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Abstract
Background Race/ethnicity has long been suspected to affect survival in patients with gastric adenocarcinoma.
However, the clinicohistopathological impact of race or ethnicity on early gastric cancer (EGC) is not known.
Methods From 2000 to 2013, 286 patients underwent gastrectomy and 104 patients had pathological confirmation of EGC. A
retrospective analysis of pathological and clinical prognostic indicators was performed.
Results The study population consisted of 38 (37 %) Asian Americans and 66 (63 %) non-Asian Americans. Of
these, 2 (5.3 %) Asian Americans and 19 (28.8 %) non-Asian Americans had pathological confirmation of lymph
node metastasis (LNM) (p=0.004). Univariate analysis comparing the clinicohistopathological characteristics in each
group did not reveal significant difference regarding histotype, tumor size, grade, location, morphology, or
lymphovascular invasion, except for the LNM rate and mean body mass index (23.2 versus 26.6, p<0.001).
Multivariate analysis showed that non-Asian race/ethnicity (odds ratio (OR), 9.09; 95 % confidence interval (CI),
1.12–71.43; p=0.038), younger age (OR, 1.11; 95 % CI, 1.01–1.12; p=0.046), and lymphovascular invasion (OR,
13.9; 95 % CI, 2.40–79.99; p=0.003) were significant predictors for LNM.
Conclusions This study demonstrated that Asian American race in EGC is associated with a significantly decreased rate of LNM
in comparison to non-Asian Americans, despite similar histopathological characteristics of each group.

Keywords Early gastric cancer . Gastrectomy . Lymph node
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Introduction

The concept of early gastric cancer (EGC), defined as invasive
gastric adenocarcinoma confined to the mucosa (T1a) or
submucosa (T1b) of the stomach irrespective of lymph node
metastasis (LNM) or tumor size, originated in Japan in
1962.1,2 In other words, EGC is not necessarily “early stage”
gastric cancer. Gastrectomy with lymphadenectomy is the
gold standard for curative-intent resection for EGC, although
lymph node (LN) dissection is not always required and endo-
scopic or local surgical resection may be an alternative treat-
ment option for patients with negligible risk of LNM.

Race/ethnicity has long been suspected to influence sur-
vival in patients with gastric adenocarcinoma. The overall 5-
year survival after curative-intent gastrectomy in Eastern
Asian countries, even stratified by stage, has been consistently
more favorable compared to the 5-year overall survival seen in
studies performed in the West.3–5 The cause of these outcome
disparities in gastric cancer between patients in Eastern Asian
and Western countries has been extensively debated. One
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theory hypothesizes that this discrepancy in outcomes origi-
nates from the difference in tumor biology.6 Other theories
suggest that variations in patient management, including the
quality of the surgery performed, perioperative chemoradio-
therapy, the interpretation of histopathology, and resultant
stage migration, can be important contributors to differences
in survival between patients.7,8

The evidence for endoscopic resection for EGC has mostly
been derived from studies conducted in Japan where there is a
high prevalence of EGC. More extended indications have
been recently proposed to account for the development of
new technology such as endoscopic submucosal dissection
(ESD).9 However, as these studies have been performed large-
ly in countries with racial homogeneity that is significantly
different from the racial composition of Western populations
such as in the USA, caution should be used when applying
these guidelines to patient populations outside of Asia. Unfor-
tunately, comparable data looking at endoscopic treatment for
EGC from Western countries is sparse. Clearly, US institu-
tions performing ESD for EGC are still very limited due to its
technical challenge, device unavailability, and lack of stan-
dardized algorithm for training or patients with EGC with
suitable stage. Despite all the obstacles, ESD applications
are continuing to grow in the West.9,10 Therefore, investiga-
tions addressing the discrepancies in tumor biology and ag-
gressiveness conducted in racially diverse Western countries
are needed to identify appropriate selection criteria for mini-
mally invasive treatments in the West.

The aim of the present study is to compare the histopath-
ological characteristics between EGC in Asian American and
non-Asian American populations diagnosed and treated in a
large urban teaching hospital in New York City, to assess if
race/ethnicity should influence our current treatment strategies
for EGC.

Methods

The Institutional Review Board approved all aspects of the
present study.

Patient Selection

From January 1, 2000 to November 30, 2013, 1,020 patients
were registered in the Gastric Cancer Registry of Continuum
Cancer Center, a major urban teaching hospital in New York
City. Of these, 286 patients underwent curative-intent gastrec-
tomies and 104 (10.2% of all registered patients and 36.4% of
patients who underwent gastrectomy) had pathological con-
firmation of EGC by our pathologists. Demographic data (age
at diagnosis, gender, comorbidity data, body mass index
(BMI), race, and ethnicity), preoperative diagnostic workup
including reports of gastroscopy and its biopsy results,

endoscopic ultrasonography and abdominal computer-
ized tomography, and treatment-related/histopathological
variables were retrospectively reviewed. Patients with
concurrent malignancy in other organs, those with gas-
troesophageal junction tumors, and those who received
neoadjuvant therapy were excluded from the study.
Staging was performed according to the American Joint
Committee on Cancer (AJCC) staging system.11 Patients
were grouped by race and ethnicity as identified by
patient report and/or medical records. The standard
lymphadenectomy employed by our institution includes
D1 or greater. LNs were separated and retrieved from
the specimen by pathologists. Complications were grad-
ed 1–5 on the basis of the modified classification of
complications.12 The highest-ranked complication for
each case was used for the analysis.

Statistical Analysis

Continuous variables were expressed as mean±1 standard
deviations. Categorical variables were presented as propor-
tions and absolute numbers. Differences between groups were
detected using the chi-square test for categorical variables and
Student’s t test or the Mann–Whitney U test for continuous
variables. Logistic regression analysis was used to identify the
multivariate predictors of LNM. The clinically relevant vari-
ables were entered into the final model. Correlation analysis
between each variable was performed (Pearson or Spearman
as appropriate) to ensure no violation of the assumption of
multicollinearity (the cut-off correlation coefficient<0.7). The
model fit and predictive power were validated with the
Hosmer and Lemeshow goodness-of-fit test and c-statistic,
respectively. Results are presented as an odds ratio (OR) with
corresponding 95 % confidence intervals (CI). A p value
<0.05 was considered to be statistically significant. All
p values were results of two-tailed tests. The statistical analy-
sis was performed using IBM SPSS Statistics for Windows,
version 22 (SPSS, Inc., IBM Corporation, Armonk, NY,
USA).

Propensity Matching

All patients were subjected to propensity matching
using the sequential nearest neighbor selection tech-
nique. Propensity matching employed the following var-
iables: age, gender, tumor depth, size, tumor grade,
morphology, histotype, tumor location, and BMI.
Lymphovascular invasion was not included for the
matching because of the collinearity with LN positivity.
Thirty-seven matched pairs (n=74) were identified and
were compared in this study. The SAS system v9.2
(SAS Institute, Cary NC) was used for the propensity
matching.
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Results

The study population was comprised of 104 patients (43
females) ages 38–86 years with a mean age of 65±12 years.
Of the 104 patients, 38 (37 %) were of Asian descent, 26
(25 %) were White, 26 (25 %) Hispanic or Latino, 13 (13 %)
African-American, and 1 (1 %) was Native Hawaiian or
Pacific Islander. Subjects were grouped by race and ethnicity
into 38 Asian Americans and 66 non-Asian Americans. De-
mographic, clinical, histopathological, and treatment variables
in each group are shown in Table 1, and histopathological
variables are further displayed in Table 2. BMI was signifi-
cantly lower in Asian Americans compared to the non-Asian
American group (23.2±2.5 versus 26.6±4.9; p<0.001). Gas-
tric resections included 22 (21 %) total gastrectomies, 1 (1 %)
proximal gastrectomy, and 81 (78 %) distal subtotal gastrec-
tomies. Twenty-three (60.5 %) Asian Americans and 33
(50.0 %) non-Asian Americans had T1a lesions on final

pathology and 15 (39.4 %) Asian Americans and 33
(50.0 %) non-Asian Americans had T1b lesions, respectively
(p=0.30). A total of 21 (20.2 %) patients had LNM: 2 (5.3 %)
Asian Americans and 19 (28.8 %) non-Asian Americans (p=
0.004). When analyzed by T stage, 1 (4.4 %) Asian and 3
(9.1 %) non-Asians with T1a lesions and 1 (6.6 %) Asian and
16 (48.5 %) non-Asians with T1b lesions had associated LNM
(p=0.50 and 0.005, respectively). Two (5.3 %) Asian Amer-
icans and 16 (24.2 %) non-Asian Americans received adju-
vant chemotherapy with or without radiotherapy (p=0.014).
The mean number of LNs retrieved was 15.7±11.7 in Asian
Americans and 17.6±13.3 in non-Asian Americans, respec-
tively (p=0.58). Subgroup analysis comparing the histopath-
ological characteristics in each group did not reveal significant
difference in histology type, tumor location, tumor grade, size,
morphology, or presence of lymphovascular invasion. Multi-
variate analysis showed that non-Asian race/ethnicity (OR,
9.09; 95 % CI, 1.12–71.43; p=0.038), younger age (OR,

Table 1 Race/ethnicity distribution, comparison of demographic and clinical features in Asian and Non-Asian American patients

Asian Non-Asian p value

No. of patients (n=104) 38 (37 %) 66 (63 %)

Chinese 35 (34 %) White 26 (25 %)

Korean 2 (2 %) Hispanic or Latino 26 (25 %)

Japanese 1 (1 %) African-American 13 (13 %)

Native Hawaiian or Other Pacific Islander 1 (1 %)

Age 63.3±12.5 (40–84) 64.6±12.2 (38–86) 0.16

Female gender 12 (32 %) 31 (47 %) 0.13

Mean body mass index 23.3±2.5 (18.6–28.6) 26.7±4.9 (15.9–41.7) <0.01

<25 29 (76 %) 27 (41 %)

>25 9 (24 %) 39 (59 %)

Presenting symptoms

Epigastric pain/discomfort 27 (71 %) 21 (32 %)

Gastrointestinal bleeding 1 (2.6 %) 8 (12 %)

Anemia 2 (5.3 %) 11 (17 %)

Asymptomatic/Incidental diagnosis 1 (2.6 %) 6 (9.1 %)

Weight loss 0 3 (4.6 %)

Dyspepsia 7 (18 %) 13 (20 %)

Others/Unknown 0 4 (6.2 %)

Operation performed

Total gastrectomy 6 (16 %) 16 (24 %) 0.31

Distal subtotal gastrectomy 32 (84 %) 49 (75 %) 0.24

Proximal gastrectomy 0 1 (2 %)

Laparoscopic approach 15 (40 %) 8 (12 %) 0.001

30-Day postoperative mortality 0 4 (6.1 %)

Postoperative complications

Grade 1–2 4 (11 %) 8 (12 %)

Grade 3–4 0 6 (9.1 %)

Adjuvant chemotherapy/radiotherapy 2 (5.3 %) 16 (24.2 %) 0.014

Boldface indicates statistically significant values (p<0.05)
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1.11; 95 % CI, 1.01–1.12; p=0.046), and presence of
lymphovascular invasion (OR, 13.9; CI, 2.40–79.99; p=
0.003) were significant predictors for LNM (Table 3). Table 4
shows the predictors of positive lymph nodes for the 74
propensity-matched Asian and non-Asian American patients.
The two groups were closely matched for age, gender, depth,
tumor grade and size, histology type, and BMI, while the
incidence of positive nodal disease remained higher for the
non-Asian American group (p=0.043; OR, 4.11).

Discussion

This study represents the first analysis describing the discrep-
ancies in clinicopathological features of EGC between Asian

and non-Asian Americans. The racially and culturally diverse
New York metropolitan population allowed for the wide vari-
ety of races/ethnicities necessary to conduct this unique study.

Historically, it has long been postulated that race/ethnicity
influences the outcomes of patients with gastric cancer. It was
hypothesized that these observed favorable outcomes in
Asians may reflect a less aggressive tumor biology.13 In
addition, multi-institutional and multi-national comparisons
have been attempted to further elucidate the superior survival
in Asians and multiple factors have been suggested, including
differences in tumor histological type, disease location, envi-
ronmental factors, Helicobacter pylori status, extent of lymph-
adenectomy, or pathological interpretation.7,14–19 However,
they have been confounded by inherent inconsistencies both
in the approach to their investigation and institution-related

Table 2 Comparison of histo-
pathologic features in Asian and
Non-Asian American patients

Boldface indicates statistically
significant values (p<0.05)

LN lymph node, AJCC American
Joint Cancer Committee

Asian Non-Asian p value

Histology type

Intestinal 28 (73.7 %) 41 (62.1 %) 0.23

Diffuse 9 (23.7 %) 25 (37.9 %) 0.14

Mixed 1 (2.6 %) 0

Location

Proximal 3 (7.9 %) 12 (18.2 %) 0.15

Body 8 (21.1 %) 11 (16.7 %) 0.58

Distal 27 (71.1 %) 43 (65.2 %) 0.54

Tumor size (centimeter) 2.3±1.2 (0.3–5.5) 2.48±1.55 (0.1–7.5) 0.15

Tumor grade 0.80

Well, moderate 20 (52.3 %) 33 (50.0 %)

Poor, undifferentiated 18 (47.4 %) 33 (50.0 %)

Lymphovascular invasion

Positive 2 (5.3 %) 12 (18.2 %) 0.06

Indeterminate 3 (7.9 %) 2 (3.0 %)

Tumor morphology 0.34

Elevated/flat 20 (52.6 %) 41 (62.1 %)

Ulcerated 18 (47.4 %) 25 (37.9 %)

T stage 0.30

T1a 23 (60.5 %) 33 (50.0 %)

T1b 15 (39.4 %) 33 (50.0 %)

Mean number of LNs examined 15.7±11.7 17.6±13.30 0.58

LN>15 21 (55.3 %) 32 (48.5 %)

LN<15 17 (44.7 %) 34 (51.5 %)

Number of patients with positive LN 2 (5.3 %) 19 (28.8 %) 0.004

N1 1 (2.6 %) 10 (15.1 %)

N2 1 (2.6 %) 9 (13.6 %)

T1a with positive LN 1 (4.4 %) 3 (9.1 %) 0.50

T1b with positive LN 1 (6.6 %) 16 (48.5 %) 0.005

AJCC stage

IA 36 (94.7 %) 47 (71.2 %) 0.004

IB 1 (2.6 %) 10 (15.2 %) 0.046

IIA 1 (2.6 %) 9 (13.6 %) 0.072
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variability in patient care.5 As such, the validity of the hy-
pothesis that Asian race is an independent predictor of favor-
able outcome still remains undetermined, despite those previ-
ous extensive investigations. Stage migration, potentially in-
duced by differences in the quality of surgery and pathological
interpretation, has also clearly been a factor further fueling this
unsettled debate between previous studies. Western patholo-
gists consider invasion into the lamina propria of the mucosa
mandatory for the diagnosis of carcinoma, whereas nuclear
and structural features are more important for the Japanese.7,20

Therefore, EGC lesions diagnosed in Japan may be diagnosed
as high grade dysplasia in the West. This may also contribute

to the relatively high incidence of EGC and, at least partially,
the corresponding superior prognosis and early detection in
Japan compared with Western countries. Also, differences in
the extent of LN retrieval from fresh specimens can also
impact the stage assignment and account for stage-adjusted
survival discrepancies.21 In Asian centers, surgeons meticu-
lously dissect specimens after surgery and harvest the LNs
from various stations prior to delivering the specimen to the
pathologists,22 unlike the standard practice in the USAwhere
the pathologist dissects the specimen. This effort, of which
many clinicians in the West may not be aware, of scruti-
nizing the specimens is likely another explanation for

Table 3 Multivariate analysis for
potential predictable factors asso-
ciated with lymph node
metastasis

Hosmer–Lemeshow=0.910 and
c-statistic=0.907. Boldface indi-
cates statistically significant
values (p<0.05)

Variables Odds ratio 95 % confidence interval p value

Age per year of decrease 1.11 1.01–1.12 0.046

Non-Asian race/ethnicity 9.09 1.12–71.43 0.038

Body mass index 1.04 0.90-1.20 0.59

Location of tumor

Proximal 1

Body 2.45 0.41-14.5 0.32

Distal 1.47 0.25-8.51 0.67

Depth (T1b) 4.26 0.88-20.6 0.071

Tumor size (centimeter) 1.32 0.82-2.12 0.25

Tumor grade (poorly differentiated/undifferentiated) 3.45 0.64-18.6 0.15

Histology subtype

Intestinal 1

Diffuse 0.99 0.17–5.93 0.99

Ulceration 2.56 0.53–12.40 0.564

Lymphovascular invasion 13.9 2.40–79.99 0.003

Table 4 Predictors for positive
nodal disease after propensity
matching: Asian versus non-
Asian Americans

Boldface indicates statistically
significant values (p<0.05)

Asian Non-Asian p value

No. of patients 37 37

Histology type 0.81

Intestinal 25 (67.6 %) 23 (62.2 %)

Diffuse 12 (32.4 %) 14 (37.8 %)

Tumor size (centimeter) 2.3±1.2 2.4±1.3 0.69

Tumor grade 1.00

Well, moderate 19 (51.3 %) 18 (48.7 %)

Poor, undifferentiated 18 (48.7 %) 19 (51.3 %)

Tumor morphology 1.00

Elevated/flat 20 (52.6 %) 19 (62.1 %)

Ulcerated 17 (47.4 %) 18 (37.9 %)

Tumor depth 1.00

T1a 22 (59.5 %) 21 (56.8 %)

T1b 15 (40.5 %) 16 (43.2 %)

No. of patients with positive lymph node 2 (5.4 %) 8 (21.6 %) 0.043
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consistently higher quantity of LN retrieval in the Eastern
series besides the routinely performed more extensive
lymphadenectomy. In the current study, all patients
underwent gastrectomy by a set number of US surgeons
and had their specimens examined by US pathologists from
the same department. This study minimized the potential
for stage migration and/or disparities in the patient care,
which were all non-adjustable confounding factors in pre-
vious studies. In addition, this study examines EGC from
multiple races/ethnicities all treated in the USA unlike
previous EGC studies exclusively from Eastern countries.

As described, there have been thus far no studies address-
ing the impact of race/ethnicity on the incidence of LNM
among those with EGC, despite previous extensive debates.
There have been several excellent studies investigating the
discrepancy in outcomes between Asian and non-Asian.3–5

However, comparing stage-specific or race/ethnicity-specific
LNM rate was not the primary purpose of these studies. They
only grouped their subjects into three categories, which pre-
cludes investigation into stage-specific management: local-
ized (T1–3, N0), regional (T4 or N+), or distant disease. More
importantly, they lacked information regarding neoadjuvant
treatment status. Comparison of each corresponding LN status
without knowing neoadjuvant treatment status is impossible.

Minimizing risk for LNM is the most critical prerequisite
for performing limited local treatment of EGC; however, data
on risk factors for LNM in Western patients with EGC is
scarce. EGC is less commonly diagnosed in the USA than in
Asian countries, where universal health insurance affords
easier access to nationwide screening; the low incidence of
gastric cancer in the West is clearly a contributing factor to the
paucity of the data on EGC in the West. In a retrospective
review of 165 patients undergoing surgical resection for T1
gastric tumors at a major US cancer center, multivariate anal-
ysis revealed the presence of submucosal invasion, venous
invasion, and size equal to or greater than 4.5 cm were
significantly associated with an increased risk for LNM.23

Race/ethnicity was not assessed in this study, and the vast
majority of these patients were Caucasians. Moreover, those
tumors that were 4.5 cm and larger and had penetrated into the
submucosa (n=16) had an astonishing 56 % incidence of
LNM.

In the present study, the Asian American group had a
significantly lower rate of LNM compared to that of the
non-Asian Americans (2 (5.3 %) versus 19 (28.8 %) (p=
0.004)), despite similar histopathological characteristics of
each group (Table 2). Of note, 9 out of 19 (13.6 %) patients
in the non-Asian American group were N2 disease. This point
is further emphasized by multivariate analysis of potential
predictors for LNM, which revealed that younger age and
presence of lymphovascular invasion are significant predic-
tors of LNM, while Asian American race is a significant
protective factor for nodal metastasis with an odds ratio of

0.11 (p=0.038). Similar results were demonstrated after pro-
pensity matching (Table 4), which was further employed to
strengthen our results. Large tumor size and lymphovascular
invasion are known predictors of LNM in EGC.24,25 Although
very young patients with gastric adenocarcinoma are known
to have a more severe form of the disease,26 the odds ratio of
1.11 indicates a weak association from our study, which had
only 11 (10.6 %) patients who were less than 50 years old.

Another remarkable difference between the two groups
was the BMI. Theoretically, increased BMI could result in
inadequate LN collection and/or identification, leading to
potential under-staging of the disease.27 Nevertheless, the
LNM rate in non-Asian Americans who demonstrated signif-
icantly higher BMI was significantly greater in this study,
despite potential inadequate LN sampling and subsequent
under-staging. In fact, this study did not show any difference
in the adequacy of LN retrieval between the two groups,
although inadequate LN sampling due to obesity might have
been offset by the higher rate of open laparotomy approach in
the non-Asian group (61 versus 88 %, p=0.001). Regardless
of the race/ethnicity, there was no statistical correlation be-
tween BMI and the number of LN retrieved. To date, there
have been only a few studies investigating the influence of
BMI on gastric cancer. The most recent US study demonstrat-
ed an increase of postoperative complications associated with
a higher BMI but did not demonstrate differences in nodal
positivity or survival.27Moreover, Asian series of gastrectomy
for gastric adenocarcinoma comparing obese to non-obese
patients have also demonstrated no correlation between obe-
sity and LNM rate,28,29 suggesting higher BMI alone has little
influence on the nodal positivity in gastric cancer.

One potential significant factor resulting in inferior out-
comes in non-Asians is the increasingly high proportion of
both proximal and diffuse tumors in the West, where total
gastrectomy has been associated with twice the mortality of a
subtotal resection.30 In the present study, there was no statis-
tical difference between each group in terms of the location of
the tumor and the proportion of total gastrectomy. Clearly,
there were less postoperative complications in Asian Ameri-
can group, perhaps these may be attributed mostly to differ-
ences in medical comorbidities and BMI of each patient in
addition to less frequent open approach. Patients in non-Asian
American group were observed to receive adjuvant therapy
more often than Asian Americans and is a reflection of the
higher LNM rate in non-Asian Americans.

There is no compelling hypothesis formulated to explain
this observed difference of LNM rate between the two groups.
Strong et al. compared US patients with node-negative EGC
with similarly staged Koreans.31 The survival did not differ
significantly between them, suggesting that gastric adenocar-
cinoma is a heterogeneous disease and when similar subtypes
are compared, these differences disappear. In comparison, we
postulate that this well-known survival advantage in Asian
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populations is due to less aggressive tumor biology predom-
inantly related to differences in metastatic potential as shown
in this study. This fact might have been consistently masked in
the previous studies which included a large number of patients
with advanced disease that can frequently demonstrate LNM
regardless of race/ethnicity. If the biology of gastric cancer in
patients of Asian and non-Asian populations are truly differ-
ent, clinical data of EGC utilizing a study population
consisting exclusively of Asian patients treated in their respec-
tive countries may simply not be applicable to patients in
Western countries.

Study Limitations

There are several limitations to this study. Our investi-
gation is limited by its small population and retrospec-
tive nature. Although the difference in histopathological
characteristics of each group did not show any statistical
significance in our study, this may not reflect the true
histopathological difference among the general popula-
tion. In addition, most patients (92 %) in our Asian
American cohort are Chinese descent and thus may
not represent the general Asian American population.
Based upon previous observation, the differences in
survival were apparent even among different Asian eth-
nic subgroups. Specifically, Korean American patients
demonstrated the highest overall survival following sur-
gical resection for gastric cancer.32,33 Clearly, additional
large-scale studies involving patients with broad catego-
ries of Asian/non-Asian ethnicity are necessary to fur-
ther validate our results.

Conclusions

The present study has demonstrated that Asian Ameri-
cans with EGC are associated with a lower rate of LNM
compared to non-Asian Americans despite similar histo-
pathological characteristics of each group and treatment
at the same US institution, providing new insight into
the unsettled debate of racial discrepancies in gastric
cancer outcomes. This study highlights the potential role
of race/ethnicity when considering the applicability of
endoscopic or limited surgical gastric resection for EGC
in non-Asian populations. Although endoscopic dissec-
tion is an emerging alternative treatment for selected
EGC in the East, non-Asian populations should be
treated endoscopically with extreme caution in light of
the findings in this study. Non-Asian race/ethnicity may
be an independent prohibitive risk for LNM. Larger
studies of EGC in non-Asian patients are needed to

better guide treatment decisions in this patient popula-
tion that appear to have more aggressive tumor biology.
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