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Abstract

BACKGROUND & AIMS: Gastric cancer (GC) remains a leading cause of cancer and cancer-
related mortality. Recent reports suggest noncardia GC is increasing in certain U.S. populations.
However, whether these trends are driven by gastric adenocarcinoma (GA) or other histologies,
including neuroendocrine tumors (NETS), lymphoma, or gastrointestinal stromal tumors (GISTS),
is unclear.

METHODS: We analyzed the Surveillance, Epidemiology and End Results-18 cancer registry
(2000-2018) to determine age-standardized incidence rates (ASIR) and annual percentage change
(APC) trends for histologically-confirmed GCs, stratified by anatomic location (noncardia vs
cardia), age group (20-49 vs 50+ years), sex, race, and ethnicity. Joinpoint regression modeling
estimated the statistical significance of trend comparisons.

RESULTS: Of 74,520 individuals with noncardia GC, most (66.2%) were GA, with the next
largest categories being non—-mucosa-associated lymphoid tissue (non-MALT) lymphomas (6.9%),
GIST (6.7%), NET (6.4%), and MALT lymphoma (5.6%). Noncardia GA ASIR was significantly
higher than other histologies and demonstrated the greatest differences by race and ethnicity.
APCs for GA and MALT, both Helicobacter pylori-associated cancers, declined significantly over
time, which was driven primarily by trends among individuals =50 years-old. NET and GIST
APCs significantly increased irrespective of age group, with the highest APCs observed among
non-Hispanic white individuals. Cardia GC was rarer than noncardia GC and comprised primarily
by GA (87.9%). Cardia GC incidence fell during the study period, which was primarily driven by
decline in cardia GA.

CONCLUSIONS: GA was the most common histology. On the basis of our findings, the rise in
noncardia GC among certain U.S. populations appears predominantly driven by NET and GIST,
not GA. Further studies are needed to clarify underlying etiologies for these findings.
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Worldwide, gastric cancer (GC) is the fifth most commonly diagnosed cancer and the
fourth most common cause of cancer-related mortality.! There is considerable global and
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intra-country variation in GC incidence, particularly in the United States where population
risks differ by race, ethnicity, sex, and age.1:2 Although the United States is generally
considered a low-intermediate risk country for GC, this still translates to more than 26,000
incident cases and more than 11,000 related deaths annually.3 Because GC screening is not
routine in the United States, only a minority of GCs are diagnosed in an early, potentially
curable stage. The high proportion of late-stage diagnoses is reflected in the dismal <32%
5-year overall survival for GC. Besides stage and anatomic location, cancer histology (eg,
adenocarcinoma, lymphoma, neuroendocrine tumors [NETS]) is another major determinant
of prognosis and treatment approach. Furthermore, the carcinogenic pathways underlying
different histologic types of GC differ. Most distinctly, Helicobacter pyloriinfection is a
causal risk factor for gastric adenocarcinoma (GA) and mucosa-associated lymphoid tissue
(MALT) lymphoma, but not NET and gastrointestinal stromal tumors (GIST).

Describing GC epidemiology trends without regard to histologic classifications overlooks
potentially important observations that are relevant for improving resource allocation,
targeted cancer attenuation efforts, and stimulation of hypothesis-driven research defining
etiologies for observed differences based on demographic factors. Although racial and ethnic
differences for GA and trends over time are well-described,2#° few studies have reported on
non-adenocarcinoma GC epidemiology. One recent study of the Surveillance, Epidemiology
and End Results (SEER) cancer registry suggested an increase in NET and GIST tumors

in the stomach between 1992 and 2016, especially in non-white populations®; however, that
study did not include other histologic types, did not analyze according to age group, and
covered a time period where histologic coding for GIST changed.’

Thus, the primary objective of the present study was to conduct a population-based analysis
of the SEER cancer registry to evaluate GC trends for the most common GC histologies.8-11
The secondary objective was to evaluate differences in trends by histology based on race,
ethnicity, sex, and age group.

SEER is a National Cancer Institute—supported program that collects cancer incidence
data from population-based cancer registries. For this analysis, we used the publicly
available SEER-18 registry (2000-2018).12 This time period is preferred because it
includes updated histology coding. SEER-18 covers approximately 27.8% of the U.S.
population, with enrichment for non-white racial and ethnic groups who may be otherwise
underrepresented.13

We restricted our analysis to tumors with malignant behavior where GC was the first
primary cancer (Supplementary Figure 1). We stratified GCs as cardia vs noncardia location
based on the International Classification of Disease for Oncology, 3rd edition (ICD-0-3).
We then classified GCs on the basis of ICD-0O-3 histologic codes as adenocarcinomas,
NETSs, GISTs, MALT lymphoma, non-MALT lymphoma, or other histologies?814; detailed
codes are provided in Supplementary Table 1.
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Age at GC diagnosis, sex, race, and ethnicity were recorded for each case. Race and
ethnicity for each individual were categorized as follows: Hispanic, non-Hispanic white
(NHW), non-Hispanic black (NHB), non-Hispanic Asian/Pacific Islander (NHAPI), and
non-Hispanic American Indian/Alaska Native (NHAIAN). SEER frequently only includes
cases of NHAIAN individuals from counties with purchased/referred care delivery areas
where the Indian Health Service contracts health care to an identified Indian community
to limit misclassification.1>16 We included only individuals aged 20 years or older at GC
diagnosis. Individuals of unknown race or ethnicity comprised 1.1% of the total cohort and
were excluded (Supplementary Figure 1).

To characterize the burden of each tumor subtype, we reported both incidence and
age-standardized incidence (defined as a weighted average of the age-specific incidence
per 100,000 persons, where the weights are informed by the proportion of persons in
corresponding age groups for the U.S. population). The SEER program age-adjusts using
the 2000 U.S. Standard population based on single years of age from the Census.1’
When possible, we also computed the annual percentage change (APC) to quantify the
change in incidence over time. This measure calculates the change in incidence as a
percentage of the previous year’s rate in a linear fashion.® These measures along with
95% confidence intervals (95% Cls) were calculated using SEER*Stat version 8.3.9 and
Joinpoint Regression Program version 4.8.01.19-22 Joinpoint is a statistical software used
for National Cancer Institute publications, which analyzes trends using joinpoint models.
Population estimates were created using linear interpolation and extrapolation of decennial
U.S. Census data. APC was considered significantly different from 0 (null value) at alpha
level 0.05 (Pvalue).

We performed analyses separately by anatomic location (cardia vs noncardia), histology,
sex (male vs female), age group (overall and 20-49 years [referred to as early-onset] vs 50
years and older), and race or ethnicity (NHW, NHB, NHAPI, Hispanic, and NHAIAN). For
the primary analysis we combined C16.8 (over-lapping) and C16.9 (NOS) with noncardia
GC (C16.1-C16.6) because of similarities in observed adenocarcinoma trends for these
anatomic locations and to allow for increased sample size; herein, this group is referred to
as noncardia.2® We also conducted a sensitivity analysis analyzing only C16.1-C16.6 as
noncardia GC; there were insufficient case counts to analyze C16.8 and C16.9 as a separate
subgroup and make meaningful conclusions.

Overall Gastric Cancers

Between 2000 and 2018, 83,874 cases of primary noncardia GC and 28,199 cardia GC were
registered in SEER-18 (Figure 1A and B). Most noncardia (n = 55,563; 66.2%) and cardia
(n =24,792; 87.9%) were histologically confirmed GA. Among the remaining noncardia
GCs, 5786 (6.9%) were non-MALT lymphoma, 5601 (6.7%) GIST, 5345 (6.4%) NET, and
4688 (5.6%) MALT lymphoma (Figure 1A). Fewer than 9% of all primary noncardia GCs
were histologies other than those listed herein. For cardia GCs, lymphomas (both MALT and
non-MALT), GISTs, and NETs comprised less than 5% of diagnoses, and 7% (n = 2027)
were other histologies (Figure 1B).
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Noncardia GC

The overall age-standardized incidence rate (ASIR) per 100,000 persons for GA was 4.73
(95% ClI, 4.69-4.77; Table 1). In contrast, the overall ASIR was less than 1.0 for all non-GA
histologies (Table 1). Most noncardia GCs were diagnosed in men (53.7%), adults aged

50 and older (86.4%), and NHW individuals (45.4%) (Figure 1A). We repeated the initial
demographic analysis with site location limited to confirmed noncardia anatomic location
(C16.1-C16.6) and removing overlapping (C16.8) and not otherwise specified (NOS, C16.9)
anatomic sites. Overall patterns were similar (Supplementary Table 2).

Trends Over Time of Noncardia GC Incidence

Cardia GC

Although noncardia GC overall declined significantly between the beginning and end of the
study interval from 2000-2002 to 2016-2018 (Table 2), there were significant differences
when analyzing trends according to age and GC histology. ASIRs for GA, MALT, and
non-MALT lymphomas significantly decreased between 2000-2002 vs 2016-2018 (Table 2
and Figure 2), whereas the ASIRs for NET and GIST significantly increased (Table 2 and
Figure 2). Additional time trend evaluations by age, sex, race, and ethnicity for each of the
histologies are presented in Supplementary Table 3, although small case counts in some
subgroups were limiting.

Where possible, we conducted additional analyses to determine APCs based on histology

as well as race, ethnicity, and age group. Overall, GC incidence significantly declined
among individuals aged 50 years and older (APC, —2.23; P < .05; Supplementary Table 4)
but significantly increased among those younger than age 50 (APC, +0.53; £<.05). GA

and MALT lymphoma incidence declined significantly in the age group >50 years (APC,
-3.09 and —-2.03, respectively; P<.05; Supplementary Table 4). Similarly, the incidence of
early-onset GA declined significantly among NHAPI, NHB, and NHW individuals (APC,
-2.95, -1.93, and -1.19, respectively; all £<.05). Although noncardia GA incidence was
highest among NHAPI compared with other racial and ethnic groups, the gap narrowed over
the study period; all non-white racial and ethnic groups had higher GA ASIR compared with
NHW individuals (Figure 3A). In contrast, NET incidence increased in both age groups over
time (APC, 5.54 for 20- to 49-year-olds, 3.57 for =50; all £< .05). Of note, ICD coding for
GISTs changed in 2000,” which was reflected in the very high APC (49.8) for 2000-2002.
Nevertheless, the APC steadily increased in each consecutive observed interval (APC, 2.1
for 2002-2007, 6.5 for 2007-2012; P< .05) with a plateau after 2012 (APC, 0.2 2012-2018;
P> .05). The observed patterns were generally consistent on the basis of sex, race, and
ethnicity, although the magnitude of change and statistical significance varied (Figures 3 and
4).

We repeated all analyses for cardia GC (Table 2 and Supplementary Table 5). GA was the
most common histology, comprising 87.9% of all cardia GCs (Figure 1B).

Irrespective of histology, all cardia GC ASIRs were significantly and markedly lower than
noncardia GC ASIRs (Supplementary Table 5). All cardia GCs were more common in men
than women and in individuals age =50 vs 20-49 years. NHW (ASIR, 2.33; 95% ClI, 2.30-
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2.36) and NHAIAN individuals (ASIR, 2.02; 95% ClI, 1.70-2.38) had the highest cardia GA
ASIRs. In contrast, other histologic subtypes were extremely rare.

Trends Over Time for Cardia GC

Overall, cardia GC incidence decreased from the beginning (ASIR 2000-2002, 2.50; 95%
Cl, 2.42-2.57; Table 2) to the end (ASIR 2016-2018, 2.21; 95% Cl, 2.15-2.27) of the

study period, driven mostly by the small decline in cardia GA (ASIR 2000-2002, 2.18; 95%
Cl, 2.11-2.26 to ASIR 2016-2018, 1.93; 95% Cl, 1.87-1.99) and non-MALT lymphoma
(ASIR 2000-2002, 0.04; 95% CI, 0.03-0.05 to ASIR 2016-2018, 0.01; 95% CI, 0.01-0.02).
The incidence declined significantly in those 50 and older but not in those ages 20-49
(Supplementary Table 4). There were no significant changes in incidence between the
beginning and end of the study period for GISTs, NETSs, and MALT lymphoma.

Similarly, the APCs for cardia GC stratified by individuals’ age, race, and ethnicity were
calculated. Small counts limited most analyses, but among those 50 and older, NHW, NHB,
and NHAPI individuals had significant decrease in total cardia GC APC during the study
period (Supplementary Table 4). Hispanic individuals aged 20-49 years demonstrated a
significant increase in cardia GC overall over time (APC, 2.48), although small counts
preclude further analysis by histology.

Discussion

In this contemporary U.S. population-based cancer registry analysis, between 2000 and 2018
the incidence of noncardia GA and MALT lymphoma (both H pylori-associated cancers)
declined significantly, as did non-MALT lymphoma; in contrast, rates of noncardia NET
have steadily increased. Although the incidence of noncardia GIST also demonstrated

a steady increase after a coding change in 2000, GIST rates have recently plateaued.
Notably, in the younger age group, all histologies either increased (GIST, NET) or

remained unchanged (GA, MALT lymphoma); only non-MALT lymphoma rates declined
over time. These observed patterns were generally consistent irrespective of race, ethnicity,
and sex, with some differences in the magnitude of change. These findings have clinical,
epidemiologic, and scientific implications because of the differences between these
histologies with respect to treatment, tumor behavior and prognosis, risk factor profiles,

and pathogenesis. By presenting a detailed analysis of trends based on primary histology, we
significantly extend findings from previous analyses reporting a rise in noncardia GC among
certain U.S. populations*® and add additional knowledge about cardia GC histology trends.

The absolute burden of noncardia GA, which comprise the majority of primary GCs, is
greater than 10-fold that of NET, GIST, or lymphomas. Non-white racial and ethnic groups,
in particular NHAPI individuals, shoulder a disproportionate burden of noncardia GA
compared with NHW individuals. To this end, despite mostly favorable trends of noncardia
GA over time, we observed a differential rate of decline across several subgroups. The
decreasing incidence of noncardia GA over time has in large part been attributed to the
lower prevalence of H pyloriinfection with each generation, changes in diet, and decreased
tobacco use.23-2% The decline in H pylori prevalence also underlies the observed decline in
MALT lymphoma. To our knowledge, no prior studies report trends for MALT lymphoma,
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a cancer that is unique in the fact that A py/orieradication is often curative and thus
considered first-line management. Yet, despite the declining prevalence of H py/oriin the
United States and clear birth cohort effect, with younger individuals having lower H pylori
prevalence than older individuals, there is a discrepancy in the rate of expected decline in
noncardia GA and MALT lymphoma for the younger age group compared with the older
age group. This lack of decline in the younger age group suggests non—H pylori~associated
factors are involved, requiring further research to clarify the role of and interaction between
other environmental, micro-biome, and (epi)genomic factors. The number of cases were
small, which may limit strong conclusions. Our findings for noncardia GA are similar to a
previous study suggesting a rise in noncardia GA in younger groups using North American
Association of Central Cancer Registries data.24 However, that study used different age
groupings, which might explain why our findings did not show statistically significant rises.

The rise in gastric NET and GIST is an important finding, because staging, treatment, and
prognosis are distinct from GA and other histologies. Detection bias related to increased
use of endoscopy might explain part of this increase2> but is unlikely to account for the
total magnitude of observed increase because of the decline in other histologies including
non-MALT lymphoma. Although ICD coding for GIST changed in 2000, as reflected by
the outlier APC (+49.8), the ongoing rise after the change had time to take effect suggests
this represents a true increase. Although changes in terminology and definitions of NET26
might be relevant to a small extent, the increase likely also represents a true increase.
Autoimmune gastritis, which is present in approximately 0.5%-2% of the population and
appears to be increasing, is associated with the most common subtype of gastric NET, type
1.27.28 The widespread use of proton pump inhibitors starting in the early 2000s may further
contribute to the observed increase in NET diagnoses.2® Reassuringly, the prognosis of type
1 gastric NETSs is significantly better than GA.30 Autoimmune gastritis is also associated
with increased risk of noncardia GA, and continued vigilance is necessary for providers
caring for these patients.31:32

Our findings are consistent with and extend knowledge regarding the alarming trend in the
rise of early-onset cancer in other digestive organs, including colorectum?! and pancreas,10
which is driven to some extent by non-adenocarcinoma histologies. Notably, a recent
analysis of cancer registry data demonstrated that up to 20% of early-onset colorectal and
up to 34% of early-onset rectal only cancers were histologic NET; like our study, these
trends have important prognostic implications.® Another cancer registry-based analysis of
gastroenteropancreatic NET reported a consistent rise in these tumors starting from the early
1980s through 2012.8 A recent study by Anderson et al® suggested that although overall
rates of noncardia GC are declining, rates are rising for those aged <50 years, particularly
Hispanic white individuals, but did not specify detailed histology trends. On the basis of our
study, we suspect these findings are primarily driven by an increase in NET (and possibly
GIST), coupled with a slower (or even lack of) decline in GA. This appears to be the

case particularly in younger age groups, especially younger Hispanic individuals. In support
of this hypothesis, we demonstrated a steady increase in NET over time, with a greater
increase in the 20- to 49-year-old group vs =50-year-old group, and an increase in GIST
through 2012. Although noncardia GA and MALT lymphoma ASIRs declined overall, these
respective ASIRs did not decline among 20-to 49-year-olds between 2000 and 2018.
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We noted a small decline in cardia GC, but this was largely driven by the small decline in
age group>50 years, because there was a slight increase in cardia GC among the age group
20-49 years. These findings are consistent with a prior nationwide study from 1999 to 2013,
which analyzed cardia GC overall, but irrespective of histology.33

Our study has important strengths and limitations. We used a high-quality large, nationally
representative registry and restricted the analysis to histologically confirmed primary gastric
malignancies. This study specifically analyzes GC trends by detailed histology, with
additional stratification by anatomic location, age, sex, race, and ethnicity. We used both
ASIRs and APCs to describe trends over time and accounted for ICD histology code
changes for GIST. One limitation of this study is the lack of access to certain individual-
level data, such as tobacco use, H py/loriinfection and eradication treatment status, and
concurrent diagnoses such as autoimmune gastritis. On the basis of the observational design,
we are unable to comment on mechanisms contributing to the changing incidence. However,
these trends are important for informing future research. The small sample size for some
strata, particularly younger age groups, rarer histologies, and less populous racial and ethnic
groups (eg, NHAIAN) limited our ability to provide robust interpretations of some trends.

In conclusion, by comprehensively evaluating changes in GC by histology over time, this
study suggests important nuances in trends by histology and detailed demographic factors.
The histology of GC has important implications on prognosis and treatment. Although the
overall decrease in GA and gastric lymphoma is a positive development, further studies
are needed to understand why some histologies have slower rates of decline and, of more
concern, why some have increasing rates over time and in certain populations.
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Cl confidence interval

GA gastric adenocarcinoma
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GIST gastrointestinal stromal tumor
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What You Need to Know
Background

Previous studies suggest a rise in gastric cancer incidence in certain subgroups by age
and race and ethnicity, but these studies have not been stratified by cancer histology.

Findings

In this study, we found that the incidence of malignant neuroendocrine and
gastrointestinal stromal tumors increased between 2000 and 2018, whereas the incidence
of noncardia gastric adenocarcinoma and mucosa-associated lymphoid tissue lymphoma,
both Helicobacter pylori~associated cancers, decreased over this time.

Implications for patient care

This comprehensive study suggests important nuances in gastric cancer trends by
histology and detailed demographic factors. Furthermore, these trends have relevant
prognostic and therapeutic implications. Although the overall decrease in noncardia
gastric adenocarcinoma and lymphoma is a positive development, further studies are
needed to understand why the incidence rates of some histologies are increasing over
time and in certain populations.
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Figure 1.

(Aand B) Noncardia and cardia gastric cancer cases by histology and demographic
characteristics, SEER-18 (2000-2018). This figure demonstrates gastric cancer incidence
by histology and demographic characteristics.
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Figure 2.
(A) Noncardia gastric cancer time trends by histology, SEER-18 (2000-2018). (B)

Noncardia gastric cancer time trends for non-adenocarcinoma histologies, SEER-18 (2000—
2018). This figure illustrates the ASIRs and modeled ASIRs for noncardia gastric cancer
histologies, for combined races, ethnicities, and sexes, among individuals aged 20 years or
older. The annual percent change (APC) represents the change in incidence as a percentage
of the previous year’s rate in a linear fashion. For GA and MALT and non-MALT
lymphomas, ASIRs and APCs decreased significantly over the time period, whereas for
NET and GIST, ASIRs and APCs increased significantly over time. (B) lllustrates the same
information, but GA is removed to allow re-scaling of the y-axis and better visualization of
the time trends for the rarer non-GA histologies.
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(A-E) Modeled noncardia gastric cancer age-standardized incidence rate (ASIR) trends by
race and ethnicity for each histology type, ages 20 and older, SEER-18 (2000-2018): (A)
adenocarcinoma, (B) non-MALT lymphoma, (C) MALT lymphoma, (D) NETS, and (£)
GISTs. This figure illustrates the modeled ASIRs for each histology stratified by race and
ethnicity, with each race and ethnicity represented by a different so/id-colored line (men
and women combined). Astferisk is used to denote groups with statistically significant APC

during the time period.
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(A-E) Modeled noncardia gastric cancer age-standardized incidence rate (ASIR) trends by
sex for each histology type, ages 20 and older, SEER-18 (2000-2018): (A) adenocarcinoma,
(B) non-MALT lymphoma, (C) MALT lymphoma, (D) NETSs, and (£) GISTs. This figure
illustrates the modeled ASIRs for each histology for men versus women. For all histologies,
except for NET, men had significantly higher ASIRs compared with women. The largest
differences in ASIR between men and women were observed for GA and MALT lymphoma
and NET. The ASIR for NET noticeably diverged for men and women, with women
demonstrating a sharper increase, whereas the ASIR noticeably converged for GIST.
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