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INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are the most 
common mesenchymal tumors of  the gastrointestinal 
tract.[1] Approximately, two-thirds of  all GISTs occur 
in the stomach, followed by the small intestine, rectum, 

and   esophagus.[2] Moreover, the body and fundus are 
the most frequent site of  GISTs in stomach. It is 
diffi cult to differentiate GISTs from other submucosal 
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lesions with white light endoscopy. Endoscopy reveals 
a smooth mass   with normal overlying mucosa or 
with mucosal ulceration in larger tumors. Tissue 
sampling with standard endoscopic mucosal biopsy is 
mostly negative in GISTs for lying underneath normal 
appearing mucosa. Endoscopic ultrasonography (EUS) 
has the ability to obtain differential diagnosis by the 
wall layer of  origin and echogenicity. On EUS, GISTs 
are usually hypoechoic masses, which originate from the 
muscularis propria, also occasionally they can arise from 
the muscularis mucosa. In some larger tumors, the EUS 
features include irregular extra-luminal border, echogenic 
foci, and cystic spaces.[3,4]

Although only 10%-30% of  GISTs are clinically 
malignant, all GISTs are known to have some degree of  
malignant potential.[5] Therefore, a simple classification 
of  benign and malignant is not appropriate. At present, 
the modified Fletcher classification system [6] has been 
used most frequently to assess the  malignant potential 
of  GISTs [Table 1]. This risk classification system is 
composed of  four factors: Tumor size, tumor site, 
mitotic count, and presence of  tumor rupture and 
classifies the malignant potential as four grade: Very 
low, low, intermediate, and high grade. For patients 
with high risk of  recurrence, preoperative neoadjuvant 
therapy with imatinib is recommended .[7] Among the 
four factors in Fletcher system, tumor size, tumor site, 
and presence of  tumor rupture are easy to determine 
by endoscopy and EUS, whereas the mitotic count is 
generally obtained from resection specimens. Although 
EUS-guided fi ne needle aspiration (FNA) and EUS-guided 
trucut biopsy (TCB) can also obtain specimens before 
surgery, these techniques have risks of  complications 
such as bleeding, localized abdominal pain, puncture 
site infection, and fever, and both have a limitation 
of  inadequate specimen  for immunohistochemical 

analysis.[8-12] For these reasons, EUS-FNA or EUS-TCB 
is only performed in patients with strong indications. 
Therefore, the malignant potential is hardly achieved 
before surgery. Contrast-enhanced ultrasound (CE-US) has 
been applied in clinical practice for more than 10 years, 
especially in diseases of  digestive and cardiovascular 
system.[13,14] With the development of  EUS techniques 
and the advent of  second generation contrast agent, 
CE harmonic (CEH)-EUS has been used for diagnosis 
of  lesions of  pancreas, liver, and gallbladder.[15,16] In this 
prospective study, EUS and CEH-EUS were performed 
in patients with resectable GIST before resection. The 
relationship between features of  EUS/CEH-EUS and the 
malignant potential in GISTs was evaluated.

PATIENTS AND METHODS

Patients
Between March 2015 and December 2015, a total of  
19 patients suspected of  having a GIST were enrolled 
in our study. The exclusion criteria include severe heart 
failure, severe chronic obstructive pulmonary disease, 
known allergic disposition to SonoVue (59 mg, Bracco 
societa per azioni, Milan, Italy), pregnancy or lactation, 
severe psychiatric disorders, and esophagogastric varices. 
This study was approved by the Ethics Committee of  
Beijing Friendship Hospital, Capital Medical University. 
All patients provided informed consent.

Endoscopy procedure
Before undergoing CEH-UES, endoscopy features 
including tumor location, size, mucosa appearance, and 
other lesions were obtained. Then standard B-mode 
EUS was performed in all patients to determine the 
tumor size, originating layer, echogenicity, and the 
growth patterns. Color Doppler mode was performed 
to detect intratumoral color Doppler fl ow signals. For 
CEH-EUS, the extended pure harmonic detection 
mode was used, with the mechanical index set at 0.25 
and a transmitting frequency of  4.7 MHz. EUS and 
CEH-EUS were performed in the left lateral decubitus 
position under midazolam-induced conscious-sedation 
with heart rate and oxygen saturation monitoring. 
A bolus infusion of  SonoVue (59 mg/5 ml) was 
administered via peripheral vein catheter, followed by 
a 10 ml saline fl ush. The agent arrival time (AAT) was 
recorded, and the vascular structures were assessed 
in real time. US video sequences were continuously 
recorded and stored in the hard disk for off-line 
analyses. All EUS and CEU-EUS were performed 
by two experienced endoscopists using an   Olympus 

Table 1. Modifi ed Flecther classifi cation system 
of risk of malignant potential
Malignant 
potential

Tumor 
size (cm)

Mitotic 
count (HPF)

Site

Very low ≤2 ≤5/50 Any
Low 2.1–5 ≤5/50 Any
Intermediate ≤5 6–10/50 Gastric

5.1–10 ≤5/50 Gastric
High Any Any Tumor rupture

≤5 >5/50 Nongastric
5.1–10 ≤5/50 Nongastric

>5 >5/50 Any
>10 Any Any
Any >10/50 Any

HPF: High power fi eld
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GF-UE260 (Olympus Medical Systems Co., Ltd., 
Tokyo, Japan) connected to a US system (ProSound 
SSD α-10; Hitachi-Aloka, Tokyo, Japan).

Endoscopic resection procedure
Routine blood count, liver and kidney function, and 
coagulation function were performed in all patients. 
CE-computed tomography (CT) and chest radiograph 
were obtained to exclude distant metastases. None of  
the 19 cases had distant or lymph node metastasis. 
The operation selection was based on the tumor size 
and growth patterns. Laparoscopic surgical procedures 
were performed in 3 cases with tumor size >50 mm 
and/or with obviously extraluminal growth. Endoscopic 
resections were performed in the other 16 patients 
under a complete general anesthesia. An Olympus 
GIF260J endoscope with an auxiliary water jet (Olympus 
Medical Systems Co., Ltd., Tokyo, Japan) was used. 
The steps of  endoscopic resection were as follows: 
(1) Marking of  the entire circumference using a Dual 
knife at intervals of  a few millimeters, approximately 
2–5 mm laterally from the lesion; (2) local injection 
of  Glycerin-Fructose-Methylene mixture (consisted 
of  10% glycerin, 5% fructose, and methylene 4 mg 
in 250 ml normal saline solution); (3) circumferential 
mucosal incision using Dual knife; (4) dissection of  
the tumor using IT knife; (5) en bloc resection of  the 
tumor using snare; (6) withdrawal of  the resect specimen 
using the grasping forceps; (7) wound closure with 
clips and hemostasis using hemostatic forceps or by 
argon plasma coagulation anytime when hemorrhage is 
observed. After surgery or endoscopic resection, fasting, 
water-deprivation, and intravenous fl uid continued for at 
least 48 h. Patients without complication started drinking 
water after 48 h and were discharged within 4–7 days.

Pathology and  immunohistochemistry examination
The histologic diagnosis of  GIST was defined as 
subepithelial tumors composed of  spindle cells 
that stained positive for c-kit and CD34.[17] Mitotic 
count was obtained from histological analysis of  
hematoxylin-eosin stained resected specimens. Risk 
classifi cation of  malignancy was performed according 
to the modified Fletcher classification system. The 
immunohistochemistry examination included the 
following: CD34, c-kit, DOG-1, smooth muscle 
actin (SMA), desmin, and Ki67.

Statistical analyses
The independent sample t-test was used for the 
comparison of  two groups regarding continuous 

variables. The Chi-square test was used to compare 
the frequency data of  two groups including clinical 
characteristics, EUS, and CEH-EUS features. 
A difference was considered signifi cant when P < 0.05. 
Statistical analyses were performed with SPSS 
software (version 17.0; SPSS, Chicago, IL, USA).

 RESULTS

One patient was pathologically diagnosed as middle 
differentiation adenocarcinoma and was excluded from 
this study. The other 18 patients were confirmed by 
pathology and immunohistochemistry examination. 
According to the modifi ed Fletcher classifi cation system, 
18 resected tumors consisted of  4 very low, 6 low, 
6 intermediate, and 2 high malignant potential GISTs. 
We divided the 18 patients into 2 groups: Group   I 
(lower malignant potential) included low and very low 
malignant potential and Group II (higher malignant 
potential) included high and intermediate malignant 
potential. Mean (mean ± standard deviation [SD]) age 
was 51.5 ± 10.0 years in Group I and 58.9 ± 14.1 years 
in Group II [Table 2]. One (1/10) patient of  Group I 
and 3 (3/8) patients of  Group II were symptomatic. 
The other 14 patients were asymptomatic and were 
discovered incidentally or by other image examinations. 
The majority of  tumors (7/10 vs. 5/8) located in 
fundus and cardia of  stomach.  No signifi cant difference 
of  these 3 features was found between Group I and 
Group II (P = 0.21, 0.28 and 0.95).

Mean (mean ± SD) diameter measured on EUS 
was 14.6 ± 5.8 mm and 32.1 ± 8.4 mm [Table 3] 
and tumor size in Group II was significantly larger 
than that in Group I (P < 0.05). Furthermore, the 
number of  patient with tumor size ≥20 mm was 3 of  

Table 2. Clinical characteristics of 18 patients with 
gastrointestinal stromal tumors

Group I (n=10) Group II (n=8)

Very low and low 
malignant potential

Intermediate and high 
malignant potential

Age (years)
Mean±SD 51.5±10.0 58.9±14.1

Sex n (%)
Male 6 (60) 5 (62.5)
Female 4 (40) 3 (37.5)

Symptomatic, n (%) 1 (10) 3 (37.5)
Tumor location, n (%)

Fundus/cardia 7 (70) 5 (62.5)
Body 2 (20) 2 (25)
Antrum/pylorus 1 (10) 1 (12.5)

SD: Standard deviation
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10 in Group I and 7 of  8 in Group II (P < 0.05). 
Intraluminal growth was the predominant growth 
pattern in the two groups except that extraluminal 
growth was found in one patient in Group II, 
who underwent surgical resection. Homogeneous 
hypoechogenicity was observed in all ten patients in 
Group I while heterogeneous hypoechogenicity with 
focal hyperechoic area or anechoic area was found in 
four of  eight patients in Group II (P < 0.05). After a 
bolus infusion of  SonoVue, the mean value of  AAT 
was 10.9 ± 0.2 s in Group I and 10.7 ± 0.2 s in 
Group II (P = 0.10). No   irregular intratumoral vessel 
was found in Group I, regular fi ne intratumoral vessels 
were found in six patients, and no vessel was detected 
in other four patients. On contrast, in Group II, 
irregular intratumoral vessels were found in six of  eight 
patients [Figure 1] and regular fi ne intratumoral vessels 
were found in other two patients.

Except one patient with middle differentiation 
adenocarcinoma, the other 18 patients met GIST 
diagnostic criteria. According to the modifi ed Fletcher 
classification system, tumor size and mitotic count 
were used for assessing the malignant potential, 
and no tumor rupture was found in all patients. In 
Group I, four and six patients were very low and 
low malignant potential, respectively; in Group II, 
six and two patients were intermediate and high 
malignant potential, respectively. DOG-1 was positive 
in all 18 patients. SMA was positive in one patient with 
very low malignant potential GIST and one with low 
malignant potential GIST. Desmin was only positive in 

one patient with low malignant potential GIST. Ki67 
was positive in both two patients with high malignant 
potential GIST and one with intermediate malignant 
potential GIST [Figure 2].

DISCUSSION

All GISTs are known to have some degree of  
malignant potential. [5] The modified Fletcher 
classification system is the most commonly used 
standard for assessing the malignant potential of  
GISTs, which comprises four factors: Tumor size, 
tumor site, mitotic count, presence of  tumor rupture. 
The assessment of  malignant potential is difficult to 
perform before tumor resection for the reason that 
the modified Fletcher classification system depends 
on postoperative pathology. In the present study, we 
observed features of  EUS and CEH-EUS preoperatively 
and evaluated the correlation between the features 
and malignant potential of  GISTs. The modified 
Fletcher classification system classifies the malignant 
potential as four grades: Very low, low, intermediate, 
and high malignant potential. We collapsed patients 
with very low and low malignant potential GISTs into 
Group I (the lower group) as well as intermediate 
and high malignant potential GISTs into Group II 
(the higher group). No signifi cant difference was found 

Figure 1: An intermediate malignant potential gastrointestinal 
stromal tumor of the stomach in a 76-year-old man. (a) White 
light endoscopy shows a ball-shaped mass with normal overlying 
mucosa; (b) endoscopic ultrasonography shows a hypoechoic mass 
originated from the muscularis propria. (c) Contrast enhanced 
harmonic -endoscopic ultrasonography shows irregular vessels

c
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Table 3. Endoscopic ultrasonography and 
contrast enhanced harmonic-endoscopic 
ultrasonography features of 18 patients with 
gastrointestinal stromal tumors

Group I (n=10) Group II (n=8)

Very low and 
low malignant 

potential

Intermediate and 
high malignant 

potential
Tumor size, mean±SD 
(range), mm

14.6±5.8 (7–24) 33.4±10.6 (18–52)

Tumor size (mm), n (%)
<20 7 (70) 1 (12.5)
≥20 3 (30) 7 (87.5)

Growth patterns, n (%)
Endo-luminal 8 (80) 5 (62.5)
Extra-luminal 0 (0) 1 (12.5)
Duplex 2 (20) 2 (25)

Echogenicity in EUS, n (%)
Homogenous 10 (100) 4 (50)
Heterogenous 0 (0) 4 (50)
Agent arrival time, 
mean±SD, s

10.9±0.2 10.7±0.2

Enhancement, n (%)
Irregular vessels detection 0 (0) 6 (75)
Regular vessels detection 6 (60) 2 (25)
No vessels 4 (40) 0 (0)

EUS: Endoscopic ultrasonography, SD: Standard deviation
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in the mean age, gender and tumor location between 
Group I and Group II. The majority of  patients in 
both groups were asymptomatic, of  which subepithelial 
masses were detected incidentally during routine 
endoscopic screening or other image examinations. The 
tumor size is one of  the four factors in the modifi ed 
Fletcher classification system, and the mean tumor 
size in Group II was significantly larger than that in 
Group I (4.6 ± 5.8 mm vs. 33.4 ± 10.6 mm,  P < 0.05). 
The tumor size was < 20 mm in most patients in 
Group I while only few in Group II (7/10 [70%] 
vs. 1/8 [12.5%], P < 0.05). This result seems to be 
inconsistent with that of  some previous studies .[18,19] 
We interpret this result as that the percentage of  larger 
size (≥20 mm) in higher malignant potential GISTs is 
higher than that in lower malignant potential GISTs. 
Furthermore, it does not mean that the malignant 
potential of  a larger GIST must be higher than that of  
a smaller GIST. On the contrary, some smaller GISTs 
revealed higher malignant potential.

On EUS, GISTs are usually homogenous   hypoechoic 
masses or heterogeneous hypoechoic masses with 
anechoic cystic spaces due to cystic degeneration 
and liquefaction necrosis. In our study, all of  the ten 
GISTs in Group I were homogenous hypoechoic and 
originated from the   muscularis propria. On contrast, 

only four GISTs in Group II were heterogenous 
hypoechoic with focal hyperechoic area (P < 0.05). 
Appearance of  heterogenous echogenicity was only 
observed in higher malignant potential GISTs. Only two 
GISTs were extraluminal growth, which were resected 
by laparoscopic procedure. The other 16 GISTs were 
resect by endoscopic procedure. No severe complication 
such as bleeding or peritonitis was observed in all 
18 patients. To date, no recurrence was found in 
all patients during endoscopy surveillance, and the 
follow-up is in progress.

In some previous studies,[20,21] researchers found that 
detection of  intratumoral irregular vessels had important 
value in assessing the malignant potential of  GISTs. In 
our study, we detected intratumoral irregular vessels by 
CEH-EUS. In Group II, irregular vessels were detected 
in both two high malignant potential GISTs and four 
intermediate malignant potential GISTs. In Group I, 
no irregular vessel was found in ten low and very low 
malignant potential GISTs. There was a significant 
difference for the detection of  irregular vessels between 
the two groups. Detection of  irregular vessels had good 
sensitivity and specifi city in discriminating higher and 
lower malignant potential GISTs, which are 75% and 
100%, respectively. The positive predictive value of  
detection of  irregular vessels to high malignant potential 

Figure 2: Pathology and immunohistochemistry examination (the same case as in Figure 1). (a) H and E; (b) CD34; (c) c-kit; (d) DOG-1; (e) smooth 
muscle actin; (f) desmin; (g) Ki67 (all for ◊200)
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was 33%, and the  negative predictive value  was 100%. 
CE-CT, color, and  PD-EUS, CEH-EUS are used for 
detection of  intratumoral vessels clinically,[22,23] and the 
efficacy of  the former two methods is correlated to 
the diameter and fl ow of  vessels. For CEH-EUS, the 
harmonic signal of  microbubbles was directly depicted, 
particularly in the vessels with small diameter and 
slow fl ow, which were hard to be identifi ed by CE-CT 
or PD-EUS.[24,25] Therefore, CEH-EUS can be used 
to diagnose disease in various organs with abundant 
as well as poor blood supply. Some researchers 
had reported the diagnostic value of  CEH-EUS in 
lesions of  pancreas and gallbladder. AAT is one of  
parameters in CE-US. Song et al.[26] found that AAT of  
endometrial carcinoma was shorter than that of  normal 
myometrium, and contributed this to by numerous and 
complex neovascularization in malignant lesions. In a 
study on evaluation of  severity of  chronic hepatitis C, 
Ridolfi  et al. also revealed that the mean hepatic vein 
arrival time decreased progressively with increasing 
severity of  liver disease.[27] However, no significant 
difference of  AAT was found between colorectal 
adenocarcinoma and adenoma.[28] In this study, we also 
found no signifi cant difference of  AAT between the 
two groups.

The diagnosis of  GISTs must be confirmed by 
pathology and immunohistochemistry examinations. 
At present, the diagnostic criterion of  GISTs was 
defi ned as subepithelial tumors composed of  spindle 
cells c-kit(+) and CD34(+). Eighteen patients, who 
met the criterion in this study except one patient, 
were diagnosed middle differentiated adenocarcinoma. 
DOG-1 is a  calcium dependent, receptor activated 
chloride channel protein expressed in GISTs,[6] and it 
is positive in all 18 patients in our study. The result 
is consistent with previous studies.[29] Leiomyoma is 
another common subepithelial tumor in gastrointestinal 
tract, which is difficult to discriminate from GISTs 
by endoscopy and EUS. However, CD34 and c-kit 
are rarely positive in leiomyoma, whereas SMA and 
Desmin are always positive. In this study, SMA and 
Desmin are positive only in few GISTs.[30]  Ki67 is a 
nuclear proliferation associated antigen expressed in 
the growth and  synthesis phases of  the cell cycle (G1, 
S, G2, and M) but not in the resting phase (G0). This 
antigen provides information about the proportion of  
active cells in the cell cycle and is correlated with tumor 
recurrence and prognosis.[31] We observed that Ki67 
was positive in two high   malignant potential GISTs 
and in one intermediate malignant potential GISTs in 

Group I and was all negative in Group II. Hence, strict 
follow-up and endoscopy surveillance are needed in 
these three patients with Ki67(+).

CONCLUSION

Irregular vessel is an important factor for evaluating 
malignant potential of  GISTS. Detection of  irregular 
intratumoral vessels can predict higher malignant 
potential before tumor resection. Meantime, the tumor 
size and echogenicity are assistant factors for malignant 
potential assessment. The limitations of  this study are 
the small number of  patients enrolled and the relatively 
short period of  follow-up. The follow-up is still in 
progress, and further study with larger number of  cases 
is needed.
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