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Purpose. This retrospective study was designed to analyze the two differ-
ent regimens of weekly and biweekly cetuximab-combination FOLFIRI
chemotherapy, and determine the toxicities and the efficacy of these two
different regimens administered in Taiwanese patients with metastatic
colorectal cancer (mCRC).

Methods. From January 2005 through December 2008, a total of sixty pa-
tients with metastatic colorectal cancer receiving target therapy of cetuxi-
mab-combination FOLFIRI chemotherapy were analyzed retrospectively.
These patients were divided into two groups with different regimens of
administration. In Group A, 26 patients received intravenous (IV) cetuxi-
mab weekly (400 mg/m~ as a 120-min IV infusion at first week, then 250
mg/m” as a 60-min IV per week). In group B, 34 patients received intrave-
nous (IV) cetuximab biweekly (500 mg/m’ as a 120-min IV infusion per
two-week). According to the Response Evaluation Criteria in Solid Tu-
mor (RECIST), characteristics of each patient, toxicities, efficacy or tumor
response were regularly recorded.

Results. The overall disease control rate (complete response + partial re-
sponse + stable disease) was comparable of 76.8% (20/26) for group A
and 82.4% (28/34) for group B respectively (p = 0.602). The progres-
sion-free survival was comparable between these two treatments (12
months in group A vs. 13 months in group B; p = 0.662). The efficacy of
the every-2-weeks regimen was similar to the approved weekly dosing
regimen. Among all recorded side effects, the incidence of grade 3 or 4 di-
arrhea was 11.5% (3/26) in group A and 8.8% (3/34) in group B. Grade 3
skin rash was seen in 3 patients (11.5%) from group A and 5 patients
(14.7%) from group B. The incidence of grade 3 or 4 neutropenia /anemia/
thrombocytopenia encountered was 11.5% (3/26)/7.7% (2/26)/7.7% (2/26)
in group A and 14.7% (5/34)/5.9%/ (2/34)/5.9% (2.34) in group B. There
was no significant difference between these two different regimens of ad-
ministration and all toxicities were easily controlled with standard thera-
pies. No treatment-related deaths occurred in either group.

Conclusions. Our results demonstrated similarities in terms of toxicity and
efficacy to those obtained by weekly and biweekly administration of
cetuximab with combined FOLFIRI chemotherapy in Taiwanese patients.
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In frequency of incidence of all cancers, colorectal
cancers (CRC) rank fourth in men and third in
women with approximately 1 million new cases in
2002 (9.4% of the world total), and 529,000 deaths
due to CRC are reported around the world annually.'
In Taiwan, colorectal cancer is one of the most com-
mon malignancies. The incidence of colorectal cancer
in Taiwan is 35.06/100,000 in 2004; gradually ap-
proaching Western figures in recent decades. More
than 10,000 new cases of CRC were diagnosed and
more than 4,000 Taiwanese died from colorectal can-
cer in 2007.°

Because of the limited response obtained for pa-
tients with advanced CRC from first-line chemother-
apy (Fluoropyrimidines (FU) modulated by leuco-
vorin (LV)), other therapeutic agents with different
mechanisms were obtained later such as Fluoropyri-
midine-based combination with irinotecan (FOLFIRI)
or oxaliplatin (FOLFOX). Using cetuximab (Erbitux®,
ImClone Systems Inc, New York, NY, and Bristol-
Myers Squibb Co, Princeton, NJ), a monoclonal anti-
biotic to the epidermal growth factor receptor (EGFR),
plus FOLFORI, an overall improved response rate
was achieved.* While this regimen is undoubtedly ac-
tive, the agent is typically administrated weekly com-
bined with administration of the chemotherapy, which
is often administrated every 2 weeks.> However, the
feasibility, efficacy, safety and economic benefits for
biweekly dosing of cetuximab combined with bi-
weekly chemotherapy regimens are supported by sev-
eral studies in Caucasians.” However, all these data
were mainly from Western countries, and they may be
different for the Taiwanese population.

Herein, the purpose of this article was to compare
the two different regimens of weekly and biweekly
cetuximab-combination FOLFIRI regimen as first-line
setting in patients with metastatic CRC (mCRC) in Tai-
wan. We focused on the side effects encountered and
the efficacy from progression-free survival response in
these patients. And this simplified schedule may reduce
the costs associated with cetuximab administration.

Materials and Methods

We conducted a retrospective analysis of sixty pa-

tients with histologically confirmed mCRC from Jan-
uary 2005 to October 2008. Sixty patients were di-
vided into two groups based on the different regimens
of cetuximab. Irinotecan is often administered at a
dose of 180 mg/m? every 2 weeks with combinations
of infusional 5-fluorouracil (5-FU)/folinic acid (LV)
(FOLFIRI) in the first-line setting. In group A (week-
ly), twenty six patients received intravenous (IV)
cetuximab weekly (400 mg/m? as a 120-min IV infu-
sion at first week, then 250 mg/m? as a 60-min IV in-
fusion per-week) combined with chemotherapy of
FOLFIRI. In group B (biweekly), thirty four patients
received cetuximab biweekly (500 mg/m? as a 120-
min IV infusion per 2-week) combined with chemo-
therapy of FOLFIRI. The term “first-line setting” in
this study was defined as the first-line cetuximab-
combination chemotherapy regimen being used in the
patient after identification of their mCRC lesions.

For tumor staging, initial work-up included gen-
eral history and physical examination, routine blood
cell count, biochemistry, and serum carcinoembryo-
nic antigen (CEA) level examination. For further im-
age study, chest X-ray, abdominal echo or abdominal
computed tomography (CT) scan and magnetic reso-
nance imaging (MRI) were performed. Bone scan, or
positron emission tomography (PET) were performed
selectively for those which showed suspicious find-
ings on CT or MRI or specific sites of metastases were
suspected.

The clinical records of each patient of this study
were retrospectively reviewed. The characteristics of
the patients being recorded include age, gender, meta-
static sites, the different schedule of cetuximab-com-
bination chemotherapy, and observed toxicities en-
countered after the chemotherapy. Safety assessment
and laboratory tests were performed biweekly. Cours-
es of chemotherapy were continued in the presence of
an absolute neutrophil count > 1500/ul and platelet
count > 100,000/pl and recovery of any extra-hemato-
logical toxicity. Otherwise, for patients with grade 2
or more severe hematologic toxicities, treatment was
postponed for one or two weeks until recovery and re-
started when it had reduced to grade 2. Both regimens
were continued until one of the following occurred:
progressive disease, unacceptable adverse effects, the
patient refused further treatment with any cetuxi-



Vol. 21, No. 2

Biweekly Cetuximab-Combined FOLFIRI Regimen for Metastatic Colorectal Cancer 61

mab-combination chemotherapy, or the patient was
lost to follow-up.

The primary objectives of this study were to as-
sess the safety and efficacy of these two different dos-
ing regimens of cetuximab-combination chemother-
apy. The assessment of toxicities was based on the
National Cancer Institute Common Toxicity Criteria
(version 2.0). (http://ctep.cancer.gov/reporting/ctc.
html; accessed in May 2009). The time for the first re-
sponse assessment with CT or other imaging study
was typically performed 2-3 months after the first as-
sessment. Patient responses were classified according
to the Response Evaluation Criteria in Solid Tumors
(RECIST).®

A complete response (CR) was defined as the dis-
appearance of all target lesions of cancer in response
to treatment. A partial response (PR) was defined as at
least 30% decrease in the sum of the longest diameter
of metastatic lesions, with no evidence of new lesions.
A progressive disease (PD) was defined as at least a
20% increase in the sum of the longest diameter of tar-
get lesions, taking as a reference the smallest sum of
longest diameter recorded before the patient started to
receive treatment. And it could also be defined if iden-
tification of one or more new lesions was made. A sta-
ble disease (SD) was defined as neither having suffi-
cient shrinkage to qualify for a partial response nor a
sufficient increase to qualify for progressive disease.

We report here the best response, which was de-
fined as the best response recorded by the investiga-
tors, since the confirmatory image evidence of re-
sponse obtained every 2-3 months from the first time
cetuximab-combination chemotherapy was adminis-
tered. Also, the progression-free survival was com-
pared between two groups. However, the median
overall survival was not analyzed in this study be-
cause of the limited period of follow-up in the current
study.

Statistical analysis

All data were analyzed using the Statistical Pack-
age for the Social Sciences version 12.0 software
(SPSS Inc., Chicago, IL, USA). Descriptive variables
of patient characteristics and toxicities were calcu-
lated directly from the database. The Chi-squared test

of Fisher’s exact test was used to compare toxicities
and response in the two groups. A probability of less
than 0.05 was considered statistically significant. Pro-
gression-free survival was defined as the time to doc-
umented progression from the start of the treatment
and calculated according to Kaplan-Meier methods
and compared by log-rank test.

Results
Patient characteristics

The characteristics of these sixty patients are sum-
marized in Table 1. All sixty patients were classified
into two groups according to the two different dosing
regimens of cetuximab-combination chemotherapy.
The median age was 55 years in group A (range, 44 to
86) and 61 years in group B (range, 39 to 78). Within
the two different groups, there were 14 males and 12

Table 1. Baseline characteristics of patients

Group A (%) Group B (%)

n=26 n=34

Age (years)

Median 55 61

Range 44-86 39-78
Sex-n (%)

Male 14 (53.8) 18 (52.9)

Female 12 (46.1) 16 (47)
Primary Site-n (%)

Colon 21 (80.7) 27(79.4)

Rectum 5(19.2) 7 (20.5)
Site of metastases-n (%)

Liver Only 12 (46.1) 17 (50)

Lung Only 4(15.3) 514.7)

Local recurrence with peritoneum 3(11.5) 3(8.8)

Bone Only 0(0) 1(2.9)

Brain Only 0(0) 1(2.9)

Ovary Only 1(3.8) 0(0)

Distal LN 1(3.8) 0(0)

Multi-organ sites 5(19.2) 7 (20.5)
KRAS Mutation status

Mutations 11 (42.3) 14 (41.2)

Wild type 15(57.7) 20 (58.8)
EGFR Overexpressiom

Positive 20 (76.9) 25 (73.5)

Negative 6(23.1) 9 (26.5)

Group A: Cetuximab used weekly; Group B : Cetuximab used
biweekly
EGFR: Epidermal growth factor factor
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females in group A, and 18 males and 16 females in
group B. Among 26 patients of group A, there were
21 patients (80.7%) with primary tumors located in
the colon and 5 patients (19.2%) with tumors located
in the rectum. Among 34 patients of group B, 27 pa-
tients (79.4%) had primary tumors located in the co-
lon and 7 patients (20.5%) had them located in the
rectum. The main site of metastases was liver (46.1%
in group A, 50% in group B), followed by lung (11.5%
in group A and 8.8% in group B) and local recurrence
(15.3% in group A and 20.5% in group B). 19.2% in
group A and 14.7% in group B had metastases in
more than one site. In group B, there was one patient
who had bone metastases only without radiotherapy
because of the short time of survival and intolerance
to radiotherapy; another patient who had multiple
brain metastases only with poor response under cetu-
ximab- combination chemotherapy. Otherwise, there
was one patient with left side ovary metastases in
group A, and resection of left side ovary was per-
formed at the same time with anterior resection. How-
ever, local recurrence happened one more years after
operation and cetuximab-combination chemotherapy.
Besides, we analyzed all the patient in both groups
about activating KRAS mutations and overexpression
of epidermal growth factor receptor. Eleven patients
(42.3 %) in group A had KRAS mutations and four-
teen patients (41.2%) in group B. About epidermal
growth factor receptor, there are twenty patients
(76.9%) in group A and twenty-five patients (73.5%)
in group had overexpression of epidermal growth fac-
tor receptor.

Efficacy

A total of 26 patients in group A who underwent
weekly cetuximab-combination chemotherapy and 34
patients in group B who underwent bi-weekly cetuxi-
mab-combination chemotherapy were assessed for re-
sponses. The main objective responses of these pa-
tients are summarized in Table 2. Among the 26 pa-
tients in group A, complete response was observed in
one case (3.8%); partial response was observed in 14
cases (53.8%); stable disease was observed in 5 cases
(19.2%) and progressive disease was observed in 6
cases (23.1%). For the 34 patients in group B, one pa-

Table 2. Efficacy of patients receiving cetuximab-combined

FOLFIRI chemotherapy
Group A (%)  Group B (%)

n=26 n=234
Disease Control Rate 20 (76.8) 28 (82.4)
Complete response 1(3.8) 1(2.9)
Partial response 14 (53.8) 20 (58.8) 0.602
Stable disease 5(19.2) 7 (20.5)
Progress disease 6(23.1) 6 (17.6)

Group A: Cetuximab used weekly; Group B: Cetuximab used
biweekly

Disease Control Rate = Complete Response Rate + Partial
Response Rate + Stable disease

tient (2.9%) had complete response, 20 patients
(58.8%) had partial response, 7 patients (20.5%) had
stable disease and 6 patients (17.6%) had progressive
disease. Overall, the disease control rate (complete re-
sponse + partial response + stable disease) reached
76.8% (20/26) in group A and 82.4% (28/34) in group
B (p = 0.602). Fig. 1 shows the progression-free sur-
vival Kaplan-Meier curve of these two different dos-
ing groups.

The progression-free survival was 12 months in
group A and 13 months in group B. Progression-free
survival had no significant statistically difference be-
tween two groups after analysis (p = 0.662). As we
mentioned above, the efficacy achieved with the bi-
weekly cetuximab-dosing regimen was shown to be

Progression-free survival
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Fig. 1. Analysis of progression-free survival of the meta-
static colorectal cancer patients treated with week-
ly and biweekly cetuximab-combination chemo-
therapy. The progression-free survival of these two
groups was not statistically significant (p = 0.662).
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similar to the efficacy of the weekly dosing regimen.
Safety

The toxicities and all safety profiles of these two
groups are listed in Table 3. All patients in both
groups were assessable for toxicity. The most com-
monly reported side event was hypersensitivity, (a
drug-related acne-like skin rash), but in most patients
suffering from this rash, it was grade 1 or 2 and easily
managed. Three patients (11.5%) suffered from grade
3 or 4 skin rash in group A and five patients (14.7%)
in group B without significant difference between the
two groups (p = 1.000), and most of these hypersensi-
tivity reactions could be treated by antihistamine, with
or without steroids.

Neutropenia was the most common grade 3 or 4
adverse event of group A (11.5%, 3/26), consistent
with the profile of group B (14.7%, 5/34) (p = 1.000)
and granulocyte-colony stimulating factors (G-CSF)
were administered. Among other hematological side
effects including anemia and thrombocytopenia, there
were two (7.7%) cases suffering from anemia in
group A and two cases (5.9%) in group B (p = 1.000);
besides, two cases (7.7%) suffered from thrombocy-
topenia in group A and two cases (5.9%) in group B
(p =1.000).

In all cases, all these hematological side effects
were usually short-lived and were rarely complicated.

Table 3. Grade 3/4 toxicities of patients receiving cetuximab-
combined FOLFIRI chemotherapy

Group A (%) Group B (%)
n=26 n=34
Skin Rash 3 (11.5) 5(14.7) 1.000
Neutropenia 3(11.5) 5(14.7) 1.000
Anemia 2(7.7) 2(5.9) 1.000
Thrombocytopenia 2(7.7) 2(5.9) 1.000
Diarrhea 3 (11.5) 3(8.8) 1.000
Stomatitis 1(3.8) 3 (8.8) 0.626
Elevated AST 1(3.8) 3 (8.8) 0.626
Elevated ALT 1(3.8) 4 (11.8) 0.377
Paronychia 3 (11.5) 3(8.8) 0.121
Alopecia 1(3.8) 0(0) 0.443
Fatigue/Asthenia 2(7.7) 3(8.8) 0.875

Group A: Cetuximab used weekly; Group B : Cetuximab used
biweekly
AST: aspartate transaminase; ALT: alanine transaminas

No patients experienced these side events leading to
cessation of therapy. All hematological side effects
did not differ significantly between the two groups
(all p > 0.05). Neither grade 4 myelosuppression nor
severe infusional anaphylactic reactions were found
in either group.

Rates of toxicity-related gastrointestinal side ef-
fects which included nausea, vomiting, anorexia, diar-
rhea and constipation were similar across these two
groups and always could be easily treated. However,
grade 3 or 4 diarrhea occurred in 3 patients (11.5%) in
group A and 3 patients (8.8%) in group B. 3.8% (1/26)
of the patients in group A and 8.8% (3/34) of the pa-
tients in group B complained of grade 3 stomatitis. All
these gastrointestinal side effects could be easily con-
trolled by antiemetic, antidiarrheal agents and intrave-
nous fluid supplement. In both groups, no therapies
were discontinuous consequently. And under the sta-
tistical analyses, there were similar safeties in both
groups (all p > 0.05). Drug-related seriously elevated
liver functions were reported in both groups. Elevated
AST (aspartate transaminase), was found in one pa-
tient (3.8%) and elevated ALT (alanine transaminase)
was found in one patient (3.8%) in group A. In group
B, the hepatic toxicities were slightly higher with 3
patients (8.8%) having elevated AST and 4 patients
(11.8%) having elevated ALT. But in these two dif-
ferent dosing regimens, there were no clinically rele-
vant adverse effects and it seems that there was no sig-
nificant correlation between different dosing regimen
and elevated liver functions (both p > 0.05). Concern-
ing other specific side events, paronychia was re-
ported in 11.5% (3/26) of patients in group A and
8.8% (3/34) of patients in group B (p = 0.121); alope-
cia in 3.8% (1/26) of group A and none in group B
(0.443); fatigue/asthenia in 7.7% (2/26) of group A
and 8.8% (3/34) of group B (0.875). No treatment-re-
lated deaths occurred.

Overall, the safety of the biweekly cetuximab dos-
ing regimen was consistent with the weekly dosing
regimen without meaningful increase in toxicity.
Therefore, the administration of biweekly dosing reg-
imen proved to be well tolerated and the different dos-
ing regimen of biweekly cetuximab did not increase
the side effects of chemotherapy.
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Discussion

In general, rates of incidence of colorectal cancer
are increasing rapidly in countries where overall risk
was formerly low (especially in Japan and also else-
where in Asia),' and the same trend in Taiwan. The
therapeutic mainstay for CRC is 5-FU/LV regimen.
And until recently, the standard systemic treatment of
mCRC has been oxaliplatin plus infusional 5-FU/LV
(FOLFOX) or infusional 5-FU/LV plus irinotecan
regimen (FOLFIRI).’

In recent decades, advances in the understanding
of the tumor biology from CRC have led to the identi-
fication of important cellular processes involved in
the pathogenesis, and drugs which interfere with these
critical pathways are known as target therapy.® EGFR
is involved in signaling pathways that affect cellular
growth, differentiation, proliferation, and program-
med cell death, and is a transmembrane glycoprotein
that is often overexpressed in CRC.*!? Cetuximab, a
chimeric monoclonal immunoglobulin G1 antibody
that binds to extracellular domain of the EGFR and in-
hibits the EGFR, has been found to be effective alone
and in combination of irinotecan in patients with
mCRC as second- and subsequent-line treatment of
mCRC in patients who are refractory to irinotecan-
based chemotherapy.”!!

The main aim of this retrospective study was to in-
vestigate the antitumor activity of the combination of
cetuximab and irinotecan-based chemotherapy given
in a biweekly fashion. Most chemotherapy regimens
from CRC are given every two weeks and therefore it
would be more convenient if cetuximab could be ad-
ministered every two weeks. Although cetuximab is
currently administered with a weekly schedule on the
basis of previous studies, development of a biweekly
dosing regimen for cetuximab would provide treat-
ment flexibility when combined with biweekly che-
motherapy regimen, as well as its efficacy and safety
profile with respect to the standard weekly regimen
used in most trials with cetuximab.>'*"'% Inspired by
pharmacodynamic and pharmacokinetic studies which
revealed no significant differences between weekly
cetuximab 250 mg/m? and biweekly cetuximab 500
mg/m?, we had simplified the administration of cetu-
ximab biweekly with combination to irinotecan-base

chemotherapy.'* While the pharmacokinetic and ph-
armacodynamic data suggest the clinical equivalence
of the weekly and bi-weekly cetuximab regimen,'* di-
rect demonstration of the efficacy equivalence of
these two different regimens is required.

Our present investigation shows that disease con-
trol rate and the progression-free survival of these two
different regimen groups was not significantly differ-
ent between these two groups. In group A, one patient
(3.8%) had complete response, 14 patients (53.8%)
had partial response and 5 patients had stable response
(19.2%) resulting in an overall disease control rate of
76.8% (20/26). In group B, one patient (2.9%) had
complete response, 20 patients (58.8%) had partial re-
sponse and 7 patients had stable response (20.5%) re-
sulting in an overall disease control rate of 82.4%
(28/34). This result is compatible with the results of
several previous studies from Western countries,'*!3
and the findings are vital for Taiwanese mCRC pa-
tients for the administration of cetuximab weekly or
biweekly.

The adverse events reported here are typical of
those expected with cetuximab with irinotecan. Ad-
ministration of a high dose of cetuximab with bi-
weekly regimen is not associated with a greater inci-
dence of grade 3 or 4 adverse events than weekly ad-
ministration of the lower, approved dose in previous
studies.!*!¢ In our study, the results presented here for
the biweekly dosing regimen of 500 mg/m? revealed
toleration for a weekly dose of 250 mg/m?. There were
three patients (11.5%) suffering from grade 3/4 skin
rash in group A and five patients (14.7%) in group B
respectively. A low percentage of patients with grade
3 or 4 neutropenia/anemia/thrombocytopenia was
found in our investigation and in these patients, gra-
nulocyte-colony stimulating factors was given for
neutropenia and the side events were controlled, and
all treatment could be carried on thereafter. Besides,
no treatment was stopped due to anemia or thrombo-
cytopenia. Additionally, most hypersensitivity reac-
tions were easily treated by antihistamine, with or
without steroids.

Gastrointestinal side events as nausea or vomiting
were always mild to moderate and were controlled
with standard antiemetics. Even grade 3 or 4 diarrhea
occurring in both groups (11.5% versus 8.8%) as well
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as stomatitis (3.8% versus 8.8%), were all easily
treated by supportive management. The rate and se-
verity of patients developing mild to moderated gas-
trointestinal toxicities were lower than previous re-
ports.'®!” The cause of low grade 3 or 4 diarrhea might
result from the lesser frequencies of 6/7 and 7/7 geno-
types of UGTIAI in Taiwanese subjects.?’ A low per-
centage of patients with elevated AST/ALT, fatigue,
paronychia, alopecia were found in our investigation
and no severe toxicities occurred. In both groups, no
patients lost further treatment because of the adverse
events encountered, and in terms of toxicity, the bi-
weekly dosing regimen had proved to be well toler-
ated. Simplified cetuximab does not increase the rate
and risk of the adverse events or toxicities.

In the initial 60 treated Taiwanese patients of our
study, we found no significant difference in efficacy
and toxicity in both groups. The option to synchronize
the administration of cetuximab and concomitant che-
motherapy would reduce the impact of treatment ad-
ministration on patients’ lives and simplify treatment
administration for health care worker. It is also rea-
sonable to assume that this simplified schedule would
probably reduce the costs associated with cetuximab
administration. Consequently, we suggested that bi-
weekly dosing cetuximab-combination chemotherapy
is an effective regimen with acceptable toxicities, and
should be considered as an optional first-line setting
for Taiwanese patient populations with mCRC. Be-
sides, Activating KRAS mutants is an important inde-
pendent predictive marker in mCRC treated with ce-
tuximab plus chemotherapy and EGFR could help to
identify the subgroup of patients who are most likely
to respond to cetuximab plus chemotherapy.?' Further
prospective studies on larger mCRC cases are need to
definitely establish the clinical relevance of KRAS
mutation and EGFR.
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