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Abstract

Background & Aims: Gastric cancer is the leading cause of infection-related cancer death and
the third-leading cause of cancer death worldwide. The effect of immigration on gastric cancer risk
is not well-defined but might be helpful for screening or surveillance endeavors. We performed a
systematic review and meta-analysis to define the risk of gastric cancer in immigrants from high-
incidence regions to low-incidence regions (Western Europe, Australia, Brazil, Canada, Israel, and
the United States).

Methods: We searched MEDLINE and EMBASE databases, from January 1980 to January 2019,
for studies that identified immigrants from high-incidence regions of gastric cancer, provided clear
definitions of immigrant and reference populations, and provided sufficient data to calculate
gastric cancer incidence and gastric cancer-related mortality. We performed meta-analyses of
standardized incidence ratios (SIR) for first-generation immigrants from high- to low-incidence
regions, stratified by immigrant generation, sex, and anatomic and histologic subtype, when data
were available.
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Results: We identified 38 cohort studies that met our inclusion criteria. Thirteen studies of 21
distinct populations reported significantly increased SIRs for gastric cancer in first-generation
foreign-born immigrants (men SIR range, 1.24-4.50 and women SIR range, 1.27-5.05). The
pooled SIR for immigrants with all types of gastric cancer was 1.66 (95% CI, 1.52-1.80) for men
and 1.83 (95% ClI, 1.69-1.98) for women. Nine studies from 2 high-incidence populations (the
former Soviet Union and Japan) reported an increased gastric cancer standardized mortality ratio
in first-generation immigrants who migrated to regions of low incidence (former Soviet Union
immigrants, 1.44-1.91 for men and 1.40-2.56 for women).

Conclusions: Immigrants from regions with a high incidence of gastric cancer in regions of low
incidence maintain a higher risk of gastric cancer and related mortality, based on a comprehensive
systematic review and meta-analysis. Assessment of immigrant generation along with other risk
factors might help identify high-risk populations for prevention and therapeutic interventions.
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INTRODUCTION

Globally, gastric cancer is the leading cause of infection-related cancer mortality and the
third leading cause of cancer-related mortality overall.1~4 Approximately one million
incident cases are projected annually, with the majority of these cases occurring in East
Asia, Latin America, and Eastern Europe. The United States (U.S.) is considered a low
incidence nation cancer overall, with an estimated 28,000 new cases occurring in 2017;
however, there are clear racial and ethnic differences in disease burden, with incidence rates
nearly double in Hispanics and non-Hispanic blacks, and potentially much higher in
immigrants from countries where gastric cancer is endemic.5 This is particularly relevant
since the U.S. is home to over 43 million foreign-born individuals with diverse ethnic
backgrounds, an estimated 29% of whom are from countries of high gastric cancer
incidence. 6

H. pyloriis the most common chronic bacterial infection in the world, with approximately
half of the world’s population being infected (~4.4 billion)’, and is the strongest known risk
factor for gastric cancer. Infection prevalence ranges from 20-35% in most high-income
countries to 60-90% in low resource settings.8:9 Given the marked geographic variability of
gastric cancer, as manifest by the African, Asian, and Latin American enigmas -- it is
plausible that region of origin is an important determinant of gastric cancer risk for foreign-
born immigrants who migrate to low-incidence regions. 19-12 Individuals may “import” their
synergistic host (e. g., genetic),13:14 and H. pylori strain-associated (e.g., cagA, vacAslml)
gastric cancer risks,1° the latter of which are established most often in early childhood years
in endemic regions and reflect the timing of H. pylori acquisition. This risk is further
modulated by diet, the microbiome, behavioral, and environmental factors, and may be
influenced by the age at immigration and by the extent of individual acculturation.16:17

The risk of gastric cancer among individuals who immigrate from high- to low-gastric
cancer incidence regions is not known, but might have important implications for informing
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screening and surveillance practices in otherwise low-gastric cancer incidence areas, such as
the U.S. Indeed, it was recently shown that gastric cancer screening and surveillance if
gastric preneoplasia is detected is cost-effective for racial/ethnic minorities residing in the
U.S.18 We conducted a systematic review and meta-analysis analyzing gastric cancer risk in
immigrants from regions of high- to low-gastric cancer incidence, stratified by immigrant
generation, gender, and anatomic/histologic subtype where possible.

Data Sources and Searches

We conducted a systematic review of the published literature from January 1980 to January
2019 using MEDLINE and EMBASE (initial search November 6!, 2017, repeat search
January 12, 2019) to identify studies reporting the risk of gastric cancer in immigrants
from areas of high to areas of low gastric cancer incidence, as defined below. The following
search string was used in EMBASE: “stomach cancer.mp. or exp stomach cancer” AND

“ exp migrant/ or migrant.mp.” with a filter of “limit to (human)”. The following search
string was used in MEDLINE: “stomach cancer.mp. or exp Stomach Neoplasms” AND
“immigrant.mp. or exp “Emigrants and Immigrants™* with a filter of “limit 3 to (humans)”.
References from studies meeting inclusion criteria and relevant reviews which were
identified via the search string were also reviewed for eligibility.

Inclusion and exclusion criteria

Predefined inclusion criteria were: 1) clear documentation of the risk of gastric cancer in
immigrants from a high incidence country relative to native born inhabitants of a low
incidence country; and 2) clear definition of immigrant and reference populations. High
incidence countries were defined as countries with an age standardized rate (ASR) in males
and females greater than 10 per 100,000 of the world standard population, as defined by the
International Agency for Research on Cancer (IARC) 2012 data, while low incidence
countries were defined as an ASR less than, or equal to 10.1° The Preferred Items for
Systematic Reviews and Meta-Analysis (PRISMA) methodology was followed for this
study. 20

Data extraction

Two authors (BP and SCS) reviewed all abstracts for eligibility according to the inclusion
criteria defined above, with discrepancies resolved by DRM. Studies were assessed for
quality using the Newcastle-Ottawa Scale (NOS) Quality Assessment Form for cohort
studies. The following study characteristics were abstracted for each study meeting inclusion
criteria using a standardized data collection form: study design, publication year, basic
population demographics (age, sex), duration of follow-up and/or time interval of the study,
immigrant country of origin, immigrant generation, and the measure(s) of association (e.g.
relative risk, odds ratio). Data were stratified by sex, immigrant country of origin, and
immigrant generation (where available). Anatomic location (cardia vs. non-cardia) and
histologic classification of gastric cancer (intestinal-type vs. diffuse-type) were documented
when provided. Age of immigration was abstracted when provided. Multi-country
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immigrant groups were classified as being high incidence if at least one country in the group
was a high-incidence country as previously defined.

Qualitative Synthesis and Quantitative Statistical Analysis

RESULTS

Details of each study were qualitatively summarized. Meta-analysis of standardized
incidence ratios (SIR) stratified by immigrant generation, gender, and anatomic/histologic
subtype were planned a priori whenever possible. For the other measures of association of
incidence and mortality, results were summarized in tables. Heterogeneity was estimated
with chi-squared and £ test statistics. The chi-squared test suggests heterogeneity between
studies when the P-value is less than 0.15. We further used /2 cut-offs of <30%, 30-59%,
60-75%, and >75% to for low, moderate, substantial, and considerable heterogeneity,
respectively. 21 Random effects models were used to calculate aggregated estimates.
Publication bias was investigated by visual inspection of funnel plots. All statistical analyses
were performed with Stata version SE 13 (Stata-Corp, College Station, TX , USA).

The initial search yielded 188 studies, with 159 unique studies after removal of duplicates.
Eighty-five studies were excluded based on title and abstract screening. Of the 74 full texts
reviewed, 36 were excluded for the reasons detailed in Figure 1. No additional studies were
identified based on review of the cited references. The remaining 38 full texts met all
predefined inclusion criteria. (PRISMA Flow Diagram, Figure 1)

All 38 studies were cohort studies published between 1984-2019 and included data
collected from 1958 to 2014. The details of each of the included studies categorized by
destination country are provided in Tables 1 and 2. Twenty (52.6%) studies reported some
form of gastric cancer incidence rates, twenty (52.6%) studies reported a measure or
estimate of mortality rates, and three (7.9%) studies reported both incidence and mortality
rates. The data sources for these studies included national registries (n=17, 44.7%), state
registries (n=14, 36.8%), city registries (n=4, 10.5%) or a combination of state and national
registries (n=3, 7.9%).

The majority (n=33/38, 86.8%) of studies found statistically significant (p < 0.05) increases
in either the incidence or mortality of gastric cancer in immigrants from certain high
incidence countries or regions immigrating to low incidence countries. The low incidence
destination regions included those in Western Europe, Australia, Brazil, Canada, Israel, and
the U.S. High incidence countries of emigration included those in Eastern Asia, the former
Soviet Union, Eastern Europe, and South America. Studies which were scored as high-
quality and demonstrated increased standardized incidence and mortality ratios among
immigrants from high- to low-gastric cancer incidence countries are detailed in Figure 2.

Incidence of gastric cancer among immigrants from high-to low-incidence regions

All thirteen studies that reported SIRs in first generation foreign-born immigrants from high
incidence countries demonstrated significantly increased gastric cancer incidence rates
compared to the native population. These studies represented 21 distinct populations in 8
nations (Chile, Estonia, Iran, Portugal, Romania, the Former Soviet Union (FSU) /Russia,
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Turkey, the former Yugoslavia) and 8 broader regions (Asia, Asian Arab countries, East
Asia, Eastern Europe, Europe, Other East Europe - Romania, Slovakia, Czechoslovakia,
Czech Republic, Hungry, Bulgaria; Other Europe — a broad group including Portugal,
Albania, former Macedonia, Moldova, Slovenia; South America, Southeast Asia). These
studies found statistically significant increases for both males (SIR range: 1.24-4.50) and
females (SIR range: 1.27-5.05) (Table 1). Combined ratios for males and females were
reported in two papers (SIR range: 1.77-4.27 22:23) and one study only included males in
the analysis (SIR range: 1.28-2.23 24).

The pooled SIR when gastric cancer subtype (anatomic, histologic) was not specified was
1.66 (95% CI 1.52-1.80) for men and 1.83 (95% CI 1.69-1.98), with high risk gastric
cancer, defined as noncardia gastric adenocarcinoma (NCGA), intestinal type gastric cancer,
adenocarcinoma, or unspecified gastric cancer, calculated as 1.66 (95% CI 1.52-1.81) and
1.83 (95% CI 1.68-1.97) for males and females respectively (Table 3).

Gastric cancer-related mortality among immigrants from high-to low-incidence regions

Twenty studies reported gastric cancer-related mortality, which was reported as standardized
mortality ratio (SMR) in half of the studies (n=10/20). Nine of these ten studies reporting
SMR reported an increase in gastric cancer-related mortality, and 7 included populations
from the FSU. One of these seven studies did not report a statistically significant increased
SMR in the FSU immigrant population to Germany2®, but the other six did report
statistically significant increases when migrating to Germany, Canada, and Israel; sex-
specific rates varied from 1.44-1.91 among males, 1.40-2.56 among females, and 1.40-2.56
for combined sexes (Table 2). 2631 Two studies reported increased SMR for first generation
Japanese immigrants to Brazil. One study reported ranges of 61-88 and 49-72 for men and
women from 1980 — 2000 respectively (Japanese mortality in Japan used as a reference, with
the rates listed found to be statistically significant when compared to the Brazilian born
population). 32 The second study reported elevated rates of 97 (95% CI 82-113) and 91
(95% CI1 70-117) for males and females respectively (Japanese mortality in Japan used as a
reference) compared to Brazilian born rates of 58 (95% CI 56-60) and 54 (95% CI 51-58)
for men and women respectively from the period of time analyzed. 33 Additional populations
where mortality in first generation immigrants was found to be increased in included Eastern
Europe, China, Turkey, and an “all immigrants” category in one study. 3437 The
considerable differences in the standards and methods to determine mortality estimates
precluded meta-analysis.

Subsequent immigrant generations

Six (15.8%) of the included studies provided data on multiple generations of immigrants
from areas of high to areas of low gastric cancer incidence or mortality. 33:38-42 Four of the
six studies reported a persistently elevated incidence or mortality rate in second-generation
immigrants compared to the reference population; however, these rates were lower than in
first-generation immigrants in all studies. 3338-40 Of two studies reporting SIR in second
generation immigrants, one demonstrated a retained significant SIR above the reference
population in the “all immigrant” broad subgroup (SIR 1.20, 95% CI 1.02-1.41). 40 One
study of 4,824 (2182 males, 2642 females) second-generation Middle Eastern immigrants
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(total population 900,854) to the United States reported a proportion incidence ratio of 1.18
(95% C1 0.86 — 1.59) and 1.46 (95% CI 1.01 — 2.05) among second-generation males and
females respectively. 38 One study of 281 cases of gastric cancer in second-generation
Japanese immigrants to U.S. reports increased rates of gastric cancer with rate ratios 2.80
(95% CI 2.20 — 3.60) and 2.90 (95% CI 2.03 — 3.70) for males and females respectively. 3°
One study of Japanese descendants in Brazil reported a retained elevated mortality rate for
second-generation male immigrants but not females based on standardized proportional
mortality ratios. (Table 2). 33

Age at the time of Immigration

Only one study provided sufficiently detailed information regarding age of immigration for
immigrant populations. This study reported an increased risk of gastric cancer (SIR 2.79;
95% CI 1.23-6.31) for all immigrants age 0-14 years at the time of immigration to the
Netherlands; however, there was no increased risk of gastric cancer (SIR 1.22 95% CI 0.86—
1.73 and 1.07 95% 0.54-1.35) among immigrants who immigrated at age 15-29 and >=30
years old. 42

Histologic and anatomic subtypes

Only one study distinguished histologic subtypes of gastric cancer based on the Lauren
classification of intestinal- versus diffuse-type gastric cancer. 43 Intestinal-type gastric
cancer was increased in immigrants from the FSU for males (SIR 3.04; 95% CI 2.05-4.50)
and females (SIR 2.78; 95% CI 1.61-4.79). Whether diffuse-type gastric cancer was
increased could not be determined based on the data provided.

One study distinguished histologic subtypes of gastric cancer based on adenocarcinoma
versus signet cell-type gastric cancer. 40 Estimated SIRs for adenocarcinoma varied, but
ranged from 1.4-3.3 fold higher (p<0.05) among the following high risk groups: total
combined immigrants, Former Yugoslavia, Other East Europe, South America, East Asia,
Russia, Asian Arab countries, Southeast Asia, South America, and East Asia. Other
individual high-risk immigrant groups (Other Europe, Turkey, Iran) did not have a
statistically significantly elevated risk of gastric cancer compared to the destination country
population (Sweden).

Anatomic classification of gastric cancer was available in five of the included studies
(13.2%) 23:39.40.44.45 ith the distinction made based on ICD codes in all of these studies
(Table 4). The majority (n=4/5) of these studies reported an increase in NCGA among high-
risk male and female immigrants. One study showed a suggestive trend towards increased
risk of NCGA among high-risk immigrants, though the results of which anatomic subtype
conferred the highest risk were mixed among several immigrant groups. 4% The pooled SIR
among first generation immigrants with gastric cancer types of NCGA or unspecified
resulted in a pooled SIR of 1.62 (95% CI 1.47-1.76) and 1.80 (95% CI 1.65-1.95) for males
and females respectively (Table 3). A restricted analysis to only NCGA demonstrated pooled
SIRs of 1.56 (95% CI 1.21-1.91) and 1.80 (95% CI 1.56-2.05), while an analysis of only
CGA demonstrated pooled SIRs of 1.67 (95% CI 1.17-2.18) and 1.69 (95% CI 1.13-2.25)
for males and females respectively (Table 3).
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Heterogeneity and risk of bias assessment

There was significant heterogeneity among studies included for the meta-analysis (/# range
29.7 to 80.8, Table 3). This is more likely secondary to true differences in immigration
populations (biology and environmental factors), background cancer incidence, and study
design, as opposed to random sampling variation.2! Inconsistency was higher for estimates
in males compared to females (66—-80% vs. 10-68% variation across studies, respectively),
which might reflect the wide confidence intervals for the sex-specific SIRs reported from
one Swedish study, which was heavily weighted in meta-analysis, and less likely true
differences in biologic variability to this high degree.%0 Based on the NOS for cohort studies,
34 (89.5%) were scored as good quality (Supplemental Table S1 NOS). These studies
controlled for major confounders such as age and sex in reporting rates of gastric cancer and
contained data from well-maintained registries. Four studies were score as poor quality and
were limited by their duration of follow-up and small numbers of patients from high-risk
countries. 26.:33:46,47

Funnel plot analysis limited to the twelve studies that reported SIR (see Supplement Figure
1) demonstrated moderate risk of publication bias, with absence of large studies with SIR >
3 (high effect) and paucity of small sample studies in general.

Negative Studies

In the five studies showing no significant increase in gastric cancer risk in immigrants from
high to low incidence regions), four assessed disease specific mortality by various
methodologies, and one study was restricted to second-generation immigrants,25:41,42:46.48

DISCUSSION

In this comprehensive systematic review of the literature and meta-analysis we identified a
consistently higher gastric cancer risk among foreign-born immigrants who emigrate from
countries of high gastric cancer incidence to countries of low incidence. Thirteen studies
reported SIR and represented 21 distinct populations in the 8 nations and 8 broader regions,
with all reporting significantly higher gastric cancer risk in the immigrant populations
ranging from 1.08 to 5.05-fold higher compared to the reference low-incidence destination
country populations. Pooled SIRs stratified by sex and anatomic subtypes revealed a 1.56 to
1.83-fold higher risk for gastric cancer among immigrants, with NCGA risk calculated to be
1.56 (95% CI 1.21-1.91) and 1.80 (95% CI 1.56-2.05) for males and females respectively.
Gastric cancer-related mortality was also overall increased among immigrants irrespective of
sex. Importantly, elevated risk was retained in second-generation immigrants, albeit slightly
lower compared to the first-generation counterparts. Collectively, these data suggest that
foreign-born immigrants from regions where gastric cancer is endemic remain a high-risk
population within otherwise low incidence countries. This may have important implications
for focused gastric cancer screening and the surveillance among high-risk immigrant groups,
as well as other targeted preventative or therapeutic interventions.

The phenomenon of importing risk with infection-associated malignancies has been
observed with other cancers, including hepatocellular carcinoma in Asian immigrants
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(hepatitis B), and cervical cancer in Latino immigrants (human papilloma virus). 49-52
Gastric cancer pathogenesis is multifactorial and is the result of microbial, environmental,
behavioral and host (genetic) determinants. For NCGA, which accounts for vast majority of
gastric cancer cases globally, H. pyloriinfection plays a leading role in pathogenesis, with
an attributable risk of 80-90%. 5354 While an estimated 4.4 billion people worldwide are
infected with H. pylori, there are marked global and regional variations in prevalence. In
high prevalence areas, colonization generally occurs in early in childhood’ , which is
important since it is the cumulative time of exposure to H. py/ori infection is a strong
determinant of cancer risk. °°

While traditional risk factors such as male sex, age, family history, and tobacco use
contribute to the risk of gastric cancer, the level of acculturation following emigration also
influences gastric cancer risk. Using the California Cancer Registry data from 1988-2004,
Chang, et.al found that NCGA was increased in Hispanics with the following characteristics:
foreign-born, lower socioeconomic status, and residence in higher enclave neighborhoods,
the latter of which is a surrogate marker of less acculturation. 56 Dietary habits also parallel
acculturation and may be one important factor for the observed decrease in gastric cancer
rates with subsequent generations living in low incidence regions. 175758 _evel of
acculturation might explain why some groups have a more rapid decrease in gastric cancer
rates upon emigration (e.g. Japanese Americans) compared to other groups (e.g. Korean
Americans). %9 Recognizing the differential cancer risk profile in immigrant groups is
essential for optimizing preventative care.

Lee et.al. noted that the incidence of gastric cancer in Korean-Americans is similar to the
incidence of colorectal cancer in the U.S. population, a cancer routinely screened for in the
U.S., and is estimated to be over five times higher than the incidence of NCGA among U.S.-
born whites. 69 For this reason, some consensus recommendations advise a test and treat
strategy for H. pyloriamong immigrants from endemic countries. 61:62 Furthermore, the
American Society of Gastrointestinal Endoscopy (ASGE) Standards of Practice Committee
suggest considering screening for gastric cancer for first generation U.S. immigrants over 40
years old who are from certain high-risk areas, including Japan, China, Russia, and South
America. 63 Our study emphasizes the importance of further investigations to determine if an
evidence-based recommendation generalizing this statement to immigrants from any high-
incidence area can be made.

What are the implications for the U.S. immigrant populations? There are 43 million foreign-
born individuals who reside in the U.S. using data from IARC GLOBOCAN, the Migration
Policy Institute, and the U.S. Census Bureau. 54.65 We estimate that 29.4% or 12.73 million
of these individuals have emigrated from high incidence areas (Supplemental Table S-2). It
is estimated that 7.53 million (59.3%) of foreign-born immigrants are over age 40. %6 The
largest U.S. immigrant populations from high incidence regions include China, El Salvador,
Vietnam, Korea, and Guatemala. Other populations from particularly high incidence regions,
yet with modest populations in the U.S. include: Colombia, Ecuador, Iran, Russia, Ukraine,
Japan, Portugal, Turkey, Chile, Costa Rica, Bulgaria, Belarus, Uruguay, Lithuania, and
Latvia. The foreign-born immigrant populations have settled in diverse locations, lending a
“geographic variability” of high risk populations in the U.S., with the state of California and
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New York City hosting large at-risk populations (Supplement Table S3). While Mexico is
considered a low incidence nation overall according to IARC data, there are regions of
Mexico, primarily those states which are contiguous with Central America (e.g., Chiapas),
that are considered high incidence and mortality areas based on the highest quality data.
67-69 This is particularly relevant when we acknowledge that Mexican immigrants represent
the most populous U.S. immigrant group (approximately 11.6 million). We calculate that the
seven high-risk states in Mexico account for 25.2% of the Mexican foreign-born immigrants
for the years 2004—2015, the most recent data (Supplemental Table S4). 7°

While our comprehensive systematic review of the published literature identified supportive
evidence that immigration status and country of origin are important metrics for gastric
cancer risk stratification, our study is not without limitations. The principal limitations were
the heterogeneous nature of existing studies and in some cases insufficient details for formal
meta-analysis (e.g. age of immigration). The magnitude of the effect size of the SIR was
possibly diluted by the inclusion of broad groups which included immigrants from countries
that were not high risk, such as groups like “Middle East”. Because we focused our present
analysis on immigrant status we are unable to comment on specific racial and ethnic
variations in gastric cancer risk within countries since studies were only included if place of
birth was provided. We also acknowledge that reliance on ICD coding can sometimes be
problematic in discriminating histologic and anatomic subtypes of gastric cancer. The fact
that all data included in this systematic review came from well-maintained registries and that
a consistent increase in risk was observed across studies supports the validity of our
findings. The majority of studies had large sample size and adequate patient-years follow-
up. Cancer incidence, more so than mortality and survival, is most closely linked to etiology
and risk factors, to identify at-risk populations, which helps explain the lack of positive
findings in the studies that looked at cancer specific mortality. /1 Publication bias is
important to consider as cohort studies that did not find an association between stomach
cancer and immigrant populations might be underreported. This concern is somewhat
mitigated by the fact that several of the studies were large population studies that reported
results for multiple malignancies.

Foreign-born immigrants from high gastric cancer incidence regions, who immigrate to low
incidence regions, such as the U.S., remain at increased risk for gastric cancer and
potentially gastric cancer-related mortality. Further research regarding the efficacy and
effectiveness of focused screening for early gastric cancer and/or surveillance of
premalignant lesions is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What You Need to Know
Background:

The effect of immigration on gastric cancer risk is not well-defined but might be helpful
for screening or surveillance endeavors. We performed a systematic review and meta-
analysis to define the risk of gastric cancer in immigrants from high-incidence regions to
low-incidence regions (Western Europe, Australia, Brazil, Canada, Israel, and the United
States).

Findings:

Immigrants from regions with a high incidence of gastric cancer in regions of low
incidence maintain a higher risk of gastric cancer and related mortality.

Implications for Patient Care:

Assessment of immigrant generation along with other risk factors might help identify
high-risk populations for prevention and therapeutic interventions.
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Records identified through EMBASE

Records identified through MEDLINE

(n=142) (n=46)
A4 4
Records after duplicates removed
(n=159)
4
Records screened N Records excluded
(n=159) (n=85)
A4
Full-text articles assessed Full-text articles excluded, with
for eligibility > reasons (n = 36}
(n = 74) e Not high to low migration
(12)
e  Migrant population not
clearly defined (13)
*  Migration was not between
countries (4)
¢ No measure association for
GC by immigrant status
reported (5)
v ¢  Some dataset without
o . additional analysis as
Studies included in another publication (1)
qualitative synthesis e Data was projected (1)
(n=38)

Figure 1.
PRISMA Flow Diagram
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Figure 2. Increased gastric cancer incidence and mortality observed in first generation
immigrants

Graphic summary of 26 studies considered to be higher quality reporting standardized
incidence ratios (SIR) and standardized mortality ratios (SMR). Details and references
available on Table 1 and 2. With the exception of Sweden, all data is specific for first
generation immigrants. Migration from Latin America to the United States is not diagramed
due to absence of SIR or SMR estimates.
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Table 1:

Immigrant Gastric Cancer Risk Study Characteristics
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Czene, 2002 76

Estonia,

Incidence Ratio
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Group
Country Authors and Year . Type of Ratio Increase Magnitude
Country/Region Sex Generation
(M,F) (1st, 2nd)
All immigrants,
East Asia and
Canada Sutradhar etal., Pacific, Europe Both 1t Hazard Ratio Yes 1.10-4.44
2018 72
and Central Asia,
China, Korea
All immigrants,
Ducarroz et al., 2015 Former Standardized
Denmark 24 Yugoslavia, Men 1st Incidence Ratio Yes 1.28-2.23
Europe
Kaucher, Kajter . .
N il Former Soviet ¢ Standardized
Beche;bfasvz\l;nkler, Union Men 1 Incidence Ratio es 1.62
Cho, Jaehn, . .
Holleczek, Becher, Forr[]l'enrigr?wet Both 1st msc%l?irg g:?i o Yes 2.22-2.32
& Winkler, 2018 28
Former Soviet Standardized
43 —
Germany Jaehn et al., 2016 Union Both 1st Incidence Ratio Yes 1.98-3.04
Winkler, Holleczek . .
. ! Former Soviet Standardized
thcer?er?azlgrl’ﬁg Union Both Lst Incidence Ratio es 2.68-3.04
Winkler, Ott,
Holleczek, Former Soviet Standardized
Stegmaier, & Union Both 1st Incidence Ratio Yes 144-281
Becher, 2009 2°
Netherlands m Standardized
Arnold et al., 2013 Turkey Both 1st Incidence Ratio Yes 1.7-2.2
Turkey Both 1st Standardized Yes 1.4-1.9
45
Arnold et al., 2011 Incidence Ratio
Norway Hjerkind ?} al., 2017 Eastern Europe Both 1st Age Stgr;?:rdlzed Yes 7.5-13.4
All immigrants,
High Risk
Countries, South
America, Other
Mousavi & East Europe, Standardized
Hemminki, 2015 40 Asian Arab, Both Both Incidence Ratio Yes 1.20-4.18
Southeast Asia,
East Asia, Former
Yugoslavia, Iran,
Russia, Turkey
Mousavi, Sundquist, .
& Hemminki, 2013 Chile Men 1st Age Standardized |y 176
Sweden 75 Incidence Rate
High Risk
Mousavi et al., 2012 Countries, Other Standardized
23 Countries, All Both 1st Incidence Ratio Yes 177-2.33
Immigrants
I : Eastern Europe, .
Hemminki & L1, Asiz, All Both 2nd Standardized No 78-4.37
2002 descendants Incidence Ratio
PP All immigrants, i
Hemminki, Li, & Eastern Europe, Both 1st Standardized Yes 1.24 -5.05
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Group
Country Authors and Year S . Type of Ratio Increase Magnitude
: ex Generation
Country/Region (M.F) (1st, 2nd)
Yugoslavia, Asia,
Turkey, Romania
Nilsson et al., 1993 . Standardized
77 Estonia Both 1st Incidence Ratio Yes 1.56-2.04
. : Proportional
38 _
Ziadeh et al., 2017 Middle East Both Both Incidence Ratio Yes 1.46-3.13
Kamllg(geglsgt al. Japan, China Both Both Rate Ratio Yes 2.2-5.8
3 year Age
. Adjusted 172 per
28
United States Cho et al., 1996 Korea Both 1st Cumulative Yes 100000
Incidence Rate
Gregorio et al.., 1992 Standardized
2 Portugal Both 1st Incidence Ratio Yes 4.27
Maskarinec & Noh, Japan Both 1st Migration Effect™ |~ Yes 2.06-2.77

2004 18

*

« Not an incidence rate.
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Table 2.
Immigrant gastric cancer mortality data
Group
Country Authors and Year Country/ Sex Generation Type of Ratio Increase Magnitude
Region (M,F) (1st, 2nd)
McCredie . .
- o ' Eastern Relative Risk of Death
Australia Williams, &7§,oates, Europe Both 1st from Cancer Yes 2.0-3.1
1999
Hemelrijck, Valk, & ; ; 27.6 (18.6—
; Indirectly Standardized 6 (18.
Belgium Vandenh;e;zde, 2017 Turkey Female 1st Mortality Rate Yes 39'4)51
Iwasaki et al., Standardized Mortality b
2008%2 Japan Both 1st Ratio Yes 49-88
Brazil StandardizedMortality
Ilwasaki et al., 1st, 2nd for Ratio and Standardized b
200433 Japan Both male only Proportional Mortality es 91-118
Ratio
Newman & Soviet Standardized Mortality c
Canada Spengler, 1984 26 Union Both 1st Ratio Yes 161-256
Kaucher, Kajuter, Former . .
Becher, & Winkler, Soviet Both 15t Standardgsﬂ OMortaI ity Yes 1.52-1.62
2018 %7 Union
Cho, Jaehn, Former . B
Holleczek, Becher, Soviet Both 1st Standardized Mortality Yes 1.91-2.15
& Winkler, 2018 28 Union
Germany Winkler, Ott, Former
Holleczek, - Standardized Mortality
Stegmaier, & a?]\%er: Both 1st Ratio Yes 1.44-2.81
Becher, 2009 2°
Kyobutungi, Former
Ronellenfitsch, - Standardized Mortality
Razum, & Becher, i?]\%er: Both 1st Ratio No 1.44-1.45
2006 %
Jordis Jennifer Ott, Former . B
Israel Paltiel, & Becher, Soviet Both 1st Standardized Mortality Yes 1.85-1.86
2009 & Union
Siemerink, van der 055 (0.43
Aa, Siesling, Non- Relative Excess Risk of . o
Hospers, & Mulder, western Both 1st Dying No 0.70)d
Netherlands 201146
Stirbu etal., 2006% | . Sgnts Both 1 Relative Risk ﬁ;cancer No 1.05-135
Sweden N"Slsé’;ﬁg al, Estonia Both 1t Excess Mortality Rate No 12.3-42.2%°¢
All
Singh & Miller, immigrant Average Annual Age
2004 81 s, China, Both 1st Adjusted Death Rates Yes 161-2.19
Japan
United States Relative Risk of Age
Fang, Madhavan,;% China Both 1st Adjusted Annual Death Yes 1.4-15
Alderman, 1996 Rate
Stellman & Wang, . Standardized Proportional f
1994 35 China Both Ist Cancer Mortality Ratio Yes 44-.60
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Group
Country Authors and Year Country/ Sex Generation Type of Ratio Increase Magnitude
Region (M,F) (1st, 2nd)
Multiple:
Denmark,
EQ/%/I:IZS & Eastern ) )
France Ikram et al., 2016 36 Europe, Both 1st Mortality Rate Ratio Yes 1.88-1.97
Netherlands, Turkey
Scotland,
Spain
Multiple:
Belgium,
Denmark, Spa;'gf;g al, Turkey Both 1st Mortality Rate Ratio Yes 1.35-1.69
France,
Netherlands
Multiple: 8 Former . .
Israel and RO”e"gg‘;;S%‘ etal, Soviet Both 1st StandardgggoMortallty Yes 1.44-1.83
Germany Union
Multiple: Jordis J Ott, Paltiel, Former . .
Israel and | Winkler, & Becher. Soviet Both 1st Standardized Mortality Yes 1.42-1.83
Germany 2008 3t Union
Notes:

4 Belgium female ISMR was 8.9 with 95% CI of 8.5-9.4

b . . . .
« Japanese mortality rate in Japan used as baseline with reference 100

c . . . .
« Canadian mortality ratio of 100 is reference

d A . ’
« 1 was reference for both western immigrants and native patients

e . . .
« Reference values were given for dichotomous age groups and two categories of follow up (1, 5 years). The authors noted that these were not
statistically significant but did not provide confidence intervals for this estimate

f- Chinese mortality rate in China used as a baseline with a reference of 1.0

« Statistics listed if they reached statistical and clinical significance as specified by the authors. All statistically significance ratios were greater than
the reference low incidence country when considering confidence intervals of at least 95%. Region counted as high risk if at least one of the
countries in the region included a high risk country.
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Table 3:

Pooled estimates of standardized incidence ratios (SIR) using a random effects meta-analysis model for first
generation immigrants from all high risk countries or areas by anatomic and histologic subtypes where data is
available

Pooled SIR  95% ClI 12
All Gastric Cancer
Female (n=10) 27:28,29,40,43,44,45,73,76, 77 183 (1.69-1.98) 295
Male (n=11) 24 27,28,29,40,43,44,45,73,76,77 1 66 (1.52-1.80) 70.1
High risk Gastric Cancer ™
Female (n=9) 27+ 28. 29, 40, 43,44, 45,73,76 1.83 (1.68-1.97) 29.7
Male (n=10) 2427, 28,29, 40,43, 44, 45,73,76 1.66 (1.52-1.81) 70.7
Anatomic Subtypes
Noncardia Gastric Cancer or Unspecified
Female (n=9) 27 28, 29, 40, 44,45, 73,76, 77 1.80 (1.65-1.95) 33.9
Male (n=10) 24:27,28,29,40,44,45, 13, 76,77 1,62 (1.47-1.76)  70.2
Noncardia Gastric Cancer
Female (n=3) 404445 1.80 (1.56-2.05) 10.4
Male (n=3) 404445 1.56 (1.21-1.91) 8038
Cardia Gastric Cancer
Female (n=3) 404445 1.69 (1.13-2.25) 685
Male (n=3) 404445 1.67 (1.17-2.18) 66.3

« Abbreviations: Standardized Incidence Ratio (SIR)

*
« Non-cardia, unspecified, intestinal type, or adenocarcinoma
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Table 4:
Distribution of Risk by Anatomic Location
CGC NCGA
Study Ratio Group
Female Male Female Male
Armold et al., 20134 SIR Turkey 0.8 (.4-1.6) 0.7 (0.5-1.0) 2.1(1.7-2.6) 2.2 (1.9-2.6)
. 1.46 (1.36— 1.31 (1.23-
All Immigrants 1.39 (1.28-1.50) 157) 1.40 (1.30-1.52) 1.40)
High Risk 1.26 (0.80-1.89) 2.33(1.90-2.83)
. 3.95 (2.60- 1.62 (1.05-
South America 3.32(1.97-5.25) 5.75) 1.57 (.83-2.68) 2.38)
. - Other East 2.51(1.92- 2.18 (1.80-
Mousav;(ﬁé—lfommlnkl, SIR Europe 2.00 (1.38-2.81) 3.29) 2.32 (1.74-3.02) 2.62)
. 1.96 (1.04— 1.01 (0.61—
Asian Arab 4.08 (2.33-6.63) 3.35) .98 (.40-2.03) 157)
Southeast Asia | 3.83 (1.75-7.27) nia 246118452 [ 1 %36‘
. 1.48 (0.54— 2.00 (1.12—
East Asia 4.18 (2.09-7.48) 3.23) 2.53 (1.22-4.66) 3.30)
High Risk
Countrios 1.26 (0.8-1.89) 2.23(1.90-2.83)
i 23
Mousavi et al. 2012 SIR Other Countries 0.89 (0.18-2.61) 2.15 (1.25-3.44)
All immigrants 1.18 (0.77-1.72) 2.25 (1.86-2.70)
Amold et al., 2011 45 SIR Turkey 0.6 (0.2-1.5) 0.6 (0.4-0.9) 1.7 (1.3-2.3) 1.9 (1.6-2.3)
Japan 1.7 (0.77-3.9) 5.6-6.5"
- 39 Rate
Kamineni et al.,1999 Ratio
China 0.37 (0.16-0.86) 18-7.9%

Notes:

« Abbreviations: CGC (cardia gastric cancer), NCGA (non-cardia gastric adenocarcinoma), SIR (standardized incidence ratio)

*
« Pylorus, body, and unknown are distinguished in the manuscript.

« Male and female gender were grouped into one cell if they were analyzed together.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2021 February 01.




	Abstract
	INTRODUCTION
	METHODS
	Data Sources and Searches
	Inclusion and exclusion criteria
	Data extraction
	Qualitative Synthesis and Quantitative Statistical Analysis

	RESULTS
	Incidence of gastric cancer among immigrants from high-to low-incidence regions
	Gastric cancer-related mortality among immigrants from high-to low-incidence regions
	Subsequent immigrant generations
	Age at the time of Immigration
	Histologic and anatomic subtypes
	Heterogeneity and risk of bias assessment
	Negative Studies

	DISCUSSION
	Conclusion

	References
	Figure 1
	Figure 2
	Table 1:
	Table 2.
	Table 3:
	Table 4:

