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Abstract
AIM
To evaluate clinicopathological features and surgical outcomes of gastric cancer in elderly and non-elderly patients after inverse probability of treatment weighting (IPTW) method using propensity score.

METHODS
We enrolled a total of 448 patients with histologically confirmed primary gastric carcinoma who received gastrectomies. Of these, 115 patients were aged > 80 years old (Group A), and 333 patients were aged < 79 years old (Group B). We compared the surgical outcomes and survival of the two groups after IPTW.

RESULTS
Postoperative complications, especially respiratory complications and hospital deaths, were significantly more common in Group A than in Group B (P < 0.05). Overall survival (OS) was significantly lower in Group A patients than in Group B patients. Among the subset of patients who had pathological Stage I disease, OS was significantly lower in Group A (P < 0.05) than Group B, whereas cause-specific survival was almost equal in the two groups. In multivariate analysis, postoperative complications, pathological stage, histology, and extent of lymph node dissection were independent prognostic values for OS.

CONCLUSION
When the gastrectomy was performed in gastric cancer patients, we should recognized high mortality and comorbidities in that of elderly. More extensive lymph node dissection might improve prognoses of elderly gastric cancer patients.
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Core tip: Inverse probability of treatment weighting (IPTW) attempts to reduce the bias due to confounding variables in estimates of treatment effects. In the present study, we compared the surgical outcomes and survival of elderly gastric cancer patients with that of general population after IPTW. The overall survival (OS) of pStageI gastric cancer patients in elderly was lower survival due to death of other diseases. We found that extent of lymph nodes dissection were independent prognostic factors. When the gastrectomy was performed in gastric cancer patients, we should recognized high mortality and comorbidities in that of elderly. This study was reviewed and approved by Nara Hospital, Kindai University review board on human research.
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INTRODUCTION
Gastric cancer is the fifth most common malignancy after cancers of the lung, breast, colorectal area and prostate; patients in Eastern Asia account for about half of the world’s incidence[1]. In the past decade, incidence of gastric cancer in elderly patients has increased in Japan because of longer life spans of the general population[2]; decisions regarding gastric cancer surgeries in elderly patients have therefore also increased. Many surgeons are reluctant to have elderly patients undergo gastrectomies because of the considerably higher risk of complications from gastrectomies. There were some retrospective studies compared the outcomes of elderly gastric cancer patients to that of general populations, but the effects of age on morbidity, mortality from gastrectomy and/or prognosis are controversial, as no randomized studies have been conducted to our knowledge[3-18]. Also, no standard definition of “elderly” exists; thresholds vary from 65 to 80 years. Therefore, no standard guidelines for the treatment of elderly gastric cancer patients are available. 
Recently, the concept of propensity score matching (PSM) and inverse probability of treatment weighting (IPTW) has garnered some attention. PSM and IPTW attempts to reduce bias due to confounding variables in estimates of treatment effects[19]. In the present study, we first evaluated the clinicopathological features and surgical outcomes of gastric cancer treated in our department among patients aged 80 years and older, and compared them with those of patients aged 79 years and younger, after IPTW. We then analyzed these data to find optimal cut-off ages for elderly patients with gastric cancer.

[bookmark: OLE_LINK478][bookmark: OLE_LINK481][bookmark: OLE_LINK483][bookmark: OLE_LINK674]MATERIALS AND METHODS
A total of 448 patients with histologically confirmed primary gastric carcinoma had gastrectomies in our department between 2005 and 2013. Of these, 115 patients were aged ≥ 80 years old (Group A), and 333 patients were aged ≤ 79 years old (Group B). All patients were American Society of Anesthesiologists risk less than three and there was no selection bias in each groups. Clinicopathological data for these patients were obtained from hospital records. Characteristics of two groups are shown and compared in Table 1. Postoperative complications were evaluated according to CTCAE version 3.0; complications of grade ≥ 2 were regarded as significant[20]. Tumor location, clinical or pathological stage, degree of lymph node dissection (D0, D1 or D2), and curability (R0, R1 or R2) were assessed according to the Japanese Classification of Gastric Carcinoma, 13th, and then 14th editions[21,22]. Surgical mortality, morbidity, and hospital mortality were compared between two groups. Mean follow-up time for all patients was 34.57 mo (range: 0.16-113.13 mo). Recurrences were confirmed by computed tomography, tumor markers, and endoscopic examinations. Overall survival (OS) was defined as the time from the date of surgery to patient death (including surgery-associated death or hospital death), or the date of last available information concerning vital status. Cause-specific survival (CSS) is cancer survival in the absence of other cause of death or death from other cancers. CSS and OS were evaluated after IPTW method. This study was approved by our institute’s committee on human research (Approval No.399): comprehensive informed consent was obtained from all patients when they admitted our hospital prior to surgery.

Statistical analysis
Clinicopathological variables between two groups were compared using the Mann–Whitney test or chi-square test. Survival analysis was carried out using Kaplan–Meier methods, and log-rank test was used to assess survival differences. P < 0.05 was considered significant. The propensity score (PS) was calculated using a multivariable logistic regression model with the two age groups as the dependent variables, and sex, cancer site, cT (14th edition), cN, clinical stage, operative procedures, and histological type (Lauren classification) as independent variables. Inverse probability of treatment weight (IPTW) was then calculated using PS. To evaluate the sensitivity and specificity of age in predicting 3-year OS, a time-dependent receiver operating characteristic (ROC) curve was calculated, and Youden’s index was estimated to determine the optimal cutoff age. Univariate and multivariate analyses used the Cox proportional hazard model for OS after IPTW method. A stepwise method was used to estimate predictive variables for OS in multivariate analysis. Statistical analysis was performed using STATA version 14 (Stata Corp LP, College Station, TX, United States), R version 3.1.0 (R Project for Statistical Computing, Vienna, Austria), and SPSS Statistics version 22 (IBM, Tokyo, Japan).

RESULTS
Patients’ characteristics are shown in Table 1. Degree of lymph node dissection was significantly more extensive in Group B (P < 0.05), and non-curative dissection was more frequency in Group A (P < 0.05). Optimal cutoff age for gastrectomy in terms of OS was 79.2 years old (AUC = 0.642, TP = 0.536, FP = 0.248, Figure 1). Therefore, we set the cut-off age at 80 years old.
Postoperative complications are shown in Table 2. Respiratory complications and hospital death (including surgery-associated death) were more common in Group A (P < 0.05). After IPTW method, we found OS was significantly lower in Group A patients (P < 0.05; Figure 2A). The OS rates for Group A were 3-year: 46.6%, 5-year: 36.8%; those for Group B were 3-year: 74.8%, 5-year: 68.8%. Also, estimated CSS rates were significantly lower in Group A patients at 3-year, 5-year: 59.7% for Group A; and 3-year: 74.9%, 5-year: 69.1% in Group B (P < 0.05, Figure 2B). Among patients with pStage I disease, OS was significantly lower in Group A (P < 0.05, Figure 3A), whereas CSS was almost equal in both groups (Figure 3B); their estimated 5-year CSS and OS rates were CSS: 92.07%, OS: 62.18% in Group A and CSS, OS: 94.7% in Group B. OS was lower in Group A because of death by other cancers and other diseases, included pneumonia.
Among patients with pStage II–III disease, CSS and OS rates were almost equal in the two groups. The 5-year estimated CSS /OS rates (same rates) for patients with pStage II disease were 67.5% in Group A and 67.96% in Group B . Estimated 5-year CSS and OS rates for patients with pStage III disease were CSS: 42.4%, OS: 22.16% in Group A and CSS, OS: 23.23% in Group B. However, among patients with pStage IV disease, estimated OS/CSS (same rates) were significantly lower in Group A than in Group B; estimated 5-year CSS/OS were 27, 1% in Group B and 0% in Group A, respectively (Figure 4).
Univariate analysis of prognostic factors for OS in Group A is shown in Table 3. We found pStage, radicality, lymph node metastasis and histology significantly affected prognoses (P < 0.05). In multivariate analysis, pStage, histology, and extent of lymph node dissection were independent prognostic values for OS (Table 4).

DISCUSSION
In the present study, we evaluated clinicopathological features and survival of patients aged 80 years and older, compared with patients aged 79 years and younger afterIPTW.
The optimal cut-off age for gastrectomies in elderly patients is controversial. The WHO classification defines “elderly” as older than 65 years old, “young-old” as 65-75 years old and “old-old” as older than 75 years[23]. In previously published studies of gastric cancer surgery in older patients , age thresholds ranged from 65 to 80 years old, so “elderly person” was not defined with regard to stomach cancer[4,5,7,8,11-17,24]. In the present study, we therefore used a survival ROC curve in patients with gastric cancer in terms of OS to determine the borderline age for gastrectomies, and concluded the optimal cut-off age is 80.6 years old, regardless of low AUC. Therefore, we divided the gastric cancer patients into two groups: 80 years and older (Group A, elderly group) and 79 years and younger (Group B, general population) in this study.
In general, morbidity and mortality of gastric cancer patients after gastrectomy is controversial; mortality rates for elderly patients with gastric cancer who undergo gastrectomies range from 2% to 8.3% in the published data, which is compatible with our results[3-9,11,15]. Most reports did not find significant differences between the age groups, despite varying definitions of “elderly.” In the present study, surgical mortality was significantly higher in Group A (4.8%) than in Group B (0.9%), possibly because the mortality rate of Group B was less than 1% in our institution. Among postoperative complications, respiratory complications were more frequent in Group A in the present study. Although postoperative respiratory complications in elderly patients have been reported, only two reports noted a high complication rate specifically in elderly patients with gastric cancer[4,6,8,11,15]. Postoperative respiratory complications of elderly gastric cancer patients might be associated with surgical mortality; they therefore warrant more careful postoperative attention.
In analyzing survival of patients with gastric cancer, we matched the two age groups using propensity scores; IPTW is considered to be a reliable statistical method for evaluating propensity scores[25]. Among patients with pStage I disease, OS was significantly lower in Group A, but CSS was not significantly different. Lower OS for elderly pStage I patients was due to surgical mortality, other causes of death, and death from other cancers. Therefore, careful observation after gastrectomy might improve survival of elderly patients with gastric cancer.
In multivariate analysis, we found that extent of lymph node dissection was independent prognostic factors in elderly patients with gastric cancer. Also, postoperative complications, especially respiratory complication and hospital death were more common in elderly group. However, relationships between extent of lymph node dissection and postoperative morbidity, mortality and prognosis in elderly gastric cancer patients are controversial in the literature[3,4,7,11] .
Most of these reports showed that more extended lymphadenectomy in elderly patients did not affect postoperative complication rates or prognosis.
Only Eguchi et al[4] reported the extent of lymph node dissection in elderly gastric cancer patients to have influenced postoperative complications. Our findings indicate that more extended lymphadenectomy might improve survival in these patients if postoperative complications could be avoided.
In conclusion, our retrospective study indicated that optimal cut-off ages for elderly patients with gastric cancer was eighty years old, and suggests that even if curative surgery is performed for pStage I disease in elderly gastric cancer patients, careful follow up is needed to stay abreast of other diseases, other cancers as outpatients. Additionally, more extensive lymph node dissection might improve prognosis of elderly patients with gastric cancer if postoperative complications could be minimized. However, postoperative complications lead to hospital death should be noted.
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[bookmark: OLE_LINK729][bookmark: OLE_LINK730]Background
In the past decade, incidence of gastric cancer in elderly patients has increased in Japan. There was no randomized study compare the prognosis, morbidity and mortality of elderly gastric cancer patients and that of younger populations.
Propensity score matching (PSM) and inversed probability of treatment weighting (IPTW) attempts to reduce bias due to confounding variables in estimates of treatment effects. We evaluated the clinicopathological features and surgical outcomes of gastric cancer treated in our department among patients aged 80 years and older, and compared them with those of patients aged 79 years and younger, after IPTW.

Research frontiers
There were some retrospective studies compared the outcomes of elderly gastric cancer patients to that of general populations, but the effects of age on morbidity, mortality from gastrectomy and/or prognosis are controversial, as no randomized studies have been conducted to our knowledge.

Innovations and breakthrough
PSM and IPTW attempt to reduce bias due to confounding variables in estimates of treatment effects. Quasi randomization is possible when we compared elderly group and younger group, statistically.

Applications
The clinical significance of elderly gastric cancer patients received gastrectomy were evaluated and revealed the higher postoperative complications and mortality in elderly patients, and more extensive lymph node dissection might improve prognosis of elderly patients with gastric cancer.
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This is interesting to report the effects of age on survival and morbidity in gastric cancer patients undergoing gastrectomy. The author of this manuscript evaluated the gastric cancer patients received gastrectomy in elderly compared to that in younger population. Notably, this manuscript was compared the results of these patients used propensity score.
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Figure 1 Receiver operating characteristic curve for three years survival (AUC = 0.642, TP = 0.536, FP = 0.248).
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Figure 2 Overall survival (A) and cause-specific survival (B) in two aged group after IPTW method. OS and CSS were significantly lower in Group A than Group B (P < 0.05). OS: Overall survival; CSS: Cause-specific survival.
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Figure 3 Overall survival (A) and cause-specific survival (B) by age group among patients with pStage I gastric cancer who underwent gastrectomy. OS and CCS were significantly lower in Group A than Group B after IPTW method (P < 0.05). OS: Overall survival; CSS: Cause-specific survival.
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Figure 4 Cause-specific survival and overall survival by age group among patients with pStage IV gastric cancer who underwent gastrectomy; after IPTW method. CCS and OS were significantly lower in Group A than Group B (P < 0.05). OS: Overall survival; CSS: Cause-specific survival.


Table 1 Characteristics of patients in this study
	　
	Group A
	Group B
	P value

	Patients number
	115
	333
	

	Sex(Male: Female)
	73/42
	135/198
	

	Mean age (yr)
	83.44
	65.87
	< 0.05

	Occupied lesion 
	
	
	

	U
	24
	81
	0.693

	M
	39
	114
	

	L
	52
	138
	

	Clinical Stage (13th edition)
	
	
	

	IA
	40
	137
	0.446

	IB
	30
	65
	

	II
	20
	48
	

	IIIA
	9
	39
	

	IIIB
	8
	26
	

	IV
	8
	18
	

	Lymph nodes metastasis
	
	
	

	Negative
	76
	212
	0.639

	Positive
	39
	121
	

	Histological type
	
	
	

	Intestinal
	70
	175
	0.1224

	Diffuse
	45
	158
	

	Operative procedures
	
	
	

	Distal gastrectomy
	68
	218
	0.074

	Total gastrectomy
	34
	95
	

	Proximal gastrectomy
	5
	4
	

	PPG
	3
	11
	

	Partial gastrectomy
	5
	4
	

	PD
	
	1
	

	Lymph nodes dissction
	
	
	

	D0
	18
	8
	< 0.05

	D1
	60
	61
	

	D2
	36
	264
	

	Curability
	
	
	

	Curative
	97
	310
	< 0.05

	Non-curative
	18
	23
	


PPG: Pylorus preserving gastrectomy; PD: Pancreaticoduodenectomy.


Table2 Postoperative complications compared between two aged group
	
	[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Group A (n = 115)
	Group B (n = 333)
	P value

	Anastomotic ｌeakage
	5 (4.3)
	8 (2.4)
	NS

	Respiratory complications
	7 (6.0)
	7 (2.1)
	< 0.05

	Other complications
	
	
	

	Pancreatitis
	3 (2.6)
	7 (2.1)
	NS

	Intraabdominal abscess
	0 (0)
	5 (1.5)
	NS

	Ileus
	1 (0.87)
	1 (0.3)
	NS

	Duodenal　stump　perforation
	1 (0.87)
	1 (0.3)
	NS

	Hepatic failure
	1 (0.87)
	
	

	Cholecystitis
	0 (0)
	1 (0.3)
	NS

	Hospital death
	5 (4.3)
	3 (0.9)
	< 0.05





Table 3 Univariate analysis of overall survival in Group A patients after IPTW method
	Variants
	HR
	95%CI
	P value

	Sex (male:female)
	0.941
	0.515-1.720
	0.845

	Tumor location (U:M :L)
	0.967
	0.779-1.202
	0.768

	Operative procedures (total:others)
	1.005
	0.813-1.242
	0.961

	Extent of LN dissection (D0:D1:D2)
	0.661
	0.4233-1.032
	0.009

	pStage(13th edition) (I:II:III:IV)
	2.12
	1.616-2.782
	0.001

	Radicality (curative:non-curative)
	1.529
	0.083-0.280
	0.001

	pLN metastasis (negative:positive)
	2.332
	1.274-4.272
	0.006

	Postoperative complications (negative:positive)
	1.432
	0.642-3.195
	0.379

	Hisology (Lowren) (intestinal:diffuse)
	2.637
	1.470-4.729
	0.01





Table 4 Multivariate analysis of overall survival in Group A
	
	Stepwise　method (P < 0.1)

	
	HR
	95%CI
	P value

	pStage
	2.014
	1.516-2.675
	0.01

	Histology (Lauren)
	2.039
	1.117-3.720
	0.02

	Extent of LN dissection
	0.528
	0.343-0.813
	0.004
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Fig.1 ROC curve for three years survival.
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