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Abstract

Purpose This SEER-based study aimed to explore and analyze the relationship of metastasis of liver, lung and bone of GIST
patients and their prognosis.

Methods The data of GIST patients were from Surveillance, Epidemiology, and End Results (SEER) database from 2010
to 2015 and all the statistical analyses were conducted by statistical software package SPSS (Version 22.0).

Results A total of 4224 GIST patients were identified, of which 388 (9.19%) patients with liver metastasis, 20 (0.47%)
patients with bone metastasis and 32 (0.76%) patients with lung metastasis. There was no significant difference of risk of
bone or lung metastasis between patients with and without liver metastasis (P =0.935). The median overall survival of
patients with liver, bone, or lung metastasis was, respectively, 49 months, 18 months, and 20 months, which were all shorter
than that of patients without metastasis. The overall survival of patients with both liver and bone metastasis and those with
metastasis of all three sites was not significantly different from that of patients with only liver metastasis. The multivariate
analysis showed age of less than 65 years, female patients, married status and receiving surgery were all the beneficial fac-
tors for prognosis of GIST patients with liver metastasis.

Conclusions Patients with metastasis had a poorer prognosis than those without. Liver metastasis might have no relation-
ship with bone or lung metastasis and liver might play a more dominant role than the other two sites in the prognosis of
GIST patients with metastasis. So, more attention should be paid to liver status in diagnosis and treatment of GIST patients.
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Introduction

Gastrointestinal stromal tumor (GIST) is the most common
mesenchymal tumor of the gastrointestinal tract, account-
ing for nearly 1-3% of all malignant gastrointestinal tumors
[23]. GIST was thought to originate from interstitial cells of
Cajal (ICC), a pace-maker cell that regulated gut peristalsis
[29]. The molecular pathogenesis of GIST was regarded to
be closely related to mutation of KIT and PDGFRA gene

< Z. H. Chen
zihuac @outlook.com

Department of General Surgery, Xiangya Hospital of Central
South University, #87 Xiangya Road, Changsha 410008,
Hunan Province, People’s Republic of China

Hunan Key Laboratory of Precise Diagnosis and Treatment
of Gastrointestinal Tumor, Changsha, China

Department of General Surgery, Shijitan Hospital of Capital
Medical University, Beijing, China

@ Springer

[18]. The incidence of GIST was reported as 10—15 cases
per million people per year in most studies [31]. Stomach
(55.6%) and small intestinal (31.8%) are the most common
primary sites of GIST [31].

Like other tumors, GIST can also be metastasized to other
sites of body. Liver metastasis and peritoneal dissemination
are the two main metastatic pattern of GIST and besides,
lung, bone, brain, pleura and lymph nodes are also the meta-
static sites but less common [35]. Although bone or lung
metastasis of GIST is rare, there were still several cases that
had been reported [1, 3, 33, 37]. However, the small sample
size led to nearly no studies that analyzed and summarized
the relationship of those metastatic locations and their influ-
ential and prognostic factors.

The Surveillance, Epidemiology and End Results (SEER)
database started to release the data of metastasis including
liver, bone, lung and brain in 2010. Therefore, this study
aimed to systematically analyze the metastatic pattern of
GIST and its prognostic impact on GIST by using SEER
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database from a macroscopic angle in the general popula-
tion in order to provide some useful suggestions for clinical
diagnosis and treatment.

Methods
Database

The data were from the Surveillance, Epidemiology and
End Results (SEER) database which collected survival data
of patients with cancer nearly covering 28% of the Ameri-
can population. This database is available for public cancer
studies and we have got the permission to obtain research
data from the SEER database (Reference Number 14660-
Nov2017) and we have also promised not to identify any
individual. This research was approved by our Xiangya Hos-
pital, Central South University.

Cohort identification

The National Cancer Institute SEER*Stat software (Ver-
sion 8.3.5) was used to identify patients. The patients
with GIST were selected by the following criteria: (1) CS
schema v0204+: “GISTAppendix” or “GISTColon” or
“GISTEsophagus” or “GISTPeritoneum” or “GISTRectum”
or “GISTSmallIntestine” or “GISTStomach”; (2) Histologic
Type ICD-0-3: 8936; (3) Year of diagnosis ranged from
2010 to 2015; (4) metastatic condition of bone, brain, liver,
or lung should be obtained; (5) survival state and survival
time must be known.

Outcome variables

In our study, the main variables were available in the data-
base including the bone, brain, liver, and lung metastasis
state and the main outcomes were 5-year overall survival
(OS) and cause-specific survival (CSS) (2-year OS or CSS
in some special conditions). Cause-specific survival was
defined as deaths because of GIST instead of other causes.
Besides, we also selected the following variables including
age at diagnosis, race, sex, marital status, insurance status,
tumor site, tumor grade, T and N stage, and surgery.

For age at diagnosis, we separated the population into
2 groups: less than 64 years old and more than 65 years
old. Marital status was categorized into 3 groups: married,
unmarried (including divorced, separated, single, and wid-
owed) and unknown. Insurance status was categorized into
3 groups: insured (including any Medicaid and insured/no
specifics), uninsured, and unknown. Tumor site was catego-
rized into 5 groups: stomach, small intestinal, colon, rectum
and others (including appendix, cecum, esophagus, retrop-
eritoneum, peritoneum, omentum and mesentery).

Statistical methods

Comparisons of categorical variables were analyzed by
using the Chi-square test and OS or CSS curves were
showed by applying Kaplan—Meier plots and their differ-
ence comparison was analyzed via log-rank test. The risk
factors of prognosis were analyzed by using multivariate
Cox proportional hazard models. All the statistical analy-
ses were performed using statistical software package SPSS
(Version 22.0). Statistical significance was defined as two-
sided P <0.05.

Results
Patients characteristics

The total of 4224 patients were included in this study group,
of which 2036 were women (48.2%) and 2188 were men
(51.8%). The average age was 64 years old. The AJCC
stage from I to IV were 38.1%, 13.2%, 13.9%, and 17.0%,
respectively.

Metastatic pattern

Table 1 shows the three metastatic conditions and their
combination. In the total 4224 patients, there were 3817
(90.36%) patients with no metastasis. The general rate of
metastasis to liver, bone and lung were 9.19%, 0.47%, and
0.76%, respectively, and in detail, the number of patients
with metastasis of only liver, lung, and bone was 362
(8.57%), 10 (0.24%), and 6(0.14%), respectively. Besides,

Table 1 Metastatic pattern

Number (%) 5-year OS (95% CI) Median
(ON
(months)
No metastasis 3817 (90.36) 75.80% (73.64— > 60
77.96%)
One site
Bone 6(0.14)  33.33% (0-70.93%) 8
Liver 362 (8.57) 42.00% (33.38— 50
50.62%)
Lung 10 (0.24) 33.33% (0-67.01%) 15
Two sites
Liver+ lung 15(0.36) O 20
Liver +bone 70.17) 0 40
Bone + lung 3(0.07) 33.33% (0-86.61%) 4
Three sites
Liver +lung + bone 4(0.09) 37.50% (0-93.56%) 10

OS overall survival, CI confidence interval
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there were 15 (0.36%), 7 (0.17%), 3 (0.07%) and 4 (0.09%)
patients who had metastasis of both liver and lung, of both
liver and bone, of both lung and bone, and of all three sites,
respectively. Because only 1 patient (0.02%) had brain
metastasis, so the discussion about brain metastasis will be
omitted in our study. Clinical features of metastasis of liver,
bone and lung for GIST patients are shown in Table 2.

Liver metastasis

Liver is the most easily metastasized site, which had the
highest percentage metastasis among the three sites. The
percentage of liver metastasis in men (10.6%) was higher
than women (7.6%). For the common site, colon (11.9%) had
the highest percentage of liver metastasis and the percentage
of stomach (9.1%) and small intestinal (8.7%) was approxi-
mate. For the tumor grade, undifferentiated and poorly
differentiated tumors were the most two types, which had
16.2% and 13.9%, respectively. Besides, T and N stage and
surgery (P <0.001) were also the significant risk factors for
the liver metastasis of GIST. However, other factors such
as age, race, marital status, and insurance status were not
found significant between patients with and without liver
metastasis.

Lung and bone metastasis

The general results were similar to liver metastasis, but with
a few differences. For the sex, bone or lung metastasis both
showed no significance in patients. For the site, there was
no significant difference in patients with or without bone
metastasis (P=0.091), but lung metastasis still showed sig-
nificant result (P =0.015). For the tumor grade, neither of
them showed significant differences between patients with
or without metastasis. Besides, the factors like T and N stage
and surgery all had significant results and other factors like
age, race, marital status, and insurance status all showed
insignificant differences among patients, which were similar
to the results of liver metastasis.

Risk of bone or lung metastasis in patients
with and without liver metastasis

We compared the risk of bone or lung metastasis or their
combination in patients with and without liver metastasis.
The results showed that although the percentage of bone or
lung metastasis in patients with liver metastasis was a little
higher than those without, the difference was not significant
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(bone: 0.2% vs 0.1%, lung: 0.4% vs 0.2%, bone + lung: 0.1%
vs 0.1%, P=0.935) (Fig. 1).

Survival analysis

Overall survival (OS) between patients
with and without metastasis

There was a significant difference between patients with and
without metastasis, as shown in the OS Kaplan—Meier curve
(Fig. 2). The patients without liver metastasis had a better
5-year OS than those with liver metastasis (OS: 75.5% vs
39.9%, P<0.001, Fig. 2a). The similar results were also seen
in patients with and without bone or lung metastasis (bone:
72.6% vs 33.7%, P<0.001, Fig. 2b; lung: 72.8% vs 19.7%,
P <0.001, Fig. 2¢). The median overall survival time for
patients with liver, bone, and lung metastasis was 49 months,
18 months, and 20 months, respectively.

Cause-specific survival (CSS) between patients
with and without metastasis

The cause-specific survival in patients with or without metas-
tasis also had a significantly different result (Fig. 2). Patients
with liver metastasis had a lower 5-year CSS than those with-
out (CSS: 47.6% vs 86.9%, P <0.001, Fig. 2d). Also, patients
with bone or lung metastasis died earlier than those without
(bone: 37.6% vs 83.5%, P=0.001, Fig. 2e; lung: 35.2% vs
83.7%, P<0.001, Fig. 2f). The median cause-specific survival
time for patients with liver, bone, and lung was 54 months,
40 months, and 25 months, respectively.

Overall survival of patients with liver metastasis and its
combination

We also analyzed the overall survival of patients with liver
metastasis and its combination (Fig. 3). The result showed
that patients with only liver metastasis had a better 5-year
overall survival than those with both liver and lung metas-
tasis (2-year OS: 69.3% vs 42.4%, P <0.001, Fig. 3a) and
the median overall survival time for patients with only liver
metastasis was 50 months, which was longer than 20 months
of patients with liver and lung metastasis. However, such sig-
nificant difference was not seen between patients with liver
metastasis and those with liver and bone metastasis (2-year
0OS: 69.3% vs 62.5%, P=0.537, Fig. 3b), and between patients
with liver and lung metastasis and those with liver and bone
metastasis (42.4% vs 62.5%, P=0.298, Fig. 3c). Even if the
patients had three sites of metastasis (liver and bone and
lung), the difference of overall survival between them was
also insignificant (P=0.183, Fig. 3d).
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Table 2 Clinical features and metastasis sites for GIST

Bone (%) Liver (%) Lung (%)
No Yes P No Yes P No Yes P
Age 0.117 0.079 0.112
<64 years 2053 (99.7) 6(0.3) 1853 (90.0) 206 (10.0) 2048 (99.5) 11 (0.5)
> 65 years 2151 (99.4) 14 (0.6) 1983 (91.6) 182 (8.4) 2144 (99.0) 21 (1.0)
Race 0.644 0.208 0.887
White 2840 (99.5) 14 (0.5) 2595 (90.9) 259 (9.1) 2832 (99.2) 22 (0.8)
Black 775 (99.4) 5(0.6) 696 (89.2) 84 (10.8) 775 (99.4) 5(0.6)
Others 547 (99.8) 1(0.2) 505 (92.2) 43 (7.8) 543 (99.1) 5(0.9)
Unknown 42 (100) 0(0) 40 (95.2) 2 (4.8) 42 (100) 0(0)
Sex 0.119 0.001 0.155
Women 2030 (99.7) 6(0.3) 1881 (92.4) 155 (7.6) 2025 (99.5) 11 (0.5)
Men 2174 (99.4) 14 (0.6) 1955 (89.4) 233 (10.6) 2167 (99.0) 21 (1.0)
Marital status 0.988 0.236 0.829
Married 2362 (99.5) 11 (0.5) 2155 (90.8) 218 (9.2) 2354 (99.2) 19 (0.8)
Unmarried 1615 (99.5) 8 (0.5) 1467 (90.4) 156 (9.6) 1611 (99.3) 12 (0.7)
Unknown 227 (99. 6) 1(0.4) 214 (93.9) 14 (6.1) 227 (99.6) 1(0.4)
Insurance 0.256 0.301 0.472
Insured 3980 (99.5) 18 (0.5) 3637 (91.0) 361 (9.0) 3967 (99.2) 31(0.8)
Uninsured 149 (98.7) 2(1.3) 132 (87.4) 19 (12.6) 151 (100) 0(0)
Unknown 75 (100) 0(0) 67 (89.3) 8 (10.7) 74 (98.7) 1(1.3)
Site 0.091 0.028 0.015
Stomach 2749 (99.5) 14 (0.5) 2511 (90.9) 252 (9.1) 2742 (99.2) 21(0.8)
Small intestinal 1144 (99.8) 2(0.2) 1046 (91.3) 100 (8.7) 1142 (99.7) 4(0.3)
Colon 66 (98.5) 1(1.5) 59 (88.1) 8(11.9) 66 (98.5) 1(1.5)
Rectum 110 (98.2) 2 (1.8) 106 (94.6) 6(5.4) 109 (97.3) 3(2.7)
Others 135 (99.3) 1(0.7) 114 (83.8) 22 (16.2) 133 (97.8) 3(2.2)
Grade 0.230 <0.001 0.415
Well 865 (99.9) 1(0.1) 850 (98.2) 16 (1.8) 863 (99.7) 3(0.3)
Moderately 558 (99.8) 1(0.2) 534 (95.5) 25 (4.5) 556 (99.5) 3(0.5)
Poorly 186 (99.5) 1(0.5) 161 (86.1) 26 (13.9) 186 (99.5) 1(0.5)
Undifferentiated 264 (99.6) 1(0.4) 222 (83.8) 43 (16.2) 262 (98.9) 3(1.1)
Unknown 2331 (99.3) 16 (0.7) 2069 (88.2) 278 (11.8) 2325 (99.1) 22 (0.9)
T stage 0.012 <0.001
TO 5 (100) 0(0) 1 (20.0) 4 (80.0) 4 (80.0) 1(20.0)
T1 518 (100) 0(0) 511 (98.6) 7(1.4) 518 (100) 0(0)
T2 1255 (99.7) 4(0.3) 1219 (96.8) 40 (3.2) 1255 (99.7) 4(0.3)
T3 1140 (99.6) 5(0.4) 1056 (92.2) 89 (7.8) 1141 (99.7) 4(0.3)
T4 879 (99.5) 4(0.5) 761 (86.2) 122 (13.8) 872 (98.8) 11 (1.2)
X 404 (98.3) 7(1.7) 286 (69.6) 125 (30.4) 399 (97.1) 12 (2.9)
Unknown 3 (100) 0(0) 2 (66.7) 1(33.3) 3 (100) 0(0)
N stage <0.001 <0.001 <0.001
NO 4042 (99.6) 15 (0.4) 3719 91.7) 338 (8.3) 4033 (99.4) 24 (0.6)
N1 159 (97.0) 5(3.0) 115 (70.1) 49 (29.9) 156 (95.1) 8(4.9)
Unknown 3 (100) 0(0) 2 (66.7) 1(33.3) 3 (100) 0(0)
Surgery <0.001 <0.001
Yes 3457 (99.9) 5(0.1) 3305 (95.5) 157 (4.5) 3456 (99.8) 6(0.2)
No 741 (98.0) 15 (2.0) 525 (69.4) 231 (30.6) 730 (96.6) 26 (3.4)
Unknown 6 (100) 0(0) 6 (100) 0(0) 6 (100) 0(0)
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Fig. 1 Comparison of metastasis rate of bone or lung in patients with
and without liver metastasis (P =0.935)

Prognostic factors for GIST patients with liver
metastasis

Since liver is the most common site to be metastasized, we
further analyzed some possible prognostic factors for GIST

patients with liver metastasis. We selected several variables
in the Cox hazards model, which had been tested to have
potential relation to the survival in the univariate analysis
(P <0.10), such as age, race, sex, marital status, T stage
and surgery, etc. Among them, age, sex, marital status and
surgery were all the independent prognostic factors for the
overall survival of patients with GIST. And patients of over
65 years old (HR =2.575, 95% CI: 1.826-3.632) and male
patients (HR=1.652, 95% CI: 1.155-2.362) had a higher
risk of survival reduction in the analysis; however, married
patients (HR =0.520, 95% CI: 0.372-0.727) and patients
who received surgery (HR=0.601, 95% CI: 0.419-0.860)
had a better prognosis. Other insignificant variates were not
included in the Cox analysis model (Table 3).

Discussion

The results showed that the rate of metastasis to liver, bone
and lung were 9.19, 0.47, and 0.76%, respectively. The rate
of liver metastasis in our study was not as high as that of
some previous studies, which was 20-25% at diagnosis of
GIST [25]. Similarly, the rate of bone metastasis was also
lower than 3.2-5.5% of some studies reported [3, 16]. As
for lung metastasis, only some sporadic cases of GIST with
lung metastasis were reported and Nilsson et al. [26] had
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Fig.2 Overall survival (OS) of patients with and without liver metas-
tasis, P<0.001 (a), with and without bone metastasis, P <0.001 (b),
with and without lung metastasis, P <0.001 (c); cause-specific sur-
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vival (CSS) of patients with and without liver metastasis, P <0.001
(d), with and without bone metastasis, P=0.001 (e); with and with-
out lung metastasis, P <0.001 (f)
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reported that only one out of 259 patients (0.39%) with GIST
developed lung metastasis. Such differences between our
results and previous studies might be related to the sample
size and potential bias. However, the rate of liver metastasis
was still much higher than the other two sites, in which case
some appropriate modalities like MRI to examine the liver
lesions should be recommended as a routine [20]. Moreo-
ver, although it is conventionally acknowledged that gas-
trointestinal tumors can metastasize to liver via portal vein
most commonly and they can also metastasize to other sites
like lung or bone directly or indirectly via blood or lymph
system, our results showed that there were not significant
differences of risks of bone or lung metastasis between
patients with and without liver metastasis, which suggested
that liver metastasis and bone or lung metastasis might be
the independent events to each other. So, considering such
low metastasis rate and irrelativity to liver metastasis, it is
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metastasis and patients with liver and bone metastasis, P=0.298 (c),
OS of patients with only liver metastasis and patients with all the
three site metastasis, P=0.183 (d)

unnecessary to regard screening bone or lung metastasis
status as a routine.

Our results showed that men had a higher risk of liver
metastasis than women, which is in accordance with the pre-
vious studies that showed GIST had a mild male predomi-
nance [25, 34]. GIST in different sites could have different
incidence [10], which might account for the differences of
risks in liver and lung metastasis. For the tumor grade, the
majority of GIST appeared not to be well differentiated [22,
32], so the percentage of poorly differentiated (13.9%) and
undifferentiated (16.2%) GIST patients with liver metasta-
sis in our study were also much higher than that of well
(1.8%) and moderately (4.5%) differentiated ones. Besides, T
stage was also a significant factor for the risk of metastasis.
Several previous studies had reported that tumors with the
size of>5 cm had more possibility to metastasize [6, 13,
23]. So, we compared the tumors of T3 (5—10 cm) and T4
(> 10 cm) with tumors of TO, T1 (<2 cm), and T2 (2-5 cm)
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Table 3 Univariate and
multivariate analyses for GIST

Univariate analysis

Multivariate analysis

patients with liver metastasis 5-year OS P value HR (95% CI) P value

Age <0.001

<65 53.10% (41.14-65.06%) 1 1

>65 25.90% (15.51-35.29%) 2.575(1.826-3.632) <0.001
Race 0.022

Black 19.60% (3.33-35.87%) - 1

White 45.70% (35.31-56.09%) - 0.278

Others 42.70% (20.55-64.85%) - 0.485

Unknown 0.00% (0) - 0.845
Sex 0.070

Female 53.40% (40.27-66.53%) 1 1

Male 35.10% (25.69-44.51%) 1.652(1.155-2.362) 0.006
Marital status 0.001

Unmarried 25.80% (13.26-38.34%) 1 1

Married 45.00% (37.42-58.58%) 0.520 (0.372-0.727) <0.001

Unknown 85.70% (67.28-100%) 0.330 (0.081-1.346) 0.122
T stage 0.001

TO 0.00% (0) - 1

T1 44.40% (0.89-87.91%) - 0.585

T2 0.00% (0) - 0.184

T3 61.80% (46.71-76.89%) - 0.118

T4 39.00% (24.30-53.70%) - 0.482

X 24.60% (12.06-37.14%) - 0.219
Surgery 0.001

No 29.50% (19.31-39.69%) 1 1

Yes 55.80% (42.86—68.74%) 0.601 (0.419-0.860) 0.005

OS overall survival, HR hazard ratio, CI confidence interval

and we found that it was more likely for tumors of>5 cm
than <5 cm to metastasize only in liver (10.4% vs 2.9%,
P <0.001) but not in bone (0.4% vs 0.2%, P=0.279) or lung
(0.7% vs 0.3%, P=0.070). Although some researches also
recommended the tumor size of 2 cm as a cutoff point for
screening the possibility of metastasis [12], our study also
proved that only liver metastasis had significant evidence,
but not the other two sites. Moreover, it was accessible that
patients in N1 stage and patients who did not receive sur-
gery both had a significantly high percentage of metastasis.
Therefore, sex, tumor site, tumor grade, tumor size, regional
lymph node metastatic condition and surgery were all the
risk factors of metastasis.

The median overall survival time of GIST without
metastasis was more than 60 months and patients without
metastasis survived longer than those with liver, bone, or
lung metastasis, which suggested that GIST with metasta-
sis had a poorer prognosis. However, except for liver and
lung metastasis, patients with metastasis of liver and bone
or with metastasis of all the three sites did not show a sig-
nificantly worse overall survival than the patients with only
liver metastasis. So, the results indicated that liver metastasis
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might be more significant for the prognosis of GIST than
metastasis of the other two sites and the lesions in the liver
of GIST patients should be paid more attention.

Since liver metastasis was the most common type of
metastasis pattern in GIST patients, we analyzed the rela-
tive prognostic factors and our multivariate analysis resulted
showed that < 65 years old, female, married patients, and
patients who received surgery might have a better prognosis
for GIST with liver metastasis. The poorer prognosis in elder
patients might be related to combination with other diseases
or reception of less treatment due to higher possibilities of
drug side-effects [5, 11]. The relationship between sex and
prognosis was not clear, but might be correlated with more
psychological distress in male patients [14]. Our results
showed that married status might be a beneficial prognostic
factor, which was in accordance with the studies of Song
et al. [30] and Chen et al. [7]. The protective function of
married status might be related to less psychological burden,
earlier diagnosis, better compliance to prescription and even
more financial support, etc.[2, 14, 15, 27] It had also been
proved that surgery could improve overall survival in GIST
patients with metastasis [4, 9, 28]. Interestingly, T stage
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(especially T3, T4), namely tumor size, was the significant
prognostic factor in the univariate analysis (5-year OS T3 vs
T4:61.8% vs 39.0%, P=0.011). It had also been reported in
previous studies that the tumor size of >5 cm was the poor
prognostic factor and even tumor size of > 10 cm meant
worse survival [8, 23, 24]. However, our multivariate analy-
sis results showed that tumor size was not a significant prog-
nostic factor in the GISTs with liver metastasis. We guessed
it might be related to the following reasons: (1) the larger
the tumor size was, the easier the tumor could be detected
and the earlier the patients could receive treatment; (2) the
larger tumor had a higher risk of metastasis and patients
needed to receive other adjuvant therapy like imatinib, a
TKI inhibitor [36]; (3) the larger tumor need more extensive
resections [21], in which case the tumor might be resected
more thoroughly.

To our best knowledge, it is the first study to excavate
the metastatic pattern of GIST based on SEER database.
However, there are also some limitations existing in our
study. First, the number of patients of bone or lung metasta-
sis was too small, so the insufficient sample size might lead
to large bias and unconvincing results. Second, this study
is a kind of retrospective study which might have selec-
tion bias because not all the GIST patients had routine tests
for metastasis, under which circumstance the incidence of
metastasis might be underestimated. Finally, although there
were studies that reported that KIT mutation-positive and
DOGI1-negative cases indicated a tendency of higher rate
of tumor metastasis [17, 19] and no relationship was found
between PDGFRA mutation and metastasis [19], the SEER
database did not provide such information about the status
of KIT, DOG1, and PDGFRA, which are all the important
immunohistochemical markers for GIST diagnosis and prog-
nosis. Anyway, regardless of these limitations, it is the first
study to discuss the potential relationship of liver metastasis
and bone or lung metastasis and it also provide possible ele-
ments to estimate survival from external and macroscopic
aspect in the population. We wish our study could be helpful
for clinical diagnosis and treatment of GIST.

Conclusions

In conclusion, our results suggested that liver metastasis
might not influence bone or lung metastasis. The patients
with metastasis of liver, bone, or lung had a lower survival
than those without and liver might play a dominant role
in the prognosis of patients with metastasis instead of the
other two sites. Moreover, age, sex, marital status and sur-
gery were all significant prognostic factors for patients with
liver metastasis. Therefore, clinical diagnosis and treatment

should pay more attention to the liver status and further stud-
ies are needed to explore the metastatic pattern of GIST.
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