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Abstract. Triple-negative breast cancer (TNBC) is not 
amenable to current targeted therapies and carries a poor 
prognosis; however, a specific systemic regimen cannot yet be 
recommended. The optimal duration of oxaliplatin (OXA) and 
S-1 combinatorial chemotherapy in patients with advanced 
breast cancer is not currently known and is likely to be 
patient-specific based on efficacy and toxicity. In the present 
study, 52 patients with advanced TNBC received OXA and 
S-1 chemotherapy. The efficacy and toxicity were observed. 
The results showed that the median number of regimens 
was 4 (range 2-6). The therapeutic efficacy was evaluated in 
all patients. The complete response, partial response, overall 
response and disease control rates were 3.8, 30.8, 34.6 and 
69.2%, respectively. Four patients were lost to follow-up, and 
the median follow-up time was 13.7 months. The median 
progression-free survival time was 6.7 months [95% confidence 
interval (CI), 4.5-9.0] and the median overall survival (OS) 
time was 13.3 months (95% CI, 9.1-17.5). From the subgroup 
analysis, it was found that the median OS time of patients 
with stage IV disease and ≥2 metastases was significantly 
shorter than that of patients with stage IIIC disease and only 
1 metastasis [11.3 vs. 22.7 months, P=0.010 (stage IV vs. stage 
IIC); 11.3 vs. 15.7 months, P=0.048 (≥2 vs. 1 metastasis)]. The 
main grade 3/4 toxic effects were neutropenia (11.5%), nausea 
(7.7%) and nerve toxicity (3.8%). The other toxic effects were 
mainly of grades 1-2 and included diarrhea, liver dysfunction, 
stomatitis, anemia and hand-foot syndrome. In conclusion, 
OXA combined with S-1 is an effective and tolerable regimen 
for the treatment of patients with advanced TNBC.

Introduction

Triple-negative breast cancer (TNBC), defined by a lack of 
estrogen receptor (ER), progesterone receptor (PR) and human 
epidermal growth factor receptor 2 (HER-2) expression, is a 
clinically distinct subgroup accounting for 12-24% of breast 
cancer cases (1,2). The majority of these tumors have an 
inherent aggressiveness, an increased likelihood of distant 
recurrence, mortality within 5 years of the diagnosis and a poor 
prognosis (3). Since TNBC is not sensitive to hormone therapy 
and there is a lack of HER2-targeted therapies, chemotherapy 
is the only systemic treatment of choice; however, no formal 
treatment guidelines exist regarding the specific most appro-
priate systemic regimen for TNBC. Chemotherapy drugs can 
be administered as a conventional monotherapy or in combina-
tion and constitute an important therapeutic tool. The efficacy 
of anthracycline- and taxane-based neoadjuvant therapies 
has been confirmed for the treatment of TNBC (4); however, 
previous research has shown that treatment with anthracycline 
carries a poor prognosis (5). The improvement of overall 
survival (OS) rates among patients with advanced TNBC has 
therefore become a hotspot in breast cancer research.

In a study by Liu et al (6), it was reported that TNBC exhib-
ited increased sensitivity to platinum‑based drugs. Oxaliplatin 
(OXA), as a third-generation platinum-based drug, has no 
complete cross-resistance with cisplatin or carboplatin and 
shows synergy with 5-fluorouracil (5-FU) (7), although OXA 
is effective even in those cases showing resistance to 5-FU. 
5-FU is one of most commonly used drugs for breast cancer. 
S-1 is an oral 5-FU anti-cancer drug with superior efficacy to 
tegafur (FT) and 5-FU (8). As a monotherapy, S-1 has been 
associated with a high rate of efficacy, mild adverse effects 
and good tolerance (9). The aim of this retrospective study, 
therefore, was to evaluate the effect of an OXA- and S-1-based 
chemotherapy regimen in the treatment of advanced TNBC.

Materials and methods

Patients. A retrospective review was conducted on female 
patients with advanced TNBC (confirmed by pathological 
and immunohistochemical staining), who were treated with 
OXA plus S-1 at the Taixing People's Hospital (Taixing, 
China) between January 2011 and January 2013. The patients 
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were eligible if they were confirmed to have stage IIIC or 
IV disease that was unsuitable for surgery or if they had 
developed a metastasis following surgery. Metastatic lesions 
were measured objectively by ultrasound, computed tomog-
raphy scans or magnetic resonance imaging. Other inclusion 
criteria were as follows: Karnofsky Performance Status (KPS) 
score, ≥60; expected survival, ≥3 months; adequate heart, lung 
and renal function; white blood cell (WBC) count, >3.5x109/l; 
granulocyte (GRAN) count, >1.5x109/l; platelet (PLT) count, 
>75x109/l; liver function, <1.5-fold the upper limit of normal; 
essentially normal electrocardiograms; no peripheral neurop-
athy; no previous history of treatment with OXA plus S-1; no 
use of any chemotherapy drugs in the past month and ability 
to provide informed consent. The study was approved by the 
Institutional Review Board of the Taixing People's Hospital 
Ethics Committee, and all patients provided written informed 
consent.

Treatment, response assessments and follow‑up. OXA 
(Jiangsu Hengrui Medicine Co., Ltd., Jiangsu, China) was 
administered intravenously and 135 mg/m2 was infused over 
120 min on day 1. S-1 (Shandong New Time Pharmaceutical 
Co., Ltd., Shandong, China) was given orally twice daily for 
the first 2 weeks of a 3-week cycle; the dose of S-1 adminis-
tered each time was calculated according to the patient's body 
surface area as follows: <1.25 m2, 40 mg; 1.25-1.5 m2, 50 mg; 
and >1.5 m2, 60 mg. During the chemotherapy, the efficacy 
assessment was repeated biweekly. Cycles were repeated every 
21 days for a total of 6 cycles unless disease progression was 
noted, in which case the regimen was modified. For patients 
with bone metastasis, chemotherapy and bisphosphonate treat-
ment could be used simultaneously, while brain radiotherapy 
was added upon the occurrence of brain metastasis. Prior to 
chemotherapy, premedication consisted of a 5-hydroxytrypta-
mine 3 receptor antagonist, and liver- and stomach-protecting 
treatment was administered. The adverse events of leuko-
penia and thrombocytopenia were treated with granulocyte 
colony-stimulating factor and interleukin-11, respectively. The 
next course of treatment was delayed when blood analysis 
revealed the following: WBC <3.5x109/l, GRAN <1.5x109/l 
or PLT <75x109/l. The doses of the chemotherapy drugs were 
reduced by 25% in the patients who experienced grade 4 
myelosuppression or grade 3 or worse peripheral neuropathy.

All patients were required to undergo complete examina-
tions (routine blood, urine and stool; liver and renal functions; 
blood glucose; electrocardiography; tumor markers) prior to 
and following the chemotherapy. Routine blood examina-
tions were repeated weekly and detailed records were made 
regarding the KPS score and weight changes during the 
treatment. Each patient received ≥2 cycles of chemotherapy 
therapy, and clinical responses were confirmed based on 
2 assessments performed ≥2 cycles apart. The clinical 
responses were rated according to the Response Evaluation 
Criteria in Solid Tumors (10) and assigned to one of five 
groups: Complete response (CR), partial response (PR), 
marginal response, stable disease (SD) and progressive disease 
(PD). The overall response rate (ORR) was calculated as a 
ratio of the CR and PR for the entire patient population, while 
the disease control rate (DCR) was calculated as a ratio of the 
CR, PR and SD for the entire patient population. Toxicities 

were characterized according to the National Cancer Institute 
Common Toxicity Criteria (11), which were divided into five 
grades. Progression‑free survival (PFS) was calculated from 
the day of commencement of OXA plus S-1 administration 
until the day of documented progression or mortality. The OS 
was calculated from the start date of OXA plus S-1 to the date 
of mortality or last follow-up. Patients were followed up by 
means of letters and telephones until March 2014.

Statistical analysis. All statistical calculations were carried 
out using SPSS Windows version 19.9 (IBM SPSS, Armonk, 
NY, USA). PFS and OS were analyzed according to the 
Kaplan-Meier estimates and were compared in log-rank tests. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Patient characteristics. Table Ⅰ shows the characteristics of the 
patients. A total of 52 patients who underwent OXA plus S-1 
therapy were evaluated. The median age of the patients was 
53 years (range, 31-72 years). The clinical stage of the patients 
was advanced to the extent that 16 (30.8%) were in stage IIIC and 
36 (69.2%) were in stage IV. Liver, lymph node, lung, adrenal, 
mediastinum, brain, abdominal, bone and other metastases were 
found in 32, 28, 20, 10, 8, 8, 8, 6 and 6 patients, respectively. A 
total of 16 patients had a single metastatic site, and 36 patients 
had ≥2 metastatic sites. Fourteen patients (26.9%) had previ-
ously received taxane chemotherapy, 10 (19.2%) had previously 
received anthracycline chemotherapy and 12 (23.1%) had previ-
ously been treated with both anthracycline and taxane.

Table I. Patient characteristics (n=52).

Characteristic n (%)

Age, yearsa 53 (31-72)
Clinical stage
  ⅢC 16 (30.8)
  Ⅳ 36 (69.2)
Metastatic site
  Liver 32 (61.5)
  Lymph node 28 (53.8)
  Lung 20 (38.5)
  Adrenal 10 (19.2)
  Mediastinum   8 (15.4)
  Brain   8 (15.4)
  Abdominal   8 (15.4)
  Bone   6 (11.5)
  Others   6 (11.5)
Prior chemotherapy
  Taxane 14 (26.9)
  Anthracycline 10 (19.2)
  Anthracycline and taxane 12 (23.1)

aPresented as the median (range).
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Clinical response. In total, 224 cycles of chemotherapy were 
performed. The median for each patient was 4 cycles, and the 
range was 2-6 cycles. Treatment delay occurred in 12 patients 
for <7 days due to chemotherapy toxicity. Two patients required 
dose reductions due to chemotherapy‑induced toxicity; however, 
the toxicities did not lead to the complete termination of 
chemotherapy in any case, and there were no treatment-related 
mortalities. All 52 patients were evaluated for treatment efficacy. 
The follow-up assessments were completed by December 31, 
2013, and the median follow-up time was 13.7 months (range 
3.6-36.0 months). Four patients was lost to follow-up. Out of the 
52 patients, 2 exhibited a CR, while PRs, SDs and PDs were noted 
in 16, 18 and 16 patients, respectively. The ORR was 34.6% and 
the DCR was 69.2%. The median PFS time was 6.7 months [95% 
confidence interval (CI), 4.5-9.0] (Fig. 1), and the OS time was 

13.3 months (95% CI, 9.1-17.5) (Fig. 2). Subset analysis based on 
the clinical characteristics of the patients showed that patients 
who were premenopausal, had infiltrating ductal carcinoma and 
had previously received anthracycline or taxane chemotherapy 
exhibited a prolongation of survival, although the comparisons 
were statistically insignificant (P>0.05). Patients with stage IIIC 
disease had a statistically better median OS time than patients 
with stage IV disease (22.7 vs. 11.3 months, P=0.010). In addi-
tion, the median OS time of patients with a single metastatic 
site (15.7 months; 95% CI, 5.6-25.8) was superior to that of 
patients with ≥2 metastatic sites (11.3 months; 95% CI, 9.3-13.3) 
(P=0.048) (Table II, Figs. 3 and 4).

Toxicity. The three most frequently observed adverse effects in 
the group were hematological toxicities, peripheral neuropathy 

Figure 1. Kaplan-Meier curve of progression-free survival (PFS) time. Figure 2. Kaplan-Meier curve of overall survival (OS) time.

Table Ⅱ. Subset analysis of OS time (n=52).

Variables No. of patients Median OS (months) 95% CI χ2 P-value

Menstruation    0.000 0.987
  Pre 28 13.3 7.1-19.5
  Post 24 12.5 8.3-16.7
Clinical stage    6.668 0.010
  ⅢC 16 22.7 4.4‑41.0
  Ⅳ 36 11.3 8.6‑14.0
Histological type    0.000 0.993
  Infiltrating ductal 40 13.3 8.9‑17.7
  Others 12 12.3 2.7-21.9
Number of organs involved    3.923 0.048
  1 20 15.7 5.6-25.8
  ≥2 32 11.3 9.3‑13.3
Previous chemotherapya    0.193 0.661
  Yes 30 14.5 5.0-24.0
  No 22 12.5 7.4-17.6

aAnthracycline or taxane. OS, overall survival; CI, confidence interval.
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and gastrointestinal reactions. Alopecia, liver dysfunction and 
hand-foot syndrome were mainly grade 1 or 2. Grade 3 or 4 
neutropenia occurred in 6 patients (11.5%), while 4 patients 
(7.7%) experienced grade 3 nausea and vomiting and 2 patients 
(3.8%) experienced grade 3 peripheral neuropathy. There were 
no treatment-related mortalities (Table III).

Discussion

Human breast cancer can be subdivided into five molecular 
subtypes, distinguished by pervasive differences in their gene 
expression patterns: Luminal subtype A, luminal subtype B, 
normal breast-like, HER-2 overexpression and basal-like 
subtype (12). Basal-like breast cancer, by definition, is char-
acterized by the absence of immunostaining for ER, PR and 
HER2, as well as the overexpression of epidermal growth 
factor receptor (EGFR) and cytokeratins (CK5/6, CK17 and 
CK14) (2). TNBC is a clinically and molecularly heterogeneous 
disease that encompasses more than one entity. Although 
TNBC and basal-like breast cancer types share numerous 

clinical and pathological characteristics, they are not identical, 
with basal-like tumors accounting for ~75% of TNBCs (13). 
According to a previous study, ~75% of TNBCs can be classi-
fied as BRCA1-related breast cancers, while TNBCs account 
for 80-90% of BRCA1-related breast cancers (14). TNBC 
exhibits distinct biological and clinical behavior. The majority 
of the tumors are high-grade, ductal carcinomas, which are 
associated with a larger size. Furthermore, the tumor cells 
exhibit an absence of androgen receptor, E-cadherin and 
cyclin D expression, as well as positive expression of basal 
cytokeratins (CK5/6, CK17), EGFR and p53 (2). 

TNBC has an increased likelihood of recurrence, distant 
metastasis and mortality within 5 years of the diagnosis, the 
peak being within the first 3 years (15). Several studies have 
shown an increased rate of visceral metastasis, particularly 
spinal cord, brain, liver and lung metastasis, versus bone 
metastasis (13,16,17). Following a diagnosis of metastatic 
disease, poor prognosis has also been reported (16). There 
are numerous predictive factors of poor prognosis, although 
the triple negative status itself (ER-, PR- and HER2-) is also 

Figure 3. Kaplan-Meier curves of the overall survival time of patients with 
different numbers of metastatic sites. x and + indicate deletions.

Figure 4. Kaplan-Meier curves of the overall survival time of patients with 
stage ⅢC/Ⅳ breast cancer. x and + indicate deletions.

Table Ⅲ. Adverse events.

Event Grade 1 (n) Grade 2 (n) Grade 3 (n) Grade 4 (n) Grades 3+4 (%)

Anemia   8 4 0 0   0.0
Neutropenia 20 8 4 2 11.5
Thrombocytopenia   4 2 0 0   0.0
Nausea/vomiting 20 8 4 0   7.7
Diarrhea 16 6 0 0   0.0
Alopecia 10 4 0 0   0.0
Stomatitis   6 4 0 0   0.0
Phlebitis   6 0 0 0   0.0
Liver dysfunction 10 6 0 0   0.0
Peripheral neuropathy 20 6 2 0   3.8
Hand‑foot syndrome 12 6 0 0   0.0
Pigmentation 10 6 0 0   0.0
Electrocardiogram changes   4 0 0 0   0.0
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associated with a poor prognosis (17,18). p53 mutation has 
been reported to be associated with anthracycline‑ (19) and 
platinum‑ (20) based chemotherapy resistance and a poor 
prognosis of breast cancer (21,22). The lymph node metastasis 
status has a significant impact on the prognosis of patients with 
TNBC. Hernandez-Aya et al (23) proposed that the OS rate 
of patients with TNBC exhibiting evidence of axillary lymph 
node metastasis is lower than that of patients with TNBC with 
no tumor metastasis. Previous studies (24,25) have reported 
that whether the expression of ER, PR and HER-2 is concor-
dant between metastatic axillary lymph nodes and primary 
lesion is an independent risk factor for TNBC.

Since patients with TNBC can benefit neither from 
hormone therapies nor from HER2‑targeted therapies, they 
are more sensitive to chemotherapy than patients with other 
types of breast cancer. As early as 1978, a retrospective study 
reported that triple-negative patients had an enhanced response 
rate to chemotherapy as compared with non-triple-negative 
patients (26). Keam et al (27) analyzed 145 patients with stage II 
and III breast cancer who received neoadjuvant chemotherapy, 
and their results revealed that patients with a triple-negative 
phenotype showed a higher response rate (RR) than patients 
with a non‑triple‑negative phenotype (83.0 vs. 62.2%), as 
well as a higher pathologically complete RR (17.0 vs. 3.1%); 
both these differences were statistically significant (P<0.05). 
Deleted or mutated BRCA1 in most cases of TNBC may 
render them particularly susceptible to alkylating agents and 
platinum drugs that act by destroying the DNA (28). Currently, 
platinum drugs have been used in clinical trials of TNBC and 
have proven to be significantly sensitive among patients with 
TNBC. Patients who received platinum‑based chemotherapy 
had a longer overall survival compared with patients that 
were administered conventional non-PBC regimens (14.5 vs. 
10 months, P=0.041) (29). Sirohi et al (30) retrospectively 
reviewed 328 breast cancer patients (62 with TNBC) treated 
with platinum-based chemotherapy and found that the CR rates 
were significantly higher for the patients with TNBC (88%) 
than for patients with non-TNBC (51%). In addition, the 5-year 
OS rates were 64 and 85%, the 5-year disease-free survival 
rates were 57 and 72% and the ORRs were 41 and 31% for 
patients with TNBC and those with non‑TNBC, respectively. 
For patients with advanced breast cancer, TNBC patients had a 
significantly prolonged PFS time of 6 months, compared with 
4 months for patients with non‑TNBC (30). From the analysis 
above, it can be concluded that, compared with non-TNBC, 
TNBC has an increased sensitivity to platinum-based chemo-
therapy. 

OXA is a third-generation platinum chemotherapy drug 
that is safer and more potent than cisplatin. There are certain 
similarities in mechanism between OXA and cisplatin, but 
their chemical structures are different. OXA can bind tightly 
to DNA >10 times faster than cisplatin and exhibits consider-
ably more potent cytotoxicity and broad-spectrum antitumor 
activity. In addition, OXA has no complete cross-resistance 
with cisplatin or carboplatin and is still effective in certain cases 
showing resistance to cisplatin or anthracycline (7,31,32,33).

5‑FU and OXA have a synergistic effect, and S-1 and 
capecitabine are 5-FU derivatives. Chemotherapy oral admin-
istration of 5‑FU has become more convenient compared 
with intravenous administration, and does not cause phlebitis, 

although S-1 and capecitabine differ in terms of pharmaco-
logical and side effects (34,35). A randomized, multicenter 
phase Ⅱ trial of capecitabine versus S-1 in patients with meta-
static gastric cancer demonstrated that there were no significant 
differences in clinical outcomes between capecitabine and 
S-1, with the exception of hand-foot syndrome and stoma-
titis, which were more frequently found in the capecitabine 
study arm (36). A number of clinical trials have shown that 
capecitabine is effective in patients with metastatic breast 
cancer (MBC) (37,38). S-1, a third-generation 5‑FU deriva-
tive, is a combination of FT, 5-chloro-2,4-dihydropyrimidine 
(CDHP) and potassium oxonate (OXO). 5-FU is a derivative 
of FT, and is produced in liver mitochondria. CDHP acts to 
reversibly antagonize the activity of dihydropyrimidine dehy-
drogenase (DPD), which is the rate-limiting enzyme for 5‑FU 
degradation. By inhibiting DPD, CDHP can therefore prolong 
the bioavailability of the 5‑FU in the serum and tumors, 
achieving better curative effects than continuous intravenous 
infusion of 5-FU and preventing complications, such as phle-
bitis, caused by intravenous administration. The addition of 
OXO significantly decreases the non-hematological toxico-
logical reactions of S-1 (39). Since its listing in Japan in 1999, 
numerous studies have indicated the efficacy and favorable 
side‑effect profile of S-1 (40,41). In a study investigating S‑1 
as a third‑line or greater chemotherapy regimen in patients 
with MBC, one PR (3%) and two SDs (5%) were observed, 
and the median time to progression (TTP) was 84 days (42). A 
Japanese study showed that the ORR was 27.8%, the median 
survival time was 19.2 months and the TTP was 6.2 months in 
patients with MBC who did not respond to capecitabine-based 
chemotherapy and then received S-1 (43). A new regimen for 
16 elderly patients with advanced MBC revealed that chemo-
therapy of 2 weeks' S-1 administration followed by 1 weeks' 
rest was effective; the RR was 31.2%, and the TTP and OS 
time were 5.1 and 17.9 months, respectively (44).

Previous studies have indicated that S-1 and OXA are 
suitable single agents for the multi-line treatment of advanced 
breast cancer and TNBC (3,9,45). On the basis of the demon-
strated efficacy, the present study retrospectively reviewed 
52 patients with advanced TNBC who received S-1 combined 
with OXA. The results were encouraging: The ORR was 
34.6%, the median PFS time was 6.7 months (95% CI, 4.5-9.0) 
and the median OS time was 13.3 months (95% CI, 9.1-17.5). 
Subset analysis showed that patients who were premenopausal, 
had infiltrating ductal carcinoma and had previously been 
treated with anthracycline or taxane had a prolonged survival 
time, although statistical analysis revealed a lack of signifi-
cance (P>0.05). The results therefore showed that prolonged 
survival in the present OXA- and S-1-based regimen was 
not significantly associated with menstrual states, pathologic 
types or prior chemotherapy; however, significant associations 
were found with clinical stage and the number of metastatic 
sites. Patients with stage IIIC disease had a significantly 
enhanced median OS time compared with patients with stage 
IV disease (22.7 vs. 11.3 months, P=0.010). The median OS 
time of patients with a single metastatic site (15.7 months; 95% 
CI, 5.6-25.8) was significantly longer than that of patients with 
≥2 metastatic sites (11.3 months; 95% CI, 9.3-13.3) (P=0.048). 
A heavy tumor load, ≥2 metastatic sites and a late disease 
stage may therefore lead to poor prognosis. Further studies 
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are required to analyze the OS times associated with different 
metastatic sites in a larger cohort of TNBC patients.

No unexpected adverse events occurred in this study. Both 
hematological and non-hematological grade 3/4 toxicities were 
experienced by the patients: The main hematological toxicity 
was neutropenia, which occurred in 11.5% of patients, while the 
main non-hematological toxicities were nausea and vomiting 
(7.7%) and peripheral neuropathy (3.8%). Grade 1/2 toxicities, 
included diarrhea, liver dysfunction, stomatitis, anemia and 
hand-foot syndrome. The study showed that oral administra-
tion of S-1 markedly shortened the hospital stay of the patients 
with advanced TNBC, making it suitable for use as a palliative 
chemotherapeutic agent to improve the patients' quality of life.

In conclusion, S-1 plus OXA is a safe, active and 
well-tolerated combination and should be further investigated 
as a standard treatment alternative for patients with advanced 
TNBC. Since there are no published data on the efficacy of 
a combination of S-1 and OXA as a treatment for advanced 
TNBC, and as the present results may have some bias and limi-
tations due to the small size of the sample, a large, randomized, 
prospective clinical study is warranted to confirm the results.
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