
Abstract. Aim: To conduct a phase II study of single
intraperitoneal (i.p.) administration of paclitaxel followed by
paclitaxel, cisplatin, and S-1 (PCS) chemotherapy for patients
with gastric cancer with peritoneal metastasis (PM). Patients
and Methods: Staging laparotomy was performed to confirm
PM. Initially, patients received i.p. paclitaxel. Beginning 7 days
later, PCS was given every 3 weeks followed by second-look
laparoscopy. Primary and secondary endpoints were the
overall survival (OS) rate, and response rate and patient safety,
respectively. Results: Seventeen patients were enrolled. The
overall response rate was 70.5% (12/17). Grade 3/4 toxic
effects included neutropenia and leukopenia. After
chemotherapy, PM disappearance was confirmed in 11
patients. Gastrectomy was eventually performed in 11 patients.
The 1-year OS rate was 82.4% and the median survival time
was 23.9 months considering the overall cohort. Conclusion:
Combination chemotherapy with i.p. paclitaxel and PCS is well
tolerated and effective in patients with gastric cancer with PM.

Gastric cancer (GC) is a life-threatening disease worldwide.
Although recent advances in the treatment of GC have
improved clinical outcome (1), patients with GC with
peritoneal metastasis (PM) still have a poor overall prognosis
(2). Recently, numerous modalities have been tried for
treating PM, including aggressive surgery, intraperitoneal
chemotherapy (IPC), and hyperthermia, but none has
provided a satisfactory clinical outcome (3-5). Consequently,
there is no standard treatment for patients with PM of GC.

S-1 and paclitaxel have a high transition rate in the
peritoneal cavity and a high efficacy against diffuse-type
adenocarcinoma, which can easily disseminate (6, 7).
Therefore, S-1 and paclitaxel may be a suitable systemic
chemotherapy against PM. In addition, in patients with
advanced or recurrent GC, previous trials involving
combination chemotherapy with S-1 and intravenous
paclitaxel have reported the good safety and efficacy for
measurable lesions (8, 9).

Paclitaxel has another advantage in the treatment of PM.
When administered intraperitoneally, it exhibits delayed
clearance from the peritoneal cavity because of its high
molecular weight and bulky structure. In a previous study,
we demonstrated the possible effectiveness of paclitaxel in
IPC (10). The advantage of IPC exposure is best expressed
as the achievement of maximum concentration and area
under the curve for the ratio of the drug between the
peritoneal cavity and peripheral blood (10). Our previous
study showed that the average maximum concentration/area
under the curve ratio for paclitaxel was 1,065:1 (10).

To confirm the clinical effects of IPC using paclitaxel, we
developed a new chemotherapeutic regimen for treating PM
from GCs that involves the addition of a single
intraperitoneal (i.p.) administration of paclitaxel followed by
systemic S-1 and paclitaxel. In a phase II study, we reported
that the median survival time of patients with PM treated
with paclitaxel followed by systemic S-1 and paclitaxel was
21.3 months, with an overall response rate of 65.7% (11).
Although our data seemed superior to those of previous
studies, we believe that new treatment is always needed to
further improve the prognosis for patients with PM of GC. 

Cisplatin is another key chemotherapeutic agent used to
treat GC. A recent randomized controlled trial showed that
combination chemotherapy with cisplatin and S-1 offered a
survival benefit over S-1 alone to patients with advanced GC
(12). Even more recently, other studies reported that
intravenous administration of paclitaxel and cisplatin, and
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oral administration of S-1 (PCS regimen) had a good
efficacy with a favorable response rate and median overall
survival (OS) in patients with advanced GC, especially those
with PM (13-15). 

According to these results, this systemic triple-regimen
(PCS) chemotherapy in addition to IPC potentially appeared to
contribute to improving the prognosis of GC patients with PM.

Therefore, we conducted a phase II study to evaluate the
safety and efficacy of this combination chemotherapy
including a single i.p. paclitaxel dose followed by the
intravenous PCS triplet regimen for patients with PM of GC.

Patients and Methods
Study design and patients. This study was performed as a prospective,
single-center, clinical phase II study. The eligibility criteria for entry
into this study were as follows: Histologically proven adenocarcinoma
of the stomach; the presence of PM confirmed by staging laparoscopy;
absence of non-curative factors (e.g. distant metastasis to the liver,
lung, or lymph nodes), except for PM; no prior treatment including
surgery, chemotherapy, or irradiation; no active bleeding; sufficient
oral intake; Eastern Cooperative Oncology Group performance status
score of 0 or 1; age <75 years; adequate bone marrow function (white
blood cell count ≥3500/μl, granulocyte count ≥1,500/μl, platelet count
≥100,000/μl, hemoglobin ≥9.0 g/dl); adequate renal function (serum
creatinine ≤1.5 mg/dl); adequate liver function (total bilirubin ≤1.5
mg/dl, aspartate transaminase (AST)/alanine transaminase (ALT)/
alkaline phosphatase ≤2.5× upper limit of normal). 

In accordance with the ethical standards of the committee
responsible for human experimentation and with the Helsinki
Declaration of 1975, as revised in 2008 (16), written informed
consent was obtained from all patients at the time of the first staging
laparoscopy.

Treatment strategy and end points. Firstly, staging laparoscopy was
performed under general anesthesia in patients with GC and serosa-
invading tumors. Then, among those with PM, i.p. and systemic
chemotherapy were administered. Paclitaxel (60 mg/m2 i.p.) was
administered during the staging laparoscopy, followed by systemic
chemotherapy that started within 1 week after the laparoscopy (11).
Systemic chemotherapy consisted of a 21-day cycle of intravenous
(i.v.) paclitaxel (80 mg/m2) over 1 h and cisplatin (30 mg/m2 i.v.)
over 1 h on days 1 and 8. In addition, S-1 was administered orally
(80 mg/m2/day) on days 1-14 followed by 7 days of rest (15).
Treatment was continued every 3 weeks for eight cycles unless there
was disease progression, the patient refused the treatment, or
unacceptable toxicity occurred.

After chemotherapy, second-look laparoscopy was performed in
all patients (except those with disease progression). This step was
followed by gastrectomy with D2 lymph node dissection in patients
free of macroscopic GC-derived PM. Patients who underwent
surgery then received adjuvant chemotherapy using weekly
paclitaxel and S-1 (17). The primary endpoint of this clinical phase
II study was OS. Secondary endpoints were the response rate and
patient safety.

Evaluation of disease. After i.p. and systemic chemotherapy, all
patients were evaluated for their clinical response and any drug-
related toxicity. In patients with a target lesion, the therapeutic

effects were evaluated after two, five, and eight courses of treatment
and the results were classified based on the Response Evaluation
Criteria in Solid Tumors (RECIST) guidelines (18). 

For patients who had no target lesion, the antitumor effects were
evaluated based on the wall thickness of the primary tumor by
means of multi-detector computed tomography using the air-filling
technique. The area in the stomach where the wall thickness was
measured corresponded to the area with a biopsy-proven tumor
mass. A patient was considered a responder when there was a tumor
response or a 30% improvement in wall thickness on one transverse,
coronal, or sagittal image (11). Toxicity was graded according to
National Cancer Institute Common Toxicity Criteria Version 4.0
(19) and recorded.

Surgery and postoperative chemotherapy. The surgical procedure
applied was either total gastrectomy for proximal tumors or subtotal
gastrectomy when the primary tumor was located distally in the
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Table I. Patient characteristics and tumor response (n=17). 

Characteristic                                                              Number

Age, years
   Median (range)                                                      60 (39-71)
Gender, n
   Male                                                                        10
   Female                                                                       7
ECOG performance status, n
   0                                                                               17
   1                                                                                 0
Macroscopic findings, n
   Type 1                                                                       0
   Type 2                                                                       1
   Type 3                                                                       6
   Type 4                                                                     10
Histological subtype, n
   Differentiated                                                            6
   Undifferentiated                                                      11
Clinical T-stage, n
   T4a                                                                          16
   T4b                                                                            1
Peritoneal lavage cytology, n
   CY0                                                                           2
   CY1                                                                         15
Peritoneal dissemination, n
   No                                                                              0
   Yes                                                                           17
Tumor response, n                                                         
RECIST guideline (n=5)
   Complete response                                                   0
   Partial response                                                        4
   Stable disease                                                           1
   Progressive disease                                                  0
Wall thickness (n=12)
   Over 30% decrease                                                   8
   No change                                                                 2
   Increase                                                                     2

ECOG: Eastern Cooperative Oncology Group, CY0: peritoneal cytology
negative for carcinoma cells, CY1: peritoneal cytology positive for
carcinoma cells.



stomach, with a 5-cm ‘safe’ margin in both. In all cases, en bloc D2
lymph node dissection was performed according to the Japanese
Gastric Cancer Association guidelines (20). Intraoperative and
postoperative complications were reported according to the
Clavien–Dindo classification (21).

No earlier than 1 week after the operation, postoperative
chemotherapy was commenced. Initially, the protocol was one
course of weekly paclitaxel (80 mg/m2 i.v.) on days 1, 8, and 15,
followed by 7 days of rest, followed by S-1 (80 mg/m2/day i.v.) for
28 days, followed by 14 days of rest. This protocol was followed
for more than 1 year or until recurrence was confirmed (17).

Statistical analyses. Because no standard treatment for GC with
PM has been established, a threshold for the 1-year OS rate of
54.0% was adopted based on the results of phase III clinical trial
in non-resectable or recurrent GC after systemic administration
of S-1 and cisplatin (12). The expected 1-year OS rate was
65.7%, based on our previously reported phase II study (11). We
assumed a null hypothesis of 54.0% and an alternative hypothesis
of 65.7%, with a one-sided, type I error of 0.05 and power of 0.8,
an accrual time of 2 years, and follow-up of 1 year after closure
of the recruitment phase. The planned sample size was 27,
according to the Southwest Oncology Group One-Arm Survival
program (22).

Survival analyses were performed using the Kaplan–Meier
method. OS was calculated from the date of the first staging
laparoscopy to death from any cause or the last follow-up. All
statistical analyses were performed using SAS software (version 9.4;
SAS Institute, Cary, NC, USA).

Results

Patient characteristics and tumor response. A total of 17
patients (10 men, seven women; mean age=60 years,
range=39-71 years) who had GC with PM were enrolled in this
study between September 2010 and August 2015. Patient and
tumor characteristics are shown in Table I. Macroscopically,
infiltrating-type tumors (types 3 and 4) (20) accounted for
16/17 of the cases (94%). Histopathologically, undifferentiated
tumors (including poorly differentiated and signet ring cell
carcinoma) dominated (11/16, 65%). Tumor T status was
estimated to be T4a or T4b. The PM lesions were located
mainly on the diaphragm, falciform ligament, and peritoneum.

Among these 17 patients, five had target lesions. Four
(80%) of these patients showed a partial response, and one
(20%) had stable disease. Among the other 12 patients who
did not have a measurable target lesion, eight (66%) had a
30% decrease in wall thickness. Finally, two patients showed
no change, and two showed increased disease progress
(Table I). Hence, according to our evaluation of the
antitumor effect, 12 out of 17 (70.5%) patients were
responders to the chemotherapeutic regimen. 

Toxicity of intraperitoneal and systemic chemotherapy.
Hematological and non-hematological toxic reactions are
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Table II. Toxicity associated with intraperitoneal and systemic chemotherapy (n=17).

                                                                                                                                                Grade*

                                                              Intraperitoneal chemotherapy                                                              Systemic chemotherapy

Toxicity                                1 (n)          2 (n)           3 (n)            4 (n)            3/4 (%)           1 (n)             2 (n)             3 (n)             4 (n)           3/4 (%)

Hematological
   Leukopenia                         2                2                 0                  0                     0                   1                   5                   5                   2                  41
   Neutropenia                        2                2                 0                  0                     0                   1                   3                   5                   4                  53
   Thrombocytopenia              0                0                 0                  0                     0                   6                   1                   2                   0                  12
   Anemia                                4                2                 0                  0                     0                   2                   7                   5                   0                  29
   AST elevation                     2                0                 0                  0                     0                   3                   0                   0                   0                   0
   ALT elevation                     2                0                 0                  0                     0                   4                   1                   1                   0                   6
   Bilirubin                              2                0                 0                  0                     0                   2                   0                   0                   0                   0
   BUN                                    0                0                 0                  0                     0                   2                   0                   0                   0                   0
   Creatinine                            0                0                 0                  0                     0                   1                   2                   1                   0                   6
Gastrointestinal
   Anorexia                             0                0                 0                  0                     0                   6                   1                   0                   0                   0
   Nausea                                 0                0                 0                  0                     0                   4                   2                   0                   0                   0
   Vomiting                             0                0                 0                  0                     0                   0                   0                   0                   0                   0
   Diarrhea                              0                0                 0                  0                     0                   2                   1                   2                   0                  12
   Fatigue                                0                0                 0                  0                     0                   6                   2                   0                   0                   0
   Rash                                    0                0                 0                  0                     0                   0                   0                   1                   0                   6
   Abdominal pain                  0                0                 0                  0                     0                   0                   0                   0                   0                   0
   Neurosensory                      0                0                 0                  0                     0                   0                   0                   0                   0                   0

AST: Aspartate transaminase; ALT: alanine transaminase; BUN: blood urea nitrogen. *NCI-CTCAE version 4.0 (19). 



shown in Table II. No patients experienced abdominal pain
related to IPC. The incidence of adverse events associated
with IPC was extremely low, with no patients developing
grade 3-4 adverse reactions.

Regarding the systemic chemotherapy regimen, the
scheduled eight courses of PCS chemotherapy were
performed in only 12 patients. The median number of
systemic chemotherapy cycles administered per patient was
seven (range=2-8). One patient underwent only two courses
because progressive disease was found during the evaluation
of chemotherapeutic efficacy. One patient underwent only
five courses because of a grade 3 allergy to cisplatin. 

During the systemic chemotherapy regimen, a grade 4
toxic reaction, manifesting as neutropenia and leukopenia,
was observed in four and two patients, respectively. The
most frequent grade 3/4 toxic effects included leukopenia
(41%), neutropenia (53%), thrombocytopenia (12%), anemia
(29%), ALT elevation (6%), and creatinine elevation (6%).
The non-hematological toxicities were generally mild and
manageable except in one patient with a grade 3 rash during
cisplatin administration and two patients with grade 3
diarrhea. Fatigue was the most common non-hematological
toxicity (Table II). There were no treatment-related deaths
with i.p. or systemic chemotherapy. 

Surgical findings and postoperative complications. In all,
two out of the 17 patients showed clinical disease

progression but the other 15 underwent second-look
laparoscopy. Among them, PM disappearance was confirmed
in 11, with the other four still showing evidence of PM. The
conversion rate from PM to no PM was therefore 64.7%
(11/17). Among the 11 with successful chemotherapy,
gastrectomy with D2 dissection was undertaken in 10
patients with no PM and peritoneal cytology negative for
carcinoma cells (CY0) and one patient with no PM and
peritoneal cytology positive for carcinoma cells (CY1).
Other surgical findings are shown in Table III. Among the
11 patients who underwent surgery, postoperative
complications occurred in two (18.2%). There were no
surgery-related deaths. 

Postoperative chemotherapy. Overall, 10 out of the 11
patients who underwent gastrectomy with D2 dissection were
postoperatively given weekly paclitaxel in one course and S-
1 adjuvant chemotherapy in another. The other patient (no
PM, CY0) was not given any postoperative adjuvant
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Table III. Surgical findings and postoperative complications (n=11). 

Finding                                                                          Number

PM/peritoneal cytology status
  No PM/CY0                                                                   10
  No PM/CY1                                                                    1
Type of surgery 
  Total gastrectomy                                                            8
  Distal gastrectomy                                                          3
Lymph node dissection
  D2                                                                                   11
Curability
 R0                                                                                   10
  R1                                                                                    1
Postoperative complications 
  Leakage                                                                           0
  Postoperative bleeding                                                    0
  Pancreatic fistula                                                             0
  Intra-abdominal abscess                                            1 (Gr 2)
  Pneumonia                                                                       0
  Wound infection                                                        1 (Gr 0)
  Stomal stenosis                                                                0

Gr: Toxicity grade according to the Clavien-Dindo classification (21),
PM: peritoneal metastasis, CY0: peritoneal cytology negative for
carcinoma cells, CY1: peritoneal cytology positive for carcinoma cells.

Table IV. Pathological findings (n=11). 

Finding                                                                          Number

Depth of tumor invasion
  T0                                                                                     1
  T1a                                                                                   1
  T1b                                                                                   1
  T2                                                                                     1
  T3                                                                                     6
  T4a                                                                                   1
  T4b                                                                                   0
Lymph node metastasis
  N0                                                                                    5
  N1                                                                                    1
  N2                                                                                    3
  N3a                                                                                  1
  N3b                                                                                  1
JGCA stage
  01
  IA                                                                                     2
  IB                                                                                     0
  IIA                                                                                    2
  IIB                                                                                   2
  IIIA                                                                                  2
  IIIB                                                                                  1
  IIIC                                                                                  0
  IV                                                                                    1
JGCA histological response
  Grade 0                                                                            0
  Grade 1a                                                                          5
  Grade 1b                                                                          3
  Grade 2                                                                            2
  Grade 3                                                                            1

JGCA: Japanese Gastric Cancer Association (20). 



chemotherapy because they were unwilling to undergo
further treatment. The adverse events of postoperative
chemotherapy were relatively mild, and there were no grade
4 toxic effects throughout the treatment period.

Pathological findings. The classifications and histological
responses to chemotherapy were assessed according to the
criteria of the Japanese Classification of Gastric Carcinoma,
Third English Edition (20). The histological response of the
primary lesion according to those criteria were grade 1a in
five patients, grade 1b in three, grade 2 in two, and grade 3
in one. The pathological response rate (>1b) was 6/11
(54.5%). Other details of the final postoperative pathological
findings for the 11 patients who underwent surgery are
shown in Table IV. 

Survival. At the time of this analysis (June 2018), 13 out of
the 17 patients (76%) had died, and the remaining four were
alive without recurrence. 

The 1-year OS rate was 82.4%, with the lower limit of the
90% confidence interval (CI) at 60.5%, which is higher than
the threshold of 54.0%. Furthermore, the 95% CI was 54.7-
93.9%, with the lower limit still higher than the 54.0%
threshold. The respective 2-and 5-year OS rates were 47.1%
(95% CI=23.0-68.0%) and 23.5% (95% CI=7.3-44.9%). The
median survival time (MST) was 23.9 months (95%
CI=12.5-33.3 months) (Figure 1). For the 11 patients who
underwent R0 or R1 curative resection, the 1-, 2-, and 3-year
OS rates were 90.9% (95% CI=50.1-98.7%), 63.6% (29.7-
84.5%), and 36.4% (11.1-62.7%), respectively, and the MST
was 32.8 months (95% CI=12.8 months to not yet reached).

For the six patients who still had PM, the 1-and 2-year OS
rates were 66.7% (95% CI=19.5-90.4%) and 16.7% (95%
CI=0.1-51.7%), respectively, and the MST was 12.9 months
(95% CI=8.7-33.3 months).

None of the patients who were given chemotherapy only
survived beyond 3 years (Figure 2). Among the seven
patients who experienced recurrence after D2 gastrectomy,
the peritoneum was the most frequent site of recurrence (in
five out of the seven patients, 71%). One patient each had a
recurrence in the liver and lung, respectively.

Discussion
We conducted a prospective phase II study to evaluate the
feasibility and efficacy of i.p. paclitaxel and systemic PCS
chemotherapy plus subsequent surgery in patients with PM of
GC. The study originally planned to include 27 patients.
However, patient enrollment had been delayed and finally
terminated before the projected number of patients was
achieved because of the eligibility criteria. Most patients with
PM tend to have relatively poor performance status and
impaired organ function. In addition, during the research
period, there were new laws and regulations in Japan stating
that we could no longer administer paclitaxel intraperitoneally.
Therefore, our phase II study completed registration with only
17 patients.

After i.p. paclitaxel and systemic PCS chemotherapy, 12
(70.5%) out of the 17 patients were diagnosed as responders.
Macroscopically, 11 (64.8%) out of the 17 patients had
negative results for PM presence. Additionally, our new
combination regimen led to a 1-year OS rate of 82.4%, and
the MST of all patients was 23.9 months. No patients
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Figure 1. Kaplan–Meier estimates of overall survival of the 17 study
patients. Figure 2. Kaplan–Meier estimates of the overall survival of the R0/R1

resection group and the group with remnant of peritoneal metastasis (PM).



developed grade 3-4 adverse reactions after i.p. paclitaxel
chemotherapy in this study. In contrast, systemic PCS
chemotherapy induced neutropenia and leukopenia as the
main toxicities. The incidence of such hematological adverse
events in our study was similar to those in a previous phase
II study of a combination of PCS triplet chemotherapy in
patients with non-resectable or metastatic GC (13-15). There
were no unexpected serious adverse events or deaths related
to the chemotherapy.

We therefore concluded that our i.p. paclitaxel regimen is
effective, safe, and less toxic than other regimens. These
findings might be explained by the pharmacokinetics of i.p.
paclitaxel, with its low concentration in the systemic
circulation compared with a higher concentration in the
abdominal cavity (10).

We observed postoperative complications in only two out
of the 11 patients (18.2%) who underwent D2 gastrectomy,
which is infrequent compared to the results in previous
reports of surgery after neoadjuvant chemotherapy (23, 24).
No surgery-related mortality was observed.

Previously, we reported the feasibility and efficacy of i.p.
paclitaxel followed by five cycles of intravenous doublet
chemotherapy of paclitaxel and S-1, with surgery for patients
with PM of GC (11). Among 35 patients in that study, 22
(62.8%) showed no macroscopic PM. The 1-year OS rate
was 68.6%, and MST for patients overall was 21.3 months.
Compared to these previous data, the i.p. paclitaxel and PCS
triplet regimen might be more effective than our previous
regimen.

Regarding the number of doses of IPC, Yamaguchi et al.
designed a phase II trial that combined repeated i.p.
paclitaxel with S-1 plus intravenous paclitaxel in 35 patients
who had GC with PM. Gastrectomy was performed in 21
patients after chemotherapy. Their 1-year OS rate and MST
were 77.1% and 17.6 months, respectively (25). Our regimen
comprises a single i.p. administration of paclitaxel with 1-
year OS rate and MST in our study slightly better than those
reported by Yamaguchi et al.

As for the safety of the two techniques, Yamaguchi et al.
reported complications related to the peritoneal access
device, including obstruction of the i.p. catheter and
infection of the access port (25). We experienced none of
these complications because we did not use the access port.
These results suggest that, generally, our regimen might be
more advantageous. 

Fujiwara et al. evaluated the efficacy of i.p. docetaxel
combined with S-1 in 18 patients who had GC with PM.
Gastrectomy was then performed in 16 out of the 18 patients.
The 1-year OS rate and MST were 76% and 24.6 months,
respectively (26).

As docetaxel is known to exhibit kinetics after i.p.
administration similar to those of paclitaxel, these results
suggest that it is another promising agent for IPC.

The results of our current study indicate that a single i.p.
administration of paclitaxel and intravenous PCS chemotherapy
are feasible and potentially effective for GC patients with PM.
This study had a single-arm, phase II design, however, further
clinical trials are warranted to examine the clinical significance
of this regimen.

Regarding i.p. administration of paclitaxel to patients
with PM of GC, we are in the process of making an
application based on public knowledge to the Ministry of
Health, Labor, and Welfare of Japan. An “application based
on public knowledge” is a marketing authorization filing
that seeks additional approval for another indication (i.e. the
i.p. administration of paclitaxel) for use of a currently
approved drug.

Conclusion
In conclusion, our novel multimodal treatment for GC with
PM is feasible and effective. This regimen should be
evaluated further in a randomized phase III trial.
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