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First-line cetuximab-based chemotherapies for patients with
advanced or metastatic KRAS wild-type colorectal cancer
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Abstract.Colorectal cancer (CRC) is one of the most commonly
occurring cancers worldwide. A burgeoning number of studies
have demonstrated that the addition of cetuximab to another
standard first-line regimen markedly improves the outcome of
CRC treatment. However, at present, the efficacy and safety
of cetuximab-based combination chemotherapy has not been
well described in Japan. The aim of the present study was to
evaluate the efficacy and safety of first-line chemotherapies
that included cetuximab for patients with advanced or meta-
static Kirsten rat sarcoma viral oncogene homolog (KRAS)
wild-type CRC in Japan. This prospective multicenter observa-
tional study was conducted at 13 affiliated medical institutions.
A total of 64 patients were enrolled between 2010 and 2013.
The patients met the following criteria for eligibility: i) histo-
logically confirmed, advanced or metastatic KRAS wild-type
CRC; and ii) cetuximab-based chemotherapies administered
as a first-line treatment. First-line cetuximab-based treatments
were administered as follows: 29 patients (45.3%) received
a combination of infusional fluorouracil, leucovorin and
oxaliplatin; 14 patients (21.9%) received a combination of
capecitabine and oxaliplatin; and 10 patients (15.6%) received
a combination of infusional fluorouracil, leucovorin and
irinotecan. The overall response rate (including complete plus
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partial responses) was 50% (32/64 patients). Initially, 48 lesions
were diagnosed as unresectable. Among those, 13 lesions
(27.1%) were converted to a resectable status following
cetuximab-based combination chemotherapy treatments. The
median overall survival time and the progression-free survival
time were 1,189 and 359 days, respectively. The most frequent
grade 3/4 adverse event was neutropenia, which occurred
in 20.3% of the patients. The incidence of grade 3/4 skin
toxicity was 17.2% (11/64 patients). Cetuximab-based thera-
pies may represent a promising first-line regimen for patients
with advanced or metastatic KRAS wild-type CRC in Japan. In
addition, this combination was associated with a low incidence
of serious toxicities.

Introduction

Colorectal cancer (CRC) is one of the most commonly occur-
ring cancers worldwide (1). CRC represents the third largest of
the leading causes of cancer-associated mortality in Western
countries (2). In recent times there has been a marked increase
in the incidence of mortality from CRC in Japan (3,4). At
present, cytotoxic agents, including irinotecan, oxaliplatin
and fluoropyrimidines, have extended the median survival
times (MSTs) of patients with advanced CRC (5-12). Despite
these advances, advanced CRC remains incurable in the
majority of patients.

Cetuximab is an antibody that specifically inhibits epithelial
growth factor receptors. It was initially approved for patients
with metastatic CRC lesions who expressed epidermal growth
factor receptors, who had failed to respond to irinotecan (topoi-
somerase inhibitor) therapy (13). The randomized phase 11
CRYSTAL (cetuximab combined with irinotecan in first-line
therapy for metastatic CRC) trial demonstrated the efficacy
of first-line treatment with cetuximab plus infusional fluoro-
uracil, leucovorin and irinotecan in patients with metastatic
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CRC tumors lacking mutations in the Kirsten rat sarcoma viral
oncogene homolog (KRAS) gene at codons 12 and 13 (here-
after, referred to as KRAS wild-type) (14). In addition, the
OPUS (oxaliplatin and cetuximab in first-line treatment
of metastatic CRC) study demonstrated that the addition of
cetuximab to another standard first-line regimen, fluorouracil,
leucovorin and oxaliplatin, markedly improved the response
rate and progression-free survival (PFS) time in patients with
metastatic KRAS wild-type CRC (15).

Currently, the efficacy and safety of first-line cetux-
imab-based combination chemotherapies has not been well
described in Japan (16). The aim of the present study was to
evaluate the efficacy, the safety and the rate of conversion into
resectable status of a first-line chemotherapy that included
cetuximab in patients with advanced or metastatic KRAS
wild-type CRC in Japan.

Materials and methods

Patient eligibility. This prospective multicenter observational
study was conducted at 13 affiliated medical institutions.
Institutional review boards at each study site approved the
study protocol. A total of 64 patients were enrolled in the
study between May 2010 and October 2013. The patients met
the following eligibility criteria: i) histologically confirmed
advanced or metastatic KRAS wild-type CRC; and ii) cetux-
imab-based chemotherapies were administered as a first-line
treatment.

Study design and assessment. In first-line treatments
that included cetuximab, essentially, an initial dose
of 400 mg/m? cetuximab was infused over a 2 h period,
and subsequently, 250 mg/m? cetuximab was infused over a
1 h period weekly. Adverse events were graded according to
the National Cancer Institute Common Terminology Criteria
for Adverse Events, version 4.0. The Response Evaluation
Criteria in Solid Tumors (RECIST), version 1.1, was used to
evaluate the chemotherapeutic response (17). Responses were
defined as either a complete response (CR) or a partial response
(PR). The Kaplan-Meier method was used to estimate the PFS
and the overall survival (OS) rates, and the log-rank test was
used to examine statistical significance. P<0.05 was consid-
ered to indicate a statistically significant difference. Statistical
analysis was performed with JMP 12 software (SAS Institute,
Inc., Cary, NC, USA).

Results

Patients and treatment. Baseline demographic characteristics
are shown in Table I. The median age was 66 years (range:
33-85); 42 patients (65.6%) were men; and the Eastern
Cooperative Oncology Group-Performance Status Scale
was 0 in 40 patients (62.5%) and 1 in 18 patients (28.1%).
Overall, 43 patients had metastatic liver lesions; 21 patients
had postoperative lesion recurrence; and 43 patients had
advanced primary CRC. Among the 21 patients with post-
operative recurrences, 15 (71.4%) were diagnosed with an
unresectable lesion. Among the 43 patients with advanced
primary CRC, initially, 33 patients (76.7%) were diagnosed
as unresectable.
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Table I. Patient characteristics.

Characteristic n=64 (cases)
Age (years) 66 (33-85)
Gender (male/female) 42/22
PS (0/1/2/3/unknown) 40/18/3/1

Disease status?
Postoperative recurrence 21
Resectable/unresectable 6/15
Advanced primary cases 43
Resectable/unresectable 10/33
Combined regimens
FOLFOX 29
FOLFIRI 11
XELOX 14
Others 10
Resection following chemotherapy
Yes 29
No 35

“Rate of conversion from unresectable into resectable: 27.1% (13/48).
PS, performance status; FOLFOX, infusional fluorouracil, leucovorin
and oxaliplatin; FOLFIRI, infusional fluorouracil, leucovorin, and
irinotecan; XELOX, capecitabine and oxaliplatin.

Cetuximab was added to first-line treatments, adminis-
tered as follows: 29 patients (45.3%) received a combination of
infusional fluorouracil, leucovorin and oxaliplatin; 14 patients
(21.9%) received a combination of capecitabine and oxaliplatin;
and 10 patients (15.6%) received a combination of infusional
fluorouracil, leucovorin and irinotecan. The median follow-up
period following the beginning of treatment was 1,093 days
(range: 385-1,592). The median duration of the first-line
cetuximab-based treatment was 14 weeks (range: 2-87).

Efficacy. The efficacy of the cetuximab-based treatment
is summarized in Table II. The overall response rate (CR
plus PR) was 50% (32/64 patients). Confirmed CRs or PRs
occurred in 29 patients (63.1%) who received oxaliplatin-based
treatment, and in three patients (25.0%) who received
irinotecan-based treatment. Initially, 48 patients were diag-
nosed with unresectable lesions. Among these, 13 lesions
(27.1%) were converted to a resectable status following treat-
ment with a cetuximab-based combination chemotherapy.
Among these 13 patients with converted lesions, 10 had been
initially diagnosed with non-resectable liver metastases. The
conversion rate was higher in the oxaliplatin-based group
(12/30; 40.0%) compared with the irinotecan-based group
(1/12; 8.3%).

The MST was 1,189 days. Patients who had received
surgical resections following treatment (n=29) had a signifi-
cantly longer MST compared with patients with surgically
unresectable lesions (MST: 1,339 and 806 days, respectively;
P=0.0006; Fig 1A). In patients with initially unresectable
lesions (n=48), the MST was 872 days. In this subgroup,
patients with tumors that converted to a surgical resect-
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Table II. Efficacy of cetuximab added to different combination treatments.

Patients
Response rate No. Percentage of total (%) CR + PR (%)
Total cases (n=64)
CR 1 1.6 50.0
PR 31 48 4
SD 20 31.2
PD 8 12.5
NE 4 6.2
Oxaliplatin-based (n=46)
CR 1 2.2 63.1
PR 28 60.9
SD 14 304
PD 1 2.2
NE 2 4.3
Irinotecan-based (n=12)
CR 0 0.0 25.0
PR 3 250
SD 3 250
PD 6 50.0
NE 0 0.0
Others (n=6)
CR 0 0.0 0.0
PR 0 0.0
SD 3 50.0
PD 1 16.7
NE 2 333

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; NE, not evaluable.
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Figure 1. Kaplan-Meier curves indicating the overall survival rates. The curves show (A) all patients (n=64), and (B) patients with initially non-resectable
lesions.

able status had a significantly longer MST compared with  following treatment (n=29) had a significantly longer median
patients with unresectable lesions (MST: 1,551 and 806 days, PFS time (432 days) compared with patients with surgically
respectively; P=0.0415; Fig 1B). The overall median PFS  unresectable lesions (n=35; median PFS time, 196 days;
time was 359 days. Patients who received surgical resections ~ P=0.0056; Fig 2).
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Table III. Adverse events.
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Grade 1-2 Grade 3-4 Total
Adverse event n %0 n % n %
Skin toxicity
All (maximum toxicity) 28 (43.8) 11 (17.2) 39 (60.9)
Acneiform eruption 28 (43.8) 7 (10.9) 35 54.7)
Rhagades 18 (28.1) 4 (6.2) 22 (34.3)
Peronychia 23 (35.9) 2 3.1 25 (39.0)
Hematological toxicity
Neutropenia 12 (18.9) 13 (20.3) 25 (39.0)
Leukopenia 12 (18.9) 12 (18.9) 24 (37.8)
Thrombocytopenia 13 (20.3) 2 3.1 15 (23.4)
Anemia 6 94 0.0) 6 94
Others
Peripheral neuropathy 24 (37.5) 3 “@.7 27 42.2)
Fatigue 16 (25.0) 2 3.1 18 (28.1)
Anorexia 11 (17.2) 1 (1.6) 12 (18.9)
Stomatitis (12.5) 2 3.1 10 (15.6)
Nausea, vomiting 5 (7.8) 1 (1.6) 6 94)
L0y that the addition of cetuximab to a first-line regimen improved
the clinical outcome in patients with advanced KRAS
08 5-% wild-type CRC (14). In another study, the vascular endothelial
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Figure 2. Kaplan-Meier curve for progression free survival. All patients
enrolled for the present study are included (n=64).

Adverse events. Adverse events were graded for all treat-
ment groups (Table III). No treatment-associated mortalities
were identified during the therapy. The most frequent
grade 3/4 adverse event was neutropenia, which occurred
in 20.3% of the patients. The incidence of grade 3/4 skin toxicity
was 17.2% (11/64 patients). Among skin toxicities, acneiform
eruption was the most common (7/64 patients; 10.9%). Grade 4
skin toxicities were not observed in the present study.

Discussion

In the present study, it was identified that, among patients
with advanced or metastatic KRAS wild-type CRC, one-half
(50%) responded well to cetuximab-based therapies, whereas
approximately one-third (27%) of unresectable lesions were
converted to resectable status. These findings were consistent
with results obtained from the CRYSTAL trial, which revealed

growth factor-A antibody, bevacizumab, combined with a
first-line regimen was demonstrated to be effective for patients
with advanced CRC in a phase III trial (18). However, results
obtained from the FIRE-3 trial suggested that cetuximab
may be preferable to bevacizumab in combination therapies
as a first-line regimen for patients with KRAS wild-type
tumors (19).

In the CRYSTAL trial, the median PFS time
was 9.9 months, and the median OS time was 24.9 months
for patients with KRAS wild-type CRC who received a
cetuximab-based treatment (14). Similarly, in the OPUS trial,
the median PFS time was 8.3 months, and the median OS
time was 22.8 months for patients with KRAS wild-type CRC
who received a cetuximab-based treatment (15). In the current
study, the median PFS time was 11.0 months, and the median
OS time was 39.6 months. Additionally, patients who received
oxaliplatin-based treatments had a median PFS time of
14.4 months and a median OS time of 44.6 months. However,
due to the relatively small number of patients who received
oxaliplatin-based treatment, these outcomes may have been
overestimated. Nevertheless, our results have revealed treat-
ment efficacy comparable with previous reports.

In the present study, 29 patients received surgical resections
following first-line cetuximab-based combination chemo-
therapies. The rate of true conversion from non-resectable to
resectable status was identified to be 27.1% (13/48 patients).
This finding was consistent with results from a previous
phase II trial, which assessed cetuximab in a neoadjuvant
treatment for non-resectable colorectal liver metastases (the
CELIM trial) (20). In that trial, the true conversion rate from
non-resectable to resectable lesions was 28.0% (19/68 patients).
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In the present study, 31 patients initially had non-resectable
liver metastases. Among these, 10 patients became resectable
following first-line cetuximab combined therapies. Therefore,
in a setting similar to that of the CELIM trial, the conversion
rate in the present study was 32.2% (10/31 patients). These
changes in resectability also provided satisfactory treatment
efficacy, comparable with those observed previously (20).

Adverse events, particularly skin reactions, are important
factors that influence treatment compliance for cetuximab-
based treatments. The incidence of grade 3/4 skin reactions
was reported to be 18-40% in previous studies (13-15,19,20).
In the present study, the incidence of grade 3/4 skin toxicity
was 17.2%. Notably, no grade 4 skin toxicity was observed.
These results suggested that adverse events associated with a
first-line cetuximab-based treatment were limited, and compa-
rable with those described in previous reports.

In conclusion, the present study has demonstrated that
cetuximab-based therapies represent a promising first-line
regimen for advanced or metastatic KRAS wild-type CRC in
Japan. Additionally, a low incidence of serious toxicities was
observed.
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