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therapy of CPT-11 and S-1 provided prolonged TTP with low 
toxicity, and the results warrant a further phase III study to 
define the efficacy in improvement of survival in patients 
with advanced gastric cancer.  Copyright © 2008 S. Karger AG, Basel 

 Introduction 

 The prognosis of unresectable advanced or recurrent 
gastric cancer is still dismal, although 5-fluorouracil (5-
FU)-based chemotherapy provides significant survival 
benefit compared with best supportive care  [1–3] . In Ja-
pan, 5-FU monotherapy, with a median survival time 
(MST) of 7.1 months, remains the reference arm for clin-
ical trials of advanced gastric cancer. However, various 
combination therapies have been attempted to achieve 
better anti-tumor effects resulting in relief of symptoms 
or prolongation of survival, or both, in patients with ad-
vanced gastric cancer  [4, 5] . New chemotherapeutic 
agents, including thymidylate synthase (S-1), irinote -
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 Abstract 

  Background/Aims:  To investigate the efficacy and safety of 
the combination therapy of irinotecan (CPT-11) plus S-1 in 
patients with advanced gastric cancer at the dose recom-
mended by a previous phase I study.  Methods:  A total of 23 
patients received 80 mg/m 2  of CPT-11 on days 1 and 15, and 
S-1 at a dose level set on the basis of the body surface area 
(BSA): 40 (BSA  ! 1.25 m 2 ), 50 (BSA  6 1.25 to  ! 1.5 m 2 ) or 60 mg 
(BSA  6 1.5 m 2 ) b.i.d. was given from days 1–21.  Results:  The 
overall response rate was 47.8% (11 of 23, 95% confidence 
interval, CI: 27.4–68.2%). The median time to progression 
(TTP) was 210 days (95% CI: 145–322 days) and the median 
survival time was 394 days (95% CI: 241–484 days). The inci-
dence of grade 3 or 4 hematological and non-hematological 
toxicity was 17.4 and 8.7%. The most common hematological 
toxicity was anemia and the most common non-hematolog-
ical toxicity was diarrhea.  Conclusion:  The combination 
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can (CPT-11), taxanes and oxaliplatin, have been intro-
duced to chemotherapy regimens, but at present no reg-
imen has been regarded as definitely superior to any
other.

  S-1, an oral 5-FU derivative which was developed in 
Japan in 1999, consists of tegafur and two modulators, 5-
chloro-2,4-dihydroxypyridine (a potent dihydropyrimi-
dine dehydrogenase inhibitor) and potassium oxonate 
(an orotate phosphoribosyl transferase inhibitor), at a 
molar ratio of 1:   0.4:   1  [6, 7] . In three phase II trials of S-1 
monotherapy for advanced gastric cancer performed in 
Japan, a high overall response rate (RR) of 44–54% and 
an MST of 8–10 months were reported, being comparable 
with the results of other combination chemotherapies  [8–
10] . Furthermore, since S-1 is administered orally, pa-
tients can be treated on an outpatient basis facilitating 
compliance. Therefore, since S-1 is one of the most active 
antitumor agents currently available for clinical use, it is 
anticipated to be a key drug for advanced gastric cancer.

  CPT-11, which inhibits DNA topoisomerase-I  [11] , 
yielded an RR of 18.4% in patients with advanced gastric 
cancer when administered as monotherapy  [12] . It is also 
regarded as a key drug in combination chemotherapy for 
both non-small cell lung carcinoma  [13, 14]  and small cell 
lung carcinoma  [15] . In colorectal cancer, there is clear 
evidence of the superiority of the combination of CPT-11 
with 5-FU compared with 5-FU chemotherapy alone  [16–
18] .

  Previously, we performed a phase I study on a combi-
nation of CPT-11 plus S-1 in patients with advanced gas-
tric cancer  [19] . In that study, CPT-11 was administered 
at fixed dosages of S-1, 40–60 mg b.i.d. according to body 
surface area (BSA), on days 1 and 15 during a 3-week 
cycle. The dosage of CPT-11 was escalated from 40 mg/m 2  
in 20-mg/mg 2  increments, and dose-limiting toxicities
including diarrhea and rash occurred in 50% of the pa-
tients (3/6) at 100 mg/m 2 . Therefore, the recommended 
dosage (RD) was set at 80 mg/m 2 , and the overall RR in 
phase I was 58.3% (14/24) with tolerable toxicity suggest-
ing promising clinical efficacy. Then, we performed a 
multicenter phase II study to investigate the efficacy and 
safety of the CPT-11 plus S-1 combination in patients 
with advanced gastric cancer.

  Patients and Methods 

 Eligibility Criteria 
 Patients with inoperable, advanced gastric cancer or recurrent 

gastric cancer who met the following conditions were enrolled in 
this study: (1) histologically proven gastric adenocarcinoma; (2) 

presence of measurable lesions; (3) no prior chemotherapy except 
for adjuvant chemotherapy completed  6 4 weeks before study en-
try, (4) age 20–75 years; (5) an Eastern Cooperative Oncology 
Group (ECOG) performance status (PS)  ̂  1; (6) life expectancy 
of at least 3 months; (7) preservation of major organ function re-
flected by a leukocyte count of  6 4,000 to  ! 12,000/mm 3 ; platelet 
count  6 100,000/mm 3 ; hemoglobin  6 8.0 g/dl; serum aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT) 
levels  ̂  100 U/I; alkaline phosphatase  ̂  2 !  the upper limit of the 
normal range (ULN); serum bilirubin level  ̂  1.5 mg/dl; serum 
creatinine  ̂  ULN, and normal ECG; (8) ability of oral adminis-
tration; (9) no diarrhea, and (10) written informed consent to par-
ticipate in this study. Patients who had completed adjuvant che-
motherapy at least 4 weeks before study entry could be included. 
The study protocol was approved by the institutional review 
boards of each participating facility.

  Treatment Schedule 
 On days 1 and 15, 80 mg/m 2  of CPT-11 (Yakult Honsha, Tokyo, 

Japan) was mixed in 500 ml of 0.9% saline or 5% glucose solution 
and infused intravenously over a period of 90 min. The oral S-1 
(Taiho Pharmaceutical, Tokyo, Japan) dosage was based on BSA: 
40 (BSA  ! 1.25 m 2 ), 50 (BSA  6 1.25 to  ! 1.5 m 2 ) or 60 mg (BSA 
 6 1.5 m 2 ) b.i.d. were given orally for 21 days followed by 2 weeks 
without treatment. Five weeks made up a single course and each 
patient received at least two courses ( fig. 1 ). Treatments were re-
peated unless disease progression or severe toxicity was observed, 
or the patients refused to continue.

  Subsequent courses were withheld until recovery if the follow-
ing criteria were not met before the start of a new cycle: leukocyte 
count  6 3,000/mm 3 ; platelet count  6 100,000/mm 3 ; hemoglobin 
 6 8.0 g/dl; serum AST and ALT level  ̂  100 U/I; serum bilirubin 
level  ̂  1.5 mg/dl; serum creatinine  ̂  ULN, neither diarrhea nor 
fever  1 38   °   C. If the abnormality did not disappear by day 35 of the 
cycle, the protocol was discontinued. If diarrhea or stomatitis 
 6 grade 2 developed, S-1 administration was interrupted until 
recovery.

  If grade 4 neutropenia or  6 grade 3 diarrhea developed, the 
dosage of both drugs was reduced to 60 mg/m 2  for CPT-11 and by 
10 mg b.i.d. for S-1. If the previous course was delayed or inter-
rupted because of toxicity, only the dosage of CPT-11 was reduced 
to 60 mg/m 2 . If stomatitis  6 grade 3 occurred, only the dosage of 
S-1 was reduced by 10 mg b.i.d. Once the dose of CPT-11 or S-1 
was lowered, it remained at that level.

  The initial doses of S-1 and CPT-11 were administered during 
admission, but patients received subsequent courses in the outpa-

CPT-11 (80 mg/m )2

S-1

1 15 21 35Day

  Fig. 1.  The 5-week treatment schedule of the combination thera-
py of CPT-11 plus S-1. The S-1 dosage was based on BSA: 40 
(BSA  ! 1.25 m 2 ), 50 (BSA  6 1.25 to  ! 1.5 m 2 ) or 60 mg b.i.d. (BSA 
 6 1.5 m 2 ) were administered. 
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tient clinics in each facility. Use of granulocyte-colony stimulating 
factor was allowed if leukocyte count decreased  ! 1,000/mm 3  with 
fever  1 38   °   C or granulocyte count  ! 500/mm 3 . All patients received 
a 5-hydroxytryptamine-3-receptor antagonist and dexametha-
sone 30 min before CPT-11 administration, to prevent nausea and 
vomiting. Atropine was not used as premedication of CPT-11.

  Evaluation 
 Electrocardiography, chest X-ray and computed tomography 

of the chest and the abdomen were performed before study entry. 
Patients who received at least two treatment courses were includ-
ed in the analysis. Anti-tumor effects were determined according 
to RECIST (Response Evaluation Criteria in Solid Tumors)  [20] , 
and toxicity, time to progression (TTP) and overall survival were 
evaluated. Complete and partial responses required subsequent 
confirmation of response after an interval of at least 4 weeks. 
Toxicities were assessed according to National Cancer Institute 
Common Toxicity Criteria (version 2.0)  [21] . Complete blood cell 
count and blood chemistry were evaluated, and non-hematolog-
ical toxicities were verified by patient interview and physical
examination at least every week during the first course and on 
days 1 and 15 of the second or later courses. In case of a symptom 
suggesting an adverse event, patients were asked to visit the out-
patient clinic to receive consultation and blood testing. Eligibil-
ity and objective response to treatment were reviewed extramu-
rally.

  Statistical Methods 
 The RR of S-1 alone in the late phase II study was 44.6% with 

a 95% confidence interval (CI) of 35.2–54.3%  [8] . Thus, the ex-
pected RR of the combination of S-1 and CPT-11 was set at 65%, 

which exceeded the 95% upper confidence limit of the RR for S-1 
alone by 10%, and the threshold RR was set at 35% ( � 95% lower 
confidence limit). The calculated minimum sample size was esti-
mated to be 20, with an  �  value of 0.05 and a  �  value of 0.20. Con-
sidering possible patient exclusion or dropouts, the required sam-
ple size was raised to 25. For the analysis in this study, 4 patients 
treated at the RD level were included in the phase I study. Overall 
and progression-free survivals were calculated using the Kaplan-
Meier method from the date of treatment initiation.

  Results 

 Patient Characteristics 
 Between February 2001 and May 2002, 25 patients 

were enrolled, but 1 patient with a platelet count of 7.2  !  
10 4 /mm 3  and 1 patient with a target lesion  ! 1 cm were 
excluded, leaving 23 patients who met all the required 
criteria. The characteristics are shown in  table 1 . Nine 
patients had undergone surgery and 3 of them received 
prior adjuvant chemotherapy using tegafur plus uracil, 
doxifluridine and 5-FU plus cisplatin (CDDP), respec-
tively. Histological evaluation revealed 10 patients of the 
intestinal type and 13 of the diffuse type. Metastatic sites 
were lymph nodes in 11 patients, liver in 10, lymph node 
and liver in 1, and lymph node and peritoneum in 1. All 
eligible patients received at least one course of treatment. 
The 23 patients received a total of 95 courses and a me-
dian of four (range: 1–9) courses per patient. Seventeen 
patients received second-line chemotherapy: S-1 plus pa-
clitaxel in 6 patients, S-1 alone in 3, paclitaxel in 4, S-1 
plus CDDP in 2, CDDP plus 5-FU in 1 and paclitaxel plus 
CDDP in 1, and 1 patient underwent gastrectomy. Sup-
portive care was the only treatment in 5 patients after 
finishing the treatment.

  Tumor Response and Overall Survival 
 All patients had at least one measurable lesion. The RR 

was 47.8% (11 of 23, 95% CI: 27.4–68.2%); 8 patients had 
stable disease as their best response, and 2 patients had 
progressive disease. Response was not evaluable in 2 pa-
tients because 1 patient developed ileus and became seri-
ously ill, and 1 developed adverse events including neu-
tropenia, nausea/vomiting, anorexia and diarrhea during 
the first course and the protocol was discontinued before 
examination. With respect to the histological type, RR 
was 60.0% for the intestinal type and 38.5% for the dif-
fuse type ( table 2 ). The median TTP was 210 days (95% 
CI: 145–322 days,  fig. 2 ), and MST was 394 days (95% CI: 
241–484 days,  fig. 3 ). One- and two-year survival rates 
were 52.9 and 30.9%, respectively.

Table 1. Characteristics of the patients

Patients 23
Sex

Male 17
Female 6

Median age (range), years 59 (35–74)
Performance status

0 13
1 10

Prior treatment
None 14
Surgery 6
Surgery + chemotherapy 3

Initial treatment
Primary cancer 16
Recurrence 7

Histological type
Intestinal 10
Diffuse 13

Metastatic sites
Lymph node 11
Liver 10
Lymph node + liver 1
Lymph node + peritoneum 1
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  Toxicity 
 Toxicity was summarized according to the worst grade 

per patient in  table 3 . There was no treatment-related 
death. The most common hematological toxicity was 
anemia, but the incidence of grade 3 or 4 was very low (2 
patients, 8.7%). The most common non-hematological 
toxicity was diarrhea, which was usually mild. Overall, 
myelosuppression and gastrointestinal toxicity were 
common reactions, but were generally mild and tolerable. 
CPT-11 was decreased in 2 patients due to prolonged neu-
tropenia, and both CPT-11 and S-1 were reduced in 1 due 
to the development of grade 4 anemia. The protocol was 

discontinued owing to toxicity in the patient who expe-
rienced grade 2 neutropenia, nausea/vomiting, anorexia 
and diarrhea during the first course, and efficacy was 
also not evaluated in this patient. He was adjudged to be 
too debilitated to continue the subsequent courses.

  Discussion 

 In this study, we evaluated the efficacy and safety of 
the combination chemotherapy using 80 mg/m 2  CPT-11 
plus S-1 in patients with advanced gastric cancer, and 
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  Fig. 3.  Overall survival in patients treated 
with CPT-11 plus S-1. 

Table 2. Response rate

Patients, n

total CR PR SD PD NE RR, %

Overall 23 1 10 8 2 2 47.8 
95% CI 27.4–68.2

Histological type
Intestinal 10 1 5 4 60.0
Diffuse 13 5 5 1 2 38.5

CR = Complete response; PR = partial response; SD = stable 
disease; PD = progressive disease; NE = not evaluated.

  Fig. 2.  Progression-free survival in patients treated with CPT-11 
plus S-1. 
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good efficacy (RR 47.8%, TTP 210 days) with low toxicity 
(17.4% hematological and 8.7% non-hematological) was 
found.

  To date, several 5-FU-based combination chemother-
apy regimens have been reported in patients with ad-
vanced gastric cancer. In a study by Kim et al.  [22]  in ad-
vanced gastric cancer, the combination of CDDP with 
continuous infusion of 5-FU achieved a significantly bet-
ter RR (51%) than 5-FU alone (26%), in agreement with 
the present study. The CDDP plus S-1 combination re-

sulted in a striking RR of 74%  [23] . However, despite the 
good RR, the TTPs of CDDP combinations (162 days) 
were relatively short. Furthermore, limitations of regi-
mens including CDDP are higher incidences of non-he-
matological toxicities (nausea and vomiting, 58.3 and 
26.3%) and the need for diligent hydration to prevent re-
nal damage. With a triple combination of epirubicin, cis-
platin and 5-FU, Webb et al.  [24]  achieved a good RR of 
45% and TTP of 225 days, being comparable to our re-
sults . However, their study used portable pump infusion 
of 5-FU from a central venous catheter for up to 6 months. 
S-1 is administered orally and does not require pump in-
fusion, yet it showed pharmacokinetic  [25]  and anti-tu-
mor features  [26]  equivalent to those of continuous intra-
venous infusion of 5-FU. The combination of docetaxel 
(TXT) and CDDP with 5 days of continuous infusion of 
5-FU yielded an RR of 42.5% and median TTP of 171 
days, but grade 3 or 4 hematological toxicity was seen in 
86% of cases  [27] . Employing S-1 instead of 5-FU with 
TXT obtained a better RR of 56.2% and TTP of 222 days, 
but grade 3 or more neutropenia developed in 58.3% of 
cases  [28] . We considered that a high incidence of hema-
tological toxicity is a shortcoming of the TXT combina-
tion regimens when performed on an outpatient basis. In 
conclusion, combination therapy of CPT-11 with S-1 is a 
promising regimen offering benefits in terms of safety 
and survival compared with other regimens.

  Other schedules of the CPT-11 plus S-1 combination 
for patients with advanced gastric cancer have been re-
ported ( table 4 ). Yamada et al.  [29]  conducted a phase I 
study in which CPT-11 was administered on day 1 with 
subsequent administration of S-1 for 14 days followed by 
1 week of rest. The RD of CPT-11 for the phase II studies 
was set at 150 mg/m 2 , and the overall RR was 71% (5 of 

Table 3. Toxicity according to National Cancer Institute Com-
mon Toxicity Criteria (version 2.0) in the study patients

G1 G2 G3 G4 G3/G4
%

Overall
%

Anemia 8 9 1 1 2 (8.7) 19 (82.6)
Leukopenia 7 8 1 0 1 (4.3) 16 (69.6)
Neutropenia 6 9 2 0 2 (8.7) 17 (73.9)
Thrombocytopenia 2 0 0 0 0 2 (8.7)
Diarrhea 11 3 1 0 1 (4.3) 15 (65.2)
Anorexia 11 2 1 0 1 (4.3) 14 (60.9)
Nausea/vomiting 11 1 0 0 0 12 (52.2)
Fatigue 8 2 0 0 0 10 (43.5)
Abdominal pain 9 1 0 0 0 10 (43.5)
Constipation 3 1 0 0 0 4 (17.4)
Stomatitis 2 1 0 0 0 3 (13.0)
Dysgeusia 1 1 – – 0 2 (8.7)
Alopecia 10 1 – – 0 11 (47.8)
Pigmentation 4 0 – – 0 4 (17.4)
Skin reaction 4 0 0 – 0 4 (17.4)
Fever 1 1 0 0 0 2 (8.7)

G1, G2, G3, G4 = Grades 1, 2, 3 and 4, respectively.

Table 4. Results of regimens reported for S-1 and CPT-11

Doses Cycle
days

Pa-
tients
n

RR
%

Median
TTP
days

MST
days

Grade 3/4 toxicity, % Reference 
No. 
(year)S-1, mg CPT-11, mg/m2 hemato-

logical
non-hemato-
logical

40–60 b.i.d. (days 1–14) 150 (day 1) 21 12 71 ND ND 25 26.3 29 (2003)
40–60 b.i.d. (days 1–14) 80 (days 1, 8) 21 10 20 ND 311 10 30 30 (2003)
40–60 b.i.d. (days 1–14) 80 (days 1, 8) 21 42 62 195 444 19 10 31 (2006)
40–60 b.i.d. (days 1–14) 125 (days 1, 15) 21 24 54.2 ND 581 16.7 17 33 (2006)

40–60 b.i.d. (days 1–21) 80 (days 1, 15) 35 23 47.8 210 395 17.4 8.7 present study

ND = Not described. The S-1 dose level was set on the basis of BSA: 40 (BSA <1.25 m2), 50 (BSA ≥1.25 to <1.5 m2) or 60 mg b.i.d. 
(BSA ≥1.5 m2). 
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7). Katsube et al.  [30]  and Inokuchi et al.  [31]  adminis-
tered 80 mg/m 2  of CPT-11 on days 1 and 8 with 14 days 
of S-1 using the same dosage as in our regimen, followed 
by a 2-week rest. Katsube et al.  [30]  obtained a rather low 
RR in their small study population, whereas Inokuchi et 
al.  [31]  showed a good RR of 62%. Although the RR of the 
current study was relatively low, our regimen showed 
equivalent median TTP with a lower incidence of adverse 
events. They administered the second CPT-11 on day 8 
because diarrhea induced by S-1 mostly occurred on day 
15  [32] , to avoid overlapping of common adverse events 
for each drug. In our experience, the second administra-
tion of CPT-11 on day 15 was more conductive for subse-
quently continuing treatment because CPT-11-induced 
anorexia did not disappear by day 8 in some patients. 
Komatsu et al.  [33]  conducted a phase I study in which 
CPT-11 was administered on days 1 and 15 combined 
with 14 days of S-1 and 2 weeks of rest. They determined 
the RD of CPT-11 to be 125 mg/m 2 , and obtained an RR 
of 54.2% and a surprising MST of 518 days. Taken togeth-
er with these data, this combination showed reproducible 
efficacy with tolerable toxicity in patients with advanced 
gastric cancer.

  In this study, our actual RR of 47.8% did not meet the 
expected RR of 65%, which was calculated based on the 
previously reported RR for S-1 as monotherapy (44.6%). 
One explanation for the lower RR might be an overesti-
mation of the RR in S-1 monotherapy. In early reports of 
three recent phase III trials including S-1 alone, RRs of 
only 26.9–31% were reported  [34–36] . Especially, Chin et 
al.  [36] , who used our regimen as a treatment arm, indi-

cated the superiority of the combination of CPT-11 with 
S-1 to S-1 monotherapy regarding RR in their phase III 
study. To elucidate its efficacy in improving survival, data 
from further investigations are awaited.

  We have investigated the efficacy of the combination 
of CPT-11 and S-1 for the following reasons. Basic studies 
have indicated that CPT-11 has a synergistic effect on the 
anti-tumor activity of 5-FU. The combination of SN-38, 
an active metabolite of CPT-11, followed by 5-FU inhib-
ited TS for a longer time period and increased the integra-
tion of 5-FU metabolites in DNA  [37, 38] . Fukushima et 
al.  [39]  reported that CPT-11 reduced TS activity in a hu-
man gastric cancer cell line with high TS expression, and 
that combined use of CPT-11 plus S-1 has a more potent 
anti-tumor effect on 5-FU-resistant cell lines than either 
CPT-11 alone or S-1 alone. Moreover, our previous phase 
I study showed that the combination with CPT-11 did not 
affect the pharmacokinetics of S-1  [19] .

  In conclusion, our results of the phase II study in ad-
vanced gastric cancer patients substantiated the efficacy 
and safety of the combination therapy of CPT-11 plus S-1. 
The regimen warrants a further phase III study to define 
its efficacy regarding survival of patients with advanced 
gastric cancer.

  Acknowledgment 

 The authors are indebted to Prof. J. Patrick Barron of the In-
ternational Medical Communications Center of the Tokyo Medi-
cal University for his review of the manuscript.
 

 References 

  1 Murad AM, Santiago FF, Petroianu A, Rocha 
PR, Rodrigues MA, Rausch M: Modified 
therapy with 5-fluorouracil, doxorubicin, 
and methotrexate in advanced gastric can-
cer. Cancer 1993;   72:   37–41. 

  2 Pyrhonen S, Kuitunen T, Nyandoto P, Kouri 
M: Randomised comparison of f luorouracil, 
epidoxorubicin and methotrexate (FEMTX) 
plus supportive care with supportive care 
alone in patients with non-resectable gastric 
cancer. Br J Cancer 1995;   71:   587–591. 

  3 Glimelius B, Ekstrom K, Hoffman K, Graf 
W, Sjoden PO, Haglund U, Svensson C, En-
ander LK, Linne T, Sellstrom H, Heuman R: 
Randomized comparison between chemo-
therapy plus best supportive care with best 
supportive care in advanced gastric cancer. 
Ann Oncol 1997;   8:   163–168. 

  4 Ajani JA: Evolving chemotherapy for ad-
vanced gastric cancer. Oncologist 2005;  
 10(suppl 3):49–58. 

  5 Ohtsu A: Current status and future pros-
pects of chemotherapy for metastatic gastric 
cancer: a review. Gastric Cancer 2005;   8:   95–
102. 

  6 Fukushima M, Satake H, Uchida J, Shima-
moto Y, Kato T, Takechi T, Okabe H, Fujioka 
A, Nakano K, Ohshimo H, Takeda S, Shira-
saka T: Preclinical antitumor efficacy of S-1: 
a new oral formulation of 5-fluorouracil on 
human tumor xenografts. Int J Oncol 1998;  
 13:   693–698. 

  7 Shirasaka T, Nakano K, Takechi T, Satake H, 
Uchida J, Fujioka A, Saito H, Okabe H, Oya-
ma K, Takeda S, Unemi N, Fukushima M: 
Antitumor activity of 1  M  tegafur-0.4  M  5-
chloro-2,4-dihydroxypyridine-1  M  potassi-
um oxonate (S-1) against human colon carci-
noma orthotopically implanted into nude 
rats. Cancer Res 1996;   56:   2602–2606. 

  8 Koizumi W, Kurihara M, Nakano S, Hasega-
wa K: Phase II study of S-1, a novel oral de-

rivative of 5-fluorouracil, in advanced gas-
tric cancer. For the S-1 Cooperative Gastric 
Cancer Study Group. Oncology 2000;   58:  
 191–197. 

  9 Sugimachi K, Maehara Y, Horikoshi N, Shi-
mada Y, Sakata Y, Mitachi Y, Taguchi T: An 
early phase II study of oral S-1, a newly de-
veloped 5-fluorouracil derivative for ad-
vanced and recurrent gastrointestinal can-
cers. Oncology 1999;   57:   202–210. 

 10 Sakata Y, Ohtsu A, Horikoshi N, Sugimachi 
K, Mitachi Y, Taguchi T: Late phase II study 
of novel oral f luoropyrimidine anticancer 
drug S-1 (1  M  tegafur-0.4  M  gimestat-1  M  ota-
stat potassium) in advanced gastric cancer 
patients. Eur J Cancer 1998;   34:   1715–1720. 

 11 Kawato Y, Aonuma M, Hirota Y, Kuga H, 
Sato K: Intracellular roles of SN-38, a metab-
olite of the camptothecin derivative CPT-11, 
in the antitumor effect of CPT-11. Cancer 
Res 1991;   51:   4187–4191. 



 CPT-11 + S-1 in Advanced/Recurrent 
Gastric Cancer 

Oncology 2007;73:65–71 71

 12 Futatsuki K, Wakui A, Nakao I, Sakata Y, 
Kambe M, Shimada Y, Yoshino M, Taguchi 
T, Ogawa N: Late phase II study of irinotecan 
hydrochloride (CPT-11) in advanced gastric 
cancer. CPT-11 Gastrointestinal Cancer 
Study Group (in Japanese with English ab-
stract). Gan To Kagaku Ryoho 1994;   21:   1033–
1038. 

 13 Ichiki M, Rikimaru T, Gohara R, Koga T, 
Kawayama T, Matunami M, Oshita Y, Ka-
mimura T, Aizawa H: Phase II study of irino-
tecan and ifosfamide in patients with ad-
vanced non-small cell lung cancer. Oncology 
2003;   64:   306–311. 

 14 Yamamoto N, Fukuoka M, Negoro SI, Na-
kagawa K, Saito H, Matsui K, Kawahara
M, Senba H, Takada Y, Kudoh S, Nakano
T, Katakami N, Sugiura T, Hoso T, Ariyo-
shi Y: Randomised phase II study of docetax-
el/cisplatin vs. docetaxel/irinotecan in ad-
vanced non-small-cell lung cancer: a West 
Japan Thoracic Oncology Group Study
(WJTOG9803). Br J Cancer 2004;   90:   87–92. 

 15 Noda K, Nishiwaki Y, Kawahara M, Negoro 
S, Sugiura T, Yokoyama A, Fukuoka M, Mori 
K, Watanabe K, Tamura T, Yamamoto S, Sai-
jo N; Japan Clinical Oncology Group: Irino-
tecan plus cisplatin compared with etopo-
side plus cisplatin for extensive small-cell 
lung cancer. N Engl J Med 2002;   346:   85–91. 

 16 Douillard JY, Cunningham D, Roth AD, Na-
varro M, James RD, Karasek P, Jandik P, Ive-
son T, Carmichael J, Alakl M, Gruia G, Awad 
L, Rougier P: Irinotecan combined with flu-
orouracil compared with fluorouracil alone 
as first-line treatment for metastatic colorec-
tal cancer: a multicentre randomised trial. 
Lancet 2000;   355:   1041–1047. 

 17 Saltz LB, Cox JV, Blanke C, Rosen LS, Feh-
renbacher L, Moore MJ, Maroun JA, Ack-
land SP, Locker PK, Pirotta N, Elfring GL, 
Miller LL: Irinotecan plus fluorouracil and 
leucovorin for metastatic colorectal cancer. 
Irinotecan Study Group. N Engl J Med 2000;  
 343:   905–914. 

 18 Souglakos J, Pallis A, Kakolyris S, Mavroudis 
D, Androulakis N, Kouroussis C, Agelaki S, 
Xenidis N, Milaki G, Georgoulias V: Combi-
nation of irinotecan (CPT-11) plus 5-fluoro-
uracil and leucovorin (FOLFIRI regimen) as 
first line treatment for elderly patients with 
metastatic colorectal cancer: a phase II trial. 
Oncology 2005;   69:   384–390. 

 19 Takiuchi H, Narahara H, Tsujinaka T, Gotoh 
M, Kawabe S, Katsu K, Iishi H, Tatsuta M, 
Fujitani K, Furukawa H, Taguchi T, Osaka 
Gastrointestinal Cancer Chemotherapy 
Study Group (OGSG): Phase I study of S-1 
combined with irinotecan (CPT-11) in pa-
tients with advanced gastric cancer (OGSG 
0002). Jpn J Clin Oncol 2005;   35:   520–525. 

 20 Therasse P, Arbuck SG, Eisenhauer EA, 
Wanders J, Kaplan RS, Rubinstein L, Verweij 
J, Van Glabbeke M, van Oosterom AT, Chris-
tian MC, Gwyther SG: New guidelines to 
evaluate the response to treatment in solid 
tumors. European Organization for Re-
search and Treatment of Cancer, National 
Cancer Institute of the United States, Na-
tional Cancer Institute of Canada. J Natl 
Cancer Inst 2000;   92:   205–216. 

 21 Trotti A, Byhardt R, Stetz J, Gwede C, Corn 
B, Fu K, Gunderson L, McCormick B, Mor-
risintegral M, Rich T, Shipley W, Curran W: 
Common toxicity criteria: version 2.0. An 
improved reference for grading the acute ef-
fects of cancer treatment: impact on radio-
therapy. Int J Radiat Oncol Biol Phys 2000;  
 47:   13–47. 

 22 Kim NK, Park YS, Heo DS, Suh C, Kim SY, 
Park KC, Kang YK, Shin DB, Kim HT, Kim 
HJ, et al: A phase III randomized study of 5-
fluorouracil and cisplatin versus 5-fluoro-
uracil, doxorubicin, and mitomycin C versus 
5-fluorouracil alone in the treatment of ad-
vanced gastric cancer. Cancer 1993;   71:   3813–
3818. 

 23 Koizumi W, Tanabe S, Saigenji K, Ohtsu A, 
Boku N, Nagashima F, Shirao K, Matsumura 
Y, Gotoh M: Phase I/II study of S-1 combined 
with cisplatin in patients with advanced gas-
tric cancer. Br J Cancer 2003;   89:   2207–2212. 

 24 Webb A, Cunningham D, Scarffe JH, Harper 
P, Norman A, Joffe JK, Hughes M, Mansi J, 
Findlay M, Hill A, Oates J, Nicolson M, 
Hickish T, O’Brien M, Iveson T, Watson M, 
Underhill C, Wardley A, Meehan M: Ran-
domized trial comparing epirubicin, cispla-
tin, and fluorouracil versus fluorouracil, 
doxorubicin, and methotrexate in advanced 
esophagogastric cancer. J Clin Oncol 1997;  
 15:   261–267. 

 25 Hirata K, Horikoshi N, Aiba K, Okazaki M, 
Denno R, Sasaki K, et al: Pharmacokinetic 
study of S-1, a novel oral f luorouracil antitu-
mor drug. Clin Cancer Res 1999;   5:   2000–
2005. 

 26 Lenz HJ, Lee FC, Haller DG, Singh D, Ben-
son AB 3rd, Strumberg D, Yanagihara R, Yao 
JC, Phan AT, Ajani JA: Extended safety and 
efficacy data on S-1 plus cisplatin in patients 
with untreated, advanced gastric carcinoma 
in a multicenter phase II study. Cancer 2006;  
 109:   33–40. 

 27 Ajani JA, Fodor MB, Tjulandin SA, Moise-
yenko VM, Chao Y, Cabral Filho S, Majlis A, 
Assadourian S, Van Cutsem E: Phase II 
multi-institutional randomized trial of 
docetaxel plus cisplatin with or without fluo-
rouracil in patients with untreated, advanced 
gastric, or gastroesophageal adenocarcino-
ma. J Clin Oncol 2005;   23:   5660–5667. 

 28 Yoshida K, Ninomiya M, Takakura N, Hi-
rabayashi N, Takiyama W, Sato Y, Todo S, 
Terashima M, Gotoh M, Sakamoto J, Nishi-
yama M: Phase II study of docetaxel and S-1 
combination therapy for advanced or recur-
rent gastric cancer. Clin Cancer Res 2006;   12:  
 3402–3407. 

 29 Yamada Y, Yasui H, Goto A, Arai T, Ura T, 
Hamaguchi T, Muro K, Shimada Y, Shirao K: 
Phase I study of irinotecan and S-1 combina-
tion therapy in patients with metastatic gas-
tric cancer. Int J Clin Oncol 2003;   8:   374–
380. 

 30 Katsube T, Ogawa K, Ichikawa W, Fujii M, 
Tokunaga A, Takagi Y, Kochi M, Hayashi
K, Kubota T, Aiba K, Arai K, Terashima M, 
Kitajima M: Phase I/II study of irinotecan 
(CPT-11) and S-1 in the treatment of ad-
vanced gastric cancer. Anticancer Drugs 
2007;   18:   605–610. 

 31 Inokuchi M, Yamashita T, Yamada H, Koji-
ma K, Ichikawa W, Nihei Z, Kawano T, Su-
gihara K: Phase I/II study of S-1 combined 
with irinotecan for metastatic advanced gas-
tric cancer. Br J Cancer 2006;   94:   1130–1135. 

 32 Nagashima F, Ohtsu A, Yoshida S, Ito K: Jap-
anese nationwide post-marketing survey of 
S-1 in patients with advanced gastric cancer. 
Gastric Cancer 2005;   8:   6–11. 

 33 Komatsu Y, Yuki S, Miyagishima T, Asaka 
M: Irinotecan plus oral S-1 in patients with 
advanced gastric cancer-biweekly IRIS regi-
men (in Japanese with English abstract). Gan 
To Kagaku Ryoho 2006;   33(suppl 1):75–78. 

 34 Boku N, Yamamoto S, Shirao K, Doi T, Sawa-
ki A, Koizumi W, et al: Randomized phase III 
study of 5-fluorouracil (5-FU) alone versus 
combination of irinotecan and cisplatin (CP) 
versus S-1 alone in advanced gastric cancer 
(JCOG9912) (abstract LBA4513). Proc Am 
Soc Clin Oncol 2007;   25:   200S. 

 35 Narahara H, Koizumi W, Hara T, Takagane 
A, Akiya T, Takagi M, et al: Randomized 
phase III study of S-1 alone versus S-1 + cis-
platin in the treatment of advanced gastric 
cancer (The SPIRITS trial) SPIRITS: S-1 plus 
cisplatin vs S-1 in RCT in the treatment for 
stomach cancer (abstract 4514). Proc Am Soc 
Clin Oncol 2007;   25:   201S. 

 36 Chin K, Iishi H, Imamura H, Kobayashi O, 
Imamoto H, Esaki T, et al: Irinotecan plus S-
1 (IRIS) versus S-1 alone as first line treat-
ment for advanced gastric cancer: prelinary 
results of a randomized phase III study 
(GC0301/TOP-002) (abstract 4525). Proc 
Am Soc Clin Oncol 2007;   25:   203S. 

 37 Pavillard V, Formento P, Rostagno P, For-
mento JL, Fischel JL, Francoual M, Etienne 
MC, Milano G: Combination of irinotecan 
(CPT11) and 5-fluorouracil with an analysis 
of cellular determinants of drug activity. 
Biochem Pharmacol 1998;   56:   1315–1322. 

 38 Guichard S, Hennebelle I, Bugat R, Canal P: 
Cellular interactions of 5-fluorouracil and 
the camptothecin analogue CPT-11 (irinote-
can) in a human colorectal carcinoma cell 
line. Biochem Pharmacol 1998;   55:   667–676. 

 39 Fukushima M: Antitumor activity and func-
tion of S-1, a new oral tegafur-based formu-
lation (in Japanese with English abstract). 
Gan To Kagaku Ryoho 2006;   33(suppl 1):19–
26. 

  


