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LESSONS LEARNED

• Because S-1 is orally administered, OX-IRIS does not necessitate the continuous infusion of 5-FU and is more convenient.
• The recommended dose of OX-IRIS was determined to be level �1 (oxaliplatin, 65 mg/m2; irinotecan, 100 mg/m2;

S-1, 80 mg/m2), which has manageable safety and promising anticancer activities.

ABSTRACT

Background. OX-IRIS is a new combination therapy of
oxaliplatin, irinotecan, and S-1 for unresectable pancreatic duc-
tal adenocarcinoma (PDAC), which may be beneficial because
S-1 is administered orally and continuous infusion of
5-fluorouracil (5-FU) is not needed.
Methods. Patients who had not received prior therapy for
unresectable PDAC were enrolled. Adenocarcinoma or
adenosquamous histology was required. Oxaliplatin and
irinotecan were administered on days 1 and 15; S-1 was
administered orally twice a day on days 1–14, followed by
14 days of rest (one cycle). Primary endpoints were dose-
limiting toxicity (DLT) and maximum tolerated dose (MTD).
Secondary endpoints were safety, overall response rate
(ORR), progression-free survival (PFS), and overall sur-
vival (OS).
Results. In level 0 (oxaliplatin, 85 mg/m2; irinotecan,
100 mg/m2; S-1, 80 mg/m2), two of five patients experienced
DLT. In level �1 (oxaliplatin, 65 mg/m2; irinotecan, 100 mg/m2;

S-1, 80 mg/m2), DLT could not be evaluated in two of eight
patients because one cycle was not completed; one of the
remaining six patients experienced DLT. Anemia, thrombocytope-
nia, fatigue, nausea, anorexia, diarrhea, and peripheral sensory
neuropathy were seen frequently in levels 0 and �1. ORR was
30% in levels 0 and �1. Median progression-free survival and
median overall survival were 4.1 months (95% confidence inter-
val [CI], 0.0–8.9 months) and 13.7 months (95% CI, 4.8–
22.6 months), respectively.
Conclusion. MTD of OX-IRIS therapy was estimated to be
level 0, and the recommended dose (RD) for future trial
was level �1. The Oncologist 2021;26:e1675–e1682

DISCUSSION

In this phase I trial, we evaluated the safety and DLT of OX-
IRIS therapy. We determined the recommended dose to be
level �1 (oxaliplatin, 65 mg/m2; irinotecan, 100 mg/m2;
S-1, 80 mg/m2) (Fig. 1).
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Anemia was common in both level 0 and level �1; how-
ever, it did not exceed grade 3. In level 0, anorexia (80%) and
thrombocytopenia (60%) were also frequent. One patient
experienced grade 3 diarrhea and another grade 3 hypoglyce-
mia caused by anorexia and diarrhea in level 0; hence, we
decreased the dose to level�1. At this dose level, the adverse
events observed in more than 60% of the patients were nau-
sea, anorexia, and fatigue, all of which were manageable.
Although not at higher grades, hematological toxicities were
common and were of concern in this therapy. In this small
cohort, grade 3 nausea and anorexia were slightly more com-
mon, and appropriate supportive care was needed. However,
there were no extremely severe adverse events when com-
pared with previous reports of FOLFIRINOX therapy [1–4].

In this phase I trial, the ORR was 30%, and PFS and OS were
comparable to the previous data of FOLFIRINOX therapy [1–4].

When the investigator explained the trial therapy,
patients considered being pump-free an advantage and

agreed to participate in this trial. This regimen would be
more convenient not only for the patients but also for the
medical staff since, because S-1 is orally administered, it
does not necessitate the continuous infusion of 5-FU.

The development of a combination therapy involving
oxaliplatin, irinotecan, and S-1 has been previously
reported. Including our OX-IRIS regimen, it is not clear
which is the most suitable combination. These combina-
tions have manageable safety and promising anticancer
activities. The development of an optimal treatment with
efficacy and safety is a critical need for patients with PDAC.

The MTD of OX-IRIS therapy was estimated to be level
0 (oxaliplatin, 85 mg/m2; irinotecan, 100 mg/m2; S-1,
80 mg/m2), and the RD was determined to be level �1
(oxaliplatin, 65 mg/m2; irinotecan, 100 mg/m2; S-1, 80 mg/
m2) in the present phase I trial. We are now evaluating the
efficacy and safety in a phase II study of the OX-IRIS
therapy.

TRIAL INFORMATION

Disease Pancreatic cancer

Stage of Disease/Treatment Metastatic/advanced

Prior Therapy None

Type of Study Phase I, 3+3

Primary Endpoints Maximum tolerated dose, dose-limiting toxicity

Secondary Endpoints Safety, overall response rate, progression-free survival, overall
survival

Additional Details of Endpoints or Study Design

This trial was carried out as a multicenter phase I study at six institutions in Japan and fully complied with the Declaration of
Helsinki (2008). HGCSG 1403 trial was reviewed and approved by the Hokkaido University Hospital Research Ethics Commit-
tee and by the Ethics Board of each institution (Approval Number: 014-0235). The trial was registered with the University
Hospital Medical Information Network Clinical Trial Registry (UMIN000017002; http://www.umin.ac.jp/). Written informed
consent was obtained from all the patients before enrollment in the study. Personal identifiable information of any of the
participant in any form is not disclosed in this article.

The primary endpoints were the frequency of DLT and the estimation of MTD. This trial used a standard 3 + 3 design, and
we evaluated safety and tolerability in 3–6 cases of each level (Table 1 ). If one of the three patients experienced DLT, three

Figure 1. Flow chart of the HGCSG1403 trial. Five patients were treated at level 0 (oxaliplatin, 85 mg/m2; irinotecan, 100 mg/m2;
S-1, 80 mg/m2), and eight were at level �1 (oxaliplatin, 65 mg/m2; irinotecan, 100 mg/m2; S-1, 80 mg/m2). Two of five patients in
level 0 experienced DLT. In two of eight patients enrolled in level –1, it was impossible to evaluate DLT because one cycle could
not be completed. And one of remaining six patients in level –1 showed DLT.
Abbreviations: DLT, dose-limiting toxicity; MTD, maximum tolerated dose; pts, patients; RD, recommended dose.
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more were enrolled at the same dose level. The completion of one cycle was considered as the evaluation period of DLT.
We defined MTD as the highest dose with more of one-third expression of DLT within the DLT evaluation period. We also
defined the level under one stage of MTD (the level at which the expression of DLT was less than one-third) as rec-
ommended dose.

Adverse events (Tables 2, 3 ) were monitored and graded according to National Cancer Institute Common Terminology
Criteria for Adverse Events version 4.0. The following adverse drug reactions were defined as DLT:

Hematological toxicities Grade 4 leucopenia or neutropenia
Grade ≥3 thrombocytopenia
Grade ≥3 anemia
Grade ≥3 febrile neutropenia

Nonhematological toxicities Grade ≥3 nonhematological toxicities

A delay longer than 14 days in starting cycle 2 owing to adverse events

Dose reduction or discontinuation judged by the attending physician according to the toxicities associated with the
treatment

The secondary endpoints were the frequency of adverse events, ORR, PFS, and OS. The response was evaluated by the inves-
tigator according to RECIST version 1.1 every 6 weeks. PFS and OS were calculated using the Kaplan-Meier method by IBM
SPSS Statistics version 20.0 (IBM, Armonk, NY).

The key inclusion criteria were pathologically diagnosed invasive ductal carcinoma (adenocarcinoma or adenosquamous car-
cinoma), unresectable locally advanced, metastatic, or recurrent disease, 20–75 years of age, Eastern Cooperative Oncology
Group (ECOG) performance status of 0 or 1, no prior chemotherapy or radiotherapy for pancreatic cancer, measurable dis-
ease or nonmeasurable but evaluable disease, sufficient oral intake, and adequate organ functioning. For patients with
recurrence after adjuvant therapy, those who had received the last dose more than 6 months ago were allowed to be
enrolled. The key exclusion criteria were active second malignancy, UGT1A1 *6 or *28 homo variant or *6 and *28 double
hetero variant, grade ≥2 peripheral neuropathy, moderate ascites, pleural or pericardial effusion, intestinal pneumonitis or
pulmonary fibrosis, uncontrollable diarrhea, uncontrollable diabetes mellitus, and serious complications (organ failure,
active infection, ulcer, ileus, mental disorders, or central nervous system disorders).

Investigator’s Analysis Active and should be pursued further

DRUG INFORMATION

Oxaliplatin

Generic Name Oxaliplatin

Drug Type Platinum with antineoplastic activity

Drug Class Platinum compound

Dose 50–85 milligrams (mg) per squared meter (m2)

Route IV

Irinotecan

Generic Name Irinotecan

Drug Type Irinotecan hydrochloride hydrate

Drug Class Topoisomerase I

Dose 100–180 milligrams (mg) per squared meter (m2)

Route IV

S-1

Generic Name S-1

Drug Type Fluoropyrimidine with antineoplastic activity

Drug Class Antimetabolite

Dose 80 milligrams (mg) per squared meter (m2)

Route oral (p.o.)

Schedule of Administration For OX-IRIS therapy, oxaliplatin and irinotecan were adminis-
tered on day 1 and day 15. S-1 was administered orally twice a
day from day 1 to day 14, which was followed by 14 days of
rest, and this regimen constituted one cycle (Fig. 2).
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PATIENT CHARACTERISTICS

Number of Patients, Male 8

Number of Patients, Female 5

Stage Unresectable locally advanced, 4; Unresectable metastatic, 9

Age Median (range): 62 (49–70) years

Number of Prior Systemic Therapies Median (range): null

Performance Status: ECOG 0 — 9
1 — 4
2 — 0
3 — 0
Unknown — 0

Other Primary tumor site: Head, 7; Body and tail, 6
Histology: Adenocarcinoma, 13
Metastatic site: Liver, 7; Lymph node, 2; Lung, 1; Perito-
neum, 1
UGT1A1: Wild type, 10; *6 heterozygous, 1; *28 heterozy-
gous, 2

Cancer Types or Histologic Subtypes Pancreatic ductal adenocarcinoma, 13; Head of pancreas, 7;
Body and tail of pancreas, 6

PRIMARY ASSESSMENT METHOD

Title Dose-limiting toxicity

Number of Patients Screened 13

Number of Patients Enrolled 13

Number of Patients Evaluable for Toxicity 11

Number of Patients Evaluated for Efficacy 13

Evaluation Method National Cancer Institute Common Terminology Criteria for
Adverse Events version 4.0

Outcome Notes Five patients were treated at level 0 (oxaliplatin, 85 mg/m2;
irinotecan, 100 mg/m2; S-1, 80 mg/m2), and the median
number of treatment cycles received by them was 4 (range,
1–9). Eight patients were treated at level �1 (oxaliplatin, 65
mg/m2; irinotecan, 100 mg/m2; S-1, 80 mg/m2), and the
median number of treatment cycles was 2.5 (range, 1–6).

Two of the five patients in level 0 experienced DLT. Among
the first three patients, one had grade 3 diarrhea. Hence,
two more patients were enrolled in this level. The second
patient had grade 4 hypoglycemia caused by anorexia and
diarrhea. Because DLT was observed in two of the five
patients in level 0, we determined that MTD was reached in
level 0, and this trial was shifted to level �1.

In two of the eight patients enrolled in level �1, it was impos-
sible to evaluate DLT because one cycle could not be com-
pleted. One patient was not evaluable because ileus occurred
during the first cycle, and another was not evaluable because
retroperitoneal abscess occurred during the first cycle. The
first three patients did not exhibit DLT in level �1. Three
more patients were enrolled to determine RD in level �1.
One of the total six patients in level �1 showed DLT, which
was judged by the attending physician and the protocol treat-
ment was discontinued because of grade 2 nausea, anorexia,
fatigue, and gastric hemorrhage (Fig. 1).

No patients discontinued the protocol treatment owing to
adverse events, except for those who experienced DLT.
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Waterfall plot: Percentage best response is plotted. Best response of patients 1, 2, and 7 was progressive disease. Patient
7 had a new lesion. Best response of patients 3, 4, 5, and 6 was stable disease, and that of patients 8, 9, and 10 was partial
response.

Title Maximum tolerated dose

Number of Patients Screened 13

Number of Patients Enrolled 13

Number of Patients Evaluable for Toxicity 13

Number of Patients Evaluated for Efficacy 13

Evaluation Method National Cancer Institute Common Terminology Criteria for
Adverse Events version 4.0

Title Efficacy

Number of Patients Screened 13

Number of Patients Enrolled 13

Number of Patients Evaluable for Toxicity 13

Number of Patients Evaluated for Efficacy 13

Evaluation Method RECIST 1.1

Response Assessment CR n = 0 (0%)

Response Assessment PR n = 3 (30%)

Response Assessment SD n = 4 (40%)

Response Assessment PD n = 3 (30%)

(Median) Duration Assessments PFS 4.1 months, CI: 0.0–8.9

(Median) Duration Assessments OS 13.7 months, CI: 4.8–22.6

Outcome Notes Overall response rate was calculated in 10 patients who had
measurable lesions.

The median PFS was 4.1 months (95% CI, 0.0–8.9 months),
and the PFS rate at 6 months and 1 year were 38.5% and
15.4%, respectively (Fig. 3A). The median OS was
13.7 months (95% CI, 4.8–22.6 months), and the OS rate at
1 and 2 years were 53.8% and 24.6%, respectively (Fig. 3B).
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ADVERSE EVENTS

See Tables 2 and 3.

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion Study completed

Investigator’s Assessment Active and should be pursued further

Pancreatic adenocarcinoma (PDAC) was the seventh
leading cause of cancer death worldwide in 2018 [5]. Surgi-
cal resection is the only definitive treatment; however, early
detection is difficult, constituting approximately 20% of all
curatively resectable cases. Systemic chemotherapy is rec-
ommended in patients with locally advanced, distant
metastases, and postoperative recurrences that are not
amenable to curative resection. Nonetheless, the 5-year
overall survival (OS) rate remains under 10%, and median
survivals are <1 year.

Combination chemotherapies such as leucovorin, fluoro-
uracil, irinotecan, and oxaliplatin (FOLFIRINOX) and
gemcitabine (GEM) plus nab-paclitaxel have improved the
outcomes in patients with PDAC [1, 6]. In the ACCORD11
trial, FOLFIRINOX therapy showed substantial survival superi-
ority when compared with GEM monotherapy in patients
with untreated distant metastatic pancreatic cancer (PC) [1].
Hence, FOLFIRINOX has become one of the primary standard
treatments for unresectable PC. Although FOLFIRINOX is
effective, modified regimens have also been developed
because of the strong adverse events associated with this
therapy [2, 3]. The GEM plus nab-paclitaxel approach demon-
strated efficacy against PC in the MPACT trial [6] and serves
as another standard treatment option for PC.

In FOLFIRINOX therapy, the continuous intravenous infu-
sion of 5-fluorouracil (5-FU) and the placement of central
venous port are inconvenient and burdensome for the
patients as well as for the medical staff. This approach can
also cause infections and thrombosis related to catheter
placement. S-1 is an oral antineoplastic agent developed to
enhance the antitumor efficacy and alleviate the gastroin-
testinal toxicities of the therapy by combining gimeracil and
oteracil potassium with tegafur, a prodrug of 5-FU, to
increase the serum 5-FU levels [7, 8].

It is important to develop a comparable and more con-
venient alternative for FOLFIRINOX. OX-IRIS therapy
employs a combination of oxaliplatin, irinotecan, and S-1.
This strategy is beneficial for patients and medical staff
because it does not require the continuous infusion of 5-FU
since S-1 is administered orally. We planned this phase I
trial to evaluate the potential for OX-IRIS therapy to serve
as a new standard treatment for the disease.

Diarrhea has been reported to be more common with
IRIS therapy than with FOLFIRI therapy in the FIRIS study
with colorectal cancer [9]. In addition, diarrhea of IRIS/
therapy has been reported slightly more often in the
TRICOLORE study with colorectal cancer [10]. Based on
these results, we were concerned that diarrhea with OX-
IRIS therapy would increase compared with FOLFIRINOX

therapy before the start of this trial. Using the TRICOLORE
trial as a reference, the dose of irinotecan in this trial was
set at 100 mg/m2. As a consequence, the incidence of diar-
rhea was not more than 50% in all grades, and it was 0% in
grade ≥3 in the recommended dose (RD).

Efficacy could also be expected in this therapy. In this
phase I trial, the overall response rate was 30%, and
progression-free survival and overall survival were compa-
rable to the previous data of FOLFIRINOX therapy [1–4].

There are some limitations in this trial. First, the sample
size was small because it was a phase I trial. Both safety
and efficacy will be evaluated with more cases in phase II
trials. Second, the optimal combination of oxaliplatin,
irinotecan, and S-1 is not yet known. The development of a
combination therapy involving oxaliplatin, irinotecan, and
S-1 has been previously reported. In the SOXIRI regimen,
patients received S-1 for 2 weeks on alternate days and
irinotecan and oxaliplatin on day 1 of a 2-week cycle. The
RD was reported to be 80 mg/m2 of S-1, 85 mg/m2 of
oxaliplatin, and 150 mg/m2 of irinotecan [11]. Another,
S-IROX regimen consisted of S-1 orally from day 1 to day
7 and irinotecan and oxaliplatin on day 1, every 2 weeks for
one cycle. The RD was found to be 80 mg/m2 of S-1,
150 mg/m2 of irinotecan, and 85 mg/m2 of oxaliplatin [12].
Including our OX-IRIS regimen, it is not clear which is the
most suitable combination.
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FIGURES AND TABLES

Table 1. Dose modification of this trial

Dose level Oxaliplatin (mg/m2) Irinotecan (mg/m2) S-1a (mg/day)

Level �2 50 100 80–120

Level �1 65 100 80–120

Level 0
(initial dose)

85 100 80–120

Level +1 85 120 80–120

Level +2 85 150 80–120

Level +3 85 180 80–120

aThe dose of S-1 is determined according to the body surface area (<1.25 m2, 80 mg/day; ≥1.25 to <1.5 m2, 100 mg/day; ≥1.5 m2, 120 mg/day).

Table 2. Adverse events at level 0 (n = 5)

Adverse event
All grades,
n (%)

Grade ≥ 3,
n (%)

Leucopenia 2 (40) 0 (0)

Neutropenia 2 (40) 0 (0)

Thrombocytopenia 3 (60) 0 (0)

Anemia 5 (100) 0 (0)

Febrile neutropenia — 0 (0)

AST increased 3 (6) 0 (0)

ALT increased 3 (6) 1 (20)

Blood bilirubin increased 0 (0) 0 (0)

Creatinine increased 0 (0) 0 (0)

Nausea 2 (40) 0 (0)

Anorexia 4 (80) 0 (0)

Fatigue 5 (100) 0 (0)

Diarrhea 4 (80) 1 (20)

Peripheral sensory
neuropathy

4 (80) 0 (0)

Abbreviations: —, not applicable; AST, aspartate aminotransferase;
ALT, alanine aminotransferase.

Table 3. Adverse events at level � 1 (n = 8)

Adverse event
All grades,
n (%)

Grade ≥ 3,
n (%)

Leucopenia 4 (50) 1 (12.5)

Neutropenia 2 (25) 1 (12.5)

Thrombocytopenia 3 (37.5) 0 (0)

Anemia 8 (100) 0 (0)

Febrile neutropenia — 0 (0)

AST increased 3 (37.5) 0 (0)

ALT increased 3 (37.5) 0 (0)

Blood bilirubin increased 0 (0) 0 (0)

Creatinine increased 0 (0) 0 (0)

Nausea 5 (62.5) 1 (12.5)

Anorexia 5 (62.5) 2 (25)

Fatigue 6 (75) 0 (0)

Diarrhea 4 (50) 0 (0)

Peripheral sensory
neuropathy

2 (25) 0 (0)

Abbreviations: —, not applicable; ALT, alanine aminotransferase;
AST, aspartate aminotransferase.
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Click here to access other published clinical trials.

Figure 2. Study treatment. OX-IRIS treatment consists of 28-day cycles with escalated dose of oxaliplatin (50–85 mg/m2 on day
1 and day 15), irinotecan (100–180 mg/m2 on day 1 and day 15), and S-1 (80 mg/m2/day on days 1–14).

Figure 3. PFS and OS in the HGCSG1403 trial. (A): PFS. (B): OS. Median PFS was 4.1 months (95% CI, 0.0–8.9 months) and median
OS was 13.7 months (95% CI, 4.8–22.6 months) in all 13 patients.
Abbreviations: CI, confidence interval; mOS, median overall survival; mPFS, median progression-free survival.
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