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Background: Distant metastasis (DM) is a crucial problem in management of patients with gastric cancer. Identification of
the risk factors for development of DM and the prognostic factors for patients with DM is essential in devel-
opment of individualized treatment of patients at the advanced stage with specific metastasis.

Material/Methods: Records of patients with gastric cancer were extracted from the Surveillance, Epidemiology, and End Results
(SEER) database. Survival duration of patients with specific DM was estimated, and the prognostic factors were
investigated using the Cox proportional hazard regression model. The logistic regression model was used to
reveal the inherent risk factors for development of DM.

Results: Eventually, 32.6% (11,918 out of 36,588) of gastric cancer patients were diagnosed with DM between 2010
and 2015, among whom 5,361, 1,778, 1,495, and 231 patients were diagnosed with liver, lung, bone, and brain
metastasis, respectively. The median overall survival for patients with DM was 5.0 (95% Cl: 4.8-5.2) months,
with a 5-year survival rate of 3.9%. Primary tumor site, histology types, tumor grade, T stage, N stage, surgery,
chemotherapy, and the number of metastases were associated with worse survival. Younger age and higher
tumor grade were positively associated with the development of DM.

Conclusions: Initial DM was found in 32.6% of patients with gastric cancer. Homogenous and heterogenous predictive fac-
tors were identified for patients with a specific metastatic site, which can be used in targeted screening and
individualized treatment.
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Background

As one of most common cancers worldwide, gastric cancer
causes many death every year, imposing a huge burden on eco-
nomic and medical resources [1]. In the latest cancer statistics
(2019) in the United States, it was reported that there were
17,230 newly diagnosed cases of gastric cancer and 11,140
deaths caused by gastric cancer [2]. With the development of
new treatment strategies, the long-term survival outcome of
patients with gastric cancer has significantly improved, espe-
cially for pre-metastatic patients, with a 5-year survival rate
of approximate 70% [3]. However, the prognosis of patients
with distant metastasis has remained poor.

Distant metastasis is the main criterion for stage IV gastric
cancer diagnosis, and distant metastasis is correlated with
worse survival [4]. The percentage of metastasis in gastric can-
cer patients was reported to have increased from 24% in 1990
to 44% in 2011 in the Netherlands [5]. Due to the absence of
early specific clinical symptoms, many patients are diagnosed
with distant metastasis. Among all patients with gastric can-
cer, 40.1% were found to have synchronous distant metasta-
sis [6]. The National Comprehensive Cancer Network (NCCN)
recommends that different treatments should be administered
to gastric cancer patients in different stages. For gastric can-
cer patients in stage IV, palliative therapy is suggested [7,8].
Due to the various symptoms associated with different met-
astatic sites, targeted treatment should be given in a special-
ized department. Thus, it is important to perform distant me-
tastasis screening, and research on the risk factors for distant
metastasis is needed.

Although it is important for guiding individualized treatment,
prediction of prognosis of gastric cancer patients with dis-
tant metastasis is often difficult. Compared with other organs,
the liver is more likely to develop metastasis in gastric cancer
patients. A previous study found that 2.43% of gastric cancer
patients who received gastrectomy subsequently developed
liver metastases [9]. The 2-year survival rate in gastric cancer
patients with synchronous liver-only metastases was report-
ed to be 17.2% [10]. Favorable prognostic factors for patients
with gastric cancer after radical hepatectomy were reported
to be: lower T and N stage, less metastases, lesions smaller
than 5 cm, and negative resection margins [11]. The pulmo-
nary metastasis rate for gastric cancer patients was reported
to be 0.96%, and the median survival was 4.0 months after di-
agnosis of pulmonary metastasis [12]. In a study of a cohort of
patients with metastatic or recurrent gastric cancer, the initial
bone metastasis rate was 6.7%, and the median survival was
4.4 months after diagnosis of bone metastasis [13]. Brain me-
tastasis has seldom been studied [14], with a reported occur-
rence rate of 2.33% in gastric cancer patients [15].
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However, the research cited above studied specific metastasis
in gastric cancer and had limited sample sizes. To thoroughly
study the relative risk factors and prognosis in stage IV gas-
tric cancer, research exploring different patterns of distant
metastasis on gastric cancer in a large population is needed.

The present study assessed a gastric cancer patient cohort ex-
tracted from the Surveillance, Epidemiology, and End Results
(SEER) Program database to thoroughly investigate distant
metastasis in gastric cancer patients. Our analysis of the risk
factors, prognostic factors, and prognosis may help develop
targeted specific metastatic screening and guide individual-
ized treatment.

Material and Methods

Study population

Data were extracted from the National Cancer Institute SEER
cohort (https://seer.cancer.gov/data/). SEER*Stat Software ver-
sion 8.3.6 was used to generate the data.

Patients who were initially diagnosed with gastric cancer be-
tween 2010 to 2015 were selected because sites of metastases
were available after 2010. In the patients we enrolled from the
SEER database, all had been followed up until at least 2018 (i.e.,
minimum 3-year follow-up). The primary site label was used to
identify patients with gastric cancer (C16.0-C16.9). Patients di-
agnosed at autopsy or via death certificate and those without
detailed records on distant metastasis were excluded. To in-
vestigate the prognostic factors for gastric cancer patients with
distant metastasis, patients diagnosed without distant metas-
tasis were excluded after logistic regression analysis (Figure 1).

Statistical analysis

The following patient-related characteristics were included:
age (<65 and >65 years); sex (female and male); marital sta-
tus (unmarried and married); race (white, black, and others);
insurance status (insured and uninsured); histological type
(adenocarcinoma, mucinous adenocarcinoma, signet ring cell
carcinoma, and others/unknown); primary site (proximal third,
middle third, distal third, stomach, NOS, and overlapping le-
sion); tumor grade (I to IV: well, moderately, poorly, and undif-
ferentiated, respectively); T stage (TO/Tis/T1, T2, T3, and T4);
N stage (NO, N1, N2, and N3); the presence of lung, liver, brain,
or bone metastasis; surgical treatment (no, yes); radiation treat-
ment (no/unknown, yes); and treatment with chemotherapy
(no/unknown, yes). To investigate the prognostic factors for
patients with distant metastasis, the variables of ‘Number of
mets’ (the sum of metastases sites) and ‘Other mets (metasta-
sis for other sites)’ were defined. The homogenous predictive
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Case of gastric cancer patients initially
diagnosed between 2010 to 2015

(N=40,728) Excluded
Diagnosed at autopsy or
via death certificate
Actife follow-up (N=451)
(N=40,277) Excluded

Without detailed information
about distant metastases

Patients with/without distant metastases (N=3,689)
(N=36,588)
(included to investigate the risk factors
for patients with distant metastases) Excluded
Diagnosed without distant

metastases (N=24,670)

Patients with distant metastases
(N=11,918)
(included to investigate the prognostic
factors for patients with distant metastases)

Figure 1. Flowchart of patient selection.

factors are variables which exert the same effect on disease
development or survival prediction in subgroup analysis, while
heterogeneous factors are those affecting a specific subgroup.

Categorical variables were presented as number and percent-
age (N,%), and Pearson chi-square (x?) or Fisher’ exact test was
used to evaluate the differences between demographic and
clinicopathological variables. To identify risk factors for spe-
cific metastasis, logistic regression analysis was performed in
our initial population. Variables with statistical differences in
univariate logistic regression analysis were further analyzed
by multivariate analysis. To identify risk factors for patients at
M1 stage, patients who presented any distant metastatic sites
(including liver, lung, bone, brain, and other non-specific sites)
were defined as ‘M-Met’. To identify risk factors for organ-spe-
cific metastasis, patients with only liver, lung, bone, and brain
metastasis were regarded as having specific metastasis. For
example, to identify risk factors for liver metastasis, patients
who were diagnosed with only liver metastasis were regard-
ed as ‘Liver-Met’ and were compared with those without any
metastasis and those who had other metastatic sites. Overall
survival (OS) was the primary outcome in the present study,
which was defined as the time from diagnosis of gastric can-
cer to death due to any cause. Kaplan-Meier analysis were per-
formed to estimate the length of survival, and the differences
were assessed with log-rank test. To identify the prognostic fac-
tors for patients with distant metastasis, patients at MO stage
were excluded. We tested the proportional hazards assump-
tion. Univariate Cox proportional hazards regression analysis
was performed for patients at M1 stage. Variables with statis-
tically significant differences were further analyzed by multi-
variate analysis to identify the prognostic factors.
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IBM SPSS Statistics (version 23.0, Armonk, NY, USA) was used
for statistical analyses, and survival curves were generated using
MedCalc 15.2.2 (MedCalc Software, Ostend, Belgium). All statis-
tical tests were 2-sided, and P<0.05 was considered significant.

Ethnics statement

The SEER dataset is freely available and the data released by
SEER do not require informed patient consent because cancer
is a reportable disease in every state in the USA. The present
study complied with the 1964 Helsinki Declaration and its lat-
er amendments or comparable ethical standards.

Results

Patient characteristics

According to the pre-defined inclusion and exclusion crite-
ria, a total of 36,588 gastric cancer patients were selected,
among whom 11,918 (32.6%) cases were diagnosed at M1
stage. There were 5,361, 1,778, 1,495, and 231 patients diag-
nosed with liver, lung, bone, and brain metastasis, respectively.
The mean age was 67.2+14.0 years, with a predominance for
male patients (N=22,421, 61.3%) in the total cohort. After ex-
cluding patients without detailed information, more than half
of the patients were of white race (N=25,930, 71.3%) and mar-
ried (N=20,317, 58.9%), and almost of the patients were in-
sured (N=34,269, 96.3%). The main histological subtype was
adenocarcinoma (N=23,245, 63.5%), and proximal third was
the most common tumor site (N=12,898, 35.3%), following by
stomach, NOS (N=10,158, 27.8%) and distal third (N=7,079,
19.3%). Almost half of patients (N=17,266, 47.2%) underwent
surgical treatment, and the percentage of patients receiving ra-
diation and chemotherapy were 23.0% and 47.8%, respectively.
Table 1 shows additional information on patient characteristics.

Survival estimation and prognostic factors for patients
with metastasis

For patients without distant metastasis, the median overall
survival was 32.0 (95% Cl: 30.7-33.3) months, and the 1-, 2-,
3-, and 5-year survival rates were 69.3%, 55.4%, 47.9%, and
39.8%, respectively. On the contrary, the median overall sur-
vival for metastatic patients was 5.0 (95% Cl: 4.8-5.2) months,
and the 1-, 2-, 3-, and 5-year survival rates were 25.9%, 11.6%,
6.7%, and 3.9%, respectively. The 1-year survival rates for pa-
tients with liver, lung, bone, and brain metastasis were 24.0%,
18.0%, 14.0%, and 16.2%, respectively. The corresponding
5-year survival rates were 4.4%, 1.6%, 1.2%, and 0%, respec-
tively. The survival curves for gastric cancer patients with or
without metastasis to liver (Figure 2A), lung (Figure 2B), bone
(Figure 2C), and brain (Figure 2D) are illustrated in Figure 2.
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Table 1. Description of the SEER population of patients with gastric cancer by distant metastasis at diagnosed between 2010-2015.

Liver-Met Lung-Met Bone-Met Brain-Met
Subject
characteristics
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Age (% P) 37842  <0.001  7.34 0.007 7.96 0005 7611 <0001 1835  <0.001
s 9,094 5662 12504 2,252 13928 774 13,991 765 14,631 125
616)  (384)  (847)  (153)  (94.8) (5.2) (94.8) (5.2) (99.2) (0.8)
e 15576 6256 18723 3,109 20,828 1004 21,102 730 21,726 106
= (71.3)  (287)  (858)  (142)  (95.4) (4.6) (96.7) (3.3) (99.5) (0.5)
Gender (3, P) 6413 <0001 23658 <0.001  39.84  <0.001  17.82  <0.001 1284  <0.001
Vale 14768 7,653 18629 3,792 21205 1216 21427 994 22,253 168
(65.9) (34.1) (83.1) (16.9) (94.6) (5.4) (95.6) (4.9 (99.3) 0.7)
cemale 9,902 4265 12598 1569 13,605 562 13,666 501 14,104 63
69.9)  (30.1)  (889)  (11.1)  (96.0) (4.0) (96.5) (3.5) (99.6) (0.4)
Race (2 P) 3320 <0001 7348  <0.001 2434  <0.001 2056  <0.001 1462  0.002
White 17,308 8,622 22070 3,860 24583 1347 24802 1,128 25740 190
66.7)  (333)  (85.1)  (149)  (94.8) (5.2) (95.6) (4.4) (99.3) ©0.7)
Black 3450 1,647 4,228 869 4,882 215 4,938 159 5,078 19
67.7)  (323)  (830)  (17.0)  (95.8) 4.2) (96.9) (3.1) (99.6) (0.4)
Others 3742 1601 4731 612 5,131 212 5,139 204 5,322 21
(700)  (30.0)  (885)  (115)  (96.0) (4.0) (96.2) (3.8) (99.6) (0.4)
170 48 198 214 4 214 4 217 1
Unknown 780 (200 08 20?2 (92 (1.8) (98.2) (1.8) (99.5) (0.5)
i
(Xf"g)al Status 4000 <0001 1602 <0001 934  0.009 748 0024 079 0674
""" M ;;rri;jﬁww""1"37,7575"7'””Wé’,’%’éém"""1"7',72"776”'"""3','6471"”"""1"9',53"5'”"Wﬁéérzw'”"'1"9',4'65”"W'éb}é”””""276,7133'””"""1”3'4'"”'
(66.7) (33.3) (85.0) (15.0) (95.2) (4.8) (95.8) (4.2) (99.3) 0.7)
Unmarried 9,565 4600 12,092 2,073 13444 721 13,580 585 14,079 86
67.5 (325  (854)  (146)  (94.9) (.1) (95.9) @.1) (99.4) (0.6)
Unknown 1,548 558 1,859 247 2031 ..o 2044 62 2,095 11
(73.5)  (265)  (88.3)  (117)  (96.4) : (97.1) (2.9) (99.5) (0.5)
'(;f“;;""ce Statls 19162 <0001 2922 <0001 1206 0002 1782 <0001 286 0239
""" | ;S'l;r;;"w”""2"3{,'26'3;”"""1"1',6'6"6'”"""2"9','2"6"5'””""'57,664"7"""3"2','6”2"2'”"""'1','621'77"7”""3"2',7377"2&”"""'1','3517"”'""3'4',6'5"7'””"""2”1"2'"”'
677)  (323)  (854)  (146)  (95.2) (4.8) (95.9) @.1) (99.4) (0.6)
Unineured 680 627 1,061 246 1,218 89 1,229 78 1,294 13
(5200  (480)  (81.2) (188  (93.2) 6.8) (94.0) (6.0) (99.0) (1.0)
Unknown 787 225 901 111 970 42 986 26 1,006 6
(77.8) (22.2) (89.0) (11.0) (95.8) (4.2) (97.4) (2.6) (99.4) (0.6)
Year of 1167 0040  11.81  0.038 434 0501 1333  0.020 1.84 0.871
diagnosis (x2, P)
010 3935 1,871 4,983 823 5,524 282 5,599 207 5,769 37
67.8)  (322)  (858)  (142)  (95.1) 4.9) (96.4) (3.6) (99.4) (0.6)
Jo11 3,994 1830 4,956 868 5,566 258 5,601 223 5,787 37
(68.6) (31.4) (85.1) (14.9) (95.6) (4.9) (96.2) (3.8) (99.4) (0.6)
o1 4197 1958 5316 839 5,866 289 5,913 242 6,121 34
682)  (31.8)  (864)  (13.6)  (95.3) @7) (96.1) (3.9) (99.4) (0.6)
2013 4134 2020 5214 940 5,850 304 5903 251 6,119 35
67.2)  (328)  (847)  (153)  (95.1) 4.9) (95.9) @.1) (99.4) (0.6)
So14 4231 2,094 5411 914 6,003 322 6,054 271 6,281 44
669  (33.1) (855 (145  (94.9) (5.1) (95.7) @23) (99.3) ©0.7)
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Table 1 continued. Description of the SEER population of patients with gastric cancer by distant metastasis at diagnosed between
2010-2015.

Liver-Met Lung-Met Bone-Met Brain-Met
Subject

characteristics

(% P)
Proximal 8619 4279 10469 2,429 12,045 853 12,265 633 12,763 135
third (66.8) (33.2) (81.2) (18.8) (93.4) (6.6) (95.1) (4.9) (99.0) (1.0)
i 2,715 1,178 3,439 454 3,768 125 3,746 147 3,882 11
69.77  (303)  (883)  (11.7)  (96.8) 3.2) (96.2) (3.8) (99.7) (0.3)
Dietalthirg 184 1895 6323 756 6,883 196 6,915 164 7,066 13
(73.2) (268  (893)  (10.7)  (97.2) 2.8) 97.7) 2.3) (99.8) ©0.2)
Stomach, 6640 3,518 8792 1366 9,674 484 9,708 450 10,093 65
NOS 654)  (346)  (866)  (134)  (95.2) 4.8) (95.6) (4.4) (99.4) (0.6)
. 1,512 1,048 2,204 356 2,440 120 2,459 101 2,553 7
Overlapping
(59.1)  (409)  (86.1) (139  (953) @.7) (96.1) (3.9) (99.7) (0.3)
aftgiogy 75844  <0.001  570.14  <0.001 8815  <0.001 17399  <0.001 1326  0.004
Adenoca- 15256 7,989 19,139 4,106 21,951 1,294 22,288 957 23,078 167
rcinoma 65.6)  (344)  (823)  (177)  (94.4) (5.6) (95.9) @.1) (99.3) ©0.7)
Mucous 381 199 517 63 546 34 557 23 578 2
carcinoma 657)  (343)  (89.1)  (109)  (94.1) (5.9) (96.0) 4.0) (99.7) (0.3)
fi'ngg"iz“ 3497 2,401 5,553 345 5,647 251 5,513 385 5,859 39
e (59.3)  (40.7)  (94.2) (5.8) (95.7) 43) (93.5) 6.5) (99.3) ©0.7)
Unknown 553 1,329 6,018 847 6,666 199 6,735 130 6,842 23
(80.6) (19.4) (87.7) (12.3) (97.1) (2.9) (98.1) (1.9) (99.7) 0.3)
Grade (3, P) 123198 <0001 30540  <0.001 9389 <0001 22791  <0.001 2733  <0.001
| 2,766 236 2,868 134 2,958 44 2986 | 0o 3001 1
(92.1) (7.9) (95.5) 4.5) (98.5) (1.5) (99.5) : (100.0)  (0.0)
| 5655 2,038 6400 1293 7,310 383 7,515 178 7,641 5
(73.5) (26.5) (83.2) (16.8) (95.0) (5.0) (97.7) (2.3) (99.3) 0.7)
i 10775 6475 14753 2,497 16374 876 16,346 904 17,149 101
(62.5) (37.5) (85.5) (14.5) (94.9) (5.1) (94.8) (5.2) (99.4) (0.6)
v 483 225 595 113 686 22 687 21 701 7
682)  (31.8)  (840)  (160)  (96.9) 3.1) (97.0) (3.0) (99.0) (1.0)
Unknown 4991 2,944 6611 1,324 7,482 453 7,559 376 7,865 70
629)  (37.1)  (833)  (167)  (943) (5.7) (95.3) 4.7) (99.1) (0.9)
Tstage (43 P)  4691.69  <0.001  2339.40 <0.001  803.09  <0.001 84077  <0.001 15581  <0.001
o 7401 2,112 8438 1075 9,146 367 9,245 268 9,473 40
(77.8) (22.2) (88.7) (11.3) (96.1) (3.9) 97.2) (2.8) (99.6) 0.4)
o 3,471 622 3,891 202 4,031 62 4,039 54 4,084 9
(84.8) (15.2) (95.1) (4.9) (98.5) (1.5) (98.7) (1.3) (99.8) (0.2)
- 6845 1711 7,906 650 8,365 191 8,369 187 8,529 27
80.0)  (200)  (92.4) (7.6) (97.8) 2.2) (97.8) 2.2) (99.7) (0.3)
o 3,697 2535 5280 952 5,931 301 6,031 201 6,207 25
(59.3)  (407)  (847)  (153)  (95.2) 4.8) (96.8) (3.2) (99.6) (0.4)
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Table 1 continued. Description of the SEER population of patients with gastric cancer by distant metastasis at diagnosed between
2010-2015.

Liver-Met Lung-Met Bone-Met Brain-Met
Subject

characteristics

N (%) N (%) N (%) N (%)

Unknown 3256 4,938 5,712 2,482 7,337 857 7,409 785 8,064 130
39.7)  (603)  (69.7) 303) (895  (10.5)  (90.4) (9.6) (98.4) (1.6)
Nstage (3 P)  2899.94 <0.001 138841 <0.001 59022  <0.001  471.15  <0.001  80.68  <0.001
o 14807 4677 17,422 2062 18844 640 18,959 525 19,407 77
7600  (240)  (89.4) 106)  (96.7) 33) 97.3) 2.7) (99.6) 0.4)
i 4,557 4020 6,607 1,970 7,908 669 7,993 584 8,493 84
(53.1)  (469)  (77.0) 2300  (92.2) 7.8) (93.2) 6.8) (99.0) (1.0)
- 2,171 654 2,572 253 2,756 69 2,762 63 2,815 10
768  (232)  (91.0) ©.0) (97600  (2.4) (97.8) 2.2) (99.6) (0.4)
\ 2,034 683 2,503 214 2,650 67 2,655 62 2,704 13
(74.9) (25.1) (92.1) (7.9) (97.5) (2.5) (97.7) (2.3) (99.5) (0.5)
Unknown 1,101 1,884 2,123 862 2,652 333 2,724 261 2,938 47
369)  (631)  (71.1) 289) (888  (112)  (913) ®8.7) (98.4) (16)
Surgery (3 P) 895299  <0.001 380823 <0.001 139197 <0.001  1199.06 <0.001 16373  <0.001
None 8707 10488 14,298 43897 17,496 1,699 17,756 1439 18,977 218
454)  (546)  (74.5) @55  (91.1) 8.9) (92.5) (7.5) (98.9) 1.1)
Ves 15853 1413 16,308 458 17,189 77 17,212 54 17,253 13
(91.8) (8.2) (97.3) 2.7) (99.6) 0.4) (99.7) (0.3) (99.9) 0.1)
110 17 121 125 2 125 2 127 0
Sl U (86.6) (13.4) (95.3) Sz (98.4) (16) (98.4) (1.6) (100.0) (0.0)
Radiation

therapy (x? P)

Nojunknown 18148 10031 23605 4574 26732 1447 27,134 1045 28,089 90
(644)  (356) (838  (162)  (949)  (51)  (963) (37 (997  (03)
Ves 6522 1887 7,622 787 8,078 331 7,959 450 8,268 141
(77.6)  (224)  (906)  (94) (961  (39)  (946) (54  (983)  (17)
Chemical 78293  <0.001 17188 <0001 3920 <0001 6204 <0001 809  0.005
therapy (x? P)
Nojunknown 14124 4965 16735 2354 18290 799 18458 631 1899 99
(740) (2600  (877)  (123)  (958)  (42)  (967)  (33) (995 (05
Ves 10546 6953 14492 3,007 16520 979 16635 864 17,367 132
(603)  (39.7) (828  (17.2) (944  (56)  (951)  (49)  (992)  (0.8)

o P)
Alive 11,792 1,166 12,457 501 12,858 100 12,888 70 12,939 19
(91.0) (9.0) (96.1) (3.9) (99.2) (0.8) (99.5) (0.5) (99.9) (0.1)
Dead 12,878 10,752 18,770 4,860 21,952 1,678 22,205 1,425 23,418 212
(54.5) (45.5) (79.4) (20.6) (92.9) (7.1) (94.0) (6.0) (99.1) (0.9)

(2 P)
o 24670 10,413 31,025 4,058 34,432 651 34,299 784 34,995 88
= (70.3) (29.7) (88.4) (11.6) (98.1) (1.9) (97.8) 2.2) (99.7) (0.3)
. 0 1,505 202 1,303 378 1,127 794 711 1,362 143
(0.0) (100.0)  (13.4) (86.6) (25.1) (74.9) (52.8) 47.2) (90.5) (9.5)

SEER - Surveillance, Epidemiology, and End Results; Met — metastases; NOS — not otherwise specified.
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Figure 2. The overall survival for gastric cancer patients with or without metastasis to liver (A), lung (B), bone (C), and brain (D).

Supplementary Table 1 shows P values for results of testing
the proportion hazards assumption. Most of the factors did
not violate the proportional hazards assumption. As shown in
Supplementary Table 2, primary site, T stage, and treatment by
surgery and chemotherapy were associated with survival in uni-
variate Cox regression analysis. Other variables, such as age,
marital status, histology types, tumor grade, N stage, radiation
treatment, and presence or absence of other metastasis, were
associated with specific metastasis patients. After adjusting all
these characteristics in multivariate analysis, factors significantly
associated with survival outcome for patients with liver metasta-
sis were: age >65 years (HR=1.19, 95% Cl 1.12-1.26); tumor grade
(I HR=1.64, 95% ClI 1.21-2.22; Il HR=2.23, 95% Cl 1.66-3.00;
IV HR=1.91, 95% Cl 1.21-2.82); T stage (T2 HR=0.80, 95% Cl
0.64-0.99; T3 HR=0.88, 95% Cl 0.77-1.00); N3 stage (HR=1.23,
95% Cl 1.01-1.50); surgery (HR=0.45, 95% Cl 0.38-0.52); che-
motherapy (HR=0.30, 95% Cl 0.27-0.34); and more other metas-
tases (HR=1.38, 95% Cl 1.24-1.55). In patients with lung metas-
tasis, the following factors were associated with overall survival:

tumor grade Ill (HR=1.53, 95% Cl 1.02-2.29); T4 stage (HR=1.27,

95% ClI 1.06-1.53); surgery (HR=0.74, 95% Cl 0.55-0.99); chemo-
therapy (HR=0.31, 95% Cl 0.26-0.37); and more other metasta-

ses (HR=1.51, 95% Cl 1.28-1.77). Table 2 provides additional in-
formation on the results of multivariate Cox regression analysis.
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Risk factors for distant metastases

In our cohort, there were 11,918 patients presenting distant
metastasis. The number of cases with bone, brain, liver, and
lung metastasis was 1495, 231, 5361, and 1778, respectively.
As shown in Supplementary Table 3, the following factors were
significantly associated with developing distant metastasis and
bone, liver, or lung metastasis: age, sex, race, insurance sta-
tus, primary tumor site, histological type, grade, T stage, and
N stage, and all of these variables except insurance status and
T stage were also associated with developing brain metastasis.

The multivariate regression analysis suggested several inde-
pendent risk factors. Younger age and higher tumor grade
were positively associated with developing distant metasta-
sis, including all four organs. Proximal third of stomach was
the most common primary site for tumor metastasis. Patients
without insurance were more likely to have distant metasta-
sis. T stage and N stage were independent risk factors. More
details on the results of the multivariate analysis are provid-
ed in Table 3.
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Table 2. Multivariable Cox regression for analyzing the prognostic factors for gastric cancer patients with distance metastases.

Liver-Met Lung-Met Bone-Met Brain-Met
Subject

characteristics

1.00 1.00 1.00 1.00 1.00
1. 1. 1. .
<65 (Reference) 00 (Reference) 00 (Reference) 00 (Reference) (Reference) 00
1.19 1.16 0.94 0.96
>
& (1.12-1.26) S (1.06-1.28) 0.002 (0.81-1.11) ez (0.82-1.13) G NA NA

. 1.00 1.00 1.00 1.00 1.00
ETTIS (Reference) L.oo (Reference) L.oo (Reference) L.oo (Reference) L.oo (Reference) L.oo
. 1.02 0.95 1.10 0.95
unmarried o 96-1.08) *1 (086-108) %% (09a-129 %P (0s1-112) O NA NA

B I L
mo 0se12 17 oain % eris) %0 (w09 %% seass 0%
Distal third (0.8(5)5.—913.02) 0133 (0.7(;.?11.04) 0.167 (o.719f)12.31) 0892 (0.91;.—3374) 0071 (1.0%—352.41) 0051
Soie, jMo (0.8(;?16.04) 0.349 (0.8(;?13.05) 0.241 (0.911'-111.37) e (0.8?.35.19) 0.837 (0.619.—113.85) 0.625
Overlapping (1.015'—117.30) 0.004 (1.013'—219.55) 0005 (0.913.—25.67) 0137 (0.811.?19.46) 0-375 (o.ogflz.%) 0.272
Mty
e R T R
Cornoma om0 psaa 01 M M Mmoo w o w
Ccwmoms  @ssiap O geny 0% M Mmoo wmowmw
Unknown (0.6(')5.—7;84) <0.001 (0.6(;.—88.95) 0.012 NA NA NA NA NA NA
Gade
R ) S0 ey O ) B9 () S0 (g 200
Il (1.21515.92) <0.001 (1.211'5;22) 0.001 (0.711'?18.64) 0.726 NA NA NA NA
i (1.622'8348) <0.001 (1.626'_2;00) <0.001 (1.012'_523.29) 0.039 NA NA NA NA
\Y L <0.001 Ll 0.001 ol 0.920 NA NA NA NA

1.00 1.00 1.00 1.00 1.00
m (Reference) Loo (Reference) L.oo (Reference) L.oo (Reference) (Reference) 00
0.83 0.80 0.98 0.54 1.67
T2 b . b
(0.73-0.93) 0.002 (0.64-0.99) 0.039 (0.69-1.39) 0.904 (0.39-0.74) <0.001 (0.79-3.53) 0.184
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Table 2 continued. Multivariable Cox regression for analyzing the prognostic factors for gastric cancer patients with distance
metastases.

Liver-Met Lung-Met Bone-Met Brain-Met

Subject

characteristics

0.92 0.88 1.16 0.89 1.34

I (0.84-1.00) 0.042 (0.77-1.00) 0.048 (0.93-1.44) 0.183 (0.73-1.09) 0.262 (0.74-2.40) 0.333
1.15 1.07 1.27 1.11 2.28
T4 (1.06-1.24) 0.001 (0.95-1.21) 0.241 (1.06-1.53) 0.011 (0.91-1.36) Gl (1.28-4.07) )
N stage
1.00 1.00 1.00 1.00 1.00
NO (Reference) Loo (Reference) L.oo (Reference) 00 (Reference) 00 (Reference) L.oo
1.06 1.05
N1 122 NA NA NA NA NA NA
(0.99-1.31) 0 (0.95-1.17) g
1.11 1.15
N2 (0.99-1.24) 0.074 (0.95-1.38) 0.146 NA NA NA NA NA NA
1.19 1.23
N3 (1.06-1.34) 0.003 (1.01-1.50) 0.040 NA NA NA NA NA NA
Surgery
1.00 1.00 1.00 1.00 1.00
AL (Reference) LY (Reference) LY (Reference) (LY (Reference) (LY (Reference) (LY
0.43 0.45 0.74 0.54 0.32
== 0.39-047) %91 (038052 C%1 (955099 %9 (038-075) O (013-079) %04
Radiation
1.00 1.00 1.00 1.00 1.00
N ki 1. 1. 1
Slen (Reference) 00 (Reference) 00 (Reference) 00 (Reference) (Reference) 00
0.93 0.99 0.94 0.91
ves (0.86-1.00) 0.053 NA NA (0.81-1.20) 0.903 (0.80-1.12) 0.499 (0.56-1.46) 0.683
Chemotherapy
1.00 1.00 1.00 1.00 1.00
A GO (Reference) Loo (Reference) Loo (Reference) L.oo (Reference) (Reference) 00
0.32 0.30 0.31 0.28 0.24
ves 0.30-035) %97 (027-034) %% (926-037) %1 (024-034) Q90T (014-047) <*001
Number of mets
1.00
< - - - - - - - -
! (Reference) L.oo
1.48
1 .001 - - - - - - - -
> (135-163) <%0
Other mets
1.00 1.00 1.00 1.00
No - - (Reference) o (Reference) Lo (Reference) ! (Reference) Loo
1.38 1.51 1.47
ves - T (24-155) 0001 (155477 <000 NA NA~ (090-238 @123

Met — metastases; HR — hazard ratio; Cl — confidence interval; NOS — not otherwise specified; NA — not available.
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Table 3. Multivariable logistic regression for analyzing the risk factors for developing distant metastases in patients with gastric
cancer.

Liver-Met Lung-Met Bone-Met Brain-Met
Subject

characteristics

O e M e ' e P eency 1 ey 10
=69 (o.sgfg.n) <0001 (o.7%fg.9e) 0005 (o.s%fg%) 0008 (0.5(;'—7;.85) <0001 (o.3(;'-5871) <0001
Gender
B peterence) P etwence) ' (ueterencd) % eterence) . (etorence) 1%
AL (0.8(;.?;‘.01) oL (0.6%—73.82) el (o.7(;f?.o7) LZE (0.6(;.—812.00) L2 (o.sgff.zl) oz
Race
e etrence) " erenc) "% uerence) %0 uerence) %0 ueurence) %0
B w9 sy 9% e % sy %% ey 07
Others (0.7(4)5(?.90) <0001 (o.7(i'f§.9s) 0.008 (o.7(()f19.13) 0330 (o.7%f16.25) 0.760 (0.32'—612.20) 0154

1.00 1.00 1.00 1.00 1.00
JTETEE (Reference) L.oo (Reference) L.oo (Reference) L.0oo (Reference) L.oo (Reference) L.oo
. 1.48 1.48 1.52 1.39
Uninsured (1.25-1.75) <0.001 (1.18-1.85) 0.001 (1.06-2.16) 0.021 (0.93-2.08) 0.107 NA NA

1.00 1.00 1.00 1.00 1.00

ACAERE LI (Reference) /Y (Reference) /LY (Reference) /LY (Reference) (Y (Reference) (LY
1.05 0.79 0.53 0.64 0.25
L (0.93-1.18) 2 (0.66-0.94) e (0.39-0.73) N (0.46-0.91) 0.012 (0.10-0.63) 0.003
. . 0.70 0.62 0.37 0.29 0.17
Distalthird (0 63-077) “®%7 (054072 %% (028-048) ®%7 (021041 %% (008-037) *%!
1.04 71 4 b b
Stomach, NOS 0 0.465 0.7 <0.001 0.65 <0.001 0.88 0.267 0.39 <0.001

B N e
crnm 05100 7% 0as0s) ° arisy 0% asaoy 0P M M
cnoma (086109 %% (026039 P! stoss % qorten ° ot 7

Unknown (0.7??;.94) 0.003 (1.02312.45) 0018 (0.4(;'—6(?.93) 0018 (0.712'?15.53) 0797 (0.2(;'—611.37) 0.233
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Table 3 continued. Multivariable logistic regression for analyzing the risk factors for developing distant metastases in patients with
gastric cancer.

Liver-Met Lung-Met Bone-Met Brain-Met

Subject
characteristics

3.53 4.14 2.26 4.72

B 89432 P 16543 %! (47349 O uerosg C% simrn 07
o was-660 P01 G357 P (rmaon OP wmaeey OP aasesy 00
A7 (3.71;22.44) SeeH (3.4?2;).05) e (0.713'—533.22) e (1.93;11202) g (2.4?%2.32) K025
T e
o= N
B o050 V0T 023035 VP 0237045 OP rpasg O M M
B osiosn % o O% oxoa PP gosy 01 M M
4 (1.425375) SO (1.01).—1130) 2o (0.91).—111.37) ) (o.e(izf.on 2 ) 1l
Newe
o R N
e 000239 PO Govasy PO (71 5ug PO (oirs PO (1536 0003
o= 08100 0 @791 %% ossion 10 oro1a9 %7 zsven OB
A (0.7(;'?);.96) oee (0_7(;'??06) il (o.4(;'-6c‘)1.91) o) (0.6(;'211.31) g (o.713f§.67) b0

Met — metastases; OR — odds ratio; Cl — confidence interval; NOS — not otherwise specified; NA — not available.

Discussion

Distant metastasis is a serious problem during cancer manage-
ment. The median overall survival time for gastric cancer pa-
tients with distant metastasis was approximately 4.0 months
in our analysis. Synchronous metastasis was present in 32.6%
of patients with primary gastric cancer. The poor survival and
high metastasis rate in gastric cancer suggested that further
research should be performed to thoroughly investigate the
related predictive factors for prognosis and prevalence of dis-
tant metastasis.

To promote the survival of patients at stage IV, developing a
comprehensive treatment strategy has been the global focus.
Surgery of the primary cancer and chemotherapy can improve
survival for patients with metastasis to liver, lung, bone, and

brain. In the present study, chemotherapy was the main treat-
ment for patients with distant metastasis and it was offered to
56.1% of patients with liver metastasis, while surgery of pri-
mary gastric cancer was performed in only 8.5% of patients.
The proportion of gastric resection and chemotherapy was
consistent with a previous study in Europe [16]. As previously
reported, chemotherapy was the main treatment for patients
with liver metastasis, and conversion surgery can be consid-
ered in some selected patients [17]. Similarly, according to a
survey from two European and Japanese gastric cancer study
groups, preoperative chemotherapy followed by resection of
both primary and liver lesions was the recommended option
for patients without extrahepatic metastasis [18], an similar
percentages of chemotherapy and surgery were performed in
patients with metastasis to lung and bone. Based on the re-
cords from the Metastatic Lung Tumor Study Group of Japan,
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the 5-year survival rate was 28% after pulmonary metastatic
tumor resection [19]. For bone metastasis in gastric cancer, a
metastasis rate of 3.8% was reported, and palliative chemo-
therapy was a significant factor for improved survival [20]. Brain
metastasis was rare and no prediction was made in large co-
hort. In our study, based on the analysis of 231 patients with
brain metastasis, we found similar benefits from surgery and
chemotherapy. Currently, chemotherapy is the standard first-
line treatment for advanced gastric cancer patients and has
shown good performance [21]. More than 50 years since che-
motherapy was first introduced, infusional 5-FU has been ac-
cepted as the main component of most combination regimens
in stage IV gastric cancer [22], while paclitaxel is a widely used
second-line chemotherapy drug [23]. Adverse effects and re-
sistance to chemotherapy in clinical practice have recently fo-
cused attention on developing combination therapy [23,24].
Further study is needed to reveal the underlying causes of ad-
verse effects and chemotherapy resistance.

Except for the homogenous prognostic factors for all meta-
static sites in our analysis, age older than 65 years, higher
grade (Il, 1, and 1V), and N4 were associated with worse sur-
vival in patients with liver metastasis. Tumor grade Ill and T4
stage were independent factors associated with pulmonary
metastasis. T4 stage was also associated with worse survival
for patients with brain metastasis. All these negative factors
should be considered in the prediction of survival in patients
with specific metastasis.

To improve long-term survival and quality of life, the nega-
tive influence of distant metastasis on survival must be deter-
mined. Thus, timely screening and early diagnosis of the pos-
sible metastasis is important before treatment. PET/CT has
been the main strategy for distant metastasis screening in
gastric cancer [25]. However, due to limited medical resources,
the screening should be offered to gastric cancer patients with
higher risk of distant metastasis. Thus, the prediction of pos-
sible distant metastasis is crucial in clinical practice.

Although many studies have evaluated the survival and re-
lated factors for gastric cancer patients with metastasis, few
studies have investigated risk factors for distant metastasis.
The risk factors for the development of bone metastasis were
evaluated in a study including 1,342 patients with metastatic
gastric cancer, in which 141 (10.5%) patients presented bone
metastasis and predictive factors included age younger than 65
years, signet ring cell histology and location than 2/3 of stom-
ach [13]. In our study, homogenous risk factors for all the met-
astatic sites were age less than 65 years, tumor in the prox-
imal third of the stomach, higher grade, and N1 stage. Male
sex, black race, and uninsured status were also associated
with higher risk of liver metastasis. Histological type showed
different effects on metastasis. The clinicopathological factors
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revealed in our study can guide the identification of patients
with distant metastasis.

In addition to predictive clinicopathological characteristics,
some blood tests can also be used for prediction; for example,
the serum level of the bone alkaline phosphatase was report-
ed to be correlated with bone metastasis [26]. More advanced
techniques have been developed to predict distant metasta-
sis, including high-quality image-based artificial intelligence
technologies [27]. Based on radiomics analysis and selected
clinical characteristics, constructed nomograms can be used
to predict metastasis to the liver [28], lymph nodes [29], and
peritoneum [30]. Gene expression [31] and metastasis-asso-
ciated protein [32] have been studied for their value as po-
tential predictive biomarkers for distant metastasis in gastric
cancer. All these promising tools at different levels can be fur-
ther applied and validated to assist prediction of metastasis.

Our work has some limitations. First, the SEER database only
recorded synchronous metastatic patients; therefore, patients
developing distant metastasis later in their course were not
analyzed. Although our analysis revealed some important fac-
tors predicting distant metastasis in gastric cancer, only the
liver, lung, bone, and brain metastatic sites were available, and
the lack of data on other metastatic sites may impair the ac-
curacy of our findings. The significant predictive factors need
to be externally validated in different databases or multiple
centers. Furthermore, other useful information such as genetic
or clinical tests were not available in the SEER database, and
these should be analyzed and incorporated into the predic-
tive model to establish a more accurate and robust tool for
patient stratification.

Conclusions

Initial distant metastasis was recorded in 32.6% of patients
with gastric cancer in the SEER database. Patients with distant
metastasis had significantly shorter survival than those with-
out metastasis. Homogeneity and heterogeneity were identi-
fied in the risk factors for specific distant metastasis and the
prognostic factors of gastric cancer patients. A series of factors
were found to be correlated with distant metastasis, includ-
ing: age, sex, race, insurance status, primary tumor site, histo-
logical type, grade, T stage, and N stage. These factors might
be used in auxiliary individualized evaluation and prediction
in the future. Our findings may improve individualized evalu-
ation and prediction of gastric cancer patients.
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Supplementary Data

Supplementary Table 1. P values for the results of proportion hazards assumption test.

Liver-Met Lung-Met Bone-Met Brain-Met

Other mets - 0.506 0.768 0.181 0.602

Supplementary Table 2. Univariable Cox regression for analyzing the prognostic factors for gastric cancer patients with distant
metastases.

Liver-Met Lung-Met Bone-Met Brain-Met
Subject

characteristics

@ e
265 (1.216'311.36) <0.001 (1.216:3’?.42) <0.001 (1.016'—117.29) 0.001 (1.011'-112.24) 0.036 (0.317'-1349) 0.355
Gender
ome s P e P g P ewn P e Y0
Female (0.9?1'??.02) 0333 (o.sgfls.on 0.116 (0.912'?12.13) 0.702 (0.911'?;1.17) 0442 (0.715'?12.38) 0894
Re
CTE ey 9P e P eme 9P mmws) P e 9
B ooy % osmro) 1% o 01 oosis) 0% opiie) 0590
Others (0.9%—919,05) 0.746 (0.9?'319.09) 0850 (0.9:3'—1;1.32) 0950 (0.911'?16.24) 0460 (0.811.—229.05) 0290
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Supplementary Table 2 continued. Univariable Cox regression for analyzing the prognostic factors for gastric cancer patients with
distant metastases.

Liver-Met Lung-Met Bone-Met Brain-Met

Subject
characteristics

Marital status

. 1.00 1.00 1.00 1.00 1.00
S (Reference) L.oo (Reference) Loo (Reference) L.oo (Reference) L.0oo (Reference) L.oo

. 1.18 1.15 1.21 1.13 1.03
Unmarried 113-123) %97 (100-122) P07 (110-134) P01 (102-126) %9% (078-138) %8%

1.00 1.00 1.00 1.00 1.00

L0 (Reference) LY (Reference) LY (Reference) (LY (Reference) (LY (Reference) L.oo
. 1.05 1.14 1.07 1.08 1.54
Sl ©096-1.14) %39 (099-130) %% (0g5-135 9°%? (0sa-138 %% (0s6-278) %1%

PO ey 9 etorenc) P ueterence) 1% eterence) ' ueerence) 10
S 05110 0% ooit19 O srae 1% qorisy O omam 07
Bl (0.917.?12.08) 0.488 (0.916.?;‘.14) 0.328 (1.011.—118.38) 0.043 (1.11).312.57) 0.002 (0.8112354) 0.222
SIS NS (1.011'?16.11) 0017 (0.913'??.07) 0983 (1.016'—119.34) 0003 (1.01'—1;3.33) 0010 (1.016'ff.96) 0021
Overlapping (1.0;—117.26) <0001 (1.115'—219.44) <0001 (1.013.—312.60) 0006 (0.915'—117.46) 0.147 (0.4%327.37) 0944
ey
it mms Y me) Y aae) Y a9 (e
arcnoms s %% aaiiey %% orotey % oariie O oassy 0%
acnoms o1y %% (o013 %% @sstag %% psotte % oostey 0%
Unknown (0.6%—6;.71) <0001 (0.5%.53.69) <0001 (0.912.?17.26) 0372 (0.813.?17.29) 0502 (0.71)'—111.77) 0663
s
- o 100 100 """"" 100 100 """"" 100 100 """"" 100 100 """"" 100 OO

1.83 2.02 1.65 0.95
g (1.57-2.12) <0.001 (1.66-2.47) <0.001 (1.20-2.28) 0.002 (0.58-1.55) 0.625 NA NA
1.34 1.46 1.12 0.88
v (1.09-1.65) 0.005 (1.11-1.92) 0.008 (0.65-0.94) 0.691 (0.46-1.70) 0.700 NA NA
T stage
1.00 1.00 1.00 1.00 1.00
T (Reference) Loo (Reference) L.oo (Reference) Loo (Reference) L.oo (Reference) L.oo
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Supplementary Table 2 continued. Univariable Cox regression for analyzing the prognostic factors for gastric cancer patients with
distant metastases.

Liver-Met Lung-Met Bone-Met Brain-Met

Subject

characteristics

0.71 0.59 0.90 0.58 1.30
T2 (0.64-0.78) AL (0.50-0.70) AL (0.68-1.20) 0.456 (0.43-0.80) 0.001 (0.62-2.72) 0.486
0.71 0.68 0.90 0.83 0.85
i ©0.66-076) %1 (061-075 C%1 (075-107) %%% (069-1.01) %% (0.50-146) %Y
0.92 0.91 1.18 1.01 1.72
T4 (0.86-0.97) 0.004 (0.83-1.00) il (1.01-1.38) 0.042 (0.84-1.22) Gy (1.02-2.91) 2
N stage
1.00 1.00 1.00 1.00 1.00
A (Reference) L.oo (Reference) 100 (Reference) L.oo (Reference) L.0oo (Reference) 00
1.01 1.09 0.98 1.09 1.20
N1 (0.97-1.06) e (1.02-1.16) 0.012 (0.88-1.10) L2 (0.97-1.23) 2 (0.87-1.67) 0.271
0.84 0.99 0.96 0.93 0.86
N2 .001 b .74 .571 b
(0.77-0.92) <0.00 (0.86-1.13) 0.867 (0.75-1.24) 0.745 (0.71-1.21) 0.57 (0.43-1.73) 0.676
0.86 1.01 1.11 0.95 1.32
N3 079-003) %91 (og7-117) %% (0se-144) %0 (072-124) %80 (071242 O3
Surgery
1.00 1.00 1.00 1.00 1.00
N . . . . .
° (Reference) L.oo (Reference) L.oo (Reference) L.oo (Reference) L.oo (Reference) L.oo
0.51 0.51 0.73 0.66 0.48
ves 0.48-055) %91 (046-057) %% (057-092) %9 (050-087) %993 (0.25-001) *9%°
Radiation
1.00 1.00 1.00 1.00 1.00
N ki . . . . .
UL (Reference) L.oo (Reference) L.oo (Reference) L.oo (Reference) L.oo (Reference) L.oo
0.91 1.01 0.80 0.89 0.67
ves 087-096) %1 (093-1.09) %% (071-091) ®% (079-099) %96 (051-089) %007
Chemotherapy
1.00 1.00 1.00 1.00 1.00
I (Reference) L.oo (Reference) L.oo (Reference) L.oo (Reference) L.oo (Reference) L.oo
0.37 0.37 0.36 0.38 0.41
ves 0.36-0.39) %91 (034-039) C%1 (032040 %% (034-042) O901 (931-055 <001
Number of mets
1.00
< - - - - - - — -
! (Reference) L.oo
1.44
51 37153 <0.001 = = = = = = = =
Other mets
1.00 1.00 1.00 1.00
No - - (Reference) (Reference) ! (Reference) ! (Reference) Loo
1.41 1.27 1.01 1.34
ves - T @32-150) %997 (115-140) %97 (go1-112) %813 (101-178 0%

Met — metastases; HR — hazard ratio; Cl — confidence interval; NOS — not otherwise specified; NA — not available.
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Supplementary Table 3. Univariable logistic regression for analyzing the risk factors for developing distant metastases in pa-
tients with gastric cancer.

Subject
characteristics

Liver-Met

1.00

Lung-Met

Bone-Met

Brain-Met

0.92

0.61

1.18

0.74

0.97

1.36

0.57

0.52

0.67

0.70

1.00
<65 (Reference)
0.65
>
= (0.62-0.67)
Gender
1.00
M
els (Reference)
Female 0.83
(0.79-0.87)
Race
. 1.00
U (Reference)
0.96
Black (0.90-1.02)
0.86
h
Others (0.81-0.92)
Marital status
. 1.00
el (Reference)
. 0.96
Unmarried (0.92-1.01)
Insurance status
Insured 1.00
(Reference)
. 1.93
Uninsured (1.73-2.16)
Primary site
. . 1.00
Proximal third el
0.87
Mi
id (0.81-0.94)
. . 0.74
Distal third (0.69-0.79)
1.07
Stomach, NOS (1.01-1.13)
Overlappin 1.40
PPINE  (1.28-1.52)
Histology
Adenocar- 1.00
cinoma (Reference)
Mucous 1.00
carcinoma (0.84-1.19)

0.57

1.00
L.oo (Reference)
0.87
0.007 (0.79-0.96)
1.00
L.oo (Reference)
0.72
<0.001 4 65-0.80)
1.00
Loo (Reference)
0.80
0.001 4 69-0.93)
0.75
.001
<0.001 4 65-0.87)
1.00
LY (Reference)
1.06
i (0.96-1.17)
1.00
L.oo (Reference)
1.45
<0.001 (1 16-1.81)
1.00
Loo (Reference)
0.47
.001
0.001 4 39-0.57)
0.40
0001 34 047
0.71
<0.001 4 63-0.79)
0.69
0.001 4 57_0.85)
1.00
L.oo (Reference)
1.06
<0.001 (4 74-1 50
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1.00 1.00
L.oo (Reference) L.oo (Reference) L.oo
0.63 0.57
0.005 (0.57-0.70) <0.001 (0.44-0.74) 0.001
1.00 1.00
L.oo (Reference) L.oo (Reference) L.oo
0.79 0.59
<0001 (1 T0gg) 0001 4u07g) <0001
1.00 1.00
Loo (Reference) Loo (Reference) Loo
0.71 0.51
0.004 (0.60-0.84) <0.001 (0.32-0.81) 0.005
0.87 0.54
.001 b b
@001 075102 %90 (034082 %0
1.00 1.00
(LY (Reference) (LY (Reference) (LY
0.99 0.92
22 (0.89-1.10) 0.841 (0.70-1.21) 0.548
1.00 1.00
L.oo (Reference) L.oo (Reference) L.oo
1.50 1.61
0001 (119-100) %991 (002283 9%
1.00 1.00
Loo (Reference) Loo (Reference) Loo
0.76 0.27
.001 . .001
@001 063-091) %% (015-050) O
0.46 0.17
€0.001 (o 05 <0001 (10 g3y <0001
0.90 0.61
<0.001 (0.79-1.02) 0.089 (0.45-0.82) 0.001
0.80 0.26
<0.001 (0.64-0.99) 0.037 (0.12-0.56) 0.001
1.00 1.00
Loo (Reference) L.0oo (Reference) L.oo
0.96 0.48
0760 (063-147) 986 (0.12-103 3%
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Supplementary Table 3 continued. Univariable logistic regression for analyzing the risk factors for developing distant metasta-
ses in patients with gastric cancer.

Liver-Met Lung-Met Bone-Met Brain-Met
Subject
characteristics
Signet-ring cell 1.31 0.29 0.75 1.63 0.92
carcinoma (124-139) %97 (026033) C%T (0ee-087) P! (14s-184) OO (ges-131) O6Y
0.46 0.66 0.51 0.45 0.47
Unknown 043-049) %1 61-071) PP (0as-059) %! (037-058 C%! (030072 *%%!
Grade
1.00 1.00 1.00 1.00 1.00
| 1 1 1. 1 1
(Reference) 00 (Reference) 00 (Reference) 00 (Reference) 00 (Reference) 00
20.42
4.22 4.32 3.52 4.42
1l (3.66-4.87) <0.001 (3.60-5.19) <0.001 (2.57-4.83) <0.001 (2.65-7.39) <0.001 (2.82- 0.003
147.80)
10.32 17.68
7.04 3.62 3.60
1 <0.001 <0.001 <0.001 (6.29— <0.001 (2.47- 0.004
(6.15-8.07) (3.03-4.33) (2.65-4.88) 16.95) 126.74)
5.71 29.97
5.46 4.07 2.16
[\ <0.001 <0.001 0.004 (2.96— <0.001 (3.68— 0.001
(4.44-6.71) (3.12-5.30) (1.28-3.62) 10.99) 243.96)
T stage
1.00 1.00 1.00 1.00 1.00
m (Reference) Loo (Reference) Loo (Reference) Loo (Reference) Loo (Reference) Loo
0.63 0.41 0.38 0.46 0.52
2 0.57-0.69) %91 (035-048) %% (020050 %% (03a-062) O (025-108) %078
0.88 0.65 0.57 0.77 0.75
i 0.82-094) %91 (058072 %1 (0ag068) C% (064093 %% (04a6-122) 2%
2.40 142 1.27 1.15 0.95
T4 (2.24-2.58) S (1.29-1.55) S (1.08-1.48) oo (0.96-1.38) 0.141 (0.58-1.57) e
N stage
1.00 1.00 1.00 1.00 1.00
NO (Reference) L.oo (Reference) Loo (Reference) L.oo (Reference) L.oo (Reference) L.oo
2.79 2.52 2.49 2.64 2.49
N1 .001 .001 .001 .001 1
265-295) %P1 235270 PP (23-279) “C%! (234-298) C%! (183-340 O
0.95 0.83 0.74 0.82 0.90
N2 (0.87-1.05) 0.320 (0.73-0.95) 0.008 (0.57-0.95) 0.017 (0.63-1.07) 0.130 (0.46-1.73) 0.743
1.06 0.72 0.74 0.84 1.21
N3 097-1.17) %1% (062-084 %% (0s8-096) %% (065-1.10 %?10 (067218 *°%

Met — metastases; OR — odds ratio; Cl — confidence interval; NOS — not otherwise specified.
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