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Abstract
Background  Cisplatin plus S-1 (CS) is the standard first-line chemotherapy for advanced gastric cancer (AGC) in Japan. 
A previous phase III trial showed that docetaxel plus S-1 (DS) was effective for AGC without measurable lesions, but no 
studies have compared these two regimens.
Methods  Eligible patients had unresectable or recurrent HER2-negative AGC without measurable lesions. Patients were 
randomized to DS (docetaxel 40 mg/m2 on day 1, S-1 80–120 mg on days 1–14, every 3 weeks) or CS (cisplatin 60 mg/m2 
on day 8, S-1 80–120 mg on days 1–21, every 5 weeks). The primary endpoint was overall survival (OS).
Results  All patients had unresectable primary disease. Sixty-one patients were randomly assigned to DS (n = 30) or CS 
(n = 31). One CS patient was ineligible due to HER2 positivity. The median number of cycles was 9.5 (range 2–49) with 
DS and 5.5 (range 1–10) with CS. There were no treatment-related deaths. The most common grade 3–4 non-hematological 
toxicity was fatigue (7% with DS, 13% with CS), followed by anorexia (3% with DS, 10% with CS) and diarrhea (3% with 
DS, 10% with CS). The 2-year OS rates were 43.3% with DS and 30.0% with CS (log-rank P = 0.113), with a hazard ratio 
of 0.617 (95% confidence interval 0.337–1.128), indicating non-inferiority of DS to CS with respect to OS (P < 0.001).
Conclusions  DS showed slightly but nonsignificantly less toxicity and higher efficacy than CS for AGC without measurable 
lesions. DS should be further investigated in phase III trials.
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Introduction

Gastric cancer is the second leading cause of cancer deaths 
worldwide [1]. Although surgical resection is the only 
curative treatment, many patients suffer from unresectable 
or recurrent disease [2–4]. Since the prognoses of patients 
with advanced gastric cancer (AGC) are still poor, more 
effective chemotherapy regimens should be developed. At 
present, a fluoropyrimidine plus a platinum compound is 
the most widely used type of first-line regimen for human 
epidermal growth factor receptor type 2 (HER2)-negative 
AGC, in both the West and the East [5–7].

S-1 is a fluoropyrimidine compound that contains 
tegafur, gimeracil, and oteracil potassium and inhib-
its dihydropyrimidine dehydrogenase [8]. A phase III 
(JCOG9912) trial demonstrated that S-1 alone was not 
inferior to fluorouracil alone for AGC [9]. Another phase 
III (SPIRITS) trial demonstrated that the cisplatin plus 
S-1 (CS) regimen was significantly superior to S-1 alone 
for AGC, which led to its establishment as the standard 
first-line therapy in Japan [6]. On the other hand, follow-
up analysis of an international phase III (START) trial 
revealed that the docetaxel and S-1 (DS) regimen sig-
nificantly improved survival compared with S-1 alone, 
although the initial analysis failed to show a significant 
difference in overall survival (OS) [10]. That study also 
showed that the DS regimen had relatively mild toxicity, 
and importantly, its efficacy was much higher for patients 
without measurable lesions compared to those with them. 
If the DS regimen has similar efficacy to the standard CS 
regimen in this subgroup of AGC patients, it could replace 
CS as the standard first-line regimen due to its relatively 
low toxicity. Here, we describe a randomized phase II trial 
to compare the efficacy and safety of these two regimens 
for AGC without measurable lesions.

Methods

Patients

This study was a randomized, open-label, phase II trial 
conducted at 16 institutions in the Osaka Gastrointestinal 
Cancer Chemotherapy Study Group (OGSG). We recruited 
patients with histologically proven unresectable or recur-
rent gastric cancer without measurable lesions as defined 
by the Response Evaluation Criteria in Solid Tumors 
(RECIST), version 1.1 [11]. Patients who underwent R1 
or R2 resection within 6 weeks before registration were 
also eligible. Eligibility criteria included the following: 
(1) age between 20 and 75 years; (2) Eastern Cooperative 

Oncology Group (ECOG) performance status (PS) score 
of 0–2; (3) HER2 negativity or HER2 status unknown; 
(4) life expectancy longer than 3 months; and (5) ade-
quate organ function, including leukocyte count between 
3,000 and 12,000/mm3, neutrophil count ≥ 2,000/mm3, 
platelet count ≥ 100,000/mm3, hemoglobin ≥ 9.0 g/dL, 
serum aspartate aminotransferase (AST) and alanine ami-
notransferase (ALT) both < 100 IU/L, serum total biliru-
bin ≤ 1.5 mg/dL, serum creatinine ≤ 1.2 mg/dL, and creati-
nine clearance (CCr) ≥ 60 mL/min. Patients were excluded 
from the trial if they had inadequate oral intake; demon-
strated massive peritoneal metastasis, brain metastasis, or 
active bleeding from main tumor; or had received prior 
chemotherapy or radiotherapy. All patients provided writ-
ten informed consent before enrollment. The study proto-
col was approved by the Osaka Gastrointestinal Cancer 
Chemotherapy Study Group (OGSG) Steering Commit-
tee and the institutional review boards of all participat-
ing hospitals. This study was registered with UMIN-CTR, 
UMIN000006179.

Treatment

Patients were randomly assigned (1:1) to receive either DS 
or CS using the minimization method, with stratification 
by institution and whether the malignancy was unresectable 
versus recurrent. The allocated treatments were not masked 
from the investigators or patients.

In the DS group, patients received docetaxel (40 mg/
m2) intravenously on day 1 and 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 1–14 of a 
3-week cycle. In the CS group, patients received cispl-
atin (60 mg/m2) intravenously on day 8 and 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 5-week cycle. These schedules were repeated until 
disease progression, unacceptable toxicity, or patient with-
drawal of consent.

If patients had a neutrophil count < 1000/mm3, platelet 
count < 50 × 103/mm3, AST or ALT > 100 IU/L, total biliru-
bin > 3.0 mg/dl, CCr < 50 ml/min, fever lasting longer than 
3 days, grade 2 fatigue, anorexia, diarrhea, nausea, vomiting, 
oral mucositis or rash, or any adverse events of grade 3 or 
higher, treatment with S-1 was suspended.

Evaluations

The primary endpoint was OS. The secondary endpoints 
were progression-free survival (PFS) and adverse events. 
Tumors were assessed every 2 months until disease progres-
sion. OS was defined as the time from the date of enrollment 
to the date of death from any cause. PFS was defined as the 
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time from the date of enrollment to the date of disease pro-
gression, relapse, or death from any cause. Adverse events 
were evaluated according to the National Cancer Institute 
Common Terminology Criteria for Adverse Events (NCI-
CTCAE), version 4.0.

Statistical analysis

This randomized phase II trial using a screening design was 
designed to evaluate the non-inferiority of DS relative to CS 
in terms of OS in patients with AGC without measurable 
lesions. The 2-year OS rate with CS was 23.6% in the SPIR-
ITS trial [6]. Since the prognosis in AGC is usually better 
when there are no measurable lesions [9, 10], we assumed 
2-year OS rates of 30% in both treatment groups. An ini-
tial sample size of 100 patients was expected to achieve a 
power of 80% with a one-sided alpha error of 0.1 and a non-
inferiority margin (hazard ratio (HR)) of 1.60. The accrual 
period was 3 years, and the follow-up period was 2 years. 
After 3 years of slow accrual, the OGSG Steering Commit-
tee approved an amendment to reduce the sample size. The 
amended sample size was 60, with a one-sided alpha error 
of 0.2, and there was a 5-year accrual period with 2-year 
follow-up.

The primary analysis was based on the full analysis set 
(FAS), which consists of all randomized patients except 
those who were found to be ineligible after enrollment. We 
used the Kaplan–Meier method to estimate survival curves 
and Greenwood’s formula to calculate 95% confidence inter-
vals (CIs) for survival rates. A log-rank test was applied 
to comparison of survival curves. A Cox proportional haz-
ards model was applied to calculate HRs and 95% CIs. A P 
value < 0.05 was considered statistically significant. Statis-
tical analyses were conducted with R version 3.6.1 (the R 
Foundation for Statistical Computing, Vienna, Austria) or 
SAS version 9.4 (SAS Institute, Cary, NC).

Results

Between September 2011 and September 2015, a total of 
61 patients (30 assigned to DS and 31 assigned to CS) were 
enrolled from 16 hospitals (Fig. 1). One patient did not start 
protocol treatment because HER2 positivity was revealed 
after registration. This patient was excluded from the FAS. 
The characteristics of the 60 patients remaining in the 
FAS are shown in Table 1. No patients in either group had 

61 enrolled patients

30 assigned to docetaxel plus S-1 (DS) 31 assigned to cisplatin plus S-1 (CS)

30 included in the safety and efficacy analyses
(FAS)

30 included in the safety and efficacy analyses
(FAS)

1 ineligible due to HER2-positive

Fig. 1   CONSORT flow diagram for the HERBIS-3 trial

Table 1   Patient characteristics

a Some patients had multiple tumor sites

Characteristic DS (n = 30) CS (n = 30)

Age, years
 Median 64 67
 Range 32–75 53–75

Sex
 Male 20 (67%) 18 (60%)
 Female 10 (33%) 12 (40%)

Performance status
 0 13 (43%) 12 (40%)
 1 17 (57%) 18 (60%)

Unresectable/recurrent
 Unresectable 30 (100%) 30 (100%)
 Recurrent 0 (0%) 0 (0%)

Previous gastrectomy
 No resection 15 (50%) 14 (47%)
 R1 gastrectomy 10 (33%) 6 (20%)
 R2 gastrectomy 5 (17%) 10 (33%)

Tumor sitesa

 Peritoneum 19 (63%) 21 (70%)
 Lymph node 5 (17%) 12 (40%)
 Stomach (primary) 6 (20%) 8 (27%)
 Bone 0 (0%) 1 (3%)
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recurrent tumors. Approximately half of all patients under-
went gastrectomy just before enrollment; R1 gastrectomy 
was performed in ten (33%) DS patients and six (20%) CS 
patients. The most common tumor site in both groups was 
the peritoneum.

The median number of cycles was 9.5 (range 2–49) with 
DS and 5.5 (range 1–10) with CS (Table 2).The relative 
dose intensities of docetaxel and S-1 with DS were 86.1% 
and 77.9%, respectively, whereas those of cisplatin and S-1 
with CS were 63.3% and 72.9%, respectively. Major adverse 
events are shown in Table 3. Among the hematological 
adverse events, grade 3–4 neutropenia was more common 
with DS than CS (40% vs 27%, respectively). On the other 
hand, non-hematological grade 3–4 toxicities such as fatigue 
(7% vs 13%, respectively), anorexia (3% vs 10%, respec-
tively), and diarrhea (3% vs 10%, respectively) occurred less 
frequently with DS than with CS. Creatinine was elevated 
only in the CS group. There were no treatment-related deaths 
in either group. Subsequent chemotherapy after treatment 
discontinuation was administered to 26 (87%) patients who 

received DS and 25 (83%) patients who received CS. The 
most common regimens other than S-1 monotherapy were 
irinotecan alone followed by irinotecan plus cisplatin in the 
DS group, and nab-paclitaxel followed by paclitaxel plus 
ramucirumab in the CS group.

The median duration of follow-up for censored cases 
at the time of analysis was 36.8 months. The median OS 
durations were 20.0 months (95% CI 15.3–not estimated) 
with DS and 15.8 months (95% CI 11.6–24.2) with CS (log-
rank P = 0.113; Fig. 2a). The 2-year OS rates were 43.3% 
(28.8–65.2) with DS and 30.0% (95% CI 17.4–51.8) with 
CS, with a HR of 0.617 (95% CI 0.337–1.128). Non-inferi-
ority of DS to CS with respect to OS was statistically dem-
onstrated (P < 0.001 for non-inferiority). The median PFS 
durations were 11.2 months (95% CI 7.6–20.8) with DS and 
9.6 months (95% CI 7.4–14.0) with CS (log-rank P = 0.196; 
Fig. 2b). The 2-year PFS rates were 26.7% (14.7–48.3) with 
DS and 13.3% (95% CI 5.4–33.2) with CS, with a HR of 
0.698 (95% CI 0.404–1.208).

Subgroup analyses of OS according to age, sex, PS, and 
previous gastrectomy demonstrated moderate but nonsig-
nificant interaction between treatment effect and previous 
gastrectomy (P = 0.059) (Fig. 3). In patients who under-
went R1 gastrectomy before enrollment, the 2-year OS 
rates were 70.0% (95% CI 46.7–100.0) with DS and 16.7% 
(95% CI 2.8–99.7%) with CS, with a HR of 0.153 (95% CI 
0.037–0.632) (log-rank P = 0.003; Fig. 4a); the 2-year PFS 
rates were 50.0% (95% CI 26.9–92.9) with DS and 16.7% 
(95% CI 2.8–99.7%) with CS, with a HR of 0.216 (95% CI 
0.064–0.730) (log-rank P = 0.008; Fig. 4b). In 15 of the 16 
cases, the R1 status was based on peritoneal lavage cytol-
ogy findings, while in the remaining case it was due to both 
cytology results and a positive resection margin.

Table 2   Number of treatment cycles and relative dose intensities of 
the component drugs

Characteristic DS (n = 30) CS (n = 30)

Number of treatment cycles
 Median 9.5 5.5
 Range 2–49 1–10

Relative dose intensities
 S-1 77.9% 72.9%
 Docetaxel 86.1% –
 Cisplatin – 63.3%

Table 3   Adverse events

AST aspartate aminotransferase, ALT alanine aminotransferase

DS (n = 30) CS (n = 30)

G1 G2 G3 G4  ≥ G3
(%)

G1 G2 G3 G4  ≥ G3
(%)

Neutropenia 7 3 6 6 40 3 7 7 1 27
Anemia 14 7 2 1 10 9 11 2 1 10
AST 4 0 1 0 3 3 0 0 0 0
ALT 4 0 1 0 3 2 0 1 0 3
Total bilirubin 3 5 1 0 3 1 1 1 0 3
Creatinine 0 0 0 0 0 7 1 0 0 0
Hyponatremia 1 0 1 0 3 5 0 2 0 7
Febrile neutropenia 0 0 2 0 7 0 0 0 0 0
Anorexia 11 8 1 0 3 11 8 3 0 10
Fatigue 9 12 2 0 7 8 10 4 0 13
Nausea 9 3 1 0 3 9 5 2 0 7
Diarrhea 7 3 1 0 3 3 2 3 0 10
Oral mucositis 6 3 0 0 0 2 2 1 0 3
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Discussion

This randomized phase II trial is the first clinical study to 
compare DS and CS regimens in patients with AGC. Not 
only was DS associated with superior patient compliance 
and a favorable toxicity profile compared to CS, but it also 
showed nonsignificantly better OS and PFS. In patients 
who underwent R1 gastrectomy before enrollment, both 
OS and PFS were significantly better with DS than with 

CS. The true benefit of DS should be tested in phase III 
trials.

This study showed that DS resulted in mild toxicity com-
pared with CS. A well-known disadvantage of docetaxel is 
myelosuppression [12, 13]. Indeed, grade 3–4 neutropenia 
occurred more frequently with DS than CS (40% vs 27%, 
respectively), but the incidence of febrile neutropenia with 
DS was only 7%. By contrast, the proportion of patients who 
suffered from non-hematological toxicities such as fatigue, 
anorexia, and diarrhea was lower with DS than with CS. 
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Fig. 2   Kaplan–Meier overall survival (a) and progression-free survival (b) for docetaxel plus S-1 (DS) versus cisplatin plus S-1 (CS)

DS
(n = 30)

CS
(n = 30) HR [95% CI] P P for 

interaction

Age

< 65 years 16 8 0.76 [0.25 – 2.29] 0.628 0.848

≥ 65 years 14 22 0.68 [0.31 – 1.46] 0.314

Sex

Male 20 18 0.70 [0.33 – 1.47] 0.341 0.521

Female 10 12 0.46 [0.16 – 1.36] 0.151

Performance status

0 13 12 0.39 [0.14 – 1.09] 0.064 0.414

1 17 18 0.76 [0.35 – 1.65] 0.494

Previous gastrectomy

No resection 15 14 0.76 [0.33 – 1.73] 0.514 0.059

R1 gastrectomy 10 6 0.17 [0.04 – 0.63] 0.003

R2 gastrectomy 5 10 1.18 [0.33 – 4.27] 0.799

0.10 1.00 10.00
DS better CS better

0.04

Fig. 3   Forest plot for overall survival in the subgroup analysis. DS docetaxel plus S-1, CS cisplatin plus S-1



	 Y. Kurokawa et al.

1 3

It is suspected that the favorable toxicity profile of DS led 
to a greater number of treatment cycles and higher relative 
dose intensities of the component drugs. In addition, DS is 
more convenient as it can be administered on an outpatient 
basis. Thus, one possible reason for the favorable prognosis 
of patients with DS was the better feasibility of this regimen.

Docetaxel is known to be highly effective against peri-
toneal metastasis because it is transported into the perito-
neal cavity [14, 15]. A phase III START trial that compared 
DS to S-1 alone for AGC revealed a remarkable interaction 
between the presence or absence of measurable lesions and 
treatment effect in a preplanned subgroup analysis [10]. 
Patients with measurable lesions such as liver or lymph node 
metastases showed similar OS between DS and S-1 alone, 
with a HR of 0.904 (95% CI 0.751–1.088), whereas those 
with only non-measurable lesions such as peritoneal metas-
tasis showed a significant difference in OS between the two 
groups, with a HR of 0.649 (95% CI 0.461–0.914). In addi-
tion, our study showed that DS was significantly superior 
to CS in terms of OS and PFS in patients who underwent 
R1 gastrectomy due to positive peritoneal lavage cytology, 
which is a precursor of peritoneal metastasis. Therefore, 
postoperative chemotherapy using DS might be recom-
mended for patients who have undergone R1 gastrectomy. 
This strategy is supported by the results of a recent phase 
III (JACCRO GC-07) trial that demonstrated the significant 
superiority of DS relative to S-1 alone in terms of relapse-
free survival for pathological stage III gastric cancer [16]. 
Indeed, the 2-year OS rate in patients receiving DS reached 
70.0% in our study, which was much higher than that (46%) 
in patients who underwent S-1 monotherapy after R1 gas-
trectomy in another prospective study [17].

This study had several limitations. First, the statistical 
power was low due to the small sample size. Nevertheless, 
the primary endpoint, namely non-inferiority of DS to CS 

with respect to OS, was statistically proven. However, since 
this was a small-scale, randomized phase II trial, the non-
inferiority should be validated in large-scale phase III trials. 
Second, we initially planned to recruit patients with recur-
rent AGC, but only enrolled those with unresectable disease. 
Therefore, the results of this study should not be generalized 
to recurrent gastric cancer. Third, the DS group included a 
little more R1 (33% vs 20%) and less R2 (17% vs 33%) gas-
trectomy patients than the CS group. Although the difference 
between the two groups was not statistically significant, it 
might affect the survival results.

In conclusion, the results of our randomized phase II trial 
suggest that DS was less toxic and more effective than CS 
for unresectable gastric cancer without measurable lesions. 
Although this study targeted only AGC with no measur-
able lesions, many patients with unresectable or recurrent 
AGC have only non-measurable lesions, for instance peri-
toneal metastasis or positive peritoneal lavage cytology. 
Our research group, the OGSG, has conducted several pro-
spective studies (the HERBIS series) to establish new treat-
ment strategies for AGC based on both HER2 status and 
the presence or absence of measurable lesions [18–22]. We 
expect the clinical value of this strategy to be validated in 
the future.
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