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Abstract

The effect of chemotherapy on peritoneal carcinomatosis
(PC) of gastric cancer remains unclear. Recently, the
intraperitoneal (IP) administration of taxanes [e.g.,
paclitaxel (PTX) and docetaxel (DOC)] during the perio-
perative period has shown promising results. Herein,
we summarized the rationale and methodology for
using IP chemotherapy with taxanes and reviewed the
clinical results. IP administered taxanes remain in the
IP space at an extremely high concentration for 48-72
h. The drug directly infiltrates peritoneal metastatic
nodules from the surface and then produces antitumor
effects, making it ideal for IP chemotherapy. There
are two types of perioperative IP chemotherapy with
taxanes: neoadjuvant intraperitoneal and systemic
chemotherapy and sequential perioperative intraperi-
toneal chemotherapy (SPIC). In SPIC, patients receive
neoadjuvant IP chemotherapy and the same regimen
of IP chemotherapy after cytoreductive surgery (CRS)
until disease progression. Usually, a taxane dissolved
in 500-1000 mL of saline at ordinary temperature is
administered through an IP access port on an outpatient
basis. According to phase I studies, the recommended
doses (RD) are as follows: IP DOC, 45-60 mg/m?’; IP
PTX [without intravenous (IV) PTX], 80 mg/m’; and IP
PTX (with IV PTX), 20 mg/m’. Phase II studies have
reported a median survival time of 14.4-24.6 mo with a
1-year overall survival of 67%-78%. A phase I study
comparing S-1 in combination with IP and IV PTX to
S-1 with IV cisplatin started in 2011. The prognosis
of patients who underwent CRS was better than that
of those who did not; however, this was partly due
to selection bias. Although several phase II studies
have shown promising results, a randomized controlled
study is needed to validate the effectiveness of IP
chemotherapy with taxanes for PC of gastric cancer.
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Core tip: Herein, we provided an overview on the recent
advances in intraperitoneal (IP) chemotherapy using
taxanes (e.g., paclitaxel and docetaxel) for peritoneal
carcinomatosis of gastric cancer. In particular, we focus
on the rationale of IP chemotherapy with taxanes,
treatment methodology, and results of current clinical
studies. Intraperitoneally administered taxanes remain in
the IP cavity for a long time, and they directly infiltrate
the peritoneal metastatic nodule from the surface.
Therefore, the repeated intra-abdominal administration
of taxanes through an IP access port is needed to
increase the antitumor effect of IP chemotherapy.
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INTRODUCTION

Gastric cancer is the fourth most common cancer
worldwide, and it is the second leading cause of cancer-
related deaths!™. Gastric cancer may disseminate along
the inside surface of the peritoneal cavity, leading to
peritoneal carcinomatosis (PC). PC is the most frequent
mode of metastasis and recurrence in patients with
gastric cancer. According to the national registry da-
tabase of Japan, PC accounted for 51% of deaths in
355 patients with non-curable primary gastric cancer”.
The same database also revealed that PC was the
most frequent cause of death in 13002 patients who
underwent gastrectomy for primary gastric cancer?..
Yoo et al reported that in 508 patients who under-
went radical gastrectomy for gastric cancer, the first
recurrence site was the peritoneum (43.9%) and then a
local site (32.5%) followed by the liver (16.9%).

Despite recent advances in chemotherapy regimens
for gastric cancer, the effect of systemic chemotherapy
on PC remains unclear. Clinical trials on methotrexate +
5-fluorouracil (5-FU), FOLFOX-4, and continuous 5-FU
for PC of gastric cancer showed that the median survival
time (MST) was 5.2-10.6 mo, and the 1-year overall
survival (0S) was 16.2%-40.7%"".

In alternative treatment modalities, cytoreductive
surgery (CRS) combined with hyperthermic intra-
peritoneal chemotherapy (HIPEC) has been used for
treating PC of gastric cancer. Reportedly, the MST and
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1-year survival were 9.2-11.5 mo and 35.5%-48.1%
respectively® '), However, CRS + HIPEC should be
performed in specialized facilities, because these deman-
ding procedures are associated with a high mortality and
morbidity™?.

The intraperitoneal (IP) administration of anticancer
drugs is a reasonable method for treating PC, because
an IP administered cytotoxic drug acts directly on the
peritoneal metastatic nodules at a high concentration.
In HIPEC procedures, mitomycin C (MMC) and/or cisp-
latin (CDDP) dissolved in heated saline at 42 C-43°C
are usually administered into the peritoneal cavity!*..

Recently, the IP administration of taxanes such as
paclitaxel (PTX) or docetaxel (DOC) without heating
them at the ordinary temperature during the perioper-
ative period in gastric cancer patients with PC has been
performed mainly in Japan. Several clinical trials using
IP chemotherapy with taxanes have shown promising
results™**®,

Based on the literature published in the last decade,
we summarized the rationale for using IP chemotherapy
with taxanes, methodology used for IP chemotherapy,
and clinical results of IP chemotherapy in gastric cancer
patients with PC.

RATIONALE FOR USING IP

CHEMOTHERAPY WITH TAXANES

Taxanes such as PTX and DOC produce cytotoxic effects
by inducing excessive polymerization of tubulin and
dysfunctional microtubules, which leads to mitotic arrest
and cell death™®*?, PTX and DOC are water insoluble,
and for clinical use, they are solubilized with Cremophor
EL (Taxol®; Bristol-Myers Squibb Co.) and Polysorbate
80 (Taxotere®; Aventis Pharma SA), respectively.

Since taxanes are hydrophobic, high-weight mole-
cular materials, IP administered taxanes are gradually
drained from the peritoneum through lymphatic stomata
that open directly into the pleural space™*?. In contrast,
hydrophilic, low-weight molecular materials such as MMC
or CDDP are rapidly absorbed through the peritoneal
mesothelial layer and into the capillary vessels.

The area under the curve ratios of the intra-abdo-
minal space to the plasma after IP administration of the
drug are about 1000 for PTX, 207-552 for DOC, 10-24
for MMC, and 12-21 for CDDP**?®, The prolonged
retention of IP administered taxanes within the IP space
allows the taxanes to directly penetrate into peritoneal
disseminated tumors®**4, which leads to the destru-
ction of peripheral microvessels of tumor nodules®.
However, the depth of infiltration from the surface of the
peritoneal disseminated nodules after the one time IP
administration of a taxane is limited®>*. In a previous
study, we showed that the distance of PTX infiltration
reached approximately 100-200 um from the surface of
the tumor™. Therefore, to improve the antitumor effects
of taxanes against PC, repeated IP administration is
necessary.
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Table 1

carcinomatosis

Phase I studies on intraperitoneal chemotherapy using taxanes for the treatment of gastric cancer with peritoneal

Ref. n Intraperitoneally Initial dose MTD RD DLT
administered taxanes (mg/m?) (mg/m?) (mg/m?)
Kodera et al*” 4 PTX 60 - - -
Fushida et al™ 24 DOC 25 60 45 Abdominal pain and
diarrhea
Ishigami et al*” 9 PTX 20 30 20 Febrile neutropenia and diarrhea
Fujiwara et al'*” 12 DOC 40 - 60 -
Kurita et al'** 18 PTX 40 90 80 Leukocytopenia
Fushida et al"” 12 DOC 35 50 45 Febrile neutropenia and diarrhea

MTD: Maximum tolerated dose; RD: Recommended dose; DLT: Dose-limiting toxicities; PTX: Paclitaxel; DOC: Docetaxel.

From the perspective of pharmacokinetics and tissue
penetration, taxanes are ideal drugs for IP chemotherapy.
Moreover, even if taxanes are repeatedly administered
intraperitoneally, they rarely cause adhesion of organs
in the peritoneal cavity because of their antiproliferative
effect. Thus, the distribution of IP administered taxanes
across the intra-abdominal space is not hampered by
drug-induced peritonitis.

METHODOLOGY OF USING IP
CHEMOTHERAPY WITH TAXANES

Perioperative IP chemotherapy with taxanes

There are two types of perioperative IP chemotherapy
with taxanes for treating PC of gastric cancer: neoa-
djuvant intraperitoneal and systemic chemotherapy
(NIPS)®®! and sequential perioperative intraperitoneal
chemotherapy (SPIC)®"). In NIPS, patients receive
1-6 courses of IP chemotherapy with a taxane as a
neoadjuvant therapy; however, they do not receive IP
chemotherapy after CRS™""*3*, In SPIC, patients receive
several courses of IP chemotherapy preoperatively, and
they receive the same regimen of IP chemotherapy after
CRS until disease progression™**¢,

Peritoneal access port system

In most reported studies, a peritoneal access port
system was used for IP chemotherapy. However, this
device was not used when patients received a single
IP administration during staging laparoscopy®®**, or
if patients received IP administration two times via a
catheter as neoadjuvant chemotherapy!*”. A peritoneal
access port is implanted into the subcutaneous space
of the lower abdomen, and a catheter is placed usually
in the pelvic cavity. Taxane dissolved in 500-1000 mL
of saline at the ordinary temperature is administered
through the peritoneal access port. Thus, using this
method, taxanes can be repeatedly administered on an
outpatient basis.

Complications associated with the port system
occurred in 20.6% of 131 patients at our institution™.
Inflow obstruction and infection were the main complic-
ations that occurred in 7.6% and 6.9% of patients,
respectively. The median period of IP chemotherapy
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using the peritoneal port system was 12.9 mo (range,
0.8-61.5 mo). Compared to previous studies on ovarian
cancer™®, the course of IP chemotherapy performed at
our institution was much longer, but the complication
rate was lower.

The use of a peritoneal port system can facilitate IP ad-
ministration and reduce the patients’ burden of receiving
IP chemotherapy. Moreover, the device can provide an-
other benefit to patients, because the peritoneal lavage
sample, which is essential for evaluating the effect of
IP chemotherapy on PC, can be obtained noninvasively
through the peritoneal access port.

CLINICAL STUDIES ON IP
CHEMOTHERAPY WITH TAXANES

Phase / study

The findings from six phase I studies on IP chemot-
herapy with taxanes are summarized in Table 1. PTX
was used for intraperitoneally administering agents in
three studies, and DOC was used in the other three
studies. PTX or DOC was IP administered without other
anticancer drugs in two studies’®**?, DOC was IP adminis-
tered with S-1 in two™***!, PTX was IP administered with
S-1 in one™, and intravenous (IV) PTX and S-1 was
administered in one™’,

The recommended dose (RD) of DOC IP administration
was 45-60 mg/m?. The RD of PTX IP administration was
80 mg/m* when PTX was not IV administered, and it was
20 mg/m? when PTX was IV administered. Although the
RD of 20 mg/m? in our phase I study was relatively low
because we used a combination of IV PTX, the IP PTX
concentration remained extremely high for > 72 h.

Dose-limiting toxicities of these phase I studies
included grade 3 febrile neutropenia, leukopenia, and
diarrhea for the PTX IP regimen; and grade 3 febrile
neutropenia, abdominal pain, and diarrhea for the DOC
IP regimen.

Phase 11 study

The findings of six phase 1I studies on IP chemotherapy
with taxanes are summarized in Table 2. PTX was used
for IP administered agents in three studies****", and
DOC was used in the other three studies!®*”*®, The
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Table 2 Phase II studies on intraperitoneal chemotherapy using taxanes for the treatment of gastric cancer with peritoneal

carcinomatosis

Ref. n Method Intraperitoneally administered agents MST (mo) 1-yr OS (%) 2-yr OS (%) 5-yr OS (%)
Yonemura et al™ 61 NIPS DOC (40 mg) + CBDCA (150 mg) 14.4 67

Ishigami et al™! 40 SPIC PTX (20 mg/m’) 22.6 78

Fujiwara et al"” 18 NIPS DOC (40-60 mg/m?) 24.6 76 54

Imano et al™ 35 NIPS PTX (80 mg/m’) 21.3 69 46 14
Yamaguchi et al™ 35 SPIC PTX (20 mg/m’) 17.6 77 45

Fushida et al"” 27 SPIC DOC (35-50 mg/m?) 16.2 70 33

MST: Median survival time; OS: Overall survival; DOC: Docetaxel; CBDCA: Carboplatin; PTX: Paclitaxel; NIPS: Neoadjuvant intraperitoneal and systemic
chemotherapy; SPIC: Sequential perioperative intraperitoneal chemotherapy.

Figure 1 Laparoscopy before and after treatment. Staging laparoscopy (upper) showing peritoneal metastatic nodules in the right subphrenic peritoneum (left), left
subphrenic peritoneum (middle), and Douglas pouch (left). The second laparoscopy (lower) revealing that the metastatic nodules have disappeared after 12 courses
of the intravenous and intraperitoneal administration of paclitaxel and oral S-1 chemotherapy.

overall response rate among these phase II studies and macroscopically negative (PO) patients™. Sixteen
ranged from 55%-71%. The MSTs and 1-year OS were patients underwent CRS. According to recently updated
14.4-24.6 mo and 67%-78%, respectively. The main survival data, the MST was 23.6 mo and the 1-, 2-, and
toxicities were hematologic (e.g., anemia, neutropenia, 5-year OS were 78%, 50%, and 18%, respectively.

and leukopenia), and the non-hematological toxic effects We performed another phase 1I study with the
were relatively mild. Regarding CRS, gastrectomy with same regimen in 35 gastric cancer patients with PC!*),
D2 dissection was usually performed. In addition to However, in this study, CY1P0 patients were excluded,
D2 gastrectomy, peritonectomy was performed only because they may have a better prognosis compared
by Yonemura et al®®. Post-operative complications,  to macroscopic PC (P1) patients. CRS was performed in

ranging 9%-22%, were reported in four studies™®'7%3, 21 patients. Patients with peritoneal cancer index (PCI)
Surgery-related mortality was found in one patient, scores = 20 had a lower survival rate than those with
and the cause of death was sepsis from an abdominal PCI scores < 20. According to recently updated data,
abscess™®, the MST was 18.0 mo, and the 1-, 2-, and 4-year OS

In three of six phase II studies, patients received 1-6 were 77%, 42%, and 10%, respectively. The findings
courses of NIPS. The MSTs of patients who underwent from staging laparoscopy and second-look laparoscopy
CRS after NIPS were 20.4-29.8 mo. In the other phase are shown from a representative case (Figure 1).

II studies, patients received SPIC. In 2010, we reported Fushida et al™® performed a phase I /1 study on
on a phase II study on SPIC in 40 gastric cancer patients SPIC with IP DOC in 27 patients. Fourteen patients under-
with PC, which included six cytology positive (CY1) went CRS and received postoperative IP chemotherapy.
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The 1- and 2-year OS of patients who underwent CRS
were 92.8% and 62.5%, respectively.

Phase I/ study

In Japan, a randomized, multicenter, phase 1l trial (the
PHOENIX-GC trial, UMINOO0O005930) compared S-1 in
combination with IV and IP PTX to S-1 with IV CDDP in
180 gastric cancer patients with P1. This study began in
2011, and the final analysis will be obtained in November
2015.

IP chemotherapy with taxanes combined with CRS

If PC can be controlled by IP chemotherapy with a
taxane, gastrectomy as CRS is considered to be a
reasonable treatment. Because IP chemotherapy as
a localized therapy for peritoneal cavity may not have
intensive antitumor effects on primary gastric tumors
and metastatic lymph nodes. Other than the aforemen-
tioned phase II studies, two studies have reported on
the treatment results of IP chemotherapy combined with
CRS.

Kitayama et al™® treated 64 gastric cancer patients
with PC who had malignant ascites with IP and IV PTX
combined with S-1. CRS without peritonectomy was
performed in 34 patients. After CRS, chemotherapy
with the same regimen was continued (i.e., SPIC). The
MST of these patients and the 1-year OS were 26.4 mo
and 82%, respectively. Those of the 30 patients who
did not undergo gastrectomy were 12.1 mo and 26%,
respectively.

Yonemura et al*®! performed NIPS with IP DOC
and CDDP combined with S-1 in 96 patients. After two
cycles of NIPS, 82 patients underwent CRS (gastrectomy
with D2 dissection and peritonectomy). Complete
cytoreduction was achieved in 58 patients. The MST and
1-year OS of patients who underwent CRS was 14.4
mo and 61%, respectively. The MST of patients who
underwent complete cytoreduction and those who did
not undergo CRS were 21.1 mo and 9 mo, respectively.

In these reports, the prognosis of patients who
underwent CRS was better than that of those who did
not. However, this survival difference was partly due to
a strong selection bias since CRS was performed only
in good responders. A randomized controlled study
will need to be performed in order to determine the
significance of CRS.

DISCUSSION

It is important whether IP chemotherapy with taxanes is
needed after CRS. Yonemura et al*® reported that 22 of
61 patients who received NIPS with complete CRS had
recurrence in the peritoneum. Fujiwara et a'”’ suggested
that IP chemotherapy may have been needed in their
patients, because 8 of 14 patients who had curative
surgery following NIPS died from peritoneal recurrence.
It is reasonable to consider that IP chemotherapy with
a taxane should be continued as long as possible even
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after CRS to suppress the development of microscopic
cancer cells that may still exist in the whole peritoneal
cavity. Therefore, we consider that SPIC is better suited
for treating PC of gastric cancer.

Another important issue is how the criteria for perfor-
ming CRS are determined. If patients do not respond
to IP chemotherapy, CRS should not be performed.
We have performed CRS in patients who have met the
following criteria: (1) no distant metastasis, except
in the peritoneum; (2) a negative peritoneal lavage
cytology; and (3) a second-look laparoscopy reveals
that the peritoneal metastatic nodules are reduced. To
select eligible patients for CRS more precisely, novel and
useful biomarkers that reflect a good response to IP
chemotherapy are needed.

Phase Il studies on IP chemotherapy with taxanes
have been reported in the gynecological field, especially
for PC of ovarian cancer. IP PTX with systemic chemo-
therapy for PC of ovarian cancer showed a significant
survival benefit™”), Based on the findings from these
phase TI studies’*", the National Cancer Institute
has recommended IP chemotherapy in patients with
optimally debulked ovarian cancer™.

Regarding the treatment of PC from gastric cancer,
there are promising findings from several phase II
studies with IP chemotherapy using taxanes. However,
it is difficult to draw any definitive conclusions about the
overall clinical usefulness of this treatment method until
we obtain the findings from the PHOENIX-GC phase III
trials.

In conclusion, IP administered taxanes remain in the
IP cavity for a long period, and they produce antitumor
effects by infiltrating peritoneal metastatic nodules from
the surface. In addition, repeated IP administration
of taxanes through an IP access port before and after
CRS seems necessary for improving the effect of IP
chemotherapy. Lastly, IP chemotherapy with taxanes
for PC from gastric cancer is safe and feasible. Although
several phase II clinical studies have shown promising
results, further randomized phase Il clinical trials are
needed to validate IP chemotherapy with taxanes for
gastric PC.
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