N . Journal of
Original Article Preventive Medicine
J Prev Med Public Health 2019;52:179-187 - https://doi.org/10.3961/jpmph.18.262 & Pubhc Health

pISSN 1975-8375 elSSN 2233-4521

Upper Endoscopy up to 3 Years Prior to a Diagnosis of
Gastric Cancer Is Associated With Lower Stage of Disease
in a USA Multiethnic Urban Population, a Retrospective
Study

Shailja C. Shah'?, Chiaki Nakata® Alexandros D. Polydorides'*, Richard M. Peek Jr?, Steven H. Itzkowitz'

"The Dr. Henry D. Janowitz Division of Gastroenterology, Icahn School of Medicine at Mount Sinai, New York, NY, USA; °Division of Gastroenterology,
Hepatology, and Nutrition, Vanderbilt University Medical Center, Nashville, TN, USA; *lcahn School of Medicine at Mount Sinai, New York, NY, USA;
‘Department of Pathology, Icahn School of Medicine at Mount Sinai, New York, NY, USA

Objectives: In the USA, certain races and ethnicities have a disproportionately higher gastric cancer burden. Selective screening
might allow for earlier detection and curative resection. Among a USA-based multiracial and ethnic cohort diagnosed with non-cardia
gastric cancer (NCGC), we aimed to identify factors associated with curable stage disease at diagnosis.

Methods: We retrospectively identified endoscopically diagnosed and histologically confirmed cases of NCGC at Mount Sinai Hospital
in New York City. Demographic, clinical, endoscopic and histologic factors, as well as grade/stage of NCGC at diagnosis were docu-
mented. The primary outcome was the frequency of curable-stage NCGC (stage 0-1a) at diagnosis in patients with versus without an
endoscopy negative for malignancy prior to their index exam diagnosing NCGC. Additional factors associated with curable-stage dis-
ease at diagnosis were determined.

Results: A total of 103 racially and ethnically diverse patients were included. Nearly 38% of NCGC were stage 0-la, 34% stage Ib-Ill,
and 20.3% stage IV at diagnosis. A significantly higher frequency of NCGC was diagnosed in curable stages among patients who had
undergone an endoscopy that was negative for malignancy prior to their index endoscopy that diagnosed NCGC, compared to pa-
tients without a negative endoscopy prior to their index exam (69.6% vs. 28.6%, p=0.003). A prior negative endoscopy was associated
with 94.0% higher likelihood of diagnosing curable-stage NCGC (p=0.003). No other factors analyzed were associated with curable-
stage NCGC at diagnosis.

Conclusions: Endoscopic screening and surveillance in select high-risk populations might increase diagnoses of curable-stage NCGC.
These findings warrant confirmation in larger, prospective studies.
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mortality rates are increasing among certain groups in the
USA, including minorities [5-7] and women below age 50
years [7]. However, because screening does not routinely oc-
cur in the USA even among high risk groups, NCGC is most of-
ten diagnosed in the advanced stages when curative resection
is no longer an option. Prognosis is poor (<30% 5-year surviv-
al), since effective therapy for unresectable GC currently does
not exist. By contrast, if NCGC is diagnosed at a resectable
stage, 5-year overall survival is significantly higher and ap-
proaches 95-99% for early gastric cancer (EGC)—defined as
NCGC that invades no deeper than the submucosa [8,9].

NCGC is believed to arise from the stepwise progression of
chronic gastritis to atrophic gastritis (AG), intestinal metaplasia
(IM), and dysplasia before malignant transformation to gastric
adenocarcinoma [10,11]. Infection with Helicobacter pylori (H.
pylori) is thought to be the primary trigger for these mucosal
changes. Analogous to colorectal carcinogenesis, the detect-
able stepwise progression in gastric mucosa that takes place
over many years, coupled with established safe endoscopic in-
terventions for early stage disease, provides opportunity for
screening, surveillance, and potentially curative therapeutic
management and mortality benefit. Due to the high burden
of disease and this understanding of the natural disease
course, years ago Japan and South Korea (hereafter Korea) im-
plemented national screening protocols, which have now cor-
responded to a reduction in overall GC-related mortality by at
least 50-60%, attributed to earlier detection and curative re-
section [12-15]. Other countries do not routinely screen for
NCGC. While the reasons for this are many, they include issues
such as insufficient economic and healthcare infrastructure,
lack of awareness of high-risk groups on the part of healthcare
providers [16], and patient-related factors. We previously re-
ported that providers working with multiethnic populations in
New York City (NYC) often did not recognize the higher burden
of NCGC among certain racial and ethnic groups, including
Asian-Americans, Blacks, Hispanics, and immigrant groups
from endemic areas like Russia and Eastern Europe [2,16-18].
This occurred despite the fact that NCGC incidence rates in
these groups are estimated to be at least two to three times
higher than the USA-born White population [18-21]. Notably,
the incidence of NCGC in Korean-Americans is similar to
colorectal cancer in the USA population—a cancer routinely
screened for—and is estimated to be over 5 times higher than
the incidence of NCGC among USA-born Whites [18]. In fact, it
has already been shown that offering selected GC screening
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for high-risk races and ethnicities is a highly cost-effective in-
tervention in the USA [22]. Cost-effectiveness, however, does
not necessarily equate to clinical effectiveness. While it stands
to reason that the cost benefit for selected screening and sur-
veillance is related to the identification of resectable NCGC,
this has not been previously demonstrated in an at-risk USA
population.

The primary aim of our study, therefore, was to determine
whether having an upper endoscopy that was negative for
malignancy (analogous to a screening endoscopy) prior to the
index upper endoscopy that diagnosed NCGC was associated
with a higher likelihood of curable stage NCGC at diagnosis
compared to individuals who did not have an upper endosco-
py prior to their index diagnosis. We secondarily aimed to
identify other risk factors associated with curable stage NCGC
at diagnosis.

METHODS

Study Population

This retrospective cross-sectional study was approved by
the Institutional Review Board at Mount Sinai Hospital. Pa-
tients were identified via a query of a comprehensive patholo-
gy database, which includes endoscopic biopsies and resected
specimens for cases of GC diagnosed by endoscopy and re-
viewed by the institution’s expert gastrointestinal (Gl) patholo-
gists between January 2008 and May 2016. Each medical re-
cord was reviewed to confirm the histologic diagnosis of pri-
mary gastric adenocarcinoma and to ensure the availability of
the endoscopic and histologic findings. Inclusion criteria were
confirmed histologic diagnosis of gastric adenocarcinoma,
confirmed location of cancer distal to the gastric cardia (i.e., at
least 5 cm distal to the gastroesophageal junction), no prior
documented history of GC of any type, and documentation of
at least one endoscopy, which could have been the endoscopy
during which NCGC was diagnosed (hereafter index endosco-
py) or an endoscopy prior to their index endoscopy during
which no malignancy was diagnosed (hereafter negative en-
doscopy). Patients were excluded if they had a diagnosis of
primary adenocarcinoma of the gastric cardia or gastroesoph-
ageal junction, if they had a prior diagnosis of any GC, if they
had any prior gastric surgeries, or if there was not documenta-
tion of at least one endoscopy.
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Data Collection

Patient demographics and baseline information including
age, sex, race/ethnicity, smoking status, alcohol use, and fami-
ly history of GC were recorded. We recorded the clinical pre-
sentation and indication for the index endoscopy during
which NCGC was diagnosed. We documented any history of a
negative endoscopy prior to the index endoscopy, as well as
the respective time interval between the negative endoscopy
and the index endoscopy diagnosing NCGC. Full endoscopic
reports from endoscopies performed at outside institutions

Characteristics Total population (n=103)

Age (median and range, y) 71(41-92)
Hispanic/Latino 75 (41-87)
European White 72 (50-88)
Black 71 (41-89)
Asian 61(50-73)
Non-European White 80 (69-90)
Unknown 72 (45-92)

Sex
Male 68(0.7)
Female 35(0.3)

Ethnicity
Hispanic/Latino 26(25.2)
European White 19(18.4)
Black 18(17.4)
Asian 18(17.4)
Non-European White 5(4.9)
Unknown 17 (16.5)

Family history of GC
Yes 11(10.6)
No 69 (67.0)
Unknown 23(22.3)

Smoking status
Non-smoker 33(32.0)
Current/former smoker 46 (42.7)
Unknown 24(23.3)

Alcohol status
Non-drinker 48 (46.6)
Current/former drinker 28(27.1)
Unknown 27(26.2)

Indication for endoscopy’

Gl bleeding (overt) 26 (25.2)
Abdominal pain/dyspepsia 50 (48.5)

Values are presented as number (%).

Gastric Cancer and Early Stage Diagnosis

were included. All pathology obtained from an outside institu-
tion was re-reviewed by one of our institution’s expert Gl pa-
thologist and served as the final pathologic diagnosis. Back-
ground histologic findings at the time of the index NCGC diag-
nosis were documented as to the presence of AG, IM, and dys-
plasia (low-grade [LGD] and/or high-grade [HGD]). Pre-neo-
plasia was categorized as “multifocal” if documented in both
the antrum and corpus. The presence or absence of active H.
pylori infection was determined based on immunostain. For
patients who were not actively infected with H. pylori based

Characteristics Total population (n=103)

Early satiety 5(4.9)
Gastric outlet obstruction 9(8.7)
Weight loss 16 (15.5)
Anemia (no overt Gl bleed) 16 (15.5)
Surveillance/screening (asymptomatic) 3(2.9)
Stage of NCGC
0 12 (11.7)
la 27 (26.2)
Ib 11(10.7)
Il 12(11.7)
1] 12 (11.7)
\Y 21(20.3)
Not specified 8(7.8)
Grade of NCGC
Well-differentiated 2(1.9)
Moderately-differentiated 29(28.2)
Poorly-differentiated 58 (56.3)
Not specified 14(13.5)
Location of NCGC
Antrum 48 (46.6)
Incisura 16 (15.5)
Body/fundus 30(29.1)
Pylorus 4(3.9)
Not specified 5(4.9)
Negative EGD prior to index EGD 23(22.3)
(time from diagnosis)
<3mo 3(2.9)
3-6 mo 4(3.9)
6-12 mo 5(4.9)
12y 3(29)
2-3y 6(5.8)
>3y 2(1.9)

GC, gastric cancer; NCGC, non-cardia gastric cancer; Gl, gastrointestinal; EGD, esophagogastroduodenoscopy.
'Indication for the index endoscopy on which NCGC was diagnosed was known in 91.2% of patients (n=94/103). There was often more than one indication for

endoscopy.
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on histologic immunostain, the chart was reviewed for evi-
dence of prior positive serology or evidence of prior treatment.
Cancer grade and stage at time of diagnosis were document-
ed. Anatomic/prognostic stages were determined according
to the American Joint Committee on Cancer, 7th edition [23].
Stage 0 and la tumors were classified as “EGCs” (curable stage
disease) for this study. We did not include stage Ib in this defi-
nition since stage Ib includes both TIN1 and T2NO and the lat-
ter are not amenable to modern endoscopic resection tech-
niques due to invasion deeper than the submucosa.

Outcomes

The primary outcome was the frequency of curable stage
NCGC at diagnosis in patients with an endoscopy negative for
malignancy prior to their index endoscopy that diagnosed NCGC,
compared to patients without a negative endoscopy prior to
their index endoscopy. Secondary analyses included determi-
nation of factors associated with curable stage NCGC at diagnosis.

Prior EGD No prior EGD

Characteristic p-value

(n=23) (n=70)

Age (median and range, y) 70(51-92) 71 (41-90) 0.89

Sex 0.22
Male 14 (60.9) 52 (74.3)

Female 9(39.1) 18(25.7)

Ethnicity 0.31
Hispanic/Latino 6(26.1) 21(30.0) 0.58
European White 8(34.8) 11(15.7) 0.06
Black 3(13.0) 17 (24.2) 0.29
Asian 6(26.1) 15(21.4) 0.41
Non-European White 0(0.0) 6(8.6) 0.57

Family history of GC 0.44
Yes 4(17.4) 7(10.0)

No 12 (52.2) 44 (62.9)
Not specified 7(30.4) 19(27.1)

Smoking status 0.12
Never 11(47.8) 19(27.1)
Current/former 9(39.1) 35(50.0)

Not specified 3(13.0) 16 (22.9)

Alcohol status 0.18
Never 15(65.2) 30(42.9)
Current/former 5(21.7) 23(32.9)

Not specified 3(13.0) 17 (24.3)

Indication for endoscopy

Gl bleeding (overt) 4(17.4) 20 (28.6) 0.57

Values are presented as number (%).

Journal of
Preventive Medicine
Public Health

Statistical Analysis

Descriptive, univariate, and multivariate analyses were car-
ried out using Stata version 11.0 (StataCorp., College Station,
TX, USA). Logistic regression was used to identify factors asso-
ciated with curable stage NCGC at diagnosis. In addition to
clinically relevant covariates determined a priori, parameters
with p-value <0.30 on univariate analyses were included in the
multivariate models. Statistical significance was determined at
the p-value <0.05 level.

RESULTS

Demographics and Clinical Characteristics

A total of 103 patients (70% male) met criteria for inclusion
(Table 1). The median age at the time of NCGC diagnosis was
71 (range, 41-92) years. Of the overall cohort, 25.2% were His-
panic/Latino, 18.4% European White, 17.4% Asian, and 17.4%
Black, while 4.9% of the cohort was non-European White. Ap-

Prior EGD No prior EGD

Characteristic (n=23) (n=70) p-value
Abdominal pain/dyspepsia 11(47.8) 36 (51.4) 0.71
Early satiety 2(8.7) 3(4.3) 0.30
Gastric outlet obstruction 1(4.3) 8(11.4) 0.68
Weight loss 3(13.0) 13(18.6) 0.74
Anemia (no overt Gl bleed) 4(17.4) 11(15.7) 0.73

NCGC stage 0.001

0 8(34.8) 3(4.3)
la 8(34.8) 17 (24.3)
Ib 1(4.3) 8(11.4)
I 2(8.7) 7(10.0)
1] 0(0.0) 12(17.1)
\Y 3(13.0) 18(25.7)
Not specified 1(4.3) 5(7.1)

NCGC grade 0.27
Well-differentiated 1(4.3) 1(1.5)
Moderately-differentiated 3(13.0) 23(35.4)
Poorly-differentiated 10 (43.4) 41(63.8)

Not specified 9(39.1) 5(7.1)

NCGC location 0.89

Antrum 11 (47.8) 32(45.7)
Incisura 3(13.0) 12(17.1)
Body/fundus 7(30.4) 22 (31.4)
Pylorus 1(4.4) 3(4.3)
Not specified 1(4.4) 1(1.4)

EGD, esophagogastroduodenoscopy; NCGC, non-cardia gastric cancer; GC, gastric cancer; Gl, gastrointestinal.
'Detailed information about prior EGD was unavailable for 10 patients (excluded from prior analysis).
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proximately 43% were current or former smokers, and 27.1%
were current or former alcohol drinkers. The indication for the
index endoscopy on which the NCGC was diagnosed was
available in 94 patients (91.2%). Since endoscopic screening of
asymptomatic individuals is not routine in the USA, the major-
ity of patients were symptomatic at the time of NCGC diagno-
sis, with less than 3% of patients (n=3) having “surveillance” as
their documented indication for endoscopy. Most patients had
one or more of the following symptoms at presentation: ab-
dominal pain/dyspepsia, Gl bleed (overt or suspected occult),
weight loss, gastric outlet obstruction, or early satiety (Table 1).

Practically all (98%) patients had histological evidence of
background pre-neoplasia at the time of NCGC diagnosis (data
not shown). One-third had AG (34%), while all 101 patients
with pre-neoplasia had some form of IM. Only 10% of patients
had active H. pylori infection by immunostain. No additional
patients were identified as formerly positive based on avail-
able H. pylori serology or based on documentation of prior an-
ti-H. pylori therapy.

Over half of patients had poorly-differentiated adenocarci-
noma (56.3%), with only 1.9% of the cohort having well-differ-
entiated histology. Antral location was most common (46.6%).
At diagnosis, 37.9% of patients had curable stage NCGC (11.7%

Variabhle Univariate analysis

OR (95% CI)

Gastric Cancer and Early Stage Diagnosis

stage 0, 26.2% stage la), while over 20% had metastatic dis-
ease. Among patients with stage Ill or [V NCGC at presentation,
90.9% had not had an endoscopy prior to their diagnosis.

Primary Outcome

Over 22% (n=23) had at least one negative endoscopy prior
to their index endoscopy that diagnosed NCGC, while 68%
(n=70) had no endoscopy prior to their index endoscopy di-
agnosing NCGC (Table 2). There was no difference in age, sex,
race/ethnicity, family history of GC, smoking status, alcohol
status, or indication for endoscopy between those who had an
endoscopy and those who did not have an endoscopy prior to
their index endoscopy diagnosing NCGC. There was also no
difference in the location or histologic grade of NCGC. Notably,
however, nearly 69.6% of the NCGCs diagnosed in patients
with a prior negative endoscopy were stage 0 or la (curable
stages) compared to only 28.6% in patients who did not have
a prior endoscopy (p=0.001). Similarly, only 13.0% of NCGCs
diagnosed in the patients who had had a prior negative en-
doscopy were stage Ill or IV, compared to nearly 42.8% among
patients who had not had a prior endoscopy (p=0.001) (Table
2). The median time from prior negative endoscopy to the en-
doscopy with the index NCGC diagnosis was 343 days.

Age=65y 1.65(0.60, 4.53)
Male sex 1.71(0.65, 4.49)
Ethnicity/race
Black 3.35(0.89, 15.5)
Hispanic/Latino 2.59(0.92,7.59)
Asian 0.36(0.10, 1.23)
European White 0.57(0.16, 1.97)
Non-European White 0.25(0.00, 3.41)
Smoking status (current/former) 1.57 (0.56, 4.44)
Alcohol use (current/former) 1.27(0.44, 3.76)
Atrophic gastritis 1.22(0.47,3.27)
Dysplasia (LGD/HGD) 0.40(0.05, 3.61)
Multifocal pre-neoplasia 0.58(0.19,1.73)
Active H. pyloriinfection® -
Family history 0.35(0.07, 1.61)
Prior EGD 0.17 (0.05, 0.54)

NCGC, non-cardia gastric cancer; OR, odds ratio; Cl, confidence interval; LGD, low-grade dysplasia; HGD, high-grade dysplasia; EGD, esophagogastroduodenoscopy.
'Univariate and multivariate analysis for intestinal metaplasia could not be performed given its nearly universal presence in the cohort.

Multivariate analysis’
p-value OR (95% CI) p-value
0.28 0.99(0.92, 1.06) 0.68
0.23 1.62(0.32, 8.18) 0.56
0.07 2.07(0.27,16.2) 0.49
0.05 0.97(0.13,7.00) 0.98
0.07 0.48(0.05, 4.53) 0.52

0.31

0.32

0.34

0.62

0.66

0.36 -

0.27 0.51(0.09, 2.88) 0.45
0.18 0.33(0.05, 2.33) 0.27

<0.001 0.06 (0.01, 0.38) 0.003

2Only factors with p<0.3 in the univariate analysis were included in multivariable analysis.
*No patients with stage 0 or Ta NCGC had active H. pylori infection, precluding univariate and multivariate analyses.
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Factors Associated With Non-cardia Gastric
Cancer Stage >1a at Diagnosis

On univariate analysis, having an upper endoscopy in the
three years prior to the index endoscopy (compared to having
no prior endoscopy) was strongly protective against NCGC
stage >la at diagnosis (p<0.001). Being Asian was associated
with a trend toward higher likelihood of being diagnosed with
EGC compared to non-Asian groups (p=0.07). By contrast, be-
ing Black or Hispanic/Latino was associated with greater odds
of having NCGC stage >la at diagnosis, although only the lat-
ter reached statistical significance (p=0.07 and p=0.05, re-
spectively). No other factors were significantly associated with
worse stage of NCGC at diagnosis. Having a negative endosco-
py prior to the index diagnosis remained significantly protec-
tive on multivariable analysis and was associated with a 94%
higher likelihood of having curable stage 0 or la NCGC at diag-
nosis (p=0.003) (Table 3).

DISCUSSION

In this study of over 100 people diagnosed with NCGC at an
urban tertiary referral center in NYC, we report a marked racial
and ethnic minority predominance, with over 95% of those di-
agnosed with NCGC being Black, Hispanic/Latino, Asian, or
Eastern European/Russian, and therefore constituting a high-
risk group based on race and ethnicity alone [2,17,18]. Our
findings support current literature that, while under-recog-
nized, certain racial and ethnic groups bear a significantly
higher burden of NCGC in the USA compared to USA-born
Whites. Acknowledging the retrospective nature of our study,
having an endoscopy within three years prior to the index
NCGC diagnosis was the only factor significantly associated
with lower stage NCGC at diagnosis (specifically EGC) in our
cohort, which was notably high-risk nearly universally based
on race and ethnicity alone. Our findings warrant confirmation
with larger studies that specifically include a lower-risk cohort
diagnosed with NCGC as comparison.

Indeed, 70% of patients who had a negative endoscopy pri-
or to their index endoscopy had their cancers diagnosed at a
stage that is historically associated with 95-99% 5-year surviv-
al when adequately resected, either endoscopically or surgi-
cally [24-28]. Our findings are in line with studies from high-
risk populations, namely East Asia, showing that screening or
surveillance endoscopy is associated with lower stage disease
at diagnosis [29,30]. While a randomized controlled trial of en-
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doscopic screening compared to no screening would be the
most robust approach to assess the impact of a screening and
surveillance protocol, this would require a large population-
based cohort and is logistically not feasible in the USA given
the overall low prevalence of NCGC. Moreover, the duration of
follow-up needed to show mortality benefit would be quite
long. Thus, there are no randomized controlled trials assessing
the impact of NCGC screening even in high-prevalence coun-
tries such as Japan and Korea, which have established national
screening protocols. Arguably, such trials would now be un-
ethical since screening with upper endoscopy has been asso-
ciated with at least a 30-65% reduction in GC-related mortality
in Japan [12,14,31], and nearly 80% reduction in Japanese
male age 40-75 [31], which is attributed to a marked increase
in the percentage of NCGC diagnosed as EGCs. EGCs now rep-
resent almost 60% of the diagnosed NCGCs in Japan, com-
pared to 15% prior to implementation of GC screening [4,32],
which mirrors our data that nearly 70% of NCGC stage la or
lower in our cohort were diagnosed in patients who had a
negative endoscopy prior to their index endoscopy diagnos-
ing NCGC. A prospective study from the UK, another overall
low prevalence area, showed that patients with pre-neoplasia
who were enrolled in an endoscopic GC surveillance pro-
gram—i.e., a high-risk group in an otherwise relatively low
prevalence area—had earlier stage GC (defined as stage | or 1)
at diagnosis (p<0.05) [33]. To our knowledge, ours is the first
study suggesting a possible clinical benefit of endoscopy for
NCGC screening for high-risk subgroups based on racial and
ethnic background in a country with otherwise low NCGC
prevalence. Reflective of this, a guideline statement by the
Standards of Practice Committee of the American Society for
Gastrointestinal Endoscopy (ASGE) recommends considering
screening new USA immigrants above the age of 40 from
high-risk endemic regions (Japan, Korea, China, Russia, and
South America) for GC with upper endoscopy, particularly in
those with first-degree relatives with a history of GC [34]. No-
tably, no recommendations are offered for other high-risk
groups in the USA, including later-generation immigrants
from endemic areas, Hispanic/Latinos and Black Americans,
despite an acknowledgement by the ASGE that these groups
also have a significantly higher incidence of GC compared to
USA-born Whites. While we acknowledge that our population
is technically not a screening population because the majority
had symptoms listed as the endoscopic indication, publica-
tions from the cancer surveillance programs in high preva-
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lence countries like Korea also acknowledge their population
is likely not a “true” screening population, since it is not possi-
ble to exclude symptomatic individuals [30].

The observation that NCGC risk is higher among certain ra-
cial/ethnic groups in the USA more likely reflects cultural, di-
etary, socioeconomic, and other social determinants of health,
rather than an intrinsic predisposition to GC [35]. This is sup-
ported by migration data, which suggest that after approxi-
mately 2-3 generations, immigrants from areas endemic for
NCGC display the prevalence of their host country, a phenom-
enon that is attributed to dietary acculturation, better sanita-
tion, and possibly lower H. pylori prevalence [36]. Our finding
of nearly universal background pre-neoplasia, specifically IM,
suggests the step-wise progression of preneoplasia prior to fi-
nal malignant transformation occurs irrespective of race/eth-
nicity. Despite H. pylori's purported role as the primary trigger
for the pre-neoplastic cascade, only a small percentage of our
cohort had active infection; this suggests not only a limited
role for H. pylori testing in identifying individuals who may
benefit from screening and surveillance to detect early stage
NCGC, but it also suggests that while H. pylori likely underlies
the initial carcinogenesis cascade, other factors contribute to
the progression of preneoplasia to neoplasia.

Strengths of our study include a highly diverse patient pop-
ulation with access to detailed medical records and accurate
staging of NCGC, as well as expert pathology review of all bi-
opsy specimens. Important limitations of our study include
the cross-sectional and retrospective nature, as well as the rel-
atively small cohort size limiting our power to detect differ-
ences, particularly among racial and ethnic groups. Our study
is from a single, tertiary center and may limit generalizability.
While we included endoscopies performed at outside facilities
if performed prior to the index endoscopy diagnosing NCGC,
outside endoscopies performed but not documented in the
medical record would be missed. However, this would be con-
sidered non-differential misclassification and tend to bias to-
wards the null. Given the magnitude of our effect estimate, it
is unlikely that these minimal missing data would be sufficient
to nullify the protective effect afforded by a prior negative en-
doscopy reported here. As previously noted, although our co-
hort is possibly representative of the population in the USA
who would benefit from GC screening and surveillance based
on published prevalence and cost-effectiveness data [20,22,
37-40], our ability to draw strong conclusions regarding fac-
tors associated with early stage GC at diagnosis is limited by
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the fact that our cohort is almost universally high-risk. Al-
though only 5% of patients in our cohort were non-European
Whites and limited parallel analysis of a theoretically lower-
risk group for NCGC, this critically highlights the disparity of
disease incidence in the USA and the need for increased atten-
tion to the differential disease burden in these groups.

In conclusion, in a racially and ethnically diverse USA popu-
lation, we found that having an upper endoscopy that was
negative for malignancy prior to the index endoscopy diag-
nosing NCGC was associated with a significantly higher likeli-
hood of having curable stage disease at presentation com-
pared to patients who did not have an endoscopy prior to
their index diagnosis. Targeted endoscopic screening and sur-
veillance for select groups deemed higher-risk might positive-
ly impact GC-related outcomes by detecting disease at an ear-
lier, potentially curable, stage. We hope that the findings of
the present study will both stimulate and inform future stud-
ies validating risk-stratification models for NCGC screening
and surveillance in the USA.
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