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Abstract

to the general Swedish population in 1970 and 2010.

Hereditary

Purpose: In order to further understand genetically predisposing factors of gastric cancer, a retrospective study on
107 patients with gastric cancer was conducted. The family history of cancer cases was registered, in search of
associations between gastric cancer and other cancer types.

Materials and methods: Within Stockholm County in Sweden, all patients previously diagnosed with gastric
cancer and still alive were invited to participate in the study. Patients were asked to complete a questionnaire
about their gastric cancer diagnosis and if any cancers had occurred in their family. A blood sample for DNA
extraction was collected. The proportions of different cancer types in the relatives of the patients were compared

Results: Among first- and second-degree relatives to the index patients with gastric cancer, the frequency of
uterine cancer as well as gastric cancer was significantly overrepresented compared to the general population in
Sweden. The frequency of breast cancer was significantly lower.

Conclusions: There seems to be an increased risk of both gastric cancer and uterine cancer in the families of
gastric cancer survivors, indicating a possible hereditary connection between these two cancer types.

Keywords: Gastric cancer, Genetic predisposition to disease, Sweden, Uterine cancer, Neoplastic syndromes,

Background

Gastric cancer is a heterogeneous disease, caused by a
variety of genetic and environmental predisposing fac-
tors. Helicobacter pylori is the most well-established risk
factor [1]. Tobacco smoking [2—4], dietary factors [5]
and low socioeconomic status [6, 7] all predispose to the
disease. A family history of gastric cancer is also a strong
risk factor [8]. Although most gastric cancers are
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sporadic, familial aggregation is seen in about 10% of
cases [9]. Hereditary cases comprise less than 3% of all
gastric cancers [10] and consist of three main autosomal
dominant syndromes: hereditary diffuse gastric cancer
(HDGC), gastric adenocarcinoma and proximal polyp-
osis of the stomach (GAPPS) and familial intestinal gas-
tric cancer (FIGC) [9].

HDGC was the first of the hereditary gastric cancer
syndromes to be recognised, as germline disease causing
variants in CDH1I, coding for E-cadherin, were identified
[11]. CDH1 is located on chromosome 16q22.1. Hetero-
zygous CDHI disease causing variants have been de-
scribed in 18-40% of HDGC families [10]. The
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International Gastric Cancer Linkage Consortium
(IGCLC) defines families with the HDGC syndrome as
those fulfilling at least one of following criteria: 1) two
or more gastric cancer cases regardless of age, at least
one confirmed of histologically diffuse type according to
the Laurén classification [12], in first- and second-degree
relatives; 2) one case of diffuse gastric cancer <40 years;
3) personal or family history of diffuse gastric cancer
and lobular breast cancer, one diagnosis < 50 years [13].
Not all families fulfilling these criteria have disease caus-
ing variants in CDH]I, indicating that other genes might
also be involved in predisposition for diffuse gastric can-
cer. Germline disease causing variants in two other
genes have been described in several unrelated families:
CTNNAI [14] and MAP3K6 [15].

GAPPS was defined in 2012 and is characterised by an
autosomal dominant transmission of fundic polyposis
with no evidence of colorectal or duodenal polyposis or
other hereditary gastrointestinal syndromes [16]. The
genetic cause has yet to be identified, but recently, it has
been suggested that GAPPS could be a variant of Famil-
ial Adenomatous Polyposis (FAP) [17]. FIGS, charac-
terised by intestinal histological type gastric cancer [12]
with an autosomal dominant inheritance pattern [9], is,
on the contrary, practically a selection of families with-
out gastric polyposis. No inherited disease causing vari-
ants have been identified so far in this condition.

Gastric cancer risk is also elevated in several other heredi-
tary cancer syndromes, such as Lynch syndrome (disease
causing variants in one of the DNA mismatch repair genes),
Li-Fraumeni syndrome (7P53), familial adenomatous
polyposis (APC), Peutz-Jeghers syndrome (STK11), juvenile
polyposis (SMAD4 or BMPRIA) and hereditary breast or
ovarian cancer syndrome (BRCAI or BRCA2) [18].

To further understand genetic predisposing factors of
gastric cancer a retrospective study on 107 patients with
gastric cancer was conducted. The family history of can-
cer cases was registered, and pedigrees created, in search
for associations between gastric cancer and other cancer
types, as well as families interesting for deeper analysis.

Methods

Study design and population

A retrospective cohort study on persons diagnosed with
gastric cancer in Stockholm County. Information on
other cancer diagnoses in the family was collected from
persons and familial aggregation of these cancers was es-
timated. Pedigrees were constructed and, in some per-
sons, further genetic analyses for known gastric cancer
genetic syndromes were conducted.

Data collection
Within Stockholm County in Sweden, all patients previ-
ously diagnosed with gastric cancer and still alive were
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invited to participate in the study. Persons were identified
from the Regional Cancer Centre, Stockholm, in august
2013. The Regional Cancer Centre in Sweden administers
locally the Swedish Cancer Register, well known for its
comprehensive and complete data [19]. Patients were con-
tacted by letter and asked to complete a questionnaire
with questions on their gastric cancer diagnosis, any other
cancer diagnosis and if any gastric, breast, intestinal, ovar-
ian, uterine, prostate or other cancers had occurred in
their family including first- and second-degree relatives. If
necessary, interviews per telephone were used to obtain
additional information as a complement to the question-
naire. For all relatives with cancer, type of cancer and age
at cancer diagnosis were recorded. A written informed
consent was given by all participating patients, as well as a
signed authorization to collect medical data on index pa-
tients, e.g. pathology report of the cancer and date of diag-
nosis. A blood sample for DNA extraction was collected
from all the index patients; blood samples were isolated
using a standard protocol at the Department of Clinical
Genetics, Karolinska University Hospital.

Statistical analysis

The distribution of cancer diagnoses in the collected
data was evaluated by comparing it to the distribution of
cancer diagnoses in the general Swedish population in
the years 1970 and 2010. Data on the Swedish popula-
tion in 1970 and 2010 were obtained from the National
Board of Health and Welfare. The population data were
assumed to reflect the true distribution, without meas-
urement error. Indirect standardization was used to ad-
just the data from the Swedish population with regard to
sex and age. Age was categorized into five-year intervals.
For relatives where data on sex or age were missing, data
Missing Completely At Random [20] was assumed. The
cancer cases among the index patients’ relatives were as-
sumed to be independent of each other, even where
multiple cases were found in the same family. Confi-
dence intervals (CIs) for cancer proportions were calcu-
lated for each cancer diagnosis separately, using a
binomial distribution. The number of reported sub-
groups of cancer types were then transformed into pro-
portions, by dividing by the total number of reported
cases. A cancer diagnosis was regarded as over- or un-
derrepresented in the relatives of the patients if the re-
ported proportion and its confidence interval was above
or below the population reference values for both refer-
ence years. Since selection of the material was made on
basis of gastric cancer, only diagnoses other than gastric
cancer were used in the comparison. The methodology
is similar to that used in Wachenfeldt et al. [21], but ad-
justment with regards to sex and age was made in the
present study, and to that used in Wendt et al. [22]. The
statistical analysis was performed in R [23].
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Exclusion of known syndromes

Pedigree analyses were done for all the families within
the study. For those fulfilling clinical criteria for poten-
tial presence of Lynch syndrome according to Bethesda
Guidelines [24], we proceeded with immunohistochem-
istry to evaluate the expression of mismatch repair pro-
teins. Immunohistochemistry (IHC) was performed on
3-um-thick tissue sections from paraffin-embedded,
formalin-fixed tumour. The OptiView DAB IHC Detec-
tion kit on the Benchmark ULTRA staining module
(Ventana) was used according to the manufacturer’s in-
structions. Staining with four antibodies MLH1 (M1,
Ventana), MSH2 (G219-1129, Ventana), MSH6 (SP93,
Ventana) and PMS2 (EPR3947, Ventana) were evaluated.
A case was reported as MMR-deficient (AIMMR) when
displaying total or partial nuclear loss of expression in
tumour cells, with retained expression in adjacent nor-
mal tissue as a positive control. Expression was reported
as MMR proficient (pMMR) when nuclear staining was
retained both in tumour cells and positive internal con-
trols. In case of loss of expression of one or more of
these proteins, we did further a DNA sequencing ana-
lysis on the genes of interest. For those who fulfilled cri-
teria for HDGC according to The International Gastric
Cancer Linkage Consortium [13], CDHIgenetic screen-
ing was performed using DNA sequencing.

Results

Basic characteristics among index patients

In all, 1091 persons were diagnosed with gastric cancer
and registered in Stockholm County during the study
period. Of these, 359 gastric cancer patients were still
alive and were invited to participate in the study. Some
107 (30%) accepted and were included, out of which 44
(41%) were women and 63 (59%) men. The average age
of onset of gastric cancer among the index patients was
63.3 years. Histopathological diffuse type was recorded
on 13 (12%) index patients and intestinal type on 93
(87%). In one patient the information about histopatho-
logical type was missing.

Genetic analyses of index patients

Five patients fulfilled criteria for HDGC and thereby
underwent analysis for CDHI genetic screening. No
disease-causing variant was found among these patients.
The clinical criteria for potential presence of Lynch syn-
drome was fulfilled in 23 index patients who underwent
further analysis by immunohistochemistry with anti-
bodies against mismatch repair proteins MLH1, MSH2,
MSH6 and PMS2. Two patients showed loss of one or
more of these proteins and were further analysed with
sequencing of DNA. No disease-causing variants were
found indicating presence of Lynch syndrome.
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Cancer among first- and second-degree relatives to index
patients

In total, the index patients reported 99 cancers among
their first-degree relatives alone, out of which 8 (8.08%,
CI 3.03-14.14) were uterus cancers. This proportion was
significantly higher than identified in the general back-
ground population in Sweden 1970 (2.92%) and 2010
(2.58%) respectively (Table 1). A similar overrepresenta-
tion of uterus cancer among women was reported, when
including information on both first- and second-degree
relatives (Table 2).

Index patients reported 180 cancers among their first-
and second-degree relatives. The total number of gastric
cancers was counted to 25 (13.89%, CI 8.89-18.89) being
thereby significantly overrepresented compared to the
general cancer population both in 1970 (7.49%) and
2010 (1.43%) (Table 3). The only other significantly
higher proportion was found in the group of cancers
with an unspecified location.

The proportion of breast cancer among first- and
second-degree relatives (7.78%, CI 3.89-11.67) was sig-
nificantly lower than reported both in 1970 (11.69%) and
2010 (15.83%) (Table 3).

Discussion
There are some limitations that need to be highlighted.
First, our study population was highly selected, which
should be considered, when interpreting the results.
Only persons that had survived their gastric cancer
could be included. Considering the low survival rate of
gastric cancer, this represented a selected group of pa-
tients. Second, only 30% of the invited patients partici-
pated. We do not know the reasons, why patients chose
to participate or not to participate in our study as such
analysis was not performed. Third, using a questionnaire
could introduce bias. Persons completing the form might
remember differently than what in fact was true, so
called recall bias. Index patients’ cancers were verified
but their relatives’ cancers were not verified. In addition,
in the questionnaire some cancers were asked for specif-
ically (gastric, breast, ovarian, intestinal, uterine, urinary
tract/bladder, cervix, malignant melanoma, thyroid and
prostate cancer), while others could only be described
under a heading: other cancer. This detail might have af-
fected the results. The specifically named cancers did
not, however, share the same results as some were over-
represented and others under- or similarly represented
as in the background population. Another weakness of
the questionnaire is that we did not specifically ask for
the gender of the relatives. Thereby, we could only know
the sex of the relatives, if they had a prostate cancer or
any of the gynaecologic cancers.

In our study we identified overrepresentation of uterus
cancer among relatives to gastric cancer patients.
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Observed Proportion [%] LL95% UL 95% Proportion [%] in  Proportion [%] in  Reference outside Cl
number Sweden 1970 Sweden 2010

Uterus 9 1552 6.9 25.86 6.01 537 Cl above reference

Stomach 8 13.79 517 2241 54 1.16 No

Colon/rectum 8 13.79 517 2241 11.84 10.7 No

Breast 8 13.79 517 2241 2372 3238 Cl below reference

Unspecified location 5 8.62 1.72 17.24 348 2.58 No

Ovary and Fallopian tube 4 6.9 1.72 13.79 7.06 303 No

Liver and biliary system 3 517 0 1207 346 1.53 No

Lung and airways 3 517 0 1207 282 6.71 No

Cervix 3 517 0 12.07 572 203 No

Thyroid 2 345 0 862 149 159 No

Head and neck 1 1.72 0 5.17 1.59 1.8 No

Kidney and urinary tract 1 1.72 0 517 53 3.75 No

excl prostate

Malignant melanoma 1 1.72 0 517 242 572 No

Bone and soft tissue 1 1.72 0 5.17 1.08 061 No

Blood and lymphatic tissue 1 1.72 0 517 7.08 6.91 Cl below reference

Observed cancer cases for first- and second-degree relatives of index patients and expected distribution of cases in Sweden from National Board of Health and
Welfare (Socialstyrelsen). Expected distribution is adjusted for age and sex in observed cases

Table 3 Proportion of different cancer types for first- and second-degree relatives; both sexes

Observed  Proportion [%] LL95% UL 95% Proportion [%] in  Proportion [%] in  Reference
number Sweden 1970 Sweden 2010 outside Cl

Colon/rectum 30 16.67 11.67 2222 12.54 11.16 No

Prostate 26 14.44 944 20 9.95 18.07 No

Stomach 25 13.89 8.89 18.89 749 143 Cl above reference
Lung and airways 16 8.89 5 1333 7.16 6.81 No

Unspecified location 16 8.89 5 13.33 33 2.17 Cl above reference
Breast 14 7.78 3.89 11.67 11.69 15.83 Cl below reference
Uterus 9 5 222 833 293 261 No

Liver and biliary system 7 3.89 1.1 6.67 3.14 162 No

Kidney and urinary tract 6 333 .11 6.11 7.98 6.22 Cl below reference
excl prostate

Malignant melanoma 5 278 0.56 5.56 1.99 546 No

Ovary and Fallopian tube 4 222 0.56 444 344 147 No

Thyroid 4 2.22 0.56 444 1.04 1.01 No

Blood and lymphatic tissue 4 222 0.56 444 792 761 Cl below reference
Pancreas 3 167 0 3.89 343 1.79 No

Cervix 3 1.67 0 3.89 2.78 0.99 No

Brain and nervous system 3 1.67 0 3.89 318 2.8 No

Bone and soft tissue 3 167 0 3.89 0.96 0.62 No

Head and neck 1 0.56 0 167 3.05 237 Cl below reference
Testicle 1 0.56 0 1.67 037 0.55 No

Observed cancer cases for first- and second-degree relatives of index patients and expected distribution of cases in Sweden from National Board of Health and
Welfare (Socialstyrelsen). Expected distribution is adjusted for age and sex in observed cases
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Tzortzatos et al. [25] found a similar association, when
they looked at cancer cases among relatives to uterine
cancer patients. The proportion of gastric cancer among
first- and second-degree relatives, including first cousins,
was found to be significantly higher than the expected
proportion in Sweden in 1970 and 2010 respectively.

No cases of Lynch syndrome were found among the
patients in our study. Thereby, the correlation found be-
tween gastric cancer and uterine cancer was seemingly
not a part of Lynch syndrome. Thus, there might be an
independent connection between the two malignancies.

The average age of onset of gastric cancer among the
index patients was 63.3 years, which is rather equivalent
to the age of onset of gastric cancer in the general popu-
lation of Sweden, which is around 65 years of age [26],
indicating that the proportion of hereditary gastric can-
cers was low. Nevertheless, gastric cancer was over-
represented in the families of index patients, when both
first- and second-degree relatives were included in the
analysis. We could not find any disease-causing variant
in a known gene correlated to HDGC or Lynch syn-
drome that would contribute to the apparent familial ag-
gregation, however.

In a previous study of Forsberg et al. [27], significantly
more non-colorectal cancers were found among the ones
with familial aggregation of colorectal cancers, compared
to families with sporadic cases. Among others, signifi-
cantly more gastric cancers and prostate cancers were
observed. We could not find a similar over-
representation of either colorectal cancer or prostate
cancer among the families included in our study. This
might be due to the selection or size of our study popu-
lation. In fact, we could see that the proportion of
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colorectal cancer was higher compared to the general
cancer population both in 1970 and 2010, both when
we looked at first-degree relatives only (Table 1) and
when including first- and second-degree relatives
(Table 3), but due to wide confidence intervals, the
findings were statistically non-significant. The propor-
tion of prostate cancer among male family members
was higher compared to the general cancer popula-
tion both in 1970 and 2010, when we looked at first-
and second-degree relatives (Table 4), but also here
the result was non-significant.

Even though our study has its limitations, it is rather
interesting that we can detect an association between
gastric cancer and uterine cancer. Currently, we are
gathering data for a prospective study with a similar set-
ting, but this time we are including all consecutive cases
and thereby patients with both good and poor prognosis.
In this follow up study we will hopefully be able to show
if the correlation between gastric cancer and uterine
cancer, found in this current study, might be correlated
with good prognosis in our described patients. Tumour
characteristics might also play a key role concerning the
connection with uterine cancer.

Conclusions

The main finding of our study is that gastric and
uterine cancer were overrepresented in the families of
index patients with gastric cancer. Thereby, there
seems to be an association between gastric cancer
and uterine cancer. The proportion of breast cancer
among the relatives of index patients was significantly
lower than expected. Our findings need to be con-
firmed in future studies.

Table 4 Proportion of different cancer types for first- and second-degree relatives; index men

Observed number Proportion [%] LL 95%

UL 95% Proportion [%] in Proportion [%] in Reference

Sweden 1970 Sweden 2010 outside Cl

Prostate 26 40.62 28.12 53.12 1939 3523 No

Stomach 11 17.19 7.81 26.56 948 1.69 No

Colon/rectum 9 14.06 6.25 2344 13.22 11.59 No

Lung and airways 7 10.94 469 18.75 11.27 6.9 No

Liver and biliary system 2 312 0 7.81 284 1.71 No

Kidney and urinary tract 2 312 0 781 10.52 8.56 Cl below reference
excl prostate

Unspecified location 2 312 0 7.81 313 177 No

Blood and lymphatic tissue 2 312 0 781 8.71 8.28 Cl below reference
Pancreas 1 1.56 0 469 3.88 1.86 No

Testicle 1 1.56 0 4.69 0.73 1.07 No

Brain and nervous system 1 1.56 0 469 3.06 234 No

Observed cancer cases for first- and second-degree relatives of index patients and expected distribution of cases in Sweden from National Board of Health and
Welfare (Socialstyrelsen). Expected distribution is adjusted for age and sex in observed cases
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Observed Proportion [%] LL95% UL 95% Proportion [%] in Proportion [%] in  Reference outside Cl
number Sweden 1970 Sweden 2010
Prostate 13 35.14 18.92 5135 19.86 35.88 No
Colon/rectum 7 1892 8.11 3243 13.35 11.49 No
Lung and airways 7 18.92 8.11 3243 11.27 7.03 No
Stomach 5 1351 2.7 2432 946 1.72 No
Kidney and urinary 2 541 0 1351 10.51 8.59 No
tract excl prostate
Testicle 1 2.7 0 8.11 0.81 112 No
Brain and nervous system 1 2.7 0 8.11 2.85 223 No
Blood and lymphatic tissue 1 27 0 8.11 8.63 8.11 No

Observed cancer cases for first-degree relatives of index patients and expected distribution of cases in Sweden from National Board of Health and Welfare (Social-

styrelsen). Expected distribution is adjusted for age and sex in observed cases

Table 6 Proportion of different cancer types for first-degree relatives; women

Observed Proportion [%)] LL 95% UL 95% Proportion [%] in Proportion [%] in Reference
number Sweden 1970 Sweden 2010 outside Cl
Uterus 8 21.05 7.89 3421 5.84 5.15 Cl above
reference
Colon/rectum 5 13.16 263 23.68 11.61 103 No
Breast 5 13.16 263 23.68 2353 3207 No
Stomach 3 7.89 0 1842 5.14 115 No
Lung and airways 3 7.89 0 1842 273 6.37 No
Ovary and Fallopian 3 7.89 0 1842 7.14 301 No
tube
Unspecified location 3 7.89 0 1842 336 249 No
Liver and biliary 2 526 0 13.16 3.35 146 No
system
Cervix 2 5.26 0 13.16 592 235 No
Thyroid 2 526 0 13.16 1.7 1.86 No
Malignant melanoma 1 263 0 7.89 272 6.08 No
Blood and lymphatic 1 263 0 7.89 7.34 7.19 No

tissue

Observed cancer cases for first-degree relatives of index patients and expected distribution of cases in Sweden from National Board of Health and Welfare (Social-

styrelsen). Expected distribution is adjusted for age and sex in observed cases
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