
Abstract. Background/Aim: The aim of this phase I/II study
was to determine the safety, and efficacy of combination of
neoadjuvant chemotherapy (NAC) with biweekly docetaxel,
cisplatin, and S-1 (DCS) in stage III gastric cancer patients.
Patients and Methods: In the phase I study, S1 was
administered at doses of 80 mg/day to 120 mg/day depending
on the body surface area and docetaxel was administered at
20 mg/m2, whereas cisplatin was initially administered at 25
mg/m2 and was escalated by 5 mg/m2 up to 50 mg/m2. In the
phase II study, safety and therapeutic efficacy of DCS were
evaluated using the recommended dose of cisplatin. Results:
In phase I, 21 patients were enrolled. In level II, perforation
of gastric cancer occurred in one case although no dose
limiting toxicities (DLTs) were noted in level III-VI.
Recommended dose for cisplatin was 50 mg/m2/day. In phase
II, among 47 patients, 14 experienced grade 3/4 adverse
events. Clinically, response rate was 66.7% and disease
control rate was 97.9%. The curative (R0) resection rate was
95.7%. Pathological response rate was 53.3%. Three-year
overall survival and relapse-free survival rates were 78.5%
and 65.3%, respectively. Conclusion: Biweekly DCS as NAC
was efficient, safe, and acceptable; however, long-term
survival should be evaluated to confirm the efficacy of
biweekly DCS for stage III gastric cancer patients.

Surgery remains one of the most important treatment options
for gastric cancer, which is still one of the most common
malignancies globally, despite declining incidence rates (1).
Although curative (R0) resection is associated with significant
cure rates, <50% of locally advanced gastric cancer patients
can successfully undergo R0 resection even with aggressive
surgery (2). Moreover, in a large proportion of patients with
advanced gastric cancer, disease recurs after curative resection;
consequently, the survival rates remain unsatisfactory even
after super-extended lymph node dissection (3).

A recent Japanese large-scale phase III trial by the
adjuvant chemotherapy of S-1 (tegafur/gimeracil/oteracil) for
gastric cancer patients reported the superiority of S-1 as
adjuvant chemotherapy over surgery alone after D2 lymph
node dissection in stage II/III patients (4). However, the
subgroup analysis of stage IIIB gastric cancer patients
showed that overall survival (OS) and recurrence-free
survival rates did not differ between the S-1 and surgery-
alone groups (5). Therefore, more effective chemotherapy
regimens are necessary to improve prognosis in stage III
gastric cancer patients.

Neoadjuvant chemotherapy (NAC) has been proposed to
have certain benefits compared with adjuvant chemotherapy,
including downstaging that might allow for subsequent R0
resection, treatment of micrometastases, and evaluation of the
susceptibility and tolerability to chemotherapeutic agents (6,
7). Therefore, the development of effective chemotherapeutic
regimens is important to improve the efficacy of NAC.

A recent phase II trial evaluated the efficacy of a
combination regimen containing docetaxel, cisplatin, and S-
1 (DCS) in unresectable or recurrent gastric cancer patients
and revealed that the response rate was high (8). However,
this phase II trial, as well as other phase I studies using DCS
regimens reported that grade 3 or 4 neutropenia, nausea and
vomiting frequencies were higher with cisplatin doses of 
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60-70 mg/m2 (9-11). Additionally, patients should be
sufficiently hydrated to avoid cisplatin-induced renal damage
during DCS regimen. Therefore, it is necessary to safely
offer treatment with these DCS regimens in the hospital (12).

Although chemotherapy for gastric cancer is often
administered on an inpatient basis, many patients request
outpatient chemotherapy to minimize disruption of their
daily life. Although DCS-containing combination therapies
were previously reported to be beneficial in advanced gastric
cancer, they were also reported to be closely associated with
grade ≥3 adverse events and prolonged hospital stays. These
findings highlight the necessity to develop improved triplet
therapies, including DCS-containing therapies, that are not
associated with severe adverse events and can be
administered at an outpatient clinic. 

Therefore, a phase I/II trial was conducted using
combination NAC with biweekly DCS administration by
escalating cisplatin dose at an outpatient setting to assess its
efficacy on therapeutic outcomes in clinical stage III gastric
cancer patients.

Patients and Methods

Patient eligibility. The present study was conducted at the
Department of Surgery, Gastroenterological Center, Yokohama City
University in Yokohama, Japan, and its related institutions. The
eligibility criteria were as follows: (i) histologically proven gastric
adenocarcinoma, (ii) stage III gastric cancer (according to the
Japanese Classification of Gastric Carcinoma 14th edition) (13)
without peritoneal metastasis confirmed by staging laparoscopy, (iii)
age of 20-75 years, (iv) Eastern Clinical Oncology Group (ECOG)
performance status of 0 or 1, (v) no prior chemotherapy or
radiotherapy, (vi) adequate bone marrow function (white blood cell
count ≥3000 or ≤12 000 per mm3; neutrophil count ≥1500 per mm3;
hemoglobin ≥9.0 g/dl; and platelet count ≥100,000 per mm3), (vii)
adequate hepatic function (serum total bilirubin ≤1.5 mg/dl;
aspartate aminotransferase and alanine aminotransferase ≤2.5 times
the upper normal limit), (viii) adequate renal function (serum
creatinine <1.5 mg/dl; blood urea nitrogen, equal or less than the
upper limit of normal), (ix) no other malignancies, and (x) written
informed consent. Exclusion criteria were as follows: (i) active
infection; (ii) mental disorder; (iii) interstitial pneumonia; (iv)
severe comorbidities, such as heart or renal disease; (v) pregnant or
lactating women or women of childbearing age unless they were
practicing effective contraception.

Administration and dose escalation. S-1 was administered orally twice
daily for 1 week according to body surface area (BSA), followed by
a drug-free 1-week interval, as follows: BSA <1.25 m2, 80 mg/day;
BSA ≥1.25 m2 or <1.50 m2, 100 mg/day; BSA ≥1.50 m2, 120 mg/day.
Docetaxel and cisplatin were administered intravenously on days 1 and
15. Docetaxel was administered by intravenous infusion lasting 60 min
at a dose of 20 mg/m2, followed by cisplatin administered as a 120-
min intravenous infusion. In phase I of the study, the cisplatin
initiation dose was 25 mg/m2 (level I) and was planned to be escalated
in 5-mg/m2 increments to 50 mg/m2 at an outpatient clinic setting. The
DCS regimen with cisplatin 60-70 mg/m2 has been reported to require

a few days of hospital stay for hydration (14). Therefore, maximum
cisplatin dose was set to 50 mg/m2 to perform this regimen safely in
an outpatient clinic. Dose-limiting toxicities (DLTs) were based on two
courses of the DCS regimen (Figure 1). 

Treatment with granulocyte colony-stimulating factor was
permitted in patients who developed grade 4 neutropenia or grade
3-4 neutropenia with fever. Prophylactic administration of
antiemetic therapy, including a 5-HT3 antagonist, a NK1 receptor
antagonist, and a corticosteroid, was routinely used to prevent
nausea and vomiting due to docetaxel and cisplatin.

Toxicity was graded according to the Common Terminology
Criteria for Adverse Events, version 4.0 (15). DLT was defined
based on the following: grade 4 leukopenia or neutropenia; grade 3
neutropenia with a fever (≥38.0˚C); grade 4 thrombocytopenia;
grade 3-4 non-hematological toxicity with the exceptions of nausea,
vomiting, and alopecia. 

A minimum of three patients were tested for each cisplatin dose
level. The dose escalation schedule was as follows. If DLT was not
observed in any of the three cases, the dose was increased to the next
level. If DLT was observed in one of the three cases, three additional
patients were treated at the same dose level. If only one of the six
patients experienced DLT, the dose was increased to the next level.
However, if two or more of the six patients exhibited DLT, the dose
level was defined as the maximum tolerated dose. Dose escalation
was continued until the maximum tolerated dose was reached, and
the level one step below was set as the recommended dose (RD) for
further evaluation in phase II of the study.

Disease evaluation. Tumor response was basically assessed based
on the Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1 (16) after completion of the two treatment courses.
Response status during the treatment was evaluated by barium meal
study, endoscopy, and computed tomography. Response rate was
calculated as follows: complete response (CR) + partial response
(PR)/CR + PR + stable disease (SD) + progressive disease (PD).
Disease control rate was defined as follows: CR + PR + SD + (Non-
CR/Non-PD)/ CR + PR + SD + (Non-CR/Non-PD) + PD.

Surgery. Surgery was performed at least 4 weeks after the end of
the second cycle in patients who were determined as candidates for
curative resection. The type of surgery was based on the location
and extent of the primary lesion. The extent of standard lymph node
dissection was D2 lymphadenectomy with R0 surgery. If R0 surgery
was impossible, D1 lymphadenectomy was performed (13). 

Pathological examination of surgical specimens. All resected
specimens were examined by experienced pathologists, and the
pathological response to chemotherapy was evaluated according to
the criteria of the Japanese Research Society for Gastric Cancer
(13). Specimens were graded from 0 to 3 based on the following
method: grade 0, no necrosis or cellular or structural changes
observed throughout the lesion; grade 1a, necrosis or disappearance
of tumor in < one-third of the entire lesion, or only visible cellular
or structural changes; grade 1b, viable tumor cells remaining in >
one-third but ≤ two-thirds of the tumor area; grade 2, necrosis or
disappearance of tumor in ≥ two-thirds of the entire lesion, in
addition to the presence of viable tumor cells; grade 3, necrosis or
fibrotic replacement of the entire lesion, with or without
granulomatous changes and the absence of viable tumor cells. In the
present study, pathological grade 0 or 1a cancer patients were
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considered as pathological non-responders, and those with
pathological grade 1b, 2, or 3 cancers were considered as
pathological responders, based on classification systems used in
previous studies (17, 18).

This phase I/II study was approved by the institutional review
board of the Yokohama City University, School of Medicine,
including the protocol amendment. The study was registered with
UMIN-CTR, number UMIN000011625.

Ethical approval. All procedures performed were in accordance with
the ethical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Informed consent. Informed consent was obtained from all
individual participants included in the study.

Statistical analysis. OS was calculated from the start of the
treatment to the date of the last follow-up or death and estimated by
the Kaplan–Meier method. Statistical analysis was performed using
the SPSS software package version 23.0 (SPSS, Chicago, IL, USA).
Based on the Southwest Oncology Group two-stage design, to test
the hypothesis with an expected value of 65% of the response rate
for the DCS regimen, a threshold value of 40%, one-sided interim
alpha of 0.05, and one-sided beta of 0.1, a minimum of 41 patients
were required.

Results

Characteristics of patients in the phase I trial. Characteristics
of a total of 21 patients who were enrolled between October
2011 and March 2016 in the phase I trial are presented in
Table I. Briefly, patients were predominantly male, and
median age was 65 years. Over 80% of the patients had an
ECOG PS score of 0, and the most frequent tumors were in
the upper third of the stomach and were T4 tumors. 

Dose escalation schedule. In the phase I trial, none of the
patients developed hematological DLTs at any of the dose
levels. At dose level II, grade 3 leukopenia and neutropenia
were noted, whereas grade 3 or 4 hematological toxicities
were not observed at higher dose levels. At dose level II,
grade 3 perforation of gastric cancer as DLT was observed
in one patient. At all other dose levels, only grade 1 or 2
non-hematological toxicities were observed. In the present

study, the treatment protocol reached dose level VI;
therefore, dose level VI with cisplatin at 50 mg/m2 was
declared as RD for the phase II part of the study (Table II).

Characteristics of patients in the phase II trial. Characteristics
of a total of 47 patients enrolled in the phase II trial were
nearly identical to those of the patients in the phase I trial
(Table III).

Toxicity in the phase II trial. Toxicity profiles in the phase
II trial are shown in Table IV. The most frequent grade 3
adverse events were leukopenia and neutropenia. Febrile
neutropenia was observed in two patients, and ten patients
(21.3%) required dose reduction due to adverse events,
including nine patients after the second course and one
patient after the third course.

Clinical response to NAC-DCS administration. Based on the
study protocol, patients who received two cycles of
chemotherapy were evaluated for clinical response in the phase
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Figure 1. Treatment schedule for the biweekly administration of
docetaxel, cisplatin, and S-1.

Table I. Characteristics of patients in the phase I trial.

Characteristic                                            No. of patients             %

Total                                                                   21
  Male                                                                14                       66.7
  Female                                                               7                       33.3
Age (years)
  Median                                                            65
  Range                                                              45-75
ECOG performance statusa
  0                                                                       17                       81.0
  1                                                                         4                       19.0
Histological type                                                   
  Differentiated                                                  12                       60.0
  Undifferentiated                                                9                       40.0
Tumor location
  Upper third                                                        8                       38.1
  Middle third                                                      6                       28.6
  Lower third                                                       4                       19.0
  Entire                                                                 3                       14.3
Depth of tumor invasionb                                    
  T3                                                                      5                       23.8
  T4                                                                    16                       76.2
Extent of lymph node metastasisb                       
  N1                                                                      7                       33.3
  N2                                                                      9                       42.9
  N3                                                                      5                       23.8
Stageb
  IIIA                                                                    9                       40.0
  IIIB                                                                    9                       40.0
  IIIC                                                                    3                       20.0

aEastern Cooperative Oncology Group; bAccording to the Japanese
Classification of Gastric Carcinoma, 14th edition.



II trial. Accordingly, partial response, non-complete response/
non-progressive disease, stable disease and progressive disease
were found in four (8.5%), 41 (87.3%), one (2.1%), and one
(2.1%) patient, respectively. Overall response rate was 66.7%
(4/6), and disease control rate was 97.9% (46/47). 

Surgical outcomes. In the phase II trial, 45 of the 47 patients
underwent gastrectomy, including 17 (37.8%) and 28
(62.2%) patients who underwent distal gastrectomy and total
gastrectomy, respectively. Two patients underwent
exploratory laparotomy alone due to T4b (pancreas invasion)
and macroscopic peritoneal dissemination in one patient,
each. Among the 45 patients who underwent surgery, 44
(97.8%) received R0 resection and one patient was
determined to have positive microscopic margins (R1
resection). Postoperative morbidities were observed in eight
patients (17.7%) among those who underwent gastrectomy.
Clavien–Dindo grade II complications were observed in five
patients, including one, two, one, and one patient with intra-
abdominal abscess, chyloascites, pneumonia, and surgical
site infection, respectively. Moreover, grade III morbidity
was observed in three patients, including pancreatic fistula,
intra-abdominal abscess, and pneumothorax in one patient
each, although all patients recovered with conservative
treatment.

Pathological response. Pathological response rate (grade 1b–3)
was 53.3% (24/45patients: grade 1b, n=5; grade 2, n=17; and
grade 3, n=2). The remaining 21 patients (46.7%) were
determined to achieve grade 1a pathological response.

Postoperative chemotherapy. Postoperative adjuvant
chemotherapy using S-1 was administered to 33 patients
(75.0%) after curative gastrectomy. Reasons for not
administering adjuvant chemotherapy included patient
rejection in eight cases and toxicities in three cases (including
renal dysfunction, diarrhea, and deep vein thrombosis in one
patient each). Dose adjustment and treatment interruption
were required in 5 and 13 patients due to adverse effects and
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Table II. Dose escalation schedule in the phase I trial.

Dose             S-1               Docetaxel       Cisplatin                 MTD
level      (mg/m2/day)         (mg/m2)         (mg/m2)                      
                        
1                    80                      20                   25                    0/3 DLT
2                    80                      20                   30               1/6 DLT (n=1, 
                                                                                     gastric perforation)
3                    80                      20                   35                    0/3 DLT
4                    80                      20                   40                    0/3 DLT
5                    80                      20                   45                    0/3 DLT
6                    80                     20                   50                    0/3 DLT

MTD: Maximum tolerable dose; DLT: dose limiting toxicity.

Table III. Characteristics of the patients in the phase II trial.

Characteristic                                            No. of patients             %

Total                                                                   47
  Male                                                                30                       63.8
  Female                                                             17                       36.2
Age (years)
  Median                                                            66.2
  Range                                                              44-75
ECOG performance statusa
  0                                                                       45                       95.7
  1                                                                         2                         4.3
Histological type                                                   
  Differentiated                                                  31                       66.0
  Undifferentiated                                              16                       34.0
Tumor location
  Upper third                                                      15                       31.9
  Middle third                                                    15                       31.9
  Lower third                                                     10                       21.3
  Entire                                                                 7                       14.9
Depth of tumor invasionb                                     
  T3                                                                    10                       21.7
  T4                                                                    37                       78.3
Extent of lymph node metastasisb                       
  N1                                                                    16                       34.0
  N2                                                                    25                       53.2
  N3                                                                      6                       12.8
Stageb
  IIIA                                                                  21                       44.7
  IIIB                                                                  20                       42.5
  IIIC                                                                    6                       12.8

aEastern Cooperative Oncology Group; bAccording to the Japanese
Classification of Gastric Carcinoma, 14th edition.

Table IV. Toxicity in the phase II trial.

                                                                          CTCAE grade
                                                                            grade >3 (%)
                                                                                 (n=47)

Hematological
   Leukopenia                                                          3 (6.4)
   Neutropenia                                                       10 (21.3)
   Anemia                                                                4 (8.5)
Non-hematological
   Mucositis oral                                                      1 (2.1)
   Anorexia                                                              2 (4.3)
   Nausea                                                                 2 (4.3)
   Diarrhea                                                               1 (2.1)
   Gastric tumor hemorrhage                                  1 (2.1)

CTCAE: The Common Terminology Criteria for Adverse Events,
version 4.0.



tumor relapse, respectively. In two patients without
gastrectomy due to stage IV cancer, nab-PTX was
administered after exploratory laparoscopy. S-1 was also
administered in one patient receiving R1 gastrectomy. 

Survival outcomes. At the time of analysis, median follow-
up duration was 31.6 months (range=4.6-58.2 months). A
total of 31 patients were alive without relapse, whereas seven
patients were alive with relapse, five patients died due to
disease progression, and one patient died due to pneumonia
without relapse after curative resection. Seven patients
suffered from peritoneal dissemination, and five patients had
lymphogenous metastases (para-aortic lymph nodes and
subcarinal lymph nodes in four and one patient,
respectively). Four patients developed hematogenous
metastases, including three and one patient with lung and
ovarian metastases, respectively.

Three-year OS and relapse-free survival (RFS) rates were
78.5% and 65.3%, respectively (Figure 2). Moreover, 3-year
OS and RFS rates in patients receiving curative gastrectomy
were 80.2% and 69.8%, respectively. 

Discussion

The results of the present study suggest that RD of 50 mg/m2
cisplatin for NAC with biweekly DCS administration in stage
III gastric cancer patients, as determined in the phase I arm,
demonstrates an acceptable safety profile with acceptable
survival rates in the phase II arm. NAC for gastric cancer is
widely accepted in Western countries. A study showed that
NAC using ECF decreases tumor size and stage and

significantly improves progression-free survival and OS in
operable gastric or lower esophageal adenocarcinoma patients
(6). Another study suggested that NAC using 5-fluorouracil
plus cisplatin significantly increases the curative resection
rate, disease-free survival, and OS in patients with resectable
adenocarcinoma of the lower esophagus, gastroesophageal
junction, or stomach (7). Accordingly, NAC is recommended
for patients with operable stage T1N0 or higher gastric cancer
according to the ESMO/ESSO/ESTRO clinical practice
guidelines (19) and patients with cT2 or higher gastric cancer
according to the NCCN guidelines (20). However, no
nationwide studies in Japan reported on the efficacy of NAC
for operable gastric cancer. Therefore, well-designed
randomized controlled studies are necessary to establish the
efficacy of NAC in these patients.

This is the first clinical trial to evaluate NAC containing
DCS for the treatment of clinical stage III gastric cancer
patients. Several phase II trials conducted to evaluate DCS-
containing regimens in unresectable or recurrent gastric
cancer patients reported favorably high response rates (8-11,
21). Moreover, combination of NAC with DCS for locally
advanced gastric cancer also demonstrated a sufficient R0
resection rate and a good pathological response (20, 22).
However, neutropenia and febrile neutropenia were observed
frequently in all trials evaluating cisplatin doses in the range
of 60-70 mg/m2 (8, 20-22) in both neoadjuvant and induction
chemotherapy settings. Therefore, these DCS regimens
require hospital admission (12). Moreover, this regimen is
considered unsuitable for NAC because of frequent delays in
scheduled surgery due to adverse events. In contrast, the
present study evaluated a biweekly DCS regimen to reduce
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Figure 2. Kaplan–Meier analysis showing that the 3-year overall survival and relapse-free survival rates were 78.5% and 65.3%, respectively.



hematological toxicities and continue treatment with
sufficient dose intensity as a potentially safe schedule at an
outpatient setting. As expected, the biweekly DCS regimen
was suitable as NAC, because neutropenia could be
controlled on an outpatient basis with satisfactory survival
outcomes. In a previous study, we reported that NAC with
biweekly S-1 and docetaxel administration for locally
advanced gastric cancer is associated with a low incidence
of severe hematological toxicities (17). Therefore, biweekly
DCS chemotherapy in the present study exhibited superior
safety than that exhibited in previous studies. A previous
study reported a case who suffered from thrombotic
microangiopathy, which represents occlusive microvascular
thrombosis, thrombocytopenia and organ damage, by the use
of S-1 and cisplatin (23). Therefore, we have to pay attention
to thrombotic microangiopathy when using DCS.

The target population of NAC in the present study included
resectable stage III gastric cancer patients. In general, variations
in the diagnostic criteria for lymph node metastasis result in
diagnostic differences in clinical staging among institutions. At
our institution, lymph node metastasis was defined as the
presence of lymph nodes with a short diameter larger than 
8 mm as assessed by computed tomography, although the
RECIST criteria set the lymph node diameter cutoff to 15 mm.
Therefore, the ratio of patients without measurable lesions was
high (87.3%) in the present study; subsequently, the evaluation
of tumors in these patients was frequently estimated as non-
CR/non-PD according to the RECIST criteria. 

In the present study, the R0 resection rate (93.6%) was
similar to those reported in previous studies (20, 22). Despite
diagnostic laparoscopy performed prior to NAC, some
patients progressed to an unresectable disease stage. The
possibility of undetected peritoneal dissemination by
diagnostic laparoscopy and the advancement of tumors
refractory to the DCS triplet regimen in a subset of
population should thus be considered.

Previous studies reported that pathological response was
superior to the RECIST criteria for evaluating the efficacy
of NAC and that pathological response predicted long-term
outcomes more clearly (24, 25). Furthermore, another study
reported that pathological response was a prognostic factor
in advanced gastric cancer patients receiving the DCS
regimen in a NAC setting (26). Thus, further investigation is
necessary to evaluate prognostic factors for long-term
survival in this NAC setting after a sufficient follow-up
duration. Moreover, the pathological response rate, which
was 53.3% in the present study, was 65.9% in another study
(18) that comprised two courses of preoperative
chemotherapy with S-1 (40 mg/m2 b.i.d) on days 1–14 and
docetaxel (60 mg/m2) plus cisplatin (60 mg/m2) on days 8
every three weeks (18); that study also reported 3-year OS
and PFS rates of 89.7% and 85.9%, respectively, with a high
incidence of hematological toxicities. Although the

pathological response rate was low in the present study,
survival periods of patients who underwent gastrectomy were
comparable to those of patients who participated in the
previous NAC study. Therefore, biweekly DCS is a favorable
regimen as NAC for stage III gastric cancer patients. 

In the present study, postoperative complications
developed in eight patients (17.8%); the rate and degree of
postoperative complications were also lower than those
reported in previous studies on NAC for advanced gastric
cancer (27, 28). Therefore, this biweekly DCS regimen is
suitable as NAC with lower postoperative morbidity.

In conclusion, the findings of the present phase I/II trial
revealed that the RD for cisplatin is 50 mg/m2/day, as part of
a biweekly DCS combination as NAC for stage III gastric
cancer patients. This regimen might be suitable for use on an
outpatient basis as an effective, safe, and acceptable treatment
protocol. Further investigation is necessary to assess long-term
survival rates for confirmation of the efficacy of biweekly DCS
as NAC for stage III gastric cancer patients.
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