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Background: Patients with gastric cancer (GC) and malignant ascites (MA) usually have poor outcomes and a high risk of 
recurrence and mortality, even after curative gastrectomy or chemotherapy. Systemic chemotherapy has been prescribed for 
patients with GC and MA; however, most of these patients expire within 1 year. Aim: To evaluate the outcomes of laparoscopic 
hyperthermic intraperitoneal chemotherapy  (LHIPEC) plus neoadjuvant intraperitoneal and systemic chemotherapy  (NIPS) 
in the outcomes of GC patients with MA. Methods: We enrolled 62 patients with GC and MA between January 1, 2016, and 
March 1, 2021. Four patients were excluded because of extraperitoneal metastasis, and two patients were ineligible. A total 
of 56  patients underwent biweekly staging laparoscopy and LHIPEC with NIPS. We also performed staging laparoscopy 
to evaluate the effectiveness of LHIPEC + NIPS. Results: The mean survival time of the 56 patients was 20.8 months. The 
overall complication rate was 33.93%. After the LHIPEC + NIPS intervention, the peritoneal cancer index score (P < 0.001), 
ascites volume (P = 0.003), and cytology (P < 0.001) significantly improved compared to before the intervention; quality of 
life (Eastern Cooperative Oncology Group) was also better than before the intervention (P = 0.002), and no discomfort was 
noted postintervention. Conclusion: LHIPEC + NIPS is feasible for the treatment of GC with MA and may improve patients’ 
quality of life.
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Until the early 1990s, peritoneal carcinomatosis was still 
considered the terminal stage of GC,6 with slow progress 
regarding the treatment strategy for GC with MA. Most patients 
present with localized GC with ascites after undergoing 
curative gastrectomy with extended (D2) lymphadenectomy.7 
However, some patients still present with local‑regional disease 
recurrence or distant spread. Positive peritoneal cytology leads 
to a 40%–60% recurrent rate and peritoneal carcinomatosis 
after curative gastrectomy, even in the absence of visible 
PC.8‑10 Furthermore, progressive peritoneal carcinomatosis 
accounts for nearly 60% of deaths in stage IV GC.11

ORIGINAL ARTICLE

INTRODUCTION

Gastric cancer (GC) has an incidence of 8.2% in cancer patients 
worldwide.1 Although recent advances and efforts in screening 
have allowed earlier detection in more endemic areas, most 
patients are diagnosed at advanced stages. As such, GC remains 
the ninth leading cause of cancer‑related deaths in Taiwan.

GC is traditionally considered a terminal stage of the disease 
because most of these patients die within 3  months without 
treatment.2 The National Comprehensive Cancer Network 
guidelines suggest that systemic chemotherapy be prescribed 
for GC with malignant ascites (MA).3,4 However, most of these 
patients expire within 1 year.2,5

How to cite this article: Yu HW, Liao GS, Lee TY, Chan DC. 
Laparoscopic hyperthermic intraperitoneal chemotherapy plus 
neoadjuvant intraperitoneal and systemic chemotherapy for gastric 
cancer with malignant ascites. J Med Sci 2024;44:202-7.

This is an open access journal, and articles are distributed under the terms of 
the Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, 
which allows others to remix, tweak, and build upon the work non‑commercially, 
as long as appropriate credit is given and the new creations are licensed under 
the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com



Hsing‑Wei Yu, et al.

203

Because of the blood–peritoneal barrier,12 traditional 
systemic chemotherapy cannot reach ideal pharmacokinetics. 
Therefore, one of the challenges in improving GC with 
MA postcytoreductive surgery  (CRS) and hyperthermic 
intraperitoneal chemotherapy  (HIPEC) is to convert and 
eliminate the positive cytology of ascites. In 2006, Yonemura 
et  al. proposed a new bidirectional chemotherapeutic 
strategy for patients with peritoneal carcinomatosis from GC, 
which included neoadjuvant intraperitoneal and systemic 
chemotherapy  (NIPS).13 Treatment resulted in negative 
peritoneal cytology in 56% of patients, and those who received 
a complete resection had a median survival of 20.4  months 
compared to 14.4 months in all patients.

In 2014, Canbay et al. assessed the early‑  and long‑term 
outcomes of NIPS in 194  patients with positive peritoneal 
cytology results (P < 0.001). After induction treatment, 78% of 
patients with negative cytology underwent CRS and HIPEC.14 
We aimed to evaluate laparoscopic HIPEC  (LHIPEC) 
combined with NIPS for GC with MA through a prospective 
single‑arm study.

MATERIALS AND METHODS

We enrolled 62 patients with GC, peritoneal metastasis, and 
massive ascites at our medical center between January 1, 2016, 
and December 1, 2021. An extensive diagnosis was performed 
in all cases using gastroscopy and thoracic‑abdominopelvic 
computed tomography with double contrast; positron emission 
tomography was performed in doubtful cases. We excluded 
patients with extraperitoneal metastases (n = 4) and those who 
were transferred to another hospital (n = 2) [Figure 1]. Finally, 
56 cases were enrolled. Our study adhered to the principles of 
the Declaration of Helsinki and received a priori approval from 
our Institutional Ethics Committee and was registered with 
the Institutional Review Board of our hospital  (TSGH‑IRB 
No: B202305031). The patient consent was obtained.

A total of 56 patients underwent staging laparoscopy, and 
the peritoneal cancer index (PCI) score, amount of ascites, 
and ascitic cytology were measured before the intervention. 
The peritoneal cancer index (PCI) is a valuable tool aids in 
evaluating peritoneal metastasis by segmenting the abdomen 
into nine distinct regions and further subdividing the small 
bowel into four sectors. The cumulative lesion size score is 
then calculated for each of these sectors, ultimately yielding 
the total score for assessment.15 Thereafter, we administered 
LHIPEC  (regimen: mitomycin C 30  mg plus oxaliplatin 
400 mg; 42°C for 90 min). After LHIPEC, the patient received 
NIPS  systemic chemotherapy regimen: Xelox: Oxaliplatin 
85 mg × Body surface area (BSA) biweekly + TS-1 40 mg 
bid; intraperitoneal chemotherapy regimen: docetaxel 40 

mg biweekly. All patients underwent a staging laparoscopy 
3 months after the intervention.

We also collected data on complications after LHIPEC and 
evaluated the amount of ascites, peritoneal positive cytology 
conversion rate, PCI score, visual analog scale  (VAS) score, 
and patient performance  (Eastern Cooperative Oncology 
Group patient performance [ECOG]) between preintervention 
and postintervention of LHIPEC + NIPS therapy.

Preintervention and postintervention variables, including 
PCI score and ascites amount, were recorded. Data 
management and statistical analyses were conducted using 
the SPSS statistical software (version 22.0; IBM, Chicago, IL, 
USA). A statistically significant value was defined by P < 0.05.

RESULTS

The clinical characteristics of the patients are shown in 
Table 1. The study included 29 males and 37 females, with an 
average age of 60.3 years. Most patients were low American 
Society of Anesthesiologists grade (I‑II, 92.8%) and had a good 
level of functioning (ECOG ≤2; 89.28%). Most patients also 
had tumors invading the serosa (T4 lesion, 57.1%) and lymph 
node metastases  (N1‑3; 83.9%). All patients experienced 
massive ascites, epigastric pain, and fullness  (100%). Some 
patients also showed symptoms of upper gastrointestinal 
bleeding  (57.1%), gastric outlet obstruction  (30.4%), and 
body weight loss (71.4%). Most patients showed synchronous 
ascites (78.6%) and there were some patients with recurrent GC 
with MA (metachronous; 21.4%). The mean survival time was 

Figure 1: Flow chart of the study. GC = Gastric cancer; MA = Malignant 
ascites; PCI = Peritoneal cancer index; LHIPEC = Laparoscopic hyperthermic 
intraperitoneal chemotherapy; NIPS  =  Neoadjuvant intraperitoneal and 
systemic chemotherapy



HIPEC plus NIPS for GC with MA

204

20.8 months, and the median survival time was 18.8 months. 
The progression‑free survival time was 11.6 months.

Regarding complications in patients who underwent 
LHIPEC [Table 2], one patient suffered from trocar site bleeding, 
two patients suffered from gastrojejunostomy bypass  (for 
gastric outlet obstruction) leakage  (common terminology 
criteria for adverse events  [CTCAE] grade  4), and four 
patients had leukopenia and infection. Two patients developed 
acute kidney injury owing to chemotherapy  (oxaliplatin, 
CTCAE grade 3). The most common complication observed 
was postoperative ileus. In summary, one patient suffered from 
major complications  (anastomotic leakage), and 18  patients 
had minor complications.

We evaluated postintervention LHIPEC  +  NIPS after 
3  months via staging laparoscopy  [Table  3]. Compared 
to before, patient PCI scores significantly improved 
after the intervention  (19.44  ±  8.9  vs. 7.83  ±  6.3, 
P  <  0.001)  [Figure  2a and b]. The amount of ascites  (ml) 
also significantly decreased after LHIPEC + NIPS treatment 
(2014.12  ±  829.6  ml vs. 342.65  ±  22.6  ml, P  =  0.003) 
[Figure 3a and b] and the number of patients with malignant 
cytology also significantly decreased  (87.5% vs. 5.32%, 
P  <  0.001). Patient performance  (ECOG) also improved 
postintervention  (0.982 ± 0.12 vs. 0.421 ± 0.11, P = 0.002). 
There was no significant difference between pre‑  and 
postintervention VAS scores (P = 0.092).

DISCUSSION

In our study, patients with GC and MA had poor outcomes, 
even when treated with variable regimens of systemic 
chemotherapy. Most of them died within 2  years, which 
corresponds with other studies.5,16 We enrolled all GC patients 
with massive ascites, with or without positive cytology, to 
exclude pseudo‑negative results. Most GCs with peritoneal 
carcinomatosis have mild ascites and may be at high risk for 
intra‑abdominal free cancer cells.

Table 1: Clinical characteristics of patients (n=56)
Variable NIPS, 

n (%)

Age (years) 60.3±11.7

Sex (male) 29 (51.8)

Comorbidity

HTN 10 (17.9)

CAD 3 (5.4)

Diabetes 3 (5.4)

CVA 1 (1.8)

Pulmonary 2 (3.6)

ASA grade

I–II 52 (92.9)

III–IV 4 (7.1)

PS ECOG

0 18 (32.1)

1~2 32 (57.1)

>3 6 (10.7)

VAS 1.5±0.97

TNM stage

T2 8 (14.3)

T3 16 (28.6)

T4 32 (57.1)

N1 3 (5.4)

N2 27 (48.2)

N3 17 (30.4)

Symptoms

Ascites 56 (100)

Epigastric pain 56 (100)

UGI bleeding 32 (57.1)

Gastric outlet obstruction 17 (30.4)

BW loss 40 (71.4)

Malignant ascites

Synchronous 44 (78.6)

Metachronous 
(postgastrectomy)

12 (21.4)

Lab test

WBC 7080.9±2516.6

Hgb 10.9±2.8

Na 137.1±3.6

K 3.7±0.4

AST 19.4±9.9

Cr 0.8±0.2

Albumin 3.4±0.6

Table 1: Contd...
Variable NIPS, 

n (%)

Mean survival time (months) 20.8

Median survival (months) 18.8±0.7

Progression‑free survival (months) 11.6±1.2
ASA=American Society of Anesthesiologists; BW=Body weight; 
CAD=Coronary artery disease; Cr=Creatinine; CVA=Cerebrovascular 
accident; Hgb=Hemoglobin; HTN=Hypertension; K=Potassium; 
Na=Sodium; NIPS=Neoadjuvant intraperitoneal and systemic 
chemotherapy; PS ECOG=Patient performance Eastern Cooperative 
Oncology Group; UGI=Upper gastrointestinal; VAS=Visual analog 
scale; WBC=White blood cells; TNM=Tumor, nodes and metastases; 
AST=Aspartate aminotransferase

Contd...
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Leake et al.17  reviewed 28 articles on the accuracy 
and utility of perioperative peritoneal wash cytology. The 
recurrence rate varied widely (0%–51%), even among patients 
without intraperitoneal free cancer cells. The specificity of 
the cytological assays remains controversial, and systemic 
chemotherapy has a minimal advantage for PC because of the 
blood‑peritoneal barrier.18 Intraperitoneal chemotherapy offers 
potential therapeutic advantages over systemic chemotherapy 
by generating high local concentrations of chemotherapeutic 
drugs in the peritoneal cavity. This advantage can be expressed 
by the area under the curve ratios of intraperitoneal versus 
plasma exposure.11,19 In our subsequent staging laparoscopy 
results, the preintervention PCI score, ascites amount, and 
positive cytology conversion rate were significantly better 
than those preintervention. This corresponds with the findings 
of Canbay et al., who first described the use of neoadjuvant 
intraperitoneal chemotherapy combined with systemic 
chemotherapy in a large single‑center series with 194 patients 
in Japan.14 Of these patients, 152  (78%) were classified as 
responders, a classification that included patients whose 
cytology became negative. Yonemura et al. also advocated that 
the use of neoadjuvant LHIPEC + NIPS in 52 patients could 
also significantly improve the PCI score compared to LHIPEC 
alone.20 Complete cytoreduction was achieved in 57.6% of 
patients in their LHIPEC + NIPS group. Overall survival also 
improved because of the PCI score and ascites control.

In this study, no significant complications were observed 
after LHIPEC. The most common complication, postoperative 
ileus, subsided within 2 weeks of the procedure. Most patients 
tolerated this therapy and experienced minimal adverse effects. 
Therefore, LHIPEC may be safe and feasible for patients 
with GC and MA. However, one patient died of anastomotic 

leakage. Once anastomotic leakage occurs after HIPEC, fatal 
outcomes may occur. Therefore, serosal injuries to the small 
bowel and the colon must be avoided.

In our study, LHIPEC + NIPS showed significant 
improvement of the PCI score, amount of ascites, and decrease 
the proportion of patients with positive cytology ascites 
findings. A consistently high intraperitoneal chemotherapeutic 
concentration can eradicate peritoneal cavity micrometastases 

Table 2: Overview of complications of laparoscopic 
hyperthermic intraperitoneal chemotherapy + neoadjuvant 
intraperitoneal and systemic chemotherapy (n=56)
Variable NIPS, n (%)

Operation time (min) 212.3±23.3

Blood loss (mL) 20.4±8.8

Complications

Bleeding 1 (1.8)

Anastomotic leakage 2 (3.6)

Infection 4 (7.1)

Acute kidney injury 2 (3.6)

Postoperative ileus 10 (14.3)

Clavien–Dindo classification

I–II 18 (32.1)

III–IV 1 (1.78)

Total 19 (33.9)

90‑days mortality 1 (1.8)

CTCAE

1–2 10 (18.2)

3 2 (3.6)

4–5 1 (1.8)
CTCAE=Common terminology criteria for adverse events; 
NIPS=Neoadjuvant intraperitoneal and systemic chemotherapy

Table 3: Comparison of outcomes of laparoscopic 
hyperthermic intraperitoneal chemotherapy + neoadjuvant 
intraperitoneal and systemic chemotherapy pre‑ and 
postintervention
LHIPEC + NIPS in the 
conversion group

Preintervention Postintervention P

PCI score 19.44±8.9 7.83±6.3 <0.001

Ascites

Amount (mL) 2014.12±829.6 342.65±22.6 0.003

Positive cytology, n (%) 49 (87.5) 3 (5.32) <0.001

PS (ECOG) 0.982±0.12 0.421±0.11 0.002

VAS 1.491±0.47 1.882±0.38 0.092
LHIPEC=Laparoscopic hyperthermic intraperitoneal chemotherapy; 
NIPS=Neoadjuvant intraperitoneal and systemic chemotherapy; 
PCI=Peritoneal cancer index; PS ECOG=Patient performance Eastern 
Cooperative Oncology Group; VAS=Visual analog scale

Figure  2: Peritoneal cancer index condition between pre‑  (a) and 
postintervention (b). Initial presentation of the white tumor nodule in the 
peritoneum and mesentery (a). After laparoscopic hyperthermic intraperitoneal 
chemotherapy  +  neoadjuvant intraperitoneal and systemic chemotherapy 
therapy for 3 months, the tumor nodules are significantly smaller (b)

ba
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and peritoneal‑free cancer cells. This may significantly 
improve overall survival and increase the success rate of 
conversion surgery.

We did not use a standard questionnaire to evaluate quality 
of life after the LHIPEC  +  NIPS intervention. However, 
patient performance (ECOG) also significantly improved after 
the LHIPEC + NIPS intervention, and there was no obvious 
worsening in VAS. This may be due to MA complications, 
including ileus, refractory peritonitis, poor appetite, and 
partial bowel obstruction controlled by LHIPEC + NIPS.20,21 

Therefore, LHIPEC + NIPS may also improve patients’ quality 
of life. Some of our patients who received LHIPEC + NIPS 
refused further conversion surgery because of an improved 
quality of life. However, tumor progression was noted after 
6 months of follow‑up (data not shown). Therefore, the disease 
symptoms and PCI scores were successfully controlled within 
6  months, and primary tumor resection and arrangement of 
CRS + HIPEC should be suggested as soon as possible.

A limitation of our study is that it was a small, prospective, 
single‑arm, single‑center study. The follow‑up time should 
have been longer, and the overall survival benefit could not be 
determined. The quality of life was not objectively evaluated 
in this study. We also need to design standard questionnaires 
to evaluate the intervention effect of LHIPEC and NIPS. The 
effectiveness of LHIPEC and NIPS in treating GC with MA is 
still being debated. A  larger prospective randomized clinical 
trial comparing LHIPEC  +  NIPS with NIPS and systemic 
chemotherapy alone is necessary to assess the clinical benefits 
of this treatment strategy.

CONCLUSION

LHIPEC + NIPS can improve MA and improve the findings 

on cytology. This also improves peritoneal metastasis and may 
improve the quality of life. LHIPEC + NIPS is a feasible and 
reasonable strategy for the treatment of GC with MA.
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