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Abstract

Background The family history of gastric cancer holds important implications for cancer surveillance and prevention, yet
existing evidence predominantly comes from case—control studies. We aimed to investigate the association between family
history of gastric cancer and gastric cancer risk overall and by various subtypes in Asians in a prospective study.

Methods We included 12 prospective cohorts with 550,508 participants in the Asia Cohort Consortium. Cox proportional
hazard regression was used to estimate study-specific adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for the
association between family history of gastric cancer and gastric cancer incidence and mortality, then pooled using random-
effects meta-analyses. Stratified analyses were performed for the anatomical subsites and histological subtypes.

Results During the mean follow-up of 15.6 years, 2258 incident gastric cancers and 5194 gastric cancer deaths occurred. The
risk of incident gastric cancer was higher in individuals with a family history of gastric cancer (HR 1.44, 95% CI 1.32-1.58),
similarly in males (1.44, 1.31-1.59) and females (1.45, 1.23—1.70). Family history of gastric cancer was associated with both
cardia (HR 1.26, 95% CI 1.00-1.60) and non-cardia subsites (1.49, 1.35-1.65), and with intestinal- (1.48, 1.30—1.70) and
diffuse-type (1.59, 1.35-1.87) gastric cancer incidence. Positive associations were also found for gastric cancer mortality
(HR 1.30,95% CI 1.19-1.41).

Conclusions In this largest prospective study to date on family history and gastric cancer, a familial background of gastric
cancer increased the risk of gastric cancer in the Asian population. Targeted education, screening, and intervention in these
high-risk groups may reduce the burden of gastric cancer.
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Introduction

Despite the incidence and mortality of gastric cancer having
declined globally in the past decades, gastric cancer remains
one of the most common cancers worldwide with more than
one million new cases and nearly 800,000 deaths every year
[1]. The majority of gastric cancers occur in Asia, with East-
ern Asia accounting for more than 60% of new cases with
the highest incidence and mortality rates in the world [1,
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2]. Family history of gastric cancer has been shown as an
important risk for gastric cancer and can be used as a sim-
ple tool to risk-stratify individuals for further evaluation in
countries where there are limited resources for population
screening [3-6].

The familial clustering of gastric cancer might be inter-
preted through several mechanisms, including hereditary
and nonhereditary factors [7]. Shared environmental fac-
tors, such as Helicobacter pylori infection, smoking, dietary
intake, and socioeconomic status, may by themselves or have
synergistic effects in individuals with genetic predisposition
[8—10]. Identifying individuals at high risk of the disease
is important for gastric cancer surveillance and prevention.
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The findings on first-degree family history of gastric
cancer and the risk of gastric cancer mostly come from
case—control studies [11-13], which are inherently prone to
recall bias. Furthermore, it remains unclear whether differ-
ent types of family history of gastric cancer (a parent or a
sibling) is associated with gastric cancer risk differently. It
is also uncertain whether a family history of gastric cancer
is related to the risk of specific subtypes of gastric cancer
defined by anatomical subsites or histology. In the Asian
Cohort Consortium, we aimed to investigate the associa-
tion between a family history of gastric cancer and risk of
developing gastric cancer, both in terms of overall risk and
specific subtypes, within the Asian populations.

Methods
Study population

We conducted pooled analyses using data from population-
based cohort studies participating in the Asia Cohort Con-
sortium (ACC) [14, 15]. The ACC is a collaborative effort
that includes 44 cohorts from 10 Asian countries, seeking to
understand the relationship between genetics, environmental
exposures, and the etiology of diseases including cancer,
through the establishment of a cohort of at least one million
healthy people [16]. The current pooled analysis includes
12 cohort studies with information on family history, gas-
tric cancer incidence and/or mortality data, conducted in
Japan (N=330,303), China (N=164,277), and Korea
(N=55,928). The participating cohorts include Three Pre-
fecture Cohort Study Miyagi (Miyagi3p), Three Prefecture
Cohort Study Aichi (Aichi3p), Japan Collaborative Cohort
Study (JACC), Miyagi Cohort Study (Miyagi), Japan Public
Health Center-based prospective Study I and II JPHC I/1I),
Ohsaki National Health Insurance Cohort Study (Ohsaki),
Linxian General population Trial Cohort (Linxian), Shang-
hai Women’s Health Study (SWHS), Shanghai Men’s Health
Study (SMHS), Korean Multi-center Cancer Cohort Study
(KMCC), and Korean National Cancer Center Cohort
(KNCC) (Supplementary Table 1). Among 628,879 partici-
pants, we excluded those who had no or inaccurate infor-
mation on age and/or sex (n=1532), follow-up (n=18,217),
gastric cancer incidence (n=51,234), or family history of
gastric cancer (n=65,124), and those who had a prior cancer
diagnosis at baseline (n=10,180). The final gastric cancer
incidence analytic sample included 550,508 participants
(Supplementary Table 2). For the mortality analyses, we
excluded those who had no or inaccurate information on
age and/or sex (n=>532), follow-up (n=18,221), and family
history of gastric cancer (n=65,124), after which we had
531,137 participants for the final mortality analytic set (Sup-
plementary Table 3).
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Assessment of family history of gastric cancer

Each study assessed the information on family history of
gastric cancer by self-administered questionnaire at enroll-
ment. Seven cohorts had detailed information on the rela-
tionship and sex of the affected family member. Family his-
tory of gastric cancer was defined as those with a first-degree
relative (parent or sibling) being affected. We assessed fam-
ily history of gastric cancer in parents (father or mother)
and siblings (brother or sister) separately, and considered
sex concordance between study subjects and their affected
family members.

Outcome assessment

Incident gastric cancers were identified by linkage to
national cancer registries or self-reports confirmed by
medical record review in each cohort. The International
Classification of Diseases, 9th and 10th revision (ICD-9
151.1-151.9; ICD-10 C16.0-16.9) codes were used for
the identification of gastric cancer. The primary outcome
was defined as the first occurrence of gastric cancer. The
anatomic subsites of gastric cancer were classified as car-
dia (ICD-9 151.0; ICD-10 C16.0) and non-cardia (ICD-9
151.1-151.6; ICD-10 C16.1-16.6). Using ICD for Oncol-
ogy 3, gastric cancer histological subtypes were assessed
as intestinal- (8012, 8021, 8022, 8031, 8032, 8046,8050,
8082, 8143, 8144, 8201, 8210, 8211, 8220, 8221, 8255,
8260, 8261, 8262, 8263, 8310, 8323, 8480, 8481, 8510,
8512, 8570, 8576), or diffuse- (8020, 8041, 8044, 8141,
8142, 8145, 8490, 8806) types [17]. Gastric cancer mortal-
ity was defined as death due to gastric cancer (ICD-9 151
and ICD-10 C16) during follow-up.

Statistical analyses

The follow-up was until the date of gastric cancer incidence
(or death), loss to follow-up, or the last date of follow-up
of each cohort, whichever occurred first. Cox proportional
hazard regression models were used to calculate the hazard
ratios (HRs) and their corresponding 95% confidence inter-
vals (CIs) of the incidence or mortality of gastric cancer
associated with family history of gastric cancer, with age as
the time metric. A non-proportional test using Schoenfeld
partial residuals to evaluate whether the Cox proportional
hazards assumption holds for predictors across different
time periods with each cohort. We included sex, cigarette
smoking status (never/ever), alcohol consumption status
(never/ever), education level (low/high: no formal educa-
tion or primary education classified as low education level,
secondary education or above classified as high education



Family history and gastric cancer incidence and mortality in Asia: a pooled analysis of more... 703

level), and body mass index (BMI, continuous kg/mz) as
covariates in the models, depending on the availability in
each cohort (Supplementary Table 1). For the missing val-
ues, we assigned the cohort-specific median (for continuous)
or percentage of high-dimensional values (for categorical)
of the non-missing covariates. The summary effect esti-
mates were computed by pooling study-specific HRs using
random-effects models. In addition, we performed stratified
analyses by country (Japan, South Korea, China), sex (male
and female), cohort enrollment period (the 80s, 90s, 90-00s,
and 00s), cohort enrollment age (<55 and > 55), birth year
(<1925, 1925-1940, and > 1940), education level (low and
high), smoking status (never and ever), and alcohol con-
sumption status (never and ever) to evaluate effect modifica-
tions. Heterogeneity between studies or stratified subgroups
was evaluated using the Q statistics and quantified using /.
All statistical analyses were performed using SAS (version
9.4) and STATA software (version 16.0). The two-tailed
p <0.05 was considered to be statistically significant.

Results

Table 1 shows the characteristics of the 12 cohorts for the
analysis of family history of gastric cancer and gastric can-
cer incidence. During the median follow-up of 15.6 years,
12,258 gastric cancer cases occurred. Among the study par-
ticipants, 46.1% of participants were male, 37.5% were ever
smokers, 41.3% were ever drinkers, 27.0% with low educa-
tion levels, and 8.9% had a family history of gastric cancer
at baseline enrollment.

In most cohorts, individuals with family history of gas-
tric cancer were at increased risk compared to those with-
out family history of gastric cancer, with the risk estimate
ranging from HR 1.03 (Linxian) to 1.99 (KMCC; Table 2).
The pooled HR was 1.44 (95% CI 1.32-1.58) with a sig-
nificant heterogeneity of the association across the cohorts
(pheterogeneity =0.006).

Table 3 shows the association between family his-
tory of gastric cancer and gastric cancer incidence by
various groups. By country, a positive association was
shown in Japan (HR 1.47, 95% CI 1.37-1.57) but not in
China (1.31, 0.99-1.75) or South Korea (1.50, 0.90-2.51)
where there was substantial heterogeneity among stud-
ies within each country (I>=70.6% vs. 75.7%, respec-
tively). The associations were similar in males (HR
1.44, 95% CI 30-1.58) and females (1.45, 1.23-1.70;
Pheterogencity = 0-94). The association between family his-
tory of gastric cancer and gastric cancer incidence was
stronger in individuals with younger age at enrollment
(< 55 years old: HR 1.64, 95% CI 1.44-1.86), than that
in those enrolled at a later age (>55 years old: 1.35,
1.21-1.51; Preterogencity = 0-01). Similar associations were

observed by enrollment year (1980-1989: HR 1.38, 95%
CI 1.11-1.72, 1990-1999: 1.43, 1.33-1.54, after 2000:
1.50, 1.13-2.00), birth year (< 1925: 1.26, 1.01-1.57,
1925-1940: 1.43, 1.25-1.64,>1940: 1.63, 1.43-1.85),
age at diagnosis (< 60 years old: 1.65, 1.42-1.92, 60-70:
1.36, 1.17-1.58,>70: 1.35, 1.14-1.61), and education
level (low: 1.36, 1.23-1.52, high: 1.51, 1.35-1.68).

In the stratified analyses by different gastric cancer sub-
types, the positive association between family history of gas-
tric cancer and gastric cancer risk was similar by different
anatomical subsites (cardia: HR 1.26, 95% CI 1.00-1.60,
non-cardia: 1.49, 1.35-1.65; pyeierogencity = 0-35) or histo-
logical subtypes (intestinal: 1.48, 1.30-1.70, diffuse: 1.59,
1.35-1.87; Pheterogencity =0-50; Table 4). When analyzed sepa-
rately by sex, there was no difference in the family history
of gastric cancer association based on anatomical subsite or
histological subtype, both among males and females.

The risk of gastric cancer was similarly high in individu-
als with a family history of gastric cancer in parents (HR
1.45, 95% CI 1.23-1.71) and siblings (1.47, 1.28-1.70;
Table 5) (Phegerogeneity = 0-90). Specifically, the magnitude of
associations was not statistically different across affected
family members, showing a range between HR of 1.23 (sis-
ter) to 1.80 (brother). When stratified by sex of the study par-
ticipant, in males, having a family history of gastric cancer
in a brother was most strongly associated with gastric can-
cer risk (HR 1.94, 95% CI 1.23-3.07), followed by affected
fathers (1.57, 1.17-2.10) and mothers (1.49, 1.12-1.98).
There was no statistical association with affected sisters
(1.36, 0.73-2.53) compare to those without affected family
members. There was no statistical heterogeneity between
these associations. In females, the positive significant asso-
ciation was only shown in those with affected mothers (HR
1.82, 95% CI 1.02-3.24), but not in those with affected
fathers (1.75, 0.99-3.10) (Ppeterogencity = 0-93)-

We further examined the association between fam-
ily history of gastric cancer (9.2% at baseline) and gastric
cancer mortality (n=5194) in a total of 531,137 subjects
from 11 cohorts (Supplementary Table 4). Similar to
incidence, family history of gastric cancer was positively
associated with gastric cancer mortality (HR 1.31, 95% CI
1.20-1.42; Supplementary Tables 5). The association did
not differ appreciably by various subgroups (Supplemen-
tary Table 6). Similar associations were observed across
the country (Japan: HR 1.31, 95% CI 1.20-1.43, China:
1.37, 1.07-1.76, South Korea: 0.77, 0.37-1.58), sex (males:
1.32, 1.19-1.47; females: 1.45, 1.27-1.67), enrollment year
(1980-1989: 1.33, 1.17-1.52, 1990-1999: 1.28, 1.14-1.44,
after 2000: 1.35, 0.97-1.88), age at enrollment (<55 years
old: 1.39, 1.21-1.59,>55 years old: 1.27, 1.15-1.40),
birth year (<1925: 1.27, 1.13-1.43, 1925-1940: 1.41,
1.20-1.65,>1940: 1.38, 1.16-1.64), and education level
(low: 1.30, 1.11-1.53, high: 1.27, 1.05-1.52).
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Table 2 Association between family history of gastric cancer and gastric cancer risk in the Asia Cohort Consortium

Family History

Baseline .. . . .
Cohort Participants, ~ Gastric Cancer, of Gastric o Weight,
Country Name Survey N N Cancer among HR (95% CI) %
Years o
Cases, %
Gastric cancer Incidence

Japan Miyagi3P 1984 30,809 491 15.1 —o— 1.32 (1.04-1.69) 7.23
Aichi3P 1985 24917 442 20.8 * 1.60 (1.27-2.01) 7.77

JACC 1988-1990 81,494 1,429 17.4 e 1.64 (1.44-1.87) 12.11

Miyagi 1990 46,132 1,940 155 e 1.53 (1.36-1.72) 12.92

JPHC 1990-1992 42,136 1,007 103 . 1.46 (1.20-1.78) 9.12

JPHC2 1992-1995 55,317 1,351 7.7 d 1.32 (1.08-1.60) 9.13
Ohsaki 1995 49,498 1,350 16.7 e 1.33 (1.16-1.52) 11.99

China Linxian 1984-1987 29,458 2,508 3.8 . 1.03 (0.84-1.27) 8.67

—e—i

SWHS 1996-2000 73,355 452 9.3 1.63 (1.19-2.24) 5.20

SMHS 2001-2006 61,464 562 9.1 . 1.42 (1.07-1.90) 5.94

South Korea KMCC 1993-2005 20,323 430 4.7 N 1.99 (0.61-6.52) 3.20
KNCC 2007-2015 35,605 296 23.6 ' 1.90 (1.46-2.46) 6.71

Overall (I-squared=58.1%, p=0.006) 1.44 (1.32-1.58) 100

0.5 1 2 4

Miyagi3p Three Prefecture Cohort Study Miyagi, Aichi3p Three Prefecture Cohort Study Aichi, JACC Japan Collaborative Cohort Study, Miyagi
Miyagi Cohort Study, JPHC Japan Public Health Center-based prospective Study, Ohsaki Ohsaki National Health Insurance Cohort Study, Linx-
ian Linxian General population Trial Cohort, SWHS Shanghai Women’s Health Study, SMHS Shanghai Men’s Health Study, KMCC Korean
Multi-center Cancer Cohort Study, KNCC Korean National Cancer Center Cohort, N number, HR Hazard ratio

Hazard ratios (HR) and 95% confidence intervals (CI) calculated adjusted for sex, smoking (ever/never), alcohol consumption (ever/never), edu-
cation (low/high), and body mass index (kg/m?, continuous) depending on availability in each cohort

In the analysis stratified by gastric cancer subtypes (Sup-
plementary Table 7), the positive association between family
history of gastric cancer and gastric cancer mortality per-
sisted regardless of anatomical subsites (cardia: HR 1.31,
95% CI 1.19-1.44; non-cardia: 1.39, 1.19-1.62), or histo-
logical subtypes (intestinal type: 1.55, 1.02-2.36, diffuse
type: 1.17, 0.56-2.42).

The risk of gastric cancer mortality was similarly high in
individuals with a family history of gastric cancer in parents
(HR 1.30, 95% CI 1.00-1.70) and siblings (1.63, 1.05-2.55).
The magnitude of association for gastric cancer mortality
was highest in those with a brother with gastric cancer (HR
1.93, 95% CI 1.16-3.22), although not statistically different
from others (Supplementary Table 8).

Discussion

In a large prospective pooled analysis in the ACC, we con-
firmed that family history of gastric cancer is associated
with increased risk of gastric cancer in the Asian popula-
tion. While we did not observe a statistically significant dif-
ference, the magnitude of association was more pronounced
among individuals who were born later years, or diagnosed
with gastric cancer at a younger age. We found no differ-
ence in risk among histological subtypes of gastric cancer.
Although not statistically different from other associations,
in males, having a family history of gastric cancer among
brothers was most strongly associated with gastric cancer,
followed by those affected fathers and mothers, compared

to those without affected family members. In females, a sig-
nificant positive association was only observed in those with
affected mothers. Similar to incidence, we confirmed posi-
tive associations between family history of gastric cancer
and gastric cancer mortality.

Previous studies have suggested that gastric cancer
exhibits a greater tendency toward familial clustering and
a higher predisposition to the disease than other cancers
[18]. Approximately 10% of gastric cancers display a famil-
ial aggregation [19] but only less than 3% of gastric cancer
arise from hereditary gastric cancers [20]. Familial diffuse
gastric cancer and hereditary diffuse gastric cancer are the
most recognizable, familial gastric cancer caused by APC,
CDHI1, and CTNNAI1 gene mutations, respectively [21].
Still, the frequency of hereditary diffuse gastric cancer is
rare (incidence 0.3%-3.1% in South Korea and Japan) and
does not account for a large proportion of familial clustering
[22, 23]. Interestingly, according to the results of a recent
investigation into germline variants in nine cancer genes and
their association with gastric cancer risk, it appears that the
role of hereditary factors in contributing to the likelihood
of developing gastric cancer may be greater than previously
thought [24]. In addition to genetic factors, family-shared
environmental factors may play an important role by inter-
acting with low penetrance genes. Several studies reported
that H. pylori infection and precancerous tissue changes
(such as atrophy and intestinal metaplasia) are more com-
mon in children and siblings of patients with gastric can-
cer [9, 25, 26]. Notably, a randomized trial in South Korea
reported that among persons with H. pylori infection who

@ Springer
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Table 3 Association between family history of gastric cancer and gastric cancer incidence by selected subgroups

Subgroup Studies, N Participants, N Gastric cancer, N Family history of HR (95% CI)* Heterogeneity within ~ Heterogene-
gastric cancer among subgroups® ity between
cases, % P value (%) povalue subgroups®
Country 0.74
Japan 7 330,303 8010 14.3 1.47 (1.37-1.57) 359 0.15
China 3 164,277 3522 53 1.31 (0.99-1.75) 70.6 0.03
South Korea 2 55,928 729 12.3 1.50 (0.90-2.51) 75.7 0.04

Sex 0.94
Male 11 253,668 8156 11.5 1.44 (1.30-1.58) 48.7 0.03
Female 11 296,840 4102 11.9 1.45 (1.23-1.70) 60.9 <0.01

Enrollment years 0.52
1980-1989 4 166,678 4870 10.5 1.38 (1.11-1.72) 82.2 <0.01
1990-1999 5 266,438 6100 12.7 1.43 (1.33-1.54) 0 0.42
After 2000 3 117,392 1288 20.3 1.50 (1.13-2.00) 57.9 0.09

Age at enrollment, years 0.01
<55 12 290,294 4444 6.6 1.64 (1.44-1.86) 35.0 0.11
>55 12 260,214 7814 11.9 1.35(1.21-1.51) 39.8 0.08

Birth year 0.14
<1925 6 139,642 4820 9.5 1.26 (1.01-1.57) 79.5 <0.01
1925-1940 10 171,920 5025 13.0 1.43 (1.25-1.64) 43.9 0.07
>1940 10 238,946 2413 13.0 1.63 (1.43-1.85) 17.3 0.28

Age at diagnosis, years 0.12
<60 12 91,335 2498 12.5 1.65 (1.42-1.92) 39.7 0.08
60-70 12 272,597 6976 11.2 1.36 (1.17-1.58) 58.9 0.01
>70 12 186,576 2784 11.2 1.35(1.14-1.61) 423 0.06

Education level® 0.21
Low 8 139,052 5546 9.1 1.36 (1.23-1.52) 37.0 0.13
High 7 206,661 2636 13.7 1.51(1.35-1.68) O 0.61

N number, HR hazard ratio, CI confidence interval

“HR refers to a summary estimate of effects based on a random-effects model, adjusted for by sex, smoking (ever/never), alcohol consumption
(ever/never), education (low/high) and body mass index (kg/m?, continuous) depending on availability in each cohort

®p value for heterogeneity within each group
°p value for heterogeneity between subgroups

4Primary school education or below

had a family history of gastric cancer in first-degree rela-
tives, H. pylori eradication treatment reduced the risk of gas-
tric cancer [26]. Moreover, an individual’s dietary sodium
intake and preference for salty foods may be influenced by
their family environment [27]. Consuming a diet high in salt
may increase the likelihood of contracting an H. pylori infec-
tion, and even worse, it can enhance the ability of H. pylori
to promote the development of gastric cancer by boosting
cagA expression [28], or directly damage the mucosal bar-
rier [29].

Although the difference was statistically not significant,
we observed that the association between family history of
gastric cancer was more prominent in individuals diagnosed
with non-cardia gastric cancers than in cardia gastric can-
cers [30, 31]. The stronger association in non-cardia gastric

@ Springer

cancers have been observed in several studies in Asia [31]
and also in other parts of the world [11, 32]. The reason
for this difference is not entirely clear, but several factors
may be involved. One possible explanation is that non-cardia
gastric cancer and cardia gastric cancer may have different
risk factors. Non-cardia gastric cancer is more strongly asso-
ciated with chronic gastritis and H. pylori infection, while
cardia gastric cancer is more strongly linked to obesity and
gastroesophageal reflux disease [33, 34]. Another possible
explanation is that the genetic factors contributing to the
development of non-cardia gastric cancer may differ from
those contributing to cardia gastric cancer. Studies have
identified several genetic variants differentially associated
with an increased risk of gastric cancer by anatomical sub-
site [35]. A combination of various environmental risks with
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Table 4 Association between family history of gastric cancer and gastric cancer incidence by gastric cancer subtypes

Characteristics Studies, N Participants, N Gastric cancer, N Family history HR (95% CI)* Heterogeneity within ~ Heterogene-
of gastric cancer subgroups® ity between
among cases, % Pvalue (%) povalue subgroups®

Total

Anatomical subsite? 0.35
Cardia 8 538,220 634 12.5 1.26 (1.00-1.60) 0 0.92
Non-cardia 9 545,086 4980 14.3 1.49 (1.35-1.65) 56.5 0.02

Histological subtype® 0.50
Intestinal 4 538,971 1385 12.3 1.48 (1.30-1.70) 20.4 0.29
Diffuse 4 537,870 284 144 1.59(1.35-1.87) 0 0.55

Male

Anatomical subsite? 0.85
Cardia 8 245,494 511 13.5 1.42(1.10-1.83) 0 091
Non-cardia 9 248,401 3418 13.2 1.46 (1.29-1.66) 28.2 0.20

Histological subtype® 0.93
Intestinal 4 246,018 1035 11.2 1.50 (1.16-1.94) 37.6 0.19
Diffuse 4 245,125 142 12.0 1.54 (1.02-2.58) 0 0.86

Female

Anatomical subsite? 0.07
Cardia 8 292,726 123 0.87 (0.45-1.67) 0 0.96
Non-cardia 9 294,165 1562 15.5 1.63 (1.37-1.93) 26.3 0.21

Histological subtype® 0.82
Intestinal 4 292,953 350 15.7 1.92(1.44-2.57) 0O 0.78
Diffuse 4 292,745 142 16.9 1.72 (1.09-4.33) 62.2 0.05

N number, HR hazard ratio, CI confidence interval

“HR refers to a summary estimate of effects based on a random-effects model, adjusted for by sex, smoking (ever/never), alcohol consumption
(ever/never), education (low/high) and body mass index (kg/m?, continuous) depending on availability in each cohort

bp value for heterogeneity within each group
°p value for heterogeneity between subgroups

9 Anatomical subsites by International Classification of Diseases (ICD); cardia ICD-9: 151.0, ICD-10: C16.0), non-cardia (ICD-9: 151.1-151.6,

151.8-151.9, ICD-10: C16.1-16.6, 16.8-16.9)

“Lauren classification by ICD for Oncology 3: intestinal type (8012, 8021, 8022, 8031, 8032, 8046,8050, 8082, 8143, 8144, 8201, 8210, 8211,
8220, 8221, 8255, 8260, 8261, 8262, 8263, 8310, 8323, 8480, 8481, 8510, 8512, 8570, and 8576), diffuse type (8020, 8041, 8044, 8141, 8142,

8145, 8490, and 8806)

genetic predisposition may synergistically affect one subsite
than the other [24].

Due to the sex-specific differences in the incidence of
gastric cancer, with males having twice the incidence of
females, and potential behavioral risk factors such as alco-
hol consumption and smoking varying accordingly [36], we
stratified our analyses by sex. We observed no sex differ-
ences in the association between family history of gastric
cancer and risk of gastric cancer in the current study. Several
earlier case—control studies reported higher association in
females compared to males, which may reflect sex differ-
ences in recall bias in reporting the family history [37-39].
Our findings are consistent with recent studies from a large
consortium of gastric cancer studies from 17 studies from
11 countries (5946 cases) [11], and a meta-analysis [32].
However, further research is needed to fully understand the

underlying mechanisms behind these non-differential asso-
ciations by sex despite the differences in the exposure and
the outcome.

Individuals enrolled at a younger age had a stronger
association between family history of gastric cancer and
the risk of developing the disease than those enrolled later.
In addition, the association was more pronounced among
those diagnosed with gastric cancer at a younger age and
born later. There are several potential explanations for these
results, one possibility is that these individuals may have a
stronger genetic predisposition to gastric cancer, which is
compounded by a common environment shared within the
family [40, 41].

Early-onset cancer, familial aggregation of cancer, and
diagnosis of multiple primary tumors are all indicative of
an inherited cancer predisposition [42, 43]. Gastric cancer
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Table 5 Association between family history of gastric cancer and gastric cancer incidence by relationships to the affected family member

Subgroup Studies, N Participants, N Gastric HR (95%CI)* Heterogeneity within Heterogene-
cancer, N subgroups® ity between
P value (%) p-value subgroups*
Family relations 0.90
Parents 3 135,067 172 1.45 (1.23-1.71) 0 0.65 0.87
Father 3 131,957 114 1.59 (1.32-1.92) 0 0.51
Mother 3 129,065 58 1.55 (1.21-1.99) 23.1 0.27
Sibling 3 128,121 48 1.47 (1.28-1.70) 0 0.46 0.29
Brother 3 127,298 35 1.80 (1.23-2.62) 0 0.27
Sister 2 126,582 11 1.23 (0.68-2.23) 0 0.91
Family relations by participant’s sex
Male participant 0.76
Father 3 95,488 84 1.57 (1.17-2.10) 43.5 0.17
Mother 3 93,610 44 1.49 (1.12-1.98) 0 0.81
Brother 3 92,259 28 1.94 (1.23-3.07) 33.1 0.22
Sister 2 91,785 10 1.36 (0.73-2.53) 0 0.75
Female participant 0.93
Father 2 36,469 30 1.75 (0.99-3.10) 48.8 0.16
Mother 2 35,455 14 1.82 (1.02-3.24) 18.8 0.27

N number, HR hazard ratio, CI confidence interval

Results of gastric cancer with less than 10 cases are not shown in the table

“HR refers to a summary estimate of effects based on a random-effects model, adjusted for by sex, smoking (ever/never), alcohol consumption
(ever/never), education (low/high) and body mass index (kg/mz, continuous) depending on availability in each cohort

bp value for heterogeneity within each group

¢p value for heterogeneity between subgroups

is typically diagnosed after age 60, but when it occurs before
age 50, there is often a familial predisposition [44, 45]. This
suggests that genetic factors may play a stronger role in the
development of gastric cancer at a younger age. Another
factor that could contribute to the more substantial genetic
component in young individuals with gastric cancer is the
interaction between genetic factors and additional risk fac-
tors accumulated over time. Unhealthy lifestyle habits or
dietary patterns may interact with genetic predispositions to
increase cancer risk [46]. Finally, younger individuals may
be more likely to undergo regular screenings and have a
higher awareness of the diseases when they have close fam-
ily members who have been diagnosed with gastric cancer
[47, 48].

In this study, our findings confirm that a family history of
gastric cancer is associated with an elevated risk of gastric
cancer within the Asian population. While the incidence rate
of gastric cancer among individuals with a family history is
higher in Asia compared to Europe or North America, the
frequency of hereditary diffuse gastric cancer relative to the
overall incidence of familial gastric carcinogenesis is lower
in Asia [49]. In addition, due to several gene-association
researches indicating potential differences among differ-
ent geographical regions and ethnicities, consideration will

@ Springer

be given to the possibility of variations in this association
between Asians and Westerners [50-53]. However, several
case—controls studies and a prospective study in Western
populations also reported positive association between fam-
ily history and gastric cancer [54-58]. Future research is
warranted to further explore the possible differences in the
association in different regions and race/ethnic groups.

Stronger association between gastric cancer incidence
in more recent cohorts could be attributed to exposure to
distinct environmental factors, such as unhealthy lifestyle
habits or dietary patterns compared to older cohorts [37,
59], potentially elevating the risk of gastric cancer. Another
possible factor is that recent cohorts may include more
cases of gastric cancer that were previously undetected due
to advancements in diagnosis and testing methods [60, 61],
which may contribute to a higher risk of gastric cancer in
the more recent cohorts.

We observed that individuals with family history of gas-
tric cancer in either parents or siblings show a similarly
comparable risk of developing gastric cancer, which is con-
sistent with previous findings [31, 62]. The stronger associa-
tion between gastric cancer and a family history involving
parents or siblings may be attributed to genetic predisposi-
tion or shared exposure to common environmental factors,
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including carcinogenic H. pylori strains, shared dietary hab-
its, or other factors that promote cancer development [54,
63]. Nevertheless, previous studies, primarily conducted on
small scale case—control designs in Western populations,
noted that the association tends to be more pronounced
among siblings than parents [11, 32]. Our study findings
indicate a significant association between male gastric can-
cer and family history involving brothers, father, and mother;
whereas for female gastric cancer, a significant association is
observed with maternal family history. Potential biological
and hormonal factors may contribute to these sex-specific
differences. Stronger gastric cancer association with sib-
ling history could be attributed to the added influence of a
family-shared environment in early ages, during which the
dietary style usually forms and continues the rest of the life
and also when it is a susceptible period for H. pylori attain-
ment [64]. Our study found that the risk may be higher in
females with mothers with gastric cancer and males with
brothers with gastric cancer. While a previous cross-sec-
tional study from South Korea [30] has examined the asso-
ciation between family history and gastric cancer risk by sex,
our study provides additional insights in a prospective set-
ting. Studies have suggested that daughters behave similarly
to their mothers regarding eating behavior, physical activity,
and BMI [65, 66]. Further research is warranted to elucidate
the impact of a specific familial relationship between a his-
tory of gastric cancer and gastric cancer risk.

In our study, we found that gastric cancer patients with a
family history of gastric cancer in Asia have higher mortality
rates compared to those without a family history of gastric
cancer. Although the impact of a family history of gastric
cancer on the survival rates of gastric cancer patients remain
uncertain, several previous studies suggest that family his-
tory may influence diagnosis stage and recurrence risk, par-
ticularly in advanced stages [67, 68]. Additionally, there is
also a study suggesting that heightened awareness among
those with a family history might lead to earlier diagnosis
through increased screening, without necessarily improv-
ing survival outcomes [69]. Subsequent research endeavors
should aim to explore the influence of screening behavior on
individuals with a family history of gastric cancer and their
subsequent mortality rates.

The major strengths of the current study include large-
scale sample size of diverse Asian populations with long-
term follow-up, the largest thus far in the investigation of
family history of gastric cancer and gastric cancer risk,
which allowed us the statistical power to perform several
subgroup analyses, including the analysis of family relations.
In addition, we had detailed individual-level data from each
cohort for covariate adjustments and heterogeneity assess-
ment, avoiding some of the constraints of meta-analysis
based on pooled data from published studies. The number
of exclusions owing to missing data on covariates was not

particularly large (<5%). All study participants were drawn
from the general population, permitting our results to be
extrapolated to the larger target population. Furthermore,
gastric cancer diagnosis and mortality cases have been vali-
dated by National Cancer Registers in each country or by
active long-term follow-up.

The current study has some limitations. First, family his-
tory of stomach cancer was self-reported, which may have
resulted in misclassification. However, misclassification
should not have occurred differentially between later cases
and non-cases, therefore, it will not have resulted in biased
association. Second, we lacked information about H. pylori
infection. Although, H. pylori infections co-occur among
family members [7], there is no evidence of heterogeneity
of association between family history and gastric cancer risk
among those with and without H. pylori infection [22, 70,
71]. Third, we assessed family history of gastric cancer and
gastric cancer-related covariates at a single time point at
baseline; yet the information on the family history of gastric
cancer or the lifestyle of the participants’ may have changed
during follow-up. Forth, despite the large sample size, only
nine cohorts had information on anatomical subsites, and
four cohorts with histological subtypes. Lastly, we did not
have information on the specific number of gastric cancer
relatives in the data. This may have allowed us to better
quantify the genetic or environmental burden of the familial
risk. Further studies need to explore a more detailed assess-
ment of the number of gastric cancer relatives.

In this large consortium of prospective cohorts, we con-
firmed that having a family history of gastric cancer sig-
nificantly increased the risk of gastric cancer in the Asian
population. We were able to quantify the risk of gastric
cancer for various risk factors, including sex and anatomi-
cal/histological subtypes. Those who have same-sex family
members may have a stronger association with gastric cancer
occurrence. Targeted education, screening, and intervention
in high-risk groups may reduce the burden of gastric cancer.
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