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Abstract

Background Anti-epidermal growth factor receptor (EGFR)
antibodies, cetuximab, and panitumumab are established as
a new treatment option for metastatic colorectal cancer
(mCRC). Among activating mutations downstream of
EGFR, the KRAS mutation, which is present in 30-45 % of
CRC patients, has shown to be a predictive biomarker
of resistance to anti-EGFR antibody therapy based on
Caucasian studies.

Methods Forty-three chemotherapy-refractory  Japanese
patients with mCRC were treated with cetuximab monotherapy
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or cetuximab plus irinotecan. KRAS, BRAF, and PIK3CA
mutational status of tumors was assessed. The association
between mutational status and treatment outcome was
evaluated.

Results Of 43 tumors, KRAS, BRAF, and PIK3CA muta-
tions were identified in 12 (27.9 %), 2 (4.7 %), and 2
(4.7 %) tumors, respectively. The wild-type KRAS sub-
group showed better clinical outcomes than the mutant
KRAS subgroup in terms of response rate (RR) (31.3 % vs.
0 %, P = 0.034) and progression-free survival (PFS) (5.1
vs. 3.0 months, P = 0.017). No responder to treatment was
shown in 16 (37.2 %) patients with tumors harboring
mutations in any one of the three genes (KRAS, BRAF, and
PIK3CA). The wild-type subgroup without any mutations
in KRAS, BRAF, and PIK3CA had a better RR (37.0 %)
and PFS (6.4 months) than did the wild-type KRAS
subgroup.

Conclusion Our data indicated that KRAS status is pre-
dictive of cetuximab response in the Japanese population.
The additional analysis of BRAF and PIK3CA genes in
wild-type KRAS patients could improve selection of
patients who are most likely to benefit from anti-EGFR
antibody therapy.
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Introduction

Epidermal growth factor receptor (EGFR), a receptor
tyrosine kinase, triggers a downstream signaling cascade
through such as the RAS-RAF-MAPK and PI3K-AKT
pathways, which are involved in cell proliferation, sur-
vival, and motility. Inhibition of EGFR activation has
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demonstrated significant promise as a molecular targeting
therapy for various solid tumors. Two monoclonal anti-
bodies (mAbs) targeting EGFR, cetuximab and pani-
tumumab, have been approved for treatment of metastatic
colorectal cancer (mCRC). The initial candidate biomarker
for the anti-EGFR antibody response, EGFR expression
analyzed by immunohistochemistry, was not a reliable
predictive factor [1]1. KRAS, downstream of EGFR, was
shown to be a useful biomarker because somatic mutations
that mainly occur in codons 12 and 13 result in constitutive
activation of the RAS-MAP pathway regardless of EGFR
inhibition {2-4]. A number of groups undertook retro-
spective KRAS testing of tumors from mCRC patients who
were treated with cetuximab or panitumumab [5, 6].
Studies of patients receiving first and subsequent lines of
treatment have found that those with mutated KRAS do not
respond to, or experience any survival benefit from, treat-
ment with anti-EGFR mAb [24, 6-10]. However, only a
small proportion of patients achieved an objective response
and benefit from cetuximab even among those with wild-
type KRAS tumors. Thus, other downstream factors in
EGFR signaling are now being explored, such as BRAF and
PIK3CA, which are mutated in 5-10 % and 10-30 % of
CRC, respectively.

Activating mutations in BRAF, which is mutually
exclusive with KRAS mutations, may be responsible for the
lack of efficacy of anti-EGFR mAbs in wild-type KRAS
tumors [11, 12]. Retrospective analyses of anti-EGFR
mAb-based treatment in various lines showed a correlation
between the BRAF V600E and resistance to anti-EGFR
mAb [11, 13]. BRAF mutation also has been shown to be
both a prognostic factor and predictive of cetuximab
response [13]. Therefore, interpretation of the clinical
significance of BRAF mutations is complicated. The
PIK3CA gene encodes the catalytic subunit p110a of PI3K.
Tumor-derived mutant PI3K stimulates the AKT pathway
and promotes cell growth in several cancers, including
CRC. Tumors with PIK3CA mutations are associated with
poor prognosis. Mutations in the PIK3CA gene have been
shown to significantly impair response to treatment with
anti-EGFR mAbs in mCRC patients. However, recent
contradictory evidence indicates no strong rationale for
using PIK3CA mutations as a single predictive marker for
cetuximab response in chemotherapy-refractory mCRC
[14]. A large-scale European study reported that the com-
bination of KRAS, BRAF, NRAS, and PIK3CA mutation
status improved prediction sensitivity for anti-EGFR mAb
response [15].

The epidermal growth factor receptor is a critical pre-
dictive marker of gefitinib efficacy in non-small cell lung
cancer (NSCLC). A clear ethnic difference in the frequency
of EGFR mutations was found between Caucasians and
Asians. The mutation frequency is higher in Asian NSCLC
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patients (about 30-60 %) than in Caucasian patients
(approximately 10-20 %) [16-18]. However, the ethnic
differences between Caucasians and Asians in mutation
prevalence of KRAS, BRAF, and PIK3CA in mCRC have
not been evaluated fully. Moreover, KRAS mutation status
and that of other EGFR-downstream genes should be val-
idated as predictive markers of anti-EGFR therapy in the
Asian population.

We evaluated the relationship between KRAS mutation
status and response to cetuximab-based treatment in
Japanese patients with mCRC who have failed prior che-
motherapy including irinotecan, oxaliplatin, and fluoro-
pyrimidine. Furthermore, to optimize the selection of
patients who are most likely to benefit from anti-EGFR
mAbs, we investigated the association of minor KRAS
mutations in codon 61, BRAF V600E mutation, and
PIK3CA mutations in exons 9 and 20 with clinical
outcomes.

Materials and methods
Patients and trial design

This study, aimed to examine the effect of cetuximab on
RR and PFS among patients with mCRC in whom all prior
chemotherapy had failed and for whom no other standard
anticancer therapy was available, was approved by the
Ethical Committee of Tohoku University School of Med-
icine. Eligible patients were enrolled between October
2008 and May 2010. Tumor specimens of all patients
exhibited EGFR expression in >1 % of malignant cells, as
determined by immunohistochemistry with the Dako
EGFR PharmDx kit (DakoCytomation, Glostrup). None
of the patients had received previous treatment with
anti-EGFR mAb. After enrollment, patients received
cetuximab-based treatment. Cetuximab was administered
intravenously at a standard dosage of 400 mg/m” over 2 h
on day 1 of treatment, followed by 250 mg/m?® intrave-
nously over 1 h, once a week. Irinotecan was administered
intravenously at a standard dosage of 150 mg/m? every
2 weeks or 100 mg/m” weekly for 3 consecutive weeks,
following by a 1-week rest. Patients were evaluated for
tumor response or progression every 8 weeks by radiologic
imaging. Cetuximab-based treatment was continued until
disease progression or unacceptable toxicity occurred.

Tumor collection and processing

Formalin-fixed, paraffin-embedded (FFPE) samples of
tumor tissue from archival specimens collected at the time
of diagnosis were stored at Tohoku University Hospital.
Assays of tissue samples for KRAS, BRAF, and PIK3CA
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mutations were performed at the Department of Clinical
Oncology, Institute of Development, Aging and Cancer,
Tohoku University. All patients’ samples were screened for
KRAS mutation in codons 12, 13, and 61, and for BRAF
V600E and PIK3CA mutations in exons 9 and 20. All
available tissue samples were classified as mutant or wild

type.
Nucleotide sequence analysis

Mutation analyses of KRAS, BRAF, and PIK3CA were
performed by extraction of genomic DNA from FFPE
tissue slides or sections. DNA was extracted using the
QIAamp DNA FFPE Tissue Kit (Qiagen) according to the
manufacturer’s protocol. Analyses of the DNA sequences
were performed with the use of the automated
CEQ2000XL. DNA analysis system (Beckman Coulter)
under specific cycle and temperature conditions. The PCR
products were analyzed by 1.0 % agarose gel electropho-
resis. Appropriate positive and negative controls were
included for KRAS, BRAF, and PIK3CA. To minimize bias,
the persons who performed the mutation analyses were
blinded to clinical outcomes.

Statistical analysis

All patients for whom data on KRAS, BRAF, and PIK3CA
mutation status were available were included in the anal-
ysis. The statistical analyses of categorical variables were
performed using the x* test. RR was defined according
to the Response Evaluation Criteria in Solid Tumors
(RECIST) ver. 1.0. According to RECIST criteria, patients
were categorized as responders if they achieved complete
response (CR) or partial response (PR), or nonresponders if
they showed stable disease (SD) or progressive disease
(PD). PFS was defined as the time from the beginning of
chemotherapy until the first objective evidence of disease
progression or death from any cause. The PFS analyses
were determined according to the Kaplan—Meier method,
and survival curves were compared using the log-rank test.
Statistical significance was set at P < 0.05 for a bilateral
test.

Results
Patient characteristics

Patient clinical characteristics are listed in Table 1: 43
patients received cetuximab-based treatment. Of these, 42
patients were ECOG performance status 0 or 1, and only 1
patient was ECOG performance status 2.

— 61

Table 1 Patient characteristics

All KRAS KRAS wild
mutant type

Total number of patients 43 12 31
Median age, years (range) 57 31-80) 56 (41-80) 63 (31-79)
Gender

Male 25 6 19

Female 18 6 12
ECOG performance status

0 29 10 19

1 13 2 11

2 1 0 1
Number of previous chemotherapy lines

1 0 0 0

2 25 8 17

>3 18 4 14
Prior chemotherapy for advanced disease

FOLFOX 43 12 31

FOLFIRI/IRIS/Irinotecan/ 33/5/3/2 10/1/0/1 23/4131

IFL

Bevacizumab 17 4 13
Chemotherapy regimen

Cetuximab + irinotecan 31 12 19

Cetuximab alone 12 0 12
Primary tumor

Cecum 2 1 1

Ascending colon 8 3 5

Transverse colon 3 1 2

Descending colon U] 0 0

Sigmoid colon 12 2 10

Rectum 18 5 13
Metastatic sites

Liver 32 9 23

Lung 27 8 19

Intraabdominal lymph nodes 15 2 13

Peritoneum 7 2 5

Bone 3 0 3

Others 6 2 4

FOLFOX 5-fluorouracil, leucovorin, oxaliplatin, FOLFIRI 5-fluoro~
uracil, leucovorin, irinotecan, IRIS irinotecan, S-1, IFL irinotecan,
5-fluorouracil, leucovorin

All patients had failed prior chemotherapy including
irinotecan, oxaliplatin, and fluoropyrimidine. None of the
patients had been treated with anti-EGFR mAbs. Prior
oxaliplatin-containing regimen included only the FOLFOX
regimen [infusion and bolus 5-fluorouracil (5-FU) plus
oxaliplatin]. Prior irinotecan-containing therapies included
the FOLFIRI regimen (infusion and bolus 5-FU with
irinotecan) in 33 patients, irinotecan monotherapy in 3
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patients, S-1 plus irinotecan in 5 patients, and the IFL
regimen (bolus 5-FU plus irinotecan) in 2 patients. Sev-
enteen patients received bevacizumab in their treatment
regimen.

The sites of metastases were liver (32; 74.4 %), fol-
lowed by lung (27; 62.8 %), intraabdominal Iymph nodes
(15; 34.9 %), and peritoneum (7; 16.3 %). Among 43
patients with mCRC, 31 (72.1 %) received cetuximab
plus irinotecan and 12 (27.9 %) received cetuximab
monotherapy.

Toxicity

Toxicity data are summarized in Table 2. Grade 3-4 neu-
tropenia was observed in 12 patients (27.9 %), and grade
3-4 anemia was observed in 4 (9.3 %). Skin toxicity,
including acne, rash, dry skin, pruritus, acneiform derma-
titis, and papular rash, was observed in 42 (97.7 %)
patients. Grade 3-4 skin toxicity was observed in 4 patients
(9.3 %). Other grade 3-4 toxicities included diarrhea
(2.3 %), stomatitis (2.3 %) and hypomagnesia (2.3 %). The

toxicity profiles did not differ between patients with wild-
type KRAS tumors and those with mutated KRAS tumors.

Mutation analyses of KRAS, BRAF, and PIK3CA

Table 3 provides a list of mutations detected by direct
sequencing. We analyzed a relatively rare mutation in
codon 61 in addition to the common mutations in codons
12 and 13 to increase the sensitivity of mutation detection.
KRAS mutations at codons 12, 13, and 61 were observed in
12 (27.9 %) of the tumors. Of the 11 detected mutations in
codons 12 and 13, the most frequent mutation was G12D
(14.0 %), followed by G13D (7.0 %), G12V (2.3 %), and
G12A (2.3 %). Q61H was found in 1 tumor (2.3 %). Two
of the three common KRAS mutations, G12D, G13D, and
G12V, were also detected frequently in this study. BRAF
mutation at codon 600 (V600E) was observed in 2 tumors
(4.7 %), both of which were KRAS wild type. PIK3CA
mutations in exon 9 (E542K and E545G) were observed in
2 patients (4.7 %), but no tumor mutations were found in
exon 20.

Table 2 Toxicity profile in

43 mCRC patients Event All (n = 43) KRAS mutant (n = 12) KRAS wild type (n = 31)
Gl4%) G34 %) Gl4(%) G4 Gl4%) G3-4 (%)
Leukopenia 16 (37.2) 5(11.6) 4(33.3) 2 (16.7) 12 (38.7) 30.7
Neutropenia 18 (41.9) 12 279) 4 (33.3) 4 (33.3) 14 (45.2) 8 (25.8)
Anemia 11 (25.6) 4 (9.3) 1(8.3) 0 (0) 10 (32.3) 4 (12.9)
Thrombocytopenia 2 (4.7) 0 ) 1(8.3) 0(0) 1332 0 (©0)
Diarrhea 11 (25.6) 1(2.3) 1(8.3) 0(0) 10 (32.3) 1.2
Skin toxicity 42 (97.7) 4(9.3) 12 (100) 1(8.3) 30 (96.8) 3.7
HFS 8 (18.6) 0(0) 1(8.3) ({1} 7 (22.6) 0O
Stomatitis 15 (34.9) 12.3) 4 (33.3) 0 (0) 11 (35.5) 1(3.2)
Nausea 12 (27.9) 0 2 (16.7) 0 () 10 (32.3) 0O
Vomiting 5(11.6) 0(0) 0(0) 0(0) 5(16.1) 0 ()
Fatigue 16 (37.2) 00 3(25.0) 0(0) 13 (41.9) 0
Anorexia 10 (23.3) 0(0) 2 (16.7) 0 () 8 (25.8) [ (1)]
HFS handfoot syndrome Hypomagnesia 11 (25.6) 12.3) 1(8.3) 0 (0) 10 (32.3) 132
ﬁ;‘;’;ﬁ ﬁﬁé;f’g‘; ;:::ies Gene Codon Nucleotide Amino acid Number (%)
(n = 43) substitution substitution
KRAS 12 GGT — GAT G12D 6 (14.0) 12 (27.9)
GGT - GCT Gi2A 123
GGT - GIT Gl12v 123)
13 GGC — GAC G13D 3(7.0)
61 CAA - CAC Q61H 1(23)
BRAF 600 GTG — GAG V600E 247D 247
PIK3CA 542 GAA - AAA ES542K 1(2.3) 247
545 GAG - GGG E545G 1(23)
@_ Springer
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Table 4 Response to

. . Tumor KRAS status in codons 12, 13 Genetic status of KRAS (codons 12, 13, 61), All
ceusimab acooning 0 the o BRAT, and PIRSCA ¥ et
mutations in the 43 patients Mutant Wild type Mutant of any genes Wild type of all genes

(%) (%) (%) (%)
Total 11 (100) 32 (100) 16 (100) 27 (100) 43 (100)
CR [1X()} 13.1) [\X (1)) 137 1(2.3)
PR 0(0) 9 (28.1) 0 (0) 9 (33.3) 9 (20.9)
Sb 7 (63.6) 11(34.4) 8 (50.0) 10 (37.0) 18 (41.9)
PD 4 (36.4) 11 344) 8 (50.0) 7(259) 15 (349)
CR complete response, PR RR (%) 0 313 0 37.0 233
partial response, SD stable DCR 63.6 65.6 50.0 741 65.1
disease, PD progressive disease,  pg (median) 3.0 M 51M 28M 64M 47M
M months
Cetuximab efﬁcacy (a) Genetic status Median
~ 100 - ——— Wild-type KRAS {codon 12&13) 5.7 M
gf‘ s Mutant KRAS (codon 12 & 13) oM
The RR and median PFS (inPFS) according to the presence k-
or absence of gene mutations are shown in Table 4. In the % 87
43 assessable patients, the RR and mPFS comrelated with @
KRAS, BRAF, and PIK3CA mutation status. No responder ~ § &0
was observed among the 16 patients with mutations in any ",5
one of the three genes, although there were 11 responders  § 491
among the 27 patients with no gene mutation. In the 27 o
patients with no detected mutations, objective RR was 3 20 1
40.7 %; in 16 patients with mutated tumors, objective RR o
was 0 %. In patients with wild-type KRAS in codons 12 and 0 - T - T .
13, KRAS in codon 61, BRAF, and PIK3CA mutations were 0 100 200_ 300 400 500
associated with lack of response. Time (Days)

The mPFS of the wild-type KRAS (codon 12 and 13) (b) Genetic status Median
subgroup was significantly longer than that of mutant 100773 " Wikdype KRAS (codon 12,13 & 61), 6.4
KRAS (codon 12 and 13) subgroup (5.7 vs. 3.0 months; B 5 e Wutant KRAS (codon 12, 13 & 61),  2.8M
P = 0.017) (Fig. 1a). However, the difference of mPFS § 8071 ¢ BRAF and PIKICA
between wild-type KRAS (codon 12, 13, and 61), BRAF “g
and PIK3CA subgroup, and mutant subgroup in any of the o 60 1
three genes was considerably more (6.4 vs. 2.8 months; &’

P = 0.0069) (Fig. 1b). Consistent results with RR and s 404

mPFS were observed in the plot of best response of target '@

lesions and mutation status. Almost all patients with any 95’, 20

mutation in KRAS, BRAF, and PIK3CA failed to respond to g

cetuximab-based treatment (Fig. 2a). No patient in the 0 : . ot . .

mutant KRAS group had a tumor reduction (Fig. 2b). In 0 100 200 800 400 500
Time (Days)

contrast, 50 % of the wild-type KRAS group had a tumor
reduction, including patients with PR and SD (Fig. 2c);
0.06 % of the group with any mutant KRAS, BRAF, and
PIK3CA and 56 % of the all wild-type group had a tumor
reduction, respectively (Fig. 2d, e). All the four patients
with severe progressive disease (more than 40 % tumor
increase from baseline) were included in the group with
any mutant KRAS, BRAF, and PIK3CA genes. These results
indicate the clinical relevance of mutations in these genes
in predicting the efficacy of cetuximab-based treatment in
patients with mCRC.

Fig. 1 Kaplan-Meier cumulative progression-free survival (PFS)
based on KRAS, BRAF, and PIK3CA mutational status in metastatic
colorectal cancer (mCRC) patients treated with cetuximab. a Patients
with wild-type KRAS (codons 12, 13) versus mutant KRAS. b Patients
with all wild-type KRAS (codons 12, 13, 61), BRAF, and PIK3CA
versus any mutant KRAS, BRAF, and PIK3CA

Discussion

Our data confirmed that KRAS status is a significant pre-
dictive marker of cetuximab response in Japanese patients
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with mCRC as it is in Caucasians, and the combination of
KRAS, BRAF, and PIK3CA analyses improved predictive
sensitivity. The wild-type KRAS (codons 12 and 13) sub-
group showed better clinical outcomes than did the mutant
KRAS subgroup in terms of RR and mPFS (Fig. 1a).
Moreover, the difference of clinical outcome was wider by
comparing between the wild-type subgroup in all KRAS
(codons 12, 13, and 61), BRAF, and PIK3CA genes and the
mutant subgroup in any of the three genes than comparing
between the wild-type KRAS (codons 12 and 13) and the
mutant subgroup (Fig. 1b). Then, combined analysis of the
three genes and addition of KRAS codon 61 mutation
analysis contributed to a better selection of the patients
likely to benefit from cetuximab treatment. In contrast, no
responders were found among the five patients with tumors
harboring either KRAS codon 61, BRAF, or PIK3CA
mutations. It is a noteworthy tendency that combination of
mutations of the three genes contributes to selecting
severely progressive patients who benefit least from anti-
EGFR therapy (Fig. 2a). The RR of the wild-type KRAS
and the RR of the wild-type KRAS, BRAF, and PIK3CA in
this study were almost comparable with those of the large-
scale analysis in Europeans [15], suggesting that the
significance of KRAS, BRAF, and PIK3CA mutations
in prediction of cetuximab efficacy is almost identical
between Asians and Caucasians. Nevertheless, almost
60 % of patients without any mutations in KRAS, BRAF,
and PIK3CA genes still did not respond to cetuximab and
suffered tumor progression. These results also suggest that
there are other, unidentified molecular response determi-
nants. We analyzed other downstream factors in the EGFR
signaling pathway including NRAS, AKTI, and PIK3RI.
Although previous reports have shown mutations in NRAS,
AKTI, and PIK3RI genes in 2.64 % [15], 6 % [19], and
8.3 % [20] of patients with mCRC, respectively, we did not
identify any mutations in these genes. Thus, we could not
evaluate the significance of these gene mutations as a
biomarker of anti-EGFR therapy because of low preva-
lence. However, we excluded the possibility that these
genes were responsible for the treatment resistance we
observed in patients with KRAS, BRAF, and PIK3CA wild-
type mCRC. Additional biomarkers are needed to improve
the identification of patients who will benefit from cetux-
imab treatment. One of the candidate biomarkers is the
tumor suppressor PTEN protein, which is a negative reg-
ulator of PI3-kinase-initiated signaling. The loss of PTEN
expression determined by immunohistochemistry has been
associated with a lack of response to cetuximab [21, 22].
The KRAS mutation frequency in this study was low
(27.9 %) in comparison to previous reports (40-50 %). The
reason for this lower prevalence is likely the result of
clinical bias as a consequence of the retrospective study
design. We enrolled patients who received cetuximab as
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third-line therapy or later just after approval of cetuximab
for use in Japan. Initially, the patients were treated with
cetuximab without KRAS analysis in advance, causing no
bias in the population of the KRAS mutants. However, after
the KRAS analysis became available, the patients were
treated only if the tumors harbored wild-type KRAS. This
situation made the mutation frequency of KRAS lower than
other studies, but alsc made our data valuable because no
further clinical data regarding cetuximab treatment in
Japanese patients with KRAS-mutant tumors will be
available. The KRAS mutation frequency in 186 patients
with mCRC was also analyzed during this study, including
patients who did not receive cetuximab treatment for var-
ious reasons. The KRAS mutation was found in this pop-
ulation in similar frequency to that described in the
previous studies (75/186 = 40.3 %). Moreover, the pattern
of KRAS mutations was very similar to the previous Cau-
casian studies [23, 24]. Thus, we concluded that KRAS
mutation in terms of both frequency and the mutation
spectrum does not differ between Japanese and Caucasians.
Recently, the KRAS G13D mutation has been shown to be
associated with better outcome after treatment cetuximab
than was observed with other mutations [25]. In this study,
three patients with KRAS G13D-mutated tumor had no
tendency to show better response to cetuximab-based
therapy than those with other mutations (Fig. 2c), even
though the sample size was low. The prevalence of BRAF
mutation (4.6 %) was also lower than the reports in Cau-
casian studies [26], which could be the result of ethnic
difference. However, BRAF mutations have shown to be a
prognostic marker and a predictive marker of anti-EGFR
antibody therapy [13]. Then, one of the possible explana-
tions of this lower prevalence is that patients with the
BRAF mutation become intolerant of additional therapy
through multiple lines of chemotherapy, as similarly
reported in several studies [15]. The prevalence of PIK3CA
mutation (4.7 %) was quite lower than that observed in the
previous studies (10-20 %). Of the two detected mutations,
E542K is one of the three hot-spot mutations (E542K,
E545K, and H1047R), whereas E545G is a rare mutation
[15, 27]. Large-scale analysis will clarify whether this
discrepancy in mutation frequency and spectrum is caused
by ethnic differences. The clinical relevance of PIK3CA
mutations in prediction of the response to anti-EGFR
therapy is still controversial. Althongh most studies do not
evaluate the mutation in exons 9 and 20 separately, a
recent large European study has shown that only PIK3CA
mutations in exon 20 but not those in exon 9 are associated
with resistance to anti-EGFR antibody. We detected the
PIK3CA mutation only in exon 9, and the mutated tumor
showed no response to cetuximab. Our data indicated
the mutations in exon 9 possibly abrogated the effect of
cetuximab,
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Fig. 2 Waterfall plots showing maximal reduction of target lesions
based on KRAS, BRAF, and PIK3CA mutational status in mCRC
patients treated with cetuximab. a All patients. b Patients with mutant
KRAS (codons 12, 13). ¢ Patients with wild-type KRAS (codons 12,

In this study, the RR of cetuximab plus irinotecan was
32.3 %; the RR of cetuximab monotherapy was 8.3 % in
the third or additional lines of treatment for mCRC. This
efficacy was comparable with the data of 206 patients in
the third-line subgroup in the BOND study (RR was
22.2 % for cetuximab plus irinotecan and 8.5 % for
cetuximab monotherapy) [28] or the NCIC-CTG Co. 17
study (RR was 8.1 % for cetuximab monotherapy) [8]. The
toxicity profiles were also consistent with those observed in
these studies. Therefore, we conclude that both efficacy
and safety of cetuximab treatment for chemotherapy-

-80
-100
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13). d Patients with any mutant KRAS (codons 12, 13, 61), BRAF, and
PIK3CA. e Patients with all wild-type KRAS (codons 12, 13, 61),
BRAF, and PIK3CA

refractory patients are similar between Japanese and
Caucasians.

In conclusion, the results of this study confirmed that
cetuximab-based treatment is effective and well tolerated
in patients with wild-type KRAS who have failed prior
chemotherapy including irinotecan, oxaliplatin, and flu-
oropyrimidine in Japanese as in Caucasians. These results
indicated the clinical relevance of KRAS mutations in
predicting the efficacy of cetuximab-based treatment in
Asian patients with mCRC. Moreover, our data also indi-
cated that mutation analysis of KRAS codons 61, BRAF,
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and PIK3CA contributes to improving the selection of
candidate patients who are most likely to benefit from anti-
EGFR mAbs.
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New Molecular-Targeted Agents for Colorectal Cancer—Regorafenib and Aflibercept: Shunsuke Kato (Dept. of Clin-
ical Oncology, Institute of Development, Aging and Cancer, Tohoku University)
Summary

Since the approval of bevacizumab, cetuximab, and panitumumab, development of novel molecular-targeted agents for
colorectal cancer has been awaited. Recent phase I trials revealed that new molecular-target agents, regorafenib and afli-
bercept, are useful for previously treated mCRC. Regorafenib is an oral multi-kinase inhibitor which targets angiogenic,
stromal and oncogenic receptor tyrosine kinase (RTK). Aflibercept is a recombinant fusion protein that consists of vascular
endothelial growth factor (VEGF)-binding portions from the extracellular domains of human VEGF receptors 1and 2, fused
to the Fc portion of the human IgG1 immunoglobulin. They are different in structure, but an anti-angiogenic effect is one of
the main mechanisms of action they have in common. Consistent with the 18147 ML study, bevacizumab beyond progression
(BBP), anti-angiogenic therapies are important in any line of chemotherapy for colorectal cancer. Key words: Colorectal
cancer, Regorafenib, Aflibercept, Angiogenesis, Corresponding author: Shunsuke Kato, Department of Clinical Oncology,
Institute of Development, Aging and Cancer, Tohoku University, 4-1 Seiryo-machi, Aoba-ku, Sendai, Miyagi 980-8575, Japan

BE KEFACIT 55 FERBEEIE, B VEGF kAN Y XA 7 EHEGFR itk kY =7, Novia<w 70N
BUFELEL L ET 5T, BEOEIHRBROBRICL), LIS 7277 70RET eI HLOAFE
WEHOFEREIER I, LIT 72T BNV F ¥ -2y VRZEKRFO Y U3 F—-YHEHATHY, T7) €7
Mi& VEGF-A, VEGF-B B LU PIGF (BBBEBERET) L4 WELRCTHEAHAZRHETH S, ChoEHIINGT
LAY L THEEBEAERER L WIBE LDOBVESH 54, E2ERABFO—DOCNEGFTERENRS D LN THET S,
INSEH BV THRENENA LN T &, bevacizumab beyond progression (BBP) @2 ¥ &7 b A% ML18147 SREX T
MEHE N LG, KEPABBCBY 2MEFEMEOERS—REE» O ThUROBREIMNEELTELEE
ThBEILIREINbDELEZLND,

L2 L 2012 £ ASCO BEIBNWT, "NV AT %

i U & Ic
EUERN 2 —KIEBBIIRIE & 2o B R KBS

MEFEIEREBEORECEELBHE 2R, €0
AT HEEEMOFEICIE VEGF ORkERA 2 152t
BETHHILIE, ThETIIAETNE LEOREBR
F—F LY HBEINTERYY, LALEBRIZBVT
&, "NV TREC-RERICHE L LA&ICES
R L TNV AT T2 ERT 50 h8W 5 bevacizu-
mab beyond progression (BBP) 20w T, K#EEL
BERERTH 5 BRITE RBRIC L 2% E MR L2 #H
B2, FORFEIZOVTIHEEERZIFATH,

ABEZNE & L7z ML18147 3{B4°, BRITE Bkl L
DA V%7 MNEdrolzb OONINY X T ORI
DHEBAEEIEALLY. &5, 2012 F KRV TRE
SNZRKBPFADZR, ZRERUEREEZNRE L
ZODFBER ORFE L E NAHRE (CORRECT HE&
DVI572=7, VELOURREDOT 7)1 N7 })
DERD, MEHEEENEDSIL VICBWTHEET
HBEZEERERLIEDDEEZ NS,

Y RALARMBEEMER - BRESESY

RS T 980-8575 ERIBMETTHFEREBERN 4-1 FILRENHEENR - BRREEESEH

g e



$40% #H1%5 2013€1K8

visoz=7

cl 0
0O ‘ o d
F N)J\ N =N
F F H H F

vsJ1=Z7

F
E F
O
Cl 0 -
= N
XOOA
N N >
H H

W1 VIS72=27LVS5 7227 OWEDEN

Tz

1. Ld57x=7

V57227 3BOINFFF—FREXE LTH
BINIBATHE, TOBEIRTETHLI VI 7=
STEBLTEY (B, L7350 FHBEVI
BUL W5, LIT5 727 VEGFR % TIE-2
R EMEFEC»DDLGTFHRPERBKIT, RETK
HLTE BRI FF—EEHZEETLLINTS
h (K1Y, £ 2012 4 ASCO I B\ CHIBEED
H5GIST IZx L TH ZDAFEATEH S LT 2,

EBHRBIAIKCDOVTHE, 8BEFRICITbNE
I HRBROTA IR — b TlX, SFETRHREZET S 27
BOBECHLLITS 7227 160mg/H % 38i%5 1
BREDR Sy V2 — NV TRELIER 1BOPREE
2061 (74%) C7BELULOKRE I o—VH Wk
TholbBESNY, FlEFHEENAREBRRER
CORRECT #ERASEHE & h7z

ZOHEMERARE, BEMER Tabb7v{LEY
IV, ANIFHY, FERF)TIF VORISR
EHIFENNT =T, S50 KRAS FERERIC
LT, LEGFR Hifh2 LT _RTOEHIH L TR
B %o UBRARBRRESABE 7602 (HAA
100B%&t) 20&EL, VIS 72=THRE#HLS
T REGSHE 21 CEEBLEY ST L, FENE
HEZEAETHBICRES L, ZOERE, 24F B
AN — FRIZ0.77 (5% EHEEXE:0.64-0.94, p=
0.0052), EFEPEOPREZLVTFT 7278 6.4
B, 75 XEFS 0L, LIF 72 2TREICE
DEFHBRBREBCEREL: (82, £/, E%ER
1LO%B LA LREVWHOD, EIRMFMEECHHE
BEEGHE, BE%ar bo—-VEIBWTOAERHIC
BEELELRD, ¥/, KRASEROEFEIZL BEE

Rl VI 7227V 972 TOEBHSFIC

3 B HEENE

- vVI57z=7 VG727
B?:ngf% ICa)(nl\’I) .'.L‘SD IC;'-)(IINI) .’L‘SD
c-RAF 2.5+0.6 63
BRAF 28+10 2246
BRAF V6%E 19:+6 38+9
VEGFR-1 1340.4 NA*
VEGFR-2 4.2%1.6" 9015
VEGFR-3 46107 2046
TIE-2 311446 NA*Y
PDGFR-B 22+3 57420
FGFR1 202418 580100
KIT 742 68421
RET 1.540.7 NA*
Flt-3 NA*® 58-£20

"< v X VEGFR 3§ % HEHE M 2R3
*: not available

HROBVWIERED LN o bTHEEIR TS,
-k, V357227 EAEREEERIE, FREX
RIS, BEK SIE FTHAREMOTLVFF5F—+¥
REMFROEEBZPBR N TS, KBEWAITH
LTIhEFTEL DNVFFF —CHER Rz R
EHEDLFRRIEBET L ENTERDP oD, F0
BHE LTHEERODN—R Lo T 5 RMRR)
REEAEZREBECEL2B 2P0 LI LBEBITLATY
5, RRBROV IS 7 2o T IIEHRES TH oM, F
EHGIZLLBBREFIERZLVITF 722 TEHT8.2%IC
toTBY, EHEEEEZTHMTo CELBRISHL TR
GREBITHERLRFOBRETHZLIHETH S
LBbhs,

0. 77UNE7b

NNV X T VEGF-A O TH 5 DITH L
T, 7793k 7 ik VEGF-A, VEGF-B LEAT S
VEGFR-1 Ofifast X 4 v FBDAf A/ 7ar
J¥ (Ig) XMk, VEGFR2D=FHDIg FAA
¥R BE S - HAEEE (VEGF trap) Td 5 (K 2)%
771 5% 7 i3 VEGF-A & VEGF-B & X U PIGF
(BREERT) CEAL, TNZhOZEE~ORKEL
HETAI LI VMBEFERECH, £< DL ME
BBV TIE VEGF-A OBRBELSED SN T B9,
WL OPDOBEICE VT VEGF-BOREL VDL
APFHELABRRTFELLTHEET S Z L2, H VEGF i
FIZ L D VEGF-A V7 F V& ##T % PIGF OREL
NAPLEPR-TL B AT CHREINLTEY, 7
7R T MEOSY I TRPEERICKH LT b ERERD
RVPF I T,



8

D TiThbit: VELOUR B, F341Y 75
FUREEBEBRBEOH 2EB2HT A RENABE %3t
%L L, FOLFIRIEEADT 7Y N7 b D Fw3)

T
IV SR KX A
®
AL/ TOATUIRAAL Y
FeRXA12/(1gG1)
VEGFR-1 VEGFR-2 RIS

B2 779257 boiE CCB2ER)
VEGFR-1,-2 L bt O DHBENEL 2
AR TATY Y FAL YR D 5T,

BACSEE

REWRFET 5B MHRBRE LTiTbhi: (£3)”, 2
FEEE Th s 24EFHM, BIKFHEE CHLERE
BT, BHETH, AELEERZ Lo TT 7UNES
FOERESFERENZ, FEERITOVTIE, mMEE
AHERIBNLELE, BN FORSECBES
N7z4f, FOLFIRI BB A LN S X 5 Ly {bamikee
M S T WA SN,

Tz, CORBREMBECANVATTOEHEEDD
HBEDEEN TV, BABTERTIEIANY L
TOEREDHLFEIBVTD, 77U 7 M2
L7203 ) P4 iil, ENEEFPR 23S T @0
BIRE NIz,

3 2 CORRECT REO&EE (rH®sm)

 WHITEoF TIEE IHCFK
BEK 505 255
SEFHMFRE () 6.4 5.0 0.77
(95% {ZHEX ) (5.9-7.3) (4.4-5.8) (0.64-0.94)
ENBAFPBEADRE () 1.9 1.7 0.49
(95% (X ) (1.9-2.1) (1.7-1.7)  (0.42-0.58)
Z5E (%) 1.0 0
BEI Y PO— U (%) 44.8 15.3
ELRFEER (%) (>Grade3)

FRERE 46.6 (16.6) 7.5 (0.4)

3 47.4 (9.6) 28.1(5.1)

BILE 27.8 (7.2) 5.9 (6.7)

273 26.0 (5.8) 4.0 (0)

THI 33.8 (7.2) 8.3 (0.8)

Ol % 27.2 (3.0) 3.6 (0)

/MR A 12.6 (2.8) 2.0 0.9
FHC L BHIE (%) 8.2 1.2

& 3 VELOUR RBOKEE CrE"sm)

BER 612

614

SEFHBTRE () 13.5 12.06 0.817
(95% EHEX 7)) (12.52-14.95) (11.07-13.11)  (0.713-0.937)
EHEEFHESRRE (A) 6.9 4.67 0.758
(95 % BHEX M) (6.51~7.20) (4.21-5.36) (0.661-0.869)
BZ2HE (%) 19.8 11.2
(95% 2K ) (16.4-23.2) (8.5-13.8)
ELEFEES (%) (>Grade3)
B IME 41.4 (19.3) 10.7 (1.5)
Hifn 37.8 (3.0) 19.0 (1.7)
BHR 62.2 (7.8) 40.7 (1.2)
B Mg 2.6 (1.8) 1.5 (0.5)
HILEZIL 0.5 (0.5) 0.5 (0.4)
THI 69.2 (19.3) 56.5 (7.8)
OR%k, #BE 54.8 (13.8) 34.9 (5.0)
K[HER 25.4 (0.5) 3.3 (0)
FEWICIaHE (%) 2.8 12.1




£40% £15 201354178

® 4 NEFECHIPDIFF CCRPSER)

BN OEREET Tk

VEGF-A™S VEGFR-1*, VEGFR-2*, NRP-1, NRP-2
VEGF-B*® VEGFR-1*, NRP-1, NRP-2

VEGF  PIGFS VEGFR-1%, NRP-1, NRP-2
VEGF-C VEGFR-2*, VEGFR-3%, NRP-1, NRP-2
VEGF-D VEGFR-2%, VEGFR-3%, NRP-1, NRP-2
Ang-1 TIE-2*

Ang Ang-2 TIE-2*
Ang-4 TIE-2*

LAY AT, Bvds 22, BT IS P OERENE RS

SHROFE

CNETORBKERED? L, KBEFACBW TIRES
EHEREEEDSA VB THEHTH S L%
IZEEICRYDDOH B, LA L, ST THEE 2507,
Pl ZEEIVFSA T IYNE T P EEATS
2, ML18147 RERBERICE DT X RN Y X< 7 & kel
B350 ThHb, ZRBBICAN VAT, ERTLH
T7YNET b EEHT APV THI, EEOLEN
TONTWRWDRROBEL 2RO D Z L iF#E LY,
S BT, KRASBARICH L CidH EGFR fifk% &
OBETERT LR 2PboT 5,

5%, WEFEMEDRZETIEFCOVTR, &
4IZHT2 L) B ENFROERNOENSTFOTOT 7
ANDBANTZZR LN 2 —A—BFL, EFICD
L BMEEROBBIRF I,

X

1) Bagri A, Berry L, Gunter B, et al: Effects of anti-VEGF
treatment duration on tumor growth, tumor regrowth,
and treatment efficacy. Clin Cancer Res 16(15): 3887-
3900, 2010.

2) Gaya A and Tse V: A preclinical and clinical review of
aflibercept for the management of cancer. Cancer Treat
Rev  38(5): 484-493, 2012.

3) Arnold D, Andre T, Bennouna J, et al Bevacizumab
(BEV) plus chemotherapy (CT) continued beyond first
progression in patients with metastatic colorectal cancer
(mCRC) previously treated with BEV plus CT: results
of a randomized phase I intergroup study (TML
study). ASCO Annual Meeting, ] Clin Oncol  30(Suppl):
abstr CRA3503, 2012.

4) Strumberg D and Schultheis B: Regorafenib for cancer.
Expert Opin Investig Drugs 21(6): 879-889, 2012.

5) Strumberg D, Scheulen ME, Schultheis B, et al: Regorafe-
nib (BAY 73-4506) in advanced colorectal cancer:a
phase I study. Br J Cancer 106(11):1722-1727, 2012.

6) Grothey A, Sobrero AF, Siena S, et @l Results of a phase
I randomized, double-blind, placebo-controlled, multi-
center trial (CORRECT) of regorafenib plus best sup-
portive care (BSC) versus placebo plus BSC in patients
(pts) with metastatic colorectal cancer (mCRC) who
have progressed after standard therapies. 2012 Gastro-
intenstinal Cancer Symposium, J Clin Oncol 30(Suppl
4): abstr LBA385, 2012.

7) Van Cutsem E, Tabernero J, Lakomy R, et al: Addition of
aflibercept to fluorouracil, leucovorin, and irinotecan im-
proves survival in a phase I randomized trial in pa-
tients with metastatic colorectal cancer previously treat-
ed with an oxaliplatin-based regimen. J Clin Oncol 30
(28): 34993506, 2012




Clinical Study

b e e s e e e e
Oncology 2012;83:101-107
DOI: 10.1159/000339541

Oncology

Received: December 2, 2011
Accepted after revision: May 4, 2012
Published online: July 9, 2012

Safety Verification Trials of mFOLFIRI and
Sequential Irinotecan + Bevacizumab as First- or
Second-Line Therapies for Metastatic Colorectal

Cancer in Japanese Patients

Shunsuke Kato? Hideaki Andoh® Makio Gamohf Takuhiro Yamaguchi®

Yasuko Murakawa? Hideki Shimodaira?
Hisatsugu Ohori?

Shin Takahashi?
Shun-ichi Maeda® Takao Suzuki® Satoshi Kato'

Takahiro Mori¢

Shoko Akiyama® Yuka Sasaki® Takashi Yoshioka! Chikashi Ishioka®
on behalf of Tohoku Clinical Oncology Research and Education

?Institute of Development, Department of Clinical Oncology, Aging and Cancer, Tohoku University,

Department of Biostatistics, Tohoku University School of Medicine, “Tohoku University Hospital Cancer Center,
and 9Sendai Medical Center, Sendai, *Nakadori General Hospital, Akita, 'South Miyagi Medical Center, Shibata-gun,
9Miyagi Cancer Center, Medeshima, "Hachinohe City Hospital, Hachinohe, flwate Prefecture Central Hospital,
Morioka, and IDepartment of Clinical Oncology, Faculty of Medicine, Yamagata University, Yamagata, Japan

Key Words
Advanced colorectal cancer - lrinotecan - Bevacizumab -
S-1 - Randomized trial

Abstract

Objective: S-1 is effective in sequential combination with iri-
notecan (IRIS) in treating metastatic colorectal cancer, We
conducted a randomized phase Il trial of modified leucovo-
rin, fluorouracil and irinotecan (MFOLFIRI) + bevacizumab
and sequential RIS + bevacizumab as first- or second-line
therapies. Methods: Sixty metastatic colorectal cancer pa-
tients were randomly assigned to receive mFOLFIR! + beva-
cizumab or sequential IRIS + bevacizumab (7.5 mg/kg of be-
vacizumab and 150 mg/m? of irinitecan, and 80 mg/m?/day
of 5-1 orally from day 3 until day 16 as a 3-week course). The
primary endpoint was the safety of each method until week
12, with the secondary endpoint being the comparison of
the safety and efficacy of the two methods. Results: The

safety of the two treatments was comparable, except that G3
anorexia and diarrhoea were less frequent with sequential
(RIS + bevacizumab. The overall response rate was 62% [95%
confidence interval (Cl) 40.1-79.8] versus 72% (95% Cl 50.6—
86.2), and progression-free survival was 324 days (95% Cl
247-475) versus 345 days (95% Cl 312-594) with mFOLFIR! +
bevacizumab versus [RIS + bevacizumab, respectively. Con-
clusion: Sequential IRIS + bevacizumab is a safe and effec-
tive method of systemic chemotherapy against metastatic
colorectal cancer and is compatible with mFOLFIRI + bevaci-
zumab. Copyright © 2012 S. Karger AG, Basel

Introduction

Over the past 10 years, as a result of multidisciplinary
therapies including systemic chemotherapy, there has
been a dramatic improvement in the success of treat-
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ments against unresectable and/or recurrent colorectal
cancer [1]. Particularly, based on the results of several
clinical trials, bevacizumab was shown to extend pro-
gression-free survival (PFS) when used in combination
with other chemotherapies including irinotecan, fluoro-
uracil and leucovorin [2], leucovorin, fluorouracil and
oxaliplatin (FOLFOX) [3], leucovorin, fluorouracil and
irinotecan (FOLFIRI) {4], and 5-fluorouracil and leucov-
orin (5-FU/LV) [5]. These results are further supported
by large-scale observational studies [6, 7]; however, in
standard chemotherapy treatments, as often represented
by either FOLFOX or FOLFIR], placement of a peripher-
ally inserted central venous port {CV port) is required for
continuous 5-FU infusion. The usage of CV ports can
cause complications, including infections and throm-
bosis, resulting in decreasing the patient’s quality of life
(8,91

In consideration of these factors, chemotherapy regi-
mens using oral fluoropyrimidines rather than continu-
ous 5-FU infusion must be developed. The CapeOX regi-
men, which uses capecitabine, an oral fluoropyrimidine
pro-drug of 5-FU rather than 5-FU/LV, plus oxaliplatin,
has identical therapeutic effects to FOLFOX. Favourable
results were also observed when used in combination
with bevacizumab [10]. However, because of severe gas-
trointestinal toxicity associated with capecitabine in
combination with irinotecan (CapeIRI or XELIRI), an
effective alternative treatment to FOLFIRI has yet to be
developed [4].

S-1 is a combination of tegafur, a pro-drug of 5-FU
that consists of oral fluoropyrimidines, gimeracil (5-chlo-
ro-2,4-dihydoroxypyridine) and oteracil (potassium ox-
onate) at a molar ratio of 1:0.4:1 [11]. Gimeracil has a re-
versible competitive inhibitory effect on dihydropyrimi-
dine dehydrogenase, a rate-limiting enzyme involved in
the metabolic degradation of 5-FU. Oteracil reduces gas-
trointestinal toxicity and is effective against a wide range
of carcinomas. Against metastatic colorectal cancer, S-1
showed a response rate of 39.5%, a PFS of 5.4 months and
an overall survival time of 11.9 months when used as a
monotherapy [12]. Because S-1 is expected to replace
5-FU/LV, there have been several prospective clinical tri-
als in Japan using S-1 in combination with oxaliplatin
(L-OHP or SOX) [13]. Clinical trials of S-1 combined with
irinotecan (IRIS) were also conducted with various
schedules or dosage regimens [14-16]. Among these, Yo-
shioka et al. [15] conducted phase I/11I trials of sequential
IRIS and the combined treatment of staggered irinotecan
and S-1. These clinical trials were performed in order to
avoid decreased therapeutic effects and increased toxici-
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ties caused by the inhibitory effect of 5-FU and its me-
tabolites on the bioactivation of SN-38 from irinotecan
[17, 18]. The authors reported on how this treatment reg-
imen effectively avoided toxicity and rivaled the efficacy
of previous FOLFIRI treatments; however, because the
introduction of molecular targeted drugs in Japan was
delayed, no studies were performed on the safety and ef-
ficacy of sequential IRIS in combination with bevaci-
zumab. Thus, we report on the respective safety of se-
quential IRIS + bevacizumab and modified FOLFIRI
(mFOLFIRI) + bevacizumab therapies against unresect-
able colorectal cancer. A secondary comparative study on
the safety and efficacy of both therapies was also per-
formed.

Patients and Methods

Patient Eligibility

The eligibility criteria were as follows: (1) patients histologi-
cally diagnosed with colorectal cancer; (2) patients with either an
unresectable primary tumour or distal metastatic tumours; (3) an
Eastern Cooperative Oncology Group performance status of 0 or
1; (4) the previous chemotherapy regimen had to be <I; (5) pa-
tients of post-operative adjuvant chemotherapy >6 months since
last administration of drugs; (6) in the case of second-line therapy,
first-line therapy had to be FOLFOX treatment; (7) internal organ
function maintained, i.e. white blood cell count of 3,500-
12,000/, platelet count =100,000/pl, aspartate aminotransfer-
ase (AST) <1001U/}, alanine aminotransferase (ALT) <100 TU/I,
total bilirubin < 1.5 mg/dl, serum creatinine <1.2 mg/dl, serum
creatinine clearance as estimated by Cockcroft-Gault equation
=50 ml/min; (8) survival expected to be at least =3 months; and
(9) written informed consent obtained from the patient for trial
participation.

Exclusion criteria were as follows: (1) a history of abdominal
irradiation; (2) any complications, such as intestinal paralysis, in-
testinal obstruction, poorly controlled diabetes, poorly controlled
hypertension, unstable angina, hepatic cirrhosis, interstitial
pneumonia, pulmonary fibrosis or severe pulmonary emphyse-
ma; (3) body cavity fluid retention requiring treatment; (4) poor-
ly controlled peptic ulcerations; (5) concomitant gastrointestinal
perforation or a history of perforation within 1 year prior to reg-
istration; {6) brain tumours or cerebral metastases confirmed on
imaging; (7) concomitant symptoms of cerebrovascular nerve
damage or any type of cardiac disease requiring treatment; (8)
surgical treatment within 4 weeks prior to registration; (9) a
bleeding tendency, coagulation disorder or excessive clotting fac-
tors; (10) awaiting or on treatment for chronic inflammatory dis-
ease such as rheumatoid arthritis, with any drugs that inhibit
platelet function (aspirin or non-steroidal anti-inflammatory
drugs); (11) women who are pregnant, may be pregnant, wish to
become pregnant or are lactating; (12) men who wish their part-
ner to become pregnant; (13) patients using irinotecan as post-
operative adjuvant chemotherapy.
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Treatment Methods

In the sequential IRIS + bevacizumab treatment regimen, on
day 1, 7.5 mg/kg of bevacizumab was administered for >30 min,
and 150 mg/m? of irinotecan was administered continuously for
>90 min. Then, for the 2-week period from days 3 to 16, divided
doses of S-1 were administered twice daily. The dosage of S-1 was
as follows: body surface area (BSA) <1.25 m?, 80 mg/day; BSA
1.25-1.5 m?, 100 mg/day, and BSA >1.5 m?, 120 mg/day as a
3-week course. Dosage for the mFOLFIRI + bevacizumab treat-
ment regimen was as follows: 5 mg/kg of bevacizumab, 150 mg/
m? of irinotecan, 200 mg/m? of L-leucovorin, 400 mg/m? of 5-FU
by rapid intravenous infusion on day 1, and 2,400 mg/m? of 5-FU
for 46 h by continuous intravenous infusion as a 2-week course.
The treatment protocol period was set at 12 weeks in both groups,
and treatment was continued until the criteria for discontinuation
of the trial were met.

The criteria for commencement of treatment in each course
were as follows: white blood cell count =3,000/ul, platelet count
=75,000/ul (mFOLFIRI + bevacizumab) or =100,000/pl (IRIS +
bevacizumab), AST <100 I'U/], ALT <100 IU/], total bilirubin
=<1.5 mg/dl, and serum creatinine <1.2 mg/dl. In addition, diar-
rhoea of grade 0 and improvement in any other non-haematolog-
ic toxicity (excluding constipation, loss of appetite, loss of hair,
chromatosis and dysgeusia) of grade <1 was required. In patients
where the criteria for commencement of treatment were not met,
treatment was delayed until all necessary requirements were com-
pletely satisfied. Treatment was discontinued in those patients
where the criteria for commencement of treatment were not met
even after a delay of =3 weeks.

The criteria common to both groups for discontinuation of
bevacizumab treatment were as follows: (1) any grade of haemop-
tysis, gastrointestinal perforation, reversible leucoencephalopa-
thy syndrome; (2) grade =3 thromboembolism, haemorrhage or
hypersensitivity reaction, and (3) grade 4 proteinuria or hyperten-
sion. In patients with grade 2 haemorrhage, treatment was with-
drawn until improvement to grade 0, and treatment was discon-
tinued in patients where grade 2 haemorrhage recurred. Treat-
ment was discontinued in patients with grade 3 hypertension that
could not be controlled by medication. Treatment was withdrawn
in the following situation: patients with grade 2 or 3 proteinuria
until proteinuria was <2 g as determined by 24-hour urine col-
lection analyses, with grade 3 or 4 liver dysfunction until im-
provement to either grade 1 or baseline, and in instances of recur-
rence.

In the IRIS group, S-1 administration was stopped if any of
the following adverse effects occurred during the course: (I)
grade =3 leucopenia or neutropenia in addition to other grade
=3 non-haematological toxicity, until patient recovery; (2) grade
=2 thrombocytopenia, diarrhoea, stomatitis, nausea or vomit-
ing; (3) serum creatinine =1.5X the upper limit of normal, and
(4) AST or ALT =100 IU/L. Any patients exhibiting grade =4
leucopenia or neutropenia, grade =3 thrombocytopenia, diar-
rhoea, stomatitis, nausea or vomiting, non-haematological toxic-
ity, or AST or ALT =200 IU/1 during the study were adminis-
tered a lower dosage of IRIS in the next course of treatment. The
low dosage of S-1 (level 1) was 50 mg/day for BSA <1.25 m?, 80
mg/day for BSA 1.25-1.50 m>, and 100 mg/day for BSA >1.5 m?.
For irinotecan, level 1 was 120 mg/m? and level 2 was 100 mg/m?
no increase was made once dosage decreased. Also, in the mFOL-
FIRI + bevacizumab regimen, dosage was reduced in patients

Safety Verification Trials of mFOLFIRI
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with grade =4 leucopenia or neutropenia, grade =3 thrombo-
cytopenia, diarrhoea, stomatitis, nausea or vomiting or non-hae-
matological toxicity as follows: 120 mg/m? of irinotecan and 200
mg/m? of 5-FU (bolus) for level 1, and 100 mg/m? of irinotecan,
200 mg/m? of 5-FU (bolus) and 2,000 mg/m? of 5-FU (infusion)
for level 2.

With regard to safety data, the patients’ health status was ob-
served and blood samples were tested during weekly medical ex-
aminations by the attending physician until 4 weeks after com-
mencing treatment and repeated after the fifth week at the start
of each new course of treatment. Adverse events were evaluated
according to the Common Terminology Criteria for Adverse
Events version 3.0, and effectiveness was observed according to
the Response Evaluation Criteria in Solid Tumors 1.0. Computed
tomographic scans were performed every 6 weeks. Effectiveness
was judged comprehensively using blinded tests on the treatment
methods by 3 or more physicians not including primary physi-
cians.

Interim Analysis about Safety

After 3 cases have been registered in each group, registration
was stopped to evaluate the safety of the two treatments (step 1).
After the confirmation of the safety of the two treatments by the
efficacy and safety evaluation committee, registration was re-
opened with 60 patients enrolled (30 per group; step 2).

Statistical Analysis

While attempting to detect a frequency of =10% with 95%
probability for the occurrence of adverse events, we determined
that the sample size would include 30 patients in each experimen-
tal group or 60 patients overall in the two experimental groups
[19]. Patients’ background, safety and efficacy data were summa-
rized as frequencies and percentages. The x? test was used to com-
pare between groups, while the Kaplan-Meier method was used
to analyse PFS.

Results

Patient Background

From November 2007 to February 2010, 60 patients
were registered from the 12 institutes of the Tohoku
Clinical Oncology Research and Education Society.
These patients were randomly assigned to either the
mFOLFIRI + bevacizumab or sequential IRIS + bevaci-
zumab groups, with 30 patients in each group. Patient
backgrounds are presented in table 1; the median age was
62.5 (range 46-77) and 62 years (range 31-73) in the
mFOLFIRI + bevacizumab and sequential IRIS + beva-
cizumab group, respectively. Many patients were receiv-
ing first-line treatment (24 patients in the mFOLFIRI +
bevacizumab group and 23 patients in the IRIS + beva-
cizumab group). No significant bias was seen between
the two groups.
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Safety Verification Test (Step 1)

Step 1 of this trial was to register 3 patients at a time
into the two experimental chemotherapy regimen groups
and evaluate the initial safety for 12 weeks. The last pa-
tient was registered in April 2008 when patient registra-
tion was temporarily suspended and initial safety was as-
sessed. Except for 1 patient in the mFOLFIRI + bevaci-
zumab group with gastrointestinal perforation (G3), no
other severe adverse events occurred. Because interna-
tional phase III and verification trials in combination
with FOLFOX treatment in a Japanese population cite
gastrointestinal perforation as an expected adverse event,
the efficacy and safety evaluation committee recom-
mended proceeding to step 2 while maintaining utmost
vigilance with regard to patient safety.

Safety Verification Trial (Step 2)

By February 2010, 60 patients had been registered in
the study, including the 6 patients from step 1 and were
randomly allocated to the two experimental groups (ta-
ble 1). Although one adverse event of gastrointestinal per-
foration (G5) was observed in the mFOLFIRI + bevaci-
zumab group, this was determined to be due to progres-
sion of an underlying disease (table 2) and not due to the
experimental treatment. With regard to G3/4 haemato-
logical toxicities in the mFOLFIRI + bevacizumab and
sequential IRIS + bevacizumab treatment groups, neu-
tropenia was seen at a rate of 48 and 38%, respectively.
Although statistical differences were not observed, G3/4
gastrointestinal toxicities were more frequent in the
mFOLFIRI + bevacizumab group than in the sequential
IRIS + bevacizumab group (anorexia 17.9 and 3.4%, nau-
sea 7.1 and 0%, diarrhoea 14.3 and 6.9%, respectively).
G3/4 severity in hypertension, which is the representative
adverse event of bevacizumab, was confirmed as 3.6% in
the mFOLFIRI + bevacizumab group, whereas it was not
observed in the sequential IRIS + bevacizumab group. No
patient experienced severe proteinurea, thrombosis or
haemorrhage in either group.

Comparison of Efficacy

The treatment methods were blind, and efficacy was
compared by judging the response rate with a 3-person
decision committee. The overall response rate (ORR) in
the mFOLFIRI + bevacizumab group versus the sequen-
tial IRIS + bevacizumab group was 61.5% [95% confi-
dence interval (CI) 40-80] and 72.0% (95% CI 51-86),
respectively (table 3). Two patients showed complete re-
sponse in the sequential IRIS + bevacizumab group. The
* median PFS was 324 days (95% CI 247-475) in the mFOL-
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Table 1. Characteristics of patients

Age, years

Median 62.5 62

Range 46-77 31-73
Males/females 18/12 17/13
ECOG performance status

0 24 27

1 6 3
Primary legion

Colon ) 17 17

Rectum 12 13

Both 1 0
Cancer

Advanced 22 20

Recurrent 8 10
Histology

Well 7 7

Moderately 20 22

Poor 2 0

Other 1 I
Primary site

Yes 5 6

No 25 24
Number of metastases

1 17 16

2 9 10

3 4 4
Adjuvant chemotherapy

Yes 5 7

No 25 23
Prior chemotherapy

Yes 24 25

No 6 5

ECOG = Eastern Cooperative Oncology Group.

FIRI + bevacizumab group and 345 days (95% CI 312-
594) in the sequential IRIS + bevacizumab group (fig. 1).
Statistical significance was not observed between the two
groups (p = 0.71).

Discussion

Systemic chemotherapy against unresectable or recur-
rent colorectal cancer was developed on the basis of the
successful combination therapy of 5-FU and L-leucovo-
rin. Continuous 5-FU infusion and cytotoxic drugs (e.g.
irinotecan and L-OHP, as well as other molecular target-

Kato et al.



