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Bevacizumab (antivascular endothelial growth factor [anti-VEGF]) and cetuximab (antiepidermal growth factor receptor [anti-

EGFR]) are approved antibodies for treatment of cancer. However, in advanced colorectal cancer, the combination fails to

improve survival. As the reason for the lack of activity is unknown, our study aims to determine the effect of bevacizumab on

targeting of anti-EGFR and insulin-like growth factor 1 receptor (IGF-1R) antibodies in tumors with single-photon emission

computed tomography (SPECT)/CT imaging. Mice with subcutaneous EGFR and IGF-1R-expressing SUM149 xenografts received

a single dose of bevacizumab (10 mg/kg) or saline. After 4 days, mice were injected with radiolabeled cetuximab or R1507,

an anti-IGF-1R antibody. A control group received a radiolabeled irrelevant IgG (hLL2). Three days later, SPECT/CT images were

acquired and mice were dissected to determine the concentration of antibodies in the tissues. Tumors were analyzed immuno-

histochemically to determine vascular density (CD34), VEGF, EGFR and IGF-1R expression. SPECT/CT imaging revealed that bev-

acizumab treatment significantly reduced tumor targeting of radiolabeled cetuximab by 40% from 33.1 6 1.1 %ID/g to

19.8 6 5.7 %ID/g (p 5 0.009) for untreated and bevacizumab-treated tumors, respectively. A similar effect was found for 111In-

R1507: tumor targeting of R1507 decreased by 35%. No significant differences in tumor uptake were observed in mice that

received an irrelevant IgG. Uptake in normal organs was not altered by bevacizumab. Immunohistochemical analysis showed

that vascular density decreased with 43%, whereas EGFR and IGF-1R expression was unaltered. In conclusion, bevacizumab

treatment significantly reduces tumor targeting of anti-EGFR and anti-IGF-1R antibodies. This emphasizes the importance of

timing and sequencing of bevacizumab in combination with other antibodies.

Angiogenesis, the growth of new blood vessels from preexist-
ing vessels, is an important target for cancer treatment. This
was demonstrated in a randomized Phase III trial, which
showed that bevacizumab combined with chemotherapy

improved survival of patients with advanced colorectal
cancer.1 Bevacizumab is a monoclonal antibody that targets
vascular endothelial growth factor (VEGF). Inhibition of
VEGF affects tumor growth by several mechanisms, includ-
ing inhibition of new vessel growth and induction of endo-
thelial cell apoptosis. Moreover, it affects vessel function by
vasoconstriction and vessel normalization. In addition, VEGF
receptors (VEGFRs) and neuropilin-1 and 2 have been
detected on tumor cells. Therefore, bevacizumab may have a
direct effect on tumor cell function, including cell survival,
migration and invasion. However, evidence from clinical
studies to confirm this effect has been difficult to obtain.2–5

Bevacizumab has been approved by the US Food and Drug
Administration for treatment of metastatic colorectal cancer,
metastatic renal cell carcinoma, glioblastoma and nonsmall
cell lung cancer.1,6–9

Several other antibodies have potential for treatment of
cancer, including antibodies directed against the epidermal
growth factor receptor (EGFR), human epidermal growth fac-
tor receptor 2 (HER2), HER3 and insulin-like growth factor
1 receptor (IGF-1R). A combination of these antibodies may
further improve survival of patients with cancer. However,
finding a rational regimen for combining a particular pair of
antibodies remains difficult.
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The VEGF and EGFR pathway are closely related and
have potential for combination therapy. Activation of EGFR
stimulates the production of VEGF by tumor cells, which
results in increased proliferation and migration of endothelial
cells,10 whereas blocking EGFR by cetuximab can result in
decreased VEGF expression.11 In vitro studies have shown
that increased VEGFR-1 expression is associated with resist-
ance to gefitinib (a selective inhibitor of the EGFR tyrosine
kinase domain) or the anti-EGFR antibody cetuximab.12

Moreover, the key regulators of VEGF, hypoxia-inducible
transcription factors, can induce upregulation of EGFR
expression under hypoxic conditions.13

Early preclinical and clinical studies have suggested that
blocking both angiogenesis and EGFR may enhance thera-
peutic efficacy.14–19 Moreover, cetuximab in combination
with chemotherapy improves survival of patients with colo-
rectal cancer.20,21 Therefore, the combination of chemother-
apy with anti-EGFR antibodies has been studied in Phase III
clinical trials. The combination of chemotherapy and bevaci-
zumab with cetuximab22,23 or panitumumab24 did not result
in improved progression-free survival compared to patients
who received chemotherapy and bevacizumab alone. The
study of Hecht et al.24 even showed a significantly reduced
survival for patients receiving the combination of antibodies.

Several explanations have been proposed for these observa-
tions. For example, toxicity may be enhanced by dual-pathway
inhibition using bevacizumab and panitumumab, leading to
dose delays or reduction and decreased survival.24 However,
this was not the case in all studies.22 In addition, pharmacoki-
netic interactions may have occurred between the two antibod-
ies, as is suggested by the reduced incidence of bevacizumab-
induced hypertension in patients who received the combination
of antibodies.24 Furthermore, interaction between downstream
signaling pathways may have occurred. For example, EGFR-
mediated alterations of downstream targets may be required for
the activity of bevacizumab or chemotherapy.24 Alternatively,
bevacizumab may alter tumor vascularity, thereby limiting the
delivery of cetuximab or panitumumab to the tumor, leading to
a reduced therapeutic effect. Till date, the reason for the lack of
additive activity of the combination of bevacizumab and anti-
EGFR antibodies remains speculative.

In our study, we will test the hypothesis that bevacizumab
treatment reduces targeting of other antibodies to the tumor.
For this purpose, we treated tumor-bearing mice with bevaci-

zumab and measured the effect of radiolabeled anti-EGFR and
anti-IGF-1R antibodies on tumor targeting using single-pho-
ton emission computed tomography (SPECT)/CT imaging.

Material and Methods
Cell culture

The breast cancer cell line SUM149 (Asterand, Detroit, MI)
was cultured and maintained as monolayer in culture flasks
in Ham’s F12 medium (GIBCO, BRL Life Sciences Technolo-
gies, Bleiswijk, The Netherlands) supplemented with 5% fetal
calf serum (FCS), 10 mM HEPES, hydrocortisone (1 mg/ml)
and insulin (5 mg/ml) at 37�C in a humidified atmosphere
with 5% CO2. SK-BR-3 cells were cultured in RPMI-1640
medium (GIBCO, BRL Life Sciences Technologies),
supplemented with 10% FCS, 2 mM glutamine, penicillin
(100 U/ml) and streptomycin (100 mg/ml).

Antibodies

Cetuximab, a chimeric monoclonal antibody directed against
EGFR, was obtained from Merck (Darmstadt, Germany). The
fully human monoclonal R1507 was a kind gift from Roche
(Penzberg, Germany) and is directed against an epitope on
the extracellular domain of the human IGF-1R. The human-
ized anti-CD22 antibody hLL2 kindly supplied by Immuno-
medics, Inc. (Morris Plains, NJ) and was used as an
irrelevant control antibody in these studies.

Radiolabeling

Cetuximab, R1507 and hLL2 were radiolabeled as described
previously.25,26 In brief, antibodies were conjugated with iso-
thiocyanatobenzyl-diethylenetriaminepentaacetic acid (ITC-
DTPA, Macrocyclis, Dallas, TX) in 0.1 M NaHCO3, pH 9.5,
using a 50-fold (cetuximab) or 15-fold (R1507 and hLL2)
molar excess of ITC-DTPA for 1 hr at room temperature.
The unbound ITC-DTPA was removed from the reaction
mixture by dialysis against 0.25 M ammonium acetate buffer,
pH 5.4. DTPA-conjugated antibodies (37 mg) were incubated
with 300–400 MBq 111In (Covidien BV, Petten, The Nether-
lands) in 0.1 M MES buffer, pH 5.4, at room temperature,
under strict metal-free conditions for 30 min. After incuba-
tion, 50 mM EDTA was added to a final concentration of 5
mM. Labeling efficiency was determined using instant thin-
layer chromatography on silica gel chromatography strips
(Agilent Technologies, Palo Alto, CA), using 0.1 M citrate

What’s new?

In advanced colorectal cancer, combining two antibody-based treatments –bevacizumab (angiogenesis inhibitor) and cetuxi-

mab (epidermal growth factor receptor inhibitor)- fails to improve survival. The reason for this lack of synergy is unknown.

Heskamp and colleagues tested the hypothesis that bevacizumab treatment reduces the delivery of other antibodies to the tu-

mor. SPECT/CT showed that bevacizumab treatment significantly reduced tumor targeting of radiolabeled anti-EGFR and anti-

IGF-1R antibodies. This emphasizes the importance of timing and sequencing of bevacizumab in combination with other

antibodies.
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buffer, pH 6.0, as the mobile phase. In case, labeling efficiency
was below 95%, the reaction mixture was purified on a PD-10
column (Amersham Biosciences, Uppsala, Sweden), eluted
with phosphate buffered saline, containing 0.5% BSA. Radio-
chemical purity of 111In-DTPA-Cetuximab (111In-Cetuximab),
111In-DTPA-R1507 (111In-R1507) and 111In-DTPA-hLL2
(111In-hLL2) exceeded 95% in all experiments.

EGFR, IGF-1R and CD22 expression of SUM149 cells

Scatchard analysis was performed to quantitatively determine
EGFR and IGF-1R expression of the SUM149 cells. Cells
were cultured to confluency in six-well plates and were incu-
bated for 4 hr on ice with increasing concentrations of 111In-
Cetuximab (0.03–300 nM) or 111In-R1507 (0.03–30 nM) in 1
ml binding buffer (Ham’s F12 containing 10 mM HEPES
and 0.5% BSA). The cell-associated activity at each concen-
tration was determined in triplicate. Nonspecific binding was
determined by coincubation with an excess of 3 lM cetuxi-
mab or 0.3 lM R1507. After incubation, cells were washed
with PBS, and the cell-associated activity was measured in a
shielded well-type gamma counter (Perkin-Elmer, Boston,
MA). The specific binding was plotted against the bound/free
ratio, and data were analyzed by linear regression to deter-
mine receptor density and the dissociation constant (Kd).

hLL2 was used as a control antibody without specific tu-
mor targeting. To confirm that the SUM149 cell line did not
express CD22, cells were incubated with 0.3 nM 111In-hLL2.
Separate wells were coincubated with an excess of unlabeled
hLL2 (30 nM). After 4 hr on ice, cells were washed, and then
the cell-associated activity was measured as described above.

Effect of bevacizumab on EGFR and IGF-1R

expression in vitro

SUM149 cells were cultured for 72 hr in six-well plates in the
presence of bevacizumab (0.1–1,000 nM). Subsequently, EGFR
and IGF-1R expression was measured by incubating cells for
4 hr on ice with 3 nM 111In-cetuximab or 0.3 nM 111In-R1507
in 1 ml binding buffer. After incubation, cells were washed
with PBS, and the cell-associated activity was determined as
described previously. A protein assay was performed to correct
for the number of cells per well (BCA Protein Assay Reagent;
Thermo Scientific, Landsmeer, The Netherlands).

Animal experiments

Animal experiments were performed in female BALB/c nude
mice (Janvier, le Genest-Saint-Isle, France) and were con-
ducted in accordance with the principles laid out by the
revised Dutch Act on Animal Experimentation (1997) and
approved by the institutional Animal Welfare Committee of
the Radboud University Nijmegen. At 6–8 weeks, mice were
inoculated subcutaneously with 5 3 106 SUM149 or SK-BR-3
cells (mixed 2:1 with matrigel; BD Biosciences, Pharmingen,
Breda, The Netherlands). Experiments started 2 weeks after
tumor cell inoculation when the tumors reached a size of
�0.1 cm3.

Effect of bevacizumab on tumor growth

Mice with subcutaneous SUM149 tumors (N5 5 per group)
were injected intraperitoneally, twice a week, with 1, 10 or 20 mg/
kg bevacizumab or saline. Tumor size was measured three times
a week by caliper measurements in three dimensions (radius x, y
and z). Tumor size was calculated using the following formula: 4/
3 � p � x � y � z. Body weight was measured three times a week.

Effect of bevacizumab on targeting of anti-EGFR and IGF-1R

antibodies in vivo

SPECT/CT. Mice with subcutaneous SUM149 tumors
received a single intraperitoneal injection of bevacizumab (10
mg/kg) or PBS. Tumor size and body weight were measured
before bevacizumab injection (Day 1) and at Day 7. Four
days after the bevacizumab injection, mice (N5 7 per group)
received 16–21 MBq 111In-R1507 or 111In-Cetuximab (anti-
body dose 2.2 lg per mouse) intravenously. To study the
nonreceptor-mediated uptake, separate groups of mice (N5 3
per group) were coinjected with an excess of unlabeled anti-
body (300 lg) or received irrelevant IgG 111In-hLL2 (anti-
body dose 2.2 lg per mouse). Three days after injection of
the radiolabeled antibody, mice were euthanized using O2/
CO2-asphyxiation, and SPECT/CT images were acquired
using the U-SPECT-II/CT system (MILabs, Utrecht, The
Netherlands).27 Mice were scanned for 50 min using the 1.0-
mm-diameter pinhole rat collimator tube, followed by a CT
scan (spatial resolution 160 mm, 65 kV, 612 mA) for anatomi-
cal reference. Scans were reconstructed with MILabs recon-
struction software, which uses an ordered subset expectation
maximization algorithm, with a voxel size of 0.375 mm. Rep-
resentative cross sections located approximately in the center
of the tumor were displayed. A 3D volume of interest was
drawn around the tumor, and the uptake was quantified as
the percentage of injected dose per gram (%ID/g), assuming
a tissue density of 1 g/cm3.

Ex vivo biodistribution. After scanning, tumor, blood, mus-
cle, lung, heart, spleen, pancreas, intestine, kidney and liver
were dissected and weighed. Activity was measured in a
gamma counter. To calculate the uptake of radiolabeled anti-
bodies in each sample as a fraction of the injected dose,
aliquots of the injected dose were counted simultaneously.
The results were expressed as %ID/g.

To confirm that the findings in the SUM149 xenografts
also applied to other xenograft models, we performed a similar
experiment in mice bearing subcutaneous HER2-overexpress-
ing breast cancer xenografts SK-BR-3. After a single injection
of bevacizumab (10 mg/kg) or PBS, mice were injected with
0.2 MBq 111In-R1507 (Day 4) and euthanized at Day 7. An ex
vivo biodistribution was performed to determine the effect of
bevacizumab on tumor targeting of 111In-R1507.

Immunohistochemistry of SUM149 xenografts

Antibodies against EGFR (M7239; DAKO, Heverlee,
Belgium), IGF-1R (3027; Cell Signaling, Danvers, MA), CD34
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(ab8458; Abcam, Cambridge, UK), VEGF (555036; Pharmin-
gen) and VEGFR-2 (2479; Cell Signaling) were used to deter-
mine the expression of the respective antigens on paraffin-
embedded tumor sections. In short, antigen retrieval was per-
formed in 10 mM sodium citrate, pH 6.0 for 10 min at 99�C
for IGF-1R and CD34 staining. For VEGF staining, sections
were treated for 10 min at room temperature with proteinase
K (20 lg/ml). Endogenous peroxidase activity was blocked
with 3% H2O2, and nonspecific binding was blocked by using
a Mouse-on-Mouse blocking kit (EGFR [BMK-2202, Vector,
Burlingame, CA]) or by incubation with normal goat serum
(IGF-1R, CD34, VEGF and VEGFR-2). After incubation with
the primary antibody, tumor sections for EGFR, IGF-1R,
CD34 and VEGFR-2 were incubated with a biotinylated sec-
ondary antibody, followed by incubation with an avidin-bio-
tin-enzyme complex (Vector Laboratories, Burlingame, CA),
and EGFR staining was further amplified using the CARD
method.28 Tumor sections for VEGF were incubated with a
peroxidase-conjugated secondary antibody. Finally, 3,30-
diaminobenzidine (DAB) was used to develop the tumor
sections.

EGFR and IGF-1R expression was scored as negative (0),
incomplete weak (11), complete weak to moderate (21) and
strong (31) membrane staining (Table 1). The mean vascular
density (MVD) was scored as the number of vessels counted
in three hotspot areas that contained the maximum number
of vessels.

Statistical analysis

Statistical analyses were performed using PASW Statistics
version 18.0 (Chicago, IL) and GraphPad Prism version 5.03
(San Diego, CA) for Windows. Differences in tumor size and
uptake of radiolabeled antibodies were tested for significance
using the nonparametric Kruskal-Wallis and Mann-Whitney
U-test. The correlation between tumor uptake measured by
SPECT and ex vivo biodistribution was calculated with the
Pearson correlation coefficient. A p-value below 0.05 was
considered significant.

Results
EGFR, IGF-1R and CD22 expression of SUM149 cells

Scatchard analysis showed that the receptor density of EGFR
and IGF-1R was 86,700 receptors per cell (95% CI5 76,700–
100,900 receptors per cell) and 5,000 receptors per cell (95%
CI5 3,800–8,600 receptors per cell), respectively. The Kd of
111In-cetuximab and 111In-R1507 was 0.13 nM (95% CI5 0.11–
0.17 nM) and 0.31 nM (95% CI5 0.21–0.62 nM), respectively.

The irrelevant IgG 111In-hLL2 did not show specific binding to
SUM149 cells. Bevacizumab treatment did not affect membrane
expression of EGFR and IGF-1R in vitro (Fig. 1).

Bevacizumab inhibits growth of SUM149 xenografts

Bevacizumab treatment significantly inhibited tumor growth
of SUM149 tumors at all three dose levels (Fig. 2). After 2
weeks of treatment, tumor size in the control group was
2636 86 mm3 compared to 1366 9 mm3 for mice treated
with 10 mg/kg bevacizumab (p5 0.007). At later time points,
this effect became more pronounced. At the end of the
experiment (Day 24 after start of treatment), tumor size in
the control group and 10 mg/kg bevacizumab group was
8896 266 mm3 and 3696 41 mm3, respectively. No signs of
toxicity or changes in body weight were observed.

Bevacizumab decreases tumor uptake of

cetuximab and R1507

Tumor size. A single injection of bevacizumab did not cause
growth inhibition of SUM149 xenografts within 7 days. Mean
tumor size at Day 7 was 1436 88 mm3 compared to
1476 99 mm3 for untreated and bevacizumab-treated mice,
respectively.

SPECT/CT. SPECT/CT images showed a clear reduction in tu-
mor targeting of 111In-cetuximab and 111In-R1507 after bevaci-
zumab treatment, whereas targeting of 111In-hLL2 was not
affected (Fig. 3). Quantitative analysis of these images showed
that the tumor targeting of 111In-cetuximab significantly

Table 1. Scoring of EGFR and IGF-1R staining

Score Staining pattern

0 No staining is observed, that is, membrane staining is observed in <10% of the tumor cells.

11 A faint/barely perceptible membrane staining is detected in >10% of tumor cells. The cells exhibit incomplete membrane staining.

21 A weak to moderate complete membrane staining is observed in >10% of tumor cells.

31 A strong complete membrane staining is observed in >10% of tumor cells.

Figure 1. Binding of 111In-cetuximab and 111In-R1507 to SUM149

cells treated with bevacizumab. Binding is expressed relatively to

untreated cells (mean 6 SD).
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decreased by 40% from 33.16 1.1 %ID/g to 19.86 5.7 %ID/g
(p5 0.009) for untreated and bevacizumab-treated tumors,
respectively. A similar effect was found for 111In-R1507: tumor
targeting of R1507 decreased by 35%. Uptake in untreated
tumors was 22.86 4.4 %ID/g compared to 14.96 2.3 %ID/g
in bevacizumab-treated tumors (p5 0.009). Uptake of
111In-hLL2 decreased by 18%; however, the difference between
the bevacizumab-treated tumors (8.26 1.4 %ID/g) and
untreated tumors (9.76 2.0 %ID/g) was not significant.

Ex vivo biodistribution. Ex vivo biodistribution confirmed
the data obtained by SPECT imaging (Supporting Informa-
tion Table S1). Bevacizumab treatment caused a 44% reduc-
tion in tumor targeting of radiolabeled cetuximab. The tumor
uptake of radiolabeled cetuximab in untreated mice was
35.26 1.6 %ID/g compared to 19.76 5.3 %ID/g for bevacizu-
mab-treated mice (p5 0.009; Fig. 3). Tumor targeting of
111In-R1507 decreased significantly by 29%. The uptake in
treated and untreated mice was 26.76 2.8 %ID/g and
18.96 2.8 %ID/g, respectively (p5 0.009).

These results were confirmed in the SK-BR-3 model. Beva-
cizumab treatment caused a 33% reduction in tumor targeting
of 111In-R1507 (bevacizumab treatment: 18.66 5.0 %ID/g,
untreated: 12.46 2.8 %ID/g, p5 0.047). Mice that were coin-
jected with an excess of unlabeled antibody or that received
the irrelevant IgG showed a trend toward reduced tumor
targeting after bevacizumab treatment; however, this was not
significant. Uptake in normal organs was not affected by beva-
cizumab treatment (Supporting Information Table S1).

Tumor uptake measured with SPECT showed an excellent
correlation with the ex vivo biodistribution study (r 50.95,
p< 0.001).

Bevacizumab decreases vascular density of SUM149

xenografts while IGF-1R and EGFR expression

remains intact

HE staining showed that all xenografts consisted of viable
tumor tissue only (no necrotic regions were found in the tu-
mor sections). Immunohistochemical analysis revealed that
the expression of EGFR and IGF-1R did not differ between
tumors in the bevacizumab-treated and untreated group
(Figs. 4b and 4c). Mean EGFR expression was scored as 21

for both groups, whereas IGF-1R expression was scored as
11. Moreover, VEGF and VEGFR-2 expression was unal-
tered by bevacizumab treatment (Figs. 4d and 4e). In con-
trast, the CD34 staining revealed a marked decrease in
vascular density in bevacizumab-treated tumors compared to
untreated tumors (Fig. 4f). Bevacizumab treatment caused a
43% reduction of the MVD in the SUM149 tumors (Fig. 5).

Discussion
Our study showed that bevacizumab treatment can signifi-
cantly reduce the targeting of anti-EGFR and IGF-1R antibod-
ies to a tumor. The most likely explanation for this finding is
reduced accessibility of the targets (EGFR and IGF-1R, respec-
tively), because vascular density significantly decreased,
whereas the expression of EGFR and IGF-1R remained unal-
tered. IGF-1R and EGFR expression was measured semiquan-
titatively by immunohistochemistry. Compared to other
techniques such as Western blot and qPCR, immunohisto-
chemistry does not allow exact quantification. However, it can
discriminate between membrane expression and cytoplasmic
expression, which is very relevant as these receptors are also
expressed intracellularly, and cetuximab and R1507 can only
target the receptors expressed on the cell membrane.

VEGF expression in the tumors was not affected by bevacizu-
mab treatment. Bevacizumab neutralizes the function of VEGF
by preventing its binding to VEGF receptor 1, VEGF receptor 2,
neuropilin 1 and neuropilin 2. In this way, bevacizumab inhibits
new vessel growth and induces endothelial cell apoptosis, result-
ing in decreased vascular density. Moreover, bevacizumab can
cause changes in vessel function and integrity that could also
prevent the antibodies from reaching EGFR and IGF-1R.2

As there is extensive crosstalk between the VEGF and
EGFR pathways, there is a clear rational for combining
EGFR- and VEGF-targeted therapy. However, Phase III clini-
cal trials have shown that the addition of cetuximab to beva-
cizumab and chemotherapy did not improve the survival of
patients with advanced colorectal cancer compared to bevaci-
zumab and chemotherapy alone.22–24 These findings were
unexpected as preclinical studies using combination therapy
targeting both angiogenesis and EGFR showed encouraging
results.14–17 However, none of these early preclinical studies
used the combination of bevacizumab and cetuximab. In
more recent preclinical studies, the effect of combined bevaci-
zumab and cetuximab treatment was evaluated. Wang et al.29

showed that tumor growth in mice bearing head and neck

Figure 2. Tumor size of SUM149 xenografts treated twice a week

with bevacizumab. After 2 weeks of treatment, tumor size was sig-

nificantly smaller for bevacizumab-treated mice compared to

untreated mice (p 5 0.007).
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squamous cell carcinoma xenografts was less effectively
inhibited by the triple agent combination of cetuximab, beva-
cizumab and cisplatin compared to bevacizumab and cispla-
tin alone. In addition, Poindessous et al.30 showed that
simultaneous treatment with bevacizumab and cetuximab in
mice bearing colorectal cancer xenografts was equally effec-
tive compared to either agent alone.

everal mechanisms for the lack of additive efficacy of the
combination of bevacizumab and cetuximab have been pro-
posed: (i) increased toxicity, (ii) pharmacokinetic interactions
between the two antibodies, (iii) interactions in signaling
pathways of EGFR and VEGF and (iv) reduced target accessi-
bility of EGFR due to bevacizumab treatment. In our study,
we showed that bevacizumab caused reduced targeting of
antibodies against the growth factor receptors EGFR and
IGF-1R. These results are in agreement with a recently pub-
lished study showing that an anti-VEGF antibody caused
reduced tumor accumulation of trastuzumab in mice bearing
HER2-expressing KPL-4 breast cancer xenografts.31

Reduced target accessibility limits the delivery of cetuximab
and other antibodies to the tumor, which potentially results in

a reduced therapeutic effect of these antibodies. Our results
underline the importance of a careful evaluation of timing and
sequencing of bevacizumab and other targeted agents. This is
further illustrated by a retrospective study in patients with
advanced colorectal cancer who were treated with cetuximab.
Patients who received previous anti-VEGF therapy showed
lack of response and poorer disease-specific survival compared
to patients who did not receive prior anti-VEGF therapy.32

A potential limitation of our study is the difference
between preclinical models and human tumors. Typically, tu-
mor growth and angiogenesis in preclinical models is more
rapid compared to human tumors. Moreover, tumor vessels
in murine models tend to be very responsive to antiangio-
genic therapy, whereas the effect of human tumors on the
vasculature is usually less dramatic.2 However, functional
changes in the tumor vasculature in patients during antian-
giogenic treatment have been clearly observed.33–35 For exam-
ple, reduction in tumor vessel perfusion and permeability as
assessed by DCE-MRI or 15O-H2O PET was observed during
bevacizumab-containing treatment schedules in breast, colo-
rectal cancer and nonsmall cell lung cancer.35–37

Figure 3. SPECT/CT images of mice injected with (a) 111In-cetuximab, (b) 111In-R1507 and (c) 111In-hLL2. (d) Tumor uptake measured by ex

vivo biodistribution (mean 6 SEM) of radiolabeled cetuximab, R1507 and hLL2 in untreated and bevacizumab-treated mice. Tumor targeting

of radiolabeled cetuximab and R1507 was significantly reduced by bevacizumab treatment (p 5 0.009). [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]

C
an

ce
r
C
el
l
B
io
lo
gy

312 Bevacizumab reduces EGFR and IGF-1R targeting

Int. J. Cancer: 133, 307–315 (2013) VC 2013 UICC

wileyonlinelibrary.com


We demonstrated that bevacizumab has a strong influence
on target accessibility. This may have major consequences for
combining antibodies with bevacizumab. In addition, similar
effects may be observed for tyrosine kinase inhibitors such as
sorafenib and sunitinib. Desar et al. have studied the targeting of
radiolabeled bevacizumab during sorafenib treatment in patients
with renal cell carcinomas and have found results comparable to
our study. Sorafenib treatment resulted in a decreased targeting
of 111In-bevacizumab to the tumor, and immunohistochemical
analysis of tumor sections showed that vascular density was
decreased, whereas VEGF expression did not change.34

The current findings may also contribute to further specu-
lations on the combination of bevacizumab and chemother-
apy. It cannot be ruled out that minor changes in sequence
and timing of chemotherapy and bevacizumab can also lead
to different results of these combined therapies. This is illus-
trated by a recent study which showed that bevacizumab
reduces tumor targeting of radiolabeled docetaxel in patients
with nonsmall cell lung cancer.35

Conclusion
Our study showed that bevacizumab treatment significantly
reduces targeting of other antibodies to tumors. This under-
lines the importance of timing and sequencing of bevacizu-
mab therapy in combination with other antibodies. Future
studies are warranted to determine how different timing and
sequencing schedules of bevacizumab therapy in combination
with other antibodies is related to antibody targeting and
therapeutic efficacy.
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Figure 4. Immunohistochemical analysis of SUM149 xenografts: (a) HE staining, (b) EGFR expression, (c) IGF-1R expression, (d) VEGF expres-

sion, (e) VEGFR-2 expression and (f) CD34 expression. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

Figure 5. Relative mean vascular density (MVD) presented as

mean 6 SEM of bevacizumab-treated tumors and untreated tumors.
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