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Abstract. The current phase II study investigated the efficacy 
and safety of biweekly cetuximab combined with standard 
oxaliplatin-based chemotherapy [infusional 5-fluorouracil 
(5-FU), leucovorin, and oxaliplatin (FOLFOX-6)] in the 
first‑line treatment of KRAS wild‑type metastatic colorectal 
cancer (mCRC). Sixty patients with a median age of 64 years 
(range, 38-82 years) received a biweekly intravenous infusion 
of cetuximab (500 mg/m2 on day 1) followed by FOLFOX-6 
(2-hour oxaliplatin 85 mg/m2 infusion on day 1 in tandem with 
a 2-h leucovorin 200 mg/m2 infusion on days 1 and 2, and 
5-FU as a 400 mg/m2 bolus followed by a 46-hour 2,400 mg/m2 
infusion on days 1-3). Patient response rate was 70%, with 95% 
disease control rates. The median progression-free survival was 
13.8 months. Thirteen patients (21.7%) were able to undergo 
resection of previously unresectable metastases, with the aim 

of curing them. The median follow-up was 22.7 months, and 
median overall survival was 31.0 months. Cetuximab did not 
increase FOLFOX-6 toxicity and was generally well tolerated. 
The results of the current study demonstrate that the combina-
tion of biweekly cetuximab with FOLFOX-6 was well tolerated 
and had a manageable safety profile for the first‑line treatment 
of KRAS wild‑type metastatic colorectal cancer. Efficacy was 
comparable to other treatment regimens. The results support 
the administration of biweekly cetuximab in combination 
with FOLFOX-6, which may be more convenient and provide 
treatment flexibility in this setting for patients with metastatic 
colorectal cancers.

Introduction

Colorectal cancer is the third most common cancer and one 
of the most frequent causes of cancer-associated mortality 
worldwide (1). The main method of treating it is by complete 
resection, however, metastatic colorectal cancer (mCRC) 
cannot be treated by surgical resection alone, and the prognosis 
of such patients is poor. Although there have been substantial 
advances in mCRC treatment, the median survival rate of 
patients with mCRC remains <3 years and <5% of patients 
survive >5 years following disease onset (2-4).

The introduction of 5-fluorouracil (5-FU), oxaliplatin 
and irinotecan (FOLFOX), as a therapeutic strategy has 
improved mCRC treatment (3,5,6). The addition of targeted 
therapies to conventional mCRC chemotherapy regimens has 
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improved treatment efficacy further. Cetuximab is a chimeric 
human mouse monoclonal antibody of the immunoglobulin 
G1 (IgG1) subclass that targets the epidermal growth factor 
receptor (EGFR). Cetuximab binds to human EGFR with high 
affinity and inhibits the multiplication of various EGFR‑posi-
tive cancer cell lines in vitro in a concentration-dependent 
manner (6,7). Previous studies have indicated that cetuximab 
is an effective treatment of mCRC when administered either as 
monotherapy or in combination with other chemotherapeutic 
agents (8,9). Furthermore, two randomized clinical trials 
have demonstrated the clinical efficacy of adding weekly 
cetuximab to irinotecan- or oxaliplatin-based chemotherapy 
regimens to treat patients with mCRC who do not exhibit the 
mutated KRAS proto‑oncogene, GTPase (KRAS wild‑type 
mCRC) (10,11).

Cetuximab is approved in a number of countries for 
clinical use in patients with KRAS wildtype mCRC. The 
current dosing regimen of cetuximab, both as a monotherapy 
and in combination with chemotherapy, consists of an initial 
intravenous infusion of 400 mg/m2 with subsequent weekly 
doses of 250 mg/m2. Changing the cetuximab treatment 
schedule to biweekly administration would improve conve-
nience (12). These benefits would be even greater for mCRC 
treatment regimens as the standard chemotherapy regimens 
used in combination with cetuximab in KRAS wild‑type 
mCRC; FOLFOX (4 or 6), or irinotecan plus 5‑FU infusion 
and leucovorin (FOLFIRI), are already administered every 
two weeks. Moreover, the synchronous administration of 
cetuximab and chemotherapy would improve patient quality 
of life, as hospital visits would be less frequent, and patients 
would not experience the unpleasant side effects associated 
with chemotherapy treatment as often.

The present phase II study aimed to evaluate the efficacy 
and safety of the biweekly administration of cetuximab in 
combination with FOLFOX-6 as a first-line treatment of 
KRAS wild‑type mCRC. Changing to a biweekly regimen 
may be more convenient and markedly improve patient quality 
of life.

Patients and methods

Study design. The present study was a multicenter, open-label, 
prospective phase II study investigating the safety and efficacy 
of cetuximab combined with FOLFOX as a first‑line treatment 
of mCRC. The study data and informed consent were obtained 
in accordance with the Declaration of Helsinki, and the study 
protocol was approved by the Ethics Review Board of each 
institution involved.

Inclusion and exclusion criteria. Patients were eligible if they 
were ≥20 years of age; had histologically confirmed, nonresect-
able, EGFR-expressing mCRC with at least one radiologically 
measurable lesion; an Eastern Cooperative Oncology Group 
performance status <1; and adequate hepatic, renal, and bone 
marrow function (white blood cell count: 3,000-12,000/mm3, 
neutrophil count ≥1,500/mm3, platelet count ≥100,000/mm3, 
aspartate aminotransferase and alanine aminotransferase 
≤100 U/l, total bilirubin <1.5 mg/dl, creatinine <1.5 mg/dl, and 
normal electrocardiogram). Patients were ineligible if they 
had a history of previous exposure to EGFR-targeted therapy, 

previous chemotherapy for mCRC, or uncontrolled severe 
organ/metabolic dysfunction.

Study treatment. Patients received a biweekly intravenous 
infusion of cetuximab (500 mg/m2 on day 1) followed by 
FOLFOX-6 (2-h oxaliplatin 85 mg/m2 infusion on day 1 in 
tandem with a 2-h leucovorin 200 mg/m2 infusion on days 1 
and 2, and 5-FU as a 400 mg/m2 bolus followed by a 46-h 
2,400 mg/m2 infusion on days 1-3). Cetuximab was adminis-
tered over 2 h in the first cycle, over 1.5 h in the second cycle 
and over 1 h thereafter. Appropriate prophylactic medication 
was administered before each cetuximab treatment to prevent 
acute hypersensitivity reaction. Protocol dose modifications 
were permitted in the event of predefined toxic effects related 
to chemotherapy or cetuximab. In the event of unacceptable 
toxicity due to 5-FU/leucovorin, oxaliplatin, or cetuximab, the 
trial was discontinued, and the patient was transferred to an 
alternate treatment regimen. However, protocol modifications 
did not allow the maintenance of oxaliplatin as a monotherapy 
or in combination with cetuximab. Treatment was continued 
until disease progression, the onset of unacceptable toxic 
effects, patient/physician's decision to discontinue, or surgery 
for metastases.

KRAS and BRAF mutations. DNA was extracted from 
formalin‑fixed, paraffin‑embedded tumor tissues. Mutations 
of KRAS at codons 12, 13, and 61 and BRAF mutations at 
codon 600 were detected by direct sequencing, as described 
previously (13,14).

Statistical analysis. The primary endpoint was the best 
overall response. The response evaluation criteria in solid 
tumors (RECIST) 1.1 criteria were applied to assess and 
confirm overall response (15). A radiological assessment of 
the response was performed at the end of the fourth and sixth 
cycles and then every six cycles until the end of the study. If 
progressive disease (PD) had not been observed, the radiolog-
ical assessment was subsequently performed every 12 weeks, 
as per routine clinical practice. Secondary endpoints were: 
Progression-free survival (PFS), overall survival (OS), and 
the safety of the combination therapy. Computed tomography 
or magnetic resonance imaging were performed at baseline, 
every 8 weeks during the first 6 months of the study, and every 
12 weeks thereafter, until disease progression. Adverse events 
were recorded throughout the study period and were graded 
according to the Common Toxicity Criteria of the National 
Cancer Institute ver. 3.0 (16).

All summary statistics on time‑to‑event variables were 
calculated according to Kaplan‑Meier methods. The 95% 
confidence intervals (CI) for median time‑to event and the 
time‑specific incidence rate were constructed using Green-
wood's formula, and Brookmeyer and Crowley's method, 
respectively. The PFS of patients without disease progres-
sion before the end of the study was calculated from the 
last on-study tumor assessment date at which the patient 
was considered to be progression-free. PFS was defined 
as the number of days between enrollment and the first 
on‑study assessment of PD; OS was defined as the number 
of days between enrollment and any cause of death or the 
last follow-up. Patients without disease progression who 
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discontinued the study for any reason were restricted to the 
last on-study tumor assessment date.

A sample size of 55 patients was deemed as the smallest 
sample size from which accurate conclusions could be formed 
and was calculated to detect a 95% CI for the overall response 
rate (ORR), with a half-width of 13%, assuming an estimated 
rate of 60% calculated from previous studies. Therefore, the 
target sample size was set at 60 patients, with an anticipated 
10% patient loss to follow-up.

Results

Patient characteristics. From October 2011 to February 2013, 
33 institutions collaborated with the CELINE study, and 
65 patients were registered from 21 institutions. Five patients 
were excluded from the study: Three patients had EGFR muta-
tions, one patient had no information regarding EGFR status, 
and one patient was unable to begin treatment. In the end, 
60 patients were deemed eligible for the present study, and 
regarded as ready‑to‑treat. A safety analysis was carried out on 
all patients following administration of ≥1 dose of any compo-
nent of the study treatment. Patient clinical characteristics at 
baseline were documented and are presented in Table I. The 
median age of the patients was 64 years (range, 38-82 years). 
There were 34 patients (56.7%) with metastatic lesions in one 
organ, and 26 patients (43.3%) with metastatic lesions in >1 
organ. Hepatic metastases were the most common lesion, with 
such lesions detected in 50 patients (83.3%). The median dura-
tion of follow-up was 22.7 months.

Efficacy. Efficacy data are summarized in Table II. The best 
confirmed ORR was 70% (95% CI, 56.8‑81.2%; 2 complete 
and 40 partial responses). Moreover, the best confirmed ORR 
was 72% in patients with hepatic metastases (n=50, 95% CI, 
57.5-83.8%), 73.3% in patients with lung metastases (n=15, 95% 
CI, 44.9-92.2%), and 63.2% in patients with lymphatic metas-
tases (n=19, 95% CI, 38.4‑83.7%); there were no observable 
differences in the ORR between different metastatic organs. 
There were 15 patients (25%) with stable disease, and objective 
disease progression was observed in 1 patient. Therefore, the 
disease control rate (DCR) was 95% (95% CI, 86.1‑99.0%), 
demonstrating treatment efficacy. In the 42 patients exhibiting 
partial or complete response, the median time to onset of 
response was 2.1 months.

After a median follow‑up of 22.7 months, the median PFS 
was 13.8 months (95% CI, 11.7‑17.1; Fig. 1), and the median OS 
was 31.0 months (95% CI, 21.6‑NA; Fig. 2).

There were 13 patients (21.7%) who underwent surgery 
for liver metastases, and complete surgical resection was 
observed in 10 patients. The median PFS following surgical 
resection of the metastases was 14.9 months. Median OS was 
not evaluable. Nine of the 26 patients receiving second-line 
chemotherapy continued with cetuximab-containing regimens 
following surgery.

Treatment compliance and safety. The treatment exposure is 
summarized in Table III. The median course of study treat-
ment was 10.5 months (range, 2.0-52.0). Patients achieving 
relative dose intensity ≥80% for each drug is presented 
(Table III). Adverse events (AEs) of any grade occurred in 

all patients (100%), and grade 3 or 4 AEs (classed as severe 
or life-threatening) were observed in 66.7% (40/60 patients). 
Patient AEs are summarized in Table IV. The most common 
grade 3 or 4 AEs were leutropenia (41.7%) and paronychia 
(18.3%). Out of all the patients presenting with grade 3 or 4 
AE, 8.3% presented with an acne‑like rash and one patient 
presented with infusion-related reactions (this special event 
category included the preferred terms ʻinfusion-related 
reactionʼ and ʻpyrexiaʼ).

Table I. Patient characteristics.

  Percentage of
Characteristics No. patients patients (%)

Gender  
  Male 47 78.3
  Female 13 21.7
Age (years)  
  Median 64 N/A
  Range 38-82 N/A
ECOG performance status  
  0 51 85.0
  1   9 15.0
Cancer location  
  Colon 30 50.0
  Rectum 30 50.0
Previous adjuvant therapy  
  Chemotherapy   4   6.7
  Non 56 93.3
Number of organs with metastases  
  1 34 56.7
  2 14 23.3
  ≥3 12 20.0

mCRC, metastatic colorectal cancer; EGFR, epidermal growth factor 
receptor; ECOG, Eastern Cooperative Oncology Group; Intention to 
treat population, n=60.

Figure 1. Progression-free survival.
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Discussion

The current study aimed to evaluate the response rate of 
patients with KRAS wild‑type mCRC to the first‑line treat-
ment of FOLFOX-6 combined with biweekly cetuximab. The 
results indicated that the efficacy and safety of this method 
of treatment is similar to those observed in previous phase II 
studies that evaluated the biweekly administered cetuximab 
regimen and reported the standard weekly cetuximab 
dosing regimen as a first‑line treatment of KRAS wild‑type 
mCRC (17,18).

The confirmed best ORR was 70% (95% CI, 56.8‑81.2%), 
and similar ORR was observed regardless of the metastatic 
organ site. The ORR results obtained from the present study 
are similar to a previous phase II study evaluating the efficacy 
of biweekly administration of cetuximab in combination with 
FOLFOX-4. Furthermore, two other phase II trials have evalu-
ated the efficacy and safety of a biweekly administration of 
cetuximab in combination with FOLFOX-4 to treat mCRC. 
One study was performed by the Central European Coopera-
tive Oncology Group (CECOG) (19). This randomized phase 
II study investigated the efficacy and safety of chemotherapy 

Table II. Efficacy data.

Parameter No. patients (%) (n=60) 95% confidence interval

Best overall response rate  
Complete response (CR) 2 (3.3) 
Partial response (PR) 40 (66.7) 
Stable disease (SD) 16 (26.7) 
Progressive disease (PD) 1 (1.7) 
Not assessable 1 (1.7) 
Best overall response rate (CR+PR) 42 (70.0) 56.8‑81.2
Disease control rate (CR+PR+SD) 58 (96.7) 88.5‑99.6
Median progression free survival, months 13.7 11.2-16.4
Progression events 46 
Censored 14 
Progression free rate at 12 months 61.4 47.8-72.4
Median overall survival, months 31.0 21.6-N/A
Deaths 24 
Censored 36 
1-year survival rate 78.1 65.2-86.6
2-year survival rate 55.3 38.8-69.1
Surgery for metastatic disease 20 
Liver surgery 13 
Lung surgery   2 
Other organ surgery   7 
Results of surgery  
  No residual tumor after the resection 13 
  Microscopic (R1) residual lesion   3 

Table III. Treatment exposure.

Treatment parameter Cetuximab Oxaliplatin Fluorouracil

Median dose-intensity (mg/m2/week) 227 32 1010
Median dose-intensity (mg/m2/2 weeks) 430 61 1917
Relative dose-intensity (%)   
  Median 86.3 72.5 79.9
  ≥90 38.3 16.7 31.7
  ≥80 to <90 31.7 15.0 18.3
  ≥60 to <80 21.7 35.0 36.7
  <60 8.3 33.3 13.3
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plus cetuximab administered every second week as a 
first‑line treatment for KRAS wild‑type mCRC. In this trial, 
the ORR was 62% (95% CI, 51-73%) in the biweekly cetux-
imab arm. Another phase II, open‑label clinical trial (the 
OPTIMIX‑ACROSS study), evaluated biweekly cetuximab 
in combination with FOLFOX-4 as first-line treatment for 
KRAS wild‑type mCRC (17). This phase II study was carried 
out in 15 Spanish centers and the ORR was 60.6% (95% CI, 
50.3-70.3%) in the biweekly cetuximab arm. In addition, 
the confirmed best ORR achieved in the current study was 
similar to a previous phase II study, Oxaliplatin and Cetux-
imab in First-Line Treatment of Metastatic Colorectal Cancer 
(OPUS), investigating the efficacy of a weekly administration 
of cetuximab in combination with FOLFOX-4. The ORR was 
reported as 57% (95% CI, 46‑68%) in the KRAS wild‑type 
population and 60% (95% CI, 48‑71%) in the KRAS/BRAF 
wild-type population in patients receiving weekly infeusions 
of cetuximab and FOLFOX-4 (11).

The median PFS was 13.8 months (95% CI, 
11.7-17.1 months) in the present study. This was similar to the 
median PFS reported in the OPTIMIX‑ACROSS study and 
the CECOG trial, which were 10.1 months and 9.2 months 
respectively (17,19). Furthermore, it was slightly longer than 
the range of 8.4-9.1 months previously reported for the stan-
dard weekly cetuximab administration in combination with 
other oxaliplatin-based chemotherapy regimens in patients 
with KRAS wild‑type mCRC (18).

The feasibility of a biweekly cetuximab administration 
schedule was previously investigated in a two-part phase I dose 
escalation study (20). This study demonstrated that cetuximab 

may be safely administered as a single agent or in combina-
tion with FOLFIRI at doses of 400-700 mg/m2 in a biweekly 
schedule, and 500 mg/m2 was established as the recommended 
dose according to the pharmacokinetic exposure data. There-
fore, in the present study, the patients received a biweekly 
intravenous infusion of cetuximab (500 mg/m2 on day 1) 
followed by FOLFOX-6. Most patients (66.7%) experienced 
severe AEs (grade 3 or 4), however, this is normal compared 
with patients undergoing other treatment regimes, demon-
strating that the combination of cetuximab and FOLFOX was 
generally well tolerated. There was no evidence in the current 
study suggesting that cetuximab increased the frequency or 

Figure 2. Overall survival.

Table IV. Relevant adverse events in ≥10% of patients (highest grade/patient).

 Grade III or IV All grade
 ------------------------------------------------------------------------ ------------------------------------------------------------------------
Adverse event No. patients Percentage, %  No. patients Percentage, %

Hematological     
  White blood cell decrease   6 10.0 38 63.3
  Leukopenia 25 41.7 32 53.3
  Anemia   2 3.3 45 75.0
  Thrombocytopenia   0 0 38 63.3
Non hematological    
  Elevated AST/ALT   0 0 41 68.3
  Elevated serum bilrubin   0 0   5   8.3
  Elevated creatine   0 0 14 23.3
  Stomatitis   2 3.3 27 45.0
  Nausea/vomiting   2 3.3 27 45.0
  Diarrhea   0 0 16 26.7
  Rash   5 8.3 53 88.3
  Paronychia  11 18.3 45 75.0
  Anorexia   2 3.3 31 51.7
  Fatigue   1 1.7 28 46.6
  Infusion related reaction   1 1.7   4   6.7
  Paresthesia   5 8.3 53 88.3

AST/ALT, aspartate transaminase/alanine transanimase.
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severity of characteristic toxicities associated with FOLFOX 
treatment. Indeed, the proportion of patients with grade 3 or 
4 AEs observed in the current study was similar to those in 
previous studies: 77.8% in the OPTIMIX‑ACROSS study and 
71% in the biweekly arm of the CECOG trial (17,19). Moreover, 
typical and manageable EGFR‑inhibitor‑related AEs, such as a 
rash or acne-like rash, were reported at grades 3 or 4 for 8.3% 
of the patients, similar to previous studies.

The frequency of bone marrow suppression recorded was 
markedly higher than that of previous studies. Incidences of 
leukopenia, neutropenia, anemia, and thrombocytopenia 
were 63.3, 53.3, 75.0, and 63.3%, respectively, in the present 
study, compared with 15.2, 49.5, 11.1, and 23.2% in the 
OPTIMIX‑ACROSS study (17). However, the frequency of 
severe bone marrow suppression (grade 3 or 4) requiring 
dose-reduction or treatment delay was similar. The incidences 
of leukopenia, neutropenia, anemia, and thrombocytopenia 
were 10.0, 41.7, 3.3, and 0%, respectively, in the present study, 
compared with 1.0, 32.3, 2.0, and 2.0%, respectively in the 
OPTIMIX‑ACROSS Study. Moreover, the Multicenter Phase II 
study of FOLFOX or biweekly XELOX and Erbitux (cetuximab) 
as first‑line therapy in patients with wild‑type KRAS/BRAF 
metastatic colorectal cancer (The FLEET study), documented 
a similar toxicity: The incidences of grade 3 or 4 leukopenia, 
neutropenia, and thrombocytopenia were 10.8, 29.7, and 5.4% 
in patients treated with FOLFOX-6 and cetuximab (20).

The present study demonstrated the equivalent efficacy and 
safety of biweekly cetuximab in combination with FOLFOX-6 
for patients with KRAS wild‑type mCRC compared with 
the current standard first‑line treatment. There are numerous 
advantages of administering cetuximab biweekly instead 
of weekly (14). Synchronous cetuximab and chemotherapy 
administration is much more convenient for patients with 
mCRC. A reduction in the frequency of hospital visits may 
improve patient quality of life. Furthermore, the biweekly 
combination regimen may simplify treatment administration 
for health care workers and be more economical; a simplified 
administration schedule may decrease the costs associated with 
frequent cetuximab administration as well as frequent hospital 
visits. Thus, biweekly-administered cetuximab in combination 
with FOLFOX‑6 may benefit governments, patients, physicians, 
and other health care workers involved in treating mCRC.

One important limitation of the present study is the lack 
of information regarding tumor makers. Tumor makers are an 
important measurement of treatment efficacy, however; tumor 
marker measurement was not included as an endpoint. Instead, 
the primary endpoint of the present study was the overall 
response rate, and secondary endpoints were progression-free 
survival, overall survival, disease control rate, the incidence 
of adverse events, and response rate at each metastatic site. 
Therefore further studies collecting tumor marker measure-
ments and taking them into consideration are required.

In conclusion, the present study demonstrated that 
biweekly administration of cetuximab in combination with 
FOLFOX‑6 has a feasible and manageable safety profile for 
the first‑line treatment of KRAS wild‑type mCRC. The results 
support a biweekly cetuximab regimen as a novel therapeutic 
strategy to treat KRAS wild‑type mCRC, which may be more 
convenient for patients and provide more flexibility for those 
administering the treatment.
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