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Abstract
Gastrointestinal stromal tumors can occur in any part of the gastrointestinal tract, 
but gastric stromal tumors (GSTs) are the most common. All GSTs have the 
potential to become malignant, and these can be divided into four different grades 
by risk from low to high: Very low risk, low risk, medium risk, and high risk. 
Current guidelines all recommend early complete excision of GSTs larger than 2 
cm in diameter. However, it is not clear whether small GSTs (sGSTs, i.e., those 
smaller than 2 cm in diameter) should be treated as early as possible. The National 
Comprehensive Cancer Network recommends that endoscopic ultrasonography-
guided (EUS-guided) fine-needle aspiration biopsy and imaging (computed 
tomography or magnetic-resonance imaging) be used to assess cancer risk for 
sGSTs detected by gastroscopy to determine treatment. When EUS indicates a 
higher risk of tumor, surgical resection is recommended. There are some 
questions on whether sGSTs also require early treatment. Many studies have 
shown that endoscopic treatment of GSTs with diameters of 2-5 cm is very 
effective. We here address whether endoscopic therapy is also suitable for sGSTs. 
In this paper, we try to explain three questions: (1) Does sGST require treatment? 
(2) Is digestive endoscopy a safe and effective means of treating sGST? and (3) 
When sGSTs are at different sites and depths, which endoscopic treatment 
method is more suitable?

Key Words: Gastrointestinal stromal tumors; Small gastric stromal tumors; Malignant; 
High risk factors; Endoscopy; Treatment
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Core Tip: Gastric stromal tumors (GSTs) are all malignant, but generally, the smaller 
the diameter, the more likely the tumor is inert. However, GSTs smaller than 2 cm in 
diameter are also at risk of growing and becoming more malignant. Endoscopic 
treatment of GSTs smaller than 5 cm in diameter is comparable to surgical treatment. 
Early endoscopic resection is safe and effective when there are high risk factors for 
GSTs smaller than 2 cm in diameter or the patients cannot be followed regularly, and 
different endoscopic treatment methods can be selected according to the tumor site and 
depth.
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) originate from the Cajal stromal cells of the 
gastrointestinal tract[1]. These are the most common tumors arising from the 
mesenchymal tissue of the digestive tract and can occur in any part of the tract. Studies 
have shown that the most common GISTs are gastric stromal tumors (GSTs; 55.6%), 
followed by GISTs originating in the small intestine (31.8%), colon (6%), in other sites 
or with multiple occurrences (5.5%), and esophagus (only 0.7%)[2]. In China and some 
other developed Asian countries, the incidence of GIST is 16-22 per million[3,4]. With 
the advancement and popularization of high-resolution endoscopy, the detection rate 
of small GST (sGSTs) with diameters of < 2 cm and without obvious symptoms has 
been significantly improved[5].

Gastroscopy can find submucosal tumors (SMTs) of the stomach. Common gastric 
SMTs include GSTs, leiomyomas, lipomas, neuroendocrine tumors, granulosa cell 
tumors, and (relatively rarely) Schwann cell tumors[6]. However, gastroscopy cannot 
determine whether the lesion might be a GST, nor distinguish it from an extracavitary 
compressing lesion. At present, it is recognized that endoscopic ultrasonography 
(EUS) is the most accurate imaging method for evaluating gastric SMTs. As it can 
distinguish various types of SMTs of the stomach, it plays a very important role in 
determining tumor location and choosing treatment method[7-9]. Studies have found 
that EUS is better than computed tomography (CT) or magnetic-resonance imaging 
(MRI) for SMTs < 2 cm[10,11]. The general manifestation of GSTs under EUS is as 
follows: The tumor originates from the muscularis propria, except for a small part that 
originates from the muscularis mucosa. Small tumors often have uniform hypoechoic 
structures with clear boundaries, while large tumors can show irregular boundaries as 
well as uniform or uneven internal echo[12,13]. However, gastroscopic and EUS 
images of sGSTs and leiomyomas are very similar, and pathological immunohisto-
chemical examinations are required to distinguish the two[14].

GISTs tend to be potentially malignant, but there is no absolute distinction between 
benign and malignant GISTs. According to degree of risk from low to high, GISTs are 
divided into four grades: Extremely low risk, low risk, intermediate risk, and high risk
[15]. The progression of GSTs is currently uncertain; 10%-30% of cases are highly 
malignant[16]. Studies have found that the larger the diameter of the GST and the 
greater the mitotic count, the higher the metastasis rate[17]. For GSTs with a diameter 
> 2 cm, guidelines suggest that the tumors be completely removed early on, resection 
margin histology should be negative, and tumor rupture should be avoided during 
surgery. However, how to treat sGST remains controversial at home and abroad[18-
20].

DOES SGST NEED TREATMENT?
Studies have shown[21,22] that sGSTs generally have very low proliferation activity; 
the tumor cells have inert biological characteristics, especially in micro-GSTs (diameter 
< 1 cm), which have even lower proliferation activity. A small-sample study showed 

https://www.wjgnet.com/1948-5204/full/v13/i6/462.htm
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that the metastatic rate of sGSTs is negligible regardless of mitotic count[18]. However, 
some studies have shown that sGSTs can also pose a high risk of malignant 
transformation[23-26], and GIST cells can continue to proliferate, increasing the 
diameter of the lesion. One study showed that after an average follow-up period of 
17.3 mo for sGSTs, the diameter of the lesion increased in 13.0% of patients[27]. A 
large-sample study of surveillance, epidemiology and end results data found that 
about 11.4% of sGISTs were accompanied by local progression or even distant 
metastasis when first diagnosed[28]. Some studies have also found that sGSTs were 
diagnosed as highly malignant tumors or even with distant metastasis after resection
[29-31].

The United States National Comprehensive Cancer Network issued the latest soft-
tissue sarcoma guidelines on May 28, 2020[32]. For sGST found by gastroscopy, EUS-
guided fine-needle aspiration biopsy (FNAB) and imaging examination (CT or MRI) 
are recommended to assess the risk posed by the tumor and then determine treatment 
options. EUS manifestations suggesting a higher risk[33] are irregular edges, cystic 
change, ulcer formation, hyperechoic foci, and heterogeneity. The National Compre-
hensive Cancer Network guidelines recommend that patients with such EUS manifest-
ations be treated by surgical resection; if there are no such manifestations, regular EUS 
or imaging follow-up can be considered, but no specific follow-up surveillance is 
suggested[32]. Lachter et al[34] retrospectively analyzed 70 cases of GST monitored by 
EUS and found that sGSTs with diameters of > 17 mm grew easily. Fang et al[35] 
conducted EUS follow-up with a median time of 24.0 mo and found that sGSTs with 
diameters > 14 mm were prone to tumor enlargement accompanied by clinical 
symptoms. Gao et al[26] conducted a retrospective analysis of 69 cases of sGST and 
found that tumors < 9.5 mm in diameter could be evaluated every 2-3 years, but those 
≥ 9.5 mm in diameter should be surveyed every 6-12 mo.

Studies have shown that due to sample size limitations, the diagnosis rate of EUS-
FNAB for sGSTs is 71%[36]. Therefore, only pathological evaluation of postoperative 
specimens can determine the malignant potential of sGSTs. Gastroscopy, EUS, and 
other examinations required for sGST review are all invasive procedures, and long-
term, high-frequency follow-up also imposes heavy economic and psychological 
burdens on patients. Patients who know there is a lesion with malignant potential in 
their bodies and who do not undergo treatment are prone to anxiety, irritability, and 
other negative emotions, which seriously affect their quality of life. By communicating 
with sGST patients, researchers have found that most of such patient are strongly 
willing to undergo surgical or endoscopic treatment[37].

IS DIGESTIVE ENDOSCOPY SAFE AND EFFECTIVE FOR TREATING 
SGST? HOW TO CHOOSE DIFFERENT ENDOSCOPIC TREATMENT 
METHODS?
GST is almost completely tolerant to traditional radiotherapy and chemotherapy. The 
main avenue of metastasis is the blood; lymph node metastasis is rare. Therefore, 
lymph node dissection is generally unnecessary. Surgical treatment should completely 
remove the tumor and preserve gastric function as much as possible. Extensive 
gastrectomy cannot improve survival rate; the biological characteristics of GST greatly 
play to the advantages of minimally invasive endoscopic surgery[38,39].

Digestive endoscopic technology has rapidly developed and been widely 
popularized. Gastroscopy has significant efficacy in the treatment of GSTs. Digestive 
endoscopy for the treatment of GSTs with a diameter < 5 cm and no metastasis has the 
same efficacy as traditional surgery and laparoscopic surgery, with less trauma, 
shorter operation time, fewer complications, lower treatment costs, and faster recovery
[40]. A recent meta-analysis of 12 studies including a total of 1292 patients with sGSTs
[41] compared efficacy and safety between endoscopic resection and laparoscopic 
resection. The results showed that endoscopic operation time was shorter than that of 
laparoscopic resection; there were no significant differences between the two in 
intraoperative bleeding, postoperative hospital stay, postoperative exhaust time, or 
postoperative complication rate; and patients treated by endoscopy were able to 
resume eating earlier. The expert consensus issued by China in 2018 recommended the 
following[6]: (1) Lesions with no metastasis or with extremely low risk of metastasis; 
(2) Possibility of complete resection by endoscopic techniques; and (3) Low residual 
and recurrence risks are suitable for endoscopic resection. During endoscopic 
resection, the principle of tumor-free treatment should be followed: The tumor should 
be completely removed, and the tumor capsule should be intact during resection.
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Figure 1 Endoscopic submucosal dissection treatment of gastric stromal tumor. A: Gastric stromal tumor (GST) in the fundus of the stomach; B: 
Submucosal injection around the GST was performed with an injection needle, and then a submucosal incision was made; C: The tumor (white) can be seen after 
peripheral submucosal separation; D: Traction of the tumor by the clip-and-snare method to expose its root; E and F: An IT knife was used to separate the root of the 
tumor; G: Wound surface after tumor resection; H: Complete resection of the tumor; I-K: CD34 (I), CD117 (J), and DOG-1 (K) were all expressed; L: Mitotic figure 
count ≤ 5 per 50 high-power fields.

At present, commonly used methods for gastroscopic treatment of sGST include 
endoscopic submucosal dissection (ESD), endoscopic submucosal excavation (ESE), 
endoscopic full-thickness resection (EFTR), and submucosal-tunneling endoscopic 
resection (STER). ESD (Figure 1) is often used to treat GSTs derived from the 
superficial layer of the muscle propria. A retrospective analysis of 168 patients[42] 
showed an overall resection rate of ESD in GST of 100%; only two (1.2%) patients had 
delayed bleeding, and no local recurrence or distant metastasis of the tumor was 
observed during a follow-up period of 6-67 mo (median, 25 mo). A study comparing 
ESD and laparoscopic treatment of sGSTs[43] found that ESD could significantly 
reduce operation time, blood loss, and patient hospital stay and that the two groups 
did not significantly differ in recurrence rate or survival time after tumor resection. It 
is reported in the literature[44,45] that the main complications of ESD treatment of 
GSTs are perforation (0%-8.2%) and bleeding (0%-15.6%). In most patients, bleeding 
and perforation complications can be controlled through endoscopic treatment. ESE 
(Figure 2) is a variation of ESD; the main difference is that ESE can excavate sGSTs 
from the deep layer of the muscularis propria. Jeong et al[46] reported for the first time 
that ESE used to treat GSTs derived from the muscularis propria has a high complete 
resection rate and an acceptable complication rate. The complete resection rate of ESE 
is reported to be 90%-100%; the main complication is perforation, with an incidence 
rate of 0%-20%, and most cases can be treated under endoscopy[47-50]. Studies have 
also pointed out that ESE resection of tumors originating from the submucosal 
muscularis propria would result in incomplete resection of the tumor capsule, leading 
to residual tumor cells, and that excessive excavation can lead to perforation[5,51]. 
Studies have also revealed that the complete resection rate in endoscopic treatment of 
sGSTs (concomitant stromal tumors) is low, especially of micro-GSTs (< 1 cm). 
Compared with bigger tumors, it is more difficult to remove normal tissues 
surrounding the capsules of small tumors and to dissect out the tumors themselves
[46]. ESD and ESE resection of fundic sGST entails use of the U-type reverse 
endoscope, which is difficult to operate and can damage tumor capsules during 
removal of tumors, affecting resection integrity. Even worse, abundant blood vessels 
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Figure 2 Endoscopic submucosal excavation treatment of gastric stromal tumor. A: Gastric stromal tumor (GST) at the junction of the gastric body 
and fundus; B: “Linear” electrocoagulation labeling of the GST mucosa; C and D: The tumor (white) was observed after linear incision of the GST surface mucosa and 
submucosa; E and F: An IT knife was used to separate the root of the tumor; G: Wound surface after tumor resection; H: Titanium clip sealing of the wound; I-K: 
CD34 (I), CD117 (J), and DOG-1 (K) were all expressed; L: Mitotic figure count ≤ 5/50 high-power fields.

around the tumors must be cut off, which can easily lead to intraoperative bleeding, 
thereby impairing physicians’ vision and operational accuracy, prolonging the 
operation, and increasing the risk of perforation[52]. ESE is suggested to be suitable for 
the treatment of sGSTs derived from the muscularis propria and growing into the 
gastric cavity.

EFTR (Figure 3) can be classified as a special form of ESD/ESE with active rather 
than passive perforation; the gastric wall is closed after it undergoes a full-thickness 
resection. Therefore, perforation in EFTR is not considered a complication. EFTR can 
be used to treat sGSTs with intracavitary and extracavitary growth. Wang et al[53] 
were the first to perform EFTR in order to treat GST, removing 66 such tumors with 
diameters of < 3.5 cm. The complete resection rate was 100%. There were five cases of 
intraoperative bleeding, in all of which bleeding was successfully stopped and the 
perforation completely closed under endoscopy. Studies have reported that the 
complete resection rate in EFTR treatment can be as high as 87.5%-100.0%, and the 
complication rate is low. There are a few reports of abdominal infection after EFTR, 
which improved after treatment[54,55]. Another study[56] showed that EFTR is 
equivalent to laparoscopic surgery in the safety and efficacy of resectioning smaller-
diameter GSTs, but EFTR can significantly reduce operation time, intraoperative blood 
loss, and patient hospital stay. It has been reported that the incidence of electrocoagu-
lation syndrome is 3.1% after EFTR; although in such cases the syndrome is less severe 
than bleeding and perforation, it has a high incidence in the stomach and its symptoms 
can be similar to those of ordinary postoperative perforation[37]. However, active 
EFTR perforation to completely remove the tumor is relatively traumatic, and the 
endoscopist must have a high level of skill to close the perforation fistula; therefore, 
the procedure is recommended to be completed by a physician experienced in 
endoscopic treatment. When perforation occurs during endoscopic treatment, the use 
of metal clips alone or combined with nylon string (the purse string suture) has a good 
preventive effect against complications[57].

STER (Figure 4) is suitable for the cardia where a tunnel is easy to build, or sGSTs at 
the fundus of the stomach near the cardia. When sGST is not close to the cardia, it is 
difficult to establish a tunnel, and therefore the STER technique is not applicable. STER 
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Figure 3 Endoscopic full-thickness resection treatment of gastric stromal tumor. A: Gastric stromal tumor (GST) of the gastric body near the fundus; 
B: Submucosal injection around the GST was performed by injection needle; C: Circumferential incision of the submucosa around the tumor; D: Traction of the 
exposed tumor with the clip-and-snare method; E: An IT knife was used to separate the root of the tumor, and the local full-thickness gastric wall was cut open; F: 
After full-layer resection, the wound was treated with hot biopsy forceps for hot coagulation and hemostasis; G: After tumor resection, the wound was sealed with a 
titanium clip and a nylon ring for a purse pocket suture; H: Complete resection of the tumor body for examination; I-K: CD34 (I), CD117 (J), and DOG-1 (K) were all 
expressed; L: Mitotic figure count ≤ 5/50 high-power fields.

has many advantages, including maintenance of mucosal integrity, small wounds, fast 
healing, clear operating vision, and reduced risk of pleural and abdominal infections
[58]. A clinical study involving 290 cases showed that the overall incidence of complic-
ations was high [23.4% (68/290)], but only a small percentage thereof (10.0%) required 
therapeutic intervention[59]. A study involving 430 cases[60] showed that the 
complete resection rate of STER was 98.1%, the rate of postoperative gas-related 
complications was 21.5%, that of inflammation-related complications was 8.4%, and 
that of delayed bleeding was 2.2%. There were no cases of death or recurrence of 
tumors related to STER.

CONCLUSION
At present, there is no consensus on whether sGSTs need treatment. However, if EUS 
examination determines that the sGST has high-risk manifestations, resection is 
recommended. Even EUS-FNAB examination cannot completely determine the risk 
grade of sGST, which tends to be potentially malignant. Although the tumor cells have 
inert biological characteristics, patients who live with tumors and need long-term 
endoscopic follow-up have heavy psychological and economic burdens to bear. The 
efficacy of digestive endoscopy in the treatment of sGSTs is equivalent to that of 
surgery, with no effect on gastric function, less trauma, lower treatment cost, and 
shorter hospital stay. For sGST patients with high-risk manifestations or those who 
cannot tolerate endoscopic follow-up but who actively demand treatment, endoscopic 
sGST resection by physicians experienced in endoscopic treatment is effective and safe.
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Figure 4 Submucosal-tunneling endoscopic resection treatment of gastric stromal tumor. A: Gastric stromal tumor (GST) at the esophagogastric 
junction; B: Submucosal injection was initiated by needle in the esophagus about 5 cm away from the GST; C and D: The esophageal mucosa was cut open to 
establish a submucosal tunnel to the tumor; E: An IT knife was used to separate the root of the tumor; F: Heat coagulation and hemostatic therapy on wound surface 
after tumor resection; G: The opening of the esophageal tunnel was sealed with titanium clamps; H: Complete resection of the tumor.
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