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Background: A pre-clinical study demonstrated that paclitaxel induced thymidine phosphoryl-
ase in the tumor tissues. The combination of paclitaxel and doxifluridine is expected to exert
extra anti-tumor effects. We evaluated the efficacy of this combination in patients with unre-
sectable or recurrent gastric cancer who had been previously treated with S-1.
Methods: Registration was started to enroll 35 patients with advanced/recurrent gastric
cancer, who were selected among those with measurable lesions fitting to response evalu-
ation criteria in solid tumors, and with resistant to S-1 treatment. This regimen is consisted of
paclitaxel, 80 mg/m2, iv on days 1 and 8; and doxifluridine, 600 mg/m2, po on days 1–14.
The treatment was repeated every three weeks. Primary endpoint was response rate (RR);
and secondary endpoints were overall survival (OS), progression free survival (PFS) and
onset rate of adverse events.
Results: From September 2003 to March 2005, 35 patients were registered: including 28
men; 7 women; median age of 66 years (range, 49–75 years); and performance status (PS)
levels were, zero with 21 and one with 14 patients. In 33 eligible patients, except two, clinical
usefulness was evaluated resulting in RR of 18.2% (partial response, 6; stable disease, 15;
progressive disease, 10; and not evaluable, 2 patients). Median survival time was 321 days
and median PFS was 119 days. Severe adverse events were found in three patients to dis-
continue the present treatment.
Conclusions: The combination of paclitaxel and doxifluridine might be a treatment of choice
as a second line chemotherapy for patient undergone S-1 treatment.
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INTRODUCTION

The incidence of gastric cancer is still high, and it remains

one of the leading causes of death in the world. Gastric

cancer is moderately sensitive to systemic chemotherapy,

and it has been used in an attempt to control cancer-related

symptoms and prolong survival. Previous randomized studies

have shown that systemic chemotherapy can prolong survival

and improve the quality of life (1–3). However, we cannot

recommend any specific regimens, although standard che-

motherapy with cisplatin (CDDP) or 5-FU for unresectable

or recurrent gastric cancer is performed throughout the

world. In addition, practice standards differ among countries;

in Asia, especially in Japan, continuous infusion of 5-FU,

single therapy with a new oral fluoropyrimidine, S-1, or

combination chemotherapy involving either of the two

procedures is frequently employed as a first-line treatment.

Two-phase III studies regarding single and combination

therapies with S-1 are being conducted in Japan. Second-line

chemotherapy for patients who are resistant to S-1 alone or

combination therapy with S-1 should also be established.
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However, at this stage, no standard chemotherapy can be

offered. No randomized controlled trial has suggested the

benefit of second-line chemotherapy in comparison with sup-

portive care alone. Previously, some phase II studies regard-

ing second-line chemotherapy for gastric cancer have been

performed (4 – 6). However, no study has published any

pretreatment-matched data on second-line chemotherapy.

In a recent phase III study of postoperative adjuvant che-

motherapy involving stage II/III gastric cancer patients who

underwent D2 dissection, the efficacy of S-1 was demon-

strated in comparison with surgery alone (7). In the future,

S-1 will comprise a standard regimen of postoperative adju-

vant chemotherapy in Japan, and a regimen for relapse in

patients treated with S-1 should also be developed.

Paclitaxel, a taxane anti-cancer drug, promotes microtu-

bule assembly and then exhibits its anti-tumor effect by

arresting the cell cycle in G2/M phase. This mechanism of

action is different from other anti-cancer drugs, and non-

cross resistance with them was suggested. Therefore, pacli-

taxel has been expected to provide a second-line therapy for

gastric cancer. Doxifluridine (5’-DFUR; intermediate metab-

olite of capecitabine) and capecitabine are pro-drugs that are

achieved and converted into 5-FU by thymidine phosphoryl-

ase (TP). A synergistic effect on inhibition of tumor growth

has been reported when these agents are combined with

paclitaxel (8,9). The results of a basic study demonstrated

that administration of paclitaxel selectively induced TP in

the tumor tissues and that the combination of paclitaxel and

5’-DFUR exerted more than additive effects. Consequently,

concomitant use of these two drugs is expected to exert extra

anti-tumor effects and to enhance the survival advantage,

and can be regarded as a promising regimen as a second-line

therapy for gastric cancer. In view of these beneficial effects,

we conduct a phase II study in patients with unresectable or

recurrent gastric cancer who failed S-1 treatment.

PATIENTS AND METHODS

ELIGIBILITY

All eligible patients had to fulfill the following eligibility

criteria: (1) histologically confirmed unresectable or recur-

rent gastric cancer; (2) at least one measurable lesion accord-

ing to the response evaluation criteria in solid tumors

(RECIST); (3) patients who failed previous S-1 monother-

apy; (4) age between 20 and 75 years old; (5) Eastern

Cooperative Oncology Group performance status (PS) � 2;

(6) a life expectancy . 3 months; (7) adequate bone marrow

function (absolute neutrophil count � 2000/mm3 and platelet

count � 1 00 000/mm3); (8) adequate liver function (serum

bilirubin � 1.25 � upper normal limit (UNL) of range set by

the institution and serum transaminase � 2.5 � UNL (in cases

of hepatic metastasis, �5 � UNL)); (9) adequate renal function

(serum creatinine � 1.5 � UNL); (10) no other severe medical

conditions; (11) no other active malignancies; (12) no

peripheral neuropathy; (13) no history using doxifluridine in

adjuvant setting; and (14) provision of written informed

consent.

DEFINITION OF S-1 TREATMENT FAILURE

Patients had to fulfill either of the following two conditions:

(1) patients with unresectable or recurrent gastric cancer who

received S-1 monotherapy in more than 4 weeks and con-

firmed tumor progression during the treatment period or after

the treatment withdrawal; or (2) patients who have relapsed

within 26 weeks after the completion of S-1 monotherapy in

the adjuvant setting.

TREATMENT SCHEDULE AND EVALUATION OF TOXICITY

Moriwaki et al. conducted a phase I clinical trial in order to

study the feasibility of paclitaxel/doxifluridine combined

therapy. Based on the results, we determined the dose and

schedule of this study (10). The two drugs were administered

as follows: paclitaxel (Taxol; Bristol-Myers Squibb

Company, Tokyo, Japan) 80 mg/m2 over 60 min iv infusion

on day 1 and 8; doxifluridine (Fulturon; Chugai

Pharmaceutical Company, Tokyo, Japan) 600 mg/m2/day po

on days 1 – 14. This treatment was repeated every three

weeks (one cycle each) until disease progression or unaccep-

table toxicity was seen. The evaluation of disease status was

planned every two cycles. Toxicity was graded according to

the National Cancer Institute common toxicity criteria

(NCI-CTC version 2.0). A new cycle of treatment could

begin if the total leukocyte count was � 2000/mm3, the neu-

trophil count was 1000/mm3, the platelet count was � 75

000/mm3 and all relevant non-hematological toxicities were

grade 1 or lower. Dose reductions were planned for diarrhea as

follows: at grade 2 to keep the same dose level and to delay

the treatment of one week, at grade 3 to delay the treatment of

one week and to reintroduce paclitaxel at 70 mg/m2 and doxi-

fluridine 400 mg/m2 /day, and for neutropenia as follows: at

grade 3 to delay the treatment of one week, at grade 4 to delay

the treatment of one week and to reintroduce paclitaxel at

70 mg/m2 and doxifluridine 400 mg/m2/day.

ENDPOINTS AND EVALUATION OF TREATMENT

Primary endpoint was response rate (RR). Tumor response was

evaluated every two cycles by means of CT scan or MRI.

Measurable lesions were assessed according to the RECIST.

Secondary endpoints were overall survival (OS), progression

free survival (PFS), time to treatment failure (TTF) and

incidence of adverse events. Intention-to-treatment (ITT)

analysis was used to evaluate patients for response, survival

and toxicity.
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STATISTICAL ANALYSIS

If over three patients among 18 patients have objective

response, this study is regarded to be adequate to proceed

further and to enroll more 18 patients assuming P0 of 15%,

P1 of 35%, alpha error of 0.05 and beta error of 0.20 based

on Simon two-stage phase II design. Thirty-five eligible

patients were required to evaluate the activity of this combi-

nation. The planned duration of accrual was 2 years, and

planned follow-up time was 6 months after the last patient

registration. The duration of objective responses, TTP and

OS were calculated from the date of starting chemotherapy

until last follow-up or death. Survival was calculated

employing the Kaplan–Meier product-limit analysis for the

estimation of incomplete data.

RESULTS

PATIENTS CHARACTERISTICS

Thirty-five patients were enrolled into the trial from September

2003 to March 2005. All patients had developed progressive

disease while receiving S-1 monotherapy in the first-line treat-

ment or within 26 weeks after the completion of S-1 mono-

therapy in the adjuvant setting. Thirty-three patients were

eligible for efficacy. Two patients were ineligible in terms of

insufficient duration of S-1 treatment (, 4 weeks) and history

of doxifluridine administration in adjuvant setting. Patients

main clinical characteristics are listed Table 1. There were 28

males and 7 females with a median age of 66 years, with

many patients being with in good general condition. All

patients had an adenocarcinoma with a predominance of dif-

ferentiated forms (62.9%). The metastatic sites of disease

were: liver (45.7%), lymph-nodes (68.6%), peritoneum

(22.9%), lung (8.6%) and other sites (17.1%). Six patients had

relapsed early after adjuvant treatment with S-1. The doses of

paclitaxel and doxifluridine were reduced in eight patients

(22.8%), in line with the dose reduction criteria. Treatment

administration was also delayed for a median of seven days

(range 1–14 days) in 20 of 166 cycles.

EFFICACY

According to an ITT analysis, the objective response rate

(ORR) was 18.2% (6/33). Fifteen patients showed stable

disease (SD), 10 patients progressed and disease control rate

(PR þ SD) was 63.6% (21/33) (Table 2). Median PFS was

119 days [95% confidence interval (CI), 89.7 – 148.3]

Table 1. Patient characteristics

Patien characteristics (n ¼ 35)

Gender: males/females 28/7

Age: median (range), years 66 (49–75)

ECOG Performance status (PS): 0/1/2 21/14/0

Histology: differentiated/undifferentiated/ohter 22/12/1

Primary lesions: present/absent 10/25

Metastatic leasions: liver/lymph node/peritoneum/lung/
others

16/24/8/3/6

Prior S-1 treatment: adjuvant/advance 6/29

Median duration of S-1 administration for advanced/
recurrent disease, days

118

Efficacy of S-1monotherapy: effective/ineffective/
unknow

2/24/3

n, number of patients; ECOG, Eastern Cooperative Oncology Group.

Figure 1. Progression-free survival (PFS).

Table 2. Overall response rate

Eligible patients (n ¼33) n % 95%Cl

Overall response 6 18.2 7.0 to 35.5

Complete response (CR) 0

Partial response (PR) 6

Stable disease (SD) 15 45.5 28.1 to 63.7

Progressive disease (PD) 10 30.3 15.6 to 48.7

Not evaluable (NE) 2

Disease control* 21 63.6 45.1 to 79.6

*Overall response and stable disease.
CI, confidence interval

Figure 2. Time to treatment failure (TTF).
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(Fig. 1), and median TTF was 83 days (95% CI, 65.2 –

100.8) (Fig. 2). Median survival time (MST) was 321 days

(95% CI, 49.2–592.8) (Fig. 3). The MST was 493, 528 and

158 days in PR, SD and PD patients, respectively (Fig. 4).

The median follow-up period was 290 days (range: 182–792

days). According to information from the off-treatment

forms at the failure of this regimen, at least 24 patients

(72.7%) received third-line chemotherapy regimens: 17

patients in irinotecan-containing regimens.

TOXICITY

The median number of treatment cycles was four (range

1–20). All patients were evaluable for toxicity (Table 3). No

toxic deaths were observed. Hematological toxicity was

mainly presented by neutropenia that was recorded in 21

patients (60%) but it was severe (grade 3) only in eight

cases (22.9%). Only one patients (2.9%) experienced febrile

neutropenia. Anemia was observed in 33 patients (94.3%)

whereas grade 3–4 was only 17.1%; thrombocytopenia was

of grade 1 in two patients (5.7%) whereas no major grade

was observed. The most frequent non-hematological toxicity

was anorexia (40%). Peripheral neuropathy was grade 3 in

only one patient (2.9%).

DISCUSSION

In several phase III studies of gastric cancer conducted in

the twentieth century, the MST was approximately 7 months

(11,12). However, it was slightly prolonged to nine to ten

months in phase III studies reported in the twenty first

century (13,14). As a background factor, the appearance of

some new anticancer agents (oral fluoropyrimidines, irinote-

can and taxanes) has increased choices of first- and second-

line therapies. The TTP or PFS of a conventional first-line

therapeutic regimen with 5-FU and CDDP was approxi-

mately 4 months. In a recent phase III study, the TTP of

5-FU þ CDDP was also approximately 4 months, with no

marked difference. However, the MST in the 5-FU þ CDDP

group in a recent phase III study was prolonged by about 2

months in comparison with previous phase III studies, which

was possibly associated with the effects of second-line or

later therapy. Based on the background, the results of some

phase II studies regarding second-line regimens have been

published (4–6). Most of these phase II studies outside of

Japan included 5-FU- or CDDP-based regimen-resistant

patients. In Japan, S-1 monotherapy or S-1 þ CDDP is fre-

quently employed as a first-line treatment in clinical practice.

It is important to establish second-line treatment for patients

who are resistant to these therapies. In this study, we investi-

gated patients who were resistant to S-1 monotherapy to

unify the first-line treatment.

In pre-clinical studies, paclitaxel in combination with

doxifluridine showed a synergistic activity (9). Based on the

results of these experiments, Moriwaki et al. reported the

results of a phase I study regarding combination therapy

with paclitaxel and doxifluridine for gastric cancer (10).

In their study, 22 of 28 patients were pretreated with 5-FU or

S-1. The RR was 42%; the rates were 40 and 43% in the

patients without and with pretreatment, respectively,

suggesting the usefulness of this therapy as a second-line

treatment for 5-FU-resistant patients. Based on the study

results, we examined the efficacy and safety of combination

therapy with paclitaxel and doxifluridine in S-1

monotherapy-resistant patients. In this study, the RR was

18.2–95% CI, 7.0–35.5, below the threshold of the expected

RR. However, disease control rate (CRþPRþSD) was

achieved in 63.6%. PFS was approximately 4 months, and the

MST was 321 days. In several previous phase II studies, the

RR ranged from 20 to 32% and the disease control rate ranged

from 42.6 to 63%. The PFS ranged from 2.5 to 3.7 months, and

the MST ranged from 5.2 to 7.8 months. Our results in this

study were comparable to those for some second-line regimens

previously reported. The main grade 3 or higher adverse events

included neutropenia in 22.9% of our patients, leukopenia in

11.7% and anorexia in 8.6%. This second-line regimen may be

safe under poor treatment conditions.

Concerning paclitaxel, two phase II studies were

conducted in Japan, and 15 (22.7%) of 66 patients who had

undergone chemotherapy responded to this agent (15,16).

Based on the results of these phase II studies, we expected

Figure 4. OS of the patients according to response. PR, partial response;

SD, stable disease; PD, progressive disease.Figure 3. Overall survival.
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that the combination of paclitaxel and doxifluridine would

be administered as an optional extra. Unfortunately, our

results could not positively suggest the usefulness of

additional treatment with another fluoropyrimidine agent,

doxifluridine, in patients pretreated with S-1. However, in

Japan, postoperative adjuvant chemotherapy with S-1 may

be performed in stage II/III gastric cancer patients after D2

dissection based on the results of the ACTS-GC trial (7). No

prospective study of S-1 involving recurrent cancer patients

has been conducted, and currently, combination therapy with

paclitaxel and doxifluridine may be a treatment choice in

clinical practice with respect to the disease control rate and

mild toxicity. In the future, a clinical study of S-1 involving

recurrent cancer patients will be performed with reference to

the results of this study.
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