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BACKGROUND: We have previously demonstrated S-1 is non-inferior to taxane with respect to overall survival as first-line
chemotherapy for HER2-negative metastatic breast cancer. We aimed to confirm whether S-1 is also non-inferior to anthracycline-
containing regimens in the same setting.
METHODS: We conducted an open-label, non-inferiority, Phase 3 study. Individuals who had HER2-negative metastatic breast
cancer, had received no chemotherapy for advanced disease and had endocrine therapy resistance, were randomly assigned to the
anthracycline-containing regimens or S-1. The primary endpoint was overall survival. A pre-planned combined analysis of our two
Phase 3 studies was also carried out.
RESULTS: We enrolled 230 patients (anthracycline, n= 115; S-1, n= 115). Median overall survival was 30.1 months (95% CI
24.9–35.8) with the S-1 group and 33.7 months (95% CI 25.5–36.9) with the anthracycline group. The HR for the anthracycline group
was 1.09 (95% CI 0.80–1.48). The combined analysis constituted 814 patients (395 assigned to standard treatment (anthracycline or
taxane); 419 assigned to S-1). Median overall survival was 36.3 months in the standard treatment group and 32.7 months in the S-1
group. S-1 was non-inferior to standard treatment in terms of overall survival (HR 1.06 (95% CI 0.90–1.25); P non-inferiority=
0.0062).
CONCLUSIONS: S-1 could be considered a new treatment option for first-line chemotherapy for patients with HER2-negative
metastatic breast cancer.
CLINICAL TRIAL REGISTRATION: The University Hospital Medical Information Network, Japan: UMIN000005449. This trial was
registered on 15 April, 2011.
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BACKGROUND
Although several therapies are available for patients with HER2-
negative locally recurrent or metastatic breast cancer, no gold
standard first-line treatment exists. However, anthracycline-
containing regimens or taxane have been considered as standard
treatment as first-line chemotherapy for this disease [1].
Orally administered drugs are generally more convenient than

intravenous drugs [2]. S-1 and capecitabine are both oral
fluorouracil derivatives and are widely used in Japan. S-1 is a
combination drug, based on a biochemical modification of
fluorouracil, containing tegafur, gimeracil, and oteracil in a molar
ratio of 1:0·4:1 [3]. This combination enables the fluorouracil

concentration to be increased while avoiding gastrointestinal
toxicity.
We conducted a Phase 3 trial and reported that S-1 was non-

inferior to taxane in terms of overall survival (OS), and it
significantly improved health-related quality of life, when given
as first-line chemotherapy for metastatic breast cancer (the
SELECT BC trial) [4].
Next, we conducted a similar trial (SELECT BC-CONFIRM,

UMIN000005449), which compared OS following anthracycline-
containing regimens versus S-1 as first-line chemotherapy for
HER2-negative metastatic breast cancer. SELECT BC-CONFIRM trial
was designed to confirm the results of the SELECT BC trial and to
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perform a pre-planned combined analysis of two randomised
trials.

METHODS
Study design and patients
The SELECT BC-CONFIRM is Phase 3, randomised, open-label, parallel-
group, non-inferiority studies carried out across 161 hospitals in Japan.
Eligible patients were females aged 20–75 years with histologically

diagnosed HER2-negative and endocrine treatment-resistant breast cancer,
with metastatic disease at presentation or recurrence after surgery, who
had at least one assessable lesion, and an Eastern Cooperative Oncology
Group performance status of 0 or 1. Previous chemotherapy was not
allowed except preoperative or postoperative adjuvant use of taxane,
anthracycline or oral fluorouracil before 24 weeks from enrollment.
Local investigators judged endocrine-resistant condition from the

hormone therapy history of the patient. The main exclusion criteria were
pregnant, breastfeeding, HER2-positive tumours, metastases requiring
immediate treatment or life-threatening status, extensive liver metastases,
lymphatic pulmonary metastases associated with subjective symptoms or
pleural effusion, ascites or pericardial effusion requiring emergency
treatment.
The study protocol was approved by the independent ethics committee

of each study site and was performed in accordance with the Ethical
Guidelines for Clinical Research of the Japanese Ministry of Health, Labor
and Welfare, and the Declaration of Helsinki. All patients provided written
informed consent. The study design and patients are the almost same as
SELECT BC, as described previously [4].

Randomisation and masking
Eligible patients were randomly assigned (1:1) to receive either S-1 or
anthracycline. The stratification factors were institution, presence or absence
of liver metastasis, the sensitivity of oestrogen and progesterone receptor,
treatment history of taxanes, oral fluorouracil or anthracycline, and the period
from surgery to recurrence (<2 years, 2–5 years, ≥5 years, no surgery).

Treatment
Physicians could choose one regimen if the patients assigned to the
anthracycline group as following: (a) doxorubicin 40–60mg/m2 /cyclopho-
sphamide 500mg/m2 (with/without fluorouracil) at 3- to 4-week intervals;
(b) epirubicin 60–100mg/m2 /cyclophosphamide 500mg/m2 (with/with-
out fluorouracil) at 3–4-week intervals. S-1 was administered orally twice
daily from day 1 to day 28, followed by 2 weeks of rest. The initial dose of
S-1 was determined according to the patient’s body surface area at the
time of registration: <1.25 m2, 80mg/day; ≥1.25 to <1.5m2, 100 mg/day;
and ≥1.5 m2, 120mg/day.
Patient continued treatment until she met one of the discontinuation

criteria; tumour progression, unacceptable toxic effects, or completion of six
courses (18 weeks in 3 weekly schedules or 24 weeks in 4 weekly schedule) in
the standard regimen group or four courses (24 weeks) in the S-1 group. The
patient could continue chemotherapy beyond six courses if the physician
decided to need. Physician could treat another cytotoxic drug as second-line
treatment after failure of the study intervention. The limited regimens
stipulated in the protocol were allowed to treatment as second-line therapy.
When treatment was resumed after a break it would be at a dose that was
one level lower (Supplementary information, Criteria for suspending
administration, dose reduction, and discontinuation, (9–12). In each
treatment group, protocol treatment was discontinued if the patient with
the minimum dose met any of the dose reduction criteria during treatment.
Tumour assessment based on RECIST criteria was experimented using

radiographic or other imaging techniques after every three-treatment
courses in the standard regimen group and every two-treatment courses in
the S-1 group during protocol treatment. The patient received laboratory
and physical assessments for peripheral blood and biochemistry at
baseline and on day 1 of each treatment cycle. Physicians continuously
monitored adverse events during protocol treatment. Health-related
quality of life was assessed with the European Organization for Research
and Treatment of Cancer Quality of Life Questionnaire Core-30 (EORTC
QLQ-C30) [5, 6] at baseline and every 2 months after the start of the
protocol treatment. From the second year of treatment and thereafter until
death, EuroQol 5 Dimension (EQ-5D) [7, 8] was also assessed every
6 months. We graded adverse events according to the Common
Terminology Criteria for Adverse Events (version 3.0).

Study endpoints
The primary endpoint was overall survival, defined as the time from
randomisation until death. Progression-free survival, time to treatment
failure, safety and health-related quality of life were also assessed as
secondary endpoints. We defined progression-free survival as the period
from the date of randomisation to the earliest date of disease progression
or death from any cause. In addition, we defined time to treatment failure
as the period from the date of randomisation to the earlier date on which
patients met progression-free survival definition or withdrawal of study
treatment for any reason.

Statistical analysis
We designed the SELECT BC study and the subsequent SELECT BC-
CONFIRM study to determine whether S-1 was non-inferior to standard
treatment (taxane or anthracycline-containing regimens), using the
threshold of hazard ratio (HR) of 1.333. The SELECT BC-CONFIRM study
was designed based on the Bayesian posterior probability that does not
exceed the threshold of 1.333; on the basis of the non-informative prior
distribution, a posterior probability of 90% would require a total of 172
events (deaths). A patient accrual time of 2.5 years and a mean follow-up
time of 4.5 years would require a total of 200 participants. A pooled
analysis of SELECT BC and SELECT BC-CONFIRM was predefined if a
posterior probability exceeded the threshold of 90% in the SELECT BC-
CONFIRM study. We did Bayesian analysis of the log HR on the basis of the
non-informative prior distribution.
The efficacy analysis groups comprised the full analysis set defined as all

randomised participants those who treated at least one study drug and
had available data after randomisation. For the safety analysis, we included
all randomised participants who received ≧ 1 dose of study drug. Median
time-to-event and HRs were assessed with the Kaplan–Meier method and
Cox proportional hazards model, respectively, and the treatment group (S-
1 group vs. standard treatment group) was the only covariate. For safety
analysis, the proportions of adverse events of Grade 3 or higher in each
group (Mantel test) between the taxane, anthracycline, and S-1 groups
were compared and calculated P values.
We analysed the health-related quality of life using linear mixed-effect

models adjusting for baseline score, assuming a compound symmetry
structure for error term, to compare the average difference between
groups, assumed to be common across 12 months.
We set the significance level as 0.05. We performed all statistical

analyses using SAS software (version 9.4). The SELECT BC-CONFIRM is
registered with the University Hospital Medical Information Network,
Japan, number UMIN000005449.

RESULTS
Patient population
Between Jun 2011 and Dec 2013, we enrolled 230 patients in
SELECT BC-CONFIRM: 115 were randomly assigned to the
anthracycline group and 115 were to the S-1 group. One patient
was ineligible for the efficacy analysis and seven patients did not
start protocol treatment (Fig. 1). The baseline characteristics of
patients are shown in Table 1.

Efficacy
Median overall survival was 30.1 months (95% CI 24.9–35.8) with
the S-1 group and 33.7 months (95% CI 25.5–36.9) with the
anthracycline group (Fig. 2a). The median follow-up for the full
analysis set was 28.9 months (IQR 15.4–42.4). The HR for the
anthracycline group was 1.09 (95% CI 0.80–1.48), and so the
estimated predictive posterior probability that the HR do not
exceed the threshold 1.333 was 90.27%. Thus, the results of
SELECT BC-CONFIRM appear to confirm the similar results were
obtained, as we pre-planned. Progression-free survival was
15.2 months (95% CI 12.5–18.4) in the S-1 group and 13.1 months
(95% CI 10.6–15.5) in the anthracycline group (Fig. 2b).

Combined analysis
A total of 848 patients were included in the combined analysis
from SELECT BC and SELECT BC-CONFIRM trials (Supplementary
Fig. 1). Baseline characteristics were similar in each group (Table 1).
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In the anthracycline group, 28 patients received doxorubicin and
81 received epirubicin. Of 814 patients in the full analysis set, 563
had died by the data cutoff date (2013/6/15 for SELECT BC, 2017/
10/31 for SELECT BC-CONFIRM): 291 in the S-1 group and 272 in
the standard treatment group.
Median OS was 32.7 months (95% CI 30.4–37.0) in the S-1 group

and 36.3 months (32.9–38.8) in the standard treatment group. S-1
was non-inferior to standard treatment in terms of OS (HR 1.06
(95% CI 0.90–1.25); P non-inferiority= 0.0062; Fig. 2c, d). A
sensitivity analysis of overall survival in the intention-to-treat
population (n= 848) supported our primary findings (HR 1.05
[95% CI 0.89–1.24]; P non-inferiority= 0.0046). The assumption of
proportionality of the hazards between the groups was confirmed
by the log–log plot (Supplementary Fig. 2).
Median progression-free survival and time to treatment failure

are shown in Fig. 2e and Supplementary Fig. 3. Exploratory
subgroup analysis of overall survival is shown in Fig. 3a, b.
The second-line and third-line treatments according to treat-

ment groups are shown in Supplementary Table 1.

Toxicity
We assessed safety in 420 patients in the S-1 group and 399 in the
standard treatment group (Table 2). The most common grade 3 or
worse adverse events were neutropenia (29 (7%) of 420 patients in
the S-1 group vs. 19 (5%) of 399 patients in the standard
treatment group), febrile neutropenia (7 (2%) vs. 21 (5%)), fatigue
(17 (4%) vs. 18 (5%)), and oedema (1 (<1%) vs. 12 (4%)). Dose
reductions because of adverse events occurred in 46 (11.5%) of
420 patients in the S-1 group versus 61 (14.5%) of 399 patients in
the standard treatment group. Treatments were discontinued
because of adverse events in 24 (5.7%) patients in the S-1 group
versus 26 (6.6%) patients in the standard treatment group.
Treatment-related deaths were reported in two (1%) patients in
the standard treatment group (one hypersensitivity reaction and
one unknown). No treatment-related deaths were reported in the
S-1 group.

Health-related outcome
There were no significant differences between the S-1 and
anthracycline groups (3.2 (−2.3 to 8.7); P= 0.257; Fig. 4); this
was also the case for other subscales (Supplementary Fig. 4). The
difference between the S-1 and taxane groups were reported
previously [4].

DISCUSSION
Our findings show that S-1 is non-inferior to the standard
treatment group, anthracycline-containing regimens or taxane,
with respect to overall survival and almost similar with regard to
its effects on health-related quality of life as first-line chemother-
apy for patients with HER2-negative metastatic breast cancer.
There were no significant differences in progression-free survival
or time to treatment failure between the treatment groups.
A reasonable interpretation of these data is indeed that S-1 is a

reasonable treatment first-line option, being active in metastatic
breast cancer and with the likelihood that many patients will
receive an anthracycline or taxane subsequently so that sequence
may not be especially important.
This study was designed to provide broad applicability to

clinical practice. Our pragmatic approach allowed various admin-
istration methods and doses in the standard treatment group as
long as they were within the ranges stipulated in advance. There
were almost no clinical differences in the survival outcomes of
patients receiving taxane or anthracycline; regardless of their
administration intervals (Supplementary Fig. 5).
The TURANDOT trial [9, 10] showed that bevacizumab plus

capecitabine is non-inferior to bevacizumab plus paclitaxel with
respect to overall survival as a first-line treatment of HER2-
negative metastatic breast cancer. The efficacy of an oral
fluoropyrimidine monotherapy is not clear in this study. Although
several studies of the position of oral fluoropyrimidine have been
carried out [11–14], anthracycline or taxane-based regimens are
usually considered as the standard therapy [1]. Several guidelines

2 excluded

1 ineligible

1 deviated from inclusion
criteria

6 excluded

5 withdrew consent

1 loss to follow up

113 treated were included in safety
analysis set

109 treated were included in safety
analysis set

113 were included in full analysis set 109 were included in full analysis set

Enrolled patients n = 230

115 were assigned to receive S-1
115 were assigned to receive 
anthracycline

Fig. 1 Consort diagram for SELECT BC-CONFIRM.
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for metastatic breast cancer recommended anthracycline or
taxanes as the first-line chemotherapy, and we used these
treatments accordingly in practice [1, 15]. This is also the same
situation in Japan [16]. However, better treatment is needed in
terms of convenience of administration and in order to reduce the
frequency of adverse events such as alopecia, peripheral
neuropathy, oedema and cardiotoxicity. As one of the answers
to these clinical issues, several trials reported the utility of
capecitabine for front line chemotherapy with metastatic breast
cancer [17–19]. Capecitabine showed equal or better effectiveness
for paclitaxel or cyclophosphamide, methotrexate and fluorouracil
(CMF) through the patients' number was limited. They also
reported that capecitabine had a different safety profile compared
with classical regimens, and it is well tolerable. In this way,
although it has been suggested that oral fluorouracil may be able
to solve the convenience and safety issues of classical regimens,
we needed evidence from large clinical trials.
In the SELECT BC trial, we previously showed that S-1 was

superior to taxane with respect to health-related quality of life.
Although there were no significant differences between the S-1
and anthracycline groups in health-related quality of life,
anthracycline was associated with a higher risk of cardiotoxicity
due to cumulative dosing. So, S-1 can be a reasonable choice in
terms of patient satisfaction comparing anthracycline or taxane.
As stated in “Methods”, we calculated the necessary sample

size based on different methods for SELECT BC and SELECT BC-
CONFIRM. In the latter study, the Bayesian posterior probability
that did not exceed the threshold of 1.333 was 90.3%, which was
higher than the predefined threshold of 90%. The HRs obtained
in SELECT BC and SELECT BC-CONFIRM were 1.05 (95% CI
0.86–1.27) and 1.09 (95% CI 0.80–1.48), respectively. Because

their point estimates were similar and the Bayesian posterior
probability obtained in the latter study was higher than the
predefined threshold, we conducted a combined analysis of the
two studies. The analysis revealed an HR of 1.06 (95% CI
0.90–1.25, non-inferiority P= 0.0062). Though the P value must
be interpreted with caution, we consider that the above HR and
relatively precise 95% CI obtained from the combined analysis
emphasise the non-inferiority of S-1 compared to standard
treatment.
The upper limit of the non-inferiority margin was set at 1.333 by

the executive committee of this study according to the medical
judgement of a clinically appropriate in view of the convenience
of S-1 administration. This margin is within such range in other
trials [9, 10, 20].
Subgroup analysis of overall survival suggests that standard

treatment was more effective than S-1 in patients with triple-
negative breast cancer; however, such patients constituted only
20% of the full analysis set and therefore careful interpretation is
needed.
We acknowledge there are several limitations in this study. First,

the dose intensity of each chemotherapeutic agent in the
anthracycline group varies in a certain range and heterogeneity
of the control arm exists. The heterogeneity of the anthracycline
group may mean patients in the control arm have received sub-
optimal therapy whereas those in the S-1 group have received
optimal/approved doses. Second, S-1 has not been widely used
outside Japan but both S-1 and capecitabine are equally effective
and well-tolerated treatments in patients with metastatic breast
cancer due to data comparing 2 compounds directly [21].
However, our results provide much-needed evidence for the

benefits of oral fluorouracil in the treatment of patients with

Table 1. Baseline characteristics

SELECT BC-CONFIRM* Combined analysis*

S-1 Anthracycline S-1 Standard

Characteristics (n= 113) (n= 109) (n= 419) (n= 395)

Median age (range) 59.9 (31–75) 61.0 (32–75) 57.7 (29–75) 58.2 (21–75)

Hormonal receptor status

Positive 92 (81.4) 86 (78.9) 315 (75.2) 299 (75.7)

Negative 21 (18.6) 23 (21.1) 90 (21.5) 90 (22.8)

Liver metastasis

Yes 47 (41.6) 46 (42.2) 150 (35.8) 142 (35.9)

No 66 (58.4) 63 (57.8) 269 (64.2) 253 (64.1)

HER2**

Negative 102 (90.3) 97 (89.0) 384 (91.6) 361 (91.4)

Unknown 11 (9.7) 12 (11.0) 35 (8.4) 34 (8.6)

Components of (neo)adjuvant treatment

Oral fluoropyrimidine 12 (10.6) 14 (12.8) 47 (11.2) 53 (13.4)

Taxane# 31 (27.4) 30 (27.5) 111 (26.5) 110 (27.8)

Endocrine therapy 64 (56.6) 65 (59.6) 233 (55.6) 235 (59.5)

Metastasis after surgery

<2 yrs 14 (12.4) 16 (14.7) 74 (17.7) 73 (18.5)

≥2 yrs, 5 < yrs 30 (26.5) 26 (23.9) 133 (31.7) 124 (31.4)

≥5 yrs 42 (37.2) 42 (38.5) 136 (32.5) 128 (32.4)

Unknown 0 (0.0) 0 (0.0) 2 (0.5) 0 (0.0)

Without surgery 27 (23.9) 25 (22.9) 74 (17.7) 70 (17.7)
*There were no significant differences between the groups in any of the characteristics listed in this table.
**HER2 denotes the human epidermal growth factor receptor.
#Taxane was docetaxel or paclitaxel.
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metastatic breast cancer. This drug has been used in clinical
practice on the basis of consensus among medical practitioners,
but until our current study, the rationale for doing so has lacked
sufficient supporting clinical evidence.

In summary, S-1 is non-inferior to taxane or anthracycline with
respect to overall survival as a first-line treatment for HER2-
negative metastatic breast cancer. S-1 can be considered as a new
treatment option for this setting.
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