
Abstract. Background/Aim: S-1, a 5-fluorouracil(5-FU)
oral anti-cancer drug, has been traditionally used with a
schedule of 4-week oral administration followed by 2-week
rest for breast cancer treatment. We, herein, aimed to
investigate the clinical efficacy and safety of a schedule of
2-week oral administration followed by 1-week rest for
patients with metastatic breast cancer. Patients and Methods:
We enrolled patients with HER2-negative metastatic breast
cancer who had not received prior chemotherapy. S-1 was
administered consecutively for 2-weeks followed by a 1-week
rest. Results: Between September 1, 2013 and August 31,
2016, 32 patients were enrolled. The median follow-up time
was 32.1 months. The median progression-free survival
(PFS) was 9.4 months. Overall survival (OS) was 41.0
months, time to treatment failure (TTF) was 7.8 months,
response rate (RR) was 31.3%, and disease control rate
(DCR) was 78.1%. The incidence of grade 3 side-effects was
not high. Conclusion: The 3-week schedule of S-1 can be
considered useful as a treatment for patients with metastatic
breast cancer, helping in maintaining a high quality of life.

In the treatment of metastatic breast cancer, chemotherapy
that can maintain the quality of life is required (1). S-1,
which was developed in Japan, is an oral anticancer drug that
combines the prodrug of fluorouracil (5-FU), tegafur, with
the 5-FU degradation inhibitor gimeracil and the
phosphorylation inhibitor oteracil. It has been used to treat
various cancers such as breast cancer, gastric cancer, head
and neck cancer and lung cancer (2-4).

There are two clinical trials of S-1 for metastatic and
recurrent breast cancer in Japan, with response rates of 42%
and 40.7%, respectively, that are comparable to taxanes (5).
Among them, the response rate of patients who were not
treated with chemotherapy for metastatic and recurrent
cancer (59 out of 81 cases) was reported to be 49.2%. 

The S-1 Cooperative Study Group’s Phase II study, which
was a trial conducted for patients with recurrent breast
cancer within 1 chemotherapy regimen, showed that the
response rate was 41.7%, and the clinical benefit rate was
45.3% (5).

The SELECT BC trial is a randomized, controlled, phase
III trial that assesses overall survival for S-1 versus taxanes
for patients with metastatic breast cancer (6). In this study,
non-inferiority of S-1 was reported relative to taxanes with
respect to overall survival (OS).

S-1 is used with a schedule of 4-week oral administration
followed by a 2-week rest (6-week schedule) for breast cancer,
but for lung cancer and head and neck cancer, reports have
indicated that a 3-week schedule is good in terms of reducing
side-effects, improving drug compliance and quality of life (7-
9). The 3-week schedule may be better than the 6-week
schedule in breast cancer as well, but there are few clinical
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trial data on 3-week schedule for breast cancer. Therefore, in
this study, we examined the efficacy and safety of the 3-week
schedule of S-1. The effects of S-1 are fully expected in the
chemotherapy-naive cases that are the subject of this study.

Patients and Methods 

Study design and patients. The patients in this study were recruited
from 8 hospitals of the Kobe Breast Cancer Oncology Group
(KBCOG) in Japan. Patient eligibility criteria for this study were
as follows: breast cancer with histological confirmation, HER2-
negative or unknown, metastatic or recurrent breast cancer with at
least one evaluable lesion, female gender over 20 years of age, and
no previous chemotherapy for their recurrent or metastatic disease.
Preoperative or postoperative adjuvant use of oral fluorouracil was
allowed if at least 24 weeks had elapsed since the final day of
treatment, Eastern Cooperative Oncology Group performance
status of 0-2, adequate organ function. leukocytes ≥3,000/mm3,
neurocytes ≥1,500/mm3 hemoglobin ≥9.0 g/dl; platelets
100,000/mm3; serum total bilirubin ≤2.0 mg/dl; aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) <100
IU/l; creatinine clearance rate (Ccr) 50 ml/min] , normal cardiac
function, and were from end of prior hormone therapy >7 days;
prior radiation therapy >14 days. Patient exclusion criteria for this
study were: if patients had a history of hypersensitivity to the
protocol treatment drugs; had active secondary cancer; had brain
metastases with any symptoms; had severe liver metastasis,
lymphatic pulmonary metastasis, pleural effusion, ascites or
pericardial effusions requiring emergency treatment; had active
infections; had interstitial pneumonia or pulmonary fibrosis; were
HBs antigen positive; had diabetes treated with insulin; had
psychosis; and were pregnant women.

This study was performed in accordance with the ethical
principles of the Declaration of Helsinki and approved by the
institutional review board of all participating hospitals. Written
informed consent was obtained from all patients prior to enrollment
in this study.

Treatment schedule. S-1 was administered orally at 40-60 mg, twice
daily after breakfast and dinner, consecutively for 2 weeks followed
by 1 week of rest (1 course). The dose of S-1 was determined
according to the body surface area (BSA) and creatinine clearance
rate (Ccr) (Table I).

If administration could not be started, it could be postponed. If
an adverse event occurred, administration was discontinued, and
after recovery, the dose was reduced by one step and resumed.
Treatment is discontinued if adverse events occur after the two-step
dose reduction. If the doctor in charge judged it safe, the dose could
be increased by one step. Treatment was discontinued if
administration could not be initiated more than 28 days after the last
day of administration.

Treatment was discontinued when the tumor progression or
adverse events unable to be controlled by dose modification or
temporary withdrawal of S-1. Treatment was also discontinued at
patient request. 

Study objectives. This efficacy was evaluated based on the Response
Evaluation Criteria in Solid Tumors (RECIST) criteria, categorized
into four categories: complete response (CR), partial response (PR),

stable disease (SD), and progressive disease (PD). CR was defined
as the clinical disappearance of all target lesions. PR was defined
as a reduction of the sum of all measurable lesions by at least 30%.
PD was defined as an increase of the sum of all measurable lesions
by more than 20%, or as the appearance of a new lesion. Stable
disease (SD) was not defined as CR, PR, or PD. Long SD was
defined as SD lasting for more than 24 weeks.

We planned this study to verify the efficacy and toxicity of a 3-
week S-1 schedule as first-line chemotherapy for MBC. The primary
endpoint was progression-free survival (PFS). Progression-free
survival was defined as the time from the date of participation in this
trial to the earliest date of disease progression or death from any
cause. The secondary endpoints were overall survival (OS), time to
treatment failure (TTF), overall response rate (ORR), disease control
rate (DCR), and safety. TTF was defined as the interval between the
date of participation in this trial and the earliest date of disease
progression, withdrawal of study treatment for any reason, or death
from any cause. ORR was defined as CR+PR.DCR was defined as
CR+PR+SD. Adverse events were assessed using the Common
Terminology Criteria for Adverse Events v4.0 (CTCAE v4.0).

Statistical analysis. Although retrospective surveys after third-line
treatment have been reported on S-1 metastatic or recurrent breast
cancer, there are few prospective clinical trials. According to
previous reports, the PFS (TTP) of S-1 for patients who have been
treated with anthracycline and taxane after the third line is about 2.5
to 6 months (10-12).

The required sample size was estimated based on a threshold PFS
of 3.5 months and an expected PFS of 6 months, a patient
registration period of at least 2 years, a mean follow-up of 3 years,
90% power, and an alpha value of 0.05 (one-sided) using the
SWOG One Arm Survival. The target sample size was determined
to be at least 30 patients, so we recruited 35 participants. The
Kaplan-Meier method is used to estimate the progression-free
survival rate. Efficacy parameters were reported with two-sided
95% confidence intervals (CI).
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Table Ⅰ. Starting dose of S-1 and dose-reduction strategy of S-1. The
dose of S-1 was determined according to the body surface area (BSA)
and creatinine clearance rate (Ccr).

Starting dose of S-1

BSA(m2)                                 Creatinine clearance rate (Ccr)

                                         ≥80 ml/min               50 ml/min≤x<80 ml/min

≥1.5 m2                            120 mg/day                         100 mg/day
1.25 m2≤x<1.5 m2             100 mg/day                          80 mg/day
<1.25 m2                                 80 mg/day                           60 mg/day

Dose-reduction strategy of S-1

Starting dose                  First reduction                  Second reduction

120 mg/day                      100 mg/day                          80 mg/day
100 mg/day                       80 mg/day                           60 mg/day
80 mg/day                         60 mg/day                           40 mg/day



Results

Patient characteristics. Between September 1, 2013, and
August 31, 2016, we enrolled 32 patients. The median
follow-up time was 32.1 months, and the range was 4.8-69.0
months. The demographic characteristics of the 32 patients
are presented in Table II. Twenty-eight of the 32 (87.5%)
patients were hormone-receptor positive, and 4 of the 32
(12.5%) patients were triple-negative. Fifteen patients
received perioperative chemotherapy. Anthracycline, taxane,
and 5-FU were used in 43.8%, 40.6%, and 25.0% of the
patients, respectively. S-1 was the first-line chemotherapy for
metastatic breast cancer in all patients.

Efficacy. Median PFS was 9.4 months (95% CI=5.0-13.8)
(Figure 1), exceeding the expected PFS 6 months. Median
OS was 41.0 months (95% CI=26.8-NA) (Figure 2), and
median TTF was 7.6 months (95% CI=2.7-11.5) (Figure 3).
ORR was 31.3%, and DCR was 78.1% (Table III).

Safety. Common toxicities were anemia, fatigue, anorexia,
and nausea. Details are shown in Table Ⅳ. There were few
Grade 3 toxicities. There was no elevation of AST or ALT.
All adverse events were manageable.

Feasibility. The feasibility of S-1 is shown in Table Ⅴ. Eight
patients had creatinine clearance <80 ml/min. The S-1 dose
was reduced for each of the eight patients. Median number of
treatment cycles (range) was 10 (2-47). The reasons for
interruption of treatment were 11 adverse events, 3 infections,
and 1 to start radiation therapy. Twenty-six patients (81.3%)
discontinued due to progressive disease and 5 patients (15.6%)
discontinued due to adverse events. The other patients were
discontinued for treatment of other diseases. PD consisted of
14 cases of exacerbation of existing lesions, 17 cases of new
lesions, and 1 case judged by the attending physician due to
elevated tumor markers. The reason for discontinuation of AEs
was anemia, infection, nausea, decreased vision, and myalgia
in 1 patient each. Relative dose intensity (RDI) was 94.5%.
RDI was calculated with the starting dose at 100%.

Discussion

Two clinical trials have evaluated the efficacy and safety of
S-1 for breast cancer. In the Phase II study of the S-1
Cooperative Study Group, the efficacy and safety of S-1 were
evaluated in patients with metastatic breast cancer who had
received 1 chemotherapy regimen. In this clinical study, RR
was 41.7% and CBR 45.3%. The median survival time was
872 days (5). The SELECT-BC study examined the non-
inferiority of overall survival of S-1 to taxane and the
superiority of health-related quality of life in the first-line
treatment for metastatic breast cancer (6). OS of the S-1

group and the taxane group were 35.0 months vs. 37.2
months (p=0.015), and PFS were 9.6 months vs. 11.0 months.
Non-inferiority of OS of S-1 to taxane was demonstrated. The
superiority of health-related quality of life was also shown.
S-1 was used with a 6-week schedule in both studies.

This study investigated the efficacy and safety of a 3-week
S-1 schedule as a first-line treatment for metastatic breast
cancer. The PFS of this study was 9.4 months, which was
longer than the expected value at 6 months. The RR was
31.3%, CBR was 40.6%, and RR was slightly lower than that
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Table Ⅱ. Patient characteristics (n=32). 

                                                                                            n (%)

Age (range)                                                                     64 (38-80)
Menopausal status
  Premenopausal                                                             7 (21.9%)
  Postmenopausal                                                           25 (88.1%)
Performance Status (ECOG)
  0                                                                                   23 (71.9%)
  1                                                                                    7 (21.9%)
  2                                                                                     2 (6.3%)
Metastatic or Recurrence
  Metastatic                                                                     9 (28.1%)
  Recurrence                                                                  23 (71.9%)
Metastatic site (overlaps)
  Local                                                                              8 (25%)
  Lymph nodes                                                               14 (43.8%)
  Lung                                                                            13 (40.6%)
  Bone                                                                            22 (68.6%)
  Liver                                                                            12 (37.5%)
  Contralateral breast                                                       2 (6.3%)
Hormonal receptor
  ER+ and/or PgR+/HER2–                                          28 (87.5%)
  ER– and PgR–/HER2–                                                4 (12.5%)
Pathology
  Invasive ductal carcinoma                                          28 (87.5%)
  Invasive lobular carcinoma                                          2 (6.3%)
  Others                                                                            2 (6.3%)
Neo/adjuvant chemotherapy
 Yes                                                                               15 (46.9%)
  Anthracycline                                                             14 (43.8%)
  Taxane                                                                        13 (40.6%)
  5-FU                                                                              8 (25%)
  No                                                                                  16 (50%)
  Unknown                                                                       1 (3.1%)
Adjuvant endocrine therapy for
ER+ recurrent breast cancer                                             n=20
  Yes                                                                                 19 (95%)
  Unknown                                                                        1 (5%)
Endocrine therapy for MBC                                              n=28
  Yes                                                                                 26 (93%)
  No                                                                                    2 (7%)
Bone-modifying agents                                                 19 (59.4%)

ER: Estrogen receptor; PgR: progesterone receptor; HER2: human
epidermal growth factor receptor 2; ECOG: Eastern Cooperative
Oncology Group; MBC:Metastatic and recurrent  breast cancer.



reported by the S-1 Cooperative Study Group (5). However,
in this study, about half of the 15 cases had SD, and DCR
was 78.1%. The results of this test were not inferior to those
of the previously reported test of the 6-week schedule.

Five patients (15.6%) stopped S-1 due to side-effects. One
patient discontinued treatment due to a grade 3 side-effect
on her eyes. The eye disorder caused by S-1 has not yet
received much attention in the treatment of breast cancer.
However, reports indicate the eye disorder associated with
S-1 is a side-effect for 16-25.3% of patients (13, 14).
Termination of S-1 eliminates the eye symptoms, so it is
important to notice the eye disorder early. 

In addition, treatment was discontinued at the request of
patients with grade 2 anemia, infection, nausea, and myalgia.
All side-effects disappeared after discontinuation. Of the 27
patients who were able to continue treatment, eight patients
had reduced their doses of S-1 due to side-effects.
Discontinuation due to side-effects was judged an event in
the evaluation of TTF. However, in the evaluation of PFS,
discontinuation of S-1 was not judged as an event, but the
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Table Ⅲ. Response rate in eligible patients (n=32). This efficacy of S-
1 was evaluated based on the Response Evaluation Criteria in Solid
Tumors (RECIST) criteria.

                                                                                          n (%)

Total response
   Complete response (CR)                                                  0
   Partial response (PR)                                                10 (31.3%)
   Stable disease (SD)                                                  12 (37.5%)
   Long SD (SD>24w)                                                   3 (9.4%)
   Progressive disease (PD)                                           6 (18.8%)
   Not evaluable (NE)                                                     1 (3.1%)
Overall response rate (CR+PR)                                      31.3%
Clinical benefit rate (CR+PR+long SD)                        40.6%
Disease control rate (CR+PR+SD)                                 78.1%

Figure 3. Kaplan-Meier estimates of time to failure (TTF) in eligible
patients (n=32). Median TTF was 7.6 months (95%CI=2.7-11).

Figure 2. Kaplan-Meier estimates of overall survival (OS) in eligible
patients (n=32). Median OS was 41.0 months (95%CI=26.8-NA).

Figure 1. Kaplan-Meier estimates of progression-free survival (PFS) in
eligible patients (n=32). Median PFS was 9.4 months (95%CI=5.0-13.8).



PD of the next treatment was judged as an event. Therefore,
TTF was 7.8 months, but PFS was 9.6 months. Even so, TTF
was longer than the expected PFS of 6 months.

In other carcinomas, the effects, side-effects, and
compliance have been reported on the 3-week schedule and
the 6-week schedule. In the treatment of head and neck
cancer and oral cancer, it has been reported that the 3-week
schedule tends to have fewer grade 3 and 4 side-effects than
the 6-week schedule (9, 15). In the clinical trial of breast
cancer using S-1 at a 6-week schedule, AST and ALT
elevation was reported at 37% and 29% in all grades and 3%
for both AST and ALT in grade 3 (12). In this study, grade 3
side-effects were minimal, and grade 3 or 4 AST and ALT
elevation was not observed.

In the treatment of head and neck cancer, the 3-week S-1
schedule was reported with better medication compliance
than the 6-week schedule (9). The cumulative rates of the
relative total administration dose at 100% were 54.9% (95%
CI= 40.1-69.7%) in the 3-week schedule and 34.3% (95%
CI=21.1-47.4%) in the 6-week schedule. In two clinical trials
of lung cancer, 20% and 31% patients discontinued treatment
due to side-effects (7, 8). In our study, 5 patients (15.6%)
discontinued due to adverse events, so the completion rate
in this study was 84.4%.

Reports indicate that some patients discontinued treatment
due to side-effects appearing from the third week in the 6-week
schedule (9). In the 3-week schedule, patients have a treatment
break in the third week. The S-1 side-effects then do not
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Table Ⅳ. Hematological and non-hematologic adverse events (n=32). Numbers are patients who reported events. Severity was graded according
to the Common Terminology Criteria for Adverse Events v4.0 (CTCAE v4.0).

                                                                       Grade 1 (%)                             Grade 2 (%)                            Grade 3 (%)                                 Any (%)

Hematological
   Leukopenia                                                   5 (15.6%)                                 8 (25.0%)                                1 (3.1%)                                 14 (43.8%)
   Neutropenia                                                  2 (6.3%)                                   4 (12.5%)                                3 (9.4%)                                   9 (28.1%)
   Anemia                                                        15 (46.9%)                                 4 (12.5%)                                                                                19 (59.4%)
   Thrombocytopenia                                      11 (34.4%)                                                                                                                                 11 (34.4%)
   AST increasing                                           11 (34.4%)                                 2 (6.3%)                                                                                  13 (40.6%)
   ALT increasing                                           11 (34.4%)                                 1 (3.1%)                                                                                  12 (37.5%)
   Bilirubin                                                        8 (25.0%)                                 1 (3.1%)                                  1 (3.1%)                                 11 (34.4%)
   Creatinine                                                     8 (25.0%)                                                                                                                                   8 (25.0%)
Non-hematological
   Diarrhea                                                      10 (31.3%)                                 1 (3.1%)                                                                                  11 (34.4%)
   Mucositis                                                      9 (28.1%)                                 4 (12.5%)                                                                                13 (40.6%)
   Rash                                                              9 (28.1%)                                 2 (6.3%)                                                                                  11 (34.4%)
   Nausea                                                        12 (37.5%)                                 3 (9.4%)                                                                                  15 (46.9%)
   Vomiting                                                       4 (12.5%)                                 1 (3.1%)                                                                                    5 (15.6%)
   Fatigue                                                        15 (46.9%)                                 2 (6.3%)                                                                                  17 (53.1%)
   Anorexia                                                     10 (31.3%)                                 3 (9.4%)                                  1 (3.1%)                                 14 (43.8%)
   Nosebleed                                                     2 (6.3%)                                                                                                                                     2 (6.3%)
   Dysgeusia                                                     5 (15.6%)                                 1 (3.1%)                                                                                    6 (18.8%)
   Eye disorder                                                  9 (28.1%)                                 1 (3.1%)                                  1 (3.1%)                                 11 (34.4%)
   Abdominal pain                                            1 (3.1%)                                                                                                                                     1 (3.1%)
   Pigmentation                                                 6 (18.8%)                                                                                                                                   6 (18.8%)
   Constipation                                                  5 (15.6%)                                                                                                                                   5 (15.6%)
   Hand-foot syndrome                                    4 (12.5%)                                 3 (9.4%)                                                                                    7 (21.9%)
   Sensory neuropathy                                      2 (6.3%)                                                                                                                                     2 (6.3%)

Table V. The feasibility of S-1 in eligible patients (n=32).

                                                                                             n (%)

Starting dose
   100%                                                                              24 (75%)
   Reduced dose                                                                  8 (25%)
Median number of treatment cycles (range)                   10 (2-47)
Dose reduction
   Yes                                                                                   8 (25%)
   No                                                                                   24 (75%)
Interruption
   Yes                                                                                  16 (50%)
   No                                                                                   16 (50%)
Reason of discontinuation
   Progressive disease                                                      26 (81.3%)
   Adverse event                                                               5 (15.6%)
   Other                                                                               1 (3.1%)
Relative dose intensity (mean)                                           94.5%
   95% CI                                                                           91.2-97.9



become worse. A better schedule makes better compliance and
causes better response. SELECT BC was performed on the 6-
week schedule, but the 3-week schedule may reduce the severe
side-effects of S-1 and improve the results. 

Although new molecularly targeted drugs, immunotherapies,
and other treatments have been developed, these treatments
have side-effects such as autoimmune diseases. In addition, the
new treatment options are expensive. A new treatment that is
effective with minimal side-effects, such as the S-1 three-week
method, would contribute to both the patient and the medical
economy. 
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