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Abstract

Background This study was conducted to determine the

recommended dose (RD) of intraperitoneal docetaxel (ID)

in combination with systemic capecitabine and cisplatin

(XP) and to evaluate its efficacy and safety at the RD in

advanced gastric cancer (AGC) patients with peritoneal

metastasis.

Methods AGC patients with peritoneal metastasis received

XP ID, which consists of 937.5 mg/m2 of capecitabine

twice daily on days 1–14, 60 mg/m2 of intravenous cis-

platin on day 1, and intraperitoneal docetaxel at 3 different

dose levels (60, 80, or 100 mg/m2) on day 1, every

3 weeks. In the phase I study, the standard 3 ? 3 method

was used to determine the RD of XP ID. In the phase II

study, patients received RD of XP ID.

Results In the phase I study, ID 100 mg/m2 was chosen as

the RD, with one dose-limiting toxicity (ileus) out of six

patients. The 39 AGC patients enrolled in the phase II

study received the RD of XP ID. The median progression-

free survival was 11.0 months (95% CI 6.9–15.1), and

median overall survival was 15.1 months (95% CI

9.1–21.1). The most frequent grade 3/4 adverse events

were neutropenia (38.6%) and abdominal pain (30.8%).

The incidence of abdominal pain cumulatively increased in

the later treatment cycles.

Conclusions Our study indicated that XP ID was effective,

with manageable toxicities, in AGC patients with peri-

toneal metastasis. As the cumulative incidence of abdom-

inal pain was probably related to bowel irritation by ID, it

might be necessary to modify the dose.

Keywords Gastric cancer � Chemotherapy � Peritoneal
metastasis

Introduction

The worldwide incidence and mortality of gastric cancer

have decreased in recent decades, but it remains the fifth

most common cancer and the third leading cause of cancer-

related deaths [1]. Despite efforts to detect gastric cancer at

an earlier stage, a substantial proportion of patients are

initially diagnosed with unresectable locally advanced or

metastatic disease, and more than one-third of these

patients have peritoneal metastasis [2].

Gastric cancer with peritoneal metastasis is considered

unresectable. The recommended treatment for patients who

are not candidates for curative resection is systemic

chemotherapy. Fluorouracil-cisplatin (FP)-based combina-

tions are widely used as reference regimens, with response

rates of 46–54% and median overall survival of

10.5–13.0 months [3, 4]. Combination therapy, adding

intravenous docetaxel to the FP regimen (DCF), was

investigated in a randomized phase III study, with the aim

of improving patient outcomes. However, substantial tox-

icities have limited its use as a standard chemotherapy in

daily clinical practice [5, 6]. We previously conducted a

phase I/II study that modified the DCF regimen by
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substituting capecitabine for intravenous fluorouracil and

adjusting the docetaxel and cisplatin doses to improve the

safety profile. This docetaxel-capecitabine-cisplatin (DXP)

regimen presented a more favorable safety profile than

DCF and demonstrated promising efficacy with a response

rate of 68%, median progression-free survival (PFS) of

7.6 months (95% CI 6.9–8.4), and median overall survival

(OS) of 14.4 months (95% CI 7.3–21.5) [5, 6].

Peritoneal metastasis is well known as a poor prognostic

factor for gastric cancer patients who are not candidates for

curative resection, with a hazard ratio of 1.31–1.73

[2, 7, 8]. However, only a few prospective studies have

reported the efficacy of treatment of advanced gastric

cancer (AGC) with peritoneal metastasis, probably because

it is difficult to evaluate the response of peritoneal lesions.

Consequently, there is no widely accepted standard treat-

ment for AGC patients with peritoneal metastasis.

In 2003, a phase I study (Morgan et al.) demonstrated

that intraperitoneal docetaxel was effective in treating

unresponsive or relapsed gastric cancer with peritoneal

metastasis, and the recommended dose of intraperitoneal

docetaxel monotherapy was 100 mg/m2 [9]. Since then,

more studies showed that intraperitoneal chemotherapy

was effective in treating AGC patients with peritoneal

metastasis [10, 11]. When docetaxel is administered

intraperitoneally, an improved anticancer effect on peri-

toneal tumors is expected because of its increased con-

centration in the peritoneum. Moreover, as docetaxel is

hundreds-fold detoxified by the first-pass effect in the liver,

systemic toxicities can be reduced compared with those

associated with intravenous administration [12].

In this phase I/II study, we modified the potent systemic

DXP regimen by substituting intraperitoneal docetaxel (ID)

for intravenous docetaxel to reduce systemic toxicity and to

improve the antitumor effect against peritoneal metastasis.

The purpose of this study was to determine the recom-

mended dose (RD) of ID in combination with systemic

capecitabine and cisplatin (XP) (phase I) and to evaluate its

efficacy and safety at the RD in AGC patients with peri-

toneal metastasis (phase II).

Materials and methods

Patient characteristics

Patients with histologically or cytologically confirmed

gastric adenocarcinoma were considered eligible if they

met the following inclusion criteria: (1) peritoneal metas-

tasis diagnosed by laparoscopy, laparotomy, or computed

tomography (CT); (2) no prior history of receiving

chemotherapy, but patients who completed adjuvant

chemotherapy[6 months before recruitment were allowed

(patients who received docetaxel, capecitabine, or cisplatin

as an adjuvant chemotherapy were excluded); (3)

[18 years of age; (4) Eastern Cooperative Oncology

Group (ECOG) performance status of 0–2; (5) life expec-

tancy of[3 months; (6) adequate bone marrow, renal, and

liver function. Patients with central nervous system

metastasis, gastric outlet or intestinal obstruction, brain

metastasis, evidence of serious gastrointestinal bleeding, or

peripheral neuropathy above grade 2 were excluded.

Pregnant or breast-feeding women were also excluded.

This is an investigator-sponsored study. The institutional

review board of Asan Medical Center approved the pro-

tocol, and written informed consent was obtained from all

patients before enrollment. This trial is registered with

ClinicalTrials.gov, no. NCT 01525771.

Treatment schedule

In the phase I study, patients received capecitabine

937.5 mg/m2 twice daily on days 1–14 and intravenous

cisplatin 60 mg/m2 on day 1. ID was administered at three

different dose levels (60, 80, or 100 mg/m2) on day 1,

every 3 weeks. The standard 3 ? 3 method was used to

determine the RD of XP ID, and a minimum of three

patients were treated at each dose level.

A peritoneal access port was implanted in the subcuta-

neous space of the right lower quadrant of the abdomen,

with a catheter placed in the pelvic cavity. Docetaxel was

prepared by reconstituting the formulation with polysor-

bate 80 diluent. This reconstituted preparation was then

diluted in 1 l of 0.9% saline for intraperitoneal adminis-

tration and instilled via portacath catheter through a Huber

needle within 4 h. In addition, 1 l of 0.9% saline was

divided and infused into the peritoneal cavity before and

after ID administration. Patients were premedicated 1 h

before ID administration with dexamethasone 20 mg i.v.,

famotidine 20 mg or ranitidine 50 mg i.v., pheniramine

4 mg i.v., and ramosetron 0.3 mg i.v.

The maximum tolerated dose (MTD) was determined by

the toxicity of the first cycle. Dose-limiting toxicities

(DLTs) were defined as follows: (1) grade 4 neutropenia for

[5 days; (2) grade 3/4 neutropenic fever; (3) grade 4

thrombocytopenia or grade 3 thrombocytopenia with

bleeding that requires intervention; (4) non-hematological

grade 3/4 toxicities (excluding alopecia) that do not

improve to at least grade 1 within 2 days of appropriate

therapy; (5) toxicities that reduce the compliance of

capecitabine by [25%; (6) non-hematological toxicities

above grade 2, granulocyte \1500/ll, thrombocytopenia

\75,000/ll, or creatinine[1.5 mg/dl that delays treatment

for [2 weeks. If one of the three patients experienced

DLT, three additional patients were enrolled for treatment

at that dose level. Dose escalation was continued until two
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or more of the six patients experienced DLTs. This dose

level was defined as MTD, and the dose level below MTD

was to be employed for the phase II study. In the phase II

study, patients received the RD of XP ID until disease

progression, unacceptable toxicity, or consent withdrawal.

A maximum of eight cycles of ID was given, whereas XP

was administered until there was a reason to discontinue as

mentioned above.

Assessment of response and toxicity

Within 3 weeks of administration of the first XP ID cycle, a

patient assessment, including history, physical examina-

tion, chest X-ray, echocardiogram, complete blood count,

serum chemistry, electrolytes, coagulation factors, urinal-

ysis, abdominopelvic CT, and CT peritoneography, was

conducted. CT peritoneography was conducted before the

first dose of XP ID to evaluate whether the ID would dis-

tribute uniformly after instillation into the pelvic cavity. It

was taken 30 min after infusing a mixture of 1 l of 0.9%

saline and 20 ml of Gastrografin into the pelvic cavity via

the intraperitoneal chemoport.

The primary endpoint was the PFS rate at 6 months.

Secondary endpoints were response rate, PFS, and OS. In

patients with measurable lesions, tumor response was

assessed every two cycles according to the guidelines of

the Response Evaluation Criteria In Solid Tumors

(RECIST, ver. 1.1) using the same imaging technique as at

base line. Complete or partial responses were confirmed by

another image study at least 4 weeks apart. In patients with

ascites, the ascites response was evaluated by the Japanese

conventional five-point method [13]. Toxicities were

evaluated at each cycle and were graded according to the

National Cancer Institute’s Common Terminology Criteria

for Adverse Events, version 4.0.

Statistical analysis

The phase II study was conducted using Fleming’s single-

stage design [14, 15]. The primary outcome of our study

was the PFS rate at 6 months, and that of AGC patients

with peritoneal metastasis treated with current standard FP

doublet chemotherapy is expected to be approximately

30% [2, 8]; the 6-month PFS rate of XP ID should be at

least 50% to confirm superiority. With one-sided type I

error of 0.05 and power of 0.8, a total of 39 patients were

required. PFS was defined as the time from the start date of

chemotherapy until progression or death from any cause.

OS was calculated from the start date of chemotherapy

until death from any cause or was censored at last follow-

up. Median PFS and OS as well as PFS rate at 6 months

were calculated using the Kaplan-Meier method.

Results

Phase I study

A total of 12 patients were recruited for the phase I study.

Groups comprised of three patients each received XP ID at

dose levels I (ID 60 mg/m2), II (ID 80 mg/m2), and III (ID

100 mg/m2). The baseline characteristics of these patients

are shown in Table 1. During the first cycle, no DLT was

observed at dose levels I and II. At dose level III, a DLT

(grade 3 ileus that did not improve to at least grade 1 within

2 days of appropriate management) was observed in one of

three patients. This patient experienced abdominal disten-

sion 1 week after ID instillation. Gastric outlet obstruction

due to gastric cancer and bowel dilatation due to peritoneal

seeding were observed on CT, and the patient was managed

with gastric stent insertion and total parenteral nutrition for

5 days. Three more patients were enrolled at dose level III,

but no more DLTs were observed in these patients. Thus,

according to the protocol, dose level III was determined as

the RD.

Phase II study

Efficacy and survival

Between June 2011 and December 2013, a total of 39

patients, including the patients in the phase I study who

were treated with the RD of XP ID, were enrolled in the

phase II study and received the RD of XP ID. The baseline

characteristics of these patients are presented in Table 1.

CT peritoneography was conducted before the first dose of

XP ID and contrast media distributed uniformly without

septation in all patients. A median of eight cycles of ID

(range 1–8), ten cycles of capecitabine (range 1–39), and

eight cycles (range 1–24) of cisplatin were administered.

The PFS rate at 6 months was 69.0% (95% CI 53.7–84.3).

With a median follow-up duration of 20.8 months (range

13.1–40.3) in surviving patients, median PFS was

11.0 months (95% CI 6.9–15.1), and median OS was

15.1 months (95% CI 9.1–21.1), respectively (Fig. 1).

Only 5 of 39 patients had measurable disease at the time

of diagnosis, as specified by the RECIST criteria. Three

partial responses and two stable diseases were observed,

providing an overall response rate of 60%. The median PFS

was 5.0 months (95% CI 0.8–9.3) in patients with mea-

surable disease and 11.4 months (95% CI 7.5–15.2) in

patients without measurable disease (P = 0.168). Disease

progressed in 29 patients, and the reasons for disease

progression are presented in Table 2. Peritoneal metastasis

progressed in 19 patients, and all of these patients showed

unequivocal progression of peritoneal metastasis on CT.
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Moreover, among these patients, 14 had image finding or

symptoms associated with ileus, and ascites unequivocally

increased in three patients.

Peritoneal metastasis was detectable by imaging (CT) in

36 out of 39 patients. The median PFS in patients whose

peritoneal metastasis was detectable by imaging was

11.0 months (CI 95%, 6.6–15.4) vs. 10.0 months (CI 95%,

0.0–21.4) in patients whose peritoneal metastasis was

detected by surgery only (P = 0.288). The median OS in

patients whose peritoneal metastasis was detectable by

imaging was 14.1 months (CI 95%, 6.6–21.6) vs.

17.6 months (CI 95%, 9.9–25.3) in patients whose peri-

toneal metastasis was detected by surgery only

(P = 0.927).

Ascites was detectable in 30 patients (76.9%), and the

mean ascites volume was 385.3 ml (range 40–2340 mL)

according to the Japanese conventional five-point method.

The response of ascites was evaluated in ten patients whose

ascites volume was above 300 ml, since the Japanese

conventional five-point method is not applicable to

measure the volume of ascites below 300 ml. Ascites dis-

appeared or decreased by[10% in 6 of these 10 (60.0%)

patients, as presented in Table 3.

Adverse events

The adverse events related to the treatment are summarized

in Table 4. The most frequent grade 3/4 hematological

toxicities were neutropenia (38.6%), anemia (25.6%), and

febrile neutropenia (23.0%). The most frequent grade 3/4

non-hematological toxicities were abdominal pain (30.8%)

and fatigue (20.5%). Most of the grade 3/4 abdominal pain

occurred after two cycles of ID, and its incidence cumu-

latively increased in the later treatment cycles as shown in

Fig. 2. Of the 12 patients with grade 3/4 abdominal pain,

the reason for abdominal pain was chemotherapeutic drug

in 11 patients and disease progression in 1. The abdominal

pain was managed by opioid analgesics in ten patients, and

it resolved after hydration and fasting for a day in the

remaining two. The treatment was continued with addition

Table 1 Baseline patient

characteristics
Characteristics Phase I (total = 12) Phase II (total = 39)

No. (%) No. (%)

Median age, years (range) 53 (39–64) 49 (31–73)

Male gender 9 (75) 22 (56)

ECOG performance status 0–1 12 (100) 39 (100)

Disease status (initially metastasis) 12 (100) 39 (100)

Metastatic sites

Peritoneum 12 (100) 39 (100)

Regional lymph node 5 (41.6) 17 (43.6)

Metastatic lymph node 2 (16.7) 5 (12.8)

Ovary 0 (0) 2 (5.1)

Pleural effusion 1 (8.3) 2 (5.1)

Liver 0 (0) 0 (0)

Lung 0 (0) 0 (0)

Bone 0 (0) 0 (0)

Extent of peritoneal metastasis (JCGC 12th edition)

P1 0 (0) 0 (0)

P2 2 (16.6) 6 (15.4)

P3 10 (83.3) 33 (84.6)

No. of metastases

1 4 (33.3) 16 (41.0)

C2 8 (66.7) 23 (59.0)

Measurable disease (present) 4 (33.3) 5 (12.8)

Ascites

No 7 (58.3) 9 (23.1)

Within pelvis 3 (25) 23 (59.0)

Beyond pelvis 2 (16.7) 7 (17.9)

JCGC Japanese Classification of Gastric Carcinoma, P1 metastases immediately adjacent to the stomach,

P2 several scattered metastases within the peritoneal cavity, P3 numerous metastases throughout the

peritoneal cavity
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of analgesics in all patients and dose reduction in nine.

Except for one patient who was lost to follow up, the grade

3/4 abdominal pain was decreased to at least grade 1/2 in

all the remaining patients. Moreover, none of the patients

discontinued chemotherapy because of abdominal pain.

Complications related to the peritoneal access devices were

observed in two patients, and both cases were associated

with infection of the intraperitoneal chemoport. There was

no treatment-related mortality.

Discussion

In this phase I/II study, we demonstrated that the RD of ID

(100 mg/m2) in combination with XP was effective in

treating AGC patients with peritoneal metastasis. With a

median follow-up duration of 20.8 months in surviving

patients, the PFS rate at 6 months was 69.0% (95% CI

53.7–84.3), which surpassed the pre-specified percentage

needed to meet the primary endpoint of the trial. The

median PFS was 11.0 months and median OS was

15.1 months, respectively.

Although a direct comparison is difficult because of the

difference in sample size and selection criteria, the XP ID

regimen induced an improved median PFS (11.0 vs.

5.6–6.0 months) and median OS (15.1 vs. 10.5–13 months)

compared with the outcomes of the currently used standard

doublet regimens [3, 4]. Effects on ascites were also

observed. Considering that patients with peritoneal

metastasis have a worse prognosis, our results are very

encouraging [7, 8].

The prognostic significance of the presence of measur-

able disease on the survival of gastric cancer patients is still

controversial. Although it was not statistically significant,

there was a difference in PFS between patients with and

without measurable disease (median PFS 5.0 vs.

11.4 months, P = 0.168) in the current study. However,

this result should be cautiously interpreted because of the

small sample size. Moreover, patients with measurable

disease had higher tumor burden (number of metastatic

sites C2; 100% in patients with measurable disease vs.

52.9% in patients without measurable disease), and it is

likely that this was the factor determining the poor PFS in

patients with measurable disease rather than the presence

of measurable disease itself. Thus, this result should be

evaluated further in a larger group of patients with similar

tumor burden between the patients with and without mea-

surable disease.

The most frequent grade 3/4 toxicity of XP ID was

neutropenia, and it was similar to that of currently used

standard doublet regimens (38.6 vs. 16–40%) [3, 4].

However, abdominal pain, the next most common grade

Fig. 1 Progression-free survival (a) and overall survival (b) in the

phase II study

Table 2 Reasons for disease progression (n = 29)

Reason for disease progression No. (%)

PD of peritoneal metastasis only 11 (37.9)

PD of previous lesions, other than peritoneum 7 (24.1)

PD of peritoneal and previous lesions 7 (24.1)

New lesions only* 3 (10.3)

New lesions with PD of peritoneal metastasis** 1 (3.4)

* Pleural, liver, and ovarian metastasis

** New liver metastasis

Table 3 Response of ascites (n = 10)

Response No. (%)

Disappearance 4 (40.0)

Decreased by[10% 2 (20.0)

Neither decreased nor increased 3 (30.0)

Increased by[10% 1 (10.0)

Not evaluable 0 (0.0)
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3/4 toxicity, is not commonly seen in the patients treated

with regimens not containing intraperitoneal chemother-

apy. We think that bowel irritation by ID may have con-

tributed to the frequent grade 3/4 abdominal pain, which is

in line with previous studies showing that a common DLT

of intraperitoneal chemotherapy was abdominal pain

[16, 17]. More than half of the grade 3/4 abdominal pain in

this study occurred after two cycles of chemotherapy and

cumulatively increased in the later treatment cycles.

However, it was manageable with the addition of

analgesics and dose reduction in most of the patients, and

none of the patients discontinued chemotherapy because of

abdominal pain. Intraperitoneal chemoport-related infec-

tion was observed in two patients, which occurred after the

completion of eight cycles of ID in both patients. One

patient was managed by removing the chemoport, and the

other was successfully treated with antibiotics. The inci-

dence of intraperitoneal chemoport-related infection was

within an acceptable range compared with previous studies

[18].

Theoretically, intraperitoneal chemotherapy offers

enhanced antitumor activity against peritoneal metastasis

compared with systemic chemotherapy because it gener-

ates high local concentrations of chemotherapeutic drugs in

the peritoneal cavity for a long period. A previous phase I

study by Morgan et al. that investigated tri-weekly

intraperitoneal docetaxel administration demonstrated that

the intraperitoneal concentration of docetaxel stayed above

the concentration required for clinical efficacy (0.1 lM) for

more than 24 h at all dose levels, even with low dose

docetaxel of 40 mg/m2. Furthermore, in one patient who

was administered with docetaxel at 80 mg/m2, the con-

centration stayed above the clinically efficient dose for

more than 6 days [9]. In comparison, results of the previous

study by Tamegai et al. demonstrated that docetaxel was

not detectable in the peritoneum 24 h after intravenous

Table 4 Adverse events in the

phase II study (n = 39)
Toxicity grade

All grade (%) Grade C3 (%)

Hematological toxicity

Neutropenia 29 (74.4) 15 (38.6)

Anemia 30 (76.9) 10 (25.6)

Febrile neutropenia 9 (23.0)* 9 (23.0)*

Leukopenia 23 (59.0) 2 (5.1)

Thrombocytopenia 11 (28.2) –

Non-hematological toxicity

Abdominal pain 29 (74.4) 12 (30.8)

Fatigue 35 (89.7) 8 (20.5)

Anorexia 35 (89.7) 5 (12.8)

Vomiting 28 (71.8) 5 (12.8)

Peripheral neuropathy 24 (61.5) 4 (10.3)

Oral mucositis 20 (51.3) 4 (10.3)

Diarrhea 32 (82.1) 3 (7.7)

Nausea 35 (89.7) 2 (5.1)

Hand foot syndrome 17 (43.6) 2 (5.1)

Intraperitoneal chemoport-related infection** 2 (5.1) 2 (5.1)

Constipation 17 (43.6) 1 (2.6)

* Combined with pneumonia (n = 1)

** After completion of intraperitoneal chemotherapy, managed with removal of chemoport and antibiotic

treatment

Fig. 2 Cumulative incidence of grade 3/4 abdominal pain
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docetaxel administration in more than half of the patients

[19]. Since the 1990s, a number of studies have evaluated

the efficacy of intraperitoneal chemotherapy for gastric

cancer. Intraperitoneal administration of mitomycin C or

cisplatin showed no survival benefit in gastric cancer

[20, 21]. This is probably because of the low area under the

curve (AUC) ratio of intraperitoneal versus systemic

exposure of these drugs (23.5 in mitomycin C and 7.8 in

cisplatin) owing to their low molecular weight [22].

Compared with those drugs, docetaxel has a large molec-

ular weight and a significantly higher AUC ratio of

intraperitoneal versus systemic exposure of 207. This also

allows ID to be administered at a higher dose than systemic

docetaxel with less systemic toxicity [23].

In a recent study by Yamaguchi et al. a large proportion

of AGC patients with peritoneal metastasis were able to

receive curative intent surgery after being treated with the

intraperitoneal paclitaxel plus S-1 regimen. The median

survival time of the intent-to-treat population was

17.6 months [24]. However, none of the patients in the

current study had surgery after XP ID. This was largely

because most of the patients in this study (37 of 39) had

exploratory laparoscopy or laparotomy before being treated

with XP ID, and most patients as well as surgeons were

reluctant to undergo a second surgery even after a good

response with chemotherapy.

More recently, intraperitoneal paclitaxel chemotherapy

was evaluated in a randomized phase III trial (Phoenix-Gc

trial), and the primary analysis did not show the superiority

of intraperitoneal chemotherapy over standard systemic

chemotherapy [25]. However, the result of that study

should be cautiously interpreted, because there was an

imbalance of ascites between the two treatment arms. The

sensitivity analysis, adjusting for baseline ascites, sug-

gested the clinical efficacy of intraperitoneal chemother-

apy. Thus, additional studies are needed to confirm the

efficacy of intraperitoneal chemotherapy for gastric cancer

patients with peritoneal metastasis. XP ID demonstrated

long-term outcomes comparable to the regimen in the

Phoenix-Gc trial. Moreover, tri-weekly XP ID can be more

convenient, with less frequent hospital visits. Therefore,

XP ID can be a reasonable intraperitoneal and systemic

chemotherapy regimen to be further evaluated in future

studies.

Conclusion

In conclusion, our phase I/II study indicated that XP ID

was effective with manageable toxicities in AGC patients

with peritoneal metastasis. However, additional clinical

studies with larger patient populations are needed to con-

firm the efficacy and safety of this regimen. Considering

the cumulative incidence of abdominal pain was probably

related to bowel irritation by ID, it might be necessary to

modify the dose of ID in the future studies.
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