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Abstract
AIM: To investigate whether there was differences between the remnant gastric cancer (RGC) with time interval of > 2 and < 10 years after gastrectomy for gastric cancer (RGC I) and the RGC with time interval ≥ 10 years after gastrectomy for gastric cancer (RGC II), and lay a foundation for the management of RGC.

METHODS: Sixty-five patients with RGC I and forty-nine with RGC II which underwent curative surgery were enrolled in the study. The clinicopathologic factors, surgical outcomes and prognosis were compared between RGC I and RGC II.

RESULTS: There was no significant difference in surgical outcomes between RGC I and RGC II. Significantly, for patients reconstructed with Billroth II, more patients resulted in RGC II, compared with RGC (71.9% vs 21.2%, P < 0.001), and more patients with RGC II were located at the anastomotic site, compared to RGC I (31.0% vs 56.3%, P = 0.038). The five-year survival rates for the patients with RGC I and RGC II were 37.6% and 47.9%, respectively, but no difference was observed. Borrmann type and tumor stage were confirmed to be independent prognostic factors in both groups.
CONCLUSION: RGC II was easier to be located on the anastomotic site than RGC I. The predominant reconstruction type of the first operation is Billroth I for RGC I and Billroth for RGC II. We inferred there may be different pathogeneses in different subgroups of RGC.
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Core tip: This article is an important paper about clinicopathologic features of remnant gastric cancer (RGC) and the comparison of RGC with time interval of > 2 and ≤ 10 years after prior gastrectomy for gastric cancers. RGC II was easier to be located on the anastomotic site than RGC I. The predominant reconstruction type of the first operation is Billroth I for RGC I and Billroth for RGC II. There may be different pathogeneses in different subgroups of RGC. 
Zhang DW, Dong B, Li Z, Dai DQ. Clinicopathologic features of remnant gastric cancer following distal gastrectomy for cancer correlate with time intervals. World J Gastroenterol 2015; In press
INTRODUCTION
The RGC means a carcinoma detected in remnant stomach more than 5 years after primary surgery for a benign disease. A lot of studies have paid attentions to this disease[1-4]. It has been reported to account for 2.4% to 5% of all gastric cancers[5-6]. But in recent decades, due to improved outcomes of medical treatment for gastric or duodenum ulcer, the number of patients underwent gastrectomy for benign disease was decreasing by a wide margin. Hence, the incidence of RGC strictly according to the definition was on the downside. 
On the contrary, the number of patients with remnant gastric cancer following gastrectomy for gastric cancer was progressively increasing as a result of improved outcomes for patients with gastric cancer and the increasing proportion of early gastric cancer[7]. Recently, several reports have used RGC to define all cancers arising from the remnant stomach after partial gastrectomy, regardless of the initial disease[7-10]. Several studies evaluated the clinicopathologic characteristics and surgical outcomes of patients with RGC after gastric cancer and compared them with the RGC after benign disease[11-13], while no significant difference was observed.
The preferred explanations for the pathogeneses of RGC are Billroth II reconstruction produces a typical model of carcinogenesis. Gastroduodenal reflux and Helicobacter pylori (HP) colonization in the remnant stomach promotes the development of RGC[14-15]. Because the gastric stump is constantly under carcinogenic influence，the time interval is one of the most important factors for the development of RGC. For the patients with RGC after benign disease, the average latency time is reported to be 20-27 years, and may go up to 40 years. Most authors have reported a steep increase in the risk of developing gastric stump cancer from the 20th year after the first gastrectomy[16-18]. Nevertheless, we consider that there maybe some differences in clinical pathology and prognosis between the RGC patients with a recurrence interval shorter than 10 years and those longer than 10 years.
In this study, we divided the RGC following distal gastrectomy for gastric cancer into two subgroups: RGC I and RGC II. The clinicopathologic features, type of operation and the long-term survival results of the two subgroups were investigated and compared.

MATERIALS AND METHODS
Patients
Sixty-five patients with RGC I and forty-nine with RGC II underwent treatment at the Department of Gastrointestinal surgery, cancer institute of China Medical University from January 1980 to December 2010.　The patients　whose cancers were detected in the distal stomach after proximal gastrectomy were excluded.　To exclude the residual cancer in the initial surgery, the patients with time interval ≤ 2 years between the two cancers were excluded although the proximal and distal resection margins were evaluated intraoperatively to confirm freedom from carcinoma at the initial surgery. Of them, ninety-five patients underwent surgical treatment and nineteen patients underwent non-surgical treatment for the distant metastasis or the bad physical conditions. Seventy-four patients (RGC I: 42, RGC II: 32) underwent curative operation. 

Pathologic examination and classification
Clinicopathologic data were recorded based on the second English edition of the Japanese Classification System for Gastric Cancer, edited by the Japanese Gastric Cancer Association. The formalin-fixed specimens, containing the carcinoma lesions together with the surrounding gastric wall, were cut into multiple slices, principally parallel to the lesser curvature, at an interval of 5 mm. The hematoxylin and eosin–stained sections of tumor were initially examined by two pathologists independently and further confirmed by one more expert pathologist for a final diagnosis. If there was disagreement in the diagnosis, the slides will be rechecked by all the three pathologists.
Clinicopathologic features including age, sex, tumor location, tumor size, Borrmann type, histologic grade, Lauren grade, and Tumor stage, and type of operation were investigated and compared between the two groups. The tumor locations of RGC were classified as anastomotic site, non-anastomotic site and total stump. The number of total retrieved lymph nodes in all patients were more than 15, so the tumors were staged according to the International Union Against Cancer (UICC, 7th edition) classification.　Tumor histological grade was classified into 2 groups: differentiated, which included papillary adenocarcinoma and moderately or well-differentiated adenocarcinoma and undifferentiated, which included poorly or undifferentiated adenocarcinoma, mucinous carcinoma, and signet ring cell carcinoma. The type of the second resection included palliative Resection, total gastrectomy and extended gastrectomy. Extended gastrectomy included splenectomy, segmental T-colon resection,　distal pancreatectomy, left lateral sectionectomy of liver, Diaphragm excision; but for the patients with billroth II restruction,　the  resection of segmental jejunum connected to the gastric stump was not recorded as extended gastrectomy.
Follow-up and Statistical analysis

All patients with RGC who underwent curative resection operation were followed-up. During follow-up, patients were evaluated by chest radiograph, ultrasonography, abdominopelvic CT scan, serum tumor markers, and endoscopy to detect recurrence every 3 mo in the first two years. After the first 2 years, an interview on telephone was conducted every 2 mo. Follow-up was complete for the entire study population to December 2013. At the end of follow-up, 7 patients were lost. The rate of follow-up was 94.6%. All the statistical analyses and graphics were performed by SPSS 16.0 statistical package (SPSS Inc., Chicago, IL). Overall survival rates were determined using the Kaplan-Meier estimator. The log-rank test was used to identify differences between the survivals of different subgroups. In univariate analysis, 2-tailed chi-square tests for categorical variables and 2-tailed t test for continuous variables were employed for statistical comparisons. In multivariate analysis, Cox’s proportional hazard model was used to identify independent factors correlated with prognosis.  A P value of less than 0.05 was considered statistically significant.
Statistical analysis 
The statistical methods of this study were reviewed by Bo Qu, (professor and biostatistician), China Medical University.

RESULTS
There were 79 male and 35 female enrolled in the study with a mean age of 61 ± 12 years. The number of the patients with RGC according to the different periods and treatment type is shown in the Table 1. 
Of the 114 patients, ninety five patients were underwent surgical treatment. The types of surgery according to the different subgroups are listed in Table 2. A total of 74 patients (70.7%) received a curative resection. Because of peritoneal seeding, liver metastasis and serious adjacent organs invasion, 12 patients (RGC I: 8, RGC II: 4) underwent a palliative resection and 9 (RGC I: 5, RGC II: 4) patients underwent a non-resective operation such as bypass surgery or diagnostic laparotomy. In the RGC I group, 42 patients underwent curative resection. Of the 42 cases, 10 underwent extended resection (3 patients underwent splenectomy, 4 for Whipple resection ,two for Segmental T-colon resection, two for Left lateral sectionectomy of liver, one for Diaphragm excision). In the RGC II group, 32 patients underwent curative resection. Of them, 6 patients underwent extended resection (two for splenectomy, two for Segmental T-colon resection, two for distal pancreatectomy).
Clinicopathologic features of the 74 patients with curative resection were shown in Table 3.The second cancer was more located on the anastomotic site in the patients with RGC II than that in the patients with RGC I (56.3% vs 31.0%, P = 0.038). Twenty-three patients with RGC II were performed Billroth II reconstruction in the first operation. It was significant more than that in the patients with RGC I (71.9% vs 21.2%, P < 0.001). There was no significant difference in age, tumor size, Borrmann type, histologic grade, Lauren grade and tumor stage between the two subgroups. Thirty three patients with RGC I and 22 with RGC II had known tumor stage of their initial cancer, the distribution of tumor stage of their initial cancer was also shown in Table 3. Because of long time period after initial surgery, some clinical data were lost. We only got 33 patients (I+II, n = 13, III+IV, n = 20) pTNM data with RGC I and 22 (I+II, n = 17, III+IV, n = 5) patients pTNM data with RGC II. There were 20 (60.6%) patients whose tumor stage of the initial cancer were III or IV stage in the RGC I subgroup. While only 5 (22.7%) of RGC II cases got III or IV stage initial cancer. Significant difference was observed between the two groups (60.6% vs 22.7%, P = 0.006). 
As shown in Figure 1, the five year survival rates was 37.6% and 47.9% for the patients with RGC I and RGC II, respectively. The difference is not significant. The overall 5-year survival rate of patients with RGC was 43.6%. Univariate analysis identified tumor size, Borrmann type, histologic grade, Lauren grade and tumor stage were significantly correlated with prognosis (Table 4). In multivariate analysis, Borrmann type (Borrmann I-II vs Borrmann III-IV) and tumor stage (stage I-II vs stage III-IV) were confirmed as independent factors. In the patients with Borrmann I-II type, the five-year survival rate was 57.4% for RGC I and 66.7% for RGC II, respectively. In the patients with Borrmann III-IV tumors, it was 25.9% for RGC I and 36.9% for RGC II. The patients with stage I-II tumors had better five-year survival rates (RGC I: 67.0%, RGC II: 67.3%) than that of III-IV (RGC I: 18.1%, RGC II: 27.5%).
DISCUSSION
The mortality of gastric cancer have underwent a substantial decline because of early diagnosis, radical surgery, and the development of adjuvant therapies, but it is still a prominent cause of death result from cancer, and these deaths almost invariably follow tumor recurrence[19-20]. RGC following distal gastrectomy for gastric cancer is a frequent type of tumor recurrence. Operation is the most effective treatment for RGC. Some reports proposed different operative method for the curative resection of RGC[13, 21]. We performed mainly total gastrectomy plus D2 lymphadenectomy and adjacent organ resection regardless of RGC I or RGC II. The reports about the rate of resectability for RGC had some discordant opinions. It had often been described as having low resectability rates less than 70%[22-23]. It was reported that the rate of curative resection was 60% in patients with RGC after benign disease, 78% in patients with RGC after gastric cancer, and 70% in total patients with RGC[24]. In our study, the rate of curative resection was 76.4% for RGC I, 80.0% for RGC II, respectively, and the overall rate is 77.9%. It had superiority over the previous study[24]. The reason for this might be that some patients with distant metastasis or bad physical condition had been suggested to undergo treatment in the department of medical oncology.
Some studies reported the high rate (40%-70%) of combined organs resection and attributed it to the high incidence of adjacent organs invasion and the need of lymphadenectomy[25-27]. But in the present study, although the combined resection of involved organs was more frequently selected in patients with RGC I than those in the patients with RGC II (25.8% vs 12.5%, P = 0.189), they were all much lower than which had been reported. It might be induced by the different standard in the preoperational assessment. In this investigation, Whipple resection was conducted in 4 patients with RGC I, no patients with RGC II underwent Whipple resection. This might be for the difference of the adjacent organs, which could be attributed to different reconstruction type.
According to the previous study[24], gastritis cystica polyposa, which was suspected to be of great relevance to cancer development in the remnant stomach, was detected more often on the anastomotic site, and more often in patients with Billroth II reconstruction than in those with Billroth I[24]. These suggests that long-term exposure of the gastric mucosa to duodenal contents is one of the major causes of RGC after distal gastrectomy and the anastomotic site, which is the most direct site for this disadvantage, understandably is the most common location for the RGC. But the time interval from the first resection to development of RGC varied to a great extent. The average latency time was reported to be 20-27 years, and might go up to 40 years. Most authors have reported a steep increase in the risk of developing gastric stump cancer from the 20th year after the first gastrectomy[16-18]. So the time interval is also one of the most important factors for the development of RGC, because the remnant stomach is constantly under carcinogenic influence. But all the above seem only apprehensible for RGC after benign disease, since the anastomotic site of Billroth II reconstruction was frequently involved by RGC 15 years or more after the first gastrectomy for benign disease[4,28]. In the present study, more than half of RGC following gastric cancer surgery developed less than 10 years after the first operation. The time interval did not seem to be enough for the development of RGC. Meanwhile, RGC I was located on the non-anastomotic site in higher frequency and more cases of them developed after Billroth I reconstruction. So we infer that there might be some different pathogeneses for RGC I. It is well known that mucosal changes, such as atrophic gastritis and intestinal metaplasia, were often observed in tumor adjacent tissues. Denervation during initial gastric cancer surgery might damage the defence mechanisms of the gastric mucosa and it was facilitative for the development of cancer from lesion precancerous[29]. So we infer that preexisting mucosal changes in the remnant stomach, such as atrophic gastritis and intestinal metaplasia, rather than gastroduodenal reflux, may be more relevant to the development of RGC I. On the other hand, RGC I was found to be with more advantaged tumor stage of the first cancer. This may suggest that the development of RGC I were likely to be due to residual carcinomas ignored at initial operation. Although resection margins are deemed histologically free of tumor involvement at initial operation, tumor cells still may remain in remnant stomach. It has been reported that the incidence of synchronous multiple gastric cancers are approximately 4%-7% of surgically resected cases[30]. Some study used serial sections of the whole stomach and received a comprehensive evaluation of the incidence to 13.2%-14.6%, suggesting a higher incidence of latent lesions[30]. According to a previous study[31], it is more susceptible for patients with multiple gastric cancers to develop to secondary gastric cancers in the remnant stomach. All the above suggested that resemble to the RGC after benign disease, RGC II after Billroth II reconstruction might be deemed to develop from a typical model of carcinogenesis for gastroduodenal reflux. But preexisting mucosal changes or residual carcinomas ignored at initial treatment might be more responsible for RGC I. For RGC I, the tumor locations of re-oncogenesis including anastomotic site (n = 13), non-anastomotic site (n = 19) and total stump (n = 10). For patients whose re-oncogenesis locations are non-anastomotic site and total stump, through preoperative gastroscopy and intraoperative check, we didn’t find any other sites of re-oncogenesis, therefore, we consider these patients whose re-oncogenesis locations are non-anastomotic site and total stump may be associated with background mucosal change, however, it is only our conjecture. Moreover, all the 42 patients have achieved curative resection with safe margin (all the margins have been proven postoperatively to be safe or called “negative margin”). Thus, more studies should be conducted to find the most possible reason for these patients. For now, we only think of one possible hypothesis. The reasons for these patients with early re-oncogenesis after prior gastrectomy still need to be confirmed.
In conclusion, there is no significant difference in surgical outcomes and prognosis between RGC I and RGC II. But in clinicopathologic features, RGC II is located on the anastomotic site in higher frequency and more cases develop after Billroth II reconstruction. Therefore, we referred that the gastroduodenal reflux might induce the development of RGC II. But the development of RGC I might be more attributed to the preexisting mucosal changes or residual carcinomas ignored at initial treatment for synchronous multiple gastric cancers.
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Background

The time interval between the primary cancer and the remnant gastric cancer (RGC) in the patients is the key point of the definition of the RGC. A lot of studies have paid attentions to this disease. Several reports have used RGC to define all cancers arising from the remnant stomach after partial gastrectomy, regardless of the initial disease.
Research frontiers 
The preferred explanations for the pathogeneses of RGC are Billroth II reconstruction produces a typical model of carcinogenesis. Gastroduodenal reflux and Helicobacter pylori colonization in the remnant stomach promotes the development of RGC. Because the gastric stump is constantly under carcinogenic influence，the time interval is one of the most important factors for the development of RGC. 

Innovations and breakthroughs 
Most authors have reported a steep increase in the risk of developing gastric stump cancer from the 20th year after the first gastrectomy. However, we consider that there maybe some differences in clinical pathology and prognosis between the RGC patients with a recurrence interval shorter than 10 years and those longer than 10 years. We found that RGC II is located on the anastomotic site in higher frequency and more cases develop after Billroth II reconstruction, therefore, we referred that the gastroduodenal reflux might induce the development of RGC II.
Applications

The development of RGC I might be more attributed to the preexisting mucosal changes or residual carcinomas ignored at initial treatment for synchronous multiple gastric cancers. This study may help to lay the foundation of the management of RGC.

Terminology

RGC (remnant gastric cancer) means a carcinoma detected in remnant stomach more than 5 years after primary surgery for a benign disease.
Peer-review

The study is done carefully. This article is an important paper about clinicopathologic features of RGC. Original point of this paper is the comparison of RGC with time interval of > 2 and ≤ 10 years after prior gastrectomy for gastric cancers.
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Table 1 Number of the patients according to the different periods and treatment type
	    Year
	RGC I
	
	RGC II

	
	Curative resection
	PR  or no resection
	No operation
	
	Curative operation
	PR or no resection
	No operation

	1980-1990
	6
	6
	5
	
	3
	3
	4

	1990-2000
	12
	3
	3
	
	11
	2
	2

	2000-2010
	22
	4
	2
	
	18
	3
	3

	Total number
	42
	13
	10
	
	32
	8
	9


RGC: Remnant gastric cancer; PR: Palliative resection.
Table 2 Surgical outcomes of the patients with RGC I and RGC II n (%)
	Parameters
	RGC I 
	
	RGC II
	P value

	Type of surgery
	55
	
	40
	0.803

	 1 No resection
	5 (9.1)
	
	4 (10.0)
	

	 1) Bypass surgery
	2
	
	3
	

	 2) Open biopsy only
	3
	
	1
	

	 2 Palliative Resection
	8 (14.5)
	
	4 (10.0)
	

	 3 Curative Resection
	42 (76.4)
	
	32 (80.0)
	

	Resection type
	
	
	
	0.189

	1) Resection of RG or gastrectomy
	30
	
	27 
	

	2) Extended gastrectomy
	12 
	
	5 
	


	   splenectomy
	3
	
	2
	

	   Whipple
	4
	
	0
	

	   Segmental T-colon resection
	2
	
	2
	

	   Distal pancreatectomy
	0
	
	2
	

	   Left lateral sectionectomy of liver
	2
	
	0
	

	  Diaphragm excision
	1
	
	0
	


RGC: Remnant gastric cancer; RG: Remnant gastric.
Table 3 Clinicopathologic Features of Patients with RGC I and RGC II n (%)
	Parameters
	RGC I
	
	RGC II
	P value

	Sex
	
	
	
	0.805

	Male  
	29 (69.0)
	
	21(65.6)
	

	Female
	13 (31.0)
	
	11(34.4)
	

	Age, Mean ± SD, yr
	60.5 ± 11.6
	
	62.3 ± 13.4
	0.103

	Tumor size, cm
	
	
	
	0.301

	  < 4.0
	16 (38.1)
	
	15 (46.9)
	

	  ≥ 4.0
	26 (61.9)
	
	17 (53.1)
	

	Tumor location
	
	
	
	0.038

	Anastomotic site
	13 (31.0)
	
	18 (56.3)
	

	Non-anastomotic site
	19 (45.2)
	
	6 (18.7)
	

	Total stump
	10 (23.8)
	
	8 (25)
	

	Reconstruction of 1st operation
	
	
	
	

	Billroth I
	31 (78.8)
	
	9 (28.1)
	< 0.001

	Billroth II
	11 (21.2)
	
	23 (71.9)
	

	Borrmann type
	
	
	
	0.322

	Borrmann I + II
	15 (35.7)
	
	14 (43.7)
	

	Borrmann III + IV 
	27 (64.3)
	
	18 (56.3)
	

	Histology grade
	
	
	
	0.421

	Differentiated
	19 (45.2)
	
	12 (37.5)
	

	Undifferentiated
	23 (54.8)
	
	20 (62.5)
	

	Lauren grade
	
	
	
	0.308

	Intestinal
	20 (47.6)
	
	18 (56.3)
	

	Diffuse
	22 (52.4)
	
	14 (43.7)
	

	Tumor stage
	
	
	
	0.106

	I + II
	15 (35.7)
	
	16 (50.0%)
	

	III + IV
	27 (64.3)
	
	16 (50.0)
	

	1st tumor stage
	
	
	
	0.006

	I + II
	13 (39.4)
	
	17 (77.3) 
	

	III + IV
	20 (60.6)
	
	5 (22.7) 
	


 RGC: Remnant gastric cancer.
Table 4 Analysis of the prognostic factors for patients with RGC I and RGC II
	Parameters
	RGC I
	
	RGC II

	
	5-YSR
	UA, P 
	MA , P
	
	5-YSR
	UA, P
	MA, P

	Sex
	
	0.574
	
	
	
	0.179
	

	Male  
	31.9%
	
	
	
	51.0%
	
	

	Female
	51.9% 
	
	
	
	43.6%
	
	

	Age
	
	0.854
	
	
	
	0.467
	

	  < 60
	40.8% 
	
	
	
	44.4%
	
	

	  ≥ 60
	34.2% 
	
	
	
	49.2%
	
	

	Tumor size
	
	0.018
	0.235
	
	
	0.009
	0.653

	  < 4.0
	59.8% 
	
	
	
	60.0%
	
	

	  ≥ 4.0
	23.7% 
	
	
	
	35.2%
	
	

	Reconstruction of 
1st operation
	
	0.875
	
	
	
	0.644
	

	Billroth I
	34.4% 
	
	
	
	44.4%
	
	

	Billroth II
	45.5% 
	
	
	
	49.0%
	
	

	Borrmann type
	
	0.015
	0.004
	
	
	0.031
	0.013

	I+II
	57.4% 
	
	
	
	66.7%
	
	

	III+IV
	25.9% 
	
	
	
	36.9%
	
	

	Histologic grade
	
	0.035
	0.532
	
	
	0.044
	0.254

	Differentiated
	53.3% 
	
	
	
	66.7%
	
	

	Undifferentiated
	24.3% 
	
	
	
	36.9%
	
	

	Lauren grade
	
	0.026
	0.108
	
	
	0.032
	0.321

	Intestinal
	56.9% 
	
	
	
	55.6%
	
	

	Diffuse
	22.9% 
	
	
	
	36.7%
	
	

	Tumor stage
	
	0.015
	< 0.001
	
	
	0.009
	< 0.001

	I+II
	67.0% 
	
	
	
	67.3%
	
	

	III+IV
	18.1% 
	
	
	
	27.5%
	
	


RGC: Remnant gastric cancer; UA: Univariate analysis; MA: Multivariate analysis; 5-YSR: Five-year survival rate.
Figure 1 Survival curves of the patients with RGC I vs RGC II. The five-year survival rate was 37.6% and 47.9% for RGC I and RGC II, respectively (P = 0.440).
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                 Months after operation

PAGE  
24

