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Importance of tumor location and histology in
familial risk of upper gastrointestinal cancers:
a nationwide cohort study
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Background: Familial clustering of upper gastrointestinal (UGI) cancers and the significance
of family history has been addressed previously. We aimed to elucidate the familial risk based
on the specified tumor location and histology.

Method: In the Swedish Family-Cancer Database, we determined the familial risk of UGI
cancer patients diagnosed (1958-2015) with esophageal and gastric cancer by tumor location
using standardized incidence ratios (SIRs).

Results: Risk of esophageal cancer in first-degree relatives (FDRs) of patients with esophageal
cancer increased 2.4-fold (SIR 95% CI 2.0-2.8), whereas risk of esophageal cancer in cases with
family history of cancer in the middle third of the esophagus increased 3.4-fold (SIR 95% CI
2.1-5.1). Risk of gastric cancer in FDRs increased 1.6-fold (SIR 95% CI 1.5-1.7), occurrence
of concordant subsite gastric cancer in the antrum, body, and cardia was 5.5-fold (SIR 95% CI
2.4-11),4.6-fold (SIR 95% C12.6-7.4), and 1.7-fold (SIR 95% CI 1.1-2.5), respectively. Familial
risk of concordant histological subtype in esophageal cancer was 4.1-fold for squamous cell car-
cinoma (SIR 95% CI 3.2-5.2) and 3.6-fold for adenocarcinoma (SIR 95% CI 2.5-5.1). The risk
of concordant gastric adenocarcinoma was 1.6-fold for one affected FDR (SIR 95% CI 1.5-1.7),
6.1-fold for two FDRs (SIR 95% CI 4.4-8.4), and 8.6-fold among twins (SIR 95% CI 2.3-22).
Conclusion: Family history of cancer in the lower third of the esophagus and stomach cancer in
specific locations such as the antrum, body, and cardia can be considered as important predictive
evidence for cancer in the same location in relatives. Our findings might guide endoscopy-based
surveillance by introducing subgroups of populations with a higher risk for UGI cancer with
particular attention to concordance of location of lesions, which could be a reasonable strategy
for early detection, and thus help save more lives.
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Plain language summary
If a close relative has cancer in the upper part of the digestive system — that is, esophagus or
stomach — the risk of such cancers in other relatives is higher than in the general population.
However, it was unknown whether the familial risk is different if we go into further details of
tumor in terms of the anatomical parts of the esophagus (upper, middle, or lower thirds) or stom-
ach or details of histology of cancer — that is, the way tumor cells look under the microscope.
In this study, we used the world’s largest database that has both a family relationship data-
base and cancer information for all the study participants (all Swedes born after 1931) and their
first-degree relatives (FDRs; parents, brothers/sisters, and children).
Family history of cancer in the lower third of esophagus and stomach cancer in specific loca-

tions such as the antrum (the near exit chamber of stomach), body, and cardia (the entrance part
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of stomach) can be considered as important predictive evidence for
cancer in the same location in close relatives. Moreover, we found
that if a relative has a specific cancer histology, the risk of getting
the same type of cancer in other close relatives is higher.

Our findings might guide endoscopy-based examinations of
the upper part of the digestive system by introducing subgroups
of populations with a higher risk for such cancers, with particular
attention to similarity of location and cell type of tumors, which
could be a reasonable strategy for early detection and thus help

save more lives.

Introduction

Esophageal and gastric cancers are considered to be two of the
most common malignancies worldwide.! Esophageal cancer
is the third most common cancer of the digestive tract and the
seventh leading cause of cancer-related deaths worldwide.?
This cancer has a very poor prognosis, and its mortality
closely follows its incidence.'* Gastric cancer, with more
than one million estimated new cases per year, is the fourth
most commonly occurring cancer. Despite the steady decline
in the incidence of gastric cancer over the past 60 years, it
remains the second leading cause of cancer deaths worldwide.
In contrast with the well-established declining trends seen in
most countries and regions of the world, the burden of gastric
cancer appears to be increasing in several indigenous popula-
tions.* In most Western countries, the 5-year survival rate of
patients with gastric cancer has not improved despite emerging
recent innovations in the treatment modalities. Gastric cancer
has been always associated with a poor prognosis due to its
late clinical manifestations; therefore, advanced stages of
tumor at initial diagnosis would result in the treatment being
substantially less effective. Implementing endoscopic and
radiographic screening programs for upper gastrointestinal
(UGI) cancers was considered to be an effective strategy for
controlling the burden of these cancers in high-incidence
areas.>® However, in low- to moderate-incidence areas (e.g.,
European and other Western countries) any screening of UGI
cancer does not seem to be cost-effective, and more data are
required to justify any screening implementation. Therefore,
future UGI cancer endoscopy-based surveillances should be
guided by risk-stratification assessment and identification
of population subgroups with a higher risk for UGI cancer,
which could be a reasonable strategy for early detection and
thus help save more lives.’

Anatomically, gastric cancer can be divided into two
groups: “cardia” cancer (the upper third around the cardia)
and “non-cardia” cancer (middle body, antrum, and pylorus).®
Based on results from observational studies, cardia and non-
cardia gastric cancers are two different diseases with different

epidemiological behaviors and distinct etiologies.”'* The
major risk factors of cardia gastric cancer are obesity and
gastroesophageal reflux disease (GERD).!! Although both of
these risk factors may have some rare genetic predispositions,
they are mainly assumed to be environmental risk factors
related to Western lifestyle habits.? Barrett’s esophagus —
known as a precancerous condition that increases the risk
of lower esophageal adenocarcinoma — is also related to
obesity and GERD."? The other evidence that may attest
to the importance of environmental factors in the develop-
ment of UGI cancers is geographic variations and temporal
changes in the incidence of these diseases'® and sharing of
risk among spouses. '*

The vast majority of these cancers appear in a sporadic
setting;'> however, epidemiological studies have already
shown a two- to three-fold higher risk of esophageal'® and
gastric!? cancers among first-degree relatives (FDRs) of
patients with these diseases. We aimed to elucidate the impor-
tance of tumor location and histology in the familial risk of
UGI cancers to identify high-risk subgroups. To achieve this
goal, we used the Swedish Family-Cancer Database (FCD),
which is the largest FCD of its kind in the world and is free
from biases of case—control studies.

Material and methods
Swedish FCD contains data on individuals born in Sweden
from 1932 to 2015 with that of their biological parents. This
database includes population-based data from multigenera-
tional registries, national censuses (1960, 1970, 1980, and
1990), the Swedish Cancer Registry, and death notifica-
tions (Cause of Death Register).!® The data completeness
of the FCD has been reported to be close to 90%, with
approximately two million registered first primary invasive
cancers.'®

Data on all UGI cancer patients registered from 1958
to 2015 and their FDRs were extracted. Those without any
identified FDRs were excluded from this study. A four-digit
diagnostic code according to the seventh revision of the Inter-
national Classification of Diseases (ICD-7) has been available
since 1958 to define the topography (primary site) of tumors
in our data. The ICD-7 Code 150 was used for esophageal
cancer, and Code 151 for gastric cancer. For esophageal can-
cer, the tumor locations were defined as upper third, middle
third, and lower third of esophagus and, for gastric cancer, as
the cardia, fundus, body, antrum, and pylorus of stomach. In
this study, we included data on all patients with esophageal
and gastric cancer with either invasive or noninvasive (e.g.,
in situ) tumors recorded in the Swedish Cancer Registry.
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Furthermore, analyses after exclusion of noninvasive cases,
which constituted 3% and 5% of patients with gastric and
esophageal tumor, respectively, are provided (Tables S1-S4).

Histological subtypes of esophageal tumors were defined
on the basis of the Pathological Anatomic Diagnosis (PAD)
code from 1958 to 1992 and the third version of the Interna-
tional Classification of Diseases coding system for Oncology
(ICD-0-2/3) from 1993 onward. Invasive UGI tumors are
defined as tumors with Behavior Code 3 in their fifth digit of
the ICD-0O-2/3 morphology code (regardless of TNM stage
or tumor grade), or Behavior Code 6 in their third digit of the
PAD code. In situ tumors are defined as tumors with Behav-
ior Code 2 in their fifth digit of the ICD-0-2/3 morphology
code or Behavior Code 4 in the third digit of the PAD code.

We used standardized incidence ratios (SIRs) for calcula-
tion of familial risk of concordant (same subsite) and discor-
dant tumor location of UGI cancers and histological subtypes
of esophageal cancer among FDRs compared to cases without
family history of UGI cancer. The analyses were stratified
on the basis of the location of the esophagus and stomach
tumors. The follow-up was started for each subject at birth,
immigration, or January 1, 1958, whichever came latest.
Follow-up was terminated on death, emigration, or the clos-
ing date of the study (December 31, 2015), whichever came
first. SIRs were calculated as the ratio of observed to expected
number of esophagus and stomach cancer among FDRs. The
expected numbers were calculated using the 5-year age-, sex-,
period- (5-year bands), socioeconomic status (blue-collar
worker, white-collar worker, farmer, self-employed, high
income office worker/professional, or other/unspecified), and
residential area (large cities, South Sweden, North Sweden,
or unspecified) -specific incidence rates in those without a
family history of esophagus or stomach cancer. Confidence
intervals (95% CI) were calculated assuming a Poisson
distribution. All analyses were conducted using the SAS
software version 9.4 (SAS Institute Inc., Cary, NC, USA).
The study protocol for the familial cancer studies has been
approved by the Ethics Committee of Lund University and
the methods were carried out in accordance with the approved
guidelines. As anonymized data have been used for this study,
no informed consent was needed from subjects.

Results

We identified 63,980 patients with UGI cancer (13,325 esoph-
ageal and 50,655 gastric cancer patients) diagnosed between
1958 and 2015 (Table 1). Some 1,125 UGI cancer patients
(974 gastric cancer and 151 esophageal cancer patients) had a
positive family history of the same UGI cancer (including in

situ) in at least one of their FDRs (240 familial UGI cases had
a discordant UGI cancer). Esophageal cancers are more likely
to occur in men as compared to women in both familial (70%)
and sporadic cases (74%). Mean age at diagnosis in patients
with familial esophageal cancer was approximately 3 years
younger than that in sporadic ones (P-value 0.013). Among
patients with esophageal cancer, the lower third of esophagus
was the most frequent tumor location in both familial (65%
out of specified locations) and sporadic cases (68% out of
specified locations). Furthermore, our data showed that the
occurrence of tumors in the middle third of esophagus was
more common in patients with familial, rather than sporadic,
esophageal cancer (27% versus 21%; Table 1).

The mean age at diagnosis in patients with familial
gastric cancer was approximately 4 years younger than that
in sporadic ones (P-value <0.001; Table 1). Among patients
with gastric cancer, the cardia was the most frequent tumor
location in both familial (42% out of specified locations) and
sporadic (48%) cases (Table 1). Among patients with non-
cardia cancers, the body of stomach was the most common
location of tumor in both familial (27%) and sporadic patients
(24%). Tumor occurrence in the antrum of the stomach was
slightly higher in familial patients (19%), compared to spo-
radic patients (15%) with gastric cancer.

In general, FDRs of patients with esophageal cancer had
a 2.4-fold increased risk of this cancer compared to those
without such a family history (Table 2). The familial risk of
concordant location for lower third part of esophagus was
2.6-fold (SIR 2.6, 95% CI 1.5-4.1).

We identified 932 patients with gastric cancer who had
one gastric cancer patient among their FDRs (Table 3). The
risk of gastric cancer increased by 60% in those with a fam-
ily history of this cancer compared to those without such a
family history (SIR 1.6, 95% CI 1.5-1.7). Stratification by
the location of the gastric cancer in FDRs showed increased
overall risk of familial gastric cancer in those with a family
history of gastric cancer in the antrum (SIR 2.1, 95% CI
1.7-2.7), body (SIR 1.8, 95% CI 1.4-2.2), pylorus (SIR 1.7,
95% CI 1.1-2.5), and cardia (SIR 1.4, 95% CI 1.2-1.6). An
increased familial risk of gastric cancer in the same location
of'the stomach for one affected FDR was found in the antrum
(SIR 5.5, 95% CI 2.4-11), body (SIR 4.6, 95% CI 2.6-7.4),
or cardia (SIR 1.7, 95% CI 1.1-2.5).

Increased risk of concordant adenocarcinoma of the stom-
ach was seen for one affected FDR (SIR 1.6,95% CI 1.5-1.7,
n=732; data not shown), two affected FDRs (SIR 6.1, 95% CI
4.4-8.4; n=38; data not shown), and among twins (SIR 8.6,
95% CI 2.3-22; n=4; data not shown). There was no familial
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Table | Basic characteristics in sporadic and familial patients with esophageal and gastric cancer (including in situ), Sweden, 1958-2015.

Familial* Sporadic P-value Total
N % N % N %
Esophagus (N) 151 13,174 13,325
Sex 0.352
Men 106 70.2 9,691 73.6 9,797 735
Women 45 29.8 3,483 264 3,528 26.5
Age at diagnosis, mean (+SD) 66.1 (£10.4) 69.0 (£10.8) 0.013 69.0 (x£10.8)
<50 8 53 534 4.1 542 4.1
50-59 33 219 1,955 14.8 1,988 14.9
60-69 55 36.4 4,134 314 4,189 314
70-79 39 258 4,277 325 4,316 324
>80 16 10.6 2,274 17.3 2,290 17.2
Tumor location™* 0.330
Upper third 6 78 626 10.7 632 10.7
Middle third 21 27.3 1,222 20.9 1243 21.0
Lower third 50 64.9 4,004 68.4 4,054 68.4
Unspecified 74 7,322 7,396
Stomach (N) 974 49,681 50,655
Sex 0.025
Men 592 60.8 31,929 64.3 32,521 64.2
Women 382 39.2 17,754 357 18,136 358
Age at diagnosis mean (£SD) 65.1 (x11.8) 68.6 (£12.2) <.001 68.6 (£12.2)
<50 101 10.4 3,766 7.6 3,867 7.6
50-59 186 19.1 6,982 14.1 7,168 14.2
6069 322 33.1 13,392 27.0 13,714 27.1
70-79 267 274 15915 320 16,182 319
>80 98 10.1 9,624 19.4 9,722 19.2
Tumor location** 0.057
Cardia 152 41.8 6,530 48.1 6,682 47.9
Fundus 14 38 676 5.0 690 4.9
Body 100 27.5 3,273 24.1 3,373 242
Antrum 71 19.5 2,106 15.5 2,177 15.6
Pylorus 27 74 995 7.3 1022 7.3
Unspecified 610 36,101 36,711

Notes: *Familial patients include cases of multiple affected family members (38 cases had two first-degree relatives and four twins with stomach cancer; and three cases of
multiple esophageal cancer in family); **Percentages are out of specified locations.

Table 2 Standardized incidence ratio (SIR) of esophageal and gastric cancers (including in situ) in a first-degree relative of a patient
with esophageal cancer by tumor location.

Cancer in Location of esophageal cancer in the patient in the family
relative Upper third Middle third Lower third All
SIR  95%Cl N SIR 95%Cl N SIR 95%Cl N SIR 95%Cl

Esophagus 6 1.7 0.6 3.8 21 3.4 2.1 5.1 49 2.3 1.7 3.1 148 2.4 2.0 2.8
Upper third 0 0 2 2.0 0.2 7.1 6 1.8 0.7 39
Middle third 0 0 4 2.1 0.6 5.4 21 34 2.1 5.1
Lower third 2 2.0 0.2 7.1 4 2.2 0.6 5.6 16 2.6 1.5 4.1 49 2.4 1.8 3.1

Stomach 17 1.3 0.8 2.1 26 1.0 0.7 1.5 101 1.2% 1.0 1.5 240 1.1 1.0 1.3
Cardia 2 1.2 0.2 4.4 4 1.3 0.4 33 18 1.7 1.0 2.7 51 1.7 1.2 22
Fundus | 6.2 0.2 34 | 32 0.1 18 0 5 1.6 0.5 3.6
Body 0 0 3 0.6 0.1 1.8 9 0.6 0.3 1.1
Antrum 0 0 | 0.3 0.0 1.7 4 0.4 0.1 1.0
Pylorus 0 0 | 0.7 0.0 37 2 0.5 0.1 1.7

Notes: Bolded SIR=95% ClI did not include 1.00. Three esophageal cancer patients who had two first-degree relatives with esophageal cancer (SIR=10, 95% Cl 2.2-30) are
not included in this table. *Example: Risk of stomach cancer (overall) in a first-degree relative of patients with the lower third esophageal cancer was |.2-fold higher than that
in those without family history of esophageal cancer.
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95% Cl did not include 1.00. Some 38 stomach cancer patients who had two first-degree relatives with stomach cancer (SIR 4.3, 95% Cl 3.0-5.9) and four twins (SIR 6.7, 95% CI 1.8—17) are not included in this table.

Notes: Bolded SIR:

*Example: Risk of developing cancer in antrum of stomach in a first-degree relative of a patient with cancer in the body of stomach was 2.7-fold higher than that in those without a family history of stomach cancer.

case of concordant gastric squamous cell carcinoma (SCC) in
our database. Family history of cardia cancer was associated
with an increased risk of esophageal adenocarcinoma (2.3-
fold, 95% CI 1.5-3.4; n=28,; data not shown) and stomach SCC
(11-fold, 95% CI 3.0-28; n=4; data not shown). Moreover, we
found that the occurrence of adenocarcinoma of esophageal
cancer in one of the FDRs slightly increases the risk of gastric
adenocarcinoma in other relatives (1.2-fold, 95% CI 1.0-1.5;
n=101; data not shown), and a similar result was observed in
reciprocal analyses (data not shown).

The occurrence of esophageal SCC in a family member
was associated with an increased familial risk of developing
similar histological cancer subtype in the esophagus (SIR
4.1,95% CI 3.2-5.2; Table 4) and stomach (SIR 7.8, 95% CI
1.6-23; Table 4). Esophageal adenocarcinoma in an FDR was
associated with an increased familial risk of the same subtype
of'esophageal tumor (SIR 3.6, 95% CI 2.5-5.1). Adenocarci-
noma constituted 89% of the familial gastric cancers.

Discussion

We found that the risk of esophageal cancer in FDRs of
esophageal cancer patients increased 2.4-fold (SIR 95% CI
2.0-2.8) and the risk of gastric cancer in FDRs increased
1.6-fold (1.5-1.7). It has been reported that offspring with
a family history of esophageal and stomach cancer in one
of their parents have a 2.5- and 1.7-fold higher risk for the
concordant cancer, respectively.? In the present study, using
the latest update of the FCD (2015), we found a strong sig-
nificantly increased familial risk for occurrence of cancer
in concordant locations in the lower third of the esophagus
(2.6-fold) and antrum (5.5-fold), body (4.6-fold), and cardia
(1.7-fold) of the stomach among FDRs.

We found that family history of both adenocarcinoma
and SCC histological subtype of esophageal cancer increased
the familial risk of a concordant histological cancer sub-
type. Esophageal adenocarcinoma that mostly occurs in the
lower third of esophagus has been established to be related
to Barrett’s esophagus, obesity, and GERD.!? Apart from
the different etiology of SCC and adenocarcinoma, family
history of both histological subtypes of esophageal cancer
increased the familial risk of both subtypes. Derakhshan et
al showed that columnar differentiation in the epithelium
of lower esophagus, as a potential cause of esophageal
adenocarcinoma, might be associated with central obesity
and proximal extension of gastric acidity within the lower
esophageal sphincter.?!

Regardless of the tumor location, we observed that the
occurrence of esophageal cancer in general in an FDR was

Clinical Epidemiology 2018:10

submit your manuscript I I 73

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Kharazmi et al

Dove

Table 4 Standardized incidence ratio (SIR) of concordant and discordant histological subtypes of esophageal cancer (including in situ)

among first-degree relatives

Histology in relative

Esophageal cancer histology in the patient in the family

Adenocarcinoma

Squamous cell carcinoma

Other specified Unspecified

N SIR 95% CI N SIR 95% ClI N SIR 95% ClI N
Esophagus (all) 52 2.1 1.6 2.8 9l 2.8 23 35 5 1.2 0.4 2.9 0
Adenocarcinoma 32 3.6 2.5 5.1 19 1.5 0.9 23 | 0.6 0.0 34 0
Squamous cell carcinoma 19 1.5% 0.9 23 68 4.1 32 5.2 4 1.9 0.5 4.8 0
Other specified | 0.6 0.0 32 4 1.9 0.5 5.0 0 0
Stomach (all) 112 1.2 1.0 1.4 110 1.0 0.9 1.3 17 1.3 0.8 2.1 |
Adenocarcinoma 103 1.2 1.0 1.5 95 1.0 0.8 1.3 16 1.4 0.8 22 |
Squamous cell carcinoma 0 3 7.8 1.6 23 0 0
Other specified 6 1.3 0.5 29 5 0.8 0.3 1.9 0 0

Notes: Bolded SIR=95% ClI did not include 1.00. Upper gastrointestinal cancer patients who had >| first-degree relatives or twins with esophageal cancer are not included
in this table. *Example: Risk of developing squamous cell carcinoma of esophagus in a first-degree relative of a patient with adenocarcinoma of esophagus was |.5-fold higher

than in those without family history of esophageal cancer-.

associated with an increased risk of esophageal cancer in
other family members (2.4 times). Lagergren et al suggested
that heredity does not seem to contribute significantly to any
tumor location in esophageal cancer.”” Frank et al showed that
the risk of esophageal cancer among spouses was higher than
the familial risk and suggested that heritability may contribute
less to the etiology of esophageal cancer than what is sug-
gested by familial risk estimates.'* Regardless of the etiology
of such a familial association (either shared environmental
factors, lifestyle, or inheritance), we would suggest that
particular attention should be paid to the esophagus during
clinical investigation of patients with such a family history in
their FDRs, especially if the family members had the cancer
in the middle or lower third of the esophagus.

During recent decades, gastric cardia cancer has attracted
attention among scientists and clinicians because of its steadily
increasing trend worldwide.??* The rising incidence of cardia
cancer has been associated with the epidemic of obesity,?
Western pattern of diet,? and smoking.”’ There are some obser-
vations suggesting that cardia gastric cancer may be associated
with frequent GERD symptoms and atrophic gastritis.?*?° On
the basis of reports of similar changes in incidence trends of
GERD-associated cardia gastric cancer and lower third esopha-
geal cancer, it has been suggested that these two cancers share
a similar etiology and pathophysiologic process.*® Results from
an older version of the FCD showed familial association of
cardia cancer with esophageal adenocarcinoma (in lower third)
and suggested that they may have a common genetic basis.!
Furthermore, our data showed family history of cardia cancer
was associated with a high risk of esophageal adenocarcinoma
(2.3-fold, 95% CI 1.5-3.4; n=28; data not shown) and stomach
SCC (11-fold, 95% CI 3.0-28; n=4; data not shown). Our

study also showed that the occurrence of adenocarcinoma of
esophageal cancer in one of the FDRs tended to increase the
risk of gastric adenocarcinoma in other relatives (1.2-fold,
95% CI 1.0-1.5; n=101; data not shown) and a similar result
was observed in reciprocal analyses (data not shown). There
is some well-established evidence that GERD and Barrett’s
esophagus may have hereditary components'? and would likely
shine through the pattern of occurrence of gastric cardia and
lower esophageal cancers.?

The occurrence of non-cardia gastric cancer is mainly
consistent with Helicobacter pylori-associated atrophic
gastritis, which occurs predominantly in distal parts of
the stomach.?” The degree of antral atrophy is similar
among H. pylori-infected patients whereas the degree of
body atrophy is variable among H. pylori-infected patients
including both less atrophic and severely atrophic changes.
The similarity of atrophic degree leads to a high risk of
gastric cancer in the antrum. The variability of atrophic
degree leads to a lower risk in the gastric body than in the
antrum. The Asia Pacific 2008 consensus guidelines on
gastric cancer prevention recommended H. pylori screen-
ing and treatment to reduce gastric cancer development in
high-risk populations.* We showed that FDRs of patients
with gastric cancer in the body, antrum, and pylorus of the
stomach have a 1.7- to 2.1-fold higher risk for developing
gastric cancer, especially in the same location for the body
(4.6-fold) and antrum (5.5-fold). These findings are in-line
with some large-scale case—control studies which indicated
that the risk of gastric cancer in the body of the stomach is
higher in patients with a family history of gastric cancer in
their parents.’® These findings may address some putative
genetic predisposition for developing gastric cancer in these
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parts of the stomach, although it could be also due to H.
pylori acquisition in the familial environment in childhood.
European Guidelines on H. pylori infection management
strongly recommend bacterium eradication in FDRs of
patients with gastric cancer.>

The database used in this study is the largest of its kind
in the world, and risk estimates generated by this data are
relatively precise. The sporadic reference population likely
contained smaller family sizes than the familial population;
however, based on our previous study, family size does not
influence cancer risk.>* Although there were cases with
unspecified tumor location in our database, we believe that
such missing data have been non-differential with regard
to estimated familial risks and our findings based on speci-
fied locations are valid. Familial UGI cancers can be due to
both shared genetic and environmental factors, however, the
strength of this study is that estimated familial risks can be
used in the clinic regardless of the exact underlying reason for
them. Our findings may potentially have an effect on clinical
practice with regard to screening for relatives of patients with
a family history of UGI cancers in some specific locations
such as the lower third of the esophagus and the cardia, body,
and antrum of the stomach, which showed very high familial
risk for a concordant location.

Conclusion

In brief, the current study provides highly valid population-
based evidence that a positive family history of UGI cancer
in specific anatomical locations is a predictor of concordant
and some discordant tumors in FDRs of these patients.
Estimated familial risks from this study can be used in the
clinic regardless of the exact underlying reason for them.
Gastroenterologists should be aware of the high risk of these
cancers in these specific locations in FDRs of UGI cancer
patients. This information is important as it may have practi-
cal implications on early detection of these cancers, which in
turn might affect survival of these patients. Large etiological
studies are warranted to identify genetic and other possible
risk factors that resulted in these findings.
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Supplementary materials
When we excluded the esophageal and gastric in situ tumors from analyses, our results did not change substantially (Tables
S1-S4).

Table S| Basic characteristics in sporadic and familial patients with invasive esophageal and gastric cancer, Sweden, 1958-2015.

Familial* Sporadic P-value Total
N % N % N %
Esophagus (N) 130 12,510 12,640
Sex 0.333
Men 9l 70.0 9,227 738 9,318 737
Women 39 30.0 3,283 26.2 3,322 26.3
Age at diagnosis, mean (£SD) 66.4 (£10.5) 69.0 (£10.8) 0.119 68.9 (£10.8)
<50 7 54 491 39 498 3.9
50-59 28 215 1,874 15.0 1,902 15.0
60-69 43 33.1 3,970 31.7 4,013 31.7
70-79 37 285 4,039 32.3 4,076 322
>80 I5 1.5 2,136 17.1 2,151 17.0
Tumor location** 0.062
Upper third 5 7.9 602 10.9 607 10.9
Middle third 21 333 1,170 21.2 1191 21.4
Lower third 37 58.7 3,739 67.8 3,776 67.7
Unspecified 67 6,999 7,066
Stomach (N) 907 48,089 48,996
Sex 0.037
Men 554 6l.1 30,983 64.4 31,537 644
Women 353 389 17,104 356 17,457 356
Age at diagnosis, mean (£SD) 65.1 (£11.8) 68.5 (£12.2) <0.001 68.5 (£12.2)
<50 94 10.4 3,664 7.6 3,758 7.7
50-59 174 19.2 6,818 14.2 6,992 14.3
60-69 299 33.0 13,061 272 13,360 27.3
70-79 250 27.6 15,383 320 15,633 31.9
>80 90 9.9 9,163 19.1 9,253 18.9
Tumor location** 0.011
Cardia 145 42.0 6,352 48.8 6,497 48.6
Fundus I 32 640 4.9 651 4.9
Body 93 27.0 3,097 238 3,190 239
Antrum 71 20.6 1,975 152 2,046 15.3
Pylorus 25 72 953 73 978 7.3
Unspecified 562 35,072 35,634

Notes: *Familial patients include cases of multiple affected family members (41 cases had >2 first-degree relatives with stomach cancer; and two cases of multiple esophageal
cancer in family); **Percentages are out of specified locations.

Table S2 Standardized incidence ratio (SIR) of invasive esophageal and gastric cancers in a first-degree relative of a patient with
esophageal cancer by tumor location

Cancer in Location of esophageal cancer in the patient in the family
relative Upper third Middle third Lower third All
N SIR 95% CI N SIR 95% CI N SIR 95% CI N SIR 95% CI

Esophagus 5 1.6 0.5 37 21 3.7 2.3 56 37 2.0 1.4 2.7 128 2.3 1.9 2.7
Upper third 0 0 2 2.2 0.3 79 5 1.6 0.5 3.8
Middle third 0 0 3 1.8 0.4 5.1 21 3.6 2.2 5.5
Lower third 2 2.2 0.3 8.0 3 1.8 0.4 53 10 1.8 0.9 33 37 2.0 1.4 2.8

Stomach 14 1.1 0.6 1.9 24 1.0 0.7 1.5 90 1.2% 0.9 2.5 209 1.1 0.9 1.2
Cardia 2 1.3 0.2 4.7 4 1.4 0.4 3.6 15 1.5 0.9 2.5 44 1.5 1.1 2.1
Fundus 0 0 0 3 1.0 0.2 3.0
Body 0 0 3 0.7 0.1 2.0 7 0.5 0.2 1.1
Antrum 0 0 | 0.4 0.0 1.9 4 0.4 0.1 1.1
Pylorus 0 0 | 0.7 0.0 4.1 | 0.3 0.0 1.4

Notes: Bolded SIR=95% ClI did not include 1.00; *Example: Risk of stomach cancer (overall) in a first-degree relative of patients with the lower third esophageal cancer was
1.2-fold higher than that in those without a family history of esophageal cancer.
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Table S4 Standardized incidence ratio (SIR) of concordant and discordant histological subtypes of invasive esophageal cancer among
first-degree relatives

Histology in relative Esophageal cancer histology in the patient in the family

Adenocarcinoma Squamous cell carcinoma  Other specified Unspecified
N SIR 95% CI N SIR 95% ClI N SIR 95% CI N
Esophagus (all) 42 2.0 1.4 2.6 82 2.8 22 35 4 1.0 0.3 2.7 0
Adenocarcinoma 24 3.1 2.0 4.6 17 1.5 0.9 2.4 | 0.7 0.0 37 0
Squamous cell carcinoma 17 1.5% 0.8 23 50 4.0 3.1 5.1 3 1.5 0.3 4.3 0
Other specified | 0.6 0.0 35 3 1.5 0.3 4.5 0 0
Stomach (all) 96 1.1 0.9 1.4 95 1.0 0.8 1.2 17 1.4 0.8 22 |
Adenocarcinoma 89 1.2 1.0 1.5 83 1.0 0.8 1.2 16 1.4 0.8 22 [
Squamous cell carcinoma 0 3 8.9 1.8 26 0 0
Other specified 6 1.7 0.6 37 4 0.8 0.2 2.0 0 0

Notes: Bolded SIR=95% CI did not include 1.00. Upper gastrointestinal cancer patients who had > first-degree relatives with esophageal cancer are not included in this table.
*Example: Risk of developing squamous cell carcinoma of esophagus in a first-degree relative of a patient with adenocarcinoma of esophagus was 1.5-fold higher than that in
those without a family history of esophageal cancer.
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