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Abstract
BACKGROUND
A minor subset of primary gastrointestinal stromal tumors (GIST) can also arise outside the gastrointestinal tract, which is known as an extra-GIST (E-GIST). Primary GIST of the liver is an exceptional location.

AIM
To characterize epidemiological, clinical and pathological features and options of treatments.

METHODS
We performed a systematic review to search for articles on primary hepatic GIST.

RESULTS
This review shows that right hepatic lobe was the most frequent location. Regarding pathological and immunohistochemical features, mitotic count was ≥ 5/50 High Power Fields in more than 50%; and CD117 was negative in only 1 patient. More than 70% of patients had a lesion with high risk of malignancy.

CONCLUSION
The diagnosis of E-GIST must be considered in a liver mass. Rendering an accurate diagnosis is a challenge, as well as the confirmation of their primary or metastatic nature.
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[bookmark: OLE_LINK6]Core tip: A great majority of primary gastrointestinal stromal tumors (GISTs) outside the gastrointestinal tract (GI) are metastases; however, a minor subset of primary GISTs can also arise outside the GI tract which is known as an extra-GIST (E-GIST). Among E-GIST, liver is an exceptional location. We systematically review the literature on primary GIST of the liver. Primary hepatic EGISTs have a male predominance and usually are incidental findings. The surgical approach is commonly performed, and the final diagnosis is made by pathological, immunohistochemical and molecular analysis. Primary hepatic EGISTs are often high-risk lesions. Literature is scarce and it is very difficult to establish guidelines for clinicians.
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INTRODUCTION
Gastrointestinal stromal tumors (GISTs) are a group of mesenchymal tumors characterized by the expression of KIT protein (CD117), with an overall incidence between 10-20 per million, which harbor different clinical behavior[1,2]. These are the most common mesenchymal neoplasm of the gastrointestinal tract, which represent 0.1%-3% of all gastrointestinal neoplasms[3,4].
Regarding the pathogenesis, GISTs are believed to originate from interstitial cells of Cajal (ICC), the pacemaker of gastrointestinal tract[5-7], or to a common precursor cell of ICCs and smooth muscle cells[8]. So, GISTs may arise anywhere along the gastrointestinal tract. Approximately 60%-70% of GIST occurs in the stomach, followed by 20%-30% in small intestine; colon and rectum (5%), esophagus (< 2%) and appendix are less frequent[9,10].
A great majority of GISTs outside the GI tract are metastases from GI GISTs; however, a minor subset of primary GIST can also arise outside the GI tract which is known as an extra-GIST (E-GIST). According to Miettinen et al[11], the frequency of EGISTs is no higher than 1% of all GISTs of defined origin, and they are characterized by the same morphological, immunohistochemical and molecular characteristic than conventional GIST[12].
Regarding embryology, the origin of EGISTs remains controversial, with certain hypotheses. Since some researchers have observed “ICC-like” cells with a similar structure and function to ICCs in organs outside of the GI tract[13,14], it is reasonable to presume that EGISTs originate from this common precursor cells of ICC. Other authors suggest that EGISTs may originate from a pool of undifferentiated pluripotent mesenchymal stem cells located outside GI tract, and then differentiate into ICCs[15-17].
Among E-GIST, mesentery, retroperitoneum and pancreas are the most frequent and this type of tumor has been reported in the omentum, bladder, gallbladder and uretus also; while, primary GIST of the liver is an exceptional location and its definitive diagnosis requires ruling out other types of liver mesenchymal tumors and other tumor types, such as sarcoma[6,12,15].
Most studies of E-GISTs are case reports, lacking enough information to clarify the disease; therefore, it is very difficult to establish guidelines for clinicians. In addition, if we refer to primary hepatic E-GIST, the literature is much scarcer due to this exceptional location.
This study is a systematic review of the literature on primary GIST of the liver. Our aim is to identify clinical and diagnostic features and treatment in this exceptional location of this type of mesenchymal tumor.

MATERIALS AND METHODS
We performed a search for articles on primary hepatic GIST in MEDLINE (PubMed), Tripdatabase, and Cochrane Library databases, with no restrictions on publication dates or author up until January 31, 2019.
The search items comprise the following MESH terms: “Extra-gastrointestinal stromal tumors” OR “extra-gastrointestinal stromal tumor” OR “extra-gastrointestinal stromal neoplasm” OR “extra-gastrointestinal stromal neoplasms” OR “E-GIST” OR “E-GISTs” and the following no MESH terms: “Primary malignant gastrointestinal stromal tumor of the liver” OR “Primary hepatic gastrointestinal stromal tumor” OR “Primary gastrointestinal stromal tumor of the liver”.
The articles were included or rejected based on the information obtained from the title and summary, and in case of doubt, after reading the complete article.
To evaluate the quality of the studies selected, we used the scale designed by Manterola et al[18] which evaluates each publication individually depending on the type of study, the sample size, and the methodology used. It has a range of 6 to 36 points, with a quality cutoff point of 18. We carried out a qualitative analysis of the studies included and their conclusions, based on the levels of evidence and degrees of recommendation proposed by Cook et al[19].

RESULTS
After the both initial searches, 420 articles were obtained. Only 23 (5.48%) met the search criteria, one of which were excluded because language (one in Romanian). The flowchart diagram is shown in Figure 1. We included 22 articles, including 23 patients[1,3,6,20-38].
The mean age was 56.18 years (± 15.4 SD), with a slightly male predominance (12/23). According country, 18 patients were from Southeast Asian, with 11 cases from China; while only 5 came from Western (France, Spain, Italy, United States). Right lobe was the most frequent location (12/23; 52.17%), and bilobar extension was present in 4 patients. Liu et al[28] report the coexistence of a hepatic and a pancreatic primary lesion. The median size was 15 cm (range: 2.2-27 cm). Among the symptoms, nearly 50% of patients (10/23) have no symptoms, being incidental finding during follow-up or extension study for gastric cancer in 2 of them (Table 1)
Regarding the diagnosis referred in Table 2, upper and lower endoscopy studies were performed in 9 patients, with no findings in 8 cases and an early gastric cancer in the other (biopsy: signet ring cell carcinoma). Biopsy of hepatic lesion was performed in 8 patients; one of them was surgical one.
Regarding the treatment of the selected patients, the management was surgical in 16 cases, ranging from limited surgical excision or anatomic resection to liver transplantation or extracorporeal resection and auto transplantation.
Two patients were received local treatment, with radiofrequency ablation (RFA) and microwave ablation. Luo et al[37] report a central hepatic lesion in a young patient. Liu et al[28] report a pancreatic primary E-GIST coexisting with another hepatic primary E-GIST, where both lesions were treated by RFA.
There were two refusals for treatment; in one case the patient refused surgery and received imatinib mesylate, and the other refused any action. In only one patient, the finding was a non-resecable hepatic lesion and the patient was treated with imatinib mesylate.
Regarding pathological, molecular and immunohistochemical findings, the most frequent cell type was spindle cells (17/23, 73.91%); molecular analysis was performed in 6 patients, with mutation in 5/6; mitotic count was ≥ 5/50 High Power Fields in 12 cases (52.17%); and CD117 was negative in only 1 patient. The risk of malignancy was classified according to Fletcher et al[2] and 17/23 (73.91%) patients had a lesion with high risk of malignancy (Table 4). 
Mean follow-up was 14 mo (range: 3-252). During the follow-up, 10 patients were disease-free (follow-up: 3-30 mo) (Table 5).

DISCUSSION 
Since Hu et al[6] reported the first primary hepatic GIST in 2003, we should consider that not all tumors of the liver with GIST features are metastasis and the liver could itself be the primary GISTs location.
Primary hepatic E-GISTs are extremely uncommon compared with their alimentary counterparts; thus, E-GISTs presenting in the liver raise a difficult diagnosis, management and prognosis[22].
In this review, primary E-GISTs of the liver have a slightly male predominance and the reported cases have a Southeast Asian predominance. Regarding symptoms, almost 50% have no clinical manifestations; among symptomatic patients, the symptoms are vague compared to GISTs, which commonly present with GI bleeding, abdominal pain, a palpable mass, weight loss, nausea and vomiting[12]. Also, the size of the hepatic lesion may become larger, mean 15 cm in our review.
Once we find a tumor with GIST characteristics presenting in the liver, the main challenge is determining whether this lesion is primary or metastatic, considering the liver is the most common site of distant metastasis for malignant GIST[21,28].
All of the studies included in this systematic review are case report, lacking enough information to clarify the disease and making difficult to establish protocols. The differential diagnosis is the main challenge for primary hepatic E-GISTs, but there are no consensus guidelines. According to Joyon et al[21], the diagnosis of primary E-GIST of the liver could be considered if these conditions are present: (1) Absence of GIST in the GI tract, with endoscopic and imaging studies; and absence of connection with the muscularis propia of the GI tract; (2) Absence of any past medical history which might suggest the resection of an overlooked or misdiagnosed GIST; and (3) Absence of GI tumor diagnosed during follow-up.
Thus, every hepatic GIST should be considered metastatic until no grossly nor histologically evidence of association with the muscularis propia have been shown and the remote medical history has been carefully explored, and no primary tumor could be found on long-term follow up[39]. Not all case included in this systematic review have been described enough information to be sure that all these requirements are fulfilled. In one hand, Kim et al[32] reported a patient with two synchronous lesions, an early gastric cancer and a primary hepatic GIST. Their preoperative diagnosis was a malignant hepatic lesion with an early gastric cancer, due to presence of signet ring cells in gastric carcinoma and radiological features of liver tumor. After surgery, the pathological study showed an early gastric cancer in the lesser gastric curvature, with signet ring cell carcinoma features, and spindle cells with a positive reactivity CD117 in hepatic tumor. Nagai et al[25] reported a hepatic primary E-GIST in a patient with a previous gastric cancer 7 years earlier. Histologically, gastric cancer was a poorly differentiated adenocarcinoma, with lymph node involvement. When the hepatic mass was founded, upper and lower gastrointestinal endoscopic studies were performed, with no findings. Microscopically, the hepatic tumor was composed of spindle cells, with positive results for KIT and CD34[25]. Ochiai et al[38] reported a patient with surgical resection of a primary hepatic GIST, based on the positive immunostaining for CD34 and c-kit, and recurrent hepatic lesion and submucosal gastric tumor 2 years after first operation. After surgical removal of both hepatic and gastric lesions, both specimens showed GIST features with expression of c-kit and CD34, but the different morphological and molecular findings (gastric lesion: spindle cells and mutation in exon of c-kit; hepatic tumor: round cells and no mutation at exon 11) were enough for the authors to conclude that the hepatic GIST and gastric tumor were independent. In these patients, the different histological and immunohistochemical findings were the reason to define the hepatic lesion as a primary E-GIST. On the other hand, Liu et al[28] reported two synchronous E-GISTs. The patient presented a 5 cm-pancreatic mass and a 2 cm-hepatic lesion, with the same radiological features, and no other lesions in upper/lower gastrointestinal endoscopic examinations. With the diagnosis of malignant pancreatic cancer with hepatic metastases, the authors performed a surgical fine-needle aspiration and pathological findings in the hepatic and pancreatic biopsy tissues indicated that the tumors were mitotic spindle cell with CD117+[28]. The authors conclude that they are two independent lesions due to the pancreas and liver are exceptional location for primary GIST.
EGISTs have the same morphological, immunohistochemical and molecular features than conventional GISTs, including metastatic ones[12]. The criteria for the histopathological diagnosis are now firmly established; tumor cells might present a spindle or an ephiteliod appearance and show a distinctive immunophenotype characterized by the expression of KIT (CD 117)[2,28,40]. Thus, the definitive diagnosis relies on the histopathological examination[41]; however, none of the pathological features is constant and required for a definitive diagnosis, including KIT mutation, which is no detectable in almost 5% of cases[29,34]. The concerning of KIT-negative GISTs could be solved after the discovery of novel mutations of the platelet derived growth factor receptor alpha oncogene as alternative pathogenetic mechanism[39].
In the majority of cases of E-GISTs, preoperative diagnosis is not possible; therefore, patients may be easily misdiagnosed with different types of cancer and surgery is performed to made a confirm diagnosis after histological examination.
The overall management of hepatic E-GISTs is generally based on the recommendations for GI GIST. A large spectrum of therapeutic options has been proposed depending on the initial presentation and clinical context. As with GISTs, complete surgical resection is the mainstay of treatment for E-GISTs, as long as the lesion is resectable[24,28].
A guided tumor biopsy must be considered for no-resectable tumors in order to assess the diagnosis and to offer another option for treatment such as radiofrequency, arterial embolization or chemoembolization may be considered[24,28,37]. The challenge is the risk of tumor rupture by the biopsy, well-known adverse prognostic factor in conventional GIST[42].
For E-GIST and as with GI GISTs, imatinib mesylate may be administered preoperatively in locally advanced tumor in order to minimizing the size, for adjuvant treatment for patients with a high recurrence risk or for palliative treatment in no-resectable lesions, which is similar to the guidelines for their alimentary counterparts[1,28,29,30,43]. Rediti et al[44] in 2014 and Wada et al[45] in 2012 reported the complete remission in a patient with greater omentum-mesentery E-GIST and a peritoneal E-GIST, respectively, who received only imatinib mesylate as a treatment.
[bookmark: _GoBack]On 2001, National Institutes of Health proposed a consensus classification system for defining the risk of malignant behavior, based on mitotic count and tumor size and now is widely in use, also for E-GIST[2]. Joensuu et al[46] proposed a new modified classification including primary tumor site and tumor rupture in the item for classifying the risk of GIST and the indication for adjuvant treatment.
Compared with GIST, E-GISTs have been reported to be accompanied by adverse prognostic factors, including a high proliferative index, large size and distant metastasis[15]; so E-GIST is considered to exhibit a worse prognosis, with a higher malignant potential and risk of recurrence following surgery compared with GISTs in the GI tract[2,11,15,24,26,42] Disease free-survival and disease specific-survival of hepatic GISTs are significantly worse than those of gastric and small intestine GISTs and the location is an independent prognostic factor[26]. There is a trend that E-GIST is an aggressive group with worse outcome. In this review, which includes only case reports, 10/23 patients are DF with a follow-up between 3 and 30 mo, and 8/23 patients had progression of E-GIST or metastasis, with not available data in 5 patients.
In conclusion, the diagnosis of E-GIST must be considered in a liver mass. Rendering an accurate diagnosis is a challenge, as well as the confirmation of their primary or metastatic nature. The optimal treatment is surgery and imatinib mesylate has a role as neoadjuvant treatment for locally advanced tumors, adjuvant treatment if the lesion has a high risk for recurrence, and palliative treatment if there is distant metastasis. Literature on hepatic E-GIST is scarce and further studies such as multicentric databases are needed to clarify diagnosis and treatment.
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Research background
A minor subset of primary gastrointestinal stromal tumors (GIST) can also arise outside the gastrointestinal tract, which is known as an extra-GIST (E-GIST).

Research motivation
Primary GIST of the liver is an exceptional location and this study aimed to characterize epidemiological, clinical and pathological features and options of treatments.

Research objectives
Our aim is to characterize epidemiological, clinical and pathological features and options of treatments. 

Research methods
We perform a system review including all patients with hepatic GISTs.

Research results
This review shows that right hepatic lobe was the most frequent location, the median size was higher, there was a Southeast Asian predominance, and nearly 50% of patients have no symptoms. The most frequent treatment was surgery and more than 70% of patients had a lesion with high risk of malignancy.

Research conclusions
Literature on hepatic EGIST is scarce and further studies such as multicentric databases are needed to clarify diagnosis and treatment.
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Figure 1 Flowchart.


Table 1 Clinical characteristics and location in selected patients with extra-gastrointestinal stromal tumor of the liver
	Reference
	Yr
	Age/Sex
	Country
	Presentation
	Location
	Size (cm)
	Multifocal

	Hu et al[20]
	2018
	79/F
	China
	Epigastric discomfort
	RL
	3.2
	No

	Joyon et al[21]
	2018
	56/M
	France
	Abdominal pain
	Bilobar (Segments VII/VIII and LL)
	10
	Yes

	
	2018
	59/F
	France
	Abdominal pain, weight loss
	RL
	23
	No 

	Carrillo et al[22]
	2017
	41/M
	Spain
	Abdominal pain, weight loss
	RL (S. V-VI)
	20
	No

	Lok et al[23]
	2017
	50/F
	China
	Abdominal pain
	RL
	15
	Yes

	Cheng et al[24]
	2016
	63/M
	China
	No symptoms
	RL
	15
	No

	Nagai et al[25]
	2016
	70/F
	Japan
	Follow-up gastric cancer, No symptoms
	LL
	6
	No

	Liu et al[26]
	2016
	NA
	China
	NA
	NA
	NA
	NA

	Wang et al[27]
	2016
	61/M
	China
	No symptoms
	Caudate lobe
	7.3
	No

	Liu et al[28]
	2016
	56/F
	China
	No symptoms
	LL + Pancreas
	2.2
	No

	Su et al[29]
	2015
	65/M
	Taiwan
	Malaise, loss of apetite, abdominal pain
	LL
	12
	No

	Bhoy et al[3]
	2014
	41/F
	India
	Abdominal pain, weight loss
	RL (S.VI-VI)I
	15
	Yes

	Lin et al[30]
	2015
	67/F
	China
	No symptoms
	RL
	7.4
	No 

	Mao et al[31]
	2015
	60/F
	China
	No symptoms
	Bilobar (S I, IV, V, VIII)
	12.8
	No 

	Kim et al[32]
	2014
	71/M
	Korea
	Study for early gastric cancer, No symptoms
	LL
	7
	No

	Louis et al[33]
	2014
	55/F
	India
	Abdominal pain, loss of apetite
	Bilobar (SII, III, VI, VIII)
	14.5
	Yes

	Zhou et al[34]
	2014
	56/M
	China
	No symptoms
	RL
	10
	No 

	Li et al[35]
	2012
	53/M
	China
	Abdominal discomfort
	RL
	20
	No

	Yamamoto et al[36]
	2010
	70/M
	Japan
	Loss of apetite (12 years after gastric cancer)
	LL
	20
	No

	Luo et al[37]
	2009
	17/M
	China
	No symptoms
	RL
	5
	No

	Ochiai et al[38]
	2009
	30/M
	Japan
	Abdominal fullnes
	Bilobar
	27
	No

	De Chiara et al[1]
	2006
	37/M
	Italy
	No symptoms
	RL (SV)
	18
	No

	Hu et al[6]
	2003
	79/F
	USA
	Shortness of breath, pleuritic chest pain
	RL
	15
	No


M: Male; F: Female; RL: Right lobe; LL: Left lobe; NA: Not available.


Table 2 Diagnostic characteristics in selected patients with extra-gastrointestinal stromal tumor of the liver
	Reference
	Yr
	Age/Sex
	Endoscopy 
	Imaging
	Biopsy

	Hu et al[20]
	2018
	79/F
	Yes (no findings)
	CT
	No

	Joyon et al[21]
	2018
	56/M
	NA
	CT
	Percutaneous

	
	2018
	59/F
	Yes (no findings)
	CT
	Guided

	Carrillo et al[22]
	2017
	41/M
	Yes (no findings)
	CT / MRI
	No

	Lok et al[23]
	2017
	50/F
	Yes (no findings)
	CT
	No

	Cheng et al[24]
	2016
	63/M
	NA
	CT
	No

	Nagai et al[25]
	2016
	70/F
	Yes (no findings)
	CT / MRI
	No

	Liu et al[26]
	2016
	NA
	NA
	NA
	NA

	Wang et al[27]
	2016
	61/M
	NA
	CT
	No

	Liu et al[28]
	2016
	56/F
	NA
	CT
	Surgical 

	Su et al[29]
	2015
	65/M
	NA
	CT
	CT-guided

	Bhoy et al[3]
	2014
	41/F
	NA
	US/ CT
	FNA

	Lin et al[30]
	2015
	67/F
	Yes (no findings)
	CT
	No

	Mao et al[31]
	2015
	60/F
	Yes (no findings)
	CT / MRI
	No

	Kim et al[32]
	2014
	71/M
	Early gastric cancer
	CT / MRI
	No

	Louis et al[33]
	2014
	55/F
	NA
	CT
	US-FNA/CT-FNA

	Zhou et al[34]
	2014
	56/M
	Yes (no findings)
	NA
	No

	Li et al[35]
	2012
	53/M
	NA
	CT
	US-FNAB

	Yamamoto et al[36]
	2010
	70/M
	NA
	CT
	No

	Luo et al[37]
	2009
	17/M
	NA
	CT/US
	US-FNA

	Ochiai et al[38]
	2009
	30/M
	NA
	CT/ MRI
	No

	De Chiara et al[1]
	2006
	37/M
	NA
	CT
	No

	Hu et al[6]
	2003
	79/F
	NA
	CT
	No


M: Male; F: Female; RL: Right lobe; NA: Not available; US: Ultrasound; CT: Computerized tomography; MRI: Magnetic resonance image; FNA: Fine needle aspiration.


Table 3 Treatment and adjuvant treatment in selected patients with extra-gastrointestinal stromal tumor of the liver
	Reference
	Yr
	Age/Sex
	Treatment
	Adjuvant imatinib mesylate

	Hu et al[20]
	2018
	79/F
	Curative surgical resection
	Yes

	Joyon et al[21]
	2018
	56/M
	OLT
	No

	
	2018
	59/F
	Refused surgery: imatinib mesylate
	No 

	Carrillo et al[22]
	2017
	41/M
	Segmentectomy V-VI
	Yes

	Lok et al[23]
	2017
	50/F
	Right hepatectomy
	Yes

	Cheng et al[24]
	2016
	63/M
	Right hepatectomy
	Yes

	Nagai et al[25]
	2016
	70/F
	Left lateral segmentectomy 
	No

	Liu et al[26]
	2016
	NA
	NA
	NA

	Wang et al[27]
	2016
	61/M
	Caudate lobe resection
	No

	Liu et al[28]
	2016
	56/F
	Microwave ablation
	Yes

	Su et al[29]
	2015
	65/M
	Irresecable: imatinib mesylate
	No

	Bhoy et al[3]
	2014
	41/F
	Right hepatectomy
	Yes

	Lin et al[30]
	2015
	67/F
	Surgical excision
	Yes

	Mao et al[31]
	2015
	60/F
	ECHRA
	Yes

	Kim et al[32]
	2014
	71/M
	Left lateral segmentectomy+excision of 1 intrabadominal nodule+total gastrectomy
	NA

	Louis et al[33]
	2014
	55/F
	Segmentectomy III and atypical resection (segments II, VI and VIII)
	Yes

	Zhou et al[34]
	2014
	56/M
	Anterior and median segmentectomy
	No

	Li et al[35]
	2012
	53/M
	Refused treatment
	No

	Yamamoto et al[36]
	2010
	70/M
	Left hepatectomy
	NA

	Luo et al[37]
	2009
	17/M
	RFA
	NA

	Ochiai et al[38]
	2009
	30/M
	L-Trisegmentectomy
	Yes

	De Chiara et al[1]
	2006
	37/M
	NA
	No

	Hu et al[6]
	2003
	79/F
	Right lobectomy
	NA


M: Male; F: Female; OLT Ortotopic liver transplantation; ECHRA Extracorporeal hepatic resection and autotransplantation; NA: Not available; RFA: Radiofrequency ablation.


Table 4 Pathological, immunohistochemical and molecular findings, and risk of malignancy according to Fletcher et al[2]
	Reference
	Yr
	Age/Sex
	Cell type
	Molecular analysis
	Mitotic count (nº/50 HPF)
	IH
	Risk of malignancy

	Hu et al[20]
	2018
	79/F
	Spindle cells
	NA
	NA
	CD117+, CD34+
	NA

	Joyon et al[21]
	2018
	56/M
	Spindle cells
	NA
	8
	CD117+, CD 34+
	High risk

	
	2018
	59/F
	Mixed (spindle and epithelioid)
	6 bp deletion in KIT exon 11
	42
	CD117+
	High risk

	Carrillo et al[22]
	2017
	41/M
	Spindle cells
	9 deletion in KIT
	5
	CD 117+, CD 34-
	High risk

	Lok et al[23]
	2017
	50/F
	Spindle cells
	NA
	70
	CD117+, CD 34+
	High risk

	Cheng et al[24]
	2016
	63/M
	Spindle cells
	NA
	>5
	CD 117 +, CD 34-
	High risk

	Nagai et al[25]
	2016
	70/F
	Spindle cells
	NA
	40
	CD117+, CD 34+
	High risk

	Liu et al[26]
	2016
	NA
	NA
	NA
	NA
	NA
	NA

	Wang et al[27]
	2016
	61/M
	Spindle cells
	NA
	NA
	CD117+/CD34+
	High risk

	Liu et al[28]
	2016
	56/F
	Spindle cells
	NA
	2
	CD117+
	Low risk

	Su et al[29]
	2015
	65/M
	Spindle cells
	NA
	5
	CD117+, CD 34-
	High risk

	Bhoy et al[3]
	2014
	41/F
	NA
	NA
	NA
	CD 117+
	High risk

	Lin et al[30]
	2015
	67/F
	Mixed (spindle and epithelioid)
	Mutation in exon 11
	8
	CD117+, CD 34+
	High risk

	Mao et al[31]
	2015
	60/F
	Spindle cells
	Mutation in exon 11
	>10
	CD 117+, CD 34 -
	High risk

	Kim et al[32]
	2014
	71/M
	Spindle cells
	NA
	30-32
	CD117+
	High risk

	Louis et al[33]
	2014
	55/F
	Spindle cells
	NA
	10
	CD117+
	High risk

	Zhou et al[34]
	2014
	56/M
	Spindle cells
	NA
	<5
	CD117+/CD34+
	Intermediate

	Li et al[35]
	2012
	53/M
	Spindle cells
	NA
	NA
	CD117+, CD34+
	High risk

	Yamamoto et al[36]
	2010
	70/M
	Epithelioid cells
	mutation PDGFRA exon 12
	1
	CD 117-/CD34+
	High risk

	Luo et al[37]
	2009
	17/M
	Spindle cells
	NA
	0
	CD117+, CD 34+
	Low risk

	Ochiai et al[38]
	2009
	30/M
	Mixed (spindle and epithelioid)
	No mutation at exon 11
	75
	CD117+, CD 34+
	High risk

	De Chiara et al[1]
	2006
	37/M
	Spindle cells
	NA
	20
	CD117+, CD 34+
	High risk

	Hu et al[6]
	2003
	79/F
	Spindle cells
	NA
	20
	CD117+, CD 34+ 
	Low risk


M: male; F: female; NA: not available; PDGFRA: Platelet derived Growth Factor Receptor Alpha; HPF: High Power Fields.


Table 5 Outcome and follow-up in selected patients with EGIST of the liver
	Reference
	Yr
	Outcome
	Follow-up (mo)

	Hu et al[20]
	2018
	NA
	NA

	Joyon et al[21]
	2018
	Local recurrence (12 yr)
	252

	
	2018
	DF
	18

	Carrillo et al[22]
	2017
	DF
	18

	Lok et al[23]
	2017
	Brain metastasis (6 mo)
	6

	Cheng et al[24]
	2016
	DF
	30

	Nagai et al[25]
	2016
	DF
	10

	Liu et al[26]
	2016
	NA
	NA

	Wang et al[27]
	2016
	DF
	12

	Liu et al[28]
	2016
	Abdominal metastasis
	17

	Su et al[29]
	2015
	Progression of disease (died 6 mo)
	6

	Bhoy et al[3]
	2014
	DF
	5

	Lin et al[30]
	2015
	Hepatic recurrence (24 mo)
	72

	Mao et al[31]
	2015
	DF
	12

	Kim et al[32]
	2014
	NA
	NA

	Louis et al[33]
	2014
	DF
	6

	Zhou et al[34]
	2014
	DF
	12

	Li et al[35]
	2012
	NA
	NA

	Yamamoto et al[36]
	2010
	NA
	NA

	Luo et al[37]
	2009
	DF
	3

	Ochiai et al[38]
	2009
	Hepatic recurrence, submucosal gastric tumor (24 mo)
	25

	De Chiara et al[1]
	2006
	Lung mestastasis (14 mo)
	39

	Hu et al[6]
	2003
	Portal lymph node mestastasis (16 mo)
	16


NA: Not available; DF: Disease free.
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