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Survival outcomes and prognostic indicators for gastric cancer patients with positive peritoneal wash cytology but no peritoneal metastasis after radical gastrectomy
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Abstract
BACKGROUND
Positive peritoneal wash cytology with no peritoneal metastasis (CY1P0) is a special type of distant gastric cancer metastasis, which describes a patient with positive peritoneal lavage cytology, but no definitive peritoneal metastasis, and there are no widely accepted treatment guidelines. We enrolled 48 primary CY1P0 gastric cancer patients treated by radical gastrectomy in this study. Our study illustrated the efficacy of radical gastrectomy for CY1P0 gastric cancer patients, and suggested that the pathological N factor and vascular invasion were significant independent risk factors for overall survival (OS). 

AIM
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]To assess the survival of CY1P0 gastric cancer patient post-radical gastrectomy, and to identify factors associated with long-term prognosis.

METHODS
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Our study included 48 patients with primary CY1P0 gastric cancer who had radical gastrectomies at the Cancer Hospital, Chinese Academy of Medical Sciences, Beijing, China between 2013 and 2018. R0 resection was achieved in all 48 patients. Twelve patients received neoadjuvant chemotherapy. Thirty patients received adjuvant chemotherapy and four received adjuvant chemoradiotherapy. OS statistics were available for 48 patients. Follow-up continued through March 2020. Univariate and multivariate analyses were performed using a Cox proportional hazards model to identify prognostic factors. 

RESULTS
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Median OS was 22.0 mo (95% confidence interval: 13.366-30.634 mo) post-surgery. Univariate analyses demonstrated that tumor site (P = 0.021), pathological N factor (P = 0.001), pathological T factor (P = 0.028), vascular invasion (P = 0.046), and the level of CA199 prior to initiating therapy (P = 0.002) were significant risk factors for OS. Multivariate analyses demonstrated that pathological N factor (P = 0.001) and vascular invasion (P = 0.031) were significant independent risk factors for OS.

CONCLUSION
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]This study suggested that radical gastrectomy may be efficient for CY1P0 gastric cancer patient post-radical gastrectomy and the pathological N factor and vascular invasion are significant independent risk factors for OS.
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[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Core Tip: This is a retrospective study to investigate the survival of gastric cancer patients with positive peritoneal wash cytology but no peritoneal metastasis post-radical gastrectomy and to identify factors associated with long-term prognosis. Our study included 48 such patients and demonstrated that more effective treatment should be established for patients who are diagnosed with pN3b disease and vascular invasion.


INTRODUCTION
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Gastric cancer is one of the most common malignant tumors worldwide. There are no specific symptoms in early-stage gastric cancer, and when patients are diagnosed, the disease is usually advanced, and may even have metastasized. Advanced gastric cancer often metastasizes to the peritoneum, and metastasis is the main cause of disease-related death[1]. Peritoneal lavage cytology has been widely used to stage gastric cancer[2]. Positive peritoneal wash cytology with no peritoneal metastasis (CY1P0) is a special type of distant gastric cancer metastasis, which describes a patient with positive peritoneal lavage cytology, but no definitive peritoneal metastasis. The Japanese Classifications of Gastric Carcinoma define this as stage IV disease[3]. Although the American Joint Committee on Cancer guidelines for gastric cancer (eighth edition) clearly state that CY1P0 is equivalent to M1 disease[4], it was still potentially treatable. Positive intraperitoneal free cancer cells are an important risk factor for postoperative intraperitoneal recurrence and metastasis in patients with gastric cancer[5]. Positive peritoneal lavage cytology is a predictor of peritoneal dissemination[6] and poor prognosis[7-10]. 
Currently, there are no widely accepted treatment guidelines for CY1P0 gastric cancer patients[11]. Some retrospective studies have demonstrated the efficacy of radical surgery combined with intraoperative chemotherapy and systemic chemotherapy; however, larger, randomized, controlled clinical studies are needed to standardize the treatment of CY1P0 patients and to develop relevant guidelines. The aim of this study was to evaluate the effect of radical gastrectomy on the survival of CY1P0 gastric cancer patients and to identify risk factors associated with prognosis.

MATERIALS AND METHODS
[bookmark: OLE_LINK25]Patients
This retrospective study included 48 patients with primary CY1P0 gastric cancer who had radical gastrectomy at the Cancer Hospital, Chinese Academy of Medical Sciences, Beijing, China between 2013 and 2018. All patients were diagnosed with gastric adenocarcinoma (with no peritoneal metastasis or distant metastasis). All patients underwent abdominal lavage before surgery, and in all cases, they had positive peritoneal lavage cytology, but no definitive peritoneal metastasis. R0 resection was achieved in all 48 patients. Patients who had undergone palliative surgery or received only chemoradiotherapy were excluded from the study.

Treatment
All patients underwent gastroscopy and computed tomography (CT) examination to assess their condition. Because of advanced disease or suspected lymph node metastasis, 12 patients received neoadjuvant chemotherapy. All 48 patients had radical surgery and D2 lymph node dissection. The cytological examination of the peritoneal lavage samples was performed before surgery. Thirty patients received adjuvant chemotherapy and four received adjuvant chemoradiotherapy. 

Follow‑up
Patients reported for follow-up every 3 mo to the out-patient department. Follow-up included physical examination, routine blood work, blood biochemistry, and tumor biomarkers including CEA, CA724, CA242, AFP, and CA19-9. CT examination and endoscopy were performed every 6 mo. Hematological tests were performed at least every 2 wk during chemoradiotherapy. Disease progression, unacceptable adverse events, and patient death were recorded. We regularly followed the patients by telephone to ensure that we had up-to-date information for all patients. Follow-up continued through March 2020. Overall survival (OS) was measured from the time of surgery.

Statistical analysis
Cumulative survival rates were obtained using the Kaplan–Meier method and were compared using the log-rank test to evaluate statistically significant differences. Cox proportional hazard regression analysis was employed to evaluate factors affecting OS. A P value < 0.05 was considered statistically significant. Statistical analyses were performed with statistic package for social science for windows, version 22.0.

RESULTS
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]The clinical characteristics of the patients are shown in Table 1. Neoadjuvant chemotherapy was administered to 12 patients (Table 2) and the types of surgery are listed in Table 3. Thirty-four patients received adjuvant therapy; 30 patients received adjuvant chemotherapy and 4 received adjuvant chemoradiotherapy (Table 4). A flow diagram of the 48 patients who underwent radical gastrectomy is shown in Figure 1. OS was measured from the time of surgery. For the 48 CY1P0 patients, median OS was 22.0 mo [95% confidence interval (CI): 13.366–30.634 mo] (Figure 2). The 1-, 2-, 3-, and 5-year OS rates were 72.4%, 47.8%, 32.9%, and 20.5%, respectively. Median recurrence-free survival was 16.5 mo (95%CI: 5.141–27.859 mo) (Figure 3). Median follow-up was 35.0 mo. Univariate analysis showed that tumor site (P = 0.021), pathological N factor (P = 0.001), pathological T factor (P = 0.028), vascular invasion (P = 0.046), and the level of CA199 prior to initiating therapy (P = 0.002) were significant risk factors for OS (Table 5). Compared with gastric cardia cancer and gastric body cancer, gastric antrum tumors had better prognosis [odds ratio (OR): 0.427; 95%CI: 0.207-0.880; P = 0.021]. Pathological N factor in 3b (OR: 4.194; 95%CI: 1.870-9.406; P = 0.001) and T factor in 4a-4b (OR: 5.008; 95%CI: 1.190-21.072; P = 0.028) correlated with poor OS rate. Patients with vascular invasion had a poor prognosis (OR: 2.554; 95%CI: 1.017-6.413; P = 0.046). Patients with normal CA199 levels before treatment had a better prognosis (OR: 0.267; 95%CI: 0.118-0.604; P = 0.002). Multivariate analysis was performed based on factors with P < 0.1 in the univariate analysis (Table 6). Pathological N factor (P = 0.001) and vascular invasion (P = 0.031) were identified to be significant independent risk factors for OS (Figures 4 and 5).

DISCUSSION
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]CY1P0 is a special type of distant gastric cancer metastasis, which describes a patient with positive peritoneal lavage cytology, but no definitive peritoneal metastasis. Currently, there are no widely accepted treatment guidelines for CY1P0 gastric cancer patients[11]. 
The positive rate of peritoneal lavage cytology of Japanese patients with gastric carcinoma is approximately 5%–20%[12,13]. In this study, we assessed the survival of CY1P0 gastric cancer patients and sought to identify prognostic risk factors. We performed surgery on 48 patients with positive peritoneal lavage cytology but without peritoneal metastases. Median OS was 22.0 mo. The 1-, 2-, 3-, and 5-year OS rates were 72.4%, 47.8%, 32.9%, and 20.5%, respectively. It was reported in another study that the 5-year OS was 17.6% for CY1 gastric cancer patients[11], while the OS of patients who received chemotherapy alone was 9.9-12.6 mo[7,14]. These results suggest that radical gastrectomy is effective, and surgery is the most crucial component of this conversion therapy[15]. However, OS of the 36 patients who received neoadjuvant or adjuvant therapy combined with surgery was no better than that of the 12 patients who had surgery alone (P = 0.112). We hypothesize that this may be because the disease had progressed further in patients who received combined therapy; however, since CY1 represents peritoneal seeding, we believe that chemotherapy after surgery is warranted. The univariate and multivariate Cox proportional hazard analyses of the clinicopathological factors associated with OS showed that the lymph node metastasis status affected the OS of CY1-only gastric cancer patients who underwent radical gastrectomy. In addition, pathological pN3b is an indicator of distant nodal metastasis[6]. A more effective treatment should be established for patients who are diagnosed with CY1 and pN3b disease. Similarly, vascular invasion is an important prognostic factor, and these patients require further treatment and regular review. Several previous publications demonstrated that Borrmann type-4 tumors are negatively associated with survival and prognosis of this population. Noda et al[16] evaluated the survival of 91 CY1P0 patients with Borrmann type-4 tumors. They found that the 5-year OS rate of these patients was 6.3%, while that of patients with other types of tumors was 27.7%. In another study, researchers assessed clinicopathological features associated with prognosis in 37 CY1P0 gastric cancer patients[10]. A multiple linear regression analysis revealed that Borrmann type-4 tumors were an independent predictor of poor prognosis; however, Borrmann type-4 tumors were not prognostic in the current study (P = 0.416). In the univariate analysis, tumor site (P = 0.021) and the level of CA199 before therapy (P = 0.002) were risk factors for OS. These two factors were not statistically significant in the multivariate analysis. In general, cardia cancer and gastric body cancer have worse prognoses and require more difficult surgical procedures, and postoperative tumor marker levels are useful during follow-up. Changes in the levels of tumor markers may be associated with tumor recurrence. At present, radical gastrectomy, regional radiotherapy, and adjuvant antitumor chemotherapy have been proven effective for the treatment of advanced gastric cancer[17]. Standard treatment for gastric cancer patients with distant metastasis is systemic chemotherapy. Conversion therapy provides a new approach for the treatment of patients with advanced gastric cancer[18]. In one study, Japanese researchers treated 41 patients with peritoneal metastasis (30 of whom were positive for free abdominal cancer cells) with S-1 combined with cisplatin. The treatment eradicated peritoneal metastasis in 19 patients. After radical surgery, median survival of these patients increased from 12.6 mo to 43.2 mo[7]. Patients with good therapeutic effect may selectively benefit from radical surgery. Another study came to the same conclusion. Patients received systemic chemotherapy combined with S-1+ paclitaxel intraperitoneal infusion chemotherapy. Then, if free tumor cells were not detected in the abdominal cavity, the patients had radical surgery. The safety of surgeries was acceptable and postoperative prognosis of the patients improved[15]. Radical surgery combined with postoperative adjuvant chemotherapy has been widely used in patients with advanced gastric cancer for some time. Some clinical studies have confirmed the significance of S-1 adjuvant chemotherapy in CY1P0 patients after radical surgery. Kano et al[2] found that the median OS survival of 36 CY1P0 patients who underwent radical surgery and postoperative S1 monotherapy was 22.3 mo. In another study, long-term follow-up of CY1P0 patients who underwent D2 radical surgery and postoperative S1 monotherapy demonstrated a 2-year survival rate of 46%, a 5-year OS rate of 26%, and a relapse-free survival rate of 21%, which exceeded the researchers' expectations[19]. Therefore, further studies were conducted. The effect of preoperative neoadjuvant chemotherapy was assessed in CY1P0 patients who had radical surgery and S1 single-drug adjuvant chemotherapy after surgery. The 5-year survival rate was 15%, with or without preoperative neoadjuvant chemotherapy. This study also showed that preoperative chemotherapy efficacy and lymph node involvement significantly impacted patient prognosis[20]. As researchers explore more aggressive treatments, hyperthermic intraperitoneal chemotherapy (HIPEC) shows unique application prospects, and multiple basic and clinical studies have confirmed the safety and effectiveness of HIPEC. HIPEC is a highly selective regional chemotherapy, characterized by high local drug concentrations, long duration of action, direct effects on tumor cells, synergy of chemotherapy and thermal effect, and negligible systemic toxicity and side effects, which has obvious advantages over traditional, peripheral venous chemotherapy. Results of a meta-analysis also showed that surgery combined with intraperitoneal chemotherapy increased the 5-year survival rate of CY1P0 patients and reduced the risk of recurrence compared to surgery alone. These benefits could be further increased when combined with extensive intraoperative peritoneal lavage therapy[21]. Extensive intraoperative peritoneal lavage therapy is another effective means to reduce the number of free cancer cells in the abdomen, which can significantly improve the postoperative survival rate of CY1P0 gastric cancer patients[22]. A study of 37 CY1P0 patients showed a 5-year survival rate of 46.5% after radical surgery and extensive intraoperative peritoneal lavage. This prognosis is similar to that of gastric cancer patients receiving the same treatment at stage III B and III C, which means that these patients achieved a reduction in tumor staging[23]. Phase II clinical studies have shown that the combination of intravenous and abdominal injections of paclitaxel and S-1 to treat gastric cancer patients with peritoneal metastasis is effective, providing a new idea for the treatment of CY1P0 patients[24]. 
Our study has several potential limitations. First, different types of surgery may result in different OS; however, we did not investigate the effect of different surgical procedures on prognosis. Second, we did not assess the effects of postoperative complications. The safety of such procedures and the incidence of complications associated with these procedures should be evaluated. Third, since this was a retrospective study, there were no data available that recorded the effect of neoadjuvant chemotherapy prior to surgery. Some studies report that surgery after response to systemic chemotherapy is safe and may prolong the survival of gastric cancer patients[15]. A prospective, randomized controlled trial or a large cohort study should be conducted to verify the efficacy of surgery for gastric cancer patients with positive peritoneal cytology findings. Yamashita et al[11] reported that preoperative serum albumin levels may be a predictive factor for CY1 gastric cancer patients. Finally, in this study, we did not consider the effects of preoperative nutritional status, biochemical indicators, and complications on prognosis. Currently, most studies evaluating the treatment of CY1P0 patients are retrospective and have small sample sizes. Some guidelines recommend treating these patients using guidelines for patients with recurrent or metastatic gastric cancer. We found that for eligible CY1P0 gastric cancer patients, radical surgery combined with intraoperative chemotherapy and systemic chemotherapy is effective; however, the precise timing, indications, and surgical methods for patients undergoing translational therapy have not been determined. Usually, abdominal lavage fluid is assessed for the presence of free tumor cells after neoadjuvant chemotherapy. The absence of tumor cells in the lavage fluid reflects effective conversion therapy, and patients with this result should be considered for radical surgical resection. For eligible CY1P0 gastric cancer patients, we recommend multidisciplinary MDT discussions, the development of individualized treatment regimens, and participation in clinical studies. With a growing list of new drugs and the maturation of HIPEC and other technologies, cancer cells found during abdominal lavage may not always prognose disease-related mortality for CY1P0 gastric cancer patients. 

CONCLUSION
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In conclusion, this study illustrated the efficacy of radical gastrectomy for CY1P0 gastric cancer patients. More effective treatment should be established for patients who are diagnosed with pN3b disease and vascular invasion. We look forward to the insights offered by future, prospective, randomized, controlled clinical studies with larger sample sizes to verify the efficacy of radical surgery and to standardize the recommendations for the treatment of patients with CY1P0 gastric cancer.

ARTICLE HIGHLIGHTS
Research background
Positive peritoneal wash cytology with no peritoneal metastasis (CY1P0) is a special distant metastasis of gastric cancer, and currently there are no extensive treatment guidelines for patients with CY1P0 gastric cancer.

Research motivation
To assess survival after radical gastrectomy for CY1P0 gastric cancer and to identify factors associated with long-term prognosis.

Research objectives
To evaluate the effect of radical gastrectomy on survival in patients with CY1P0 gastric cancer, and to identify prognostic risk factors.

Research methods
Our study included 48 patients with primary CY1P0 gastric cancer who had radical gastrectomies. Overall survival (OS) statistics were available for 48 patients. Follow-up continued through March 2020. Univariate and multivariate analyses were performed using a Cox proportional hazards model to identify prognostic factors. 

Research results
For the 48 CY1P0 patients, median OS was 22.0 mo, while the OS of patients who received chemotherapy alone was 9.9-12.6 mo. Pathological N factor (P = 0.001) and vascular invasion (P = 0.031) were significant independent risk factors for OS.

Research conclusions
This study illustrated the efficacy of radical gastrectomy for CY1P0 gastric cancer patients. More effective treatment should be established for patients who are diagnosed with pN3b disease and vascular invasion. 

Research perspectives
To formulate the standard treatment plan for CY1P0 gastric cancer.
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Figure Legends
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[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Figure 1 Flow diagram of the 48 patients who underwent radical gastrectomy.
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Figure 2 Overall survival for the 48 patients who underwent radical gastrectomy.
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Figure 3 Recurrence free survival. 
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Figure 4 Pathological N factor: 0-3a/3b. N1: Pathological N factor 0-3a, N2: Pathological N factor 3b. 
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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK40]Figure 5 Vascular invasion: Negative/Positive. N1: Vascular invasion Negative, N2: Vascular invasion Positive.


Table 1 Patient characteristics (n = 48)
	Characteristic
	Patients

	Age
	

	< 60 yr 
	23

	≥ 60 yr 
	25

	Smoking history
	

	Yes 
	26

	No 
	22

	Drinking history
	

	Yes 
	26

	No 
	22

	Family history
	

	Yes
	18 

	No
	30

	Treament
	

	Sugery
	48

	Neoadjuvant chemotherapy 
	12

	Adjuvant chemotherapy
	30

	Adjuvant chemoradiotherapy
	4

	Site of tumor
	

	Upper
	5

	Middle
	16

	Lower
	27

	Bormann classification
	

	Type 1 
	3

	Type 2 
	9

	Type 3 
	20

	Type 4 
	12

	Lauren’s classification
	

	Type 1 
	9

	Type 2
	22

	Type 3
	13

	Pathological N factor 
	

	0-3a 
	25

	3b 
	23

	Pathological T factor 
	

	0-3 
	8

	4a-4b
	38


Lauren’s classification: Type 1: Intestinal-type adenocarcinoma; Type 2: Diffuse adenocarcinoma; Type 3: Mixed adenocarcinoma.



Table 2 Neoadjuvant chemotherapy
	Neoadjuvant chemotherapy regimen
	Patients

	SOX
	5

	DOS
	1

	XELOX
	1

	PTX + L-OHP + S-1
	2

	Paclitaxel liposome + L-OHP + S-1
	1

	PTX + DDP + S-1
	1

	DXT + S-1/5-Fu + L-OHP + CPT-11
	1




Table 3 Types of surgery
	Surgery type
	Patients

	Laparoscopic assist distal gastrectomy + D2
	16

	Laparoscopic assist total gastrectomy + D2
	9

	Traditional distal gastrectomy + D2
	11

	Traditional total gastrectomy + D2
	10

	Laparoscopic assisted proximal gastrectomy + splenectomy + D2
	1

	Laparoscopic assisted proximal gastrectomy + D2
	1





Table 4 Adjuvant chemotherapy
	Adjuvant chemotherapy regimen
	Patients

	SOX
	12

	SOX + radiotherapy
	4

	XELOX
	3

	Paclitaxel liposome + L-OHP + S-
	1

	S-1
	2

	PTX + 5-Fu + L-OHP
	1

	DXT + S-1
	1

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]PTX + CAP 
	1

	DXT + L-OHP + CAP
	1

	S-1 + DDP
	2

	Unknown
	6





Table 5 Univariate analysis of the risk factors for overall survival
	Patient characteristic
	
	OR
	95%CI
	P value

	Age
	
	
	
	0.588

	< 60 yr
	23
	1.000
	
	

	≥ 60 yr
	25
	0.822
	0.404-1.671 
	

	Smoking history
	
	
	
	0.935

	Yes
	26
	1.000
	
	

	No 
	22
	0.971
	0.476-1.979
	

	Drinking history
	
	
	
	0.137

	Yes 
	26
	1.000
	
	

	No 
	22
	1.726
	0.841-3.540
	

	Site of tumor
	
	
	
	0.021

	Upper/Middle
	21
	1.000
	
	

	Lower
	27
	0.427
	0.207-0.880
	

	Signet-ring cell
	
	
	
	0.229

	Yes
	19
	1.000
	
	

	No 
	28
	0.640
	0.309-1.325
	

	Bormann classification
	
	
	
	0.416

	Type1/2/3 
	32
	1.000
	
	

	Type4 
	12
	1.431
	0.603-3.392
	

	Lauren’s classification
	
	
	
	0.080

	Type 1
	9
	1.000
	
	

	Type 2/Type 3
	35
	2.588
	0.892-7.508
	

	Pathological N factor
	
	
	
	0.001

	0-3a 
	24
	1.000
	
	

	3b
	22
	4.194
	1.870-9.406
	

	Pathological T factor
	
	
	
	0.028

	0-3 
	9
	1.000
	
	

	4a-4b
	37
	5.008
	1.190-21.072
	

	Vascular invasion
	
	
	
	0.046

	Negative
	12
	1.000
	
	

	Positive
	34
	2.554
	1.017-6.413
	

	CA199
	
	
	
	0.002

	Elevate 
	13
	1.000
	
	

	Normal 
	31
	0.267
	0.118-0.604
	

	CEA
	
	
	
	0.837

	Elevated 
	13
	
	
	

	Normal
	32
	0.917
	0.403-2.089
	

	Therapy
	
	
	
	0.112

	Surgery along
	12
	
	
	

	Combined therapy 
	36
	0.540
	0.252-1.154
	


OR: Odds ratio; CI: Confidence interval.


Table 6 Multivariate analysis of the risk factors for overall survival (N = 39, n = 25)
	[bookmark: _Hlk57034194]Patient characteristic
	
	OR
	95%CI
	P value

	Site of tumor
	
	
	
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]0.105

	Upper/Middle 
	18
	
	
	

	Lower
	21
	
	
	

	Lauren’s classification
	
	
	
	0.476

	Type 1
	8
	
	
	

	Type 2/Type 3
	31
	
	
	

	Pathological N factor 
	
	
	
	0.001

	0-3a
	19
	1.000
	
	

	3b
	20
	5.365
	1.971-14.609
	

	Pathological T factor
	
	
	
	0.146

	0-3
	9
	
	
	

	4a-4b
	30
	
	
	

	Vascular invasion
	
	
	
	0.031

	Negative
	10
	1.000
	
	

	Positive
	29
	3.660
	1.124-11.917
	

	CA199
	
	
	
	

	Elevated
	12
	
	
	0.789

	Normal 
	27
	
	
	


n: The number of subjects who died; OR: Odds ratio; CI: Confidence interval.
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