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ABSTRACT

The therapeutic potential of targeting the tumor
vascular supply is now widely recognized. Intense research
and development activity has resulted in a variety of
investigational agents, a number of which are currently in
clinical development. As these novel agents are quite
distinct from the cytotoxic drugs conventionally used in the
treatment of solid tumors, it will be particularly important
to ensure early differentiation of these vascular-targeted
therapies in order to encourage widespread understanding
of their potential benefits and application in the clinic. Two
distinct groups of vascular-targeted therapies have evolved:
antiangiogenic agents and vascular-disrupting approaches.
These differ in three key respects: their physiologic target,
the type or extent of disease that is likely to be susceptible,
and the treatment scheduling. Inhibitors of angiogenesis
interfere with new vessel formation and therefore have a
preventative action, require chronic administration, and
are likely to be of particular benefit in early-stage or
asymptomatic metastatic disease. Vascular-disrupting
agents target the established tumor blood vessels, resulting
in tumor ischemia and necrosis. These agents are therefore
given acutely, show more immediate effects, and may have
particular efficacy against advanced disease. It is essential
that these agents can be readily distinguished from
conventional therapies and that an understanding of key
differences between the two types of vascular-targeted
therapies is fostered. Here, a simple taxonomy and
nomenclature is proposed in anticipation that the thera-
peutic potential of this novel class can be realized as these
approaches advance in clinical settings and a new
anticancer strategy becomes available in the clinic.
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INTRODUCTION

It is now well known that a functioning vascular supply
is essential for solid tumor growth and metastasis, and that in
the absence of angiogenic growth, tumors are unable to
develop beyond a few millimeters and therefore remain
dormant (1). Initiation of angiogenesis, however, allows rapid
tumor growth, metastasis, and ongoing tumor progression. The
therapeutic potential of targeting the tumor vascular supply is
therefore apparent and rapid developments in this field have
resulted in a large number of investigational drugs, many of
which are now in advanced clinical development. If the
anticipated clinical success is realized, clinicians may shortly
be able to prescribe an entirely new class of anticancer drugs.
These agents are quite distinct from radiation therapy and
cytotoxic agents, therapies that along with surgery form the
current cornerstone of cancer treatment. It is therefore essential
that widespread understanding of this novel class of agents is
established. To this end, an international group of scientists
and clinicians with key expertise within the area of vascular-
targeted therapies met with the objective of developing a clear
and precise means by which to differentiate and describe the
variety of agents designed to target the tumor vasculature.

VASCULAR-TARGETED THERAPIES

Current, cytotoxic, cancer therapies target the tumor cells
directly. Whereas this approach is clearly successful, the
limitations are evident and despite new agents and improved
regimens, patient survival for most types of advanced cancer has
not significantly improved for many years. Greater understand-
ing of the mechanisms by which tumor cells grow and
metastasize has led to the identification of a new range of more
selective therapeutic targets. Therefore, hopes for therapeutic
advancement are increasingly focused on the development of
molecular-targeted agents (i.e., those agents directed against
targets that are overexpressed or overactive in tumor cells).
Rather than targeting the tumor cells per se, another strategy that
has received a great deal of attention in recent years is to target
the tumor’s stroma, in particular the blood vessel support
network (2—13).

As over 90% of all cancers present as solid tumors, reliant
on a functioning vascular network to supply oxygen and
nutrients, the broad-spectrum therapeutic potential of interfering
with the vasculature holds great promise. Whereas conventional
cancer treatments exert their antitumor effect by targeting the
rapidly growing neoplastic cell population, vascular-targeted
therapies elicit an indirect effect on the tumor cells. By targeting
a component distinct from that targeted by cytotoxic agents,
there is great potential for complementary activity. In addition,
the cells of the tumor-associated vasculature are essentially
normal and therefore have greater genetic stability than the
neoplastic cells, possibly resulting in a lower risk of acquired
drug resistance (4).

Historical evidence exists to implicate the vasculature as
a possible “Achilles heel” of solid tumor growth. Indeed,
many early cancer therapies such as the deliberate induction of
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bacterial infections in cancer patients undoubtedly relied at
least in part on action against the tumor’s blood vessel
network (14). Early attempts to inhibit the tumor blood supply
have included vessel ligation and transcatheter arterial
embolization (15). These invasive approaches are associated
with a number of limitations, not least a nonselective effect
that results in normal tissue damage. However, recent
developments in this therapeutic area have now resulted in a
wide variety of selective agents, which can be classified into
two broad categories. One approach aims to inhibit key factors
required for new vessel development, thereby inhibiting new
vessel growth (antiangiogenic agents; refs. 2, 4, 6, 7, 11, 12).
The second capitalizes on the inherent differences between the
blood vessels of normal tissues and those of tumor tissues to
target and destroy the existing tumor vasculature (vascular-
disrupting agents; refs. 3, 5, 8, 9, 13, 16). With a number of
novel agents now in advanced stages of clinical development,
it is essential that the fundamental differences between the two
approaches be clarified and widely understood. The way in
which any successful drug candidates will be used, the
appropriate stage of disease, and the expected outcome is
likely to be quite distinct. The wealth of vascular-targeted
therapies currently under development means that physicians
will soon have such agents available in the clinic and a clear
knowledge and understanding of the indirect nature of their
effect and the key differences in the mechanism of action
between the two classes of drug will be required to assure
optimal usage.

AGENTS THAT AFFECT ANGIOGENESIS

The process of new vessel development is extremely
complex, and is reliant on a delicate balance of biochemical
signals and receptors in a variety of cell types working in concert
to regulate the angiogenic “cascade” (2, 17, 18). A greater
knowledge of this process has identified a number of points at
which the cascade can be disturbed (Fig. 1). The objective of
antiangiogenic therapies is therefore to interfere with new vessel
formation, thereby preventing tumor growth and limiting
metastatic potential (4, 6, 7, 11). The clinical outcomes are
therefore likely to be quite distinct from those seen with
conventional cytotoxic therapies, as inhibition of tumor
progression, rather than destruction of existing disease, may be
anticipated.

In tumors, vascular endothelial growth factor (VEGF) is
considered to be the most potent and specific of the many
angiogenic factors (19). It is not only crucial for endothelial
cell proliferation and blood vessel formation, but also induces
significant vascular permeability and plays a key role in
endothelial cell survival signaling in newly formed vessels
(19-22). VEGEF is secreted by tumor cells and the expression
can be increased by environmental triggers such as hypoxia,
loss of tumor suppressor gene function and oncogene
activation (23-25). Inhibition of VEGF functioning is
therefore a key antiangiogenic approach. Targeting VEGF or
its receptors with monoclonal antibodies (such as bevacizu-
mab/Avastin) or small molecule inhibitors of VEGFR tyrosine
kinase inhibitors (such as ZD6474 and PTK787) has
confirmed the anticancer activity of these agents (26—28).
Recent studies that combined Avastin with conventional
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Fig. 1 Inhibition of the angiogenic process.

chemotherapeutic agent regimens in the treatment of patients
with metastatic colorectal cancer provided the first unequiv-
ocal demonstration of the clinical value of inhibiting VEGF
activity, resulting in improved survival (29). Confidence in the
clinical potential of this approach is reflected by the wealth of
antiangiogenic agents currently in development.

AGENTS THAT DAMAGE EXISTING BLOOD
VESSELS

The goal of this therapeutic approach is to compromise the
established tumor vasculature, thereby eliciting secondary tumor
cell death due to ischemia. In contrast to the antiangiogenic
treatment strategy, this approach has the potential to destroy
existing tumor masses, as well as preventing progression. As
such, these agents may therefore be particularly suitable for
treating large tumors, which are typically resistant to conven-
tional cytotoxic therapies (8, 30).

Historical evidence of the efficacy of this strategy can be
found in the clinical application of colchicines, which in the
1940s was shown to have antitumor effects (31). Whereas this
agent’s side effects limited its utility, the concept of affecting
solid tumors by destroying their vasculature has continued to
hold significant appeal (5). Still, it was not until the recent
development of a new generation of agents and approaches
possessing the potential of selectively targeting existing tumor
blood vessels that this strategy has significantly advanced. A
range of strategies aimed at compromising the tumor vasculature
is currently under investigation (3, 5, 8, 9, 13, 16). One approach
encompasses the vascular targeted peptide therapies (3, 12). Such
therapies are typically comprised of linked targeting and effector
moieties that seek to induce thrombosis by targeting specific
markers on tumor endothelium. Several approaches based on
linking antibodies or peptides that recognize tumor-associated
vasculature to effector molecules that can induce endothelial cell
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damage have been tried. Antigenic determinants that are
selectively and constitutively expressed on or around the tumor
neovasculature including endoglin, VEGF receptors, av integ-
rins, the fibronectin EDB domain, and prostate-specific mem-
brane antigen have been of particular interest in this strategy (3).
Small molecule drugs that induce extensive necrosis in tumors
as a result of vascular collapse, including flavanoids and
tubulin depolymerizing/binding agents, represent another ap-
proach. 5,6-Dimethylxanthenone-4-acetic acid, the lead flava-
noid under study, has a complex mechanism of action that is
poorly understood. Its main action on vascular endothelial cells is
thought to involve a cascade of direct and indirect events (which
include release of vasoactive agents and cytokines) leading to
induction of hemorrhagic necrosis (16). The principle mechanism
of action of tubulin binding agents is believed to be the selective
disruption of the cytoskeleton of proliferating endothelial cells that
results in endothelial cell shape changes in tumor-associated
endothelial cells. In turn, this results in tumor vessel occlusion and
extensive necrosis (Fig. 2; refs. 9, 13, 32, 33).

Selective vascular destruction has now been shown in a
large variety of experimental tumor models treated with
therapeutic strategies aimed at the existing tumor blood vessel
network. The resultant effect is extensive central tumor
necrosis, leaving only a thin layer of viable cells at the
tumor periphery, an observation common to all of these
therapies and thought to arise as a result of diffusion of
oxygen and nutrients to the peripheral tumor cells from the
surrounding normal tissues (8).

CLARITY IN THE CLINIC

As vascular-targeted therapies are an entirely new clinical
approach, it is perhaps not surprising that confusion exists
between the various approaches taken to target tumor blood
vessels in order to achieve a therapeutic benefit. With the
advance of such novel agents into patients, the opportunity to
clarify the key differences between agents that interfere with
the angiogenic process and those that compromise established
tumor blood vessels at an early stage should be taken in order
to improve the general understanding of concepts associated
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with vascular targeting in cancer management. In order to
simplify the dissemination of data and understanding of the
potential benefits and application of these agents, a common
terminology should be used in order to foster a common
understanding. As all of the novel strategies discussed here
focus on impeding the vascular supply of tumors, the term
“vascular-targeted therapy” can be considered an appropriate
“umbrella” term when describing this general therapeutic
approach. It is also important that the vascular-targeted
therapies are not referred to as cytotoxic therapy, a term that
is inextricably linked with conventional anticancer agents and
will only fuel confusion if used in this context.

Whereas the mechanisms underlying the two broad
categories of vascular-targeted therapies are quite distinct, the
nomenclature used to describe them has become confused.
Review of the literature, congress reports and the lay and
scientific press reveals a wide variety of descriptive terms and
phrases used to discuss these novel agents. Agents that primarily
act to inhibit tumor angiogenesis can simply and accurately be
described as ““antiangiogenic” drugs. The process of angiogen-
esis as a physiologic or pathologic process is widely understood
and therefore inhibition of this process is a relatively
straightforward concept. There is, however, less widespread
understanding of the agents that target the established tumor
vasculature, which we propose should be referred to as
“vascular-disrupting agents,” in order to communicate their
key mechanism of action. These agents have often previously
been referred to as “vascular-targeting agents” or “antivascular
therapies.” Whereas technically correct, it could be argued that
antiangiogenic agents also target the tumor vasculature and have
antivascular effects, hence the blanket term of “vascular-targeted
therapies,” suggested above.

Finally, it should be noted that conventional anticancer
therapies such as certain chemotherapeutic agents and radiation
can affect tumor vasculature. Indeed “antiangiogenic schedul-
ing” of chemotherapy provides an intriguing application of
cytotoxic agents to impair the tumor blood vessel network (34).
However, these therapies differ from the vascular targeting
therapies whose primary function targets the tumor endothelium
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with little direct effect on the neoplastic cell population. As such,
they lie outside the central focus of the present discussion.

VASCULAR-TARGETED THERAPY: A
TAXONOMIC CLASSIFICATION

In clinical practice, therapeutic decision-making will
require initial differentiation between agents that inhibit the
process of angiogenesis and agents that target established tumor
blood vessels. Therefore, a precise, yet simple, means of
describing vascular-targeted therapies is required. Such a
classification, or taxonomy, should be capable of evolution
and, above all, widely recognized and accepted. Therefore, a
two-stage classification is proposed. Figure 3 shows how the
antiangiogenic agents and vascular-disrupting agents are orga-
nized under the main class of vascular-targeted therapy. This
simple diagram highlights the principal properties of antiangio-
genic and vascular-disrupting agents as described above.
Whereas agents that target the tumor vasculature may display
both an antiangiogenic and a vascular-disrupting action, perhaps
at different doses or schedules, it is acceptable to classify agents
based on their primary action, because consideration of potential
“overlap” in action would make even the broadest of
differentiation difficult.

A second level of differentiation allows description of the
targets of each group of agents and the key mechanisms through
which their action is elicited. Someone with a more limited
knowledge of the new vascular-targeted therapies can clearly see
from Fig. 4 that bevacizumab, for example, is an antiangiogenic
agent that functions through inhibition of VEGF activity.
Similarly, this flow diagram readily identifies combretastatin
(CAA4P) as a vascular-disrupting agent that functions by binding
to tubulin. Whereas cancer is the focus of this taxonomy, it is
clear that vascular-targeted therapies may have value in
nononcologic settings such as ophthalmology and diabetes.
The present, simple classification can readily be adapted to other
such therapeutic applications.

CONCLUSIONS

It is proposed that the two simple schematics presented
here can serve to differentiate and describe the current
vascular-targeted therapies. Importantly in this fast-moving
field, these figures can also be readily adapted to accommo-
date new developments. Appreciation of the key differences
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Fig. 3 Taxonomy of vascular-targeted therapies.

Vascular-targeted
therapy
I

—
Antiangiogenic agents ‘ l Vascular disrupting agents ‘

Target Example ‘ Target Example ‘
|_ VEGF/VEGFR 1-3  Bevacizumab, VEGF-Trap, f—— Tubulin ZD6126, AVE8062A,
inhibition PTK787, ZD6474 CA4P
Cytokine
L Tie-2/angiopoietin  A422885.66 [ induction ~ DMXAA
L a8, integrin Vitaxin, cilengitide —— Abtoxin  VEGF-gelonin
Endogenous Endostatin, angiostatin, L a8, integrin Geng therapyz
inhibitors thrombospondin peptide targeting
Hyperthermia,
— VE-cadherin E4G10 L— Unknown PE’)"T
—— Unknown Thalidomide

Fig. 4 Examples of targets of vascular-targeted therapies.

between the two broad groups of vascular-targeted therapies
(antiangiogenic and vascular-disrupting) will be important in
the clinical decision-making process, particularly as more
agents become available. In addition to their use in
combination with conventional treatment regimens, the
potential therapeutic advantage of combining antiangiogenic
and vascular-disrupting agents to target both aspects of the
vessel network of growing neoplasia are apparent and no
doubt will be elucidated in due course. Although a great deal
of research is required to establish the clinical efficacy and
ideal application of vascular-targeted strategies, this develop-
ing anticancer approach continues to generate great research
interest and clinical optimism.
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