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Abstract
BACKGROUND
Various surgical procedures have been described for gastrointestinal stromal tumors (GISTs) at the esophagogastric junction (EGJ) close to the Z-line. However, surgery for EGJ-GIST involving Z-line has been rarely reported. 

AIM
To introduce a novel technique called conformal resection (CR) for open resection of EGJ-GIST involving Z-line.

METHODS
In this retrospective study, 43 patients having GISTs involving Z-line were included. The perioperative outcomes of patients receiving CR (n = 18) was compared with that of proximal gastrectomy (PG) (n = 25).

RESULTS
CR was successfully performed in all the patients with negative microscopic margins. The mean operative time, time to first passage of flatus, and postoperative hospital stay was significantly shorter in the CR group (P < 0.05), while the intraoperative blood loss was similar in the two groups. The postoperative gastroesophageal reflux as diagnosed by esophageal 24-h pH monitoring and quality of life at 3 mo were significantly in favor of CR compared to PG (both P < 0.001). The 5-year disease-free survival between the two groups was similar (P = 0.163). The cut- off value for the determination of CR or PG was 7.0 mm above the Z-line (83.33% sensitivity, 84.00% specificity, 83.72% accuracy). 

CONCLUSION
CR is safe and feasible for EGJ-GIST located within 7.0 mm above the Z-line.
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Core Tip: We retrospectively enrolled 43 cases of esophagogastric junction-gastrointestinal stromal tumor (EGJ-GIST) involving Z-line, including 25 cases in the proximal gastrectomy (PG) group and 18 cases in the conformal resection (CR) group. The operation CR was introduced, and the following indicators were analyzed: Clinicopathological characteristics, perioperative outcomes, postoperative esophageal 24-h pH, postoperative quality of life, and 5-year disease-free survival. Finally, the cut-off value above the Z-line for the determination of CR or PG was determined. Our results confirm that CR is safe and feasible for EGJ-GIST located within 7.0 mm above the Z-line. CR was associated with lower incidence of postoperative gastroesophageal reflux and better quality of life with similar oncological outcomes compared to PG.

INTRODUCTION
Gastrointestinal stromal tumors (GISTs) contribute to 1%-3% of all gastrointestinal malignancies. They originate primarily from the interstitial cells of Cajal or from their stem cell precursors[1]. The most common sites of GIST are the stomach and small intestine. Rarely, they can arise in the esophagus, appendix, gallbladder, pancreas, and the retroperitoneum[2]. Surgery is the mainstay of treatment for localized and resectable GIST. The main principles of the surgical procedure are complete excision with tumor-free resection margins and preservation of the organ functions as much as possible[3].
The esophagogastric junction (EGJ) is an uncommon site of GIST. Surgery in such cases is often difficult due to the anatomical location of these tumors with the need to perform proximal gastrectomy (PG). Resection of the EGJ with cardia results in severe postoperative gastroesophageal reflux (GER) and poor quality of life. The main hurdle to understanding and treating these tumors is their relative rarity and the subsequent shortage of literature. Recently, many different surgical procedures have been described to resect EGJ-GIST near the Z-line called type B lesions (Figure 1)[4-10]. However, there are limited studies on resection of type A lesions (when the tumor is located at the EGJ and the upper edge of the tumor is invading the Z-line) (Figure 1). For type A GIST, surgical approach is technically challenging because of the complex anatomical factors and the difficulty of functional preservation of lower esophageal sphincter[11,12].
In this article we have described a novel technique for EGJ-GIST involving Z-line (type A) called conformal resection (CR). The main purpose of this surgical technique was to achieve R0 resection of GIST with preservation of the sphincter function. We have also compared the outcomes of CR with PG. 

MATERIALS AND METHODS
Patients
This study is a retrospective analysis of the prospectively maintained database of sarcoma patients at Liaoning Cancer Hospital and Institute. In this study, we included patients undergoing resection of primary localized EGJ-GIST involving Z-line from January 2009 to December 2017. All cases were diagnosed as GIST after preoperative endoscopic ultrasound-guided fine needle aspiration or core needle biopsy. Patients were excluded if they underwent concomitant resection for other malignancies, e.g., patients with incidentally discovered GISTs in specimens resected for gastric, esophageal, or pancreatic carcinomas. The data of the patients collected were as follows: Clinical and pathologic findings, intra-operative and postoperative outcomes, esophageal 24-h pH parameters, the 36-item short-form health survey (SF-36), and disease-free survival (DFS). This study was approved by the Ethics Committee of Cancer Hospital of China Medical University (Liaoning Cancer Hospital and Institute) (ethics number: 20190461). Written informed consent was obtained from each patient at our center. The decision to perform CR or PG was taken by the treating surgeon based on the preoperative endoscopy and intraoperative findings.

General surgical technique
The patient was placed in the supine position. The median upper abdominal incision of 15-20 cm was taken from the xiphoid process after induction of general anesthesia. The abdominal wall was retracted by a self-retaining retractor. To facilitate subsequent dissection, the triangular ligament of the left lobe of the liver was taken down with electrocautery to expose the esophageal hiatus and the gastric cardia. We made a precise and irregular excision according to the shape of the type A GIST and preserved the Z-line as much as possible and then performed manual suturing. We used the concept of conformal radiotherapy for reference and named the operation CR. This procedure is different from previous simple wedge resection or PG.
The surgical technique of CR of the type A GIST lesions located on the anterior wall and posterior wall of EGJ has been described below.

Surgical technique for CR of type A GIST located in the anterior wall of EGJ
The tumor location was confirmed by visualization and palpation (Figure 2A and B). The lesser omentum at the EGJ was separated, and the cardia was clearly exposed on the right side. According to the size and shape of the tumor, wide local excision was performed in a caudo-cranial fashion from the gastric side of the tumor along the edge of the tumor to the esophageal side of the tumor. The resected specimen included part of the anterior wall of the stomach and part of the anterior wall of the esophagus (Figure 2C). The esophageal resection margin was kept as small as possible so as to preserve the cardiac function. Esophageal margin was examined by intraoperative frozen section to ensure a negative margin. After the complete removal of the tumor, the defect was sutured with 3-0 absorbable interrupted full thickness sutures. The esophageal wall was sutured to the gastric wall beginning from the gastric greater curvature and progressed towards the lesser curvature so as to prevent the risk of cardiac stenosis (Figure 2D and E).

Surgical technique for CR of type A GIST located in the posterior wall of EGJ
The tumor location on the posterior wall of EGJ was confirmed by palpation (Figure 3A). The anterior gastrotomy was made close to the EGJ of about 10 cm (Figure 3B). After entering the gastric cavity, the tumor was visualized and excised along the edge of the tumor, including the part of the posterior wall of the stomach and the left lateral wall of the esophagus (Figure 3C). The defect was sutured accordingly to the above-mentioned principles for the anterior wall tumors (Figure 3D). Finally, the anterior gastrotomy was sutured.

Follow-up care of the patients
Follow-up of the patients was conducted by telephone or in the outpatient department. Gastroduodenal endoscopic examination was done to look for deformity or stenosis of the EGJ at 2 mo postoperatively (Figure 4). All patients received esophageal 24-h pH monitoring and SF-36 at the third month after surgery, and regular abdominal enhanced computed tomography every 3-4 mo within 2 years, and every 6 mo in 2-5 years. Medium-risk and high-risk GIST patients received imatinib targeted therapy after surgery for 1 year and 3-5 years, respectively.

Definitions
Esophageal 24-h pH monitoring: Esophageal 24-h pH monitoring was measured with an antimony electrode (Medtronic Functional Diagnostics A/S, Copenhagen, Denmark). Data were digitized with a Macintosh computer (Apple Computer Inc, Cupertino, CA, United States) and the digitized signals were displayed and analyzed using AcqKnowledge software (Biopac Systems, Goleta, CA, United States). The patients were advised not to consume any food or drink below pH 4 during the week before monitoring. All patients were studied after an overnight fast. The pH electrode was positioned 5 cm above the cardia. Ambulatory pH recordings were then undertaken for 24 h. Monitoring indicators included mean of 24-h pH, total time for pH < 4, number of acid reflux events in 24 h (standing, lying), and number of regurgitations (> 5 min)[13].

SF-36: The SF-36 is an extensively used generic questionnaire for the assessment of health-related quality of life (QoL), which contained eight dimensions [physical function (PF), role physical (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), role-emotional (RE), and mental health (MH)]. The score ranges from 0 to 100; the higher score indicating a better health related QoL[14].

Statistical analyses
All statistical analyses were performed using SPSS software version 19.0 (SPSS Inc., Armonk, NY, United States). In this study, continuous variables are expressed as the mean ± standard deviation. The χ2-test and Fisher exact test were applied to compare categorical data of CR and PG groups. The statistical analysis of intra-operative and postoperative correlation coefficients, the esophageal 24-h pH parameters, and the SF-36 parameters were performed by t-test. The cut-off value to discriminate surgical method was analyzed by the Youden index from the receiver operating characteristic (ROC) analysis. Estimations for DFS were obtained using the Kaplan-Meier method and differences between Kaplan-Meier curves were investigated by log-rank test. Statistical significance was set at P value < 0.05.

RESULTS
A total of 43 patients were included in this study. Eighteen patients underwent CR, and 25 patients underwent PG including gastric cardia (PG).

Clinicopathological characteristics
The clinical and pathologic variables of patients are summarized in Table 1. The median age of all patients was 59.4 years, and 24 were males. There was no significant difference in the mean age and gender between the CR and PG groups. The median tumor size in the CR and PG groups was 6.4 cm (1.8-12.5 cm) and 8.3 cm (2.5-14 cm), respectively. Most tumors were of spindle histologic subtype in both groups (13/18 in the CR and 18/25 in the PG groups), had Ki67 index ≤ 5% (15/18 in the CR and 16/25 in the PG groups), and had mitotic rate < 5/50 HPF (high-power field, 30/43 in both the CR and PG groups). Immunohistochemistry showed positivity for CD117, CD34, and DOG-1 in 38 (88.37%), 39 (90.70%), and 36 (83.72%) cases, respectively. The two groups were comparable with respect to the modified National Institutes of Health risk classification[15]. 

Perioperative outcomes of the CR group and PG group
Table 2 compares the intra-operative and postoperative outcomes of the two surgical procedures for type A GISTs. The results showed that except for intraoperative blood loss (59.44 ± 23.08 vs 90.60 ± 35.62, P = 0.069), the other indicators were significantly different between the two groups (P < 0.05), suggesting that CR group was significantly superior to the PG group. The negative rate of surgical margin was 100% in both groups.

Esophageal 24-h pH monitoring between the CR group and PG group
Table 3 summarizes the postoperative esophageal 24-h pH parameters such as the mean 24-h pH, total time for pH < 4, acid reflux number of 24 h, and regurgitation times (> 5 min) after both surgical procedures for type A GISTs. The results of the two groups were compared, and it was found that the postoperative reflux of CR group was significantly less than that of PG group (all P < 0.001).

SF-36 between the CR group and PG group
On comparison of the postoperative health-related quality of life, it was found that CR group had higher PF, RP, BP, GH, VT, SF, RE, and MH scores compared with PG group (all P < 0.01) (Table 4).

Cut-off point of distance of involving Z-line for discrimination of the surgical method
We generated ROC curves to find best the Youden index to detect the cut-off value for predicting the surgical method. The area under the curve (AUC) was 0.907, indicating that the cut-off value of the length of the upper edge of the GIST crossing the Z-line (or invading the esophagus) was 7.0 mm. It can also be understood that when the invasion of the esophagus is greater than 0.7 cm, it is not suitable for CR. The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy rates were 83.33%, 84.00%, 78.90%, 87.51%, and 83.72%, respectively (Figure 5).

Comparison of DFS between the two groups
A total of 37 patients were included for the analysis of DFS (CR group: 17, PG group: 20) after excluding one case of preoperative liver metastasis from the CR group and 3, 1, and 1 case of liver metastasis, peritoneal metastasis, and diaphragm invasion from the PG group, respectively. Median follow up was 46.2 mo (range, 11-102 mo). The 5-year DFS was 100% in the CR group and 85% in the PG group, and the difference was not statistically significant (P = 0.163, Figure 6). 

DISCUSSION
In this study, we described a novel surgical technique of CR for type A EGJ-GIST in order to retain the gastric cardia function as much as possible and prevent postoperative GER. We found that the perioperative outcomes of CR were superior to PG including 24-h pH monitoring and SF-36. The results showed that CR was safe and feasible.
PG has been the only recommended operation in the National Comprehensive Cancer Network guidelines[3] and related studies on EGJ-GIST[8,16]. PG is associated, however, with high risk of postoperative GER. The incidence of reflux esophagitis after PG is high and usually accompanied by symptoms such as acid reflux and retrosternal burning[17]. Besides, GER seriously affects the quality of life of patients and requires them to take drugs such as omeprazole for a long time. In the present study, the symptoms of heartburn (3/18 vs 16/25, P < 0.05) and need for acid-suppressive drugs (4 /18 vs 18/25, P < 0.05) were significantly less in the CR group compared to the PG group suggesting that CR was significantly superior to the traditional PG in controlling GER.
The gold standard for evaluating GER is 24-h pH monitoring[18]. It objectively measures the change of pH value in the esophagus under physiological state. pH < 4 total time percentage and the number of consecutive > 5 min are the main parameters used to diagnose and assess the severity of acid reflux[13]. In the current study, the CR group was significantly superior to the PG group based on the 24-h pH study findings including the mean 24-h pH, total time for pH < 4, acid reflux number of 24 h (standing), acid reflux number of 24 h (lying), and regurgitation times (> 5 min). These findings provide objective evidence for the reduction in GER by CR.
Impairments of health-related QoL in patients with heartburn have been reported previously[14,19]. We adopted the SF-36 questionnaire, which is an extensively used generic questionnaire for assessing physical and mental related QoL[14]. We found that the patients in PG group displayed a much poorer QoL (both mental and physical) in comparison with those in CR group. This difference might be partly because of the high incidence of heartburn in PG group, which contributed to the high levels of psychological burden[20].
CR was performed according to the shape of the tumor and the extent of invasion of the cardiac muscle, so as to minimize the damage to the anatomical structure of the gastric cardia. In our experience, we found that the distance of the tumor across the Z-line was the key determinant of whether CR can be performed. The cut-off value calculated by ROC curve was 7.0 mm, which was the maximum adaptive distance of CR. If it exceeds 7.0 mm, then it will inevitably result in excessive resection of esophageal tissue, which is not suitable for this operation. Also, if the tumor is involving the EGJ circumferentially, then CR is not possible. However, none of the patients in our study had circumferentially involvement of the EGJ by the tumor. At the same time, it is important to limit the resection of esophagus and cardiac muscles as much as possible by using intraoperative frozen section and preserve the cardiac function to the maximum extent. With this technique we achieved negative margins in all the cases operated in this study. Another important aspect of CR is the suturing of the defect after resection. In order to prevent stenosis, we sutured the esophageal wall to the gastric wall and not to the esophageal wall. All these goals of CR can be best achieved by open surgery. Laparoscopic resection and suturing for CR can be technically very challenging. Previous studies have shown that the ratio of conversion from laparoscopy to laparotomy was high for EGJ-GIST that did not involve Z-line[21-23]. Laparoscopic surgery has not been recommended by the National Comprehensive Cancer Network guidelines[3]. Future studies by experienced laparoscopic surgeons will help to determine whether CR can be safely performed by laparoscopy.
In this study, the operative time, time for first passage of flatus, and postoperative hospital stay were significantly less in the CR group suggesting that the CR group induced less surgical damage and faster recovery of patients. Moreover, the long-term outcomes such as DFS was similar between CR and PG, indicating that CR helped in preserving gastric cardiac function without compromising the oncological outcomes.
There are some limitations of this study. First, it was a retrospective study with potential for selection bias. Second, the sample size of this study was small. Third, this study was a single center study. Future larger prospective multicenter studies are needed to validate the findings of this study.

CONCLUSION
CR is a safe and feasible alternative to PG for non-circumferential localized EGJ-GIST within 7.0 mm above the Z-line. CR is associated with lower risk of postoperative GER and better quality of life compared to PG.

ARTICLE HIGHLIGHTS
Research background
For gastrointestinal stromal tumors (GISTs) at the esophagogastric junction (EGJ) involving the Z-line, previous proximal gastrectomy (PG) results in serious postoperative reflux and poor quality of life.

Research motivation
To explore and improve the surgical methods of GIST in this part, so as to preserve the cardiac sphincter as much as possible and reduce the incidence of postoperative reflux esophagitis.

Research objectives
We aimed to describe a novel technique to achieve R0 resection of EGJ-GIST involving Z-line with preservation of the sphincter function. We have also compared the outcomes of conformal resection with PG.

Research methods
In this study, 43 patients having GISTs involving Z-line were included. The perioperative outcomes of patients receiving conformal resection (CR) (n = 18) was compared with that of PG (n = 25). The data of the patients collected were as follows: Clinical and pathologic findings, intra-operative and postoperative outcomes, esophageal 24-h pH parameters, the 36-item short-form health survey, and disease-free survival.

Research results
CR was successfully performed in all the patients with negative microscopic margins. The mean operative time, time to first passage of flatus, and postoperative hospital stay was significantly shorter in CR group (P < 0.05), while the intraoperative blood loss was similar in the two groups. The postoperative gastroesophageal reflux as diagnosed by esophageal 24-h pH monitoring and quality of life at 3 mo were significantly in favor of CR compared to PG (both P < 0.001). The 5-year disease-free survival between the two groups were similar (P = 0.163). The cut- off value for the determination of CR or PG was 7.0 mm above the Z-line (83.33% sensitivity, 84.00% specificity, 83.72% accuracy). 

Research conclusions
CR is safe and feasible for EGJ-GIST located within 7.0 mm above the Z-line. CR was associated with lower incidence of postoperative GER and better quality of life with similar oncological outcomes compared to PG. 

Research perspectives
Our surgical team will continue to conduct survival follow-up for enrolled patients and cooperate with multiple centers to explore further the advantages and disadvantages of this surgical approach.
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Figure Legends
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Figure 1 Schematic diagram of esophagogastric junction-gastrointestinal stromal tumor. Z-line: Squamocolumnar junction; Type A: Defined as esophagogastric junction-gastrointestinal stromal tumor involving Z-line; Type B: Defined as esophagogastric junction-gastrointestinal stromal tumor near Z-line.
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[bookmark: _Hlk62919908][bookmark: _Hlk54004097]Figure 2 Conformal resection of type A esophagogastric junction-gastrointestinal stromal tumor located in the anterior wall of esophagogastric junction. A: The abdominal computed tomography showing the lesion located in the anterior wall of the esophagogastric junction; B: Exploratory laparotomy; C: Removal of the tumor with preservation of esophagogastric junction and esophageal wall as much as possible; D: Suturing of the esophageal wall to the gastric wall to prevent stenosis; E: The final appearance after suturing.
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[bookmark: _Hlk62920121]Figure 3 Conformal resection of type A esophagogastric junction-gastrointestinal stromal tumor located in the posterior wall of esophagogastric junction. A: The abdominal computed tomography showing the lesion located in posterior wall of the esophagogastric junction; B: Anterior gastrotomy to visualize the lesion; C: Removal of the tumor; D: Suturing of the posterior wall of the esophagus to the gastric wall.

[image: ]
Figure 4 Gastroduodenal endoscopy 2 mo after the operation. A: Gastric view; B: Esophageal view.
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Figure 5 The receiver operating characteristic curve analyses showed that the best cut-off value of distance of involving Z-line was 7.0 mm.
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Figure 6 The disease-free survival between conformal resection group and proximal gastrectomy group (P = 0.163). CR: Conformal resection; PG: Proximal gastrectomy.

Table 1 Comparison of clinical and pathologic variables of study patients
	Variables
	CR group
	PG group
	P value

	Age, median (range), in yr
	58 (32-73)
	61 (28-75)
	0.532

	Sex
	
	
	0.168

	Male
	8
	16
	

	Female
	10
	9
	

	Size in cm
	
	
	0.549

	≤ 2
	1
	0
	

	2.1-5.0
	6
	6
	

	5.1-10
	7
	13
	

	> 10
	4
	6
	

	Histologic type
	
	
	0.71

	Spindle
	13
	18
	

	Epitheloid
	1
	3
	

	Mixed
	4
	4
	

	Mitotic index, per 50 HPF
	
	
	0.766

	≤ 5
	13
	17
	

	> 5
	5
	8
	

	Ki-67
	
	
	0.163

	≤ 5%
	15
	16
	

	> 5%
	3
	9
	

	CD117
	
	
	0.929

	Positive
	16
	22
	

	Negative
	2
	3
	

	CD34
	
	
	0.159

	Positive
	15
	24
	

	Negative
	3
	1
	

	DOG-1
	
	
	0.083

	Positive
	13
	23
	

	Negative
	5
	2
	

	NIH risk category
	
	
	0.476

	Very low risk
	1
	0
	

	Low risk
	5
	4
	

	Intermediate risk
	7
	12
	

	High risk
	5
	9
	

	Length of the upper edge of the GIST crossing the Z-line, mean ± SD (cm)
	0.639 (0.29)
	1.024 (0.395)
	0.193

	Circumference of the EGJ involvement
	
	
	0.716

	T ≤ 1/4
	10
	13
	

	1/4 < T ≤ 2/4
	7
	8
	

	2/4 < T ≤ 3/4
	1
	3
	

	T > 3/4
	0
	1
	

	Heartburn, postoperative
	
	
	

	Yes
	3
	16
	0.004

	No
	15
	9
	

	Oral antacids, postoperative
	
	
	

	Yes
	4
	18
	0.002

	No
	14
	7
	


CR: Conformal resection; EGJ: Esophagogastric junction; GIST: Gastrointestinal stromal tumor; HPF: High-power field; PG: Proximal gastrectomy; T: Tumor. 

Table 2 Comparison of intra-operative and postoperative variables between two surgical procedures for type A esophagogastric junction-gastrointestinal stromal tumors
	
	CR group, n = 18
	PG group, n = 25
	P value
	95%CI

	
	
	
	
	Lower
	Upper

	Operating time in min
	108.61 ± 30.13
	137.80 ± 51.04
	0.029
	-56.41
	-0.97

	Intraoperative blood loss in mL
	59.44 ± 23.08
	90.60 ± 35.62
	0.069
	-53.53
	-11.78

	First passage of flatus time in h
	29.11 ± 15.35
	74.24 ± 40.39
	0.013
	-65.389
	-24.87

	Days to oral intake
	3.56 ± 1.65
	8.68 ± 3.88
	0.006
	-7.09
	-3.16

	Postoperative hospital stay in d
	6.00 ± 2.40
	10.96 ± 4.15
	0.049
	-7.17
	-2.75

	Negative margin, %
	100
	100
	
	
	


CI: Confidence interval; CR: Conformal resection; PG: Proximal gastrectomy.

Table 3 Postoperative esophageal 24-h pH parameters of patients who underwent surgery for type A esophagogastric junction-gastrointestinal stromal tumors
	
	Mean 24-h pH
	Total time for pH < 4 (min)
	Acid reflux number of 24 h
	Regurgitation events, > 5 min

	
	
	
	Standing
	Lying
	

	CR group, n = 18
	4.97 ± 1.44
	31.83 ± 22.65
	17.83 ± 11.25
	35.62 ± 15.71
	1.44 ± 1.68

	PG group, n = 25
	3.41 ± 1.15
	184.48 ± 118.74
	32.68 ± 15.89
	58.81 ± 19.13
	6.04 ± 1.92

	P value
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001


CR: Conformal resection; PG: Proximal gastrectomy.

Table 4 Postoperative health-related quality of life of study patients
	
	PF
	RP
	BP
	GH
	VT
	SF
	RE
	MH

	CR group, n = 18
	53.72 ± 2.13
	54.61 ± 1.61
	60.94 ± 1.86
	61.56 ± 1.75
	61.72 ± 3.49
	55.11 ± 2.24
	50.61 ± 2.93
	55.00 ± 2.27

	PG group, n = 25
	48.00 ± 3.64
	48.36 ± 2.89
	49.80 ± 4.12
	50.72 ± 5.15
	52.20 ± 4.06
	44.60 ± 2.63
	37.16 ± 4.08
	46.12 ± 3.95

	P value
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001
	< 0.001


BP: Bodily pain; GH: General health; MH: Mental health; PF: Physical function; RE: Role-emotional; SF: Social functioning; RP: Role physical; VT: Vitality. 
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