
REVIEW ARTICLE

Intraperitoneal chemotherapy for gastric cancer with peritoneal
metastasis

Daisuke Kobayashi1 • Yasuhiro Kodera1

Received: 30 August 2016 / Accepted: 15 October 2016 / Published online: 1 November 2016

� The International Gastric Cancer Association and The Japanese Gastric Cancer Association 2016

Abstract Peritoneal metastasis is the most frequent pattern

of gastric cancer recurrence or metastasis and is a definitive

determinant of prognosis. However, an effective means of

treating peritoneal disease has not yet been established.

Systemic chemotherapy has only a limited effect on peri-

toneal metastasis, although some progress has been shown

in terms of median survival time, especially among patients

with a minimal or moderate disease burden. Clinical

research related to intraperitoneal administration of anti-

cancer drugs is currently underway. An advantage of

intraperitoneal chemotherapy is the ability to achieve high

concentrations of anticancer drugs in the peritoneal cavity

and the direct exposure of peritoneal deposits and free

cancer cells to those drugs. In addition, pharmacokinetic

studies with taxanes have shown that these high intraperi-

toneal drug concentrations are sustained for a considerable

length of time, allowing prolonged exposure. As taxanes

are the most appropriate drugs for intraperitoneal admin-

istration, the development of repeated intraperitoneal

chemotherapy using taxanes for gastric cancer peritoneal

metastasis—either alone or in combination with systemic

chemotherapy—has taken place over the past decade,

mostly in Japan. Several phase II trials and a phase III trial

have recently demonstrated the efficacy of this therapy,

including median survival times of 14.4–24.6 months and

one-year overall survival rates of 67–91%. These results

may lead to the approval of intraperitoneal taxanes,

especially paclitaxel, for official insurance coverage in the

near future.
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Introduction

Gastric cancer cells shed into the peritoneal space are

believed to develop into peritoneal metastasis, which is the

most frequent pattern of recurrence after surgery for

curative intent. Presence of peritoneal disease at surgery is

predictive of poor outcome, and radical gastrectomy should

be spared only for those with obstruction or bleeding.

Further progression results in the obstruction of the gas-

trointestinal tract, hydronephrosis, and massive ascites, any

of which leads to marked deterioration of health-related

quality of life. It is irrefutable that preventing peritoneal

metastasis is crucial to curing gastric cancer, while efforts

to control peritoneal disease once it has developed are

generally considered futile. Although there have been some

improvements in median survival time (MST) for

advanced/metastatic gastric cancer [1–4], chemotherapeu-

tic regimens that specifically target peritoneal metastases

have not been developed (aside from a few exceptions

[5, 6]), partly because patients with peritoneal disease

rarely have measurable lesions, which are required in

clinical trials performed to test new drugs. In addition, the

effect of systemic chemotherapy on peritoneal metastasis is

limited, possibly because of the peritoneum–plasma bar-

rier, which prevents effective drug delivery from the sys-

temic circulation into the peritoneal cavity [7].

Recently, clinical research on the intraperitoneal

administration of anticancer drugs has shown encouraging
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progression. Intraperitoneal chemotherapy is the ideal

approach due to the following advantages: (1) drugs

administered intraperitoneally act directly on both the free

cancer cells in the peritoneal cavity and metastatic nodules

on the peritoneal surface; (2) intraperitoneal chemotherapy

results in a higher drug concentration in the peritoneal

cavity as compared with intravenous administration [8];

and (3) some drugs are not readily absorbed into the sys-

temic circulation, resulting in a prolonged half-life in the

peritoneal cavity and reduced systemic toxicity.

In Western countries, intraperitoneal chemotherapy is

often combined with cytoreductive surgery and hyperther-

mia, where a heated fluid containing anticancer drugs is

perfused during surgery [9]. Hyperthermia intraperitoneal

chemotherapy (HIPEC) has demonstrated notable efficacy

for the treatment of peritoneal metastasis arising from vari-

ous malignancies in the abdomen, such as ovarian cancer

[10], colorectal cancer [11], pseudomyxoma peritonei [12],

andmesothelioma [13], in addition to gastric cancer [14–17].

In Japan and other Asian countries, where gastric cancer is

relatively common, HIPEC has been explored as a treatment

option since 1988 [18–21]. Given that theMST is reported to

range from 7.9 to 11.5 months in gastric cancer cases,

HIPEC is currently not considered effective enough to

compensate for the morbidity and replace systemic

chemotherapy. HIPEC combinedwith cytoreductive surgery

is currently a once-in-a-lifetime procedure to be performed at

the time of surgery, unlike intraperitoneal chemotherapy,

which can be given repeatedly.

Repeated intraperitoneal chemotherapy is another

option. Once the intraperitoneal catheter and access port

are embedded in a patient, repeated administration of

anticancer drugs into the abdomen without hyperthermia is

easily performed and is sustainable until disease progres-

sion. A randomized phase III trial was performed for

ovarian cancer, which often involves peritoneal metastasis,

and the results clearly demonstrated that the regimen

containing intraperitoneal chemotherapy was superior to

the standard intravenous administration protocol in primary

chemotherapy management of peritoneal metastasis with

no residual mass[1.0 cm [22]. Based on this result, the

National Comprehensive Cancer Network guidelines now

recommend intraperitoneal chemotherapy for patients with

stage III epithelial ovarian cancer after optimal cytore-

ductive surgery [23]. Although intraperitoneal chemother-

apy against peritoneal metastasis of gastric cancer has been

reported (mainly from Japan) to be efficacious, there is

little robust evidence, and intraperitoneal administration of

anticancer drugs other than mitomycin C (MMC) and

cyclophosphamide—which is now only rarely used to treat

gastric cancer—is not officially covered by the national

public health insurance in Japan. However, several clinical

trials that aim to validate intraperitoneal chemotherapy

have recently been conducted under the auspices of the

advanced medical evaluation system organized by the

Japanese Ministry of Health, Labor and Welfare.

The current review summarizes the rationale and

methodology for adopting intraperitoneal chemotherapy,

and some results of trials exploring intraperitoneal

chemotherapy in gastric cancer patients with peritoneal

metastasis. Note that we use the acronym ‘‘HIPEC’’ below

to refer to intraperitoneal chemotherapy combined with

hyperthermia, in order to distinguish it from intraperitoneal

chemotherapy performed without heat.

Rationale and methodology for intraperitoneal
chemotherapy

Peritoneal implantable port

A peritoneal implantable port system is used for intraperi-

toneal chemotherapy. In most cases, an intraperitoneal

catheter and access port are implanted simultaneously during

staging laparoscopy, which is performed to detect and clarify

the distributionofperitonealmetastasis.Acatheter is placed in

the Douglas pouch, and a peritoneal access port is embedded

into the subcutaneous space of the lower abdominal wall

(Fig. 1). The anticancer drug is dissolved in 500–1000 ml of

saline and is repeatedly administered through the peritoneal

port at the outpatient clinic. A peritoneal lavage cytological

examination can easily be performed through the peritoneal

port during the treatment period, and is considered to reflect

the real-time efficacy of intraperitoneal chemotherapy. Con-

version of the peritoneal cytology result from positive to

negative is considered to be a useful indicator of response in

patients who undergo intraperitoneal chemotherapy.

Emoto et al. reported that complications associated with

the port system occurred in 20.6% of 131 patients in their

study [24]. Inflow obstruction and infection were the main

complications that occurred in 7.6 and 6.9% of the patients,

respectively. The median period of intraperitoneal

chemotherapy through the peritoneal port was 12.9 months

(range 0.8–61.5 months). Although the duration of

intraperitoneal chemotherapy was much longer than in the

phase III trial using an intraperitoneal catheter for ovarian

and primary peritoneal cancer [25], the port-related com-

plication rate was lower.

Theoretical concept of intraperitoneal

chemotherapy

The main advantage of intraperitoneal chemotherapy is that

it leads to high concentrations of anticancer drugs in the

peritoneal cavity, thus allowing prolonged direct exposure

of free cancer cells or peritoneal deposits to those drugs. It
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should also be noted that intraperitoneal chemotherapy

offers an efficient and intensive regional therapy compared

with conventional systemic chemotherapy. The area under

the curve (AUC) ratio of the intra-abdominal space to the

plasma after intraperitoneal administration is important in

that it permits the dose intensity expected during the

treatment of peritoneal metastasis to be calculated in

relation to the toxicity observed as a result of systemic

exposure to the drug.

There are, however, a few shortcomings of intraperi-

toneal chemotherapy. First, the depth of infiltration from

the surface of the peritoneal disseminated nodules after a

single intraperitoneal administration of anticancer drugs is

limited [9]. Kamei et al. reported that the infiltration dis-

tance of intraperitoneally administered paclitaxel (PTX)

reached approximately 100–200 lm from the surface of

the tumor according to fluorescence microscopy imaging

[26]. Thus, multiple intraperitoneal administrations of

anticancer drugs are necessary to ensure that the drugs

penetrate deep into the peritoneal lining and exert their

antitumor effects (just as systemic chemotherapy is usually

administered repeatedly), but even then the drugs may not

reach the deepest part of a large nodule. Moreover,

intraperitoneal chemotherapy using a drug with favorable

pharmacokinetics (slow and unsteady entry into the sys-

temic circulation) is essentially a locoregional treatment.

Only by combining it with the established systemic therapy

can we expect antitumor effects to be exerted against the

primary tumor or metastasis to organs other than the

peritoneum, and thus a survival benefit to be achieved.

Another rationale for a combination drug delivery strategy

is that the tumor-bearing peritoneum can also be reached

through systemic administration of the anticancer drug via

subperitoneal capillaries [27]. However, a more extensive

systemic chemotherapy may be given priority over

intraperitoneal chemotherapy when peritoneal metastasis is

accompanied by unresectable metastasis to the other organs

and lymph nodes. In such cases, a standard regimen for

metastatic gastric cancer such as a fluoropyrimidine/plat-

inum combination could be combined with intraperitoneal

PTX to control all types of metastases.

Anticancer drugs for intraperitoneal
administration

Cisplatin and mitomycin C

Intraperitoneal chemotherapy has been employed against

early-phase peritoneal malignant tumors consisting of

pseudomyxoma peritonei under hyperthermic conditions

[28]. Classic anticancer drugs such as cisplatin (CDDP)

and MMC were widely used in the 1990s for intraperi-

toneal administration, using both HIPEC and normother-

mic administration. One reason for selecting CDDP and

MMC is the well-documented synergistic effects of these

drugs with heat, as well as their thermal stabilities [9].

Intraperitoneal chemotherapy with MMC and/or CDDP

has been reported to improve the survival of gastric cancer

patients by preventing peritoneal recurrence in the neoadju-

vant or adjuvant setting in some studies [29–36], whereas

several other studies have reported a lack of efficacy of

intraperitoneal chemotherapy [37, 38]. Two studies have

assessed the intraperitoneal administration of MMC and/or

CDDPwithorwithout systemic chemotherapycombinedwith

gastrectomy to treat gastric cancer with peritoneal metastasis;

these yielded MSTs of 11.4 and 16.7 months, respectively

[34, 39].Kuramotoet al. reported that extensive intraoperative

peritoneal lavage by 10 L of physiological saline followed by

intraperitoneal chemotherapy with CDDP significantly

improved the 5-year survival rate of advanced gastric cancer

patients with positive cytology but without macroscopic

Fig. 1a–c Peritoneal implantable port system: a the catheter is placed in the Douglas pouch; b the peritoneal access port is embedded into the

subcutaneous space of the lower abdomen; c the peritoneal implantable port system is used for repeated intraperitoneal chemotherapy
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peritoneal metastasis; this was therefore recommended as a

prophylactic strategy for peritoneal dissemination [40].

In fact, the AUC ratios of the intra-abdominal space to

the plasma after intraperitoneal administration of CDDP

and MMC are not very high (10–24 for MMC and 12–21

for CDDP) [41–44], indicating that when the drugs are

delivered intraperitoneally they are readily absorbed

through the peritoneal surface and enter the systemic cir-

culation—they do not remain in the peritoneal cavity long

enough to maintain meaningful concentrations [9]. Thus,

these drugs may not be suitable for the treatment of patients

with a heavy tumor burden in the peritoneal cavity. In a

multicenter randomized phase III trial for serosa-positive

R0 resected gastric cancer, systemic therapy with 5FU and

CDDP combined with a single intraperitoneal administra-

tion of CDDP on the day of surgery failed to show a sur-

vival benefit over surgery alone [38].

Taxanes

Taxanes such as PTX and docetaxel (DTX) are consid-

ered more appropriate for intraperitoneal administration

due to their pharmaceutical characteristics, and were

introduced to clinical practice in the 2000s to treat

peritoneal metastasis from gastric cancer [45–47]. PTX

and DTX are insoluble in water; they are solubilized

with Cremophor EL (Taxol�; Bristol-Myers Squibb Co.)

and polysorbate 80 (Taxotere�; Aventis Pharma SA),

respectively, for clinical use. Since taxanes are

hydrophobic high-molecular-weight materials, intraperi-

toneally administered taxanes are only gradually drained

from the peritoneum through lymphatic stomata that

open directly into the pleural space [48, 49]. The AUC

ratios of the intra-abdominal space to the plasma after

intraperitoneal administration of taxanes are substantially

higher (approximately 1000 for PTX, 207–552 for DTX)

than those for other anticancer drugs [50, 51], and

pharmacokinetic studies have robustly shown prolonged

retention of PTX and DTX when they are given

intraperitoneally [52, 53]. Intraperitoneal administration

of taxanes has been considered a promising treatment for

eliminating peritoneal metastasis of gastric cancer, as the

taxanes penetrate directly into the disseminated tumors

[54, 55].

Moreover, even when the taxanes are repeatedly

administered intraperitoneally, they rarely cause fibrotic

adhesions in the abdomen, in contrast to some other drugs

that are known to cause local chemical peritonitis [56].

This means that surgical resection as a conversion surgery

is technically feasible after intraperitoneal administration

has proven exceptionally effective, and this has actually

been performed aggressively with promising results.

Clinical outcomes for intraperitoneal
administration of PTX and DTX against peritoneal
metastasis

Recently, intraperitoneal chemotherapy using taxanes for

peritoneal metastasis of gastric cancer has been developed,

mainly in Japan. Clinical outcomes of intraperitoneal

chemotherapy that utilize PTX and DTX for gastric cancer

are shown in Tables 1 [52, 53, 57–65] and 2 [50, 66–72].

The results of ongoing or recent clinical trials performed by

the Japan Intraperitoneal Chemotherapy Study Group

(JIPG) to verify the efficacy of intraperitoneal chemother-

apy are also shown in Table 3 [73].

After a series of phase I/phase II studies in the USA,

intraperitoneal administration of PTX was verified by

randomized phase III trials for use in cases of ovarian

cancer (another cancer type that is commonly associated

with peritoneal metastasis), and it demonstrated significant

efficacy [9, 22]. Kodera et al. then conducted a phase I trial

in patients with recurrent peritoneal metastasis of gastric

cancer to explore the pharmacokinetics of intraperitoneal

PTX [52] at a weekly dosage of 60 mg/m2, as established

by the ovarian cancer studies. The trial confirmed that high

intraperitoneal concentrations were maintained, while the

disappearance of malignant ascites was observed. Ishigami

et al. combined intraperitoneal administration of PTX with

S-1, an oral fluoropyrimidine that consists of tegafur,

gimeracil, and oteracil in the molar ratio 1:0.4:1, and

intravenous PTX as a systemic treatment component. The

optimal dose of intraperitoneal PTX delivered on days 1

and 8 of a 21-day cycle along with the established com-

bination of intravenous PTX (50 mg/m2 on days 1 and 8)

and oral S-1 (40 mg/m2 twice daily on days 1–14) was

found to be 20 mg/m2 in a phase I trial [53]. Subsequently,

two phase II clinical studies to evaluate the efficacy and

tolerability of the regimen were carried out. The first study,

which targeted patients with macroscopic peritoneal

metastasis and/or free cancer cells confirmed by peritoneal

lavage cytology, successfully demonstrated favorable

therapeutic effects: the 1-year overall survival (OS) was

78%, the MST was 22.5 months, and malignant ascites

disappeared or decreased in 62% of the patients. The

treatment was safe and manageable, the most frequent

grade 3/4 adverse effects being neutropenia (38%),

leukopenia (18%), and anemia (10%) [59]. The second

phase II trial, which only targeted patients with macro-

scopic peritoneal metastasis, reproduced the favorable

results seen in the previous study, with a 1-year OS of 77%,

an MST of 17.6 months, and a similar safety profile [64].

Microscopic peritoneal metastasis diagnosed by peri-

toneal lavage cytology is consistently accompanied by

serosa-infiltrating gastric cancer and is widely
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acknowledged to be an initial phase in the formation of

peritoneal metastases. Intraperitoneal chemotherapy is

expected to be an effective modality for curing gastric

cancer at that stage. Imano et al. reported that free

intraperitoneal cancer cells were eliminated by intraperi-

toneal PTX administration for 24 h after gastrectomy for

gastric cancer with positive lavage cytology as the single

noncurative factor [59]. Subsequently, Ishigami et al.

conducted a multicenter phase II trial, the so-called CY-

PHOENIX trial, to explore the efficacy of S-1 in combi-

nation with intravenous and intraperitoneal PTX in 38

gastric cancer patients with positive cytology as the single

noncurative factor and without macroscopic peritoneal

metastasis.

From the viewpoint of the treatment strategy for

intraperitoneal micrometastasis, neoadjuvant and/or adju-

vant intraperitoneal chemotherapy could be effective for

serosa-invading advanced gastric cancer even if peritoneal

lavage cytology is negative, given that the sensitivity of

peritoneal lavage cytology by conventional Papanicolaou

staining is not particularly high. Kitayama et al. reported

the efficacy of adjuvant intraperitoneal chemotherapy

combined with systemic chemotherapy, noting a 5-year OS

rate of 88.2% [57]. Peng et al. reported a 5-year OS rate of

74.9% upon administering neoadjuvant intraperitoneal

chemotherapy combined with systemic chemotherapy [58].

Subsequently, a multicenter phase II trial (the GAPS study,

UMIN000013109) was conducted to explore the efficacy of

S-1 in combination with intravenous and intraperitoneal

PTX in both the neoadjuvant and the adjuvant setting in 50

gastric cancer patients with serosa-invading gastric cancer

but without peritoneal metastasis.

To date, there have been two randomized studies that

have compared intraperitoneal administration of PTX to

Table 1 Clinical outcomes of intraperitoneal chemotherapy with paclitaxel for gastric cancer

Author, year N Objective*

setting

IP administration

with PTX

Systemic

therapy

MST

(months)

1-year

OS

(%)

2-year

OS

(%)

3-year

OS

(%)

5-year

OS

(%)

Efficacy

Kitayama, 2014

[57]

17 Advanced

Adjuvant

20-60 mg/m2

6–36 months

S-1

PTX

88.2

Peng, 2015 [58] 37 T4a

Neoadjuvant

Phase II

80 mg/m2

(single)

S-1

PTX

78 74.9

Imano, 2011

[59]

10 P0CY1 80 mg/m2

(single)

S-1 or

PTX

37.8 70 56

Imano, 2012

[60]

35 P1

Phase II

80 mg/m2

(single)

S-1

PTX

21.3 68.6

Imano, 2012

[61]

21 P1/CY1

Postgastrectomy

80 mg/m2

(single)

S-1 24 90.5 29.8

Kodera, 2007

[52]

4 P1

Phase I

60 mg/m2 – – Ascites was

diminished in 2 of

3 patients

Ishigami, 2009

[53]

9 P1

Phase I

20, 30 mg/m2 S-1

PTX

– Positive cytology

changed to

negative in 86%

Ishigami, 2010

[62]

40 P1/CY1

Phase II

20 mg/m2 S-1

PTX

22.5 78 46

Kurita, 2011

[63]

18 P1

Phase I

40, 60, 80, 90,

100 mg/m2
S-1 11

Yamaguchi,

2013 [64]

35 P1

Phase II

20 mg/m2 S-1

PTX

17.6 77.1 44.8

Kodera, 2016

[65]

39 Adjuvant/P1/

CY1

Postgastrectomy

Phase II

60 mg/m2

7 times

S-1

(?CDDP)

– Postoperative IP

administration of

PTX was feasible

* T4a denotes serosa-invading gastric cancer, P0 no macroscopic peritoneal metastasis, P1 macroscopic peritoneal metastasis, and CY1 positive

peritoneal lavage cytology

IP intraperitoneal, PTX paclitaxel, MST median survival time, OS overall survival, CDDP cisplatin
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systemic chemotherapy. The PHOENIX-GC trial was a

randomized, multicenter, phase III trial comparing S-1 in

combination with intravenous and intraperitoneal PTX to

systemic treatment with S-1 plus intravenous CDDP, which

is the current standard regimen for advanced/metastatic

gastric cancer in Japan. This regimen could have been a

Table 2 Clinical outcomes of intraperitoneal chemotherapy with docetaxel for gastric cancer

Author, year N Objective*

setting

IP administration Systemic

therapy

MST

(months)

1-year

OS

(%)

2-year

OS

(%)

Efficacy

Yonemura, 2006

[66]

61 P1 DTX 40 mg

Carboplatin 150 mg

2–6 cycles

5-FU

Methotrexate

14.4 67

Yonemura, 2009

[67]

79 P1 DTX 30 mg/m2

CDDP 30 mg/m2

1–5 cycles

S-1 – Positive cytology changed

to negative in 63%

Fujiwara, 2010

[68]

12 P1

Phase I

DTX 40, 50, 60 mg/m2

2 cycles

S-1 –

Fujiwara, 2012

[69]

18 P1 DTX 40, 50, 60 mg/m2

2 cycles

S-1 24.6 76 54

Fushida, 2008 [50] 24 P1

Phase I

DTX 25, 35, 45,

60 mg/m2
– – Response rate: 80%

Fushida, 2013 [70] 39 P1

Phase I/II

DTX 45 mg/m2 S-1 16.2 70.4 33.4

Kurokawa, 2015

[71]

5 P1/CY1

Phase I

DTX 20, 30 mg/m2 S-1

CDDP

– 4 underwent R0 resection

Feng, 2015 [72] 32 Stage III/

IV

DTX 30, 45 mg/m2

CDDP 60, 75 mg/m2

5-FU

DTX

9

* P1 denotes macroscopic peritoneal metastasis, and CY1 positive peritoneal lavage cytology

IP intraperitoneal, MST median survival time, OS overall survival, DTX docetaxel, CDDP cisplatin

Table 3 Current clinical trials of intraperitoneal chemotherapy with taxane for gastric cancer

Trial N Objective*

setting

IP administration Systemic therapy Status

PHOENIX-GC [73] 180 P1

Phase III

PTX

20 mg/m2

S-1/PTX (?IP)

versus

S-1/CDDP

Completed

CY-PHOENIX 38 P0CY1

Phase II

PTX

20 mg/m2

S-1

PTX

Completion of registration

SOX ? IP PTX

(UMIN000012834)

60 P1

Phase II

PTX

40 mg/m2

S-1

L-OHP

Completed

XP ? IP DTX

(UMIN0000116469)

50 P1

Phase II

DTX

10 mg/m2

Capecitabine

CDDP

Completion of registration

GAPS study 50 SE (P0CY0) PTX

20 mg/m2

S-1

PTX

Completion of registration

FOLFOX ? IP PTX

(UMIN000019206)

34 P1 (inability of oral ingestion)

Phase I/II

PTX

20 mg/m2

5-FU

Leucovorin

L-OHP

Ongoing

* P0 denotes no macroscopic peritoneal metastasis, P1macroscopic peritoneal metastasis, CY0 negative peritoneal lavage cytology, CY1 positive

peritoneal lavage cytology, and SE serosa-invading gastric cancer

IP intraperitoneal, PTX paclitaxel, CDDP cisplatin, L-OHP oxaliplatin, DTX docetaxel
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strong contender for a control group, since it is well doc-

umented that the survival advantage afforded by combi-

nations such as S-1/CDDP or S-1/DTX over S-1 alone is

greater among gastric cancer patients with nonmeasurable

metastatic lesions, such as those with peritoneal disease,

than among those with measurable lesions [1, 74]. This

study, with a sample size of 180 patients, began accrual in

2011. The final analysis was released at the Annual

Meeting of the American Society of Clinical Oncology in

2016, and the details will be published in due time.

Intraperitoneal administration of the PTX regimen led to a

marginally prolonged OS compared with the standard

systemic chemotherapy (MST: 17.7 vs 15.2 months,

respectively), but the difference was not significant (strat-

ified log-rank test, P = 0.080; hazard ratio 0.72, 95%

confidence interval 0.49–1.04, P = 0.081). Although

treatment crossover was prohibited, some patients in the

control group received intraperitoneal chemotherapy,

which marred the final results. Therefore, Ishigami et al.

attempted a re-analysis from which those cases were

excluded. Their sensitivity analysis, which also took into

consideration an ascites-related imbalance between the

groups (patients with more severe ascites tended to be

allocated to the intraperitoneal administration group),

indicated that intraperitoneal PTX was clinically effica-

cious for gastric cancer with peritoneal metastasis.

The INPACT study was a multi-institutional randomized

phase II trial that was conducted to prove the superiority of

postoperative intraperitoneal administration of PTX (7

weekly administrations of 60 mg/m2) over intravenous

administration of PTX (7 weekly administrations of 80 mg/

m2) in preventing the development of peritoneal carcino-

matosis in gastric cancer patients who undergo R0–R2

gastrectomy [75]. This trial aimed to provide a theoretical

basis for the implementation of intraperitoneal administra-

tion of PTX into various combination chemotherapy regi-

mens in future clinical trials. In a preliminary report, Kodera

et al. stated that the repeated intraperitoneal administration

of PTX from the day of gastrectomy was safe and feasible

and that the incidence of problems associated with the

indwelling catheter for intraperitoneal administration was

minimal [65]. The results of an analysis of the two-year

recurrence-free survival is expected in 2017.

It should be noted that the intraperitoneal administration

of anticancer PTX has not been approved and is currently

not covered by the national health insurance system in

Japan. Outcome data from the randomized clinical trials

that would verify the efficacy of intraperitoneal adminis-

tration of PTX against peritoneal metastasis of gastric

cancer are eagerly awaited, and are expected to lead to its

approval for official insurance coverage in the future.

DTX is another candidate anticancer drug suitable for

intraperitoneal administration. The AUC ratios of the intra-

abdominal space to the plasma after intraperitoneal

administration of DTX are lower than those for PTX.

Fushida et al. argued that intraperitoneal administration of

DTX has the pharmacokinetic advantage of exerting dual

anticancer effects, via the peritoneal surface and the cap-

illary blood supply [50]. They conducted a phase I/II trial

of intraperitoneal administration of DTX plus S-1 and

demonstrated a 1-year OS rate of 70%, an MST of

16.2 months, and manageable grade 3/4 toxicities, includ-

ing anorexia (19%), neutropenia (7%), and leukopenia

(7%), which are comparable to the corresponding values

obtained in phase II studies of the intraperitoneal admin-

istration of PTX [70]. Fujiwara et al. performed two cycles

of chemotherapy consisting of the intraperitoneal admin-

istration of DTX plus S-1 and subsequent surgery for

gastric cancer with positive peritoneal lavage cytology and/

or macroscopic peritoneal dissemination, and demonstrated

an MST of 24.6 months [69]. Yonemura et al. explored the

intraperitoneal administration of DTX and other anticancer

drugs (carboplatin and CDDP) combined with systemic

chemotherapy and observed acceptable feasibility and fair

outcomes [66, 67].

Discussion

Peritoneal dissemination is the most frequent pattern of

recurrence after surgery with curative intent, and is also a

common type of metastasis that accompanies unre-

sectable gastric cancer. Thus, preventing and controlling

peritoneal metastasis is a therapeutic principle for achiev-

ing prolonged survival of gastric cancer patients.

Intraperitoneal administration of anticancer drugs, notably

taxanes, combined with conventional systemic

chemotherapy has shown encouraging results against

peritoneal metastasis of gastric cancer. Intraperitoneal

taxanes constitute an ideal regional treatment, as intense

intraperitoneal concentrations can be obtained due to the

slow clearance of taxanes from the peritoneal cavity, and

they are associated with minimal systemic toxicity. Out-

comes observed in several clinical trials suggest that

repeated intraperitoneal administration of anticancer drugs

is a rational approach compared to HIPEC, which is

essentially a single intraperitoneal dose of anticancer drugs

delivered at an optimal temperature as an adjunct to

cytoreductive surgery. HIPEC has been demonstrated to

offer a unique antitumor mechanism due to the application

of heat and the synergistic antitumor effect of heat and

drugs, but whether the elaborate and potentially harmful

HIPEC approach is of any added clinical value remains to

be proven in a prospective randomized trial, although there

appears to be room for the application of this modality, if

validated, for selected patients. Given the success achieved
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with intraperitoneal taxanes, HIPEC could be combined

with repeated intraperitoneal PTX, while HIPEC itself

could be performed repeatedly in a laparoscopic approach,

as demonstrated by Yonemura et al. [76]. Intraperitoneal

chemotherapy is a less toxic treatment modality than

HIPEC, but it is a promising one that could be combined

with other modalities to treat peritoneal metastasis of

gastric cancer.

There are still some clinical issues to be resolved, even

if, as is strongly hoped, the generalization of intraperitoneal

chemotherapy is achieved in the future. The first concerns

the establishment of second-line and third-line treatments

including further intraperitoneal chemotherapy using other

available drugs. Several chemotherapeutic procedures

consisting of different anticancer drugs administered

intravenously and intraperitoneally have proven effective,

but prospective clinical trial data focusing on the sequential

use of intraperitoneal chemotherapy regimens are lacking.

Eradicating peritoneal metastases requires prolonged

treatment, and intraperitoneal chemotherapy may still be

necessary in the event of treatment failure in the form of

the appearance of new lesions through other metastatic

pathways. Alteration of the intraperitoneally administered

anticancer drugs to circumvent cross-resistance, even

among taxanes, may be another option in the case of pro-

gressive disease with peritoneal metastasis. The second

issue is that it remains to be proven in a prospective trial

that gastrectomy is of clinical value after achieving disease

control, as exemplified by the disappearance of ascites,

peritoneal lavage cytology turning from positive to nega-

tive, and the disappearance of macroscopic peritoneal

metastasis. Meanwhile, Kitayama et al. demonstrated

promising outcomes for gastrectomized patients who had

highly advanced gastric cancer, severe peritoneal metas-

tasis, and malignant ascites but showed good response to

intraperitoneal chemotherapy using PTX combined with

S-1 and intravenous PTX, with an MST of 26.4 months and

a 1-year OS of 82% [77]. These data imply that so-called

conversion surgery including gastrectomy with lym-

phadenectomy after chemotherapy could have a survival

benefit for highly selected patients, as long as intraperi-

toneal chemotherapy shows robust efficacy both before and

after surgery. Gastric cancer patients with only a positive

peritoneal lavage cytology and without macroscopic peri-

toneal metastasis may be especially good candidates for

conversion surgery when the cytology turns negative with

intraperitoneal chemotherapy. Thus, intraperitoneal

administration could result in a drastic change to the novel

subcategory classification of stage IV GC [78], noting that

Yoshida et al. were reluctant to include patients with

peritoneal disease in categories in which conversion sur-

gery is the ultimate aim. With intraperitoneal PTX, peri-

toneal deposits could shrink and disappear just as bulky

lymph nodes and liver metastasis could respond to achieve

a partial to complete response.

In conclusion, intraperitoneal administration of anti-

cancer drugs against peritoneal metastasis of gastric cancer

is safe and feasible. Several phase II trials and a phase III

trial have recently demonstrated the efficacy of repeated

intraperitoneal chemotherapy, mainly with taxanes, com-

bined with systemic chemotherapy. The generalization of

intraperitoneal chemotherapy under the official approval of

the government is hoped for in Japan. There will be room

for improvement and controversy regarding the selection of

the appropriate regimen of intraperitoneal chemotherapy,

sequential treatment after the failure of the initial therapy,

and conversion surgery after achieving control of peri-

toneal metastasis.
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