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Abstract
Purpose Inhibition of neovessel development can stabilize
tumor growth. A rapid in vitro method that can evaluate the
effectiveness of anti-angiogenic drugs would aid in drug
development. We tested a series of investigational agents to
determine their ability to inhibit angiogenesis in our in vitro
human angiogenesis model.
Methods A total of 74 neuroendocrine tumors were tested
with five therapeutic agents for anti-angiogenic activity.
Angiogenic responses were assessed visually and the
percent of tumor explants that developed an angiogenic
response was determined. The extent of neovessel growth
was rated using a validated semi-quantitative visual scale.
Analysis of variance was used to compare treatment
outcome results to control values for these angiogenic
parameters.
Results Vatalanib (2×10−5 M) and patupilone (1×10−8 M)
were highly effective inhibitors of human tumor angiogen-
esis (mean overall angiogenic response for drug versus

control 1.3 vs. 5.9 and 0.2 vs. 5.2, respectively) and were
statistically significant at p <0.0001. Imatinib (2.5×10−6 M)
and everolimus (1×10−8 M) were also effective (mean
overall angiogenic response for drug versus control 2.2 vs.
5.9 and 4.5 vs. 5.9, respectively), and these were also
statistically significant at p <0.0001. Pasireotide (1×10−8 M)
had no effect on angiogenesis (mean overall angiogenic
response for drug vs. control 5.5 vs. 5.2).
Conclusions Significant differences in angiogenic response
to test drugs were noted in this neuroendocrine patient
population. In vitro screening of a large series of fresh
human tumors may be a cost-effective way to select drugs
for continued clinical development.
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Introduction

Neovessel growth is required for some normal physiologic
events such as embryonic development and menses.
Pathologic angiogenesis is seen in diseases such as
psoriasis, diabetic retinopathy, and rheumatoid arthritis.
Angiogenesis is also critical for tumor growth and the
subsequent development of metastasis [1–3]. Inhibition of
neovessel growth is now considered a valuable adjunct in
cancer therapy [4–7].

Angiogenesis is a multistage process that involves
endothelial cell sprouting, subsequent endothelial cell
migration into capillary loops, and cell–cell interactions
[8, 9]. Solid tumors cannot grow more than 2 mm in
diameter (the limit of simple diffusion) without an
angiogenic response [1, 2]. Thus, tumor growth requires
the coordination of two processes: angiogenesis and tumor
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cell proliferation. In addition to tumor growth, the develop-
ment of new vasculature also allows a pathway for the egress
of metastatic tumor cells, enabling departure from the primary
site to previously unaffected organs (metastasis). Angiogen-
esis appears to be regulated by changes in the balance of
stimulatory and inhibitory growth factor levels that regulate
tumor progression or regression [5–7, 10–14].

Neuroendocrine tumors (NETs) are rare, slow-growing
neoplasms that often have a relatively indolent course.
Current treatment modalities for these tumors include
surgery, somatostatin analog therapy, chemotherapy, and
targeted radiotherapy. Other therapies, which are currently
under investigation, include anti-angiogenic agents, which
can be used alone or in combination with other treatment
modalities [15, 16]. Drug development is costly and
developing new therapies for rare tumor types may be
difficult to justify economically. Until recently, there were
no human tissue-based models of angiogenesis that could
assess the effectiveness of pipeline compounds. We have
previously demonstrated that human tumor angiogenesis
model (HTAM) can be used to aid in drug selection in
individuals or across classes of tumors [17, 18]. In the
current study, we investigated the angiogenic response of
NET fragments to a group of pharmaceutical pipeline drugs
that regulate several different intracellular activities: imati-
nib (Gleevec®), a tyrosine kinase inhibitor; pasireotide
(SOM230), a somatostatin analog that binds to somatostatin
receptor subtypes 1, 2, 3, and 5; vatalanib (PTK787), an
inhibitor of the vascular endothelial growth factor (VEGF),
platelet-derived growth factor (PDGF), and c-kit receptors;
everolimus (RAD001), an inhibitor of mammalian target of
rapamycin (mTOR); and patupilone (EPO 906), a microtu-
bule stabilizing agent.

We hypothesized that evaluation of the anti-angiogenic
activity of pipeline drugs in individual neuroendocrine
tumors using the human tumor angiogenesis model might
provide a data set that could identify promising agents for
clinical development.

Materials and Methods

Tissue and Drug Information

This study was performed with the approval of the
Louisiana State University Health Sciences Center Institu-
tional Review Board. Seventy-four NETs specimens were
obtained anonymously. All drugs, gifts of Novartis, Basel
Switzerland, were prepared according to the manufacturer’s
directions. As this study was designed to screen multiple
drugs, we limited the dose to one concentration for each
agent. The drug concentrations selected for these experi-
ments are clinically achievable and are similar to cited peak

plasma levels [19–23]. For imatinib, pasireotide, vatalanib,
everolimus, and patupilone, large numbers of fresh human
tumors (n=41, 31, 41, 41, and 57 specimens, respectively)
were evaluated in our in vitro assay.

Preparation of the Tumor Fragments and Assay Plates

Tissue embedded fibrin clots were prepared as previously
outlined [17, 24–28]. Briefly, tumor specimens were fully
minced to generate fragments (≤1 mm) representative of
the entire surgical specimen. Fragments were randomly
allocated to multiwell plates preloaded with thrombin
(0.05 IU/ml; Sigma Chemical Company, St Louis, MO,
USA) and covered with a solution of fibrin (0.3% Sigma),
ε-aminocaproic acid (0.5%; Sigma) in medium 199
(Mediatech, Herndon, VA, USA) supplemented with an
antimicrobial solution (100 U/ml sodium penicillin G,
100 μg/ml streptomycin sulfate, 25 μg amphotericin B;
Gibco/Invitrogen, Grand Island, NY, USA). The tumor-
containing clot was then supplemented with growth medium
[medium 199, antimicrobial solution, and 20% fetal bovine
serum (FBS) (Gibco/Invitrogen); control medium] or growth
medium containing one of the drugs. Since the entire tumor
specimen is minced prior to distribution, and since the
distribution into the assay plates was random, preferential
allocation of fragments to one treatment was minimized.
Fragments from each treatment group should be representa-
tive of the entire surgical specimen. The drugs were
present at the following concentrations: imatinib (2.5×
10−6 M), pasireotide (1×10−8 M), vatalanib (2×10−5 M),
everolimus (1×10−8 M), and patupilone (1×10−8 M). Total
well volume was 200 μl. Nutrient or drug treatments were
added on day 0 and replenished on day 7. The cultures
were maintained for 14 days at 37°C 6% CO2.

Evaluation of the Angiogenic Response

Angiogenic evaluation was performed using an inverted
phase-contrast microscope. Tumor fragments were graded
using two criteria: initiation of angiogenic response and the
degree of subsequent neovessel development. Initiation of
an angiogenic response was defined as the development of
three or more sprouts around the periphery of the fragment,
visible at ×10 magnification. Percent initiation (%I) is a
ratio calculated from the number of fragments (wells) that
developed an angiogenic response divided by the total
number of fragments prepared (×100). For the angiogenic
index (AI), each tumor fragment was visually divided into
four quadrants and each quadrant was rated on a 0 to 4
scale for the amount (length, density, and fragment surface)
of angiogenic growth. A total score (sum of the four
quadrants) of 0 to 16 was created for each fragment. The
angiogenic index for each treatment group was then
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averaged in one of two manners: (1) average of fragments
that had an AI of 1 or greater (AI growth) and (2) average
of all fragments prepared (AI overall angiogenic response).
The first calculation is considered a measure of neovessel
growth. The second calculation, because it averages all
fragments regardless of whether or not an angiogenic
response was observed, is considered an overall angiogenic
response.

Neovessel morphology ranges from solid endothelial
cords in the newest area of vessel growth while more
mature neovessels develop a lumen [25]. Three-dimensional
neovessel growth is observed with primary, secondary, and
tertiary branching. These vessels stain positive for Factor
VIII and exhibit other characteristics such as the presence of
Weibel Palade bodies and tight junctions consistent with
their endothelial origin [25, 29]. Previous experience using
this scoring system (AI score 0–16) showed an excellent
correlation among multiple trained observers and also
between unbiased observer scores and more objective
ratings, such as vessel length (mm) or a total vessel surface
area (mm2) as determined by digital image analysis [25]. A
photomicrograph of representative angiogenesis in tumor
tissue is presented (Fig. 1).

Statistics

Two-way analysis of variance (ANOVA)was used to compare
mean treatment outcome results for the three measures of
angiogenesis: the percent initiation, AI growth, and AI overall
angiogenic response. The five drugs—imatinib, pasireotide,
vatalanib, everolimus, and patupilone—were separately com-
pared to controls. For the analyses, the two factors were
treatment (control and drug) and interval in which the tumors
were categorized based upon the angiogenic measure.
Intervals were generated because the range of angiogenic
response in untreated samples was wide; some untreated
samples were highly angiogenic while other samples
exhibited a low angiogenic potential. The interval analysis

was designed to determine whether or not significant drug
responses were limited by the intrinsic angiogenic potential
(high, mid, or low) of tissues. For the overall angiogenic
response, the four AI intervals were 0.00 to 4.49 (low), 4.50 to
8.49 (mid-low), 8.50 to 12.49 (mid-high), and 12.50 to 16.00
(high). For growth, the four AI intervals were the same as for
overall angiogenic response except the first interval which
used the range 1.00 to 4.49 (low). For percent initiation, the
four intervals were 0.0% to 24.9% (low), 25.0% to 49.9%
(mid-low), 50.0% to 74.9% (mid-high), and 75.0% to 100.0%
(high). When there were few specimens with AI in the high
range (12.5 to 16.0 interval), the third and fourth intervals
were combined (AI overall angiogenic response for all five
drugs and AI growth for imatinib, vatalanib, and everolimus).
This combination resulted in the following three intervals—
0.00 to 4.49 (low), 4.50 to 8.49 (mid), and 8.50 to 16.00
(high). For all three measures, significant differences
between control and drug were tested overall (treatment
effect) and within each of the intervals only if the
interaction effect (treatment×interval) was significant. A
Bonferroni correction factor was used for the interval
comparisons to control the type I error rate level at 0.05.
Since the models used the mean response for each tumor,
weights were assigned to the mean outcome values.
Weights were computed as the inverse of the variance.
Statistical analyses were performed using SAS® software
version 9.1 (SAS Institute, Inc., Cary, NC, USA).

Results

Figure 1 illustrates robust angiogenesis in a tumor
fragment. Neovessel branching is clearly visible in this
field. However, since the neovessels exist in a three-
dimensional matrix, accurate angiogenic indices require
continual re-focusing for each specimen observed.

Percent Initiation

Treatment with imatinib resulted in a mean percent
initiation value that was significantly less than control in
the mid-high interval and overall (p=0.0019 and <0.0001,
respectively). However, the drug did not produce a mean
percent initiation value that was significantly different from
the control value in any of the other response intervals
(Table 1). Treatment with pasireotide and everolimus did
not significantly affect the mean percent initiation response
when compared to control levels in any of the four response
intervals or in the overall category (Table 1). Treatment of
tumor fragments with both vatalanib and patupilone resulted
in mean percent initiation values that were significantly less
than control in the mid-low (p=0.001 and <0.0001, respec-
tively), mid-high (p<0.0001 and <0.0001, respectively), high

Fig. 1 HTAM Angiogenesis. A phase-contrast photomicrograph of
neuroendocrine tumor fragment in the fibrin–thrombin exhibiting
robust angiogenesis (×20)
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intervals (p=0.0001 and <0.0001), and overall (p=0.0007
and <0.0001, respectively). However, neither treatment
resulted in a mean percent initiation value that was
significantly different from control values in the low
response interval (Table 1).

AI Growth

For the imatinib, vatalanib, and everolimus treatments,
the mean AI growth values were significantly less than
control in the mid response interval (p <0.0001, <0.0001,
and <0.0005, respectively), the high response interval
(p <0.0001, <0.0001, and 0.0001, respectively), and in the
overall category (p <0.0001, <0.0001, and <0.0001,
respectively). However, mean AI growth was not signif-
icantly different from control in the low response interval
when tumor fragments were treated with imatinib, vatala-
nib, or everolimus (Table 2). Treatment with pasireotide

resulted in a significantly greater mean AI growth
compared with control values for the low response interval
(p=0.0021; Table 2) and no significant differences from
control values for any of the other response intervals.
Treatment with the drug patupilone resulted in a mean AI
growth value that was significantly less than control in the
mid-low, mid-high, and high intervals (p <0.0001, <0.0001,
and <0.0001, respectively; Table 2). No comparison could be
made in the low interval since none of the patupilone tumor
responses were above zero.

AI Overall Angiogenic Response

Treatment with imatinib, vatalanib, and everolimus
resulted in mean AI overall angiogenic response values
that were significantly less than control in the mid
interval (p <0.0001, <0.0001, and 0.049, respectively),
the high interval (p <0.0001, <0.0001, and <0.0001,

Response intervalb nc Meana SD nc Meana SD p valued

Imatinib Control

Low (<25.0) 6 2% 0.022 6 9% 0.066 NS

Mid-low (25.0–49.9) 5 39% 0.041 5 38% 0.213 NS

Mid-high (50.0–74.9) 8 37% 0.262 8 64% 0.067 0.0019

High (≥75.0) 22 76% 0.162 22 95% 0.079 NS

Overall 41 0.53 0.326 41 0.69 0.327 <0.0001

Pasireotide Control

Low (<25.0) 6 22% 0.112 6 17% 0.080 NS

Mid-low (25.0–49.9) 5 39% 0.153 5 39% 0.065 NS

Mid-high (50.0–74.9) 8 65% 0.304 8 62% 0.080 NS

High (≥75.0) 12 90% 0.160 12 92% 0.111 NS

Overall 31 0.62 0.329 31 0.61 0.304 NS

Vatalanib Control

Low (<25.0) 6 2% 0.034 6 9% 0.066 NS

Mid-low (25.0–49.9) 5 13% 0.143 5 39% 0.041 0.0010

Mid-high (50.0–74.9) 8 23% 0.195 8 64% 0.067 <0.0001

High (≥75.0) 22 63% 0.241 22 95% 0.079 <0.0001

Overall 41 0.40 0.324 41 0.69 0.327 0.0007

Everolimus Control

Low (<25.0) 6 9% 0.092 6 9% 0.066 NS

Mid-low (25.0–49.9) 5 49% 0.168 5 39% 0.041 NS

Mid-high (50.0–74.9) 8 59% 0.195 8 64% 0.067 NS

High (≥75.0) 22 92% 0.090 22 95% 0.079 NS

Overall 41 0.68 0.325 41 0.69 0.327 NS

Patupilone Control

Low (<25.0) 8 0.00 0.000 8 0.14 0.076 NS

Mid-low (25.0–49.9) 13 2% 0.060 13 38% 0.082 <0.0001

Mid-high (50.0–74.9) 12 11% 0.158 12 64% 0.064 <0.0001

High (≥75.0) 24 10% 0.160 24 92% 0.095 <0.0001

Overall 57 0.07 0.134 57 0.63 0.302 <0.0001

Table 1 Effect of drug treat-
ment on angiogenic initiation in
carcinoid tumors

NS not significant
a Angiogenic initiation (%I) is the
ratio of fragments exhibiting
an angiogenic response
compared to the total number
of fragments prepared. The
values presented are averages
of %I obtained for control
and drug-treated specimens
b Responses can range from 0 to
100%; the response interval
is based on the angiogenic
response of control (untreated)
specimens
c The number of specimens
examined
d Significant differences between
control and drug treatment
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respectively) and overall (p<0.0001, 0.0001, and <0.0002,
respectively). However, the mean AI overall angiogenic
response values were not significantly different from
control values in the low interval for these drugs (Table 3).
Treatment with pasireotide resulted in mean AI overall
angiogenic response values that were not significantly
different from control values (Table 3). Treatment with
patupilone resulted in a mean AI overall angiogenic
response values that were significantly less than control
in all intervals (p <0.0001, <0.0001, <0.000) as well as
overall (p<0.0001; Table 3).

Discussion

Anti-angiogenic responses are not necessarily equivalent to
anti-tumor responses. However, since angiogenesis is
required for tumor preservation and growth, compounds
with anti-angiogenic activity should result in disease
stabilization or even tumor regression over the long term.
The HTAM permits the rapid screening of multiple
compounds in a large sample population. The results of

these analyses are not only valuable to those groups
interested in developing anti-angiogenics as a pure thera-
peutic but also to those wishing to incorporate multiple
therapeutic strategies to target tumor growth. In the current
study, we evaluated tumor specimens from a large cohort of
patients with neuroendocrine disease. The site of the
surgical specimens (primary, liver, lymph node, etc.) and
even the NET classification (mid-gut, pancreatic) was
generally unknown. It is possible that subdivision of our
cohort using these or similar variables would impact data
interpretation. On the other hand, the study presented here
was designed to evaluate neuroendocrine disease in general.

The NETs are highly vascular in nature and thus an optimal
source material for an angiogenic study. While preclinical
trials of anti-angiogenic drugs have yielded promising results,
clinical trials have had limited success [30–35]. To date, there
have been no human tissue-based models of angiogenesis
that can assess the relative effectiveness of pipeline
compounds for pharmaceutical development. In contrast,
the pharmaceutical industry has relied on the mouse xeno-
graph model and biochemical or morphologic changes in
cultured cells for estimates of pre-clinical treatment efficacy.

Response intervalb nc Meana SD nc Meana SD p valued

Imatinib Control

Low (<4.5) 4 3.4 1.58 5 2.7 1.09 NS

Mid (4.5–8.49) 15 3.0 1.25 15 6.4 1.03 <0.0001

High (≥8.5) 19 4.4 1.41 20 10.2 1.22 <0.0001

Overall 38 3.8 1.48 40 7.9 2.89 <0.0001

Pasireotide Control

Low (<4.5) 4 4.4 0.72 5 3.4 0.76 0.0021

Mid-low (4.5–8.49) 12 6.6 1.94 12 6.5 0.99 NS

Mid-high (8.5–12.49) 10 9.9 1.72 10 10.2 1.25 NS

High (≥12.5) 4 12.5 3.15 4 13.7 1.35 NS

Overall 30 8.2 3.15 31 8.1 3.38 NS

Vatalanib Control

Low (<4.5) 2 1.8 0.28 5 2.7 1.09 NS

Mid (4.5–8.49) 13 2.2 1.05 15 6.4 1.03 <0.0001

High (≥8.5) 19 3.9 1.79 20 10.2 1.22 <0.0001

Overall 34 3.1 1.70 40 7.9 2.89 <0.0001

Everolimus Control

Low (<4.5) 4 2.6 0.40 5 2.7 1.09 NS

Mid (4.5–8.49) 15 4.5 1.70 15 6.4 1.03 0.0005

High (≥8.5) 20 7.7 1.66 20 10.2 1.22 <0.0001

Overall 39 5.9 2.48 40 7.9 2.89 <0.0001

Patupilone Control

Low (<4.5) 0 7 3.5 0.68 NA

Mid-low (4.5–8.49) 9 1.6 0.76 26 6.6 1.01 <0.0001

Mid-high (8.5–12.49) 12 1.6 0.66 19 9.8 1.05 <0.0001

High (≥12.5) 3 3.2 1.75 4 13.7 1.35 <0.0001

Overall 24 1.8 0.98 56 7.8 2.82 <0.0001

Table 2 Effect of drug treat-
ment on angiogenic growth in
carcinoid tumors

NA not applicable, NS not
significant
a Angiogenic growth is an esti-
mate of neovessel growth
based on a subjective 1–16
scale. This parameter requires
an angiogenic response to
be included in the sample
group. The values presented
are averages of the growth AI
for control and drug
treated specimens
b Responses can range from 1
to 16; based on the
angiogenic response of
control (untreated) specimens
c The number of specimens
utilized
d Significant differences between
control and drug treatment
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For the evaluation of anti-angiogenic activity, the HTAM
presented here has clear advantages. First and foremost, the
model utilizes only human tissue. In contrast to the mouse
xenograph model, there is no question about the source
angiogenic vessels and target of the observed response.
Second, the assay is rapid and economical. Standard assay
conditions require 10–14 days, and this assay eliminates
animal treatment issues and rising animal housing costs.
Finally, the assay permits statistically significant differences
to be identified. For every patient specimen, 30 replicates
(fragments) of each drug are evaluated. In contrast, xeno-
graph models do not usually approximate this level of
statistical power for economic reasons. When a large sample
of the population is evaluated, as in our current study,
differences in anti-angiogenic efficacy for that disease may
be apparent.

Imatinib mesylate (Gleevec®) is the salt of an anti-
neoplastic agent that inhibits the Bcr-Abl fusion protein
tyrosine kinase. Imatinib also inhibits receptor tyrosine
kinases for PDGF and stem cell factor (SCF)/c-kit [36]. As
PDGF receptors were expressed in 70% of the carcinoid of
tissues examined, it is reasonable to consider imatinib as a
therapeutic agent for carcinoid tumors [37]. In our in vitro
assay, imatinib was more effective in inhibiting angiogenic

growth than in blocking initiation of an angiogenic
response A recent phase II clinical trial with imatinib
showed clinical activity and was consistent with an agent
that is more angiostatic (blocks angiogenic growth) rather
than angiocidal (causes angiogenic regression) [38].

Somatostatin is a naturally occurring peptide hormone
expressed in many tissues throughout the body and
somatostatin analogs exhibit strong anti-angiogenic effects
in vitro [24]. This peptide hormone suppresses the release
of many hormones including those which may be elevated
in NETs patients. Symptom relief associated with sup-
pressed peptide hormone levels [39–41] as well as
enhanced survival [42] are rationales for the use of
somatostatin analogs in NETs. Most therapeutic somato-
statin drugs target one receptor, the sst-2. Pasireotide is a
cyclic hexapeptide somatostatin analog that binds with
nanomolar affinity to four of the five known somatostatin
receptors: sst-1, sst-2, sst-3, and sst-5 [43]. In the current
study, no significant decrease in angiogenesis was noted
with pasireotide. However, the only statistically significant
drug-related increase in angiogenesis occurred with pasir-
eotide. In specimens that exhibited a low angiogenic
potential, pasireotide significantly increased angiogenic
growth. Although these results may appear to contradict

Response intervalb nc Meana SD nc Meana SD p valued

Imatinib Control

Low (<4.5) 18 0.8 0.87 18 2.2 1.50 NS

Mid (4.5–8.49) 10 2.6 0.96 10 6.6 1.03 <0.0001

High (≥8.5) 13 3.9 1.31 13 10.5 1.08 <0.0001

Overall 41 2.2 1.72 41 5.9 3.82 <0.0001

Pasireotide Control

Low (<4.5) 16 2.8 2.43 16 2.3 1.34 NS

Mid (4.5–8.49) 8 5.9 2.02 8 6.0 0.80 NS

High (≥8.5) 7 11.2 1.12 7 10.9 1.14 NS

Overall 31 5.5 3.96 31 5.2 3.67 NS

Vatalanib Control

Low (<4.5) 18 0.3 0.49 18 2.2 1.50 NS

Mid (4.5–8.49) 10 1.7 0.88 10 6.6 1.03 <0.0001

High (≥8.5) 13 2.5 1.33 13 10.5 1.08 <0.0001

Overall 41 1.3 1.31 41 5.9 3.82 <0.0001

Everolimus Control

Low (<4.5) 18 1.6 1.58 18 2.2 1.50 NS

Mid (4.5–8.49) 10 5.0 1.23 10 6.6 1.03 0.0487

High (≥8.5) 13 8.3 1.20 13 10.5 1.08 <0.0001

Overall 41 4.5 3.22 41 5.9 3.82 0.0002

Patupilone Control

Low (<4.5) 29 0.1 0.19 29 2.4 1.35 <0.0001

Mid (4.5–8.49) 16 0.1 0.13 16 6.4 0.91 <0.0001

High (≥8.5) 12 0.5 0.71 12 10.4 1.09 <0.0001

Overall 57 0.2 0.39 57 5.2 3.43 <0.0001

Table 3 Effect of drug treat-
ment on the overall angiogenic
effect in carcinoid tumors

NS not significant
a Overall angiogenic effect
is combined estimate of angio-
genic potential and
neovessel growth based on
a subjective 0–16 scale.
This parameter does not
require an angiogenic
response to be included in the
sample group. The values
presented are averages of the AI
for control and drug treated
specimens
b Responses can range from 0
to 16; based on the angiogenic
response of control
(untreated) specimens
c The number of specimens
examined
d Significant differences between
control and drug treatment
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those expected, it is possible that stimulation of multiple
somatostatin receptor subtypes negates any anti-angiogenic
effect that could be observed by occupation of only one (sst 2)
[44]. Increases in angiogenic potential with drugs presumed
to act as anti-angiogenic agents have been reported and may
be related to growth factor receptor occupancy [45]. These
data underscore that therapeutics, even those with known
therapeutic activity and mechanisms of action, may have
unexpected detrimental effects on individual patients.
SOM230 provided adequate symptom control in neuroendo-
crine patients and is under investigation to determine its anti-
proliferative activity [46].

The VEGF family of growth factors is thought to be vital
to angiogenesis [7, 47]. Receptors for these ligands include
VEGFR-1 (Flt-1), VEGFR-2 (KDR/Flk-1), and VEGFR-3
(Flt-4). Stimulation of VEGFRs can result in increased
tumor angiogenesis and lymphangiogenesis [48]. Vatalanib
(PTK-787) is a multi-VEGFR inhibitor designed to block
angiogenesis and lymphangiogenesis by binding the
intracellular kinase domain of all three VEGF receptors.
This drug also inhibits protein tyrosine kinases for
PDGF, the c-kit, and the c-fms. Abnormal levels of
PDGF have been identified in NETs [37, 49] which
suggests that this drug may be a valuable pharmaceutical
for this patient population. Vatalanib was a highly
effective inhibitor of human tumor angiogenesis in our
HTAM, providing statistically significant decreases in
angiogenesis for both initiation and growth.

Everolimus (RAD001) is a derivative of the natural
macrocyclic lactone sirolimus with immunosuppressant and
anti-angiogenic properties. In cells, everolimus inhibits a
key regulatory kinase, the mammalian target of rapamycin
(mTOR). The mTOR protein is a central regulator of
multiple signaling pathways which mediate growth, prolif-
eration, survival, and angiogenesis in cancer, and is under
investigation clinically for a variety of neoplasms [50–52].
Clinical responses with the drug have been reported [53]. In
the current studies, everolimus like imatinib was more
effective at inhibiting angiogenic growth than in blocking
the initiation of an angiogenic response.

Patupilone (Epo 906) is a novel non-taxane-related
microtubule-stabilizing agent thought to disturb the
dynamic equilibrium of microtubule polymerization–
depolymerization. The drug suppresses cancer cell growth
by promoting an accelerated assembly of excessively stable
microtubules, forcing cell cycle arrest in G2-M phase and
ultimately causes cell death [54, 55]. The drug is considered
to be both targeted and cytotoxic [56]. In the current HTAM
study, patupilone was a highly effective inhibitor of human
tumor angiogenesis.

A potential caveat in comparing in vitro responses with
clinical outcomes relates to pharmacokinetics. Tissue frag-
ments are exposed to test compounds on a continual basis

in vitro. Treatment regimes may not mimic this environ-
ment, especially for drugs that are rapidly cleared such as
vatalanib [57]. Additionally, in the clinical setting, suspen-
sion of treatment may occur to blunt drug toxicities as with
patupilone [58]. Metronomic dosing offers the opportunity
to decrease toxicity while maintaining efficacy and has
been demonstrated with patupilone using the HTAM [59].
In fact, the HTAM could be used to advantage for clinical
trial design to estimate an optimal plasma level necessary to
achieve anti-angiogenic activity. The HTAM accurately
predicted the inability of endostatin and angiostatin to
inhibit angiogenesis in humans at the doses utilized in the
clinical trials [60, 61].

In summary, this study evaluated an in vitro method to
assess the potential efficacy of anti-angiogenic drugs in
patients with NETs. This method can be used to evaluate
patient populations in a variety of malignancies and
guide the development of new therapeutic agents. The
HTAM has the capacity to rapidly and economically
screen drugs for anti-angiogenic activity and estimate
effective target plasma concentrations necessary for anti-
angiogenic therapy.
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