
Abstract. Background/Aim: In this study, we assessed the
safety and efficacy of combination therapy with S-1, oxaliplatin
and leucovorin (SOL) in advanced esophageal squamous cell
carcinoma (ESCC) patients. Patients and Methods: Ten
unresectable or recurrence ESCC patients, who had been
previously treated with more than two regimens were included
in this study. The treatment schedule comprised S-1 40-60 mg
and fixed dose of leucovorin 25 mg together orally twice a day
for one week, followed by one-week of rest. Oxaliplatin 85
mg/m2 was given as an intravenous infusion on day one,
repeated every two weeks. Results: Of the eight patients with
measurable lesions, two patients with partial response (25%)
and two with stable disease (25%) were observed. Disease
control rate was 50%. Median progression-free survival and
overall survival were 5.0 and 9.3 months, respectively. The
main common adverse events were malaise (60%), decreased
appetite (50%), peripheral sensory neuropathy (40%).
Conclusion: SOL therapy showed promising antitumor activity
with acceptable toxicity even for heavily pretreated ESCC.

Esophageal cancer is the ninth most common cancer and the
sixth leading cause of cancer-related deaths worldwide.

Squamous cell carcinoma is the most common histological
type of esophageal cancer, which exhibits a high-incidence
in eastern Asia including China and Japan (1). Although
chemotherapy or radiation therapy (CRT) followed by
extensive surgery has improved prognosis, unresectable or
recurrent cases have a poor prognosis with a considerable
decline in health-related quality of life (HRQoL). 

Several chemotherapy regimens are in clinical use for
unresectable or metastatic ESCC. Cisplatin (CDDP) and 
5-fluorouracil (5-FU) based regimens has been a standard
treatment for ESCC. In recent years, triplet regimens,
cisplatin and fluorouracil plus docetaxel (DCF) have been
regarded as a promising therapy, especially in neoadjuvant
settings (2, 3). However, these regimens are nephrotoxic and
emetogenic, therefore, sometimes too toxic for patients who
have undergone multiple chemotherapy cycles. Patients with
recurrent and metastatic esophageal cancer can easily
become malnourished due to appetite loss and in some cases
esophageal stricture (4). Furthermore, there are few second
or later-line chemotherapy options, and response rate of
these regimens are far from being satisfactory. New drug
combination strategies should be considered for better
prognosis of advanced ESCC.

S-1, an oral prodrug of 5-FU-containing regimens are
increasingly used for ESCC (3, 5). Previous reports have
shown the combination of S-1 with other key
chemotherapeutic agents, including oxaliplatin, enhances the
anti-tumor activity (6). Oxaliplatin, a platinum derivative,
which has less nephrotoxic and emetogenic effects than the
traditionally used CDDP, has been widely used in a variety
of regimens for colorectal, pancreatic and gastric cancer (7).
However, the anti-tumor activity of oxaliplatin and its
combination with S-1 has not been sufficiently investigated
in ESCC. A previous report demonstrated that SOL (S-1,
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oxaliplatin plus leucovorin) showed a high objective response
rate (66%) with acceptable toxic effects in advanced gastric
cancer (8). In this study, we have investigated the efficiency
and safety of SOL therapy in patients with advanced ESCC,
who have been pretreated with various chemotherapeutic
agents and/or CRT.

Patients and Methods 

Patients. Between January 2017 and February 2018, 10 patients with
histologically proven squamous cell carcinoma of the thoracic
esophagus, who experienced recurrence after curative surgery or
underwent R2 resection were included in this study. All patients were
mainly treated at the Osaka University hospital. All patients had been
previously treated with at least two regimens of chemotherapy.
Patients with an Eastern Cooperative Oncology Group performance
status of 0-1, and with no serious vital organ dysfunction
(hematologic, liver, and renal) were selected based on the following
values: platelet count ≥10×104/mm3, hemoglobin ≥8.0 g/dl,
neutrophil count ≥1,500/mm3, serum bilirubin ≤1.5 mg/dl, serum
aspartate aminotransferase and alanine aminotransferase ≤twice the
upper limit of normal range, and creatinine ≤1.2 mg/dl. Reduced 
S-1 dose was used for patients with estimated Glomerular filtration
rate (eGFR) <60. Pathological stage was evaluated according to the
seventh edition of the Tumor Node Metastasis Classification of the
International Union Against Cancer (UICC-TNM). This study was
approved by medical review committee of Osaka University School
of Medicine and informed consent was obtained from all patients. 

Study treatment. The SOL regimen comprised 40-60 mg of S-1 and
a fixed dose of 25 mg of leucovorin, administered orally, twice a day
for one week, followed by one-week of rest. Oxaliplatin, 85 mg/m2,
was given as an intravenous infusion on day 1, and repeated every
2 weeks (Figure 1). Dose reduction was set as follows; 85 mg/m2,
65 mg/m2, and 50 mg/m2 for oxaliplatin, 60 mg, 50 mg, and 40 mg
twice daily for S-1. If grade 3 or worse gastrointestinal disorders
including nausea, diarrhea or stomatitis were observed, the dose of
S-1 was reduced. If grade 3 or worse peripheral sensory neuropathy
was observed, oxaliplatin was withheld until neuropathy improved
to grade 2 or better, and the dose of oxaliplatin was reduced in the
following treatment. If grade 3 or worse neutropenia or
thrombocytopenia, or febrile neutropenia was recorded, the dose of
all drugs except for leucovorin was reduced. Treatment was
continued until disease progression, the development of serious
adverse effect, or the patient refused further treatment.

Outcomes. The primary end point was overall response rate (ORR).
Secondary end points were overall survival (OS), progression-free
survival (PFS) and safety. Tumor response was assessed using
computed tomography (CT) scans of the chest and abdomen within
six weeks before the start of the treatment and were repeated every
12 weeks until discontinuation of protocol treatment. Results were
evaluated by RECIST v1.1 for response rate and disease control
rate. Change in diameter of target lesions from baseline was
assessed at the time of best response. The severity of adverse events
during the treatment period was evaluated according to the National
Cancer Institute Common Terminology Criteria for Adverse Events
(version 4.0). Safety and laboratory data were assessed at baseline
and at least once every two weeks after the start of treatment. 

Statistical analysis. OS and PFS were calculated by the Kaplan–
Meier method. OS was defined as the time from the first induction
of SOL therapy to death from any cause, or the date of last contact
in the case of continuing survival. PFS was defined as the time from
the first induction of SOL therapy to disease progression or death
from any cause.

Results 

Patient characteristics. The baseline characteristics of patients
are shown in Table I. Eight patients experienced recurrence
after curative surgery and two patients underwent R2
resection. All patients were treated with at least two regimens
of chemotherapy and were refractory or intolerant to
fluoropyrimidine-based, platinum-based, and taxane-based
chemotherapy. Four patients had received CRT before SOL
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Figure 1. Schedule of study treatment. 

Figure 2. Change in size of target lesions from baseline, analyzed in
patients with measurable disease (n=8).



therapy. The most commonly used regimens were paclitaxel
treatment (8/10) and DCF with or without radiotherapy (8/10).
Cisplatin plus 5-FU (FP) was administered in 4 patients. Of
the eight patients who experienced recurrence after R0
resection, six patients had lymph node (mediastinal, cervical
and abdominal lymph nodes) recurrence. Liver metastasis was
observed in two patients, and lung, peritoneal, and adrenal
gland metastasis was observed in one patient each.

Treatment and compliance. Patients received a median of 9.5
cycles (range=5.8-10.8 cycles) of SOL therapy. Seven
patients (70%) required dose reduction of oxaliplatin
according to adverse events including peripheral sensory
neuropathy, decreased appetite and malaise. Seven patients
(70%) required dose reduction of S-1 according to stomatitis,
decreased appetite and malaise. 

Tumor response. Eight of the ten patients had measurable
disease and were evaluated by RECIST1.1 criteria. Partial
response (PR) and stable disease (SD) were observed in 25%
(n=2) and 25% (n=2), respectively. ORR was 25% and
disease control rate was 50% (Table II). For these patients
with measurable lesions, changes in the size of target lesions
from baseline were calculated and shown in Figure 2. In four
patients with lung metastasis, ORR was 25% [PR n=1/SD
n=1/progressive disease (PD) n=2]. Two cases of liver
metastasis demonstrated one PR and one PD.

OS and RFS. At the time of analysis, median follow-up was
9.1 months (range=7.0-11.0 months). All patients experienced

PD and six people died during the follow-up period. Median
OS and PFS were 5.0 months (95%CI=2.6-NA) and 9.3
months (95%CI=8.5-NA), respectively (Figure 3). 

Toxicity. Frequently observed non-haematological toxicities
included malaise (G1/2 60%; G3/40%), decreased appetite
(G1/2 40%; G3/4 10%) and fatigue (G2 40%). Peripheral
neuropathy was observed in 40% (G1/2 40%) of the patients,
although a G3 event was not observed in this study (Table III).
Bone marrow suppression was relatively mild, with 10% (n=1)
of the patients experiencing G4 leucopenia, 20% (n=2) had G3
neutropenia and 10% (n=1) had G3 thrombocytopenia. Anemia
(G1/2 90%; G3 10%) was frequently observed in this study.

Discussion

Growing evidence has been accumulated regarding
chemotherapy and CRT for ESCC. The standard FP regimen
showed an ORR of 35% (9, 10), while the recently
developed triplet regimen, DCF, demonstrated an ORR of
60-75% (11-13). OS improvement from the DCF regimen is
currently being investigated in a phase III trial. Taxanes are
also frequently used in second line therapy, and paclitaxel
has shown an ORR of 20-44% (14-16). However, most of
the evidence so far has been limited to first- and second-line
treatments, and later line chemotherapy for advanced ESCC
has not been intensively explored. 

In this retrospective study, we have demonstrated that
SOL therapy is effective in heavily treated advanced ESCC
patients with a manageable tolerability profile. Treatment of
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Figure 3. Kaplan–Meier analysis of PFS (A) and OS (B). Dashed line indicates 95% confidence interval.



patients with metastatic and recurrent esophageal cancer
needs to be carefully considered, because of deterioration of
the general condition due to malnutrition or prolonged
adverse events caused by previously administered
chemotherapy (17). SOL can be administered on an
outpatient basis every two weeks, and our results showed
that this regimen is effective and well-tolerated in patients
who have been previously administered two or more
chemotherapy regimens.

FP regimen has been regarded as standard treatment for
esophageal cancer; however, recent reports have
demonstrated that oxaliplatin is as effective as cisplatin in
patients with esophagogastric cancer (18). Combination of
5-FU, leucovorin and oxaliplatin (FLO) was shown to be less
toxic than 5-FU/leucovorin/ cisplatin (FLP) in a phase III
trial of gastric and gastroesophageal cancers (19). The
combination of oxaliplatin, capecitabine and oral
fluoropyrimidine has also been shown to be effective in
advanced or metastatic esophageal cancer (20). Intensive
infusion and hospitalization are not required for regimens
including oxaliplatin, making this drug a useful
chemotherapy option for gastrointestinal cancers. Although
pre-clinical experimental models have shown that there is
possibly cross-resistance of oxaliplatin and cisplatin (21), a
previous phase II study of oxaliplatin, 5-FU and LV
demonstrated efficacy in previously cisplatin-treated gastric
cancer patients (22). Because all patients recruited in this
study had received cisplatin-containing regimens before SOL

therapy, use of this treatment in an early line setting might
be beneficial. In fact, SOL regimen was used as first-line
treatment for advanced gastric cancer and showed a
promising ORR in a previous study (8).

Leucovorin facilitates the anti-tumor effect of fluorouracil
through enhancing the inhibition of thymidylate synthase
activity. Hironaka et al. demonstrated that objective response
rate was similar between S1 plus leucovorin and S1 plus
CDDP (43% vs. 46%, p=0.84), and that addition of SOL
showed a much better objective response rate (66%) in
advanced gastric cancer (8). Although most of the evidence
obtained so far is in regard to adenocarcinoma of the
esophagus, previous reports have suggested that oxaliplatin-
containing regimens are also effective in ESCC (23).
FOLFOX6 has been shown to be effective as a first-line
treatment of ESCC. The overall response rate and disease
control rate were 23.2% and 67.9 %, respectively. The
median PFS was 4.4 months, and the median OS was 7.7
months (24). Safety and efficacy of SOL therapy in ESCC
have been largely unknown, especially in later-line
treatments. In this study, 2 (20%) showed PR and 2 (20%)
showed SD to oxaliplatin-based SOL treatment, despite
heavy pre-treatment with cisplatin-containing regimens. This
might be because SOL regimen is well-tolerated and a
relatively high dose intensity of oxaliplatin is maintained
during a median treatment period of 5.0 months (3.0-8.8). 

In regard to the toxicity, peripheral neuropathy was
commonly observed in 40% of the patients, although a G3
event was not observed in this study. Because 8 to 10
patients had received paclitaxel or paclitaxel-containing
regimens before SOL, the influence of prior treatment must
be considered. A previous study in gastric cancer also
showed a relatively high frequency of G1/2 neuropathy
events and 9% of G3 events (8). Bone marrow suppression
was relatively mild, with 10% (n=1) of the patients
experiencing G4 leucopenia, 20% (n=2) had G3 neutropenia
and 10% (n=1) had G3 thrombocytopenia. Anemia (G1/2
90%; G3 10%) was more commonly observed, although
moderate anemia has already been observed at the start of
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Table I. Baseline characteristics.

Gender                                                                       
  Male                                                                       10 (100%)
  Female                                                                      0 (0%)
Median age (range)                                                   62 (43-75)
ECOG performance status                                             
  0                                                                                6 (60%)
  1                                                                                4 (40%)
Histological type                                                            
  Squamous cell carcinoma                                      10 (100%)
  Others                                                                       0 (0%)
Tumor status                                                                   
  Unrespectable                                                           2 (20%)
  Recurrence                                                               8 (80%)
Previous treatment
  Surgery                                                                   10 (100%)
  Radiotherapy                                                            4 (40%)
  Chemotherapy                                                        10 (100%)
  2 regimens                                                                6 (60%)
  3 regimens                                                                3 (30%)
  4 regimens                                                                1 (10%)
Number of organs with metastases                               
  1                                                                                7 (70%)
  2                                                                                2 (20%)
 3                                                                                1 (10%)

Table II. Best overall response.

                                                                   n=8                       

Complete response                                        0                         
Partial response                                             2                      25%
Stable disease                                                2                      25%
Progressive disease                                       4                      50%
Not evaluable                                                0                         
Overall response rate*                                  2                      25%
Disease control rate†                                     4                      50%

*Complete or partial response. †Complete response, partial response, or
stable disease.



treatment in most of the patients, due to the long history of
prior chemotherapy. The frequency of neutropenia was
relatively low compared with previous studies showing the
effectiveness of SOL in gastric cancer, where 26% of
patients in the SOL cohort showed G3/4 neutropenia (8). 

The limitations of this study were the small sample size,
a wide variety of prior treatment regimens including CRT
and a relatively short follow-up duration. Nevertheless, the
efficacy and safety data of the SOL regimen shown here
might be useful information for heavily pretreated ESCC
patients, who have few treatment options available.
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