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not reach the MTD, the level 5 dose was defined as the RD. 
Twenty-one patients were evaluated for response, which 
included 2 cases of complete response and 8 cases of par-
tial response, with an overall response rate of 47.6 %.
Conclusions The combination of oxaliplatin, irinotecan, 
and S-1 provided an acceptable toxicity profile and modest 
clinical benefits in patients with advanced GI cancer. The 
RD was 85 mg/m2 of oxaliplatin, 180 mg/m2 of irinotecan, 
and 100 mg/m2 of S-1 every 2 weeks.

Keywords Gastrointestinal cancer · Oxaliplatin · 
Irinotecan · S-1 · Maximum tolerated dose

Introduction

In recent years, the treatment options for patients with 
advanced gastrointestinal (GI) cancer have considerably 
increased. Although 5-fluorouracil (5-FU) remains a cor-
nerstone for the management of these patients, several 
novel drugs provide appreciable activities in these diseases. 
For example, when combined with 5-FU, oxaliplatin or iri-
notecan provides considerable antitumor activity in patients 
with GI cancer. However, oxaliplatin, irinotecan, and 5-FU 
have different mechanisms of actions and do not share 
major toxicity profiles. As they have a synergistic effect, 
many recent clinical trials have evaluated the efficacy of 
the triplet combination of oxaliplatin, irinotecan, and 5-FU 
(FOLFOXIRI), which provides significant survival benefits 
with favorable toxicity profiles [1–7].

S-1 and capecitabine are oral fluoropyrimidines, and 
several phase III trials have demonstrated that these agents 
have activities, efficacies, and safety profiles that are simi-
lar to those of 5-FU in patients with GI cancer [8–11]. Fur-
thermore, phase I and II studies have evaluated the safety 
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and activity of the biweekly triplet combination of capecit-
abine, oxaliplatin, and irinotecan (XELOXIRI) in patients 
with untreated metastatic colorectal cancer, and their results 
suggest that the triplet combination is feasible and active in 
these patients [12–15]. Moreover, the triplet combination of 
oxaliplatin, irinotecan, and S-1 (TIROX) has been evaluated 
in three phase II trials, which have demonstrated that this 
combination was feasible, effective, and well tolerated [16–
18]. However, because the treatment was repeated every 
3 weeks (unlike the biweekly cycle in previous trials), the 
dose intensities of oxaliplatin and irinotecan were reduced 
in the TIROX regimen. Thus, based on the available clinical 
data, the biweekly triplet combination of S-1, oxaliplatin, 
and irinotecan (OIS) is an interesting alternative that may 
facilitate simpler and more convenient treatment delivery. 
Therefore, the present study aimed to determine the feasibil-
ity of the OIS combination, identify the maximum tolerated 
dose (MTD) and recommended dose (RD) for the individual 
agents, and evaluate the preliminarily antitumor activity in 
patients with untreated advanced GI cancer.

Methods

Patient eligibility

Patients were eligible for this study if they fulfilled all of 
the following criteria: (1) histologically confirmed unre-
sectable or metastatic GI or biliary tract adenocarcinoma; 
(2) age of ≥18 years; (3) Eastern Cooperative Oncology 
Group (ECOG) performance status of 0–2; (4) at least 
one measurable lesion, as defined using version 1.1 of the 
Response Evaluation Criteria In Solid Tumors (RECIST) 
[19]; (5) prior adjuvant chemotherapy without oxaliplatin, 
irinotecan, and S-1 that had been completed >4 weeks 
before enrollment; (6) adequate hematological, renal, 
and hepatic functions, as defined using an absolute neu-
trophil count (ANC) of ≥1.5 × 109/L, a platelet count of 
≥100 × 109/L, serum creatinine levels of ≤1.4 mg/dL, 
serum total bilirubin of ≤twofold above the upper limit of 
normal (ULN), or aspartate aminotransferase and alanine 
aminotransferase levels of ≤2.5-fold above the ULN (or 
≤fivefold above the ULN in the presence of hepatic metas-
tasis); and (7) willing to provide informed consent to par-
ticipate in this study.

The exclusion criteria were: (1) a history of chemo-
therapy, with the exception of adjuvant chemotherapy; (2) 
contraindication for any drug in the OIS regimen; (3) seri-
ous GI bleeding or obvious bowel obstruction; (4) central 
nervous system metastasis; (5) other previous or concur-
rent malignancies within the last 5 years, with the excep-
tion of cured basal cell carcinoma of the skin or carcinoma 
in situ of the uterine cervix; (6) pregnant or lactating; (7) 

sexually active and the partner being unwilling to practice 
contraception during the study; and (8) other clinically sig-
nificant comorbid conditions, such as active infection or 
severe cardiopulmonary dysfunction. The study’s protocol 
was approved by the institutional review board of Hallym 
University Sacred Heart Hospital, Anyang, South Korea 
(protocol number: HMC-HO-GI-1203).

Treatment and study design

To determine the MTD and RD, the doses of oxaliplatin, 
irinotecan, and S-1 were increased through five levels if 
dose-limiting toxicities (DLTs) were not identified. The dose 
escalation scheme for each drug (oxaliplatin/irinotecan/S-1) 
was: level 1, 85/120/60 mg/m2; level 2, 85/120/80 mg/m2; 
level 3, 85/120/100 mg/m2; level 4, 85/150/100 mg/m2; and 
level 5, 85/180/100 mg/m2. Oxaliplatin and irinotecan were 
administered intravenously on day 1, and S-1 was adminis-
tered orally on days 1–7, every 2 weeks. Dose escalation was 
continued until more than one-third of the patients in a given 
dose level exhibited a DLT during the first cycle of treat-
ment. At least 3 patients were enrolled in each level. Before 
escalating to the next level, all 3 patients were required to 
receive at least one treatment cycle. If at least 2 patients had 
a DLT, the corresponding dose level was to be defined as the 
MTD. If none of the 3 patients had a DLT, the dose was to 
be escalated to the next level and the process continued. If 
1 of the 3 patients treated had a DLT, 3 additional patients 
were to be treated at the corresponding dose level. If none 
of these 3 additional patients had a DLT, the dose level was 
to be escalated to the next dose level, and the process would 
continue; otherwise, the current dose level would be defined 
as the MTD. The RD for a subsequent phase II study was to 
be defined as one level below the MTD. Intra-patient dose 
escalation was not permitted. Treatment was repeated every 
2 weeks to a maximum of 12 cycles and was continued in 
the absence of disease progression, unacceptable toxicity, or 
the patient’s refusal to continue treatment.

Dose‑limiting toxicities

DLTs were defined as any of the following events during 
the first cycle of treatment: (1) any grade 4 neutropenia that 
lasted for ≥7 days or grade 3/4 febrile neutropenia; (2) any 
grade 4 thrombocytopenia or grade 3 thrombocytopenia 
with bleeding; (3) any grade 3/4 non-hematological toxicity, 
with the exception of alopecia; and (4) any grade 3/4 nau-
sea or vomiting that could not be reduced to grade 1 with 
antiemetic support. Toxicity was evaluated every week dur-
ing the first cycle and then every 2 weeks for the duration 
of treatment. All adverse events were evaluated according to 
version 4.0 of the National Cancer Institute Common Ter-
minology Criteria for Adverse Events (NCI CTCAE).
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Dose modification and dose intensity

In cases with apparent adverse events during the previous 
cycle of treatment, dose modifications were applied for the 
subsequent cycle according to the grade of the toxicities. 
The degree of the modification depended on the frequency 
of grade 3/4 hematological or non-hematological toxicities, 
with reductions of 25, 50 %, or permanent interruption. In 
cases with an ANC of <1.5 × 109/L or a platelet count of 
<75 × 109/L on day 1 of a cycle, treatment was delayed by 
1 week for a maximum of 2 weeks, until recovery to an ANC 
of ≥1.5 × 109/L and a platelet count of ≥75 × 109/L. Once 
the dose of any drug had been reduced, it was not increased 
at a later time. The dose of oxaliplatin was reduced by 25 % 
of the initial dose for related grade 2 peripheral neuropathy 
and interrupted for grade 3 neuropathy or the second occur-
rence of the same grade 2 neuropathy.

To evaluate the exact administered dose, we calculated 
the relative dose intensity (RDI) as the ratio of the actually 
administered dose per time unit (mg/m2/week) to that of 
the originally planned regimen [20].

Adverse events and response evaluation

A physical examination with vital signs, complete blood cell 
count with differentials, and blood chemistry tests were per-
formed weekly for the first cycle, and then every 2 weeks 
within 3 days prior to treatment in each subsequent cycle. 
Response to treatment according to RECIST version 1.1 was 
evaluated every 3 cycles. Progression-free survival (PFS) 
was defined as the interval from the date of treatment initia-
tion to the first date of documented disease progression or 
death due to any cause. Overall survival (OS) was defined as 
the interval from the date of treatment initiation to the date 
of death.

Statistical analysis

The primary purpose of this study was to determine the 
MTD and RD for the OIS combination, and the second-
ary aim was to assess this regimen’s efficacy. Descriptive 
statistics were used to summarize the patients’ characteris-
tics, tumor responses, and safety events. The Kaplan–Meier 
method was used to estimate the median PFS and OS.

Results

Patient characteristics

Twenty-four patients were enrolled between October 2012 
and February 2014 at Hallym University Sacred Heart Hos-
pital. All patients were evaluated for safety events, and 21 

patients were assessed for treatment response. The patients’ 
characteristics are described in Table 1.

Dose‑limiting toxicities during the first cycle 
and toxicities during all cycles

All patients who received at least one dose of OIS were 
considered evaluable for toxicities. The major toxicities 
that occurred during the first cycle at each dose level are 
summarized in Table 2. At dose level 1, 1 of the 3 initial 
patients developed grade 3 febrile neutropenia. Therefore, 
3 additional patients were enrolled to confirm tolerabil-
ity, and none of the additional patients exhibited a DLT. 
At dose level 2, none of the 3 initial patients exhibited a 
DLT. At dose levels 3 and 4, we observed grade 3 febrile 
neutropenia in 1 of the 3 patients in each level; therefore, 
3 additional patients were treated in these dose levels, 
although no additional DLTs were observed. The final 3 

Table 1  Patient characteristics (n = 24)

* ECOG PS Eastern Cooperative Oncology Group performance status

Characteristic Number of patients (%)

Sex

 Male 14 (58.3)

 Female 10 (41.7)

Age, years

 Median 59

 Range 34–78

ECOG PS*

 0 9 (37.5)

 1 13 (54.2)

 2 2 (8.3)

Primary cancer

 Stomach 7 (29.2)

 Colorectal 7 (29.2)

 Biliary tract 9 (37.5)

 Duodenum 1 (4.2)

Metastatic sites

 Lymph nodes 20 (83.3)

 Peritoneum 10 (41.7)

 Liver 10 (41.7)

 Lung 8 (33.3)

 Bone 2 (8.3)

 Ureter 2 (8.3)

 Colon 1 (4.2)

 Gall bladder 1 (4.2)

Number of metastatic organs

 1 5 (20.8)

 2 9 (37.5)

 ≥3 10 (41.7)
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patients were enrolled at dose level 5, although they did not 
exhibit any DLTs during the first cycle. Therefore, as the 
maximum dose level in this study did not cause any DLTs, 
we concluded that the RD for the OIS regimen was dose 
level 5 (85 mg/m2 of oxaliplatin, 180 mg/m2 of irinotecan, 

and 100 mg/m2 of S-1). The DLTs that we observed in this 
study are shown in Table 3. No grade 3/4 non-hematologi-
cal DLTs were observed during the first cycle of treatment 
at all dose levels. The toxicities that we observed through-
out the entire course of treatment are listed in Table 4. Neu-
tropenia was a common toxicity, although only 33.3 % of 
patients developed grade 3/4 neutropenia and only 12.5 % 
of patients developed febrile neutropenia. The non-hemato-
logical toxicities were generally mild (grade 1/2) and man-
ageable, and the most common non-hematological toxici-
ties were peripheral sensory neuropathy, nausea, anorexia, 
abdominal discomfort, diarrhea, and fatigue.

Table 2  Toxicities that were 
observed per patients at the 
various doses of oxaliplatin, 
irinotecan, and S-1 during the 
first treatment cycle

Toxicity grading was performed according to version 4.0 of the National Cancer Institutes’ Common Ter-
minology Criteria for Adverse Events

Dose level Level 1 Level 2 Level 3 Level 4 Level 5

(n = 6) (n = 3) (n = 6) (n = 6) (n = 3)

Grade 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Leukopenia 1 0 0 0 0 0 0 0 1 0 1 0 1 0 1 0 0 1 0 0

Neutropenia 0 0 1 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0

Anemia 3 2 0 0 2 0 0 0 2 3 0 0 4 1 1 0 2 1 0 0

Thrombocytopenia 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0

Anorexia 2 1 1 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0

Nausea 2 0 1 0 1 1 0 0 1 0 0 0 0 2 0 0 0 0 0 0

Abdominal discomfort 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Diarrhea 1 0 0 0 0 0 0 0 1 1 0 0 1 1 0 0 1 0 0 0

Mucositis 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Fatigue 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Peripheral neuropathy 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 3  Dose-limiting toxicities during the first treatment cycle

Level 1 Level 2 Level 3 Level 4 Level 5

(n = 6) (n = 3) (n = 6) (n = 6) (n = 3)

Febrile neutropenia 1 0 1 1 0

Table 4  Toxicities that were 
observed per cycle and per 
patient during the entire course 
of treatment

Toxicity grading was performed according to version 4.0 of the National Cancer Institutes’ Common Ter-
minology Criteria for Adverse Events

* Febrile neutropenia, 6/178 cycles (3.4 %); 3/24 patients (12.5 %)

Grade Toxicity grade per cycle (178 evaluable 
cycles)

Toxicity grade per patient (24 
evaluable patients)

1 2 3 4 3/4 (%) 1 2 3 4 3/4 (%)

Leukopenia 46 9 5 0 2.8 16 10 3 0 12.5

Neutropenia* 5 28 15 2 9.6 5 14 8 0 33.3

Anemia 107 41 2 0 1.1 22 14 1 0 4.2

Thrombocytopenia 25 9 0 0 0 12 5 1 0 4.2

Anorexia 6 8 1 0 0.6 4 6 1 0 4.2

Nausea 14 14 3 0 1.7 11 9 2 0 8.3

Abdominal discomfort 12 3 0 0 0 8 1 0 0 0

Diarrhea 6 7 0 0 0 6 7 0 0 0

Stomatitis 1 2 0 0 0 1 1 0 0 0

Fatigue 6 3 0 0 0 5 2 0 0 0

Peripheral neuropathy 32 9 0 0 0 12 5 0 0 0
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Efficacy

A total of 178 chemotherapy cycles were administered 
to 24 patients, with a median of 7.5 cycles (range, 3–12 
cycles) per patient; 21 patients were evaluated for treat-
ment response. Two patients were lost to follow-up, and 1 
patient withdrew their consent prior to the response evalu-
ation. The tumor responses at each dose level are presented 
in Table 5. The response rates at dose levels 1–5 were 33.3, 
50.0, 60.0, 50.0, and 50.0 %, respectively. Among the 21 
evaluable patients, 2 patients achieved complete response 
and 8 patients achieved partial response. The overall 
response rate (ORR) was 47.6 % [95 % confidence interval 
(CI), 28.3–67.6 %], and the disease control rate was 95.2 % 
(95 % CI, 77.3–99.2 %). The median time to response 
among the 10 patients who exhibited a tumor response was 
1.5 months (95 % CI, 1.3–1.6 months), and the median 
duration of the response was 4.6 months (95 % CI, 4.5–
4.7 months). The response rates according to the primary 
tumor type were 57.1 % for gastric cancer (GC), 40.0 % for 
colorectal cancer (CRC), and 44.4 % for biliary tract cancer 
(BTC) (Table 6).

Among the 21 evaluable patients, the median PFS 
and OS were 6.2 months (95 % CI, 5.7–6.6 months) and 
11.0 months (95 % CI, 9.7–12.4 months), respectively, 
with a median follow-up of 9.8 months (range, 0.6–
20.1 months) (Fig. 1). Waterfall plots for the best response 
and spider plots for tumor shrinkage over time are pre-
sented according to the specific tumor types in Figs. 2 and 
3, respectively. We also performed univariate analyses to 
identify factors that might predict response, although we 
did not observe any consistent and statistically significant 
results, based on the small and heterogeneous patient pop-
ulation (Table 7).

Dose intensity

The mean RDIs of oxaliplatin, irinotecan, and S-1 were 
78.9, 81.4, and 80.1 %, respectively. The trends in the 
drugs’ mean RDIs are presented in Fig. 4. During the 178 
cycles, the chemotherapy dose was reduced in 49 cycles 
(27.5 %) due to grade 3/4 neutropenia (45 cycles) or grade 
3 thrombocytopenia (4 cycles). Sixty cycles (33.7 %) 
were delayed due to grade 2 neutropenia (23 cycles), 
grade 3 neutropenia (12 cycles), grade 3 febrile neutrope-
nia (5 cycles), grade 2 thrombocytopenia (6 cycles), grade 
3 thrombocytopenia (1 cycle), grade 3 nausea (2 cycles), 
grade 2 diarrhea (3 cycles), postoperative bowel adhesion 
(1 cycle), and upper respiratory tract infection (1 cycle).

Discussion

In this phase I study, we identified the RDs for oxaliplatin 
(85 mg/m2 on day 1), irinotecan (180 mg/m2 on day 1), and 
S-1 (100 mg/m2 on days 1–7) when they are administered 

Table 5  Responses according to dose level

CR complete response, PR partial response, SD stable disease, PD 
progressive disease

* Two patients were lost to follow-up
+ One patient withdrew their consent; 21 patients were evaluated for 
treatment response

Dose level Overall response

CR PR SD PD

1 (n = 6) 1 1 4 0

2 (n = 3)* 0 1 0 1

3 (n = 6)+ 1 2 2 0

4 (n = 6) 0 3 3 0

5 (n = 3)* 0 1 1 0

Total (n = 24) 2 8 10 1

Table 6  Response according to the primary tumor

CR complete response, PR partial response, SD stable disease, PD 
progressive disease

* Two patients were lost to follow-up
+ One patient withdrew their consent; 21 patients were evaluated for 
treatment response

Primary tumor Overall response

CR PR SD PD

Stomach (n = 7) 1 3 3 0

Colorectal (n = 7)*+ 1 1 3 0

Biliary tract (n = 9) 0 4 4 1

Duodenum (n = 1)* 0 0 0 0

Total (n = 24) 2 8 10 1

Fig. 1  Progression-free and overall survival
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as a triplet chemotherapy regimen every 2 weeks. These 
doses are currently being examined in a follow-up phase 
II study. Grade 3 febrile neutropenia was the only DLT 
that was observed in the present study (3 of 24 patients, 
12.5 %), and none of the 3 patients who were treated at the 
maximum planned dose level experienced a DLT. Our dose 
range was selected based on the traditional 3 + 3 dose esca-
lation design, which is a mainstay for dose-finding studies. 
However, when evaluating triplet combinational therapy, 

more sophisticated strategies, such as the continual reas-
sessment method, which can provide more precise dose-
toxicity curves and recommended phase II dose, might be 
an alternative dose-finding design [21].

Toxicity analysis during the entire treatment period 
revealed grade 3/4 neutropenia (33.3 %), febrile neutrope-
nia (12.5 %), grade 3 nausea (8.3 %) and anorexia (4.2 %), 
and some other low-grade non-hematological toxicities, 
such as diarrhea or peripheral neuropathy; most of these 

Fig. 2  Best response to treat-
ment for each patient

Fig. 3  Tumor changes after 
treatment for each patient
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toxicities were relatively tolerable. These toxicities were 
observed at rates that are comparable to the rate of grade 
3/4 toxicities from previous studies of the FOLFOXIRI 
regimen in various GI cancers, such as neutropenia (35.0–
56.0 %), diarrhea (10.0–27.7 %), nausea (2.8–43.8 %), 
peripheral neuropathy (2.0–9.0 %), stomatitis (2.0–8.8 %), 
and infusion-related adverse events (4.0 %) [4–7, 22–24]. 
Although oxaliplatin-induced cumulative peripheral 

neuropathy is an expected adverse effect of treatment, and 
occurred 70.8 % of our patients, most of these patients only 
experienced grade 1 neuropathy. This favorable neurotoxic-
ity profile may be related to our strict adherence to the pro-
tocol for dose reduction or delay. Oxaliplatin was delayed 
in patients with grade 2 or higher toxicity until the neurop-
athy had resolved to less than grade 1, and the dose was 
reduced by 25 % of the original doses. Thus, strict adher-
ence to our dose modification or delay protocol may have 
reduced the likelihood of worsened toxicity (grade 3/4) in 
subsequent cycles.

In other recently reported trials, S-1 was incorporated as 
the 5-FU component in triplet regimens with a schedule of 
2 weeks on and 1 week off in patients with GC and CRC 
[16, 17, 25]. Most of these studies reported toxicity rates 
(26.3–65.9 % for grade 3/4 neutropenia and 10.5–15.9 % 
for febrile neutropenia) that were comparable to our results. 
In particular, a phase II trial of a 3-week TIROX triplet 
combination with a similar median follow-up of 7 cycles 
also revealed rates of 45.2 % for grade 3/4 neutropenia 
and 9.5 % for febrile neutropenia [18]. The reason for the 
lower rate of severe toxicities in our study, despite the older 
median age (59 years vs. 50–54 years), may be related to 
our S-1 dose schedule, as a shorter cycle with 1 week of 
administration and 1 week of rest might be more tolerable 
than regimens with 2 weeks of continuous administration, 
especially among older patients. Alternative strategies, 
such as metronomic chemotherapy regimens, may also be 
considered to reduce the serious effects of cytotoxic chem-
otherapy at the MTD on the host’s immune system [26]. In 
the present study, the daily oral administration of S-1 pro-
vided the advantage of short drug-free interruptions. Given 
the toxicity of biweekly, intravenous bolus administration 
of oxaliplatin and irinotecan, further investigation for other 
intravenous chemotherapy schedules is warranted.

In the present study, the drugs’ RDIs exhibited gradu-
ally decreasing trends with a greater number of cycles, and 
the mean RDI decreased sharply after the administration of 
the ninth dose (out of a maximum of 12 cycles). The main 
reasons for the lower RDI in our study were dose delays 
in 33.7 % of the patients and dose reductions in 27.5 % of 
the patients; most of these events were due to neutropenia 
or febrile neutropenia. Therefore, careful monitoring and 
proper management are necessary for subsequent phase 
II trials, especially in the later treatment period. Previous 
phase I/II trials of capecitabine as a substitute for 5-FU 
(XELOXIRI) in patients with CRC have also revealed 
similar RDIs (76.0–81.0 % for oxaliplatin, 81.0–85.0 % 
for irinotecan, and 69.0–84.0 % for capecitabine) [12, 
14]. However, common adverse events in the studies with 
the XELOXIRI regimen were not limited to hematologi-
cal toxicities and also included grade 3/4 non-hematolog-
ical toxicities, such as diarrhea (11.0–40.0 %), peripheral 

Table 7  Univariate analyses of the factors that might influence the 
response rate

* ECOG PS Eastern Cooperative Oncology Group performance status

Variables n Response rate (%) P value

Sex

 Male 9 58.3 0.256

 Female 12 33.3

Age (years)

 <65 17 47.1 0.916

 ≥65 4 50.0

ECOG PS*

 0 9 55.6 0.528

 ≥1 12 41.7

Primary cancer site

 Stomach 7 57.1 0.816

 Colorectal 5 40.0

 Biliary tract 9 44.4

Liver metastasis

 Present 6 33.3 0.407

 None 15 53.3

Peritoneal metastasis

 Present 8 37.5 0.466

 None 13 53.8

Fig. 4  Mean relative dose intensities of oxaliplatin, irinotecan, and 
S-1 according to treatment cycle



956 Cancer Chemother Pharmacol (2016) 78:949–958

1 3

neuropathy (2.0–20.0 %), and low-grade capecitabine-
induced hand-foot syndromes (13.3–25.0 %) [12–15]. 
Thus, the subjective symptoms of the XELOXIRI regimen 
tend to be somewhat more obvious than those of our OIS 
regimen.

The confirmed ORR among all patients in the present 
study was 47.6 % (95 % CI, 28.3–67.6 %). Although ORR 
was not the primary endpoint, and we only examined a 
small number of patients, this result is acceptable, as the 
treatment of advanced GI cancer remains challenging.

As has been noted for many years, 5-FU is a mainstay 
of treatment and is usually combined with newer cyto-
toxic drugs, such as oxaliplatin and irinotecan. Further-
more, molecular targeted agents have become a focus of 
treatment for advanced GI cancer, along with considerable 
advances in the field of palliative chemotherapy. How-
ever, the effective use of targeted agents has been limited 
to patients with GI cancer and specific predictive biomark-
ers [27, 28]. Thus, conventional cytotoxic drugs remain 
the mainstay of frontline treatment, and highly active tri-
plet cytotoxic chemotherapy combinations may be a viable 
treatment option. Because these triplet chemotherapies 
provide promising antitumor activity in patients with CRC 
or GC, there have been increasing efforts to identify the 
optimal regimen to safely, easily, and effectively adminis-
ter these chemotherapies. Several trials have demonstrated 
that the triplet combination of oxaliplatin, irinotecan, and 
5-FU/leucovorin (FOLFOXIRI) provides an ORR of 31.6–
66.7 %, a median PFS of 6.4–12.1 months, and a median 
OS of 11.1–22.6 months in patients with various advanced 
GI cancers [4–7, 21–23]. However, FOLFOXIRI also has 
considerable toxicities and is not well tolerated by patients.

S-1 is an oral anticancer drug that consists of tegafur 
(as a 5-FU prodrug), 5-chloro-2,4-dihydroxypyridine, and 
potassium oxonate, which inhibits the orotate phosphori-
bosyl transferase enzyme in intestinal tissues and decreases 
the occurrence of diarrhea [29, 30]. Furthermore, the 
efficacy of S-1 is non-inferior to that of infused 5-FU or 
capecitabine [11, 31]. Therefore, OIS could be considered 
as a substitute for FOLFOXIRI or XELOXIRI, as it allevi-
ates GI toxicities and hand-foot syndromes and eliminates 
the need for prolonged intravenous infusions and frequent 
hospitalizations.

Another interesting finding of the present study is that 
the ORR was 44.4 % in cases of BTC, which is more 
favorable than the ORR in previous reports. In this con-
text, a meta-analysis of BTC (104 phase II and III trials 
that included 2,810 patients with BTC) revealed that gem-
citabine with cisplatin provided a better response rate and 
survival outcomes, compared to the other regimen. There-
fore, gemcitabine with cisplatin is currently considered a 
standard first-line treatment for advanced BTC [32, 33]. 
However, patients with advanced BTC still experience poor 

survival outcomes with a median OS of <1 year [32–34]. 
Furthermore, combinations of S-1 and oxaliplatin have 
yielded modest response rates (24.5 %) and tolerable tox-
icity profiles, and another phase II trial of irinotecan and 
oxaliplatin reported an ORR of 17.9 % [35, 36]. Therefore, 
the triplet combination of OIS could be an effective thera-
peutic strategy for patients with advanced BTC.

In conclusion, among patients with advanced GI can-
cer, the RD of OIS triplet chemotherapy was oxaliplatin at 
85 mg/m2 and irinotecan at 180 mg/m2 on day 1, and S-1 at 
100 mg/m2 on days 1–7, every 2 weeks. This regimen pro-
vided acceptable antitumor activity and a favorable toxicity 
profile. Therefore, we are currently performing a phase II 
study using this OIS regimen in patients with advanced GC 
and BTC.
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