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Abstract
Purpose The aim of this study was to determine the recommended dose (RD) for a docetaxel/oxaliplatin/S-1 (DOS) regimen 
in patients with unresectable gastric cancer and to preliminarily evaluate its efficacy.
Methods Previously untreated patients with histologically proven unresectable metastatic gastric cancer were enrolled 
(n = 16). Docetaxel and oxaliplatin were administered intravenously on day 8 and S-1 was administered orally twice a day 
on days 1–14. Each cycle was repeated every 3 weeks. Dose-limiting toxicities (DLTs) were evaluated during the first treat-
ment cycle. Three dose escalations of DOS were employed in this study: level 1 (50/100/80 mg/m2), level 2 (50/130/80 mg/
m2), and level 3 (60/130/80 mg/m2).
Results According to the 3 + 3 dose-escalating schedule, we determined that the RD and maximum tolerated dose for this 
regimen were level 1 and level 2, respectively. The DLTs were grade 3 diarrhea and febrile neutropenia. The overall response 
rate was 78% (7/9) for patients with measurable lesions and consisted of two complete responses and five partial responses. 
Five patients underwent conversion surgery. The median follow-up time was 19 months with median survival time and 
progression-free survival being 19.6 months and 7.6 months, respectively.
Conclusions The results from this study demonstrated the safety and tolerability of DOS in unresectable metastatic gastric 
cancer patients and revealed promising preliminary efficacy with a high conversion rate. A phase II trial of DOS regimen 
using the identified RD is ongoing.

Keywords Gastric cancer · S-1 · Docetaxel · Oxaliplatin · Phase I · Conversion therapy

Introduction

Gastric cancer is the fifth most common cancer worldwide 
and the third leading cause of cancer death with the highest 
estimated mortality rates being in Eastern Asia [1]. Gas-
trectomy has improved the prognosis for localized gastric 
cancer, resulting in increased long-term disease-free survival 
[2]. However, many gastric cancer patients are diagnosed 
with distant metastasis and cannot undergo curative surgery, 
resulting in a poor prognosis [3]. For such patients, chemo-
therapy is the most appropriate treatment option. Until now, 
several promising cytotoxic agents for gastric cancer have 
been developed, including docetaxel, S-1, irinotecan, and 
oxaliplatin [4]. In western countries, the most frequently 
used chemotherapy for unresectable metastatic gastric can-
cer are combination regimens including fluoropyrimidine 
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(intravenous 5-fluorouracil [5-FU] or an oral fluoropyrimi-
dine) plus a platinum agent, with or without the addition of 
docetaxel or anthracyclines [5, 6]. In Japan, the combination 
of S-1 and cisplatin (CS) is considered the standard first-line 
regimen for unresectable metastatic gastric cancer, showing 
a 54% response rate and a median overall survival (OS) of 
13.0 months in the SPIRITS trial [7].

Recent trials show that oxaliplatin is almost as active as 
cisplatin, and less toxic and can, therefore, be used to replace 
cisplatin [6]. In Japan, based on a phase III trial directly 
comparing S-1 plus oxaliplatin (SOX) with CS, SOX regi-
men is considered an alternative that is equal to a cisplatin 
regimen in terms of progression-free survival (PFS) [8]. In 
human epidermal growth factor receptor 2 (HER2)-positive 
gastroesophageal cancer, trastuzumab combined with fluo-
ropyrimidine and cisplatin is the standard first-line therapy 
worldwide [9].

On the other hand, results from several studies dem-
onstrate promising prognoses associated with conversion 
therapy, which involves radical surgery following down-
staging that occurs in selective patients who received upfront 
systemic chemotherapy [10–12]. However, the regimens 
most likely to be appropriate for conversion therapy remain 
unclear. To accomplish down-staging and to proceed to con-
version surgery, aggressive induction chemotherapy, such as 
a triplet regimen that may lead to a marked tumor regression 
could be a suitable candidate in this setting.

We previously reported the results from the clinical stud-
ies of a triplet-combination therapy including docetaxel, cis-
platin, and S-1 (DCS) for the treatment of advanced gastric 
cancer [13–18]. A phase II clinical study revealed high clini-
cal efficacy with an 87.1% overall response rate, including 
a complete response in 3.2% of patients and down-staging 
in 25.8% of patients, and with 22.6% of patients receiving 
curative adjuvant surgery [14]. Moreover, we have reported 
findings from a retrospective analysis of three consecutive 
DCS clinical studies and demonstrated that following DCS 
treatment (33.3% conversion rate), 84.8% of patients who 
received conversion therapy achieved an R0 resection, and 
78.8% were confirmed to be chemotherapy responders, 
according to histological evaluation. Notably, prolonged sur-
vival is observed in the conversion cases (48 months) com-
pared to that of patients who received DCS therapy alone 
(20 months) [10]. However, DCS therapy also shows a high 
incidence of grade 3/4 hematologic toxicities such as neutro-
penia (77.4%), and grade 3 non-hematologic toxicities such 
as anorexia (35.3%) and nausea (32.3%) [10]. Moreover, it 
is difficult to use cisplatin in an outpatient setting since cis-
platin requires 1–2 L of hydration during its administration 
to prevent cisplatin-induced renal toxicity.

Recent studies suggest that in combination regimens for 
unresectable metastatic gastric cancer, oxaliplatin is almost 
as active as cisplatin, and less toxic, particularly regarding 

nephrotoxicity and gastrointestinal toxicities, and can, there-
fore, be used to replace cisplatin [6, 8]. Based on the above-
described background, we hypothesized that a docetaxel/
oxaliplatin/S-1 (DOS) regimen, with oxaliplatin in place of 
cisplatin from the DCS regimen, would reduce toxicity and 
be an effective treatment combination without compromis-
ing the feasibility or efficacy of treating unresectable gastric 
cancer. Therefore, the aim of this study was to conduct a 
dose-escalation analysis to determine the recommended dose 
(RD) for a DOS regimen used as the first-line treatment of 
patients with unresectable gastric cancer.

Materials and methods

Patient selection

Patients enrolled in the study were needed to meet the fol-
lowing eligibility criteria: histologic confirmation of adeno-
carcinoma of the stomach; unresectable distant metastatic 
disease with an M1 stage according to the Japanese Clas-
sification of Gastric Carcinoma (JGCA) version14 [19]; 
measurable lesion(s) or evaluable disease; age ≥ 20 years; 
an Eastern Cooperative Oncology Group (ECOG) perfor-
mance status 0–1; no prior chemotherapy treatment except 
for adjuvant S-1 chemotherapy with an interval of ≥ 180 
days; adequate bone marrow (leukocyte count 4.0 × 109/L or 
neutrophil count ≥ 1.5 × 109/L, hemoglobin ≥ 8.0 g/dL, plate-
let count ≥ 100 × 109/L), renal (serum creatinine ≤ 1.2 mg/
dL), and hepatic functions (serum bilirubin ≤ 1.5 mg/dL, 
serum aspartate aminotransferase and alanine aminotrans-
ferase ≤ 5 times their respective normal upper limits); and 
an estimated life expectancy ≥ 3 months. Each patient gave 
written informed consent to participate prior to registra-
tion (trial registration ID: UMIN 000015849). The protocol 
was approved by the ethics committee of each participating 
facility and conducted in accordance with the Declaration 
of Helsinki.

Study design and treatment schedule

S-1 was administered at a dose of 40 mg/m2 twice daily 
on days 1–14 and docetaxel was administered via intrave-
nous infusion over 60 min on day 8 followed by intravenous 
administration of oxaliplatin over a 2-h span on day 8 dur-
ing each 3-week cycle. Three dose escalations of docetaxel, 
oxaliplatin, and S-1 were used; level 1 (50/100/80 mg/m2), 
level 2 (50/130/80 mg/m2), and level 3 (60/130/80 mg/m2), 
respectively. This treatment course was repeated every 3 
weeks for a maximum of eight cycles and thereafter oxali-
platin was discontinued to avoid oxaliplatin-induced neuro-
toxicity. The treatment was repeated until evidence of dis-
ease progression, unacceptable toxicity, patient refusal, a 
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secondary resection, or a physician’s decision to terminate. 
DLT was defined as the occurrence of any of the follow-
ing events during the first cycle of treatment, in accordance 
with the Common Terminology Criteria for Adverse Events 
(CTCAE) version 4.0: grade 4 neutropenia lasting more than 
4 d, any febrile neutropenia (FN), grade 4 thrombocytopenia 
or other non-hematological grade 3–4 toxicities except for 
nausea, vomiting, and alopecia or any event leading to treat-
ment discontinuation for longer than 2 weeks. This phase I 
study was carried out using the standard 3 + 3 dose-escala-
tion design. The dose was escalated if no DLT occurred in 
the initial three patients or if DLT occurred in fewer than 
2 of 6 patients. The maximum tolerated dose (MTD) was 
defined as the dose level associated with DLT in at least 2 
of 3 or 2 of 6 patients. The RD was defined as the dose one 
level below the MTD.

On the planned day of docetaxel and oxaliplatin treat-
ments (day 8), therapy was withheld if grade 3 or grade 4 
hematological toxicity or grade 2–4 non-hematological tox-
icity (except for alopecia, nausea, and vomiting) was noted, 
and the treatment was not restarted until the adverse event 
had resolved. Doses of docetaxel, oxaliplatin, and S-1 were 
reduced if any of the following events occurred during the 
previous cycle: FN, grade 4 thrombocytopenia, or grade 3 or 
higher non-hematologic toxicities (except vomiting, nausea, 
anorexia, hypersensitivity, and fatigue). When indicated, the 
doses of docetaxel and oxaliplatin were reduced by 10% and 
the S-1 dose was reduced from 60 to 50 to 40 mg (minimal 
dose) twice daily. A treatment delay of > 4 weeks was con-
sidered a treatment failure (off treatment). When patients 
achieved down-staging and were judged capable of tolerat-
ing a curative surgical procedure, gastrectomy with lymph 
node dissection was performed.

Pretreatment evaluations

During the week preceding treatment, baseline evaluations 
were performed, which included a medical history, physical 
examination, ECOG performance status, routine blood anal-
ysis (hematology and chemistry), carcinoembryonic antigen 
measurement, urine analysis, chest X-ray, computed tomog-
raphy (CT), and any other appropriate diagnostic procedures 
used to evaluate metastatic lesions.

Assessment of toxicity and tumor response

Routine blood analysis (hematology and chemistry), and 
urinalysis were performed twice weekly until the comple-
tion of the first treatment cycle and at least once every 3 
weeks during treatment thereafter. Tumor response was 
evaluated with a CT scan every two cycles (6 weeks) 
according to the Response Evaluation Criteria in Solid 
Tumors (RECIST), version 1.1. PFS was defined as the 

time from study registration until objective tumor progres-
sion or death. OS was defined as the time from study regis-
tration until death from any cause. All statistical analyses 
were performed using Prism 5 (GraphPad Software, San 
Diego, CA).

Results

Patient characteristics

From January 2015 through June 2016, a total of 16 
patients who met the inclusion criteria were enrolled in 
the study. The patient characteristics at baseline are listed 
in Table 1. The median age was 59.5 years (range 35–78), 
nine were male (56%), and the ECOG performance status 
was 0 in 14 patients (88%). 14 patients (88%) had diffuse-
type cancers with the most common metastatic sites being 
the peritoneum (75%), distant lymph nodes (25%), and the 
liver (13%). The median number of metastatic sites was 
two (range 2–5). There were no patients with a history of 
prior gastrectomy and/or chemotherapy.

Table 1  Patient demographics and pathological characteristics

ECOG Eastern Cooperative Oncology Group, PS performance status

n %

Number 16
Sex
 Men 9 56
 Women 7 44

Age
 Median (range) 59.5 years (35–78)

ECOG PS
 0 14 88
 1 2 12

Histology
 Intestinal 2 12
 Diffuse 14 88

Number of metastasis
 1 10 63
 2 5 31
 ≥ 3 1 6

Involved organ
 Lymph node 4 25
 Peritoneum 12 75
 Liver 2 13
 Bone 1 6
 Lung 1 6
 Ovary 1 6
 Other 2 13
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Dose‑limiting toxicities and recommended dose

The number of patients receiving each dose level and the 
type of DLT observed during the first cycle (DLT win-
dow) are summarized in Table 2. At the level 1 dose, 1 of 3 
patients developed DLTs (FN and diarrhea). Then, an addi-
tional three patients were treated at the level 1 dose with 
none demonstrating a DLT. Therefore, three patients were 
then entered into the level 2 dose. One patient developed 
FN during the first treatment cycle. However, the three sub-
sequent patients in the second group of the level 2 dose did 
not present with any DLTs. Based on these results, dose-
escalation proceeded to the level 3 dose and two patients 
experienced DLTs (FN and diarrhea). Then, additional two 
patients were entered into the study at the level 2 dose. Both 
of these patients subsequently exhibited DLTs (FN and diar-
rhea). Based on these results, the level 2 dose was defined 
as the MTD and thus the level 1 dose was defined as the RD 
for this regimen. In addition, the DLTs associated with the 
regimen were determined to be grade 3 diarrhea and FN.

Drug administration and toxicity

All 16 patients receiving DOS therapy were evaluated for 
toxicity during each cycle. A total of 98 treatment cycles 
were administered with the median number of cycles per 
patient being 6.5 (range 1–10 cycles). The maximum toxici-
ties experienced by the patients throughout the entire course 
of treatment for each dose level are shown in Table 3. Neu-
tropenia was the most frequent grade 4 toxicity, which was 
observed in 10 of 16 patients (63%) during the entire study 
and 3 of 6 patients (50%) that received the RD (level 1) 
as treatment. Grade 3 FN was observed in 6 of 16 patients 
(38%) during the entire study with only one of the patients 
(17%) presenting with grade 3 FN being from the RD treat-
ment level. The most common grade 3 non-hematological 
toxicities in all dose levels were anorexia (19%), fatigue 
(19%), diarrhea (19%), and stomatitis (19%), with the 
exception of one grade 4 diarrhea observed in a patient 
being treated at the level 2 dose. At RD, non-hematologi-
cal toxicities were generally tolerable and manageable. All 
treatment-related toxicities resolved with appropriate care 
and no treatment-related deaths occurred. The causes for 
discontinuation of therapy were disease progression in four 

patients (25%), conversion surgery in five patients (31%), 
unacceptable toxicity in two patients (13%), and reasons 
unrelated to treatment or diseases in five patients (31%). 
Dose reductions were implemented in 12 patients (75%). 
Most treatment cycles (78/98 cycles; 78%) were adminis-
tered every 3 weeks, as per the protocol.

Efficacy

The overall response rate was 78% [95% confidence inter-
val (CI), 46–100%] for the nine patients with measurable 
lesions, consisting of two complete responses and five par-
tial responses. The disease control rate was 100% for these 
with no patient showing progression. The median number of 
cycles required to obtain a partial response was two (range 
2–4). Five patients (31%) underwent conversion therapy 
(two patients for level 1, one patient for level 2, two patients 
for level 3); the metastatic lesions (three patients with para-
aortic lymph node and two patients with peritoneal metas-
tases) completely disappeared after 3–10 treatment courses 
and achieved R0 resection. All these patients showed path-
ological responses including two pathological complete 
responses of the para-aortic lymph node metastases. To date, 
four of these five conversion patients are still alive (730+, 
887+, 891+, and 1135 days). With a median follow-up time 
of 19 months, the median survival time and progression-free 
survival were 19.6 months (95% CI 13.7–24.5 months) and 
7.6 months (95% CI 6.4–17.9 months), respectively. The 
1-year survival rate was 75%.

Discussion

To determine the potential benefit of an intensive triplet 
regimen without compromising the feasibility or efficacy 
of treatment, we conducted a dose-escalation trial using the 
combination of S-1, docetaxel, and oxaliplatin for treatment 
of patients with unresectable metastatic gastric cancer. We 
determined the RD for the DOS regimen was docetaxel, 
50 mg/m2 (day 8); oxaliplatin, 100 mg/m2 (day 8); and S-1, 
40 mg/m2 (twice daily, days 1–14). The DLTs were grade 3 
FN and diarrhea.

Triplet therapy using DCS reported to be a promising 
treatment producing potent antitumor effects in several phase 

Table 2  Dose-limiting toxicity 
(DLT) according to the dose 
level

Dose level Docetaxel/
oxaliplatin/S-1 (mg/
m2)

No. of 
patients

No. of patients 
with DLT

Type of DLT

1 50/100/80 6 1 Febrile neutropenia, diarrhea
2 50/130/80 8 3 Febrile neutropenia, diarrhea
3 60/130/80 2 2 Febrile neutropenia, diarrhea
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II trials against unresectable gastric cancer in a reproducible 
manner [14, 16, 20]. DCS shows high clinical efficacy with 
79.1–87.1% overall response rates; however, it also shows 
a high grade 3/4 toxicity incidence, especially G3/4 neutro-
penia, which presents in 60–80% of the patients. Moreover, 
DCS regimen was not superior to CS doublet regimen in 
the JCOG1013 phase III trial, which has been recently pub-
lished at the ASCO 2018 meeting [21]. However, this study 
was conducted using another DCS combination [20], which 
lacked dose intensity compared to our DSC regimen.

When compared to the results of the DCS studies [14, 
16, 20], the toxicities observed in this study for DOS were 
mild. Neutropenia, the most common grade 3/4 toxicity, 
developed in 50% of the patients who received treatment 
at RD, showing a more favorable trend than that of DCS 
(72–79.1%). FN was present in 16.7% of patients who 
received DOS treatment at RD, compared to 14–34.9% for 
that in DCS-treated patients. Because both regimens contain 
triple agents with each of the drugs exerting a myelosuppres-
sive effect to some extent, hematologic toxicity is clearly 
the limiting toxicity. However, neutropenia was generally 
short lasting and manageable, and its incidence was reduced 
through dose reduction or the prophylactic administration 
of granulocyte-colony stimulating factor (G-CSF). For non-
hematological toxicities, there were comparable trends with 
DOS and DCS. At RD, grade 3/4 anorexia was observed in 
16.7% of DOS-treated patients compared with 7–35.5% for 
that of DCS-treated patients, diarrhea was present in 16.7% 
of DOS-treated patients compared to 5–16.1% for that of 
DCS-treated patients, and nausea was observed in 0% of 
DOS-treated patients compared with 4.7–32.3% for that of 
DCS-treated patients. These results indicated that the sub-
stitution of oxaliplatin for cisplatin had a positive influence 
on relieving treatment-related toxicities.

Since the current study was a phase I trial and the number 
of participants was small, evaluation of the response rate was 
not the primary objective. However, DOS therapy showed 
a relatively high clinical efficacy of 79.1% for an objec-
tive response rate, including two cases showing complete 
responses and no disease progression cases, and a conver-
sion therapy rate of 31.3% (5/16). It is worth noting that even 
though a relatively high proportion of patients in the current 
study had peritoneal metastasis (75%), which typically indi-
cates poor prognosis for gastric cancer patients, promising 
survival rates were observed in this study (median OS and 
PFS were 19.5 and 7.6 months, respectively). These results 
are consistent with the results from the DCS study, which 
showed a relatively good OS of 16.8 months for patients 
with peritoneal metastasis [15].

Even though the current study was an initial phase I 
study, the efficacy and safety results were favorable and com-
parable to those obtained by Kim et al., using a previously 
reported Korean DOS regimen with an overall response 

rate of 54.5%, a median PFS of 7.6 months, and a median 
OS of 12.0 months [22]. The differences between the two 
DOS regimens can be summarized. First, the Korean DOS 
regimen consisted of docetaxel at 52.5 mg/m2 and oxalipl-
atin at 105 mg/m2 on day 1 plus S-1 at 40 mg/m2 on days 
1–14, every 3 weeks. The dose of each of the three drugs 
is similar to the doses used in our DOS regimen. However, 
for our DOS regimen, both docetaxel and oxaliplatin were 
administered on day 8 compared to day 1 for that of the 
Korean DOS regimen. The rationale we used for the admin-
istration of docetaxel and oxaliplatin on day 8, and not on 
day 1, was based on results from a pilot study in which we 
observed severe neutropenia in patients on days 7–14 when 
both drugs were administered on day 1. In fact, findings 
from the Korean phase I study included the development of 
grade 4 neutropenia from days 6–10 on their schedule, which 
often resulted in the discontinuation of the administration 
of S-1. In our DOS regimen, myelosuppression developed 
primarily on days 15–20, which overlapped with the drug 
resting period, and therefore, in most cases there was no 
need to discontinue the administration of S-1, which could 
have resulted in an increase in treatment efficacy. Second, 
with the Korean DOS regimen, peripheral neuropathy of 
some grade was observed in most patients (88.4%) with 
grade 3 peripheral neuropathy being observed in 6 of the 11 
patients who received nine or more cycles of chemotherapy 
[22]. In contrast, results from our study showed no grade 3/4 
peripheral neuropathy, which may have been due to the fact 
that the administration of oxaliplatin was planned for up to 
eight cycles and, therefore, the accumulated dose of oxali-
platin in most patients was no more than 600–700 mg/m2, 
which is a threshold cumulative dose for the development of 
oxaliplatin-induced neurotoxicity [23].

Conversion therapy is defined as the adjuvant surgery 
aimed at achieving R0 resection post-chemotherapy for 
tumors initially considered unresectable for technical and/
or oncological reasons. At present, conversion therapy is 
an option for unresectable metastatic gastric cancer when 
distant metastases are controlled by chemotherapy [12]. 
Aggressive induction chemotherapies such as triplet chemo-
therapy that may lead to a high response rate are necessary 
for conversion therapy. While most appropriate chemother-
apy regimens remain to be determined, we reported that a 
DCS regimen is a suitable candidate since it shows a good 
conversion rate (33.3%) and contributes to a good prog-
nosis with an MST of 48 months and 5-year OS of 42.4% 
in cases including conversion therapy [10]. In the current 
study, five patients (31.3%) underwent conversion therapy 
with R0 resection and their median survival time had not 
been reached with a median follow-up time of 19 months.

Overall, our findings suggested that DOS therapy may 
be exploited as a substitutional regimen for DCS and it 
was effective enough to allow for the attempt of conversion 
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therapy. Moreover, our DOS regimen was more convenient 
for patients compared to that of the DCS regimen, which 
requires pre-hydration and post-hydration to prevent cispl-
atin-induced renal toxicity. Hence, the DOS regimen used 
in the current study was more feasible for use with patients 
receiving treatment in an outpatient setting.

In conclusion, the RD of the DOS regimen in patients 
with metastatic gastric cancer was docetaxel at 50 mg/m2 
and oxaliplatin at 100 mg/m2 on day 8 with S-1 at 80 mg/m2 
on days 1–14 of every 21-day cycle. This triplet combina-
tion, if used with proper monitoring and appropriate man-
agement for FN, was a tolerable and convenient therapeutic 
strategy for patients with advanced gastric cancer. The effi-
cacy and ease of administration make the regimen a promis-
ing alternative to DCS, especially for potential candidates of 
conversion therapy. On the basis of the encouraging results 
of this Phase I study, we are currently conducting a phase II 
trial to better delineate the safety profile and to evaluate the 
efficacy of this triweekly DOS regimen.
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