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Abstract: Background: Treatment for metastatic breast cancer (MBC) in patients who have relapsed from anthracy-
cline and taxane is difficult. S-1, an oral 5-FU derivative, has demonstrated a potential antitumor effect in patients
with MBC. Thus, we evaluated the efficacy and safety of S-1 as second-line chemotherapy MBC patients in a phase
Il trial. Methods: The study was conducted at seven centers in China and enrolled MBC patients who had previously
relapsed from one chemotherapy regimen. The median progression-free survival (PFS) was the primary end point.
The treatment schedule involved the administration of S-1 at a standard dose based on the body surface area (BSA)
in 28-day cycles with consecutive administration followed by a 14-day rest, as follows: 40 mg twice daily if BSA <
1.25 m?; 50 mg twice daily if 1.25 m? < BSA > 1.5 m?% and 60 mg twice daily if BSA > 1.5 m2. Results: Thirty-three
patients were included in the analysis. S-1 demonstrated moderate efficacy with a PFS of 3.3 months, a response
rate of 33.3%, and a disease control rate of 72.7%. The treatment was well-tolerated with mild-to-moderate toxic-
ity. Grade 3 adverse events (AEs) occurred in 4 patients (2 with hyperbilirubinemia, 1 with anorexia, and 1 with
vomiting). Grade 4 AEs were not observed. Conclusion: S-1 demonstrated encouraging efficacy and safety in a
prospective trial as second-line treatment in MBC patients. All AEs were manageable; however, bilirubin monitoring
is recommended during treatment.
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drugs has been developed, such as UFT, doxiflu-

ridine, capecitabine, etc., which can maintain
5-FU a stable plasma concentration within the

Introduction

Advanced breast cancer is an incurable dis-

ease, whose priorities of treatment are anthra-
cycline and taxane drugs. However, for patients
who failed to be treated by these two drugs,
there is no standard treatment protocol to be
recommended. The treating principle for them
is to extend the patients’ life time as long as
possible and improve their life quality.

5-FU drugs have certain effects on breast can-
cer [1-3]. The conventional intravenous infusion
of it can keep a stable plasma concentration
for a long time, but it has a higher incidence of
venous thrombosis, gastrointestinal reactions
neutropenia, and oral mucositis [4, 5]. In recent
years, variety of oral-taken 5-FU precursor

body for a period with more convenient admin-
istration. However, its clinical application is lim-
ited by the high incidence of gastrointestinal
reactions and hand-foot syndrome [6-9]. S-1
was further improved on the basis of these
drugs and DPD enzyme inhibitors were added
to the prescription to reduce the drug degrada-
tion and gimeracil is added to alleviate gastroin-
testinal side effects [10, 11]. Although S-1 has
a lot of evidence-based medical data of diges-
tive tract tumors, which shows good therapeu-
tic efficacy, there is not enough information of it
applying in advanced breast cancer. The exist-
ing data are mainly collected by clinical studies
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Table 1. Baseline characteristics

N %
Age > 5 years old 15 455
< 5 years old 18 54.5
Menopausal status
Pre-menopausal 7 21.2
Post-menopausal 26 78.8
ER/PR status
positive 17 51.5
negative 14 42.4
unknown 2 6.1
HER-2 status
positive 10 30.3
negative 13 394
unknown 10 30.3
Metastastic sites
Viseral metastasis 26 78.8
Liver 19 57.6
Lung 15 455
Soft tissue or bone 7 21.2
Previous treatment
Anthracyclin and Taxane 33 100
platinum 13 394
5-FU 6 18.2
Table 2. Analysis of response rate
Resp(c.;,nyslj)Rate Pvalue
Metastastic site
Liver 31.6 (/19) NA
lung 13.3 (/15)
Bone/Soft tissue 26.9 (/26)
ER/PR Status 0.459
Negative 42.9 (/14)
Positive 23.5(4/17)
HER-2 status 0.866
Negative 30.8 (4/13)
Positive 40 (4/10)
Prior treatment 1.000
5-FU 33.3(2/6)
Non-5-FU 33.3(9/27)
Hyperbilirubinemia
Yes 26.7 (4/15) 0.458
No 38.9 (7/18)

in Japan, and the therapeutic efficacy of it is
still in controversy [12-14]. In order to clarify the
actual effects of S-1 monotherapy in patients
with advanced breast cancer, meanwhile to
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observe the sensitivity and tolerance of
Chinese patients with advanced breast can-
cer treated with S-1, a prospective, single-
arm, Il phase clinical study of using S-1 mono-
therapy in the treatment of advanced breast
cancer after the failure of anthracycline and
taxane drugs was designed to evaluate its
efficacy and safety in the second-line
therapy.

Patients and methods

The trial was approved by the Ethics
Investigation Committees of the Cancer
Institute & Hospital and the Chinese Academy
of Medical Science (CAMS), and conducted in
accordance with the Declaration of Helsinki
and registered on clinicaltrial.gov (NCT014-
92543). Informed consent was obtained from
each patient.

Patient eligibility

Female patients with MBC who had disease

progression after treatment with one previous

chemotherapy regimen for advanced disease

were eligible. At least one measurable lesion

according to RECIST 1.1 was required. In-

clusion criteria were Eastern Cooperative
Oncology Group Performance Status (ECOG-
PS) 0 or 1, life expectancy > 12 weeks, and
adequate hematologic, hepatic, and renal func-
tion. Patients with rapidly progressive disease,
large-volume visceral disease, liver or renal
dysfunction, or brain metastases were
excluded.

Treatment and modification

Eligible patients were assigned to receive S-1
at a standard dose based on the body surface
area (BSA) as follows: 40 mg/twice per day (if
BSA < 1.25 m?); 50 mg/twice per day (if 1.25
m? < BSA > 1.5 m?); and 60 mg / twice per day
(if BSA > 1.5 m?) in cycles of 28-day consecu-
tive administration followed by a 14-day rest.
Adverse events (AEs) were graded according to
the National Cancer Institute of Canada
Common Toxicity Criteria (NCIC-CTC; version
4.0). For grade 3-4 AEs, the treatment was
delayed until toxicity improved to grade 2 or
better, or discontinued if the recovery time was
> 3 weeks. Patients who experienced drug-
related grade 4 non-hematologic toxicities were
treated at two dose levels lower at first appear-
ance and withdrawn at second appearance.
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sored at the last available fol-
low-up date. Analyses of AEs
were descriptive and were
summarized as the worst
grade of toxicity per patient.

Results

Figure 1. Progression-free survival of
patients who receive S-1 monotherapy
as second-line chemotherapy.

Baseline conditions of pa-
tients

36 patients were included and
treated with S-1 from 2011
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Response assessment

Patients were evaluated at baseline and there-
after every 6 weeks. Baseline assessments
included a detailed history of previous treat-
ments. A complete physical examination and
laboratory evaluations were performed at base-
line and at each follow-up visit. Tumor assess-
ments at baseline comprised CT radiographs of
chest, abdomen, and pelvis. Tumor evaluations
utilize the same methods as at baseline. Tumor
responses were classified using RECIST 1.1 cri-
teria. Follow-up was continued until 8 weeks
after the end of treatment.

Statistical considerations

The primary end point for the phase Il trial was
progression-free survival (PFS), defined as the
length of time between the day when patients
signed informed consent and the onset of dis-
ease progression or death. Secondary end
points were objective response rate and safety.
The major safety end point was the incidence
and severity of AEs based on NCIC-CTC grades.
All statistical analyses were based on the inten-
tion-to-treat (ITT) population. The Kaplan-Meier
method was used to calculate PFS. Statistical
testing was performed using a log-rank test.
The 5% level was used as the cut-off for statisti-
cal significance throughout the study. Patients
who did not experience an event (progression
and/or death) by the time of analysis were cen-
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180 ‘200 and the other two were exclud-
ed for the incomplete clinical
data. Baseline characteristics
of patients are shown in Table
1. The median age of the patients was 54 years
old (31-71 years old). The median number of
treatment cycles was 2 (1 cycle -10 cycles).
78.7% of patients (26/33) combined with vis-
ceral metastases and 21.3% of patients (7/33)
were with bone and/or soft tissue metastases.
51.5% (17/33) were estrogen receptor positive
and 10 cases were HER-2 positive, all of whom
didn’t receive any trastuzumab treatment. Four
patients received intravenous 5-FU treatment
in the adjuvant chemotherapy and 2 were treat-
ed with Xeloda in the first-line treatment. After
a median follow-up of 490 days (203 days -816
days), 31 patients were discontinued the treat-
ment. 27 cases were out of the group due to
disease progression and 4 cases were out for
other reasons. There were no patients out of
the group because of treatment intolerance.
Currently, there were two patients still receiving
treatment.

Therapeutic efficacy evaluation

There were 1 case of CR, 10 cases of PR, 13
cases of SD and 9 cases of PD in the 33
patients. The objective response rate was
33.3% (11/33), and the disease control rate
was 72.7% (24/33). The response rate of each
sub-group is shown in Table 2. The response
rate of patients with pulmonary metastasis was
13.3% (2/15), significantly lower than 31.6% of
patients with liver metastases (6/19), and
57.1% of patients with bone/soft tissue metas-
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Table 3. PFS analysis by prognostic factors

Prognostic factors (mZE:cShs) P value

Age
>60y 9 3.3 0.612
<60y 24 3.0

ER/PR status
positive 17 2.9 0.984
negative 14 3.3

HER-2 status
positive 10 2.7 0.572
negative 13 3.3

Viseral metastaisis
Yes 26 2.9 0.489
No 7 3.7

Response of first-line therapy
Response (CR + PR) 8 3.7 0.148
No-response (SD + PD) 20 1.5

DFS
> 3.5 years 10 4.1 0.044
< 3.5 years 20 3.0

TTP of first-line chemotherapy
> 6 months 6 6.0 0.262
< 6 months 27 3.0

Previous regimen
5-FU 6 3.7 0.151
Non-5-FU 27 3

Table 4. Adverse event profile by treatment (grades 1

to 4)

AEs RECIST 1.1 (n, %)

Non-hematologic AEs 1 2 3 4
hyperbilirubinemia 9 (27.3%) 4 (12.1%) 2 (6.1%) O
Anorexia 8(24.2%) 2(6.1%) 1(3.0%) O
ALT/AST 6 (18.2%) 0 0 0
Fatigue 5 (15.2%) 4 (12.1%) 0 0
nausea 4(12.1%) 3(9.1%) 1(3.0%) O
diarrhea 2(6.1%) 1(3.0%) 0 0
Hand-foot syndrome 1 (3.0%) 0 0 0
Oral mucositis 1(3.0%) 2 (6.1%) 0 0
Skin rash 0 1 (3.0%) 0 0

Hematologic AEs
Leukopenia 3(9.1%) 4 (12.1%) 0 0
Neutropenia 1(3.0%) 5 (15.2%) 0 0
Thrombocytopenia 2(6.1%) 1(3.0%) 0 0
Anemia 2(6.1%) 4 (12.1%) 0 0

tases (4/7); the response rate of ER/PR recep-
tor-negative patients was 42.9% (6/14), higher
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than that of ER/PR receptor positive
patients (23.5%, 4/17), but the difference
was not significant (P = 0.459). The
response rate of HER-2 positive patients
was higher than that of HER-2-negative
patients, but the difference between them
was not significant (40% vs. 30.8%, P =
0.866). Previous administration of 5-FU
did not affect the therapeutic efficacy, for
the response rate of the two groups were
both 33.3%.

The response rate of patients with elevat-
ed bilirubin was 26.7% (4/15), which was
slightly lower than that of patients with
normal bilirubin (38.9%, 7/18). There was
no significant difference between them (P
= 0.458). After a median follow-up of 490
days (203 days -816 days), disease pro-
gression could be seen in 31 cases out of
the 33 patients. The median PFS was 3.3
months (Figure 1), and the median OS had
not been reached yet. Single factor analy-
sis (Table 3) was made on factors of hor-
mone receptor status, HER-2 status, vis-
ceral metastases, progression-free sur-
vival, first-line therapeutic efficacy, and
previous 5-FU administration history. It
could be concluded from the analysis that
the above factors were of no statistical
significance on the PFS images. No tumor
progression had been seen in patients
with the longest treatment continuing 17
months.

Safety

The incidence of adverse reactions is
shown in Table 4. The most common
adverse reactions were hyperbilirubine-
mia (45.5%), anorexia (33.3%) and fatigue
(27.3%). Hematologic toxicities of them
were all within 1-2 degrees. The 3-degree
adverse reactions included hyperbilirubi-
nemia (6.1%), anorexia (3.0%) and vomit-
ing (3.0%). There were no 4-degree
adverse reaction reports. The treatment
of one patient was postponed for two
weeks due to the Il anorexia, and no
patients required a dose reduction. Eight
of all 15 cases of elevated bilirubin, were
with liver metastases before treatment.
The incidence of elevated bilirubin in
patients with liver metastases was 42.1%;
the one of patients without liver metasta-

ses was 50%. The median cycle of 15 cases of
elevated bilirubin was 2 (1 cycle-10 cycles).
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Discussion

This study is the first one using S-1 as the sec-
ond-line therapy in the clinical study of patients
with advanced breast cancer. All patients
enrolled in this study were shown tumor pro-
gression after being treated with anthracycline
and taxane in the adjuvant treatment or the
first-line chemotherapy, and most of them were
seen with visceral metastases at the same
time. All factors mentioned above represented
the main characteristics of patients with refrac-
tory breast cancer. The results showed that S-1
had good curative effect. The response rate
was 33.3%, and the PFS was 3.3 months. The
subgroup analysis showed that the response
rate of patients with liver metastasis and bone
metastasis was much higher and the previous
administration of 5-FU in the adjuvant therapy
or first-line therapy did not affect the therapeu-
tic efficacy of S-1. The patients were of good
overall tolerance and the adverse reactions
were of controllable level of | to Il. Elevated
Bilirubin was the adverse reaction of highest
incidence, whose occurrence had no connec-
tion with the existence of liver metastasis and
was independent from the medication cycles.

The response rate of S-1 and PFS drawn by this
study were consistent with the results of previ-
ous phase Il clinical researches evaluating the
therapeutic efficacy of using S-1 after taxane
resistance in the first line or second line thera-
py [12], which were significantly better than
those of the other retrospective analysis [13].
In this retrospective study, S-1 was used in the
third line or above therapy of advanced breast
cancer patients after anthracycline and taxane
failing to take effects. The median starting time
of S-1 was fifth line. The objective response
rate of the results was only 3% and the disease
control rate of it was only 8%. The results of this
study proved that S-1 had certain therapeutic
effects in the second-line treatment of anthra-
cyclines and taxane resistant patients, which
confirmed the prediction that the therapeutic
efficacy could be improved by using S-1 in the
first-line or second-line treatment of patients
with advanced breast cancer. The reason that
why S-1 did not perform well in the multi-cours-
es treatment of patients with advanced breast
cancer was that the general physical conditions
and tolerance to treatment of patients would
decline after treatment, and there would be
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possible occurrence of multiple-drug resis-
tance to other chemotherapy drugs. This view
had also been verified by a retrospective analy-
sis in 2011, which included 33 patients with
advanced breast cancer, who were failed to be
treated by anthracycline and taxane. The
response rate and disease control rate of
patients treated by S-1 in the first-line and sec-
ond-line treatment was better than the one of
patients using S-1 in the third-line or above
treatment [14].

It could be found by this study that the response
rate of using S-1 in patients with liver metasta-
ses was higher than that of patients with lung
metastases. The possible reason may be that
tegafur contained in S-1 was decomposed to
active ingredient 5-FU by liver microsomal
P450 and cytochrome enzyme CYP2A6, while
Jigme pyrimidine, mainly distributed in the liver,
possessed selective antagonism action to
DPD, the 5-FU metabolic enzyme synthesized
by liver, which could increase the local concen-
tration of 5-FU in liver, and enhanced the anti-
tumor effects. Meanwhile, it could also be
found that the previous administration of 5-FU
did not affect the therapeutic efficacy of S-1 in
the second-line treatment. The possible reason
of it could be that the half-life of the drug was
only 1.6-1.9 hours and the area under the curve
of drug (AUC) of it was 870 ng.h/mL after intra-
venous injection of 5-FU, while the half-life of
tegafur could be extended to 6.7-11.3 hours
and the AUC of it could be increased to 19967
ng.h/miL [15] after adding Jigme pyrimidine
into S-1, which greatly extended the exposure
time of tumor in effective drugs. The exposure
time of tumor cells in the intravenous injection
of 5-FU was short, so they were not completely
resistant to the 5-FU drugs, which was still
effective after the extension of the drug’s expo-
sure time. There was no cross resistance
between the two drugs.

The major adverse reactions in this study were
elevated bilirubin, anorexia, fatigue, and nau-
sea. The incidence of elevated bilirubin in this
study was higher than that of other studies [12,
14, 16], such as in the phase Il clinical study
published by Toshiaki Saeki et al. [12], the ele-
vated bilirubin ratio was 14.5%. In a study
included 679 Japanese patients, the incidence
of elevated bilirubin was 8.2% and the occur-
rence ratio of it in the third or above therapy
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was 0.4% [16]. No significant correlation
between the liver metastases or medication
cycles and the incidence or hyperbilirubinemia
had been found in the exploration of possible
reasons. One possible reason as speculated
was that the DPD enzyme inhibitor contained in
S-1 reduced the inactivation efficiency of 5-FU,
resulting in an increase of liver accumulation
and elevated liver toxicity; deficiency of DPD
enzyme could be seen in 3% of Chinese
patients, whose liver toxicity might be increased
after being treated with S-1. Another possible
reason leading to it was the single nucleotide
polymorphism of CYP2A6. CYP2A6 was a key
metabolism enzyme of S-1. Currently, single
nucleotide polymorphisms of CYP2A6 that had
been found were CYP2A6 x 1A, CYP2A6 x 1B
and CYP2A6 x 4C, etc, all of which could influ-
ence efficiency of S-1 converting to 5-FU [17-
19], and there were significant differences of
distribution among ethnics [20], which might
influence the therapeutic efficacy and toxicity
of S-1. However, there were no statistics of sin-
gle nucleotide polymorphisms of CYP2A6 col-
lected from Chinese patients with breast can-
cer. Since there was no single nucleotide
polymorphism of CYP2A6 or DPD enzyme activ-
ity being detected in this study, the specula-
tions mentioned above could not be verified
and needed further validation in future
researches. It must be noted that although
hyperbilirubinemia had been found by routine
inspections in 45.5% of patients, no clinical
symptoms associated with it could be seen.
Therefore no reduction of drug dose or delay of
treatment had been carried out and hyperbiliru-
binemia had been improved in 1 month after
the discontinuance of drugs, indicating that the
hyperbilirubinemia caused by S-1 was safe and
controllable.

Compared with the researches of Xeloda mono-
therapy in treating patients with advanced
breast cancer [21-24], the S-1 response rate
and the progression-free survival period was
similar to each other in this study. The single
agent response rate of Xeloda monotherapy in
the second-line treatment of patients with
advanced breast cancer was 20%-30% and its
PFS was 2.8-7.1 months. In terms of safety, IlI
diarrhea occurred in 4%-14% and Ill hand-foot
syndrome could be seen in 8%-26% of patients
treated with Xeloda [21-24], which, to some
extent, influenced the quality of life of patients.
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The activation of 5-FU in gastrointestinal tract
and the gastrointestinal toxicity could be
reduced by adding oteracil into S-1, which sig-
nificantly decreased the incidence of diarrhea
[12, 13, 16]. On the other hand, the conversion
efficiency of tegafur was improved by adding
the pyrimidine Jigme. The actual dosage of
tegafur used in S-1 was lower than the one of it
used independently, which reduced the produc-
tion of its metabolites o-fluoro-B-propyl acid
(FBAL), which was the main factor causing the
hand-foot syndrome induced by 5-FU oral-tak-
en drugs. Therefore, the incidence of hand-foot
syndrome in patients treated with S-1 was sig-
nificantly lower than that in patients treated
with Xeloda [12, 13, 16].

This study had verified the safety and therapeu-
tic efficacy of S-1 in the second-line therapy of
Chinese patients with advanced breast cancer
who were resistant to anthracycline and taxane
and discovered that it might have better effects
on patients with liver metastases. Currently,
clinical researches of S-1 in combination with
cisplatin and with Herceptin in treating advan-
ced breast cancer are in progress [25-27].
There are also some studies exploring [28] to
use S-1 in adjuvant chemotherapy. It should
also be noted that the application of S-1 in the
treatment of breast cancer is mainly based on
the evidence collected from the phase Il clinical
study, therefore the lll-phase clinical random
control study with large volume of samples still
needs to be carried out in the future to further
confirm its efficacy and safety.
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