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Abstract

Background Combination chemotherapy with S-1 and
irinotecan is one of the standard treatments for metastatic
colorectal cancer (mCRC) in Japan. However, there are few
alternative practical second-line therapies. We conducted a
phase II trial to evaluate the efficacy and safety of the com-
bination of S-1 and irinotecan plus bevacizumab as a sec-
ond-line treatment for oxaliplatin-refractory mCRC.
Methods Patients with mCRC who were previously
treated with oxaliplatin-containing regimens were enrolled.
Oral S-1 at a dose of 80 mg/m”> was administered twice
daily for 2 weeks, followed by a 1-week drug-free interval.
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Irinotecan at a dose of 150 mg/m? and bevacizumab at a
dose of 7.5 mg/kg were administered on day 1. The pri-
mary endpoint was progression-free survival (PFS).

Results  Thirty-seven patients were enrolled, and 34 and
36 patients were assessed for response and safety, respec-
tively. The overall response rate was 20.6 % (95 % con-
fidence interval [CI] 8.7-37.9), and the disease control
rate was 76.5 % (95 % CI 58.8-89.3). The median PFS
was 5.6 months (95 % CI 3.8-7.0). The median overall
survival was 16.4 months (95 % CI 8.1-20.0). The most
common grade 3/4 adverse events included neutropenia
(25.0 %), anorexia (22.2 %), anemia (16.7 %), and fatigue/
malaise (16.7 %). The most common grade 3/4 adverse
event of special interest for bevacizumab was hypertension
(30.6 %). One treatment-related death caused by gastroin-
testinal bleeding occurred.
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Conclusions The findings suggest that the combination of
S-1 and irinotecan plus bevacizumab is effective and toler-
able as second-line chemotherapy for patients with oxalipl-
atin-refractory mCRC.

Keywords Colorectal cancer - S-1 - Irinotecan -
Bevacizumab - Chemotherapy

Introduction

S-1 is an oral fluoropyrimidine preparation that combines
tegafur with two 5-fluorouracil modulators—gimeracil
(5-chloro-2,4-dihydroxypyridine) and oteracil potas-
sium—in a molar ratio of 1.0:0.4:1.0 [1-4]. Several stud-
ies suggested that combination treatment with S-1 and iri-
notecan *+ bevacizumab as first-line chemotherapy is an
effective, well-tolerated, and convenient regimen in patients
with metastatic colorectal cancer (mCRC) [5-8]. Further-
more, phase II/III studies confirmed that the irinotecan and
S-1 (IRIS) regimen was equivalent to FOLFIRI as second-
line chemotherapy in terms of both efficacy and safety [9].
The IRIS regimen is a current standard therapy for mCRC
in Japan and Europe [10].

Currently, bevacizumab is widely used as a chemothera-
peutic agent for colorectal cancer globally [11, 12]. How-
ever, little is known regarding the use of irinotecan and S-1
plus bevacizumab as second-line chemotherapy. The mag-
nitude of benefit may differ greatly based on the chemo-
therapy regimen with which bevacizumab is partnered [13].

In this study, we evaluated the combination of S-1 and
irinotecan plus bevacizumab as a second-line treatment for
mCRC in a phase II study.

Patients and methods
Patient eligibility

All patients entered in this study had histologically con-
firmed advanced or mCRC measurable on the basis of
the Response Evaluation Criteria in Solid Tumors Group
(RECIST) criteria. The eligibility criteria included age
>20 years, estimated life expectancy of >3 months, Eastern
Cooperative Oncology Group (ECOG) performance sta-
tus of O or 1, withdrawal from first-line oxaliplatin-based
chemotherapy because of intolerable toxicity or progres-
sive disease or relapse within 180 days after the last dose
of oxaliplatin-based adjuvant chemotherapy, the ability to
tolerate oral intake, and adequate bone marrow, hepatic, and
renal function. Prior bevacizumab was permitted, but not
prior irinotecan. Both UGT1A1%#28 and *6 polymorphisms
were permitted if they were wild-type or heterozygous type.

@ Springer

Patients were excluded from this study for any of the
following reasons—symptomatic infectious disease, bleed-
ing tendency, severe heart disease, active double cancer,
symptomatic ascites, pregnancy, breast feeding, obstructive
bowel disease, previous treatment with irinotecan hydro-
chloride, history of hemoptysis grade >2, radiological
evidence of brain tumor or brain metastases, uncontrolled
hypertension, severe diabetes mellitus requiring insulin, or
past history of drug allergy.

The protocol of this study was approved by the institu-
tional review board or ethics committee of each institution.
The study was conducted in compliance with the Declara-
tion of Helsinki. Written informed consent was obtained
from all patients participating in the study.

Treatment plan

Bevacizumab at a dose of 7.5 mg/kg was administered as a
30- to 90-min infusion and irinotecan at a dose of 150 mg/
m? was administered as a 90-min infusion every 3 weeks.
The dose of S-1 was determined according to the patient’s
body surface area (BSA). Specifically, the drug was admin-
istered orally twice daily for 14 consecutive days at a dose
that did not exceed 40 mg/m? based on BSA as follows—
BSA <1.25 m?, 40 mg; BSA 1.25-1.5 m? 50 mg twice
daily; and BSA >1.5 m?, 60 mg. Premedication with a
5-hydroxytryptamine-3-receptor antagonist combined with
dexamethasone + an NK-1 antagonist was recommended
in patients before the administration of irinotecan. This
treatment was administered until disease progression, unac-
ceptable toxicity, withdrawal of consent, or the physician’s
decision to terminate treatment.

Dose modification schedule

Treatment with irinotecan or/and S-1 was delayed or mod-
ified on the basis of any observed toxicity. If the neutro-
phil count decreased to <1,000 cells per nL, the platelet
count fell to <50,000 per pL, creatinine levels >1.5 mg/
dL, infection-associated symptoms were identified, or other
non-hematological toxicities of grade >2 according to the
National Cancer Institute Common Toxicity criteria scale,
version 4.0 occurred, then subsequent courses of treat-
ment were withheld until the resolution of these adverse
events to comply with the eligibility criteria. Bevacizumab
administration was temporarily discontinued in patients
with hypertension grade >3, proteinuria grade >2, hemor-
rhagegrade >2, or evidence of thrombosis.

The dose was modified for each patient based on hemato-
logic or non-hematologic toxicities. The dose of irinotecan
in the subsequent course was reduced to 125 mg/m? and that
of S-1 was reduced by one dose level (from 80 to 60 mg/day,
from 100 to 80 mg/day, or from to 100 mg/day) for any of
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Table 1 Baseline patient characteristics

Intent-to-treat population (%)

(n=134)
Age, years (range) 62.0 (33-76)
Sex
Male 23 (62.2)
Female 14 (37.8)
Performance status (ECOG)
0 33 (89.2)
1 4 (10.8)
Co-morbidity
Yes 22 (59.5)
No 15 (40.5)
UGTIAI
Wild-type 24 (64.9)
*6 heterozygous type 8 (21.6)
*28 heterozygous type 5 (13.5)
Stage at initial diagnosis (UICC)
01 0 0)
1T 1 2.7)
1 7 (18.9)
v 29 (78.4)
Location of the primary tumor
Right-sided colon 10 (27.0)
Left-sided colon 13 (35.1)
Rectum 14 (37.8)
Histology of the primary tumor
Well-differentiated adeno- 14 (37.8)
carcinoma
Moderately differentiated 17 (45.9)
adenocarcinoma
Poorly differentiated 5 (13.5)
adenocarcinoma
Other 1 2.7
KRAS status
Wild-type 22 (59.5)
Mutation in codon 12 9 (24.3)
Mutation in codon 13 3 (8.1)
Unknown 3 (8.1)
Previous chemotherapy with bevacizumab
Yes 13 (38.2)
No 21 (61.8)
Primary tumor
Resected 26 (70.3)
Unresected 11 (29.7)
Radiation therapy
Performed 3 8.1)
Not performed 34 91.9)

ECOG Eastern Cooperative Oncology Group, UICC Union for Inter-
national Cancer Control

the following reasons—neutrophil count <500/pL, platelet
count <10,000/n.L, infectious neutrophil count <1,000 TU/L,
or grade >3 non-hematological toxicity. If irinotecan was not
tolerated at a dose of 125 mg/mz, then the dose was reduced
to 100 mg/m> If S-1 was not tolerated even after a dose
reduction of one level, the dose was further reduced from 80
to 60 mg/day or from 100 to 80 mg/day. No dose modifi-
cation of bevacizumab was performed. The treatment cycle
could be resumed in subsequent cycles if the adverse events
were resolved within 4 weeks after the last dose of S-1 was
administered. If the minimum dose of S-1 was poorly toler-
ated, the patient was excluded from further study. Once low-
ered, the doses of S-1 and irinotecan were not increased.

Endpoints

The primary endpoint of the study was progression-free
survival (PFS), and the secondary endpoints were the objec-
tive response rate (ORR), overall survival (OS), time to
treatment failure, and adverse effects. During the 4 weeks
before chemotherapy commenced, all patients underwent
the following examinations—physical examination, com-
plete blood cell count, hepatic and renal function tests,
and chest and abdominal computed tomography or mag-
netic resonance imaging. A physical examination, hepato-
renal function tests, and blood counts were performed
before every cycle. Patients were assessed before starting
each 3-week cycle according to the National Cancer Insti-
tute-Common Toxicity Criteria version 3. Tumor evalua-
tion was performed every month for the first 3 months and
then every 2 months thereafter using RECIST ver. 1.0. A
complete response was defined as the disappearance of all
known lesions and the absence of new lesions. A partial
response was defined as a reduction of >30 % in the sum of
the maximum tumor lengths of up to 10 known lesions and
the absence of new lesions. Stable disease was defined as a
reduction of <30 % or an increase of <20 % in the sum of
the maximum tumor lengths of up to 10 known lesions and
the absence of new lesions. Progressive disease was defined
as an increase of >20 % in the sum of the maximum tumor
lengths of up to 10 known lesions or as the appearance of at
least one new lesion. Treatment was continued until disease
progression or unacceptable toxicity occurred or until the
patient chose to discontinue treatment. All eligible patients
were included in the response and survival analyses on an
‘intent-to-treat’ basis.

Statistical analysis

This study was conducted as a multicenter phase II trial.
Several clinical trials reported a PFS of 2.5-3.9 months
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Table 2 Response and disease control rates

(n=34)

Response, n

Complete response 1

Partial response 6

Stable disease 19

Progressive disease 8

Not evaluated 0
Response rate, %

Rate 20.6

95 % CI 8.7-37.9
Disease control rate, % 76.5

95 % CI 58.8-89.3

CI confidence interval

for FOLFIRI. The null hypothesis median PFS was
3.0 months, and the expected median PFS was 5.0
months. Registration was scheduled to continue for
24 months, and the patients were expected to be fol-
lowed up for 6 months after the last registration. Assum-
ing a one-sided alpha error of 0.05 and a beta error of
0.1, then 33 patients would be required. The number of
patients was set at 37, taking into consideration the pos-
sible ineligibility or exclusion of patients from the analy-
sis. The 95 % confidence intervals (Cls) for the response
rates were estimated using the exact method. Cumulative
proportions concerning survival were estimated using the
Kaplan—Meier method, and the CIs were estimated using
the Greenwood method. All statistical analyses were
performed using the Stata version 10.1 software pro-
gram (StataCorp, College Station, TX, USA).

Results
Patient characteristics

Between November 2011 and May 2013, a total of 37
patients were enrolled in this trial at 16 institutions in
Japan. Two patients did not fulfill the eligibility criteria,
and 1 patient was not treated. Thirty-four patients were
assessed for response, and 36 patients were assessed for
safety. The patient characteristics at study entry and those
for eligible patients are listed in Table 1. The median fol-
low-up time was 11.2 (range 3.35-21.39) months.

Efficacy

Tumor response is summarized in Table 2. On an
intent-to-treat basis, the ORR was 20.6 % (95 % CI
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8.7-37.9 %), and the disease control rate was 76.5 %
(95 % CI 58.8-89.3 %). The median PFS was 5.6 months
(95 % CI 3.8-7.0; Fig. 1). The median overall survival
was 16.4 months (95 % CI 8.1-20.0; Fig. 2). In a sub-
group of patients who had received prior chemother-
apy with or without bevacizumab, the median PFS was
5.5 months (95 % CI 2.7-6.4) and 7.0 months (95 % CI
3.6-8.3), respectively (log-rank P = 0.2678), and the
median OS was 16.4 months (95 % CI 7.7-20.0) and
17.5 months (95 % CI 5.1-21.3), respectively (log-rank
P = 0.7996; Supplemental Fig. 1).
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Dose intensity

The median relative dose intensities to the planned dose
were 76.1 % for S-1, 78.8 % for irinotecan and 86.4 % for
bevacizumab.

Toxicity

The safety population included 36 patients who completed
at least one cycle of chemotherapy. Adverse events are
summarized according to the worst grade per patient
in Table 3. The most common grade 3 or 4 hematological
adverse event was neutropenia (25.0 %), followed by ane-
mia (16.7 %) and leukemia (11.1 %). Grade 3 or 4 non-
hematologic toxicities included hypertension (30.6 %),
anorexia (22.2 %), fatigue/malaise (16.7 %), and stomatitis
(13.9 %). Most adverse events were grade 1 or 2 and man-
ageable. One treatment-related death caused by gastrointes-
tinal bleeding was reported.

Discussion

In this study, our results suggested that the combination of
irinotecan and S-1 plus bevacizumab might be an efficient
and tolerable second-line regimen for patients with oxalipl-
atin-refractory mCRC.

This study demonstrated a promising median PFS
of 5.6 months, an ORR of 20.6 %, a median time to

progression of 5.4 months, and a median survival time of
16.4 months. The most frequent non-hematologic toxici-
ties were hypertension, fatigue/malaise, and anorexia. Most
cases of gastrointestinal toxicity were grade 1 or 2, and
good oral intake was maintained. To our knowledge, this
is the first report regarding S-1 and irinotecan plus bevaci-
zumab as second-line chemotherapy for mCRC.

The FIRIS study of S-1 plus biweekly irinotecan therapy
as a second-line treatment for mCRC reported a median
PES of 5.8 months [9]. Moreover, in a subset analysis
including patients who had previously received oxalipl-
atin-containing chemotherapy, better median PFS and OS
rates were observed in the IRIS group than in the FOLFIRI
group. Baba et al. [14] reported that oxaliplatin-resistant
tumor cells displayed high excision repair cross-comple-
menting group 1 and dihydropyrimidine dehydrogenase
(DPD) levels and that the IRIS regimen in combination
with a DPD-inhibitory fluoropyrimidine may have supe-
rior efficacy against tumors with high levels of DPD (e.g.,
tumors treated with oxaliplatin) compared with FOLFIRI.

There are no randomized data evaluating the effects of
bevacizumab in combination with irinotecan-based chemo-
therapy in the second-line setting. Table 4 shows the results
of phase II and III studies of second-line irinotecan-based
chemotherapy plus bevacizumab after first-line therapy with
oxaliplatin. It also shows the results of phase III studies
with second-line irinotecan-based chemotherapy. Although
different treatment schedules and doses of irinotecan were
used, irinotecan-based combination chemotherapy plus

Table 3 Adverse events (worst

No. of patients (n = 36)

All grades (%) Grade 3 or 4 (%)

G2 G3 G4

grade; CTCAE ver. 4.0) Event
Gl
Hematological toxicity
Leukemia 14
Neutropenia 10
Thrombocytopenia 14
Anemia 15
Non-hematological toxicity
Nausea 14
Vomiting 9
Diarrhea
Stomatitis
Fatigue/malaise 14
Anorexia 8
Alopecia 11
Hypertension
Hemorrhage 3
Thromboembolic event 0
Febrile neutropenia (-)

9 1 3 75.0 11.1
12 6 3 86.1 25.0
2 2 1 52.8 8.3
11 6 0 88.9 16.7
7 3 & 66.7 8.3
2 0 0 30.6 0

8 4 0 52.8 11.1
1 5 0 36.1 13.9
8 6 &) 77.8 16.7
10 8 0 722 222
13 O ) 66.7 0

13 11 0 86.1 30.6
0 0 1 11.1 2.8
0 1 0 2.8 2.8
&) 2 0 5.6 5.6

CTCAE Common Terminology Criteria for Adverse Events
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Table 4 Summary of phase II/II studies with second-line irinotecan-based chemotherapy plus bevacizumab after first-line therapy with oxaliplatin and phase III studies with second-line irinote-

can-based chemotherapy

&

ORR (%) DCR (%)

1st-line regimen Dose of CPT-11 (mg/ PFS (months) OS (months)
m?/week)

Cases

Study phase

Trial

Regimen

Springer

65.2

14.5 10.1

5.4
5.0
6.9

7.3

90
90
90
75

L-OHP + Bmab
L-OHP + Bmab
L-OHP + Bmab
L-OHP + Bmab
L-OHP + Bmab
L-OHP + Bmab

89

Phase 11

CRO0802 [21]
SILK [22]

FOLFIRI + Bmab

75.7

16.2

Phase 11

FOLFIRI + Bmab

62.7

23.5

15.7

51
31
181

Phase IT

Axitinib [23]

FOLFIRI + Bmab

64.5

29.0

19.6

Phase IT

CCOG-0801 [24]
EAGLE [25]

FOLFIRI + Bmab

16.3 11.0 81.7
227

6.1

75

Phase I1I

FOLFIRI + Bmab

86.4

20.3

6.9
6.2
5.6

4.2

90
90

44
169

Phase /11

Suenaga [26]

XELIRI 4+ Bmab

70.9

55

12.0

L-OHP + Bmab

Phase II1
Phase 11

ML18147 [20, 27]
KSCC1102

FOLFIRI + Bmab

76.5

20.6

16.4

50
90
90
90
90
75

L-OHP + Bmab
L-OHP + Bmab
L-OHP + Bmab
L-OHP + Bmab

5-FU

S-1+ CPT-11 + Bmab

FOLFIRI

59.9

2.9

10.0

174
536

Phase II1

ML18147 [20, 27]
RAISE [28]

68.8

12.5

11.7

45

Phase I1I

FOLFIRI

75.7

11.1

12.1

4.7

614
248

Phase I1I

VELOUR [29]
20050181 [30]
FIRIS [9]

FOLFIRI

63.0
NE

14.0
NE

11.1

49

Phase III

FOLFIRI (KRAS wild-type)

FOLFIRI

13.7

39
5.7

L-OHP

128

Phase II1

NE NE

15.3

63

L-OHP

129

Phase II1

FIRIS [9]

S-1 + CPT-11

PFS progression-free survival, OS overall survival, ORR objective response rate, DCR disease control rate, Bmab bevacizumab, 5-FU 5-fluorouracil, CPT-11 irinotecan, L-OHP oxaliplatin

bevacizumab appears to be more effective than irinotecan-
based chemotherapy alone. Furthermore, the results of the
current study, compared with the results of other second-
line studies with bevacizumab, showed almost the same
effect. However, PFS (5.6 months) was similar to the FIRIS
study (5.8 months) despite the fact that bevacizumab was
combined in the current study (although a cross-sectional
comparison); the reason seems to be that this study adopted
the lowest dose of irinotecan per week (50 mg/m*/week).
Thus, further consideration is needed to determine the opti-
mal dose of irinotecan for this regimen.

In the current study, to avoid the onset of diarrhea
caused by the administration of irinotecan on day 15
within the S-1 plus triweekly irinotecan regimen, S-1 was
administered orally for 2 weeks followed by a drug-free
period of 1 week, and irinotecan was administered once
every 3 weeks [8]. In our study, all grades of diarrhea were
observed in 52.8 % of patients, compared to 55-80 % of
patients for other biweekly regimens [7, 9, 15, 16]. Indeed,
this triweekly regimen has a lower frequency of diarrhea
than other biweekly regimens; thus, it may be superior
concerning the balance of efficacy and toxicity, and it is
considered suitable for outpatient treatment, thus improv-
ing patient convenience [8]. Oh et al. reported another regi-
men consisting of biweekly irinotecan in combination with
S-1 for patients with oxaliplatin-refractory mCRC. The
ORR was 20 %, and the disease control rate was 55 %. The
median PFS and OS were 3.0 and 9.8 months, respectively.
This biweekly regimen resulted in early study termination
and modification because of treatment-related mortalities
and a high follow-up loss rate [17].

Many studies have reported the safety of bevacizumab.
Furthermore, a marked add-on effect of bevacizumab was
reported for irinotecan-based regimens [18, 19]. Addition-
ally, continued vascular endothelial growth factor inhibition
with bevacizumab beyond the first progression for patients
with mCRC has clinical benefits [20]. Adverse events spe-
cific for bevacizumab include hypertension, proteinuria,
thrombosis, delayed wound healing, and gastrointestinal
perforation. In this study, hypertension and thrombosis,
which appeared to be caused by bevacizumab administra-
tion, were observed at similar levels as reported in other
studies. Although serious adverse events such as gastro-
intestinal bleeding were observed in 1 patient, other seri-
ous adverse events that increased the risk of death, such as
gastrointestinal perforation, were not observed. In addition,
increased toxicity of S-1 or irinotecan attributable to its
combination use with bevacizumab was also not observed.

In conclusion, the current study demonstrated that the
combination of irinotecan and S-1 plus bevacizumab was
efficient and safe as second-line chemotherapy for patients
with oxaliplatin-refractory mCRC. The results of this study
are extremely promising, and S-1 with irinotecan plus
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bevacizumab appears to be an appropriate candidate regi-
men for a phase III comparative study in the future.
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