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every 3 weeks. The primary endpoint was the response rate 
(RR). Overall (OS) and progression-free survival (PFS), and 
toxicities were also evaluated.
Results Forty-nine patients were enrolled from Novem-
ber 2011 to April 2014, and 43 were eligible. The overall 
RR was 79.1%, including two cases of a complete response 
(4.7%), and 32 cases of a partial response (74.4%). Nine 
cases had stable disease (20.9%) but none showed progres-
sive disease. Of the 43 cases, 15 cases (34.9%) underwent 
curative conversion surgery. The median PFS was 350 days 
(95% CI 240–416 days) and median OS was 722 days (95% 
CI 411 days–not reached). Grade 3/4 neutropenia developed 
in 79.1%, and febrile neutropenia in 34.9%, of patients. 
Non-hematological grade 3/4 adverse events were anorexia 
(25.6%), nausea (4.7%), and diarrhea (9.3%).
Conclusion Modified DCS therapy showed high clinical 
efficacy sufficient enough to attempt conversion therapy 
against unresectable gastric cancer. Modified DCS showed 
fewer toxicities, but careful management of these is still 
essential.

Keywords Gastric cancer · Triplet chemotherapy ·  
Phase II study

Introduction

Although the incidence of gastric cancer has been decreas-
ing, because of the prevalence of unresectable advanced 
disease at diagnosis, gastric cancer remains a major cause 
of cancer-related deaths worldwide [1]. Systemic chemo-
therapy is considered the principal treatment option for 
unresectable gastric cancer, with evidence of a survival 
benefit provided by a number of controlled phase III trials 
and meta-analyses [2–5]. In Japan, a S-1 plus cisplatin 

Abstract 
Purpose Triplet therapy using docetaxel, cisplatin, and 
S-1 (DCS) against unresectable gastric cancer as previously 
reported by us showed high clinical efficacy, with a 87.1% 
total response rate; however, it also showed a high incidence 
of grade 3/4 toxicity. With the aim of reducing toxicities, 
we conducted a phase II study of modified DCS (mDCS), 
using a reduced dose of docetaxel, and evaluated the clinical 
efficacy and adverse events of this regimen.
Methods Patients with unresectable gastric cancer received 
chemotherapy with S-1 (40 mg/m2 b.i.d) on days 1–14, and 
docetaxel (50 mg/m2) plus cisplatin (60 mg/m2) on day 8 
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(CS) doublet regimen is considered the standard first-
line regimen, showing a 54% response rate and a median 
overall survival (OS) of 13.0 months in the SPIRITS trial 
[6]. An S-1 plus oxaliplatin (SOX) regimen is also con-
sidered an alternative regimen, being non-inferior to CS 
in terms of progression-free survival (PFS) in a phase 
III trial directly comparing SOX with CS [7]. Adding a 
molecular targeting agent is expected to improve clini-
cal outcomes. The ToGA trial showed improved efficacy 
in survival after the addition of the molecular targeting 
agent, Trastuzumab, in human epidermal growth factor 
receptor 2 (HER2)-positive gastric cancer compared to 
chemotherapy alone, but the median OS was 13.8 months, 
and never beyond 1.5 years, while the incidence of HER2-
positive gastric cancer was limited [8]. Ramucirumab, a 
monoclonal antibody targeting vascular endothelial growth 
factor receptor 2 (VEGFR2), showed clinically better PFS 
and OS with monotherapy, or in combination with pacli-
taxel, compared with placebo control or paclitaxel alone 
in patients previously treated with fluoropyrimidine or 
platinum-containing chemotherapy [9, 10]. Ramucirumab 
is being evaluated for efficacy as a first-line therapy com-
bined with capecitabine and cisplatin in the RAINFALL 
phase III trial. Although multiple agents have been active 
and multiple trials have been conducted, there is no glob-
ally accepted first-line therapy against unresectable gas-
tric cancer. The main purpose of systemic chemotherapy 
remains the palliation of symptoms and the prolongation 
of survival, but its effect remains unsatisfactory.

“Conversion therapy” refers to combined therapy with 
systemic chemotherapy, followed by radical surgical treat-
ment, after which down-staging occurs in selected patients 
who undergo systemic chemotherapy. R0 resection of con-
version therapy is associated with longer survival in unre-
sectable metastatic advanced gastric cancer, suggesting a 
curable capability that is not expected with chemotherapy 
alone [11–15]. To achieve down-staging and proceed to con-
version therapy, aggressive induction chemotherapy, such 
as a triplet regimen that can lead to a high response rate, is 
considered essential. Triplet combination therapy would be 
a good candidate in this setting.

We previously reported the result of triplet combination 
therapy with docetaxel, cisplatin, and S-1 (DCS) for the 
treatment of gastric cancer [16–18]. A phase II study showed 
quite high clinical efficacy, with an 87.1% total response 
rate, including a 3.2% complete response, 25.8% of patients 
achieving down-staging, and 22.6% undergoing a conducted 
curative surgical treatment [17]. However, DCS therapy also 
showed a high incidence of grade 3/4 hematologic toxicities, 
such as 77.4% neutropenia, as well as grade 3 non-hemato-
logic toxicities, such as 35.3% anorexia and 32.3% nausea. 
To reduce the incidence of such adverse events, we modified 
DCS therapy using a reduced dose of docetaxel.

We have subsequently conducted a phase II study of 
modified DCS (mDCS) for the treatment of unresectable 
advanced gastric cancer and evaluated the clinical effi-
cacy and adverse events of this regimen. Furthermore, we 
analyzed the rate of achieving conversion therapy and the 
impact of conversion therapy on survival.

Materials and methods

Patient eligibility

Unresectable advanced gastric cancer patients were eligible 
for this study. Eligibility criteria included the following: his-
tological diagnosis of adenocarcinoma; HER2 negative (IHC 
score of 0 or 1, or IHC score of 2 with FISH negative); aged 
between 20 and 80 years; PS of 0–1 on the Eastern Coopera-
tive Oncology Group (ECOG) scale; no previous chemo-
therapy or radiotherapy treatment; adequate bone marrow 
function (WBC count >4.0 × 109/L; hemoglobin >8.0 g/
dL; platelet count >100 × 109/L); adequate liver function 
(serum bilirubin level <1.5 mg/dL; serum transaminase 
level <100 IU/L); adequate renal function (serum creati-
nine level < upper normal limit; blood urea nitrogen level 
<25 mg/dL; creatinine clearance >60 mL/min); no other 
severe medical conditions; and the provision of written, 
informed consent. This study was approved by the ethics 
committee in each institution or hospital.

Treatment schedule

S-1 was administered orally twice daily on days 1–14 at 
a dose 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. Cisplatin was administered by intravenous 
infusion for 2 h at 60 mg/m2 in 5% glucose, followed by 
docetaxel at 50 mg/m2 in 5% glucose on day 8. To avoid 
cisplatin-induced renal dysfunction, adequate hydration of 
normally more than 2000 mL of normal saline on days 7–9 
was administered. Antiemetic prophylactics were routinely 
used to prevent nausea and vomiting when cisplatin was 
administered according to American Society of Clinical 
Oncology (ASCO) guidelines [19]. Cycles were repeated 
every 3 weeks.

Assessment

Before treatment, each clinical stage was determined by 
physical examination, chest and gastrointestinal X-rays, 
upper gastrointestinal tract endoscopy, and abdominal com-
puted tomography (CT). HER2 negative was determined 
by a IHC score of 0 or 1, or a IHC score of 2 with FISH 
negative. In the case of suspected bone metastasis, a bone 
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scintigraphy study was added. Abdominal ascites puncture 
or diagnostic laparoscopic surgery was performed to con-
firm peritoneal metastasis by cytological or tissue diagnosis. 
Complete blood cell counts, liver function tests, and renal 
function tests were assessed at least once per week during 
treatment. CT scanning and imaging of measurable disease 
were performed once every cycle.

Tumor response was assessed according to the response 
evaluation criteria in solid tumors (RECIST) and Japanese 
Classification of Gastric Carcinoma 14th edition (3rd Eng-
lish edition) [20, 21]. Down-staging was defined as the dis-
appearance of all lesions of distant metastases (M0 stage) 
for 4 weeks.

Toxicity was evaluated by the National Cancer Institute 
Common Toxicity Criteria Version 3.0. In the event of toxic-
ity, the following treatment delays and dose reductions were 
planned. Cisplatin and docetaxel administration on day 8 
was skipped in the case of a neutrophil count <1.5 × 109/L, 
platelet count <75 × 109/L, AST/ALT >100 IU/L, total 
bilirubin >1.5  mg/dL, serum creatinine  >  upper nor-
mal limit, fever >38.0 °C, grade 2 or higher diarrhea, or 
grade 2 or higher neuropathy. S-1 administration on day 1 
in subsequent cycles was delayed in the case of a neutro-
phil count <1.5 × 109/L, platelet count <75 × 109/L, AST/
ALT >100 IU/L, total bilirubin >1.5 mg/dL, serum creati-
nine > upper normal limit, ECOG PS 2 or 3, fever >38.0 °C, 
grade 2 or higher diarrhea, or grade 2 or higher neuropathy. 
If a patient developed one of the above adverse events dur-
ing S-1 administration, S-1 was discontinued during that 
cycle. Doses of docetaxel, cisplatin, or S-1 were reduced 
if any of the following occurred during the previous cycle: 
febrile neutropenia, platelet count <50 × 109/L, or grade 3 
or higher non-hematologic toxicities except nausea, vomit-
ing, anorexia, fatigue, and hypersensitivity. Docetaxel and 
cisplatin were reduced by 10%. The S-1 dose was reduced as 
follows: 60–50, or 50–40 mg, twice daily, but the minimum 
daily dose was 40 mg twice daily. Treatment was continued 
until disease progression, unacceptable toxicity, the patient’s 
refusal, or the physician’s decision. When down-staging was 
achieved and patients were deemed able to tolerate a curative 
surgical operation, subsequent gastrectomy with lymph node 
dissection was performed.

Statistical methods

The primary endpoint of this study was the response rate 
(RR). Secondary endpoints were PFS, OS, and toxicities. 
The study design was based on a binominal distribution 
without planned interim analysis. Assuming a null hypoth-
esis of 80% RR and an alternative hypothesis of 60% RR, 
with one-sided type I error = 0.05 and type II error = 0.1, 
it was necessary to enroll a minimum of 44 patients. PFS 
and OS were analyzed according to the Kaplan–Meier 

method using PRISM software. PFS was defined as the 
time from chemotherapy initiation until objective tumor 
progression or death. If the patient underwent conversion 
therapy, PFS was measured from initial treatment until 
the documentation of progression after surgery. OS was 
defined as the time from chemotherapy initiation until 
death from any cause.

Results

Patient characteristics

A total of 49 patients were enrolled, from November 2011 
to April 2014, in this study. Six patients were excluded 
after enrolment as they did not meet the set eligibility crite-
ria. Patient characteristics are outlined in Table 1. Patients 
included 27 males (62.8%) and 16 females (37.2%) with 
a median age of 59 years (range 31–79). Most patients 
were in good general condition with an ECOG PS of 0 
(95.3%). Forty-one cases were unresectable because of 

Table 1  Patient characteristics

ECOG Eastern Cooperative Oncology Group, PS performance status, 
JCGCv14 Japanese Classification of Gastric Carcinoma 14th edition

n %

Number 43
Sex
 Men 27 62.8
 Women 16 37.2

Age
 Median (range) 59 (31–79)

ECOG PS
 0 41 95.3
 1 2 4.7

Clinical stage (JCGC v14)
 Stage 3 2 4.7
 Stage 4 41 95.3

Number of metastasis
 1 25 58.1
 2 13 30.2

 >3 3 7.0
Involved organ
 Lymph node 22 51.2
 Peritoneum 16 37.2
 Liver 14 32.6
 Bone 4 9.3
 Lung 1 2.3
 Adrenal gland 1 2.3
 Other 4 9.3
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distant metastasis and the other two patients were diag-
nosed as locally unresectable with direct invasion to an 
adjacent organ. The number of involved organs was one 
organ in 25 cases (58.1%), two in 13 cases (30.2%), and 
more than three organs in three cases (7.0%). The organs 
involved in distant metastasis included a lymph node in 
22 cases (51.2%), peritoneum in 16 cases (37.2%), liver 
in 14 cases (32.6%), bone in four cases (9.3%), and lungs 
or adrenal glands in one case each (2.3%), respectively.

Efficacy

The median number of administrations was five courses 
(range 1–15). The overall response rate was 79.1%, includ-
ing two cases of a complete response (4.7%), and 32 cases 
of a partial response (74.4%). Stable disease was observed 
in nine cases (20.9%) and progressive disease was not 
observed (Table 2). Of the 43 cases, 15 cases (34.9%) pro-
gressed to curative conversion surgery because of disap-
pearing distant metastasis and/or down-staging. Accord-
ing to the number of involved metastatic organs, the one 
only involved organ group achieved conversion therapy (14 
cases of 25, 56.0%; Table 3). With the regard to the lesion 
of the involved metastatic organ, the lymph node and peri-
toneum metastasis groups showed high conversion rates of 
87.5 and 62.5%, respectively (Table 3). The median PFS as 
assessed by Kaplan–Meier analysis was 350 days (95% CI 
240–416 days) and the median OS was 722 days (95% CI 
411 days–not reached) in 429 days of the median follow-up 
time (range 100–1105 days; Fig. 1). The median survival 
time of cases with conversion therapy was not reached, com-
pared to 413 days without conversion therapy (Fig. 2).

Toxicity

Toxicities during treatment are shown in Table 4. The most 
common grade 3/4 toxicities were leukopenia and neutrope-
nia (79.1%), anorexia (25.6%), and anemia (18.6%). Febrile 
neutropenia was observed in 15 cases (34.9%). Cases devel-
oping febrile neutropenia were managed by the administra-
tion of the appropriate antibiotics and possibly also G-CSF 
administration. A dose reduction as planned prevented the 

Table 2  Efficacy

CR complete response, PR par-
tial response, SD stable disease, 
PD progressive disease

n %

CR 2 4.7
PR 32 74.4
SD 9 20.9
PD 0 0.0

Table 3  Conversion therapy
Total n Conversion therapy

n %

43 15 34.9
Number of involved organs
 0 2 1 50.0
 1 25 14 56.0
 2 13 0 0.0
 >3 3 0 0.0

Lesions of involved organ
 Lymph node 8 7 87.5
 Peritoneum 8 5 62.5

  Liver 6 0 0.0
 Bone 1 0 0.0
 Colon 1 1 100.0
 Portal vein 1 1 100.0
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Fig. 1  Kaplan–Meier analysis for overall survival (a) and progres-
sion free survival (b)

recurrence of toxicities. In any case, such toxicities could be 
safely managed with proper treatment. No treatment associ-
ated death was observed.
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Discussion

This study was conducted to investigate the clinical 
impact of primary dose modification for docetaxel in a 
DCS regimen. We previously reported phase I and II stud-
ies of DCS [oral S-1 (40 mg/m2 b.i.d.) on days 1–14 and 
intravenous cisplatin (60 mg/m2) and docetaxel (60 mg/
m2) on day 8 every 3 weeks] [16, 17]. In the phase II study 
of DCS we undertook, we described the high clinical effi-
cacy of a DCS regimen showing 87.1% of an objective 
response rate, including 3.2% of a complete response 
and good prolonged survival, with 226 days of PFS and 
687 days of OS [17]. Notably, 25.8% of patients achieved 
down-staging as confirmed by disappearing distant metas-
tasis, and 22.6% underwent conversion therapy. However, 
toxicities were also high, with incidences of 77.4% for 
neutropenia and 35.5% for anorexia, as the most common 
grade 3/4 hematologic and non-hematologic toxicities, 
respectively [17].

In this study, mDCS also showed a high clinical effi-
cacy with 79.1% for an objective response rate including 
two cases of complete response and 34.9% for a conversion 
therapy rate. The median PFS (350 days) was not inferior to 
that of DCS (226 days). These findings suggest that mDCS 
therapy can act as a substitutional regimen for DCS, from the 
point of view of efficacy, and is effective enough to attempt 
conversion therapy. Toxicities observed for mDCS seemed 
not to be always remitted compared to DCS. Neutropenia 
and leukopenia, the most common grade 3/4 toxicities, were 
present in 79.1% of patients, similar to DCS (77.4%), and 
febrile neutropenia was present in 34.9% of patients (16.1% 
in DCS). These results were attributed to the shared myelo-
suppressive effect of each of the three drugs making up the 
mDCS regimen and it may be that to reduce hematologi-
cal toxicities whole intensity reduction may be needed. In 
contrast to hematological toxicities, non-hematological tox-
icities showed a trend of reduced toxicity. Grade 3/4 ano-
rexia was observed in 25.6% of patients (35.5% for DCS), 
nausea and vomiting in 4.7% of patients (32.3% for DCS), 
and diarrhea in 9.3% of patients (16.1% for DCS). These 
results came from the unshared non-hematologic toxicities 
that each drug could induce. A dose reduction for docetaxel 
had the positive result of alleviating non-hematologic tox-
icities. Taken together, mDCS therapy may be a promising 
triplet regimen, especially for potentially available conver-
sion therapy candidates, showing equivalent efficacy and 
less non-hematological toxicity to DCS.

Triplet combination chemotherapy was developed as a 
regimen with high anti-tumor effect. Wagner et al. described 
the priority of a survival effect for triplet combination chem-
otherapy containing 5FU, anthracycline, and cisplatin in a 
meta-analysis [2]. Veer et al. reported that taxane within a 
triplet regimen (taxane, 5FU and cisplatin, or oxaliplatin) 
showed superior efficacy for PFS than a doublet regimen 
in a network meta-analysis [5]. In this analysis, an anthra-
cycline-containing triplet regimen did not show statistical 
significance for both OS and PFS. Taxane may be a good 
partner for a triplet combination that includes 5FU and a 
platinum drug. Wang et al. reported in a randomized phase 
III trial that a triplet regimen with docetaxel, cisplatin, and 
5FU (DCF) significantly prolonged PFS and OS (median 
PFS and OS: 7.2 and 10.2 months, respectively) compared 
with a doublet regimen with cisplatin and 5FU [CF; DCF 
vs. CF: median PFS; 7.2 months vs. 4.9 months (log-rank 
P  =  0.0008): median OS, 10.2  months vs. 8.5  months 
(P = 0.0319)] [22]. Adding taxane is a reasonable choice 
for clinical efficacy and the un-sharing of non-hematological 
toxicities.

Similar to the phase II study of DCS, survival was pro-
longed in the conversion therapy group (Fig. 2). Conversion 
therapy combined with intensive chemotherapy is a strat-
egy that looks promising as a possible cure for unresectable 
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Fig. 2  Differences in survival between those who underwent conver-
sion therapy (thick curve) and chemotherapy alone (dotted curve)

Table 4  Toxicities

Grade 1/2 Grade 3/4

n % n %

Hematological toxicity
 Leukopenia/neutropenia 4 9.3 34 79.1
 Anemia 12 27.9 8 18.6
 Thrombocytopenia 8 18.6 2 4.7
 Febrile neutropenia – – 15 34.9

Non-hematological toxicity
 Anorexia 17 39.5 11 25.6
 Nausea/vomiting 15 34.9 2 4.7
 Diarrhea 15 34.9 4 9.3
 Fatigue 14 32.6 5 11.6
 Stomatitis 9 20.9 0 0.0
 Creatine elevation 8 18.6 0 0.0
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gastric cancer [23, 24]. Several studies have previously 
reported the prognostic role of combined surgery compared 
to chemotherapy alone for unresectable gastric cancer [12, 
23, 25]. However, which regimen and patient group is most 
suitable for conversion therapy remains unclear. We have 
previously reported a retrospective analysis of three DCS 
studies that showed 84.8% of patients who achieved conver-
sion therapy following DCS treatment (conversion rate was 
33.3%) completed with an R0 resection, and 78.8% were 
confirmed as chemotherapeutic responders as determined by 
histological analysis [14]. Furthermore, our phase II study 
of DCS in a neoadjuvant setting for locally advanced resect-
able gastric cancer showed a 90.7% R0 resection rate and a 
65.9% pathological response [18]. These findings suggest 
that a triplet combination regimen, with S-1, cisplatin, and 
docetaxel, is suitable for attempting conversion therapy with 
a high anti-tumor effect sufficient to eliminate distant metas-
tasis, including micro-metastasis.

In this study, the only one involved organ group achieved 
conversion therapy, while the two or more involved organ 
groups did not achieve conversion therapy (Table 3). Simi-
lar to our study, Fukuchi et al. also reported that one non-
curative factor was associated with a good prognosis after 
conversion therapy in an analysis of 40 patient conversion 
therapy cases of 151 unresectable gastric cancers treated 
with an S-1-based doublet regimen [12]. At a minimum, 
the only one involved organ group may be a promising can-
didate for conversion therapy. Furthermore, the number of 
involved organs was reported to be associated with the R0 
resection rate, with 88.0% for one metastatic site and 44.4% 
for two or more metastatic sites [24]. Thus, to achieve down-
staging by chemotherapy and a good prognosis after conver-
sion therapy, the number of metastatic organs seems to be an 
important factor. This group could be further divided into 
two groups: potentially metastasis resectable or not. Even 
with resectable metastasis, induction chemotherapy prior to 
surgery may be necessary in order to eradicate micro-metas-
tasis and achieve R0 surgery by tumor reduction. Yoshida 
et al. proposed to categorize stage IV gastric cancer into 
subgroups, based mainly on the presence or absence of peri-
toneal dissemination, and reported that longer survival could 
be expected in the category without peritoneal dissemination 
[13]. In our study, though distant metastasis with the perito-
neum group achieved a similar conversion rate to that of the 
lymph node group, the prolonged survival seen with conver-
sion therapy for the peritoneum group was limited compared 
to that of the lymph node group, which showed a dramatic 
and prolonged survival with conversion (Supplemental Fig-
ure). This result may come from the high relapse rate of 
the peritoneum after R0 surgery and can mainly be attrib-
uted to the difficulty of a precise diagnosis for a complete 
response against peritoneal metastasis. A special strategy 
for peritoneal metastasis, such as combined intra-peritoneal 

chemotherapy or developing a diagnostic technology such as 
repeated diagnostic laparoscopy, may be required.

In conclusion, modified DCS therapy, using a reduced 
dose of docetaxel, was effective enough to attempt conver-
sion therapy against unresectable gastric cancer. Therapy 
with mDCS may be less toxic than DCS therapy but careful 
and proper monitoring and management of adverse events is 
essential, especially for hematological toxicities.
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