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Abstract

Purpose A combination of irinotecan with continuous
infusional 5-fluorouracil (5-FU) is the standard treatment
for advanced colorectal cancer. The aim of this study was
to determine the efficacy and safety of combining irino-
tecan and S-1 (IRIS) in patients with advanced colorectal
cancer.

Methods Irinotecan was administered as an intravenous
infusion at a dose of 120 mg/m? on day 1 and 15. And S-1
was administered orally on days 1-14 of a 28-day cycle.
S-1 was given orally at a dose that did not exceed 40 mg/m?
based BSA: BSA < 1.25m?2, 40 mg twice daily; 1.25-
1.5 m2, 50 mg twice daily, and BSA > 1.5 mz, 60 mg twice
daily, for 14 consecutive days.

Results A total of 38 patients were enrolled. An intent-to-
treat analysis showed a complete response and partial
response to occur in 13.2% and 50.0%, respectively. The
disease control rate was 84.2%. The median progression-
free survival and overall survival were 10.0 months and
29.1 months, respectively. The rates of grade 3/4 toxicity
over 4 cycles were the following: neutropenia, 15.8%; leu-
copenia, 7.9%; anorexia, 15.8%; diarrhea, 10.5%. Conclu-
sion: IRIS is an effective, well tolerated and convenient
treatment regimen for patients with advanced colorectal
cancer.
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Introduction

5-fluorouracil (5-FU) is the key drug for the treatment of
advanced colorectal cancer. It is used with other drugs,
such as leucovorin and irinotecan, to increase effectiveness
of anticancer drugs. A recent study shows the excessive
toxicity when bolus 5-FU, leucovorin, and irinotecan are
combined [I, 2]. An infusional 5-FU regimens offer
efficacy and safety benefits over bolus intravenous adminis-
tration [3, 4]. A combination of irinotecan and continuous
intravenous infusional 5-FU and leucovorin as the first-line
treatment provides a survival benefit in patients with
advanced colorectal cancer [5-9]. However, the administra-
tion of infusional 5-FU is associated with more complica-
tions, discomfort, and inconvenience because of the need
for central venous access and portable infusion pumps
[10, 11]. Therefore, new oral fluoropyrimidine agents, such
as S-1, UFT (uracil/tegafur), and Capecitabine, are admin-
istered instead of infusional 5-FU to avoid such complica-
tions.

S-1 is an oral fluoropyrimidine preparation. It is an anti-
cancer that might replace 5-FU. It is a novel oral fluoroura-
cil antitumor drug that contains a combination of 3
pharmacological agents : tegafur (FT), a 5-fluorouracil
(5-FU) prodrug, 5-chloro-2,4-dihydroxypyridine (CDHP),
which inhibits the activity of dihydropyrimidine dehydro-
genase (DPD), and potassium oxonate (Oxo), which reduces
the gastrointestinal toxicity of 5-FU [12]. The convenient
oral route of administration, antitumor activity, and improved
toxicity profile in comparison to intravenous 5-FU together
makes S-1 an attractive option for combining it with intra-
venous irinotecan in the treatment of advanced colorectal
cancer [13].

This current study was designed to be a phase II trial to
evaluate the safety and clinical efficacy of combining S-1
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orally and irinotecan in patients with advanced or meta-
static colorectal cancer. Bi-weekly irinotecan schedules
were selected based on the results of the phase I trial [14].
S-1 was administered for 2 weeks on with 2-weeks rest
period, and then both irinotecan and S-1 were thereafter
repeated every 4 weeks.

Patients and methods
Patient eligibility

This was a non-randomized, open-label, phase II study, per-
formed at Kanagawa Cancer Center, Yokohama, Japan. All
patients entered in this study had histologically confirmed
advanced or metastatic colorectal cancer. Eligibility criteria
included age 20-75, estimated life expectancy of more than
16 weeks, Eastern Cooperative Oncology Group (ECOG)
performance status 0, and adequate hematological (absolute
white blood cell count >3,000/mm>, neutrophil count >
1,500/mm?, platelets >100,000/mm?>, Hb >10 g/dl), hepatic
(AST and ALT within 2 times the upper limit of normal for
the institution, serum bilirubin level below 1.5 mg/dl) and
renal (serum creatinine level below 1.5 mg/dl and BUN
under 25 mg/dl) function, with at least one measurable site
of disease (>1 cm in at least one dimension). No patients
accepted into this had received any prior chemotherapy,
except for adjuvant chemotherapy completed more than
6 months before study entry. Written informed consent was
obtained from all patients and the protocol was approved by
the institutional ethics committee. Patients were excluded
from this trial for any of the following exclusion criteria:
symptomatic infectious disease, bleeding tendency, severe
heart disease, pre-existing symptomatic peripheral neuropa-
thy, active double cancer, symptomatic ascites, pregnancy,
breast feeding, obstructive bowel disease, and severe
diabetes mellitus requiring insulin or past history of drug
allergy.

Treatment plan

Irinotecan was administered by intravenous infusion at a
dose of 120 mg/m? over 90 min on day 1 and 15. S-1 was
administered orally on days 1-14 of a 28-day cycle, based
on the results of the phase I trial [14]. The dose of S-1 was
determined according to the basis of patient’s body surface
area (BSA). It was given orally at a dose that did not exceed
40 mg/m? based BSA: BSA <1.25 m?, 40 mg twice daily;
1.25-1.5 m?, 50 mg twice daily, and BSA >1.5 m%, 60 mg
twice daily, for 14 consecutive days. All patients were pre-
medicated with 5-hydroxytryptamine-3-receptor antago-
nist combined with 10 mg of dexamethasone before
administration of irinotecan. This treatment course was
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repeated every 4 weeks until confirmation of either disease
progression or serious adverse events. Dose delays and/or
modifications of irinotecan or/and S-1 were performed
based on any observed toxicity. If relevant hematological or
non-hematological toxicities of grade 3 or 4 according to
the National Cancer Institute Common Toxicity criteria
scale, version 3.0, occurred, subsequent courses of treat-
ment were withheld until the resolution of these adverse
events to the levels of eligibility criteria. A reduction of iri-
notecan was based on the occurrence of a grade 3 or 4
adverse events in two consecutive cycles or the occurrence
of treatment delay up to 2 weeks to recover from adverse
events. The dose of irinotecan was reduced in subsequent
course from 120 mg/m? to 100 mg/m?. If doses were with-
held because of adverse events, the days that therapy was
omitted were still counted as part of the 28-day treatment
cycle. The dose of S-1 was unchanged if the dose of irino-
tecan was reduced. The dose of S-1 was reduced in the sub-
sequent course: 60 mg, 50 mg, and 40 mg of S-1 twice
daily were reduced to 50 mg, 40 mg, and 25 mg twice
daily, respectively if the patients could not intake S-1
because of stomach ache, nausea, and vomiting. Once low-
ered, the doses of S-1 and irinotecan were not increased
thereafter.

Evaluation of safety and response

Pretreatment evaluation included a medical history, physi-
cal examination, a complete blood cell count, serum bio-
chemical profile (liver function tests, renal function tests,
creatinine clearance determination), urinalysis and electro-
cardiogram. A chest X-ray and computed tomographic scan
of the chest and abdomen were performed. All patients
were reviewed weekly for symptoms of toxicity and under-
went clinical examinations, including determination of
weight and performance status during the study period.
Blood cell count, liver and renal function tests were per-
formed once every week. Toxicities were assessed accord-
ing to the National Cancer Institute Common Toxicity
Criteria (NCI-CTC), version 3.0. CT scanning and imaging
of measurable disease were performed every 8 weeks. The
tumor response was determined according to the RECIST
criteria [15]. A complete response (CR) was defined as the
disappearance of all evidence of cancer for more than
16 weeks. A partial response (PR) was defined as at least a
30% reduction in the sum of the products of the perpendic-
ular diameters of all lesions for more than 16 weeks, with-
out any evidence of new lesions or progression of the
lesions. Stable disease (SD) was defined as less than a 30%
reduction or less than 20% increase in the sum of the prod-
ucts of the perpendicular diameters of all lesions without
any evidence of new lesions. Progressive disease (PD) was
defined as more than a 20% increase in more than 1 lesion,
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or the appearance of new lesions. All responses were sub-
jected to independent verification. For the patients who
showed a good response to the treatment, the response
duration was defined as the time from the commencement
of the treatment protocol until the first documentation of
either progression or relapse. Both the safety profiles and
dose intensity were determined for up to 4 courses of treat-
ment per patient.

Statistical analysis

Our previous phase I study of S-1 combined with irinotecan
treatment [14] suggested a response rate of 50%. The
required sample size for this study on the target activity
level of 50% and a minimum activity level of 30%, with an
o error of 0.05 and f§ error of 0.2 was estimated to be 34.
The progression-free survival and overall survival were
estimated using the Kaplan—-Meier product-limit method
from the date of starting treatment. The 95% confidential
interval for the median progression-free and overall sur-
vival was estimated by the log-rank test.

Results
Patients Characteristics

Between January 2005 and April 2009, a total of 38
patients were enrolled in this phase II study. There were 21
men and 17 women, ranging in age from 36 to 75 (median
age, 63). The patient’s characteristics are shown in Table 1.
Eleven patients had received prior adjuvant chemotherapy
(bolus 5-FU and I-LV in 4, and oral fluoropyrimidine deriv-
ative in 6), and 27 patients had a surgery for the primary
tumor only. All patients were PS 0. Tumor differentiation
was mostly moderate (65.8%). The most common meta-
static site was the liver (55.3%). The total number of che-
motherapy cycles completed by the patients ranged from 1
to 40 (median 9 courses).

Treatment response

Efficacy was assessed in all of the 38 patients (ITT popula-
tion). The patients who received at least two cycles of treat-
ment were evaluable for response. Response was not
evaluated in four patients (10.5%) because of toxicity
before the initial evaluation of response. These patients
were classified as non-responders in the ITT analysis. The
overall response rate in the ITT population was 63.1%
shown in Table 2 (five complete response, nineteen partial
response), with eight patients having stable disease (SD)
and two progressive disease after treatment. The disease
control rate was 84.2%. The mean relative dose intensity

Table 1 Patient’s characteristics

Age (years) 36-75 (Median:63)

Gender
Male 21
Female 17
PS (ECOG):0 38
Primary lesion
Colon 19
Rectum 19
Number of metastatic sites
1 32
2 5
=3 1
Prior therapy
Adjuvant chemotherapy 11
Surgery for primary lesions 27
Differentiation
Well 11
Moderate 25
Mucinous 1
Poor 1

Site of metastasis

Liver 21
Lung 10
Lymph node

Abdominal mass
Others 1

during 4 courses of S-1 and irinotecan was 86.0% and
83.2%, respectively.

At a median follow-up time of 20 months, the median
progression-free survival time was 10.0 months (range,
2.0-30.0 months; 95% confidence interval, 8.0-12.0 months;
Fig. 1). At the end of the study, nineteen patients died of
advanced cancer and 19 patients were alive. The median
overall survival time was 29.1 months (range, 5.9 to
43.2 months; 95% confidence interval, 17.8 to 40.5 months;
Fig. 2).

Toxicity

Toxicity is summarized according to the worst grade per
patient during four-courses in Table 3. No patients died
from any adverse events. The most common type of hema-
tological toxicity was neutropenia, which was generally
mild. The common types of non-hematological toxicities
were nausea, anorexia, diarrhea, and alopecia. However,
there was no incidence of grade 4 non-hematological toxic-
ity. No patients experienced grade >2 liver and renal dys-
function. Four of 38 patients (10.5%) discontinued only the
first course of this regimen because of toxicities. The toxicities
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Table 2 Phase II studies of combination therapy with irinotecan and S-1

Author Regimen Patients RR  Dose Median PFS
(weeks) (%) (mg/mz/week) (months)

Goto et al. [16] CPT-11 (150 mg/m?) days 1 + S-1(80 mg/m?) days 1-14 q 3 40 62.5 CPT-1150.0S-1373.3 8.0

Tsunoda et al. [17] CPT-11 (80 mg/m?) days 1,15 + S-1(80 mg/m?) days 1-21 q5 40 62.5 CPT-1132.0S-13360 7.8

Yuki et al. [18] CPT-11 (100 mg/m?) days 1,15 + S-1(80 mg/m?) days 1-14 q4 40 52.5 CPT-1150.0S-1280.0 8.7

Current study CPT-11 (120 mg/m?) days 1,15 + S-1(80 mg/m?) days 1-14 q4 38 63.1 CPT-1160.0 S-1280.0 10.0

PFS progression-free survival, CPT irinotecan, RR response rate

100 1=
80
60
[ N NSUS J— Median : 10 Months
20 (C.1.95% : 8-12 Months)
20
0
5 10 15 20 24
(Months)

Fig. 1 Progression-free survival of 38 patients receiving IRIS

100 3
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Median : 29.1 Months
60 (C.1.95% : 17.8-40.5 Months)
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20

0
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Fig. 2 Overall survival of 38 patients receiving IRIS

were as follows: grade 4 neutropenia and leucopenia, grade
3 anorexia and stomatitis, one patient; grade 4 neutropenia
and leucopenia, grade 3 anorexia and diarrhea, one patient;
grade 3 neutropenia and leucopenia, grade 3 diarrhea, one
patient; grade 3 diarrhea, one patient. On the other hand,
the other 34 patients received many courses of this treat-
ment with mild adverse events. Five of 34 patients (14.7%)
required dose reduction of either irinotecan or S-1 for
management of adverse events. The reasons for reducing
the dose of irinotecan or S-1 were as follows: prolonged
leucopenia and neutropenia, two patients; diarrhea and
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Table 3 Toxicity in all 38 patients during one to four courses

Gl G2 G3 G4 Allgrades Grade =3

(%) (%)
Hematological toxicities
Leukopenia 5 13 1 2 553 7.9
Neutropenia 8§ 9 4 2 605 15.8
Thrombocytopenia 5 0 1 0 15.8 2.6
Anemia 5 5 1 0 289 2.6
Non-hematological toxicities
Nausea 19 3 3 0 658 7.9
Vomiting 34 3 0 263 7.9
Anorexia 12 5 6 0 605 15.8
Stomatitis 36 1 0 263 2.6
Diarrhea 10 7 4 0 552 10.5
General fatigue 8§ 4 0 0 316 0
Abdominal pain 7 0 0 0 184 0
Hand- foot syndrome 6 0 0 0 158 0
Alopecia 18 3 0 0 552 0

anorexia, three patients. All treatment courses were admin-
istered on an outpatient basis.

Discussion

The aim of this study was to assess the efficacy and safety of
the combination therapy of irinotecan and S-1 in patients
with previously untreated advanced colorectal cancer. The
result of the study indicated that this combination therapy
was effective as the first-line chemotherapy for advanced or
recurrent colorectal cancer. Recently reported clinical phase
II studies of S-1 combined irinotecan therapy are summa-
rized in Table 2. Although differences in study regimens pre-
clude direct comparison, the response rate and median
progression-free survival of this study are both consistent
with the other regimens of irinotecan and S-1[16—18].

One of the standard chemotherapies for advanced colo-
rectal cancer is the FOLFIRI regimen. The response rates in
previous phase III studies of irinotecan with infusional
5-FU and LV ranged from 31 to 62.2% [7-9]. Although
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there are limitations in comparing the results of different
studies, the response rate (63.1%) and PFS (10.0 months) in
the current study were similar to those studies of irinotecan
with infusional 5-FU and LV, thus suggesting the same
efficacy.

Many oral fluoropyrimidine agents have recently com-
bined irinotecan in place of infusional 5-FU. The main
agents were S-1, UFT(uracil/tegafur), and Capecitabine.
The combination therapies of irinotecan and these oral
agents were reported in the patients with colorectal cancer
[16, 17, 19-24]. The combination of capecitabine and irino-
tecan in patients with advanced colorectal cancer has
shown a good response. The response rates ranged 34-50%
[20, 22, 23]. On the other hand, UFT/leucoborin combined
with irinotecan has also shown high response rates of 20—
41.7% [19, 24].

Toxicity was generally mild and manageable on an out-
patient basis. The most common treatment-related hemato-
logical toxicity was neutropenia. The most common types
of non-hematological toxicity were anorexia, nausea, and
diarrhea. However, the incidence of grade 3 or 4 anorexia
or diarrhea was low. Importantly, there were no treatment-
related deaths during the study. Four cases (10.5%) discon-
tinued only one course of this regimen because of grade 3
or 4 anorexia and neutropenia. Once the patients were able
to take this treatment without severe adverse events at the
initial course, they could continue this regimen many times.
The combination of irinotecan and S-1 in patients with
advanced colorectal cancer is thus considered to have a
manageable toxicity. Yuki et al. reported the frequency of
grade 4 neutropenia to be 10%, while grade 3 diarrhea is
15% [18]. Goto et al. [16] has reported the most frequent
grade 3/4 adverse events to be neutropenia (15%), anorexia
(12.5%), and anemia (7.5%). The current results were simi-
lar to those observed with the combination of irinotecan
and S-1. The combination of capecitabine and irinotecan
in patients with advanced colorectal cancer has been also
shown manageable toxicity. The frequent Grade 3/4 adverse
events were neutropenia (5-25%) and diarrhea (10-34%)
[20-23]. UFT/leucoborin combined with irinotecan has
also shown tolerable toxicities. The frequent Grade 3/4
adverse events were neutropenia 13.3-35% and diarrhea
15-16.2% [19, 24]. These results were not inferior to the
FOLFIRI regimen in either efficacy or toxicity, thereby
suggesting this next new combination therapy with irino-
tecan for advanced colorectal cancer to possibly be oral
fluoropyrimidine in place of infusional 5-FU.

The relative dose intensity of the current regimen was
83.2% of irinotecan and 86.0% of S-1. And response rate
was 63.1%. Duration of response in the 5 cases with com-
plete response was 7 to 40 months (median 29 months).
Unfortunately, there was no cases in which metastectomy
had been done as a result of downstaging. The most impor-

tant finding in this study is the combination therapy of S-1
plus irinotecan that has good compliance and efficacy for
patients with advanced and metastatic colorectal cancer.

Fifteen of 31 patients (48.4%) stopped the combination
of irinotecan and S-1 administered FOLFOX = bevacizumab
regimen as the 2nd line therapy. The median overall sur-
vival in the current study is good in comparison with the
data from larger phase III trials of the IFL [5] and FOLFIRI
[7] regimens (17.4, 21.5 months). The reason for the good
prognosis might be due to the fact the patients entered into
this study were all performance status 0, while almost all
demonstrated single organ metastasis (33/38; 86.8%).

In conclusion, it is important to prove that S-1 can
replace the established infusional 5-FU plus leucovorin
combinations without negatively affecting either efficacy or
toxicity. In terms of patient convenience, oral fluoropyrimi-
dine is clearly considered to be advantageous [22]. In par-
ticular, the combination therapy of irinotecan and S-1 is a
promising regimen, which is considered to offer benefits in
both safety and survival.

Conlflict of interest None.
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