
Abstract. Background: As there are no reports of S-1 in
combination with trastuzumab in clinical settings, we
evaluated the safety and efficacy of S-1 in combination with
trastuzumab for human epidermal-growth factor receptor
(HER2)-positive metastatic breast cancer (MBC) and
determined the recommended dose (RD). Patients and
Methods: Patients with HER2-positive MBC received
trastuzumab (a fixed initial dose of 4 mg/kg/day, then 
2 mg/kg every week) plus S-1 (4 weeks followed by a 2-week
rest) every 42 days. The dosage of S-1 was set of three levels
(1: 80 mg/m2, 2: 65 mg/m2, 3: 50 mg/m2). The purposes of
this study were the determination of the RD and safety. Dose-
limiting toxicity (DLT) data were continually monitored to
assess S-1 dose decreases. Results: Twelve patients were
treated at level 1. Because no patients experienced DLT, the
RD of S-1 plus trastuzumab therapy was 80 mg/m2 S-1 and
4 mg/kg followed by 2 mg/kg trastuzumab. The overall
response rate and disease control rate were 33.3% and
83.3%, respectively. Conclusion: S-1 plus trastuzumab could
be safely and effectively used for the treatment of HER2-
positive MBC. The RD for a phase II study of this regimen
was determined to be 80 mg/m2 S-1 and 2 mg/kg
trastuzumab every week (loading dose, 4 mg/kg).

Approximately 20% of patients with metastatic breast cancer
(MBC) show overexpression of human epidermal growth
factor receptor 2 (HER2) (1, 2). The prognosis of such
patients was usually poor until the introduction of the
humanized monoclonal antibody trastuzumab, which
specifically targets HER2 (3). The efficacy of trastuzumab in
HER2-positive MBC has been demonstrated in several studies
and the combination of trastuzumab with chemotherapeutic
drugs such as anthracyclines and taxanes shows superiority
to chemotherapy alone in terms of response rates, time to
progression (TTP) and overall survival (4, 5). Although the
conventional diagnostic algorithm proposed by Hortobagyi
(6) did not take HER2 status into account, the MBC treatment
algorithm proposed by Piccart in 2001 (7) did include HER2
status, which is now accepted as a trigger to introduce a
therapeutic strategy that includes trastuzumab.

Preclinical data have shown that fluoropyrimidines
counteract the antitumor activity of trastuzumab and that
combination of trastuzumab and fluoropyrimidines may be
ineffective (8). In clinical settings, however, capecitabine in
combination with trastuzumab was reported to be effective
in HER2-positive MBC (9-12). However, no studies have
investigated the efficacy of trastuzumab in combination with
other oral fluoropyrimidines in HER2-positive MBC. S-1
(TS-1®; Taiho Pharmaceutical Co. Ltd., Tokyo, Japan) is an
oral fluoropyrimidine derivative that combines tegafur with
two modulators of 5-fluorouracil (5-FU) metabolism, 
5-chloro-2,4-dihydroxy pyridine (gimeracil) and potassium
oxonate (oteracil), in a molar ratio of 1:0.4:1. Tegafur, an
oral prodrug of 5-FU, is gradually converted to 5-FU and
rapidly catabolized by dihydropyrimidine dehydrogenase
(DPD) in the liver. Gimeracil inhibits the degradation of 
5-FU by inhibition of DPD. Oteracil inhibits orotate
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phosphoribosyl transferase, which is preferentially localizes
in the digestive tract. This component of S-1 reduces the
phosphorylation of 5-FU in the gastrointestinal mucosa and
thus reduces the incidence and severity of diarrhea (13). In a
phase II study of S-1 monotherapy in patients with MBC, the
overall response rate of S-1 was 41.7% (14). Meanwhile, in
taxane-pretreated MBC, a phase II study of S-1 reported an
overall response rate of approximately 20% (15).

An in vitro study of the efficacy of S-1 in combination
with trastuzumab suggested that this combination might be
appropriate for HER2-positive MBC. Therefore, we
conducted a phase I study to evaluate the tolerability and
clinical efficacy of S-1 plus trastuzumab for patients with
HER2-positive MBC, and hence determine the effective dose
for subsequent studies.

Patients and Methods

This was a prospective, multicenter, open-label, phase I study in
patients with HER2-positive MBC to determine the feasible dose of
oral S-1 in combination with trastuzumab and evaluate the safety of
this regimen. The Bayesian posterior probability of the occurrence
of dose-limiting toxicity (DLT) was calculated to provide the basis
on which to reduce the dose of S-1. A dose level was considered
acceptable if it was highly likely that the probability of developing
DLT was <30%. For the Bayesian calculations, a beta distribution
corresponding to the Bayes-Laplace uniform prior was used for the
prior distribution, while a binomial distribution was used for the
observed data (16, 17).

Eligibility criteria. Patients aged ≥20 years old with a histological or
cytological diagnosis of HER2-positive (IHC 3+ or IHC 2+/FISH+)
MBC were eligible. Eligibility required measurable cancer by
RECIST criteria(18); baseline left ventricular ejection fraction
(LVEF) >55%; an Eastern Cooperative Oncology Group (ECOG)
performance status (PS) of 0-2; expected survival >6 months;
adequate organ function defined as hemoglobin >9 g/dl, leukocyte
count 3000-12,000/mm3, neutrophil count >1500 /mm3, platelet
count >100,000/mm3, serum total bilirubin level less than the upper
limit of normal in each institution ×1.5, and serum creatinine level
less than the upper limit of normal. Treatment with one prior
chemotherapeutic regimen was permitted for those with metastatic
disease. Patients with any of the following were excluded: lung
metastasis with dyspnea; brain metastasis with symptoms; a second
primary cancer; serious concomitant illness; cardiac abnormalities;
or cases with possible infection. The protocol was reviewed and
approved by the Institutional Review Boards at all participating
centers. Written informed consent was obtained from all patients.

Study treatment. Patients received S-1 in combination with
trastuzumab. Trastuzumab was administered intravenously of an
initial fixed dose of 4 mg/kg, and then of 2 mg/kg over 90 min every
week. S-1 was administered orally, twice daily after meals for 4
weeks, followed by a 2-week rest. This cycle was repeated every 42
days until disease progression. S-1 was administered at one of three
dose levels (level 1: 80 mg/m2; level –1: 65 mg/m2; level –2: 
50 mg/m2). Study treatments continued until disease progression,
unmanageable toxicity, or the patient requested to withdraw from

the study. All patients were initially assigned to receive dose level 1.
The safety at level 1 was evaluated based on DLT in three patients
forming the group. If none of the three patients developed any DLT
in the first cycle, additional patients were to be enrolled at the same
dose level until there were 12 patients. If patients developed any
DLT in the first cycle, decisions to reduce the dose were made by a
data center according to the Bayesian calculations.

Evaluation of safety and efficacy. Adverse events (AEs) were graded
according to the National Cancer Institute Common Toxicity
Criteria (NCI-CTC) version 3.0 (19). Hematology and biochemistry
assessments were performed before each cycle. LVEF was
monitored by echocardiography or electrocardiography after every
two cycles. DLT was defined as the occurrence of any of the
following within the first treatment cycle: (i) grade 4 leukopenia and
neutropenia; (ii) grade 3 or 4 neutropenia along with fever (febrile
neutropenia) for ≥3 days; (iii) grade 3 or 4 thrombocytopenia; (iv)
grade ≥3 nonhematologic toxicity, excluding alopecia and
nausea/vomiting; (v) a decrease in LVEF compared with baseline of
≥20%; (vi) treatment period <14 days; or (vii) the second treatment
cycle did not start within 4 weeks after treatment discontinuation.

RR was evaluated according to the RECIST criteria (Version 1.0)
until disease progression and included all patients with complete
response (CR) and partial response (PR). DCR was defined as the
proportion of patients with CR, PR and stable disease (SD). CR and
PR required confirmation at least 4 weeks after first being reported.

Results

Patient characteristics. A total of 12 patients were enrolled
from five institutes (Sakai Municipal Hospital, Osaka City
University Hospital, Osaka University, Rinku General
Medical Center, and Osaka Police Hospital) between
February 2007 and June 2009. All patients were treated with
a fixed dose (initial dose: 4 mg/kg, treatment dose: 2 mg/kg)
of trastuzumab plus 80 mg/m2 S-1. The baseline clinical
characteristics are summarized in Table I. The median age
was 66 years (range, 46-71 years). Two patients had distant
metastatis when breast cancer was first diagnosed, and 10
patients had recurrent breast cancer and underwent surgery.
Six patients (50%) had hormone receptor-positive tumors
(ER+ and/or PR+); six patients (50%) had hormone-negative
tumors. In total, 9 patients had received prior chemotherapy
(8 patients in adjuvant setting, one in MBC). The sites of
metastatic disease were the bone and/or soft tissue in 7
patients (58%) and visceral sites in 5 patients (42%). The
majority of patients (n=11) received S-1 plus trastuzumab
treatment as first-line therapy.

Toxicity. All the patients were assessed for toxicities during
the first treatment cycle. No DLT was observed in this
cohort. Based on the absence of DLT in the 12 patients, the
90% quantile of the Bayesian posterior distribution of DLT
occurrence was 16.2%, indicating that level 1 dose of S-1
plus trastuzumab combination treatment was tolerated.
Furthermore, few grade 3/4 toxicities were observed in
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patients treated at level 1. Grade 3 toxicities were observed
in three patients and included leukopenia, neutropenia, and
dizziness. Hematological toxicities, such as leukopenia and
thrombocytopenia, were the most common adverse events.
Although nine patients developed variable degrees of
leukopenia and thrombocytopenia, these events were not
severe. In terms of non-hematological toxicities, the most
common was diarrhea (grade 1 or 2 in 6 patients). The
hematological and non-hematological events in all 12
patients are reported in Table II. 

Efficacy. All the patients had measurable lesions and received
level 1 dose of S-1 plus trastuzumab combination therapy.
One patient achieved CR, three patients showed PR, and six
patients showed SD, therefore the clinical RR was 33.3%
(4/12) and the disease control rate (DCR) was 83.3%
(10/12), as summarized in Table III. These data indicate that
the combination therapy regimen was effective and supported
proceeding to the phase II trial.

Discussion

The results of this phase I clinical study of S-1 plus
trastuzumab revealed that the RD of S-1 was 80 mg/m2 in
combination with initial infusion of 4 mg/kg trastuzumab

followed by 2 mg/kg trastuzumab. These results may have
important implications for future therapeutic strategies for
HER2-positive breast cancer and for other types of
carcinomas commonly treated with S-1.

Patients with HER2-positive breast cancer and even those
with node-negative cancer, usually have a poor prognosis.
However, the introduction of trastuzumab, which was
developed to specifically target HER2, has dramatically
improved the prognosis of patients with this type of cancer
(3). Trastuzumab is a recombinant humanized monoclonal
antibody that targets the extracellular domain of the HER2
receptor. RR to trastuzumab in the treatment of HER2-
positive MBC ranged from 26% to 32% when used as
monotherapy (20) and was 50% when used in combination
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Table I. Patient characteristics.

No. of patients 12

Gender
Male 0
Female 12

Age (years)
Median 66
Range 46-71

ECOG performance status (PS)
0 2
1 9
2 1

Menopausal status
premenopausal 4
postmenopausal 8

HR status (ER, PgR)
Both positive 3
Either positive 3
Both negative 6

Disease status
Metastatic 2
Recurrent 10

Site of metastasis
Visceral 5
Non-visceral 7

Chemotherapy line for MBC
1st line 11
2nd line 1

Table II. Toxicities experienced using S-1 with trastuzumab for
metastatic breast cancer (n=12).

Toxicities CTCAE v3.0
Grade 1 2 3 4

Hematological
Leukopenia 3 5 1 0
Neutropenia 1 3 1 0
Anemia 5 3 0 0
Thrombocytopenia 9 0 0 0

Non-hematological
T-Bil 6 2 0 0
AST 3 1 0 0
ALT 4 0 0 0
Creatinine 0 1 0 0
Nausea 5 0 0 0
Vomiting 4 0 0 0
Diarrhea 4 2 0 0
Anorexia 3 0 0 0
Stomatitis 4 1 0 0
Fatigue 5 0 0 0
Pigmentation 3 2 0 0
Dizziness 1 0 1 0
Fever 1 1 0 0
Back pain 0 1 0 0

Table III. Response rate of S-1 with trastuzumab therapy (n=12).

Response N %

CR 1 8.3
PR 3 25
SD 6 50
PD 1 8.3
NE 1 8.3

RR: 4/12, 33.3%,
DCR: 10/12, 83.3%

CR: Complete response, PR: partial response, SD: stable disease, PD:
progressive disease, RR: response rate, DCR: disease control rate.



with chemotherapy (4). Some investigators have reported that
trastuzumab in combination with chemotherapy improved
disease progression and overall survival (4, 5), although
trastuzumab as monotherapy was significantly inferior in
usefulness to trastuzumab in combination with chemotherapy
(21). These findings indicate that trastuzumab plus
chemotherapy combination should be considered as the
standard therapy for HER2-positive MBC.

Unlike adjuvant or neo-adjuvant therapy, therapeutic
strategies for MBC need to provide maximal life-prolonging
effects while keeping the patient’s quality of life (QOL) at a
satisfactory level. In this respect, the treatment algorithm
proposed by Hortobagyi provides an important guideline
because it takes into account both therapeutic efficacy and
QOL (6). Furthermore, in the treatment of breast cancer, along
with advances in basic research, a tailored treatment approach
in which the regimen takes into account the expected
responsiveness to a particular therapy on the basis of the
biological characteristics of the carcinoma and the factors
associated with the patient is becoming increasingly important.

The present study results may have significant implications
for establishing a new therapeutic regimen that is associated
with fewer serious adverse events and does not reduce the
patient’s QOL. Adverse effects, particularly those that affect
QOL such as alopecia, nausea, vomiting and febrile
neutropenia, are generally less common with treatment using
oral fluoropyrimidines than those with anthracyclines and
taxanes. In addition, patients can reduce the need for hospital
visits when side-effects develop, if instructed about how to
manage the adverse drug reaction compared with other
treatment regimens. Accordingly, oral fluoropyrimidine
combination therapy offers an advantage over other therapies
in that the patient will continue to receive therapy for MBC
while maintaining QOL at a satisfactory level. This approach
seems to be beneficial for the patients such as the elderly,
who have complications for which particularly serious
adverse drug reactions are a specific concern. Under these
circumstances, the present phase I clinical study of S-1 in
combination with trastuzumab was planned with the aim of
developing a regimen expected to provide therapeutic efficacy
without compromising the patient's QOL.

S-1 was primarily developed for the treatment of carcinomas
of the gastrointestinal tract and has been widely used as a key
drug for the treatment of gastric cancer in Asia. The ACTS-GC
trial demonstrated that S-1 monotherapy is effective as
postoperative adjuvant treatment in patients with gastric cancer
(22). In advanced settings, the JCOG9912 and SPIRITS trials
revealed that S-1 monotherapy was non-inferior to 5-FU (23),
while S-1 in combination with cisplatin was superior to S-1
alone (24). Therefore, the standard therapy in Japan for patients
with unresectable advanced or recurrent gastric cancer is S-1
in combination with cisplatin for patients who can tolerate
cisplatin, or S-1 alone for patients who cannot be treated with

cisplatin. Several in vitro studies have demonstrated the
efficacy of S-1 in combination with trastuzumab in several
cancer cell types (25, 26). Meanwhile, trastuzumab has also
attracted attention for other types of cancer, such as HER2-
positive advanced gastric cancer, in addition to its efficacy in
breast cancer (27). However, to date, no clinical studies have
evaluated about the efficacy and safety of S-1 in combination
with trastuzumab. Thus, our study has important implications
for the development of therapeutic strategies based on S-1 plus
trastuzumab in various types of carcinoma. Based on the
findings of this phase I study, a phase II clinical study of S-1 in
combination with trastuzumab for MBC is currently underway
and its results are eagerly awaited.

Conflict of Interest

None.

Acknowledgements

This work was supported, in part, by a non-profit organization
Epidemiological & Clinical Research Information Network
(ECRIN). We would like to thank Ms Mai Hatta for her devoted
logistical support for this clinical trial.

References

1 Wolff AC, Hammond ME, Schwartz JN, Hagerty KL, Allred DC,
Cote RJ, Dowsett M, Fitzgibbons PL, Hanna WM, Langer A,
McShane LM, Paik S, Pegram MD, Perez EA, Press MF, Rhodes
A, Sturgeon C, Taube SE, Tubbs R, Vance GH, van de Vijver M,
Wheeler TM and Hayes DF: American Society of Clinical
Oncology/College of American Pathologists guideline
recommendations for human epidermal growth factor receptor 2
testing in breast cancer. J Clin Oncol 25(1): 118-145, 2007.

2 Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A and
McGuire WL: Human breast cancer: correlation of relapse and
survival with amplification of the HER-2/neu oncogene. Science
235(4785): 177-182, 1987.

3 Dawood S, Broglio K, Buzdar AU, Hortobagyi GN and
Giordano SH: Prognosis of women with metastatic breast cancer
by HER2 status and trastuzumab treatment: an institutional-
based review. J Clin Oncol 28(1): 92-98, 2010.

4 Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V,
Bajamonde A, Fleming T, Eiermann W, Wolter J, Pegram M,
Baselga J and Norton L: Use of chemotherapy plus a
monoclonal antibody against HER2 for metastatic breast cancer
that overexpresses HER2. N Engl J Med 344(11): 783-792,
2001.

5 Marty M, Cognetti F, Maraninchi D, Snyder R, Mauriac L,
Tubiana-Hulin M, Chan S, Grimes D, Anton A, Lluch A,
Kennedy J, O'Byrne K, Conte P, Green M, Ward C, Mayne K
and Extra JM: Randomized phase II trial of the efficacy and
safety of trastuzumab combined with docetaxel in patients with
human epidermal growth factor receptor 2-positive metastatic
breast cancer administered as first-line treatment: the M77001
study group. J Clin Oncol 23(19): 4265-4274, 2005.

ANTICANCER RESEARCH 31: 3035-3040 (2011)

3038



6 Hortobagyi GN: Treatment of breast cancer. N Engl J Med
339(14): 974-984, 1998.

7 Piccart MJ: Proposed treatment guidelines for HER2-positive
metastatic breast cancer in Europe. Ann Oncol 12(Suppl 1):S89-
94, 2001.

8 Pegram M, Hsu S, Lewis G, Pietras R, Beryt M, Sliwkowski M,
Coombs D, Baly D, Kabbinavar F and Slamon D: Inhibitory
effects of combinations of HER-2/neu antibody and
chemotherapeutic agents used for treatment of human breast
cancers. Oncogene 18(13): 2241-2251, 1999.

9 Schaller G, Fuchs I, Gonsch T, Weber J, Kleine-Tebbe A, Klare
P, Hindenburg HJ, Lakner V, Hinke A and Bangemann N: Phase
II study of capecitabine plus trastuzumab in human epidermal
growth factor receptor 2 overexpressing metastatic breast cancer
pretreated with anthracyclines or taxanes. J Clin Oncol 25(22):
3246-3250, 2007.

10 Bartsch R, Wenzel C, Altorjai G, Pluschnig U, Rudas M, Mader
RM, Gnant M, Zielinski CC and Steger GG: Capecitabine and
trastuzumab in heavily pretreated metastatic breast cancer. J Clin
Oncol 25(25): 3853-3858, 2007.

11 Yamamoto D, Iwase S, Kitamura K, Odagiri H, Yamamoto C
and Nagumo Y: A phase II study of trastuzumab and
capecitabine for patients with HER2-overexpressing metastatic
breast cancer: Japan Breast Cancer Research Network (JBCRN)
00 Trial. Cancer Chemother Pharmacol 61(3): 509-514, 2008.

12 Ishida T, Kiba T, Takeda M, Matsuyama K, Teramukai S,
Ishiwata R, Masuda N, Takatsuka Y, Noguchi S, Ishioka C,
Fukushima M and Ohuchi N: Phase II study of capecitabine and
trastuzumab combination chemotherapy in patients with HER2
overexpressing metastatic breast cancers resistant to both
anthracyclines and taxanes. Cancer Chemother Pharmacol 64(2):
361-369, 2009.

13 Shirasaka T, Shimamato Y, Ohshimo H, Yamaguchi M, Kato T,
Yonekura K and Fukushima M: Development of a novel form of
an oral 5-fluorouracil derivative (S-1) directed to the potentiation
of the tumor selective cytotoxicity of 5-fluorouracil by two
biochemical modulators. Anticancer Drugs 7(5): 548-557, 1996.

14 Saek T, Takashima S, Sano M, Horikoshi N, Miura S, Shimizu S,
Morimoto K, Kimura M, Aoyama H, Ota J, Noguchi S and
Taguchi T: A phase II study of S-1 in patients with metastatic
breast cancer a Japanese trial by the S-1 Cooperative Study
Group, Breast Cancer Working Group. Breast Cancer 11(2): 194-
202, 2004.

15 Hino M, Saeki T, Sato Y and Sano M: Late phase II study of S-
1 in patients with taxane resistant breast cancer. J Clin Oncol
(Meeting Abstracts) 22(14 Suppl): 745, 2004.

16 Crowley J and Ankerst DP, Handbook of Statistics in Clinical
Oncology. Chapman & Hall/CRC, Boca Raton. p. 31-58, 2005.

17 Gelman A, Bayesian Data Analysis, 2nd edition. CRC Press,
Boca Raton, 2003.

18 Eisenhauera EA, Therasseb P, Bogaertsc J, Schwartzd LH,
Sargente D, Fordf R, Danceyg J, Arbuckh S, Gwytheri S,
Mooneyg M, Rubinsteing L, Shankarg L, Doddg L, Kaplanj R,
Lacombec D and Verweijk J: New response evaluation criteria
in solid tumours: Revised RECIST guideline (version 1.1). Eur J
Cancer 45(2): 228-247, 2009.

19 CTEP CTCAE v3.0 http://ctep.cancer.gov/protocolDevelopment/
electronic_applications/ctc.htm#ctc_30

20 Vogel CL, Cobleigh MA, Tripathy D, Gutheil JC, Harris LN,
Fehrenbacher L, Slamon DJ, Murphy M, Novotny WF,
Burchmore M, Shak S, Stewart SJ and Press M: Efficacy and
safety of trastuzumab as a single agent in first-line treatment of
HER2-overexpressing metastatic breast cancer. J Clin Oncol
20(3): 719-726, 2002.

21 Inoue K, Nakagami K, Mizutani M, Hozumi Y, Fujiwara Y,
Masuda N, Tsukamoto F, Saito M, Miura S, Eguchi K, Shinkai
T, Ando M, Watanabe T, Ohashi Y, Sano M and Noguchi S:
Randomized phase III trial of trastuzumab monotherapy
followed by trastuzumab plus docetaxel versus trastuzumab plus
docetaxel as first-line therapy in patients with HER2-positive
metastatic breast cancer: the JO17360 Trial Group. Breast
Cancer Res Treat 119(1): 127-136, 2010.

22 Sakuramoto S, Sasako M, Yamaguchi T, Kinoshita T, Fujii M,
Nashimoto A, Furukawa H, Nakajima T, Ohashi Y, Imamura H,
Higashino M, Yamamura Y, Kurita A and Arai K: Adjuvant
chemotherapy for gastric cancer with S-1, an oral
fluoropyrimidine. N Engl J Med 357(18): 1810-1820, 2007.

23 Boku N, Yamamoto S, Fukuda H, Shirao K, Doi T, Sawaki A,
Koizumi W, Saito H, Yamaguchi K, Takiuchi H, Nasu J and
Ohtsu A: Fluorouracil versus combination of irinotecan plus
cisplatin versus S-1 in metastatic gastric cancer: a randomised
phase 3 study. Lancet Oncol 10(11): 1063-1069, 2009.

24 Koizumi W, Narahara H, Hara T, Takagane A, Akiya T, Takagi
M, Miyashita K, Nishizaki T, Kobayashi O, Takiyama W, Toh Y,
Nagaie T, Takagi S, Yamamura Y, Yanaoka K, Orita H and
Takeuchi M: S-1 plus cisplatin versus S-1 alone for first-line
treatment of advanced gastric cancer (SPIRITS trial): a phase III
trial. Lancet Oncol 9(3): 215-221, 2008.

25 Saeki H, Yanoma S, Takemiya S, Sugimasa Y, Akaike M, Yukawa
N, Rino Y and Imada T: Antitumor activity of a combination of
trastuzumab (Herceptin) and oral fluoropyrimidine S-1 on human
epidermal growth factor receptor 2-overexpressing pancreatic
cancer. Oncol Rep 18(2): 433-439, 2007.

26 Tanizaki J, Okamoto I, Takezawa K, Tsukioka S, Uchida J,
Kiniwa M, Fukuoka M and Nakagawa K: Synergistic antitumor
effect of S-1 and HER2-targeting agents in gastric cancer with
HER2 amplification. Mol Cancer Ther 9(5): 1198-1207, 2010.

27 Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L,
Sawaki A, Lordick F, Ohtsu A, Omuro Y, Satoh T, Aprile G,
Kulikov E, Hill J, Lehle M, Ruschoff J and Kang YK: Trastuzumab
in combination with chemotherapy versus chemotherapy alone for
treatment of HER2-positive advanced gastric or gastro-oesophageal
junction cancer (ToGA): a phase 3, open-label, randomised
controlled trial. Lancet 376(9742): 687-697, 2010.

Received May 26, 2011
Revised June 29, 2011

Accepted June 30, 2011

Nakayama et al: Phase I Study of S-1 plus Trastuzumab for HER2-positive MBC

3039


