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Gastric signet ring cell carcinoma (SRCC) and colorectal SRCC are the most aggressive histological types of
carcinoma related to a poor prognosis, and place a heavy burden on public health. We undertook a
population-based study to analyze the metastatic patterns of SRCC and further estimate its contribution
to the cancer-specific survival of gastric SRCC and colorectal SRCC. Data from eligible patients diagnosed
with gastric or colorectal SRCC between 2010 and 2012 were obtained from the Surveillance,
Epidemiology, and End Results (SEER) database. Chi-squared tests were used to clarify the clinical fea-
tures in patients with metastatic disease compared with those without metastatic disease. Survival dif-
ferences of patients with different metastatic sites were compared with a Kaplan–Meier analysis, and
other prognostic factors were examined by Cox proportional hazards models. A total of 4055 patients
with gastric SRCC or colorectal SRCC were included in our cohort. Among them, 2905 were diagnosed
with gastric SRCC, and the remaining 1150 patients were diagnosed with colorectal SRCC. In gastric
SRCC, distant lymph nodes were the most common metastatic sites. Furthermore, patients with brain
metastases had the worst prognosis. In colorectal SRCC, the liver was the most common metastatic site,
and patients with distant lymph node metastases had the highest mortality. In summary, metastasis is a
major contributor to cancer mortality in SRCC. The results from our study provide some information for
developing follow-up strategies in future studies.

� 2020 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and
Higher Education Press Limited Company. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Signet ring cell carcinoma (SRCC) is a poorly cohesive carcinoma
composed predominantly of tumor cells with prominent cytoplas-
mic mucin and a crescent-shaped, eccentrically located nucleus
[1]. According to the World Health Organization (WHO) Classifica-
tion of Tumors of the Digestive System, the histological type of
SRCC is defined by the presence of more than 50% neoplastic cells
with intracellular mucin and displaced nuclei [2]. SRCC is consid-
ered to be one of the most aggressive forms of carcinoma associ-
ated with invasive biological behavior, a younger age at
presentation, higher local lymphatic spread, and peritoneal metas-
tasis [3,4]. A majority of tumors originate in the stomach, but
tumors in the breast, bladder, pancreas, lungs, gallbladder, and
colon have also been reported previously [5]. Gastric and colorectal
SRCC are the two most common forms of SRCC in the digestive sys-
tem. According to previous studies, the incidence rates of both gas-
tric and colorectal SRCC have increased slightly over the past few
years [3,6]. The outcome of SRCC in these two sites is extremely
dismal and is impacted by many factors including patients’ age,
disease stage, comorbidities, and contextual, social, or cultural bar-
riers [4,6].

Different metastatic patterns translated into distinct clinical
outcomes and distant metastases are tightly linked to a poor prog-
nosis. Pathologic features have been shown to be significantly con-
nected with patterns of metastatic spread in both gastric SRCC and
colorectal SRCC [7]. Thus, it is crucial to elucidate the metastatic
distribution for better treatments and survival benefits. Due to
the low incidence of SRCC, most analyses of the metastatic patterns
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Fig. 1. Flowchart of included population in this study.
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of gastric and colorectal SRCC are based on limited sample sizes.
Furthermore, few detailed studies have compared the metastatic
patterns of gastric SRCC and colorectal SRCC. In this work, we uti-
lized the Surveillance, Epidemiology, and End Results (SEER) data-
base to systematically compare the clinical characteristics and
prognosis of patients with metastatic disease with those of
patients without metastatic disease.

2. Methods

2.1. Data source

The SEER Program is a publicly available, large, and population-
based cancer registry database that covers approximately 27.8% of
the population of the United States [8]. This database not only
includes the incidences and prevalence of various cancers, but also
contains high-quality demographic information. Since 2010, the
SEER Program has collected detailed information on the sites of
distant metastasis among patients with cancer in the database.
Our current study focused on the Incidence—SEER 18 Regs
Research Data + Hurricane Katrina Impacted Louisiana Cases, Nov
2016 Sub (1973–2014 varying) using the SEER*Stat software ver-
sion 8.3.5.

2.2. Study population

The study participants had a primary diagnosis of gastric SRCC
or colorectal SRCC in the registry and were diagnosed between
2010 and 2012 (SEER histology code: 8490 (SRCC)). In order to
ensure an adequate follow-up duration, patients diagnosed after
2012 were excluded (Fig. 1). The mean follow-up period was
17.6 months (range, 0–59 months). Individual data for each eligible
patient, such as gender, age, grade, stage, marital status, and defini-
tive therapies, was retrieved from the SEER database. We grouped
races into White, Black, and Others (e.g., Asian, Pacific Islander,
American Indian/Alaska Native). Patients whose metastatic status
was unknown and those who were diagnosed without histological
examinations were excluded from this study.

2.3. Ethics and consent statement

Data obtained from the SEER database is freely available, and no
private information was used in the study. Approval from an insti-
tutional review board or ethics committee was therefore not
required.

2.4. Statistical analysis

The baseline patient demographic, clinical, and treatment vari-
ables among patients with metastatic disease and those without
metastatic disease were compared by the chi-square test. Survival
differences and the association with variables among the different
metastatic sites were analyzed by Kaplan–Meier curves and the
log-rank test. Other variables that may potentially influence the
prognosis of SRCC were determined by univariate and multivariate
Cox proportional hazards models. Statistical significance was set at
a two-tailed P < 0.05.

3. Results

3.1. Patient characteristics and metastatic patterns

A total of 4055 patients with gastric SRCC or colorectal SRCC
were identified between 2010 and 2012. Male patients comprised
52.2% of the study population. Of this total, 2936 patients died and
1119 patients were alive at the end of the follow-up. Among them,
2905 patients aged 12–99 were diagnosed with gastric SRCC, and
the other 1150 patients aged 17–103 were diagnosed with colorec-
tal SRCC. The mean age was 62.7 years and 64.5 years old in
patients with gastric SRCC and colorectal SRCC, respectively. The
baseline clinical characteristics of the patients are shown in Table 1.
For both sites, most patients were white (70.6%; 82.3%) and had
poorly differentiated/undifferentiated carcinoma (79.5%; 79.0%).
Overall, gender and marital status were not significantly different
between patients with metastatic disease and those without meta-
static disease in both gastric and colorectal SRCC.

In this retrospectively analyzed cohort, there were 1187
patients with gastric SRCC (40.9%) and 471 patients with colorectal
SRCC (41.0%) who had advanced-stage disease at diagnosis. Since
only information about bone, brain, liver, lung, and distant lymph
node metastasis was recorded in the SEER database, we focused on
these metastatic sites in this study. These five metastatic sites
accounted for 47.9% (568/1187) and 36.5% (172/471) of metastatic
sites in all advanced cases of gastric and colorectal SRCC, respec-
tively. Among these metastatic sites, the brain was the least com-
mon metastatic site in gastric and colorectal SRCC, accounting for
1.7% (20/1187) and 1.5% (7/471) of metastatic sites, respectively.
Distant lymph nodes were the most common metastatic sites
(24.8%; 294/1187) in patients with gastric SRCC. On the other hand,
in patients with colorectal SRCC, the liver was the most common
metastatic site (18.7%; 88/471). In terms of the metastatic pattern,
several differences were found between patients with gastric and
colorectal SRCC (Fig. 2). The incidences of bone metastasis (23.8%
vs 13.1%, P < 0.05), lung metastasis (14.5% vs 12.7%, P < 0.05),
and distant lymph node metastasis (37.4% vs 31.2%, P < 0.05) were
higher in gastric SRCC patients than in colorectal SRCC patients,
while the incidence of liver metastasis (21.8% vs 39.8%, P < 0.05)
was lower in gastric SRCC patients than in colorectal SRCC patients.
No difference was found in the incidence of brain metastasis in
patients with gastric and colorectal SRCC.

3.2. Survival analysis

Because of the short duration of the follow-up, only the one-
year overall survival (OS) and cancer-specific survival (CSS) of
patients with any distant metastases were calculated. Among
patients with gastric SRCC, the one-year OS was 12.3%, 5.0%,
14.6%, 13.3%, and 21.8% in patients with bone, brain, liver, lung,
and distant lymph node metastasis, respectively. In addition, the
one-year CSS among patients with gastric SRCC was 21.4%, 5.0%,
25.1%, 23.7%, and 29.6% in patients with bone, brain, liver, lung,
and distant lymph node metastasis, respectively. However, among
patients with colorectal SRCC, the one-year OS was 6.9%, 14.3%,



Table 1
Patient sociodemographic and clinical characteristics by distant metastasis, SEER 2010–2012.

Variables Gastric SRCC Colorectal SRCC

Total No metastasis Metastasis P value Total No metastasis Metastasis P value

Gender
Male 1526 (52.5)a 904 (52.6) 622 (52.4) 0.910 589 (51.2) 345 (50.8) 244 (51.8) 0.764
Female 1379 (47.5) 814 (47.4) 565 (47.6) 561 (48.8) 334 (49.2) 227 (48.2)

Age
< 50 567 (19.5) 259 (15.1) 308 (25.9) <0.001 203 (17.7) 96 (14.1) 107 (22.7) <0.001
50–64 961 (33.1) 541 (31.5) 420 (35.4) 336 (29.2) 162 (23.9) 174 (36.9)
� 65 1377 (47.4) 918 (53.4) 459 (38.7) 611 (53.1) 421 (62.0) 190 (40.3)

Race
White 2050 (70.6) 1170 (68.1) 880 (76.1) 0.001 947 (82.3) 561 (82.6) 386 (82.0) 0.529
Black 362 (12.5) 223 (13.0) 139 (11.7) 120 (10.4) 66 (9.7) 54 (11.5)
Others 493 (17.0) 325 (18.9) 168 (14.2) 83 (7.2) 52 (7.7) 31 (6.6)

Grade
Well-differentiated 7 (0.2) 6 (0.3) 1 (0.1) <0.001 8 (0.7) 3 (0.4) 5 (1.1) <0.001
Moderately differentiated 61 (2.1) 36 (2.1) 25 (2.1) 69 (6.0) 44 (6.5) 25 (5.3)
Poorly differentiated 2245 (77.3) 1401 (81.5) 844 (71.1) 752 (65.4) 448 (66.0) 304 (64.5)
Undifferentiated 65 (2.2) 47 (2.7) 18 (1.5) 156 (13.6) 112 (16.5) 44 (9.3)
Unknown 527 (18.1) 228 (13.3) 299 (25.2) 165 (14.3) 72 (10.6) 93 (19.7)

Marital status
Married 1610 (55.4) 935 (54.4) 675 (56.8) 0.197 602 (52.3) 342 (50.4) 260 (55.2) 0.119
Unmarried 1295 (44.6) 783 (45.6) 512 (43.1) 548 (47.7) 337 (49.6) 211 (44.8)

Cancer-specific surgery
Yes 1332 (45.9) 1146 (66.7) 186 (15.7) <0.001 922 (80.2) 619 (91.2) 303 (64.3) <0.001
No 1573 (54.1) 572 (33.3) 1001 (84.3) 228 (19.8) 60 (8.8) 168 (35.7)

Radiation
Yes 681 (23.4) 517 (30.1) 164 (13.8) <0.001 121 (10.5) 81 (11.9) 40 (8.5) 0.064
No 2224 (76.6) 1201 (69.9) 1023 (86.2) 1029 (89.5) 598 (88.1) 431 (91.5)

Chemotherapy
Yes 1643 (56.6) 914 (53.2) 729 (61.4) <0.001 616 (53.6) 310 (45.7) 306 (65.0) <0.001
No 1262 (43.4) 804 (46.8) 458 (38.6) 534 (46.4) 369 (54.3) 165 (35.0)

a The number in the parentheses is the percentage of this category.

Fig. 2. Distribution of distant metastatic sites in gastric SRCC and colorectal SRCC.
*: P < 0.05 (chi-square test); DL: distant lymph node.
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31.8%, 25.0%, and 24.6%, and the one-year CSS was 13.8%, 14.3%,
42.0%, 32.1%, and 34.8% in patients with bone, brain, liver, lung,
and distant lymph node metastasis, respectively.

To determine whether other factors may influence survival, we
conducted univariate and multivariate Cox proportional hazards
regression analyses. The variables affecting survival were not iden-
tical in gastric and colorectal SRCC. In gastric SRCC, race and all
treatment modalities influenced the CSS (Table 2). In contrast, in
colorectal SRCC, only cancer-specific surgery had an impact on
the CSS (Table 3). Furthermore, different metastatic sites were
associated with a long-term risk of mortality (Table 4 and Fig. 3).
In gastric SRCC, patients with brain metastases had a worse prog-
nosis than patients without metastasis (CSS hazard ratio (HR),
1.705; 95% confidence interval (CI), 1.068–2.742; P = 0.025). In
addition, in colorectal SRCC, patients who had distant lymph node
metastasis at the time of diagnosis had the worst prognosis com-
pared with patients with metastases at any other sites (CSS HR,
1.997; 95% CI, 1.493–2.670; P < 0.001).

3.3. Relationship between metastatic status and survival in gastric and
colorectal SRCC by race, gender, and marital status

Studies have demonstrated that race, gender, and marital status
impact the prognosis of multiple cancers [9–11]. We further exam-
ined the effect of these factors on the metastasis of gastric and col-
orectal SRCC (Table 5 and Appendix A. Table S1). For different
races, the HR was smaller in white patients than in their black
counterparts for both gastric SRCC (CSS HR, 2.271; 95% CI, 1.987–
2.595; P < 0.001) and colorectal SRCC (CSS HR, 3.181; 95% CI,
2.598–3.894; P < 0.001). For gastric SRCC, the influence of metasta-
sis on CSS was greater in female patients (CSS HR, 2.500; 95% CI,
2.112–2.958; P < 0.001) and married patients (CSS HR, 2.604;
95% CI, 2.219–3.056; P < 0.001) than in male patients (CSS HR,
2.334; 95% CI, 1.991–2.735; P < 0.001) and unmarried patients
(CSS HR, 2.213; 95% CI, 1.873–2.615; P < 0.001), respectively. In
patients diagnosed with colorectal SRCC, the association between
metastasis and CSS was stronger in male (CSS HR, 3.751; 95% CI,
2.901–4.852; P < 0.001) and unmarried patients (CSS HR, 4.448;
95% CI, 3.371–5.870; P < 0.001).

4. Discussion

SRCC is a descriptive term denoting a carcinoma cell that has
retained abundant intracytoplasmic mucin, causing the nucleus
to be displaced to the periphery. Considering the aggressive
biological behavior and extremely poor oncologic outcomes of
SRCC, the clinical outcome is dismal. Until now, the prognostic
determinants of SRCC have remained largely undefined. Thus, it
is crucial to establish a clear understanding of the clinical features
and metastatic patterns of SRCC.



Table 2
Univariate and multivariate analyses of CSS in patients with gastric SRCC in the SEER database.

Variables Univariate Multivariate

CSS HR (95% CI) P value CSS HR (95% CI) P value

Gender
Male Reference Reference
Female 0.980 (0.896, 1.072) 0.662 0.951 (0.86, 1.043) 0.283

Year
2010 Reference Reference
2011 0.996 (0.893, 1.112) 0.946 0.952 (0.853, 1.063) 0.385
2012 0.946 (0.846, 1.058) 0.328 0.877 (0.784, 0.981) 0.022

Age
< 50 Reference Reference
50–64 0.910 (0.800, 1.035) 0.151 0.911 (0.801, 1.037) 0.160
� 65 1.122 (0.995, 1.265) 0.060 1.008 (0.891, 1.140) 0.903

Race
White Reference Reference
Black 1.043 (0.910, 1.195) 0.545 1.035 (0.901, 1.189) 0.625
Others 0.710 (0.623, 0.808) <0.001 0.821 (0.720, 0.936) 0.003

Grade
Well-differentiated Reference Reference
Moderately differentiated 3.402 (0.819, 14.130) 0.092 2.889 (0.694, 12.022) 0.145
Poorly differentiated 3.538 (0.884, 14.161) 0.074 3.244 (0.809, 13.006) 0.097
Undifferentiated 2.732 (0.658, 11.348) 0.166 3.029 (0.728, 12.605) 0.128
Unknown 5.335 (1.329, 21.414) 0.018 3.166 (0.787, 12.730) 0.105

Marital status
Married Reference Reference
Unmarried 1.208 (1.103, 1.322) <0.001 1.051 (0.957, 1.155) 0.300

Cancer-specific surgery
Yes Reference Reference
No 4.083 (3.694, 4.513) <0.001 4.127 (3.714, 4.585) <0.001

Radiation
Yes Reference Reference
No 1.549 (1.389, 1.729) <0.001 1.140 (1.014, 1.282) 0.029

Chemotherapy
Yes Reference Reference
No 1.241 (1.132, 1.361) <0.001 1.383 (1.249, 1.532) <0.001

HR: hazard ratio; CI: confidence interval.

Table 3
Univariate and multivariate analyses of CSS in patients with colorectal SRCC in the SEER database.

Variables Univariate Multivariate

CSS HR (95% CI) P value CSS HR (95% CI) P value

Gender
Male Reference Reference
Female 0.954 (0.817, 1.114) 0.548 1.007 (0.859, 1.180) 0.934

Year
2010 Reference Reference
2011 1.047 (0.870, 1.262) 0.625 1.070 (0.887, 1.291) 0.478
2012 1.011 (0.830, 1.231) 0.913 1.010 (0.827, 1.233) 0.923

Age
< 50 Reference Reference
50–64 0.944 (0.756, 1.177) 0.607 0.976 (0.780, 1.220) 0.830
� 65 0.913 (0.744, 1.121) 0.385 1.035 (0.835, 1.283) 0.755

Race
White Reference Reference
Black 0.850 (0.652, 1.108) 0.228 0.766 (0.585, 1.003) 0.053
Others 0.973 (0.722, 1.311) 0.858 1.075 (0.795, 1.455) 0.638

Grade
Well-differentiated Reference Reference
Moderately differentiated 1.125 (0.342, 3.701) 0.846 0.853 (0.258, 2.824) 0.795
Poorly differentiated 1.750 (0.562, 5.449) 0.334 1.383 (0.442, 4.329) 0.578
Undifferentiated 1.594 (0.503, 5.046) 0.428 1.437 (0.451, 4.574) 0.540
Unknown 2.586 (0.822, 8.139) 0.104 1.320 (0.415, 4.196) 0.638

Marital status
Married Reference Reference
Unmarried 1.124 (0.963, 1.313) 0.139 1.166 (0.993, 1.369) 0.061

Cancer-specific surgery
Yes Reference Reference
No 3.428 (2.877, 4.085) < 0.001 3.675 (3.017, 4.477) <0.001

Radiation
Yes Reference Reference
No 0.829 (0.659, 1.043) 0.110 1.093 (0.854, 1.398) 0.481

Chemotherapy
Yes Reference Reference
No 0.904 (0.771, 1.060) 0.215 0.935 (0.787, 1.112) 0.449
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Table 4
Multivariate analysis of CSS in patients with gastric and colorectal SRCC stratified by metastatic site.

Variables Gastric SRCC Colorectal SRCC

CSS HR (95% CI) P value CSS HR (95% CI) P value

No metastasis Reference Reference
Bone metastasis 1.429 (1.200, 1.702) < 0.001 1.876 (1.213, 2.900) 0.005
Brain metastasis 1.705 (1.068, 2.724) 0.025 1.562 (0.666, 3.662) 0.305
Liver metastasis 1.531 (1.284, 1.825) < 0.001 1.711 (1.287, 2.276) <0.001
Lung metastasis 1.350 (1.089, 1.673) 0.006 1.025 (0.644, 1.631) 0.918
DL metastasis 1.220 (1.057, 1.407) 0.006 1.997 (1.493, 2.670) <0.001

Note: Adjusted for race, gender, age, marital status, grade, and therapies.
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Some large population-based studies have noted that SRCC
commonly presents at a young age [12]. However, it remains con-
troversial, as Psathakis et al. [13] reported a much older age at
diagnosis, of 67.5 years old. Consistent with the latter study, SRCC
was frequently diagnosed in older patients in this cohort, both for
patients with gastric SRCC and those with colorectal SRCC. The
pooled results of OS in patients with gastric and colorectal SRCC
indicated that SRCC had a better prognosis in the early stage than
in the advanced stage [14]. However, many patients with gastric or
colorectal SRCC were confirmed as having advanced-stage disease
at diagnosis. We found that nearly 40.9% and 41.0% of patients with
gastric SRCC and colorectal SRCC, respectively, had advanced-stage
disease at presentation. It is possible that delays in diagnosis
occurred, with late manifestation of symptoms and the aggressive
behavior of the tumor cells as the main reasons. A majority of
patients with gastric or colorectal SRCC had tumors with diffusely
infiltrative growth that did not penetrate the mucosa. In addition,
no serious symptoms—such as hematochezia or severe abdominal
pain—were present during the early stage of the disease. Some
studies have suggested that SRCC is insensitive to chemotherapy,
regardless of whether the treatment is administered pre- or post-
operatively [15,16]. During the last several decades, the mismatch
repair/microsatellite instability (MMR/MSI) status of RAS (KRAS
and NRAS) and BRAF have been reported to affect the survival of
patients with colorectal SRCC and may be linked to chemo-
radiotherapy efficacy [17–19]. In our study, we found that in gas-
tric SRCC, chemotherapy was associated with decreased mortality
in the multivariate analysis of CSS. A retrospective study also found
that chemotherapy was an independent favorable prognostic fac-
tor for survival [20]. Among patients with colorectal SRCC, no sig-
nificant difference was found between those who received
chemotherapy and those who did not.

Clinically, colorectal SRCC most commonly metastasizes to the
liver and peritoneum, although various other sites including bone,
brain, spleen, and breast have also been described [21]. In contrast,
gastric SRCC presents with a high incidence of peritoneal metasta-
sis and lymphatic invasion at diagnosis [22]. The underlying mech-
Table 5
Relationship between metastatic status and CSS in gastric and colorectal SRCC by race, ge

Variables Gastric SRCC

CSS HR (95% CI) P va

Race
White 2.271 (1.987, 2.595) <0.0
Black 2.800 (1.996, 3.928) <0.0
Other 3.063 (2.221, 4.225) <0.0

Gender
Male 2.334 (1.991, 2.735) <0.0
Female 2.500 (2.112, 2.958) <0.0

Marital status
Married 2.604 (2.219, 3.056) <0.0
Unmarried 2.213 (1.873, 2.615) <0.0

Adjusted for age, grade, and therapies.
anism for this metastatic pattern can be explained by the presence
of loose clusters of cells and disruption of cell–cell adhesion driven
by the absent expression of adhesive molecules such as E-cadherin
and b-catenin [20,23]. These features are probably associated with
the molecular etiology of colorectal SRCC. Moreover, we found that
different metastatic sites had an influence on both OS and CSS
(Appendix A. Tables S2–S4). In patients with gastric SRCC, the sur-
vival rates for patients with brain metastasis were worse than
those for patients with any other metastatic sites. In patients with
colorectal SRCC, patients with distant lymph node metastasis had
the worst prognosis. In addition, we observed variations in the
association of metastasis and prognosis across gender. For gastric
SRCC, the association between metastasis and survival was stron-
ger in female patients, which indicated that female patients with
metastatic disease were at a higher risk of mortality. For colorectal
SRCC, the influence of metastasis on CSS was attenuated in
females. Unlike most tumors, gastric SRCC was frequent, poorly
differentiated, and associated with a higher risk of metastasis in
female patients [24]. Most likely, this gender difference can be
attributed to the association between gastric SRCC and sex hor-
mones such as estrogen. A study observed that 80% of gastric SRCC
expressed estrogen receptors that influence tumor growth and
invasion by estrogen [25]. Marital status has long been recognized
as a prognostic factor in many cancers. Undertreatment and
lack of social support in unmarried patients with colorectal SRCC
partially explained this phenomenon. It has been suggested that
the favorable effect of marriage is stronger in men than in women
[26]. We found that the influence of metastasis on CSS was lesser in
unmarried gastric SRCC patients but greater in unmarried
colorectal SRCC patients. It may be necessary for other important
factors such as socioeconomic, reproductive, hormonal, lifestyle,
and other environmental factors to be taken into consideration in
order to further clarify the role of marital status on cancer
mortality.

These findings verify the association of the biological impacts of
specific factors on the prognosis of gastric and colorectal SRCC,
although the details remain unclear. We have summarized the
nder, and marital status (with non-metastatic status as the reference).

Colorectal SRCC

lue CSS HR (95% CI) P value

01 3.181 (2.598, 3.894) <0.001
01 5.131 (2.542, 10.359) <0.001
01 1.995 (0.880, 4.525) 0.098

01 3.751 (2.901, 4.852) <0.001
01 3.123 (2.367, 4.121) <0.001

01 2.766 (2.143, 3.570) <0.001
01 4.448 (3.371, 5.870) <0.001



Fig. 3. Kaplan–Meier analysis of CSS in gastric SRCC and colorectal SRCC patients with and without metastasis. (a) Gastric and (b) colorectal SRCC patients with and without
bone metastasis (log-rank P < 0.0001); (c) gastric and (d) colorectal SRCC patients with and without brain metastasis (log-rank P < 0.0001); (e) gastric and (f) colorectal SRCC
patients with and without liver metastasis (log-rank P < 0.0001); (g) gastric and (h) colorectal SRCC patients with and without lung metastasis (log-rank P < 0.0001); (i) gastric
and (j) colorectal SRCC patients with and without distant lymph node metastasis (log-rank P < 0.0001).
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metastatic patterns of SRCC among the metastatic sites recorded in
the SEER database. Due to the nonrandomized nature of the SEER
database, there are some limitations to this study. First, a high inci-
dence of peritoneal metastasis in SRCC was not recorded in the
SEER database, on which this study was based. In addition, metas-
tases to the liver, lungs, bone, and brain were relatively low. Sec-
ond, detailed information such as chemotherapeutic treatment,
comorbidities, nutritional status, and recurrence were lacking in
the SEER database. Thus, this study could not be adjusted for these
potentially confounding factors.

In conclusion, metastasis is a significant risk factor for cancer
mortality among patients with gastric SRCC or colorectal SRCC.
Gastric SRCC patients with brain metastases were found to have
the worst prognosis, while patients with distant lymph node
metastases at the time of diagnosis of colorectal SRCC were found
to have the highest mortality.
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