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improve the prognosis of CY1/P0 gastric cancer and, to a 
similar extent, that of stage III B + C.

Keywords Gastric cancer · Cytology · Carcinomatosis · 
EIPL

Introduction

Approximately 60 % of gastric cancer patients are reported 
to die from peritoneal carcinomatosis [1] and the prognosis 
for advanced gastric cancer patients with peritoneal metas-
tasis is extremely poor [2]. Patients with intraperitoneal 
free cancer cells without overt peritoneal metastasis (CY1/
P0) are categorized as stage IV [3, 4], and their 5-year 
overall survival rate after potentially curative surgery has 
been reported to be 0–35 % [5]. Furthermore, the strategy 
of surgical treatment itself for CY1/P0 gastric cancer still 
remains controversial [6].

As it is already generally accepted that peritoneal metas-
tasis is completed by the implantation of peritoneal free 
cancer cells, the status of CY1/P0 can be regarded as a pre-
stage of peritoneal metastasis. Therefore, employing some 
effective measures to remove the peritoneal free cancer 
cells before the actual completion of peritoneal metasta-
sis is justifiably considered to be prudent. From this point 
of view we have been advocating extensive intraoperative 
peritoneal lavage (EIPL) as a reliable prophylactic strategy 
for peritoneal recurrence after curative surgery for patients 
with advanced gastric or pancreatic cancer [7–9]. EIPL is a 
very simple treatment that can be performed anywhere and 
at any time. The peritoneal cavity is extensively washed 
and completely aspirated 10 times using 1 L of physiologi-
cal saline based on the ‘limiting dilution theory’. EIPL 
is also a powerful means for reducing the number of free 
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cancer cells to potentially zero [10–12]. We have previ-
ously reported that EIPL therapy remarkably improved the 
survival rate of CY1/P0 advanced gastric cancer patients 
after curative surgery [12]. The effectiveness of EIPL ther-
apy in cyto-reduction in the abdominal cavity proved so 
remarkable and promising that we have recently extended 
its application to advanced gastric cancer patients without 
CY1/P0.

The aim of this study was to investigate the clinical 
effects of EIPL therapy accompanied by potentially cura-
tive surgery on the prognosis of advanced gastric cancers, 
mainly focusing on stage III B or III C (stage III B + C) 
and CY1/P0, which are considered a pre-stage of peritoneal 
carcinomatosis.

Materials and methods

Patients

In the period from March 1995 to July 2005 (the early 
period), we applied EIPL therapy accompanied by intra-
peritoneal chemotherapy (IPC) only to patients with CY1/
P0 gastric cancer at the following medical institutions—
the Department of Surgery, Yatsushiro Social Insurance 
General Hospital; the Department of Surgery, Kumamoto 
Regional Hospital; the Department of Surgery, Kumamoto 
City Hospital; and the Department of Gastrointestinal Sur-
gery, Graduate School of Medical Sciences, Kumamoto 
University, Japan [12]. In this period, EIPL therapy was 
not applied to patients with stage III advanced gastric can-
cer. In the period from August 2005 to May 2013 (the late 
period), EIPL therapy was performed on all patients who 
had been preoperatively diagnosed with advanced gastric 

cancer, including 34 stage III gastric cancer patients at 
the Department of Surgery, Kumamoto General Hospital, 
Japan Community Health Care Organization (former Yatsu-
shiro Social Insurance General Hospital), Japan. Of these 
34 stage III patients, 11 were stage III A and 23 were stage 
III B + C. These patients did not receive IPC.

In total, we collected and analyzed data from 60 patients 
who received EIPL therapy after potentially curative sur-
gery—37 patients with CY1/P0 (30 from the early period 
and 7 from the late period) and 23 patients with stage III B 
+ C (late period) (Fig. 1).

Surgery, EIPL therapy and adjuvant therapy

For all 60 patients, conventional intraoperative peritoneal 
lavage cytology was performed immediately after lapa-
rotomy. The type of gastrectomy, such as distal or total 
gastrectomy, was based on the location or the status of the 
primary tumor extension. D2 lymphadenectomy, gross R0 
resection, and EIPL therapy were performed for all cases 
[11]. The procedure for EIPL therapy was as follows. 
After potentially curative surgery, the peritoneal cavity was 
extensively washed, followed by complete aspiration of the 
fluid. This procedure was performed 10 times using 1 L 
of physiological saline. In the early period, all 30 patients 
received IPC therapy. As the protocol of IPC therapy, after 
EIPL treatment, cisplatin (CDDP) at a dose of 100 mg/
body in one-half of normal saline solution was adminis-
tered into the peritoneal cavity, and the intraperitoneal solu-
tion was drained 1 h after administration [12]. All patients 
received adjuvant chemotherapy after surgical treatment, 
i.e., oral administration of 5-fluorouracil derivatives for 
2 years. In the late period, IPC was not performed for the 
7 patients with CY1/P0 or the 23 patients classified as 

Fig. 1  Number of patients and 
treatment strategies in the early 
and the late periods

Early period (1995-2005)
30 pa�ents
Poten�ally R0 resec�on
D2 lymphadenectomy
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EIPL therapy

CY+/P- gastric cancer
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D2 lymphadenectomy
EIPL therapy

Stage III A gastric cancer

Included Included excluded
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stage III B + C; however, all 30 patients received adjuvant 
chemotherapy. The choice of regimen to be administered 
as adjuvant chemotherapy for a particular patient (S-1, S-1 
plus docetaxel, or S-1 plus cisplatin) was left to the discre-
tion of the attending doctor. All patients were followed up 
until August 2013 or for up to 5 years or death.

Evaluations

Prognostic factors were investigated using 9 parameters—
age, gender, type of gastrectomy, histologic type, depth 
of tumor invasion, lymph node metastasis, lymphovascu-
lar invasion (ly and v), and cytology. The status of lymph 
node metastasis was evaluated according to the 2nd edition 
of the ‘Japanese Classification of Gastric Carcinoma’ [13]. 
Multivariate analysis was performed using cytology and 
factors of P < 0.1 in univariate analysis. The 5-year over-
all survival and recurrence rates and sites were compared 
between the CY1/P0 and stage III B + C groups.

Statistics

All values are expressed as the mean ± standard deviation. 
Univariate analyses were performed using chi-squared test 
or Fisher’s exact probability test for categorical values and 
the Mann–Whitney U test for continuous variables. Over-
all survival rates were calculated and compared with the 
Kaplan–Meier method and log rank test or the Cox regres-
sion. Multivariate analyses were performed using the Cox 
proportional hazards regression model for overall survival. 
Differences with a P value of <0.05 were considered to be 
significant. All statistical analyses were performed using 
StatView ver. 5.0 software (SAS Institute, Cary, NC, USA).

Results

Clinicopathological characteristics of the CY1/P0 and stage 
III B + C groups are listed in Table 1. More female patients 
(P = 0.007) and v2 or 3 vascular invasion (P = 0.0002) 
were seen in the CY1/P0 group. There was no significant 
difference regarding histological type, depth of tumor inva-
sion, or lymph node metastasis.

Prognostic factors of all 60 patients were evaluated. Uni-
variate analysis showed that male gender correlates with 
poor overall survival rate (P = 0.04). Multivariate analy-
sis was performed based on cytology and factors of P < 0.1 
in univariate analysis, i.e., gender and lymph node metas-
tasis. Male gender (P = 0.01) and lymph node metastasis 
(P = 0.03) were independent prognostic factors, while pos-
itive cytology was not (P = 0.21) (Table 2).

There was no significant difference in overall sur-
vival between the CY1/P0 and stage III B + C groups 

(P = 0.93). The 5-year overall survival rates were 46.5 % 
in the CY1/P0 group and 33.9 % in the stage III B + C 
group (Fig. 2).

The mean observation period was 32.7 ± 19.8 months. 
Total recurrences were observed in 19 (51.4 %) patients in 
the CY1/P0 group and 13 (56.5 %) in the stage III B + C 
group (P = 0.79). There was no significant difference in 
peritoneal recurrence rates, i.e., 13 (35.1 %) in the CY1/P0 
group and 5 (21.7 %) in the stage B + C group (P = 0.39) 
(Table 3).

Discussion

Despite no apparent existence of abdominal free cancer 
cells or overt peritoneal metastasis, approximately half 
of all patients with serosa-involved advanced gastric can-
cer have been reported to develop peritoneal recurrence 
after curative surgery [10, 14]. Furthermore, non-serosa-
involved gastric cancers have advanced to peritoneal recur-
rence after curative surgery [10, 15–17]. One of the most 
postulated suppositions for peritoneal dissemination in 
CY0/P0 advanced gastric cancer is that lymph node dissec-
tion surgery itself might open up lymphatic channels and 
spread viable cancer cells to the peritoneal cavity [12, 14], 

Table 1  Comparison of clinicopathologic features

Status was determined according to the second edition of the ‘Japa-
nese Classification of Gastric Carcinoma’

Tub tubular adenocarcinoma, por poorly differentiated adenocarci-
noma, sig signet-ring cell carcinoma, muc mucinous carcinoma, mp 
muscularis plopria, ss subserosa, se serosa-exposed, si serosa infiltrat-
ing

Factors CY1/P0 (n = 37) Stage III B + C 
(n = 23)

P

Age 65.2 ± 11.5 65.8 ± 12.4 0.86

Gender

 Male/female 17/20 19/4 0.007

Type of gastrectomy

 Distal/total 8/29 9/14 0.24

Histological type

 Tub/por, sig, 
muc

5/32 3/20 >0.99

Depth of tumor invasion

 Mp, ss/se, si 13/24 8/15 >0.99

Lymph node metastasis

 N0/N1/N2/N3 3/14/16/4 3/5/15/0 0.15

Lymphovascular invasion

 ly0/ly1/ly2/ly3 0/10/18/9 2/5/10/6 0.32

 v0/v1/v2/v3 0/17/16/4 7/14/2/0 0.0002

Intraperitoneal chemotherapy

 Yes/no 30/7 0/23 <0.0001
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and we have validated this hypothesis in our previous stud-
ies [12, 18].

Based on solid empirical knowledge from our series of 
studies and clinical observations, we came to the decision 
that EIPL therapy should be applied not only to CY1/P0 
gastric cancer but also to other advanced gastric cancers 

without CY1, which might prevent the possibility of lym-
phatic invasion and the development of peritoneal metasta-
sis. We surmised that EIPL therapy would have the poten-
tial to eradicate all the intra-abdominal free cancer cells 
to nearly zero. Therefore, applying EIPL therapy for all 
advanced gastric cancer patients could prevent ‘iatrogenic’ 
peritoneal dissemination after curative surgery.

In the current study, we investigated prognostic factors 
and survival by analyzing the data of the gastric cancer 
patients who received EIPL therapy during curative sur-
gery. Of 9 factors, gender and lymph node metastasis were 
independent prognostic factors. Although the sample size is 
small, CY1 was not extracted as an adverse prognostic fac-
tor. Moreover, the 5-year survival of the CY1/P0 group was 
not worse than that of the stage III B + C group. These data 
suggested a possibility that the actual status of CY1 could 
be disregarded by employing EIPL therapy in the treatment 
of CY1/P0 gastric cancer patients.

In the present study, a more severe lymphatic invasion of 
cancer cells was observed in the stage III B + C group than 
in the CY1/P0 group, although it was not significant, which 
might have some bearing on the similar survival rates 
in each group. According to a large-scale clinical study 
recently completed in Japan, the 5-year overall survival rate 
of stage III B gastric cancer patients treated with surgery 
and adjuvant chemotherapy was reported to be 37.6 % [17]. 
Our data showed 5-year overall survival rates of 46.5 % 
(CY1/P0 group) and 33.9 % (stage III B + C group), and 
these results were not thought to be inferior to previous 
reports. However, this study could not prove the efficacy of 
EIPL therapy for CY0 patients.

The current study suggests that CY1 might no longer 
be necessarily regarded as an adverse prognostic factor, 
since effective and convenient adjuvant treatment like EIPL 
therapy could exclude the risk of intraperitoneal free cancer 
cells when combined with potentially curative surgery for 
advanced gastric cancer. Moreover, no significant differ-
ence was observed in the survival rates between the CY1/
P0 and stage III B + C groups, suggesting that EIPL ther-
apy might have a down-staging effect of changing the cat-
egory of CY1/P0 gastric cancer from stage IV to III.

Table 2  Prognostic factors for overall survival

Status was determined according to the second edition of the ‘Japa-
nese Classification of Gastric Carcinoma’

Tub tubular adenocarcinoma, por poorly differentiated adenocarci-
noma, sig signet-ring cell carcinoma, muc mucinous carcinoma, mp 
muscularis plopria, ss subserosa, se serosa-exposed, si serosa infiltrat-
ing

Factors Univariate analysis Multivariate analysis

P HR (95 % CI) P

Age 0.18

Gender

 Male/female 0.04 3.28 (1.34–8.06) 0.01

Type of gastrectomy

 Distal/total 0.58

Histological type

 Tub/por, sig, muc 0.96

Depth of tumor invasion

 Mp, ss/se, si 0.78

Lymph node metastasis

 N0/N1/N2/N3 0.09 1.95 (1.06–3.60) 0.03

Lymphovascular invasion

 ly0/ly1/ly2/ly3 0.45

 v0/v1/v2/v3 0.79

Intraperitoneal chemotherapy

 Yes/no 0.81

Cytology

 CY0/CY1 0.93 1.69 (0.74–3.85) 0.21

Fig. 2  5-year overall survival rates of 46.5 % in the CY1/P0 group 
and 33.9 % in the stage III B + C group (P = 0.93)

Table 3  Comparison of patterns of recurrent sites

Recurrent site CY1/P0 (n = 37) Stage III B + C (n = 23) P

Peritoneum 13 (35.1 %) 5 (21.7 %) 0.39

Local 0 (0 %) 2 (8.7 %) 0.14

Lymph node 3 (8.1 %) 5 (21.7 %) 0.24

Liver 2 (5.4 %) 1 (4.3 %) >0.99

Lung 1 (2.7 %) 0 (0 %) >0.99

Total 19 (51.4 %) 13 (56.5 %) 0.79
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In the current study, IPC was not applied to 30 patients 
in the late period because IPC often causes considerable 
side-effects despite having several worthy anticancer ben-
efits [19, 20]. Recently, some newly devised drug deliv-
ery systems using gelatin microspheres [15] or hyaluronic 
acid-based hydrogel [21] have been reported which dem-
onstrated enhanced anticancer remedies with decreased 
adverse side-effects. EIPL therapy combined with some 
new applicable IPC system might yield a better outcome in 
the treatment of cancer patients. Adjuvant chemotherapies 
were administered to all 60 patients in our study based on 
the evidence of the advantageous effect of adjuvant therapy 
and it undoubtedly improved the prognosis of the patients 
in our study [17]; however, the actual effect of adjuvant 
chemotherapy could not be proved from the current study.

Recently, the prognosis of CY1/P0 gastric cancer has 
been reported to be much better than that of P1 gastric 
cancer [6]. Furthermore, our current study confirmed that 
gastric cancer patients with CY1/P0 could survive as long 
as those with stage III B + C when more comprehensive 
treatments were applied including curative surgery with 
sufficient lymph node dissection, adjuvant chemotherapy 
and EIPL therapy as an adjuvant surgical technique. Unfor-
tunately, the EIPL therapy could not show sufficient effi-
cacy in improving the prognosis of advanced gastric cancer 
with severe lymphatic invasion. A new and more progres-
sive chemotherapy is needed for alleviating the suffering of 
patients in this population.

There were some limitations to this study. It was a 
small-sized retrospective study and the patient selection 
was not well controlled. Due to the small number of oper-
able CY1/P0 gastric cancer patients, it was designed to 
include patients at two different time periods from multiple 
hospitals. Moreover, there is little difference in the treat-
ment strategies between the two time periods, such as IPC 
in the early period.

In conclusion, based on our latest findings, we strongly 
insist that potentially curative surgery should be performed 
for all gastric cancer patients who have the possibility of 
developing peritoneal carcinomatosis, as well as for CY1/
P0 gastric cancer patients. EIPL therapy is suggested as an 
adjuvant surgical technique to prevent peritoneal carcino-
matosis because of its remarkable cyto-reduction effects. 
Further studies will be needed to clarify the usefulness of 
this newly devised treatment as a leading candidate in the 
comprehensive strategy for gastric cancer.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict 
of interest.

References

 1. Yonemura Y, Endou Y, Shinbo M et al (2009) Safety and efficacy 
of bidirectional chemotherapy for treatment of patients with peri-
toneal dissemination from gastric cancer: selection for cytore-
ductive surgery. J Surg Oncol 100:311–316

 2. Harmon RL, Sugarbaker PH (2005) Prognostic indicators in 
peritoneal carcinomatosis from gastrointestinal cancer. Int Semin 
Surg Oncol 2:3

 3. Japanese Gastric Cancer Association (2011) Japanese classifica-
tion of gastric carcinoma: 3rd English edition. Gastric Cancer 
14:101–112

 4. Sobin L, Gospodarowicz M, Wittekind C (2009) TNM classifica-
tion of malignant tumours, 7th edn. Wiley, New York

 5. Leake PA, Cardoso R, Seevaratnam R et al (2012) A system-
atic review of the accuracy and utility of peritoneal cytol-
ogy in patients with gastric cancer. Gastric Cancer 15(Suppl 
1):S27–S37

 6. Mezhir JJ, Shah MA, Jacks LM et al (2010) Positive peritoneal 
cytology in patients with gastric cancer: natural history and out-
come of 291 patients. Ann Surg Oncol 17:3173–3180

 7. Marutsuka T, Shimada S, Shiomori K et al (2003) Mechanisms 
of peritoneal metastasis after operation for non-serosa-invasive 
gastric carcinoma: an ultrarapid detection system for intraperi-
toneal free cancer cells and a prophylactic strategy for peritoneal 
metastasis. Clin Cancer Res 9:678–685

 8. Shimada S, Tanaka E, Marutsuka T et al (2002) Extensive intra-
operative peritoneal lavage and chemotherapy for gastric can-
cer patients with peritoneal free cancer cells. Gastric Cancer 
5:168–172

 9. Yamamoto K, Shimada S, Hirota M et al (2005) EIPL (extensive 
intraoperative peritoneal lavage) therapy significantly reduces 
peritoneal recurrence after pancreatectomy in patients with pan-
creatic cancer. Int J Oncol 27:1321–1328

 10. Ikeshima S, Kuramoto M, Shimada S et al (2013) Standard pro-
phylactic strategy against peritoneal dissemination metastasis in 
gastric cancer. J Cancer Ther 4:99–103

 11. Kuramoto M, Shimada S, Ikeshima S et al (2012) A proposal of 
a practical and optimal prophylactic strategy for peritoneal recur-
rence. J Oncol 2012:340380

 12. Kuramoto M, Shimada S, Ikeshima S et al (2009) Extensive 
intraoperative peritoneal lavage as a standard prophylactic strat-
egy for peritoneal recurrence in patients with gastric carcinoma. 
Ann Surg 250:242–246

 13. Japanese Gastric Cancer Association (1998) Japanese classifica-
tion of gastric carcinoma—2nd English edition. Gastric Cancer 
1:10–24

 14. Fujimoto S, Takahashi M, Mutou T et al (1997) Improved mor-
tality rate of gastric carcinoma patients with peritoneal carcino-
matosis treated with intraperitoneal hyperthermic chemoperfu-
sion combined with surgery. Cancer 79:884–891

 15. Gunji S, Obama K, Matsui M et al (2013) A novel drug delivery 
system of intraperitoneal chemotherapy for peritoneal carcino-
matosis using gelatin microspheres incorporating cisplatin. Sur-
gery 154:991–999

 16. Hall JJ, Loggie BW, Shen P et al (2004) Cytoreductive surgery 
with intraperitoneal hyperthermic chemotherapy for advanced 
gastric cancer. J Gastrointest Surg 8:454–463

 17. Sasako M, Sakuramoto S, Katai H et al (2011) Five-year out-
comes of a randomized phase III trial comparing adjuvant chem-
otherapy with S-1 versus surgery alone in stage II or III gastric 
cancer. J Clin Oncol 29:4387–4393



294 Int J Clin Oncol (2016) 21:289–294

1 3

 18. Yu X, Ren Z, Xue Y et al (2013) D2 lymphadenectomy can 
disseminate tumor cells into peritoneal cavity in patients with 
advanced gastric cancer. Neoplasma 60:174–181

 19. Matharu G, Tucker O, Alderson D (2011) Systematic review 
of intraperitoneal chemotherapy for gastric cancer. Br J Surg 
98:1225–1235

 20. Yan TD, Black D, Sugarbaker PH, Zhu J et al (2007) A system-
atic review and meta-analysis of the randomized controlled trials 

on adjuvant intraperitoneal chemotherapy for resectable gastric 
cancer. Ann Surg Oncol 14:2702–2713

 21. Emoto S, Yamaguchi H, Kamei T et al (2013) Intraperitoneal 
administration of cisplatin via an in situ cross-linkable hyalu-
ronic acid-based hydrogel for peritoneal dissemination of gastric 
cancer. Surg Today 44:919–926


	The effect of extensive intraoperative peritoneal lavage therapy (EIPL) on stage III B + C and cytology-positive gastric cancer patients
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patients
	Surgery, EIPL therapy and adjuvant therapy
	Evaluations
	Statistics

	Results
	Discussion
	References




