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The aim of this clinical trial was to investigate safety and
efficacy when combining cetuximab with bevacizumab
and irinotecan in patients with recurrent primary glio-
blastoma multiforme (GBM). Patients were included
with recurrent primary GBM and progression within 6
months of ending standard treatment (radiotherapy
and temozolomide). Bevacizumab and irinotecan were
administered IV every 2 weeks. The first 10 patients
received bevacizumab 5 mg/kg, but this was increased
to 10 mg/kg after interim safety analysis. Irinotecan
dose was based on whether patients were taking
enzyme-inducing antiepileptic drugs or not: 340 and
125 mg/m?, respectively. Cetuximab 400 mg/m?* as
loading dose followed by 250 mg/m” weekly was admi-
nistered IV. Forty-three patients were enrolled in the
trial, of which 32 were available for response.
Radiographic responses were noted in 34%, of which
2 patients had complete responses and 9 patients had
partial responses. The 6-month progression-free survival
probability was 30% and median overall survival was 29
weeks (95% CI: 23-37 weeks). One patient had lacunar
infarction, 1 patient had multiple pulmonary embolisms,
and 3 patients had grade 3 skin toxicity, for which 1
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patient needed plastic surgery. One patient was excluded
due to suspicion of interstitial lung disease. Three
patients had deep-vein thrombosis; all continued on
study after adequate treatment. Cetuximab in combi-
nation with bevacizumab and irinotecan in recurrent
GBM is well tolerated except for skin toxicity, with an
encouraging response rate. However, the efficacy data
do not seem to be superior compared with results with
bevacizumab and irinotecan alone.
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lioblastoma multiforme (GBM) continues to be a
Gdevastating disease with a median survival for
newly diagnosed GBM of only 15 months.!
The prognosis for recurrent GBM is even worse with a
median survival of 3—-9 months when using traditional
chemotherapeutic agents.”> However, several recent
publications have demonstrated a significant improve-
ment in the treatment of recurrent GBM using the angio-
genesis inhibitor bevacizumab plus the topoisomerase 1
inhibitor irinotecan.*~¢
Primary GBM arises de novo, whereas secondary
GBM develops from pre-existing low-grade astro-
cytomas.” Primary and secondary GBM are clinically
indistinguishable. However, genotypically, there are
differences, which could be used in the search for
improved treatment.®” One target could be the epider-
mal growth factor receptor (EGFR), which is known to
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be overexpressed and/or amplified in 35%-45% of
primary GBM tumors and has been shown to correlate
with poor prognosis.”~'*> The EGFR tyrosine kinase
inhibitors (TKIs), gefitinib and erlotinib, have been
used in phase I and II trials for treatment of recurrent
GBM, either alone or in combination with conventional
chemotherapy.'~!* Results from these studies are not
uniform, although several indicate modest efficacy for
TKIs in GBM."®'” Cetuximab is a chimeric monoclonal
antibody that binds to EGFR with high affinity, com-
petes for ligand binding, and down-regulates cell-surface
receptor expression.'®!” In vitro and in vivo studies
using glioma cells that overexpress and/or amplify
EGFR have shown reduction in cell viability with cetux-
imab.?°~%2

GBM is one of the most highly vascularized tumors
with extremely elevated levels of proangiogenic
factors, including vascular endothelial growth factor
(VEGF) that induces tumor angiogenesis.”> VEGF pro-
motes endothelial cell proliferation and migration in
human gliomas and has been associated with poor prog-
nosis in high-grade glioma.** Bevacizumab is a huma-
nized immunoglobulin G; that binds to and inhibits
the activity of the human VEGF ligand (VEGF-A) and
has been used in combination with cytotoxic chemother-
apy in colorectal, lung, and breast cancers.”® At the
initiation of the study, there were several reports of
promising effect when combining bevacizumab with iri-
notecan in high-grade glioma, and the results from these
clinical trials have subsequently been published, con-
firming these observations.****® Irinotecan is able to
cross the blood-brain barrier (BBB) but demonstrates
only limited effect against high-grade glioma as a
single-agent therapy, with response rates between 0%
and 15%.%77%°

Phase I studies have shown that erlotinib and gefitinib
cannot be combined with irinotecan®'*3? and, at the time
of initiation of this study, the BOND-2 data showed that
the combination of cetuximab, bevacizumab, and irino-
tecan is feasible,®® and clinical activity of cetuximab in
GBM has been reported.>* We therefore combined bev-
acizumab and irinotecan with cetuximab in patients
with high-grade glioma. With this combination, the
aim was to target both angiogenesis through VEGF inhi-
bition and tumors likely to overexpress EGFR, which,
accordingly, were expected to benefit the most from
EGFR inhibition. In addition, in vitro and in vivo
results have shown that EGFR inhibition leads to
reduced angiogenesis, which indicates a possible syner-
gistigsefggct of cetuximab and bevacizumab on angiogen-
esis.

Patients and Methods

Patient Selection

Adult patients (age >18 years) with histologically
proven primary GBM (WHO classification)*® and
MRI-verified recurrent or progressive disease (PD)
were eligible for inclusion. Moreover, patients had to
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have progression within 6 months of finishing standard
treatment with concomitant radiotherapy and temozolo-
mide followed by adjuvant temozolomide.!
Reintroduction of temozolomide was not allowed.
Debulking surgery was performed, if possible, before
entering the study but no other tumor reductive treat-
ments were accepted. Basic clinical and laboratory
evaluations were performed within 2 weeks and MRI
scan within 4 weeks of starting study treatment.
Eligibility criteria were: WHO performance status 0—
2; >4 weeks from prior surgery and/or chemotherapy;
life expectancy >3 months; neutrophils >1500/mm?;
platelets >125 OOO/mm3; hemoglobin >6.2 mmol/L;
ASAT and/or ALT <3 x upper limit of normal (ULN);
bilirubin <1.5x ULN; cholesterol <7 mmol/L;
normal creatinine clearance; and activated partial
thromboplastin time (APTT) <35 seconds and/or inter-
national normalized ratio (INR) from 0.8 to 1.2. Fertile
women had to use contraception. Exclusion criteria
were: prior EGFR- or VEGFR-based therapy; any
medical, social, or physiological condition which could
prevent adequate follow-up; any other active malig-
nancy or previous malignancies within the previous 5
years, except adequately treated basal or squamous cell
carcinoma of the skin or carcinoma in situ; any signifi-
cant cardiac disease (New York Heart Association
Class II or greater), arrhythmia, congestive heart
failure, acute myocardial infarction within 6 months,
or unstable angina pectoris; any serious on-going
infection, illness, or medical condition; requirement of
therapeutic anticoagulation, aspirin, nonsteroidal anti-
inflammatory drugs, or clopidogrel; BP >150/100 mm
Hg; proteinuria WHO grade 2 or greater; and pregnant
or breast-feeding women.

The study was financed by the Danish National Board
of Health and conducted in accordance with the
Declaration of Helsinki and ICH Guideline for Good
Clinical Practice.’® Approval was obtained from the
Ethics Committee and Danish Medicines Agency. Each
patient signed written informed consent prior to
enrollment.

Treatment

Bevacizumab and irinotecan were administered every 2
weeks (days 1 and 15) and each cycle of treatment was
defined as 2 treatment administrations (4 weeks). The
first 10 patients included in the study received bevacizu-
mab 5 mg/kg without significant side effects and with
no dose-limiting toxicities observed defined as grade 4
hematological toxicity or grade 3 nonhematological tox-
icity (according to the National Cancer Institute
Common Terminology Criteria for Adverse Events,
version 3.0 [CTCAE 3.0]) except for headache, fatigue,
nausea, vomiting, and alopecia if not sufficiently medi-
cally palliated. Consequently, after a planned safety
analysis when these patients had received at least 2
cycles, bevacizumab was increased to 10 mg/kg in
these and subsequent patients. Bevacizumab was admi-
nistered by slow IV infusion over 90, 60, and 30
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minutes for the first, second, and subsequent doses,
respectively. IV irinotecan 340 mg/m?* for patients
receiving  enzyme-inducing  antiepileptic  drugs
(EIAEDs) and 125 mg/m?* for patients not receiving
EIAEDs was administered 60 minutes prior to bevacizu-
mab. Atropine 1 mg SC was given 10 minutes prior to
irinotecan to prevent cholinergic syndrome. Cetuximab
was administered by slow IV infusion on days 1, 8, 15,
and 22, with 400 mg/m? as the loading dose on day 1
followed by 250 mg/m?* weekly. Appropriate antie-
metics and/or antidiarrheal agents were permitted.
Patients on corticosteroids were required to have a
stable dose for at least 7 days before baseline MRI scan.

Cetuximab could be reduced once to 200 mg/m? for
grade 3 or 4 skin toxicity and was discontinued for grade
3 or 4 hypersensitivity reactions. These patients were
allowed to continue on-study without cetuximab.
Reduction in bevacizumab dose was not permitted. For
unmanageable bevacizumab-related side effects (grade
3 or 4 hypertension, pulmonary embolism, severe
hemorrhage, arterial thromboembolic event, grade 3 or
4 proteinuria, and GI perforation), study treatment
was discontinued. Irinotecan was reduced to 80% of
starting dose for grade 4 neutropenia or febrile neutrope-
nia or > grade 3 toxicity (except alopecia) in the follow-
ing cycles. For grade 4 neutropenia or febrile
neutropenia after dose reduction, irinotecan was
reduced to 60%. No further dose reduction was
allowed. Treatment was discontinued in the case of
tumor progression, unmanageable grade 4 toxicity, or
at the request of the patient. The physician could termi-
nate study treatment if continuation was deemed unsafe.
Patients went off-study if treatment had to be postponed
for more than 2 weeks.

Patient Evaluation

Evaluation was performed within 14 days of initiating
therapy and included full medical history, physical and
neurological examinations, performance status examin-
ation, complete blood count with differential and plate-
let counts, APTT or INR, serum chemistry profile,
creatinine clearance, and urinary protein dipstick analy-
sis. T1 and T2 contrast and noncontrast MRIs were
repeated every 8 weeks during treatment, and clinical
and laboratory tests were repeated every 2 weeks.
Toxicities were evaluated during each cycle and graded

according to CTCAE 3.0.

Treatment Response Evaluation

Response to therapy was evaluated after at least 2 cycles
of study treatment using the MacDonald criteria.*’ These
criteria use the largest cross-sectional area of the postcon-
trast images, neurological status, and corticosteroid dose.
Complete response (CR) was defined as complete disap-
pearance of measurable disease by MRI, partial response
(PR) as >50% decrease in the area of enhancement, and
PD as >25% increase in the area of enhancement,
appearance of a new lesion, or deterioration in clinical

status, likely secondary to tumor progression. Patients
with CR or PR had to be on the same or decreased
steroid dose and have stable or improved neurological
findings. Stable disease (SD) is defined for patients not
fulfilling CR, PR, or PD criteria.

Immunobistochemistry

Surgical specimens were routinely formalin-fixed and
paraffin-embedded. Histological sections (4 pm) were
stained with TissuGnost monoclonal mouse EGFR anti-
body (E 30; 1:200 dilution, Merck KgaA, Darmstadt,
Germany). Briefly, tissue sections were deparaffinized
and rehydrated followed by pretreatment in a micro-
wave oven for 15 minutes at 95°C in tris-ethylene
glycol tetraacetic acid buffer pH 9. Subsequently, stain-
ing was performed using a DAKO Autostainer (DAKO,
Copenhagen, Denmark), allowing primary antibody to
be incubated for 30 minutes at room temperature
(RT). After washing with phosphate-buffered saline
(PBS), sections were incubated with DAKO antimouse
Envision+ System labeled with HRP (K4001, DAKO)
for 30 minutes at RT and washed with PBS. DAKO
Liquid DAB+ Substrate Chromogen System (K3468,
DAKO) was applied for 10 minutes and sections
washed with PBS. Sections were counterstained with
hematoxylin.

Evaluation of the slides was performed independently
and under blind conditions by H.B. (neuropathologist)
and B.H. (MD, PhD researcher). EGFR labeling of
tumor cells was scored semiquantitatively on a scale
from 0 to 3 (0=0%; 1=1%-10%; 2=11%-50%;
3 = >50% cells stained positive).

Statistical Considerations

The primary endpoint of this study was 6-month
progression-free survival (PFS). Yung et al.® reported
a median PFS of 3 months with a 6-month PFS of
21% (95% CI: 13%-29%) among patients with first-
relapse GBM who were treated with temozolomide.
These data were used as the historical basis for the
design of our phase II study. With 43 included patients
and an assumed median PFS of historical controls of 3
months, there will be an approximate 80% power to
detect an improvement of 2 months, and an approxi-
mate 60% power to detect an improvement of 1.4
months. If the median PFS from our trial is 3
months, the lower 95% CI will be approximately 2
months. We estimated 6-month PFS, time-to-
progression (TTP), overall survival (OS), and associ-
ated 95% Cls using SPSS software, version 15.0
(Chicago, Illinois) and Kaplan—Meier methodology.
The log-rank test was performed to compare survival
in responders vs nonresponders. Pearson y* and
Fischer’s exact tests were used for correlation
between the EGFR level and response. Probability
values (P values) <.05 were considered statistically
significant. The Kaplan-Meier methodology was used
for correlation between EGFR and survival.
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Results

Patient Characteristics

Forty-three patients were enrolled from August 2006 to
February 2008. Baseline characteristics of the patients
are shown in Table 1. All patients had histologically
verified primary GBM and had received standard treat-
ment," after which they showed progressive or recurrent
disease within 6 months. Median study treatment dur-
ation was 14 weeks (range: 2—84 weeks).

Response Rate

The response rate of all patients based on
intention-to-treat (ITT) (CR 4+ PR) was 26% (95% CI:
14%—41%; Table 2). Eleven of the patients included
(n = 43) went off study prior to MRI evaluation due to
early deterioration or severe adverse events leading to
early discontinuation of the treatment. Among evaluable
patients (n = 32), best response was recorded after 2—4

Table 1. Patient characteristics of the ITT population

Characteristic Cetuximab/bevacizumab/

irinotecan (n = 43)

Number Percentage

Gender

Male 25 58

Female 18 42
Age (y)

Median 54

Range 23-70
WHO performance status

0 9 21

1 26 60

2 8 19
Reoperation before study treatment

Yes 12 28

No 31 72
Site of treatment

Copenhagen 32 74

Aalberg 9 21

Odense 3 7
Concomitant medications

EIAED 6 14

Non-EIAED 37 86

Corticosteroids 35 81
Time from diagnosis until starting study treatment (d)

Median 266

Range 164-937
Time from first recurrence until starting study treatment (d)

Median 59

Range 15-162

Abbreviations: EIAED, enzyme-inducing antiepileptic drug;
non-EIAED, non-enzyme-inducing antiepileptic drug; ITT,
intention-to-treat.
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Table 2. Response in patients intended to treat

Characteristic Cetuximab/bevacizumab/irinotecan (n = 43)

Number of patients Percentage

ORR: CR + PR 1M 26 (95% Cl: 14%-41%)
CR 2 5
PR 9 21
SD 17 40
PD 4 9
Not evaluable 11 26

Abbreviations: CR, complete response; PR, partial response; SD,
stable disease; PD, progressive disease; ORR, objective response
rate.

treatment cycles. Both patients with CR had
minor tumor load at the initiation of study treatment.
Figure 1 shows serial MRI for a patient with PR.

Progression-Free Survival

Median follow-up time was 15 months (range: 7-25
months) and median PFS was 16 weeks (95% CI: 13-
20 weeks). The 6-month PFS was 33% (95% CI:
19%-48%). Of the 2 patients with CR, 1 had 24
weeks to tumor progression and the other had not pro-
gressed at the time of study evaluation, 90 weeks after
initiating study treatment. Figure 2A shows the
Kaplan—Meier PFS plot, illustrating TTP for those
with CR 4 PR vs SD + PD, which showed a significant
difference between these groups (P < .004).

Overall Survival

Median OS as estimated by the Kaplan—Meier analysis
(Fig. 2B) was 30 weeks (95% CI: 23—-37 weeks). One
patient with CR, 4 patients with PR, and 2 patients
with SD were still alive at the time of study evaluation.

EGEFR Expression

EGFR expression was determined for 39 of the 43
patients included, of which 2 were missing in the evalu-
able group of patients (7 = 32). Of the 11 patients with
CR and PR, 8 had <10% and 3 had >50% EGFR
expression. Of the 19 patients with SD or PR, 13 had
<10%, 4 had 11%-50%, and 2 had >50% EGFR
expression. Kaplan—Meier methodology showed no cor-
relation between EGFR expression and survival, and no
significant correlation was found between EGFR
expression and response using the Pearson yx* and
Fischer’s exact tests (data not shown). Figure 3 shows
examples of EGFR staining.

Tolerability

Adverse events are summarized in Table 3. Six patients
discontinued study treatment: one each for multiple
pulmonary embolisms, lacunar infarction, severe skin
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Serial MRI of a patient with partial remission

August 2007

October 2007

May 2008

Fig. 1. MRI scan of a 64-year-old man with a PR and a TTP of 342 days. The patient initiated treatment within 4 weeks of the MRI scan

originating from August 2007.
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Fig. 2. Kaplan—Meier estimates showing TTP for evaluable patients
(n=32) (A) and OS for the ITT population (n = 43) (B).

toxicity which needed plastic surgery, pneumonia result-
ing in >2 weeks treatment suspension, suspicion of
interstitial lung disease which normalized after discon-
tinuation of treatment, and infection in a scalp scar
originating from a reoperation procedure causing
intracerebral air embolism and eventual death.
Furthermore, 1 patient had cardiac arrest on day 24
and died the following day: autopsy showed acute pul-
monary edema and no sign of intracerebral, cardiac or
pulmonary bleeding, or thrombosis. Possible cause of
death was epileptic seizure resulting in cerebral-triggered
cardiac arrest, not related to study therapy. Three
patients developed deep-vein thrombosis, all continued
study treatment after initiation of a low-molecular—
weight heparin, although one of these experienced
grade 3 GI bleeding of unknown origin but continued
study treatment after recovery.

Three patients experienced grade 3 or 4 allergic reac-
tions during the first cetuximab administration despite
premedication and all continued on study without cetux-
imab according to study protocol. Cetuximab is known
for its skin toxicity: 12 patients had grade 1, 14 had
grade 2, and 3 had grade 3 skin toxicity. Of the latter,
one discontinued study treatment and the other two con-
tinued on study treatment without cetuximab. No
patient developed grade 4 hematologic toxicity or
grade 4 nonhematological toxicity except as noted
above. Three patients developed arterial hypertension
during study treatment and all were treated with appro-
priate antihypertensive medication and continued study
treatment.

Discussion

We report the first phase II trial of irinotecan and beva-
cizumab in combination with cetuximab for the treat-
ment of recurrent primary GBM. This study
demonstrates that cetuximab, bevacizumab plus irinote-
can, has an acceptable safety profile and induces a con-
siderable number of clinically relevant, durable
responses. For the ITT population, 6-month PFS was
33% (95% CI: 19%-48%), being 73% and 25% for
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Fig. 3. Examples of EGFR expression by immunohistochemistry scored semiquantitatively on a scale from 0 to 3. (A) 0=0%; (B) 1 = 1%-—
10%; (C) 2=11%-50%; (D) 3 = >50% cells stained positive. Arrowheads | showing positive EGFR staining. Arrowhead Il showing a

vessel, not staining for EGFR.

Table 3. Adverse events in the ITT population

Adverse event Cetuximab/bevacizumab/

irinotecan (n = 43)

Grade 1/2 Grade 3/4

(No. [%]) (No. [%])
Nausea 13 (30) 0
Vomiting 5(12) 1)
Diarrhea 14 (9) 3(7)
Stomatitis 12 (28) 0
Constipation 16 (37) 1(2)
Loss of appetite 6 (14) 1)
Fatigue 22 (51) 0
Neutropenia 5(112) 2 (5)
Fever 5(12) 0
Infection 9 (21) 6 (14)
Thrombosis 0 4 (9)
CNS hemorrhage 1(2) 0
Skin reaction 26 (60) 3(7)
Bleeding 6 (14) 2 (5)
Interstitial lung disease 0 1(2)

Abbreviation: ITT, intention-to-treat.

those with CR /PR and SD/PD, respectively, and median
PFS was 16 weeks (95% CI: 13-20 weeks). The
response rate was 26% (95% CI: 14%-41%). The
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initial sample size of 43 patients was reduced to 32 eva-
luable patients; patients with recurrent GBM are par-
ticularly vulnerable and since the first MRI evaluation
was performed after 8 weeks, 11 patients discontinued
within this time due to early deterioration or severe
adverse events. However, these patients were included
in all ITT analyses.

The efficacy of bevacizumab plus irinotecan for recur-
rent high-grade glioma was first shown by Stark-Vance,®
who found a response rate of 43% among 21 patients. In
our study, we only included patients with primary GBM,
which may explain our lower response rate. Our results
are comparable with those obtained with the combi-
nation of bevacizumab and chemotherapy in high-grade
glioma patients by Norden et al.,”® Guiu et al.,*' and
Poulsen et al.,> who showed response rates of 34%,
36%, and 25%, respectively. Bevacizumab was com-
bined with irinotecan in the latter 2 studies. Our
results are not comparable with those of Vredenburgh
et al,* who showed a response rate of 63% and
median OS of 40 weeks with bevacizumab plus irinote-
can in patients with recurrent malignant glioma.
However, 6-month PFS was 32% in their study, which
is comparable with our result. In our study, 9 of the 17
patients with SD (53%) had tumor reduction between
25% and 48 %, which clearly indicates a clinical benefit.

EGFR is known to be amplified and/or overexpressed
in 35%-45% of primary GBM tumors,’~'* and 40% of
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GBM tumors with EGFR amplification express the
mutant EGFRVIII receptor which induces ligand-
independent constitutive activation.'>** Accordingly,
targeting EGFR and EGFRVIII and their down-stream
pathways has been of considerable interest in the
search for new treatments of high-grade glioma.
Moreover, EGFR activation can increase VEGF pro-
duction in glioma cell lines,*> and EGFR inhibition by
cetuximab reduces the VEGF production of both in
vitro and in vivo in various cancer cell lines.>*~3” In
addition, it has been shown that cetuximab reduces
the level of hypoxia-inducible factor-1 alpha (HIF-1a),
which is a transcriptional regulator of VEGF
expression.** Necrosis and hypoxia are mandatory in
GBM and hypoxia leads, among other factors, to stabil-
ization of HIF-la and HIF-2a subunits that initiate
VEGF transcription.*® Thus, combining inhibition of
EGFR and VEGFR (by inhibiting binding of the ligand
VEGF) might be expected to have a beneficial effect in
primary GBM. In anticipation of EGFR being an essen-
tial target in the treatment of high-grade glioma, gefiti-
nib and erlotinib have been studied as single-agents or
in combination with chemotherapy, radiotherapy, and
other targeted therapies, but with only modest
effect.”>=!” Cetuximab in combination with radiother-
apy has been shown to reduce the wviability of
EGFR-amplified glioma cell lines both in vitro and in
vivo and has been shown to bind EGFRVIII and induce
internalization of the receptor.”®*! In addition, cetuxi-
mab has been shown to induce 40%-50% inhibition
of cell proliferation in vitro.*® The use of cetuximab
for high-grade glioma patients has been limited.
However, Belda-Iniesta et al.>* showed some durable
responses when using cetuximab in 3 patients with
recurrent GBM who remained clinically and radiologi-
cally stable for 14, 13, and 11 months, respectively.
These 3 patients all had positive EGFR staining. In our
study, EGFR were overexpressed in 11 (37%) of evalu-
able patients and the expression was not correlated
with response or survival.

Cetuximab has shown to be ineffective when treating
colon cancer patients with K-ras mutations;*” however,
K-ras mutations are not very common in GBM.*® The
lack of an improved response rate when combining
cetuximab with bevacizumab and irinotecan might be
caused by mutations in the tumor suppressor gene, phos-
phatase, and tensin homolog (PTEN). Importantly,
PTEN mutations occur in 20%-40% of GBM tumors
and have been shown by other groups to mediate resist-
ance to anti-EGFR treatment.'”* Thus, it would appear
that EGFR is not of such pivotal importance for main-
tenance of glioma tumor growth as had been expected
previously, despite the fact that EGFR is often found
to be overexpressed and/or amplified in primary GBM.

At the time of initiation of our trial, there were no
data showing the effect of bevacizumab alone vs the
combination of bevacizumab and irinotecan in patients
with GBM. Subsequently, Cloughesy et al.’® have
shown that 6-month PFS (50% vs 35%) and response
rate (33% vs 20%) are not significantly higher in
patients treated with bevacizumab and irinotecan

when compared with those receiving bevacizumab
alone, respectively. Moreover, a recent study by Kreisl
et al.>! showed that single-agent bevacizumab resulted
in significant activity in heavily pretreated patients
with GBM with a 6-month PFS of 29% and a response
rate of 35%, without benefit from the addition of irino-
tecan at progression. These results are comparable with
the 6-month PFS and response rate found in our study
(33% and 26%, respectively). On the basis of the
results of the studies by Cloughesy et al.’® and Kreisl
et al.,’! bevacizumab has now been approved by the
US Food and Drug Administration as single-agent treat-
ment for patients with progressive GBM following prior
therapy.

In contrast to small-molecule TKIs, cetuximab is a
large molecule, which will possibly not cross the intact
BBB. However, this should also be the case with bevaci-
zumab, and the significant clinical benefit of this agent
may be related to the fact that BBB is not intact in
areas of active tumor cells.”* We found it appropriate
to add cetuximab to a backbone of bevacizumab and iri-
notecan, since it has been shown in 2 phase I studies that
combination of erlotinib or gefitinib with irinotecan
induced dose-limiting diarrhea.?'-** Other new interest-
ing agents also interfere with vascularization. Cilengitide
is an integrin inhibitor with clinical activity in recurrent
GBM.>? AZD2171 (cediranib) is a multitargeted TKI
that blocks VEGFR-1, VEGFR-2, and VEGFR-3 signal-
ing that showed a response rate of 56% as single-agent
therapy in recurrent GBM.’* Both these agents are
now being tested in phase III trials for GBM.

In our study, 11 patients were not evaluable for
response. This indicates that patient selection is very
important when evaluating new regimens in GBM,
because these patients are vulnerable due to immobiliz-
ation, and minor changes in the primary tumor may
result in global alteration and severe deterioration.

In conclusion, cetuximab in combination with beva-
cizumab and irinotecan in patients with recurrent
GBM was found to be a well-tolerated regimen, except
for skin toxicity, with an encouraging response rate,
including 2 patients with CR. However, the response
rate does not appear to be superior with the addition
of cetuximab to that which can be obtained with
single-agent bevacizumab or the combination of bevaci-
zumab plus irinotecan. Consequently, there would
appear to be no rationale for adding cetuximab to the
bevacizumab-based regimens in recurrent high-grade
glioma in the future.
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