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Abstract

Background Despite adjuvant chemotherapy, patients

with advanced gastric cancer (AGC) often develop recur-

rence, and the peritoneum is the most common site of

recurrence. Therefore, intraperitoneal chemotherapy (IPC)

has been proposed as a treatment option. The aim of this

study was to select the eligible patients for application of

IPC.

Methods A total of 805 patients with AGC who under-

went curative D2 gastrectomy between May 2003 and

December 2009 were included in this study. Risk factors

for peritoneal recurrence were analyzed.

Results Recurrence developed in 245 patients (30.4 %).

The first site of recurrence was the peritoneum in 144

patients (58.8 %), and the 5-year peritoneal recurrence-free

survival was 79.3 %. Depth of tumor invasion CT3,

extensive lymph node metastasis (N3), Bormann type 4,

infiltrative type (Ming’s classification), and venous inva-

sion were independent risk factors for peritoneal recur-

rence. In subgroup analysis with patients who had received

adjuvant chemotherapy (n = 481), depth of tumor invasion

CT3, Bormann type 4, infiltrative type (Ming’s classifica-

tion), and venous invasion were independent risk factors

for peritoneal recurrence. When a peritoneal recurrence

risk index was made with each risk factor assigned 1 point

(2 points for T4 stage), peritoneal recurrence rates with 0,

1, 2, 3, 4, or 5 points were 0 %, 3.9 %, 13.1 %, 33.3 %,

44.0 %, and 72.0 %, respectively, in those patients.

Conclusions Patients at higher risk for peritoneal recur-

rence can be identified from the findings of this study.

Further prospective studies are required to evaluate the

usefulness of IPC for these patients.

Keywords Advanced gastric cancer � Peritoneal

recurrence � Intraperitoneal chemotherapy

Introduction

Although the incidence of gastric cancer has decreased, it

is still the second most common cause of cancer-related

death [1, 2]. Gastric cancer is often diagnosed as an

advanced stage, and R0 resection is still the mainstay of

treatment. Patients with advanced gastric cancer (AGC)

often develop recurrence after curative resection, and in

these cases, peritoneal dissemination is the most common

pattern of recurrence [3]. Peritoneal dissemination is still

the most common pattern of recurrence even in patients

who receive adjuvant chemotherapy, although adjuvant

chemotherapy definitely improves overall survival [4–6].

Some chemotherapeutic drugs, such as paclitaxel, are

considered to be effective for peritoneal metastasis because

of the efficient peritoneal penetration from the blood [7];

however, most systemic chemotherapeutic agents are not

effective for peritoneal recurrence because of the blood–

peritoneum barrier. In this regard, intraperitoneal chemo-

therapy (IPC) can be considered as an additional adjuvant

therapy for AGC.

IPC offers a theoretical advantage over systemic therapy

by delivering a high concentration of drug directly to the
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peritoneal cavity, with reduced systemic toxicity [8, 9].

Several studies have reported that IPC was effective as

prophylactic and therapeutic treatment of peritoneal dis-

semination [10–14]. However, many controversies remain

unsolved: timing of drug delivery (preoperative, intraop-

erative, postoperative), use of hyperthermic or normother-

mic conditions, optimal choice of chemotherapeutic agent

for gastric cancer, and efficacy of peritonectomy or cyto-

reductive surgery with IPC for AGC with macroscopic

peritoneal seeding [15]. Further prospective studies on IPC

are needed to make definitive recommendations.

For efficient adjuvant treatment of peritoneal metastasis,

future clinical trials on adjuvant IPC should be limited to

patients who are at an increased risk of developing peri-

toneal recurrence because it can be easily surmised that

those patients would benefit from adjuvant IPC. This study

was performed to analyze the risk factors for peritoneal

recurrence and to determine the target patients for adjuvant

IPC.

Materials and methods

Patients who underwent surgery for gastric cancer between

May 2003 and December 2009 at Seoul National Univer-

sity Bundang Hospital were included in the study. Patients

were selected from a prospective gastric cancer database

according to the following criteria: (1) pathologically

proven gastric adenocarcinoma, (2) AGC (pT C T2), (3)

patients had undergone curative D2 lymphadenectomy as

described in the Japanese classification of gastric carci-

noma [16], (4) no distant metastasis, and (5) no history of

other therapy for gastric cancer. Patients who died of

complications after surgery were excluded. All cases were

restaged retrospectively according to the 7th edition of

AJCC/UICC TNM staging. Adjuvant systemic chemo-

therapy was recommended in all patients with stage II or III

disease according to the 6th edition of the AJCC/UICC

staging system. Those patients received 5-FU-based adju-

vant chemotherapy such as FOLFOX [a 2-h infusion of

oxaliplatin (100 mg/m2) and leucovorin (100 mg/m2), fol-

lowed by a 46-h continuous infusion of 5-FU (2,400 mg/

m2), repeated every 2 weeks for up to 12 cycles], or FP/XP/

SP [cisplatin at a dose of 60 mg/m2 infusion on day 1 in

combination with capecitabine (1,000 mg/m2 bid p.o. on

days 1–14, XP), S-1 (40 mg/m2 bid p.o. on days 1–21, SP),

or 5-FU (800–1,000 mg/m2 IV drip on days 1–5 as a pro-

tracted continuous infusion, FP), repeated every 3 weeks

(XP and FP) or every 5 weeks (SP) for at least 6 cycles], or

capecitabine [1,250 mg/m2 twice daily (2,500 mg/m2/day)

for 14 days followed by 7 days of rest, for up to 6 cycles],

or S-1 [40 mg/m2 bid on days 1–28 every 6 weeks for

1 year], or tegafur-uracil [UFT, 180 mg/m2 twice daily

(360 mg/m2/day) p.o. for 21 days followed by a 7-day rest

period for 1 year], or XELOX [oral capecitabine

(1,000 mg/m2 twice daily on days 1–14 of each cycle) plus

intravenous oxaliplatin (130 mg/m2 on day 1 of each

cycle), repeated every 3 weeks for up to 8 cycles], or FM

(5-FU 350 mg/m2 IV on days 1–5 and 29–33, and mito-

mycin-C 10 mg/m2 IV bolus injection on day 1, repeated

every 8 weeks, for up to 6 cycles).

Follow-up was conducted in the outpatient clinic until

death or cutoff date (March 31, 2012). Follow-up evalua-

tion included physical examination and laboratory tests

(including tumor markers such as carcinoembryonic anti-

gen and CA19-9). Chest radiography, ultrasonography,

abdominal and pelvic computed tomography (CT) scan-

ning, and endoscopy were performed once or twice a year

until 2 years after surgery and then annually thereafter.

Positron emission tomography (PET) or histological

examination was sometimes performed for patients with

recurrence. Peritoneal recurrence was diagnosed mainly by

CT scan and sometimes confirmed by diagnostic laparos-

copy or ascites cytology. CT findings identified as perito-

neal seeding included the following: massive ascites,

enhanced nodules located in the abdominal or pelvic cav-

ity, abnormal wall thickness of the intestine, increased fat

density of the intestinal mesentery, diffuse hydronephrosis,

peri-biliary tumor infiltration causing obstruction of bile

duct or Krukenberg tumors. Hematogenous and distant

lymph node (paraaortic, mesenteric, and extraabdominal

lymph nodes) metastases were classified as distant

metastasis.

Statistical analyses were performed using SPSS version

18.0 (SPSS, Chicago, IL, USA). Statistically significant

differences were analyzed by the chi-square test and

independent Student’s t test. Survival rates and cumulative

incidence rates were calculated using the Kaplan–Meier

method and compared with the log-rank test. Cox propor-

tional hazards regression was used to determine the impact

of variables on peritoneal recurrence-free survival. Recei-

ver operating characteristic (ROC) curve area analysis

[area under the curve (AUC)] was performed to examine

diagnostic accuracy of peritoneal recurrence risk indexes,

and the constructed models were compared using dBSTAT

for windows (version 4.1, www.dbstat.com). p \ 0.05 was

considered statistically significant.

Results

According to eligible criteria, 817 patients were selected.

Twelve patients were lost to follow-up immediately after

surgery. Those patients were excluded from the analysis.

The median follow-up period was 41.7 months (range,

4.07–99.4).
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The first sites of recurrence at the time of diagnosis in

245 patients with recurrent disease are shown in Fig 1.

Peritoneal recurrence was observed most frequently

(n = 144, 58.8 %), followed by distant metastasis

(n = 111, 45.3 %) and locoregional recurrence (n = 25,

10.2 %). To observe the clinicopathological features of

patients with peritoneal recurrence, patients with peritoneal

recurrence (n = 144, group A) were compared with the

patients who had distant metastasis without peritoneal

recurrence at the time of recurrence (n = 88, group B)

(Table 1). Age at the time of operation, distribution of

Bormann type, histological grade, Lauren’s classification,

Ming’s classification, presence of venous invasion, and pT

stage were significantly different between the two groups.

The estimated median survival time after recurrence was

9.4 months in group A and 14.6 months in group B. There

was a significant difference in survival rates after recur-

rence according to recurrence patterns (Fig. 2).

The 5-year peritoneal recurrence-free survival was

79.3 %. When the cumulative incidence of peritoneal

recurrence was compared according to clinicopathological

factors, a significant difference was observed in Bormann

type, tumor size, histological grade, Lauren’s classification,

Ming’s classification, lymphatic and venous invasion, pT

and pN stages, and surgical approach (open vs. laparos-

copy). In multivariate analysis, Bormann type 4 gastric

cancer, infiltrative type in Ming’s classification, venous

invasion, tumor invasion depth (CT3), and extensive

lymph node metastasis (N3) were independent risk factors

for peritoneal recurrence (Table 2).

Of 629 patients with stage II and III according to the

UICC/AJCC 6th edition, 481 received adjuvant chemo-

therapy. When the risk factors related to peritoneal recur-

rence were analyzed in patients who had received adjuvant

systemic chemotherapy, Bormann type 4 gastric cancer,

Fig. 1 Recurrence patterns in 245 patients after curative resection for

advanced gastric cancer

Table 1 Comparison of clinical factors according to pattern of

recurrence

Factor Group A

(n = 144)

Group B

(n = 88)

p

n (%) n (%)

Age (years ± SD) 57.01 ± 14.107 63.48 ± 12.28 \0.001

Sex 0.483

Male 90 (62.5) 59 (67.0)

Female 54 (37.5) 29 (33.0)

Bormann type \0.001

1 1 (0.7) 7 (8.0)

2 16 (11.1) 18 (20.5)

3 78 (54.2) 54 (61.4)

4 49 (34.0) 8 (9.1)

Unclassified 0 (0) 1 (1.1)

Tumor size 0.379

B5 cm 35 (24.3) 26 (29.5)

[5 cm 109 (75.7) 62 (70.5)

Histological grade \0.001

Differentiated 28 (19.4) 43 (48.9)

Undifferentiated 116 (80.6) 45 (51.1)

Lauren \0.001

Intestinal 27 (18.8) 39 (44.3)

Diffuse 110 (76.4) 38 (43.2)

Mixed 7 (4.9) 11 (12.5)

Ming \0.001

Infiltrative 139 (96.5) 70 (79.5)

Expanding 5 (3.5) 18 (20.5)

Lymphatic 0.08

Negative 25 (17.4) 8 (9.1)

Positive 119 (82.6) 80 (90.9)

Venous invasion 0.134

Negative 84 (58.3) 60 (68.2)

Positive 60 (41.7) 28 (31.8)

pT stage \0.001

T2 3 (2.1) 16 (18.2)

T3 34 (23.6) 40 (45.5)

T4a 94 (65.3) 24 (27.3)

T4b 13 (9.0) 8 (9.1)

pN stage 0.38

N0 14 (9.7) 8 (9.1)

N1 16 (11.1) 5 (5.7)

N2 25 (17.4) 12 (13.6)

N3 89 (61.8) 63 (71.6)

pStage 0.065

IB 0 (0) 3 (3.4)

IIA 6 (4.2) 4 (4.5)

IIB 12 (8.3) 8 (9.1)

IIIA 18 (12.5) 14 (15.9)

IIIB 40 (27.8) 32 (36.4)

IIIC 68 (47.2) 27 (30.7)
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infiltrative type in Ming’s classification, venous invasion,

and tumor invasion depth (CT3) were independent risk

factors in the multivariate analysis (Table 3).

Derivation of the peritoneal recurrence risk index

in patients who received adjuvant chemotherapy

This analysis was performed only in patients with history

of adjuvant chemotherapy because that should be included

in the protocol of prospective study. Two indexes were

derived from the foregoing logistic regression analysis,

which had evaluated risk factors for peritoneal recurrence.

In the variable weight index, point values were assigned in

proportion to the logistic regression model weight for each

variable. In the equal weight model, 1 point was assigned

to each variable except T stage (1 point for T3 and 2 points

for T4 stage). ROC analysis showed no significant differ-

ence between the diagnostic performances of the models

(0.766 ± 0.023 vs. 0.760 ± 0.024, p = 0.380). Therefore,

the peritoneal recurrence risk index was constructed with

each risk factor assigned 1 point (2 points for T4 stage).

Rates of peritoneal recurrence with 0, 1, 2, 3, 4 or 5 of

points were 0 %, 3.9 %, 13.1 %, 33.3 %, 44.0 %, and

72.0 %, respectively, in patients who had received adjuvant

chemotherapy. The cutoff point was 3.0 (sensitivity,

81.8 %; specificity, 61.1 %).

Discussion

Peritoneal carcinomatosis, once established, is associated

with poor prognosis and a median survival of 1–6 months

[3, 17, 18]. Our study also showed that the prognosis is

poor with a median survival of 9.4 months after peritoneal

recurrence, which was worse than that after distant

metastasis without peritoneal recurrence (14.6 months).

Therefore, prevention of peritoneal carcinomatosis is key

to long-term survival. Adjuvant systemic chemotherapy

has been recommended as the standard of care for resect-

able gastric cancer [4, 5]; however, peritoneal recurrence is

still the most common treatment failure after adjuvant

systemic chemotherapy [4–6, 19]. In this study, peritoneal

recurrence also occurred most frequently despite the fact

that a number of patients with stages II and III (AJCC/

UICC 6th edition) received adjuvant systemic chemother-

apy, except when the patients had poor general condition.

Therefore, adjuvant IPC can be suggested as a method to

reduce peritoneal recurrence. However, the role of adjuvant

IPC in gastric cancer is still debated. We thus performed

this study to determine the eligible patients for adjuvant

IPC in prospective clinical study.

Several studies showed that IPC had a prophylactic

benefit against peritoneal recurrence [10, 11, 15, 20].

However, increased risk of postoperative complications

was demonstrated by a meta-analysis [15]. Moreover,

selected patients varied according to each study. These

limitations make it difficult to apply IPC practically. This

procedure should consequently only be considered for

patients at high risk of peritoneal carcinomatosis.

According to our results, Bormann type 4 gastric cancer,

infiltrative type in Ming’s classification, venous invasion,

and tumor invasion depth (CT3) were independent risk

factors for peritoneal recurrence. Because each factor had a

Table 1 continued

Factor Group A

(n = 144)

Group B

(n = 88)

p

n (%) n (%)

Adjuvant chemotherapy 112 (77.8) 64 (72.7) 0.383

FOLFOX 17 9

Capecitabine/S1/UFT 4/17/7 4/10/7

XP/FP/SP 10/40/3 5/20/4

XELOX 8 3

FM 4 1

Unknowna 2 1

Group A, peritoneal recurrence with or without distant metastasis;

group B, distant metastasis without peritoneal recurrence; SD stan-

dard deviation
a Adjuvant chemotherapy regimen was not known because the

patients had received it in another hospital

Fig. 2 Overall survival after recurrence according to the pattern of

recurrence. Group A, patients who had peritoneal recurrence with or

without distant metastasis; group B, patients who had distant

metastasis without peritoneal recurrence. Cum cumulative
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Table 2 Factors related to peritoneal recurrence in patients with advanced gastric cancer: univariate and multivariate analysis

Factors Univariate analysis Multivariate analysis

n Three-year

cumulative

incidence of

peritoneal

recurrence, %

Five-year

cumulative

incidence of

peritoneal

recurrence, %

p Odds ratio 95 % CI p

Sex 0.251

Male 533 17.4 19.2

Female 272 22.9 23.6

Age (years) 0.182

B65 502 20.5 22.6

[65 303 16.8 16.8

Bormann type \0.001

1–3 711 15.0 16.2 1.000

4 84 52.6 56.7 1.923 1.314–2.816 0.001

Tumor size \0.001

B5 cm 381 10.3 10.3 1.000

[5 cm 424 28.0 30.9 1.136 0.743–1.736 0.556

Histological grade \0.001

Differentiated 284 12.3 12.3 1.000

Undifferentiated 521 21.8 25.3 1.460 0.511–4.172 0.48

Lauren’s classification \0.001

Intestinal 280 22.0 22 1.000

Diffuse 453 24.8 26.9 0.801 0.273–2.353 0.687

Mixed 70 12.8 20.5 0.667 0.224–1.991 0.468

Ming’s classification \0.001

Expanding 188 2.7 3.5 1.000

Infiltrative 617 24.4 26 3.345 1.538–7.275 0.002

Lymphatic invasion \0.001

Negative 227 9.9 11.9 1.000

Positive 578 23.2 24.4 0.918 0.529–1.593 0.76

Venous invasion \0.001

Negative 634 13.8 15 1.000

Positive 171 41.2 43.6 1.618 1.414–2.295 0.007

pT stage \0.001

T2 206 1.5 1.5 1.000

T3 308 13.0 13.4 6.101 1.863–19.982 0.003

T4a 256 39.0 43.7 12.986 3.965–42.526 \0.001

T4b 35 48.0 48.0 12.447 3.406–45.488 \0.001

pN stage \0.001

N0 210 5.3 7.4 1.000

N1 136 11.5 11.5 1.402 0.628–3.134 0.41

N2 163 16.3 18.3 1.634 0.768–3.476 0.202

N3 296 36.1 37.4 2.514 1.219–5.186 0.013

Surgical approach 0.002

Laparoscopy 160 88.5 1.000

Open 645 77 0.833 0.492–1.411 0.497

Adjuvant chemotherapy \0.001

No 324 10.8 11.4 1.000

Yes 481 25.3 27.0 1.053 0.699–1.587 0.804
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Table 3 Factors related to peritoneal recurrence in patients who received adjuvant chemotherapy: univariate and multivariate analysis

Factors Univariate analysis Multivariate analysis

n Three-year

cumulative

incidence of

peritoneal

recurrence, %

Five-year

cumulative

incidence of

peritoneal

recurrence, %

p Odds ratio 95 % CI p

Sex 0.203

Male 315 22.6 24.6

Female 166 30.4 31.6

Age (years) 0.255

B65 347 26.7 28.9

[65 134 21.2 21.2

Bormann type \0.001

1–3 412 20.7 21.8 1.000

4 69 54.1 59.8 1.851 1.197–2.863 0.006

Tumor size \0.001

B5 cm 197 16.2 16.2 1.000

[5 cm 284 32.3 35.5 1.117 0.702–1.778 0.639

Histological grade \0.001

Differentiated 146 18 18 1.000

Undifferentiated 334 28.7 31.1 1.226 0.390–3.852 0.728

Lauren’s classification 0.004

Intestinal 143 17.6 17.6 1.000

Diffuse 299 31 33.1 0.831 0.256–2.702 0.759

Mixed 38 10.9 16.9 0.558 0.158–1.968 0.364

Ming’s classification \0.001

Expanding 80 5.3 5.3 1.000

Infiltrative 401 29.2 31.2 3.185 1.275–7.961 0.013

Lymphatic invasion 0.446

Negative 74 19.4 25.4

Positive 407 26.6 27.3

Venous invasion \0.001

Negative 357 17.9 20.1 1.000

Positive 124 47.9 47.9 1.737 1.148–2.629 0.009

pT stage \0.001

T2 78 2.6 2.6 1.000

T3 176 16.2 17 5.091 1.201–21.585 0.027

T4a 200 41 44.8 10.092 2.385–42.700 0.002

T4b 27 43.9 44 8.297 1.743–39.494 0.008

pN stage \0.001

N0 29 17.2 31.7 1.000

N1 91 11.3 11.3 0.767 0.278–2.117 0.608

N2 117 16.4 17.8 0.933 0.360–2.416 0.886

N3 244 37 37.7 1.649 0.682–3.987 0.266

Surgical approach 0.038

Laparoscopy 85 18 18 1.000

Open 396 27 29 1.393 0.770–2.519 0.273
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different impact on peritoneal recurrence, the peritoneal

recurrence risk index was constructed. Although a variable

weight index can most accurately predict peritoneal

recurrence, the equal weight model was comparable to that

and appeared simple for patient selection in future clinical

trials. Our data showed that patients with at least 3 points in

the index had an increased risk for peritoneal recurrence

with 81.8 % sensitivity and 61.1 % specificity. Therefore,

adjuvant IPC should be considered in those patients in a

future study.

Yoo et al. [3] reported that younger age, infiltrative or

diffuse type, undifferentiated tumor, and total gastrectomy

including serosal invasion and lymph node metastasis were

independent risk factors related to peritoneal recurrence.

Bando et al. [21] reported that depth of invasion (serosal

involvement), tumor size, infiltrative growth pattern, and

positive cytological examination were significantly and

independently related to peritoneal recurrence; however,

these studies analyzed patients who underwent curative

resection only, without consideration for adjuvant chemo-

therapy. Because nowadays adjuvant systemic chemother-

apy is generally accepted in treatment of advanced gastric

cancer, the analysis of risk factors related to peritoneal

recurrence in patients receiving adjuvant chemotherapy is

mandatory to select patients eligible for IPC in a future

study. A recently published study showed that tumor

diameter ([7 cm) and lymph node metastasis (N3) were

significant independent risk factors for peritoneal recur-

rence after adjuvant S-1 chemotherapy [6]. By contrast, in

our study, tumor depth (CT3), diffuse growth pattern

(Bormann type 4), infiltrative type in Ming’s classification,

and venous invasion were independent risk factors. Tumor

size was not an independent risk factor in any size criteria

(5 cm or 7 cm; data for tumor size criterion of 7 cm not

shown), and lymph node metastasis lost statistical signifi-

cance in this subgroup analysis. These inconsistent results

may be because the adjuvant chemotherapy regimen used

in our study has changed over time according to reported

evidence. In Korea, nowadays the XELOX regimen

(capecitabine plus cisplatin) is a popular method for adju-

vant chemotherapy. Therefore, whether IPC with adjuvant

XELOX therapy will be effective to prevent peritoneal

recurrence should be addressed in a future study.

Serosal invasion was consistently reported as a signifi-

cant risk factor for peritoneal recurrence [3, 21, 22], and

some authors have reported that gastric cancer patients

with serosal invasion have shown significant improvement

in survival when treated with IPC in randomized controlled

studies [10, 23]. Similar to previous studies, the present

study showed that depth of tumor invasion was the most

important risk factor regardless of adjuvant chemotherapy

administration. In contrast to previous studies, subserosa

(pT3) as well as serosa invasion stage was also a significant

risk factor for peritoneal recurrence, with a 5-year cumu-

lative incidence of 13.4 %. Another retrospective study had

reported that pT3 as well as pT4a benefited from adjuvant

IPC [20]. The potential benefit of adjuvant IPC in patients

with pT3 stage should be proven again in prospective

studies.

Intraperitoneal free cancer cells are another important

risk factor for peritoneal recurrence [21, 24]. One of the

limitations of the present study is that the peritoneal cytol-

ogy result was not included in the analysis of risk factors for

peritoneal recurrence because peritoneal washing cytology

was not routine procedure in Korea. Evidence is sufficient to

include patients with intraperitoneal free cancer cells as

indication for adjuvant IPC [21, 24, 25]; however, a positive

cytology result (CY?) cannot be the only indication for

adjuvant IPC because conventional cytology examination

lacks sensitivity [21, 26]. Several studies were conducted to

improve sensitivity using immunological methods with

selected monoclonal antibodies or real-time polymerase

chain reaction for detection of free cancer cells in the peri-

toneal washes [26–28], but these means are not generally

available during the operation. From these aspects, predic-

tion of peritoneal recurrence according to clinicopatholog-

ical factors should be considered simultaneously to

determine the indication of adjuvant IPC.

A small number of investigators reported that laparo-

scopic gastrectomy was oncologically a safe procedure for

AGC with long-term outcomes similar to those for open

surgery [29, 30]. This study also showed that the laparo-

scopic procedure did not increase peritoneal recurrence. In

our center, laparoscopic gastrectomy was performed in

patients diagnosed with cT1N0M0 to cT2N0M0 gastric

cancer before October 2008 and the indication for laparo-

scopic gastrectomy was then extended to all resectable

gastric cancers. Therefore, as with previous studies, our

result is not conclusive because of a selection bias resulting

from different indications for open and laparoscopic gas-

trectomy. However, we can suggest that laparoscopic

gastrectomy with adjuvant IPC can be applied. The safety

and feasibility of laparoscopic gastrectomy with adjuvant

IPC for selective AGC should be assessed in a future study.

In conclusion, peritoneal recurrence is a dismal condi-

tion that requires aggressive treatment to prevent. Greater

than T3 tumor invasion, extensive lymph node metastasis

(N3), Bormann type 4 gastric cancer, infiltrative type

according to Ming’s classification, and presence of venous

invasion were independent risk factors for peritoneal

recurrence, and N3 stage lost significance in the presence

of adjuvant chemotherapy history. Among patients who

had received adjuvant chemotherapy, those with at least 3

points in the index developed by our study had an increased

risk for peritoneal recurrence. Future clinical studies on

IPC should target the patients that meet this criterion as
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these subgroups are most likely to have peritoneal recur-

rence, according to our study.
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