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Abstract

Background: Lynch Syndrome is an autosomal dominant cancer syndrome caused by pathogenic germ-line
variants in one of the DNA-mismatch-repair (MMR) genes MLH1, MSH2, MSH6 or PMS2. Carriers are predisposed to
colorectal and endometrial cancer, but also other cancer types. The purpose of this retrospective study was to
characterize the tumour spectrum of the Swedish Lynch syndrome families.

Methods: Data were obtained from genetically verified 235 Lynch families from five of the six health care regions
in Sweden. The material was stratified for gender, primary cancer, age and mutated gene and the relative proportions
of specific cancer types were compared to those in the general population.

Results: A total of 1053 family members had 1493 cancer diagnoses of which 1011 were colorectal or endometrial
cancer. Individuals with pathogenic variants in MLH1 and MSH2 comprised 78% of the cohort. Among the 482 non-
colorectal/non-endometrial cancer diagnoses, MSH2 carriers demonstrated a significantly increased proportion of
urinary tract, gastric, small bowel, ovarian and non-melanoma skin cancer compared to the normal population. MLH1
carriers had an elevated proportion of gastrointestinal cancers (gastric, small bowel, pancreas), while MSH6 carriers had
more ovarian cancer than expected. Gastric cancer was predominantly noted in older generations.

Conclusion: Lynch syndrome confers an increased risk for multiple cancers other than colorectal and endometrial
cancer. The proportions of other cancers vary between different MMR genes, with highest frequency in MSH2-carriers.
Gender and age also affect the tumour spectrum, demonstrating the importance of additional environmental and
constitutional parameters in determining the predisposition for different cancer types.
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Background

Lynch syndrome (LS) is an inherited autosomal domin-
ant condition predisposing mainly to colorectal and
endometrial cancer [1]. In addition, individuals with LS
are at increased risk for developing malignancies other
than colorectal and endometrial cancer, mostly cancer of
the gastrointestinal tract, but also ovarian, urothelial and
brain tumours have been reported to occur more often
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than in the general population [2-5]. LS is caused by
pathogenic germ-line variants in DNA-Mismatch-Repair
(MMR) genes, MLHI, MSH2, MSH6 or PMS2 [6] and
the tumour spectrum is influenced mostly by the
affected gene and gender [4, 5, 7]. Most pathogenic vari-
ants (80%) are reported in MLHI and MSH2, which
might reflect differences in expression between different
pathogenic MMR variants, such as later age at onset of
disease and reduced penetrance suggested in MSH6 and
PMS2 (1,2, 7, 8).

LS should be suspected in patients with an age onset
of colorectal cancer before 50 years, proximal localisa-
tion of colorectal cancer, high DNA microsatellite
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instability in histological specimen of colorectal cancer,
multiple primary meta/synchronous polyps/tumours in
colon, rectum and endometrium, endometrial cancer be-
fore 50 years of age, or a familial clustering of cancer
diagnoses, using criteria such as Amsterdam II or Be-
thesda guidelines [9, 10]. Surveillance for colorectal can-
cer has been shown to increase survival in LS [11]. It is
not yet clear if surveillance for other cancer types associ-
ated with LS would be beneficial in all patients. More
knowledge about the phenotypical manifestation of dif-
ferent pathogenic variants in LS is required to improve
the surveillance programs for different LS families. We
therefore characterised the spectrum of tumours in the
Swedish Lynch syndrome families and calculated the
relative proportion of non-colorectal/non-endometrial
cancers to further support their association to Lynch
syndrome.

Methods

The study was approved by the Regional Ethical Review
Board in Stockholm, Sweden. In Sweden, patients with a
family history suggestive of LS are generally referred for
genetic counselling to a department of clinical genetics at
six university hospitals that provide regional genetic services
with family investigations, genetic testing and recommenda-
tions for surveillance. For our study, five of six nationwide
genetic centres in Stockholm, Uppsala, Ume3, Linkoping
and Lund (covering 83% of Swedish population, i.e. 8.3 mil-
lion individuals) agreed to participate, providing us with an-
onymous full pedigree information. The information
regarding cancer diagnosis, age at onset, or date of death
were confirmed by medical reports or death certificates
when available with the written consent from the affected
relative, or (if deceased) from the closest relatives. All pedi-
grees harboured at least 3 consecutive generations and con-
tained information about gender, type of gene variant, birth
date, age at cancer diagnosis, cancer according to the ICD7
classification, tumour site and age at death and the status of
pedigrees has been updated as of December 2014.

Patients with early onset LS spectrum early onset
cancer, synchronous or metachronous cancer, or
Amsterdam II and/or Bethesda criteria fulfilled were
genetically tested for LS. Genetic screening of the af-
fected family members was performed in most cases
using mainly Sanger DNA sequencing or otherwise
massive parallel sequencing. The sequencing analyses
were combined with multiplex ligation-dependent probe
amplification (MLPA, P003 and P072; MRC-Holland,
Amsterdam, The Netherlands) for the detection of large
deletions or duplications.

Statistics
Statistical analyses included family members with a
proven pathogenic germ-line variant, obligate carriers,
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individuals with a 50% risk of having a pathogenic vari-
ant, or combinations thereof. Obligate carrier status was
allocated to members due to their position in the pedi-
gree in relation to relatives with known pathogenic vari-
ants or other obligate carriers. First degree relatives to
proven or obligate carriers who had not been tested for
the familial variant were assigned a 50% carrier probabil-
ity. These 265 individuals with cancer increased the
number of tumours in the analysis, but due to a poten-
tial risk of error as their genetic status was unknown, we
redid the analysis only including those individuals with
known genetic status with similar results (data not
shown).

Analysis of the relative proportions of cancer diagno-
ses was performed as previously described [12]. The age
at cancer diagnosis was known, but we did not have data
on the year of birth or diagnosis of cancers in our
observed data and could thus not calculate cumulative
incidence. Therefore, the tumour distribution in the
relatives of index patients is compared with the cancer
distribution in the Swedish population at two time
points, 1970 and 2010 (Swedish Cancer Registry). The
population distribution of cancer was weighted by the
age and sex of cases in the data (relatives to index cases).
Cases where age or sex was missing were assumed to
have the same age and sex distribution as cases where
age and sex were known. We analysed each gene separ-
ately as well as each gender in the entire cohort.

Results

In total, we obtained pedigrees from 235 families with
Lynch syndrome (MLHI n =97, MSH2 n =87, MSH6 n =
37 and PMS2 n= 14). In 1053 family members, at least
one cancer diagnosis was identified (Table 1). Of these,
445 (42%) individuals had a proven pathogenic variant,
343 (33%) were obligate carriers and 265 (25%) individuals
were assigned a 50% carrier probability. Table 1 summa-
rizes the clinical characteristics and genetic status of the
patients. In total, 1493 cancer diagnoses were found in
our study cohort, of which 90% were verified using the
cancer registry or medical records. Information on age at
cancer diagnosis was available in 90% of patients. A total
of 647 first-time colorectal cancers (if metachronous

Table 1 Lynch syndrome family members distributed by gene

and gender

Male Female Total

n (%) n (%) n (%)
MLHT 231 (22) 201 (19) 432 (41)
MSH2 194 (18) 195 (19) 389 (37)
MSH6 69 (7) 122 (12) 191 (18)
PMS2 25(2) 16 (2) 41 (4)
Total 519 (49) 534 (51) 1053 (100)
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cancers were included the total was 795) and 203 cases of
first-time endometrial cancer (216 including metachro-
nous) were registered, corresponding to 43% and 14% of
all reported cancer cases in the cohort, respectively
(Table 2). Colorectal cancer represented 64% of all cancer
in men and in 36% in women, while endometrial cancer
represented 28% of all cancer in women (Table 2). A total
of 482 cancers were non-colorectal, non-endometrial can-
cer. To calculate the relative proportion of these less com-
mon cancer diagnoses in the study cohort, all cases of
colorectal and endometrial cancer were excluded from
further analysis.

Compared to the general population, individuals of
both sexes in the cohort as a whole had a higher pro-
portion of gastric cancer (Tables 3 and 4). Gastric
cancer was more frequent in male than female muta-
tion carriers and tended to be present in older gener-
ations as only 6/67 cases in the cohort were born
after 1940 (Table 2; data not shown). The relative
proportion of small bowel cancer was also elevated in
both men and women with Lynch syndrome and the
mean age at onset was on average 4 years younger
than for gastric cancer (Tables 2, 3 and 4). Females
had an increased proportion of ovarian cancer, but
also of non-melanoma skin cancer, the latter was not
increased in men (Tables 3 and 4). While the propor-
tion of urinary tract cancer was significantly elevated
in females in the cohort, this was only true in males
with a 100% probability of carrying a pathogenic
MMR variant (data not shown). Prostate and breast
cancer were common in male and female Lynch syn-
drome carriers respectively, but the proportion was
not elevated compared to the general population, in-
deed, the proportion of breast cancer was lower than
expected among our Lynch syndrome cohort).

Of note, most of the extracolonic, non-endometrial
malignancies occurred as single cases in the kindred. A
few families demonstrated multiple individuals with the
same cancer, e.g. in one family there were four cases of
gastric cancer and two families had four cases of ovarian
cancer. Breast cancer also clustered in a few fam-
ilies (Table 5).

As the spectrum of LS associated tumours is influ-
enced by the genetic composition of the cohorts, we
stratified the study population according to mutated
MMR gene. We could not analyse PMS2 carriers, as the
number of cases with non-colorectal/non-endometrial
cancers (1 = 7) was too low for further analysis.

MLH1

MLHI carriers had an elevated frequency of gastric, pan-
creas and small bowel but not of skin, urinary tract or
ovarian cancer (Table 6). The mean age at diagnosis for
all these cancers in our MLHI cohort was a few years
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younger than the average age in the population (Swedish
Cancer Registry).

MSH2

Carriers of pathogenic variants in MSH2 carriers had an
elevated proportion of several cancers including urinary
tract, gastric, non-melanoma skin, ovarian and small
bowel cancer (Table 7). The MSH2 carriers diagnosed
with urinary tract and ovarian cancer showed a greater
proportion with onset before age of 50 years in compari-
son with MLHI carriers (Table 9). In fact, 64% of ovarian
cancers in the entire cohort were diagnosed before the
age of 50 years. (Table 8) and 25% had an onset before
the age of 40 years among all carriers with this especially
true for MSH2 carriers where 34% were diagnosed before
40 years (data not shown). Of note, the elevated propor-
tion of non-melanoma skin cancer found in AMSH2
carriers (Table 7) was reflected in the female but not the
male MMR carrier group (Tables 3 and 4).

MSH6
In the group with pathogenic variants in MSH6, ovarian
cancer was noted in around 11.5% versus 4% in the
MLH1 group (Tables 6 and 9). The proportion of gastric
cancer in MSH6 carriers was higher than normal in the
general population but the difference was not statisti-
cally significant (Table 9). Of 8 cases of gastric cancer in
the MSH6 cohort, the age at diagnosis could be con-
firmed for 6 and 4 of these (67%) occurred before age of
50 years (Table 8).

The number of affected individuals with small bowel
cancer (n=0), skin cancer (n =1) and urinary tract can-
cer (n=10) was too limited for analysis in the MSH6

group.

Discussion

This is the first retrospective analysis of the phenotype of
the Swedish LS families ascertained by the Departments
of Clinical Genetics across the nation. The spectrum of
pathogenic MMR variants in Swedish families has been
previously reported [13] and this study further explores
the tumour spectrum of the Swedish Lynch syndrome
families.

It is well established that carriers of heterozygous
pathogenic variants in MLH1, MSH2, MSH6 and PMS?2
have an increased risk of colorectal and endometrial
cancer and that the four MMR genes demonstrate differ-
ent penetrance and expressivity [2—5]. In order to deter-
mine the relative frequency of the less common cancers
in the Swedish LS population, we stratified our cohort
by mutated MMR gene and gender and excluded colo-
rectal cancer and endometrial cancer from the statistical
analysis.
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Table 3 Observed cancer cases for the male Lynch syndrome cohort with 100% or 50% probability of MMR mutation

(excluding colorectal and endometrial cancer)

Primary cancer Observed Proportion LL UL Proportion [%] Proportion [%] Reference
number [%] 95% 95% in Sweden 1970 in Sweden 2010 outside Cl

Stomach 38 18.36 13.04 23.67 8.84 1.76 above
Prostate 38 1836 13.04 2367 10.82 2647 No
Kidney and urinary tract excl prostate 34 1643 11.59 21.74 13.05 8.75 No
Brain and nervous system 19 9.18 531 13.04 794 5.66 No
Skin excl melanoma 13 6.28 338 9.66 244 524 No
Pancreas 12 58 29 9.18 336 1.74 No
Malignant melanom 9 4.35 1.93 725 5.19 10.35 No
Blood and lymphatic tissue 9 435 1.93 725 12.53 123 below

Small bowel 7 3.38 0.97 5.8 0.75 0.77 above
Liver and biliary system 6 29 097 531 244 204 No
Lung and airways 5 242 048 483 11.38 551 below
Oesophagus 4 193 048 3.86 1.22 093 No
Head and neck 3 145 0 338 5.76 404 below
Bone and soft tissue 3 145 0 338 2.1 1.52 No
Testicle 2 0.97 0 242 343 6.54 below
Breast 1 048 0 145 033 0.28 No
Penis 1 048 0 145 0.66 037 No
Thyroid 1 048 0 145 1.13 1.37 No
Eye 0 0 0 0 0.58 044 below
Endocrine cancer 0 0 0 0 257 191 below
Unspecified location 0 0 0 0 345 2.01 below

The observed proportions adjusted for age and sex are compared to those of the general population in year 1970 and 2010 (ref National Board of Health and
Welfare). If the observed confidence interval in the Lynch syndrome group did not overlap with the proportions in the general population, the reference is

denoted as “above” (or “below”) the reference

LL Lower level of 95% confidence interval, UL upper level of 95% confidence interval

Gastric cancer

Both male and female carriers overall and both MLHI
and MSH?2-carriers had an increased proportion of gas-
tric cancer, which was not seen in MSH6-carriers. A
recent prospective study including 3119 Lynch syn-
drome patients demonstrated a cumulative risk for gas-
tric cancer of 7.1/7.7% in MLHI/MSH?2 carriers and
5.3% in MSH6 carriers [7]. Of interest, other studies
have shown a preponderance of male gastric cancer [3—
5] which was also the case among our Lynch syndrome
cases. According to the Swedish cancer registry, a clear
decrease in annual incidence and relative proportion for
gastric cancer in the general population has been ob-
served: from 5,4% in 1970 to 1,22% in 2010. Barrow et
al. showed a decreasing incidence of gastric cancer in
Lynch families and fewer than 10% of the Lynch syn-
drome carriers born after 1935 developed gastric cancer
[3]. A similar finding could also be noted in our cohort
with only 6/67 cases with gastric cancer born after 1940.
This relatively low incidence of gastric cancer in later
Lynch generations raises the issue of the value of screen-
ing gastroscopy in Lynch families, especially as most

cases occurred as single sporadic cases within families.
The clinical benefit of screening Lynch patients with
gastroscopy probably exists for a very limited group, but
the yield is likely too small to be cost-effective.

Small bowel cancer

Small bowel cancer is a rarity, representing 0.5% of can-
cer cases in Sweden 2010, while the cumulative lifetime
risk in the LS group has been estimated to be between
0.6—7% [4, 5]. The significantly increased proportion for
of small bowel cancer in our LS in our cohort was
evenly distributed between both sexes with similar risks
for MLHI and MSH?2 carriers. No cases of small bowel
cancer were observed in MSH6 carriers. A recently pub-
lished prospective Dutch study examined the eventual
benefit of capsule endoscopy (the recommended surveil-
lance procedure) in 200 asymptomatic LS family mem-
bers. No cases of small bowel cancer could be detected
in the study group during the 2-year surveillance [14].
Recently updated guidelines from the Mallorca group
(2013) do not recommend any screening for small bowel
cancer [15]. Based on these studies, our data and the
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Table 4 Observed cancer cases for the female Lynch syndrome cohort with 100% or 50% probability of MMR mutation (excluding

colorectal and endometrial cancer)

Primary cancer Observed Proportion LL UL Proportion [%] Proportion [%] Reference
number [%] 95% 95% in Sweden 1970 in Sweden 2010 outside Cl

Breast 58 21.17 1642 26.28 31.79 4361 below
Ovary and Fallopian tube 42 15.33 11.31 19.71 9.51 3.8 above
Kidney/urinary tract excl prostate 41 14.96 10.95 19.34 5.25 3.34 above
Stomach 29 10.58 6.93 14.23 4.47 1.1 above
Skin excluding melanoma 24 8.76 5.47 12.41 1.37 44 above
Cervix 20 7.3 4.38 10.58 10.72 3.71 No

Brain and nervous system 12 438 2.19 6.93 458 45 No

Blood and lymphatic tissue 11 401 1.82 6.57 745 6.81 below
Small bowel 8 292 1.09 5.11 0.38 0.4 above
Liver and biliary system 7 255 0.73 4.74 287 134 No

Lung and airways 5 1.82 0.36 365 3.03 595 No
Pancreas 4 146 0.36 292 238 1.58 No
Malignant melanoma 4 146 036 292 38 863 below
Thyroid 3 1.09 0 255 201 259 No
Oesophagus 2 0.73 0 1.82 037 0.31 No

Bone and soft tissue 2 0.73 0 1.82 1.16 0.71 No

Head and neck 1 036 0 1.09 1.68 1.92 below
Endocrine cancer 1 0.36 0 1.09 244 2.09 below

The observed proportions adjusted for age and sex are compared to those of the general population in year 1970 and 2010 (ref National Board of Health and
Welfare). If the observed confidence interval in the Lynch syndrome group did not overlap with the proportions in the general population, the reference is

denoted as “above” the reference

LL Lower level of 95% confidence interval, UL upper level of 95% confidence interval

rarity of this diagnosis, a routine screening for detection
of small bowel cancer is questionable.

Ovarian cancer

The cumulative lifetime risk for ovarian cancer in LS is
reported to be between 7 and 24% up to age 70 years and
varies between genotypes, with most older studies reporting
the highest risks in MSH2 and MLH] carriers, as the num-
ber of families with pathogenic variants in MSH6 have been
too low in most studies for conclusive results [4, 16]. Newer
studies including MSH6 carriers indicate a 10-13% cumu-
lative risk for ovarian cancer, comparable to that of MSH2
carriers and perhaps higher than the risk for MLH]1 carriers
[5, 7]. This was also seen in our cohort with the MSH2 and
MSH6 carriers demonstrating an increased frequency of
ovarian cancer, while the MLHI carriers did not. A striking

observation in our study was the high proportion of ovarian
cancer before the age of 50 years in mutation carriers: 80%
for MSH2, 63% for MLHI and 42% for MSH6 (Table 9).
Similar results have been noted by Helder-Woolderink and
co-workers in their systematic review of ovarian cancer in
LS family members where 29% of the cases had an onset
before the age of 35 years [17].

Screening for gynaecological cancer has not proven to
be effective in detecting pre-malignant lesions [18-20],
even though single individuals with precursor cystic le-
sions have been detected at an early stage [21]. Results
from a recently published multicentre prospective study
of surveillance performed on 1942 MLHland MSH2
carriers without previous cancer, also point to the unsat-
isfying efficacy of gynaecological screening as precursor
lesions were seldomly found in the endometrium or

Table 5 Intrafamilial clustering of some common cancers in Swedish Lynch syndrome families

1 case/family 2 case/family

3case/family 4 case/family 5 case/family

Gastric cancer 58 (87%) 5 (7.5%)
Brain tumour 25 (81%) 6 (19%)
Urinary tract cancer 61 (81%) 9 (12%)
QOvarian cancer 37 (86%) 3 (7%)

3 (4%) 1 (1.5%) 0
0 0 0
5 (7%) 0 0
1 (2%) 2 (5%) 0

Number of families with multiple cases of the specified tumour and percent of the total



Karimi et al. Hereditary Cancer in Clinical Practice

(2018) 16:16

Page 7 of 11

Table 6 Observed cancer cases for the MLH1 cohort with 100% or 50% probability of MMR mutation (excluding colorectal and

endometrial cancer)

Primary site Observed Proportion LL uL Proportion [%] Proportion [%)] Reference
number [%] 95% 95% in Sweden 1970 in Sweden 2010 outside Cl

Breast 28 17.72 12.03 24.05 16.61 23.02 No
Stomach 26 16.46 10.76 22.15 6.31 1.4 above
Kidney/urinary tract excl prostate 16 10.13 57 15.19 8.99 577 No
Skin excl melanoma 12 759 38 12.03 1.76 4.5 No
Pancreas 1 6.96 3.16 11.39 2.66 1.6 above
Brain and nervous system 10 6.33 253 10.13 6.61 534 No
Ovary and Fallopian tube 8 5.06 1.9 8.86 497 202 No
Small bowel 7 4.43 1.27 7.59 0.57 0.57 above
Liver and biliary system 6 38 1.27 6.96 252 1.65 No
Malignant melanoma 6 38 1.27 6.96 4.98 10.18 No
Cervix 5 3.16 0.63 633 5.79 2.08 No
Prostate 5 3.16 0.63 6.33 4.26 11.02 No
Head and neck 4 253 063 5.06 3.69 295 No
Lung and airways 4 253 063 5.06 6.79 546 below
Oesophagus 3 19 0 443 0.74 0.58 No
Blood and lymphatic tissue 3 19 0 443 10.02 9.72 below
Bone and soft tissue 2 1.27 0 3.16 1.75 1.17 No
Testicle 1 0.63 0 1.9 1.98 3.65 below
Thyroid 1 0.63 0 1.9 1.68 2.22 No
Female genital organ 0 0 0 0 0.54 033 below
Penis 0 0 0 0 032 0.18 below
Eye 0 0 0 0 048 0.35 below
Endocrine cancer 0 0 0 0 266 212 below
Unspecified location 0 0 0 0 332 2.14 below

The observed proportions adjusted for age and sex are compared to those of the general population in year 1970 and 2010 (ref National Board of Health and
Welfare). If the observed confidence interval in the Lynch syndrome group did not overlap with the proportions in the general population, the reference is

denoted as “above” the reference and is marked in bold

LL Lower level of 95% confidence interval, UL upper level of 95% confidence interval

ovaries [8]. At least two studies have shown benefit from
prophylactic salpingo-oophorectomy; 0-0.006% of the
operated women developed ovarian/peritoneal cancer
compared to 3.7-5% in the non-operated group [22, 23].
Considering the uncertain benefit of gynaecological
screening and lack of an existing consensus regarding
the efficacy gynaecological surveillance, our finding of a
high proportion of ovarian cancer with an onset before
the age of 40 years when reproduction might not yet be
completed adds further dilemma to ongoing discussions
about surveillance and the timing of preventive
salpingo-oophorectomy in women before menopause.

Urinary tract cancer

In addition, females with Lynch syndrome as well as
MSH?2 carriers had an increased proportion of urinary
tract, the latter in line with other studies (2, 5, 7, 16, 24].

Regarding urinary tract cancer (including renal pelvis,
urothelial and bladder cancer but excluding prostate
cancer), other studies have indicated a cumulative risk of
2-12% up to 70 years of age overall, with the highest risk
(7-28%) in men with pathogenic MSH2 variants [7, 16,
24-26]. An interesting finding by Watson and
co-workers (2008) was the observation of increased inci-
dence rates of urinary tract cancer in Danish and Finnish
LS families in comparison to LS families from the
Netherlands and USA [16], suggesting geographical
differences. In our study, we only noted an increased
proportion of urinary tract cancer in female Lynch
syndrome carriers in the whole group, whereas for
male carriers, only those with proven pathogenic
MMR variants had an increased frequency, suggesting
that this discrepancy is likely due to the limited num-
bers of affected in the study, although a regional effect
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Table 7 Observed cancer cases for the MSH2 cohort with 100% or 50% probability of MMR mutation (excluding colorectal and

endometrial cancer)

Primary site Observed Proportion  LL uL Proportion [%] in Sweden  Proportion [%] in Sweden Reference
number (%] 95%  95% 1970 2010 outside Cl
Kidney/urinary tract excl 47 21.56 16.06 27.06 8.93 5.87 above
prostate
Stomach 30 13.76 9.17 1835 6.44 141 above
Skin excl melanoma 24 11.01 6.88 15.14 1.87 4.54 above
Ovary and Fallopian tube 20 9.17 5.5 133 4.86 1.92 above
Prostate 17 78 459 1147 526 13.07 No
Breast 15 6.88 367 1055 1664 23.03 below
Brain and nervous system 12 55 275 872 619 513 No
Cervix " 5.05 229 826 5.86 2.08 No
Small bowel 8 3.67 138 642 0.54 0.56 above
Blood and lymphatic tissue 8 367 138 642 998 9.29 below
Malignant melanoma 6 2.75 092 505 451 9.58 No
Pancreas 4 1.83 046 367 281 1.63 No
Lung and airways 4 1.83 046 367 712 549 below
Liver and biliary system 3 1.38 0 321 257 1.65 No
Thyroid 3 1.38 0 321 1.63 202 No
Oesophagus 2 0.92 0 2.29 0.76 0.62 No
Bone and soft tissue 2 092 0 229 159 1.07 No
Testicle 1 046 0 138 163 3.12 below
Penis 1 046 0 138 034 0.18 No
Head and neck 0 0 0 0 367 297 below
Female genital organ 0 0 0 0 048 03 below
Eye 0 0 0 0 046 034 below
Endocrine cancer 0 0 0 0 25 1.99 below
Unspecified location 0 0 0 0 334 213 below

The observed proportions adjusted for age and sex are compared to those of the general population in year 1970 and 2010 (ref National Board of Health and
Welfare). If the observed confidence interval in the Lynch syndrome group did not overlap with the proportions in the general population, the reference is

denoted as “above” the reference and is marked in bold

LL Lower level of 95% confidence interval, UL upper level of 95% confidence interval

cannot be excluded. Both sexes showed a similar pro-
portion with an age of onset before 50 years for urin-
ary tract cancer (Table 9). Most urinary tract cancers
occurred as isolated single cases within families as
previously noted [25]. The increased proportion of
urinary tract cancer raises questions about possible
surveillance for this diagnosis in LS families. However,
as of today no consensus exists regarding the benefit,
appropriate procedures or intensity of surveillance
programs [26, 27]. The Mallorca group in their update
of guidelines 2013 for clinical management of LS does
not recommend any surveillance for this cancer type
except in clinical trials [15].

Non-melanoma skin cancer
Interestingly, female Lynch syndrome carriers had an in-
creased proportion of non-melanoma skin cancer, also

evident in the MSH2 carrier group. This is an interesting
finding that needs corroboration in other studies. Of note,
our diagnosis includes all malignant tumours — including
sebaceous carcinoma, but not sebaceous adenoma which is
known to be associated with a variant of Lynch syndrome
called Muir-Torre syndrome [28]. The incidence of skin
cancer, both melanoma and non-melanoma, is increasing
in northern Europe and Sweden but this increase is for
both sexes in general population. Our finding showing
increased numbers for non-melanoma skin cancer in a
sex-dependent way could partly mirror an altered lifestyle,
a changing landscape of malignancies in the Lynch popula-
tion or be the result of other yet undefined causes. A pro-
spective study of subsequent cancers in LS patients
suggested an increase in skin cancer with age, which would
support this hypothesis, but the results were difficult to in-
terpret as skin cancer may be underreported [29].
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Table 8 Number and proportion (%) of Swedish Lynch syndrome
family members with onset of primary cancer < 50 years age in
relation to gender and MMR gene mutation

CRC EC ovC UuTcC GC SB NMS

No. (%) No (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Male 203 (54) NA NA 8(27) 722 338 542
Female 139(51) 92(45) 28(64) 926 7Q27) 225 1(6)
MLHT 192 (62) 33(50) 5(63) 3(19) 5(25 225 1(13)
MSH2 119 (54) 50 (59) 16(80) 14 (34) 6(20) 3(39) 5(27)
MSH6 23 (26) 9(19) 642 - 407) - -
PMS2 8 (30) - - - - - -

Calculation based on the group of patients with verified age at diagnosis and
not on the entire cohort

CRC Colorectal cancer, EC Endometrial cancer, OC Ovarian cancer, UTC Urinary
tract cancer (excluding prostate cancer), GC Gastric cancer, SB Small bowel
cancer, NMS non-melanoma skin cancer
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Pancreatic cancer

There has been some controversy about including pan-
creatic cancer in the LS-associated cancer spectrum.
Two prospective studies [29, 30] and one retrospective
study [31] indicated that LS family members had an
increased susceptibility for pancreatic cancer. In our
cohort, pancreatic cancer showed a relative increase in
MLHI carriers only, in line with the most recent pro-
spective study showing a cumulative risk of 6.2% for
pancreas cancer in MLHI carriers only [7]. This finding
needs further validation in larger studies. Since no family
in our cohort had more than one case of pancreatic can-
cer there is probably no value of screening for pancreatic
cancer in families with Lynch syndrome.

Prostate and breast cancer
Prostate and breast cancer were common in male and
female Lynch syndrome carriers respectively, but the

Table 9 Observed cancer cases for the MSH6 cohort with 100% or 50% probability of MMR mutation (excluding colorectal and

endometrial cancer)

Primary cancer Observed Proportion LL uL Proportion [%] Proportion [%] Reference
number [%] 95% 95% in Sweden 1970 in Sweden 2010 outside Cl

Breast 16 17.78 10 25.56 2131 2943 No
Ovary and Fallopian tube 14 15.56 8.89 23.33 6.4 2.6 above
Prostate 13 14.44 7.78 2222 55 11.58 No
Kidney/urinary tract excl prostate 10 AR 5.56 1778 8.24 557 No
Stomach 8 8.89 333 15.56 6.74 1.38 No
Brain and nervous system 8 8.89 333 15.56 4.88 4.16 No
Blood and lymphatic tissue 7 7.78 222 1333 8.66 8.21 No
Cervix 4 4.44 1.11 8.89 593 1.79 No
Liver and biliary system 3 333 0 7.78 3.14 1.71 No
Pancreas 2 222 0 5.56 323 1.85 No
Lung and airways 2 222 0 5.56 6.49 7 below
Skin excl melanom 1 .1 0 333 1.96 544 No
Endocrine cancer 1 .11 0 333 217 1.81 No
Bone and soft tissue 1 .11 0 333 1.24 0.83 No
Head and neck 0 0 0 0 294 255 below
Oesophagus 0 0 0 0 0.75 0.54 below
Small bowel 0 0 0 0 0.5 0.56 below
female genital organ 0 0 0 0 0.72 046 below
Testicle 0 0 0 0 049 09 below
Penis 0 0 0 0 0.18 0. below
Malign melanom 0 0 0 0 3 7.23 below
Eye 0 0 0 0 047 034 below
Thyroid 0 0 0 0 1.35 1.59 below
Unspecified location 0 0 0 0 372 237 below

The observed proportions adjusted for age and sex are compared to those of the general population in year 1970 and 2010 (ref National Board of Health and
Welfare). If the observed confidence interval in the Lynch syndrome group did not overlap with the proportions in the general population, the reference is

denoted as “above” the reference and is marked in bold

LL Lower level of 95% confidence interval, UL upper level of 95% confidence interval
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proportion was not elevated compared to the general popu-
lation, indeed, the proportion of breast cancer was lower
than expected among our Lynch syndrome cohort.

At present, neither prostate cancer nor breast cancer
is considered part of the tumour spectrum in LS but a
possible role for both cancers in LS is under debate. Pre-
vious studies evaluating the risk for breast cancer in LS
have had conflicting results and only few have included
all four MMR genes. In a recent study by Moller et al.,
the risk for breast cancer in patients with LS is not sig-
nificantly increased, which is in line with our results [7].
One explanation to the lower than expected proportion
of breast cancer in our cohort might be that the preva-
lence of Lynch syndrome related tumours is high redu-
cing the relative contribution of breast cancer in our
cohort. In addition, breast cancer is common in the gen-
eral population and has a later age of onset compared to
most LS associated cancers. Thus, in former generations
when LS patients often died from their first cancer,
breast cancer was not as common. For prostate cancer,
the proportion in our cohort did not show any tendency
towards higher values than the general population, a re-
sult that was unchanged even after stratifying the cohort
for different MMR genes. An increased incidence of
prostate cancer among LS patients has been suggested,
but also here different studies present conflicting results.
Moller et al. 2018 reports an increased incidence of
prostate cancer in a prospective dataset of patients with
MSH?2 pathogenic variants, with a later age at onset that
other LS associated cancers [7]. As early detection of in-
vasive colorectal cancer is associated with a very high
survival today, patients are more likely to develop pros-
tate cancer later in life, as opposed to former genera-
tions. With our retrospective design this might affect the
results, given that the prevalence of prostate cancer is
high in Sweden and a potential increased risk is likely to
be modest and occur at an older age.

Limitations and strengths

Our material is based on recruitment of patients with
colon cancer and/or endometrial cancer, through the
Swedish Departments of Oncogenetics and usually there
is early onset of cancer or clustering of several cancer
diagnoses in the family. This may have led to selection
bias, e.g. cases with pathogenic MMR variants of low
penetrance (most likely those with MSH6 or PMS2 vari-
ants) will be missed. Inaccessibility to older medical
reports was another concern, preventing the verification
of cancer diagnosis in around 10% of the older genera-
tions in our study cohort. The retrospective nature of
our study and the paucity of individuals with pathogenic
variants in PMS2 and MSH6 necessitated wide confi-
dence intervals that may have led to an underestimation
of cancer types in these two groups. In addition, in
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former generations LS patients often died from their
first cancer, as opposed to today when most LS patients
under surveillance survive their first as well as subse-
quent cancers and thus may develop other late-onset
tumours not seen in previous generations. This may bias
our results.

The study has the benefit of being almost nationwide
covering a population of around 8.3 million (83% of
country’s population). In addition, pedigrees were com-
parably vast, containing at least three consecutive gener-
ations. Furthermore, the size of our cohort is not
negligible covering a total of 1053 LS patients with can-
cer. Another strength of our study was the confirmation
of clinical data (i.e., cancer diagnoses and age at onset)
in 90% of our LS cohort through the Swedish cancer
registry.

Conclusion

In summary, the tumour spectrum of Swedish Lynch syn-
drome patients overlaps with that of LS patients in other
Western countries. In addition to the increased risk of
colon and endometrial cancer, MSH2 carriers develop
multiple other cancers including gastric, urinary tract,
ovarian, small bowel and non-melanoma skin cancer. In
contrast, MLHI carriers show an increased proportion of
gastrointestinal cancers and MSH6 carriers of ovarian can-
cer. In addition, gender affected the tumour spectrum,
with non-melanoma skin cancer noted in women only.
The tumour spectrum also varies between genders and as
over time, demonstrating the importance of not only gen-
etic but also environmental factors in determining cancer
predisposition. Our results may contribute to more accur-
ate cancer risk estimations in Lynch syndrome patients
thus providing better evidence upon which to base sur-
veillance recommendations.
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