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 This phase II study evaluated the efficacy and safety of combination chemotherapy with irinotecan, high- 

dose 5-fluorouracil (5-FU), and leucovorin as a second line of treatment in metastatic gastric cancer 

refractory to taxane and cisplatin-based chemotherapy. Eligible criteria were as follows: histologically 

confirmed adenocarcinoma of the stomach previously treated with taxane and cisplatin, age≥18 years, 

Eastern Clinical Oncology Group (ECOG) performance status of 1 or less, and adequate organ function. 

Irinotecan (150 mg/m
2
) and leucovorin (200 mg/m

2
) were given on day 1, followed by a 400-mg/m

2
 bolus 

infusion of 5-FU and then 2,400 mg/m2 5-FU as a 48-hour continuous infusion. This cycle was repeated 

every 2 weeks until disease progression or unacceptable toxicities. Thirty-seven patients were enrolled. The 

patients’ median age was 55 years (range, 27∼73 years), and the ECOG performance status of all patients 

was 1. All patients were evaluable for safety and survival, and 29 patients (78.3%) were evaluable for 

tumor response. The overall response rate was 17.2% [95% confidence interval (CI): 3.5∼30.9%]. The 

median progression-free survival and overall survival were 4.3 months (95% CI: 2.1∼6.6) and 10.6 months 

(95% CI: 7.1∼14.1). Greater than grade 3 hematological toxicities were neutropenia in 9 (24.3%), febrile 

neutropenia in 1 (2.7%), and thrombocytopenia in 1 (2.7%) patient. The major nonhematological toxicity 

was asthenia, but most patients showed grade 1 or 2. Greater than grade 3 nonhematological toxicities 

were elevated AST/ALT in 4 (10.8%), hyperbilirubinemia in 2 (5.4%), and nausea in 2 (5.4%) patients. This 

study showed that combination chemotherapy with irinotecan, high dose 5-FU, and leucovorin is well 

tolerated and active in patients with cancer refractory to taxane and cisplatin.
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Introduction

  Although the incidence and mortality of gastric cancer 

have decreased worldwide, gastric cancer remains the 

second leading cause of cancer mortality behind lung 

cancer.1 Early detection and radical surgery have im-

proved treatment outcomes of localized gastric cancer. In 

cases of unresectable advanced or recurrent gastric cancer, 

systemic chemotherapy has been recommended as a 

standard treatment, and its prolongation of survival or in-

crease in the quality of life is well established.
2
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  During the past decade, new chemotherapeutic agents, 

including taxanes (paclitaxel, docetaxel), irinotecan, ox-

aliplatin, and oral 5-fluouracil (5-FU), have been inten-

sively investigated throughout the world. In comparison 

with old chemotherapeutic agents, including cisplatin, 

5-FU, doxorubicin, and mitomycin C, prolongation of 

survival was observed in several clinical trials with new 

chemotherapeutic agents.3,4 However, only the triple 

combination chemotherapy with docetaxel, cisplatin, 

and 5-FU (DCF) regimen showed significant prolonga-

tion of survival in comparison with traditional combina-

tion chemotherapy with cisplatin and 5-FU (CF).5 

Nevertheless, in the clinical setting, the DCF regimen 

has not been accepted globally as a standard therapy 

because of its substantial toxicity and small survival 

advantage. Recently, other combination chemotherapies 

with new chemotherapeutic agents showed improve-

ment of survival and toxicity, but median progression- 

free survival (PFS) and overall survival (OS) were lim-

ited to within 7 and 13 months, respectively.6 Taking 

all these considerations into account, there is an urgent 

need for second-line chemotherapy to prolong survival 

in metastatic colorectal cancer. For second-line chemo-

therapy, phase II studies have shown an overall re-

sponse rate (RR) of 4∼32.4% and a median PFS and 

OS of 2.2∼4.5 and 3.5∼10.7 months, respectively.7-11 

This means that second-line chemotherapy may prolong 

survival in advanced gastric cancer patients in good 

general condition after first-line chemotherapy. However, 

until now, there has been no standard second-line che-

motherapy, although various combination regimens have 

been tried.12

  Irinotecan is a water-soluble, semisynthetic analogue 

of camptothecin that has been shown to exhibit anti-

tumor activity against gastric cancer.13,14 The combina-

tion of irinotecan and 5-FU/leucovorin (LV) was shown 

to be superior to irinotecan alone or in combination 

with cisplatin.15,16 Also, the combination of irinotecan 

with continuous 5-FU infusion/LV showed superior sur-

vival and response rates compared with the combina-

tion of cisplatin and continuous 5-FU infusion/LV or 

the combination of irinotecan and bolus 5-FU infusion/ 

LV for chemotherapy-naive metastatic gastric cancer.17 

Therefore, irinotecan has been widely used in metastatic 

gastric cancer. Variable biweekly regimens of irinotecan 

have been used; the most common difference in those 

regimens was the dose of irinotecan, such as 150 mg to 

180 mg, and 5-FU, usually as a 400-mg bolus infusion 

followed by a 600-mg continuous infusion for 2 days. 

Actually, pretreated gastric cancer has been shown to 

more chemoresistant than treatment-naïve gastric cancer. 

To overcome this point, another option is augmentation 

of the chemotherapeutic agents if this is tolerated by 

the patient.

  Therefore, this study was conducted to evaluate the 

efficacy and safety of combination chemotherapy with 

irinotecan, high-dose infusional 5-FU, and LV in gastric 

cancer refractory to taxane and cisplatin-based chemo-

therapy as the first line of treatment.

Materials and Methods

1. Eligibility

  Patients had histologically confirmed metastatic or re-

current gastric adenocarcinoma. Eligibility criteria were 

as follows: (i) age ≥18 years; (ii) Eastern Cooperative 

Oncology Group (ECOG) performance scale ≤1; (iii) a 

life expectancy ≥ 3 months; (iv) evaluable disease with 

or without measurable lesions; (v) disease progression to 

prior palliative chemotherapy with taxane and cisplatin; 

(vi) adequate baseline hematologic function [absolute 

neutrophil count (ANC) ≥ 1,500/mm3, platelets ≥ 

100,000/mm3], hepatic function [serum aspartate amino-

transferase (AST) and alanine aminotransferase (ALT) 

≤ 2.5 times the ULN (upper limit of normal) and serum 

bilirubin ≤ 2 ULN], and renal function (serum creati-

nine ≤ 2 ULN); (vii) no concomitant uncontrolled 

medical illness; and (viii) no history or evidence of 

brain or meningeal metastases. All patients provided 

written informed consent according to the guideline 

provided by the institutional review board.
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2. Chemotherapy 

  Patients received irinotecan (150 mg/m2) infusion si-

multaneously to leucovorin (200 mg/m
2
) as a 2-h infusion 

on day 1, followed by a 400-mg/m2 bolus infusion of 5-FU 

and then 2,400 mg/m2 5-FU as a 48-hour continuous in-

fusion for 46 hours. This cycle was repeated every 2 

weeks. Atropine 0.25 mg was given subcutaneously to 

prevent cholinergic syndrome before irinotecan infusion. 

Dexamethasone 20 mg and a 5-hydroxytryptamine type 

3 receptor antagonist were given as antiemetic prophylaxis 

before chemotherapy. Patients were advised to commence 

loperamide with the onset of diarrhea (4 mg after the first 

loose stool and then 2 mg every 2 hours up to 12 hours 

after the last loose stool). If the diarrhea persisted for 

more than 24 hours despite appropriate loperamide therapy, 

a 5-day prophylactic oral fluoroquinolone treatment was 

initiated. Treatment was continued in the absence of 

disease progression, unacceptable toxicity, patients' re-

fusal, or physicians' decision against further treatment.

3. Dose modification

  The subsequent cycle of chemotherapy was withheld 

if ANC ＜1,500/mm3 or platelets ＜100,000/mm3 was 

noted on the due day. Patients presenting with grade 3 

or 4 hematologic toxicity restarted the treatment with a 

25% dose reduction of all drugs. During the study, 

granulocyte colony-stimulating factor was allowed in pa-

tients with grade 4 neutropenia or febrile neutropenia. 

In patients developing grade 2 diarrhea, treatment was 

restarted with a 25% dose reduction of irinotecan; in 

cases of grade 3 or 4 diarrhea, all drugs were reduced 

by 50%. Patients developing grade 2 mucositis received 

a 25% dose reduction of leucovorin and 5-FU; in case 

of grade 3 or 4 mucositis, leucovorin and 5-FU were re-

started at a 50% dose reduction and irinotecan at 75%. 

If drug administration was delayed more than 2 weeks, 

the patient was excluded from the study.

4. Pretreatment evaluation 

  Baseline evaluations included a full medical history, 

physical examination, ECOG performance status, CBC, 

serum chemistries, electrolytes, urinalysis, chest X-ray, 

electrocardiogram, and computed tomography (CT) scans. 

Baseline evaluations were completed within 3 weeks before 

treatment. For females with child-bearing potential, a 

negative serum pregnancy test was also required. Gastro-

duodenoscopy and positron emission tomography were 

planned for the evaluation of complete responders of all 

evaluable lesions.

5. Evaluation during chemotherapy

  History taking, physical examination, CBC, electro-

lytes, serum chemistry, urinalysis, and chest X-ray were 

repeated before the initiation of each subsequent cycle. 

CT scans for evaluating response to treatment were per-

formed to every six cycles or when disease progression 

was suspected clinically. Treatment response was evaluated 

according to the guidelines of the Response Evaluation 

Criteria in Solid Tumors Committee.18 The definitions 

of response were as follows: (i) complete response (CR), 

the disappearance of all target lesions; (ii) partial re-

sponse (PR), at least a 30% decrease in the sum of the 

longest diameters of target lesions, taking as a reference 

the baseline sum of the longest diameters; (iii) progressive 

disease (PD), at least a 20% increase in the sum of the 

longest diameters of targeted lesions, taking as a reference 

the smallest sum of the longest diameters since the 

treatment started or the appearance of one or more 

new lesions; and (iv) [jen1]stable disease (SD), neither 

sufficient shrinkage to qualify for PR nor sufficient in-

crease to qualify for PD. Patients were considered to be 

evaluable for response when they had clinical evidence 

of disease progression. All toxicity was graded according 

to the National Cancer Institute Common Toxicity 

Criteria (version 3.0.). The dose intensity (DI) was cal-

culated as the ratio of the total dose per square meter 

of the patient, divided by the total treatment duration 

(mg/m2/week). In this calculation, the end of treatment 

was considered to be 14 days after day 1 of the last cycle 

of chemotherapy. The relative DI was calculated as the 

ratio of the DI actually delivered to the DI planned by 
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Table 1. Clicnical characteristics of 37 enrolled patients

Characteristics Number of patients %

Total enrolled 37
 Evaluable 29
Age (years)
 Median 55
 Range 27∼73
Gender
 Male 31 83.8
 Female  6 16.2
ECOG performance status
 0  0  0
 1 37 100
Histologic type
 Well-moderate differentiated  6 16.2
 Poorly differentiated 21 56.8
 Signet ring cell  4 10.2
 Unknown  6 16.2
Prior gastrectomy
 Yes 20 54.1
 No 17 45.9
Disease status
 Initially metastatic 22 59.5
 Recurrent 15 40.5
Prior chemotherapy
 Paclitaxel/cisplatin 25 62.2
 Paclitaxel/cisplatin/5-FU 11 29.7
 Docetaxle/cispaltin  1  2.7
No. of metastatic sites
 1 15 40.5
 2 14 37.8
 ≥3  8 21.6
Site of measurable lesion
 Abdominal LN 22 59.5
 Liver 15 40.5
 Supraclavicular LN  4 10.8
 Lung  3  8.1
 Mediastinal LN  2  5.4
 Cervical LN  1  2.7
Site of non-measurable lesion
 Carcinomatosis peritonei 13 35.1
 Bone  1  2.7

ECOG, eastern cooperative oncology group; 5-FU, 5-fluorouracil; 
LN, lymph node.

the protocol.

6. Statistical analysis 

  This study was conducted by using a Simon two-stage 

design. A sample size of 30 was required to accept the 

hypothesis that the true RR was greater than 25% with 

85% power, and to reject the hypothesis that the RR 

was less than 5% with 5% significance. Initially, we 

planned to enroll 9 patients in the first stage. If one or 

more responses were observed, we planned to continue 

the second stage for a total of 30 evaluable patients. If 

we assume the dropout rate to be 10%, the total number 

of enrolled patients will be 33. All enrolled patients 

were included in the intent-to-treat analysis. The primary 

endpoint was the RR and the secondary endpoints were 

PFS and OS. The duration of response was calculated 

from the date of response confirmation to the date 

when disease progression was first observed. PFS was 

calculated from the first day of treatment to the date 

on which progressive disease was first observed. OS was 

calculated from the first day of treatment to the date of 

death or last follow-up. The Kaplan- Meier method was 

used in all survival analysis. The Statistics Package for 

the Social Sciences (SPSS) program for Windows (SPSS 

Inc., Chicago, IL, version 16.0) was applied for analysis. 

Results

1. Patient characteristics

  Thirty-seven patients were enrolled. Patient characteri-

stics are summarized in Table 1. The median age was 

55 years, with a range of 27 to 73 years. Thirty-one pa-

tients were male (83.8%) and 6 were female (16.2%). 

The ECOG performance status of all patients was one. 

All patients had histologically confirmed adenocarcinoma. 

Twenty patients (54.1%) had prior gastrectomy. Fifteen 

patients (40.5%) had recurrent disease after undergoing 

an operation and 22 patients (59.5%) had no prior 

operation because of initially distant metastasis. The 

most common metastatic site was the abdominal lymph 

nodes, followed by the peritoneum and liver.

2. Chemotherapy delivery

  The median number of treatment cycles was 6, with 

a range from 1 to 19 cycles. Twenty patients received 

more than 6 cycles (54.1%). The median duration of 

treatment for all patients was 3.1 months, with a range 

of 0.5 to 12.8 months. The total number of cycles de-
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Table 2. Evaluation of tumor responses among 29 evaluable patients

Patients (n) CR (n, %) PR (n, %) SD (n, %) PD (n, %) RR (%, 95% CI) DCR (%, 95% CI)

 Overall 29 1 (3.4) 4 (13.8) 8 (27.6) 16 (55.2) 17.2 (3.5∼30.9) 44.8 (26.7∼62.9)
 Measurable 25 1 (3.4) 4 (13.8) 6 (20.7) 14 (48.3) 17.2 37.9
 Non-measurable  4 0 0 2 (6.9) 2 (6.9)  0.0  6.9

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease;  RR, response rate; DCR, disease control rate.

Fig. 1. Survival probability of the 37 patients. The overall survival (OS, A) and progression-free survival (PFS, B) in the 37 patients were 10.6
months and 4.3 months, respectively.

livered was 242. A total of 22 (9.1%) cycles were de-

layed in 11 patients due to asthenia, infection, mucositis, 

neutropenia, or by patients' preference. Seventeen pa-

tients (56 cycles) were subjected to dose reduction due 

to asthenia, old age, creatinine elevation, liver enzyme 

elevation, mucositis, febrile neutropenia, and nausea. The 

target doses for irinotecan, 5-FU, and LV were 75, 1400, 

and 100 mg/m2/week, respectively, and the achieved 

doses for irinotecan, 5-FU, and LV were 61.2, 1151.3, 

and 100 mg/m
2
/week, respectively. Therefore, the relative 

DIs of irinotecan and 5-FU were 81.6% and 82.2%, 

respectively.

3. Efficacy 

  Among enrolled patients, 29 were evaluable for treat-

ment response. Response could not be evaluated in 8 

patients because of poor general condition (n=5), loss of 

follow-up (n=2), or in course of chemotherapy (n=1). 

Among 29 evaluable patients, 1 (3.4%) showed CR and 

4 (13.8%) showed PR, resulting in an ORR of 17.2% 

(95% CI, 3.5∼30.9). Eight patients (27.6%) showed SD, 

resulting in a disease control rate (DCR) of 44.8% (95% 

CI, 26.7∼62.9) (Table 2). The median duration of re-

sponse was 4.8 months (range, 3.0∼6.0). Differences in 

response rates were not observed according to the pa-

tients' baseline characteristics (age, sex, involved organs, 

disease status, and previous chemotherapy regimen). Of 

25 patients with measurable disease, 1 showed CR and 

4 showed PR, giving an overall response rate of 20% in 

the intention-to-treat analysis. Of 4 patients with non-

measurable disease, 2 patients showed SD and 2 pa-

tients showed PD.

4. Survival outcome

  Of the 37 patients who were evaluated for survival 

outcome, 19 (51.4%) were alive at the time of analysis, 

and the median duration of follow-up was 6.8 months 

(95% CI, 3.9∼9.6). The median PFS and OS were 4.3 

(95% CI: 2.1∼6.6) and 10.6 (95% CI, 7.1∼14.1) 

months, respectively (Fig. 1). Survival was also calculated 
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Table 3. Chemotherapy-related toxicities in 37 patients

Toxicity

Number of patients (n=37)
≥Grade 3 

(%)Grade Grade Grade Grade
1 2 3 4

Hematologic toxicity
 Leukopenia 10  5 5 0  5 (13.5)
 Neutropenia  6  4 4 5  9 (24.3)
 Febrile neutropenia 󰠏 󰠏 1 0 1 (2.7)
 Anemia  6 30 0 0 0 (0.0)
 Thrombocytopenia  4  0 0 1 1 (2.7)
Nonhematological toxicity
 Diarrhea  5  0 0 0 0 (0.0)
 Nausea  9 25 2 0 2 (5.4)
 Vomiting 12  2 0 0 0 (0.0)
 Asthenia 18 14 4 0  4 (10.8)
 Mucositis  1  1 0 0 0 (0.0)
 Elevated creatinine 10  3 0 0 0 (0.0)
 Elevated AST/ALT  7  2 3 1  4 (10.8)
 Hyperbilirubinemia  1  1 2 0 2 (5.4)

from the first day of first-line chemotherapy (diagnostic 

date of metastatic gastric cancer or recurred gastric 

cancer) to the date of death or last follow-up. The me-

dian survival was 18.3 months (95% CI, 13.0∼23.6).

5. Toxicity

  All patients were evaluable for safety. Chemotherapy- 

related toxicities are summarized in Table 3. The main 

hematological toxicity was neutropenia. Greater than 

grade 3 neutropenia developed in 9 patients (24.3%). 

Febrile neutropenia developed in 1 patient (2.7%) and 

the patient recovered after treatment. Greater than grade 

3 thrombocytopenia developed in 1 patient (2.7%). The 

major nonhematological toxicity was asthenia, which 

spontaneously resolved after 1 to 2 weeks of rest. 

Greater than grade 3 nonhematological toxicities were 

elevated AST/ALT in 4 (10.8%), hyper-bilirubinemia in 

2 (5.4%), and nausea in 2 (5.4%) patients. No treat-

ment-related mortality occurred.

Discussion

　Taxane and cisplatin have been used as first-line 

chemotherapy with various schedules and doses since 

the late 1990s. Taxane and cisplatin chemotherapy has 

produced a response rate of 30∼50% as a first-line 

treatment. The median PFS and OS were limited to 

within 5∼6 and 10 months, respectively. Therefore, re-

sponding patients eventually experience progressive 

disease.19-22 Recently, the role of second-line chemo-

therapy in advanced gastric cancer has gained interest, 

because of improvement of survival in patients in good 

general condition after first-line chemotherapy. 

However, a standard second-line chemotherapy has not 

been established yet and this aim will be continued into 

prospective trials. 

  As mentioned above, irinotecan has been shown to 

exhibit anti-tumor activity against gastric cancer, and 

the best combination drugs were 5-FU and LV.15∼17 

In cases previously treated with taxane and cisplatin in 

particular, irinotecan lacks cross-resistance or similar 

toxicity with these agents. This point is a merit of 

irinotecan as second-line chemotherapy in metastatic 

gastric cancer refractory to taxane and cisplatin-based 

chemotherapy. In a phase II study for patients with taxane 

and cisplatin-refractory metastatic gastric cancer, the 

combination of irinotecan, 5-FU, and LV showed moderate 

activity with an ORR of 21%.11 The median PFS and 

OS were 2.5 months and 7.6 months, respectively. 

Therefore, survival was not satisfactory in comparison 

with the results obtained with other second-line chemo-

therapies. 

  Combination chemotherapy with irinotecan and 5-FU/ 

LV is currently the standard first-line chemotherapy for 

metastatic colorectal cancer. Despite higher doses of 5-FU/ 

LV than that used in gastric cancer, it showed the tolerable 

toxicity as well as excellent efficacy.23,24 Therefore, we 

applied high-dose 5-FU/LV as in metastatic colorectal cancer 

to metastatic gastric cancer. Compared with the previously 

used dosage11, the doses of 5-FU and LV in our study 

were increased by 16.6% and 50%, respectively. Recently, 

a randomized phase II study was performed to compare 

efficacy according to the doses of irinotecan and 5-FU/ 

LV in metastatic gastric cancer previously treated with 

platinum, taxane, and fluoropyrimidine.
25

 That study 

showed no difference in survival between low-dose and 
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high-dose 5-FU/LV chemotherapy. 

　Following this study, the response rate was similar to 

a previous trial, but the duration of response, median 

PFS, and OS were prolonged. After PD on this regimen, 

16 patients (43.2%) were subsequently treated to third- 

line chemotherapy: oxaliplatin based chemotherapy (n=12) 

and oral 5-FU agents (n=4). The prolongation of median 

OS in this study is most likely the effect of third-line 

chemotherapy and this point suggested some benefit in 

subsequent chemotherapy in selected patients. In terms 

of toxicity, this regimen was fairly well tolerated.

　In conclusion, based on comparable activity and a fa-

vorable safety profile to other second-line chemo-

therapies, combination chemotherapy with irinotecan, 

5-FU, and LV may be considered as second-line chemo-

therapy in metastatic gastric cancer refractory to taxane 

and cisplatin-based chemotherapy.
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