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Stratification of '®F-Labeled PET Imaging Agents for the
Assessment of Antiangiogenic Therapy Responses in Tumors
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Successful antiangiogenic therapies have been developed for the
treatment of various cancers, but not all patients respond. There-
fore, the early determination of therapy efficacy is essential for
patient management. This study was done to evaluate the utility of
various PET imaging biomarkers for early determination of the
response to therapy with the antiangiogenic agent axitinib, a multiple
receptor tyrosine kinase inhibitor, in tumors with diverse biologic
characteristics. Methods: Mice bearing U87-MG and MDA-MB-231
subcutaneous tumors were treated with axitinib (25 mg/kg intraper-
itoneally daily for 10 d), and tumor volumes were assessed with
caliper measurements. The animals were concurrently imaged
longitudinally with '8F-FDG, 3’-deoxy-3’-'8F-fluorothymidine ('8F-
FLT), and 2-'8F-fluoroethyl-triazolyl conjugated c(RGDyK) peptide
('8F-FtRGD) to determine the optimal radiopharmaceutical for mea-
suring the early treatment response in the 2 tumor types. Results:
Daily administration of axitinib successfully retarded the growth of
both U87-MG and MDA-MB-231 subcutaneous tumors, with signif-
icant differences in tumor volumes being observed from day 7 after
therapy on. '8F-FDG revealed a treatment efficacy response only at
day 10 after treatment in both U87-MG tumor-bearing and MDA-
MB-231 tumor—bearing animals. '8F-FLT afforded earlier detection
of the therapy response, revealing a significant difference be-
tween drug- and vehicle-treated animals at day 3 for animals
bearing U87-MG tumors and at day 7 for animals bearing the
more slowly growing MDA-MB-231 tumors. '8F-FtRGD showed
a rapid change in tumor retention that reached significance by
day 7 in U87-MG tumor-bearing animals; in contrast, no signifi-
cant difference in tumor retention was observed in MDA-MB-231
tumor-bearing animals. Conclusion: Longitudinal imaging with
different radiopharmaceuticals displays various characteristics in
different tumor types, depending on their biologic characteristics.
Such studies may provide clinically important information to guide
patient management and monitor the response to antiangiogenic
therapy with the optimum noninvasive imaging agent in the rele-
vant cancer type.
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PET IMAGING THERAPY RESPONSE IN TUMORS

Angiogenesis, the formation of new blood vessels, is a hall-
mark of cancer progression and is essential for the development
of solid tumors (/). In recent years, research has focused on
the development of antiangiogenic therapies for the treatment of
various cancers, including gliomas, breast cancers, and lung
carcinomas (2,3). Successful therapies include the targeted anti-
body bevacizumab (Avastin; Genentech) and the receptor tyro-
sine kinase inhibitors sunitinib (Sutent; Pfizer) and axitinib (Inlyta;
Pfizer). Although these therapies have largely been successful,
some patients do not respond (4—6). Therefore, early determina-
tion of therapy efficacy is of benefit for patient management.

Molecular imaging for the determination of therapy efficacy in
tumors is now relatively common in clinical practice, and many
new molecular imaging agents are being developed to improve
the application of noninvasive molecular imaging in oncology
(7). At present, '8F-FDG PET imaging is used routinely to assess
the efficacy of cancer treatments. The glucose analog '3F-FDG
provides a surrogate measure of glucose metabolism in the tumor
and surrounding tissue accumulating in proportion to its metab-
olism (8). However, the utility of '8F-FDG for the assessment of
therapy can be complicated by high '8F-FDG uptake in surround-
ing tissue or other benign pathologies; therefore, low-grade or
small tumors may exhibit little differential '®F-FDG uptake (9,10).

Radiolabeled nucleosides have also been investigated as PET
imaging agents for the assessment of therapy responses in tumors,
with the benefit that they may also help provide information about
histologic grade (/1). 3'-Deoxy-3’-!8F-fluorothymidine ('8F-FLT)
correlates with thymidine kinase 1 activity expressed during the
DNA synthesis phase of the cell cycle, thus providing information
on the proliferative potential of the tumor tissue (/2,13). However,
I8F_FLT has proven to be an ineffective measure of therapy responses
in some tumor types treated with antiangiogenic agents (/4).

More recently, new molecular imaging agents that target key
molecular biomarkers for the angiogenic cascade—namely, the
integrins o3, o,Bs, and asB;—have been developed (I5). These
integrins act as receptors for proteins expressing the arginine-
glycine-aspartate (RGD) tripeptide sequence (/6,17). Molecular
imaging agents based on this RGD tripeptide sequence have been
developed in a bid to improve the detection of both tumors and
early therapeutic responses (/8,19).

In this study, we compared the utility of the molecular im-
aging agents '8F-FDG, '8F-FLT, and 2-'8F-fluoroethyl-triazolyl
conjugated ¢(RGDyK) peptide ('8 F-FtRGD) for assessment of
the early response to therapy with the multiple receptor tyrosine
kinase inhibitor axitinib in rodent models of breast cancer and
glioma. Our goal was to determine whether differences in tumor

Goggi et al. 1

Copyrightlggﬁ ?39 o‘(lﬁgt?/ gf K{l?cq/egr‘} Medicine.


mailto:julian_goggi@sbic.a-star.edu.sg

biology can affect patient management and the choice of an agent
for the noninvasive monitoring of antiangiogenic treatment efficacy.

MATERIALS AND METHODS

Radiochemistry

All chemicals obtained commercially were of analytic grade and
were used without further purification. Solvents and chemicals were
purchased from Sigma-Aldrich unless stated otherwise. Reference
compound '8F-FLT was purchased from ABX. '8F-FDG was pur-
chased from Singapore Radiopharmaceuticals.

No-carrier-added '®F-fluoride was produced by the '30(p,n)!8F
nuclear reaction with a 16-MeV proton beam generated by a PETtrace
cyclotron (GE Healthcare) in a silver target with '80-H,O (Singapore
Radiopharmaceuticals). A TracerLab FXgy radiochemistry module
(GE Healthcare) equipped with an S-1122 pump (Sykam) and a K-2001
single-wavelength UV detector (Knauer) was used for radiophar-
maceutical synthesis and semipreparative high-performance liquid
chromatography (HPLC) purification.

Radioactive analytic HPLC was performed with a PerkinElmer
series 200 HPLC system equipped with a single-wavelength UV
detector and a Flow-Ram Nal/PMT radiodetector (LabLogic).
Thin-layer chromatography was performed on silica gel thin-layer
chromatography plates (Sigma-Aldrich) and analyzed with an
EZ-Scan radio-TLC strip scanner (Carroll & Ramsey). Levels of
residual solvents were analyzed by use of a Varian 430 gas chro-
matograph with a flame ionization detector and a Varian Factour-
Four VF-200 mass spectrometry column (30 m, 0.32 mm, 1 wm).

I8F-FLT and '8F-FtRGD were produced by nucleophilic fluori-
nation on the basis of previously described procedures (/9,20).
I8F-FLT was produced with a high radiochemical purity (>99%)
and a specific activity of 150-270 GBq/pmol and was formulated
in isotonic saline solution (pH 6.5-7.5), with a radioactive concen-
tration of 1.0-2.0 GBq/mL at the end of synthesis. '8F-FtIRGD was
produced with a high radiochemical purity (>98%) and a specific
activity of 10-50 GBg/pmol and was formulated in isotonic phos-
phate-buffered saline solution (pH 6.5-7.5), with a radioactive con-
centration of 0.5-6.0 GBq/mL at the end of synthesis.

Animals

All animal experiments were performed in accordance with
Institutional Animal Care and Use Committee (IACUC) guidelines
under IACUC 090437. A total of 70 outbred female nude CD1 mice
were purchased from the Biological Resources Centre and housed
at constant temperature (23°C) and humidity (40%) with a regular
light—dark cycle.

Cancer Cells

Human U87-MG glioma cancer and MDA-MB-231 breast
ductal carcinoma cells were purchased from the American Type
Culture Collection. The cells were cultured in Dulbecco modified
Eagle medium (Invitrogen) supplemented with 10% fetal bovine
serum, penicillin (100 U/mL), and streptomycin (100 pg/mL)
at 37°C in a humidified atmosphere with 5% CO,. The cells were
subsequently trypsinized and washed 3 times in Dulbecco modi-
fied Eagle medium. A cell suspension was then mixed with an
equal volume of Matrigel (BD Biosciences) to provide a cell
concentration of 3 x 107 cells/mL. Mildly anesthetized animals
(under isoflurane) were injected subcutaneously in the right shoul-
der with 3 x 10° cells in a volume of 0.1 mL within 60 min of
the final dissociation and counting processes. In all 36 animals
receiving implanted breast tumors, 17(3-estradiol pellets (0.72
mg, 60-d sustained release) were implanted subcutaneously with-
a trocar (Innovative Research of America) 24 h before tumor
injection.

Dosing Regimen

At 3-5 wk after injection of tumor cells, the mice were divided
into 2 treatment groups. One group received daily administrations
of axitinib (Selleck Pharmaceuticals) at a dose of 25 mg/kg by
intraperitoneal injection, and the other group received intraperito-
neal administrations of the vehicle alone (polyethylene glycol-H,O,
30:70) as previously described (21). Axitinib was well tolerated;
no significant effects on animal health were observed.

Tumor Volume Studies

Throughout the study, the sizes of the tumors were measured with
calipers. The volume of a tumor was calculated with the equation [a X
(b x b)]/0.523, where a is the longest measurement and b is the short-
est measurement.

In Vivo Imaging Studies

The animals from the axitinib-treated cohort and from the
vehicle-treated cohort were randomly assigned to groups to be
imaged with one of the imaging agents (!8F-FDG, '8F-FLT, or !8F-
FtRGD). Small-animal PET and CT imaging with '8F-FDG, !8F-
FLT, or '8F-FtRGD was performed on days 0, 1, 3, 7, and 10 after
initiation of the dosing regimen.

Each group of animals was injected in the lateral tail vein with
a solution of '8F-FDG, !8F-FLT, or !8F-FtRGD. The animals were
imaged under isoflurane anesthesia (2% alveolar concentration), and
biologic monitoring for respiration and temperature was performed
with a BioVet system (m2m imaging). Small-animal PET imaging
was performed with a Siemens Inveon PET/CT scanner (Siemens
Inc.).

Animals in the '8F-FDG group (n = 7 for U87-MG and n = 4 for
MDA-MB-231) were kept fasting for 12 h before injection with
~3 MBq per animal and were imaged statically at 40-60 min after
injection. Animals in the '8F-FLT group (n = 7 for U87-MG and
n = 4 for MDA-MB-231) were injected with ~5 MBq per animal
and were imaged statically at 30-50 min after injection. Animals
in the '8F-FtRGD group (n = 4 for U87-MG and n = 7 for MDA-
MB-231) were injected with ~10 MBq per animal and were im-
aged statically at 70-90 min after injection.

Low-dose CT images (40 kV, 500 pA, 4 X 4 binning, 200-pm
resolution) were acquired for anatomic registration and attenuation
correction. Images were reconstructed with the image reconstruction,
visualization, and analysis programs supplied by the manufacturer,
and PET and CT data were analyzed with Amide software (Source-
forge 10.3; http://amide.sourceforge.net).

The uptake of radioactivity in a tumor was determined by place-
ment of a volume of interest around the tumor delineated on the CT
images. A volume of interest was also placed around a region of the
muscle in the lower left hind limb to provide reference tissue values.
The tissue concentrations were determined with volume-of-interest anal-
ysis and are presented as percentage injected dose per gram (%ID/g).

Microvascular Density (MVD) Measurement

Once assayed for radioactivity on day 10, the tumors were
immediately excised and fixed in neutral buffered formalin. The
MVD of a tumor was quantified with a method previously described
by Wedge et al. (22). Tumor specimens were fixed, stained for
CD34 with a chromagen endpoint, and analyzed (without knowl-
edge of treatment assignment) with a KS400 instrument (Imaging
Associates). The MVD was calculated as the number of CD34-
positive vessels in 5,000 wm? of viable tumor area in each tumor
section.

Tumor Proliferation Assay
After the MVD was determined, the Ki67 staining of a tumor was
quantified with a method previously described by Viel et al. (23).

2 THE JourNAL OF NUCLEAR MEDICINE * Vol. 54 ¢ No. 9 * September 2013

jnm115824-pe m 7/26/13


http://amide.sourceforge.net

RGB

RGB

RGB

Tumor specimens were treated with proteinase K at room temper-
ature for 5 min and 5% serum blocking solution for 10 min, in-
cubated overnight at 4°C with antihuman Ki67 monoclonal antibody
diluted 1:75 (Dako), and visualized with a secondary antibody and
3,3'-diaminobenzidine tetrahydrochloride staining. Slides were ana-
lyzed (without knowledge of treatment) with a Leica SCN400 slide
scanner (Leica Microsystems) and the “Measure Stained Cells”
algorithms of Slidepath Tissue IA software (Leica Microsystems).
Scanning and image analysis were performed at the Advanced
Molecular Pathology Laboratory, Institute of Molecular and Cell
Biology, Singapore.

RESULTS
Effect of Axitinib on U87-MG and MDA-MB-231 Tumor Sizes

Figures 1A and 1B show the average changes in tumor [Fig. 1]

volumes (mean * SD) from tumor inoculation, from treat-

ment baseline (day 0, before axitinib or vehicle administra-
tion), and on each of the imaging days. From (and including)
day 3 after initiation of the dosing regimen, there was a dis-
cernible difference in tumor diameter between the axitinib-
dosed group and the vehicle-dosed group for both U87-MG
tumor—bearing animals and MDA-MB-231 tumor—bearing ani-

mals; however, in both cases the differ-

ence did not reach significance until day
7 (P < 0.01 for U87-MG and P < 0.05
for MDA-MB-231; 2-tailed unpaired
t test). Volume and diameter data were
* confirmed with CT measurements (data
not shown).

Effect of Axitinib on U87-MG and
MDA-MB-231 Tumor Uptake
of 18F-FDG

The U87-MG tumor uptake of '8F-FDG
(Table 1) was significantly reduced only
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FIGURE 1. Growth kinetics of U87-MG tumors (A) and MDA-MB-231 tumors (B) in vehicle-

treated animals and axitinib-treated animals (volume is reported in mm? [mean + SD; n = 4]).
Arrows denote day 0, 1 d before initiation of therapy regimen. *P < 0.05. **P < 0.01.

in the axitinib-treated group, not in the
vehicle-treated group, at day 10 after
treatment initiation (P < 0.01; 2-tailed
unpaired ¢ test comparing normalized data).
Figure 2A shows the data normalized to
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day 0. Overall, the uptake of 3F-FDG
was lower in MDA-MB-231 tumors than
in U87-MG tumors. Tumor uptake in the
vehicle-treated animals was relatively sta-
ble from day O on (Table 1). Treatment
with axitinib induced a slight reduction
in '8F-FDG uptake that only reached sig-
nificance by day 10 after therapy initiation
(day 0) (P < 0.01; 2-tailed ¢ test compar-
ing normalized data). Figure 2B shows the
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FIGURE 2. Uptake of 8F-FDG in U87-MG tumors (A; n = 7) and MDA-MB-231 tumors
4) in vehicle-treated animals and axitinib-treated animals, normalized to day

B n =
0 (% normalized uptake from day 0 [mean *= SD]). **P < 0.01.

MDA-MB-231 Tumor Uptake
of 18F-FLT

Axitinib induced a significant therapy
response, as measured by !'8F-FLT, in
U87-MG tumors by day 3 after treat-

ment initiation (P < 0.05 at day 3,
P < 0.01 at day 7, and P < 0.05 at
day 10; 2-tailed ¢ test comparing nor-
malized data). The vehicle-treated group
showed increasing tumor uptake of '8F-
FLT from day O on, whereas in the axi-
tinib-treated  group  tumor  uptake

shows the data normalized to day O.
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FIGURE 3. Uptake of '8F-FLT in U87-MG tumors (A; n = 7) and MDA-MB-231 tumors (B;
n = 4) in vehicle-treated animals and axitinib-treated animals, normalized to day 0 (% nor-

malized uptake from day 0 [mean *+ SDJ). *P < 0.05. *P < 0.01.
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uptake in the vehicle-treated animals
stayed steady during the 10 d after treat-
ment initiation. Treatment with axitinib
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[Table 1]

[Fig. 2]

remained stable (Table 2). Figure 3A [Table 2]

I8F-FLT was lower in MDA-MB-231 [Fig. 3]



[Table 3
[Fig. 4

]

induced a reduction in tumor uptake of '8F-FLT (Table 2) that
reached significance by day 7 after therapy initiation (P < 0.01
at day 7 and P < 0.01 at day 10; 2-tailed ¢ test comparing
normalized data). Figure 3B shows the data normalized to day 0.

Effect of Axitinib on U87-MG and MDA-MB-231 Tumor
Retention of 18F-FtRGD

U87-MG tumor retention of '3F-FtRGD was attenuated by
axitinib therapy by day 7 after treatment initiation (P < 0.05
at day 7 and P < 0.01 at day 10; 2-tailed ¢ test comparing
normalized data). Tumor retention in the vehicle-treated ani-
mals increased steadily from day O on (Table 3). However,
axitinib therapy stabilized tumor retention of '8F-FtRGD. Fig-
ure 4A shows the data normalized to day 0. '8F-FtRGD re-
tention in MDA-MB-231 tumors was not significantly altered
by the addition of axitinib over the time course studied (Table 3).
In both vehicle- and axitinib-treated tumors, retention remained
stable throughout the study. Figure 4B shows the data normalized
to day 0.

MVD Analysis
MVD, a marker of angiogenesis, was significantly lower in
tumors from axitinib-treated mice than in tumors from

vehicle-treated mice 10 d after therapy initiation (Fig. 5) [Fig. 5]

for both U87-MG tumor—bearing mice (P < 0.01; n = 10)
and MDA-MB-231 tumor—bearing mice (P < 0.05; n 10).
This significant reduction in MVD in axitinib-treated mice
confirmed the therapeutic response of the tumors to axitinib.

Figure 6 shows staining for endothelial cells with CD34 of [Fig. 6]

representative tumor sections taken 10 d after the administration
of axitinib or vehicle.

The levels of Ki67, a marker of cell proliferation, were
significantly lower in tumors from axitinib-treated mice than in
tumors from vehicle-treated mice 10 d after therapy initiation

(Fig. 7) for both U87-MG tumor-bearing mice (P < 0.01; n = [Fig. 7]

6) and MDA-MB-231 tumor-bearing mice (P < 0.05; n = 6).
This significant reduction in Ki67 staining in axitinib-treated
mice confirmed the therapeutic response of the tumors to
axitinib.

TABLE 1
Uptake of 8F-FDG in U87-MG (n = 7) and MDA-MB-231 (n = 4) Tumors

Uptake (mean + SD %ID/g) of '8F-FDG in:

U87-MG tumors

MDA-MB-231 tumors

Days after treatment Axitinib treated

Vehicle treated

Axitinib treated Vehicle treated

0 3.08 = 0.46 2.99 = 0.31 1.84 = 0.10 2.05 = 0.16

1 3.07 = 0.62 3.24 = 0.33 1.93 = 0.19 2.09 = 0.17

3 3.76 = 1.10 4.29 = 0.60 1.98 = 0.12 2.25 = 0.19

7 3.66 = 0.83 4.94 = 1.20 1.79 = 0.05 2.25 = 0.20

10 3.68 = 0.41 5.26 + 0.48 1.54 = 0.07 222 = 0.21
TABLE 2

Uptake of '8F-FLT in U87-MG (n = 7) and MDA-MB-231 (n = 4) Tumors

Uptake (mean = SD %ID/g) of '8F-FLT in:

U87-MG tumors

MDA-MB-231 tumors

Days after treatment Axitinib treated Vehicle treated Axitinib treated Vehicle treated
0 3.02 = 1.18 2.82 = 0.69 3.37 = 0.33 2.90 = 0.46
1 3.47 = 1.23 43 = 0.14 3.28 + 0.29 3.08 = 0.53
3 3.37 = 0.84 4.9 + 0.68 2.54 + 0.24 2.89 + 0.83
7 2.65 = 0.60 4.14 = 0.56 1.99 * 0.68 3.29 + 0.53

10 3.34 = 0.60 4.68 = 0.89 1.84 = 0.50 3.30 = 0.55

TABLE 3

Uptake of '8F-FtRGD in U87-MG (n = 4) and MDA-MB-231 (n = 7) Tumors

Uptake (mean = SD %ID/g) of '8F-FtRGD in:

U87-MG tumors

MDA-MB-231 tumors

Days after treatment Axitinib treated

Vehicle treated

Axitinib treated Vehicle treated

0 1.62 £ 0.32 1.50 = 0.25 1.59 = 0.72 1.58 * 0.41
1 1.66 = 0.23 1.74 = 0.29 1.69 = 0.17 1.71 £ 0.14
3 1.37 £ 0.29 1.61 = 0.43 1.07 = 0.28 1.36 = 0.06
7 1.43 = 0.22 2.40 = 0.56 2.01 = 0.54 1.90 = 0.59
10 1.65 £ 0.25 3.33 = 0.63 1.28 = 0.06 1.50 = 0.03
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FIGURE 5. Angiogenesis (represented by MVD) in U87-MG and MDA-MB-231 tumors.
MVD was significantly lower in both U87-MG tumors (A; n = 10) and MDA-MB-231 tumors
(B; n = 10) from axitinib-treated mice than in tumors from vehicle-treated mice 10 d after
treatment initiation. Data are reported as percentage difference in CD34-positive (CD34*Ve)
staining per square millimeter, normalized to average for vehicle-treated specimens. *P <
0.05. *P < 0.01.

FIGURE 6. Representative sections were taken from both tumor types 10 d after initiation
of therapy regimen. Representative sections from axitinib-treated U87-MG tumors (A) and
MDA-MB-231 tumors (C) were analyzed for MVD after staining for endothelial cells with
CD34 (bars = 100 pm) and compared with sections from vehicle-treated U87-MG tumors
(B) and MDA-MB-231 tumors (D).
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DISCUSSION

Various methods are used clinically
to assess antiangiogenic therapies in
tumors; these methods include measuring
blood flow and blood volume (dynamic
contrast-enhanced CT and MR imaging),
which assess the downstream effects of
angiogenesis (24-26). However, PET im-
aging has the ability to directly measure
processes in the angiogenesis pathway
and potentially provide a more specific
means to assess antiangiogenic therapy
efficacy in tumors. Much of the utility
of radiopharmaceuticals is dependent on
the biology of tumors and their biochem-
ical environment. The 2 cell lines chosen
for evaluation in this study were U87-
MG, a human glioma that grows rapidly
and induces significant vascular changes,
and MDA-MB-231, a human ductal breast
carcinoma that grows slowly and induces
little vascular modification (27).

I8E-FDG was able to detect treatment
responses in both tumor types; however,
a statistical difference in tumor uptake
was not observed until day 10 after ther-
apy initiation, demonstrating that !SF-
FDG is a relatively insensitive measure
of a therapy response. The ability of !3F-
FDG to diagnose tumors in vivo is well
documented, but multiple studies have
shown the limitations (such as the com-
plication of uptake in benign nonpatho-
logic tissue and inflammation) of 'SF-
FDG in the determination of a therapy

response (28-30).

In contrast, '8F-FLT, which acts as a sur-
rogate measure of tumor cell proliferation,
revealed significant treatment responses by
3 d in the more rapidly growing glioma
tumor and 7 d in the more slowly growing
breast cancer. This improvement in early
therapy determination through the use of
I8F-FLT may be attributable to vascular
effects, which may be more prominent in
U87-MG tumors. However, the Ki67 data
indicated similar levels of inhibition of the
proliferation rate by the axitinib treatment
in the 2 tumor types. Therefore, the higher
basal proliferation rate and the higher '8F-
FLT baseline uptake observed in U87-MG
tumors may have made therapy efficacy
easier to detect (31).

As expected from previous reports on
integrin-binding ligands (/8), '8F-FtRGD
showed an excellent ability to detect a ther-
apy response in the U87-MG model by
day 7. Interestingly, this radiopharmaceu-
tical revealed no therapy response in the
MDA-MB-231 breast cancer model, despite
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integrin o3 and with the density of a,f3-expressing micro-
vessels (32,33). The 2 tumor cell lines chosen for this study
had different levels of expression and localization of oB3.
U87-MG tumors have been shown to express high levels of
a,B3 on both the vasculature and the cell surface (32,34,35),
whereas MDA-MB-231 tumors have a very low level of cell
surface expression of «,B3: the integrin is found essentially
only on the vasculature (36). The inability of '3F-FtRGD to
monitor a therapy response in MDA-MB-231 tumors may have
been related to the low levels of o,B; expressed on the tumor
cells themselves. Indeed, an early therapy response to the ty-
rosine kinase inhibitor ZD4190 has been shown in the ductal
breast carcinoma MDA-MB-435, which has a high level of
expression of a3 on the cell surface (36,37). However, pre-
vious studies indicated that RGD-containing ligands are capable of
measuring therapy responses in other rapidly growing tumor types
that have a low level of cell surface expression of o3, such as
the Lewis lung carcinoma model (38). Therefore, it is likely that
multiple biologic factors, including the lower level of vasculariza-
tion and slow growth rate of MDA-MB-231 tumors, coupled with
the reduced number of available cell surface binding sites, affect the
sensitivity of RGD radiopharmaceutical binding and the ability to
measure a therapy response in this tumor type.

CONCLUSION

The radiopharmaceuticals evaluated in this study report on
different aspects of tumor biology: glucose metabolism (!8F-
FDG); thymidine kinase activity and, hence, proliferation ('8F-
FLT); and angiogenesis ('®F-FtRGD). The ability of each of these
radiopharmaceuticals to measure therapy efficacy after treatment
with the antiangiogenic agent axitinib appears to be dependent on
the characteristics of the tumors to be evaluated. These data suggest
that differences in tumor biology may be critical for individual
patient management and the choice of radiopharmaceutical agents
for the noninvasive monitoring of therapy efficacy.
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