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Abstract
Objectives Dual inhibition of vascular endothelial growth
factor (VEGF) and epidermal growth factor receptor
(EGFR) demonstrated initial promise in clinical trials. This
phase II study tested the efficacy and safety of capecitabine,

oxaliplatin, and cetuximab with or without bevacizumab as
first-line treatment for metastatic colorectal cancer patients.
Methods Patients were randomized to receive capecitabine
850 mg/m2 PO twice daily for 14 days, oxaliplatin 130 mg/
m2 IV day 1, and cetuximab 400 mg/m2 IV loading dose
followed by 250 mg/m2 IV days 1, 8, and 15 with (Arm A)
or without (Arm B) bevacizumab 7.5 mg/kg IV day 1 every
21 days. Tumor samples were collected and retrospectively
analyzed for KRAS mutation status. The primary endpoint
was response rate, with time to progression (TTP) and
overall survival (OS) as secondary objectives.
Results Twenty-three patients (12 in Arm A, 11 in Arm B)
were enrolled onto the study. Median follow-up was
25.9 months. Both treatments were well tolerated, with
expected higher rates of grade 1/2 hypertension and bleeding
in Arm A. The overall response rate was 54% (36.4% in Arm
A and 72.7% in Arm B). Median time to progression was
8.7 months in Arm A and 14.4 months in Arm B. The median
survival was 18.0 months in Arm A and 42.5 months in Arm
B. The study was prematurely terminated after other studies
reported inferior outcomes with dual antibody therapy.
Conclusions Although terminated early, the study supports
the detrimental effect of combining VEGF and EGFR inhi-
bition in metastatic colorectal cancer.

Keywords Metastatic colon cancer . Vascular endothelial
growth factor (VEGF) . Epidermal growth factor receptor
(EGFR)

Introduction

The combination of a fluoropyrimidine and oxaliplatin is a
common therapeutic strategy for the initial treatment of
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metastatic colon cancer [1]. Although the use of FOLFOX
(infusional 5-fluorouracil plus oxaliplatin) is a common
strategy in this setting, substitution of the oral fluoropyrimi-
dine capecitabine for intravenous 5-fluorouracil has similar
efficacy in combination with oxaliplatin [2–5]. Further im-
provement in outcome is achieved with the addition of the
anti-VEGF antibody bevacizumab [6–8]. When the current
study was conceived, initial reports suggested high response
rates with the addition of cetuximab, an anti-EGFR anti-
body, to frontline chemotherapy [9–11]. More recently, the
predictive value of KRAS mutation on response to EGFR
targeted therapy has been validated, with responses noted
only in patients with KRAS wild-type tumors [12–15].

The combination of cetuximab and bevacizumab demon-
strated synergy in preclinical studies [16]. These studies dem-
onstrated almost complete inhibition of VEGF expression and
angiogenesis in vitro following treatment with anti-EGFR and
anti-VEGF agents. A randomized phase II trial in fluoropyr-
imidine and oxaliplatin-refractory metastatic disease demon-
strated a promising objective response rate of 20% when
cetuximab and bevacizumab were given in combination
[17]. Given encouraging preclinical and clinical rationale for
frontline use of dual VEGF-EGFR blockage, we initiated this
randomized phase II study to evaluate the combination of
capecitabine, oxaliplatin, and cetuximab with or without bev-
acizumab as first-line therapy for metastatic colorectal cancer.

Patients and Methods

Patients

Patients age ≥18 with histologically confirmed metastatic
adenocarcinoma of the colon or rectum who had not re-
ceived prior chemotherapy for their disease were eligible
for the study (prior adjuvant therapy was permitted if com-
pleted 12 months or more prior to study enrollment). Addi-
tional eligibility criteria included Eastern Cooperative
Oncology Group (ECOG) Performance Status (PS) 0–1
and adequate hematologic, clotting, hepatic, and renal func-
tion (creatinine clearance ≥ 50 ml/min). Exclusion criteria
included clinically significant cardiovascular disease (e.g.,
uncontrolled hypertension >160/100 mmHg, myocardial in-
farction within the last 6 months, unstable angina), pregnant
or breastfeeding females, patients with history of central
nervous system disease including history of cerebrovascular
accident within 6 months of enrollment, evidence of urine
protein/creatinine ratio (UPC) ≥1.0, history of surgical pro-
cedure within 28 days of enrollment, history of allergic
reaction to any of the study drugs, and ≥ grade 2 existing
neuropathy. As this study was initiated and conducted prior
to the emergence of data on cetuximab resistance associated
with KRAS mutations, patients were treated with cetuximab

regardless of KRAS mutation status (which was determined
retrospectively) [12–14]. The protocol was open for accrual
and received institutional review board approval at Fox
Chase Cancer Center (FCCC) and regional community
cancer programs participating in the Fox Chase Office
of Extramural Research Program (OER), a clinical trial
consortium in the Delaware Valley coordinated through
Fox Chase Cancer Center.

Study Design and Treatment Plan

This was a randomized phase II trial for patients with
previously untreated metastatic colorectal cancer who were
candidates for frontline systemic therapy. Patients were ran-
domized in a 1:1 fashion into two cohorts using a table
generated by permuted block randomization. Patients ran-
domized to arm A received the following in 21-day cycles:
capecitabine 850 mg/m2 orally twice daily on days 1–14,
oxaliplatin 130 mg/m2 infused over 2 h on day 1, cetuximab
250 mg/m2 weekly infused over 60 min after a loading dose
on day 1 of cycle 1 of 400 mg/m2 infused over 120 min
(patients were premeditated with an anti-histamine intrave-
nously), and bevacizumab 7.5 mg/kg on day 1 infused over
90 min (administered following oxaliplatin injection).
Patients randomized to arm B received the same regimen
without bevacizumab.

Assessments

The following were obtained within 14 days of study initiation:
medical history; physical examination; CT scan of the chest,
abdomen, and pelvis; and laboratory studies, including a com-
plete blood count (CBC), comprehensive metabolic profile
(CMP), coagulation studies, carcinoembryonic antigen, and
urine for protein/creatinine ratio. On day 1 of each treatment
cycle (every 21 days), patients underwent physical examina-
tion, CBC, CMP, and urine for protein/creatinine ratio. During
study treatment, patients were evaluated weekly with vital
signs and routine blood tests (CBC and CMP).

Tumor measurements were obtained every two cycles
(6 weeks) for the first four cycles and then every three cycles
(9 weeks) thereafter. Response was evaluated by Response
Evaluation Criteria in Solid Tumor (RECIST) criteria ver-
sion 1.0 [18]. Patients continued treatment on study until
evidence of progression of disease or unacceptable toxicity.
Upon removal from study, patients were monitored at 3-
month intervals until disease progression or death.

Dose Adjustments

Adverse events were graded according to National Cancer
Institute Common Terminology Criteria Version 3.0. Oxali-
platin dose was reduced by one dose level in the presence of
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≥grade 3 nausea/vomiting, neuropathy, thrombocytopenia,
or neutropenia according to the following scale: 100, 85,
and 65 mg/m2. Capecitabine was held for patients with
≥grade 2 diarrhea that persisted for≥2 days, ≥ grade 2
hand-foot syndrome, ≥ grade 3 nausea/vomiting, and ≥grade
3 hematologic toxicities. Upon resolution of toxicity, cape-
citabine was restarted with a reduction of one 500-mg tablet
per day for subsequent cycles. Grade 2 or 3 hypertension
that was controlled with anti-hypertensive medications
resulted in reduction of the bevacizumab dose to 5 mg/kg.
Grade 4 hypertension prompted discontinuation of bevaci-
zumab. Development of grade 3 hemorrhage or any arterial
thromboembolic event resulted in permanent discontinua-
tion of bevacizumab. The dose of cetuximab therapy was
adjusted in the presence of ≥grade 3 dermatologic toxicity,
with delay of the infusion for 1–2 weeks and decreased
dosing to 200 or 150 mg/m2.

Correlative Studies

KRAS Mutation Status Evaluation

Tumor samples were tested for the presence of a KRAS
mutation on codons 12 and 13. DNA analyses were performed

by the Fox Chase Clinical Molecular Genetics Laboratory.
Extraction, isolation, and purification of DNA from formalin-
fixed paraffin embedded tissue (FFPE) suitable for molecular
analysis were conducted using WaxFree DNA with a DNA
extraction kit (TrimGen WF-100). Ten to fifteen fresh cut
unstained slides were usually suitable for analysis. DNA
(~100 ng) was amplified by polymerase chain reaction
(PCR) using primer sequences located on either side of the
region of the coding exon of interest. PCR products were
detected by agarose gel electrophoresis. Mutations were
detected by sequencing of the purified PCR amplified product
(BigDye Terminator v.1.1 Cycle Sequencing Kit, Applied
Biosystems) and evaluated by capillary electrophoresis (ABI
3100, Applied Biosystems).

Statistical Analysis

The primary objective for this randomized phase II
study was objective response rate (RR) for each regi-
men. Secondary objectives included determining the
time to progression (TTP), overall survival (OS), and
toxicity profiles of patients treated with each of these
regimens. No direct comparison between regimens was
planned. The projected sample size was powered by

Table 1 Patient and tumor
characteristics by treatment arm

aThe correlative studies were
assessed retrospectively follow-
ing study completion on 20
patients for whom tissue samples
were available (ten patients from
each study arm).
The numbers in bold represent
statistical significance P<0.05

Characteristics All enrolled Arm A (n012) Arm B (n011) P-value

Number Percent Number Percent Number Percent

Gender 0.32

Male 18 78.3 8 66.7 10 90.9

Female 5 21.7 4 33.3 1 9.1

Median age (range) 59 (42–78) 59 (45–78) 58 (42–74) 0.6

Race/ethnicity 0.093

Caucasian 19 82.6 8 66.7 11 100

African American 4 17.4 4 33.3 0 0

Performance status 0.0028

0 13 56.6 3 25 10 90.9

1 10 43.4 9 75.0 1 9.1

Adjuvant therapy

Yes 2 8.6 0 0 2 18 0.22

No 21 91.3 12 100 9 82

Sites of metastases

Liver 17 74 6 50 11 100 0.014

Lung 11 48 7 58 4 36 0.41

Abdominal lymph nodes 9 39 5 42 4 36 1.00

1–2 metastatic sites 18 78 9 75 9 82 1.00

>3 Metastatic sites 5 22 3 25 2 18

Correlative studiesa

KRAS wild type 15 75 7 70 8 80 0.5
KRAS mutant 5 25 3 30 2 20
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clinical RR endpoint considerations. A proportion of patients
with responses less than 40% in each arm would be of no
interest. The combination of cetuximab, capecitabine, and
oxaliplatin with or without bevacizumab would be of interest
if the proportion of patients with favorable responses in each
arm was at least 60%. Forty patients per arm were needed to
test the null hypothesis: p≤0.4 against the alternative

hypothesis: p≥0.6 at the 7.44% level of significance and with
87% power. The null hypothesis would be rejected if at least
21 of 40 patients in each arm responded. An interim stopping
rule for toxicity was planned as well. However, an early
stopping rule for efficacy was not incorporated as both regi-
mens contained agents with demonstrated activity in ad-
vanced colorectal cancer.

Table 2 Toxicity by grade and treatment arm

Toxicity All patients N (%) (n032) Arm A N (%) (n012) Arm B N (%) (n011)

Grade 1/2 Grade 3 Grade 4 Grade 1/2 Grade 3 Grade 4 Grade 1/2 Grade 3 Grade 4

Hypersensitivity reaction 4 (17.3) 1 (4.3) – 3 (25) 1 (8.3) – 1 (9.1) – –

Hematologic

Neutropenia 8 (34.7) 1 (4.3) – 2 (16.7) 1 (8.3) – 6 (54.5) – –

Infection with neutropenia 1 (4.3) – – – – – 1 (9.1) – –

Infection without neutropenia 7 (30.4) 2 (8.7) – 3 (25) 1 (8.3) – 4 (36.3) 1 (9.1) –

Thrombocytopenia 8 (34.7) 1 (4.3) – 2 (16.7) – – 6 (54.5) 1(9.1) –

Vascular

Hemorrhage 10 (43.5) – – 6 (50.0) – – 4 (36.4) – –

DVT – 2 (8.7) 1 (4.3) – – – – 2 (18.1) 1 (9.1)

Hypertension 8 (34.8) – – 6 (50.0) – – 2 (18.2) – –

Constitutional symptoms

Edema 3 (13.0) – – 2 (16.7) – – 1 (9.1) – –

Fatigue 22 (95.6) – – 11 (91.6) – – 11 (100) – –

Pain 16 (69.5) 2 (8.7) – 8 (66.6) 1 (8.3) – 8 (72.7) 1 (9.1) –

Fever 6 (26.0) – – 2 (16.7) – – 4 (36.3) – –

Skin changes

Alopecia 1 (4.3) – – – – – 1 (9.1) – –

Dry/cracked 7 (30.4) – – 3 (25) – – 4 (36.3) – –

Fissures 9 (39.1) 1 (4.3) – 7 (58.3) – – 2 (18.1) 1 (9.1) –

Nail changes 4 (17.3) 1 (4.3) – 2 (16.7) – – 2 (18.1) 1 (9.1) –

Paronychia 11 (47.8) 1 (4.3) – 5 (41.6) – – 6 (54.5) 1 (9.1) –

Rash 17 (73.9) 5 (21.7) – 9 (75) 2 (16.7) – 8 (72.7) 3 (27.2) –

Hand-foot syndrome 5 (21.7) – – 1 (8.3) – – 4 (36.4) – –

Gastrointestinal

Constipation 11 (47.8) 2 (8.7) – 5 (41.7) 2 (16.7) – 6 (54.5) – –

Diarrhea 12 (52.1) 8 (34.8) – 5 (41.6) 4 (33.3) – 7 (63.6) 4 (36.3) –

Nausea 16 (69.5) – – 9 (75) – – 7 (63.6) – –

Vomiting 7 (30.4) – – 5 (41.6) – – 2 (18.1) – –

Metabolic

Weight loss 5 (21.7) 1 (4.3) – 3 (25) – – 2 (18.1) 1 (9.1) –

Hypomagnesemia 8 (34.7) 3 (13.0) 1 (4.3) 4 (33.3) 1 (8.3) 1 (8.3) 4 (36.3) 2 (18.1) –

Hyperglycemia 14 (60.8) – – 6 (50.0) – – 8 (72.2) – –

Hypoalbuminemia 7 (30.4) – – 2 (16.7) – – 5 (45.5) – –

Hypokalemia 3 (13.0) 2 (8.7) – 1 (8.3) – – 2 (18.1) 1 (9.1) –

Neurologic

Parasthesias 17 (73.9) – – 8 (66.6) – – 8 (72.2) – –

Parasthesias/pain 2 (8.7) – – 1 (8.3) – – 1 (9.1) – –

Sensory neuropathy 11 (47.8) – – 5 (41.6) – – 6 (54.5) – –

Insomnia 6 (26.0) – – 3 (25) – – 3 (27.2) – –
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Study accrual was terminated after enrollment of 23
patients, based on emerging data from other studies that
dual antibody therapy resulted in inferior outcomes com-
pared to single antibody therapy [19, 20]. The results pre-
sented are for the primary and secondary objectives for the
study as planned, using this smaller sample size. Time to
progression and overall survival were defined from enroll-
ment date to event, and RR was calculated. Descriptive
statistics were applied to toxicity reporting. The median time
to progression and overall survival was calculated by the
Kaplan–Meier method. Patients were censored at the last
time point known to be free of progression (for time to
progression analysis) and last time point known to be alive
(for overall survival).

Results

Patient Characteristics

Twenty-three patients from four institutions were enrolled
on this study between June 2006 and May 2008. Patient
characteristics are listed by treatment arm in Table 1. De-
spite the smaller than planned sample size, the groups were
generally well balanced for patient and clinical character-
istics, with the exception of a significantly greater number of
patients with PS 0 and liver metastases in Arm B compared
with Arm A. A total of 210 cycles were administered (99
cycles in Arm A and 111 cycles in Arm B). The median
number of treatments was 8 overall (range <1–19), with 7.5
(<1–19) for arm A and 10 (3–16) for Arm B. Median
follow-up for all patients was 25.9 months (18.14 months
for Arm A and 33.53 months for Arm B).

Toxicity

All patients were evaluable for toxicity. A summary of
toxicities which were at least possibly related to study
treatment is presented in Table 2 by grade and treatment
arm. Most of the observed toxicities were grades 1–2, with
no grade 5 toxicities documented. Grade 1–2 fatigue was the
most common toxicity observed in both treatment arms.

Skin toxicities (most notably grade 1–2 rash), gastroin-
testinal, and neurologic toxicities were equally observed
in both treatment arms. Interestingly, hand-foot syn-
drome was seen more often among patients enrolled
on arm B (36% versus 8.3%). As expected, patients
treated with bevacizumab demonstrated higher rates of
any grade hypertension (50% versus 18.2%) and bleed
(50% versus 36.4%). However, grade 3 and 4 deep vein
thromboses were observed only among patients random-
ized to treatment arm B (3 patients; 27.2%). A higher
rate of metabolic abnormalities such as hypomagnesemia
was seen among patients treated with both cetuximab
and bevacizumab (Arm A).

Clinical Outcome

Twenty-two of 23 patients were evaluable for response (one
patient discontinued after experiencing a hypersensitivity
reaction to cetuximab during the first treatment) (Table 3).
The overall RECIST confirmed response rate was 54%
(36.4% in Arm A and 72.7% in Arm B). The median time
to progression was 8.7 months for Arm A and 14.4 months
for Arm B (p00.72) (Fig. 1a). The median survival was
18.0 months in Arm A and 42.5 months in Arm B (p00.03)
(Fig. 1b). Survival at 12 and 24 months was 72.7% and
36.36% for patients treated on Arm A and 100% and
81.82% for patients treated on Arm B.

Correlative Studies

Tumor samples for correlative studies were available for
20 of the patients enrolled in this trial. KRAS mutations
were found in 5 (25%) patients, evenly distributed be-
tween the two arms (Table 1). Median overall survival
for KRAS wild-type patients was 34.8 months compared
with 21.1 months among KRAS mutant patients (HR0
1.56; CI: 0.39–6.20) (p00.52) (Fig. 2). Survival at 12
and 24 months was 93% and 73%, respectively, for KRAS
wild-type patients versus 80% and 40%, respectively, for
KRAS mutant patients. Additional analysis of the affect of
KRAS mutation status by treatment arm was deferred due
to the small sample size.

Table 3 RECIST confirmed
responses by treatment arm

aOverall response 0 complete
and partial response

All enrolled Arm A Arm B

Number Percent Number Percent Number Percent

Complete response 2 9 1 9 1 9

Partial response 10 45 3 27 7 64

Stable disease 10 45 7 64 3 27

Overall responsea 12 55 4 36 8 73
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Discussion

Despite the early termination of our study due to emerging
data [19, 20], several conclusions can be drawn from this
randomized phase II study. Although not designed to serve
as a direct comparison between arms, the dual antibody
containing arm (A) appeared to be inferior to the non-
bevacizumab containing arm (B). The PACCE and
CAIRO-2 studies similarly demonstrated decreased survival
among patients treated with the combination of VEGF and
EGFR inhibition. The multicenter PACCE study evaluated
the combination of chemotherapy (FOLFOX or FOLFIRI)
plus bevacizumab with or without panitumimab and dem-
onstrated inferior OS in the dual antibody arm (19.4 vs

24.5 months for oxaliplatin-based therapy; HR, 1.43;95%
CI, 1.11 to 1.83) [20]. The CAIRO2 trial studied the com-
bination of capecitabine, oxaliplatin, and bevacizumab with
or without cetuximab and also noted inferior OS for the dual
antibody arm (19.4 versus 20.3 months) [19]. Our study
differed from the aforementioned studies in that the single
antibody arm contained the anti-EGFR antibody cetuximab
rather than a VEGF inhibitor. However, the results are quite
similar. In addition, a recently reported single institution
phase II study of the combination of capecitabine, oxalipla-
tin, cetuximab, and bevacizumab reported an overall re-
sponse rate of 43% and a median overall survival of
18.8 months. These results are worse than would be
expected with chemotherapy and single antibody treatment,
with increased toxicity [21].

Despite the small sample size, patient characteristics were
well balanced between the two treatment arms, with the
exception of an increased number of patients with ECOG
performance status 0 in arm B. We think that this is unlikely
to explain the large difference in outcome between the arms.
In an updated analysis of Intergroup trial N9741 which
compared several frontline chemotherapy regimens, patients
with a PS 0 had only a trend toward improved outcome
compared to PS 1 patients [22]. Toxicity is also unlikely to
explain the difference in clinical outcome. The most notable
difference in toxicity between the two arms in our study was
an increased incidence of hand-foot syndrome among
patients enrolled on the single antibody treatment arm. This
group was treated for a longer period of time (111 cycles
versus 99), and thus, longer exposure to capecitabine may
explain this finding. The addition of bevacizumab to cetux-
imab resulted in the expected increased rates of bleeding and
hypertension. These observations are in line with the
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PACCE and CAIRO-2 studies which demonstrated in-
creased rates of grade 3 and 4 toxicities in the dual antibody
arms [19, 20]. The higher rate of adverse events was not
thought to be the sole explanation for the decreased efficacy
of the dual antibody arms in the large studies reported, as all
events were manageable and were not a cause for patient
withdrawal from the study [23]. This was similarly noted in
our trial, with the most frequent adverse events being of
grade 1 or 2 in severity.

Differences in KRAS status are also unlikely to explain
clinical outcome differences. In both PACCE and CAIRO-2,
differences in KRAS mutation status did not provide an
explanation for the decreased response to the dual antibody
approach. Approximately 40% of patients were found to
have KRAS mutations in both studies. Inferior TTP and
OS were documented with the addition of cetuximab even
among the sub-population of patients with wild-type KRAS
tumors, who would be expected to be responsive to EGFR
targeted therapy [19, 20]. Although our study was designed
prior to the discovery of the predictive nature of KRAS
mutational status on response to EGFR targeted therapy,
no difference in the incidence of KRAS mutations was noted
between the two arms, and thus, it cannot explain the dif-
ference in patient outcomes.

The exact mechanism behind the inferior outcome with
dual antibody therapy remains elusive despite extensive
analysis of the two large randomized clinical trials [23,
24]. Downstream target alteration by one antibody which
reduces the activity of the other antibody may account for
this negative interaction. Alternatively, pharmacodynamic
interactions between the two drugs may contribute to this
effect [24]. The relationship between hypoxia and efficacy
of cetuximab therapy has also been suggested as a possible
explanation. Preclinical studies have validated bevacizumab
as an inducer of a hypoxic tumor environment and upregu-
lation of hypoxia induced factor-1 alpha (HIF-1α) [25].
Studies have also shown that down regulation of HIF-1α
is required for maximal anti-tumor activity of cetuximab
[26]. Recently, the group led by Zeng demonstrated activa-
tion of KRAS in hypoxic colorectal cancer cells which
resulted in inhibition of apoptosis and stimulation of angio-
genesis [27]. Based on these observations, treatment with
bevacizumab may potentially result in hypoxia with KRAS
activation and thus counteract the intended therapeutic ef-
fect of cetuximab. Further study to elucidate the mechanism
of this negative interaction is clearly warranted.

Conclusion

In summary, although prematurely terminated due to emerg-
ing data, the current randomized phase II study supports the
inferior clinical outcome of metastatic colorectal cancer

patients receiving dual EGFR and VEGF inhibition. Dual
antibody therapy should thus not be routinely undertaken in
the treatment of metastatic colorectal cancer.
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