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Abstract
BACKGROUND
[bookmark: OLE_LINK302][bookmark: OLE_LINK303][bookmark: OLE_LINK304][bookmark: OLE_LINK305][bookmark: OLE_LINK69]Remnant gastric cancer (RGC) is defined as a tumor that develops in the stomach after a previous gastrectomy and is generally associated with a worse prognosis. However, there little information available regarding RGCs and their prognostic factors and survival.

AIM
[bookmark: OLE_LINK306][bookmark: OLE_LINK307]To evaluate the clinicopathological characteristics and prognosis of RGC after previous gastrectomy for benign disease.

METHODS
Patients who underwent curative resection for primary gastric cancer (GC) at our institute between 2009 and 2019 were retrospectively evaluated. All RGC resections with histological diagnosis of gastric adenocarcinoma were enrolled in this study. Primary proximal GC (PGC) who underwent total gastrectomy was selected as the comparison group. Clinical and pathological data were collected from a prospective medical database.

RESULTS
[bookmark: OLE_LINK308][bookmark: OLE_LINK309][bookmark: OLE_LINK310][bookmark: OLE_LINK83][bookmark: OLE_LINK84]A total of 41 patients with RGC and 120 PGC were included. Older age (P = 0.001), lower body mass index (P = 0.006), hemoglobin level (P < 0.001), and number of resected lymph nodes resected (LN) (P < 0.001) were associated with the RGC group. Lauren type, pathological tumor-node-metastasis, and perioperative morbimortality were similar between RGC and PGC. There was no difference in disease-free survival (P = 0.592) and overall survival (P = 0.930) between groups. LN status was the only independent factor related to survival. 

CONCLUSION
[bookmark: OLE_LINK311][bookmark: OLE_LINK312]RGC had similar clinicopathological characteristics to PGC. Despite the lower number of resected LN, RGC had a similar prognosis. 
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[bookmark: OLE_LINK287][bookmark: OLE_LINK288][bookmark: OLE_LINK300][bookmark: OLE_LINK301][bookmark: OLE_LINK72][bookmark: OLE_LINK73]Core Tip: This is a retrospective study to evaluate the clinicopathological character-istics, surgical outcomes, and survival of remnant gastric cancer (RGC) after previous gastrectomy for benign disease. We compared the RGC patients with primary proximal gastric cancer (PGC) who underwent total gastrectomy. The findings indicated that RGC and PGC had similar clinicopathological characteristics, including Lauren type and pathological tumor-node-metastasis stage, but RGC patients were older and had a lower number of resected lymph nodes. Although RGC is generally associated with a worse prognosis, there was no significant difference in perioperative morbimortality and survival between the groups.


INTRODUCTION
[bookmark: OLE_LINK313][bookmark: OLE_LINK314][bookmark: OLE_LINK315]Gastric cancer (GC) is the fifth most common cancer in the world, and it is estimated that more than one million new cases of GC occur annually[1]. Among the types of gastric tumors, remnant gastric cancer (RGC) is defined as a tumor that develops in the gastric remnant more than 5 years after a previous gastrectomy. 
GC carcinogenesis is a multistep process that involves the interaction of several genetic, epigenetic, and environmental factors[2]. Risk factors commonly associated with the development of GC include chronic infection with Heliobacter pylori (H. pylori), low fruit and vegetable intake, high salt intake, smoking, and alcohol consumption[3]. After gastric resection, environmental changes induce chronic damage to the previous normal gastric mucosa of the remnant, initiating a de novo carcinogenic pathway with a longer period for the development of RGC[4,5]. Another factor contributing to the remnant carcinogenesis is the vagotomy performed during the previous procedure, which causes denervation of the gastric mucosa leading to hypochlorhydria[6]. On the other hand, the frequency of H. pylori infection decreases in the mucosa remnant, leading to a protective effect[6-8]. 
The incidence of RGC was reported in the range of 2%-6% of all GC[6,7,9,10]. It can occur in the remnant stomach after a previous resection for either benign or malignant lesions. Nevertheless, these tumors seem to have different behaviors and etiologies according to this origin.
Over the past few decades, the introduction of histamine 2-receptor antagonists and proton pump inhibitors drastically reduced the number of gastric resections due to peptic disease. However, since the time for the development of the disease is long, the occurrence of RGC is still part of the current reality due to gastric resection for treatment of peptic ulcer in the past. 
Within the group of patients who had previous distal gastrectomy, a long-term follow-up is recommended for early detection of RGC[5,9]. But even with these recommendations, there is a common sense that RGC is generally related to more advanced clinical stage and worse prognosis[6,10,11]. The long period of carcinogenic effect after resection, as well as the previous diagnosis of benign disease, makes patients less likely to perform follow-up assessments for early detection of the gastric remnant tumor.
Completion total gastrectomy with radical lymphadenectomy is usually the treatment of choice for RGC. It is a technically challenging procedure, which may be associated with higher morbidity and mortality rates[12,13]. The change in lymphatic drainage after the first resection may impact the alteration in the pattern of lymph node (LN) spread. Furthermore, which LN stations must be removed and how to stage the disease in these patients persist as unanswered questions[14]. Therefore, it is essential to understand the characteristics of RGC to determine its prognosis and decide on the appropriate treatment strategies.
Thus, this study aimed to evaluate the clinicopathological characteristics and prognosis of RGC after the previous gastrectomy for the benign disease compared to patients with primary proximal gastric cancer (PGC) undergoing total gastrectomy (TG) for primary cancer.

MATERIALS AND METHODS
[bookmark: OLE_LINK316][bookmark: OLE_LINK317][bookmark: OLE_LINK318]Patients who underwent curative resection for GC at our institute between 2009 and 2019 were retrospectively evaluated from a prospectively collected medical database. All RGC resections with histological diagnosis of gastric adenocarcinoma were enrolled in this study. As a comparison group, patients with primary PGC of corpus/fundus/cardia who underwent total gastrectomy with curative intent were selected. Non-adenocarcinoma histology, palliative resections, and patients with the previous resection due to gastric adenocarcinoma were excluded from the study.
[bookmark: OLE_LINK74][bookmark: OLE_LINK75]Clinical data were collected on the following variables: Age, sex, preoperative body mass index, albumin level, hemoglobin level, neutrophil-lymphocyte ratio, and physical status based on the American Society of Anesthesiologists classification[15]. Comorbidities were recorded for all patients following Charlson-Deyo comorbidity index[16], without the inclusion of age and GC as comorbidity. Time from previous gastrectomy and type of reconstruction were also analyzed in RGC patients. 
The preoperative staging was performed through abdominal and pelvis computed tomography, endoscopy, and laboratory tests[17]. Tumor location and size was defined by endoscopy. Cardia tumors were classified according to Siewert classification, and those invading the previous anastomosis were considered as tumors located at the anastomotic site. 
The number of LN retrieved was also evaluated according to the lymph node ratio (LR), as proposed by Deng et al[18]. Patients were classified into four categories based on the following cutoff points: LR0 < 10%, LR1 = 10%-20%, LR2 = 20%-40%, and LR3 > 40%. Tumor-node-metastasis (TNM) staging was determined according to the 8th edition of the American Joint Committee on Cancer manual[19].
All cases were operated in a high-volume center by specialist surgeons. The extent of LN dissection, as well as resection of adjacent organs during the surgery, was established by the attending surgeon to achieve a complete R0 resection. The extension of LN dissection and LN stations in total gastrectomy followed the recommendations of the Japanese Gastric Cancer Association guidelines[20]. The surgical approach (open or laparoscopic) was decided based on the surgeon´s decision during a multidisciplinary meeting (medical oncologist, surgeon, radiologist, and pathologist).
Postoperative complications (POC) were graded according to Clavien-Dindo's classification[21], and Clavien III-V were determined as a major complication. Mortality at 30 d and 90 d after the surgical procedure was also an outcome assessed. Adjuvant or perioperative platin-based chemotherapy was administered according to clinical indication (T3/T4 and/or N+).
Postoperative follow-up medical appointments were performed quarterly in the first year and every 6 mo in the following years. Follow-up image tests for recurrence detection were performed based on the presence of symptoms. Lost to follow-up was defined as an absence for more than 12 mo in follow-up visits. The study was approved by the hospital ethics committee (CAAE: 25516719.3.0000.0065). 

Statistical analysis
[bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK111][bookmark: OLE_LINK112]The chi-square tests were used for categorical variables and t-tests for continuous variables. Survival was defined as the interval in months between the date of surgery and the date of recurrence, death for any cause, or the date of the last appointment. Overall survival (OS) and disease-free survival (DFS) were estimated using the method of Kaplan–Meier. The log-rank test was used to identify differences between the survival curves. To determine factors associated with DFS and OS, univariate and multivariate survival analysis was performed by Cox proportional hazards model. All tests were two-sided, and P < 0.05 was considered statistically significant. Statistical analyses were performed using SPSS software, version 20.0 (SPSS Inc, Armonk, NY, United States).

RESULTS
[bookmark: OLE_LINK319][bookmark: OLE_LINK320][bookmark: OLE_LINK321]Among the 623 patients who underwent gastrectomy with lymphadenectomy with curative intent at our institute, RGC resection was performed in 60 patients. Of these, 41 patients who had the previous resection due to benign disease were enrolled. For the comparison group, 120 patients with primary proximal gastric adenocarcinoma submitted to TG in the same period met the inclusion criteria and were included in the study.
Concerning RGC, all patients were previously operated on by an open approach and underwent gastrojejunostomy (Billroth II) reconstruction. The mean age of patients at the time of first surgery was 31.7 years (range 19-53 years), and the median time between the first and the second surgery was 37 years (mean 36.5 ± 8.4 years). The tumor was located at the gastric corpus along with the previous anastomosis in 29 cases (70.7%). 
Clinical and surgical characteristics of the RGC and PGC groups are summarized in Table 1. Older age (P = 0.001), lower body mass index (P = 0.006), and lower hemoglobin level (P < 0.001) were associated with patients in the RGC group. No differences were observed regarding sex, comorbidities, American Society of Anesthesiologists classification, and surgical access between the groups. D2 lymphadenectomy was performed in 85% of PGC cases. Preoperative or adjuvant CMT was more commonly administered for PGC (P < 0.001). Three and 34 patients received neoadjuvant treatment in the RGC group and PGC group, respectively. Considering the postoperative outcomes, POC and mortality rates at 30 d and 90 d were similar in both groups. 
Pathological characteristics are shown in Table 2. There was no difference related to Lauren type, the grade of differentiation, and lymphatic/vascular/perineural invasion. Category pathological (p)T, pN, and final pTNM stage were also similar between the groups. RGC had a significantly lower number of retrieved LN than the PGC group (43.2 vs 26; P < 0.001), but there was no difference regarding the LN ratio categories between RGC and PGC. Among the eight RGC patients with small bowel mesenteric LNs dissected, the presence of metastasis was observed in two cases: One case with one LN+ and the other with five LN+. 

Survival analysis
After a mean follow-up of 32.1 mo, there were 33 recurrences in the PGC groups and 13 in the RGC group. At the time of this study, 70 patients died (18 in RGC and 52 in the PGC group). The DFS and OS rate for PGC was 64.3% and 48.4%, respectively. In RGC patients, DFS and OS rate was 61.3% and 49.3%, respectively. The median OS for the entire cohort was 58.5 mo. 
The DFS rate was similar between RGC and PGC patients (P = 0.592) (Figure 1). When adjusted for the pN stage, there was no statistical difference in DFS between pN0 RGC and PGC (P = 0.371) and between pN+ RGC and pN+ PGC groups (P = 0.454). Regarding the recurrence site, the most common site was peritoneal, particularly for RGC (61.5% vs 42.4%). Locoregional recurrence was similar between RGC and PGC groups (33.3% vs 38.5%, respectively; P = 0.322).
Considering the OS, no significant difference was observed between RGC and PGC patients (P = 0.930), even when adjusted for pN status (P = 0.945 and P = 0.852 for pN0 and pN+ status, respectively) (Figure 2). 
After adjusting for significant predictors of survival; tumor size, depth of tumor invasion, LN status, and CMT were associated with DFS in univariate analysis. In the multivariate analysis, only LN status remained a factor related to survival. Tumor size, pT, and pN status were associated with OS in univariate analyses. In the multivariate model, LN status was the only independent factor associated with OS. RGC was not a prognostic factor for both DFS and OS compared to PGC (Table 3).

DISCUSSION
[bookmark: OLE_LINK322][bookmark: OLE_LINK323][bookmark: OLE_LINK324]Gastric resection for benign disease, commonly performed until the late 1980s, contributed to the emergence of patients at risk of developing tumors in the gastric remnant. Due to its rarity and diversity, the characteristics of RGC, as well as the prognostic and survival factors related to this neoplasm, remain uncertain. Therefore, in the present study, we report a cohort of 41 RGC patients treated at a single institution to provide more information about this type of disease.
Among patients treated with curative intent, the frequency of RGC due to benign disease in our series was 6.6%. As tumor behavior and characteristics may be different according to the tumor location, we only selected primary PGC as the comparison group to avoid this bias. In general, the RGC group presented characteristics that resemble PGC patients[22]. Also, despite the expected lower number of retrieved LN, there was no difference in survival between the RGC and PGC groups, which suggest that both GC groups have a similar prognosis. 
After previous gastric resection for malignant disease, the cumulative carcinogenic effect on the gastric mucosa is maintained[2]. For this reason patients with the previous gastrectomy for cancer develop RGC in a significantly shorter period than patients with previous benign lesions[7,10,11,23]. Conversely, after gastric resection for benign disease, the time required for the changes in the remnant gastric mucosa lead to the development of RGC is more than 20 years[10,23-28]. Following this evidence, we found a mean time from previous resection of 36.4 years. Besides, the older age-related to the RGC group seems to reflect the long period of inflammatory gastritis needed to induce carcinogenesis in the gastric mucosa.
Indeed, whether the changes that occur in the gastric mucosa after previous gastrectomy actually lead to a higher incidence of GC in the remaining stomach, or whether they only reflect the normal risk of GC in the general population, is still under discussion. This discrepancy in reports could result from difference in incidence rates of GC in the general population from different countries. Regions with a low incidence of GC tend to have a higher proportion of RGC than PGC compared to regions with a high incidence of GC. Hanyu et al[7] reported an incidence of 5.4% of RGC with Billroth I reconstruction after 20 years, similar to the incidence of primary GC in the Japanese population. In contrast, Lagergren et al[9] found an increased risk of RGC after 30 years in the low-risk Swedish population.
[bookmark: OLE_LINK76]The relation between the type of reconstruction and risk of RGC remains uncertain. Billroth I reconstruction keeps the flow of ingested food from the remnant stomach into the duodenum, but due to the resection of the pylorus, the duodenal-gastric biliary reflux is increased[4]. Billroth II (BII) reconstruction drives the inflow of bile from the afferent jejunal limb into the remnant stomach. The constant flow makes alkaline gastritis more common and severe after BII. This leads to mucosal inflammation and regeneration, which may be associated with a higher risk of RGC. Despite some reports in the literature, this association is still not a consensus[7,10,11,27,28]. Conversely, Roux-en-Y reconstruction avoids biliary reflux to the remnant stomach, but it is seldom performed for benign resections. In our series, all cases had previous BII reconstruction. It must be emphasized that it is the common practice in our country to use BII for reconstruction after benign disease and Roux-en-Y for malignant disease. Therefore, the association of BII with RGC probably reflects a habit of reconstruction rather than a relationship of cause and effect in our cohort. 
We found that 87% of RGC cases had the tumor at the anastomotic site. Again, this predisposition may be attributed to the closer contact of the previous anastomosis with the biliary reflux[6,10]. The PGC group had a higher proportion of cardia tumors. It has been suggested that RGC from the non-anastomotic sites may have different behavior than the ones on the anastomotic line; but due to the low number of cases, we could not verify this hypothesis[8,11,29].
Intestinal adenocarcinoma is more commonly associated with multistep carcinogenesis. Meanwhile, the diffuse type is considered to have a direct carcinogenesis pathway sometimes related to inherited germline mutations[2]. Considering the continuous aggression of the biliary reflux causing chronic inflammation, we expected a higher proportion of the intestinal type in RGC patients. However, there was no difference between the groups, which represents an interesting finding that has already been described in other studies[25,28].
As in PGC, surgery resection with regional D2 lymphadenectomy is the cornerstone of RGC treatment. Adhesion to adjacent organs and displacement of anatomical structures are common challenges during the surgery, making it longer and more likely to combine other organs during repair or resection[10,23,27,30]. However, it remains uncertain whether RGC resection has higher postoperative morbidity and mortality rates. Usually, surgical procedure is performed by the conventional open approach, but recently minimally invasive laparoscopic and robotic approaches have been increasing[13,31]. 
It has been suggested that the characteristics of LN metastasis in RGC are different due to the interruption of the lymphatic pathway in the first procedure. The type of reconstruction and the previous indication of the first gastrectomy do not seem to influence the incidence of LN metastasis but its station location[23]. This may lead to more involvement of the splenic artery, splenic hilum, lower mediastinum, and jejunal mesentery LN[6,23,32]. However, the standard extension of lymphadenectomy is not yet defined. Similar to PGC, splenic hilum lymphadenectomy is indicated only if the tumor invades the greater curvature[33]. LN metastasis in the jejunal mesentery has a poor prognosis[6,10]. It is known that extended lymphadenectomy in the area can severely affect the postoperative quality of life. Therefore, the extent of mesentery lymphadenectomy should be determined based on the extent of LN involvement, considering a balance between risk and benefit[6,14]. As expected, in our series the number of retrieved LN was smaller in RGC than in PGC. This is a common finding due to the absence of the distal stomach altogether with its LN stations. Furthermore, in RGC cases, the higher frequency of older patients with more comorbidities and the non-definition of the standard lymphadenectomy may lead to a higher proportion of D1 lymphadenectomy[6,10].
Even though the TNM system is applied to all GC, the staging system for RGC has not been established. For proper pTNM staging, it is recommended to retrieve at least 15 LN to avoid under-staging. In an attempt to overcome this limitation, the proposal of LN staging bases on LN ratio has been suggested[34,35]. LN ratio is determined by dividing the number of metastatic LN by the number of retrieved LN. However, differences in cut-off values for the ratio and inconclusive results in studies have limited its use[18,34]. As the number of retrieved LNs is expected to be insufficient to determine the pN stage in some RGC patients, we also analyzed the groups using the LN ratio, but no differences were found. 
Commonly, some studies associate RGC with a diagnosis in more advanced stages[13,28]. As these patients are used to previous symptoms of the peptic disease and post-gastrectomy alkaline gastritis, it has been suggested that they may delay seeking medical care. Another factor that may lead to late diagnosis is the limited access to surveillance endoscopy in developing countries[11,13]. However, we did not find a higher proportion of advanced pathological stages or tumor with higher dimensions. The fact that the main site of RGC was at the anastomosis line may have impaired the ingestion of food, worsening their usual complaints.
DFS and OS did not differ between groups, even considering that patients in PGC had greater adherence to CMT treatment compared to RGC. This probably occurred due to the advanced age of patients in the RGC group, since the staging and frequency of POC were similar compared with PGC[36]. To elucidate further the impact on survival, we also evaluated survival concerning the presence of LN metastasis. This was a planned pre-analysis decision due to the previously explained concern regarding the change of the lymphatic flow after the prior surgery. Therefore, patients with positive LNs could have a higher risk of aberrant spread outside the field of usual lymphadenectomy, including the jejunal mesentery. However, DFS did not differ between groups, and the pattern of site recurrence was similar between the groups. There is relatively sparse data on survival, and many studies include previous gastric resection for neoplasia. Our results are consistent with other reports that demonstrated a similar survival outcome of RCG after the previous gastrectomy for a benign disease compared to PGC[11,13,23,28].
A retrospective study has inherent drawbacks related to its design. The date of the first procedure sometimes is not accurate. We only included patients submitted to surgical resection. Therefore, RGC patients referred exclusively to palliative treatment were not included, and we do not know if survival would be different in this setting. Finally, some analyses were not possible due to the insufficient number of patients. Therefore, multicentric studies or studies with a larger number of patients and long-term follow-up will be needed to confirm our findings and ensure external validation of results.
As for strengths, to our knowledge, this is the largest series of RGC from a single Western institution for the past 10 years, which included only previous gastric resection due to benign disease. Other Western reports have more cases; however, they are multicenter studies and had an inclusion period of more than 20 years. This may affect the outcome analyses, since recent improvements in adjuvant treatments as well as perioperative care were not yet incorporated[10,27,28,30,37]. To ensure the homogeneity of the study population, we excluded patients with previous resection for malignant disease. Even if we consider it as a de novo tumor after 5 years of the previous resection, we believe that the inclusion of these patients would bias the comparison with PGC; especially since in these cases, cancer probably originates from the same precancerous condition that had already existed before the initial operation. Moreover, the previous lymphadenectomy would change the pattern of dissemination[7,10].

CONCLUSION
[bookmark: OLE_LINK325][bookmark: OLE_LINK326][bookmark: OLE_LINK327]RGC had similar clinicopathological characteristics to primary PGC. Despite the lower number of resected LN, RGC had also a similar prognosis than PGC patients. Considering the number of gastric resections performed to treat benign peptic disease in the past, and the long period of carcinogenesis required for tumor development, it is expected that surgeons will still encounter RGC patients for the foreseeable future.

ARTICLE HIGHLIGHTS
Research background
[bookmark: OLE_LINK328][bookmark: OLE_LINK329][bookmark: OLE_LINK330][bookmark: OLE_LINK77][bookmark: OLE_LINK78]Remnant gastric cancer (RGC), defined as a tumor that develops in the stomach after a previous gastrectomy, is often reported as a tumor with a poor prognosis. However, due to its rarity and diversity, factors related to its prognosis and survival remain unclear.

Research motivation
[bookmark: OLE_LINK331][bookmark: OLE_LINK332]The occurrence of RGC continues to be part of the reality of gastric cancer treatment, due to peptide ulcer resections performed in the past. Most studies that have investigated the surgical treatment of RGC enrolled only a few patients and provided only a brief descriptive analysis of their complications. 

Research objectives
[bookmark: OLE_LINK333][bookmark: OLE_LINK334]This study aimed to evaluate the clinicopathological characteristics and prognosis of RGC after previous gastrectomy for benign disease.

Research methods
[bookmark: OLE_LINK335][bookmark: OLE_LINK336][bookmark: OLE_LINK337]All patients who underwent gastrectomy between 2009 and 2019 were retrospectively evaluated from a prospective medical database. RGC resections with histological diagnosis of gastric adenocarcinoma were enrolled in this study. Primary proximal GC (PGC) who underwent total gastrectomy was selected as the comparison group. 

Research results
[bookmark: OLE_LINK338][bookmark: OLE_LINK339]A total of 41 RGC patients were included, and 120 PGC served as a comparison group. Despite presenting differences about some clinical characteristics, there was no significant difference between RGC and RGC patients concerning pathological tumor-node-metastasis and the occurrence of postoperative complications. Also, the survival rates of RGC were similar to the PGC group. 

Research conclusions
[bookmark: OLE_LINK340]RGC had clinicopathological characteristics and prognosis similar to PGC, including short-term outcomes.

Research perspectives
[bookmark: OLE_LINK341][bookmark: OLE_LINK342]Our findings provide additional data about the characteristics and outcomes of the RGC that may assist to clarify factors related to the survival of these patients. As we suggest that RGC does not adversely affect patient prognosis and postoperative course, the inclusion of these patients in future trials could contribute to data that improve the survival of patients with RGC.
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[bookmark: OLE_LINK347][bookmark: OLE_LINK348]Figure 1 Disease-free survival of remnant gastric cancer and primary proximal gastric cancer. All cases and subgroups according to lymph node status. PGC: Primary proximal gastric cancer; RGC: Remnant gastric cancer.
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Figure 2 Overall survival of remnant gastric cancer and primary proximal gastric cancer. All cases and subgroups according to lymph node status. PGC: Proximal gastric cancer; RGC: Remnant gastric cancer.


Table 1 Clinical and surgical characteristics of primary proximal gastric cancer and remnant gastric cancer groups
	Variable
	PGC, n = 120 (%)
	RGC, n = 41 (%)
	P value

	Sex
	
	
	0.216

	Female
	32 (26.7)
	7 (17.1)
	

	Male
	88 (73.3)
	34 (82.9)
	

	[bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK88][bookmark: OLE_LINK89]Age in yr, mean ± SD
	[bookmark: OLE_LINK92][bookmark: OLE_LINK93]62.6 ± 12.7
	68.1 ± 7.6
	0.001

	[bookmark: OLE_LINK94][bookmark: OLE_LINK95]Body mass index in kg/cm², mean ± SD
	[bookmark: OLE_LINK96][bookmark: OLE_LINK97]24.9 ± 4.9
	22.5 ± 4.2
	0.006

	[bookmark: OLE_LINK98][bookmark: OLE_LINK99]Hemoglobin in g/dL, mean ± SD
	12.5 ± 2.1
	10.6 ± 2.2
	< 0.001

	[bookmark: OLE_LINK100][bookmark: OLE_LINK101]Albumin in g/dL, mean ± SD
	4.3 ± 3.2
	3.8 ± 0.5
	0.402

	[bookmark: OLE_LINK102][bookmark: OLE_LINK103]Neutrophil lymphocyte ratio, mean ± SD
	3.02 (2.94)
	3.01 (2.37)
	0.994

	Charlson–Deyo comorbidity index 
	
	0.391

	0
	76 (63.3)
	29 (70.7)
	

	> 1
	44 (36.7)
	12 (29.3)
	

	American Society of Anesthesiologists
	
	0.561

	I/II
	82 (68.3)
	30 (73.2)
	

	III/IV
	38 (31.7)
	11 (26.8)
	

	Tumor site
	
	
	0.002

	Cardia Siewert II
	16 (13.3)
	0 (0)
	

	Cardia Siewert III
	32 (26.7)
	5 (12.2)
	

	Corpus/fundus
	72 (60)
	36 (87.8)
	

	Surgical acess
	
	
	0.693

	Open
	108 (90)
	36 (87.9)
	

	Laparoscopic
	12(10)
	5 (12.1)
	

	Combined resection of other organs
	
	0.789

	No
	96 (80)
	32 (78)
	

	Yes
	24 (20)
	9 (22)
	

	Grade of Postoperative complication
	
	0.867

	0-I-II
	98 (81.7)
	33 (80.5)
	

	III-IV
	22 (18.3)
	8 (19.5)
	

	[bookmark: OLE_LINK108][bookmark: OLE_LINK109]Hospital length of stay, mean ± SD
	16.1 (9.1)
	20.7 (17.9)
	0.120

	Neoadjuvant / adjuvant chemotherapy
	
	< 0.001

	No
	43 (38.5)
	29 (70.7)
	

	Yes
	77 (64.5)
	12 (29.3)
	

	Mortality
	
	
	

	30 d
	7 (5.8)
	2 (4.9)
	1.0

	90 d
	10 (8.3)
	5 (12.2)
	0.535


[bookmark: OLE_LINK110]P values in bold are statistically significant. PGC: Proximal gastric cancer; RGC: Remnant gastric cancer; SD: Standard deviation.
[bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK106][bookmark: OLE_LINK107]
Table 2 Pathological characteristics of primary proximal gastric cancer and remnant gastric cancer groups
	Variables
	PGC, n = 120 (%)
	RGC, n = 41 (%)
	P value

	Tumor size, mean ± SD
	5.1 (3.4)
	5.3 (3.4)
	0.785

	Lauren type
	
	
	0.302

	Intestinal
	68 (56.7)
	27 (65.9)
	

	Diffuse/mixed
	52 (43.3)
	14 (34.1)
	

	Grade of histological differentiation
	
	0.256

	Well/moderately differentiated
	55 (45.8)
	23 (56.1)
	

	Poorly differentiated
	65 (54.2)
	18 (43.9)
	

	Lymphatic invasion
	
	
	0.484

	No
	51 (42.5)
	20 (48.8)
	

	Yes
	69 (57.5)
	21 (51.2)
	

	Venous invasion
	
	
	0.069

	No
	75 (62.5)
	32 (78)
	

	Yes
	45 (37.5)
	9 (22)
	

	Perineural invasion
	
	
	0.602

	No
	50 (41.7)
	19 (46.3)
	

	Yes
	70 (58.3)
	22 (53.7)
	

	pT
	
	
	0.842

	pT1/T2
	46 (38.3)
	15 (36.6)
	

	pT3/T4
	74 (61.7)
	26 (63.4)
	

	Number of resected LNs, mean ± SD
	43.2 (20.8)
	26 (14)
	< 0.001

	LN metastasis
	
	
	0.204

	pN0
	45 (37.5)
	20 (48.8)
	

	pN+
	75 (62.5)
	21 (51.2)
	

	Lymph node ratio 
	
	
	0.915

	LR0
	76 (63.3)
	25 (61)
	

	LR1
	21 (17.5)
	9 (22)
	

	LR2
	11 (9.2)
	4 (9.8)
	

	LR3
	12 (10)
	3 (7.3)
	

	pTNM
	
	
	0.773

	I
	36 (30)
	13 (31.7)
	

	II
	27 (22.5)
	11 (28.8)
	

	III
	57 (47.5)
	17 (41.5)
	

	Adjuvant chemotherapy
	
	
	< 0.001

	No
	45 (37.5)
	29 (70.7)
	

	Yes
	71 (62.5)
	12 (29.3)
	

	Recurrence
	
	
	0.607

	No
	87 (72.5)
	28 (68.3)
	

	Yes
	33 (27.5)
	13 (31.7)
	

	Pattern of recurrence1
	
	
	0.322

	Locoregional
	11 (33.3)
	5 (38.5)
	

	Distant
	12 (36.4)
	5 (38.5)
	

	Peritoneal
	14 (42.4)
	8 (61.5)
	 


1Patient can have more than one site of recurrence. P values in bold are statistically significant. PGC: Proximal gastric cancer; pTNM: Pathological tumor-node-metastasis; RGC: Remnant gastric cancer; LN: Lymph node; SD: Standard deviation.



Table 3 Univariate and multivariate analysis for disease-free survival and overall survival
	Disease-free survival
	Univariate 
	 
	
	Multivariate 
	 
	
	Overall survival
	Univariate 
	 
	 
	Multivariate 
	 
	 

	Variables
	HR
	95%CI
	P value
	HR
	95%CI
	P value
	Variables
	HR
	95%CI
	P value
	HR
	95%CI
	P value

	Female (vs male)
	0.78
	0.41-1.48
	0.445
	-
	-
	-
	Female (vs male)
	1.13
	0.66-1.93
	0.658
	-
	-
	-

	Age ≥ 65 (vs < 65 yr)
	0.85
	0.47-1.51
	0.570
	-
	-
	-
	Age ≥ 65 (vs < 65 yr)
	1.19
	0.74-1.90
	0.467
	-
	-
	-

	ASA III/IV (vs I/II)
	0.97
	0.50-1.88
	0.972
	-
	-
	-
	ASA III/IV (vs I/II)
	1.51
	0.92-2.48
	0.101
	-
	-
	-

	Diffuse/mixed type (vs others)
	1.43
	0.80-2.54
	0.228
	-
	-
	-
	Diffuse/mixed type (vs others)
	1.18
	0.73-1.89
	0.495
	-
	-
	-

	Tumor size ≥ 4.0 cm (vs < 4.0 cm)
	4.41
	1.97-9.87
	< 0.001
	2.00
	0.80-4.98
	0.138
	Tumor size ≥ 4.0 cm (vs < 4.0 cm)
	2.12
	1.24-3.63
	0.006
	1.35 
	0.72-2.53
	0.351

	pT3/pT4 status (vs pT1/pT2)
	4.97
	2.11-11.73
	< 0.001
	1.89
	0.69-5.14
	0.215
	pT3/pT4 status (vs pT1/pT2)
	2.29
	1.31-4.01
	0.004
	1.38
	0.70-2.72
	0.347

	pN+ (vs pN0)
	9.21
	3.30-25.73
	< 0.001
	5.79
	1.92-17.45
	0.002
	pN+ (vs pN0)
	2.75
	1.57-4.81
	< 0.001
	2.10
	1.12-3.96
	0.021

	non-CMT vs (CMT)
	0.48
	0.25-0.92
	0.028
	1.25
	0.62-2.53
	0.530
	non-CMT vs (CMT)
	0.96
	0.60-1.55
	0.867
	-
	-
	-

	RGC (vs PGC)
	1.91
	0.63-2.26
	0.593
	-
	-
	-
	RGC (vs PGC)
	0.98
	0.57-1.67
	0.930
	-
	-
	-


P values in bold are statistically significant. HR: Hazard ratio; ASA: American Society of Anesthesiologists; CI: Confidence interval; CMT: Chemotherapy; HR: Hazard ratio; PGC: Proximal gastric cancer; RGC: Remnant gastric cancer. 
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