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Abstract: Objective: Accurate preoperative diagnosis and prognosis of a gastric stromal tumor is vital to its effective 
treatment. This study aimed to evaluate the value of endoscopic ultrasonography in gastric stromal tumor diagnosis 
and prognosis. Methods: We retrospectively analyzed 213 cases of gastric stromal tumor diagnosed preoperatively 
by endoscopic ultrasonography from June 2010 to June 2014, especially endoscopic ultrasonography results, and 
pathological findings. Results: The common locations included stomach fundus (n = 120), gastric body (n = 65), and 
sinuses ventriculi (n = 28). The patients’ symptoms were various. A definitive diagnosis depended on postoperative 
pathologic and immunohistochemical examination. The pathologic results showed that 63 of 213 cases (29.6%) 
were misdiagnosed by endoscopic ultrasonography. Tumor diameter, age, concurrent bleeding, and characteristics 
in endoscopic ultrasonography such as mucosal bridge and echo may have been the misdiagnosis factors, while le-
sion site, and characteristics like smooth surface, ulcer in the center, and boundary had nothing to do with misdiag-
nosis. Endoscopic ultrasonography characteristics including smooth surface and center ulcer were correlated with 
the malignant risk of gastric stromal tumor, but not uniformity echo, shape, mucosal bridge, and clear boundary. 
Conclusions: Endoscopic ultrasonography is a useful method to diagnose gastric stromal tumor with a misdiagnosis 
rate of 29.6%, and definite diagnosis relies on immunohistochemical analysis. Tumor diameter, age, concurrent 
bleeding, and characteristics in endoscopic ultrasonography such as mucosal bridge and echo may be misdiagnosis 
factors. Concurrent bleeding and endoscopic ultrasonography indexes of the smooth surface and center ulcer are 
potential prognostic factors of gastric stromal tumor.
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Introduction

Gastric stromal tumors (GSTs) were described 
in 1983 as tumors in the gastrointestinal (GI) 
tract and mesentery, characterized by a specif-
ic histological and immunohistochemical pat-
tern [1]. GSTs, derived from the interstitial cells 
of Cajal [2, 3], are now considered potentially 
malignant and have the risk of metastatic 
relapse, so all GSTs need to be resected, includ-
ing even small intramural lesions of the GI tract 
[4, 5]. However, since not all intramural lesions 
of the GI tube are GSTs, an accurate preopera-
tive diagnosis is very important. Endoscopic 
ultrasonography (EUS), enabling intramural 
scanning of the GI tract, is reportedly useful in 
diagnosing GST and differentiating GST from 
extraluminal lesions [6-10]. This study aimed  

to evaluate the value in EUS in GST diagnosis 
and prognosis. All cases underwent surgical 
resection.

Material and methods

We reviewed all cases in the record room files 
from June 2010 to June 2014 and identified 
213 cases diagnosed as GST preoperatively by 
EUS. This study was approved by the IRB of 
Nanjing Drum Tower Hospital, the affiliated hos-
pital of Nanjing University Medical School. We 
then reviewed the clinical and EUS data, treat-
ment, and pathological findings of these cases. 
We recorded the patients’ age and gender, 
lesion site, clinical symptoms at onset, auxiliary 
examination, treatment, and pathological ex- 
amination.
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We reviewed the findings of different auxiliary 
examinations including EUS (n = 213), endos-
copy (n = 132), Computed Tomography (CT, n = 
100), and upper gastrointestinal contrast (n = 
8). We performed a histopathological examina-
tion of surgical specimens using standard 
hematoxylin and eosin staining (HE), as well as 
special immunohistochemical techniques. Im- 
munohistochemical staining was performed 
using a Dako EnVision System according to the 
manufacturer’s instructions with primary anti-
bodies including CDll7, CD34, Smoothmuscle 
actin (SMA), S100 calcium binding protein 
(S-100), and Desmin. Diaminobenzidine was 
used as the chromogen. Patient managements 
were also recorded.

We used the student t test to compare the size 
and age of GSTs and non-GSTs. The misdiagno-
sis rates of clinical and EUS characteristics 
were assessed using the Chi-Square test. 
Associations among clinical and EUS character-
istics were assessed using the Wilcoxon-Mann-
Whitney test or Pearson Correlation. P < 0.05 
was considered statistically significant. All P 
values were two sided. All statistical calcula-
tions were performed using SAS software (ver-
sion 9.0).

Results

Baseline characteristics 

There were 213 patients diagnosed as GST pre-
operatively by EUS (92 men and 121 women, 

no serious complications, and there were no 
cases of postoperative mortality. In total, 114 
patients underwent laparoscopic surgery, while 
99 underwent open surgery. The definitive diag-
nosis was based on postoperative pathologic 
and immunohistochemical examinations. The 
results showed that 63 of 213 patients (29.6%) 
were misdiagnosed. These patients were prov-
en to have the following conditions: leiomyoma 
in 28 patients, schwannoma in 18, heterotopic 
pancreas in 6, vascular malformation in 2, poly-
pus in 2, cyst in 2, stomach repeat deformity in 
1, ectopic spleen in 1, glomus tumor in 1, nodu-
lar fibrous pseudotumor in 1, and inflammatory 
myofibroblastic tumor in 1 patient (Table 1). 
Immunocytochemical results were integral to 
us reaching a definite diagnosis, as summa-
rized in Table 2. For GST, CD117, CD34, and 
Delay of Germintion 1 (Dog1) expressions were 
positive in 149 (99.3%), 146 (97.3%), and 67 
(98.5%) patients, respectively. For leiomyoma, 
SMA and Desmin were positive in 25 (100%) 
and 27 (100%) patients, respectively. For sch- 
wannoma, S-100 was positive in 18 (100%) 
patients.

EUS indexes for GST diagnosis

All mass was evaluated using EUS. We evaluat-
ed the effect of EUS indexes on diagnosing GST 
and divided the patients into GST and non-GST 
groups (Table 3). We analyzed the EUS indexes 
of the GST and non-GST groups including the 
smooth surface, center ulcer, mucosal bridge, 
shape, echo, and boundary (Table 3). The re- 

Table 1. Clinicopathological characteristics of the patients (n = 213)
Age (years)
    < 40 19 40-60 111
    > 60 83
Gender
    Male 92 Female 121
Anatomical sites of lesions
    Fundus of stomach 120 Gastric body 65
    Sinuses ventriculi 28
Final diagnosis after EUS
    GST 150 Leiomyoma 28
    Schwannoma 18 Heterotopic pancreas 6
    Vascular malformation 2 Polypus 2
    Cyst 2 Stomach repeat deformity 1
    Ectopic spleen 1 Glomus tumor 1
    Nodular fibrous pseudotumor 1 Inflammatory myofibroblastic tumor 1
GST: gastric stromal tumor.

ages ranging from 9 to 
85 years, with mean age 
56.6 years). The com-
mon locations were in 
the stomach fundus (n = 
120), gastric body (n = 
65), and sinuses ventric-
uli (n = 28) (Table 1). The 
symptoms were various, 
such as abdominal pain, 
hematemesis, melena, 
sour regurgitation, and 
belching. Some patients 
were diagnosed by lab 
examination with no dis-
comfort, and only 26 
patients complained of 
bleeding.

All patients underwent 
surgical resection with 
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sults showed that misdiagnosis had no correla-
tion with the smooth surface, center ulcer, 
shape, and boundary, while the mucosal bridge 
and echo affected the diagnosis.

The average GST diameter was larger than that 
of non-GSTs (4.31±3.19 vs. 2.9±1.78 cm). The 
patients were divided into three groups accord-
ing to their tumor diameter (< 2 cm, 2-5 cm, and 
> 5 cm). The tumor diameter misdiagnosis 
rates < 2 cm, 2-5 cm, and > 5 cm were 42.20%, 
31.90%, and 13.50%, respectively. The P value 
was 0.000 (Table 3). Age and concurrent bleed-
ing may be misdiagnosis factors, so we creat- 
ed statistics of age and concurrent bleeding 
between GSTs and non-GSTs (Table 3). The 
results showed that the p values were 0.000 
and 0.0378, respectively. Then we created sta-
tistics of gender (Table 3). We found that the p 
value was 0.5027, without statistical differenc-
es. The lesion sites were also summarized in 
Table 3, and the p value was 0.8946.

Mentioned above, age, tumor size, concurrent 
bleeding, the mucosal bridge, and uniform 
echo were considered misdiagnosis risk fac-
tors. The relationship between EUS indexes 
and tumor size was further analyzed (Table 4). 
There was no relationship between tumor size 
and the mucosal bridge, while uniform echo 
was relevant to tumor size (P < 0.0001).

EUS indexes associated with GST prognosis 
(risk of aggressive behavior)

The malignant risk of GST was stratified into 
categories including very low, low, moderate, 

and high risk according to tumor size and mitot-
ic index identified on surgical histology. We 
evaluated whether EUS predicted malignant 
risk of GST. The results showed no statistical 
significance in the characteristics such as uni-
formity echo, shape, the mucosal bridge, and 
clear boundary among very low, low, moderate, 
and high risk groups as well as age, gender, and 
lesion site (Table 5). However, characteristics 
including smooth surface and the center ulcer 
were correlated with malignant risk of GST 
(Table 5). To exactly explore the indexes for pre-
dicting prognosis, we created a statistical cor-
relation of EUS indexes (Table 6). We found that 
the smooth surface and center ulcer had sig-
nificant correlation (P < 0.0001).

Discussion

Gastric submucosal tumors (SMT) account for 
3% of gastric neoplasm, including mesenchy-
mal tissue tumors and stomach nervous tissue 
tumors. GST was first identified by Mazur in 
1983 as a kind of SMT consisting of undifferen-
tiated or pluripotent spindles and epithelioid 
cells. The common SMT location had not yet 
been reported. In our study, we found that 
SMTs are most commonly found in the stomach 
fundus (56.3%), gastric body (30.5%), and 
sinuses ventriculi (13.1%). In large population-
based studies, approximately 70% of SMT 
patients were clinically symptomatic. The most 
common presenting symptoms were gastric 
bleeding, abdominal pain, and the presence of 
a palpable mass [11-14]. In our study, the symp-
toms were various, such as abdominal pain, 
hematemesis, and melena.

Table 2. Cytologic interpretations and immunocytochemical findings from gastrointestinal mesenchy-
mal neoplasms
Cytologic interpretation CD34 CD117 SMA Desmin S100 Dog1
GST 146/150 149/150 37/140 7/150 16/148 67/68
Leiomyoma 4/28 3/28 25/25 27/27 4/27 0/9
Schwannoma 1/17 0/18 2/17 0/18 18/18 1/9
Heterotopic pancreas ND ND ND ND ND ND
Vascular malformation ND ND ND ND ND ND
Polypus 1/2 0/2 1/1 0/2 0/2 0/1
Cyst ND ND ND ND ND ND
Stomach repeat deformity ND ND ND ND ND ND
Ectopic spleen ND ND ND ND ND ND
Glomus tumor 0/1 0/1 1/1 0/1 0/1 ND
Nodular fibrous pseudotumor 0/1 0/1 0/1 0/1 0/1 ND
Inflammatory myofibroblastic tumor 0/1 0/1 1/1 1/1 0/1 ND
ND: not done, GST: gastric stromal tumor, CD: Cluster of Differentiation, SMA: Smoothmuscle actin, S100: S100 calcium bind-
ing protein, Dog1: Delay of Germintion 1. Data are given as number positive/number tested.
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Endoscopy alone had suboptimal accuracy of 
as low as 40% for identifying the cause of sub-
mucosal bulges [15]. Usually the mucosal sur-
face is normal, and conventional forceps biopsy 
results are frequently negative. Other noninva-
sive imaging methods such as CT and barium 
meal are also suboptimal for evaluating submu-
cosal indentations. 

EUS combined the endoscopic view with ultra-
sonographic images generated by a high-fre-

quency intraluminal probe. EUS clearly showed 
the five-layer stomach structure and accurately 
detected the tumor origin, focal size, amount, 
boundary, and echo, a useful method for diag-
nosing GST. EUS showed that GSTs had low-
level echo, clear boundaries, and smooth edges 
[16, 17]. Nevertheless, the EUS diagnosis basis 
is presumptive and cannot replace a histologi-
cal diagnosis of GST. EUS also easily misdiag-
noses some SMTs such as GST such as leio-
myoma, lipomyoma, and schwannoma. In our 
study, schwannoma, leiomyoma, heterotopic 
pancreas, vascular malformation, polypus, cy- 
st, stomach repeat deformity, ectopic spleen, 
glomus tumors, nodular fibrous pseudotumors, 
and inflammatory myofibroblastic tumors were 
diagnosed as GSTs. They had overlapping echo 
and endoscopic features and could not be 
accurately determined without a biopsy sample 
[18, 19]. Schwannoma, leiomyoma, polypus, 
glomus tumors, nodular fibrous pseudotumors, 
and inflammatory myofibroblastic tumors were 
neoplastic SMTs that just required a local exci-
sion. Heterotopic pancreas, vascular malforma-
tion, cyst, stomach repeat deformity, and ecto-
pic spleen were benign SMTs that could be fol-
lowed without intervention [20]. So, definite 
GST diagnosis using EUS before operation is 
very important.

In our study, we explored some misdiagnosis 
factors using EUS such as tumor diameter, age, 
gender, and a series of EUS characteristics. 
The average tumor diameters of GSTs and non-
GSTs were 4.31±3.19 cm and 2.9±1.78 cm, 
respectively, and the P value was 0.01 (Table 
3), so we deduced that size was perhaps a mis-
diagnosis factor. To accurately evaluate the 
effects of tumor diameter on misdiagnosis, we 
compared the misdiagnosis rates of different 
tumor diameters in Table 3. We found that the 
P value was 0.000. Therefore, we concluded 
that a tumor with a diameter < 2 cm was much 
more easily misdiagnosed, and the misdiagno-
sis rate of tumors with diameters > 5 cm was 
obviously lower. We should thus diagnose and 
treat the SMTs with diameters < 2 cm cautio- 
usly. The ESMO/European Sarcoma Network 
Working Group held that the standard approach 
to patients with small gastric nodules less than 
2 cm in size is a EUS assessment and then an 
annual follow-up, reserving excision for patients 
whose tumors increase in size or become symp-
tomatic [21]. Age and concurrent bleeding may 

Table 3. Comparison of the EUS indexes of GSTs 
and non-GSTs
Index GST Non-GST P value
Tumor diameter (cm) 4.31±0.19 2.9±1.78 0.01
Age (years) 59.5±11.4 49.6±13.0 0.000
Tumor diameter (cm) 0.000
    < 2 26 19
    2-5 79 37
    > 5 45 7
Gender 0.5027
    Male 67 25
    Female 83 38
Lesion site 0.8946
    Fundus of stomach 84 36
    Gastric body 47 18
    Sinuses ventriculi 19 9
Smooth surface 0.1836
    Yes 78 41
    No 22 6
Ulcer in the center 0.3752
    Present 23 7
    Absent 62 29
Mucosal bridge 0.053
    Present 38 9
    Absent 45 25
Uniformity echo 0.001
    Yes 47 35
    No 62 14
Clear boundary 0.7191
    Yes 93 45
    No 7 2
Shape 0.7752
    Hemispherical 11 4
    Irregular 89 43
Concurrent bleeding 0.0378
    Yes 23 3
    No 127 60
GST: gastric stromal tumor.
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also have been misdiagnosis factors, as shown 
in Table 3. GST mainly occurred in elderly 
patients, and younger patients were easier to 
misdiagnose. The misdiagnosis rate of GST 
hemorrhage is obviously lower, so we preferen-
tially considered gastrointestinal mesenchymal 
neoplasms concurrent bleeding as GSTs. We 
also evaluated the effects of gender and lesion 
site on the misdiagnosis, and p values were 
0.5027 and 0.8946, respectively, with no sta-
tistical differences. The gender and lesion site 
had nothing to do with the misdiagnosis. At 
last, we estimated the effects of EUS charac-
teristics on misdiagnosis. We found that the 
mucosal bridge and echo participated in misdi-
agnosis. The tumors with uniformity echo or 
without the mucosal bridge were easier to be 
misdiagnosed as GSTs. Coincidently, just 2 
patients in our study were shown with high-lev-
el echo and proved to be non-GSTs by patholo-
gy. So, we should also pay attention to tumors 
with high-level echo.

Endoscopic ultrasound-guided fine-needle as- 
piration (EUS-FNA) with a 22-gauge needle or 
core tissue examination, respectively, has em- 
erged as a minimally invasive technique that 
allows identification and sampling of various 
SMTs and extraintestinal mass lesions [22-23]. 

Kazuya evaluated the role of EUS-FNA in the 
preoperative diagnosis of 29 GST patients, with 
the final diagnosis by surgical resection, and 
found that the sensitivity, specificity, positive 
predictive value, negative predictive value, and 
diagnostic accuracy were 100%, 80%, 96%, 
100%, and 97%, respectively [24]. Stelow stud-
ied the uses of immunocytochemical analysis 
with material procured by EUS-FNA for the diag-
nosis of 95 patients of subepithelial intramural 
gastrointestinal mesenchymal neoplasms and 
found that, when sufficient material was pres-
ent, immunocytochemical analysis used with 
material obtained by EUS-FNA was highly pre-
dictive of final pathologic diagnosis [25]. Ch- 
atzipantelis evaluated the efficacy and accura-
cy of EUS-FNA in diagnosing GSTs and demon-
strated that EUS-FNA provided accurate GST 
diagnosis in combination with immunohisto-
chemical reactivity for a c-kit, performed with 
adequate cytology specimens obtained by FNA 
[26]. A series of recent research showed that 
EUS-FNA with immunohistochemical analysis 
was a safe and accurate method in the pre-
therapeutic diagnosis of GST. It should be taken 
into consideration in decision-making, espe-
cially at early diagnosis following minimally 
invasive surgery for GST [27-29]. 

GSTs are now considered potentially malignant 
and have the risk of metastatic relapse, so they 
need to be resected, even small intramural 
lesions of the GI tract [4, 5]. Predicting malig-
nant risk is important for clinicians because the 
resection of all incidental small-sized GSTs with 
low malignancy risk may not be needed [21]. 
Clinical malignancy risk was determined by 
tumor size and mitotic index [30, 31]. Although 
the preoperative estimate of risk could be 
made from tumor size, the mitotic index could 
not be known before surgical resection. 

In 2009, Shaph determined which EUS charac-
teristics correlated with malignant GST poten-
tial and found that EUS characteristics like 
tumor size, extraluminal border, depth, and het-
erogeneity could be used to predict malignant 
GST potential. However, the conclusion needed 
to be confirmed due to the limited number of 
study cases [32]. Later, Mi Na Kim designed an 
experiment to determine whether EUS features 
could preoperatively predict the medium-sized 
GSTs’ malignancy risk, and the results showed 
that EUS features could not be used to preop-
eratively predict medium-sized GSTs’ malignan-

Table 4. The relationship between the EUS 
indexes and tumor size

Index Num Tumor diameter 
(cm) P value

Smooth surface < 0.0001
    Yes 119 5.30±3.72
    No 28 3.05±1.75
Ulcer in the center < 0.0001
    Present 30 2.90±1.74
    Absent 91 4.41±1.76
Mucosal bridge 0.3343
    Present 47 3.12±2.12
    Absent 70 3.47±1.58
Uniformity echo < 0.0001
    Yes 82 4.31±2.34
    No 76 2.77±1.66
Shape < 0.0001
    Hemispherical 15 5.85±3.11
    Irregular 132 3.21±1.83
Clear boundary 0.211
    Yes 139 4.37±1.76
    No 9 3.45±2.15
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cy risk [33]. In our study, the EUS characteris-
tics like the mucosal bridge, uniformity echo, 
clear boundary, and shape did not differ signifi-
cantly among very low, low, moderate, and high 
risk groups. However, the smooth surface, cen-
ter ulcer, and concurrent bleeding were poten-
tial prognostic factors of GST. As shown in Table 
6, the smooth surface and center ulcer were 
correlative indexes and could predict malignant 
risk synergistically.

In the previous study, Sakamoto evaluated 
whether assessing tumor vascularity using con-
trast-enhanced harmonic EUS (CEH-EUS) could 
predict the preoperative malignancy risk of 
GSTs. The results demonstrated that CEH-EUS 

successfully visualized intratumoral vessels 
and may play an important role in predicting 
GST malignancy risk [34]. Another study ob- 
served that GST intratumoral vessels using 
CEH-EUS were correlated with a higher degree 
of angiogenesis, resulting in higher malignant 
potential [35]. However, CEH-EUS could not dis-
tinguish other gastric submucosal tumors (leio-
myoma, schwannoma) from GSTs. So, a new 
method should be developed to exactly predict 
GST malignancy risk preoperatively. 

Conclusion

GSTs are considered potentially malignant and 
require resection. The differentiation of GSTs 

Table 5. Comparison of the EUS indexes with malignant risk of GST

Index
Risk of Aggressive Behavior

P value
Very low Low Moderate High

Age (years) 60.56±10.09 59.17±11.97 57.64±12.31 61.2±11.36 0.6355
Tumor diameter (cm) 1.45±0.55 3.28±1.14 5.83±1.89 7.69±5.20 < 0.0001
Ki67 index (1.27±2.05)% (3.42±2.91)% (6.44±16.20)% (9.46±7.54)% 0.005
Gender 0.082
    Male 10 27 14 17
    Female 17 36 22 8
Lesion site 0.2214
    Fundus of stomach 16 39 15 14
    Gastric body 10 14 15 8
    Sinuses ventriculi 1 10 6 2
Smooth surface 0.0571
    Yes 18 38 13 8
    No 1 10 8 4
Ulcer in the center 0.0184
    Present 1 13 2 6
    Absent 17 29 11 5
Mucosal bridge 0.7059
    Present 6 20 8 5
    Absent 11 22 7 4
Uniformity echo 1.068
    Yes 13 22 8 4
    No 8 28 16 10
Clear boundary 0.9387
    Yes 17 45 18 13
    No 1 3 2 1
Shape 1.1333
    Hemispherical 1 3 5 2
    Irregular 18 45 16 10
Concurrent bleeding 0.0492
    Yes 1 11 10 1
    No 26 52 26 23
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from benign SMTs, such as leiomyoma or 
schwannoma, is essential for effective clinical 
management. EUS is a useful method for diag-
nosing GSTs, with a misdiagnosis rate of 29.6%, 
and definite diagnosis relies on immunohisto-
chemical analysis. Tumor diameter, age, con-
current bleeding, and EUS characteristics such 
as the mucosal bridge and echo may be the 
misdiagnosis factors. Concurrent bleeding and 
EUS indexes of the smooth surface and center 
ulcer are potential prognostic factors of GST.
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