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Abstract
Background: Racial/ethnic differences in mortality have not been well studied for 
either non-cardia gastric cancer (NCGC) or cardia gastric cancer (CGC). The aim of 
this study was to examine the US mortality rates for these cancer subtypes, as well as 
esophageal adenocarcinoma (EAC) as a comparator.
Methods: We identified 14 164 individuals who died from NCGC, 5235 from CGC, 
and 13 982 from EAC in the Surveillance, Epidemiology, and End Results database 
between 2004 and 2016. Age-adjusted incidence-based mortality rates and corre-
sponding annual percent changes (APCs) were calculated. Analyses were stratified 
by race/ethnicity, age, and stage of disease at diagnosis.
Results: The mortality rate in NCGC was two- to threefold higher in blacks, 
Hispanics, and Asians/Pacific Islanders (PI) than non-Hispanic whites, and was sig-
nificant across all age groups and stages of disease (P < .01). Mortality in CGC was 
higher in non-Hispanic whites than blacks and Asians/PI, particularly in individuals 
in the 50-64 year age group and those with stage IV disease. Mortality in EAC was 
two- to sixfold higher in non-Hispanic whites than all other groups across all age 
groups and stages of disease. From 2004 to 2016, mortality rates were stable across 
all racial/ethnic groups in NCGC and CGC, and in minority groups with EAC, but 
have been rising in non-Hispanic whites with EAC (APC 3.03, 95% CI 0.17-5.96).
Conclusions: This is the largest study of incidence-based mortality in CGC and 
NCGC and demonstrates racial/ethnic differences in mortality between these sub-
types. Mortality rates for NCGC are highest in minority groups, and have been stable 
in recent years despite declining incidence. Mortality rates for CGC are marginally 
higher in middle-aged non-Hispanic whites with advanced disease, though have re-
mained stable. In contrast, mortality in EAC has been rising for non-Hispanic whites, 
in parallel to incidence. Further studies are needed to refine prevention strategies for 
high-risk individuals dying from these specific cancer subtypes.
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1  |   INTRODUCTION

The two anatomic subtypes of gastric cancer, those of car-
dia and non-cardia origin, predominantly impact oppo-
site racial/ethnic groups.1-3 The incidence of non-cardia 
gastric cancer (NCGC) is higher among minority groups 
(including blacks, Hispanics, Asians/Pacific Islanders, 
and American Indian/Alaska Natives) than non-Hispanic 
whites, while cardia gastric cancer (CGC) has higher inci-
dence in non-Hispanic whites than other groups.2-5 Trends 
of CGC have paralleled those of esophageal adenocarci-
noma (EAC), suggesting that CGC may be a more similar 
disease to EAC than to NCGC.4,5

While these distinct racial/ethnic incidence patterns in 
NCGC and CGC are established, few studies have com-
pared differences in survival and mortality trends among 
racial/ethnic groups in these cancer subtypes. Several 
studies assessed survival and death certificate mortality 
in gastric cancer overall, yielding mixed results.6-13 Some 
showed no differences, while others showed higher sur-
vival among Asians/Pacific Islanders and inconsistent out-
comes in Hispanics.6-10

A major limitation in these studies was that they did not 
stratify outcomes by anatomic subtype for different racial/
ethnic groups. Given that CGC and NCGC appear to be dis-
tinct disease processes, it is important to understand which 
subpopulations are at highest risk of dying from each so that 
interventions can be targeted appropriately. The only study 
that did investigate this breakdown in both NCGC and CGC 
utilized the California Cancer Registry and showed no sig-
nificant differences in survival with respect to race/ethnic-
ity in CGC, but better survival in Asians/Pacific Islanders 
than non-Hispanic whites in NCGC.14 Two studies looked 
at outcomes in NCGC alone and also found racial/ethnic 
differences. Wang et al showed higher survival in Asians 
than Caucasians, while Schlansky et al found higher death 
certificate mortality in non-white races than whites.15,16 By 
comparison, data in EAC have been mixed, but most stud-
ies suggest no racial/ethnic differences in survival, similar 
to CGC.17-19 These distinctions between trends in CGC and 
NCGC suggest a need for larger, dedicated studies to exam-
ine outcomes in CGC (which may resemble EAC) separately 
from NCGC.

Incidence-based mortality is a mortality assessment 
that allows for the partitioning of data by variables asso-
ciated with cancer onset, such as age and stage, which is 
not possible with death certificate mortality alone.20 It 
has proven to be a valuable measure in other types of ma-
lignancy.20-22 Given the critical need to better understand 
mortality trends between gastric cancer subtypes, the aim 
of our study was to examine differences in incidence-based 
mortality in CGC and NCGC, as well as EAC for compari-
son, in the US population.

2  |   METHODS

2.1  |  Data source

This study utilized the database of the Surveillance, 
Epidemiology, and End Results (SEER18) Program 
of the National Cancer Institute, which includes 18 
cancer registry areas (Alaska Native Tumor Registry, 
Connecticut, Georgia Center for Cancer Statistics (in-
cludes 3 registry areas), Greater Bay Area (2 regis-
try areas) and Greater California Cancer Registries, 
Hawaii, Iowa, Kentucky, Los Angeles, Louisiana, New 
Mexico, Seattle–Puget Sound, Utah, Detroit, and New 
Jersey) and covers 28% of the US population.23,24 We 
used the SEER18 incidence-based mortality database 
for all analyses.24 It should be noted that this database 
excludes data from Louisiana due to the impact of hur-
ricanes Katrina and Rita in 2005.25 The data that sup-
port the findings of this study are available from the 
Surveillance, Epidemiology, and End Results (SEER) 
Program (www.seer.cancer.gov) SEER*Stat Database 
(2004-2016), National Cancer Institute, DCCPS, and 
Surveillance Research Program, released April 2019, 
based on the November 2018 submission. Underlying 
mortality data were provided by NCHS (www.cdc.gov/
nchs).24 Given that all SEER data are de-identified, 
Institutional Review Board (IRB) approval was not re-
quired for this study.

2.2  |  Study population

Data for patients aged 20 years or older who were diag-
nosed with NCGC, CGC, or EAC from 2004 to 2016 were 
extracted from the SEER18 database using SEER*Stat 
(version 8.3.5).26 Racial and ethnic classifications of 
patients were based on those established for the SEER 
cancer registry, including non-Hispanic white, Hispanic, 
black, and Asian or Pacific Islander. Other races/ethnici-
ties were excluded from this analysis. Cancer stage was 
based on the sixth edition of the AJCC Cancer Staging 
Manual; patients with unknown stage were excluded. We 
also excluded cases were diagnosed only by autopsy or 
death certificate.

CGC patients were defined as those with a primary 
site of C16.0 (cardia), and NCGC patients were defined as 
those with a primary site of C16.1-C16.6 (for fundus, cor-
pus, antrum, pylorus, and lesser and greater curvatures, re-
spectively). EAC patients were defined using International 
Classification of Diseases for Oncology (ICD-O-3) histology 
codes 8050, 8140-8147, 8160-8162, 8180-8221, 8250-8507, 
8514, 8520-8551, 8560, 8570-8574, 8576, and 8940-8941. 
Patients with cancers with overlapping tumor locations or 
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cancers for which the tumor location was not specified were 
excluded.

2.3  |  Statistical analysis

The primary outcome in this study was incidence-based 
mortality due to NCGC, CGC, or EAC, which was 
characterized by age-adjusted incidence-based mortal-
ity rates. Unlike death certificate mortality, incidence-
based mortality is an assessment that involves tracking 
cases from diagnosis to death so each mortality event 
can be linked to characteristics at the time of diagnosis, 
such as age and cancer stage.20,21 Rates were calculated 
as cancer deaths among cases diagnosed over person-
time at risk and age-adjusted to the 2000 US standard 
population. Rates are reported as per 100  000 popula-
tion. Corresponding annual percent change (APC) in 
mortality was calculated between 2004 and 2016 using 
the weighted least squares regression method to assess 
trends.27 The P-value was calculated for each APC using 
t tests to determine whether the trend was significantly 
different from zero. Mortality analyses were stratified 
by race/ethnicity, age, and stage of disease at diagno-
sis (I-IV). Rates of black, Hispanic, and Asian patients 
were each compared to non-Hispanic whites within each 
age and stage category using the rate ratio method. All 

statistical analyses were performed using SEER*Stat 
8.3.5 software.26 Results were statistically significant if 
P < .05.

3  |   RESULTS

A total of 14 164 deaths from NCGC, 5235 from CGC, and 
13 982 from EAC were identified in the SEER18 database. 
Patients with cancers with overlapping tumor locations 
(n  =  3648) or cancers for which tumor location was not 
specified (n = 6989) were excluded. Patients with unknown 
disease stage at the time of diagnosis (n  =  744 in CGC, 
n = 2103 in NCGC, and n = 2193 in EAC) were excluded. 
Among individuals with known stage at diagnosis, non-
Hispanic Native Americans/Alaska Natives, and those with 
unknown race/ethnicity were excluded due to small sample 
size (n = 43 for CGC, n = 172 for NCGC, and n = 87 for 
EAC).

Table 1 shows the number of deaths for each malignancy 
stratified by sex, age, race/ethnicity, and stage at the time 
of diagnosis. All cancers had larger proportions of males 
affected than females, though this was more pronounced 
in CGC (75.1% male) and EAC (86.7% male) than NCGC 
(56.1% male). NCGC impacted more individuals aged 20-49 
(11.3%) than CGC (9.7%) or EAC (6.4%), and more individu-
als over age 65 (65.6%) than CGC (59.3%) and EAC (60.4%). 

Non-cardia gastric 
cancer

Cardia gastric 
cancer

Esophageal 
adenocarcinoma

Total Subjects 14 164 5235 13 982

Sex

Male 7937 (56.1%) 3980 (75.1%) 12 115 (86.7%)

Female 6227 (43.9%) 1255 (23.9%) 1867 (13.3%)

Age

20-49 1546 (11.3%) 508 (9.7%) 888 (6.4%)

50-64 3280 (23.1%) 1625 (31.0%) 4654 (33.3%)

65+ 9338 (65.6%) 3102 (59.3%) 8440 (60.4%)

Race/Ethnicity

Non-Hispanic White 6076 (42.9%) 3707 (70.8%) 12 437 (89.0%)

Black 2088 (14.7%) 399 (7.6%) 332 (2.4%)

Hispanic 3323 (23.4%) 469 (8.9%) 957 (6.8%)

Asian/Pacific 
Islander

2677 (18.9%) 660 (12.6%) 256 (1.8%)

Stage

I 2227 (15.7%) 782 (15.0%) 1432 (10.2%)

II 1530 (11.0%) 556 (11.0%) 2198 (15.7%)

III 2074 (14.6%) 562 (10.7%) 2991 (21.4%)

IV 8333 (58.8%) 3335 (63.7%) 7361 (52.6%)

T A B L E  1   Deaths from cardia and 
non-cardia gastric adenocarcinoma and 
esophageal adenocarcinoma according to 
sex, age, race/ethnicity, and stage at the time 
of diagnosis
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A majority of the cancers in this study were diagnosed at ad-
vanced stages, particularly stage IV (58.8% of NCGC, 63.7% 
of CGC, and 52.6% of EAC).

The age-adjusted incidence-based mortality rate (per 
100  000 population) for NCGC was 0.675, for CGC was 
1.859, and for EAC was 2.281. Overall mortality rates be-
tween 2004 and 2016 were stable for CGC (APC 1.55, 95% 
CI −1.22-4.40, P  =  .26) and NCGC (APC 0.49, 95% CI 
−1.955-2.98, P = .68), but were rising for EAC (APC 2.38, 
95% CI 0.41-5.24). This is illustrated in Figure 1.

Mortality in NCGC was two- to threefold higher in blacks 
(3.38 per 100 000 population), Hispanics (3.47), and Asians/
Pacific Islanders (3.77) than in non-Hispanic whites (1.13). 
These differences were statistically significant, with P < .01 
for each group (see Figure 2). Mortality rates by race/ethnic-
ity were further stratified by age and stage of disease at the 
time of diagnosis in order to account for potential differences 
in severity of disease. Racial/ethnic differences in mortality 
rates remained significant across all age groups and stages 
of disease, with a P-value < .01 in all groups (see Table 2). 
Corresponding APCs in mortality rates were also calculated. 
From 2004 to 2016, mortality rates for NCGC did not change 
significantly when assessed for individual racial and ethnic 
groups (see Figure 3A).

Mortality in CGC was slightly lower in blacks (0.61 per 
100 000 population) and Asians/PI (0.64 per 100 000 pop-
ulation) than non-Hispanic whites (0.69 per 100  000 pop-
ulation), and these differences were statistically significant 
(P-values < .01, see Figure 2). There was no difference be-
tween non-Hispanic whites and Hispanics (0.67 per 100 000 
population). When stratified by age, mortality was signifi-
cantly higher in non-Hispanic whites aged 50-64 than other 
racial/ethnic groups in that age range (see Table  2). When 
stratified by stage, mortality was higher in whites diagnosed 
with stage IV disease, than blacks or Asians/PI (see Table 2). 
From 2004 to 2016, mortality rates have been stable across 
all racial/ethnic groups with CGC (see Figure 3B).

On the other hand, mortality was 2.3- to 6.4-fold higher 
in EAC in non-Hispanic whites than blacks, Hispanics, 
and Asians/Pacific Islanders (P  <  .01 for each group, see 
Figure 2). Mortality rates by race/ethnicity were stratified by 
age and stage of disease at the time of diagnosis, and these 
differences remained statistically significant across all age 
groups and stages of disease (P-values < .01, see Table 2). 
From 2004 to 2016, mortality rates were stable in minorities 
with EAC, but have been rising in non-Hispanic whites with 
EAC (APC 3.03, 95% CI 0.17-5.96, see Figure 3C).

4  |   DISCUSSION

In this study, we found that overall incidence-based mortality 
rates have been stable for CGC and NCGC in recent years, 
but have been rising for EAC. Mortality was significantly 
higher in minority groups with NCGC than non-Hispanic 
whites. Mortality rates for CGC are marginally higher in 
non-Hispanic whites than blacks or Asian/PIs, particularly in 
middle-aged individuals with advanced disease. In contrast, 
mortality in EAC is higher in non-Hispanic whites than mi-
nority groups. Therefore, this study found distinct racial/eth-
nic mortality patterns among these three disease processes.

This is the first study to demonstrate a difference in mor-
tality between different races/ethnicities in CGC, though this 
difference is marginal and mainly seen in middle-aged indi-
viduals with advanced disease. One prior study found no sig-
nificant differences in survival; however, that study utilized 
the California Cancer Registry and it is possible that survival 
and mortality trends may differ by region in the US.14

While one prior study demonstrated a rising inci-
dence-based mortality in EAC, ours is the first study to as-
sess this outcome by race/ethnicity.28 Notably, results are 
different than we would expect given observed survival 
trends in prior studies, which showed no differences in sur-
vival by race/ethnicity once adjusted for other factors, such 

F I G U R E  1   Incidence-based mortality 
trends for cardia gastric cancer (APC 1.55, 
95% CI 1.22 to 4.40), noncardia gastric 
cancer (APC 0.49, 95% CI 1.955 to 2.98), 
and esophageal adenocarcinoma (APC 2.38, 
95% CI 0.4s1 to 5.24). APC, Annual Percent 
Change
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as treatment modality and comorbidities (though non-whites 
had lower survival in unadjusted analyses).17,29-32 One prior 
study showed a trend toward lower survival in whites than 
minority groups, though these results were not statistically 
significant.18 Differences in study design may explain some 
of the differences in findings between prior studies and our 
study. Most prior studies focused on early stage malignancies, 
generally span an earlier time period than the current study, 
and some include squamous cell carcinoma of the esophagus 
along with EAC in their analyses. Furthermore, these studies 
generally looked at survival rather than incidence-based mor-
tality. Given the significant rise in incidence-based mortality 
in EAC in non-Hispanic whites in recent years, it is also pos-
sible that this group has surpassed other ethnic groups in mor-
tality. A limitation, however, is that our analysis did not adjust 
for treatment modalities which could have biased results.

In NCGC, we found that incidence-based mortality was 
significantly higher in blacks, Hispanics, and Asians/Pacific 
Islanders than in non-Hispanic whites, across all age groups 
and stages of disease. This is in line with the findings of 
Schlansky et al, who showed higher death certificate mortal-
ity in non-whites than whites in NCGC.15

We demonstrate that mortality in NCGC has been stable 
in recent years, despite the fact that studies show that inci-
dence in this cancer subtype has been declining.3 This sug-
gests that in addition to incidence trends, poor outcomes 
may be contributing to the unfavorable mortality trends 
that patients with these cancers are facing, which under-
score the need for better preventative interventions in high-
risk populations.

The reasons behind these unfavorable mortality trends in 
gastric cancer in recent years are not clear. Some studies have 
shown that screening for H pylori infection was highest in the 
US among Asians but low in non-Asian minorities, including 
Hispanics and blacks, despite higher rates of NCGC in these 
groups.33 One possibility is that we are underutilizing oppor-
tunities to screen the most high-risk individuals to mitigate 

relevant risk factors in order to shift diagnosis to earlier stages 
and improve cancer-specific mortality. Countries with higher 
incidence rates of gastric cancer show better survival rates 
than countries with lower incidence rates, possibly due to the 
impact of screening.1,34,35 Alternatively, given that Koreans 
treated in Korea for localized gastric adenocarcinoma have 
lower mortality than Koreans treated in the US, there may 
be an opportunity to learn from high-incidence countries to 
improve treatment outcomes in the US.35

Another possibility is that disparities may exist in manage-
ment practices. Studies have shown that race and geographic 
region of diagnosis impact treatment recommendations and 
gastric adenocarcinoma-specific survival among individuals 
with resectable tumors.36 For example, blacks with resect-
able gastric tumors are more likely to receive a recommenda-
tion against surgery than individuals of other racial groups.36 
Zhang et al noted significant differences between racial and 
ethnic groups in the treatment of gastric cancer across stages, 
with Asians/Pacific Islanders having the highest rate of sur-
gery plus radiation.10

Finally, it is possible that there are underlying biological 
and pathophysiological factors that predispose certain racial 
and ethnic groups to have more aggressive disease and worse 
mortality rates, such as minorities in NCGC and non-His-
panic whites in CGC and EAC. Early findings suggest that 
differences in molecular subtypes of advanced gastric cancer 
impact efficacy of various treatment modalities.37 Research is 
needed into whether these molecular profiles might differ be-
tween racial/ethnic groups and may account for some of these 
disparities. Further understanding these disease processes may 
be crucial to improving outcomes for these groups in the US.

Our study has many strengths. To our knowledge, this is 
the largest study to compare incidence-based mortality in 
gastric cancer stratified by anatomic subtype. Our findings 
further confirm and extend the concept that these subtypes 
are distinct disease entities with different patient character-
istics and should be considered separately in further studies. 

F I G U R E  2   Incidence-based mortality 
for non-cardia and cardia gastric cancer and 
esophageal adenocarcinoma stratified by 
race/ethnicity. *P-value < .01 compared to 
Non-Hispanic whites
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Finally, by using incidence-based mortality rather than death 
certificate mortality, we are able to adjust our analysis by age 
and stage of diagnosis, which helped identify distinctions in 
subgroups among patients with CGC.

Our study also has several limitations. First, we were 
unable to adjust for certain factors associated with the risk 
of gastric cancer, such as H pylori infection, smoking, and 
obesity. While the SEER registry includes data from 18 

sites across the US, it is possible that sampling may not be 
completely representative, particularly given evidence of 
in-state variability in data for gastric cancer among racial/
ethnic groups in other studies.7 There is also the risk of 
classification bias in how patients are assigned to groups 
within the SEER database, including anatomic subtype and 
stage. Nonetheless, given the paucity of data on mortality 
trends for gastric cancer subtypes in the US, we believe this 

T A B L E  2   Incidence-based mortality for non-cardia and cardia gastric cancer and esophageal adenocarcinoma stratified by race/ethnicity, age, 
and stage of disease at the time of diagnosis between 2004 and 2016

Incidence-based mortality (per 100 000)

Non-Hispanic White Black Hispanic
Asian/ Pacific 
Islander

P-value (each group vs 
Non-Hispanic White)

Non-cardia gastric cancer

Overall 1.13 3.38 3.47 3.77 <.01

By Age (y)

20-49 0.15 0.52 0.72 0.52 <.01

50-64 0.94 2.98 3.25 3.12 <.01

65+ 7.73 13.72 13.24 15.77 <.01

By stage

I 0.18 0.64 0.55 0.6 <.01

II 0.13 0.38 0.38 0.39 <.01

III 0.16 0.48 0.48 0.64 <.01

IV 0.66 1.88 2.06 1.86 <.01

Cardia gastric cancer

Overall 0.69 0.61* 0.67 0.64* <.01*

By Age (y)

20-49 0.11 0.08 0.14 0.13 NS

50-64 0.89 0.78 0.72 0.69 <.01

65+ 2.45 2.25 2.45 2.36 NS

By stage

I 0.1 0.11 0.11 0.1 NS

II 0.08 0.1 0.06 0.08 NS

III 0.07 0.07 0.06 0.08 NS

IV 0.44 0.37* 0.43 0.37* <.01*

Esophageal adenocarcinoma

Overall 2.28 0.48 0.99 0.35 <.01

By age (y)

20-49 0.29 0.06 0.06 0.12 <.01

50-64 3.11 0.82 1.35 0.4 <.01

65+ 8.17 1.51 3.56 1.29 <.01

By stage

I 0.23 0.05 0.11 0.04 <.01

II 0.36 0.07 0.15 0.04 <.01

III 0.49 0.08 0.19 0.08 <.01

IV 1.19 0.28 0.54 0.19 <.01

*P < .01 for black and Asian/Pacific Islander compared with non-Hispanic white, but not significant for Hispanic vs non-Hispanic white 
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study provides a valuable insight into high-risk populations 
that could be the focus of further interventions to improve 
mortality.

In conclusion, our study found distinct trends in inci-
dence-based mortality in CGC and NCGC, as well as EAC. 
Mortality was higher in blacks, Hispanics, and Asians/
Pacific Islanders compared to non-Hispanic whites in 
NCGC, but higher in non-Hispanic whites in CGC and 
EAC. Further research is needed to better understand the 
underlying mechanisms driving these differences, so that 

cancer prevention strategies can be targeted to groups who 
are at highest risk of dying from these specific cancer 
subtypes.
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