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Phase I Study of Combination Therapy with Irinotecan,
Leucovorin, and Bolus and Continuous-infusion

5-Fluorouracil (FOLFIRI) for Advanced
Colorectal Cancer in Japanese Patients

YUSUKE SASAKI, TETSUYA HAMAGUCHI. TATSUHIRO ARAIL AYUMU GOTO,
TAKASHI URA, KEI MURO, YASUHIDE YAMADA ., KUNIAKI SHIRAO and YASUHIRO SHIMADA

Gastrointestinal Oncology Division, National Cancer Center Hospital, Tokyo, Japan

Abstract. Background: Irinotecan, leucovorin, and bolus and
continuous-infusion S-fluorouracil administered every hvo
weeks (FOLFIRI regimen) is active in patients with metastatic
colorectal cancer. However, the cfficacy and roxiciry of this
regimen in Jupanese patients with metastatic colorectal cancer
remain unknovwn. Patients and Methods: We investigated the
dose-limiting and
Twenrv-one patients with
metastatic colorectal cancer were enrolled in Step 1. At the

maximum  tolerated  dose, toxicity,

recommended dose ar Step 1.
five dose levels, fixed doses of bolus  S-fluorouracil
(400 mg/nr" ) and leucovorin (200 mg/mz) were administered
in combination with escalating doses of irinotecan from
120-180 mg/m? with 46-h continuous infusion of S-fluoronracil
2000-3000 mgim? every two weeks. In Step 2, an additional
24 patients received the recommended doses determined in
Step 1, and safety and antitumor efficacy were evaluated in
rerms of tmor response. Results: No dose-limiting toxicities
were observed ar dose levels 1-4. Four out of eight patients
experienced a dose-limiting toxicity at level 5; therefore, this
level was  considered  the  maximum  tolerated  dose.
Consequently, the reconunended doses were determined to be
180 mg/m2 of irinotecan and 2,400 mg/m2 of S-fluorouracil
in continuous i.v. infusion. At this level (FOLFIRI-180),
National Cancer Institwte common terminology criteria grade
3-4 neutropenia, leukopenia, and vomiting were common but
manageable. Other hematological and non-hematological
toxicities were mild. Seven out of 23 response-assessable
patients  achieved —an  objective

Fesponse (I'L’S/)(IIIXL’
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rate=30%). Conclusion: This FOLFIRI-180 regimen is

manageable and  effective in Japanese patients with

metastatic colorectal cancer.

Colorectal cancer is a major cause of death in Japan; it is the
greatest cause of death due to malignant tumors in women and
the third greatest in men (1). Furthermore. the incidence and
mortality of colorectal cancer is increasing. In 2009, more than
42 000 paticnts dicd duc to colorectal cancer in Japan.

Fluorouracil (5-FU) remains the most frequently used agent
to treat metastatic colorectal cancer. The modulation of
feucovorin (LV) increases the antitumor activity of 5-FU (2-
4). Pre-clinical data suggest bolus 5-FU acts via a different
mechanisim (namely inhibition of RNA synthesis) from that of
infusional 5-FU (namely thymidylate synthase inhibition) (5).
The LV5FU2 regimen, which combines bolus and infusional
5-FU administration. is superior to bolus 5-FU in terms of
response rate and time-to-tumor progression (6).

Irinotecan inactivates topoisomerase I, thereby inhibiting
cell division (7. 8). Irinotecan exhibits antitumor efficacy
against metastatic colorectal cancer when used as a second-
line treatment after the failure of fluorouracil (9, 10). Saltz er
al. reported that irinotecan at 125 lng/1113 and bolus 5-FU at
500 mg/m? plus LV at 20 mg/m? administered weekly for four
weeks every six weeks is superior to 5-FU/LV alone in terms
of response rate and overall survival (11). However, the North
Central Cancer Treatment Group (N9741) and Cancer and
Leukemia Group B (C89803) clinical trials demonstrated that
patients treated with irinotecan plus bolus 5-FU/LV had higher
rates of treatment-related death (2.5-3.5%) due to high rates
of severe neutropenia, vomiting, and diarrhea (12). On the
other hand, Douillard et al. performed a randomized study
involving 387 patients with advanced colorectal cancer who
received infusion once weekly or every two weeks (13). In
both regimens, fluorouracil was administered by continuous
infusion (24 or 44 h). The irinotecan group exhibited a
significantly higher response rate (49% vs. 31%, p<0.001) and
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better overall survival (median=17.4 14.1 months,
p=0.031) than the non-irinotecan group. In light of these

results, irinotecan plus infusional 5-FU/LV has become a first-

Vs,

line chemotherapy regimen for patients with metastatic
colorectal cancer. This bi-weekly regimen has been modified
to include LV at 400 mg/m> and irinotecan at 180 mg/m?>,
followed by 5-FU at 400 mg/m? in i.v. bolus and 5-FU at
2 400-3.000 mg/m> given as a 46-h i.v_ infusion (14).
Irinotecan is metabolized by carboxylesterase to form SN-
38. which is an active metabolite. SN-38 is subsequently
conjugated by UDP-glucuronosyitransferase 1A1 (UGT1A1)
to yield an inactive form. Irinotecan toxicity is significantly
associated with UGTJA] gene polymorphisms, especially
UGTIAT%28 (15, 16). However, these polymorphisms exhibit
large interethnic variation (17). The frequency of UGT/AT*28
is low in Asians, including Japancse, and high in Caucasians.
In addition to genctic variants of UGT/A/*6, variations in
UGTIAT#28 arc associated with the occurrence of severe
irinotecan-induced neutropenia in Asians (18, 19). UGT/A#6
is not found in Caucasians. Thus, homozygosity for
UGTIAI%28 or UGTIAI*6G and heterozygosity for both
UGTIAI#28 and UGTIA*
irinotecan-related toxicity in Japancse patients. The combined
frequency of patients with high-risk alleles is 10.1% (20).
Therefore, the suitable dose of irinotecan in Japanese patients

6 are associated with severe

may be different from that in others.

However, at present. irinotecan at 150 mg/m? bi-weekly
must be used for colorectal cancer because of prior approval
by the Jupanese Ministry of Health, Labor, and Welfare on the
basis of the results of a previous study in Japan (21, 22); this
FOLFIRI dose
countries.

The primary objective of the present study was to identify
the maximum tolerated dose (MTD) and decide upon the
recommended dose (RD) for the FOLFIRL regimen in
Japanese patients.

is different from those used in Western

Patients and Methods

Eligibilitv. The eligibility criteria were as follows: histologically-
confirmed melastatic colorectal cancer, age between 20 and 75
years, Eastern Cooperative Oncology Group (ECOG) performance
status less than 2, adequate organ function defined as white blood
cell count =24 000/mm3 and =12000/mm?, platelet count
z10x 10%/mm?, total bilirubin <1.1 mg/dl, aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) =<I00U/l, serum
creatinine 1.1 mg/dl, and no history of chemotherapy containing
irinotecan. Prior chemotherapy that did not include irinotecan was
required to have ended at least four weeks before study entry.
Written informed consent was obtained from each patient. The
exclusion criteria were as follows: evidence ol any active infection.
severe uncontrolled comorbidities, substantial pooling of pleural
effusion and ascites, brain metastases, and fresh bleeding from the
castrointestinal tract; chronic diarrhea; pregnant and breast-feeding
women: and prior radiotherapy to the abdomen.
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Treatment plan. Irinotecan was supplied in 5-ml vials containing
100 mg drug and administered in 250 ml dextrose over 90 min. I-LV
was administered as a 2-h i.v. infusion concurrent with the start of
irinotecan administration. followed by 5-FU in i.v. bolus and 5-FU
in a continuous 46-h iv. infusion. All patients received
premedication with antiemetic drugs. S-hydroxytryptamine 3
receptor antagonist /.. and dexamethasone at 8 mg i.v. were
administered before irinotecan. Treatment was given every two
weeks: one course consisted of four weeks,

Dose-escalation schedule. Fixed doses of 1-LV (200 mg/m?) and 5-
FU in i.u. bolus (400 mg/m?) were administered logether with
escalating doses of irinotecan from 120-180 mg/m? and 5-FU
continuous infusion from 2,000-3.000 mg/m?. Three patients were
initially enrolled at each dose level; if none of them experienced a
dose-limiting toxicity (DLT), then three additional patients were
enrolled at the next dose level. If one patient experienced a DLT. the
dose level was expanded to at least six patients. The MTD was
defined as the dose at which more than two out of three, or three out
of six patients experienced a DLT. The dose level below the MTD
was considered the RD for further studies (Step 1). If the RD was
determined, toxicity and elficacy were evaluated in an additional 20
patients at the same dose (Step 2).

Pre-treatment evaluation and follow-up. Pre-treatment evaluation
included complete medical history and physical examination.
complete blood cell (CBC) count, serum chemistry including
electrolytes, liver renal  function tests, tumor markers
(carcinoembryonic antigen and carbohydrate antigen 19-9), chest X-
ray. and abdominal computed tomographic (CT) scans. During
treatment, clinical toxicities. physical examination, CBC count. and
serum chemistry were assessed weekly during the first four weeks
and biweekly thereafter. Chest X-ray and CT scans were performed
every eight weeks. During the follow-up period. four weeks after the
end of treaument. physical examination. CBC count. serum chemistry,
chest X-ray. and CT scans were evaluated.

and

Toxicity and response evaluation. Toxicities were graded according
to the National Cancer Institute = Common Toxicity Criteria (NCI-
CTQC) criteria. A DLT was defined was any grade 3 or higher non-
hematological toxicily (except nausea. vomiting, anorexia. fatigue,
constipation, and abnormal serum sodium), grade 4 neutropenia
lasting more than five days, [ebrile neutropenia, or thrombocytopenia
of grade 4 or grade 3 il associated with bleeding during the first cycle.

After treatment initiation, patients were permitled to proceed with
therapy if the WBC count was 23,000/mm?, platelet count was
210x104mm?, and they had recovered from any non-hematological
loxicities of grade 2 or higher. In case of a DLT during the first cycle.
treatment was continued at the dose level immediately below as soon
as the DLT had resolved.

Tumor response was assessed by C'T scans every four treatment
cycles (e every eight weeks). Response was classified according to
Response Evaluation Criteria in Solid Tumors (23).

Results

Patients’ characteristics. In Step 1. a total of 21 patients were
enrolled between Aprit 2003 and February 2004. In Step 2, an
additional 24 patients were enrolled and received RDs
determined in Step 1. Detailed clinical data are summarized in
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Table 1. Patients” charucteristics.,

Step 1 % Step2 % Towl %

No. ol patients 21 24 45
Gender

male 12 57 12 50 24 53

female 9 43 12 50 21 47
Age. years

Median ol 59 6l

Range 46-71 29-70 29-71
ECOG performance status

0 14 67 21 87 35 78

| 7 33 3 13 10 22
Discase status ’

Meltastases 14 67 17 71 31 [

Recurrence after

curative resection 7 33 7 29 14 31
Previous chemotherapy 16 76 16 67 32 71

Adjuvant chemotherapy 7 33 7 29 14 31
Histological differentiation

Well 12 57 4 17 16 36

Maoderate 8 38 16 66 24 53

Por 0 0 4 17 4 9

Muc | 5 0 §] | 2
Sites of disease

Liver 16 50 14 58 0 30 67

Lung 10 31 8 33 18 40

Lymph node 5 16 12 50 17 38

Other | 3 3 13 4 9

ECOG. Eastern Cooperative Oncology Group: Por. poorly: Muc,
mucinous.

Table 1. The median patient age was 61 years (range=29-71
yeurs); 24 (53%) were men, and 21 (47%) were women. All 45
patients showed good ECOG performance status scores of 0 or
I at study entry. Thirty-five paticnts had metastatic discase at
initial diagnosis, and 10 had recurrent colorectal cancer, The
most common sites of metastatic discase were the liver (67%)
and lungs (40%). Thirty-two patients (71%) received prior
chemotherapy, mostly S-FU-based chemotherapy; 14 (31%)
patients received adjuvant chemotherapy. Sixteen (36%). 24
(53%), 4 (9%). and 1 (2%) patient had well-differentiated,
moderately-differentiated. poorly-differentiated, and mucinous
adenocarcinoma, respectively.

Toxicity and RD. Median follow-up time for toxicity was six
months after iitiation of treatment. In Step 1, patients were
treated at five ditferent dose levels (Table ). No DLTs were
observed at dose levels 1-4 (Table ). The most commonly
obscerved toxicities were feukopenia, neutropenia, nausca.
fatigue. No  patient
experienced febrile neutropenia. Although all patients received
prophylactic anti-emetic therapy, NCI-CTC grade | or 2
nausca was observed in 54% of patients over all cycles. One

diarrhea, anorexia,  alopecia, and

patient experienced NCI-CTC grade 4 neutropenia and grade
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Table 11. Dose-escalation scheme and incidence of dose-limiting toxicity
(DLT).

Dose CPT-11 5-FuU 5-FU I-LV  No.of DLT
level (mg/m?) continuous bolus  (mg/m?) patients ’
(mg/m2)  (mg/m?)

| 120 2000 400 200 4 Not observed
2 150 2000 400 200 3 Not observed
3 150 2400 400 200 3 Not observed
4 180 2400 400 200 3 Not observed
5 180 3000 400 200 8 Reached

CPT-11. Irinotecan: 5-FU. S-fluorouracil; LV, leucovorin.

3 anorexia during the first cycle (dose level 1), but all patients
were able to continue treatment. No significant changes in
scerum bilirubin or hepatic enzymes (i.e. AST and ALT) were
observed. Out of the cight patients who entered level 5, four
exhibited DLTs; three had to delay the second treatment
course by eight or more days due to leukopenia (2/3) or
fatigue (1/3), while the other patient experienced NCI-CTC
grade 3 diarrhea. On the basis of these results. the MTD was
defined as dose level 5, and the RDs for irinotccan and 5-FU
in continuous {.v. infusion were determined to be 180 and
2400 mg/mz‘ respectively.

At Step 2, toxicity was evaluated in a total of 27 patients
including 3 treated at dose level 4 in Step 1 (Table 1V). The
most common grade 3 and 4 toxicities were neutropenia
(48%), leukopenia (19%), and vomiting (11%). Two patients
(7%) experienced febrile neutropenia, and five required
granulocyte colony-stimulating factor. Grade 3 diarrhea
occurred in only 1 patient (3%). Other hematological or non-
hematological toxicities, particularly anemia, nausca, anorexia
and alopecia, were mild and did not exceed grade 2.

There were no treatment-related deaths within 30 days of
treatment initiation. However, two patients discontinued
chemotherapy during the first course because of toxicity
(febrile neutropenia and nausea, respectively).

Patients had good relative dose intensities of irinotecan
(88.9%), although the doses of irinotecan and 5-FU in
continuous i.v. infusion were reduced in 8 out of 27 patients
(29%). The reasons for dose reduction included prolonged
neutropenia in 4 patients, vomiting in 3, and diarrhea in 1.

Treatment outcomes. The abjective responses at each dose
level in Step | are summarized in Table V. Seven out of 16
patients who could be assessed for a response achieved an
objective response, resulting in an overall response rate of
44%. However three patients receiving the RD (level 4) did
not show a response, although two had stable discase.

In Step 2. all patients were administered at least one
treatment course. Twenty-three patients could be assessed for
responsc: three complete responses and four partial responses
were observed, resulting in an objective response rate of 30%
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Table 1. Frequency of toxicities at cach dose level (Step 1).

Dose level I (n=4) 2 (n=3) 3 (n=3) 4 (n=3) 5 (n=8) Total

Grade of adverse event | 2 3 4 | 2 3 4 | 2 3 4 I 2 3 4 t 2 34

(NCI-CTCAE version 3.0)

Hematological
Leukopenia 0 l ! 0o 0 0 0 0 | [ 0 0 0 | 0 0 ! 4 2 0 12
Neutropenia Q0 Q | | 0 Q | Q Q | { O 0 | I 0 0 2 3 3 15
Anemia 0 2 0 g 0 0 0 0 1 0O 0 0 2 ! 0 0 40 0 010
Thrombocytopenia 0O 0 0 o -0 0 0 0 0 0 0 0 0 0 0 0 O o 0 0 0
Febrile neutropenia 0o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o0 0o 0o 0 0

Non-hematological
Nausea 2 i 0 o 0 1 0o 0 | 0O 0 0 2 0 0 0 4 2 0 0 13
Vomiting 0 0 0 0 i 0 0 0 | 0 0 0 0 0 0 QO 3 { 0 0 6
Anorexia 20 ! 0 0 | 0 0 l 0 0 0 ! 1 0 0 5 ! 0 0 13
Diarrhea 1 | 0 0 I 0 0 0 | ] 0 0 ) 0 0 0 5 2 0 0 12
Stomatitis I 0 0 0 (0 0 0 0 0 0 0 0 3 0 0 0 1 0 0 0 5
Alopecia 30 0 0 0 0 0 2 0 [ 2 0 0 0 22 0 012
TFutigue 1 { 4} 0 3 0 0 8 2 0 0 0 ! 0 0 0 S 0 ! 0 14
Constipation 1 20 0 0 2 0 0 1 | 0 0 0 0 0 0 | i 0o 0 9
Bilirubin 0 0 0 4} 0 0 0 0 | [} 0 0 8] () 0 0 (3} 0 0 0 !
AST/ALT 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 3 0 0O 0 5

Data are expressed as numbers of patients with the listed grade of toxicity as their maximum. NCI-CTC, National Cancer Institute common toxicity

criteria. AST, aspartate transaminase: ALT. alanine transaminase.

(Table VI). No major differences in tumor response were
found between no prior to
chemotherapy and pre-treated patients, except those treated

patients  with exposure
with adjuvant chemotherapy. There were only three cases

(13%) of progressive disease.
Discussion

This phase I dose-escalation study was performed to determine
the MTDs and RDs of irinotecan and 5-FU for FOLFIRI
therapy for advanced colorectal cancer in Japanese patients.
The RD for irinotecan was 180 mg/mQ, while that for 5-FU in
continuous 7. infusion was 2,400 mg/m2 administered on day
I of 2-week cycles. The RDs were almost the same as those
reported  previously. Furthermore, safety and  anti-tumor
efficacy were evaluated in additional patients in Step 2. It is
difficult to compare the present results with those of other
studies directly administering FOLFIRI therapy. However, the
incidence of grade 3 or higher ncutropenia (48%) was more
frequent in the present trial, while the incidence of diarrhea
(3%) was less frequent. According to previous clinical trials,
grade 3-4 neutropenia and diarrhea were observed in 24-32%
and 4-149% of patients recciving FOLFIRI therapy. respectively
(24-27). Interestingly, even though no patients experienced a
DLT at the RD in Step 1. irinotecan and 5-FU doses were
reduced in 8 out of 27 patients and treatment was discontinued
in two patients in Step 2. However, most patients recovered
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rapidly from toxicities. The dose intensity of irinotecan at this
level was maintained at about 90% throughout the study.

Falcone er al. reported that the schedule of irinotecan
followed by 5-FU infusion is less toxic than the reverse
schedule (28). In their study, the MTDs were 300 mg/m2 for
5-FU followed by irinotecan and 450 mg/m? for irinotecan
followed by 5-FU. DLTs. mainly neutropenia and diarrhea,
were observed only when 5-FU preceded irinotecan. Plasma
pharmacokinetics analysis revealed that the area under the
curve of SN-38 decreased by 40.1% in the irinotecan followed
by 5-FU group. In addition, genetic polymorphisms of
UGTIAL, which is related to irinotecan metabolism, may
affect the likelihood of patients developing severe neutropenia
(15,16, 18). The risk of toxicity was higher among patients
recciving moderate and high doses of irinotecan. Although
UGTIAT genotypes were not analyzed in the present trial,
cthnic variability in the gene polymorphisms may affect the
differentiation of toxicities. Theretore, UGT/A] genotypes
should be evaluated before the initiation of treatment regimens
including irinotecan at 180 mg/m?>.

Although therapeutic efficacy was not the main interest of
the present phase 1 study. patients treated at dose levels below
the RD exhibited high response rates in Step 1 (six out of 10
patients). In Step 2. the objective response rate was 30% at the
RD level. Responses were observed in four out of 11
chemotherapy-naive patients (36%) and three out of 12 pre-
treated patients (25%). Previous phase T trials administering
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Table TV. lncidence of toxicities (Step 2).

Table V. Objective tumor response in evaluable patiems (Step 1).

Grade of adverse event All % Grade=3 %

(NCI-CTCAE version 3.0)  events

Hematological
Leukopenia 25 93 5 19
Neutropenia 22 81 13 48
Anemia 16 59 | 3
Thrombocytopenia 3 11 0 0
Febrile neutropenia 2 7 2 7

Non-hematological
Nausea I8 67 2 7
Vomiting 9 33 3 H
Anorexia 18 67 2 7
Diarrhea 9 33 | 3
Stomatitis 12 44 0 0
Alopecia 20 74 0 0
Fatigue 13 48 l 3
Constipation 4 15 0 0
Rilirubin 7 26 S0 0
AST/IALT 1 41 [§] 0

Data arc expressed as numbers of patients with the listed grade of
toxicity as their maximum. NCI-CTC. National Cancer Institute
common toxicity criteria. AST, Aspartate transaminase: ALT. alanine
transaminase.

FOLFIRI therapy as a first- and second-line chemotherapy for
patients with advanced colorectal cancer report response rates
from 38-56% (24-26) and 4-16%. respectively (27.29). In the
present trial, the tumor response rate was comparable between
patients pre-treated with 5-FU-based chemotherapy and those
without prior exposure to chemotherapy.

In conclusion, the RDs of irinotecan and continuous 5-FU
infusion in the FOLFIRI regimen in Japanese patients with
colorectal cancer are 180 and 2,400 mg/mz. respectively.
These doses are consistent with those in Western countries and
global trials. This FOLFIRI regimen is well-tolerated. and
toxicities were manageable in Japanese patients.
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Abstract

Purpose The FIRIS study previously demonstrated non-
inferiority of IRIS (irinotecan plus S-1) to FOLFIRI (5-fluoro-
vracil/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 (PFS) 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/m?) and irinotecan (150 mg/m?) followed by a
bolus injection of 5-FU (400 mg/m?) on day 1, and then
continuous infusion of 5-FU (2,400 mg/m?) 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 PFES.
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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. PFS 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
PES 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
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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.

@ Springer
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Fig. 1 Consort diagram. IRIS { 426 eligible patients !
irinotecan plus S-1, FOLFIRI 1

infusional 5-fluorouracil, folinic |
acid, and irinotecan j 1

. M
213 allocated to RIS | Ag:r't‘ﬁi'ga‘:ftz" [ 213allocated to FOLFIRI

J !

210 received IRIS 211 received FOLFIRI

3 did not receive the study drug Safety analysis 2 did not receive the study drug
(one due to patient's refusal, one (one due to patient’s refusal, one
due to investigator’s judgment, due to investigator’s judgment)
and one due to disease

progression)

| |

198 received IRIS 203 received IRIS
5 had no measurable lesions as 3 had no measurable lesions as
per inclusion criteria per inclusion criteria
9 received abdominal irradiation Per protocol 1 received treatment with
therapy analysis chemotherapy for metastatic
1 received concomitant drug disease more than twice
5 received abdominal irradiation
therapy

1 complication

Third-line chemotherapy after failure of the protocol treat- Table 1 Cancer treatment after discontinuation of the study treatment
ment in the second-line therapy was given to 168 (78.9 %)  Trcaiment FOLFIRI IRIS
patients in the FOLFIRI group and 153 (71.8 %) patients 7 (%) (%)
in the IRIS group. In these patients, molecularly targeted ‘
agents were concomitantly used in 58 (27.2 %) patients  No 45 (21.1) 60 (28.2)
(bevacizumab, 45; cetuximab, 17) in the FOLFIRI group  Yes 168 (78.9) 153 (71.8)
and 52 (24.4 %) patients (bevacizumab, 38; cetuximab, 16)  Bevacizumab
in the IRIS group, and no marked difference in the use of FOLFOX 4 bevacizumab 33 (15.5) 29 (13.6)
these agents was evident between the two groups (Table 1). FOLFIRI + bevacizumab 19 (8.9) 12(5.6)
5-FU/LV + bevacizumab 8 (3.8) 6(2.8)
Overall survival Cetuximab
FOLFIRI 4+ cetuximab 0(0) 1(0.5)
As of 29 July 2010 when the data collection was finally Irinotecan + cetuximab 16 (7.5) 13 (6.1)
cut off, 352 deaths (FOLFIRI, 178; IRIS, 174) were con- FOLFOX 60 (28.2) 61 (28.6)
firmed with a median follow-up of 39.2 months. A total of FOLFIRI 9(4.2) 25(11.7)
125 censored cases resolved from the last cut-off that we 5-FU/LV 7 (3.3) 10 (4.7)
reported. The median OS was 17.4 months in the FOLFIRI Irinotecan 8 (3.8) 20 (9.4)
group and 17.8 months in the IRIS group (HR 0.900; 95 % S-1 35 (16.4) 7@3.3)
CI 0.728-1.112; p = 0.003 for a non-inferiority margin of Irinotecan + S-1 16 (7.5) 3(1.4)
1.333; Fig. 2a). In the PPS population, the median OS was Operation 12 (5.6) 11(5.2)
17.4 months in the FOLFIRI group and 17.4 months in the Radiation therapy 29 (13.6) 18(8.5)
IRIS group (HR 0.905; 95 % CI 0.728-1.126). The Bayes- Other 48 (22.5) 45211

ian posterior probabilities that the HR of IRIS relative to

FOLFIRI would be <1.333 and <1.15 were calculated to be FOLFIRI infusional S-fluorouracil, folinic acid, and irinotecan, IRIS
+99.9 % and >98.7 % respectively irinotecan plus S-1, FOLFOX 5-fluorouracil, LV, and oxaliplatin, 5-
9 % T %, .

FU 5-fluorouracil, LV leucovorin

Progression-free survival

analysis were confirmed. The median PFS was 5.1 months
When the data collection was finally cut off, 412 events  in the FOLFIRI group and 5.8 months in the IRIS group.
including an increase of 23 events from the primary 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 FOLFIRIL

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),
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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 % CI1 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 PFS in the intention-to-treat (ITT) population. JRIS 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 FOLFIRIL. 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



J Cancer Res Clin Oncol (2015) 141:153-160

159

a FOLFIRI RIS
1 (N=128) _(N=129)
7] Events, N 115 109
E Median, months 12.7 15.3
,g 0.75 1 Adjusted HR 0.755
g (95% Cl) (0.580-0.983)
k3
g OS5y Ny —— FOLFIRI
2 P
T b —— IRIS
2 0.5 b
o Y] Vo
T r ¥
o. .
-
P
0 6 12 18 24 30 36 42 48
Survival time (months)
No. of patients at risk
FOLFIRI 128 101 65 44 22 16 8 3 o
IRIS 129 109 76 56 37 20 16 3 0
b FOLFIRI  IRIS
11 (N=85)  (N=84)
» Events, N 63 65
c Median, months  26.9 23.6
2 0.75 | Adjusted HR 1.229
§_ (95% C1) (0.866~1.745)
“—
° —— FOLFIRI
g 0.5 fmmmmmmoenoooe oo
o LY — IRIS
£ P
2 0.25 1 b
g Vol
a I
Do
Vo

0 6 12 18 24 30 36 42 48 54
Survival time (months)
No. of patients at risk
FOLFIRI 85 78 70 58 46 38 25 11 4 0
IRIS 84 73 59 50 39 33 20 9 5 0

Fig. 4 Survival according to prior chemotherapy with oxaliplatin (a)
or without oxaliplatin (b). /RIS irinotecan plus S-1, FOLFIRI infu-
sional 5-fluorouracil, folinic acid, and irinotecan, HR hazard ratio, CJ
confidence interval

article to the memory of Prof. Hiroya Takiuchi, who contributed to
the conception and design of this study. The senior academic authors
designed the trial in cooperation with the study sponsors. The spon-
sors provided funding and organisational support, collected data, and
performed analyses, but did not undertake any data interpretation.
This report was written by the corresponding author (with additional
input from the other authors), who had unrestricted access to the raw
study data, gives assurance for the accuracy and completeness of the
reported analyses, and had final responsibility for the decision to sub-
mit for publication. This work was funded by Taiho Pharmaceutical
Co. Ltd., Japan, and Daiichi Sankyo Co. Ltd., Japan.

Conflict of interest The authors declare no conflict of interest.

Appendix (participating institutes): FIRIS Study Group

List of participating institutions in order of patient recruitment:
Shizuoka Cancer Center (Shizuoka, Japan); Aichi Cancer
Center Hospital (Nagoya, Japan); National Cancer Center

126

Hospital (Tokyo, Japan); Kochi Health Sciences Center
(Kochi, Japan); Gunma Prefectural Cancer Center (Gunma,
Japan); Kumamoto University Hospital (Kumamoto, Japan);
Kinki University School of Medicine (Osaka, Japan); Chiba
Cancer Center (Chiba, Japan); Nagoya Memorial Hospital
(Nagoya, Japan); National Hospital Organization Shikoku
Cancer Center (Matsuyama, Japan); Saitama Cancer Center
(Saitama, Japan); Osaka Medical College Hospital (Takat-
suki, Japan); National Kyushu Cancer Center (Fukuoka,
Japan); Osaka City General Hospital (Osaka, Japan);
Gunma University Graduate School of Medicine (Mae-
bashi, Japan); Hokkaido University Hospital Cancer Center
(Sapporo, Japan); National Hospital Organization Kyoto
Medical Center (Kyoto, Japan); Keio University Hospi-
tal (Tokyo, Japan); Kansai Rosai Hospital (Hyogo, Japan);
Tokyo Medical and Dental University (Tokyo, Japan);
Osaka Medical Center for Cancer and Cardiovascular Dis-
eases (Osaka, Japan); Aomori Prefectural Central Hospital
(Aomori, Japan); Showa University Toyosu Hospital (Tokyo,
Japan); Minoh City Hospital (Osaka, Japan); Saiseikai
Kumamoto Hospital (Kumamoto, Japan); Toyama Univer-
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ABSTRACT (16 were RO-resected). Of the 26 initially unresectable patients,
Background. A phase II clinical trial was conducted on 6 underwent hepatectomy (4 were RO-resected). The overall
colorectal cancer patients with only liver metastases (focal ~ ROresection rate was 44.4% (20/45). Chemotherapy-associated
diameter exceeds 5 cm or the number of liver metastases is  grade 3 or higher adverse events included neutrophil decreased
>5; H2-H3) to evaluate the liver resection rate and safety (17.4%) and leukocyte decreased (8.7%), fatigue (6.5%) etc.
after 6 cycles of mFOLFOX6+bevacizumab (BV) therapy. Only hypertension (6.5%) and venous thromboembolism
Methods. mFOLFOX6+BV therapy was applied for 6  (2.2%) were BV-associated grade 3 or higher adverse events.
cycles to the patients with H2-H3 liver only metastasis. ~ Among the 25 patients who underwent hepatectomy, intrao-
Hepatectomy was considered after the sixth cycle asarule,  perative/postoperative complications included grade 3 wound
and was performed if possible. The primary endpoint was  infections (2 cases), biloma, delayed wound healing and intra-
the curative hepatectomy rate (RO resection rate). peritoneal abscess (each 1 case).
Results. Forty-six patients were registered and 45 patients  Conclusions. In colorectal cancer patients with liver-only
were included in the efficacy analysis. Of the 19 patientsratedas ~ metastases, mFOLFOX6+ BV therapy yielded a high
unresectable before therapy, 18 completed 6 cycles of mFOL-  hepatectomy rate and a high percentage of initially unre-
FOX6+BV therapy and subsequently underwent hepatectomy ~ sectable and subsequently resectable cases. The .
chemotherapy associated adverse events and hepatectomy
complications were both within acceptable ranges.
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which comprise 15-16 % of all colorectal cancers.' Liver
metastases are observed in approximately 60 % of all stage IV
colorectal cancer cases, and hepatic recurrence occurs in
9-13 % of all colorectal cancer cases after curative resection.”

Currently, hepatectomy is the most reliable and curative
means of liver metastasis treatment and, thus, is the first-line
treatment in cases with resectable liver metastases. In a
domestic study of 763 cases of liver metastasis, factors at
the time of hepatectomy adversely affecting prognosis after
surgery for hepatic metastasis included residual tumor, extra-
hepatic metastasis, hepatic metastasis of degree H3 (maximum
metastatic focal diameter >5 cm and number of metastases
>5) stipulated by the Japanese classification of colorectal
carcinoma,” number of metastases of four or more, pathology
of hepatic metastasis of poorly differentiated adenocarci-
noma, resection margin of <10 mm, and carcinoembryonic
antigen value higher than normal preoperative and 1-month
postoperative.*

To improve the prognosis of colorectal cancer patients, it is
important to improve the liver metastasis treatment outcomes.
Systemic chemotherapy for advanced/recurrent colorectal
cancer has advanced markedly in recent years, following the
clinical introduction of two powerful cytotoxic anti-cancer
drugs (irinotecan and oxaliplatins) and molecule-targeted
drugs such as anti-vascular endothelial growth factor
(VEGF)*” and anti-epidermal growth factor receptor (EGFR)
antibody preparations.*'® With these advances in systemic
chemotherapy, the prognosis is expected to improve if peri-
operative chemotherapy is applied to resectable liver
metastases of colorectal cancer to improve the curative
resection rate by reducing the preoperative tumor size and
suppressing preoperative micrometastasis.'' When treating
unresectable liver metastases of colorectal cancer, “conversion
therapy” has been applied to reduce the tumor size and facil-
itate resection via preoperative chemotherapy.'”'® Adam
etal.'? analyzed 2,047 cases of liver metastases of colorectal
cancer and reported 5-year survival rates after hepatectomy for
335 initially resectable cases and 138 initially unresectable
cases that became resectable after chemotherapy. The rates
were 48 % for the former group and 33 % for the latter."

We therefore conducted a phase Il clinical study to evaluate
the usefulness of preoperative chemotherapy in colorectal
cancer patients with liver-only metastases in whom initial
surgery seemed unsuitable (maximum metastatic focal diam-
eter >5 cm or number of metastases >5; H2/H3).

PATIENTS AND METHODS
Study Design

This was a multicenter single-arm phase II clinical
study. The primary endpoint was the curative hepatectomy
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rate (RO resection rate relative to the entire study popula-
tion. Secondary endpoints were the hepatectomy rate,
curative hepatectomy rate (RO resection rate relative to all
resected cases), percentage of initially resectable and sub-
sequently unresectable cases, percentage of initially
unresectable and subsequently resectable cases, hepatec-
tomy safety, recurrence rate, and survival period.

The trial registration was as follows: University Hospital
Medical Information Network-Clinical Trials Registry
(UMIN-CTR) UMINO000010209.

Patients

This study was conducted in compliance with the Dec-
laration of Helsinki and the Ethical Guidelines on Clinical
Studies after its approval by the ethics committees of all
participating facilities. Written consent was obtained from
all patients before registration.

The following were major inclusion criteria:

1. Histopathologically established colorectal cancer
(adenocarcinoma);

2. Underwent curative primary tumor resection >28 days
before registration;

3. No distant metastases or recurrences, excepting liver
metastases;

4., Maximum liver metastatic focal diameter >5 cm or
number of liver metastases >5 (H2/H3);

5. No history of chemotherapy for colorectal cancer
(noting that the history of postoperative adjuvant
chemotherapy without oxaliplatin was acceptable if
3 months or more had passed after the final treatment);

6. No history of thermocoagulation or freezing therapy for
liver metastasis (e.g., radiofrequency cauterization);

7. Eastern Cooperative Oncology Group Performance
Status (ECOG PS) of 0-1; and

8. Age of 20-80 years.

All patients underwent baseline liver metastatic focal eval-
uations before initiating chemotherapy, using contrast-
enhanced hepatic computed tomography (CT), superpara-
magnetic iron oxide-magnetic resonance imaging (SPIOMRI),
or gadolinium ethoxybenzyl-magnetic resonance imaging (Gd-
EOB-magnetic resonance imaging [MRI]).

Protocol Treatment

Each registered patient began to receive modified
FOLFOX6 (mFOLFOX6) plus bevacizumab (BV) therapy
within 2 weeks after registration. On day 1, bevacizumab
(5 mg/kg), levohorinate (200 mg/mz), S-fluorouracil ([5-
FUJ; 400 mg/m?), and oxaliplatin (85 mg/m?) were rapidly
injected intravenously, followed by a 46-hour continuous
intravenous infusion of 5-FU (2,400 mg/m?). Each cycle of
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the treatment steps was repeated every 2 weeks. Before the
start of each cycle, a physical examination by a physician
and a blood test were performed and considered indis-
pensable. Dose adjustments were made based on the
adverse event grades in accordance with the National
Cancer Institute-Common Terminology Criteria for
Adverse Events (NCI-CTCAE), version 3.0.

After three treatment cycles, the first diagnostic imaging
evaluation was performed. As a rule, diagnostic imaging
evaluations used the same modality during the pretreatment
evaluation. Antitumor efficacy was evaluated in accor-
dance with the Response Evaluation Criteria in Solid
Tumors (RECIST), version 1.0. For cases in which the
diagnostic imaging evaluation after the third cycle was
progressive disease (PD) or stable disease [(SD); tumor
growth may make resection impossible], hepatectomy was
performed if the metastasis was rated as resectable or the
protocol treatment was discontinued if the metastasis was
rated as unresectable. In cases rated as complete response
(CR), partial response (PR), or SD, mFOLFOX6 plus BV
therapy was applied for three additional cycles. During the
sixth cycle, only mFOLFOX6 was administered (and BV
was not used).

After the sixth cycle, the second diagnostic imaging
evaluation was performed to determine whether hepatec-
tomy would be possible. If deemed “resectable,”
hepatectomy was performed. If “unresectable,” the proto-
col treatment was immediately discontinued. The following
are major criteria for determining the possibility of hepa-
tectomy after three cycles:

1. The liver metastatic focus is judged resectable without
leaving any residual macroscopic tumor;

Residual hepatic function after resection can be
preserved sufficiently (noting that residual liver vol-
ume after resection ideally would be 40 % or more of
the cancer-free liver volume before resection; and in
cases with hepatic dysfunction [e.g., alcoholic liver
damage], the maximum residual liver volume is
determined in accordance with each facility’s criteria
for indications of hepatectomy);

ECOG PS of 0-1; and

Other criteria for indications of hepatectomy at each
participating facility are satisfied.

w

No restrictions were imposed on the procedures
adopted for hepatectomy. Cases that underwent radiofre-
quency cauterization were considered R2 cases. Patients
who underwent RO hepatectomy were followed without
further treatment until recurrence was detected. No rule
was set regarding post therapy for cases that underwent
R1 or R2 hepatectomy and those in which the protocol
treatment was discontinued on the basis of an “unresec-
table” judgment.
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Statistical Considerations

This study mainly concerns the examination of the null
and alternative hypotheses about the primary endpoint.
These hypotheses are written as follows:

The null hypothesis is that the true RO resection rate is
equal to 30 % or the threshold RO resection rate. The
alternative hypothesis is that the true RO resection rate is
higher than 30 %.

Assuming that the expected RO resection rate and the
threshold RO resection rate are 45 and 30 %, respectively,
we estimated that 64 subjects were required for analysis
with a significance level of 5 % (one-tailed) and a power of
80 %. Considering the potential number of dropouts from
this study, the targeted number of subjects for this study
was decided to be 70.

For the evaluation of percentages and rates listed in the
endpoints, except the recurrence rate and survival period,
95 % confidence intervals were used. The Kaplan—Meier
curve shall evaluate the recurrence rate and survival period
in the secondary endpoints.

We also used descriptive statistics to summarize the
patient profiles and observations including background
variables, pretreatment baseline liver metastasis status,
chemotherapy implementation status, adverse event fre-
quency and severity, responses to chemotherapy, status of
hepatectomy implementation post hepatectomy complica-
tions, and rated responses to chemotherapy.

For the analysis of the endpoints, except the recurrence
rate and survival period, data up to 9 months later than the
registration were provided for the analysis. One- and 3-year
data after the registration are being collected to calculate
the recurrence rate and survival period and therefore the
results are not reported in this paper.

Our data analysis was performed with SAS version 9.3
(SAS Institute Inc., Cary, NC)

RESULTS

Between April 2009 and October 2011, 46 patients were
registered in this study at 25 domestic facilities and began
to receive treatment. One patient was found to be ineligible
after the start of treatment (history of hepatectomy) and
was excluded from the efficacy analysis set (EAS), but
included in the safety analysis set (SAS).

Patient Characteristics

Tables 1 and 2 summarized the patient background
variables for the SAS (n = 46) and the baseline statuses of
the liver metastatic foci in 46 patients. The median number
of liver metastases was six, and this number differed sig-
nificantly between the cases rated as resectable (five) and
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TABLE 1 Patients characteristics (SAS, n = 46)
Gender Male 27 (58.7 %)
Female 19 41.3 %)
Age, years Median (range) 62.5 (39-80)
Body surface area, m> Median (range) 1.6 (1.2-2.0)
BMI Median (range) 22.1 (15.9-26.0)
PS 0 43 (93.5 %)
1 3 (6.5 %)
Past history of liver diseases (=) 44
+) 2¢
Primary tumor location Colon 32 (69.6 %)
Rectosigmoid 7 (15.2 %)
Rectum (15.2 %)
Depth of primary tumor invasion (TNM 7th) ) TI-T2 2 (4.4 %)
T3 20 (43.5 %)
T4 24 (52.1 %)
LN metastasis of primary tumor N(-) 13 (28.3 %)
N(+) 33 (71.7 %)
BMI body mass index, LN lymphnode, PS performance status, SAS safety analysis set
* Hepatitis B, liver resection
TABLE 2 Liver metastases (met) at baseline (SAS, n = 46)
Assessment at Initially resectable Initially unresectable Total
baseline n=19) (n=27) (n = 46)
Synchronous 15 (78.9 %) 24 (88.9 %) 39 (84.8 %)
Metachronous 4 (21.1 %) 3111 %) 7 (15.2 %)
Maximum diameter of Median (range) 5.3 (1.6-12.2) 5.7 (1.8-12.4) 5.5 (1.6-12.4)
liver met {(cm)
No. of liver met Median (range) 5 (1-10) 10 (1-23) 6 (1-23)
1-4 8 (42.1 %) 5(18.5 %) 13 (28.3 %)
5-10 11 (579 %) 12 (444 %) 23 (50.0 %)
>11 10 (37.0 %) 10 (21.7 %)
Reason for initially unresectable Insufficient remnant liver volume 24
Major vascular invasion 2

Others

1

met metastasis, No number, SAS safety analysis set

those rated as unresectable before treatment (ten)
(p = 0.0137).

Chemotherapy Delivery

Figure 1 outlines the EAS course of treatment
(n = 45). All 45 patients included in EAS received
mFOLFOX6 plus BV therapy. For one patient, the pro-
tocol treatment was discontinued at the end of the first
cycle because of the patient’s refusal. At the end of the
third cycle, two cases were rated as PD. The protocol
treatment for these cases was discontinued at that time.
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The other 42 patients continued to receive mFOLFOX6
plus BV therapy. After the fourth cycle, chemotherapy
was terminated and hepatectomy was performed in one
patient because of the patient’s desire. The other 41
patients completed the six planned treatment cycles
(chemotherapy completion rate, 91.1 %). The patient
excluded from EAS completed six cycles of mFOLFOX6
plus BV therapy.

The number of patients who received each chemother-
apy cycle and the relative dose intensities for each drug
among the SAS (n = 46) are shown in Table 3. Each drug
maintained a high-dose intensity (median, >90 %).
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FIG. 1 Summary of treatment results (efficacy analysis set [EAS], n = 45). CR complete response, NE not evaluated, PD progressive disease,

PR partial response, SD stable disease

TABLE 3 Relative dose intensity of chemotherapy (SAS, n = 46)

Median % Ist Cycle 2nd Cycle 3rd Cycle 4th Cycle 5th Cycle 6th Cycle
No. of pts. treated 46 45 45 43 42 42

BV 98.4 98.5 98.3 97.8 98.5 -

LV 96.9 97.4 96.8 96.1 973 98.1
L-OHP 94.4 95.3 93.8 93.7 94.3 95.3
5-FU iv 96.8 97.1 96.8 96.0 97.0 97.1
5-FU div 98.6 99.1 98.4 98.5 99.0 99.2

Dose intensity (mg/m/2 weeks) = total dose (/body/2 weeks)/duration (days) x 14 (days)
5-FU 5-fluorouracil, BV bevacizumab, L-OHP oxaliplatin, LV leucovorin, No number, pts patients, SAS safety analysis set

Adverse Chemotherapy-Associated Events

Table 4 shows the adverse events and their incidence
rates during chemotherapy for SAS (n = 46). Deep vein
thrombosis had an incidence of 2.2 % when analyzing BV-
related grade 3 or higher adverse events. There were no
chemotherapy-related deaths.

Responses to Chemotherapy
The best overall responses among the EAS (n = 45)

were PR in 25 cases (55.6 %), SD in 17 cases (37.8 %), PD
in two cases (4.4 %), and not evaluable (NE) in one case
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(2.2 %), with an overall response rate of 55.6 % (95 % CI
40.0-70.3 %). For the 19 initially resectable cases, the
response rate was 68.4 % (26.3 and 63.2 % after the third
and sixth cycles, respectively). For the 26 initially unre-
sectable cases, the response rate was 46.2 % (26.9 and
46.2 % after the third and sixth cycles, respectively). PD
was only observed in two of the 26 initially unresectable
cases; both were rated this way because of the appearance of
new-lesions. Figure 2 graphically represents a waterfall plot
analysis of the best overall responses of 44 of 45 patients
that comprised the EAS, excluding one patient in whom the
evaluation was omitted because of protocol treatment dis-
continuation during the first cycle. The median change in



