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Abstract
Background  The development of triplet regimens for advanced gastric cancer is challenging. The aim of this phase I dose-
escalation study was to determine the maximum tolerated dose and recommended dose of the combination of irinotecan, 
cisplatin, and S-1 in chemotherapy-naïve patients with HER2-negative advanced gastric cancer.
Methods  The 3 + 3 design was adopted. Every 4 weeks, patients received an escalating dose of intravenous irinotecan (100–
150 mg/m2) on day 1 and fixed doses of intravenous cisplatin (60 mg/m2) on day 1 and oral S-1 (80 mg/m2) on days 1 to 14.
Results  Twelve patients were enrolled in two dose level cohorts. In the level 1 cohort (irinotecan 100 mg/m2, cisplatin 
60 mg/m2, and S-1 80 mg/m2), dose-limiting toxicity including grade 4 neutropenia and febrile neutropenia occurred in one 
of six patients, whereas in the level 2 cohort (irinotecan 125 mg/m2, cisplatin 60 mg/m2, and S-1 80 mg/m2), dose-limiting 
toxicities including grade 4 neutropenia developed in two of six patients. Thus, the level 1 and 2 doses were determined to be 
the recommended and maximum tolerated doses, respectively. Common grade 3 or higher adverse events were neutropenia 
(75%; n = 9), anemia (25%; n = 3), anorexia (8%; n = 1), and febrile neutropenia (17%; n = 2). Irinotecan, cisplatin, and S-1 
combination therapy achieved an overall response rate of 67% with a median progression-free survival and overall survival 
of 19.3 and 22.4 months, respectively.
Conclusions  The potential treatment efficacy of this triplet regimen in HER2-negative advanced gastric cancer warrants 
further evaluation, especially in patients requiring intensive chemotherapy.
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Introduction

Gastric cancer is the fifth most common cancer worldwide 
and the third most common cause of death from cancer 
[1]. Most patients with gastric cancer are diagnosed with 
advanced or metastatic disease, and the prognosis is poor. 
A combination of fluoropyrimidine and platinum agent is 
globally recognized as the gold standard for the treatment of 
HER2-negative advanced metastatic disease. According to 
the phase III SPIRITS trial conducted in Japan, the combi-
nation therapy of S-1 (80 mg/m2, days 1–21, q5w) and cis-
platin (60 mg/m2, q5w) (SP) significantly improved overall 
survival (OS) compared with S-1 monotherapy in advanced 
gastric cancer (AGC); therefore, this combination is con-
sidered a standard first-line treatment for HER2-negative 
AGC [2].
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Combination therapies involving three cytotoxic chemo-
therapeutic agents have been examined to identify therapies 
that achieve more potent therapeutic effects in patients with 
HER2-negative AGC. The triplet combination therapy of 
docetaxel (75 mg/m2, q3w), cisplatin (75 mg/m2, q3w), and 
fluorouracil (750 mg/m2, days 1–5, q3w) (DCF) was shown 
to improve progression-free survival (PFS), OS, and overall 
response rate (ORR) compared with doublet combination ther-
apy of cisplatin (100 mg/m2, q4w) and fluorouracil (1000 mg/
m2, days 1–5, q4w) (CF) in patients with AGC during the 
phase III V325 trial [3]. The median PFS was 5.6 months for 
DCF versus 3.7 months for CF (P < 0.001), the median OS 
was 9.2 months for DCF versus 8.6 months for CF (P = 0.02), 
and the ORR was 37% for DCF versus 25% for CF (P = 0.01). 
However, DCF is not currently considered a standard therapy 
for AGC because of its high toxicity, as shown by the occur-
rence of grade 3 or higher neutropenia, anemia, anorexia, and 
febrile neutropenia in 82%, 65%, 10%, and 29%, respectively, 
of all cases of adverse events. In the phase III JCOG1013 trial, 
the triplet combination regimen of docetaxel (40 mg/m2, q4w), 
cisplatin (60 mg/m2, q4w), and S-1 (80 mg/m2, days 1–14, 
q4w) (DCS) failed to demonstrate prolonged OS compared 
with SP in HER2-negative AGC as a first-line treatment [4]. 
The adverse events of DCS were mild but did not demon-
strate the same efficacy as DCF did in the V325 trial, possibly 
because the investigated dose of docetaxel was lower because 
of concerns about toxicity. These findings suggest that a triplet 
regimen with docetaxel for AGC treatment is a double-edged 
sword, as it is challenging to balance efficacy and safety.

In addition to cisplatin, irinotecan is another anticancer 
drug that has shown good results when used in combination 
with S-1. In the phase III TOP-002 trial, the combination of 
S-1 (80 mg/m2, days 1–21, q5w) and irinotecan (80 mg/m2, 
days 1 and 15, q5w) demonstrated significantly higher ORR 
compared to S-1 monotherapy (42% vs. 27%, P = 0.035) with 
acceptable toxicity [5]. The S-1 and irinotecan combination 
therapy further showed longer but not significant OS com-
pared to S-1 monotherapy with a median OS of 12.8 versus 
10.5 months. Based on these findings, we thought it appropri-
ate to add irinotecan to SP as a new triplet regimen for HER2-
negative AGC. We thus conducted a phase I dose-finding study 
with the intention of developing the irinotecan, cisplatin, and 
S-1 (IPS) combination therapy. The aim of this study was to 
determine the maximum tolerated dose (MTD) and recom-
mended dose (RD) of the IPS combination therapy in chemo-
therapy-naïve patients with HER2-negative AGC.

Patients and methods

Patients

The patients were enrolled if they met the following eli-
gibility criteria: histologically confirmed gastric adenocar-
cinoma, unresectable recurrent or metastatic disease, age 
between 20 and 75 years, Eastern Cooperative Oncology 
Group (ECOG) performance status (PS) of 0 or 1, HER2-
negative or unknown, leukocyte count ≥ 3500/mm3, neu-
trophil count ≥ 2000/mm3, platelet count ≥ 100,000/mm3, 
serum aspartate aminotransferase < 100 IU/l (<200 IU/l in 
cases of liver metastasis), serum bilirubin < 1.5 mg/dl, serum 
creatinine ≤ 1.5 mg/dl, creatinine clearance ≥ 60 ml/min, 
possible oral intake, and life expectancy of at least 3 months. 
The exclusion criteria were previous chemotherapy or radio-
therapy for AGC, brain metastasis, massive ascites, massive 
pleural effusion retention, and severe comorbidity. All the 
patients provided written informed consent prior to initiat-
ing chemotherapy. The study protocol was approved by the 
Osaka Gastrointestinal Cancer Chemotherapy Study Group 
(OGSG) Steering Committee and the Institutional Review 
Boards of all participating hospitals. The current study was 
conducted in accordance with the ethical principles outlined 
in the Declaration of Helsinki.

Study design

The OGSG 1106 (HERBIS-4B) study was a phase I trial 
of IPS in patients with AGC. This dose-escalation study 
followed the traditional 3 + 3 design. Three patients were 
enrolled at each level. If dose-limiting toxicity (DLT) 
occurred in one of the three patients, three additional 
patients were enrolled. The dosage schedules are shown in 
Fig. 1, and the dosages at each level are shown in Table 1. 
The fixed dose of S-1 was 80 mg/day for body surface area 
(BSA) < 1.25 m2, 100 mg/day for BSA ≥ 1.25 and < 1.5 m2, 

Fig. 1   Dosage schedule
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and 120 mg/day for BSA ≥ 1.5 m2, administered orally twice 
daily for the first 2 weeks of a 4-week cycle. The fixed dose 
of cisplatin 60 mg/m2 was administered intravenously on 
day 1 of each cycle. Irinotecan was also administered intra-
venously on day 1 of each cycle at three dose levels of 100, 
125, and 150 mg/m2 (levels 1, 2, and 3, respectively) based 
on the BSA. Cisplatin was administered for a maximum of 
five cycles. Treatment was continued until disease progres-
sion or development of intolerable toxicity.

Each cycle was started if all the following criteria were 
met: neutrophil count ≥ 1500/mm3; platelet count ≥ 100,000/
mm3; serum aspartate aminotransferase < 100 IU/l; serum 
bilirubin < 1.5 mg/dl; serum creatinine ≤ 1.2 mg/dl; absence 
of active infection; and presence of grade 1 or less non-
hematological toxicity as defined by the National Cancer 
Institute Common Terminology Criteria for Adverse Events 
(version 4.03). Irinotecan, cisplatin, and S-1 doses were 
all reduced if the following criteria were met: leukocyte 
count < 1000/mm3, neutrophil count < 500/mm3, platelet 
count < 50,000/mm3, presence of febrile neutropenia, serum 
creatinine ≥ 1.2 mg/dl, or presence of grade 3 non-hemato-
logical toxicity. DLT was defined as grade 4 leukopenia or 
neutropenia, febrile neutropenia, grade 4 thrombocytope-
nia, need for platelet transfusion, grade 3 and higher non-
hematological toxicity except for nausea and vomiting, or 
treatment delay of 14 days or more due to unresolved toxic 
effects during the first cycle.

The MTD was defined as the dose level at which at least 
two of three patients or at least two of six patients experi-
enced DLT. In principle, the RD was defined as the dose 
level immediately below the estimated MTD.

Assessment

We assessed the ORR, PFS, and OS. Tumor measure-
ments were obtained through computed tomography at 
baseline and every 6 weeks thereafter. Tumor response 
was assessed in patients with measurable lesions accord-
ing to the guidelines of the Response Criteria in Solid 
Tumors version 1.1. The ORR was defined as the propor-
tion of patients with the best overall response in terms of 
complete response or partial response within the study 
period. PFS was defined as the time from enrollment until 

the date of disease progression or death from any cause. 
OS was defined as the time from enrollment until the date 
of death from any cause. We estimated PFS and OS using 
the Kaplan–Meier method.

Results

Characteristics of enrolled patients

A total of 12 patients with untreated AGC were enrolled 
in the current study between June 2013 and February 
2017 and followed up until February 2018. Among the 
12 patients, six patients received the level 1 dose and the 
other six received the level 2 dose. The median age was 
65 years (range 53–74). There were nine males and three 
females. An ECOG PS of 0 and 1 were found in seven and 
five patients, respectively. The patient characteristics are 
summarized in Table 2.

Table 1   Dose level

Level S-1 (mg/m2) Cisplatin (mg/
m2)

Irinote-
can (mg/
m2)

Level 1 80 60 100
Level 2 80 60 125
Level 3 80 60 150

Table 2   Baseline characteristics

ECOG Eastern Cooperative 
Oncology Group, PS perfor-
mance status

n = 12

Age 65 (53–74)
Sex
 Male 9 (75%)
 Female 3 (25%)

ECOG PS
 0 7 (58.3%)
 1 5 (41.7%)

Primary tumor
 Upper 4 (33.3%)
 Middle 6 (50%)
 Lower 2 (16.7%)

Borrmann
 Type 1 1 (8.3%)
 Type 2 2 (16.7%)
 Type 3 8 (66.7%)
 Type 5 1 (8.3%)

Histology
 Intestinal 4 (33.3%)
 Diffuse 8 (66.7%)

Disease status
 Unresectable 10 (83.3%)
 Recurrent 2 (16.7%)

Metastatic site
 Lymph node 8 (66.7%)
 Peritoneum 5 (41.7%)
 Liver 2 (16.7%)
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Tolerability and adverse events

Although one of the first three patients in the level 1 
cohort experienced grade 4 neutropenia and febrile neu-
tropenia, the three additional patients did not exhibit 
any DLT. In the level 2 cohort, one of the three patients 
experienced grade 4 neutropenia. Furthermore, one of the 
three additional patients experienced grade 4 leukopenia 
and neutropenia. We thus determined that the level 1 and 
level 2 doses were the RD and MTD of the IPS regimen, 
respectively.

Adverse events were observed in all patients during the 
protocol treatment as shown in Table 3. The most com-
mon adverse events of all grades were neutropenia (92%; 
n = 11), anemia (83%; n = 10), anorexia (83%; n = 10), 
diarrhea (83%; n = 10), and alopecia (83%; n = 10). The 
common grade 3 or higher adverse events were neu-
tropenia (75%; n = 9), leukopenia (42%; n = 5), anemia 
(25%; n = 3), febrile neutropenia (17%; n = 2), and ano-
rexia (8%; n = 1). In the level 1 cohort, common all grade 
adverse events were neutropenia (83%; n = 5), anemia 
(100%; n = 6), anorexia (100%; n = 6), diarrhea (83%; 
n = 5), and alopecia (83%; n = 5), and common grade 3 
or higher adverse events were neutropenia (67%; n = 4), 
anemia (50%; n = 3), anorexia (17%; n = 1), and febrile 
neutropenia (33%; n = 2). In the level 2 cohort, common 
all grade adverse events were leukopenia (67%; n = 4), 
neutropenia (100%; n = 6), anemia (67%; n = 4), anorexia 
(67%; n = 4), fatigue (67%; n = 4), diarrhea (83%; n = 5), 
and alopecia (83%; n = 5), and common grade 3 or higher 
adverse events were neutropenia (83%; n = 5) and leu-
kopenia (50%; n = 3). Treatment-related death was not 
observed in any patient.

Efficacy

Of 12 patients, six had target lesions. We found that 4 (67%) 
patients showed a response to IPS. Two patients underwent 
radical resection after chemotherapy. Of these two patients, 
one achieved a pathological response of grade 2, while the 
other achieved a grade 3 response. The median PFS and 
OS were 19.3 months and 22.4 months, respectively, in all 
12 patients. In the level 1 cohort, the median PFS and OS 
were 9.3 months and 16.3 months, respectively. In the level 
2 cohort, the median PFS and OS were not reached. The 
Kaplan–Meier survival curves are shown in Fig. 2.

Discussion

Recently, the addition of an immune checkpoint inhibitor 
to the combination chemotherapy of fluoropyrimidine and 
oxaliplatin further prolonged overall survival in chemother-
apy-naïve HER2-negative AGC as demonstrated in phase III 
CheckMate649 and KEYNOTE-859 trials [6, 7]. However, 
the survival benefit of immune checkpoint inhibitors is lim-
ited in AGC patients with lower combined positive scores, 
suggesting that intensive cytotoxic chemotherapies remain 
the mainstay of treatment for such “immune-poor” subjects. 
Unfortunately, however, the development of triplet regimens 
for AGC has remained challenging.

The current phase I study is the first to evaluate the safety 
and tolerability of the IPS regimen in patients with untreated 
AGC. We determined the RD to be irinotecan 100 mg/m2, 
cisplatin 60 mg/m2, and S-1 80 mg/m2 for the subsequent 
phase II study. IPS showed a similar trend of toxicity as 
seen in DCF during the V325 trial in grade 3 or higher neu-
tropenia (75%; n = 9) and anorexia (8%; n = 1) but a lower 

Table 3   Adverse events during 
the protocol treatment

All patients (N = 12) Level 1 (N = 6) Level 2 (N = 6)

All grade N, 
(%)

Grade 3 or 
4 N, (%)

All grade N, 
(%)

Grade 3 or 
4 N, (%)

All grade N, 
(%)

Grade 3 
or 4 N, 
(%)

Leukopenia 8 (67) 5 (42) 4 (67) 2 (33) 4 (67) 3 (50)
Neutropenia 11 (92) 9 (75) 5 (83 4 (67) 6 (100) 5 (83)
Anemia 10 (83) 3 (25) 6 (100) 3 (50) 4 (67) 0 (0)
Thrombocytopenia 5 (42) 0 (0) 3 (50) 0 (0) 2 (33) 0 (0)
Febrile neutropenia 2 (17) 2 (17) 2 (33) 2 (33) 0 (0) 0 (0)
Diarrhea 10 (83) 0 (0) 5 (83) 0 (0) 5 (83) 0 (0)
Stomatitis 6 (50) 0 (0) 3 (50) 0 (0) 3 (50) 0 (0)
Nausea 8 (67) 0 (0) 5 (83) 0 (0) 3 (50) 0 (0)
Vomiting 2 (17) 0 (0) 2 (33) 0 (0) 0 (0) 0 (0)
Anorexia 10 (83) 1 (8) 6 (100) 1 (17) 4 (67) 0 (0)
Fatigue 6 (50) 0 (0) 2 (33) 0 (0) 4 (67) 0 (0)
Alopecia 10 (83) 0 (0) 5 (83) 0 (0) 5 (83) 0 (0)
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incidence of anemia (25%; n = 3) and febrile neutropenia 
(17%; n = 2). Therefore, the IPS regimen seems manageable 
with the use of prophylactic administration of G-CSF and 
an antiemetic agent, such as the newly developed aprepitant, 
which was not available when this phase I study was con-
ducted. Further study on this aspect is warranted.

Although the data in the current study was preliminary 
and the patients were in good condition because of the phase 
I design of this study, the IPS regimen achieved an ORR of 
67% with a median PFS and OS of 19.3 and 22.4 months, 
respectively, for untreated AGC. Furthermore, two patients 
were able to undergo radical resection owing to significant 
tumor shrinkage.

Triplet regimens involving docetaxel have shown efficacy 
as preoperative treatments; for example, FLOT (fluorouracil 
2600 mg/m2, day 1, q2w; oxaliplatin 85 mg/m2, day 1, q2w; 
docetaxel 50 mg/m2, day 1, q2w) [8] and DOS (docetaxel 
50 mg/m2, day 1, q3w; oxaliplatin 100 mg/m2, day 1, q3w; 
S-1 80 mg/m2, days 1–14, q3w) [9]. These regimens do not 
raise the concerns seen with DCF and DCS for AGC treat-
ment, possibly due to the difference in the settings of these 
studies (i.e., preoperative versus metastatic settings), and 
the relatively good general condition of the patients enrolled 

in the former study. Another possibility includes the use of 
oxaliplatin instead of cisplatin. Consequently, the IPS regi-
men may become even more useful in the future when utiliz-
ing oxaliplatin, which was not available when this trial was 
conducted, in place of cisplatin.

Besides S-1 and cisplatin in the three-drug combination, 
we adopted irinotecan instead of taxane, which we believe is 
reasonable considering the current second or later line treat-
ment for AGC. Initially, irinotecan proved to be superior to 
best supportive care as a second-line treatment for AGC [10]. 
Later, paclitaxel was found to be more suitable than irinote-
can in patients who were refractory to first-line treatment 
with the fluoropyrimidine and platinum doublet regimen in 
a phase III WJOG4007G study [11]. Currently, the standard 
second-line treatment established for AGC is paclitaxel plus 
ramucirumab based on the results of the phase III RAIN-
BOW trial, which demonstrated the efficacy of ramucirumab 
added to paclitaxel [12]. Therefore, irinotecan is currently 
administered as third-line or later treatment. Although it 
has proved to be effective, irinotecan is often challenging 
to use in later lines of treatment due to the poor systemic 
status of patients with AGC, such as peritoneal metastases, 
severe ascites, or gastrointestinal obstruction. Furthermore, 

Fig. 2   Kaplan–Meier survival curves for progression-free survival 
(PFS) and overall survival (OS). a, b Kaplan–Meier curve of PFS; a 
in all patients and b according to each dose level. c, d Kaplan–Meier 

curve of OS; c in all patients and d according to each dose level. Note 
for (b) and (d): solid line: level 1, dashed line: level 2
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considering the robustness of paclitaxel plus ramucirumab 
as the second-line treatment, the use of taxane-containing 
regimens as the first-line treatment may not be appropriate. 
The phase II RAMIRIS trial results did not demonstrate the 
clinical benefit of second-line paclitaxel plus ramucirumab 
over experimental FOLFIRI plus ramucirumab in a group 
of patients who had previously received docetaxel therapy, 
implying the importance of avoiding cross-resistance [13]. 
We, therefore, consider it reasonable to use the irinotecan-
containing regimen, IPS, as the first-line treatment for AGC. 
Although further evaluation is needed, our data suggest that 
IPS can be a promising option for HER2-negative AGC in 
first-line settings, similar to the FOLFOXIRI regimen in 
colorectal cancer [14] and the FOLFIRINOX regimen in 
pancreatic cancer [15].

In conclusion, we determined the RD of IPS to be iri-
notecan 100 mg/m2, cisplatin 60 mg/m2, and S-1 80 mg/
m2. Although this is a preliminary study, the results indi-
cate that IPS regimen is tolerable with a favorable efficacy, 
potentially providing a new therapeutic option for “immune-
poor” patients with HER2-negative AGC. Further studies 
are needed to improve the IPS regimen; the possibility of 
using oxaliplatin instead of cisplatin can be considered in 
these studies.
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