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Figure 2. Kaplan-Meier curves for (A) progression-free survival assessed with RECIST and (B) overall survival. SOX, S-1 plus oxaliplatin; CS, cisplatin plus
S-1; HR, hazard ratio; CI, confidence interval. Data cut off for PES was on 1 June 2012 and that for OS was on 16 April 2013 .

SOX provided considerable advantages in safety over CS:
>grade 3 neutropenia and febrile neutropenia were more fre-
quently observed in CS. All grades of diarrhea, stomatitis,
nausea, anorexia, and renal impairment developed more com-
monly in CS. SOX was safer particularly in patients >70 years

with Cer <70 ml/min with respect to febrile neutropenia. In
patients with compromised renal function, the decreased
renal clearance of gimeracil (a dehydropyrimidine dehydro-
genase inhibitor and a component of S-1) increases blood
5-FU concentrations and causes severe adverse effects. Renal
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Variables N Hazard ratio (95% Cl) P, sraction
Gender
Male 476 0.987 (0.807-1.207)  0.362
Female 165 0.818 (0.578-1.157)
Age (years)
<70 442 0.967 (0.785-1.191)  0.727
>70 199 0.908 (0.662—1.247)
ECOG performance status
0 451 0.826 (0.668-1.022)  0.023
1 183 1.338 (0.975-1.821)
2 7 0.965 (0.170-5.483)
Tumor status
Unresectables 533 0.984( 0.817-1.186)  0.709
Recurrent (adjuvant+) 54 = 0.492 (0.242-1.002)
Recurrent (adjuvant-) 54 — T 1.290 (0.643-2.587)
Tumor histology
Intestinal 290 1.085 (0.833-1.415)  0.159
Diffuse 351 0.848 (0.672-1.069)
Primary tumor
No 146 0.730 (0.485-1.099) 0.141
Yes 495 1.016 (0.837-1.232)
Liver metastasis
No 388 0.916 (0.729-1.150)  0.603
Yes 253 1.029 (0.784-1.351)
Lung metastasis
No 571 0.971 (0.807-1.168)  0.346
Yes 70 0.752 (0.443-1.276)
Peritoneal metastasis
No 516 1.031 (0.849-1.252)  0.032
Yes 125 — 0.646 (0.433-0.964)
Number of metastases )
1or2 479 0.971 (0.791-1.192)  0.495
23 162 0.850 (0.610-1.183)
Sum of tumor diameter
<median? 320 0.928 (0.715-1.204)  0.962
>median 321 0.936 (0.740-1.183)
ALP (IUL)
<median® 320 0.942 (0.733-1.211)  0.967
>median 321 0.934 (0.733-1.190)
Total 641 0.943 (0.792-1.122)
T T T T T 11717 T T
0.1 0.2 0.5 1.0 2.0 5.0 6.0
Favors SOX Favors CS

Figure 3. Subgroup analyses of overall survival. SOX, S-1 plus oxaliplatin; CS, cisplatin plus S-1; CI, confidence interval; ECOG, Eastern Cooperative
Oncology Group. *Median of sum of tumor diameter: 76.5 mm. "Median of ALP: 258 IU/L.

function is likely impaired during treatment with a cisplatin-
containing regimen, even when adequate hydration to prevent
renal toxicity is provided, while oxaliplatin does not affect
renal function. These were the probable reasons underlying
the favorable results of SOX in elderly patients or patients
with renal dysfunction. As expected, the incidence of periph-
eral sensory neuropathy was higher in SOX. Nonetheless,
50% of patients in SOX received a second-line chemotherapy
regimen containing taxanes, suggesting that the peripheral
sensory neuropathy induced by oxaliplatin did not clinically
hinder the administration of subsequent taxanes-containing
chemotherapy.

S-1 has been available for AGC in European and Asian coun-
tries. The pharmacokinetics and toxicities of S-1 are different
among Caucasian and Asian patients [15, 16]. A couple of the
causes are considered as follows; first, the activity of CYP2A6
which is converted to 5-FU from tegafur not only in the liver

but also in intestinal mucosa; second, the effect of food intake
on the metabolism of oxonic acid which should be localized in
the intestinal mucosa and protects mucosal injury by 5-FU, and
is converted to cyanuric acid (CA) by gastric juice; third, the dif-
ference of folic acid levels in diet among Caucasians and Asians.
The larger AUCs of 5-FU and CA in Caucasians than Asians
were correlated to the higher incidence of diarrhea by S-1.
The oral dosing of S-1 before meal might be one of solutions
for avoiding severe diarrhea especially for Caucasians. If dose
of S-1 is adequately adjusted by toxicities with enough patient
education and self-management, SOX provides considerable
improved safety without compromising efficacy for AGC in
Caucasians as well.

During the study period, we did not test HER2 expression in
tumors and could not know its exact influence on our results.
The proportion of patients who received trastuzumab after the
study treatment was small (<10%) and similar in both groups.
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Table 2. Multivariate analysis for overall survival

Variables Category

95% CIL B*

Regimen SOX (versus CS)

Gender Male (versus female)

Age (years) >70 (versus <70)

ECOG performance status 1, 2 (versus 0)

Disease status Recurrent (versus unresectable)
Tumor histology Diffuse (versus intestinal)
Peritoneal metastasis Yes (versus no)

Sum of tumor diameter” >Median® (versus <median)
ALP >Median® (versus <median)

0.802-1.138 0.61
0.904-1.357 0.32
0.762-1.119 0.42
1.328-1.935 <0.0001
0.451-0.767 0.0001
1.151-1.649 0.0005
0.878-1.377 ‘ 041
1.195-1.728 0.0001
0.916-1.315 031

Multivariate analyses showed that ECOG performance status (1, 2), unresectable, diffuse-type, and sum of tumor diameter (>median) correlated with
poor prognosis in overall survival.
“Wald test.

bSum of tumor diameter, according to the Response Evaluation Criteria In Solid Tumors version 1.0.

“Median of sum of tumor diameter : 76.5 mm.
dMedian of ALP: 258 IU/L

HR, hazard ratio; CI, confidence interval; SOX, S-1 plus oxaliplatin; CS, cisplatin plus S-1; ECOG, Eastern Cooperative Oncology Group; ALP, alkaline

phosphatase.

Table 3. Treatment-related adverse events

SOX (N =338)

CS (N=335)

Any >Grade 3

Any >Grade 3 >Grade 3

Hematological
Leukopenia ) 205 14
Neutropenia 233 66
Anemia 187 51
Thrombocytopenia 265 34
Nonhematological
Febrile neutropenia 0.9
Total bilirubin 38.8
AST 60.7
ALT 40.2
Creatinine 8.9
Hyponatremia 21.9
Diarrhea 482
Nausea 61.5
Vomiting 349
Stomatitis C 322
Anorexia 74.6
Fatigue 57.7
Sensory neuropathy 85.5

248 0.0002 <0.0001
266 0.0019 <0.0001
247 <0.0001 <0.0001
232 0.0069 0.87

23 4 5 <0.0001 <0.0001
80 . <0.0001 0.17
77 4 . <0.0001 0.11
80 3 ! <0.0001 0.052
132 6 s <0.0001 0.056
154 <0.0001 <0.0001
196 : 0.0075 0.33
231 ; 0.043 0.98
0.87 0.25
138 4 ¥ 0.016 0.75
271 0.048 0.28
203 s 0.44 0.29
79 <0.0001 <0.0001

Data are presented as 1 (%).

2? test; comparing frequency of adverse events of any grades, and grade 3 or higher.

SOX, S-1 plus oxaliplatin; CS, cisplatin plus S-1; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Therefore, trastuzumab treatment would not seem to impact on
comparing OS between both groups.

In conclusion, SOX was as effective as CS for AGC. Generally,
SOX was less toxic and more convenient clinically, in which
forced hydration is not needed unlike cisplatin, than CS. SOX
can thus replace CS in the first-line treatment of AGC.
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Abstract

Purpose The FIRIS study previously demonstrated non-
inferiority of IRIS (irinotecan plus S-1) to FOLFIRI (5-fluoro-
uracil/leucovorin with irinotecan) for progression-free survival
as the second-line chemotherapy for metastatic colorectal
cancer (mCRC) as the primary endpoint. The overall survival
(OS) data were immature at the time of the primary analysis.
Methods Between 30 January 2006 and 29 January 2008,
426 patients with mCRC who failed in first-line chemotherapy
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were randomly assigned to receive either FOLFIRI or IRIS.
After the primary analysis, the follow-up survey was cut off on
29 July 2010, and the final OS data were analysed.

Results With a median follow-up of 39.2 months, the
median OS was 17.4 months in the FOLFIRI group and
17.8 months in the IRIS group [hazard ratio (HR) 0.900;
95 % confidence interval (CI) 0.728-1.112]. In the pre-
planned subgroup of patients who received prior chem-
otherapy containing oxaliplatin, the median OS was
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12.7 months in the FOLFIRI group and 15.3 months in the
IRIS group (HR 0.755; 95 % CI 0.580-0.983).
Conclusions IRIS is non-inferior to FOLFIRI for OS
as second-line chemotherapy for mCRC. IRIS can be an
option for second-line chemotherapy of mCRC. (Clinical-
Trials.gov Number: NCT00284258).

Keywords Colorectal cancer - FIRIS - Irinotecan -
IRIS - S-1
Introduction

At present, the combination of 5-fluorouracil (5-FU)/leu-
covorin (LV) with either oxaliplatin (FOLFOX) or irinote-
can (FOLFIRI) is the mainstream chemotherapy for meta-
static colorectal cancer (mCRC) worldwide (O’Neil and
Goldberg 2008; National Comprehensive Cancer Network
2014a, b; Tournigand et al. 2004).

In Japan, FOLFOX or FOLFIRI is widely used as the
first-line or second-line chemotherapy for mCRC. How-
ever, infusional 5-FU-based regimens such as FOLFOX or
FOLFIRI are inconvenient because continuous infusion and
implantation of an intravenous port system are required.
In addition, their use is sometimes complicated by cath-
eter-related infections and thrombosis. Replacement of
infusional 5-FU with an oral anticancer drug may be con-
venient and reduce the burden on patients and healthcare
professionals.

In Japan, oral S-1 has been widely used for the treat-
ment of gastrointestinal cancers. In phase 2 studies
of IRIS combining S-1 and irinotecan for mCRC, the
response rates ranged from 52.5 to 62.5 %, and the median
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progression-free survival (PES) was 7.8-8.6 months, sug-
gesting that IRIS may have comparable efficacy to FOL-
FIRI as a first-line therapy (Goto et al. 2006; Komatsu et al.
2011; Tsunoda et al. 2009; Komatsu et al. 2010: Shiozawa
et al. 2010).

The FIRIS study is a phase 3 randomised study to inves-
tigate the non-inferiority of IRIS to FOLFIRI, which is a
standard second-line chemotherapy for mCRC after fail-
ure of fluoropyrimidine chemotherapy with or without
oxaliplatin. In the primary analysis, the median PFS was
5.1 months in the FOLFIRI group and 5.8 months in the
IRIS group [hazard ratio (HR) 1.077; 95 % confidence
interval (CI) 0.879-1.319], demonstrating the non-inferi-
ority of IRIS to FOLFIRI (Muro et al. 2010). Thereafter,
in the ESMO Consensus Guidelines for management of
patients with colon and rectal cancer, IRIS is listed in the
table of the treatment options (Schmoll et al. 2012). How-
ever, the survival data of the FIRIS study were immature.
In this paper, an updated analysis focusing on overall sur-
vival (OS) is reported.

Patients and methods
Study design and treatment

This randomised, open-label, phase 3 study of second-line
chemotherapy for patients with mCRC was conducted at 40
institutions in Japan (see “Appendix”). The eligibility crite-
ria and design were described in detail in a previous report
(Muro et al. 2010).

The patients were centrally randomised to receive either
FOLFIRI or IRIS using the minimisation method with
stratification by institution, prior therapy (with oxalipl-
atin vs. without oxaliplatin), and performance status (PS;
0 vs. 1). In the FOLFIRI group, the patients received [-LV
(200 mg/mz) and irinotecan (150 mg/mz) followed by a
bolus injection of 5-FU (400 mg/mz) on day 1, and then
continuous infusion of 5-FU (2,400 mg/mz) over 46 h,
repeated every 2 weeks (4 weeks counted as one course).
The dose of irinotecan (150 mg/m?) given to the FOLFIRI
group is the upper limit of the approved dose in Japan (Fuse
et al. 2008). The IRIS group received irinotecan (125 mg/
m?) on days 1 and 15 and S-1 [40-60 mg/body, based on
the body surface area (BSA): BSA < 1.25 m?, 40 mg/body;
1.25 m* < BSA < 1.5 m?, 50 mg/body; BSA > 1.5 m?,
60 mg/body] twice daily for 2 weeks followed by 2 weeks
of rest, based on the results of the phase 2 study (Goto et al.
2006). The treatment was continued until one of the follow-
ing events occurred: disease progression (PD); unaccepta-
ble toxicity; or patient’s refusal to continue treatment.

The primary objective of the study was to demon-
strate the non-inferiority of IRIS to FOLFIRI for PFS.



J Cancer Res Clin Oncol

The secondary endpoints included OS, response rate, and
safety. In addition, pre-planned subgroup analyses were
performed.

The protocol of the study was approved by the institu-
tional review board or ethics committee and was conducted
in compliance with the Declaration of Helsinki and Japa-
nese ethical guideline for clinical studies. Written informed
consent was obtained from all patients participating in the
study.

Study assessments

Physical examinations and laboratory tests were performed
at baseline and repeated at least every 2 weeks during the
treatment. Tumours were assessed at baseline (within
1 month before enrolment), 2, 3, and 4 months after enrol-
ment, and every 2 months thereafter until progression.
Progression was defined when any of the following three
events occurred: (1) PD based on the response evaluation
criteria in solid tumours (RECIST) version 1.0; (2) clini-
cal progression judged by the investigator; or (3) death
from any cause without progression. PES was calculated
from the date of randomisation to the date of the events
described above.

OS was calculated from the date of randomisation to the
date of death from any cause. Surviving patients, including
those lost to follow-up, were censored at the date of last
confirmation of survival. Toxicity was evaluated based on
the Common Terminology Criteria for Adverse Events ver-
sion 3.0 (CTCAE v3.0).

Statistical analysis

The intent-to-treat (ITT) population consisted of all ran-
domised patients, and the per-protocol set (PPS) population
was defined as the ITT population excluding patients who
violated protocols to a considerable extent, including major
protocol inclusion/exclusion criteria or treatment protocols.

The primary endpoint of PFS was assumed to be
4 months in both groups. By defining a 1-month shorter
PFS with IRIS than with FOLFIRI as the acceptance limit
for non-inferiority, which was also the minimum difference
detected by monthly image examinations, a non-inferiority
margin of 1.333 was selected. After the required number
of events was calculated with a one-sided « of 0.025 and
a power of 80 %, a target sample size of 400 patients was
selected.

For the primary endpoint of PFS and the secondary end-
point of OS, the HR for IRIS to FOLFIRI and its 95 % CI
were calculated to show the non-inferiority of IRIS to FOL-
FIRI, respectively. Furthermore, Bayesian analyses were
carried out to assess the robustness of these preliminary
results. Post hoc analyses for posterior probabilities with

log HR within the range of 1.333—1.15 (a stricter threshold)
were performed (Spiegelhalter et al. 1994).

For the primary analysis, the collection of the primary
endpoint PFS data was cut off on 31 December 2008 and
the number of confirmed events was 389 (Muro et al.
2010). The final analysis was performed on 29 July 2010
(2.5 years after the last patient was enrolled, as pre-speci-
fied in the protocol).

Subgroup analyses were pre-planned to determine
whether therapeutic efficacy interacted with sex, age, his-
tological type, PS, and prior chemotherapy with or with-
out oxaliplatin. PFS and OS were estimated using the
Kaplan—-Meier method. The 95 % CI for the median PFS
and OS was calculated using the method of Brookmeyer
and Crowley (Brookmeyer and Crowley 1982). All p val-
ues were two-sided. All statistical analyses were performed
using SAS version 8.2 (SAS Institute, Cary, NC, USA).
This study is registered with ClinicalTrials.gov (Number:
NCT00284258).

Results
Patient populations

A total of 426 patients from 40 institutions in Japan were
enrolled from January 2006 to January 2008, and ran-
domised to receive either FOLFIRI or IRIS (n = 213 in
each group; Fig. 1). The PPS population consisted of 203
patients in the FOLFIRI group and 198 in the IRIS group.
All patients who received a study treatment [FOLFIRI
(n = 211) and IRIS (n = 210)] were included in the safety
evaluation. The baseline characteristics were well balanced
between the two groups, as previously reported (Muro et al.
2010).

Treatment

The median number of courses of the protocol treatment
was 4.0 (range 1-27) and 4.0 (range 1-23) in the FOLFIRI
and IRIS groups, respectively. The median dose inten-
sity relative to the planned dose intensity was irinotecan
78.3 %, bolus 5-FU 76.9 %, and infusional 5-FU 81.5 %
in the FOLFIRI group, and irinotecan 78.3 % and S-1
88.9 % in the IRIS group. Treatments were discontinued
because of PD in 71.8 % of the FOLFIRI group (n = 153)
and 67.1 % of the IRIS group (n = 143). Treatment dis-
continuation owing to adverse events was more frequently
observed in the IRIS group (n = 49, 23.0 %) than in the
FOLFIRI group (n = 28, 13.1 %). Overall, 179 (84.8 %)
patients in the FOLFIRI group and 184 (87.6 %) patients
in the IRIS group required at least one dose delay or
dose reduction at some point during the treatment course.
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Fig. 1 Consort diagram. IRIS
irinotecan plus S-1, FOLFIRI
infusional 5-fluorouracil, folinic
acid, and irinotecan
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Third-line chemotherapy after failure of the protocol treat-
ment in the second-line therapy was given to 168 (78.9 %)
patients in the FOLFIRI group and 153 (71.8 %) patients
in the IRIS group. In these patients, molecularly targeted
agents were concomitantly used in 58 (27.2 %) patients
(bevacizumab, 45; cetuximab, 17) in the FOLFIRI group
and 52 (24.4 %) patients (bevacizumab, 38; cetuximab, 16)
in the IRIS group, and no marked difference in the use of
these agents was evident between the two groups (Table 1).

Overall survival

As of 29 July 2010 when the data collection was finally
cut off, 352 deaths (FOLFIRI, 178; IRIS, 174) were con-
firmed with a median follow-up of 39.2 months. A total of
125 censored cases resolved from the last cut-off that we
reported. The median OS was 17.4 months in the FOLFIRI
group and 17.8 months in the IRIS group (HR 0.900; 95 %
CI 0.728-1.112; p = 0.003 for a non-inferiority margin of
1.333; Fig. 2a). In the PPS population, the median OS was
17.4 months in the FOLFIRI group and 17.4 months in the
IRIS group (HR 0.905; 95 % CI 0.728-1.126). The Bayes-
ian posterior probabilities that the HR of IRIS relative to
FOLFIRI would be <1.333 and <1.15 were calculated to be
>99.9 % and >98.7 %, respectively.

Progression-free survival

When the data collection was finally cut off, 412 events
including an increase of 23 events from the primary
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Table 1 Cancer treatment after discontinuation of the study treatment

Treatment FOLFIRI IRIS
n (%) n (%)
No 45 (21.1) 60 (28.2)
Yes 168 (78.9) 153 (71.8)
Bevacizumab
FOLFOX + bevacizumab 33 (15.5) 29 (13.6)
FOLFIRI + bevacizumab 19 (8.9) 12 (5.6)
5-FU/LV + bevacizumab 8 (3.8) 6 (2.8)
Cetuximab
FOLFIRI + cetuximab 0(0) 1(0.5)
Irinotecan + cetuximab 16 (7.5) 13 (6.1)
FOLFOX 60 (28.2) 61 (28.6)
FOLFIRI 9(4.2) 25 (11.7)
5-FU/LV 7(3:3) 10 (4.7)
Irinotecan 8 (3.8) 20 (9.4)
S-1 35(16.4) 7(3.3)
Irinotecan + S-1 16 (7.5) 3(14)
Operation 12 (5.6) 11 (5.2)
Radiation therapy 29 (13.6) 18 (8.5)
Other 48 (22.5) 45 (21.1)

FOLFIRI infusional 5-fluorouracil, folinic acid, and irinotecan, IRIS
irinotecan plus S-1, FOLFOX 5-fluorouracil, LV, and oxaliplatin, 5-
FU 5-fluorouracil, LV leucovorin

analysis were confirmed. The median PFS was 5.1 months
in the FOLFIRI group and 5.8 months in the IRIS group.
In the ITT population, the HR for IRIS to FOLFIRI was
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Fig.2 OS (a) and PFS (b) in the intention-to-treat population. RIS
irinotecan plus S-1, FOLFIRI infusional 5-fluorouracil, folinic acid,
and irinotecan, HR hazard ratio, CI confidence interval

1.058 (95 % CI 0.869-1.289; p = 0.022) and consistent
with the primary analysis (Fig. 2b). In the PPS population,
the median PFS was 5.1 months in the FOLFIRI group and
5.7 months in the IRIS group (HR 1.035; 95 % CI 0.843—
1.271), being consistent with the primary analysis.

Subgroup analyses

Figure 3 shows the results of the subgroup analyses for OS.
Except for the interaction of prior chemotherapy containing
oxaliplatin (yes vs. no) and therapeutic effect, no interac-
tion was observed between sex (male vs. female), age (<65
vs. 65-75 years), histological type (adenocarcinoma, well
differentiated vs. moderately differentiated vs. poorly dif-
ferentiated), or PS (0 vs. 1), and the therapeutic effect of
IRIS was comparable to that of FOLFIRI.

In the subgroups of patients treated with FOLFIRI
(n = 128) or IRIS (n = 129) who had received prior
chemotherapy containing oxaliplatin, the median OS was
15.3 months in the IRIS group and 12.7 months in the FOL-
FIRI group (adjusted HR 0.755; 95 % CI 0.580-0.983);

showing better survival in the IRIS group than in the FOL-
FIRI group (Fig. 4a). On the other hand, in the subgroups
of patients treated with FOLFIRI (n = 85) or IRIS (n = 84)
who had received prior chemotherapy without oxaliplatin,
the median OS was more favourable in the FOLFIRI group
than in the IRIS group (26.9 vs. 23.6 months; adjusted HR
1.229; 95 % CI 0.866-1.745) (Fig. 4b).

Safety

The results of the updated safety analysis were very simi-
lar to those previously reported (Muro et al. 2010). Briefly,
specific adverse events were haematological toxicity (grade
3 or 4 neutropenia), which was observed in 52.1 % of the
FOLFIRI group and 36.2 % of the IRIS group, and non-
haematological toxicity (grade 3 diarrhoea), which was
observed in 4.7 % of the FOLFIRI group and 20.5 % of the
IRIS group. One treatment-related death from hypotension
caused by shock was reported in the FOLFIRI group within
28 days after the end of the protocol treatment, while no
treatment-related deaths were reported in the IRIS group.

Discussion

We conducted a phase 3 randomised study to compare
FOLFIRI and IRIS as second-line chemotherapies for
patients with mCRC. The primary analysis demonstrated
the non-inferiority of IRIS to FOLFIRI for PFS as the
primary endpoint. The secondary endpoints of OS and
response rate were also equivalent between the two groups
(Muro et al. 2010), but the data were immature with many
cases censored at the primary analysis. In this updated anal-
ysis, data obtained 2.5 years after the end of the enrolment
period (as pre-specified in the protocol) were included.
The non-inferiority of IRIS to FOLFIRI for PFS as the
primary endpoint was re-confirmed, and non-inferiority
for OS was also demonstrated. In addition, the probabili-
ties of HR < 1.333 and HR < 1.15, which are stricter non-
inferiority margins for OS, were estimated to be >99.9 and
>98.7 %, respectively, using Bayesian analyses. Our study
results are highly robust.

When our study was started, FOLFOX was already one
of the standard treatments worldwide, but oxaliplatin had
just been launched and was rarely used in an adjuvant set-
ting in Japan. Actually, 85 (39.9 %) patients in the FOL-
FIRI group and 84 (39.4 %) patients in the IRIS group had
received prior chemotherapy without oxaliplatin. Most of
these patients received prior chemotherapy in an adjuvant
setting including tegafur-uracil with or without LV (27
patients in the FOLFIRI group and 32 in the IRIS group)
or 5-FU/LV (11 patients in the FOLFIRI group and 7 in the
IRIS group).
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Fig. 3 Subgroup analyses of OS and PES in the intention-to-treat (ITT) population. /RIS irinotecan plus S-1, FOLFIRI infusional 5-fluorouracil,

folinic acid, and irinotecan

In the subgroup of patients who had received prior oxali-
platin, the adjusted HR for OS of IRIS to FOLFIRI was
0.755 (95 % CI 0.580-0.983), suggesting that IRIS might
prolong the survival of patients who failed in first-line
chemotherapy with oxaliplatin-containing regimens, com-
pared with FOLFIRI. On the other hand, in the subgroup
of patients who had received prior chemotherapy without
oxaliplatin, the median OS was longer in the FOLFIRI group
than in the IRIS group (adjusted HR 1.229; 95 % CI 0.866—
1.745). Interactions between prior chemotherapy and thera-
peutic effects in the two groups may need to be considered.

There are some possible reasons for the interactions.
Resistance to 5-FU/LV shared by patients receiving first-
line FOLFOX and second-line FOLFIRI may be overcome
to some extent by the dihydropyrimidine dehydrogenase
(DPD) inhibitor contained in S-1. On the other hand, it
is also speculated that cross-resistance to DPD inhibi-
tory agents may be partly overcome by bolus 5-FU/LV in
patients receiving FOLFIRI (Baba et al. 2012), considering
the fact that many patients in the subset without prior oxali-
platin received adjuvant chemotherapy with DPD inhibi-
tory agents as a prior therapy. However, further studies,
including basic studies, are needed to clarify this finding.
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In recent phase 3 trials of molecularly targeted agents
used in second-line chemotherapy regimens, the median
OS was reported to be 10.7-14.5 months in groups treated
with anti-EGFR antibodies. The survival data in the pre-
sent study seemed to be consistent with the survival data in
these recent studies of molecularly targeted agents (Sobrero
et al. 2008; Peeters et al. 2010).

In conclusion, this study has demonstrated that IRIS is
non-inferior to FOLFIRI not only for PFS, but also for OS
as second-line chemotherapy for mCRC. Thus, IRIS should
be considered as a treatment option. In particular, IRIS may
be a favourable regimen for patients previously treated with
chemotherapy containing oxaliplatin. To further improve
the outcome, future studies of both first-line and second-
line therapies are warranted to evaluate IRIS in combina-
tion with molecularly targeted agents such as bevacizumab,
cetuximab, and panitumumab.

Acknowledgments We thank all of the patients, their families, and
the institutions involved in this study (see “Appendix”). The authors
also thank Yuh Sakata, Yasuo Ohashi, and Nobuyuki Yamamoto for
the Independent Data Monitoring Committee, and Atsushi Ohtsu, Yas-
uaki Arai, and Junji Tanaka for the Independent Central Review Com-
mittee for their contributions to this report. The authors dedicate this



