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Abstract
Background Trastuzumab when combined with fluoropyrimidine and cisplatin was proven to improve survival in patients 
with human epidermal growth factor receptor 2 (HER2)-positive gastric cancer (GC) in the ToGA study. The safety and 
efficacy of trastuzumab in combination with docetaxel and S-1 have not yet been evaluated.
Methods This study was a multicenter, phase II study. Patients with chemotherapy-naïve HER2-positive advanced or meta-
static GC were eligible. Trastuzumab was administered intravenously on day 1 of the first cycle at 8 and 6 mg/kg in subsequent 
cycles. Docetaxel was administered intravenously at 40 mg/m2 on day 1 of each cycle. S-1 was administered at a dosage 
based on body surface area for 14 days in a 3-weekly cycle. The primary endpoint was progression-free survival (PFS).
Results A total of 23 patients were enrolled. Median PFS was 6.7 months (95% CI 4.1–10.1). The response rate (RR) was 
39.1%. Median overall survival (OS) and time to treatment failure (TTF) were 17.5 and 4.4 months, respectively. Major grade 
3–4 adverse events were neutropenia (39.1%), leukopenia (30.4%), and febrile neutropenia (8.7%).
Conclusion Trastuzumab in combination with docetaxel and S-1 showed effective antitumor activity and manageable toxici-
ties as first-line treatment for patients with HER2-positive GC.
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Introduction

In the ToGA study, trastuzumab in combination with fluo-
ropyrimidine and cisplatin improved overall survival for 
patients with HER2-positive unresectable advanced GC [1]. 
Since there have been no other successful phase III studies 
for HER2-positive GC, fluoropyrimidine and cisplatin have 

been the standard agents combined with trastuzumab [2]. 
Because capecitabine was mostly used as a fluoropyrimi-
dine in the ToGA study, the combination of capecitabine 
and CDDP plus trastuzumab is recognized as the standard 
chemotherapy [1]. However, cisplatin has the potential risk 
of nephrotoxicity [3], and thus cisplatin-based chemother-
apy always needs intensive hydration, which necessitates 
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inpatient chemotherapy especially in Japan to avoid fluid 
overload. In addition, cisplatin has a dose-limitation because 
of the risk of irreversible ototoxicity [4], although it is 
rare, and platinum allergy is also sometimes an issue [5]. 
Thus, there are situations in which a regimen other than a 
cisplatin-based one is appropriate for patients with HER2-
positive advanced GC. Oxaliplatin has a different toxicity 
profile from cisplatin [6, 7], which makes hydration unnec-
essary and administration to outpatients possible. Its use as 
a substitute for cisplatin has now been accepted. Ryu et al. 
demonstrated the efficacy of capecitabine and oxaliplatin 
in combination with trastuzumab in a phase II study, which 
resulted in objective RR of 67%, median PFS of 9.8 months, 
and OS of 21.0 months [8]. The outcomes were very attrac-
tive, but peripheral neuropathy appears to be one of the 
severe adverse events. Other than the doublet regimen as a 
backbone of trastuzumab treatment, Mitsui et al. investigated 
trastuzumab combined with the triplet regimen of docetaxel, 
cisplatin, and S-1 (DCS) in a phase II study [9]. DCS was 
previously reported as an active triplet combination against 
metastatic GC with a high RR of 87.1% [10]. Results from 
16 patients in the study of DCS plus trastuzumab demon-
strated a surprisingly high RR of 93.8%. In addition, non-
curable factors disappeared in 56.3% of patients, all of whom 
underwent surgery.

As of the day when this study was planned, the JACCRO-
GC03 study had just shown the efficacy and safety of doc-
etaxel and S-1 as the first-line doublet regimen for advanced 
GC [11]. We had also demonstrated the efficacy of this regi-
men in GC with peritoneal dissemination [12]. Docetaxel 
and S-1 were scheduled as a three-week cycle suitable for 
harmonizing with triweekly administration of trastuzumab. 
Since docetaxel plus S-1 had not been tested as a candidate 
backbone regimen to be combined with trastuzumab for 
HER2-positive GC, a multicenter phase II prospective clini-
cal trial was conducted to evaluate the efficacy and safety of 
docetaxel and S-1 with trastuzumab as first-line treatment 
for HER2-positive advanced GC (DASH study).

Patients and methods

Patients

Patients with histologically confirmed, untreated, HER2-
positive unresectable or metastaic GC were enrolled in this 
phase II study at Okayama University Hospital, Okayama 
City, Japan, and other related hospitals. HER2 positivity 
was defined as immunohistochemical staining (IHC) 3 +, 
or IHC 2 + and fluorescent in situ hybridization (FISH)-
positive. Patients were required to have measurable dis-
ease according to the Response Evaluation Criteria In 
Solid Tumors (RECIST) 1.1. The other eligibility criteria 

included, age ≥ 20 years or < 80 years; performance status 
(Eastern Cooperative Oncology Group: ECOG) score 0–2; 
adequate organ function of bone marrow, liver, and kidneys; 
left ventricular ejection fraction (LVEF) > 50%; and able to 
take food and medication orally. Patients were ineligible if 
they had any condition for which they could not receive S-1, 
docetaxel, or trastuzumab; heart failure, myocardial infarc-
tion, or coronary artery disease; other previous malignancy 
within 5 years; clinically evident brain metastases either 
currently or previously; or severe peripheral neuropathy. 
Pregnant women or those who could become pregnant, as 
well as men sexually active with women of child-bearing 
potential who had not had a vasectomy and were not using 
double-barrier methods of birth control, were also excluded.

All patients completed an informed consent form prior to 
study entry. This study was approved by the ethics commit-
tee of each hospital, and all procedures were in accordance 
with the Helsinki Declaration. The study was registered with 
UMIN-CTR, number UMIN000005366.

Treatment

Patients received chemotherapy in a 3-weekly cycle. Tras-
tuzumab was administered intravenously on day 1 at a dose 
of 8 mg/kg in the first cycle and 6 mg/kg in the second 
cycle onward. S-1 was administered orally twice daily at a 
dose according to the body surface area (BSA) as follows: 
< 1.25 m2, 40 mg; ≥ 1.25 and ≤ 1.5, 50 mg; > 1.5, 60 mg, 
starting in the evening on day 1 for 2 weeks, followed by 
a drug-free interval of 1 week. Docetaxel was infused at 
40 mg/m2 on day 1 of each cycle. Anti-emetic and anti-
allergic medications were administered according to usual 
practice in each hospital. To manage toxicity, dose adjust-
ment and treatment interruption were allowed. Toxicity was 
graded according to National Cancer Institute Common Tox-
icity Criteria for Adverse Events (NCI-CTCAE) version 4.0. 
Treatment continued until tumor progression, unacceptable 
toxicity, patient refusal, or the physician’s decision to stop 
treatment, including conversion surgery.

Evaluations

The primary endpoint of this study was PFS. The secondary 
endpoints were safety, response rate (RR), overall survival 
(OS), and time to treatment failure (TTF). Tumor response 
was assessed every 2 months until disease progression 
according to RECIST version 1.1. PFS was defined as the 
time from the date of enrollment to the date of disease pro-
gression or death from any cause. In cases with conversion 
surgery, PFS was measured from the date of enrollment to 
the date of disease progression after surgery. OS was meas-
ured from the date of enrollment to the date of death from 
any cause, and TTF was the date of enrollment to the date of 
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treatment discontinuation for any reason, including disease 
progression, treatment toxicity, and death. Safety was evalu-
ated as the rates and grades of adverse events according to 
NCI-CTCAE version 4.0.

Statistical analysis

The required number of patients was calculated accord-
ing to the Southwest Oncology Group One Arm Survival 
program [13]. According to the ToGA study, trastuzumab 
improved PFS by 1.2 months [1]. In the previous phase III 
study of S-1 and docetaxel, JACCRO-GC03, docetaxel plus 
S-1 showed PFS of 5.4 months (95% CI 4.5–5.9 months) 
[11]. Based on this evidence, assuming a null hypothesis of 
PFS of 4 months and an alternative hypothesis of 6 months 
with type-I error of 0.05 and a power of 0.8, with an accrual 
time of 3 years and follow-up of 2 years after the closure 
of recruitment, it was necessary to enroll 37 assessable 
patients. Thus, the sample size of this study was set at 40.

Results

Patients

From October 2011 to April 2016, 23 patients (19 males, 4 
females; median age 67 years, age range 45–79 years) were 
enrolled at 6 institutions. The patients’ demographics and 
disease characteristics are shown in Table 1. The ECOG per-
formance status for all patients was 0 or 1. Three-fourths of 
tumors were intestinal type adenocarcinoma. Eighty-seven 
percentage of patients had HER2 IHC 3 + tumors, whereas 
the others were IHC 2 + and FISH-positive. Seventeen 
patients had unresectable advanced disease with metastatic 
spread, and the other 6 had recurrent tumors. The most fre-
quent metastatic site was the lymph nodes, followed by the 
liver, lungs, and peritoneum. Although the present study 
was originally planned as a study involving 40 patients, 
patient enrollment was delayed and the study was prema-
turely terminated before the projected number of patients 
was achieved.

Clinical outcome

Study endpoints

The median number of courses administered was six (aver-
age = 7.3), and the range was 2–19 courses. Objective 
responses consisted of a complete response in one patient 
(4.3%), partial response in 8 patients (34.8%), stable disease 
in 8 patients (34.8%), and progressive disease in 6 patients 
(26.1%); RR was 39.1% (95% CI 22.2–59.2), and the dis-
ease control rate was 73.9% (17/23) (Table 2). The median 

PFS was 205 days (6.7 months, 95% CI 4.1–10.1 months). 
The median OS and TTF were 532 days (17.5 months, 95% 
CI 11.9–31.9 months) and 134 days (4.4 months, 95% CI 
4.0–6.4 months), respectively (Fig. 1).

Adverse events

Toxicities and adverse events (AE) are presented in Table 3. 
Major adverse events of grade 3–4 toxicities included neu-
tropenia (39.1%), leukopenia (30.4%), febrile neutropenia 
(8.7%), diarrhea (4.3%), and rash (4.3%). Only one patient 
developed interstitial pneumonia, which eventually subsided 

Table 1  Patients’ characteristics (N = 23)

Characteristics Number %

Sex
 Male 19 83%
 Female 4 17%

Age
 Median (range) 67 (45–79)

ECOG PS
 0 22 96%
 1 1 4%
 2 0 0%

Histological type
 Intestinal 17 74%
 Diffuse 6 26%

HER2
 IHC 3+ 20 87%
 IHC 2+/FISH + 3 13%

Extent of disease
 Unresectable 17 74%
 Recurrent 6 26%

Metastatic site
 Lymph nodes 21 91%
 Liver 6 26%
 Peritoneum 2 9%
 Bone 2 9%
 Adrenal gland 1 4%
 Ovary 1 4%

Table 2  Objective response according to RECIST v. 1.1

Characteristics Number %

Complete response 1 4.3%
Partial response 8 34.8%
Stable disease 8 34.8%
Progressive disease 6 26.1%
Response rate (95% CI) 39.1% (22.2–59.2)
Disease control rate (95% CI) 73.9% (53.5–87.4)
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with steroid treatment. Most patients tolerated treatment 
well, and two patients were administered up to 19 cycles 
without severe toxicity. All adverse events were well man-
ageable, and no treatment-related deaths were observed.

Discussion

S-1 and docetaxel in combination with trastuzumab were 
evaluated in patients with measurable Her2-positive 
advanced GC. This combination chemotherapy regi-
men demonstrated a good antitumor effect and tolerabil-
ity. With the actual sample size of 23 patients, median 
PFS was 6.7 months, with 4.1 months as the lower limit 
of the 95% CI, which was longer than the initially antici-
pated PFS of 6 months and longer than the preplanned null 
hypothesis threshold of 4.0 months. As compared with the 

JACCRO-GC03 study with a PFS of 5.3 months, the present 
study showed that the addition of trastuzumab to S-1 and 
docetaxel improved PFS. In addition, one of the responders 
in the present study achieved resectable disease, and treat-
ment was successfully converted to curative surgery. These 
outcomes suggested that this new trastuzumab-containing 
chemotherapy also has a potential antitumor effect.

The only available phase III evidence involved a combi-
nation of fluoropyrimidine and cisplatin with trastuzumab 
as the standard chemotherapy, but cisplatin comes with 
potential nephrotoxicity and ototoxicity. The necessity for 
hydration and a hospital stay for some days every 3 weeks 
sometimes compromises patients’ quality of life. Even in 
cases in which a remarkable response was obtained, the 
cisplatin-based treatment needed to be discontinued after 
6 or 7 cycles because of ototoxicity owing to its cumula-
tive dose. Since trastuzumab in combination with docetaxel 
and S-1 does not have critical nephrotoxicity or ototoxicity, 
unlike cisplatin, inpatient treatment and a limitation of cycle 
number is unnecessary. In fact, all patients could be treated 
as outpatients in the present study. Although high incidences 
of leukopenia and neutropenia were noted, they were man-
ageable with ordinary management protocols. Alopecia was 
relatively prominent due to docetaxel, which might be one 
of the reasons why there were few female participants in 
the study.

Combination chemotherapy regimens other than capecit-
abine-based or cisplatin-based ones have been pursued by 
other investigators as well [8, 9, 14–18]. The most investi-
gated alternative agents are S-1 and oxaliplatin. S-1 has been 
preferentially used in Japan, and oxaliplatin has recently 
been shown to be as effective as cisplatin in GC. These 
observed responses appear to be promising. However, even 
oxaliplatin has potential drawbacks, such as severe neurotox-
icity, after multiple cycles of administration [7]. In addition, 
conclusion about which fluoropyrimidine is the equivalent 
to allow similar results seen in the ToGA study remains to 
be clearly demonstrated. Thus, there would still be room 
for more appropriate candidates for combination backbone 
chemotherapy with trastuzumab.

An explicit limitation of the study is the small sample 
size, a single-arm, and non-randomized study. However, 
owing to the low incidence of HER2-positive GC itself [2], 
designing a large, prospective, phase III study to demon-
strate the definitive combination would be unrealistic. Nev-
ertheless, multiple options would help clinicians to wisely 
choose the chemotherapy appropriate for individual patients 
based on different comorbidities and living situations.

In conclusion, docetaxel and S-1 in combination with 
trastuzumab might be an option for a patient who does not fit 
cisplatin- or oxaliplatin-based anti-HER2 chemotherapy. The 
result provides background for further validation of first-line 
backbone chemotherapy in combination with trastuzumab.

Fig. 1  Kaplan–Meier Curves for A progression-free survival and B 
overall survival
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