLSD contributing
centres has been reported previously and is not evidence-
based.*"

Statistical analysis

Annual incidence rates in 5-year cohorts by gene and
gender for cancer in each organ and in groups of organs
were calculated in MySQL80©.

Overall survival was estimated using the Nelson-Aalen
algorithm in R.?' Categorization of carriers as dead or alive
was made at last observation and was made for all carriers.
Crude mortality at 75 years of age following cancer in
specific organs was calculated as cumulative incidence at
65 years for cancer in each organ multiplied by (1-10-year
survival) following cancer diagnosis in that organ. The
reported mortality is an empirical observation which in-
cludes no assumptions, and includes death from any
cause, including synchronous and metachronous cancers
associated with LS. Possible overdiagnosis of colon cancer
due to colonoscopy” was adjusted for when calculating
survival: incidence and survival are to be measured
simultaneously when combined like this. PLSD incidences
should not be compared with survival measured in other
ways. We are not aware of any studies to measure mor-
tality by other means and to our knowledge there is no
previous report on mortality as an outcome of screening
for early cancer diagnosis in LS. Confounders to our
method for estimating survival include time-trends in
treatments that may reduce mortality, which this report
did not consider. The point estimates for path_PMS2
carriers have wide confidence intervals because of the low
number of carriers and follow-up years collated by the
PLSD.

Cancers detected prospectively were scored as the
first tumor in each organ in carriers who had not
had cancer in that organ before or at inclusion
(ignoring prospectively diagnosed cancers in other
organs and excluding previous cancers and prevalent
cancers identified at inclusion). No synchronous or
subsequent cancer in the same organ was scored as
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an event. Cumulative risk for cancer was set to zero
at age 25 years, and annual incidence rates (AIRs)
for five-year cohorts from 25 to 75 years of age
were calculated as the starting point for further
calculations in R© (version 4.2.0). In the current
report, the cumulative incidences (risks) and their
95% confidence intervals (CIs) were calculated using
Nelson-Aalen estimates with an underlying Poisson
distribution.

For calculating the median age of cancer diagnosis,
the risk has to be conditioned on those patients who
developed any cancer during their lifetime. For this, the
conditional risk was computed by dividing the risk es-
timate in each five-year age cohort by the lifetime risk
(approximated by the risk at 75 years of age), mapping
the risk on the interval [0%; 100%]. The corresponding
conditional 95% CIs were computed accordingly,
conditioned on the life-time risk and truncated to the
interval [0%; 100%]. We then performed a piecewise
linear interpolation of the conditional risk and condi-
tional 95% CIs for the five-year age cohorts to determine
the median age of cancer onset. The latter corresponds
to the age at which the interpolated conditional risk hits
the 50% conditional risk limit. The same intersection
calculations were performed for the corresponding 95%
confidence intervals.

Ethics statement

The study adhered to the principles set out in the
Declaration of Helsinki. It was approved by the Nor-
wegian Data Protection Authority (reference 2001,/2988-
2) and the Ethics Committee (reference S-02030). Ge-
netic testing was performed with informed consent ac-
cording to local and national requirements and all
reporting centres exported only de-identified data to
PLSD. Patients had been followed up prospectively ac-
cording to international and local clinical guidelines, as
previously described.> 771922

Role of the funding source

The funding body had no role in the design of the study
and collection, analysis, and interpretation of data and in
writing the manuscript. MD-V and PM had access to
dataset and all authors contributed data to the PLSD and
reviewed and approved the manuscript. All authors have
read and agreed to the final version of the manuscript.
Version. All authors had full access to all the data in the
study and accept responsibility for the decision to sub-
mit for publication.

Results

Characteristics of the PLSD patients, follow-up
years, gene, gender, and country

In addition to the 6350 carriers included in our previous
report,* data from 2150 new path_MMR carriers were
provided by 18 new contributing centres and by
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previously contributing centres that provided informa-
tion on newly recruited carriers. In total, 25 countries in
five continents (Supplementary Table S1) were repre-
sented in the current PLSD dataset that comprised 8500
path_MMR carriers (4588 females and 3912 males) with
a mean age of 42.5 and 43.6 years for path_MLHI1/
MSH2 carriers compared to 48.3 and 49.9 years for
path_MSHG6/PMS2 carriers at inclusion. They were
followed up with surveillance colonoscopy and provided
71,713 prospective observation years, with a mean
follow-up time of 8.4 years.

When stratified by gene, there were 3171 (37.3%)
path_MSH2 carriers, 3131 (36.8%) path_MLH1, 1649
path_MSHG6 (19.4%) and 549 (6.5%) path_PMS2 carriers
in the study. Supplementary Table S1 describes the
numbers of patients, follow-up years and age at inclu-
sion, stratified by gene, gender, and country.

During prospective observation, 1853 first cancers in
any organ were diagnosed (Supplementary Table S2) of
which 1436 (77.5%) were LS-associated cancers (stom-
ach, small intestine, biliary tract, pancreas, colon,
rectum, endometrium, ovaries, osteosarcoma, prostate,
brain, urinary bladder and ureter). Cancers of the colon

Strata path_MLH1 ==

1.00-

(n = 481, 26% of all cancers), endometrium (n = 237,
12.8%), skin (n = 155, 8.4%), and rectum (n = 137, 7.4%)
were most frequent, but skin cancers were not reported
consistently. In Supplementary Tables S3-S6, we also
present the incidence for breast cancers. Although this
cancer is mentioned in the NCCN guidelines,” we do
not consider breast cancer to be a part of LS and hence
do not discuss the findings.”

Survival and mortality

Ten-year crude survival after cancer of the colon that
occurred before 65 years of age was 87% and 72% after
rectal, 92% after endometrial, 85% after ovarian, 73%
after upper urinary tract, 71% after urinary bladder, 76%
after prostate, 42% after bile duct, 63% after stomach,
70% after small bowel, 17% after pancreas and 34%
after brain cancers. Five- and 10-year survival are
detailed in Supplementary Table S7.

Figs. 1 and 2 illustrate that there were no significant
differences by gene in the 10-year survival after colon or
endometrial cancer. For colon cancer this was 86% [80%—
92%] in path_MLH1, 89% [82%-96%] in path_MSH2 and
85% [67%-100%] in path_MSHG6 carriers and for

path_.MSH2 =#= path_ MSH6 == path_PMS2
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0.25-
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Fig. 1: Crude survival (%) in path_MLH1, path_MSH2, path_MSH6 and path_PMS2 carriers subjected to colonoscopy surveillance after colon
cancer diagnosed before age of 65 years. The dark line showed the survival probability, and the bars showed the 95% confidence interval for
each path_MMR carrier: path_MLH1 (orange), path_MSH2 (green), path_MSH6 (blue) and path_PMS2 (purple). Categorization of carriers as dead

or alive was made at last observation and was made for all carriers.
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Fig. 2: Crude survival (%) in path_MLH1, path_MSH2, path_MSH6 and path_PMS2 carriers subjected to colonoscopy surveillance after
endometrial cancer diagnosed before age of 65 years. The dark line showed the survival probability, and the bars showed the 95% confidence
interval for each path_MMR carrier: path_MLH1 (orange), path_MSH2 (green), path_MSH6 (blue) and path_PMS2 (purple). Categorization of
carriers as dead or alive was made at last observation and was made for all carriers.

endometrial cancer: 93% [88%-99%)], 91% [85%-98%)] and
89% [75%—100%), respectively. Supplementary Figs. S1—
S10 show the 10-year survival by gene for rectal and
extracolonic cancers, including ovarian, ureter and kidney,
urinary bladder, prostate, stomach, small bowel, biliary
tract, pancreas, and brain cancers.

Mortality by organ, gene and gender at 75 years of
age is presented in Table 1. As shown, for male
path_MLH1 and path_MSHG carriers, mortality was
similar after CRC compared to mortality after non-CRC
cancers. Path_MSH2 carriers of both genders and fe-
male path_MSHG6 carriers had more deaths after non-
CRC. Importantly, the combined incidences of deaths
after colon and rectal cancer for all path_MMR carriers
comprised less than half of the total deaths following
any LS cancer. Counting numbers (not incidences) of
deaths in the total series, deaths following CRC
accounted for less than half of all deaths following an LS
cancer (n = 76, 36%) (Table 2). Gyneacological cancer
(n = 31, 14.8%), ureter and kidney (n = 16, 7.7%),
stomach cancer (n = 16, 7.7%) and pancreas (n = 14,
6.7%) were the other cancers associated with a high
number of deaths (Table 2).

www.thelancet.com Vol 58 April, 2023

Median age of cancer diagnosis and cumulative
incidences of cancers by age, gene, gender, and
organ

The median ages of cancer diagnosis and the cumulative
incidences of cancers in path_ MLHI1, path_MSH?2,
path_MSHG6 and path_PMS2 carriers in different organs
by age, gene and gender are given in Table 3 and
Supplementary Tables S3-S6, respectively. We used the
same format as the 2021 NCCN report" and present LS-
associated cancers only, based on previous PLSD reports
but excluding osteosarcoma (the 11 cases found were
insufficient for statistical calculations). Incidences of
groups of cancers such as urinary tract cancers, endo-
metrial or ovarian cancers and upper gastrointestinal
tract cancers are also given.

Median ages at cancer diagnoses by gene, organ, and
gender have not been reported before in LS. We found a
younger median age at diagnosis for cancers in
path_MSH2 carriers than in path_MLH]I carriers, with
the exception of CRC, urinary bladder, bile duct/gall
bladder and brain cancers. An older median age at
diagnosis was observed for cancers in path_MSHG6 and
path_PMS2 carriers.
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Cancer type

Pathogenic variants

10-year survival

Males

Females

Cumulative incidence 65 years

Mortality 75 years

Cumulative incid

ence 65 years Mortality 75 years

Colon

Rectum

Endometrium

Ovary

Stomach

Small intestine

Bile duct

Pancreas

Ureter/kidney

Urinary bladder

Prostate

Brain

Mortality was calculated as cumulative incidence at 65 years of age multiplied by (1-10 years survival) from Supplementary Table S4. *Caused by only one case at young age, which is not significantly

path_MLH1
path_MSH2
path_MSH6
path_PMS2
path_MLH1
path_MSH2
path_MSH6
path_PMS2
path_MLH1
path_MSH2
path_MSH6
path_PMS2
path_MLH1
path_MSH2
path_MSH6
path_PMS2
path_MLH1
path_MSH2
path_MSH6
path_PMS2
path_MLH1
path_MSH2
path_MSH6
path_PMS2
path_MLH1
path_MSH2
path_MSH6
path_PMS2
path_MLH1
path_MSH2
path_MSH6
path_PMS2
path_MLH1
path_MSH2
path_MSH6
path_PMS2
path_MLH1
path_MSH2
path_MSH6
path_PMS2
path_MLH1
path_MSH2
path_MSH6
path_PMS2
path_MLH1
path_MSH2
path_MSH6
path_PMS2

different from zero, na: not applicable.

87%

72%

92%

85%

63%

70%

42%

17%

73%

71%

76%

34%

48.4% [42.4-54.8]
41.5% [34.8-48.8]
12.7% [6.8-23.1]
9.5% [2.5-32.9]
6.0% [3.8-9.3]
12.6% [9.2-17.3]
5.1% [2.3-11.1]
0% [NA]

na

na

2.8% [1.5-5.2]
4.3% [2.5-7.6]
0.7% [0.1-4.9]
2.7% [0.4-17.5]
4.4% [2.6-7.2]
4.5% [2.6-7.6]
0.7% [0.1-4.8]
3.3% [0.5-21.3]
2.9% [1.5-5.6]
1.0% [0.3-3.2]
0% [NA]

0% [NA]

1.1% [0.4-2.9]
1.4% [0.5-37]
0% [NA]

0% [NA]

2.5% [1.3-5.1]
11.5% [8.2-16.0]
1.4% [0.3-5.4]
0% [NA]

3.3% [1.8-6.1]
5.9% [3.7-9.4]
3.0% [1.1-7.9]
0% [NA]

5.3% [3.2-8.7]
10.6% [7.5-15.0]
3.0% [1.1-7.7]
3.3% [0.5-21.5]
0% [NA]

3.3% [1.7-6.3]
0.8% [0.1-5.3]
0% [NA]

6%
5%
2%
1%
2%
4%
1%
0%

1%
2%
0%
1%
1%
1%
0%
1%
2%
1%
0%
0%
1%
1%
0%
0%
1%
3%
0%
0%
1%
2%
1%
0%
1%
3%
1%
1%
0%
2%
1%
0%

36.3% [31.0-42.3] 5%
29.8% [24.6-35.8] 4%

10.1% [5.8-17.1]
2.8% [0.4-18.2]
4.6% [2.9-7.3]
7.6% [5.1-11.1]
3.9% [1.8-8.6]
2.2% [0.3-14.6]

31.7% [26.5-37.7] 3%
37.6% [31.3-44.8] 3%
32.1% [24.2-41.7] 3%

12.7% [5.5-27.9]
8.0% [5.3-12.0]

10.6% [7.2-15.6] 2%

2.9% [0.9-8.7]

2.5% [0.4-16.3]
2.0% [1.0-4.2]

2.6% [1.4-5.0]

0.7% [0.1-4.7]

0% [NA]

2.5% [1.3-4.6]

3.2% [1.8-5.6]

0.6% [0.1-4.0]

2.1% [0.3-14.0]
1.5% [0.7-33]

0.8% [0.3-2.4]

0% [NA]

0% [NA]

1.9% [0.9-4.0]

12% [0.5-3.3]

0.7% [0.1-4.8]

0% [NA]

1.7% [0.8-3.8]

9.7% [6.9-13.5]
3.2% [1.3-7.4]

0% [NA]

1.3% [0.6-3.2]

47% [2.8-7.7]

1.8% [0.6-5.6]

0% [NA]

na

0.9% [0.3-2.4]
1.4% [0.5-3.8]
1.2% [0.3-4.6]
7.3% [1.1-41.6]

1%
0%
1%
2%
1%
1%

1%
1%

0%
0%
1%
1%
0%
0%
1%
1%
0%
1%
1%
0%
0%
0%
2%
1%
1%
0%
0%
3%
1%
0%
0%
1%
1%
0%

1%
1%
1%

5%"

Table 1: Mortality by cancer, gene and gender at 75 years in path_MMR carriers: mortality at 75 years was calculated as cumulative incidence at 65 years with [95% confidence

intervals] multiplied by (1 - ten years survival) following cancer in that organ.
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Cancer path_MMR n n deaths
Colon path_MLH1 241 26
path_MSH2 165 20
path_MSH6 22 3
path_PMS2 3 1
Endometrial path_MLH1 93 11
path_MSH2 82 11
path_MSH6 36
path_PMS2 5
Rectal path_MLH1 36 8
path_MSH2 59 15
path_MSH6 12 3
path_PMS2 1 0
Ovarian path_MLH1 23 2
path_MSH2 25 5
path_MSH6 3 0
path_PMS2 1 0
Ureter and kidney path_MLH1 14 5
path_MSH2 64 11
path_MSH6 7 0
path_PMS2 0 0
Urinary bladder path_MLH1 15 3
path_MSH2 32 8
path_MSH6 7 0
path_PMS2 0 0
Prostate path_MLH1 15 3
path_MSH2 30 6
path_MSH6 4 0
path_PMS2 1 0
Stomach path_MLH1 17 10
path_MSH2 21 5
path_MSH6 2 1
path_PMS2 1 0
Small bowel path_MLH1 25 7
path_MSH2 24 5
path_MSH6 2 0
path_PMS2 2 0
Billiary tract path_MLH1 15 9
path_MSH2 6 2
path_MSH6 0 0
path_PMS2 0 0
Pancreas path_MLH1 11 10
path_MSH2 8 4
path_MSH6 1 0
path_PMS2 0 0
Brain path_MLH1 4 2
path_MSH2 13 9
path_MSH6 3 1
path_PMS2 1 1
Table 2: Numbers of deaths by cancer type and path_MMR variant.

The highest cumulative incidences of CRC before 50
years of age were observed for path_MLHI and
path_MSH2 carriers. Carriers of path_MSHG6 had sub-
stantially lower CRC incidence and the cancers occurred
predominantly after 50 years of age. However, a 2.7%
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[0.4-17.7] cumulative incidence of CRC in male
path_MSHG6 carriers at 30 years was observed compared
to none in the previous PLSD report. Endometrial
cancers were characterised by onset before 50 years of
age in path_MLH]1, path_MSH2 and path_MSHG6 car-
riers. Ovarian cancers started to occur after 40 years of
age, most frequently in path_MSH2 followed by
path_MLH1 and path_MSH6 carriers. Path_MSH2
carriers were at relatively high risk of upper urinary tract
cancers, prostate cancer, and brain tumors. Upper
gastrointestinal cancers (gastric, small bowel, biliary and
pancreatic) occurred from 40 years of age in path_MLH1
and path_MSH2 carriers, more frequently in males than
females. The increased number of path_PMS2 carriers
in the expanded PLSD cohort allowed their stratification
for the first time by gender, age and organ. They had
modestly increased risks of late onset CRC (males:
32.8% [12.7-68.6] and females: 8.5% [2.1-31.5]) and
endometrial cancer (21.2% [8.5-46.9]). No CRC or
endometrial cancers were detected before 50 years in
path_PMS2 carriers.

Notably, a high risk of CRC or endometrial or
ovarian cancer was observed for path_MLHI1 (79.7%
[72.7-85.9])) and  path_MSH2 carriers (80.4%
[72.2-87.5]) at 75 years of age and there was a 50%
[39.1-62.9] lifetime risk for female path_MSHG6 carriers
(Supplementary Tables S3-S6).

For «carriers of a path_MLHI1, path_MSH2,
path_MSHG6 or path_PMS2 variant, risks of CRC,
gynaecological cancer and upper urinary tract cancer
were similar regardless of whether they had a previous
or prevalent cancer in other organs at inclusion for
follow-up (Supplementary Table S8).

Discussion

Most deaths following cancer in path_ MMR carriers,
particularly in women and in path_MSH?2 carriers of
both genders, occurred after LS-associated cancers in
organs other than the colorectum. While CRC inci-
dence was high in those having colonoscopy surveil-
lance, early diagnosis, treatment and the emergence
of the immunotherapy* probably contributed to the
low CRC mortality observed. Any study like ours will
inevitably have time-trend biases related to changes in
treatment during the observation period. Because
modern treatment may be associated with increased
survival, our results are likely to represent minimum
estimates for survival and maximum estimates for
mortality. To further reduce mortality in LS, it may be
reasonable to address prevention and treatment needs
for the cancers now associated with most of the
deaths.

We present cumulative cancer incidences for sepa-
rate organs and groups of organs (Supplementary
Tables S3-S6). If, as an example, we report the cumu-
lative incidences in female path_MLH1 carriers at
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Site Median age of onset for path_MLH1 Median age of onset for path_MSH2 Median age of onset for Median age of onset for
carriers carriers path_MSH6 carriers path_PMS2 carriers
Males Females Males Females Males Females Males Females

Any organ 48.4 [45.8-50.9] 513 [49.1-53.3]  53.6 [51.0-56.0]  50.6 [48.1-52.9] 55.8 [NA-647] 57.5[53.0-617] 59.6 [NA-73.7] 63.8 [NA]
Colon® 47.8 [44.8-50.6] 55.5 [51.84-59.2] 53.6 [50.4-58.0] 55.7 [49.3 61.1] 57.1 [NA-73.0] 60.8 [41.0-67.4] 70.5 [NA] 66.1 [NA]
Sigmoid/Rectum” 62.5 [50.2-70.8]  59.3 [46.9-69.2] 57.6 [49.9-64.8]  63.6 [55.0-67.4] 61.3 [NA] 61.2 [NA] NA 62.5 [NA]
Colorectal® 47.4 [443-50.4] 54.6 [51.0-58.5] 53.9 [50.0-57.5]  56.2 [50.3-61.3] 55.1 [NA-733]  60.1 [42.2-67.1] 713 [NA] 66.1 [NA]
Endometrium 51.7 [49.7-53.6] 517 [49.4-53.9] 60.0 [55.5-64.1] 61.2 [NA]
Ovary 49.0 [42.1-55.9] 47.4 [42.8-60.8] 65.5 [NA] 57.5 [NA]
Endometrium/ovary 51.2 [49.1-53.0] 50.4 [48.4-52.6] 59.9 [55.5-64.2] 59.5 [NA]
CRC/Endometrium/ovary cancer 51.4 [49.5-53.2] 51.0 [48.7-53.5] 57.7 [50.6-62.6] 64.4 [NA]
Urine bladder 63.0 [56.2-73.5] 68.8 [58.8-74.4] 67.4 [58.7-72.6] 651 [54.1-71.9] 712 [NA-747] 611 [NA] NA NA
Ureter/kidney 63.9 [50.6-73.7]  63.6 [NA] 61.1[56.7-64.6] 651 [61.6-69.3] 65.7 [NA] 62.0 [NA] 72.5 [NA] NA
Kidney, ureter and/or urine 62.9 [57.1-71.3] 675 [59.4-73.0] 625 [59.0-67.4] 643 [61.6-68.1] 70.6 [NA-74.2] 61.8 [NA -68.6] 72.5 [NA] NA
bladder

Kidney, ureter and/or urine 67.5 [62.5-71.4] 62.6 [59.8-65.5] 68.8 [59.2-73.0] 70.9 [NA]

bladder/prostate

Stomach 681 [59.0-72.7] 657 [56.6-74.1]  64.3 [57.46-7335] 619 [NA-73.7]  52.5 [NA] 62.5 [NA] 57.5 [NA] NA

Small bowel 63.5 [54.0-70.1] 53.8 [NA-71.0]  59.8 [52.6-67.6]  54.2 [NA -66.2] 68.8 [NA] 57.5 [NA] 47.5 [NA] 62.5 [NA]
Pancreas 67.0 [NA] 64.7 [NA -74.8]  65.7 [NA] 66.8 [NA] 72.5 [NA] 66.4 [NA] NA NA

Bile duct/gall bladder 62.2 [48.0-68.7] 53.4 [NA] 69.9 [60.2-NA] 713 [NA] NA NA NA NA
Prostate 70.2 [63.7-72.6] 66.2 [62.0-70.0] 65.9 [NA-74.9] 47.5 [NA]

Breast 57.7 [52.6-63.6] 60.7 [53.5-65.9] 62.7 [51.7-72.4] 70.2 [NA]
Brain 67.5 [NA] 49.9 [NA] 70.0 [43.0-74.6]  52.2 [NA] 62.5 [NA] 54.9 [NA] NA NA

NA: occurs for the median age of onset or the confidence limits if the corresponding conditional cumulative incidence estimates always are above or below 50%. *Following intervention with surveillance
colonoscopy as described in text.
Table 3: Median age of onset for cancer in specific organs by age and gender for path_MMR carriers.

10

75 years, the cumulative incidences of colon and rectal
cancer were 46.2% and 7.4%, respectively (the sum be-
ing 53.6%), but the cumulative incidence for colon or
rectal cancer was 48.3%. The difference (5.3%) indicates
how many carriers had both colon and rectal cancers.
Similarly, for endometrial and ovarian cancer, the sum
would be 45.2% while the observed value for endome-
trial or ovarian cancer was 43.2%. The sum of the cu-
mulative incidences for all four cancers would be 98.8%,
while the observed value was 79.7%. These observations
reflect the interrelation between probabilities for having
a cancer, depending on whether the individual has had
another cancer or not, and also on the ages at which
cancers in the various organs occur. For these reasons,
the median ages at diagnosis of cancer in different or-
gans by gene and gender, described here for the first
time, will be of interest. We observed a higher incidence
but not an earlier age at diagnosis for upper urinary tract
cancers and prostate cancer in path_MSH2 carriers
compared to path_MLH]I, path_MSHG6 and path_PMS2
carriers. These observations appear consistent with the
conclusions of a recent review from the European As-
sociation of Urology, Young Academic Urologists and
the Global Society of Rare Genitourinary Tumors." The
potential benefits of urological surveillance for patients
with LS, particularly for path_MSH2 carriers, merit
further research.

Many of the issues related to cancer incidences are
also relevant when considering mortality. Crude sur-
vival following cancer in one organ also depends on
survival after any other synchronous or metachronous
cancer that occurs, as well as other, non-cancer cau-
ses. Because the mortalities we observed were much
lower than the cumulative incidence rates, the effects
of these confounders were marginal for the survival
values we calculated. If summing-up of the mortalities
for cancer in each organ was performed, the sum
would be artificially high, but not to the extent dis-
cussed above for cumulative incidence because of the
low mortality rates. The mortality estimates that we
present here for the first time are novel and robust
estimates.

Obesity is associated with endometrial cancer in the
general population, and it would be of interest to examine
if this is so in path_MMR carriers as well. It would also be
of interest to measure disease-specific survival. Both will
need information so far not included in the PLSD data-
set. In relation to the discussion on prophylactic hyster-
ectomy and oophorectomy in LS, we have previously
reported the limited effect of risk-reducing surgery on
gynaecological cancer mortality in a smaller cohort.” The
small effects seen were in contrast to the much larger
survival benefit achieved by oophorectomy in carriers of
pathogenic variants in BRCA1/2.»
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The current study, that includes close to three times
as many observation years, confirmed the findings of
our earlier report’ that prospective cancer risks in
path_MMR carriers are independent of the occurrence
of previous or prevalent cancer, validating the use of our
results for estimation of cancer risk in any organ in any
carrier irrespective of their cancer history. Our website
www.plsd.eu, which will be updated based upon the
results in this report once it is published, enables such
calculations to be made for individual path_MMR car-
riers, by age, gene and gender.

The strengths of this study include its prospective
design and the substantial follow-up that has been
accumulated. Its limitations include the lack of data on
cancer-specific survival and the absence of a control
group that has not been subjected to surveillance in-
terventions. The extent to which the results obtained for
CRC are attributable to early diagnosis and treatment as
a result of colonoscopy surveillance, or to improved
treatment over the decades during which the carriers
were observed, is unknown.

The current study found low CRC mortality in
path_MMR carriers who receive colonoscopy surveillance
while some extracolonic cancers were associated with high
mortality. Further improvement of survival in LS may
require a focus on the prevention and treatment of non-
colorectal cancers, likely including approaches based
upon the immune response to MSI pre-cancerous lesions
and cancers.”” This study also provides more precise
cumulative cancer incidences for path_MMR carriers than
have been available previously, stratified by age, gene, or-
gan, and gender. Our interactive website www.PLSD.eu
that is referred to by EHTG (www.chtg.org) and the
InSiGHT variant databases (http://insight-database.org/)
will be updated to include the results of the current study
following publication. The website enables interactive
estimation of the remaining risk for any cancer in any
path_MMR carrier who is receiving currently recom-
mended CRC surveillance, by age, gene and gender.
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