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Abstract
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]BACKGROUND
Multiple gastrointestinal stromal tumors (MGISTs) are specific and rare. Little is known about the impact of MGISTs on the survival of patients with gastrointestinal stromal tumors (GIST). The diagnosis, treatment and follow-up strategies of MGISTs is not specifically described in guidelines.

AIM
[bookmark: _Hlk80605996]To compare the clinicopathological characteristics and prognosis of MGISTs and solitary GISTs (SGISTs)

METHODS 
Patients diagnosed with primary GISTs from March 2010 to January 2020 were included. Due to the inhomogeneous distribution of several baseline characteristics and uneven MGIST and SGIST group sizes, propensity score matching was performed according to comorbidities, body mass index, tumor location, mitotic index, sex, age and American Society of Anesthesiologists score. Differences in clinicopathological characteristics and prognosis between patients with MGISTs and patients with SGISTs were compared.

RESULTS
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Among the entire cohort of 983 patients, the incidence of MGISTs was 4.17%. Before matching, patients with MGISTs and those with SGISTs had disparities in body mass index, surgical approach, tumor size and mitotic index. After 1:4 ratio matching, the clinical baseline data were comparable. The 5-year progression-free survival rate was 52.17% in the MGIST group and 75.00% in the SGIST group (P = 0.031). On multivariate analysis, tumor location, tumor size, mitotic index, imatinib treatment and MGISTs (hazard ratio = 2.431, 95% confidence interval = 1.097-5.386, P = 0.029) were identified as independent prognostic factors of progression-free survival. However, overall survival was similar between the SGIST and MGIST groups.

CONCLUSION
[bookmark: _Hlk67618379]Patients with MGISTs had poorer progression-free survival than patients with SGISTs. Risk criteria and diagnostic and treatment strategies should be developed to achieve personalized precision therapy and maximize the survival benefit.
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[bookmark: OLE_LINK10]Core Tip: Whether the clinicopathological characteristics and long‑term survival of patients with multiple gastrointestinal stromal tumors are different from those of patients with solitary gastrointestinal stromal tumors is unclear. This is the first study to compare and describe these features. For accuracy and clarity, propensity score matching was used to balance the differences to explore the prognostic factors for patients with multiple gastrointestinal stromal tumors. To date, this study has the most detailed data and the largest number of patients, which may bring new insight to the diagnosis and treatment of multiple gastrointestinal stromal tumors.

[bookmark: _SAM_Introduction]INTRODUCTION
[bookmark: _SAM_I_007][bookmark: _SAMMR_Intro]As one of the most common mesenchymal tumors with an incidence of approximately 10 per million population, gastrointestinal stromal tumors (GISTs) are receiving increasing attention[1-3]. GISTs are commonly located in the stomach and small intestine and rarely found in the esophagus, colon and rectum[4].
[bookmark: _SAM_I_009][bookmark: OLE_LINK1][bookmark: _SAM_I_008][bookmark: _SAM_I_002][bookmark: _SAM_I_004]Multiple GISTs (MGISTs) refer to GISTs with two or more synchronous tumors in the gastrointestinal tract[5]. With the rapid advancement of precise diagnostic techniques and detailed pathological examinations, the detection and reporting of MGISTs have increased gradually. MGISTs accounted for nearly 2% of all GISTs in a multicenter study in China from 2001 to 2014[6]. However, due to the low incidence, there is currently no large-scale demographic survey showing the incidence of MGISTs.
[bookmark: _SAM_I_001][bookmark: _SAM_I_003][bookmark: _SAM_I_010][bookmark: _SAM_I_005][bookmark: _SAM_I_006]Whether the clinical and pathological features of MGISTs are different from those of solitary GISTs (SGISTs) also remains unclear. Additionally, little is known about the impact of MGISTs on the survival of patients with GISTs. The diagnosis, treatment and follow-up strategies for MGISTs are not specifically described in the guidelines from the National Comprehensive Cancer Network, European Society for Medical Oncology and other academic institutions. Thus, we analyzed the clinicopathological characteristics and long-term survival of a large cohort of patients with MGISTs. It is urgent to gain insight into these questions to achieve personalized precision therapy in the future.

MATERIALS AND METHODS
Study design and approval
[bookmark: _SAM_M_014][bookmark: _Hlk65443328]This retrospective cohort study was performed based on a prospectively collected database of GISTs at our hospital. All relevant procedures were approved by the Institutional Review Board. This study was designed in compliance with the Declaration of Helsinki and approved by the Ethics Committee of our hospital. The Reporting and Guidelines in propensity score analysis were also followed[7].

Patients
[bookmark: OLE_LINK2][bookmark: _SAM_M_012]A total of 1163 consecutive patients diagnosed with GISTs and undergoing resection at our hospital between March 2010 and January 2020 were initially pooled; of whom, 1054 were classified as having primary GISTs (Figure 1). All oncological resections with curative intent were performed by senior surgeons specialized in achieving the rigorous standard at our institution. The inclusion criteria were: (1) age > 18 years; (2) pathological diagnosis of GIST; (3) no evidence of recurrent GIST or distant metastasis before treatment; and (4) physiological status based on an Eastern Cooperative Oncology Group score < 3 points. The exclusion criteria were: (1) any previous or concurrent malignancies; (2) first operation performed in other institutions; (3) missing or illegible baseline information; and (4) missing follow-up data. Finally, 983 patients with regular follow-up were included and analyzed. The follow-up was performed every 3 mo for the first 3 years, then every 6 mo up to 5 years, and then every year or until death in the following years. The latest follow-up date was December 2020.
[bookmark: _SAM_M_017]
Data collection
[bookmark: _Hlk67617053][bookmark: _Hlk65528602]The following clinicopathological characteristics were routinely collected from the GIST database: age, sex, tobacco and alcohol use, body mass index (BMI), comorbidities, chief complaint, tumor location, tumor size, mitotic index (per 50 high power fields), American Society of Anesthesiologists score, modified National Institutes of Health risk category, surgical approach, intraoperative blood transfusion, operation time, postoperative complications, hospitalization time, postoperative imatinib, immunohistochemistry results and hematological indices. BMI was classified into the following categories: < 18.5, 18.5-24.9 and ≥ 25 kg/m2, based on the World Health Organization classification. The comorbidities analyzed comprised hypertension, diabetes mellitus, anemia, pulmonary disease (asthma, pneumonia, chronic obstructive pulmonary disease, etc.), heart disease (arrhythmia, coronary atherosclerotic heart disease, etc.), liver disease (hepatitis, cirrhosis, etc.), renal disease (nephritis, chronic kidney disease, etc.) and central nervous system disease (cerebrovascular disease, neurodegenerative disease, etc.).
The primary outcome was progression-free survival (PFS), which was defined as the interval between the date of resection and the date of confirmed disease progression or death. The secondary outcome was overall survival (OS), which was calculated from the date of surgery until the date of death. Patients were censored at the date of the last follow-up without the above event.
[bookmark: _SAM_M_018]
Definition of MGISTs
[bookmark: _SAM_M_019]There is currently no authoritative and recognized definition of MGISTs. With reference to the criteria for multiple other cancers[8-11], especially multiple gastric cancers[12], we defined MGISTs as follows: (1) each lesion must be pathologically proven; (2) all lesions must be separated microscopically; and (3) the possibility that one of the lesions represents a local extension of a metastatic tumor must be ruled out beyond reasonable doubt. It is because of the above criteria that all patients with any GIST outside the digestive tract (such as the omentum) were excluded. We defined MGISTs as two or more GISTs in the digestive tract. When MGISTs were different in size and mitotic index, the tumor was recorded according to the most advanced tumor. Similarly, in clinical practice, a modified National Institutes of Health risk category was also defined and assessed according to the most advanced tumor.
[bookmark: _SAM_M_013]
Statistical analysis
[bookmark: _SAM_M_016]Categorical variables were analyzed using Pearson’s 2 test or Fisher’s exact test, according to the expected values. The Mann–Whitney U test was utilized to compare continuous variables, which are presented as medians and interquartile ranges and as the mean ± standard deviation. The Kaplan–Meier method and log-rank test were performed to conduct survival analyses and evaluate differences in survival time, respectively. Univariate and multivariate analyses were performed using the Cox proportional hazards model. Univariate analysis was primarily performed, and variables with P < 0.2 were subsequently input into the multivariate analysis to determine the independent prognostic factors. Hazard ratios with their 95% confidence intervals were also derived. Statistical significance was defined as P < 0.05. SPSS version 26.0 (IBM, Armonk, NY, United States) and R version 3.5.3 (The R Foundation for Statistical Computing, Vienna, Austria) were used for statistical analysis.

Propensity score matching
[bookmark: _SAM_M_015][bookmark: _SAM_M_011]Due to the inhomogeneous distribution of several baseline characteristics and uneven group sizes between patients with MGISTs and SGISTs, propensity score matching was performed. First, a propensity score was calculated using a logistic regression model in which the MGIST group was regressed as a dependent variable on relevant baseline parameters. The propensity score matching ratio was set to a 1:4 ratio to minimize the differences due to comorbidities, BMI, tumor location, mitotic index, sex, age and American Society of Anesthesiologist score with the nearest neighbor method. The assessment of propensity score matching is shown in Supplementary Figure 1.

RESULTS
[bookmark: _SAM_Results]Patient characteristics
The flow chart for the study is shown in Figure 1. Of the 983 consecutive patients who were pooled into the entire cohort between March 2010 and January 2020 at our institution, 41 (4.17%) with MGISTs were identified.
The preoperative clinical characteristics are described in Table 1. Before matching, most of the baseline characteristics were similar between the two groups, with significant differences only in BMI (P = 0.010). Regarding surgical and postoperative pathological characteristics and treatment of the SGISTs and MGISTs (Table 2), there were significant differences in surgical approach (P = 0.028), tumor size (P = 0.007), mitotic index (P = 0.009) and modified National Institutes of Health risk category (P = 0.044).
After propensity score matching at a 1:4 ratio, all baseline characteristics of the 41 patients in the MGIST group were compared with those of the 164 patients in the SGIST group (Tables 1 and 2). Supplementary pathological characteristics and blood indicators are shown in Supplementary Table 1. We also listed the clinical characteristics of patients with multiple tumors in detail (Supplementary Table 2) and showed several pathological images from these patients (Supplementary Figure 2).

Impact of MGISTs on PFS and OS
[bookmark: _SAM_R_025][bookmark: OLE_LINK5]The median follow-up time of the entire matched cohort was 1468 d (IQR, 938-2225 d), and the 1-, 3- and 5-year PFS rates were 96.06%, 83.66% and 70.09%, respectively. For the patients with MGISTs, the 1-, 3- and 5-year PFS rates were 90.00%, 74.19% and 52.17%, respectively and compared with the 1-, 3- and 5-year PFS rates of 97.55%, 86.78% and 75.00% for the patients with SGISTs (P = 0.031) (Figure 2). We continued to explore the impact of MGISTs on OS. The 1-, 3- and 5-year OS rates were 98.16%, 92.50% and 83.75% for patients with SGISTs compared with 100%, 86.67% and 60.00% for patients with MGISTs, respectively, with no significant differences (P = 0.085) (Figure 3).

Univariate and multivariate analyses
Univariate analysis identified the following prognostic factors for PFS: age (P = 0.069), tumor location (P < 0.001), tumor size (P = 0.001), mitotic index (P < 0.001), blood transfusion (P = 0.018), intraoperative tumor rupture (P = 0.011), imatinib treatment (P = 0.133) and MGISTs (P = 0.035). On multivariate analysis, tumor location (P = 0.002), tumor size (P = 0.035), mitotic index (P = 0.001), imatinib treatment (P < 0.001) and MGISTs (P = 0.029) were eventually identified as independent prognostic factors for PFS (Table 3).
Univariate analysis revealed that tumor location (P < 0.001), tumor size (P = 0.021), mitotic index (P < 0.001), blood transfusion (P = 0.008), intraoperative tumor rupture (P = 0.113), imatinib treatment (P = 0.030) and MGISTs (P = 0.092) were correlated with OS. Subsequent multivariate analysis showed that tumor location (P = 0.003), mitotic index (P= 0.015) and imatinib treatment (P < 0.001) could be identified as independent risk factors for OS (Table 4). OS of patients with MGISTs (P = 0.106) was similar to that of patients with a single GIST.

DISCUSSION
MGISTs are often found in clinical treatment but ignored or misinterpreted as recurrence or metastasis. With the current lack of convincing results from large-scale studies based on demographics or clinicopathological characteristics, this is the first study to analyze the clinicopathological differences between patients with MGISTs and those with SGISTs. For accuracy and clarity, propensity score matching was used to balance the differences to explore the prognostic factors for patients with MGISTs.
A total of 983 patients were included in the cohort, including 41 with MGISTs. MGISTs accounted for approximately 4.17% of all GISTs in our study. With a median age of 60 years, patients with MGISTs had a similar age at initial diagnosis as patients with SGISTs. The incidence of GISTs is almost equal in men and women[13]; however, in our study, a male predisposition (M/F=27/14) was observed.
[bookmark: _SAM_R_027][bookmark: _SAM_R_026]The BMI of patients with MGISTs was significantly lower than that of patients with SGISTs, which was pointed out for the first time, but the reason for this finding is not clear. Smoking and alcohol consumption did not affect the occurrence of MGISTs. There were no significant differences in American Society of Anesthesiologists classification or comorbidities, which means that the patients were in similar physical conditions at the time of diagnosis.
[bookmark: _SAM_R_023]There was no significant difference in the chief complaint, which also implies difficulty in clinical diagnosis. MGISTs are often reported to be associated with type 1 neurofibromatosis[14], the Carney triad[15] and Carney–Stratakis syndrome[16]. In the records of our medical center, there was only one patient with neurofibromatosis, who has been reported in our previous study[17]. However, this patient was not included in this cohort because of concurrent colon cancer. Familial and pediatric GISTs are also associated with multicentric risk[18]. However, these types of MGISTs were not found in our study. This may be due to bias in the publication of case reports on these particular patients or the fact that the examination strategy has not been perfected so that such patients are missed by our colleagues. In addition, all cases of GISTs predominantly affected a single organ, and we should still pay attention to patients with multiorgan involvement to prevent misdiagnosis.
[bookmark: _SAM_R_022][bookmark: _SAM_R_024]Imaging examination is an important basis for diagnosis[19]. Computed tomography or enhanced computed tomography is currently recommended but does not play an adequate role in the diagnosis of MGISTs. Of the 41 MGIST patients in our hospital, 38 underwent computed tomography examination, but only four were diagnosed accordingly. None of the MGISTs < 1 cm were detected, but this may be due to the large size of the major tumor or insufficient imaging evidence to diagnose the small tumor. For endoscopic examination, 8 of the 26 patients were suspected to have MGISTs before surgery, but endoscopy only revealed the tumor growing into the intestinal cavity, and none of the 15 cases of small intestinal MGISTs was detected. No case of MGISTs was diagnosed by B-ultrasonography or upper digestive tract radiography. Magnetic resonance imaging might be useful for diagnosis but is seldom used in ordinary examinations. Micro-GISTs, with low or no mitotic activity and little clinical significance, are common in the stomach (20%-35%)[20,21] and can transform to clinical GISTs by unknown mechanisms. Therefore, the development or modification of an examination method for preoperative screening of MGISTs can develop a more appropriate treatment plan for patients and obtain a greater survival benefit. 
Heterogeneous morphology could be observed and the common growth patterns of MGISTs manifest a satellite phenomenon, that is, one or more main tumors surrounded by several small tumors. Of course, homogeneous morphology was still present in some tumors of MGISTs. Almost all gastric MGISTs consisted of two tumors and grew inside. On the contrary, small intestinal GISTs, especially in the jejunum, almost always had more than two tumors, and most of them grew outside. Unfortunately, the phenomenon has rarely been described in other studies, and it is difficult to determine whether it is a general finding. It is possible that MGISTs have different growth patterns and prognoses from SGISTs, and further research is needed.
[bookmark: _Hlk77540262]The cellular types of the tumors were similar. Before propensity score matching, there was a significant difference in tumor necrosis. In addition, the proportion of calcification and cystic degeneration of MGISTs was higher than that of SGISTs, but the difference was not significant. In the propensity score matched cohort, all the above characteristics of MGISTs were compared with those of SGISTs.
For blood parameters, except for prealbumin, no significant differences were found. Immunohistochemical staining for Ki-67 antigen is often used, although this score is relatively subjective[22]. With regard to immunohistochemical markers, KIT (CD117) and ANO1 (DOG1) are two of the most sensitive and specific for GISTs[23]. S-100 and CD34 can also be used as auxiliary diagnostic indicators[24]. Unfortunately, there was no significant difference in these indicators between the patients with MGISTs and those with SGISTs.
The tumor mitotic rate is the most significant independent prognostic factor for GIST recurrence after surgery for both the stomach[25] and small intestine[26]. In our cohort, patients with MGISTs had larger tumors and a higher mitotic index, which also contributed to more advanced tumor stages.
[bookmark: _SAM_R_028][bookmark: _SAM_R_020]The main treatment strategy for GISTs > 2 cm is surgical resection, and this is also the case for MGISTs. R0 resection, minimally invasive surgery and regular imaging surveillance are required to ensure perioperative and postoperative safety of patients. MGISTs may involve many segments of the gastrointestinal tract, so extensive resection is more common than with SGISTs. Therefore, consultation with experienced specialists is required to assess surgical extension and perioperative adjuvant therapy. In the practice of our medical center, the rate of open surgery for MGISTs is significantly higher than that for SGISTs. Imatinib was used for KIT/PDGFRA mutated GISTs[27] and is usually recommended for high-risk patients after surgery.
[bookmark: _SAM_R_029]Of the 41 patients evaluated, 11 received intraoperative blood transfusions, which is higher than the rate for other operations and should compel surgeons to conduct a thorough preoperative evaluation and develop appropriate protocols. However, there was only a slight increase in operation time, intraoperative tumor rupture, postoperative hospital stays and postoperative complications in patients with MGISTs, and the difference was not significant.
After propensity score matching, all the above parameters were well balanced. We then tried to evaluate the clinical, perioperative and therapeutic factors associated with OS through Cox univariate and multivariate hazard ratio models.
[bookmark: _SAM_R_030][bookmark: _SAM_R_021][bookmark: OLE_LINK6]There have been few studies related to the prognosis of patients with MGISTs[28]. Our study demonstrated that PFS of patients with MGISTs was significantly poorer than that of patients with SGISTs and that MGISTs were an independent risk factor for poor PFS. However, OS was similar between patients with SGISTs and those with MGISTs. This may be related to the characteristics of patients with MGISTs, suggesting that clinicians should closely monitor the condition of these patients, and it may be necessary to improve the risk classification of MGIST patients.
Given the lack of clinical trials, SGIST therapy has conflicting results in MGIST patients with regard to factors such as surgical excision and perioperative adjuvant therapy. This study suggests that more attention should be paid to such patients to explore more suitable treatment strategies. Gene detection and molecular biological experiments are also needed to explain specific manifestations[29,30].
There were some shortcomings in our research. First, as a single-center design with a small sample size, the statistical power of our findings might have been weakened. Moreover, due to the high cost, few of these patients had undergone gene detection. Last, there may have been a possibility of missed diagnoses, which could have led to an underestimation of the incidence of MGISTs.
[bookmark: OLE_LINK9]To date, this study has the most detailed data and the largest number of patients, which may bring new insight to the diagnosis and treatment of MGISTs.

CONCLUSION
Patients with MGISTs may have demographic characteristics and immunohistochemical markers that are similar to those of patients with SGISTs, but MGIST patients also have unique tumor features. In this study, we found that MGISTs were an independent factor for PFS after propensity score matching analysis; however, OS was similar. The perioperative and long-term prognosis of patients remains of concern and requires multicenter, large sample, long-term follow-up, prospective studies. Most importantly, risk criteria, diagnostic strategies and treatment procedures suitable for this disease of lower morbidity should be developed to achieve personalized precision therapy and maximize the survival benefit of these patients.

ARTICLE HIGHLIGHTS
Research background
Synchronous primary multiple gastrointestinal stromal tumors (MGISTs) are specific and rare. The diagnosis, treatment and follow-up strategies of MGISTs are not specifically described in guidelines.

Research motivation
Due to the low incidence, there is currently no large-scale demographic survey showing the incidence of MGISTs. Additionally, little is known about the impact of MGISTs on the survival of patients with gastrointestinal stromal tumors (GISTs).

Research objectives
This study aimed to compare the clinicopathological characteristics and prognoses of patients with MGISTs and patients with solitary GISTs (SGISTs).

Research methods
Due to the inhomogeneous distribution of several baseline characteristics and uneven MGIST and SGIST group sizes, propensity score matching was performed according to comorbidities, body mass index, tumor location, mitotic index, sex, age and American Society of Anesthesiologists score.

Research results
Among the entire cohort, the incidence of MGISTs was 4.17%. Patients with MGISTs and those with SGISTs had disparities in body mass index, surgical approach, tumor size and mitotic index. Tumor location, tumor size, mitotic index, imatinib treatment and MGISTs were identified as independent prognostic factors of progression-free survival. However, overall survival was similar between the SGIST and MGIST groups.

Research conclusions
Patients with MGISTs may have demographic characteristics and immunohistochemical markers that are similar to those of patients with SGISTs, but MGIST patients also have unique tumor features. Without specific diagnostic indicators and symptoms, patients with MGISTs were identified as having a poorer progression-free survival than patients with SGISTs.

Research perspectives
Risk criteria, diagnostic strategies and treatment procedures suitable for these tumors of lower morbidity should be developed to achieve personalized precision therapy and maximize the survival benefit of these patients.
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Figure Legends
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Figure 1 Flow chart of the of this study. GIST: Gastrointestinal stromal tumors; MGIST: Multiple gastrointestinal stromal tumors.
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Figure 2 Kaplan–Meier survival analysis of progression-free survival. MGIST: Multiple gastrointestinal stromal tumors; SGIST: Solitary gastrointestinal stromal tumors.
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Figure 3 Kaplan–Meier survival analysis of overall survival. MGIST: Multiple gastrointestinal stromal tumors; SGIST: Solitary gastrointestinal stromal tumors.

Table 1 Preoperative clinical characteristics of solitary gastrointestinal stromal tumors and multiple gastrointestinal stromal tumors in the entire cohort and after propensity score matching
	Parameters
	Entire cohort, before matching
	P value
	Propensity score matched cohort
	P value

	
	SGIST, n (%)
	MGIST, n (%)
	
	SGIST, n (%)
	MGIST, n (%)
	

	All cases
	942
	41
	
	164
	41
	

	Age (yr)
	
	
	0.450
	
	
	0.889

	≤ 60
	516 (54.78)
	20 (48.78)
	
	82 (50.00)
	20 (48.78)
	

	 > 60
	426 (45.22)
	21 (51.22)
	
	82 (50.00)
	21 (51.22)
	

	Gender
	
	
	0.060
	
	
	0.596

	 Male
	479 (50.85)
	27 (65.85)
	
	115 (70.12)
	27 (65.85)
	

	 Female
	463 (49.15)
	14 (34.15)
	
	49 (29.88)
	14 (34.15)
	

	BMI (kg/m2)
	
	
	0.010
	
	
	0.193

	 BMI < 18.5
	41 (4.35)
	6 (14.63)
	
	11 (6.71)
	6 (14.63)
	

	 18.5 ≤ BMI < 25
	501 (53.18)
	19 (46.34)
	
	94 (57.32)
	19 (46.34)
	

	 BMI ≥ 25
	400 (42.46)
	16 (39.02)
	
	59 (35.98)
	16 (39.02)
	

	Tobacco use
	
	
	0.899
	
	
	0.093

	 No
	704 (74.73)
	31 (75.61)
	
	101 (61.59)
	31 (75.61)
	

	 Yes
	238 (25.27)
	10 (24.39)
	
	63 (38.41)
	10 (24.39)
	

	Alcohol use
	
	
	0.514
	
	
	0.768

	 No
	687 (72.93)
	28 (60.98)
	
	108 (65.85)
	28 (60.98)
	

	 Yes
	255 (27.07)
	13 (31.71)
	
	56 (34.15)
	13 (31.71)
	

	ASA score
	
	
	0.443
	
	
	0.868

	I/II
	779 (82.70)
	32 (78.05)
	
	126 (74.83)
	32 (78.05)
	

	III/IV
	163 (17.30)
	9 (21.95)
	
	38 (23.17)
	9 (21.85)
	

	Comorbidities1
	
	
	0.236
	
	
	1.000

	 Present
	417 (44.27)
	22 (53.66)
	
	88 (53.66)
	22 (53.66)
	

	 Absent
	525 (55.73)
	19 (46.34)
	
	76 (46.34)
	19 (46.34)
	

	Location
	
	
	0.450
	
	
	0.884

	 Gastric
	650 (69.00)
	26 (63.41)
	
	106 (64.63)
	26 (63.41)
	

	 Non-gastric
	292 (31.00)
	15 (36.58)
	
	58 (35.37)
	15 (36.58)
	

	[bookmark: _Hlk62412771]Chief complaint
	
	
	
	
	
	

	 Abdominal pain
	303 (32.17)
	15 (36.58)
	0.554
	54 (32.93)
	15 (36.58)
	0.657

	Abdominal distention
	149 (15.82)
	9 (21.95)
	0.295
	23 (14.02)
	9 (21.95)
	0.211

	 Hematemesis
	42 (4.46)
	3 (7.32)
	0.429
	9 (5.49)
	3 (7.32)
	0.710

	 Hematochezia
	167 (17.72)
	9 (21.95)
	0.490
	34 (20.73)
	9 (21.95)
	0.864

	 Medical examination
	275 (29.19)
	11 (26.83)
	0.744
	42 (25.61)
	11 (26.83)
	0.906

	 Other
	96 (10.19)
	2 (4.88)
	0.266
	17 (10.37)
	2 (4.88)
	0.278

	1Comorbidities: comprised of hypertension, diabetes mellitus, anemia, pulmonary disease (asthma, pneumonia, chronic obstructive pulmonary disease, etc.), heart disease (arrhythmia, coronary atherosclerotic heart disease, etc.), liver disease (hepatitis, cirrhosis, etc.), renal disease (nephritis, chronic kidney disease, etc.) and central nervous system disease (cerebrovascular disease, neurodegenerative disease, etc.). Bold values indicate P < 0.05. ASA: American Society of Anesthesiologists; BMI: Body mass index; MGIST: Multiple gastrointestinal stromal tumors; SGIST: Solitary gastrointestinal stromal tumors.



Table 2 Surgical and postoperative pathological characteristics and treatment of the solitary gastrointestinal stromal tumors and multiple gastrointestinal stromal tumors of the entire cohort and after propensity score matching
	Parameters
	Entire cohort, before matching
	P value
	Propensity score matched cohort
	P value

	
	SGIST, n (%)
	MGIST, n (%)
	
	SGIST, n (%)
	MGIST, n (%)
	

	All cases
	942
	41
	
	164
	41
	

	Surgical approach
	
	
	0.028
	
	
	0.361

	Open
	458 (48.62)
	27 (65.85)
	
	94 (57.32)
	27 (65.85)
	

	 Laparoscopic
	255 (27.07)
	11 (26.83)
	
	43 (26.22)
	11 (26.83)
	

	 Endoscopic
	229 (24.31)
	3 (7.32)
	
	27 (14.63)
	3 (7.32)
	

	Blood transfusion
	
	
	0.161
	
	
	1.000

	 Yes
	171 (18.15)
	11 (26.83)
	
	44 (26.83)
	11 (26.83)
	

	 No
	771 (81.85)
	30 (73.17)
	
	120 (73.17)
	30 (73.17)
	

	Tumor size (cm)
	
	
	0.007
	
	
	0.200

	 Length ≤ 5
	575 (61.04)
	15 (36.59)
	
	74 (45.12)
	15 (36.59)
	

	 5 < Length ≤ 10
	239 (25.37)
	16 (39.02)
	
	41 (25.00)
	16 (39.02)
	

	 Length > 10
	128 (13.59)
	10 (24.39)
	
	49 (29.88)
	10 (24.39)
	

	Mitotic index 
(per 50 HPF)
	
	
	0.009
	
	
	0.715

	 0-5
	724 (76.86)
	27 (65.85)
	
	101 (61.59)
	27 (65.85)
	

	 6-10
	127 (13.48)
	4 (9.76)
	
	24 (14.63)
	4 (9.76)
	

	> 10
	91 (9.66)
	10 (24.39)
	
	39 (23.78)
	10 (24.39)
	

	Modified NIH risk 
	
	
	0.044
	
	
	0.486

	 Very low
	210 (22.29)
	4 (9.76)
	
	29 (17.68)
	4 (9.76)
	

	 Low
	291 (30.89)
	9 (21.95)
	
	30 (18.29)
	9 (21.95)
	

	 Intermediate
	147 (15.61)
	8 (19.51)
	
	22 (13.41)
	8 (19.51)
	

	 High
	294 (31.21)
	20 (48.78)
	
	83 (50.61)
	20 (48.78)
	

	Operate time (min)
	
	
	0.336
	
	
	0.627

	Mean ± SD
	139 ± 78
	151 ± 63
	
	145 ± 67
	151 ± 63
	

	Median (IQR)
	120 (80-180)
	150 (120-180)
	
	140 (90-190)
	150 (120-180)
	

	Intraoperative tumor rupture
	
	
	0.376
	
	
	0.490

	 Yes
	10 (1.06)
	1 (2.44)
	
	2 (1.22)
	1 (2.44)
	

	 No
	932 (98.94)
	40 (97.56)
	
	162 (98.78)
	40 (97.56)
	

	Hospitalization time in d
	
	
	0.226
	
	
	0.442

	Mean ± SD
	13.55 ± 6.32
	14.78 ± 7.66
	
	13.96 ± 5.69
	14.78 ± 7.66
	

	Median (IQR)
	12 (10-15)
	14 (9-16)
	
	13 (11-16)
	14 (9-16)
	

	Postoperative complications
	
	
	0.391
	
	
	0.610

	Present
	179 (19.00)
	10 (24.39)
	
	34 (20.73)
	10 (24.39)
	

	Absent
	763 (81.00)
	31 (73.61)
	
	130 (79.27)
	31 (73.61)
	

	[bookmark: _Hlk62412726]Imatinib treatment
	
	
	0.187
	
	
	0.832

	 Yes
	298 (31.63)
	17 (41.46)
	
	71 (43.29)
	17 (41.46)
	

	 No
	644 (68.37)
	24 (58.54)
	
	93 (56.71)
	24 (58.54)
	

	Bold values indicate P < 0.05. HPF: High power field; IQR: Interquartile range; MGIST: Multiple gastrointestinal stromal tumors; NIH: National Institutes of Health; SD: Standard deviation; SGIST: Solitary gastrointestinal stromal tumors.



Table 3 Univariate and multivariate of the clinicopathological factors for progression-free survival
	Characteristics
	Univariate analysis
	Multivariate analysis

	
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	Age in yr
	
	
	
	

	≤ 60
	Reference
	
	Reference
	

	> 60
	1.845 (0.953-3.571)
	0.069
	1.525 (0.740-3.143)
	0.252

	Sex
	
	
	
	

	Female
	Reference
	
	
	

	Male
	0.913 (0.460-1.809)
	0.793
	
	

	Comorbidities
	
	
	
	

	Absent
	Reference
	
	
	

	Present
	1.147 (0.606-2.172)
	0.673
	
	

	Tumor location
	
	
	
	

	Gastric
	Reference
	
	Reference
	

	Non-gastric
	3.548 (1.847-6.818)
	< 0.001
	3.176 (1.526-6.607)
	0.002

	Tumor size in cm
	
	0.001
	
	0.035

	Length ≤ 5
	Reference
	
	Reference
	

	5 < Length ≤ 10
	3.022 (1.117-8.179)
	0.029
	2.180 (0.716-6.642)
	0.170

	Length > 10
	5.848 (2.359-14.499)
	< 0.001
	4.071 (1.375-12.052)
	0.011

	Mitotic index, per 50 HPF
	
	< 0.001
	
	0.001

	0-5
	Reference
	
	Reference
	

	6-10
	4.094 (1.555-10.777)
	0.004
	4.108 (1.309-12.897)
	0.015

	> 10
	7.859 (3.676-16.799)
	< 0.001
	6.577 (2.540-17.029)
	< 0.001

	Surgical approach
	
	0.251
	
	

	Open
	Reference
	
	
	

	Laparoscopic
	0.449 (0.174-1.154)
	0.096
	
	

	Endoscopic
	0 (0-1.006E+230)
	0.961
	
	

	Blood transfusion
	
	
	
	

	No
	Reference
	
	Reference
	

	Yes
	2.176 (1.143-4.145)
	0.018
	1.569 (0.739-3.332)
	0.241

	Intraoperative tumor rupture
	
	
	
	

	No
	Reference
	
	Reference
	

	Yes
	6.383 (1.524-26.726)
	0.011
	4.458 (0.863-23.015)
	0.074

	Imatinib treatment
	
	
	
	

	Yes
	Reference
	
	Reference
	

	No
	0.584 (0.290-1.178)
	0.133
	4.608 (2.030-10.461)
	< 0.001

	MGIST
	
	
	
	

	Absent
	Reference
	
	Reference
	

	Present
	2.091 (1.055-4.145)
	0.035
	2.431 (1.097-5.386)
	0.029

	Bold values indicate P < 0.05. CI: Confidence interval; HPF: High power field; HR: Hazard ratio; MGIST: Multiple gastrointestinal stromal tumors.



Table 4 Univariate and multivariate analysis of the clinicopathological factors for overall survival
	Characteristics
	Univariate analysis
	Multivariate analysis

	
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	Age in yr
	
	
	
	

	≤ 65
	Reference
	
	
	

	> 65
	1.665 (0.754-3.676)
	0.207
	
	

	Gender
	
	
	
	

	Female
	Reference
	
	
	

	Male
	1.099 (0.461-2.616)
	0.832
	
	

	Comorbidities
	
	
	
	

	Absent
	Reference
	
	
	

	Present
	1.061 (0.491-2.291)
	0.881
	
	

	Tumor location
	
	
	
	

	Gastric
	Reference
	
	Reference
	

	Non-gastric
	4.428 (1.967-9.965)
	< 0.001
	3.812 (1.577-9.213)
	0.003

	Tumor size in cm
	
	0.021
	
	0.556

	Length ≤ 5
	Reference
	
	Reference
	

	5 < Length ≤ 10
	2.279 (0.722-7.189)
	0.160
	1.381 (0.346-5.519)
	0.648

	Length > 10
	4.159 (1.498-11.549)
	0.006
	2.070 (0.539-7.959)
	0.290

	Mitotic index, per 50 HPF
	
	< 0.001
	
	0.015

	0-5
	Reference
	
	Reference
	

	6-10
	3.120 (0.913-10.669)
	0.070
	4.129 (0.963-17.707)
	0.056

	> 10
	7.515 (3.045-18.548)
	< 0.001
	6.051 (1.762-20.778)
	0.004

	Surgical approach
	
	0.684
	
	

	Open
	Reference
	
	
	

	Laparoscopic
	0.621 (0.213-1.815)
	0.384
	
	

	Endoscopic
	0 (0-3.609E+275)
	0.968
	
	

	Blood transfusion
	
	
	
	

	No
	Reference
	
	Reference
	

	Yes
	2.832 (1.312-6.113)
	0.008
	1.298 (0.547-3.082)
	0.554

	Intraoperative tumor rupture
	
	
	
	

	No
	Reference
	
	Reference
	

	Yes
	5.094 (0.682-38.043)
	0.113
	3.264 (0.355-30.022)
	0.296

	Imatinib treatment
	
	
	
	

	Yes
	Reference
	
	Reference
	

	No
	2.952 (1.113-7.831)
	0.030
	7.841 (2.677-22.693)
	< 0.001

	MGIST
	
	
	
	

	Absent
	Reference
	
	Reference
	

	Present
	2.050 (0.889-4.726)
	0.092
	2.404 (0.830-6.966)
	0.106

	Bold values indicate P < 0.05. CI: Confidence interval; HPF: High power field; HR: Hazard ratio; MGIST: Multiple gastrointestinal stromal tumors.
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