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Abstract
Inhibition of tumor angiogenesis is a promising approach in
cancer treatment. The purpose of this study was to
evaluate the vascular response of human lung tumor
xenografts in vivo to RO0281501, an inhibitor of tyrosine
kinase receptors, including vascular endothelial growth
factor receptor 2, fibroblast growth factor receptor, and
platelet-derived growth factor receptor, using dynamic
contrast-enhanced magnetic resonance imaging (DCE-
MRI). Human non–small cell lung carcinoma (H460a)
xenografts grown s.c. in athymic nu/nu mice were
treated p.o. with the antiangiogenic agent RO0281501.
Treatment-induced changes in tumor volume, epiphyseal
growth plate thickness, and microvessel density assessed
by CD31 immunohistochemistry were analyzed. Tumor
vascular permeability and perfusion were measured in
tumors using DCE-MRI with gadopentetate dimeglumine
on a 1.5 T clinical scanner to assess vascular function.
Treatment with RO0281501 resulted in significant growth
retardation of H460a tumors. RO0281501-treated tumors
showed histologic evidence of growth plate thickening
and relatively lower microvessel density compared with
the controls. Regarding DCE-MRI variables, the initial slope

of contrast uptake and Akep were significantly decreased
on day 7 of treatment. RO0281501 is a novel antiangio-
genic/antitumor agent, which is active in the H460a
xenograft model. Its effects on tumor vasculature can
be monitored and assessed by DCE-MRI on a 1.5 T
human MR scanner with clinically available gadopentetate
dimeglumine contrast, which will facilitate clinical trials
with this or similar agents. [Mol Cancer Ther 2006;5(8):
1950–7]

Introduction
Angiogenesis in solid tumors plays an important role in
tumor growth, invasion, and metastasis by supplying
nutrients and oxygen (1, 2). The concept of killing tumor
cells by destroying tumor vasculature is gaining impor-
tance in cancer therapy (3). A variety of receptor tyrosine
kinases, including vascular endothelial growth factor
(VEGF) receptor (VEGFR), platelet-derived growth factor
receptor, and fibroblast growth factor receptor, play
important roles in promoting angiogenesis through trans-
mission of proliferation and survival signals to endothelial
cells in solid tumors (4). Hypoxia, a key attribute of solid
tumors, leads to up-regulation of the most potent proan-
giogenic molecule VEGF (also known as vascular perme-
ability factor) that is known to induce intracellular
signaling in endothelial cells and act as a survival factor
for both normal and tumor endothelium (5). Up-regulation
of VEGF results in hyperpermeability of tumor vessels,
permitting large plasma proteins to leak into the extravas-
cular space. This in turn helps facilitate angiogenesis,
continued tumor growth, and metastases (6, 7). Over the
last several years, antiangiogenic therapy has moved from
a conceptual idea through preclinical and clinical studies
and is now found to be efficacious (8). Treatment with
bevacizumab, a monoclonal antibody against VEGFR2, is
effective as measured by different end points in the
treatment in gastrointestinal tumors (9, 10), renal cell
carcinomas (11), non–small cell lung cancer (12), and
breast cancer (13).

Assessment of tumor angiogenesis and the effects of
antiangiogenic treatments are most often carried out by
histologic measures of microvessel density (MVD) and the
soluble serum levels of angiogenesis factors (14). The
reliability of the latter measure is subject to considerable
dispute. Although measures of MVD provide a direct
method of assessment, it is invasive as it requires tumor
tissue specimens and provides only the morphologic
information and not the functional status of vascular
network. In addition, this approach does not allow
repeated measurements on the same tumor during the
course of treatment. Evaluation of treatment efficacy by
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conventional measure of tumor size reduction using
computed tomography or magnetic resonance imaging
(MRI) may not be adequate because pure antiangiogenic
treatments, which target host endothelial cells, are mainly
expected to exert cytostatic effects, slowing or stopping
tumor growth (15–17). Thus, information about functional
status of tumor vessels will be important as the treatment-
induced changes in tumor vascular physiology may occur
well ahead of any objective reduction in tumor size.
Dynamic contrast-enhanced MRI (DCE-MRI) is an imaging
modality that allows for the uptake and clearance of
contrast agents in tissues to be monitored over time. This
can provide surrogate measures of tumor vascular function
in response to antiangiogenic therapy (17–20) by permit-
ting repeated measurements with a given tumor during the
course of treatment. Although macromolecular contrast
agents have been suggested to be suitable for the effective
detection of antiangiogenic treatment-induced reduction in
tumor vessel permeability (21), they are not presently
available for clinical use. The clinically approved low
molecular weight contrast agent gadopentetate dimeglu-
mine (Gd-DTPA), however, has been used to investigate
tumor vessel permeability both in preclinical (22–25) and
clinical studies (26–29).

The primary goal of the present study was to evaluate the
vascular response of H460a (human non–small cell lung
carcinoma) xenografts in mouse to a novel antiangiogenic/
antitumor agent RO0281501 by DCE-MRI on a 1.5 T clinical
MRI scanner using Gd-DTPA contrast agent. RO0281501 is a
novel pyrrolobenzodiazepine multitargeted kinase inhibitor
(Fig. 1) that affects both proangiogenic tyrosine kinase
receptors (VEGFR2, fibroblast growth factor receptor, and
platelet-derived growth factor receptor) as well as tumor
cell–related kinases culminating in dual antiangiogenic/
cytotoxic mechanism of action (30, 31). Variables of contrast
enhancement kinetics, the initial slope reflecting the
perfusion status and a two-compartment model variable
Akep that relate to the vessel permeability, were derived to
assess tumor vascular function and compared with the
treatment-induced changes in tumor volume, epiphyseal
growth plate thickness, and CD31-stained MVD.

Materials andMethods
TumorModel and DrugTreatment
H460a cells (provided by Dr. Jack Roth, M. D. Anderson

Cancer Center, Houston, TX) were grown in RPMI 1640

supplemented with 10% FCS. The cell concentrations for
implant were 1 � 107 cells/0.2 mL suspended in HBSS with
20 mmol/L HEPES buffer and implanted s.c. in the right
flank of female athymic nu/nu mice (National Cancer
Institute-Frederick Cancer Research Center, Frederick,
MD). Tumor volumes were calculated from the measures
of three orthogonal diameters (d) as (d1 � d2 � d3) / 2. Mice
were randomized, and volume-matched tumors were
selected for treatment and MRI studies. Initially, a
spectrum of doses from 100 mg/kg b.i.d. down to 1.56
mg/kg b.i.d. (100, 50, 25, 12.5, 6.25, 3.125, and 1.56) was
tested in H460a xenograft model in nude mice to optimize
the dose and antitumor activity in vivo . Tumors with a
volume of f200 mm3 (10–12 days after inoculation) were
treated with antiangiogenic agent RO0281501 (6.25 mg/kg
b.i.d. p.o.; n = 14) and equal volume of vehicle for
RO0281501 (n = 10) daily for 14 days. The dose level of
6.25 mg/kg b.i.d. was selected as it was found to be optimal
from our dose-finding study. Tumor volumes of treated
groups were given as percentages of tumor volumes of the
control groups (%T/C) using the following formula: 100 �
[(T � T0) / (C � C0)], where T represents mean tumor
volume of a treated group on a specific day during the
experiment, T0 represents mean tumor volume of the same
group on the first day of treatment, C represents mean
tumor volume of a control group on a particular day of the
experiment, and C0 represents mean tumor volume of the
same group on the first day of treatment. Tumor growth
inhibition was calculated using the following formula:
100 � %T/C. The experimental procedures used for this
study were reviewed and approved by the Institutional
Animal Care and Use Committee.

Histology and Immunohistochemistry
Femurs from vehicle and RO0281501-treated mice were

harvested after 14 days of treatment and fixed in formalin
overnight. The specimens were then decalcified in formic
acid HCl decalcification agent for 6 to 8 hours before
processing them for paraffin embedding, sectioned,
mounted on glass microscope slides, and stained with
H&E for morphologic assessment of epiphyseal growth
plate thickness.

For CD31 immunohistochemistry, three tumor samples
each from vehicle and RO0281501-treated mice were
harvested after 7 days of treatment and fixed in formalin
overnight. Formalin-fixed tissues from the mice were
trimmed, processed, embedded in paraffin, sectioned, and
mounted on glass microscope slides. Immunohistochemical
staining was done using the avidin-biotin immunoperox-
idase technique. Unstained sections (5-Am thick) were
deparaffinized and subjected to 10 minutes of heat-
mediated epitope retrieval. Endogenous peroxidase was
blocked by incubation with 3% H2O2 in methanol for
10 minutes, and nonspecific immunoglobulin binding was
blocked by incubation with 10% rabbit serum in Ultra V
blocking solution (Lab Vision Corp., Fremont, CA). The
sections were incubated overnight at room temperature
with primary antibody (anti-CD31/PECAM-specific M20:
goat polyclonal antibody, Santa Cruz Biotechnology, Inc.,Figure 1. Structural formula of RO0281501.
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Santa Cruz, CA) diluted in PBS (1:800). After rinsing with
PBS, the sections were incubated in prediluted biotiny-
lated rabbit anti-goat antibody (Biogenex, San Ramon, CA)
for 1 hour at room temperature. After washes with PBS,
the sections were incubated for 30 minutes with horse-
radish peroxidase–conjugated streptavidin (Lab Vision).
Then, the sections were treated with Vector NovaRED
chromogen (Vector Laboratories, Burlingame, CA) for
5 minutes. The slides were counterstained with Meyer’s
hematoxylin. MVD assessment was carried out as in
Weidner et al. (2). Briefly, tumor sections were scanned
at low magnification (�40) to identify the region of
the section with the highest microvascular density (neo-
vascular ‘‘hotspot’’), and then this area was counted at
a magnification of �200 for the microvasculature high-
lighted by the CD31 immunostaining. Tumor tissue
sections from three vehicle and three RO0281501-treated
mice were counted, and the mean was calculated for each
treatment group. No statistical analysis was done due to
small sample size (n = 3 per group).

DCE-MRI
A home-built small transmit-receive surface coil (1 cm

diameter, single turn copper foil) covering only the tumor
was used for imaging on a 1.5 T MRI scanner (Signa LX,
General Electric, Milwaukee, WI). The mouse was
restrained in the animal holder (60-mL syringe barrel
with air holes), and a T2-weighted images in the
transverse sections acquired using a fast spin-echo
sequence with TR/TE of 4,000/85, echo train length of
12, field of view of 40 � 40 mm, matrix size of 256 � 128,
slice thickness of 2 mm, four slices, no slice gap, and two
excitations were used to select a single slice at the tumor
center for the dynamic series. Dynamic images were
acquired before and after injection of contrast agent using
a fast spoiled gradient-echo sequence with TR/TE/u of
9 ms/2 ms/30j, field of view of 40 � 40 mm, matrix size
of 256 � 128, and slice thickness of 2 mm (yielding in-
plane spatial resolution of 156 � 312 Am). A single slice at
tumor center was acquired with 12 seconds of temporal
resolution with two excitations and 64 time points in f13
minutes. Injection of the contrast agent Gd-DTPA
(0.2 mmol/kg; Magnevist, Berlex Laboratories, Wayne,
NJ) as a bolus through a tail vein catheter was started at
the onset of the fifth scan of the dynamic series. Imaging
studies were conducted before the start of the therapy
(baseline) and 24 hours and 7 days after the start of
therapy.

DCE-MRIData Analysis
Following on-line reconstruction, data were exported to a

Sun Ultra 20 workstation (Sun Microsystems Inc., Palo
Alto, CA) and analyzed using in-house software (32)
written in Interactive Data Language version 6.0 (Research
Systems, Inc., Boulder, CO.). Three different regions of
interest consisting of whole tumor, tumor rim (1–2 mm
band around tumor periphery), and tumor core were
selected manually to investigate whether there was a
difference in tumor response between the core and
peripheral regions of the tumor. Time intensity curves

were analyzed for each voxel in the image. The initial
uptake slope was used for characterization of the response
to the bolus. Calculation of the initial slope used a five-
point sliding linear regression applied to the first 2 minutes
of the time intensity curve. A baseline signal intensity
value, SIpre, was calculated as the mean intensity of three
points before injection. The percentage increase per minute
for each voxel was then calculated according to Eq. A.

%SI

min
¼ Slope

SIpre
� 100 ðAÞ

In addition, a two-compartment model proposed by
Hoffman et al. (33) based on that of Brix et al. (34), which
incorporates rate constants of Gd-DTPA between the lesion
to plasma compartments (kep) and elimination by the
plasma (kel), was used for the analysis. The plasma
concentration was not directly measured because the
clearance rate (kel) can be estimated from the measured
tissue curve. After a bolus injection (s = bolus duration), if
one assumes keps V 1 and kels V 1, Hoffman’s initial
equation (33) reduces to Eq. B, which has three fitted
variables: A (normalized amplitude), kep (min�1), and kel

(min�1).

SðtÞ
S0

� 1 þ A
kepðe�kept � e�keltÞ

kel � kep
ðBÞ

The variables A and kep, which describe the contrast
transfer between the lesion and plasma compartments, are
fit independently. At short times after injection (small
values of t), the right side of Eq. B reduces to 1 + Akept ;
thus, the initial slope is proportional to Akep.

Statistical Analysis
The changes in contrast kinetic variables and tumor

volumes were analyzed using paired t test analysis.
Statistical significance was assigned if P < 0.05.

Results
AntitumorActivity of RO0281501
RO0281501 treatment with doses <6.25 mg/kg b.i.d. was

well tolerated with no noticeable body weight loss or overt
toxicity compared with the vehicle group (data not shown).
The mice treated with doses >6.25 mg/kg, unfortunately,
exhibited higher mortality rate and gastrointestinal toxicity.
Treatment with 6.25 mg/kg b.i.d. RO0281501 inhibited
tumor growth by f83% (P < 0.001) and 81% (P < 0.0001)
compared with the vehicle-treated controls on 7 and
14 days after treatment, respectively (Fig. 2).

Immunohistochemical Evidence of Antiangiogenic
Activity

The immunohistochemical staining for CD31 revealed
f43% reduction in mean MVD within tumors treated with
RO0281501 compared with vehicle-treated controls
(RO0281501 = 23 versus vehicle = 40.3; n = 3) after 7 days
(Fig. 3A and B). Although statistical significance could not
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be established due to small sample size, the trend is
suggestive of RO0281501 targeting tumor vasculature.
Agents targeting angiogenesis are known to cause retention
of hypertrophic chondrocytes, resulting in epiphyseal
growth plate thickening (35). When femurs from mice
treated with RO0281501 were examined, histologic evi-
dence of growth plate thickening was evident (Fig. 3D)
compared with vehicle-treated mice (Fig. 3C) and suggests
that RO0281501 indeed has antiangiogenic activity.

Pattern and Variables of DCE Kinetics in Tumors
Treated with RO0281501

Contrast-enhanced images from the vehicle and
RO0281501 group obtained before treatment, 24 hours,
and 7 days after treatment are shown in Fig. 4. The tumor
periphery exhibits a clear and strong signal enhancement,
which was typical of almost all the tumors studied. Post-

treatment changes in enhancement were different in
control and RO0281501-treated tumors. The images
obtained on day 7 after treatment depict visually
appreciable reduction in the enhancement from the tumor
rim region of RO0281501-treated tumor. The differences in
tumor response between tumor periphery and core were
investigated in the following section by selecting region of
interests (ROI) from the respective regions for the
analyses of contrast kinetic variables. Figure 5 shows
contrast enhancement patterns observed in the periphery
of a representative tumor (from both control and
RO0281501 groups) before treatment and 24 hours and
7 days after treatment. A significantly different uptake
and washout of contrast was observed in RO0281501-
treated tumor (Fig. 5B) compared with the control
(Fig. 5A) on day 7 after treatment. RO0281501-treated
tumors showed a decrease in magnitude and rate of initial
enhancement and a gradual increase in late phase of the
contrast kinetics compared with the rapid washout
observed in the control, reflecting the continuous trapping
of contrast agent in tumors.

The effects of RO0281501 on H460a tumor vasculature as
reflected by the contrast kinetic variables, slope of the
initial enhancement and the model variable Akep of tumors,
are presented in Fig. 6. The pretreatment (baseline) slope
and Akep values of vehicle and RO0281501-treated animals
showed no significant difference. On day 7, the tumor rim
region of RO0281501-treated group showed a decrease of
55.4% (P < 0.00007) in the initial slope of contrast uptake
(Fig. 6A) compared with the baseline. Similarly, 7 days after
treatment, the reductions in Akep (Fig. 6B) were most

Figure 2. Mean tumor volume for tumors treated with vehicle and
6.25 mg/kg b.i.d. p.o. RO0281501. Columns, mean; bars, SE. Note the
significant growth inhibition in the RO0281501-treated group.

Figure 3. Top, representative
CD31-stained H460a tumor sections
from mice treated with vehicle (A) or
6.25 mg/kg b.i.d. RO0281501 (B) for
7 d. Formalin-fixed, paraffin-embedded
tissue sections were stained with
an anti-CD31 antibody to localize
newly formed blood vessels (arrows).
Bottom, representative H&E-stained
femur sections from mice treated with
vehicle (C) or 6.25 mg/kg b.i.d.
RO0281501 (D) for 2 wks. Formalin-
fixed, paraffin-embedded tissue sec-
tions were stained with H&E to exam-
ine epiphyseal growth plate thickness.
Thickening of growth plate was clearly
evident in mice treated with
RO0281501 (D, brackets) compared
with vehicle-treated mice (C).
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significant in the rim of the tumor (50%; P < 0.003). The
tumor core showed no significant change in slope (Fig. 6C)
and Akep (Fig. 6D) 7 days after treatment. The whole tumor
analysis showed a 50.7% (P < 0.005) decrease in slope and
44.8% (P < 0.04) reduction in Akep (Fig. 6E and F) 7 days
after treatment. The magnitude of mean slope and Akep

values in the rim of tumors were almost twice that
calculated for tumor core. This indicates that the periphery
of the H460a tumors was highly vascularized/perfused as
these portions of tumors are, in general, expected to have
prominent angiogenic activity. The clear separations of the
slope and Akep values between baseline and day 7 after
treatment observed from the tumor rim region well
delineate the effects of treatment. At 24 hours after
treatment, the slope and Akep distributions are more
scattered with all three ROIs (tumor rim, core, and the
whole tumor). No significant differences were observed
either in slope or Akep values from all three ROIs with the
controls.

Discussion
The results of this study show that a novel antiangiogenic
compound, RO0281501, has both antitumor and vascular
effects as shown in a human lung cancer model. The
antiangiogenic effects can be monitored in early clinical
trials by DCE-MRI using a 1.5 T human MR scanner with a
clinically available contrast agent, Gd-DTPA. This may
facilitate early response information for this agent. Preclin-
ical studies, such as this one, may help select the optimal
time for clinical studies to evaluate drug activity in patients
being treated with these agents.

In addition to MVD measurements, we also used DCE-
MRI to evaluate response. Assessment of the therapeutic
efficacy of novel kinase inhibitors in individual patients
during drug development can be challenging because
response is often manifested by disease stabilization and

not tumor shrinkage (16, 17). Thus, our results do not show
tumor shrinkage but decreases in tumor growth rate.
Although this effect is readily discernible in preclinical
trials, in the clinic, slowing of disease growth is hard to
evaluate during the study and only can be seen at the end
of the trial based on comparison with control cohorts. Thus,
DCE-MRI may be a valuable adjunct in the evaluation of
antiangiogenic drugs. Using DCE-MRI, it has been reported
that different antiangiogenic agents may result in different
tumor vascular responses. In xenografts of glioblastoma
multiforme, anti-VEGF antibodies were reported to affect
both vessel permeability and fractional plasma volume (36).
In contrast, an inhibitor of VEGFR2 kinase activity,
PTK787/ZK222584, has been shown to alter only the tumor
vessel permeability without significant changes in fraction-
al plasma volume in experimental breast tumors (37).
Although choice of contrast agent, small or macromolecu-
lar, has also been suggested to influence the reliability of
response assessment in antiangiogenic treatments (21), a
recent study at 1.5 T using the small molecular agent
Gd-DTPA has clearly shown reliable measures of tumor
microvascular permeability and a correlation with MVD
measurements in a human colon carcinoma model (25). In
addition, recent investigations have shown reproducible
DCE-MRI measurements of vascular permeability using
Gd-DTPA in patients with solid tumors (38).

Figure 5. Patterns of contrast enhancement kinetics in the tumor rim
region of a representative tumor treated with vehicle for RO0281501 (A)
and RO0281501 (B). Note the differences in uptake and washout of the
contrast on day 7 between the RO0281501-treated and control group.

Figure 4. T1-weighted MR images from the DCE-MRI data set of a
representative tumor corresponding to 5 min after contrast time point.
A, control treated with vehicle for RO0281501 for 7 d. B, RO0281501-
treated group (6.25 mg/kg b.i.d. p.o.) obtained before treatment (baseline)
and 24 h and 7 d after treatment. DCE-MRI was done before treatment
(baseline) and 24 h and 7 d after RO0281501 treatment. Only the tumor is
seen in the image. Contrast enhancement kinetics were analyzed from the
ROI consisting of the whole tumor, tumor rim, and tumor core.
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In the present study, tumor vascular function was
assessed using an estimate of initial slope of the contrast
agent uptake and the compartment model variable Akep. In
theory, the constant A should depend only on the
precontrast T1 of the tissues and be proportional to
extravascular extracellular space; however, in practice it
may depend on perfusion. Similarly, the variable kep is
assumed to be more sensitive to vessel leakiness than A,

although again in practice its dependence of vascular
volume and extracellular volume may limit its sensitivity.
Thus, both permeability and perfusion, the variables of
microcirculation suitable for characterizing the status of
tumor vascularization that contribute to Akep and thus are
expected to decrease during process of vascular normali-
zation or pruning hypothesized from antiangiogenic
treatments (39), have been measured and shown to change

Figure 6. Effects of RO0281501 on tumor vasculature. Contrast kinetic variables, the initial slope of contrast uptake and the two-compartment model
variable Akep, among individual tumors in both control (n = 10) and RO0281501-treated group (n = 14). Points, mean; bars, SE. A and B, tumor rim ROI
slope and Akep. C and D, tumor core ROI slope and Akep. E and F, whole tumor ROI slope and Akep. Note that the slope and Akep values from the regions
of both tumor rim (A and B) and whole tumor (E and F) were significantly reduced on 7 d after treatment with RO0281501 compared with the baseline.
The tumor core showed no significant change in slope (C) and Akep (D) 7 d after RO0281501 treatment.
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post-RO0281501 as expected. Reduction in tumor perfu-
sion, vessel permeability, or combination of both after
7 days of RO0281501 treatment likely induced the observed
decrease in slope and Akep in both tumor rim and whole
tumor ROIs (Fig. 6A, B, E, and F). However, the measure-
ments at 24 hours showed no significant change in these
vascular variables and exhibit more scattered distribution.
These findings agree with the significant inhibition of
tumor growth observed after 7 days of treatment. Absence
of any reduction in tumor size coupled with very slow
tumor progression observed during the entire course of
treatment clearly reveals that RO0281501 induces growth-
inhibitory effects. The reduced MVD in the RO0281501-
treated tumors compared with vehicle-treated controls
confirms the inhibition of angiogenesis.

DCE-MRI analysis of the mean of all voxels from the
whole tumor often may not be optimal for the evaluation of
antiangiogenic efficacy because highly enhancing well-
vascularized regions of tumor could respond differently
than regions of necrosis. Comparison of results in the
present study from three different ROIs reveals the
minimal effects in the core region of the H460a tumors.
Significant antivascular effects were observed both in the
whole tumor region (50.7% and 44.8% reduction in slope
and Akep, respectively) and in the tumor periphery (55.4%
and 50% decrease in slope and Akep, respectively).
Although we expected large differences in magnitude of
the effects between the whole tumor and tumor rim
regions, the observed differences were only modest in the
present study. This could be due to the criteria we set for
selection of tumor rim ROI [i.e., f2-mm band around the
periphery instead of selecting only the highly enhancing
regions (so-called ‘‘hotspots’’) from the tumor periphery].
We plan to investigate these aspects in detail in future
studies. The differences in the degree of responses
observed between different tumor regions will be impor-
tant for the dose-finding studies as the magnitude of
expected vascular effects may be dose dependent. They
also have significant implications for therapy trials because
it might be therapeutically beneficial to combine this drug
with radiation, which would be more effective on the more
vascular rim region of the tumor.

Previous DCE-MRI studies assessing the efficacy of
antiangiogenic agents in preclinical tumor models mainly
used macromolecular contrast agents (40). Only a few
recent studies have used low molecular contrast agents.
Gossmann et al. (36) measured a very significant reduction
in vascular permeability of intracranial tumors in rats as a
result of an anti-VEGF antibody treatment. Another study
on testing the efficacy of chronic treatment of KDR/Flt-1
inhibitor, PTK787/ZK222584, in murine renal tumor model
reported f50% decrease in vascular permeability (41).
More recently, Checkley et al. (24) investigated the acute
effects of a VEGFR2 tyrosine kinase inhibitor, ZD6474, for a
range of doses using Gd-DTPA contrast agent and reported
dose-related reductions in vascular permeability. In addi-
tion to finding the optimum effective dose of these agents,
the selection of the time of DCE-MRI assessment is also

important. In the present study, the protracted (14 days)
treatment of RO0281501 resulted in a significant reduction
in slope of the initial contrast uptake and Akep by day 7.
DCE-MRI measurements at 24 hours after treatment did
not show any significant change. In addition, our pilot
experiments involving DCE-MRI measurements on day 3
of RO0281501 treatment (data not shown) failed to show
any modifications in vascular status. These results confirm
the observations made by others that time course studies
are crucial in evaluating the efficacy of antiangiogenic
agents (42) as different agents may have different time-
dependent effects. Incorporation of time course measure-
ments in preclinical testing could help to carefully plan
patient treatment and examination schedules in early-stage
clinical trials. RO0281501 is a novel agent that inhibits
tyrosine kinase receptors (VEGFR2, fibroblast growth factor
receptor, and platelet-derived growth factor receptor)
involved in angiogenesis. Our present results will be useful
in planning and evaluation of early-stage clinical testing of
this compound in tumor types amenable to this imaging
modality.
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