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Abstract
Background: The studies on the prognostic signi�cance of site-speci�c distant metastasis, multiple-site
metastases, and the impact of surgery of the primary tumor and metastatic lesion on survival outcomes
of patients with metastatic gastric cancer (GC) remain elusive. Therefore, the present study aimed to
investigate the prognostic signi�cance of the site of distant metastasis among patients with metastatic
GC. Furthermore, the effect of surgery of the primary tumor and metastatic lesion on the prognosis of
metastatic GC was also analyzed.

Methods: The data of 4,221 eligible patients, who were diagnosed with metastatic GC between 2010 and
2015, were identi�ed from the Surveillance Epidemiology and End Results (SEER) database. Multivariate
logistic regression analysis was performed to assess the association between potential prognostic
factors, including the site of metastasis and surgery, and survival of patients with metastatic GC. Overall
survival (OS) and cause-speci�c survival (CSS) were determined using the Kaplan-Meier survival curves
and differences were assessed using the Log-rank test.

Results: A total of 4,221 eligible GC patients with de�nite organ metastases were identi�ed. Of these,
3312 GC patients had single-site metastasis while 909 patients had multiple-site metastases. GC Patients
with single-site metastasis of liver or lung exhibited better CSS and OS compared to GC patients with
bone metastasis. Furthermore, GC patients with liver metastasis were bene�tted from surgery of both the
primary and metastatic lesions, while GC patients with lung metastasis were bene�ted from surgery of
metastasis resection only. Multivariate Cox regression analysis revealed that GC patients with single-site
metastasis, well-differentiated tumors, and GC patients who underwent surgery of the primary tumor and
those who received chemotherapy exhibited favorable prognosis.

Conclusions: The site of metastasis was an independent prognostic factor for metastatic GC. Surgery
had survival bene�ts in certain cases of metastatic GC; however, further studies are warranted to clarify
these bene�ts in carefully selected patients.

Background
Gastric cancer (GC) ranks the �fth most frequent malignancy diagnosed worldwide. Due to its increased
tendency to metastasize to vital organs including liver, lung, bone, and brain, GC continues to be the third
leading cause of cancer-speci�c [1]. In the United States, approximately 27,510 new cases and 11,140
deaths were estimated by the American Cancer Society in 2019[2]. Notably, the prognosis of GC depends
largely on the clinical stage at presentation [3]. However, due to the lack of early alarming symptoms and
limited availability of early screening programs, GC remains unnoticed until advanced stages and
approximately 40% of GC patients will present with distant metastases at the time of initial diagnosis,
where treatment options are limited[4]. Consequently, the prognosis of patients with metastatic GC
remains poor with median survival being less than 1 year and the 5-year survival rate being less than 10%
without surgery. Nevertheless, surgery as the standard curative therapy has markedly improved the
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survival of patients with early GC; besides, a multimodality treatment strategy including surgery
combined with neoadjuvant and adjuvant therapies has been recommended to improve the survival of
locally advanced stages [5, 6]. Thus, surgery represents a curative opportunity for patients with GC and is
considered the foundation of multimodal management of GC [7]. In this context, several retrospective
studies have provided evidence of a potential bene�t of gastrectomy in metastatic GC as well [8–14].

Although chemotherapy or chemotherapy combined with targeted therapy remains the cornerstone of the
palliative treatment of advanced or metastatic GC, surgery is bene�cial to the survival of patients with
metastatic GC. Accumulating studies have revealed that liver resection in GC patients with liver
metastasis is considered favorable with marked 5-year survival and could be offered to selected patients
[8]. While improved surgical interventions and adjuvant therapies remain the upfront research topic,
studies on careful patient selection remain scares. Moreover, due to the paucity of epidemiological
studies, predicting the prognosis of the patients with metastatic GC remains elusive [15]. Besides, the
decision to perform surgery of primary tumors and/or metastases remains clinically challenging.
Therefore, it becomes imperative to identify patterns of metastases in order to articulate the best
treatment decision and optimize the follow-up strategies. Considering these pieces of evidence, the
present study aimed to determine the epidemiology of preferential sites of distant metastasis in patients
with metastatic GC. Furthermore, the effects of surgical resection of the primary tumor and metastatic
lesion on the prognosis of metastatic GC were also analyzed.

Methods
Data collection

For the present study, the data of metastatic GC patients were retrieved from the Surveillance
Epidemiology and End Results (SEER) database of the USA National Cancer Institute, which is the largest
publicly available cancer database and consists of a consortium of 18 population-based regional cancer
registries with accurate and consistent data and includes representative cancer statistics from an
estimated 28% of the American population, The SEER registries routinely collect data on patients’
demographic information and clinicopathological characteristics including the primary tumor site,
morphology, and stage at diagnosis, �rst course of treatment, and follow-up for vital status. We used the
SEER*Stat software version 8.3.6 with the approval from the SEER program (Username: 10053-Nov2018)
to assess the data. The SEER database provided patients data up to 2016 based on the November 2018
submission. This study was approved by the Institutional Review Board of the A�liated Hospital of
Southwest Medical University. As this study was based on the public data of the SEER database, the
requirement for informed patient consent was waived.

Patient selection

A total of 40,728 patients with GC were identi�ed within the SEER database between 2010 and 2015.
Data on the peritoneum and other uncommon metastatic organs such as adrenal glands and spleen was
unavailable. Based on the inclusion and exclusion criteria, a total of 4,221 gastric adenocarcinomas with
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de�ned liver, lung, bone, and brain metastases were included in the study. The age at diagnosis, gender,
ethnicity, primary tumor site, grade, histological type, tumor staging was determined according to the
American Joint Committee on Cancer (AJCC) 7th edition staging system using available clinical and
pathologic data on tumor invasion, lymph nodes status, and distant metastasis, marital status, surgery of
the primary tumor, surgery of the metastases, chemotherapy, radiotherapy, survival months, and cause of
death for patients with GC were collected from the SEER database. The inclusion criteria were as follows:
The primary site code represented “stomach” (C16.0-16.9); histology codes denoted “adenocarcinoma”
(ICD-03, 8140/3, 8142/3, 8143/3, 8144/3, 8145/3, 8210/3, 8211/3, 8255/3, 8260/3, 8261/3, 8263/3,
8310/3, 8323/3), “mucinous” (ICD-03, 8480/3, 8481/3) and “signet ring cell carcinoma” (ICD-03, 8490/3);
patients with identi�ed bone, brain, lung, or liver metastasis. The exclusion criteria were as follows:
patients who survived less than 1 month; patients with incomplete data about distant metastatic sites;
patients with incomplete data about primary and/or metastatic surgery; patients with missing or
incomplete information about survival, follow-up months, cause of death or other characteristics. The
unknown clinical data were presented as an unknown category. The data extraction process is illustrated
in Fig. 1.

Statistical analysis

Cause-speci�c survival (CSS) and overall survival (OS) were de�ned as two primary endpoints of the
present study. The cause-speci�c survival was de�ned as the survival time from the time of diagnosis to
the date of the death from GC. The patients who died from causes unrelated to GC or who survived after
the follow-up deadline was de�ned as censored. The overall survival was calculated from the date of
diagnosis to the date of death from any cause or the last follow-up. In this study, CSS estimated the
probability of surviving GC. Survival curves were estimated using the Kaplan-Meier method, and the
signi�cant differences between the survival curves were assessed by the Log-rank test.

Independent variables were �rst analyzed using univariate analysis. Variables that were signi�cantly
associated with surgery of primary and metastatic lesions in GC patients identi�ed by univariate analysis
were then entered into a Cox proportional hazards regression model for multivariate analysis, yielding
hazard ratios (HR). The model analyzed nine signi�cant variables, including age, gender, primary tumor
site, marital status, race, histological type, TNM staging, metastatic site, and chemotherapy. All statistical
analyses were two-sided. P-values of <0.05 were considered statistically signi�cant. All statistical
analyses were performed with R software (version 3.6.0).

Results
Patient Characteristics

A total of 4,221 eligible GC patients with de�nite organ metastases (liver, lung, bone, brain) were identi�ed
and included in the present study based on the inclusion and exclusion criteria. Of these, 3312 patients
had single-site metastasis while 909 patients presented multiple-site metastases. In the overall patient
cohort, there were 3133, 1041, 956, and 156 patients with liver, lung, bone, and brain metastases,
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respectively. Notably, the most common metastasis of single-site was liver (70.5%), followed by bone
(15.8%), lung (11.9%), and brain (1.8%). The median age at diagnosis was 65 years. The
clinicopathological characteristics of patients with metastatic GC are summarized in Table 1. A total of
457 patients underwent surgical resection, of these, surgical resection for primary GC resection was
performed in 303 patients and in 218 GC patients the resection of metastasis was performed. In the
subgroup of patients with primary tumor resection, the percent of patients with bone metastasis was the
lowest, approximately 4.0%. While in the subgroup of patients with metastatic tumor resection, the
percent of patients with liver metastasis was found to be the lowest, approximately 3.7%. Furthermore, a
total of 2796 patients received chemotherapy and 972 patients were administered with radiotherapy.

Survival outcomes

OS and CSS in patients with advanced GC were evaluated based on single-site or multiple-site
metastases and surgeries performed on the primary or metastatic tumors. The results indicated that
advanced GC patients with single-site bone metastasis (p= 0.03 for CSS), brain metastasis (p= 0.03 for
CSS), or liver metastasis (p< 0.001 for CSS) were bene�ted the most from primary surgery (p< 0.05) (Fig.
2). Furthermore, the evaluation of metastatic GC patients undergoing resection for metastatic lesions
revealed that patients with lung metastasis (p= 0.007 for CSS) and liver metastasis (p= 0.02 for CSS)
were bene�tted signi�cantly from surgery than patients with bone metastasis and brain metastasis (Fig.
3). However, there was no signi�cant difference between patients who underwent resection for primary
and metastatic lesions in GC patients with multiple-site metastases (Supplementary Fig. 1).

In the cohort of patients who received chemotherapy, advanced GC patients with the brain (p=0.02 for
CSS) or liver (p<0.001 for CSS) metastasis were bene�tted signi�cantly from surgery of the primary
tumor (Supplementary Fig. 2). However, patients with lung (p=0.01 for CSS) or liver (p=0.02 for CSS)
metastasis bene�tted signi�cantly from surgery of the metastases (Supplementary Fig. 3).

The median OS for advanced GC patients with single-site bone, brain, lung, and liver metastases were 5,
4, 6, and 6 months, respectively. Advanced GC Patients with isolated lung or liver metastasis exhibited
better CSS and OS compared with GC patients with bone metastasis (p =0.001 for CSS and p=0.002 for
OS in lung metastasis; p =0.002 for both CSS and OS in liver metastasis). However, no signi�cant
difference was observed between patients with single-site lung and liver metastases (p>0.05 for both CSS
and OS). There was no signi�cant difference between patients with single-site bone and brain
metastases. (p>0.05 for both CSS and OS) (Fig. 4).

Furthermore, the prognostic value of the pattern of metastases was also evaluated for stage IV GC
patients. The median OS for patients with one, two, three, and four metastatic sites was 6, 4, 4, and 3
months, respectively. Patients with single-site metastasis exhibited survival bene�ts over patients with
multiple-site metastases (p < 0.001 for both CSS and OS). However, no signi�cant difference was
observed between patients with two, three or four metastatic sites (p >0.05 for both CCS and OS)
(Supplementary Fig. 4).
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Analysis of prognostic factors using Multivariable Cox regression

Multivariate Cox regression analysis was performed to evaluate the association of signi�cant variables
with the prognosis of metastatic GC. The results indicated that both CSS and OS were signi�cantly
improved in GC patients who underwent primary resection (HR, 0.48; 95% CI, 0.41-0.56; p< 0.001) and
those who received chemotherapy (HR, 0.37; 95% CI, 0.34-0.40; p< 0.001). Lung metastasis (HR, 0.77; 95%
CI, 0.67-0.89; p< 0.001) and liver metastasis (HR, 0.82; 95% CI, 0.74-0.92; p= 0.001) was signi�cantly
associated with improved CSS and OS of GC patients compared with bone metastasis (Table 2). In the
overall cohort, patients aged > 65, undifferentiated cancer, signet ring cancer, who were single, or had
multiple-site metastases were found to be statistically signi�cant independent prognostic factors for poor
survival, while primary surgical treatment and chemotherapy were protective factors. However, in the
single-site metastasis cohort and the overall patient cohort, there was no signi�cant association between
the GC patients who underwent metastatic surgery and CSS/OS. (Supplementary Table 1)

Prognostic factors associated with surgery

In a multivariable logistic regression model, patients with gastric cardia cancer (OR, 3.36; 95% CI, 2.37-
4.83; p< 0.001), who were unmarried (OR, 1.75; 95% CI, 1.27-2. 42; p< 0.001), had signet ring cell cancer
(OR, 1.82; 95% CI, 1.12-3.04; p= 0.018), or who underwent chemotherapy (OR, 1.59; 95% CI, 1.17-2.16; p=
0.003) were less likely to undergo primary surgery. Considering bone metastasis as a reference, GC
patients with brain (OR, 0.20; 95% CI, 0.07-0.58; p= 0.002), lung (OR, 0.48; 95% CI, 0.25-0.91; p= 0.025) or
liver (OR, 0.52; 95% CI, 0.30-0.86; p= 0.015) metastasis were more likely to receive primary tumor resection
(Table 3). In the metastatic tumor resection cohort, GC patients older than 65 years (OR, 1.44; 95% CI,
1.03-2.02; p= 0.036) or male patients (OR, 1.61; 95% CI, 1.35-2.27; p= 0.007) were less likely to receive
metastatic tumor resection. In addition, GC patients with mucinous adenocarcinoma of the stomach (OR,
0.27; 95% CI, 0.13-0.61; p < 0.001) and GC patients who underwent primary resection (OR, 0.13; 95% CI,
0.08-0.19; p < 0.001) were more likely to receive metastasis resection. Compared to GC patients with liver
metastasis, GC patients with brain metastasis (OR, 0.07; 95% CI, 0.04-0.14; p < 0.001), lung metastasis
(OR, 0.37; 95% CI, 0.24-0.58; p < 0.001) or bone metastasis (OR, 0.44; 95% CI, 0.28-0.69; p < 0.001) were
more likely to undergo metastatic surgery (Supplementary Table 2).

Discussion
Although metastatic GC is recognized as the terminal stage, carefully selected patients may exhibit an
improved prognosis following primary tumor resection surgery or surgery to remove metastases [11].
Besides, the sites of metastasis and the pattern of metastatic sites can impact the prognosis of
metastatic GC. The poor prognosis of metastatic GC is often attributed to the involvement of the liver,
lung, brain and, bone metastases. Therefore, a better understanding of the epidemiology of metastatic GC
remains highly desirable to actively investigate and articulate new treatment strategies [16]. In this study,
we found that the prognosis of patients with liver or lung metastasis was signi�cantly better than that of
patients with bone metastasis. Conceivably, GC patients with brain or bone metastasis will be
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signi�cantly bene�tted from primary resection, while metastatic resection might prove to be highly
bene�cial to GC patients with lung metastasis.

In the present study, the metastatic rate to liver, lung, bone and brain metastases in patients with GC was
16.0%, 5.3%, 4.9%, and 0.8%, respectively. Consistent with previous reports, the results of the present
study also indicated that GC most commonly metastasized to the liver through direct invasion and
hematogenous metastasis and that GC frequently metastasizes �rst to the liver [17-22]. Besides, owing to
the increased availability of abdominal CT and ultrasound, liver metastasis is detected in a large
proportion of metastatic GC. Furthermore, the proportion of patients with isolated bone metastasis was
signi�cantly higher than that of patients with isolated lung metastasis. Similarly, Qiu et al. also reported
that the number of GC patients with bone metastases was comparable to that of lung metastases [23].
Apparently, advanced bone metastases are most often established when the patient complains of bone
pain or suffers a pathological fracture; consequently, early asymptomatic bone metastases remain
unnoticed. With the increasing acceptance of bone scans, it is likely that more patients will be diagnosed
in the early asymptomatic phase of bone metastasis [24].

Using a multivariate logistic regression model, the present study revealed that a number of variables
affect the surgical planning of metastatic GC. As the median age of the study population was 65 years,
we selected 65 years as the cutoff point. The low resection rate was detected in single patients or those
living alone which may be attributed to the lack of �nancial and emotional support from their family.
Similarly, Liu et al. also reported that being single or living alone was associated with poor surgical rates
[25].

Histopathologically, signet ring cell carcinoma is more aggressive and often exhibit poor surgical
compliance [26]. Due to the low resection rate of the primary tumor in the GC patients with bone
metastasis, we used bone metastasis as a reference to analyze the effects of other metastasis on
primary tumor resection. Likewise, we analyzed the effect of other metastatic sites on the metastatic
lesion resection due to the low rate of liver resection. We found that patients who had undergone primary
tumor resection were more likely to have metastases removed. Of 303 patients who received primary
lesion resection, 64 patients also underwent metastatic lesion resection. Although chemotherapy alone
cannot improve the survival rate of advanced GC, a few studies have suggested that chemotherapy can
markedly support the resection of primary or metastatic tumors, thus improving the prognosis [27]. In this
study, we found that a reduction in patients undergoing primary tumor resection following neoadjuvant
chemotherapy as the initial treatment. Thus, we assumed that this might be related to the transient
tumor-shrinking effect of chemotherapy.

Notably, we also found that nearly 10% of patients with metastatic GC received surgical treatment. This
might be attributed to the fact that the majority of patients had surgical intolerance or a lack of
awareness. Furthermore, this study revealed that patients with isolated liver metastasis exhibited an
improved prognosis following resection of the primary and metastatic lesions. Consistent with a study by
Cheon et al., hepatectomy would be bene�cial for GC patients with liver metastases [28]. Some studies
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have suggested that GC patients with isolated lung metastasis have a better survival prognosis
compared with GC patients with isolated liver metastasis[29]. Conversely, there was no signi�cant
difference in survival bene�t between GC patients with liver metastasis and GC patients with lung
metastasis in this study; however, the reason remains unclear. We speculated that it may be due to the
low sample size. Besides, the present study also revealed that patients with single-site lung metastasis
exhibited a favorable prognosis following resection of the metastatic lesion. Several retrospective studies
reported a survival rate of nearly 30% at 5-years and improved prognosis for patients with advanced GC
who underwent lung metastasis resection [30-32]. However, Sun et al. suggested that the primary
resection of GC with lung metastasis had no signi�cant survival bene�t [33]. As the lung function of GC
patients with lung metastases is poor, and the quality of life may improve after the removal of the
diseased lung. Considering these pieces of evidence, we implied that resection of lung metastasis was a
reasonable decision. Furthermore, a prospective clinical trial (REGATTA) revealed that chemotherapy
combined with surgery was not bene�cial to patients with advanced GC and was terminated in advanced
cases [34]. In contrast, our study also suggested that chemotherapy combined with primary tumor
resection can improve the survival of patients with brain, bone and liver metastasis; apparently, only in
the GC patients with lung metastasis, chemotherapy combined with metastasectomy was conducive to
survival. Overall, these �ndings will allow for improved surgical planning strategies for metastatic GC
patients. Thus, according to different sites of metastasis, different treatment strategies should be
adopted to achieve optimal survival and improve patient's quality of life.

Furthermore, the results of the present study also revealed that the survival outcomes of GC patients with
a single-site distant metastasis varied based on the different metastatic sites. Compared to patients with
brain and bone metastases, GC patients with lung and liver metastases exhibited better CSS and OS.
Moreover, GC patients with single-site metastasis exhibited better CSS and OS than GC patients with
multi-organ metastases. Furthermore, surgery of the primary tumor largely improved the prognosis of
these patients. The sites of metastases and the number of metastases also in�uenced the prognosis of
metastatic GC patients. Of note, both lung metastasis and liver metastasis are easy to detect with the
advancing imaging technologies, and the prognosis of these GC patients is relatively better than for those
GC patients with brain metastasis or bone metastasis. These trends were similar to colorectal cancer.
However, in pancreatic cancer, no survival difference was observed between patients with single-site-
versus multiple site metastases [35, 36].

Although this study was carefully conducted, several limitations to this study do exist. First, this was a
retrospective study based on the SEER database; therefore, the information relevant to the speci�c
therapy and personal history of patients that could affect prognosis was not available. Second, we
included four metastatic sites only as information about metastases to other sites was unavailable,
speci�cally peritoneal metastasis. Peritoneal metastasis plays a crucial role in the diagnosis and
treatment of advanced patients with GC, which may cause selection bias. Third, as only less than one
third of the patients underwent both primary and metastatic lesion resection, therefore, no single analysis
could be performed including only the patients who underwent both primary and metastatic lesion
resection in this study. Finally, the database began to release information on GC metastases in 2010 and
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accordingly, the follow-up time in this study was not adequately long enough. Despite these limitations,
the present study for the �rst time was able to comprehensively analyze the effect of primary and
metastatic lesion resection on the prognosis of metastatic GC.

Conclusions
The �ndings of the present study indicated that the site of metastasis was an independent prognostic
factor for metastatic GC. The prognosis of GC patients with liver and lung metastases was better than
that of GC patients with bone or brain metastases. Furthermore, outcomes of surgery of primary or
metastatic tumors were associated considerably with age, location of the tumor, histological type, grade,
site of metastasis, and neoadjuvant chemotherapy. Overall, the curative effect of primary tumor resection
on GC patients with liver and lung metastases was favorable for the survival of GC patients with
metastases. Surgery had some survival bene�ts to patients with metastatic GC; however, further studies
are warranted on carefully selected patients to validate these �ndings.
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Figure 1

Schematic representation of the data extraction procedure applied in the study
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Figure 2

Kaplan-Meier curve of cancer-speci�c survival based on whether or not surgery of the primary tumor was
performed. A Patients with single-site liver metastasis. B Patients with single-site bone metastasis. C
Patients with single-site lung metastasis. D Patients with single-site brain metastasis.
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Figure 3

Kaplan-Meier curve of cancer-speci�c survival based on whether or not surgery of the metastatic lesion
was performed. A Patients with single-site liver metastasis. B Patients with single-site bone metastasis. C
Patients with single-site lung metastasis. D Patients with single-site isolated brain metastasis.
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Figure 4

Kaplan-Meier curve of A cancer-speci�c survival and B overall survival based on the single-site organ
metastases.
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