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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

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.

Keywords Cetuximab � Colorectal cancer � KRAS �
BRAF � PIK3CA

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]. 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 [2–4, 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

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/m2 over 2 h

on day 1 of treatment, followed by 250 mg/m2 intrave-

nously over 1 h, once a week. Irinotecan was administered

intravenously at a standard dosage of 150 mg/m2 every

2 weeks or 100 mg/m2 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 v2 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.

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

Table 1 Patient characteristics

All KRAS

mutant

KRAS wild

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

C3 18 4 14

Prior chemotherapy for advanced disease

FOLFOX 43 12 31

FOLFIRI/IRIS/Irinotecan/

IFL

33/5/3/2 10/1/0/1 23/4/3/1

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 0 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
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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 lymph 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

HFS hand–foot syndrome

Event All (n = 43) KRAS mutant (n = 12) KRAS wild type (n = 31)

G1–4 (%) G3–4 (%) G1–4 (%) G3–4 (%) G1–4 (%) G3–4 (%)

Leukopenia 16 (37.2) 5 (11.6) 4 (33.3) 2 (16.7) 12 (38.7) 3 (9.7)

Neutropenia 18 (41.9) 12 (27.9) 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 (0) 1 (8.3) 0 (0) 1 (3.2) 0 (0)

Diarrhea 11 (25.6) 1 (2.3) 1 (8.3) 0 (0) 10 (32.3) 1 (3.2)

Skin toxicity 42 (97.7) 4 (9.3) 12 (100) 1 (8.3) 30 (96.8) 3 (9.7)

HFS 8 (18.6) 0 (0) 1 (8.3) 0 (0) 7 (22.6) 0 (0)

Stomatitis 15 (34.9) 1 (2.3) 4 (33.3) 0 (0) 11 (35.5) 1 (3.2)

Nausea 12 (27.9) 0 (0) 2 (16.7) 0 (0) 10 (32.3) 0 (0)

Vomiting 5 (11.6) 0 (0) 0 (0) 0 (0) 5 (16.1) 0 (0)

Fatigue 16 (37.2) 0 (0) 3 (25.0) 0 (0) 13 (41.9) 0 (0)

Anorexia 10 (23.3) 0 (0) 2 (16.7) 0 (0) 8 (25.8) 0 (0)

Hypomagnesia 11 (25.6) 1 (2.3) 1 (8.3) 0 (0) 10 (32.3) 1 (3.2)

Table 3 KRAS, BRAF, and

PIK3CA mutation frequencies

(n = 43)

Gene Codon Nucleotide

substitution

Amino acid

substitution

Number (%)

KRAS 12 GGT ? GAT G12D 6 (14.0) 12 (27.9)

GGT ? GCT G12A 1 (2.3)

GGT ? GTT G12V 1 (2.3)

13 GGC ? GAC G13D 3 (7.0)

61 CAA ? CAC Q61H 1 (2.3)

BRAF 600 GTG ? GAG V600E 2 (4.7) 2 (4.7)

PIK3CA 542 GAA ? AAA E542K 1 (2.3) 2 (4.7)

545 GAG ? GGG E545G 1 (2.3)
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Cetuximab efficacy

The RR and median PFS (mPFS) according to the presence

or absence of gene mutations are shown in Table 4. In the

43 assessable patients, the RR and mPFS correlated with

KRAS, BRAF, and PIK3CA mutation status. No responder

was observed among the 16 patients with mutations in any

one of the three genes, although there were 11 responders

among the 27 patients with no gene mutation. In the 27

patients with no detected mutations, objective RR was

40.7 %; in 16 patients with mutated tumors, objective RR

was 0 %. In patients with wild-type KRAS in codons 12 and

13, KRAS in codon 61, BRAF, and PIK3CA mutations were

associated with lack of response.

The mPFS of the wild-type KRAS (codon 12 and 13)

subgroup was significantly longer than that of mutant

KRAS (codon 12 and 13) subgroup (5.7 vs. 3.0 months;

P = 0.017) (Fig. 1a). However, the difference of mPFS

between wild-type KRAS (codon 12, 13, and 61), BRAF

and PIK3CA subgroup, and mutant subgroup in any of the

three genes was considerably more (6.4 vs. 2.8 months;

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

mPFS were observed in the plot of best response of target

lesions and mutation status. Almost all patients with any

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

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

mutant KRAS group had a tumor reduction (Fig. 2b). In

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.

Discussion

Our data confirmed that KRAS status is a significant pre-

dictive marker of cetuximab response in Japanese patients

Table 4 Response to

cetuximab according to the

presence or absence of gene

mutations in the 43 patients

CR complete response, PR

partial response, SD stable

disease, PD progressive disease,

M months

Tumor

response

KRAS status in codons 12, 13 Genetic status of KRAS (codons 12, 13, 61),

BRAF, and PIK3CA

All

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 0 (0) 1 (3.1) 0 (0) 1 (3.7) 1 (2.3)

PR 0 (0) 9 (28.1) 0 (0) 9 (33.3) 9 (20.9)

SD 7 (63.6) 11(34.4) 8 (50.0) 10 (37.0) 18 (41.9)

PD 4 (36.4) 11 (34.4) 8 (50.0) 7 (25.9) 15 (34.9)

RR (%) 0 31.3 0 37.0 23.3

DCR 63.6 65.6 50.0 74.1 65.1

PFS (median) 3.0 M 5.7 M 2.8 M 6.4 M 4.7 M
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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
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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, AKT1, and PIK3R1.

Although previous reports have shown mutations in NRAS,

AKT1, and PIK3R1 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

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 also 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. Although 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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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-

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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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). c Patients with wild-type KRAS (codons 12,

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
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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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