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Arginine-glycine-aspartic acid (RGD)–based imaging tracers allow
specific imaging of integrin avb3, a protein overexpressed during
angiogenesis, leading to the possibility that it might serve as a tool
to stratify patients for antiangiogenic treatment. However, these
tracers have generally been characterized in xenograft models in
which integrin avb3 was constitutively expressed by the tumor cells
themselves. In the studies presented here, the use of 111In-RGD2 as
a tracer to image only integrin avb3 expression on blood vessels in
the tumor was determined using tumor xenografts in which tumor
cells were integrin avb3-negative. Methods: DOTA-E-[c(RGDfK)]2
was radiolabeled with 111In (111In-RGD2), and biodistribution studies
were performed in squamous cell carcinoma of the head and neck
(HNSCC) xenograft mouse models to determine the optimal peptide
dose to image angiogenesis. Next, biodistribution and imaging
studies were performed at the optimal peptide dose in 3 HNSCC
mouse models, FaDu, SCCNij3, and SCCNij202. Immunohistochemical analysis of tumor vascular and cell surface expression of
integrin avb3 and correlation analysis of vascular integrin avb3 and
autoradiography were completed. Results: All 3 HNSCC xenografts
expressed integrin avb3 on the vessels only. The optimal peptide dose
of 111In-RGD2 was 1 mg or less for specific integrin avb3–mediated
uptake of the tracer. SPECT/CT imaging showed clear uptake of
the tracer in the periphery of the tumors, corresponding with wellvascularized areas of the tumor. Within the tumor, 111In-RGD2 autoradiography coincided with vascular integrin avb3 expression, as
determined immunohistochemically. Integrin avb3–mediated uptake
was also detected in nontumor tissues, which, through immunohistochemical analysis, proved positive for integrin avb3. Conclusion:
111In-RGD allows the visualization of integrin a b in xenograft mod2
v 3
els in which integrin avb3 is expressed only on the neovasculature,
such as in the HNSCC tumors. Thus, 111In-RGD2 allows specific visualization of angiogenesis in tumor models lacking constitutive
tumoral integrin avb3 expression but may be less useful for this
purpose in many tumors in which tumor cells express integrin avb3.
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A

ngiogenesis, one of the hallmarks of cancer (1), refers to the
formation of new blood vessels from preexisting vessels. It is
initiated to increase nutrient and oxygen accessibility to tumor
cells located far from the original vessels and includes the stabilization of hypoxia-inducible factor HIF-1a. Also, cytokines and
growth factors, such as vascular endothelial growth factor (VEGF-A),
are released into the microenvironment (2–4). Early during angiogenesis, endothelial cells become activated and express integrin avb3
(2). This receptor is crucial for the interaction of endothelial cells
with extracellular matrix proteins, such as fibronectin or vitronectin,
which occurs through their arginine-glycine-aspartic acid (RGD)
tripeptide sequence (5). Angiogenesis-induced integrin expression
on endothelial cells is related to cell survival and migration. However, integrins can also be expressed on the tumor cell surface and
can thereby influence the invasion and movement of tumor cells
across the vessels (6).
A cyclic peptide based on the RGD sequence, cilengitide, has
been developed that shows promising results in the treatment of
glioblastomas and other tumor types (7). Increased applications of
other antiangiogenic therapies, such as the anti-VEGF antibody
bevacizumab and small-molecule tyrosine kinase inhibitors, including sorafenib and sunitinib (8), have triggered an interest in
nuclear imaging of angiogenesis. One way antiangiogenic therapy
response can be measured is with dynamic contrast-enhanced MR
imaging (9); however, this technique evaluates angiogenesis indirectly by measuring blood volume and permeability and many
factors including biomarker validation and qualification hinder a
wide application of dynamic contrast-enhanced MR imaging techniques in clinical trials. Imaging methods using radiolabeled RGD
peptides could provide more specific and earlier feedback on the
effect of antiangiogenic therapy on angiogenesis.
These tracers have the potential to select patients who might
benefit from treatment with antiangiogenic drugs, beyond short-term
tumor control. It is especially important to be able to monitor the
efficacy of these therapies early on, considering overall survival is
prolonged in only a limited group of patients, yet most patients
encounter side effects such as hand-foot syndrome. Being able to
image a response to antiangiogenic therapy using RGD-based tracers
is of even greater importance when considering that standard methods
of measuring tumor response according to Response Evaluation
Criteria in Solid Tumors do not suffice when monitoring antiangiogenic therapy (10).
Previously, several avenues have been explored to develop
angiogenic imaging tracers. These include radiolabeled VEGF
isoforms, antibodies against VEGF, and RGD-based peptides against
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integrin avb3 (11). RGD-based tracers have a major advantage because of their hydrophilicity and low molecular weight, enabling fast
clearance via the kidneys while retaining high tumor uptake. These
tracers might therefore enable early monitoring of antiangiogenic
therapy (12,13).
It was previously determined that cyclic, multimeric RGDbased peptides display a higher target binding affinity than linear,
monomeric variants (14,15). Radiolabeled peptides proved a good
tracer for imaging tumors expressing integrin avb3 by either PET
or SPECT and for imaging non–tumor-associated angiogenesis
(16). The efficacy of using these peptides was determined with ovarian, renal cell carcinoma, and glioblastoma preclinical models (12,15,
17–19); however, these models are not ideal to determine whether
RGD-based tracers allow the imaging of angiogenesis because
tumoral expression of integrin avb3 was not excluded. In general,
therefore, because of the constitutive integrin avb3 on tumor cells,
these models do not allow the effects of constitutive integrin avb3
expression to be isolated from vascular integrin expression. Other
RGD-based tracers have also been characterized in preclinical models
in which integrin avb3 is expressed on the surface of tumor cells (20).
Here, we provide evidence that RGD-based tracers can image
angiogenesis. 111In-RGD2 was used in in vivo head and neck
squamous cell carcinoma (SCC) xenografts in which integrin
avb3 was expressed on angiogenesis-induced vessels only.
MATERIALS AND METHODS

Biodistribution Studies

In biodistribution studies, to determine the optimal tumor model for
the dose-finding studies, mice with FaDu, SCCNij3, or SCCNij202
xenografts were injected intravenously with 0.1 mg of 111In-RGD2
(,1 MBq) plus (n 5 3) or without (n 5 2) 50 mg of cold, unlabeled
peptide in 200 mL of 0.5% bovine serum albumin/phosphate-buffered
saline. Mice were euthanized by CO2/O2 asphyxiation 1 h after injection. Blood, tumor, and major organs and tissues were dissected,
weighed, and counted in a g counter. The percentage injected dose per
gram (%ID/g) was determined for each sample.
In dose-finding studies, mice with FaDu xenografts were injected
with 0.01–100 mg of 111In-RGD2 (,1 MBq), and biodistribution data
were collected at 1 h after injection (n 5 5) as before.
Biodistribution studies were then performed in all 3 HNSCC
models (FaDu, SCCNij3, and SCCNij202) at 1 h after injection of 1
mg of 111In-RGD2 (,1 MBq; n 5 3). The receptor-mediated localization of the radiolabeled peptide was investigated by determining the
biodistribution of 111In-RGD2 in the presence of an excess (50-fold) of
unlabeled peptide (n 5 2).
Immunohistochemistry

Radiolabeling
111In,

For labeling with
DOTA-E-[c(RGDfK)]2 (RGD2; Peptides
International) was dissolved in 0.1 M 2-(N-morpholino)ethanesulfonic
acid, pH 5.5, with 3 mM gentisic acid (Sigma-Aldrich). Subsequently,
1–90 MBq of 111InCl3 (Covidien) per microgram of peptide was
added. After 20 min at 95C, the radiochemical purity was determined
using instant thin-layer chromatography on silica gel strips (Gelman
Sciences, Inc.) with 0.15 M sodium citrate buffer, pH 5.5, as the
mobile phase.
Quality control was also performed using reversed-phase highperformance liquid chromatography on a C-18 Agilent Eclipse
column (4.6 · 150 mm; Phenomenex). The column was eluted at
a flow rate of 1 mL/min with a gradient of 97% buffer A at 0–5 min
and 80% buffer A to 75% buffer A at 5–25 min (buffer A, 0.1% v/v
trifluoroacetic acid in H2O; buffer B, 0.1% v/v trifluoroacetic acid in
acetonitrile). The preparations were analyzed on an Agilent 1200
system (Agilent Technologies). Radioactivity was monitored using
an in-line NaI radiodetector (Raytest GmbH), and elution profiles
were analyzed using Gina-star software (Raytest GmbH).
When radiochemical purity was less than 95%, radiolabeled RGD2
was purified by an Oasis HLB 1-mL (10 mg) cartridge in 50% ethanol.
Before being used in vivo, the ethanol was evaporated at 95C and the
peptide was diluted with 0.5% bovine serum/phosphate-buffered saline.
In Vivo Tumor Models

FaDu human pharynx SCC cells were cultured in RPMI-1640 medium supplemented with 10% (v/v) fetal calf serum and 1% glutamine
(Invitrogen). Cells were maintained at 37C in a humidified 5% CO2
atmosphere and routinely passaged using a 0.25% trypsin/ethylenediaminetetraacetic acid solution (Invitrogen). Patient-derived SSCNij202
and SSCNij3 head and neck SCC (HNSCC) xenografts were maintained
in female BALB/c nu/nu mice (21,22). In the right flank of 6- to 8-wkold female nude BALB/c nu/nu mice (Janvier), 5 · 106 FaDu cells in
200 mL of medium were injected subcutaneously, or a 1 mm3 viable
piece of SCCNij202 or SCCNij3 tumor xenografts was transplanted
under anesthesia.
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Experiments were performed 2 wk after inoculation for the FaDu
model and 6 wk for both SCCNij models when tumors reached a
volume of approximately 200 mm3 as measured by caliper. All animal
experiments were approved by the local Animal Welfare Committee
in accordance with Dutch legislation and performed in accordance
to their guidelines. The institutional review board approved this study
in mice with human tumor xenografts.
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Antibodies against human integrin avb3 (LM609; MAB19976B
[Millipore]), murine integrin b3 (CD61; 550541 [BD PharMingen]),
and murine vasculature (9F1; Department of Pathology at RUNMC)
were used to determine expression of the respective antigens on 5-mm
flash-frozen tumor or tissue sections. Briefly, sections were fixed in
acetone and incubated with primary antibody, followed with a secondary biotinylated (CD61) or peroxidase-conjugated (9F1) antibody or
with a primary, directly biotinylated, antibody (LM609). Tumor sections stained for CD61 and LM609 were then exposed to an avidin–
biotin–enzyme complex (Vector Laboratories). Finally, tumor sections
were incubated with diaminobenzidine for development (LM609,
CD61, 9F1), followed by a hematoxylin counterstain. Adjacent tumor
sections were also stained with hematoxylin and eosin.
Correlation Analysis of Autoradiography and CD61 Staining

Flash-frozen tumor sections (10 mm) from mice injected intravenously
with 111In-RGD2 (14–25 MBq) were exposed to a phosphor imaging
screen overnight, which was scanned in a phosphor imager system (Bioimaging Analyzer System 1800-II; Fujifilm) at a pixel size of 50 · 50 mm.
The immunohistochemistry of adjacent sections and autoradiography gray-value images (gray scale range, 0–255) were overlaid using
Photoshop (CS4, version 11.0.2; Adobe). The pixel and figure size of
the autoradiographic image was bicubically rescaled to the immunohistochemistry image for alignment (50 · 50 mm). Subsequently, images
were upscaled (250 · 250 mm) to compensate for image coregistration
errors and scattering of the tracer signal. After alignment, regions of interest drawn previously for excluding necrosis in immunohistochemical
analysis were masked in the autoradiography image. Coregistered pixel
gray values were determined with ImageJ (version 1.43m, JAVA-based
image-processing package National Institutes of Health) using the
JACoP plugin package. Only pixels containing viable tumor tissue
were included in the pixel-by-pixel Spearman correlation analysis.
Micro-SPECT/CT

In micro-SPECT imaging studies, mice with FaDu, SCCNij3, or
SCCNij202 tumor xenografts were injected intravenously with 1 mg of
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(14–25 MBq). A 50-fold cold excess of RGD2 was coinjected to investigate receptor-mediated localization of the radiolabeled
peptide. One hour after injection, mice were euthanized by CO2/O2
asphyxiation and scanned on their flank using the U-SPECT-II/CT
(MILabs) (23). Mice were euthanized before imaging, rather than imaged under anesthesia, to exclude movement artifacts and to allow direct
comparison of the SPECT/CT images with the biodistribution data.
Static SPECT scans were acquired as 3 frames of 20 min, followed by
a CT scan for anatomic reference (SPECT: spatial resolution 160 mm,
65 kV, 615 mA). SPECT/CT scans, all 3 frames combined, were
reconstructed with software from MILabs, using an ordered-subset
expectation maximization algorithm, with a voxel size of 0.4 mm.
Statistical Analysis

In biodistribution studies, all mean values are given as 6SD. Statistical analysis in biodistribution studies was performed using a 1-sample t
test with GraphPad Prism (version 5.03; GraphPad Software).
RESULTS
Radiolabeling

A maximum specific activity of 75 MBq of 111In-RGD2 per
microgram was obtained. At these high specific activities, purification was effective, and a radiochemical purity of greater than 95%
could be achieved (Fig. 1).
Biodistribution Studies

The specific uptake of 0.1 mg of 111In-RGD2 was determined in
each of the HNSCC models (Fig. 2). Tumor uptake of 111In-RGD2
in the FaDu, SCCNij3, and SCCNij202 HNSCC models was 2.37 6
0.53, 2.55 6 0.29, and 2.8 6 1.16 %ID/g, respectively. The highest
specific uptake was seen for the FaDu model as the ratio of 111InRGD2 to 111In-RGD2-plus-cold-excess, equal to 6, compared with
a ratio equal to 4 found for both SCCNij3 and SCCNij202 tumor
xenograft models.
The results of the protein dose–escalation study with 111InRGD2 in the mice with FaDu tumors are summarized in Figure 3.
Tumor uptake of 111In-RGD2 at 1 h after injection was maximal
at doses of 1 mg of 111In-RGD2 or less: 1.27 6 0.52 and 1.37 6
0.37 %ID/g at 0.01 and 1 mg, respectively (P 5 0.56). 111In-RGD2
uptake in nontumor tissues, such as the spleen and duodenum, decreased with increasing doses of 111In-RGD2, indicating that tracer
uptake is integrin avb3–mediated and saturated earlier than tracer

FIGURE 2. Biodistribution of 0.1 mg of 111In-RGD2 at 1 h after injection
in BALB/c nude mice with FaDu, SCCNij3, or SCCNij202 tumors in
absence or presence of excess of nonradiolabeled RGD2. Results are
mean 6 SD bars.

uptake in the tumor. Injection of 1 mg of 111In-RGD2 resulted in
1.26 6 0.22 and 2.37 6 0.40 %ID/g tracer uptake in the spleen
and duodenum, respectively, significantly lower than the uptake of
0.01 mg of 111In-RGD2 in these tissues, which was 2.14 6 0.31 and
4.16 6 1.11 %ID/g, respectively (P 5 0.0009 and 0.0006, respectively). A dose of 1 mg of 111In-RGD2 was therefore determined as
optimal, showing the highest tumor uptake and the lowest uptake in
nontumor tissues.
Tumor uptake of 1 mg of 111In-RGD2 at 1 h after injection
differed among the 3 HNSCC models used, as shown in Figure 4.
Tumor uptake was 2.25 6 0.02, 1.94 6 0.54, and 1.21 6 0.04
%ID/g for FaDu, SCCNij3, and SCCNij202, respectively. Tumorto-blood ratios of 111In-RGD2 averaged 12.3 and were not significantly different among the 3 HNSCC models (data not shown).
Tumor uptake in the FaDu, SCCNij3, and SCCNij202 models is
integrin avb3–mediated, because the addition of 50 mg of unlabeled RGD2 decreased the uptake to 0.74 6 0.41, 0.60 6 0.00,
and 0.49 6 0.10 %ID/g, respectively (Fig. 4).
Immunohistochemical Analysis

Through immunohistochemical analysis of murine integrin
avb3, it was determined that nontumor tissues, including the lung,
spleen, and duodenum, expressed integrin avb3 (Fig. 5). The immunohistochemical results for tumoral integrin avb3 (LM609) and
integrin avb3 expression on murine vasculature (CD61) within all
3 HNSCC xenografts are summarized in Table 1. FaDu, SCCNij3,
and SCCNij202 tumors were all negative for LM609 and positive, to
varying degrees, for CD61. All vessels stained for CD61 were also
positive for the general murine vasculature marker 9F1; however, not
all 9F1-positive vessels stained for CD61 (data not shown). This is in
line with the hypothesis that integrin avb3, as measured by CD61, is
expressed only on newly formed blood vessels in these tumors.
FIGURE 1. Postpurification reversed-phase high-performance liquid
chromatogram showing greater than 95% radiochemical purity of
111In-RGD and less than 5% 111In-ethylenediaminetetraacetic acid,
2
each with elution time of 15 and 2 min, respectively.

Correlation of Vascular Integrin avb3 and Autoradiography

Correlation analysis of vascular integrin avb3 expression, as determined by CD61 immunohistochemistry, and localization of 111InRGD2, deduced by autoradiography, confirmed specific targeting of
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making these models ideal to investigate
the potential of tracers, such as 111In-RGD2,
to image angiogenesis. Initially, 13 HNSCC
patient–derived tumor xenograft models were
stained for integrin avb3, and 12 of 13 were
negative for constitutive tumoral expression
of integrin avb3. Ten of 13 HNSCC xenografts were positive to varying degrees for
angiogenesis-induced integrin avb3 expression (data not shown), confirming the
previous findings of Beer et al. (24). Of
these 13 xenograft tumor models, SCCNij3
and SCCNij202 were chosen, alongside the
cell culture–derived FaDu tumor model,
for the experiments presented here.
The results reported here describe how
FIGURE 3. Biodistribution of 0.01–100 mg of 111In-RGD2 at 1 h after injection in BALB/c nude
these tumors models have enabled us to
mice with FaDu tumors. Results are mean 6 SD bars.
verify the potential of 111In-RGD2 as a specific antiangiogenic marker in HNSCC, a
the tracer for vascular integrin avb3, with a Spearman r value of 0.76 feature that, despite much clinical and preclinical research into radio(P , 0.0001; Fig. 6).
labeled RGD peptides as a tracer for integrin avb3 (11,18,20,25,26),
was still uncertain. SPECT/CT imaging showed clear uptake of the
SPECT/CT Imaging
tracer in areas corresponding with vascularized areas of the tumor.
Fused SPECT/CT scans (Fig. 7) show images that were in line
Correlation analysis allowed us to further determine areas within the
with the biodistribution data. On these scans, FaDu and SCCNij202
tumor in which 111In-RGD2 was located, as determined by autoraditumors were clearly visualized with 111In-labeled RGD2. The integography, and coincided with vascular integrin avb3 expression, as
rin avb3 specificity of 111In-RGD2 in vivo was demonstrated in a
measured after immunohistochemical staining.
blocking experiment in which the tracer was coinjected with an
There has been some indication from the literature that RGDexcess of nonradiolabeled RGD2, resulting in decreased tumor acbased tracers can target integrin avb3 expressed on tumor vessels.
cumulation of the tracer, compared with radiolabeled RGD2 alone
For instance, the uptake of 18F-AH111585 in LLC and Calu-6 lung
(Fig. 7). Tumor uptake of 111In-RGD2 was mostly localized to the
carcinoma models was attributed solely to integrin avb3 expresperiphery of the tumor.
sion on murine vasculature (27); however, it was assumed that
these tumors did not constitutively express integrin avb3 based
DISCUSSION
only on in vitro binding studies using 99mTc-d-c(RGDfK) (28).
In this study, HNSCC tumor models were used in which integrin Here, biodistribution studies using 3 HNSCC models provide the
avb3 expression was solely expressed on the tumor vasculature, first concrete evidence that 111In-RGD2 can be used as an angiogenesis-specific imaging tracer. The tracer accumulated in tumors that
did not constitutively express integrin avb3, and this accumulation
was target-specific because coinjection with an excess of unlabeled
peptide decreased tumor uptake of 111In-RGD2. Interestingly, the
amount of 111In-RGD2 uptake within the FaDu, SCCNij3, and
SCCNij202 tumor xenografts did not correspond with the varying
degrees of vascular integrin avb3 expression described in Table 1.
A correlation between integrin expression and tumor accumulation of 18F-galacto-RGD was, however, observed in imaging studies using melanoma tumor models, in which integrin-positive and
-negative tumors were injected at varying ratios (29). The lack of
correlation between the uptake of the RGD2 tracer in the HNSCC
tumors and integrin avb3 expression levels is most likely due to
a combination of integrin avb3 expression levels and the anatomy
of the tumor, because the percentage necrosis varied considerably
between the models, which could affect tracer uptake levels.
Comparison of the uptake of 111In-RGD2 in the HNSCC tumors
described here with the tumor uptake in NIH:OVCAR-3 xenografts also suggests that the present experiments provide evidence
that 111In-RGD2 can be used to visualize angiogenesis specifically.
Janssen et al. showed that the average uptake of 0.5 mg of 111InRGD
2 ranged between 6 and 8 %ID/g and that tumor uptake did
FIGURE 4. Tumoral uptake of 1 mg of 111In-RGD2 at 1 h after injection
not
change
between 30 min and 8 h after injection of the tracer
in BALB/c nude mice with FaDu, SCCNij3, or SCCNij202 tumors in
(18). A similar tumor uptake of 6 %ID/g was seen in the renal cell
absence or presence of excess of nonradiolabeled RGD2. Results are
carcinoma SK-RC-52 model, in which, as in the ovarian carcinoma
mean 6 SD bars.
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FIGURE 5. Immunohistochemical staining for murine integrin avb3 on
frozen 5-mm sections of lung (A), spleen (B), and duodenum (C) of BALB/c
nude mouse. Magnification equals ·20.

tumors, integrin avb3 is also expressed constitutively on the tumor
cells (15,19). Uptake of other radiolabeled dimeric RGD tracers
also averaged around 5–10 %ID/g in the SK-RC-52, OVCAR-3,
and glioma tumor models (17,30–33). The average uptake of
111In-RGD in the HNSCC tumors approximates 1.3 %ID/g, sug2
gesting that only vascular integrin avb3 expression has any influence on the tumor uptake of 111In-RGD2 and that therefore total
tumor uptake is lower than in tumor models in which integrin avb3
is expressed constitutively. Uptake of radiolabeled DOTA-RGD2
at 1 h after injection in integrin-negative melanoma xenografts (34)
was approximately the same as in the integrin-negative HNSCC
tumors, suggesting that in all tumors in which integrin avb3 is not
expressed constitutively, uptake of the tracer will be approximately 1
%ID/g and can be ascribed to neovascularity. However, the M21L
integrin–negative tumors were derived from parental integrinexpressing melanoma cells in vitro, making the HNSCC models
used here more representative of the clinic because 10 of 13 patient-derived HNSCC tumor sections were positive only for integrin avb3 on the vessels.
The tumor uptake of dimeric RGD imaging peptides previously
correlated well with integrin avb3 expression on the vasculature of
otherwise integrin avb3–negative colorectal tumor xenografts (35).
However, in patients with colorectal cancer, this imaging tracer
would not be a specific angiogenesis imaging tool, because unlike
the area of the head and neck, the gastrointestinal system constitutively expresses integrin avb3, even in the absence of tumor-associated angiogenesis.
Integrin expression within nontumor tissues, such as the lung,
spleen, and intestine, hampers the identification of lesions within
or near these areas. The development of multimeric RGD peptides to
enhance specific uptake in integrin avb3–expressing tumors through
multidentate binding sites (36–38) was thought to reduce specific
uptake in nontumor tissues. Despite the multimeric nature of
111In-RGD , uptake of the tracer was still visualized in these non2
tumor tissues, as seen in the biodistribution studies described here.
The issues with lesion identification therefore still stand, however,
as Figure 3 suggests, the nontumor targeting of 111In-RGD2 can
most likely be reduced by determining the optimal peptide dose.

FIGURE 6. CD61 immunohistochemistry (A) and autoradiography (B)
and correlation analysis (C) of 5- and 10-mm SCCNij202 tumor xenografts, respectively.

On the basis of the data presented here, 111In-RGD2 does allow
the specific visualization of angiogenesis in tumor models lacking
constitutive tumoral integrin avb3 expression, such as HNSCC.
Although clinically speaking, a lack of integrin avb3 expression
on tumor cells is not a prerequisite for use in conjunction with
antiangiogenic therapy, this will be required if the response to

TABLE 1
Integrin avb3 Expression on Tumor Cells (LM609) and
New Blood Vessels (CD61) of HNSCC Subcutaneous
Tumor Xenografts
Tumor model
FaDu
SCCNij3
SCCNij202

LM609

CD61

—
—
—

1/11
11
11/111

FIGURE 7. Anterior 2-dimensional (left) and 3-dimensional (right) volume projections of fused SPECT/CT scans of mice with subcutaneous
FaDu (A and B) or SCCNij202 (C and D) tumor xenografts on right flank.
Mice were injected with either 111In-RGD2 (A and C) or with 111In-RGD2
plus cold excess (B and D). Static scans were recorded at 1 h after
injection. Arrows point to tumor location.
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antiangiogenic therapy is solely based on RGD-based tracers or if
patients will be stratified or monitored for antiangiogenic therapy
or response using these tracers. The exact extent of integrin avb3
expression on various tumor types, however, is not yet known and
will need to be further determined before this tracer is used as
single marker for response to antiangiogenic therapy.
CONCLUSION
111In-RGD allows the visualization of integrin a b in xeno2
v 3
grafts models in which integrin avb3 is expressed only on the
neovasculature. It can therefore be stated that 111In-RGD2 does allow
the specific visualization of angiogenesis in tumor models lacking
constitutive tumoral integrin avb3 expression, such as HNSCC. 111InRGD2 may therefore allow selection of patients who will benefit from
treatment with antiangiogenic drugs, and may monitor the efficacy of
these therapies early on.
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