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Introduction

Advanced gas tr ic  cancer  (AGC) wi th  per i tonea l 
carcinomatosis (PC) generally leads to poor prognosis. 
The median overall survival (OS) in AGC patients with 
PC is 9–10 months. Literature reported no survival at  
5 years after resection of the primary tumor (1,2). The 40% 

of patients died for GC have hepatic metastases, while the 
53–60% showed a disease progression and died with PC. 
The two most important factors affecting prognosis in 
AGC are the serosal invasion and the lymphatic spread (3-5).  
When gastric serosa is infiltrated, PC could be considered 
practically unavoidable (6). As a consequence, up to half of 
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the patients with AGC will develop PC in spite even radical 
surgery (7-10). As a counterpart PC is already present in 
5–20% of patients explored for potentially curative resection 
also in early gastric cancer (6,11). In the Japanese General 
Rules of Gastric Cancer Treatment, PC are separated into 
two categories: P0/Cy1 and P1 (12). P0/Cy1 indicates 
positive peritoneal wash cytology, but no macroscopic 
PC and P1 indicates the macroscopic PC with or without 
positive peritoneal cytology. The survival of patients 
with P0/Cy1 is similar to that of patients with P1 (13)  
and patients with P0/Cy1 have stage IV disease. This 
clearly demonstrated as serosal invasion with free cancer 
cells are comparable in terms of OS to PC. Recent data 
form a meta-analysis of randomized controlled trials (RCT) 
demonstrated the benefit to introduce intra-peritoneal 
chemotherapy (IPC) as preventive or prophylactic treatment 
of AGC without PC (14). Moreover the necessity to reach a 
complete cytoreduction in order to increase the survival has 
been demonstrated by another recent meta-analysis (15).

The possibility to enlarge criteria for IPC also to all 
those patients at high risk to develop PC (i.e., with serosal 
invasion) is still discussed even if it has a strong rationale. 
The aim of the present study is to show the different 
survival rate between prophylaxis and treatment IPC for PC 
in AGC and to compare them with the survival of patients 
with AGC underwent to gastrectomy alone. Several IPC 
regimens have been applied in the treatment of AGC 
with PC. No previous reports about the combined use 
of cisplatin and paclitaxel in hyperthermic regimen exist 
in AGC. The combination of cisplatin and paclitaxel has 
been previously described in the management of ovarian 
cancer (16,17) with good data about its penetration in 
hyperthermic administration (18).

Methods

This is a retrospective case-control study, among the 100 
patients undergone 100 cytoreduction + hyperthermic 
intraperitoneal chemotherapy (HIPEC) procedures in our 
institution from December 2010 to June 2015. Patients 
with AGC who underwent HIPEC were selected for the 
present study. Among them, those who had AGC (pT3, 
pT4) without proven PC constituted the prophylactic group 
(all pT4) (PG), whereas the remaining ones with proven 
macroscopic PC constituted the treatment group (TG) 
(Table 1). A control group of patients with AGC (pT3–pT4)  
operated in our centre in the same period without being 
undergone to HIPEC constituted the surgery alone 

group (SG T3 and SG T4). All patients from the three 
groups underwent neoadjuvant chemotherapy, gastric 
resection with or without (respectively depending on 
the presence or absence of PC) CC-0 cytoreduction and 
D2 lymphadenectomy. Patients undergone to HIPEC 
procedures were treated with cysplatin (100 mg/m2) and 
paclitaxel (75 mg/m2) at 40–41 °C for 90 minutes with open 
technique at the end of cytoreductive phase before the 
reconstructive one. For all the three groups demographic, 
preoperative, intraoperative, postoperative and histology 
and follow-up data were recorded. Informed consent 
has been obtained from each patient and procedures 
followed were in accordance with the ethical standards 
of the responsible committee on human experimentation 
(Institutional or regional) and with the Helsinki Declaration 
of 1975, as revised in 1983.

Statistical analysis

Data have been prospectively collected in a dedicated 
database. Continuous variables were expressed as mean, 
median and [standard deviation (SD)] and were compared 
with the ANOVA method. Categorical data were expressed 
as proportion and percentage, and were compared with the 
Pearson’s chi square test. Survivals were calculated with the 
Kaplan Meier method and differences among subgroups 
were assessed with the Paired Log Rank Test; P<0.05 was 
considered statistically significant. Statistics were calculated 
with SPSS 20 (IBM SPSS® 20, 2012).

Results

A total of 44 patients were included in the study. Twenty 
six (59.1%) were male. Sixteen (36%) patients with AGC 
underwent 16 HIPEC. Among them, 6 (38%) had AGC (pT3, 
pT4) without PC (PG), whereas the remaining 10 patients 
(62%) had macroscopic PC (TG) (Table 1). Other 28 patients 
with AGC (pT3–pT4) have been operated without being 
undergone to HIPEC (SG T3, SG T4).

The overall mean and median age were 65.18 and 70.86 years  
(SD ±14.80), in the TG the mean and median age were 
50.02 and 48.67 years (SD ±12.92), in the SG T3 73.38 and  
74.74 years (SD ±12.53), in the SG T4 70.41 and 70.06  
(SD ±10.29) and 59.1 and 60.15 years (SD ±11.41) in the PG.

The mean disease free survival (DFS) time for the TG is  
7.7 months, in SG T4 21.6 months, in SG T3 27.7 months and 
in PG is 34.5 months. DFS was significantly different only for 
TG group (P=0.03, P=0.021, P=0.013 respectively) (Figure 1).
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The mean OS time for the TG is 10 months, in SG 
T4 27.1 months, in SG T3 28.2 months and in PG is  
34.6 months. OS was significantly different only for TG 
group (P=0.04, P=0.04, P=0.045 respectively) (Figure 2).

Severe complication rate (Grade 3-4-5 according 
to CTCAE v4.0) differs significantly between the four 
different groups (P=0.035). TG has a complication rate of 
60%, PG 16.7%, SG T3 7.7% and SG T4 25%.

Hospital length of stay differs significantly (P=0.003) 
between groups. The overall length of stay was 19.41 days  
(SD ±15.03), TG experienced a mean length of stay of  
33.01 days (SD ±23.08), PG of 20.17 days (SD ±6.21),  
SG T3 of 11.33 days (SD ±3.22) and SG T4 of 15.36 days  
(SD ±5.48).

Discussion

Peritoneal carcinosis has been for long time considered 
as incurable. The last 20 years assisted to the born of the 
concept of multimodal treatment. It combines systemic 
chemotherapy, radical surgery and IPC. More recently, the 

Peritoneal Surface Oncology Group International (PSOGI) 
proposed a more complete comprehensive treatment 
consisting of CRS and perioperative chemotherapy (POC) 
for the treatment of PC from AGC with curative intent. 
In PSOGI strategy, peritoneal cancer index (PCI) is 
determined by laparoscopy, and a peritoneal port is placed. 
Starting from 2 weeks after laparoscopy, neoadjuvant 
bidirectional intraperitoneal/systemic chemotherapy 
(BISIC) is initiated. After three cycles of BISIC, laparotomy 
and then peritonectomy combined with hyperthermic 
IPC are performed to remove all  macroscopically 
observable disease. After all, the patients follow the usual 
adjuvant chemotherapy protocol. The principal aim of 
the multimodal treatment in AGC is to prevent and/or to 
treat efficiently PC. Some cohort studies demonstrated 
its efficacy in advanced AGC with or without PC (14). 
Many randomized controlled trials (RCT) confirmed 
the efficacy of IPC in treating AGC. A few of the same 
RCTs showed as the IPC has a positive effect in the PC 
prophylaxis and in reducing the local recurrence rate  
(8-11,19-35). The PSOGI proposed comprehensive 

Table 1 Included patients data

Variables HIPEC Prophylactic HIPEC Surgery T3 Surgery T4 P

N 10 6 14 14 –

Age 48.67 (39.79–60.19) 60.15 (54.70–67.23) 74.74 (73.50–76.83) 70.06 (63.28–71.75) <0.0001

Male sex (%) 60 33.3 71.4 57.1 0.466

PCI

Mean 8.9 (SD ±9.02) – – – –

Median 7 – – – –

Hystotype (%) 0.035

Diffuse 70 50 29 43

Intestinal 30 50 71 57

Complications (%) 0.137

0 20 17 54 58

1 0 17 8 0

2 20 0 31 17

3 30 0 8 25

4 10 17 0 0

5 (death) 20 0 0 0

Severe complications (3-4-5 CTCAE) (%) 60 17 8 25 0.035

Overall survival (mean, months) 10 34.6 28.2 27.1 –

Disease free survival (mean, months) 7.7 34.5 27.7 21.6 –

Mean length of stay (days) 33.10±23.89 20.17±6.21 11.33±3.22 15.36±5.48 0.003
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treatment modality however, even of proven efficacy, results 
at present not completely accepted by many operators. In 
this field in fact the majority still looks diffidently to this 
combination of systems and times to deliver chemotherapy 
and more in general to the intraperitoneal administration of 
chemotherapy. This diffidence surprisingly exists despite of 
AGC is the only disease in which exist level 1 evidences of 
the effectiveness of IPC (14).

Few previous studies reported promising results about 
the use of IPC as prophylaxis and treatment of PC by 
comparing groups of patients affected by AGC with and 
without PC. A previous analysis has been done about the 
comparison between these two groups and the major cohort 
of patients affected by AGC without PC treated only with 
resection without IPC. This in our opinion represents 
the most important and significant comparing group (36).  
In fact the issue consists in introducing the IPC as a 
prophylaxis of PC in those patients that are at high risk of 
developing PC. More in detail, in those patients, the PC 
is practically unavoidable due to the serosal invasion. The 

two previous studies that published similar data about the 
comparison between the treatment and the prophylaxis with 
IPC of the PC in AGC have been published by Scaringi and 
by Kang (36,37). Scaringi et al. reported 11 patients with 
no PC and 26 patients with macroscopic PC all undergone 
to CRS + HIPEC. In the PC-group a complete curative 
CRS was achieved before HIPEC in 8 patients and a 
palliative CRS + HIPEC was performed in 18 patients. The 
median survival was 23.4 months in the no-PC-group, and  
6.6 months in the PC-group (P<0.05). The median survival 
in the PC-curative subgroup was 15 vs. 3.9 months in the 
PC-palliative subgroup (P<0.007). The global recurrence 
rates between the no-PC-group and the PC-curative 
subgroup at 2 years were 36% vs. 50% respectively. The 
median delay to recurrence was 18.5 vs. 9.7 months 
respectively. Kang et al. reported about 83 patients without 
PC who underwent gastrectomy alone and 29 patients who 
underwent gastrectomy + HIPEC (36). The reported 5-year 
survival rates were 10.7% and 43.9%, respectively. The 
5-year mean survival times were 22.66 (range, 17.55–25.78)  
and 34.81 (range, 24.97–44.66) months (P<0.029), 
respectively. The 3-year disease-free survival rate for PC 
was 28.87% in the group that received surgery alone, 
whereas it was 66.03% in the group that received HIPEC. 
Some RCT also exist about the issue showing good results 
in terms of survival and recurrence rate. None of these 
studies however applied a combination of neoadjuvant 
chemotherapy and subsequent IPC. The present series 
of patients showed the possibility to apply neoadjuvant 
chemotherapy followed by a combined regimen of cisplatin 
and paclitaxel in hyperthermic IPC treatment of AGC 
with no PC with promising results. Even if not statistically 
significant, present results clearly demonstrate the effect 
of this combination of treatments. As a counterpart the 
clinical significance of these results is encouraging. The lack 
of statistical significance is mainly due to the small sample 
of patients in TG and PG. The longer survival is obtained 
either in comparison with patients treated for PC either 
in comparison with all those patients who are regularly 
treated without IPC: the patients with AGC with a T3 or 
T4 stage. In fact the vast majority of T3–T4 gastric cancer 
patients are at high risk of developing PC. The future 
perspective in the treatment of AGC should be to anticipate 
the possibility to develop PC. The decision to not keep into 
consideration the peritoneal fluid cytology derived from 
the evaluation of the not absolute reliability of the free cells 
detection and the assumption that serosal invasion is to be 
considered as practically unavoidable future carcinosis (6).  

Figure 1 Disease free survival (DFS).

Figure 2 Overall survival (OS).
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The combination of neoadjuvant and intraperitoneal 
chemotherapy on one hand increases the OS and the DFS 
and on the other hand doesn’t increase significantly over the 
literature-reported percentages the complication rate and 
the admission time.

Data from the present study open the necessity to 
investigate more deeply the use of IPC following the 
neoadjuvant therapy in the treatment of AGC without PC 
in order to prevent the relapse and to prolong the survival. 
Moreover, with the present data, considering a DFS of 47% 
in TG and 67% in PG, with a 95% interval of confidence, 
aiming to demonstrate an 20% increase in 2-year DFS, 
a randomized controlled trial to compare neoadjuvant 
chemotherapy + gastrectomy + D2 lymphadenectomy + IPC 
versus gastrectomy + D2 lymphadenectomy alone in patients 
affected by AGC without PC, would need a sample size of  
75 patients for each arm. With these numbers, a randomized 
trial appears feasible and under certain aspects mandatory. 
One last consideration should be about the application 
of combined IPC regimens. It has been investigated by 
previous studies (38). The association of cisplatin and 
paclitaxel in hyperthermic IPC has been previously 
described in ovarian cancer (16,17). It demonstrated to not 
increase the morbidity and the two molecules do not impair 
each other penetration and effects (18). This is the first 
report of the use of this association in gastric cancer.

Conclusions

Prophylactic intraperitoneal chemotherapy associated to 
neoadjuvant chemotherapy increases the DFS and OS in 
patients with AGC without peritoneal carcinosis. More data 
are needed in order to confirm these results.
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