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Abstract

Background: The survival of patients with non-metastatic gastric ad-
enocarcinoma (nmGaC), who are receiving more and more frequent-
ly chemotherapy, has improved throughout the last decades, while
treatment-caused cardiotoxicity remains a major concern. This study
aimed to investigate competing causes of mortality and prognostic
factors within a large cohort of patients with resected nmGaC, and to
describe the heart-specific mortalities of patients undergoing resec-
tion and chemotherapy and of all resected patients.

Methods: In this population-based cohort study, data on patients
diagnosed with nmGaC from 2004 through 2016, managed with re-
section with or without chemotherapy, followed up until the end
of 2016, and surviving > 1 month were retrieved from the US Sur-
veillance, Epidemiology, and End Results-18 Program. Cumulative
mortality functions were calculated. Prognostic factors for heart-
and cancer-specific mortalities were evaluated using both multivar-
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iable-adjusted Fine-Gray subdistribution and cause-specific hazard
functions.

Results: Together 21,257 patients with resected nmGaC were eligible
for analysis with an accumulated follow-up of 73,711 person-years,
where 10,718 (50%) also underwent chemotherapy. Mortalities were
overestimated when using the Kaplan-Meier method. Heart diseases
were the most common non-cancer cause of mortality. Compared
with all resected patients, heart-specific mortality of those also re-
ceiving chemotherapy was lower overall and especially at older ages.
In the total group of patients, the 8-year cumulative mortalities from
heart diseases were 4.4% and 2.0% in resected patients and those also
receiving chemotherapy, respectively; in patients > 80 years, the heart
disease-specific mortalities were as high as 11.1% and 6.5%, respec-
tively. In overall patients undergoing resection, older ages, black eth-
nicity, and location at gastric antrum/pylorus were associated with
increased heart-specific mortality, while more recent period, female
sex, Asian/Pacific Islanders, invasion of serosa, and more positive
lymph nodes were associated with lower heart-specific mortality;
among those further receiving chemotherapy, only the associations
with period of diagnosis, age, and ethnicity were significant. Associa-
tions with older ages were stronger for heart-specific mortality than
for cancer-associated mortality.

Conclusions: Among survivors with resected nmGaC receiv-
ing chemotherapy, heart-specific mortality, the most common one
among non-cancer causes of mortality, is not higher compared to
overall resected patients in this observational study, suggesting that
chemotherapy may be relatively safely administered to selected pa-
tients under strict indications. Age and ethnicity were major fac-
tors associated with heart-specific mortality in both overall resected
patients and those further receiving chemotherapy. Overall and
stratified cause-specific cumulative incidences of mortality are pro-
vided, which can be more clinically useful than the Kaplan-Meier
estimates. Our study provides clinically useful evidence for tailored
patient management.
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Introduction

Gastric cancer, the majority of which is adenocarcinoma, ranks
fifth in cancer incidence and is the fourth leading cause of can-
cer-related mortality globally, with about 1,089,000 new cases
and around 769,000 associated deaths in 2020 [1-4]. While re-
section remains the mainstay and cornerstone of curative treat-
ment for most non-metastatic gastric adenocarcinoma (nm-
GaC) [5, 6], increasing numbers of patients with nmGaC also
receive chemotherapy, based on evidence from major clinical
trials [7-10].

Cardiovascular diseases are a leading non-cancer cause
of competing mortality among cancer survivors and can cause
early death [11, 12]. While overall the application of chemo-
therapy has contributed to improvement of survival in some
patients with resected nmGaC throughout the last decades,
not all patients benefit from chemotherapy use [13-16], and
the long-term mortality due to persistent deterioration in left
ventricular ejection fraction and incidental heart diseases re-
mains a major threat to cancer survivors [17]. The commonly
used chemotherapeutic agents for nmGaC include fluoroura-
cil-based (e.g., capecitabine, 5-fluorouracil, S-1, and tegafur)
and platinum-based drugs (e.g., oxaliplatin and cisplatin);
and their potential cardiotoxicity has long attracted oncolo-
gists’ attention [18-22]. On the other hand, to receive further
chemotherapy after resection, patients usually undergo careful
assessment and selection based on performance status and oth-
ers, and can be generally medically fitter and more tolerable
than overall resected patients. Older patients are frailer and
more often have comorbidities. Older age is a natural driver
for the incidence of heart diseases and related mortality, and
heart diseases may compete with cancer as a major cause of
mortality especially for older patients [23]. Various other com-
peting risk factors for mortality exist in patients with nmGaC,
and survival estimates may be incorrect without them taken
into account. It is of utmost importance to analyze prognostic
factors for patients with nmGaC with careful consideration of
competing risks [24].

In the light of potential treatment-induced cardiotoxic ef-
fects, herein we aimed to investigate the long-term heart- and
cancer-specific mortalities within a large cancer cohort involv-
ing 21,257 US patients with resected nmGaC in the presence
of competing risks, and to investigate the cause-specific mor-
talities and factors associated with risk of mortality in patients
receiving both resection and chemotherapy and in all resected
patients.

Materials and Methods

Patients

In this population-based cohort study, individual-level data on
patients with nmGaC were retrieved from the Surveillance,
Epidemiology, and End Results (SEER)-18 Program, which
consists of 18 population-based registries collecting cancer
incidence and mortality data in the USA [25]. Access to the
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data was approved after sending a formal request to SEER and
signing the required data usage agreements.

Patients of nmGaC were defined as patients with micro-
scopically-confirmed first primary invasive adenocarcinoma
of the stomach (International Classification of Diseases for
Oncology, Third Edition (ICD-0O-3) code: C16 [26]) without
distant metastasis. Only those who underwent resection in
January 2004 through December 2016 were included (Supple-
mentary Material 1, www.wjon.org). Cancers of other histol-
ogy types including squamous cell carcinoma, gastrointestinal
stromal tumor or sarcoma, neuroendocrine tumor or carcinoid,
lymphoma, and germ-cell tumor were ineligible (Supplemen-
tary Material 2, www.wjon.org), as were patients with non-
gastric cancers involving the stomach, with benign or in situ
tumors, or with other malignancies before gastric cancer. We
further excluded patients with diagnosis based on death certifi-
cate only or autopsy, with missing follow-up period, survival
status, or cause of death, or with unknown metastasis status.
Cancers with distant metastasis were excluded since resection
is not routinely recommended for them, and competing effects
of other death causes than gastric cancer could be too small to
be analyzable for them. Data before 2004 were not included,
as the TNM stage information was unavailable. To minimize
the effect of perioperative events on survival, we excluded pa-
tients surviving < 1 month.

Data on patient (year of diagnosis, sex, age, ethnicity,
follow-up time, vital status, and cause of death), tumor (mor-
phology, topography, stage, positive lymph node count, dif-
ferentiation grade, and size), and treatment variables (resection
type, chemotherapy, and radiotherapy) were retrieved. Tumor
morphology and topography followed the ICD-O-3, where
information on tumor pathology, differentiation, and location
could be obtained. Tumor local invasion, lymph node involve-
ment, and distant metastasis were derived from the American
Joint Committee on Cancer/Union for International Cancer
Control TNM staging, and were reclassified into categories
consistent across the investigated period when the sixth or sev-
enth edition was in effect (the seventh edition is identical with
the newest eighth edition). Information on chemotherapy and
radiotherapy was under-ascertained in SEER-18 [27], and it
is not possible to differentiate between neoadjuvant and adju-
vant chemotherapy. Cause of death was coded according to the
International Classification of Diseases Tenth Revision (ICD-
10). The major focus of our study was on mortality caused by
diseases of the heart as a possible long-term risk of death com-
peting with cancer, and heart-specific causes of mortality were
defined following the SEER Recode 50060 (ICD-10 codes,
100-109, 111, 113, 120 - I51) [28]. Gastric cancer-specific mor-
tality followed the SEER Recode 21010 and 21020. Consider-
ing the unexpectedly high proportion of mortality due to es-
ophageal cancer (SEER Recode 21010; 24.0% among cancer
causes of mortality in patients who received both resection and
chemotherapy; Supplementary Material 3, www.wjon.org) and
the controversy in classifying cancers located in gastric cardia
[29], SEER Recode 21010 was also regarded as gastric cancer-
specific mortality.

The Institutional Review Board approval was not re-
quired. This study was conducted in compliance with the ethi-
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cal standards of the responsible institution on human subjects
as well as with the Helsinki Declaration.

Statistics

We summarized the distributions of all baseline characteristics
by computing the mean, standard deviation, median, and inter-
quartile range (IQR) for continuous variables, and the count
and frequency for categorical variables. Follow-up was until
December 31, 2016. Survival time was calculated until death
or last follow-up, whichever occurred first. The follow-up time
was calculated using the reverse Kaplan-Meier method [8].

Cumulative incidence functions (CIFs) [24], which allow
for estimation of the incidence of the occurrence of an event
while taking competing risk into account, were computed and
plotted for cause-specific mortalities (heart disease and gastric
cancer) to describe the probability of experiencing a specific
endpoint in the presence of competing risks within overall re-
sected patients and those further receiving chemotherapy, re-
spectively. Stratification analyses by age group were further
performed. As standard Kaplan-Meier analysis treats failures
from competing events as censored, this approach would lead
to an overestimation of the absolute risk of the event of interest
(Supplementary Material 4, www.wjon.org) because compet-
ing events would then violate the assumption of independent or
non-informative censoring [24]. Moreover, the Kaplan-Meier
estimate would reflect mortality from the event of interest in
a hypothetical world without competing events, which is less
clinically relevant. Thus, to calculate the probability of death
(cumulative mortality) from a specific cause, patients with nm-
GaC who died due to competing causes of death were retained
in the underlying risk set rather than being censored.

Adjusted Fine-Gray subdistribution (HRy,) and cause-
specific hazard ratios (HRq) were both calculated for all re-
sected patients and for the subset of patients who were also
known to have received chemotherapy, to investigate the rela-
tive association of individual risk and prognostic factors with
both heart- and cancer-related mortality, using the correspond-
ing hazard function regressions mutually adjusted for year of
diagnosis, sex, age, ethnicity, tumor location, local invasion,
positive lymph node count, differentiation, and resection type
as potential confounding factors. Considering the low sensitiv-
ity of the non-surgical variables [27] and the unavailability of
time intervals between resection and non-surgical management,
chemotherapy or radiotherapy was not further included in the
multivariable models as a prognostic factor, and we compared
the findings in patients receiving resection and chemotherapy
to all patients receiving resection regardless of chemotherapy
application rather than those undergoing resection alone. The
proportional hazards assumption was verified both graphically
using the log-log plot and analytically using the scaled Schoe-
nfeld residuals test before performing survival analyses [9].
To make the calendar year groups more comparable in follow-
up opportunity, further sensitivity analysis was conducted by
analyzing patients diagnosed before 2012 with follow-up time
restricted to the first 5 years. Patients with missing data on the
above-mentioned covariates were excluded from multivariable
modelling analyses. To check if findings held similar when
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missing covariates were imputed, analyses were repeated and
estimates from 40 multiple-imputed datasets were combined.

Analyses were performed using the R 3.5.1 software (htt-
ps://cran.r-project.org), with results considered statistically
significant at two-sided P < 0.05.

Results

Patient characteristics

Among 169,620 identified patients with gastric cancer, we
identified 21,257 patients with nmGaC undergoing cancer-di-
rected resection in 2004 through 2016 eligible for analysis, in-
cluding 10,718 patients who were also known to have received
chemotherapy (Supplementary Material 1, www.wjon.org).

Compared to the total group of patients who underwent
resection, those further receiving chemotherapy were more
likely to be diagnosed in 2010 or later (57% vs. 52%), male
(68% vs. 63%), and younger at diagnosis (mean age, 62 vs. 66
years), with a smaller proportion of patients > 70 years (17%
vs. 43%) (Table 1). Compared to overall group, cancers among
patients who also received chemotherapy were more frequent-
ly located at gastric cardia (37% vs. 30%), had local invasion
less often limited to lamina propria/submucosa (9% vs. 28%),
had more positive lymph nodes (mean positive nodes, 5 vs. 3;
0 positive nodes, 33% vs. 50%), were more often poorly-dif-
ferentiated/undifferentiated (73% vs. 65%), and were average-
ly larger (mean size, 5.3 vs. 4.6 cm), with a greater proportion
of cancers >4 cm (63% vs. 53%). Partial/subtotal gastrectomy
was most commonly performed (67% and 63%, respectively).

The median follow-up times were 73 and 66 months, and
the accumulated follow-up was 73,711 and 34,265 person-
years, for overall resected patients and those who also received
chemotherapy, respectively. The proportion of patients alive at
the end of follow-up was similar between all resected patients
(47%) and those who also received chemotherapy (46%).
Among all named causes of death for deceased patients, gas-
tric cancer was the most common cancer cause, and diseases
of heart the most frequent non-cancer cause. Among deceased
patients, gastric cancer was more commonly reported as the
cause of death among patients who had also received chemo-
therapy compared with the total group (83% vs. 72%) whereas
the opposite was observed for disease of heart (3% vs. 7%).

Heart diseases (among mnon-cancer causes: resection
group, 31%; resection and chemotherapy group, 22%) and
gastric cancer (among cancer causes: resection group, 92%;
resection and chemotherapy group, 94%) were the most com-
mon non-cancer and cancer causes of mortality, respectively
(Supplementary Material 3, www.wjon.org).

Cumulative mortality

The cumulative mortalities for different causes of death with-
in all patients with nmGaC undergoing resection and those
further receiving chemotherapy overall and stratified by age
group are illustrated in Figures 1, 2 and 3, respectively; and
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Table 1. Demographic and Clinicopathologic Characteristics at Diagnosis of Patients With Non-Metastatic Gastric Adenocarcinoma

Undergoing Resection (and Chemotherapy), 2004 - 20162

Variable Category/comment Resection Resection and chemotherapy
N 21,257 10,718
Year of diagnosis 2010 - 2016 10,984 (52) 6,142 (57)
Sex Male 13,485 (63) 7,237 (68)
Age (years) As continuous 66 £ 13,67 (57 - 76) 62 +£12,62 (54 -70)
<50 2,399 (11) 1,730 (16)
50-59 3,969 (19) 2,618 (24)
60 - 69 5,800 (27) 3,451 (32)
70 -79 5,752 (27) 2,391 (22)
>80 3,337 (16) 528 (5)
Ethnicity White 14,245 (67) 7,402 (69)
Black 2,661 (13) 1,322 (12)
American Indian/Alaska Native 181 (1) 107 (1)
Asian/Pacific Islander 4,092 (19) 1,851 (17)
Other unspecified/unknown 78 (<1) 36(<1)
Tumor location Gastric cardia 6,357 (30) 3,927 (37)
Gastric fundus/body 2,537 (12) 1,152 (11)
Gastric antrum/pylorus 6,106 (29) 2,614 (24)
Other® 6,257 (29) 3,025 (28)
Tumor local invasion® Lamina propria/submucosa 5,887 (28) 970 (9)
Muscularis propria/subserosa 10,087 (48) 6,354 (60)
Serosa 3,693 (18) 2,385 (23)
Adjacent structures 1,290 (6) 799 (8)
Positive lymph node count® As continuous 3£6,1(0-4) 5+£7,2(0-6)
0 10,488 (50) 3,492 (33)
1-2 3,420 (16) 2,255 (22)
3-6 3,168 (15) 2,132 (20)
7-15 2,720 (13) 1,855 (18)
>16 1,103 (5) 727 (7)
Tumor differentiation grade® Well 1,204 (6) 281 (3)
Intermediate 5,618 (29) 2,438 (24)
Poor/undifferentiated 12,880 (65) 7,378 (73)

Tumor sizef (cm)

As continuous

4.6+4.1;4.0(2.2-6.0)

53+4.2;4.5(3.0-6.5)

<2 3,298 (18) 795 (9)
2-4 5,336 (29) 2,565 (28)
4-6 4,707 (26) 2,799 (30)
6-8 2,652 (14) 1,628 (18)
>8 2,316 (13) 1,408 (15)
Resection type Partial/subtotal gastrectomy 14,182 (67) 6,764 (63)
Total/near-total gastrectomy 4,365 (21) 2,741 (26)
Gastrectomy (NOS) 2,710 (13) 1,213 (11)
Chemotherapy® Yes 10,718 (50) 10,718 (100)
Radiotherapy® Yes 7,410 (35) 6,981 (65)
72 Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ www.wjon.org
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Table 1. Demographic and Clinicopathologic Characteristics at Diagnosis of Patients With Non-Metastatic Gastric Adenocarcinoma
Undergoing Resection (and Chemotherapy), 2004 - 20162 - (continued)

Variable Category/comment Resection Resection and chemotherapy
Follow-up months" As continuous 73 (36 - 113) 66 (32 - 105)
Accumulated follow-up (person-years) As continuous 73,711 34,265
Cause of death Alive 9,953 (47) 4,943 (46)
Gastric cancer 8,164 (38) 4,769 (45)
Other cancers 676 (3) 285 (3)
Diseases of heart 764 (4) 160 (1)
Other non-cancer diseases 1,700 (8) 561 (5)

aCategorical data are shown as count (percentage (%)), and continuous data as mean + standard deviation, median (interquartile range). Records
are complete otherwise specified below. PLesser curvature, greater curvature, overlapping lesion of stomach, and stomach (NOS). cUnknown tumor
local invasion: resection, 300 (1%); resection and chemotherapy, 210 (2%). 9Unknown positive lymph node count: resection, 358 (2%); resection and
chemotherapy, 257 (2%). ¢®Unknown differentiation grade: 1,555 (7%); 621 (6%). {Unknown size: 2,948 (14%); 1,523 (14%). 9The other category for
the non-surgical variables was “no/unknown”, considering the low sensitivity. "Shown as median (interquartile range) and computed using the reverse

Kaplan-Meier method. NOS: not otherwise specified.

the point estimates and 95% confidence intervals are shown
in Table 2. By far the highest cumulative mortality was due to
gastric cancer, followed by the combined group of non-cancer
causes of death excluding heart diseases. Cumulative mortal-
ity due to diseases of heart was marginally higher than that
caused by other subsequent cancers in all resected patients, but
was slightly lower in those also receiving chemotherapy. Com-
pared to all resected patients, cumulative mortality in the long-
er term in those further treated with chemotherapy was more
frequently due to gastric cancer, but less often the other causes.
Interestingly, cumulative mortality from gastric cancer within
1 year was lower in patients undergoing both resection and
chemotherapy. The 8-year cumulative mortalities from heart
diseases and gastric cancer were 4.4% and 45.2%, respectively
in overall resected patients, and 2.0% and 54.6%, respectively
in those also receiving chemotherapy (Table 2).

In both overall resected patients and those further receiv-
ing chemotherapy, the cumulative gastric cancer-specific mor-
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tality was similar in the long term across all age groups, but
increased more quickly with older age. Cumulative mortal-
ity due to other subsequent cancers was higher in patients >
70 years. Cumulative mortalities due to heart and other non-
cancer diseases mostly steadily increased with older age and
longer length of follow-up, except that early rapid increases
were observed in patients > 70 years. Notably, heart-specific
cumulative mortality was lower than mortality due to other
subsequent cancers in patients < 70 years, while the difference
disappeared or the comparison pattern was reversed in those
> 70 years. In patients receiving both resection and chemo-
therapy compared to all resected patients, cumulative mortali-
ties from gastric cancer were higher after 1 year (within 1 year
moralities were lower or similar), while mortalities from other
subsequent cancers were mostly similar; cumulative mortali-
ties from heart-specific and other non-cancer diseases were
lower especially in patients > 70 years. The 8-year cumula-
tive mortalities from heart diseases in overall resected patients

Resection and chemotherapy, overall
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Figure 1. Cumulative incidence function curves illustrating mortality from gastric cancer, other cancers, diseases of heart, and
other non-cancer diseases in patients with gastric adenocarcinoma undergoing resection (and chemotherapy).
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Figure 2. Cumulative incidence function curves illustrating mortality from gastric cancer, other cancers, diseases of heart, and
other non-cancer diseases in patients with gastric adenocarcinoma undergoing resection, by age at diagnosis.

were as high as 11.1% in patients > 80 years compared to 1.4%
in those < 60 years (Table 2).

Subdistribution and cause-specific hazard ratios

The associations of individual prognostic factors with heart-
and gastric cancer-specific mortalities within patients under-
going resection and those further receiving chemotherapy are
shown in Tables 3 and 4, respectively. The associations with
gastric cancer-specific mortality were described here (Supple-
mentary Material 5, www.wjon.org).

Among all patients undergoing resection, those diagnosed
in 2004 - 2009 had higher risks of heart-specific mortalities
relative to those diagnosed in later period (HRgy, = 1.66; HR ¢
= 1.24). While the subdistribution model did not reveal a sig-
nificant association between heart-specific mortality and sex,
the cause-specific model showed that females had lower heart-
specific mortalities (HR-g = 0.83). Heart-specific mortality
most strongly increased with older age (e.g., for patients aged
60 - 69 years relative to those > 80 years: HRg = 3.88; HR ¢
= 6.06). Compared to white people, black patients had high-
er heart-associated mortalities (HRgy = 1.31; HR g = 1.41),
while Asians/Pacific Islanders were at lower risks of such mor-
talities (HRgp, = 0.81; HRg = 0.73). Regarding the associa-
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tions with tumor location, local invasion, and positive lymph
node count, only the subdistribution model revealed statistical
significance. Patients with cancers located at gastric antrum/
pylorus had higher heart-specific mortalities (HRg, = 1.39),
those with cancers invading serosa had lower heart-specific
mortalities (HRg, = 0.76), and heart-specific mortalities de-
creased with more positive lymph nodes (e.g., for > 16 vs. 0
positive nodes: HRg, = 0.52).

Compared to overall resected patients, the association
with period of diagnosis was only significant when using the
subdistribution model (HRg, = 1.40), and the association with
age was less pronounced (e.g., for patients aged 60 - 69 years
relative to those > 80 years: HRgy = 2.72; HR . = 3.76). Rela-
tive to white patients, black patients were at higher risks for
heart-specific mortality with stronger association strength
(HRgp = 1.63; HR . = 1.74).

In sensitivity analyses of patients diagnosed before 2012
with follow-up time restricted to 5 years, results remained sim-
ilar (Supplementary Materials 6, 7, www.wjon.org).

Discussion

By analyzing > 21,000 patients with nmGaC resected in the
early 21st century, our population-based cohort study compre-
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Figure 3. Cumulative incidence function curves illustrating mortality from gastric cancer, other cancers, diseases of heart, and
other non-cancer diseases in patients with gastric adenocarcinoma undergoing resection and chemotherapy, by age at diagnosis.

hensively depicted the competing causes of mortalities from
heart diseases, other non-cancer diseases, gastric cancer, and
other subsequent cancers, both overall and in age-stratified
subgroups, and provided the long-term heart- and gastric can-
cer-specific mortalities using the CIF for clinical counseling
and decision-making, which take into account all competing
risks and which are more valid than the Kaplan-Meier esti-
mates [24]. We found that while the gastric cancer-associated
mortality in patients further receiving chemotherapy was high-
er than in overall resected patients, the heart-specific mortality
did not increase and was even lower especially in patients > 70
years. We further investigated factors associated with mortali-
ties from different causes using both the Fine-Gray subdistri-
bution and cause-specific regression models, and found that
age and ethnicity were two major factors associated with heart-
specific mortality.

For patients with resectable nmGaC, whose survival has
continued to improve in recent decades due to medical ad-
vancement, resection remains the most important local treat-
ment modality which can possibly cure disease and guarantee
long-term survival [30]. Notably, some patients have local and/
or distant disease relapse years after resection, which largely
compromises prognosis [31]. To tackle this, systemic chemo-
therapy has been additionally recommended for resected pa-
tients who are in good medical condition to receive other treat-
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ment, and has contributed to further enhanced survival [32];
however, the survival improvement appears small, and not
every patient with resected gastric cancer benefits from addi-
tional systemic treatment [13-16]. Outstandingly, the chemo-
therapy-induced cardiotoxicity is increasingly causing concern
and may compete with the underlying cancer as a major cause
of mortality, especially in older patients more often with basic
heart diseases as comorbidity [18-22]. A retrospective study
reports that cardiotoxicity occurs in 30% of gastric cancer pa-
tients managed with fluorouracil-based chemotherapy, where
10% experienced toxicity greater than grade 2 and 2% eventu-
ally died [18]. Accordingly, we found that heart diseases were
the most common non-cancer cause of death in patients with
nmGaC. Nevertheless, commonly only those with good per-
formance status who are believed to well tolerate additional
non-surgical treatment are selected for systemic therapy.

We found that compared to overall resected patients, those
further receiving chemotherapy were more often male and av-
eragely 4-year younger, and patients > 70 years comprised <
20%; however, they more often had gastric cardia cancers and
cancers with more advanced stage, poorer differentiation, and
larger size. These differences in baseline characteristics sug-
gest the careful selection of patients to receive further chemo-
therapy, and may well explain the observations that heart-
specific mortality did not increase and even decreased in the
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Table 2. Cumulative Incidences of Mortality (%) and 95% Confidence Intervals due to Diseases of Heart and Gastric Cancer in
Patients With Non-Metastatic Gastric Adenocarcinoma Undergoing Resection (and Chemotherapy), Overall and Stratified by Patient

Age
Resection Resection and chemotherapy
Group Time
Heart diseases Gastric cancer Heart diseases Gastric cancer
Overall 6 months 0.7 (0.6 - 0.8) 7.8(7.5-8.2) 0.2(0.1-0.3) 4.4 (4.0-4.8)
1 year 1.1 (1.0-1.2) 16.4 (15.9 - 16.9) 0.4 (0.3-0.6) 15.0 (14.3 - 15.7)
2 years 1.7(1.5-1.9) 29.0 (28.4-29.7) 0.8 (0.6 - 1.0) 32.8(31.9-33.8)
3 years 2.2(2.0-2.5) 36.0 (35.3 - 36.6) 1.0 (0.9-1.3) 42.5(41.5-43.5)
5 years 3.0(2.8-3.3) 42.0 (41.3-42.7) 1.4(1.2-1.7) 50.7 (49.6 - 51.8)
8 years 44 (4.1-4.7) 45.2 (44.5 - 46.0) 2.0 (1.6 -2.3) 54.6 (53.5 - 55.8)
< 60 years 6 months 0.1(0.1-0.3) 43 (3.8-4.8) 0.0(0.0-0.2) 3.6(3.1-42)
1 year 0.3(0.2-0.5) 13.2 (12.4-14.1) 0.2 (0.1-0.3) 13.9 (12.9 - 15.0)
2 years 0.5(0.3-0.7) 27.7 (26.6 - 28.9) 0.3(0.2-0.6) 32.0 (30.5-33.4)
3 years 0.6 (0.4 -0.8) 36.1 (34.8-37.4) 0.4 (0.3-0.7) 42.6 (41.0-44.2)
S years 0.9(0.7-1.2) 43.4 (42.0 - 44.8) 0.6 (0.4-0.9) 51.7 (50.0 - 53.4)
8 years 1.4 (1.1-1.8) 47.4 (45.9 - 48.8) 0.8 (0.5-1.2) 56.1(54.3-57.9)
60 - 69 years 6 months 0.3(0.2-0.5) 6.2(5.6-6.8) 0.1(0.1-0.3) 4.13.5-49)
1 year 0.6 (0.4 -0.8) 14.2 (13.3-15.1) 0.4 (0.2-0.7) 14.0 (12.9 - 15.3)
2 years 1.0 (0.7 - 1.3) 27.2 (26.0 - 28.4) 0.7 (0.4 -1.0) 31.6 (30.0 - 33.3)
3 years 1.4 (1.1-1.8) 34.2 (32.9-35.5) 1.1 (0.7 - 1.5) 40.7 (38.9 - 42.5)
S years 1.9(1.6-2.4) 40.4 (39.0-41.8) 1.4(1.0-1.9) 48.7 (46.7 - 50.5)
8 years 2.6(2.1-3.1) 43.3 (41.9-44.8) 1.6 (1.1 -2.2) 52.1(50.0 - 54.0)
70 - 79 years 6 months 1.0 (0.8-1.3) 9.4 (8.7-10.2) 0.4 (0.2-0.8) 55(4.6-6.5)
1 year 1.5(1.2-1.9) 17.8 (16.8 - 18.8) 0.8(0.5-1.2) 17.3 (15.8-18.9)
2 years 2.3(2.0-2.8) 29.4(28.2-30.7) 1.6 (1.1-2.2) 34.7 (32.7-36.7)
3 years 29(2.5-34) 35.7(34.4-37.1) 2.1(1.5-2.8) 44.0 (41.8 - 46.1)
S years 3.8(3.2-43) 41.1 (39.8 -42.5) 2.6(1.9-33) 50.9 (48.6 - 53.2)
8 years 53(4.6-6.1) 44.3 (42.9 - 45.8) 3.7(2.8-4.8) 55.4(52.9-57.7)
> 80 years 6 months 1.7(1.3-2.2) 14.7 (13.5-15.9) 0.6 (0.2 - 1.6) 8.2(6.0-10.7)
1 year 2.7(2.2-33) 24.0 (22.5-25.5) 0.8(0.3-1.9) 20.4 (17.0 - 24.0)
2 years 42(3.5-49) 34.0 (32.4-35.7) 1.2(0.5-2.5) 40.0 (35.3-44.0)
3 years 55(4.7-64) 39.2 (37.5 - 40.9) 1.2(0.5-2.5) 47.2 (42.5-51.6)
S years 7.4(6.5-8.4) 43.8 (42.0 - 45.6) 3.0(1.6-5.2) 54.2 (49.3 - 58.8)
8 years 11.1(9.8-12.4) 46.1 (44.3 - 48.0) 6.5(3.9-9.9) 55.5(50.5 - 60.1)

further chemotherapy-treated patients, who instead died more
often from gastric cancer in the long term. The decrease in
heart-specific mortality was more pronounced in patients > 70
years. Notably, gastric cancer-specific mortality within 1 year
among patients receiving both resection and chemotherapy
did not surpass that within overall resected patients, possibly
suggesting the good short-term disease control of systemic
therapy.

Together with most cancers, cardiovascular diseases and
corresponding adverse events become more frequent when one
gets older. With older age, heart-specific mortality sequentially
increased (e.g., in overall resected patients, the 8-year mortal-

ity in patients > 80 years was about eight times that in those <
60 years), and in those > 70 years, it rapidly increased within
the first few months. This highlights the importance of careful
monitoring of cardiovascular events and timely implementa-
tion of corresponding prevention and management measures
in older patients. Older patients are more prone to dying early
from the underlying cancer, but have similar survival in the
longer term with younger patients. This may indicate the het-
erogeneity of cancers occurring among patients of different
age groups. To estimate the crude cumulative mortalities from
different causes, we used the CIF rather than the Kaplan-Meier
survival function, which resulted in overestimation of mortali-
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Table 3. Fine-Gray Subdistribution and Cause-Specific Hazard Ratios and 95% Confidence Intervals for Heart- and Gastric Cancer-
Associated Mortalities Among Patients With Non-Metastatic Gastric Adenocarcinoma Undergoing Resection?

Subdistribution hazard ratios

Variable
Heart diseases P Piena Gastric cancer P Pend
Period of diagnosis Reference: 2010 - 2016
2004 - 2009 1.66 (1.40 - 1.96) <0.001* 1.13 (1.08 - 1.18) <0.001*
Sex Reference: male
Female 0.88 (0.76 - 1.03) 0.117 1.00 (0.95-1.05) 0.871
Age group Reference: 60 - 69 years
<50 years 0.36 (0.21 - 0.60) <0.001* <0.001* 0.90(0.83-0.97) 0.006% <0.001*
50 - 59 years 0.58 (0.41 - 0.82) 0.002* 0.94 (0.88 - 1.01) 0.080
70 - 79 years 1.99 (1.59 - 2.49) <0.001* 1.22(1.14-1.29) <0.001*
> 80 years 3.88(3.11-4.84) <0.001* 1.49 (1.38-1.61) <0.001*
Ethnicity Reference: White
Black 1.31(1.05 - 1.63) 0.017*  <0.001* 0.99(0.92-1.06) 0.735 <0.001*
American Indian/Alaska Native 1.54 (0.72 - 3.31) 0.269 1.18 (0.91 - 1.52) 0.225
Asian/Pacific Islander 0.81 (0.66 - 0.99) 0.043* 0.78 (0.74 - 0.83) <0.001*
Tumor location Reference: gastric cardia
Gastric fundus/body 1.23(0.93 - 1.63) 0.155 0.043*  0.70 (0.65-0.76) <0.001* <0.001%*
Gastric antrum/pylorus 1.39 (1.11 - 1.75) 0.004* 0.74 (0.69 - 0.79) <0.001*
Other® 1.24 (0.99 - 1.56) 0.064 0.74 (0.70 - 0.79) <0.001*
Tumor local invasion Reference: muscularis propria/subserosa
Lamina propria/submucosa 1.14 (0.95 - 1.37) 0.150 0.025%  0.44(0.41-0.48) <0.001* <0.001%*
Serosa 0.76 (0.59 - 0.98) 0.034* 1.44 (1.37-1.53) <0.001*
Adjacent structures 0.77 (0.52 - 1.14) 0.197 1.94 (1.78 -2.11) <0.001*
Positive lymph node count Reference: 0
1-2 0.82 (0.66 - 1.03) 0.084 0.003*  1.66 (1.55-1.78) <0.001* <0.001*
3-6 0.66 (0.51 - 0.86) 0.002* 2.10(1.96-2.25) <0.001*
7-15 0.71 (0.53 - 0.96) 0.023* 2.81(2.61-3.02) <0.001*
>16 0.52 (0.31 - 0.86) 0.012* 3.69 (3.36 -4.05) <0.001*
Differentiation Reference: poor/undifferentiated
Well 1.11 (0.84 - 1.47) 0.449 0.734 0.67 (0.58 - 0.77) <0.001* <0.001*
Intermediate 1.04 (0.88 - 1.22) 0.674 0.75(0.71-0.79) <0.001*
Resection type Reference: partial/subtotal gastrectomy
Total/near-total gastrectomy 1.04 (0.84 - 1.30) 0.712 0.020%* 1.16 (1.09 - 1.22) <0.001* <0.001*
Gastrectomy (NOS) 1.40 (1.11 - 1.78) 0.005%* 1.18 (1.09 - 1.28) <0.001*
Table 3 continued on next page
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Table 3. Fine-Gray Subdistribution and Cause-Specific Hazard Ratios and 95% Confidence Intervals for Heart- and Gastric Cancer-

Associated Mortalities Among Patients With Non-Metastatic Gastric Adenocarcinoma Undergoing Resection? - (continued)

Cause-specific hazard ratios

Variable
Heart diseases P P end Gastric cancer P Pend
Period of diagnosis
2004 - 2009 1.24 (1.04 - 1.49) 0.019* 1.10 (1.05 - 1.15) <0.001%*
Sex
Female 0.83 (0.70 - 0.97) 0.019* 0.97 (0.93 - 1.02) 0.295
Age group
<50 years 0.31 (0.19 - 0.53) <0.001%* <0.001*  0.85(0.79 - 0.92) <0.001* <0.001%*
50 - 59 years 0.54 (0.38 - 0.77) 0.001* 0.92 (0.86 - 0.99) 0.017*
70 - 79 years 2.39 (1.91 - 3.00) <0.001%* 1.33 (1.25 - 1.42) <0.001*
> 80 years 6.06 (4.83 -7.61) <0.001%* 1.79 (1.67 - 1.93) <0.001*
Ethnicity
Black 1.41 (1.13 - 1.75) 0.003* <0.001*  1.04(0.97 - 1.11) 0.298 <0.001%*
American Indian/Alaska Native ~ 1.95 (0.92 - 4.12) 0.082 1.31 (1.04 - 1.65) 0.021%*
Asian/Pacific Islander 0.73 (0.59 - 0.89) 0.002* 0.75 (0.70 - 0.80) <0.001%*
Tumor location
Gastric fundus/body 1.13 (0.85 - 1.49) 0.413 0.436 0.70 (0.64 - 0.76) <0.001* <0.001%*
Gastric antrum/pylorus 1.21 (0.96 - 1.53) 0.102 0.73 (0.68 - 0.78) <0.001*
Other® 1.11 (0.88 - 1.40) 0.362 0.74 (0.69 - 0.78) <0.001*
Tumor local invasion
Lamina propria/submucosa 0.95(0.79 - 1.14) 0.553 0.569 0.43 (0.40 - 0.47) <0.001* <0.001%*
Serosa 0.99 (0.78 - 1.28) 0.960 1.49 (1.41 - 1.58) <0.001%*
Adjacent structures 1.27 (0.86 - 1.88) 0.232 2.07 (1.92 -2.24) <0.001%*
Positive lymph node count
1-2 0.96 (0.77 - 1.20) 0.736 0.374 1.68 (1.57 - 1.81) <0.001%* <0.001%*
3-6 0.88 (0.68 - 1.14) 0.324 2.18 (2.04 - 2.34) <0.001%*
7-15 1.23 (0.92 - 1.65) 0.156 3.05(2.85-3.28) <0.001%*
>16 1.12 (0.68 - 1.86) 0.657 4.15(3.79 - 4.54) <0.001%*
Differentiation
Well 0.99 (0.74 - 1.31) 0.920 0.681 0.65 (0.57 - 0.75) <0.001%* <0.001%*
Intermediate 0.93(0.79 - 1.10) 0.388 0.73 (0.69 - 0.78) <0.001*
Resection type
Total/near-total gastrectomy 1.12 (0.90 - 1.40) 0.306 0.001* 1.17 (1.11 - 1.24) <0.001* <0.001*
Gastrectomy (NOS) 1.63 (1.27 - 2.08) <0.001%* 1.22 (1.13 - 1.32) <0.001%*

*Statistically significant P values. 2Adjusted for: period of diagnosis, sex, age group, ethnicity, tumor location, local invasion, positive lymph node
number, differentiation grade, and resection type. PLesser curvature, greater curvature, overlapping lesion of stomach, and stomach (NOS). NOS:

not otherwise specified.

ties in the presence of competing risks [24, 33]. The overesti-
mation may be due to the increased risk of death attributable to
competing risks [34].

We further investigated the risk factors for mortifies from
heart diseases and gastric cancer using both the subdistribution
and cause-specific models [35]. Patients diagnosed in more re-
cent period had lower heart-specific mortality, possibly thanks
to the advancement in postsurgical care and chemotherapeutic
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strategies. As expected, older age was the strongest risk factor
for heart-specific mortality, while the association was weaker in
patients receiving both resection and chemotherapy compared
to overall resected patients; this may also be due to meticulous
patient selection. The discrepancies in heart-related mortality by
ethnicity is in line with literature [36] and highlights the impor-
tance of individualized risk assessment and care and of special
attention to black patients, who may have even greater heart-
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Table 4. Fine-Gray Subdistribution and Cause-Specific Hazard Ratios and 95% Confidence Intervals for Heart- and Gastric Cancer-
Associated Mortalities Among Patients With Non-Metastatic Gastric Adenocarcinoma Undergoing Resection and Chemotherapy?

Subdistribution hazard ratios

Variable
Heart diseases P Piena Gastric cancer P Pend
Period of diagnosis Reference: 2010 - 2016
2004 - 2009 1.40 (1.00 - 1.95) 0.048%* 1.11 (1.05-1.19) 0.001*
Sex Reference: male
Female 0.84 (0.58 - 1.22) 0.360 0.98 (0.92-1.05) 0.643
Age group Reference: 60 - 69 years
<50 years 0.25(0.11 - 0.61) 0.002*  <0.001* 0.95(0.87-1.04) 0.247 <0.001*
50 - 59 years 0.50 (0.29 - 0.86) 0.012* 1.01 (0.93-1.09) 0.841
70 - 79 years 1.88 (1.27-2.77) 0.002* 1.16 (1.07 - 1.26)  0.001*
>80 years 2.72 (1.58 - 4.68) <0.001* 1.17 (1.01 - 1.37)  0.040%
Ethnicity Reference: White
Black 1.63 (1.04 - 2.57) 0.035*%  <0.001* 0.97(0.88-1.07) 0.544 <0.001%*
American Indian/Alaska Native 1.69 (0.40 - 7.10) 0.477 1.19 (0.87 - 1.64) 0.283
Asian/Pacific Islander 0.70 (0.41 - 1.17) 0.173 0.79 (0.73 - 0.86) < 0.001*
Tumor location Reference: gastric cardia
Gastric fundus/body 0.97 (0.52 - 1.81) 0.912 0.723 0.69 (0.62-0.77) <0.001* <0.001%*
Gastric antrum/pylorus 1.18 (0.76 - 1.83) 0.454 0.75 (0.68 - 0.81) <0.001*
Other® 0.92 (0.58 - 1.47) 0.741 0.75(0.69 - 0.82) <0.001*
Tumor local invasion Reference: muscularis propria/subserosa
Lamina propria/submucosa 1.20 (0.72 - 2.00) 0.481 0.331 0.59 (0.51-0.68) <0.001* <0.001*
Serosa 0.69 (0.44 - 1.09) 0.113 1.38(1.29-1.48) <0.001*
Adjacent structures 0.90 (0.47 - 1.74) 0.763 1.80 (1.62 - 2.00) <0.001*
Positive lymph node count Reference: 0
1-2 0.86 (0.56 - 1.31) 0.474 0.656 1.42(1.29-1.55) <0.001* <0.001*
3-6 0.70 (0.44 - 1.14) 0.151 1.82 (1.66-1.99) <0.001*
7-15 0.92 (0.57 - 1.50) 0.748 246 (2.24-2.69) <0.001%*
>16 0.73 (0.35 - 1.56) 0.423 3.26(2.89-3.67) <0.001*
Differentiation Reference: poor/undifferentiated
Well 1.18 (0.51 - 2.70) 0.704 0.898 0.80 (0.65-0.99) 0.038* <0.001*
Intermediate 0.96 (0.67 - 1.38) 0.829 0.73 (0.67-0.79) <0.001*
Resection type Reference: partial/subtotal gastrectomy
Total/near-total gastrectomy 0.99 (0.65 - 1.49) 0.942 0.185 1.22(1.14-1.31) <0.001* <0.001*
Gastrectomy (NOS) 1.52 (0.96 - 2.43) 0.075 1.28 (1.16-1.42) <0.001*
Table 4 continued on next page
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Table 4. Fine-Gray Subdistribution and Cause-Specific Hazard Ratios and 95% Confidence Intervals for Heart- and Gastric
Cancer-Associated Mortalities Among Patients With Non-Metastatic Gastric Adenocarcinoma Undergoing Resection and Chemo-

therapy? - (continued)

Cause-specific hazard ratios

Variable
Heart diseases P Pena Gastric cancer P Pend
Period of diagnosis
2004 - 2009 1.00 (0.69 - 1.45) 0.998 1.08 (1.02 - 1.15) 0.013*
Sex
Female 0.80 (0.55 - 1.15) 0.233 0.98 (0.92 - 1.05) 0.547
Age group
<50 years 0.23 (0.10 - 0.55) 0.001* <0.001* 0.92 (0.84 - 1.00) 0.060 <0.001%*
50 - 59 years 0.48 (0.28 - 0.83) 0.009* 0.99 (0.92 - 1.08) 0.869
70 - 79 years 2.23 (1.51-3.29) <0.001* 1.24 (1.14 - 1.35) <0.001%*
> 80 years 3.76 (2.18 - 6.48) <0.001* 1.30 (1.13 - 1.50) <0.001%*
Ethnicity
Black 1.74 (1.11 - 2.71) 0.015* 0.010* 0.99 (0.90 - 1.09) 0.851 <0.001%*
American Indian/Alaska Native ~ 2.28 (0.55 - 9.35) 0.255 1.31 (0.99 - 1.74) 0.061
Asian/Pacific Islander 0.61 (0.36 - 1.01) 0.057 0.76 (0.70 - 0.83) <0.001*
Tumor location
Gastric fundus/body 0.78 (0.42 - 1.44) 0.423 0.655 0.66 (0.59 - 0.74) <0.001%* <0.001%*
Gastric antrum/pylorus 0.94 (0.59 - 1.49) 0.794 0.72 (0.66 - 0.79) <0.001*
Other® 0.77 (0.49 - 1.22) 0.270 0.73 (0.67 - 0.79) <0.001%*
Tumor local invasion
Lamina propria/submucosa 1.04 (0.63 - 1.71) 0.887 0.702 0.59 (0.51-0.67) <0.001* <0.001*
Serosa 0.85 (0.54 - 1.32) 0.461 1.42 (1.33 - 1.53) <0.001*
Adjacent structures 1.30 (0.67 - 2.52) 0.436 1.87 (1.69 - 2.07) <0.001%*
Positive lymph node count
1-2 0.95 (0.62 - 1.45) 0.798 0.268 1.42 (1.30 - 1.56) <0.001%* <0.001%*
3-6 0.83 (0.52 - 1.34) 0.452 1.86 (1.70 - 2.03) <0.001*
7-15 1.45(0.89 - 2.36) 0.137 2.61 (2.38 -2.86) <0.001%*
>16 1.47 (0.68 - 3.19) 0.324 3.59 (3.19 - 4.04) <0.001*
Differentiation
Well 1.16 (0.50 - 2.67) 0.732 0.647 0.80 (0.65 - 0.99) 0.038* <0.001*
Intermediate 0.86 (0.59 - 1.25) 0.418 0.72 (0.66 - 0.78) <0.001%*
Resection type
Total/near-total gastrectomy 1.06 (0.70 - 1.61) 0.791 0.121 1.23 (1.15-1.32) <0.001* <0.001*
Gastrectomy (NOS) 1.68 (1.02 - 2.76) 0.041%* 1.29 (1.17 - 1.43) <0.001*

*Statistically significant P values. 2Adjusted for: period of diagnosis, sex, age group, ethnicity, tumor location, local invasion, positive lymph node
number, differentiation grade, and resection type. PLesser curvature, greater curvature, overlapping lesion of stomach, and stomach (NOS). NOS:

not otherwise specified.

associated mortalities when chemotherapy was further added.
While both the subdistribution and cause-specific hazard
function models account for competing risks, the interpreta-
tions are different. The former denotes the instantaneous rate
of mortality (incidence) from the underlying cause in sub-
jects who have not yet experienced any event (i.e., who are
still alive) or who have died of causes other than the underly-
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ing one of interest (e.g., those having died of cardiovascular
diseases when investigating cancer-specific mortality), while
the latter denotes the instantaneous rate of mortality (rate of
occurrence) from the underlying cause in subjects who have
not yet experienced any event (i.e., who are still alive) [24].
We found that in overall resected patients, the subdistribution
model revealed that those with gastric cardia cancers and those
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with more advanced cancers had lower heart-specific mortali-
ties, while the cause-specific model did not show any statis-
tical significance. The three strong prognostic factors, tumor
location, local invasion, and positive lymph node count, for the
cause-specific hazard for gastric cancer-specific death might
have led to an apparent decrease in the cumulative incidence
for heart-specific death when such factors have no effect on
the cause-specific hazard for heart-specific death. This indirect
effect of the prognostic factors for gastric cancer-associated
death occurred because heart-specific death could not occur
in those who died of gastric cancer and hence had a decreased
risk for that event [24, 35, 37]. Competing risk analyses using
both models are crucial for clinical decision making and per-
sonalized management. For example, a patient with high risk
of gastric cancer-associated mortality and low risk of heart-
specific mortality may be especially suitable for timely and
full-course chemotherapy in addition to resection.

Our report has some limitations commonly shared by
population-based registry-based studies. First, information on
chemotherapy was registered with low sensitivity albeit high
specificity in the SEER-18 database [27], and detailed informa-
tion on chemotherapy (e.g., agents and course) was unavailable.
We could not really select patients not receiving chemotherapy
out from the total group of patients undergoing resection, i.e.,
the subgroup of patients undergoing resection alone could not
be accurately determined. The time sequence between chem-
otherapy and resection was unknown in the SEER database,
where neoadjuvant chemotherapy could not be differentiated
from adjuvant chemotherapy. Accordingly, we did not look into
a “non-chemotherapy” group, but analyzed two groups of pa-
tients with nmGacC in our study: the total group of all patients
who underwent resection, and among them, the subgroup of
patients who were known to have also received chemothera-
py. The chemotherapy strategies might have changed over the
investigation period. To account for this, we included year of
diagnosis as a covariate in multivariable analyses and found de-
creased risks of both heart-specific and gastric cancer-specific
mortalities in more recent period. Second, data on comorbidi-
ties and health condition were unavailable, and the original pro-
portion of patients with cardiovascular diseases was unknown
in those eventually dying of heart diseases or those who did
not. Nevertheless, to be eligible for resection and particularly
further systemic therapy, one should have been excluded from
major cardiovascular comorbidities and been relatively medi-
cally fit (e.g., performance status score 0 - 1). Third, some other
prognostic factors (e.g., resection margin) were unavailable.
Nevertheless, we had included most of the common risk factors
for mortalities from various causes in multivariable modeling.
Furthermore, the findings were based on US patients, and may
not be generalizable to other nations especially Asians, where
gastric cancer is far more prevalent. Analyses of datasets from
other countries are strongly encouraged. Notably, the patients
who receive chemotherapy are most likely assessed to be eli-
gible with healthy hearts, as opposed to patients with older
age and those with black ethnicity who are known to more fre-
quently, and females and Asians who are known to less often
have heart diseases. Furthermore, when patients have more
aggressive cancers (e.g., with invasion of serosa and/or lymph
node metastasis), they are more likely to die with cancer rather
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than any other causes including heart issues. To this end, the
findings of this study may be a result of selection bias.

To our knowledge, this is the largest population-based
real-world study using individual-level data and comprehen-
sive competing risk analytical methods to explore heart- and
cancer-specific mortalities and associated prognostic factors
in patients with nmGaC. The careful and strict patient enroll-
ment, use of both the commonly used multivariable competing
risk models, comprehensive comparison of findings in patients
receiving both resection and chemotherapy to those within
overall resected patients, and meticulous subgroup analyses
enable this report to provide robust, valid, and useful refer-
ences for individualized gastric cancer management.

Conclusions

Heart diseases is the most common non-cancer risk factor for
mortality in nmGaC. Contrary to gastric cancer-associated
mortality, heart-specific mortality among survivors with re-
sected nmGaC receiving chemotherapy is not higher compared
to overall resected patients in this observational study, suggest-
ing that chemotherapy may be relatively safely administered
to carefully selected patients under strict indications. Age and
ethnicity were major factors associated with heart-specific
mortality in both overall resected patients and those further
receiving chemotherapy. Patients > 70 years should undergo
cautious risk assessment before receiving any treatment and
be timely and carefully monitored for cardiovascular events
during chemotherapy. Overall and stratified cumulative inci-
dences of mortalities from heart diseases and gastric cancer
are provided, which can be more clinically useful and relevant
than the Kaplan-Meier estimates.
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gastric adenocarcinoma undergoing resection and chemother-
apy, who were diagnosed before 2012 with follow-up time re-
stricted to 5 years.
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