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ABSTRACT

Purpose: We designed a new regimen by combining intraperitoneal (IP) paclitaxel (PTX) 
with systemic S-1 plus oxaliplatin (SOX) for the treatment of advanced gastric cancer with 
peritoneal metastasis. This dose-escalation study aimed to determine the maximum tolerated 
dose (MTD) and recommended dose (RD) of IP PTX administered weekly to patients.
Materials and Methods: Eight cycles of IP PTX plus SOX regimen were administered to the 
patients. S-1 was administered orally twice daily at a dose of 80 mg/m2/day for 14 consecutive 
days, followed by 7 days of rest. Intravenous oxaliplatin was administered at a fixed dose of 
100 mg/m2 on day 1, while IP PTX was administered on days 1 and 8. The initial dose of IP 
PTX was 40 mg/m2, and the dose escalation was set in units of 20 mg/m2 up to 80 mg/m2. 
Dose-limiting toxicities (DLTs) were defined as grade 3 non-hematologic toxicities, grade 4 
leukopenia, grade 3 febrile neutropenia, and grade 3 thrombocytopenia.
Results: Nine patients were included in the study. No DLTs were observed in any of 
the enrolled patients. Therefore, the MTD was not reached, and the RD of IP PTX was 
determined to be 80 mg/m2. Four patients (44%) showed a decreased peritoneal cancer index 
score on second-look laparoscopic examination.
Conclusions: The present study determined the dose for further clinical trials of IP PTX to be 
80 mg/m2, when combined with a systemic SOX regimen.
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INTRODUCTION

Peritoneal metastasis (PM) is categorized as stage IV disease, which is the most frequent type 
of metastasis and recurrence in patients with advanced gastric cancer (AGC) [1]. Palliative 
systemic chemotherapy is the gold standard treatment for this devastating disease. However, 
the prognosis of AGC with PM remains extremely poor [2-5]. Recently, clinical studies on 
intraperitoneal (IP) administration of chemotherapeutic agents have been conducted to improve 
the prognosis of AGC with PM [6-8]. IP chemotherapy could be a promising treatment option for 
patients with PM, allowing direct administration of anticancer drugs into the peritoneal space.
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Previous studies have shown the safety of IP administration of paclitaxel (PTX) with systemic 
chemotherapy for AGC with PM [7,9,10]. However, the dosage of IP PTX differed according 
to the particular study design, and the minimum dose of IP PTX failed to show efficacy 
when compared with systemic chemotherapy [7]. Efficacy evaluation of IP PTX is usually 
represented by survival, which is the most important factor for cancer patients. However, we 
have no information on the effect of IP PTX on disease regression, in relation to the limited 
quantitative characteristics of PM by the imaging modality [11].

To overcome the limitations of previous studies, the perioperative IP and systemic 
chemotherapy for gastric cancer (PIPS-GC) study group was established in 2017 to manage 
AGC with PM in Korea. A multicenter retrospective study on IP chemotherapy has been 
performed, which showed satisfactory results [12]. Based on these results, we planned 
to conduct a phase I/II clinical trial. We designed a new regimen by combining IP PTX 
with systemic S-1 plus oxaliplatin (SOX), which is regarded as one of the standard first-
line treatments for metastatic gastric cancer [13,14]. This dose-escalation study aimed to 
determine the maximum tolerated dose (MTD) and recommended dose (RD) of IP PTX 
administered weekly.

MATERIALS AND METHODS

Objectives and study design
A multicenter, non-randomized, open-label, dose-escalation phase I study (KCT0004670) of 
IP PTX was performed in AGC patients with PM between June 2020 and December 2020. IP 
PTX was administered in combination with systemic SOX.

The primary endpoint of this study was to determine the MTD and RD of the IP PTX. The 
secondary endpoints included tumor response, toxicity profile of chemotherapeutic agents, 
and IP port-related or catheter-related complications.

Eligibility criteria
Patients with histologically confirmed unresectable or recurrent gastric adenocarcinoma, 
whose PM was diagnosed by laparoscopic examination or diagnostic imaging, had an Eastern 
Cooperative Oncology Group performance status of 0–1, aged 20–80 years, and who had adequate 
bone marrow, liver, and renal function were eligible for the study. Patients with concomitant 
primary malignancy, human epidermal growth factor receptor 2 overexpression, uncontrolled 
gastrointestinal bleeding, or obstruction were excluded. Pregnant or lactating women and 
patients with severe systemic disease, overt infection, or inflammation were also excluded.

This study was approved by the institutional review board of each institution (approval 
number: 2019GR0459 at the institution of the principal investigator) and the Korea Ministry 
of Food and Drug Safety (2019132469). Written informed consent was obtained from all the 
participants prior to study commencement.

Treatment
All eligible patients underwent diagnostic laparoscopy or laparotomy to confirm and evaluate 
the extent of PM. The extent of PM was measured using the peritoneal cancer index (PCI) 
[15]. A specialized peritoneal implantable device with an IP catheter and a port (BardPort™; 
Bard Access Systems Inc., Salt Lake City, MA, USA) was used for IP PTX administration. The 
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catheter tip was placed in the pelvic cavity; however, owing to its multipunctured structure, 
as in the Tenkhoff catheter, which is usually used for peritoneal dialysis, the drug could be 
effectively delivered throughout the peritoneal cavity without obstruction. The main body of 
the port was implanted in the right lower costal suprafascial area. Multiple anchoring sutures 
with fascia and ports can prevent complications associated with port overturning. The 
catheter was connected to the port through a distance of 5–10 cm of subcutaneous tunnelling 
to avoid drug or ascites overflow to the port implantation site. The IP port was removed 
during post-chemotherapeutic exploratory laparotomy.

Eight cycles of the IP PTX plus SOX regimen were planned (Fig. 1). S-1 was administered 
orally twice a day at a dose of 80 mg/m2/day for 14 consecutive days, followed by 7 days of 
rest. Intravenous oxaliplatin was administered at a dose of 100 mg/m2 on day 1, and IP PTX 
was infused on days 1 and 8. The initial dose of IP PTX was 40 mg/m2, and dose escalation 
was set in units of 20 mg/m2 up to 80 mg/m2. PTX was diluted in 500 mL of normal saline 
and infused for 60 minutes. IP PTX was not drained after administration of the drug; thus, IP 
PTX could be maintained in the peritoneal cavity for more than 24 hours [16]. The traditional 
3+3 dose escalation model was used to determine the MTD and RD of IP PTX, and MTD was 
determined based on the dose-limiting toxicity (DLT) in the first cycle. A minimum of three 
patients were treated at each dose level if none of the patients experienced DLTs.

Tumor response and toxicity
Laboratory examinations, chest radiography, and echocardiography were performed on 
the patient’s subjective symptoms after every cycle. Computed tomography was performed 
after every 4th cycle. A second-look operation was performed to assess the tumor response 
after completion of the 8th cycle of treatment, if need be. Adverse events were graded and 
reported according to the National Cancer Institute’s Common Terminology Criteria for 
Adverse Events (version 4.03) during the 1st cycle of chemotherapy to determine DLT. DLTs 
were defined as grade 3 or higher non-hematologic toxicities, grade 4 or higher leukopenia, 
grade 3 or higher neutropenia, and grade 3 or higher thrombocytopenia. IP catheter- or port-
related complications were recorded separately. Objective tumor responses were evaluated 
according to the Response Evaluation Criteria in Solid Tumors version 1.1 [17]. However, 
since peritoneal carcinomatosis is usually unmeasurable through imaging modalities, we 
planned to compare the interval change of the PCI and the Japanese classification system for 
peritoneal carcinomatosis between pre- and post-chemotherapeutic exploratory laparotomy, 
especially for patients with no measurable disease on radiologic evaluation.
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IP paclitaxel
40–80 mg/m2

IV oxaliplatin
100 mg/m2

IP paclitaxel
40–80 mg/m2

Oral S-1 80 mg/m2/day No chemotherapy

1st day

1st day

8th day 14th day 21st day

×8 cycles

Fig. 1. Chemotherapy schedule of PIPS-GC phase I trial. 
PIPS-GC = Perioperative Intraperitoneal and Systemic Chemotherapy for Gastric Cancer; IP = intraperitoneal; IV = 
intravenous.



RESULTS

Nine eligible patients were recruited at the Korea University Guro Hospital and Dankook 
University Hospital in Korea. The baseline characteristics of the patients (five men and four 
women) are shown in Table 1. The median age was 61 years (range, 42–76 years). Synchronous 
PM and metachronous PM were identified in six (66.7%) and three (33.3%) patients, 
respectively. The median PCI grade was 21 (range, 7–39).

The toxicity profiles reported during the 1st cycle of the protocol are listed in Table 2. None of 
the three patients developed DLTs after receiving a Level 1 dose. A level 2 dose of 60 mg/m2 of 
IP PTX was subsequently administered to the other three patients. At this level, the patients 
developed grade I leukopenia and grade I–II anemia with grade I–II non-hematological toxicity. 
Among these non-hematologic toxicities, the first patient experienced grade I abdominal 
pain with grade I anorexia, the second patient experienced grade II constipation, and the 
third patient experienced grade I anorexia and grade I peripheral neuropathy. No surgical 
complications or technical problems associated with IP administration were observed.

The targeted maximum dose of IP PTX (80 mg/m2) was administered to the final three 
patients. The patients did not experience hematological adverse events. However, they 
were treated for grade I abdominal pain, nausea, or grade II vomiting. Finally, none of the 
enrolled patients developed DLTs. Hence, the MTD was not reached, and the RD of IP PTX 
was determined to be 80 mg/m2 (level 3). All patients received eight cycles of IP PTX with a 
systemic SOX regimen, as per the study protocol. Median treatment duration was 5.5 months 
(range, 5.4–6.1).

Four patients (44%) showed disappearance or shrinkage of the PM (decreasing PCI score) 
on second-look laparoscopic examination (Table 3). All four patients in the partial response 
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Table 1. Patients’ demographic data and baseline characteristics (n=9)
Characteristics Values
Median age, yr (range) 61 (42–76)
Sex

Male 5
Female 4

ECOG performance status
0 9
1 0

Disease presentation
Synchronous 6
Metachronous 3

Histological subtypes
Differentiated 2
Undifferentiated 7

Lauren classification (synchronous)
Intestinal 1
Diffuse 3
Mixed 2

PCI grade, median (range) 21 (7–39)
Combined distant metastasis

Distant lymph node 4
Liver 1
Ovary 1
Other organs 2

ECOG = Eastern Cooperative Oncology Group; PCI = peritoneal cancer index.



group showed decreased PCI scores, distant lymph node metastasis, or liver metastasis. One 
patient with synchronous PM showed a decreased PCI score, but no size change in the main 
tumor in the stomach. Another synchronous cancer patient showed an increased PCI score 
and a stable main tumor. Three patients had metachronous peritoneal carcinomatosis, and 
none of the patients underwent post-chemotherapy exploratory laparotomy. Two of these 
patients showed no change in the small amount of ascites and were accordingly classified as 
having stable disease, while the third patient showed an increased amount of ascites.

DISCUSSION

This study demonstrated that IP PTX at a dose of 80 mg/m2 could be safely combined with 
standard systemic SOX chemotherapy for AGC patients with PM. No DLTs occurred after 
administration of the level III dose of IP PTX. Abdominal pain, which could be observed 
after IP retention of anticancer drugs, occurred in only two patients with grade I toxicity. 
Hematological adverse events were also tolerable (Table 2).

This PIPS-GC clinical trial had several unique characteristics compared with those of 
previous studies. First, we designed an IP PTX dosage escalation to control PM without 
increasing systemic toxicity. Previous studies used different dosages of IP PTX, and the 
minimum dose failed to show a survival benefit over systemic chemotherapy [7,9,10]. This 
study was planned to start at a higher dose than the previously published minimum dose 
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Table 2. Toxicity profile
Grade (CTCAE version 4.03) Dose level 1 (n=3) IP PTX 40 mg/m2 Dose level 2 (n=3) IP PTX 60 mg/m2 Dose level 3 (n=3) IP PTX 80 mg/m2

1 2 3 1 2 3 1 2 3
Hematological toxicity

Leukopenia 2
Neutropenia
Anemia 2 1
Thrombocytopenia

Non-hematological toxicity
Abdominal pain 1 1
Nausea 1 1
Vomiting 2 1
Fatigue 1
Anorexia 2
Sensory neuropathy 1
Diarrhea 1
Constipation 1 1
Hand foot syndrome 1

CTCAE = National Cancer Institute Common Terminology Criteria for Adverse Events; IP = intraperitoneal; PTX = paclitaxel.

Table 3. Tumor response
No. Sex Age Dose of IP PTX (mg/m2) Disease presentation Pre-chemotherapy PCI score Post-chemotherapy PCI score
1 F 76 40 Synchronous 28 8
2 F 72 40 Synchronous 39 11
3 F 60 40 Synchronous 21 19
4 M 74 60 Metachronous 7 Not-checked
5 M 61 60 Metachronous 39 Not-checked
6 M 51 60 Metachronous 39 Not-checked
7 M 63 80 Synchronous 11 6
8 F 42 80 Synchronous 21 0
9 M 58 80 Synchronous 11 16
IP = intraperitoneal; PTX = paclitaxel; PCI = peritoneal cancer index; F = female; M = male.



(20 mg/m2) and up to the maximum dose (80 mg/m2). Post-chemotherapeutic exploratory 
laparotomy is another distinctive aspect of this study. Peritoneal carcinomatosis cannot be 
properly evaluated using imaging modalities [11]. By comparing the PCI score directly with 
exploratory laparotomy, we determined the effect of IP PTX with a systemic SOX regimen on 
PM from gastric cancer.

We previously reported significant complications associated with an implanted access 
port and catheter system (18.3%) in a multicenter retrospective study [12]. Among these 
complications, abscess and infection can be fatal. However, neither IP port- nor catheter-
related complications were observed in this study. Although the follow-up period was 
short with a limited number of patients, the fact that no complications were observed 
could be attributed to several reasons. First, we implanted a specially designed chemoport 
for peritoneal chemotherapy. This product (BardPort™; Bard Access Systems Inc.) was a 
14.3 French, open-ended catheter that prevented inflow obstruction with a relatively large 
diameter. Second, regular workshops were held within this study group to reduce the rate 
of IP port- and catheter-related complications. To determine the best technical method, 
we discussed the cases of patients with complications and conducted a debate to prevent 
technical failures, such as malposition.

In this study, four out of nine patients (44.4%) showed decreased PCI scores (Table 3). The 
median PCI score (range) of these patients dramatically decreased from 20 (11–28) to 8 (0–19) 
after administration of the IP PTX plus SOX regimen. Among the three patients with stable 
disease, one showed a reduction in the PCI score (from 39 to 11), but a stable primary lesion 
in the stomach. Despite the short follow-up period and without survival results, we could see 
the changes in PM by comparing pre- and post-chemotherapy exploratory laparotomy.

There are several limitations to this study that must be considered. First, distant metastases, 
which could be confounding factors, were accompanied by PM in most of the enrolled 
patients. However, we designed this IP approach combined with systemic chemotherapy 
to control the systemic disease status of the patient to reflect real-world situations, as 
approximately 20% of patients with PM show combined distant metastasis [18]. Second, only 
two institutions participated in the study. To the best of our knowledge, this is the first report 
of a multi-institutional prospective clinical trial of IP chemotherapy. We ensured that the 
initial phase I trial would be at a central, experienced institution to ensure the safety of the 
trial. The participation of various institutions is planned for future phase II–III studies.

In conclusion, our phase I study determined the RD for further clinical trials of IP PTX to be 
80 mg/m2, when combined with SOX systemic chemotherapy. Further phase II and III clinical 
studies are warranted to confirm the feasibility and efficacy of this regimen.
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