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Abstract
The hematogenous metastatic pattern of gastric cancer (GC) was not fully explored. 
Here we analyzed the frequency and clinicopathological features of metastasis to 
liver, lung, bone, and brain from GC patients. Data queried for this analysis included 
GC patients from the Surveillance, Epidemiology, and End Results Program database 
from 2010 to 2014. All of statistical analyses were performed using the Intercooled 
Stata 13.0 (Stata Corporation, College Station, TX). All statistical tests were two- 
sided. Totally, there were 19 022 eligible patients for analysis. At the time of diagno-
sis, there were 7792 patients at stage IV, including 3218 (41.30%) patients with liver 
metastasis, 1126 (14.45%) with lung metastasis, 966 (12.40%) with bone metastasis 
and 151 (1.94%) with brain metastasis. GC patients with lung or liver metastasis have 
a higher risk of bone and brain metastasis than those without lung nor liver metasta-
sis. Intestinal subtype had significantly higher rate of liver and lung metastasis, while 
diffuse type was more likely to have bone metastasis. Proximal stomach had signifi-
cantly higher risk to develop metastasis than distal stomach. African- Americans had 
the highest risk of liver metastasis and Caucasian had the highest prone to develop 
lung and brain metastasis. The median survival for patients with liver, lung, bone, and 
brain metastasis was 4 months, 3 months, 4 months and 3 months, respectively. It is 
important to evaluate the status of bone and brain metastasis in GC patients with lung 
or liver metastasis. Knowledge of metastatic patterns is helpful for clinicians to de-
sign personalized pretreatment imaging evaluation for GC patients.
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1 |  INTRODUCTION

Gastric cancer (GC) was a leading cause of cancer- related 
deaths in the early 20th century but both incidence and mor-
tality rates have steadily declined over the last century in the 
United States.1,2 GC is still the second most common cause 
of cancer- related death in developing countries.3-10 The esti-
mated new GC patients in United States in 2017 are 28 000 
and estimated deaths are 10 960.11 Almost one- third of GC 
were diagnosed at stage IV.12

From 2010 on, the Surveillance, Epidemiology and End 
Results (SEER) data started to announce metastatic pattern 
including liver, lung, bone, and brain. The major feature of 
recurrence in GC patients is intraabdominal spread.13 Liver is 
the most common site of hematogenous metastasis of GC.14,15 
Lung metastasis is reported to be around 0.5%- 0.96% in GC 
patients.16-18 Bone metastasis by GC is rare, occurring in 
only 0.9%- 3.8% of gastric cancer patients.19-22 Brain metasta-
sis from GC is relatively rare and the incidence rate is about 
0.16%- 0.69%.23,24 Most reports on bone and brain metastasis 
from GC are case reports. Due to the limitation of sample 
size, the incidence rate of metastasis to above sites may not 
be estimated sufficiently.

In this study, we used data from the SEER cancer- registry 
program of individuals diagnosed with GC from 2010 to 
2014 to analyze the metastatic pattern. Knowledge of met-
astatic distribution may help physicians to design imagine 
examination, especially in making determinations regarding 
curative- intent interventions.

2 |  METHODS

2.1 | Database
The SEER database is the largest publicly available cancer 
dataset. It is a population- based cancer registry across sev-
eral disparate geographic regions. The SEER research data 
include cancer incidence and prevalence as well as demo-
graphic information tabulated by age, sex, race/ethnicity, 
year of diagnosis, marital status, insurance, Tumor- Node- 
Metastasis (TNM) stage and geographic region. The exact 
dataset we used for this analysis was SEER Program (www.
seer.cancer.gov) Research Data (1973- 2014), National 
Cancer Institute, DCCPS, Surveillance Research Program, 
Surveillance Systems Branch, based on the November 2016 

submission. The SEER database started to release metastatic 
information related to liver, lung, bone and brain in 2010. 
On 7 December 2017, the SEER database just released US 
Mortality databases including 2015 deaths. Therefore it is 
possible to analyze the 5 year cause specific survival for pa-
tients from 2010 on using the SEER database.

2.2 | Outcome variables
Variable definitions information on age at diagnosis, sex, 
year of diagnosis, race/ethnicity, marital status, primary site, 
tumor grade and differentiation, histology, lymph node in-
volvement, AJCC 7th TNM stage, insurance status and over-
all survival were coded and available in SEER database.

The primary site was defined by the following 
International Classification of Diseases for Oncology (ICD- 
O- 2) codes: cardia, (C16.0), fundus (C16.1), body (C16.2), 
antrum (C16.3), pylorus (C16.4), lesser curvature (C16.5), 
greater curvature (C16.6), overlapping lesion (C16.7) and 
stomach, NOS (C16.9).

Grade and differentiated was defined by the following 
ICD- O- 2 codes; well differentiated (Code 1), moderate dif-
ferentiated (Code 2), poorly differentiated (Code 3) and un-
differentiated (Code 4).

Histological types were defined by the following ICD- O- 3 
codes: 8140 to 8147, 8210 to 8211, 8220 to 8221, and 8260 
to 8263 for adenocarcinoma, 8480 and 8481 for mucinous 
adenocarcinoma, and 8490 for Signet ring cell carcinoma.

For the Race/Ethnicity, we reclassified patients into 
five groups: “Caucasian,” “African- American,” “Asian,” 
“Others,” and “Unknown.”

For the insurance status, individuals in the “Any Medicaid,” 
“Insured,” and “Insured/No specifics” groups were clustered 
together as “Insured group.” Patients were therefore divided 
into “insured group” and “uninsured group”.

Patients were classified as married and unmarried. Since 
the group of “Unmarried or domestic partner” is mislead-
ing and we removed this group of patients from analysis. 
Unmarried patients included single, separated/divorced, and 
widowed.

2.3 | Patient population
The study population was based on the SEER cancer registry. 
We restricted eligibility to patients with gastric adenocarcinoma 
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(including mucinous adenocarcinoma and signet ring cell carci-
noma) from 2010 to 2014. We excluded cases without records 
of follow- up (survival time code of 0 months) and TNM stage.

2.4 | Statistical methods
The patients’ demographic and tumor characteristics were sum-
marized with descriptive statistics. Comparisons of categorical 
variables were performed using the Chi square test, and con-
tinuous variables were compared using Student’s t test. The pri-
mary endpoint of this study was 5- year cause specific survival 
(CSS), which was calculated from the date of diagnosis to the 
date of cancer specific death. Deaths attributed to gastric cancer 
were treated as events and deaths from other causes were treated 
as censored observations. Survival function estimation and 
comparison among different variables were performed using 
Kaplan- Meier estimates and the log- rank test. The independ-
ence of the prognostic factors was adjusted for other known fac-
tors including age at diagnosis and tumor stage. All of statistical 
analyses were performed using the Intercooled Stata 13.0 (Stata 
Corporation, College Station, TX). Statistical significance was 
set at two- sided P < 0.05.

2.5 | Informed consent
This study was deemed exempt from institutional review 
board approval by Sun Yat- sen University Cancer Center and 
informed consent was waived.

3 |  RESULT

3.1 | Patient characteristics
The study group consisted of 19 022 patients, including 
12 208 men (64.18%) and 6814 women (35.82%). The me-
dian age of the whole group was 66 years old. The distri-
bution of AJCC 7th TNM stage from I to IV were 21.63%, 
14.92%, 22.48%, and 40.96%, respectively.

3.2 | Metastasis pattern
At the time of diagnosis, there were 3218 (16.92%) patients 
with liver metastasis, 1126 (5.92%) patients with lung me-
tastasis, 966 (5.08%) patients with bone metastasis and 151 
(0.79%) patients with brain metastasis. Patients who had me-
tastasis to either one of the four sites accounted for 60.73% 
(4732/7792) of stage IV diseases. Clinical features of GC pa-
tients were presented in Table 1.

3.3 | Liver metastasis
Male patients had higher percentage of liver metastasis than 
female. For ethnicity, African- American patients had highest Fe
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percentage (19.82%) of liver metastasis and Asian patients 
had lowest (12.32%). Primary tumor at the cardia and fun-
dus had higher percentage of liver metastasis, while antrum, 
pylorus and lesser curvature had lower liver metastatic rate. 
Signet ring cell carcinoma had lowest rate of liver metastasis 
compared with adenocarcinoma and mucinous adenocarci-
noma. For the tumor grade, moderately differentiated tumors 
had highest percentage (20.33%) of liver metastasis and well 
differentiated tumors had lowest (8.75%). In the Lauren 
classification, intestinal subtype had significantly higher 
rate of liver metastasis than diffuse type, 21.70% vs 6.54%, 
P < 0.001. The metastatic rate in uninsured patients was sig-
nificantly higher than insured patients, P = 0.017. Age was 
not significantly different between patients with and without 
liver metastasis.

3.4 | Lung metastasis
Features for patients with lung metastasis were similar to 
those with liver metastasis, including male predominant and 
more intestinal subtype. Patients with lung metastasis were 
significantly younger than those without. Caucasian patients 
had higher percentage of lung metastasis than African- 
American and Asian patients. Mucinous adenocarcinoma 
patients had higher lung metastatic rate than adenocarcinoma 
and signet ring cell carcinoma.

3.5 | Bone metastasis
There was no significant difference of bone metastasis be-
tween male and female. The median age of patients with 
bone metastasis was 6 years younger than those without. The 
bone metastatic rate was not significantly different among 
races. Cardia and body had higher percentages of bone me-
tastasis, while antrum and pyrolus had lowest. Patients with 
signet ring cell carcinoma had higher percentage of bone 
metastasis than mucinous and adenocarcinoma. Poorly dif-
ferentiated tumors had highest bone metastatic rate and well 
differentiated tumors had the lowest. For Lauren classifica-
tion, diffuse type had higher bone metastatic rate than in-
testinal type.

3.6 | Brain metastasis
The median age of patients with bone metastasis was 5 years 
younger than those without. Caucasian patients had higher 
percentage of brain metastasis than African- American and 
Asian patients. Mucinous patients had lower percentage of 
brain metastasis than adenocarcinoma and signet ring cell 
carcinoma. Moderately differentiated tumors had higher 
brain metastatic rate than well, poorly, and undifferenti-
ated tumors. There was no significant difference of brain 

metastasis between diffuse and intestinal type as well as in-
sured and uninsured type.

3.7 | Combination of metastasis patterns
Many patients developed more than one site of metastatic 
diseases. Table 2 summarized all the possible combinations 
of these four sites of metastasis. The most common two- site 
metastasis combination was liver and lung (2.25%). Only 11 
(0.06%) patients had all four sites metastasis.

Furthermore, we compared the risk of bone and brain 
metastasis between patients with and without lung or liver 
metastasis. We found that patients with lung metastasis had 
a higher risk of bone (20.24% vs 4.06%, P < 0.001) or brain 
metastasis (4.27% vs 0.54%, P < 0.001) than patients with-
out (Figure 1). Though a similar phenomenon was noted 
for liver metastasis, with higher risk of bone (10.20% vs 
4.04%, P < 0.001) and brain metastasis (1.75% vs 0.57%, 
P < 0.001) for liver metastasis patients than those without, 
GC patients with lung metastasis had a higher incidence 
rate of bone or brain metastasis than patients with liver 
metastasis.

3.8 | Survival
In this study, 10 029 deaths (10.56%) were observed. The 5- 
year CSS was 27.77% for the whole cohort, with a median 
OS of 14 months. The 5- year CSS was 4.28% vs 33.24% 
for patients with and without liver metastasis (P < 0.001), 
3.35% vs 30.01% for patients with and without lung metas-
tasis (P < 0.001), 1.27%% vs 29.86% for patients with and 
without bone metastasis (P < 0.001) and 2.32% vs 28.68% 
for patients with and without brain metastasis (P < 0.001) 
(Figure 2). The median OS for patients with liver, lung, bone, 
and brain metastasis was 4 months, 3 months, 4 months, and 
3 months, respectively. The median OS and 5- year CSS for 
patients with different combination of metastasis was showed 
in Table 2.

3.9 | Prognostic factors for GC patients with 
liver metastasis
Since liver metastasis is the most common site of hematoge-
nous metastasis. We analyzed the prognostic factors for liver 
metastasis from GC patients. Variables showing a trend for 
association with survival (P < 0.05) in univariated analysis 
were selected in the cox proportional hazards model. Sex, 
age, married status, location, Lauren classification, histology, 
grade, insurance, and surgery were selected in the multivari-
ate analysis. Age, marital status, histologic subtypes, insur-
ance, and surgery were all independent prognostic factors in 
the multivariable analysis (Table 3).
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4 |  DISCUSSION

In our study, the metastatic rate to liver, lung, bone and 
brain from GC patients at the time of diagnosis was 16.92%, 

5.92%, 5.08%, and 0.79%, respectively. The metastatic rate 
to above four sites were much higher than previous literature 
reports, which were 13.5% for liver metastasis,15 0.5%- 0.96% 
for lung metastasis,16-18 0.9%- 3.8% for bone metastasis19-22 
and 0.16%- 0.69% for brain metastasis.23,24 The actual fre-
quency of metastasis to bone and brain originating from GC 
was underestimated because usually bone and brain imag-
ing was not performed as a routine evaluation and asympto-
matic metastasis might be overlooked.25,26 In our study, we 
found that the frequency of bone metastasis was similar to 
lung metastasis. More attention should be paid to evaluate 
status of metastasis to above sites using appropriate modali-
ties. However it is inappropriate to recommend all the GC 
patients to screen metastasis to above sites, especially brain 
metastasis whose metastatic rate was less than 1%. It is feasi-
ble to find out the risk factors for metastasis. We found that 
patients with lung or liver metastasis have a higher risk of 
bone and brain metastasis than those without lung nor liver 
metastasis. Our previous study showed similar phenomenon 
in colorectal cancer.27 The internal mechanism of this dis-
tribution remains unknown. Primary lung cancer frequently 
metastasizes to bone as well as brain.28-31 Some studies had 
suggested that there was cross- talk among lung tumor cells, 

F I G U R E  1  Comparisons of Metastatic Rate to Bone and Brain 
With and Without Liver or Lung Metastasis

Number (%) 5- y CSS (95% CI)
Median 
OS (mo)

No metastasis 11 230 (59.04) 44.34% (42.47%- 46.19%) 37

One site

Only liver 2247 (11.81) 5.19% (3.79%- 6.89%) 5

Only lung 396 (2.08) 3.26% (0.09%- 8.11%) 5

Only bone 487 (2.56) 0 4

Only brain 52 (0.27) 0 3

Two sites

Lung and liver 428 (2.25) 2.04% (0.68%- 4.81%) 3

Lung and bone 92 (0.48) 4.71% (1.09%- 12.66%) 4

Lung and brain 12 (0.06) 9.09% (0.54%- 33.29%) 3

Liver and bone 172 (0.90) 1.49% (0.17%- 6.24%) 4

Liver and brain 18 (0.09) 0 1

Bone and brain 15 (0.08) 4.44% (0.08%- 25.96%) 2

Three sites

Lung and liver and bone 102 (0.54) 5.08% (1.07%- 14.13%) 3

Lung and liver and brain 17 (0.09) 0 2

Liver and bone and brain 7 (0.04) 0 3

Lung and bone and brain 6 (0.03) 16.67% (0.77%- 51.68%) 1

Four sites

Liver and lung and bone and brain 11 (0.06) 9.09% (0.54%- 33.29%) 2

Metastasis to other sites 3060 (16.09) 2.60% (1.14%- 5.10%) 7

Metastasis to unknown 
combination

670 (3.52) 2.77% (1.36%- 5.01%) 4

CSS, Cause Specific Survival; CI, confidence interval; OS, Overall survival.

T A B L E  2  Frequencies of combination 
metastasis and 5- y CSS
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bone microenvironment, and immune system, which led to 
bone metastasis formation in primary non- small cell lung 
cancer patients.32 This finding is helpful for us to design 
screen strategy. GC patients with lung or liver metastasis 
had higher risk of brain and bone metastasis. Therefore it is 
important to evaluate status of bone and brain metastasis in 
patients with lung or liver metastasis.

Our analysis found that intestinal subtype had signifi-
cantly higher rate of liver and lung metastasis while dif-
fuse type was more likely to have bone metastasis. Previous 
studies showed that liver metastases were more frequent in 
the intestinal type, while diffuse type had a greater propen-
sity to metastasize to distant organs, including peritoneal 
dissemination.9,33 Moderately differentiated tumors were 
more likely to have liver, lung, and brain metastasis, and 
poorly differentiated tumors had a prone to develop bone 
metastasis. The most common histopathological subtype 
for bone metastasis from GC was adenocarcinoma (79%) 
with poor differentiation (60.8%).22 Uninsured patients 
had higher percentages of liver and bone metastasis than 
insured patients. We did not found related reports in the 
literatures, while previous reports showed that insured GC 

patients were more likely to receive surgery and had bet-
ter prognosis than uninsured.34 We therefore guessed that 
insured patients might receive more early intervention of 
GC and have a lower risk to develop metastatic diseases. 
Moreover, patients with proximal stomach cancer had 
significantly higher risk to develop metastasis than those 
with distal stomach cancer. For ethnicity, Asian patients 
had the lowest possibility to develop metastasis, while 
African- Americans had the highest risk of liver metastasis 
and Caucasian had the highest prone to develop lung and 
brain metastasis. The relationship between tumor location, 
ethnicity and metastasis was not clearly described in the 
literatures. Our findings are helpful for clinicians to design 
personalized examinations for GC patients.

The outcome for GC patients with metastasis was poor, 
which were 4 months, 3 months, 4 months, and 3 months 
for metastasis to liver, lung, bone, and brain, respectively. 
The 5- year survival for patients with liver metastasis was 
11.4% in Japanese GC patients.35 The median survival times 
of 3- 4 months after detection of bone metastasis have been 
reported in some studies36,37 and the median survival after 
treatment of brain metastasis was about 3 months.23 The 

F I G U R E  2  Cause Specific Survival between Patients With and Without Liver Metastasis, P < 0.001 (A), with and without lung metastasis, 
P < 0.001 (B), with and without bone metastasis, P < 0.001 (C), with and without brain metastasis, P < 0.001 (D)
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univariated and multivariate analysis showed that younger 
patient, married, well and moderately differentiated tumor 
and surgery were related with better prognosis for GC pa-
tients with liver metastasis. Our previous studies showed 
that married GC patients were at lower risk of cancer spe-
cific mortality with the possibility that spouse might provide 
social supports and encourage the patients to seek medical 
treatments.38

To our knowledge, this is the first SEER- based study fo-
cusing solely on the hematogenous metastatic pattern of GC 
patients. However, there are obvious limitations due to the 
retrospective nature of this study, as outlined below. First of 
all, it is important to note that the database only provide met-
astatic data to above 4 sites from 2010 on and the follow- up 
time is not long enough. Moreover, we only have information 
on synchronous metastasis to liver, lung, bone, and brain, a 
relative minority compared to those patients who may de-
velop metachronous metastasis. Furthermore, we don’t have 
information of metastasis to other sites, especially the perito-
neal metastasis. Overall, this is the first study to confirm the 
strong potential for bone and brain metastasis in patients who 
already have lung or liver metastasis. Based on our finding, 
we suggest that clinicians take the clinicopathological fea-
tures into account when designing diagnostic and treatment 
algorithms.

5 |  CONCLUSIONS

It is important to evaluate status of bone and brain metastasis 
in GC patients with lung or liver metastasis. Knowledge of 
metastatic patterns is helpful for clinicians to design person-
alized pretreatment imaging evaluation for GC patients.
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