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RR were 15.3, 7.5 months and 41.2 %, respectively. Major 
grade 3/4 adverse events were neutropenia (30 %), anorexia 
(30 %), leukopenia (25 %), fatigue (20 %), and anemia 
(15 %).
Conclusions Five-weekly S-1 and cisplatin combined 
with trastuzumab showed effective with favorable safety 
profile in patients with HER2-positive AGC.

Keywords Human epidermal growth factor receptor type 
2 (HER2) · Trastuzumab · Advanced gastric cancer (AGC)

Introduction

Combination therapies using fluoropyrimidines and cispl-
atin with or without epirubicin or docetaxel are commonly 
used as first-line chemotherapy for advanced gastric cancer 
(AGC) [1–4]. S-1 is an oral anticancer medicine that com-
bines tegafur, a pro-drug of 5-FU, with two modulators, 
i.e., gimeracil and oteracil [5]. Phase III trial showed that 
S-1 was non-inferior to 5-FU [6], and that 5-weekly S-1 
plus cisplatin (SP) was superior to S-1 (SPIRITS trial) [7], 
so SP is regarded as a standard first-line treatment of AGC 
in Japan [8, 9].

Human epidermal growth factor receptors (HERs) are 
the member of the transmembrane tyrosine kinase receptor 
family, and there are four members in HERs, human epi-
dermal growth factor receptor (EGFR, also referred to as 
HER1), HER2, HER3, and HER4 [10]. Recently, HER2 
has become an important focus of investigation in molecu-
lar target therapy for gastric cancer [11, 12].

Trastuzumab is a humanized monoclonal anti-HER2 
antibody directed against the HER2 ectodomain. Although 
HER2 is an orphan receptor, several extracellular and intra-
cellular antitumor mechanisms of trastuzumab have been 
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identified [13]. Trastuzumab has been approved for the 
treatment of HER2-positive GC, and recent randomized 
ToGA trial, international phase III trial comparing chemo-
therapy consisting of cisplatin plus capecitabine or fluoro-
uracil vs trastuzumab plus chemotherapy in patients with 
HER2-positive AGC, demonstrated a survival benefit with 
the addition of trastuzumab [14].

Very recently, phase II study of trastuzumab in combina-
tion with tri-weekly SP in HER2-positive GC (HERBIS-1) 
demonstrated promising antitumor effect and manageable 
toxic effects [15]. As shown in SPIRITS trails, 5-weekly 
SP is regarded as a standard first-line treatment of AGC in 
Japan [8, 9]. From these findings, we conducted this phase 
II study to evaluate the efficacy and safety of 5-weekly SP 
plus trastuzumab in HER2-positive AGC.

Patients and methods

Patients

Patients (20 ≦ age ≦ 80 years of age) were eligible for 
inclusion in this study if they were histologically proven 
unresectable or recurrent HER2-positive GC. HER2 status 
of GC was evaluated using immunohistochemistry (IHC) 
and fluorescence in situ hybridization (FISH). We used 
a four-grade scale of HER2 IHC and FISH score previ-
ously described in ToGA study [14] and HERBIS-1 study 
[15]. We enrolled the patients with IHC3+, or IHC2+ 
and FISH positive of HER2. In this study, the patients 
who have unmeasurable lesions according to the response 
evaluation criteria in solid tumors (RECIST), version (1.1), 
were allowed to be enrolled. Other inclusion criteria were: 
patients having an Eastern Cooperative Oncology group 
(ECOG) performance status (PS) of 0–2, and adequate 
bone marrow reserve (with 12,000 cells/mm3 > leukocyte 
count ≧3000 cells/mm3, neutrocyte count ≧1500 cells/
mm3, hemoglobin ≧9.0 g/dl, and platelet count ≧100,000 
cells/mm3), hepatic function [aspartate aminotransferase 
(AST)/alanine aminotransferase (ALT) ≦100 IU/l and 
serum bilirubin ≦2.0 mg/dl], renal function (creatinine 
clearance ≧60 ml/min), and cardiac function (left ventric-
ular ejection fraction (LVEF) >50 %). Exclusion criteria 
included the presence of uncontrolled pleural effusion or 
pericardial effusion, brain tumor with active malignancy, 
serious allergy to medical drugs. All patients provided writ-
ten informed consent before enrollment. This study was 
registered with UMIN-CTR, UMIN000005792.

Treatment

The patients received oral S-1 twice daily at a dose based 
on body surface area (<1.25 m2, 40 mg; 1.25 ≦ to < 1.5 m2, 

50 mg; ≧1.5 m2, 60 mg) on days 1–21 of a 35-day cycle, cis-
platin (60 mg/m2) intravenously on day 8 and trastuzumab 
(cycle 1, 8 mg/kg; cycle 2 onward, 6 mg/kg) intravenously on 
day 8 and every 3 weeks onward. This schedule was repeated 
until disease progression, development of unacceptable tox-
icity, or patient withdrawal of consent until maximum six 
cycles. Doses of S1 and cisplatin were reduced starting from 
the next cycle if patients had leukopenia (<1000/mm3), neu-
tropenia (<500/mm3), febrile neutropenia, thrombocytopenia 
(<25,000/mm3), liver dysfunction (AST, ALT ≧200 IU/l), 
hyper bilirubinemia (total bilirubin ≧2 mg/dl), renal dysfunc-
tion (creatinine clearance <60 ml/min), grade 3–4 diarrhea 
and stomatitis. Only cisplatin dose was reduced if patients 
had grade 3–4 nausea, vomiting, and/or anorexia.

Evaluation

The primary end point was 1-year survival rate. The second-
ary end points included overall survival (OS), progression-
free survival (PFS), response rate (RR), and safety. Tumors 
were assessed every 2 cycles until disease progression, and 
objective responses were evaluated according to the response 
evaluation criteria in solid tumors (RECIST) guidelines (ver-
sion 1.1). OS was defined as the time from the date of enroll-
ment to the date of death from any cause. PFS was defined 
as the time from the date of enrollment to the date of disease 
progression or death from any cause. Physical examination 
and blood examination were performed before every cycle, 
and left ventricular ejection fraction was assessed every 
12 weeks during treatment. Adverse events were evaluated 
according to the National Cancer Institution Common Ter-
minology Criteria for Adverse Events, version 4.0.

Statistical analysis

From the Kaplan–Meier curve of ToGA trial, 1-year sur-
vival rate is speculated to be 65 %. Assuming the 1-year 
survival rate of this study is 65 and 95 % confidence inter-
val (CI) is ±15 %, at least 27 patients are required, and thus 
we concluded that sample size of this study is 30 patients.

Survival curves for time-to-end points were estimated by 
the Kaplan–Meier method and the 95 % CIs of the curves 
were calculated based on Greenwood’s variance. Statistical 
analyses were conducted by IBM SPSS Advanced Statistics 
Version 23.

Results

Patient characteristics

Twenty-two patients were enrolled from seven centers in 
Japan for this study from August 2011 to May 2014. Two 
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patients were ineligible because of liver dysfunction and 
poor PS (Fig. 1). The patient demographics and disease 
characteristics are summarized in Table 1. The median 
age was 66 years (range 49–76 years). About two-thirds 
of patients had intestinal type adenocarcinoma. Only one 
patient (5 %) had recurrent cancer. The median follow-up 
time was 16.3 months (range 5.8–38.7). All 20 cases were 
IHC3+ gastric cancers.

Treatment delivery and efficacy

Of the 20 patients evaluable, the median treatment cycle 
was four cycles (range 1–6). Dose intensity of S-1 was 
65.6 mg/body/week, cisplatin was 11.2 mg/m2/week, and 
trastuzumab was 2.04 mg/Kg/week. Fourteen patients dis-
continued protocol treatment. The reason for discontinua-
tion was disease progression (n = 6), adverse event (n = 5), 
more than 21 days delay (n = 1), reduction less than mini-
mum dose (n = 1) and complication (n = 1).

Out of total 20 patients, only 17 patients had measurable 
lesions, and thus, of the 17 patients evaluable, 7 (41.2 %) 
achieved partial response (PR) with response rate (RR) of 
41.2 % (95 % CI 18.4–67.1 %) (Table 2). Seven patients 
(41.2 %) had stable disease (SD) with a disease control 
rate of 82.4 % (95 % CI 56.6–96.2 %). Two patients were 
finished by adverse events within two cycles and these two 
cases were classified to ‘Not evaluable.’

The median PFS was 7.5 (95 % CI 6.9–8.1) months, and 
median OS was 15.3 (95 % CI 9.9–20.7) months (Fig. 2). 
The OS rates at 1 year were 70.0 % (95 % CI 49.9–90.1).

Adverse event

The hematological and non-hematological toxicities of 
all patients are summarized in Table 3. The major adverse 
events were grade 3–4 leukopenia (25 %), neutropenia 
(30 %), anomia (15 %) and grade 3 thrombocytopenia 
(10 %), febrile neutropenia (5 %), nausea (15 %), ano-
rexia (30 %), fatigue (20 %), stomatitis (5 %), and diarrhea 
(15 %). There was no treatment-related death.

Table 1  Patient characteristics

HER2 human epidermal growth factor receptor 2, IHC immunohisto-
chemistry, FISH fluorescence in situ hybridization

Characteristics No. of patients (n = 20)

Number %

Gender

Male 16 (80.0 %)

Female 4 (20.0 %)

Age

Median (range) 66.0 (49–76)

ECOG PS

0 16 (80.0 %)

1 4 (20.0 %)

2 0 (0.0 %)

Histological subtype

Intestinal 13 (65.0 %)

Diffuse 6 (30.0 %)

MANEC 1 (5.0 %)

Unresectable/recurrent

Unresectable 19 (95.0 %)

Recurrent 1 (5.0 %)

Metastatic sites

Lymph nodes 14 (70.0 %)

Liver 10 (50.0 %)

Lung 2 (10.0 %)

Peritoneum 8 (40.0 %)

Bone 2 (10.0 %)

Other 1 (5.0 %)

HER2 status

IHC 3+ 20 (100.0 %)

IHC 2+/FISH positive 0 (0.0 %)

Follow-up duration

Median months (range) 16.3 (5.8–38.7)

Fig. 1  Trial profile in this study

Table 2  Treatment responses

No. of patients [n = 17 (%)]

Complete response 0 (0 %)

Partial response 7 (41.2 %)

Stable disease 7 (41.2 %)

Progressive disease 1 (5.9 %)

Not evaluable 2 (11.8 %)

Non measurable lesions 3

Response rate (95 % CI) 41.2 % (18.4–67.1 %)

Disease control rate (95 % CI) 82.4 % (56.6–96.2 %)
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We planned to enroll 30 patients at first, but contrary to 
our expectation, it took longer time to enroll HER2-pos-
itive GC patients, so the study was closed at 20 patients’ 
enrollment.

Discussion

Here, we reported the results of our multicenter phase II 
study of 5-weekly SP plus trastuzumab in patients with 
HER2-positive AGC. One-year survival rate (primary end-
point of this study) was 70 %, and this was similar to those 
of previous clinical studies ToGA trial (65 %) [14] and 
HERBIS-1 (67.9 %) [15]. OS (15.3 M) and PFS (7.5 M) 
were also similar to those of ToGA trial (16.0, 6.7 M) [14] 
and HERBIS-1 (16.0, 7.8 M) [15]. The toxicity profile of 

our regimen was tolerable, and the incidence of grade 3–4 
adverse events were similar to those of the SP regimen in 
the SPIRITS [7] study and HERBIS-1 [15].

RR (41.2 %) of our trial was a little bit lower than those 
of ToGA trial (47 %) [14] and HERBIS-1 (68 %) [15]. In 
this 5-weekly clinical trials, dose intensity of cisplatin is 
12 mg/m2/week, and this is lower than that of ToGA trial 
(26.7 mg/m2/week) [14] and HERBIS-1 (20 mg/m2/week) 
[15]. Actually, relative dose intensity of cisplatin was 
93.3 % (11.2 mg/m2/week) in this trial, and this might be 
one of the reasons why RR of this study was lower than 
those of ToGA and HERBIS-1.

We did not limit subjects to patients with measurable 
lesions assessable according to RECIST guidelines, so we 
included eight cases of peritoneum metastasis. For these 
eight cases, the median cycle of this regimen was 4 (range 
1–6), which is nearly equal to that of total 20 cases in this 
study. From these things, this regimen might be useful for 
AGC patients with peritoneum metastasis.

The limitation of our study is the lower number of 
analyzed subjects (20 cases). Originally, we planned to 
enroll 30 patients, so the reliability of the result isn’t 
enough.

We enrolled one patient with HER2-positive mixed ade-
noneuroendocrine carcinoma (MANEC). Histo-pathologi-
cally, MANEC contains adenocarcinoma component more 
than 30 % of the tumor by WHO classification [16, 17], 
which was thus included in the analysis of this trail.

Recently, SOS study showed that tri-weekly S-1 
plus cisplatin (SP) was superior to 5-weekly SP in PFS, 
although there was no difference in OS [18], so both tri-
weekly SP and 5-weekly SP can be the recommended first-
line chemotherapy for patient with advanced GC. The PFS 
(7.8 months) of tri-weekly SP+ trastuzmab (HERBIS-1) 
was almost equal to the PFS (7.5 months) of our study. OS 
and 1-year survival rates were also almost equal between 
two studies, so 5-weekly as well as tri-weekly SP+ tras-
tuzmab are useful regimens for HER2 positive AGC.

Very recently phase III study comparing tri-weekly 
oxaliplatin plus S-1 (SOX) with tri-weekly SP for AGC 
revealed that SOX is as effective as SP, and SOX is one 
of the alternative options to SP [19]. From these things, 
we are conducting SOX+ trastuzmab for the patients of 
HER2-positive AGC (UMIN000017182).

In conclusion, although this was the small number phase 
II study, our results suggest that 5-weekly SP plus trastu-
zumab is effective with favorable safety profile in patients 
with HER2-positive AGC. This study firstly disclosed 
that Japanese gold-standard 5-weekly SP combined with 

Fig. 2  Kaplan–Meier curves in patients with advanced gastric cancer. 
a progression-free survival and b overall survival
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trastuzumab is effective and tolerable for the HER2-positive 
AGC.
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