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Abstract

Background Paclitaxel has shown promise against

advanced gastric cancer and associated malignant ascites

with non-measurable lesions. In order to evaluate the

therapeutic effect of paclitaxel against malignant gastric

ascites, a prospective phase II clinical trial was designed

according to our previously proposed criteria represented

by the clinical benefit response in gastric cancer (CBR-GC)

criteria and the five-point method (5PM).

Methods Patients with advanced gastric cancer with

malignant ascites were treated with 1-h intravenous (i.v.)

infusions of 80 mg/m2 of paclitaxel weekly over a 3-week

cycle on days 1, 8, and 15, followed by 1 week of rest.

Therapeutic responses were measured according to the

CBR-GC criteria and the 5PM.

Results The CBR-GC criteria showed improved ascites

volume and functional status in 39.1% of patients. A

positive CBR-GC response in abdominal girth was seen in

31.3% of patients, and this was significantly correlated

with the 5PM-estimated change in ascites volume

(p \ 0.001). The median number of treatment cycles was

3 (range 1–12). The most common non-hematological

toxicity was anorexia, in 22.2% of patients.

Conclusion Weekly i.v. paclitaxel is a safe and effective

chemotherapeutic regimen based on validated CBR-CG

criteria.
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Introduction

Although the incidence of gastric cancer is declining in

many industrialized countries, it remains the second-most

frequent cause of overall cancer mortality worldwide, and

is particularly prevalent in East Asia, as the leading or

second-leading cause of cancer mortality in Japan, Korea,

and China [1]. Even when patients receive best supportive

care, the prognosis for advanced or recurrent gastric cancer

is very poor, with a median survival time (MST) of

3–4 months [2–4]. In particular, malignant ascites in ter-

minal gastric cancer is a severe endstage manifestation of

the disease and poses particular problems to clinicians in

providing suitable palliative care.

Despite the worldwide prevalence of gastric cancer and

difficulty with the management of malignant ascites in the

terminal stages of the disease, the number of reports

dealing with the diagnosis and treatment of gastric malig-

nant ascites is limited. With regard to the treatment of

peritoneal dissemination and/or ascites caused by gastric

cancer metastasis, there has been no established treatment,

partly resulting from the frequent lack of measurable

lesions in gastric malignant ascites, preventing assessment

by the standard response evaluation criteria in solid tumors

(RECIST). This lack of an established chemotherapeutic

regimen and the limited efficacy of older anticancer agents

against malignant ascites secondary to gastric cancer

highlights the need for newer, more effective chemother-

apeutic agents and approaches.

Paclitaxel is one of a number of newer agents that have

shown promise against advanced gastric cancer and asso-

ciated malignant ascites, with promising response rates

[5–7], a reduced side-effect profile [5–7], and favorable

pharmacokinetics [8–10]. Here, we report the first pro-

spective phase II trial of paclitaxel in the treatment of

malignant ascites secondary to advanced or recurrent gas-

tric cancer with non-measurable lesions. To evaluate the

response of malignant ascites to anticancer therapy objec-

tively, we used two separate assessment methods; the

clinical benefit response in gastric cancer (CBR-GC) and

the five-point method (5PM). The concept of ‘‘clinical

benefit response’’ is broadly accepted and is employed in

pancreatic cancer [11–13]. For this study, we prospectively

defined the CBR-GC [14] as a composite endpoint of the

two parameters of a change in ascites volume (measured by

abdominal girth) and functional impairment, in patients

with gastric malignant ascites. On the other hand, the 5PM

has been validated [15] and used [16] as a simple, accurate,

and objective measure of changes in ascites volume in

advanced gastric cancer. The present ‘‘gold standard’’ for

quantitating ascites volume is surface rendering by three-

dimensional computed tomography (3D-CT), a method

commonly used to estimate the volume of organs and

ascites before and after liver transplantation [10, 11, 17,

18]. A practical limitation of the 3D-CT method is that it

requires specialist equipment and an appropriately trained

radiologist, and more than 30 min is needed to render

images and provide accurate results. In contrast, the 5PM

simply requires the measurement of fluid depth at five

points on conventional CT images. The estimated ascites

volume derived from this method correlates well with

results determined by 3D-CT [9, 15], indicating that the

5PM may be considered a simple, accurate, and objective

method for measuring the volume of ascitic fluid.

The primary objective of this study was to assess the

efficacy and safety of weekly intravenous (i.v.) paclitaxel

for the treatment of malignant ascites secondary to

advanced or recurrent gastric cancer, with the CBR-GC as

the primary endpoint; and overall survival, time to treat-

ment failure (TTF), and safety parameters as secondary

endpoints. The secondary objective was to prospectively

evaluate the correlation between the measurement of

abdominal girth as a measure of ascites volume and the

ascites volume calculated by the 5PM when using the

CBR-GC as a measure of response to treatment in malig-

nant ascites secondary to gastric cancer with non-measur-

able lesions.

Patients and methods

Patients

The design of the study was described in a protocol paper

published before the start of this trial [14]. Briefly, patients

histologically diagnosed with gastric adenocarcinoma who

exhibited clinically relevant ascites for which symptomatic

diuretic therapy was ineffective were enrolled. Ascites was

clinically diagnosed either by physical examination or by

imaging modalities such as abdominal ultrasound (US),

CT, or magnetic resonance imaging (MRI). The malignant

nature of this ascites was determined by either or both a

previous positive pathological diagnosis of gastric cancer

or by cytological confirmation from ascitic fluid. Patients

with a history of allergy or hypersensitivity reactions to

paclitaxel, or synchronous or metachronous malignancy,

except for early-stage cervical cancer or early-stage non-

melanoma skin cancer were excluded. Both pretreated and

chemotherapy-naive patients were considered to be eligible

for the study. In addition, patients with severe complica-

tions, such as severe cardiac, liver, or kidney dysfunction
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were considered ineligible, as were patients with a psy-

chiatric disorder or a European Cooperative Oncology

Group (ECOG) performance status (PS) of 3 or more.

The study was designed and overseen by a steering

committee. The protocol was approved by the protocol

review committee of the Japan South West Oncology

Group (JaSWOG) and the ethics review committee at

each participating institution, according to the principles

of the Helsinki Declaration. All patients provided written

informed consent. The study was coordinated, and also

supported by, the non-profit organization Epidemiological

and Clinical Research Information Network (ECRIN).

Treatment

All patients received a 1-h i.v. infusion of paclitaxel at a

dose of 80 mg/m2 weekly over a 3-week cycle on days 1, 8,

and 15, followed by 1 week of rest. Treatment continued

unless there was a dose-limiting toxicity as defined by the

National Cancer Institute-Common Toxicity Criteria (NCI–

CTC) version 2.0, objective evidence of tumor progression,

an increase in ascites, or it was no longer in the patient’s

best interest as determined by the treating physicians or the

individual patient. Patients completing one cycle of therapy

without toxicity received the same dose in the subsequent

cycle. At each administration, patients were required to

fulfill the following criteria: leukocyte count 2,000/mm3;

platelet count 75,000/mm3; hemoglobin 8.0 g/dl; aspartate

aminotransferase (AST) or alanine aminotransferase

(ALT) \ 2 times the upper limit of normal; absence of

fever; PS 0–2; and absence of non-hematological toxicity

of grade 3 or 4. If any dose-limiting hematological (grade 4

leucopenia, neutropenia, or anemia and greater than grade

3 febrile neutropenia or thrombocytopenia) or non-hema-

tological (grade 3 or greater, except for anorexia, nausea,

vomiting, or alopecia) toxicities were present prior to

administration, either the subsequent dose of weekly pac-

litaxel was reduced by 10 mg/m2, or therapy was discon-

tinued entirely, at the discretion of the treating physician.

Evaluation of CBR-GC as the primary endpoint

Each patient was classified as ‘positive’, ‘stable’, or ‘neg-

ative’ for each of a change in ascites volume measured and

functional impairment, using measures assessed relative to

that at registration. The primary measure for determining

the ascites volume parameter was abdominal girth, mea-

sured from directly superior to the umbilicus, while two

secondary measures–abdominal paracentesis frequency,

and changes (dosage, timing, type) in diuretic medication–

were assessed when abdominal girth was found to have

decreased, to ensure that these clinical factors were

not influencing the observed improvement. Specifically,

a negative designation indicated either or both an increase in

abdominal girth and deterioration in either of the remaining

two secondary measures; a stable designation indicated no

change in abdominal girth and no deterioration in either of

the secondary parameters; while a positive designation for

ascites volume indicated a decrease in abdominal girth and

no deterioration in either of the two secondary parameters.

The functional impairment parameter was determined in a

similar fashion, but on the basis of change in the ECOG PS,

with an improvement designated as positive, no change

designated as stable, and deterioration designated as nega-

tive, and a change from PS 0 to 1 defined as ‘no change’.

To achieve a response in terms of an overall rating of the

clinical benefit, patients had to be rated ‘positive’ for at

least one of the two measures (ascites fluid or functional

impairment) without being rated ‘negative’ for another.

Otherwise, for the overall rating, patients were classified as

being non-responsive (Fig. 1).

Abdominal girth and body weight were measured by

either a doctor or nurse every 2 weeks, on days 1 and 15 of

each cycle, while CBR-GC status was assessed by both a

doctor and nurse independently under the same schedule.

Baseline values were taken as those assessed on the first

day of the first cycle. If treatment was stopped due to either

an increase in ascites or death, the patient was classified as

negative for the respective clinical benefit parameter

(ascites volume or functional impairment, respectively) and

therefore non-responsive to treatment [14]. If treatment

was stopped before day 15 of a cycle, values from the last

assessment in that cycle were used.

Objective assessment of ascites volume

by the five-point method (5PM)

CT was performed prior to starting the trial and then

monthly prior to every treatment cycle to calculate the

Ascites Fluid

Positive Stable Negative

ECOG

Improvement

N hange
PS

No c

Deterioration

Positive CB R-GC

Negative CBR-GC

Fig. 1 The definition of clinical benefit response, gastric cancer

(CBR-GC). White cell part signifies CBR-GC-positive patients, and

the shaded cell part signifies CBR-GC-negative ones. ECOG
European Cooperative Oncology Group, PS performance status
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change in ascites volume with the 5PM, as described by

Oriuchi et al. [15]. Briefly, fluid depth was measured at five

points, corresponding to the left and right subphrenic

spaces, paracolic spaces, and the pre-bladder space on

images taken at the levels of the superior mesenteric artery

root, the lower pole of the left kidney, and the femoral

head, respectively. Ascites volume was then calculated as

detailed in the legend of Fig. 2 (Oriuchi et al. [15]

Statistical analyses

The primary endpoint analysis was to estimate the response

rate based on the CBR-GC, as explained above. The CBR-

GC rate was calculated as a proportion with 95% confi-

dence intervals (CI). In the primary analysis, any positive

or negative change in abdominal girth was rated as ‘posi-

tive’ or ‘negative’. But this rating could be changed if there

were possible errors in the measurement of abdominal

girth. To account for measurement errors in the abdominal

girth, a sensitivity analysis was also undertaken, in which

only changes in abdominal girth greater than 5% were

included. In the sensitivity analysis, a negative designation

indicated either or both a C5% increase in abdominal girth

and deterioration in either of the remaining two secondary

measures of paracentesis and diuretic therapy; a stable

designation indicated an increase or decrease lower than

5% in abdominal girth and no deterioration in either of the

secondary parameters; while a positive designation for

ascites volume indicated a C5% decrease in abdominal

girth and no deterioration in either of the two secondary

parameters.

Secondary endpoints were overall survival, TTF, change

in ascites volume as assessed by the 5PM, and safety

parameters. Survival and treatment failure curves were

derived by the Kaplan–Meier method, and toxicity was

assessed according to the NCI–CTC version 2.0. Correla-

tions between abdominal girth measurement and the 5PM

were calculated using Spearman’s rank correlation coeffi-

cients. All statistical tests were two-sided and were cal-

culated using SAS version 9.1 (SAS Institute, Cary, NC,

USA). A p value of \0.05 was considered significant.

Results

Patient characteristics and treatment

Between June 2003 and September 2006, 64 patients (32

males, median age 64 years) with malignant ascites sec-

ondary to advanced or recurrent gastric cancer were

enrolled, and they were followed for at least 2 years.

Forty-three patients (67.1%) had histologically confirmed

locally advanced or metastatic gastric adenocarcinoma and

Fig. 2 Measurement of ascites volume using the five-point method

(5PM). Ascites volume was accurately estimated using the 5PM as

described by Oriuchi et al. [17]. In order to estimate the volume of

ascites, the area of a standard abdominal cavity in the anterior

projection was assumed to be 1000 cm2. The average thickness of

ascites (A ? B ? C ? D ? E)/5 was then multiplied by the area to

yield the volume of ascites in milliliters. The amount of ascites was

calculated by the following equation: (A ? B ? C ? D ? E) 9 200

(ml)

Table 1 Patient characteristics

Total no. of patients included in analysis 64

Sex, n (%)

Male 32 (50.0)

Female 32 (50.0)

Age (years)

Mean 62.0

Median (range) 64 (32–81)

ECOG PS, n (%)

0 24 (37.5%)

1 28 (43.8%)

2 12 (18.8%)

Stage, n (%) 64 (100.0%)

Disease status, n (%)

Locally advanced or metastatic 43 (67.1%)

Recurrent 21 (32.8%)

Pretreatment, n (%)

Preoperative chemotherapy 1 (1.6%)

Postoperative chemotherapy 18 (28.1%)

Other chemotherapy 18 (28.1%)

No chemotherapy 27 (42.2%)

Volume of ascites fluid (ml)a

Mean 2906.1

Median (range) 2796.0 (122.4–7623.0)

ECOG PS European Cooperative Oncology Group performance status
a Volume of ascites fluid was calculated by the five-point method [2].

Data for two patients are missing from the calculation
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27 (42.2%) had not received prior chemotherapy (Table 1).

The mean volume of ascites assessed by the 5PM was

2,906 ml at baseline, with considerable inter-patient vari-

ation (range 122–7,623 ml).

The median number of treatment cycles was 3 (range

1–12), with the most frequent reason for treatment

discontinuation being an increase in ascites, seen in

26 patients (40.6%). Other reasons for discontinuation were

inappropriate treatment continuation as determined by the

attending physician in 14, change of therapeutic strategy in

7, patient refusal in 5, complications related to tumor

progression in 5, hematological toxicity in 3, unknown

reasons in 2, and death in 2 cases.

Treatment response based on CBR-GC

Abdominal girth was not assessed in five patients due to

patient refusal, and these cases were therefore designated

as non-responsive to treatment for the primary endpoint

analysis. A total of 25 of the 64 patients were deemed to

have a positive CBR, based on the CBR-GC criteria (CBR-

GC rate = 39.1%, 95% confidence interval (CI) = 27.1–

51.1%; Table 2). Specifically, 4 patients showed positive

improvements in both ascites volume and functional

impairment parameters on treatment with weekly paclit-

axel, while 21 showed improvement in the ascites volume

parameter without an obvious change in functional

impairment. The mean change in ascites volume from

baseline in these 25 patients was -2,004 ml (median

-1,912 ml). In the other 34 patients, the CBR was deter-

mined as negative.

Further, in the sensitivity analysis conducted using

values with a greater than 5% change to account for pos-

sible errors in abdominal girth measurement, 20 of the 64

patients were deemed to have achieved a positive CBR

(CBR rate = 31.3%, 95% CI = 19.9–42.7%). The result of

the sensitivity analysis was almost the same as the result of

the primary analysis, and it was considered that a 5%

possible error in the measurement of the abdominal girth

did not change the primary results. Details of the threshold

percentage change of ascites volume considered optimal

for defining ‘‘no change’’ in the ascites volume parameter

will be published in a future study.

Correlation of abdominal girth and the five-point

method (5PM) as measures of ascites volume

The change in abdominal girth from baseline correlated

well with the estimated change in ascites volume as

determined by the 5PM (Spearman’s rank correlation

coefficient = 0.70, p \ 0.001; Fig. 3).

Time to treatment failure, overall survival, median

survival time, and association with the CBR-GC

As of April 2009, the median TTF was 2.3 months (95%

CI = 1.8–3.5; Fig. 4) and 58 of the 64 patients had died,

with an MST of 5.2 months (95% CI = 4.2–9.4; Fig. 5).

A clear difference in MST was observed between patients

with a positive (9.9 months) versus those with a negative

CBR-GC response (3.6 months).

Toxicities

Hematological and non-hematological toxicities observed

in the treatment period are summarized in Table 3.

Discussion

Here, we describe our use of a multicenter phase II trial of

weekly i.v. paclitaxel to prospectively validate novel

assessment criteria for determining clinical benefit in the

treatment of malignant ascites secondary to gastric cancer

with non-measurable lesions. With regard to the primary

objective, we found that a positive clinical benefit response

(CBR) as determined by the CBR-GC criteria was reflected

in an improved MST. Further, the measurement of abdomi-

nal girth as a means of assessing changes in ascites volume

correlated well with that assessed by the 5PM. With regard to

the secondary objectives, our results suggest that weekly i.v.

paclitaxel is an effective and safe chemotherapeutic regimen

for use in malignant ascites secondary to advanced or

recurrent gastric cancer, with a 39.1% response rate as

determined by the CBR-GC criteria, an MST of 5.2 months,

and acceptable rates of treatment-related toxicities.

Validity of CBR-GC as a measure of response

to treatment in malignant ascites

The assessment of response to treatment in solid malig-

nancies that can either or both manifest at or develop to a

Table 2 Clinical benefit response, gastric cancer (CBR-GC)

Ascites fluid

Positive Stable Negative Total

ECOG PS

Improvement 4 0 2 6

No change 21 2 11 34

Deterioration 8 0 11 19

Total 33 2 24 59a

The CBR-GC rating criteria gave a total of 25 responders and

therefore a response rate of 39.1% (95% confidence interval

[CI] = 27.1–51.1%)
a Clinical benefit response was not evaluated in five patients
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terminal stage with non-measurable lesions has been a

vexing issue for clinicians and researchers. The current

standard for assessing response to treatment by the

RECIST requires a measurable lesion of at least 10 mm

diameter if imaged by spiral CT, or at least 20 mm using

conventional techniques. Moreover, the treatment of ter-

minal conditions has a palliative rather than curative intent,

and therefore conventional measures of tumor response

hold less validity if they do not correlate well with a

patient’s functional status. The concept of the CBR as a

means of assessing response to treatment was first devel-

oped in pancreatic cancer, which is often a terminal disease

at diagnosis despite the presence of only non-measurable

lesions. The original CBR for pancreatic cancer consists of

three patient-centered parameters clinically important in

the disease; namely, pain, performance status (PS), and

weight [11–13]. The CBR is now a widely accepted end-

point in clinical trials for chemotherapeutic agents in

pancreatic cancer [18].

Using this CBR criterion for pancreatic cancer as a

prototype, we developed the CBR-GC as an objective

method of evaluating response to treatment in clinical trials

of agents for malignant ascites secondary to gastric cancer

with non-measurable lesions. We included two clinically

important patient-centered parameters; namely, ascites

volume and functional status. Ascites volume was shown to

Fig. 3 Correlation of

abdominal girth and five-point

method as measures of ascites

volume

Fig. 4 Kaplan–Meier curve of time-to-treatment failure. CI Confi-

dence interval
Fig. 5 Kaplan–Meier curve of median survival time
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be simply and accurately assessed by changes in abdominal

girth measurement. First, we showed that abdominal girth

correlated well with ascites volume as assessed by the 5PM.

The 5PM has been previously shown to correlate well with

results derived from the ‘‘gold standard’’ of measuring

ascites volume by 3D-CT rendering [15]. Second, the

positive response to treatment as measured by the CBR-GC

criteria remained robust after a sensitivity analysis to

account for possible errors in measurement of abdominal

girth. Further, the CBR-GC took account of potential con-

founders of this measurement of ascites volume by defining

any increase in diuretic consumption or paracentesis fre-

quency as a negative response in this parameter.

Here we showed that the CBR-GC, which employs these

two important-patient centered parameters of ascites vol-

ume and functional status, was associated with an

improved MST in patients with gastric malignant ascites.

The CBR-GC may therefore be considered a simple,

objective, and accurate measure of CBR in gastric malig-

nant ascites secondary to advanced gastric cancer with non-

measureable lesions.

Efficacy and safety of paclitaxel for malignant ascites

secondary to advanced gastric cancer

Chemotherapeutic treatment of malignant ascites is

dependent on the optimal dosage to the peritoneum. This, in

turn, highlights the importance of an agent’s pharmacoki-

netics, and particularly its mode of administration. The

effectiveness of strategies involving direct intraperitoneal

administration of chemotherapeutic or immuno-therapeutic

agents, often in combination with hyperthermic therapy, has

been widely examined [19–24]. One problem is that most of

these agents are rapidly absorbed into the bloodstream on

direct administration into the peritoneal cavity, reducing

the difference between intraperitoneal and systemic

administration and hampering the achievement of higher

and more prolonged intraperitoneal concentrations. Distri-

bution may also be hindered by surgical or intraperitoneal

injection-related adhesions. These characteristics may

explain why a recent large phase III trial of intraperitoneal

chemotherapy with older chemotherapeutic agents, includ-

ing mitomycin C, in Austria and Slovenia was unable to

demonstrate a significant effect against advanced gastric

cancer [25].

In contrast, recent trials of new anticancer chemothera-

peutic agents, administered both individually and in com-

bination, have shown that certain systemic chemotherapy

regimens such as oral S-1 (a fluoropyrimidine) and oxa-

liplatin with low-dose leucovorin and bolus and continuous

infusion 5-fluorouracil (modified FOLFOX-4) may also be

effective for gastric malignant ascites [16, 25–28]. Paclit-

axel is regarded as an active agent, with previous reports

indicating that weekly paclitaxel has fewer adverse events

and a better safety profile than tri-weekly paclitaxel and

may be safely administered to patients with advanced

gastric cancer [5–7, 29]. In addition, several studies have

presented data on the safety of paclitaxel in recurrent

ovarian cancer, with none reporting adverse events specific

to patients with ascites [30–32]. Paclitaxel can also be used

safely in patients with renal impairment, suggesting that it

may be effective in patients whose kidney function is

expected to deteriorate in tandem with an increase in

ascites as the disease progresses [33]. After i.v. adminis-

tration, paclitaxel is readily transferred to the ascitic fluid,

where its concentration is 1.4 times that in the blood [9],

and two pharmacokinetic studies have demonstrated that

the concentration remains within the optimal range for 72 h

[9, 10]. Further, a report on paclitaxel monotherapy also

demonstrated complete disappearance of gastric cancer-

associated ascites in 3 of 21 patients (14%) [34]. Recently,

in Europe, a bispecific trifunctional antibody, catumax-

omab, was approved for the intraperitoneal treatment of

malignant ascites in patients with epithelial cell adhesion

molecule (EpCAM)-positive tumors [35]. In the treatment

of malignant ascites due to gastric cancer, significantly

increased puncture-free survival was also reported with

catumaxomab [36]. A combination of weekly paclitaxel

and catumaxomab in EpCAM-positive gastric malignant

ascites might be feasible in future studies.

In the present study, we showed a positive response

based on the CBR-GC criteria in 39.1% (25/64) of patients,

a median TTF of 2.3 months, and an overall MST of

158 days (approximately 5.2 months). These results are

comparable to those in other trials, such as the Japan

Clinical Oncology Group (JCOG) 9603 trial of metho-

trexate (MTX) and 5-fluorouracil (FU) in treatment-naive

patients that showed a disappearance or reduction in ascites

as measured by CT or US in 35.1% (13/37) of patients,

Table 3 Toxicities

NCI–CTC grade

0 1 2 3 4 33 (%)

WBC 35 6 16 7 0 10.9

NEU 40 6 5 10 2 19.1

LYMPH 26 4 20 9 0 15.2

Hb 15 17 21 10 1 17.2

Low Na 39 11 1 11 1 19.1

Nausea 21 16 16 10 0 15.9

Vomiting 44 8 6 5 0 7.9

Anorexia 19 19 11 12 2 22.2

Fatigue 22 22 15 3 1 6.5

NCI-CTC National Cancer Institute-common toxicity criteria, NEU
neutrophils, LYMPH lymphocytes, Hb hemoglobin
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a median duration of ascites response to therapy of

103 days (approximately 3.4 months), and an MST of

155 days (approximately. 5.1 months) [37], and a trial of

modified FOLFOX-4 that showed a disappearance or

reduction in ascites as measured by a modified 5PM in

35.4% (17/48) of patients, a median time to progression of

3.5 months, and an MST of 8.4 months [16].

With regard to toxicities, we found weekly i.v. paclit-

axel had an acceptable side-effect profile in patients with

gastric malignant ascites. Treatment was discontinued in

only 3 patients due to hematological toxicities accompa-

nied by worsening PS, with occurrence rates of grade 4

neutropenia, anemia, leucopenia, and grade 3 or greater

febrile neutropenia of 0% (n = 0), 0% (n = 0), 1.6%

(n = 1), and 3.2% (n = 2), respectively (Table 3) In

comparison, the JCOG 9603 trial of MTX and 5-FU

showed treatment-related toxicity rates of 5.4% for grade 4

leucopenia, 10.8% for grade 4 neutropenia, 8.1% for grade

3 hyperbilirubinemia, and a 5.4% rate (2/37) of treatment-

related deaths [37]. Meanwhile, a modified FOLFOX-4

regimen showed treatment-related toxicity rates of 9.4%

for grade 4 neutropenia and 2.6% for grade 4 febrile neu-

tropenia [16]. Considering the favorable results relative to

other regimens and the already compromised health status

of patients with terminal-stage gastric cancer, we believe

weekly i.v. paclitaxel has an acceptable side-effect profile

in the treatment of gastric malignant ascites.

The survival time seen in the present study and the

acceptable side-effect profile of paclitaxel therefore makes

this regimen attractive for use in endstage cancer patients

with a poor quality of life (QOL). The treatment of

advanced gastric cancer-associated malignant ascites by

weekly i.v. paclitaxel may be considered a reasonable

treatment regimen for this notoriously difficult clinical

scenario, which has no established therapeutic protocol.

Limitations

Several limitations of this study warrant consideration. First,

this study had multiple inter-related objectives as it sought to

assess both a chemotherapeutic regimen and novel criteria

for assessing response to such a regimen in gastric malignant

ascites. Given the lack of appropriate established criteria for

assessing patient-centered responses to therapy in gastric

malignant ascites, this was largely unavoidable. Further, we

sought to avoid post-hoc analysis by prospectively defining

CBR-GC in a pre-published study protocol [14]. Second, we

used the 5PM to assess the accuracy of abdominal girth

measurements, rather than the ‘‘gold standard’’ of 3D-CT

rendering. Also, our original protocol considered follow-up

CT as optional and did not specifically include the 5PM as a

means of assessing ascites volume. All patients underwent

regular CT, however, and given our previous study showing

a high correlation between the 5PM and 3D-CT rendering

[15] and the subsequent demonstration of the convenience

and accuracy of the 5PM by others [16], we therefore uti-

lized it in this study as a means of measuring ascites volume

and assessing the accuracy of abdominal girth measurement.

Additional studies are warranted to further validate both

abdominal girth measurement and the CBR-GC as a means

of assessing changes in ascites volume and patient-centered

response to therapy in gastric malignant ascites, respec-

tively. The present study, however, serves as a suitable

‘proof of concept’ and justifies further research into and use

of the CBR-GC criteria. Third, this was a relatively small,

single-arm phase II trial of weekly i.v. paclitaxel and further

studies would be required to establish this regimen as safe

and effective in patients with malignant ascites due to

advanced or recurrent gastric cancer. Fourth, although

undertaken in accordance with the original study protocol

[14], results concerning QOL data assessed by the Func-

tional Assessment of Cancer Therapy-General (FACT-G)

questionnaire were not included here for fear of making this

report excessively complex. These QOL results will be

published separately in the near future.

Summary

This multicenter phase II trial of weekly paclitaxel in

patients with malignant ascites secondary to recurrent or

advanced gastric cancer prospectively validated the novel

CBR-GC assessment criteria as a simple, objective, and

accurate measure of clinical benefit response (CBR) in

cases of malignant ascites secondary to gastric cancer that

lack measurable lesions. Further, weekly i.v. paclitaxel was

shown to confer that MST and TTF were comparable to

those in other studies, and had an acceptable side-effect

profile, suggesting that weekly paclitaxel is a safe and

effective chemotherapeutic regimen in the treatment of

malignant ascites in advanced or recurrent gastric cancer.

Further investigations relating to these findings are

warranted, including additional studies using and validat-

ing both the CBR-GC and 5PM as means of assessing

treatment response in patients without measurable lesions,

as well as other trials to compare alternative chemothera-

peutic agents, regimens, and modes of administration for

the treatment of gastric malignant ascites.
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