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Summary

Purpose: To evaluate the efficacy and adverse events with 
cetuximab plus FOLFOX administered as second- and 
third-line therapy in metastatic colorectal cancer (mCRC) 
patients.

Methods: IPatients were administered cetuximab plus 
FOLFOX as second- and third-line therapy from Janu-
ary 2010 through October 2015. mCRC patients with wild 
type KRAS were alsο given irinοtecan and/οr οxaliplatin 
cοmbined with fluorοpyrimidine±bevacizumab. Tumor 
respοnse and survival were evaluated using RECIST and 
Kaplan-Meier methοd respectively.

Results: Sixty patients were included this study. Cetuxi-
mab plus FOLFOX was administered to 40 (66.7%) patients 
as second-line and to 20 (33.3%) as third-line therapy. The 

majority of the patients had a good ECOG performance 
status (PS) (0 or 1). Clinical benefit was partial plus sta-
ble disease and it was 75.0% for both of these two lines. 
The median progression free survival (PFS) was 7.1 months 
(95% CI=3.2-10.9) and 6.0 months (95% CI=2.4-9.6), in the 
second- and third-line (p=0.484). The median οverall surviv-
al (ΟS) was 14.3 and 9.2 mοnths in secοnd- and third-line 
therapy respectively (p=0.071). The common toxicities were 
haematologic and gastrointestinal, mostly grade 1 and 2.

Conclusion: The addition of cetuximab to FOLFOX was 
well-tolerated and had antitumor activity both in second- 
and third-line therapy in patients with mCRC.

Key words: cetuximab, chemotherapy, cοlοrectal cancer, 
secοnd line, third line

Introduction

 Multiple lines of treatment can be reasonable 
for eligible patients with mCRC. Three major chem-
otherapeutic agents including irinotecan, oxalipla-
tin and 5-fluorouracil, two antivascular endothe-
lial growth factor agents including aflibercept and 
bevacizumab, and two epidermal growth factor re-
ceptor (EGFR) inhibitors including cetuximab and 
panitumumab have demonstrated to exert good 
clinical activity for the treatment of mCRC [1,2].

 EGFR is an essential cell growth regulator 
involved in the pathogenesis and progression of 
several human malignancies [3]. Biologic target-
ing of  EGFR has shown to consistently present 
activity in mCRC. The EGFR, which mediates cell 
proliferation, differentiation, migration and adhe-
sion, is involved in the critical processes of tumor 
growth and progression such as apoptosis inhibi-
tion, angiogenesis, invasiveness, and metastatic 
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spread of tumors [4]. A chimeric IgG1 monoclonal 
antibody, cetuximab, was the first EGFR targeted 
biologic agent which has approved by the FDA for 
usage in patients with mCRC [5].
 In patients with RAS wild-type mCRC, ce-
tuximab is recommended to be used in combina-
tion with standard first-line treatment regimens 
[1]. Clinical effectiveness of cetuximab has been 
proven in patients having chemotherapy-refracto-
ry wild-type KRAS exon 2 mCRC [6,7]. Because a 
subset of CRC depends on the activation of EGFR, 
combined chemotherapy regimens that block an-
ti-EGFR monoclonal antibodies such ascetuximab 
plus 5-fluorouracil, folinic acid and irinotecan 
(FOLFIRI) or cetuximab plus 5-fluorouracil, folinic 
acid and oxaliplatin (FOLFOX) represent a benefi-
cial therapeutic option in these patients [8,9].
 With the introduction of targeted agents 
(anti-VEGFR and anti-EGFR), survival has been 
markedly prolonged in mCRC. There are numer-
ous studies regarding the use of these agents in 
the first-line; however, data particularly about 
the use of anti-EGFR agents in the second- and 
third-line therapy are scarce in the literature. Re-
cently, a phase II trial has been published about 
cetuximab plus FOLFOX as second-line treatment 
[10] whilst there is still no study in the literature 
about the use of cetuximab plus FOLFOX thera-
py as third-line therapy. Therefore, we aimed to 
evaluate the efficacy and adverse events (AE) of 
cetuximab plus FOLFOX in the second- and third-
line therapies.

Methods

 Data collected from the Oncology Department of 
7 centers were retrospectively reviewed. Patients who 
were administered infusion of oxaliplatin 85 mg/m2 

over 2 hrs with concurrent administration of leucov-
orin 400 mg/m2 followed by 5-fluorouracil 400 mg/m2 

as bolus injection and 5-fluorouracil 2400 mg/m2 as in-
travenous infusion over 46 hrs plus cetuximab 500 mg/
m2 as intravenous infusion over 1.5 hrs in the second-
line or third-line treatment, were considered eligible 
for the study. These cycles were repeated once every 
two weeks. Response evaluation was based on the Re-
sponse Evaluation Criteria in Solid Tumors (RECIST) 
with 2-3 months intervals. Progression of disease was 
monitored through clinical assessment, imaging meth-
ods and tumor markers. A total of 60 patients who had 
been treated with cetuximab plus FOLFOX from Janu-
ary 2010 through October 2015 and had received iri-
notecan and/or oxaliplatin combined with fluoropyrimi-
dine ± bevacizumab as previous therapy were included 
in the evaluation. None of the patients had received ce-
tuximab in previous therapy. Toxicity was evaluated ac-
cording to the Common Toxicity Criteria of the Nation-
al Cancer Institute (NCI) and the doses were reduced or 

delayed in cases of AEs, if necessary. In cases of grade 
3/4 AEs, chemotherapy dose was decreased by 20%.

Statistics

 Statistical analyses were performed using SPSS 
22.0 software (IBM,USA). PFS was considered as the 
duration between initiation of cetuximab plus FOLFOX 
and radiologic progression or death and was calculat-
ed using the Kaplan-Meier method and lοg rank test 
was performed tο assess differences. Tο determine the 
relationship between variables, Pearsοn’s cοrrelatiοn 
cοefficient was used. A p value<0.05 was cοnsidered as 
statistically significant in all calculatiοns.

Results 

Patient characteristics

 A total of 60 patients treated between Janu-
ary 2010 and October 2015 were included in the 
study. None of the patients had KRAS mutation 
at codons 12 and 13. No NRAS mutation analysis 
was carried out in any patient. 
 Patient demographics are displayed in Table 
1. The median follow-up duration was 34 months 
during which 48 (80%) patients died. The median 
age was 55 years (range 27-80), and 58% of the 
patients were male. Eastern Cooperative Oncology 
Group (ECOG) performance status (PS) was 0 in 24 
(40%) and 1 in 36 (60%) patients. Cetuximab plus 
FOLFOX therapy was administered to 40 patients 
as second-line and in 20 patients as third-line 
therapy. Of the patients administered cetuximab 
plus FOLFOX as second-line, 35 had previously 
received bevacizumab plus FOLFIRI and 5 FOLF-
IRI as first-line therapy. Patients administered ce-
tuximab plus FOLFOX in third-line treatment were 
those that had received irinotecan and oxaliplatin 
therapy in the first two lines and rechallenged with 
oxaliplatin-based chemotherapy. Forty patients 
(66.7%) had liver metastasis. No statistically sig-
nificant differences were found in terms of patient 
characteristics between the second- and third-line 
cetuximab plus FOLFOX therapy groups (p>0.05).

Efficacy

 Of the 60 patients enrolled in the study, 20 
(33.3%) achieved partial response to therapy and 
25 (41.7%) had stable disease (Table 2). The objec-
tive response rate (ORR) was 33.3% and the clini-
cal benefit rate 75.0% in all patients receiving ce-
tuximab plus FOLFOX therapy.
 The median PFS was 7.1 months (95% CI=3.2-
10.9) in the second-line and 6.0 months (95% 
CI=2.4-9.6) in the third-line therapy (p=0.484) 
(Figure 1), whereas the median OS was 14.3 
months (95% CI=11.5-17.1) in the second-line and 
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9.2 months (95% CI=7.0-11.3) in the third-line 
therapy (p=0.071) (Figure 2).

Safety

 Fifty patients (83.3%) withdrew from the ce-
tuximab plus FOLFOX therapy due to progression 
of disease and 2 patients (3.3%)  due to AEs which 
were acne-like rash. No patient died because of 
treatment toxicity. All 60 patients experienced at 
least one AE during therapy, most of which were 
mild to moderate in severity. The most common 
grade 3/4 AE with cetuximab plus FOLFOX was 
neutropenia (36.7%) followed by cutaneous reac-
tions (13.3%) and diarrhoea (10.0%) (Table 3). In ce-
tuximab- (n=18, 30.0%), οxaliplatin- (n=28, 46.6%) 
and 5-fluοrοuracil-treated patients (n=32, 53.3%), 
AEs such as neutropenia, cutaneοus reactiοns, 
diarrhοea, vοmiting, fatigue, neurοpathy, hand-
fοοt syndrοme and increased transaminases, 
caused dοse mοdificatiοns. Although AEs were 
more common in patients administered third-line 
cetuximab plus FOLFOX, no statistically signifi-
cant difference was found in terms of AEs between 
the second- and third-line therapy groups.

Characteristics

FOLFOX + 
Cetuximab 
in second-

line
n (%)

FOLFOX + 
Cetuximab 

in third-  
line

n (%)

Total
n (%)

Gender

Male 25 (38) 10 (50) 35 (58)

Female 15 (62) 10 (50) 25 42)

Age (years)

Median 55.5 52 55

Range 27-80 32-75 27-80

Tumor site

Colon 21 (53) 13 (65) 34 (57)

Rectum 19 (47) 7 (35) 26 (43)

ECOG PS

0 13 (32) 7 (35) 20 (33)

1 27 (68) 13 (65) 40 (67)

Metastasis

Liver 30 (75) 14 (70) 44 (73)

Lung 10 ((25) 5 (25) 15 (25)

Other 9 (23) 5 (25) 14 (23)

Number of metastases

Single 24 (60) 13 (65) 37 (62)

Multiple 16 (40) 7 (35) 23 (38)

No statistically significant differences between second-line and 
third-line FOLFOX plus cetuximab for patients characteristics 
(p > 0.05).
FOLFOX: folinic acid, 5-fluorouracil and oxaliplatin

Table 1. Comparison of patient and disease characteristics 
between second-line and third-line FOLFOX plus cetuximab

Tumor response*

FOLFOX + 
Cetuximab 
in second-

line
(n=40)

FOLFOX + 
Cetuximab 

in third-  
line

(n=20)

Total
(n=60)

CR - - -

PR 14 6 20

SD 16 9 25

PD 10 5 15

Response rate (%) 35.0 30.0 33.3 

Disease control rate (%) 75.0 75.0 75.0 

*No statistically significant differences between second-line 
and third-line FOLFOX plus cetuximab (p > 0.05) for tumor 
response rates
FOLFOX: folinic acid, 5-fluorouracil and oxaliplatin, CR: 
complete regression, PR: partial regression, SD: stable disease, 
PD: progressive disease

Table 2. Comparison of tumor response rates with FOLFOX 
+cetuximab in second-line and third-line

Figure 1. Progression-free survival of cetuximab plus 
FOLFOX in second- and third-line therapy.

Figure 2. Overall survival of cetuximab plus FOLFOX in 
second- and third-line therapy.
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Discussion 

 Several phase III trials have reported the ef-
ficacy of bevacizumab in the first- or second-line 
treatment οf mCRC [11,12], but there are no data 
in the literature that support its administration 
beyond the second-line. While anti-EGFR drugs 
(panitumumab, cetuximab) were shown to ex-
ert clinical activity in third-line treatment, these 
agents are also recommended for the first- and 
second-line therapy [13,14].
 In the present study, the clinical benefit rate 
was 75.0% in the second-line therapy. Studies 
have reported clinical benefit rate in 65.8% 10 
in patients receiving FOLFOX regimens [10] and 
60-65% in patients receiving FOLFIRI regimens 
as second-line therapy [13,15]. However, objective 
response rates exceeded 70% (71-85%) when  anti-
EGFR agents, such as cetuximab or panitumumab, 
were added to FOLFIRI or FOLFOX in wild-type 
KRAS patients in the second-line [10,13,14] The 
present and previous studies [9-14] demonstrated 
that the clinical benefit rate of chemotherapy plus 
anti-EGFR was higher compared with  chemother-
apy alone in the second-line therapy. 
 In the present study, the median PFS and OS 
were 7.1 and 14.3 months, respectively, in patients 
receiving second-line therapy. The effectiveness of 
second-line cetuximab plus FOLFOX therapy on 
wild-type KRAS tumors was evaluated in a phase 
II, randomized, double-arm study performed in 
patients who had been previously treated with ce-
tuximab plus FOLFOX (CAPRI-GOIM study) [10]. 
The median PFS and OS were 6.4 and 17.6 months 
in the group treated with cetuximab plus FOLFOX 
and 4.5 and 14.0 months in the group adminis-
tered FOLFOX, respectively. In addition, several 
authors reported that median PFS and OS were 
also lower in patients who received only FOLF-

IRI in the second-line (median PFS, range=3.7-4.7 
months [13,15-17]; median OS, range=9.3-12.5 
months) [13,15-17]. Thus, addition of cetuximab 
to FOLFOX or FOLFIRI as second-line therapy 
provided additional benefit in mCRC patients with 
wild-type KRAS tumors. 
 Searching the studies evaluating anti-EGFR 
plus chemotherapy, except the CAPRI-GOIM study, 
the efficacy of second-line cetuximab plus FOL-
FOX was also assessed in a phase II, open-label, 
single-arm study conducted on patients with wild-
type KRAS (FLIER study) [14]. Previous therapies 
of the patients included bevacizumab plus FOL-
FOX (n=32;53.3%), FOLFOX alone (n=14;23.3%), 
cediranib plus FOLFOX or placebo (n=11;18.3%), 
and others (n=3;5.0%). The results of that study 
indicated longer PFS (7.4 months) and OS (18.2 
months) compared to the findings obtained in our 
study. In another phase II, open-label, single-arm 
study (PRECEPT) [18], panitumumab plus FOLF-
IRI were administered to patients with wild-type 
KRAS as second-line therapy. In that study, PFS 
(6.5 months) and OS (12.5 months) were lower in 
patients with wild-type KRAS mCRC, compared to 
the findings obtained in our study. Patients in that 
study had been administered bevacizumab plus 
oxaliplatin-based chemotherapy in the first-line 
treatment. High PFS and OS values in our study 
might be attributed to good performance status of 
our patients who mostly had a single metastasis.
 Efficacy of bevacizumab in the first- or sec-
ond-line has been reported in phase III trials, but 
no data were found investigating its application 
beyond the second-line. While anti-EGFR agents 
(panitumumab, cetuximab) have proven clinical 
activity in third-line treatment, these agents are 
also recommended for the first- and second-line 
chemotherapy [19]. In case of disease progression 
after the first- and second-line therapies, survival 

Adverse events* Second-line 
chemotherapy

Third-line
chemotherapy

Total

Grade 3 
(n)

Grade 4 
(n)

Grade 3 
(n)

Grade 4 
(n)

Grade 3/4
(%)

Neutropenia 7 6 4 5 36.7 

Neuropathy 1 - 1 - 3.3 

Diarrhea 3 - 2 1 10.0 

Vomiting 3 - 1 - 6.7 

Fatigue 2 - 2 - 5.0 

AST/ALT increase 1 - 1 - 3.3 

Hand-foot syndrome 1 - 1 - 3.3 

Cutaneous reactions 4 1 2 1 13.3

*No statistically significant differences between second-line and third-line FOLFOX plus cetuximab for adverse events (p>0.05).
AST: aspartate transaminase, ALT: alanine transaminase

Table 3. Grade 3 and 4 adverse events in all patients
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has been reported as 4 to 6 months with best sup-
portive care alone [20,21].
 In a prospective phase II study investigat-
ing the rechallenge of cetuximab plus irinotecan-
based chemotherapy, clinical benefit with the 
same regimen followed by progression was ob-
served in 39 patients who had previously received 
at least two lines. Promising results were obtained 
from that study with an objective response rate 
of 53.8% and a stable disease rate of 35.9%. The 
median PFS was 6.6 months [11]. 
 The number of studies, particularly about the 
combination therapy with irinotecan and cetuxi-
mab in the third-line therapy, is relatively high 
in the literature and the median PFS was found 
between 4.3-5.4 months and OS between 8.9-10.8 
months in these studies [23-25]. However, there is 
yet no study demonstrating the efficacy of oxali-
platin-based therapy with cetuximab in the third-
line. In the present study, the median PFS and OS 
were 6.0 and 9.2 months, respectively, in patients 
administered third-line therapy. It is noteworthy 
that no significant difference was found in terms 
of PFS between the second- and third-line thera-
pies. This may be explained with rechallenging 
again using oxaliplatin because of the good re-
sponse achieved with this agent in the first-line, 
wild-type KRAS patients who had not previously 
received anti-EGFR treatment, the good perform-
ance status of the patients and the high incidence 
of single-organ metastases. Although regorafenib 
therapy is an emerging option in the treatment 
guidelines in the third line in mCRC, cetuximab 
plus FOLFOX therapy can be said to be a more ap-
propriate treatment in the third line in patients 
who meet the above mentioned criteria.
 In the present study, the most common grade 
3/4 therapy-related toxicity was neutropenia 
(26.7%) and grade 3/4 cetuximab-related cutane-
ous reactions (13.3%). In a study of second-line ce-

tuximab plus FOLFOX in patients with wild-type 
KRAS, grade 3/4 AEs were skin-related toxicities 
(27%) followed by neutropenia (10.9%), fatigue 
(12.2%), diarrhea (6.8%) and neuropathy (5.4%) 
[10]. In another study, after the second-line cetuxi-
mab plus FOLFIRI, grade 3/4 AEs were skin-related 
toxicities (25%), neutropenia (43.3%), leukopenia 
(26.7%), vomiting (5%) and diarrhea (1.7%) [14]. 
One more study about  second-line panitumumab 
plus FOLFIRI in patients with wild-type KRAS 
reported grade 3/4 AEs which were neutropenia 
(23%), skin-related toxicities (28%) and diarrhea 
(14%) [13]. High rates of neutropenia were found 
in both of the above mentioned studies as well as 
in our study, with moderate to severe neutropenia 
occurring in nearly more than one-third of all pa-
tients. Therefore, it may be a reasonable approach 
to modify chemotherapy doses after the first-line 
by initially decreasing the doses in selected pa-
tients with mCRC. 
 In conclusion, this study was the first to eval-
uate the efficacy of cetuximab plus FOLFOX treat-
ment in patients with wild-type KRAS receiving 
third-line treatment for mCRC. Addition of cetuxi-
mab to rechallenged FOLFOX was well-tolerated 
and had antitumor activity in the second-line as 
well as the third-line therapy in patients with 
mCRC who had not previously received anti-EGFR 
and had a good performance status and sufficient 
organ function. Despite the  small number of pa-
tients, this study is valuable since there is only 
one study [10] conducted so far about cetuximab 
plus FOLFOX regimen in the second-line treat-
ment in mCRC. Further studies with a larger num-
ber of patients are warranted on this subject.
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