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Abstract
BACKGROUND
Laparoscopic assisted total gastrectomy (LaTG) is associated with reduced nutritional status, and the procedure is not easily carried out without extensive expertise. A small remnant stomach after near-total gastrectomy confers no significant nutritional benefits over total gastrectomy. In this study, we developed a modified laparoscopic subtotal gastrectomy procedure, termed laparoscopic-assisted tailored subtotal gastrectomy (LaTSG).

AIM
To evaluate the feasibility and nutritional impact of LaTSG compared to those of LaTG in patients with advanced middle-third gastric cancer (GC).

METHODS
We retrospectively analyzed surgical and oncological outcomes and postoperative nutritional status in 92 consecutive patients with middle-third GC who underwent radical laparoscopic gastrectomy at Department of Pancreatic Stomach Surgery, National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences, and Peking Union Medical College between 2013 and 2017. Of these 92 patients, 47 underwent LaTSG (LaTSG group), and the remaining underwent LaTG (LaTG group).

RESULTS
Operation time (210 ± 49.8 min vs 208 ± 50.0 min, P > 0.05) and intraoperative blood loss (152.3 ± 166.1 mL vs 188.9 ± 167.8 mL, P > 0.05) were similar between the groups. The incidence of postoperative morbidities was lower in the LaTSG group than in the LaTG group (4.2% vs 17.8%, P < 0.05). Postoperatively, nutritional indices did not significantly differ, until postoperative 12 mo. Albumin, prealbumin, total protein, hemoglobin levels, and red blood cell counts were significantly higher in the LaTSG group than in the LaTG group (P < 0.05). No significant differences in Fe or C-reaction protein levels were found between the two groups. Endoscopic examination demonstrated that reflux oesophagitis was more common in the LaTG group (0% vs 11.1%, P < 0.05). Kaplan–Meier analysis showed a significant improvement in the overall survival (OS) and disease free survival (DFS) in the LaTSG group. Multivariate analysis showed that LaTSG was an independent prognostic factor for OS (P = 0.048) but not for DFS (P = 0.054). Subgroup analysis showed that compared to LaTG, LaTSG improved the survival of patients with stage III cancers, but not for other stages.

CONCLUSION
For advanced GC involving the middle third stomach, LaTSG can be a good option with reduced morbidity and favorable nutritional status and oncological outcomes.
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Core Tip: We developed a modified the laparoscopic subtotal gastrectomy procedure termed laparoscopic-assisted tailored subtotal gastrectomy (LaTSG) to treat advanced middle-third gastric cancer. Compared with laparoscopic assisted total gastrectomy (LaTG), LaTSG is a safer procedure in terms of both short and long-term outcomes. The long-term survival of patients who underwent LaTSG was better than that of patients who underwent LaTG. Furthermore, LaTSG may have an advantage over LaTG by improving the postoperative nutritional status and preventing reflux oesophagitis.

INTRODUCTION
In recent decades, the incidence of gastric cancer (GC) has declined worldwide, however, it remains the second most common cancer among men and the third most common among women. According to data from the National Central Cancer Registry of China, in 2015, there were 677000 new cases of GC in China, which accounted for half of all incident cases globally[1]. 
In resectable advanced GC, the range of resection is determined by tumor characteristics, including its size, location, clinical stage, and distance from the proximal resection margin. According to the latest Japanese GC treatment guidelines[2], tumors located in the upper or low-third of the stomach have a definite range of gastric resection. However, consensus on the optimal surgical treatment strategy for advanced GC located in the middle of the stomach is yet to be established. Such cancer is not easily cured by distal or proximal gastrectomy, and most patients ultimately undergo total gastrectomy (TG). However, numerous studies have demonstrated that TG was more traumatic than partial gastrectomy, and it is further suggested that TG could result in higher rates of postoperative complications[3-5]. Moreover, patients who underwent TG showed significant nutritional deficits, including a higher incidence of anemia and low serum vitamin E levels[6,7].
A recently reported procedure[8], laparoscopic subtotal gastrectomy with a very small remnant stomach, has demonstrated advantages over laparoscopic-assisted total gastrectomy (LaTG), showing reduced postoperative morbidity and improved nutritional status, when used to treat patients with early GC located in the upper-third of the stomach. Recently, several large clinical studies have demonstrated that laparoscopy can be used for advanced GC[9,10]. We developed a modified laparoscopic subtotal gastrectomy procedure termed laparoscopic-assisted tailored subtotal gastrectomy (LaTSG) to treat advanced middle-third GC. In the present study, we evaluated short-term postoperative patient outcomes, nutritional status, and long-term oncological outcomes to assess the safety and efficacy of LaTSG compared to those of LaTG.

MATERIALS AND METHODS
Patients
This retrospective study assessed patient outcomes in 47 patients who received LaTSG and 45 patients who received LaTG for preoperatively diagnosed GC. Patients (aged 18-75 years) were enrolled and treated at the Department of Pancreatic Stomach Surgery, National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College from February 2013 to November 2017. Preoperative contrast-enhanced computed tomography (CT) and endoscopic ultrasonography were performed to assess the tumor. 
LaTSG was performed in patients who fulfilled the following criteria: (1) Tumor identified by clinical staging as T2-4bN0-3M0 based on the 8th American Joint Committee on Cancer staging system; (2) non-Bormman type IV tumor located in the middle-third of the stomach, or non-Bormman type IV lesion in the lower-third of the stomach that extends into the middle-third of the stomach, with no distant metastasis. In view of the susceptibility to No. 2 lymph node (LN) metastasis, TG was performed for the tumors located in the greater curvature of the stomach; (3) the proximal margin was at least 3 cm from the tumor with a non-infiltrative growth pattern; and (4) intraoperative peritoneal washing cytology was negative. In patients selected to receive LaTSG, an additional intraoperative frozen pathology was performed. If the margin of the biopsy was positive for tumor cells, LaTG instead of LaTSG was performed. Standard D2 lymph node dissection was performed in all cases. All methods were carried out in accordance with Japanese GC treatment guidelines2014 (ver. 4)[2].
Patients were excluded from the study if they met any of the following criteria: (1) Contemporaneous existence of other malignancies; (2) gastric stump cancer; (3) received preoperative radiotherapy; (4) existence of distant metastasis including No. 16 LN, left supraclavicular lymph node, liver, lung, or bone metastasis; (5) peritoneal dissemination or positive intraoperative peritoneal washing cytology; (6) Bormman type IV tumor; and (7) existence of enlarged or bulky regional lymph nodes, larger than 3 cm in the long diameter according to preoperative imaging.

Evaluation of clinical parameters 
[bookmark: OLE_LINK156][bookmark: OLE_LINK157]Early postoperative complications (occurring on postoperative days 0–30) were graded using the Clavien–Dindo classification. To evaluate the postoperative nutritional status, body mass index (BMI) and serum concentrations of hemoglobin (HGB), ferrous iron (Fe), albumin (ALB), prealbumin (PALB), total protein (TP), and red blood cell counts (RBC) were measured 1 d, 1 mo, and 12 mo after the procedure was conducted. Gastro-esophageal reflux was evaluated via endoscopy based on the Los Angeles classification system[11] 12 mo after the surgery. For patients with pathologic stage II or higher tumors, adjuvant chemotherapy with 6 mo of a fluorouracil-based chemotherapy was mandated. All patients were followed regularly by clinic visits and telephone. Chest, abdominal, and pelvic contrast-enhanced CT was performed every 3 mo for the first 3 years and 6 mo thereafter.

Surgical procedure
Endotracheal intubation was conducted under general anesthesia, and the laparoscopic surgery was performed with the patient placed in the split-leg reverse Trendelenburg position. A 10-mm flexible laparoscope was used, and CO2 pressure was maintained at 13-15 mmHg. During surgery, the operator was positioned on the left side of the patient, the first assistant was on the right side, and the cameraman stood between the legs of the patient.
A five-port system (two 5-mm ports and three 12-mm ports) was used for the laparoscopic assisted gastrectomy (Figure 1). The location of the observation port was determined based upon the distance between the patient's xiphoid and umbilicus. 
A 12-mm trocar could be inserted into the umbilicus with sufficient distance from the xiphoid. Our additional ports (two ports with 12-mm diameter and two with 5-mm diameter) were inserted under direct visualization into the upper abdomen. Trocars were separated by a width of at least four fingers which helped prevent each trocar from impacting the others via the “chopstick effect”. 

LaTSG procedure
After dissociating the distal stomach and completing D2 LN dissection (D1+7+8a+9+11p+12a), at least two branches of the short gastric artery near the gastric cardia were preserved. An endoscopic liner stapler was used to cut and close the duodenum.
Different resection lines were selected based on different locations of the tumors (Figure 1). In tumors located within the lesser curvature of the stomach, a liner stapler was used to make a curved transaction line 3 cm from the lateral edge of the tumor, thereby retaining the fundus and cardia, which were used to form a proximal tube-shaped stomach (Figures 1A, 2, and 3). In tumors located in the middle of the stomach, a liner stapler was used to make a curved transection line 3 cm from the upper edge of the tumor (Figure 1B). After removing the specimen and ensuring that a negative frozen margin was obtained, conventional Billroth II reconstruction, alongside either Braun’s or Roux-en-Y anastomosis, was performed with a circular stapler. 

LaTG procedure
Patients with positive tumor indications in their proximal margin frozen sections were transitioned to undergo LaTG. After dissecting the LNs, the duodenum was transected using a linear stapler. The jejunum was subsequently extracorporeally transected 20 cm distal to the ligament of Treitz using another linear stapler. Jejunojejunostomy was performed using a liner stapler, 44 cm from the cutting end. The ensuing mesenteric hole was closed using a 3-0 absorbable suture. Oesophagojejunostomy was performed with a circular stapler. The reverse piercing method was used to put the nail base into the oesophagus and to perform esophagojejunal end-to-side anastomosis.

Statistical analysis
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Clinical data were obtained from patients’ records. Statistical analyses were performed using SPSS.20 (SPSS Inc., Armonk, NY, United States). All values are expressed as the mean ± SD. We compared categorical and continuous variables using the χ2 test and Student’s t test, respectively. Kaplan–Meier estimation and log-rank test were performed to compare survival. A Cox proportional hazards regression model was used to verify independent prognostic factors through univariate and multivariate analyses. A P value < 0.05 was considered statistically significant.

RESULTS
Patient characteristics
Table 1 details the clinical and nutritional characteristics of patients undergoing LaTSG and LaTG. Between the LaTSG and LaTG groups, no significant differences were observed in patients’ BMI, ASA-PS, the number of patients with a previous abdominal operation, or the number of patients receiving neoadjuvant chemotherapy. Although the pT stage was significantly different between the two groups (P = 0.027), there were no significant intergroup differences in the pTNM stage (P = 0.217).

Operative findings
Operative outcomes are summarized in Table 2. Mean operation time and mean estimated blood loss were similar between the groups. There were no significant differences between the two groups in the levels of intraoperative blood transfusion. Proportionately, more LNs were retrieved in the LaTG group than in the LaTSG group (P < 0.05). Tumor size was larger in the LaTG group than in the LaTSG group, while there were no significant differences between the two groups in the proximal and distal margins. Neural infiltration and lymph vessel invasion were more common in the LaTG group than in the LaTSG group, however, these differences were not significant (P > 0.05).  

Short-term outcomes
Postoperative patient complications are listed in Table 3. The mean postoperative hospital stay was significantly shorter in the LaTSG group (8.9 ± 5.0 d) than in the LaTG group (12.0 ± 7.3 d) (P < 0.05). No mortality was recorded for the LaTSG group; however, one patient in the LaTG group died from acute kidney failure due to intraabdominal bleeding. The overall postoperative complication rate was 4.25% in the LaTSG group, and 17.8% in the LaTG group (P < 0.05). The frequency of anastomotic complications was significantly higher in the LaTG group (8.9%) than in the LaTSG group (0%)  (P < 0.05). Los Angeles Grade B or more severe reflux oesophagitis was observed in ten (17.2%) patients in the LaTG group, while such severe reflux oesophagitis was observed in only two (4.5%) patients in the LaTSG group (P = 0.002).

Nutritional indexes
Figure 4 shows the pre- and postoperative mean levels of ALB, TP, PALB, RBC, HGB, C-reactive protein (CRP), and Fe in patients who underwent LaTSG and LaTG. On the first day postoperatively, these nutritional indices did not significantly differ between the groups. However, at 12 mo post-surgery, ALB, TP, HGB, and RBC levels were significantly higher in the LaTSG group than in the LaTG group (P < 0.05). No significant differences in Fe, PALB, or CRP levels were found between the groups (P > 0.05) (Table 4).

Survival results
The median follow-up time was 41 mo (range, 37-46 mo) in this study. Kaplan–Meier analysis showed a significant difference in overall survival between the two groups (P = 0.020) (Figure 5). The 3-year overall survival rates in the LaTSG and LaTG groups were 85.6% and 67.4%, respectively (P < 0.05). Subgroup analysis showed that compared to LaTG, LaTSG improved the survival of patients with stage III cancer, but not for other stages. Univariate analysis identified tumor size (P = 0.036), TNM stage (P = 0.002), and surgical type (P = 0.036) to be prognostic factors for overall survival. Multivariate analysis revealed that pTNM stage (P = 0.004) and surgical type (P = 0.048) were independent prognostic factors for the overall survival (Table 5).
Kaplan–Meier analysis also showed a significant difference in disease-free survival between the two groups (P = 0.022) (Figure 6). The 3-year disease-free survival rates in the LaTSG and LaTG groups were 86.7% and 57.3%, respectively (P < 0.05). Multivariate analysis shows that pTNM stage (P = 0.046) was the only independent prognostic factor for disease-free survival (Table 6). Subgroup analysis showed that compared to LaTG, LaTSG improved the disease free survival of patients with stage III cancer, but not for other stages.

DISCUSSION
In the present study, we evaluated the efficacy of LaTSG compared to LaTG in patients with advanced middle-third GC, and the findings demonstrated that long-term survival was better for those who underwent LaTSG than for those who underwent LaTG. 
In this study, our inclusion criteria included non-Bormman type IV tumors, in which the lateral resection margin was at least 3 cm from the tumor. Bormman type IV tumors were excluded because of difficulty in obtaining a negative margin. It is advisable to utilize frozen pathology to obtain complementary diagnostic information, despite the risk for false-negatives. Preoperative markers or intraoperative guidance is necessary so that the tumor does not penetrate any serous membranes. If the margin biopsy was positive for tumor, LaTG, instead of LaTSG, was performed. In this study, all patients received R0 resection, and whether proximal or distal margin was greater than 3 cm was not a prognostic factor for overall survival, as has also been reported in previous reports[12-14].
With respect to the number of retrieved LNs, the LaTG group had a significantly larger number than the LaTSG group (P < 0.05). The main reason for this difference is that the LN dissection extent differed between the two groups. In the LaTSG group, we did not resect the No.2, No.4sa, and No.11d LNs, which were dissected in the LaTG group, in accordance with the Japanese GC treatment guidelines[2]. With respect to No. 4sa, it is possible to remove most of the lymph nodes along the short gastric vessels. However, a complete dissection, which also includes the nodes around the superior pole of the spleen, should be avoided, so as to preserve blood supply to the remnant stomach. This is especially important when the tumor is located within the lesser curvature of the stomach.
Many patients undergoing TG suffer from iron and/or vitamin B12 deficiencies due to malabsorption. The absence of gastric acid secretion and a lack of intrinsic factor have been reported to cause poor absorption of these nutrients, resulting in clinically evident anemia or neuropathy. Previous retrospective studies have documented that distal gastrectomy has advantages over TG in postoperative nutritional status and quality of life of patients[15,16]. Moreover, previous studies have indicated that the gastrectomy itself may induce iron deficiency, because less oral intake of food, and thereby of dietary Fe, occurs due to the small stomach volume. 
Patients who underwent LaTSG showed significantly higher HGB and RBC levels at 12 mo post-surgery than those who underwent LaTG. Furthermore, significant differences in ALB, TP, and PLAB levels were found between the two groups. In contrast, we did not find a significant difference between the LaTG and LaTSG groups with respect to Fe absorption. Nevertheless, in aggregate, our data suggested that partial preservation of the remnant stomach increased the absorption of some nutrients compared to total resection. 
LaTSG is a feasible and safe technique in terms of the operation time, estimated blood loss, and intraoperative blood transfusion. In our analysis, the frequency of anastomotic complications was significantly lower in the LaTSG group than in the LaTG group, suggesting that LaTSG has advantages over LaTG by reducing the incidence of postoperative anastomotic complications. Our results are supported by the study of Lee et al[17], who reported a higher rate of postoperative complications with LaTG than with laparoscopic-assisted distal gastrectomy, especially with respect to the incidence of anastomotic stricture. This reduced incidence of postoperative complications could be related to the fact that LaTG is more complicated than LaTSG. In particular, when using a tubular stapler, sophisticated purse-string suture and anvil placement were severely limited by the narrow space. 
Studies largely agree that subtotal gastrectomy for distal gastric adenocarcinoma improves the quality of life without causing any adverse effects on long-term survival[15,18,19]. Likewise, in this study, 1 year postoperatively, the anti-reflux effect was much better in patients who underwent LaTSG than in those who underwent LaTG. Indeed, LaTSG retains the complete cardia structure and further preserves a lager remnant stomach than subtotal gastrectomy, which collectively greatly reduces the incidence of postoperative reflux oesophagitis, without any anastomotic stricture.
For the treatment of malignant tumors, the focus has always been on survival. Other studies have showed a survival advantage for subtotal procedures[20]. In our study, the overall survival was better for patients in the LaTSG group than those in the LaTG group, and the 3-year survival rates in the LaTSG and TG groups were 85.6% and 67.2%, respectively (P < 0.05).
Specifically, in previous studies as well as in our study, subgroup analysis showed that compared to TG, distal gastrectomy was shown to improve the survival of patients with stage III cancer, but not for other stages[16,18]. According to the above analyses, compared with LaTG, LaTSG did not increase local recurrence of advanced middle-third stomach carcinoma, but prolonged the overall survival.

Limitations
There is some bias in this study. This study was a retrospective study and involved only a few patients. Further randomized control trials and more enrolled patients are needed to help validate our findings. We have yet to assess the patients’ quality of life with a long-term follow-up duration. Furthermore, we did not test vitamin B12 and vitamin E levels, which could better reflect the nutritional status of patients after surgery.

CONCLUSION
Our results suggest that LaTSG is a safer procedure than LaTG in both short and long-term outcomes. The long-term survival of patients who undergo LaTSG is better than that of patients who undergo LaTG. Furthermore, LaTSG may have an advantage over LaTG in improving the postoperative nutritional status and preventing reflux oesophagitis. 

ARTICLE HIGHLIGHTS
Research background
Consensus on the optimal surgical treatment strategy for advanced gastric cancer located in the middle of the stomach is yet to be established. Most patients ultimately undergo total gastrectomy (TG). 

Research motivation
TG is associated with reduced nutritional status, and higher rates of postoperative complications. We modified the laparoscopic subtotal gastrectomy procedure to treat advanced middle-third gastric cancer.

Research objectives
This study aimed to evaluate short-term postoperative patient outcomes, nutritional status, and long-term oncological outcomes to assess the safety and efficacy of laparoscopic-assisted tailored subtotal gastrectomy (LaTSG) compared to those of laparoscopic-assisted total gastrectomy (LaTG).

Research methods
This study retrospectively analyzed surgical and oncological outcomes and postoperative nutritional status in 92 consecutive patients with middle-third gastric cancer who underwent LaTSG (47 cases) or LaTG (45 cases) at Department of Pancreatic Stomach Surgery, National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences, and Peking Union Medical College between 2013 and 2017.

Research results
The incidence of postoperative morbidities was lower in the LaTSG group than in the LaTG group (4.2% vs 17.8%, P < 0.05). At postoperative 12 mo, albumin, prealbumin, total protein, hemoglobin levels, and red blood cell counts were significantly higher in the LaTSG group than in the LaTG group (P < 0.05). Endoscopic examination demonstrated that reflux oesophagitis was more common in the LaTG group (0% vs 11.1%, P < 0.05). Kaplan–Meier analysis showed a significant improvement in the overall survival (OS) and disease free survival (DFS) in the LaTSG group.

Research conclusions
LaTSG is a safer procedure than LaTG in terms of both short and long-term outcomes. The long-term survival of patients who undergo LaTSG is better than that of patients who undergo LaTG. 

Research perspectives
Further randomized control trials and more enrolled patients are needed to help validate our findings.
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Figure Legends
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Figure 1 Selected resection lines based on the tumor’s location. A: Lesser curvature; B: Middle. 
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Figure 2 In a tumor located in the lesser curvature of the stomach, a liner stapler was used to make a curved transection line 3 cm from the lateral edge of the tumor. 
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Figure 3 The stomach was resected while the fundus and cardia were retained and used to form a larger proximal remnant stomach than subtotal gastrectomy. 
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Figure 4 Mean preoperative and postoperative levels of albumin, total protein, prealbumin, red blood cell counts, hemoglobin, C-reaction protein, and ferrous iron in patients undergoing laparoscopic-assisted tailored subtotal gastrectomy and laparoscopic assisted total gastrectomy. aP < 0.05; bP < 0.01. On the first day postoperatively, these nutritional indices did not significantly differ between the groups. However, at 12 mo post-surgery, albumin, total protein, hemoglobin, and red blood cell levels were significantly higher in the laparoscopic-assisted tailored subtotal gastrectomy group than in the laparoscopic assisted total gastrectomy group (P < 0.05). No significant differences in ferrous iron, prealbumin, or C-reaction protein levels were found between the two groups (P > 0.05) (Table 4). TP: Total protein; PLAB: Prealbumin; ALB: Albumin; Fe: Ferrous iron; CRP: C-reaction protein; HGB: Hemoglobin; RBC: Red blood cell; LaTG: Laparoscopic assisted total gastrectomy; LaTSG: Laparoscopic-assisted tailored subtotal gastrectomy.b
b
b
b
a
a
b
b

[image: 2]P > 0.05
P < 0.05
P < 0.05
P > 0.05
P > 0.05

Figure 5 Overall survival curves of patients in the laparoscopic-assisted tailored subtotal gastrectomy and laparoscopic assisted total gastrectomy groups. Overall survival was better in the laparoscopic-assisted tailored subtotal gastrectomy (LaTSG) group than in the laparoscopic assisted total gastrectomy (LaTG) group. Subgroup analysis showed that compared to LaTG, LaTSG improved the survival of patients with stage III cancer, but not for other stages (stages I and II). LaTSG: Laparoscopic-assisted tailored subtotal gastrectomy; LaTG: Laparoscopic assisted total gastrectomy.

[image: ]
Figure 6 Disease-free survival curves of patients in the laparoscopic-assisted tailored subtotal gastrectomy and laparoscopic assisted total gastrectomy groups. Disease-free survival rate was better in the laparoscopic-assisted tailored subtotal gastrectomy (LaTSG) group than in the laparoscopic assisted total gastrectomy (LaTG) group. Subgroup analysis showed that compared to LaTG, LaTSG improved the disease free survival of patients with stage III cancer, but not for other stages. LaTSG: Laparoscopic-assisted tailored subtotal gastrectomy; LaTG: Laparoscopic assisted total gastrectomy.P < 0.05
P < 0.05
P > 0.05
P > 0.05


Table 1 Clinical characteristics of patients in the laparoscopic-assisted tailored subtotal gastrectomy and laparoscopic assisted total gastrectomy groups
	Characteristic
	LaTSG (n = 47)
	LaTG (n = 45)
	P value

	Sex (M/F)
	11/36
	17/28
	0.175

	Age
	57.0 ± 11.1
	58.0 ± 9.9
	0.571

	BMI (kg/m2)
	23.6 ± 3.4
	23.7 ± 3.0
	0.559

	ASA-PS (1/2/3)
	2/44/1
	2/42/1
	0.998

	pT stage
	
	
	0.027

	pT1
	18 (38.3)
	10 (22.2)
	

	pT2
	5 (10.6)
	4 (8.9)
	

	pT3
	8 (17.0)
	22 (48.9)
	

	pT4a
	16 (34.0)
	9 (20.0)
	

	pN stage
	
	
	0.371

	pN0
	23 (48.9)
	14 (31.2)
	

	pN1
	10 (21.3)
	14 (31.2)
	

	pN2
	6 (12.8)
	7 (15.6)
	

	pN3
	8 (17.0)
	10 (22.2)
	

	pTNM stage
	
	
	0.217

	Ⅰ
	18 (38.3)
	11 (24.4)
	

	Ⅱ
	10 (21.3)
	16 (35.6)
	

	Ⅲ
	19 (40.4)
	18 (40.0)
	

	Previous abdominal operation
	4 (8.5)
	1 (2.2)
	0.362

	Neoadjuvant chemotherapy
	9 (19.1)
	6 (13.3)
	0.575

	Histological type
	
	
	0.237

	Signet-ring cell carcinoma
	20 (42.6)
	12 (26.7)
	0.187

	Blood vessel invasion
	30 (63.9)
	30 (66.6)
	0.829

	Neural infiltration
	26 (55.4)
	27 (60.0)
	0.532

	Tumor location
	
	
	0.604

	Lesser curvature 
	25 (53.2)
	24 (53.4)
	

	Middle
	3 (6.4)
	5 (11.1)
	

	Middle and low
	19 (40.4)
	16 (35.6)
	


LaTSG: Laparoscopic-assisted tailored subtotal gastrectomy; LaTG: Laparoscopic assisted total gastrectomy; BMI: Body mass index; ASA-PS: American Society of Anesthesiologists Physical Status Classification.

Table 2 Operative findings in the laparoscopic-assisted tailored subtotal gastrectomy and laparoscopic assisted total gastrectomy groups
	Variable
	LaTSG (n = 44)
	LaTG (n = 58)
	P value

	Operation time (min)
	210.0 ± 49.8
	208.0 ± 50.0
	0.684

	Estimated blood loss (mL)
	152.3 ± 166.1
	188.9 ± 167.8
	0.141

	Intraoperative blood transfusion
	6/47
	8/45
	0.570

	Tumor size
	3.4 ± 1.2
	4.5 ± 1.8
	0.020

	No. of retrieved lymph nodes
	31.8 ± 10.1
	44.0 ± 16.5
	0.008

	Proximal margin
	3.7 ± 1.6
	3.9 ± 2.0
	0.233

	Distal margin
	5.0 ± 2.6
	6.2 ± 3.2
	0.149


LaTSG: Laparoscopic-assisted tailored subtotal gastrectomy; LaTG: Laparoscopic assisted total gastrectomy.

Table 3 Postoperative complications in the laparoscopic-assisted tailored subtotal gastrectomy and laparoscopic assisted total gastrectomy groups, n (%)
	Complication
	LaTSG (n = 47)
	LaTG (n = 45)
	P value

	Anastomotic leakage
	0 (0)
	3 (6.7)
	

	Anastomotic stricture
	0 (0)
	1 (2.2)
	

	Anastomotic bleeding
	0 (0)
	0 (0)
	

	Duodenal stump leakage
	1 (2.1) 
	0 (0)
	

	Intra-abdominal bleeding
	0 (0)
	0 (0)
	

	Intra-abdominal abscess
	1 (2.1)
	3 (6.7)
	

	Lymph leak
	0 (0)
	1 (2.2)
	

	Ileus
	0 (0)
	0 (0)
	

	Incision 
	0 (0)
	1 (2.2)
	

	Total
	2 (4.2)
	8 (17.8)
	0.048

	Mortality 
	0 (0)
	1 (2.2)
	

	Postoperative hospital stay
	8.9 ± 5.0
	12.0 ± 7.3
	0.025

	Reflux esophagitis (LA)
	
	
	0.002

	LA –B
	2 (4.2)
	5 (11.1)
	

	LA-C
	0 (0)
	5 (11.1)
	


LaTSG: Laparoscopic-assisted tailored subtotal gastrectomy; LaTG: Laparoscopic assisted total gastrectomy; LA: Los Angeles classification grade (A/B/C/D).

Table 4 Nutritional indexes of laparoscopic-assisted tailored subtotal gastrectomy and laparoscopic assisted total gastrectomy at 1 year postoperatively
	Variable
	LaTSG (n = 47)
	LaTG (n = 45)
	P value

	ALB (g/L)
	45.2 ± 3.7
	45.1 ± 7.2
	0.005

	PALB (g/L)
	21.6 ± 4.7
	18.5 ± 5.3
	0.015

	TP (g/L)
	71.0 ± 4.2
	67.6 ± 4.6
	0.002

	Fe
	15.6 ± 5.7
	13.4 ± 6.9
	0.194

	HGB (g/L)
	133 ± 20.7
	120.0 ± 20.1
	0.007

	RBC(1012/L)
	4.5 ± 0.7
	4.0 ± 0.4
	0.003

	CRP
	0.37 ± 0.97
	0.05 ± 0.25
	0.187


LaTSG: Laparoscopic-assisted tailored subtotal gastrectomy; LaTG: Laparoscopic assisted total gastrectomy; HGB: Hemoglobin; Fe: ferrous iron; ALB: Albumin; PALB: Prealbumin; TP: Total protein; CRP: C-reaction protein.

Table 5 Univariate and multivariate analyses of overall survival for included patients
	Variable
	Univariate
	P value
	Multivariate
	P value

	
	HR (95%CI)
	
	HR (95%CI)
	

	Age, yr (≤ 65)
	0.831 (0.301-2.293)
	0.721
	-
	-

	Sex (female)
	0.493 (0.204-1.192)
	0.117
	-
	-

	BMI (≤ 25 kg/m2)
	0.703 (0.270-1.832)
	0.471
	-
	-

	ASA (Ⅰ/Ⅱ/Ⅲ)
	1.440 (0.256-8.086)
	0.679
	-
	-

	Previous abdominal operation
	0.046 (0.000-250.286)
	0.482
	-
	-

	Primary site (L/M/LM) 
	0.981 (0.707-1.360)
	0.908
	-
	-

	Tumor size (> 4 cm)
	2.607 (1.064-6.390)
	0.036
	1.180 (0.906-1.538)
	0.219

	Neoadjuvant chemotherapy (Yes)
	1.369 (0.454-4,129)
	0.577
	-
	-

	Tumor grade (W/M/P/U)
	0.851 (0.578-1.253)
	0.415
	-
	-

	Lauren classification (I/D/M)
	0.949 (0.513-1.758)
	0.869
	-
	-

	pTNM stage (Ⅰ/Ⅱ/Ⅲ)
	3.195 (1.518-6.724)
	0.002
	3.170 (1.461-6.878)
	0.004

	Lymphovascular invasion (Yes) 
	2.203 (0.906-5.358)
	0.081
	-
	-

	Neural infiltration (Yes)
	1.755 (0.715-4.304)
	0.219
	-
	-

	Surgical type (LaTSG/LaTG)
	2.977 (1.073-8.263)
	0.036
	2.876 (1.009-8.195)
	0.048

	Operation time (> 210 min) 
	1.130 (0.456-2.803)
	0.791
	-
	-

	Estimated blood loss (> 200 mL)
	1.261 (0.522-3.048)
	0.606
	-
	-

	Intraoperative blood transfusion (Yes)
	0.933 (0.273-3.192)
	0.912
	-
	-

	No. of retrieved lymph nodes (> 30)
	1.631 (0.590-4.511)
	0.346
	-
	-

	Proximal margin (> 3 cm)
	0.876 (0.362-2.120)
	0.770
	-
	-

	Distal margin (> 3 cm)
	0.500 (0.203-1.121)
	0.132
	-
	-


BMI: Body mass index; ASA: American Society of Anesthesiologists; L: Lesser curve; M: Middle; ML: Middle and low; W: Well differentiated; M: Moderately differentiated; P: Poorly differentiated; U: Undifferentiated; I: Intestinal type; D: Diffuse type; M: Mixed type; LaTSG: Laparoscopic-assisted tailored subtotal gastrectomy; LaTG: Laparoscopic assisted total gastrectomy.

Table 6 Univariate and multivariate analyses of disease free survival for included patients
	Variable
	Univariate
	P value
	Multivariate
	P value

	
	HR (95%CI)
	
	HR (95%CI)
	

	Age, yr (≤ 65)
	0.505 (0.209-1.221)
	0.129
	-
	-

	Sex (female)
	0.795 (0.288-2.192)
	0.658
	-
	-

	BMI (≤ 25 kg/m2)
	0.675 (0.259-1.761)
	0.422
	
	-

	ASA (Ⅰ/Ⅱ/Ⅲ)
	1.864 (0.277-12.523)
	0.522
	-
	-

	Previous abdominal operation
	0.045 (0.000-188.621)
	0.467
	-
	-

	Primary Site (L/M/LM) 
	0.993 (0.715-1.377)
	0.964
	-
	-

	Tumor size, (> 4 cm)
	2.535 (1.035-6.208)
	0.042
	1.740 (0.706- 4.294)
	0.229

	Neoadjuvant chemotherapy (Yes)
	1.338 (0.442-4.051)
	0.606
	-
	-

	Tumor grade (W/M/P/U)
	0.852 (0.580-1.252)
	0.416
	-
	-

	Lauren classification (I/D/M)
	0.970 (0.523-1.798)
	0.923
	-
	-

	pTNM stage (Ⅰ/Ⅱ/Ⅲ)
	3.317 (1.566-7.023)
	0.002
	3.353 (1.558-7.214)
	0.002

	Lymphovascular invasion (Yes) 
	2.209 (0.906-5.383)
	0.081
	-
	-

	Neural infiltration (Yes)
	1.729 (0.703-4.253)
	0.233
	-
	-

	Surgical type (LaTSG/LaTG)
	2.859 (1.027-7.958)
	0.044
	2.776 (0.981-7.854)
	0.054

	Operation time (> 210 min) 
	1.115 (0.450-2.761)
	0.814
	-
	-

	Estimated blood loss (> 200 mL)
	1.273 (0.526-3.080)
	0.592
	-
	-

	Intraoperative blood transfusion (Yes)
	0.938 (0.274-3.208)
	0.919
	-
	-

	No. of retrieved lymph nodes (> 30)
	1.643 (0.593-4.553)
	0.339
	-
	-

	Proximal margin (> 3 cm)
	0.904 (0.373-2.192)
	0.823
	-
	-

	Distal margin (> 3 cm)
	0.537 (0.219-1.319)
	0.175
	-
	-


BMI: Body mass index; ASA: American Society of Anesthesiologists; L: Lesser curve; M: Middle; ML: Middle and low; W: Well differentiated; M: Moderately differentiated; P: Poorly differentiated; U: Undifferentiated; I: Intestinal type; D: Diffuse type; M: Mixed type; LaTSG: Laparoscopic assisted tailored subtotal gastrectomy; LaTG: Laparoscopic assisted total gastrectomy.

image2.png




image3.png




image4.jpeg
S
. Ciumss
S
= s

PLAB.

AR

3

&

'y

ao../
*a
™.

e
5 warse

VAR AR

s





image5.jpeg
Cumulative Survival

Cumulative Suvival

AJCC TNM stage: |

AJCC TNM stage: Il

10 10
L
0z 0z
] >0,
K p =005
s -
» 0 £ oo barss
@
~I1LaTSG o ~—+ LaTSG-censored
—ILaT6 H ~+ LaTG.censored
oed ~+ LaTSG.censored £l
4 LaTG-censored £
H
3
0] 0]
oo oo
B 0 S @ 100 l B 0 S @ 100
os os
AJCC TNM stage: I, I, Il
AJCC TNM stage: I
i e
10 ! %
0z
0] I ‘L‘_kL_“
05 £ osf bt
e p<0.05
£ ~1LaTSG
0] 3 o ~rLaTG
H ~+ LaTSG.censored
b <005 3 —+ LaTG.censored
—rLaTSG
0] ~ILaTG 0]
~+ LaTSG.censored
~+ LaTG.censored
oo
oo
0 B 0 0 E T T T T T T
0 ) n & @ 100

os

os





image6.jpeg
AJCC TNM stage : |

AJCC TNM stage: Il

10 0] ——
e . —— L R A ——
[———
05 0]
_ - " p=0.05
g 3 —rLaTSG
2 H
2o p=0.05 g oo LT
@ —1LaTSG @ - LaTSG-censored
e ~LaT6 2 — LaTG.censored
k] ~+ LaTSG.censored k]
3 os] —+ LaTG.censored 3 o
s s
3 3
0] o0
oo oo
) B ) ) 160 B 0 E L 100
DFS DFS
AJCC TNM stage:1, Il, Iil
AJCC TNM stage: I
10
1] — L B
L+ 0 LH“*
05 L
1 -
_ p=<0.05 o K
s s ) —
2 —rLaTSG H
5 o6 ~LaT6 5 05
@ —+ LaTSG-censored a2 =
3 —+ LaTG-censored H L
: £ —rLaTSG
ERD g 04 ~LaTG
5 3 — LaTSG.censored
2 ~~LaTG-censored
0] 0]
oo oo
0 0 B S o E T g T T F5

DFS





image1.png




