142

K. Shitara et al.

randomized trials for AGC. Our results showed consider-
able inconsistency in the reporting of patient characteristics
and the use of stratification factors in clinical trials for
AGC. A similar finding was reported by Sorbye et al. [16],
who analyzed metastatic colorectal cancer (MCRC) clini-
cal trials and advocated that an urgent need exists for an
international consensus on the reporting of patient char-
acteristics and stratification in MCRC trials. Our data also
revealed several differences in patient characteristics
between trials conducted before and after 2004, and
between Asian and non-Asian trials. It is possible that these
differences may have contributed to the observed hetero-
geneity in the survival outcomes of each trial.

Several prognostic factors have been identified for
patients with AGC who have undergone chemotherapy
[10-14]. As described in the “Introduction”, the GASTRIC
project confirmed the impact of ECOG PS, disease status,
number of metastatic organs, location of metastasis, and
prior surgery on the survival of AGC patients, as deter-
mined by individual patient data analysis of previous ran-
domized studies [10]. Notably, this project, which may have
included the largest AGC patient set to date, identified that
PS1 and PS2 were significantly associated with poor sur-
vival, with hazard ratios (HRs) of death of 1.36 and 2.17,
respectively [10]. In the GASTRIC analysis, although most
trials included PS among the reported patient characteris-
tics, a number of studies classified PSO and PS1 separately,
and several studies used KPS rather than the ECOG scale. In
addition, local recurrence and metastatic disease were
reported to be associated with worse outcomes than locally
advanced disease [10]. In our present analysis, approxi-
mately 50% of trials reported disease extension (locally
advanced or metastatic disease), and only 30% of trials
indicated disease status (advanced or recurrent disease).

Although the GASTRIC analysis did not evaluate the
importance of specific metastatic organs on outcomes,
another large prognostic analysis, by Chau et al. [11, 12],
reported the impact of liver and peritoneal metastasis on
AGC patient survival. Affected metastatic organs were
reported in 64% of the trials in our analysis, but the number
of metastatic organs, which has significant impact on sur-
vival according to the GASTRIC analysis, was only reported
with a frequency of 39%. Although histology was not
identified as prognostic in the GASTRIC analysis, several
recent trials suggest that an interaction exists between his-
tology and drug response [6, 7, 17, 18]. For example, a
subset analysis of the First-line Advanced Gastric Cancer
Study (FLAGS) trial has indicated that the oral fluoropyr-
imidine S-1 appears to be superior to fluorouracil in the
treatment of diffuse-type gastric cancer [6]. This finding is
consistent with the results of a subset analysis of the Japan
Clinical Oncology Group (JCOG) 9912 study that also
indicated S-1 is better than fluorouracil in patients with
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diffuse-type AGC or gastric cancer associated with high
dihydropyrimidine dehydrogenase (DPD) activity, which is
more commonly associated with diffuse-type than intesti-
nal-type tumors [17]. This result was not unexpected,
because S-1 is a potent competitive inhibitor of DPD. In
contrast to DPD, human epidermal growth factor receptor 2
(HER2)-positive AGC, for which the anti-HER2 agent
trastuzumab is effective [7], is reported to be higher among
intestinal-type tumors [18]. The prognostic factors and
tumor characteristics identified in these studies should be
reported in all clinical trials of AGC, as they are necessary to
adequately interpret trial data and treatment outcomes.

Our analysis also revealed that the types of second-line
chemotherapy and proportions of patients who received
such treatment were not routinely reported in AGC trials.
As several recent reports have suggested that second-line
chemotherapy has a significant impact on OS [19-21], we
propose that second-line therapies should be diligently
reported in future clinical trials of first-line AGC treatment,
because second-line chemotherapy might influence the OS
as the primary endpoint, as suggested by our previous
analysis [22].

Additionally, the numerous prognostic factors identified
for AGC may be important for the stratification of patients
with respect to risk and treatment arms in randomized tri-
als. To adequately analyze treatment effects on clinical
outcomes, efforts should be undertaken to maximally
decrease imbalance of prognostic factors between treat-
ment arms in a clinical trial [23]. Although there is no
definite consensus on the optimal method for stratification,
stratification is recommended for superiority trials with
fewer than 400 patients [24] and for non-inferiority trials
with any number of patients [25]. In our analysis, stratifi-
cation was conducted in only 60% of the examined trials,
and was performed with quite variable stratifying factors.
Based only on the present analysis, it is difficult to suggest
a standardization approach for stratification factors in AGC
trials, and further analysis and discussion are necessary.

In recent years, a trend of increased median OS in AGC
patients has been observed concurrent with the development
of new chemotherapeutic agents [2, 4, 7, 26]. It is also pos-
sible that second-line chemotherapy may have contributed to
the improvement in OS [19-21]; however, our crude com-
parison of trials conducted prior to and after 2004 also
showed significant differences in PS and disease extension.
These differences may have also contributed to the improved
survival reported in more recent trials, as well as survival
differences between Asian and non-Asian trials. The exact
impact of chemotherapy and patient characteristics on sur-
vival would be best addressed in well-designed randomized
studies and meta-analyses of individual patient data.

In conclusion, our analyses of published clinical trials
for AGC revealed inconsistencies in the reporting of
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patient characteristics and use of stratification factors. An
international consensus on the reported characteristics and
stratification in AGC trials is necessary to improve the
analysis of future clinical trials.
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Summary The aim of this study is to prospectively
evaluate the efficacy of combination chemotherapy with
every second week cetuximab and irinotecan in patients
with pretreated metastatic colorectal cancer harboring wild-
type KRAS. Patients with wild-type KRAS metastatic
colorectal cancer that had progressed after chemotherapy
with irinotecan, oxaliplatin, and fluoropyrimidine were
included. Cetuximab was administered at 500 mg/m?
biweekly with irinotecan. The primary endpoint was
response rate. The pharmacokinetics of cetuximab was also
evaluated in 5 patients. From May 2009 to February 2010,
a total of 31 patients were enrolled from five institutions.
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One patient was not eligible. Among the 30 patients who
were treated with biweekly cetuximab plus irinotecan,
partial response was observed in 9 patients. The objective
response rate was 30.0% (95% confidence interval [CI],
14.7%49.4%) and the disease control rate (complete
response, partial response, or stable disease) was 76.7%
(95% Cl, 57.7%-90.0%). The median progression-free
survival was 5.3 months and median overall survival was
10.8 months. Grade 3 skin toxicity was observed in 3
patients (10.0%) and one treatment related death due to
pneumonia was observed. Combination chemotherapy with
biweekly cetuximab and irinotecan was effective for
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pretreated metastatic colorectal cancer with wild-type
KRAS.

Keywords Colorectal cancer - Chemotherapy - Cetuximab -
Biweekly - Irinotecan

Introduction

Cetuximab, a recombinant, human/mouse chimeric mono-
clonal IgGl antibody that specifically targets epidermal
growth factor receptor (EGFR), has been shown to
significantly improve the prognosis for metastatic colorectal
cancer (MCRC) compared to best-supportive care alone in
the third-line setting [1]. Furthermore, combining cetux-
imab with irinotecan results in a higher response rate than
cetuximab alone, even in patients with irinotecan-refractory
disease [2], suggesting that cetuximab may restore chemo-
sensitivity in these patients. Because of these results,
cetuximab plus irinotecan has become the standard chemo-
therapy in MCRC after failure with S-fluorouracil (5-FU),
oxaliplatin, and irinotecan. Following these two pivotal
studies, several retrospective reports suggested that cetux-
imab is not efficacious in patients with cancers harboring
KRAS mutations [3-7]. Therefore, the indications for
cetuximab are considered to be limited to cancers bearing
wild-type KRAS based on these retrospective studies [8].
We conducted a phase II study employing weekly cetux-
imab plus biweekly irinotecan for wild-type KRAS MCRC
[9]. Objective response rate of 30.0% and disease control
rate of 80.0% was shown in our previous study [10].
Based on past pivotal studies, the standard schedule for
cetuximab is weekly administration [1, 2]. In principal,
cetuximab is administered weekly with an initial intrave-
nous infusion of 400 mg/m? on day 1 infused over 120 min,
with subsequent weekly doses of 250 mg/m? infused over
60 min. This regimen was used in a Japanese phase II study
[10] and in our prior study [9] with acceptable toxicity.
However, in Japan, irinotecan has been commonly admin-
istered biweekly to patients with metastatic colorectal
cancer. Therefore, if we could achieve similar efficacy and
safety with biweekly administration of cetuximab, it would
be more convenient both for the patient and for the treating
institution. There are a few reports that evaluated efficacy
and feasibility of biweekly administration of cetuximab
[11-13]. Tabemero et al. conducted a phase 1 study of
biweekly cetuximab. In their study, cetuximab could be
safely administered biweekly at doses between 400 and
700 mg/m?* [11]. They concluded that 500 mg/m?® was the
most convenient and feasible dose. Other two studies using
biweekly cetuximab 500 mg/m® plus irinotecan showed a
response rate of 22.5%-25% in pretreated MCRC with a
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similar toxicity compared with weekly cetuximab [12, 13].
However, to the best of our knowledge, no study using
biweekly cetuximab evaluated KRAS status prospectively
[11-13]. Therefore, we have planned a phase II study of
combination chemotherapy with biweekly cetuximab and
irinotecan for pretreated MCRC harboring wild-type KRAS.

Patients and methods

Purpose

The aim of this study was to explore the effectiveness and
safety of combination chemotherapy with biweekly cetux-
imab plus irinotecan for the treatment of patients with
MCRC that had progressed after irinotecan-, oxaliplatin-,
and fluoropyrimidine-based chemotherapy.

Study setting

A multi-institutional prospective phase II trial, where
participating institutions included 5 specialized centers.

Endpoints

The primary endpoint was response rate. The tumor

‘response was assessed objectively once every two weeks

after each course according to the Response Evaluation
Criteria in Solid Tumors (RECIST ver. 1.0), and the best
overall response rate was taken as the antitumor effect
for that patient. The secondary endpoints included
adverse events defined by Common Terminology Criteria
for Adverse Events (CTCAE) version 3.0, progression-
free survival time, and overall survival time. A pharma-
cokinetic (PK) study of cetuximab was evaluated in 5
patients.

Patients

Prior to enrollment in the study, patients must fulfill all of
the following criteria: (i) Patients with histopathologically
proven metastatic colorectal adenocarcinoma with wild-
type KRAS were eligible for this study. EGFR positive
staining was not required. KRAS status was evaluated in
each institution using one of the following methods:
cycleave PCR (Aichi Cancer Center Hospital) [14, 15] or
direct sequence methods (BML, Tokyo, Japan). Wild-type
KRAS meant patients without KRAS mutations in codons 12
and 13 regardless of the KRAS testing method. The
remaining criteria were as follows: (ii) Eastern Cooperative
Oncology Group performance status (PS) 0-2; (iii) pres-
ence of measurable metastatic disease as defined by the
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RECIST criteria; (iii) presence of radiographically con-
firmed disease progression during previous chemotherapy
using irinotecan or within 3 months after the last chemo-
therapy dose; (iv) treatment failure (defined as disease
progression/discontinuation due to toxicity) within 6 months
of the last dose of fluoropyrimidine- and oxaliplatin-based
chemotherapy; (v) adequate bone marrow reserve (neutro-
phil count >1,000/mm?>, platelet count >100,000/mm?); (vi)
adequate hepatic function (aspartate aminotransferase and
alanine aminotransferase <2.5 times the institutional upper
normal limit [<5 times in patients with liver metastases] and
total bilirubin <1.5 times the upper normal limit); and (vii)
adequate renal function (serum creatinine <2.0 times the
upper normal limit).

Patients were excluded if they met any of the
following criteria: (i) uncontrollable ascites or pleural
effusion and (ii) serious comorbidities, such as pulmo-
nary fibrosis or interstitial pneumonia, uncontrollable
diabetes mellitus, severe heart disease, other active
malignancy, active inflammation, or other serious medi-
cal conditions.

The institutional review board of each participating
center approved the study. This study was registered in
the UMIN clinical trial registry (UMINO0O0001951). Written
informed consent was obtained from each patient prior to
treatment administration.

Treatment methods

The treatment schedule was based on the results of prior
studies [10-12]. Cetuximab was administered initially at a
dose of 500 mg/m® as a 2-hour infusion followed by
biweekly administration of 500 mg/m? as a 1-hour infusion.
Irinotecan was administered biweekly. The dose of irinote-
can (100-150 mg/m?®) was selected by each physician
according to each individual patient, based on prior
toxicities experienced with irinotecan. Patients received
premedication with antihistamine (e.g., S0 mg diphenhy-
dramine hydrochloride intravenously [IV]) to minimize the
risk of infusion-related reactions associated with cetuximab.
The following anti-emetic treatments were administered on
demand: dexamethasone 4 mg prior to cetuximab, and
dexamethasone 8—16 mg plus granisetron 1 mg IV prior to
irinotecan. Toxicity was graded according to the National
Cancer Institute Common Terminology Criteria for Adverse
Events (CTCAE, version 3.0). Grade 3—4 hypersensitivity
necessitated cetuximab discontinuation; infusion was
slowed to 50% of the prior infusion rate for grade 1-2
allergic/hypersensitivity reactions. Cetuximab was withheld
for grade 3 skin toxicity until resolution to <grade 2. Dose
modification and treatment alterations were also performed
for irinotecan-associated toxicities. For grade 4 thrombocy-

topenia or grade 3—4 neuropathy, irinotecan was discon-
tinued. The irinotecan dose was reduced by 20 mg/m” in
the case of grade 4 neutropenia, grade 2-3 thrombocytope-
nia, or grade 3-4 non-hematological toxicity. Other dose
adjustments were made on an individual patient basis.
Treatment was discontinued if the tumor progressed, severe
toxicity occurred, or at the patient’s request. There was no
set maximum number of courses.

Evaluation of treatment and follow-up

Medical history, physical examination, and safety evalua-
tion were performed prior to starting treatment and
biweekly thereafter. Laboratory tests were also obtained
biweekly or more frequent in the case of severe toxicities,
and always prior to each irinotecan infusion. Toxicity was
evaluated by CTCAE ver. 3.0. Tumor marker analysis
(carcinoembryonic antigen [CEA]) was also performed
every 4 weeks. Responses were evaluated using RECIST
criteria every 8 weeks, or earlier if there were indications of
treatment failure due to toxicity. All eligible subjects were
included in the assessment of efficacy and safety. Non-
evaluable subjects were only added into the efficacy
assessment data set as “not evaluable.” The following dates
were recorded: (i) date of starting treatment, (ii) date
achieving best tumor response, (iii) date of disease
progression, (iv) final date assessing survival, and (v) date
of death.

Statistical analysis

A 1-stage design employing binomial probability was used
to determine sample size. A patient receiving at least 1
chemotherapy study dose was considered evaluable for
response. The response rate threshold was defined as 5%,
and the expected response rate was set at 25%, since the
response rate in the BOND-1 study was 22.9% [2]. The
sample size of this trial was 25 patients (x- and (-error
probabilities, 0.05 and 0.2, respectively). Considering an
approximately 10% dropout rate, 30 patients were required
for this study. Progression-free survival was measured from
the date of entry into the trial to the time when progression
or death without evidence of progression occurred. The
median survival time was estimated from the date of study
entry to the date of death or last follow-up visit using
Kaplan-Meier methodology.

Cetuximab pharmacokinetics (PK) analysis
Blood samples for PK analysis were taken in 5 patients

at day 1 (end of infusion), day 15 (predose and end of
infusion), and day 29 (predose). PK parameters were
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calculated according to standard non-compartmental
methods.

Results
Patient characteristics

A total of 31 patients were registered between May 2009
and February 2010. One patient was not eligible due to PS
3, and thirty eligible patients received more than one
planned treatment with irinotecan and cetuximab and
analyzed for efficacy and safety (Table 1). Most patients
had a PS 0-1; 2 patients were PS 2. All patients had wild-
type KRAS MCRC. All patients had received two or more
prior chemotherapy regimens with a median interval from
initiation of first-line chemotherapy to study entry of
17.7 months (range, 6.4—46.9 months). Prior oxaliplatin-
containing regimens included FOLFOX (infusional and
bolus 5-fluorouracil with oxaliplatin) in 29 patients and S-1
plus oxaliplatin in 1 patient. Prior irinotecan-containing
regimens included FOLFIRI (infusional and bolus 5-
fluorouracil with irinotecan) in 24 patients, irinotecan
monotherapy in 2 patients, irinotecan plus hepatic arterial
infusion chemotherapy of 5-FU in 3 patients, and S-1 plus

Table 1 Patient characteristics

Characteristics No.

Median age, years 61 (29-77)

Gender Male/female 19/11

ECOG PS 0/1/2 12/16/2

Origin Colon/rectum 15/15

Prior colorectomy Yes 26

Prior Radiation Yes 3

Prior Adjuvant CTx Yes 5

Prior CTx for advance FOLFOX/SOX 29/1
FOLFIRV/irinotecan/IRIS 24/5/1
Bevacizumab 21

Number of prior CTx 2/3 or more 21/9

Disease sites® Liver 23
Lung 24
Lymph node 16
Peritoneum 7

No. of disease sites 1 or 2/ 3 or more 10/20

#Some were overlapping

PS performance status; ECOG Eastern Cooperative Oncology Group;
CTx chemotherapy, FOLFOX infusional and bolus 5-fluorouracil with
oxaliplatin; SOX S-1 plus oxaliplatin; FOLFIR! infusional and bolus
S-fluorouracil with irinotecan; JRIS S-1 plus irinotecan
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irinotecan in 1 patient. Twenty-one patients received
oxaliplatin-based therapy prior to irinotecan-based therapy,
while the nine patients received these therapies in reverse
sequence. Bevacizumab had been previously used in 19
patients prior to study entry. All patients discontinued prior
irinotecan based chemotherapy due to disease progression.
Prior oxaliplatin-based regimen was discontinued due to
disease progression in 24 patients and toxicity in 6 patients
(neuropathy in 5 patients and allergy in 1 patient). The
median PFS of oxaliplatin-based therapy and irinotecan-
based therapy was 6.3 months and 6.7 months, respectively.
The most common site of metastasis was the lungs in 24
patients, followed by the liver in 23 patients. Increased
CEA was observed in 26 patients (>2 times the upper
normal range), with a median value of 194 U/mL (range,
11.6 to 6,050 U/mL).

Treatment results

The median number of cetuximab and irinotecan admin-
istrations was 8 (range, 1 to 24) and 8 (range, 2 to 24),
respectively. Irinotecan was administered at a dose of
100 mg/m?, 120 mg/m® and 150 mg/m® in 7, 7, and 16
patients, respectively. Four patients continued protocol
treatment as of the time of analysis, with a median
follow-up of 12.0 months (range, 8.3—19.1 months). Two
patients experienced cetuximab dose reductions due to skin
toxicities, and 1 patient underwent a 50% infusion rate due
to grade 2 infusion reaction. Seven patients required
irinotecan dose reductions, primarily due to neutropenia
and gastrointestinal toxicity. Protocol treatment was dis-
continued in 26 patients due to disease progression (n=24),
dead by pneumonia (n=1), and lost follow up (n=1).

Efficacy

Among the 30 patients, no patient achieved a complete
response, 9 patients experienced a confirmed partial response,
and 14 had stable disease using RECIST criteria. Four patients
had progressive disease, and three patients were not evaluable
for treatment response due to symptomatic deterioration prior
to radiological response evaluation in two patients and
treatment withdrawal due to toxicity prior to response
evaluation in one patient. The overall response rate was
30.0% (95% confidence interval [CI], 14.7%-49.4%) and the
disease control rate (complete response, partial response, or
stable disease) was 76.7% (95% CI, 57.7%—-90.0%). Among
the 14 patients with stable disease, 8 patients experienced
tumor shrinkage of>10%; therefore a total of 17 of 30 patients
(56.7%) achieved >10% tumor shrinkage (Fig. 1). A >50%
decline in CEA was observed in 16 of 26 patients (61.6%)
with abnormal values. The median progression-free survival
was 5.3 months (95% CI; 3.6-7.1) and median overall
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Fig. 1 Maximum tumor shrinkage from baseline. The objective response
rate was 30.0%, and the disease control rate was 76.7%. Among the 14
patients with stable disease, 8 patients experienced >10% tumor
shrinkage. Three patients were not evaluable for treatment response.
Abbreviations: PR partial response; SD stable disease; PD progressive
disease

survival was 10.8 months (95% CI; 6.8-not reached) with
fourteen patients still alive (Fig. 2).

Toxicity

Grade 3—4 neutropenia was observed in 9 patients (30.0%),
3 patients experienced grade 3—4 anemia, and one patient
experienced grade 3—4 thrombocytopenia (Table 2). Febrile
neutropenia was observed in 2 patients (6.7%), which were
successfully managed by treatment with granulocyte-colony
stimulating factor and antibiotics. Skin toxicity including
acne, rash, dry skin, pruritus, acneiform dermatitis, and
papular rash, was observed in 27 patients (90.0%); the
majority of these (n=15) were grade 2. Three patients
(10.0%) experienced grade 3 skin toxicity. One patient died
from pneumonia. This patient experienced fever and
dyspnea 10 days after the fourth cycle of treatment. CT
scan showed diffuse gland glass opacity with consolida-
tions. Culture of blood and sputum was negative for any

1.00 4
- OS
0804 W A _____ e PES
e L.
= 0.60 C
e | S TE B
< t
-8 Y
< 0.404
[a W)
0.20 1
0.00 L T T T T T
0 3 6 9 12 15

Time (months)

Fig. 2 Progression-free survival and overall survival time. The
median progression-free survival was 5.3 months and median overall
survival was 10.8 months. Abbreviations: PFS progression-free
survival; OS overall survival

Table 2 Toxicity

Toxicity Grade 1-4 (%) Grade 3—4 (%)
Leucopenia 15 (50) 507
Neutropenia 16 (53) 9 (30)
Febrile neutropenia 2(7) 27
Anemia 14 (47) 3(10)
Thrombocytopenia 27 1(0.3)
Fever 7 (23) 0O
Diarrhea 14 (47) 5017
Skin toxicity 26 (87) 3 (10)
Nausea 15 (50) 1(0.3)
Vomiting 7 (23) 1(0.3)
Fatigue 14 (47) 3 (10)
Stomatitis 10 (33) 1(0.3)
Anorexia 19 (63) 3 (10)
Hypomagnesia 16 (53) 1(0.3)

pathogen including Pneumocystis jiroveci. Although anti-
biotics and high doses of steroids were administered, the
patient did not improve. Definitive cause of pneumonia
could not be determined since autopsy was denied. Other
grade 3—4 non-hematological toxicities included diarrhea
(16.7%) and anorexia (10.0%).

Results of PK analysis

The mean of Cmax was 195.20 ug/mL on day 1 and
230.80 ug/mL on day 15, and the mean of trough
concentrations was 22.14 ug/mL on Day 15 and 38.34 ug/
mL on day 29 (Fig. 3). The both Cmax and trough were
increasing. However; this was not shown in all the patients
of multiple administrations due to the large variation in
each case and the small patients number. The trough on day

ug/mL
300 r

250 +
200
150
100

50

dayl day1$s day29

Fig. 3 Mean (£S.D.) peak and trough cetuximab serum concen-
trations day 1—-day 29. The mean of Cmax was 195.20 ug/mL on day 1
and 230.80 ug/mL on day 15, and the mean of trough concentrations

was 22.14 ug/mL on Day 15 and 38.34 ug/mL on day 29
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15 and day 29 of Cetuximab 500 mg/m? administration
were similar to the results from other studies [11, 12].

Discussion

In this study, we evaluated the efficacy and safety of
combination chemotherapy with biweekly cetuximab plus
irinotecan in patients with wild-type KRAS colorectal
cancer who failed prior chemotherapy including irinotecan,
oxaliplatin, and fluoropyrimidine. To our knowledge, this
was the first report to evaluate biweekly cetuximab in
prospectively recruit patients after assessing KRAS mutation
status.

To our knowledge, there were three published reports
that evaluated biweekly administration of cetuximab.
Tabernero et al. conducted a phase I study of cetuximab
monotherapy followed by a combination with a FOLFIRI
regimen and reported that a cetuximab dose of 500 mg/m?
every 2 weeks exhibited predictable pharmacokinetics,
which were similar to those of the approved weekly dosing
regimen [11]. Although most patients in the Tabernero
study were chemo naive patients, our results supported the
assumption that 500 mg/m? might be optimal even in
heavily pretreated patients with active serum concentrations
of cetuximab maintained throughout the 2-week dosing
period with this regimen. The other two reports in similarly
pretreated settings showed almost consistent efficacy of
biweekly use of cetuximab with irinotecan with a response
rate of 22.5%-25% and 3.4-5.4 months [12, 13] , although
these studies did not evaluate KRAS status (Table 3).

The response rate of 30% in the present study was
relatively higher than those of previous prospective studies
in a similarly pretreated setting, such as the BOND-1 study

(22.9%, irinotecan plus cetuximab; 10.8%, cetuximab mono-
therapy) or the MABEL study, considering a study population
with and without KRAS mutant tumors [2, 16]. The present
disease control rate (76.7%) and progression free survival
(5.3 months) was also relatively higher than that of the
BOND-1 study (55.5% and 4.2 months in the combination
arm) or the MABEL study (45.2% and 3.2 months) [2],
although these indirect comparisons should be cautiously
interpreted. The efficacy data in this study were almost
similar to our previous phase II study using weekly
cetuximab plus irinotecan for patients with KR4S wild-type
metastatic colorectal cancer [9]. These results highlight the
usefulness of biweekly administration of cetuximab.

Toxicity in our study and previous biweekly studies was
almost compatible to those of weekly regimens (Table 3),
although we experienced one possible treatment related
death due to pneumonia. In this study, although 2 patients
discontinued treatment due to toxicity, other toxicities were
generally well tolerated and expected. Therefore biweekly
administration may be a potentially convenient alternative
to the approved weekly dosing regimen considering most
chemotherapy regimens in colorectal cancer were based on
biweekly administration, although cautions for toxicity are
still required. '

In conclusion, the results of this phase II study
demonstrated that combination of biweekly cetuximab and
irinotecan chemotherapy was active and tolerated in
patients with wild-type KRAS colorectal cancer who failed
prior chemotherapy including irinotecan, oxaliplatin, and
fluoropyrimidine. Although the small number of patients in
the single arm study was the major limitation to this study,
our results suggested that the biweekly administration of
cetuximab combined with irinotecan was feasible and
active in patients heavily pretreated with MCRC. Further

Table 3 Results of prospective study of cetuximab plus irinotecan for MCRC refractory to irinotecan

Author Weekly cetuximab plus irinotecan Biweekly cetuximab plus irinotecan
Cunningham [2]  Wilke [16]  Pfeiffer [12]  Tahara [10]  Shitara [9]  Pfeiffer [12]  Martin-Martorell [13]  This study

Number of patients 329 1147 65 39 30 71 40 30
KRAS status NR NR NR NR Wild NR NR Wild
Previous oxaliplatin (%) 62.6 69 95 100 100 100 97.5 100
Response rate (%) 229 20.1 20 30.8 30 25 22.5 30
Disease control (%) 55.5 452 66 64.1 80 77 60 76.7
median PFS (months) 4.1 3.2 54 4.1 5.8 5.4 3.4 5.3
median OS (months) 8.6 9.2 10.4 8.8 12.5 8.9 8 10.8
Skin toxicity(G3-4) 9 13.3 11 5.1 0 5 7.5 10.0
Diarrhea (G3-4) 21 19 10 17.9 133 9 10 16.7
Neutropenia (G3-4) 9 9.9 4 23.1 33.3 7 7.5 30.0

NR not reported; PFS progression free survival; OS overall survival; G grade
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M, Humblet Y, Van Cutsem E, Tejpar S (2008) KRAS wild-type
state predicts survival and is associated to early radiological
response in metastatic colorectal cancer treated with cetuximab.
Ann Oncol 19:508-515
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