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Purpose This single-arm phase |l trial investigate the efficacy and safety of S-1 plus oxaliplatin (SOX) in patients with metastatic
breast cancer.

Materials and Methods Patients with metastatic breast cancer previously treated with anthracyclines and taxanes were enrolled.
Patients received S-1 (40-60 mg depending on patient’s body surface area, twice a day, day 1-14) and oxaliplatin (130 mg/m?, day 1)
in 3 weeks cycle until disease progression or unacceptable toxicity. The primary endpoint was objective response rate (ORR) accord-
ing to Response Evaluation Criteria in Solid Tumor 1.1. Secondary endpoints included time-to-progression (TTP), duration-of-response
(DoR), overall survival (OS), and adverse events.

Results A total of 87 patients were enrolled from 11 institutions in Korea. Hormone receptor was positive in 54 (62.1%) patients
and six (6.9%) had human epidermal growth factor receptor 2-positive disease. Forty-eight patients (85.1%) had visceral metastasis
and 74 (55.2%) had more than three sites of metastases. The ORR of SOX regimen was 38.5% (95% confidence interval [Cl], 26.9 to
50.0) with a median TTP of 6.0 months (95% Cl, 5.1 to 6.9). Median DoR and OS were 10.3 months (95% Cl, 5.5 to 15.1) and 19.4
(95% Cl, not estimated) months, respectively. Grade 3 or 4 neutropenia was reported in 28 patients (32.1%) and thrombocytopenia
was observed in 23 patients (26.6%).

Conclusion This phase Il study showed that SOX regimen is a reasonable option in metastatic breast cancer previously treated with
anthracyclines and taxanes.
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Introduction

With the advent of novel therapeutic agents and earlier
cancer screening, the survival of breast cancer continues
to improve and the 5-year survival rate of breast cancer
exceeds 90% [1]. However, the 5-year survival rate of stage
IV disease remains poor (27%) [1]. Treatment options for
metastatic breast cancer (MBC) include cytotoxic chemo-
therapy, endocrine therapy, human epidermal growth factor
receptor 2 (HER2)-directed therapy, and recently approved
immune checkpoint inhibitors, depending on tumor subtype
and biomarkers. Cytotoxic chemotherapy is the main back-

bone treatment of HER2-positive or triple-negative disease.
In addition, it is the treatment of choice for endocrine ther-
apy resistant hormone receptor (HR)-positive breast cancer.
Traditionally, anthracyclines and taxanes are the preferred
chemotherapy agents in MBC. However, patients will sub-
stantially develop resistance or intolerance to these agents.
Various single agents or combination regimens including
eribulin, capecitabine, gemcitabine, vinorelbine, platinum,
and ixabepilone are used in breast cancer patients refractory
to anthracyclines and taxanes [2,3]. However, their clinical
efficacy as a single agent remains modest and combination
regimens show an exacerbated toxicity profile which limits
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their routine use. Therefore, development of effective and
tolerable combination regimen for the management of refrac-
tory MBC is needed.

S-1 is an oral fluoropyrimidine agent that consists of
tegafur (a prodrug of 5-fluorouracil [5-FU]) and 2 modulators
(gimeracil and oteracil) at the molar ratio of 1:0.4:1. Gimeracil
increases 5-FU concentration in the plasma and tumor tis-
sues by inhibiting degradation of 5-FU. Orally administered
oteracil selectively distributed in the gastrointestinal tract
and suppresses gastrointestinal toxicity of 5-FU by inhibiting
phosphorylation of 5-FU [4]. S-1 has shown clinical efficacy
in first-line or second-line treatment of MBC with an objec-
tive response rate (ORR) of 41.7% [5]. In a randomized phase
III trial, S-1 was non-inferior to taxane or anthracycline-con-
taining regimens in first-line treatment for MBC [6,7]. Moreo-
ver, S-1 showed an ORR of 21.8% as a salvage treatment in
MBC [8]. Compared to another oral fluoropyrimidine agent,
capecitabine, a multivariate analysis showed that S-1-based
chemotherapy showed non-inferior antitumor efficacy and
better safety profile (hand-foot syndrome) as first-line treat-
ment for advanced gastric carcinoma, at least in Asian [9].
In addition, S-1 showed lower incidence of hand-foot syn-
drome compared with capecitabine, with comparable effica-
cy in Western patients with metastatic colorectal cancer [10].

Oxaliplatin is a platinum derivative containing an oxalate
ligand, which was developed to overcome resistance to the
first- and second-generation platinum complexes [11-13].
Oxaliplatin shows wide ranges of in vitro cytotoxic and in
vivo antineoplastic activities which are different from that of
cisplatin or carboplatin [13]. In MBC patients who were pre-
viously treated with anthracyclines and taxanes, single agent
oxaliplatin was active with an ORR of 21% [14]. Oxaliplatin
provides a synergistic antineoplastic effect when combined
with 5-FU in several in vivo tumor models [12]. Provided by
preclinical evidence of synergism of oxaliplatin and 5-FU,
this combination regimen has been investigated and widely
used in advanced solid cancers including colorectal cancer,
gastric cancer, and breast cancer [15-18]. In anthracycline-
and taxane-refractory MBC, the combination of oxaliplatin
plus 5-FU was an active regimen with an ORR of 27%-34%
and time to progression of 4.9 and 5.3 months [17,18]. S-1 has
the advantage over 5-FU to have a more convenient route of
administration (it avoids 48 hours infusion) and less gastro-
intestinal toxicity albeit equivalent efficacy.

Recently, 5-FU has been substituted by S-1 to treat colo-
rectal cancer and stomach cancer based on a studies show-
ing comparable efficacy and better safety profiles [19,20]. In
a retrospective study performed in advance triple-negative
breast cancer, S-1 and oxaliplatin (SOX) was an effective and
tolerable combination regimen [21]. The purpose of this trial
is to evaluate the clinical efficacy and toxicity profiles of SOX
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in MBC.

Materials and Methods

1. Study design and population

The KCSG-BR07-03 trial was an open-label, multicenter,
single-arm, phase II trial conducted in 11 institutions in
Korea. Patients with histologically confirmed MBC previ-
ously treated with anthracyclines and taxanes were eligible.
Other main inclusion criteria included: age over 18 years;
Eastern Cooperative Oncology Group performance status
(ECOG PS) 0-2; adequate bone marrow, hepatic, and renal
function (hemoglobin = 9.0 g/dL, absolute neutrophil count
> 1,500/ uL; platelet count > 100,000/pL, total bilirubin <
1.5x upper limit of normal [ULN]; serum transaminases
[aspartate aminotransferase (AST)/alanine transaminase
(ALT)] < 2.5x ULN; [AST/ALT < 5.0x ULN was acceptable in
patients with known hepatic metastases]; serum creatinine
< 1.5 mg/dL). Key exclusion criteria were as follows: preg-
nant or breast feeding women; prior treatment with S-1,
capecitabine, or platinum; symptomatic brain metastases;
patients with ongoing grade 3 or higher neurotoxicity; treat-
ed with 4 or more lines of chemotherapy for metastatic dis-
ease. HER2-positive patients could be enrolled if they were
not candidates of HER? targeted agents. Measurable disease
defined by Response Evaluation Criteria in Solid Tumor (RE-
CIST) 1.1 was mandatory [22].

The study protocol was reviewed and approved by the
institutional review board of each participating center. Writ-
ten informed consent was obtained from each patient before
enrollment. This study was carried out in accordance with
the recommendations of the Declaration of Helsinki for bio-
medical research involving human subjects and the Guide-
lines for Good Clinical Practice (ClinicalTrial.gov Identifier:
NCT00527930).

2. Study procedure

Patients received oxaliplatin 130 mg/m? as a 2-hour intra-
venous infusion on day 1 and oral S-1 determined by body
surface area (< 1.25 m? 80 mg; > 1.25 to < 1.5 m? 100 mg;
> 1.5 m? 120 mg) administered twice daily on days 1 to 14
of a 21-day cycle. Treatment was continued until disease
progression, unacceptable toxicity, or withdrawal of patient
consent. Baseline assessments included medical history, full
physical examination, electrocardiography, chest X-rays,
abdominal and chest computed tomography (CT) scans,
complete blood counts, serum electrolytes and chemistry,
and urine analysis. Tumor response was assessed using
RECIST criteria 1.1 by the local investigator at baseline and
every two cycles (6 weeks) [22]. Toxicity was evaluated at
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Fig. 1. CONSORT diagram.

each cycle per the National Cancer Institute Common Termi-
nology Criteria for Adverse Events, ver. 3.0.

3. Statistical analysis

The primary endpoint of the study was ORR (complete
response [CR]+partial response [PR]) with SOX according to
RECIST 1.1. Secondary endpoints included time to progres-
sion (TTP), duration of objective response (DoR), overall sur-
vival (OS), and toxicities. TTP was calculated from the first
day of drug administration to disease progression. Deaths
without progressive disease were censored in the analysis of
TTP. OS was measured from the first day of drug administra-
tion to the date of death from any cause. TTP and OS were
estimated using the Kaplan-Meier method. Response rates
were compared using chi-square test or Fisher exact test as
appropriate. DoR was calculated as the time from first day
of drug administration to progression in patients who had
a best overall response of CR or PR. Analyses of treatment
effects were adjusted for multiple covariates using a multi-
variate Cox proportional hazards model. Differences were
considered statistically significant at p < 0.05 with a two-
tailed test. Statistical analysis was performed with SPSS soft-
ware for Windows ver. 20.0 (IBM Corp., Armonk, NY).

The expected response rate of SOX was 35% based on pre-
vious trials evaluating combination of oxaliplatin and 5-FU
in MBC [17,18]. Considering the null hypothesis that the
response rate would be 20%, at least 75 evaluable patients
were required to ensure the two-sided, alpha of 0.05 and beta

Table 1. Baseline characteristics

No. of patients (%)
(n=87)

Age (yr)
Median (range) 48 (30-71)
<50 49 (56.3)
> 50 38 (43.7)
ECOG PS
0 35 (40.2)
1 48 (55.2)
) 4 (4.6)
Menopausal status
Premenopausal 29 (33.3)
Postmenopausal 56 (64.4)
Unknown 2(2.3)
Disease status
Initial metastatic breast cancer 19 (21.8)
Recurred / Relapsed breast cancer 68 (78.2)
Hormone receptor status
ER- or PR-positive 54 (62.1)
ER- and PR-negative 33(37.9)
HER?2 status
Positive 6 (6.9)
Negative 81(93.1)
Metastases sites
Visceral metastasis 74 (85.1)
Bone metastasis 55 (63.2)
Chest wall/Soft tissue/ 44 (50.6)
Lymph node metastasis
No. of metastases sites
<3 39 (44.8)
>3 48 (55.2)
Prior chemotherapy 87 (100)
Neo- or adjuvant chemotherapy 70 (80.5)
Palliative chemotherapy 80 (92.0)
Prior-anthracycline 87 (100)
Prior-taxanes 86 (98.9)
Palliative chemotherapy line
3 1(1.1)
) 34 (39.1)
1 45 (51.7)
0 7(8.0)

ECOG PS, Eastern Cooperative Oncology Group performance
status; ER, estrogen receptor; HER2, human epidermal growth
factor receptor 2; PR, progesterone receptor.

of 0.10 levels. Assuming 10% of dropout rate, the number of
patients needed for this study was 82.
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Fig. 2. Kaplan-Meier survival curve for time to progression (A) and overall survival (B).
Table 2. Univariate analysis of time to progression
No. (%) TTP p-value
Age (yr)
<50 49 (56.3) 5.8 (4.4-7.2) 0.230
>50 38 (43.7) 6.7 (4.6-8.8)
ECOG PS
0 35(40.2) 6.0 (3.4-8.6) 0.021
1-2 52 (59.8) 5.8 (4.7-6.9)
Hormone receptor status
ER- or PR-positive 54 (62.1) 6.4 (5.7-7.1) 0.078
ER- and PR-negative 33(37.9) 3.8 (2.0-5.5)
Visceral metastasis
Present 74 (85.1) 5.8 (4.7-6.9) 0.075
None 13 (14.9) Not reached
No. of metastases sites
<3 39 (44.8) 6.5 (5.6-7.4) 0.088
>3 48 (55.2) 4.6 (2.6-6.7)
Palliative chemotherapy line
2-3 35(40.2) 5.8 (4.5-7.1) 0.340
0-1 52 (59.8) 6.0 (4.4-7.5)
ECOG PS, Eastern Cooperative Oncology Group performance status; ER, estrogen receptor; PR, progesterone receptor; TTP, time-to-pro-
gression.
Results and/or palliative setting. All patients received prior-anthra-

1. Patient characteristics

From October 2007 to October 2009, 87 patients were
enrolled from 11 centers in Korea (Fig. 1). Baseline charac-
teristics are summarized in Table 1. The median age was 48
years (range, 30 to 71 years), and 48 patients (55.2%) had an
ECOG PS status of 1. Fifty-four patients (62.1%) were HR-
positive, and six patients (6.9%) were HER2-positive. Most
patients (n=74, 85.1%) had visceral metastasis, and most
patients (n=48, 55.2%) had more than three metastatic sites.
All patients received prior chemotherapy as neo/adjuvant
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cyclines and 86 patients (98.9%) received prior-taxanes. One
patient (1.1%) received three lines of chemotherapy, 34 pati-
ents (39.1%) received two lines of chemotherapy, and 45
patients (51.7%) received one line of chemotherapy in the
metastatic setting.

2. Efficacy

Among 87 patients, 78 patients were available for tumor
response evaluation. Four patients withdrew informed con-
sent after one cycle of chemotherapy and five patients discon-
tinued treatment after one cycle. Of these 78 patients, there
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Table 3. Toxicity profile

Total Grade 1 Grade 2 Grade 3 Grade 4
Hematology toxicity
Anemia 73 (83.9) 51 (58.6) 20 (23.0) 2(2.3) 0
Thrombocytopenia 71 (81.6) 18 (20.7) 30 (34.5) 18 (20.7) 5(5.7)
Leucopenia 68 (88.2) 33(37.9) 31 (35.6) 3(3.4) 1(1.1)
Neutropenia 67 (77.0) 11 (12.6) 28 (32.2) 23 (26.4) 5(5.7)
Neutropenic fever 0 0 0 0 0
Non-hematologic toxicity
Sensory neuropathy 68 (78.2) 49 (56.3) 16 (18.4) 3(3.4) 0
Nausea 64 (73.6) 36 (41.4) 26 (29.9) 2(2.3) 0
AST elevation 64 (73.6) 53 (60.9) 9(10.3) 1(1.1) 1(1.1)
Anorexia 47 (54.0) 25 (28.7) 20 (23.0) 2(2.3) 0
Vomiting 47 (54.0) 26 (29.9) 13 (14.9) 8(8.9) 0
ALP elevation 44 (50.6) 34 (39.1) 9(10.3) 1(1.1) 0
Diarrhea 35 (40.2) 17 (19.5) 9(10.3) 9(10.3) 0
ALT elevation 34 (39.1) 31 (35.6) 2(2.3) 0 1(1.1)
Stomatitis 17 (19.5) 14 (16.1) 2(2.3) 1(1.1) 0
Constipation 13 (14.9) 9(10.3) 4 (4.6) 0 0

Values are presented as number (%). ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase.

was no CR, 30 had PR (38.5%), 23 had stable disease (29.5%),
and 25 had progressive disease (32.1%). The ORR was 38.5%
(95% confidence interval [CI], 26.9 to 50.0) and disease con-
trol rate was 67.9% (95% CI, 56.4 to 78.2). Median time to
response in 30 patients with PR was 2.6 months (95% CI, 2.0
to 3.3).

With a median follow-up of 17 months, 60 progression
events and 31 death events occurred. Median TTP was 6.0
months (95% CI, 5.1 to 6.9) (Fig. 2A), median duration of
response in 30 patients with PR was 10.3 months (95% CI, 5.5
to 15.1), and median OS was 19.4 months (Fig. 2B). Univari-
ate analysis revealed ECOG PS as a prognostic factor for TTP
(Table 2). Patients with HR-positive disease, those without
visceral metastasis, and metastasis sites < 3 had a trend to
more favorable TTP. In a multivariate analysis using the Cox-
proportional hazard model in a backward stepwise method,
poor performance status (hazard ratio [HR], 1.82; 95% CI,
1.05 to 3.14; p=0.032), age over 50 (HR for TTP, 1.86; 95% CI,
1.08 to 3.19; p=0.025), HR-negative disease (HR, 1.87; 95% CI,
1.07 to 3.21; p=0.027), and visceral metastasis (HR, 3.3; 95%
CI, 1.16 t0 9.19; p=0.025) were independently associated with
aworse TTP.

3. Safety

A total of 525 cycles of SOX were administered. Median
number of cycles administrated to each patient was 6 (range,
1 to 22). There was at least one treatment related adverse
event in 85 patients (97.7%) (Table 3). Mean dose intensity
of S1 and oxaliplatin was 0.79 (standard deviation [SD],

0.18) and 0.79 (SD, 0.17), respectively. Hematologic adverse
events such as anemia (82.9%), leucopenia (88.2%), neutrope-
nia (77.0%), and thrombocytopenia (81.6%) were frequently
observed. The most frequently reported grade 3 to 4 adverse
event was neutropenia (n=28, 32.2%) followed by thrombo-
cytopenia (n=23, 26.4%). However, there was no febrile neu-
tropenia. Among non-hematologic adverse events, the most
common adverse event was sensory neuropathy (78.2%),
followed by nausea (73.6%), AST elevation (73.6%), ano-
rexia (54.0%), vomiting (54.0%), and alkaline phosphatase
elevation (50.6%). Only four patients (4.6%) had hand-foot
syndrome (two patients with grade 1 and two patients with
grade 2). Most non-hematologic adverse events were of
grade 1 to 2.

Discussion

This phase 1I trial evaluated the efficacy and toxicity of
S-1 plus oxaliplatin in patients with MBC previously treated
with anthracyclines and taxanes. SOX was an effective regi-
men for MBC, meeting the primary endpoint with an ORR of
38.5% and a median TTP of 6.0 months. Toxicity was moder-
ate but generally well manageable.

Although there have been much progress in endocrine
therapy and HER2-directed therapy in MBC, chemotherapy
still remains important armamentarium for patients with
MBC. Anthracyclines and taxanes are the preferred cytotoxic
agents and capecitabine, eribulin, gemcitabine, vinorelbine,
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platinum, and ixabepilone are commonly used in MBC
refractory to anthracyclines and taxanes [2,3]. There has been
a challenge to find the most feasible chemotherapeutic strat-
egy in anthracycline- and taxane-pretreated MBC. Capecit-
abine is an oral fluoropyrimidine agent which is frequently
used in MBC with a response rate of 20%-28% as a single agent
[23-25]. S-1 is another oral fluoropyrimidine agent, which has
shown similar efficacy compared to capecitabine in a phase
II trial [26]. In addition, previous data from other tumors
show that S-1 may have a favorable safety profile compared
to capecitabine. In a meta-analysis performed in advanced
gastric carcinoma, hand-foot syndrome was less prominent
in S-1-based chemotherapy compared to capecitabine based
chemotherapy (0.3% vs. 5.9%, p=0.003) [9]. In a randomized
phase III trial performed in metastatic colorectal cancer, S-1
was associated with a significantly lower incidence of hand-
foot syndrome compared with capecitabine (grade 3: 4%
vs. 21%, p=0.003), with comparable efficacy [10]. In MBC,
sequential single cytotoxic agents are generally preferred
over combination regimen because of lesser toxicity and no
significant difference in overall survival. However, combina-
tion chemotherapy regimens should be considered in case
of rapid disease progression or in patients with high tumor
burden. Combination regimen or fluoropyrimidines and
platinum agents are frequently used in many types of tumor
because of non-overlapping toxicity and synergetic anti-
tumor effect [15-18]. In MBC, the combination regimen of
5-FU (intravenous) and oxaliplatin showed ORR of 27%-
34% [17,18]. In a retrospective study performed in advanced
triple-negative breast cancer, SOX regimen showed ORR of
34.6%, median progression-free survival of 6.7 months, and
median OS of 13.3 months with a tolerable safety profile
[21]. In the current phase II study, SOX regimen showed an
ORR of 38.5% and a median TTP of 6.0 months. Our results
suggest that SOX regimen has an efficacy comparable to the
combination of 5-FU (intravenous) and oxaliplatin in MBC.
Moreover, the clinical efficacy of SOX is also promising in
anthracycline and taxane pre-treated MBC with high tumor
burden. In the present study, all patients were pre-treated
with anthracyclines and most patients were pre-treated with
taxanes, and 92% of patients received palliative chemothera-
py. In addition, 85% of patients had visceral metastases and
more than 50% of patients had more than 3 metastatic sites.
Toxicity profile of SOX in MBC was comparable with previ-
ous reports of 5-FU (intravenous) and oxaliplatin in patients
with breast cancer [17,18]. The most common non-hemato-
logic adverse event of SOX was sensory neuropathy (78.2%)
which is related to oxaliplatin. However, it was mainly of
grade 1 to 2 (56.3% and 18.4%, respectively), and only three
patients (3.5%) had grade 3 to 4 neuropathy. In addition, only
four patients (4.6%) had hand-foot syndrome. While hemato-
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logic adverse events were frequently observed with 32.2% of
patients experiencing grade 3 to 4 neutropenia, febrile neu-
tropenia was not observed in the current trial. The toxicity
profile of SOX in MBC was thus manageable. Cisplatin and
carboplatin is frequently used in MBC as a single agents or
in combination. In chemotherapy-naive patients with advan-
ced gastric cancer, SOX showed comparable efficacy with
favorable safety profile compared to S-1 plus cisplatin [27].
Grade 3 or higher leukopenia (19.4% vs. 4.1%, p < 0.001),
neutropenia (41.8% vs. 19.5%, p < 0.001), anemia (32.5% vs.
15.1%, p < 0.001), and febrile neutropenia (6.9% vs. 0.9%, p <
0.001) were more frequently seen in S-1 plus cisplatin than in
SOX [27]. Although our study did not compare clinical effi-
cacy between cisplatin and oxaliplatin, we could assume that
the toxicity profile of oxaliplatin in MBC could be favorable
compared to cisplatin. A variety of chemotherapy regimens
are recommended in anthracycline and taxane pretreated
MBC. Decision on serial chemotherapy regimen should be
tailored to each individual patient considering performance
status, disease burden, and toxicities of previous therapies.
Numerous novel agents including HER2-directed therapies,
CDK4/6 inhibitor, and immune checkpoint inhibitors have
recently approved in the treatment of MBC. However, the
accessibility are often limited in many global areas including
Korea for variable reasons. We believe readily accessible SOX
regimen is a reasonable option in patients with MBC as this
regimen showed high response rate even in patients with
high disease burden (= 3 metastases sites) and offers practical
advantage to be administered in outpatient setting.

In conclusion, this phase II study suggests that SOX regi-
men is an effective regimen in heavily pretreated MBC and
shows a manageable safety profile. SOX regimen may be a
reasonable treatment option especially in patient with MBC
refractory to anthracyclines and taxanes.
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