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Tumor targeted drug delivery has the potential to improve cancer care by reducing non-target toxicities and
increasing the efficacy of a drug. Tumor targeted delivery of a drug from the systemic circulation, however,
requires a thorough understanding of tumor pathophysiology. A growing or receding (under the impact of
therapy) tumor represents a dynamic environment with changes in its angiogenic status, cell mass, and
extracellular matrix composition. An appreciation of the salient characteristics of tumor vascular architecture
and the unique biochemical markers that may be used for targeting drug therapy is important to overcome
barriers to tumor drug therapy and to facilitate targeted drug delivery. This review discusses the unique
aspects of tumor vascular architecture that need to be overcome or exploited for tumor targeted drug delivery.

© 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Cancer is a leading cause of compromised quality of life, and death.
The significant diversity and complexity of the molecular events in
cancer have led to this being a key research area of several institutions
in academia and industry, and non-profit organizations such as the
National Cancer Institute (NCI) in the United States, the European
Organization for Research and Treatment of Cancer (EORTC), and the
British Cancer Research Campaign (CRC) [1]. Drug therapy of cancer
traditionally focused on the identification of cytotoxic compounds.
These drugs tend to have high dose-limiting toxicities with a narrow
therapeutic window. They are often dosed close to their maximum
tolerated levels [1]. Targeted drug delivery to tumor site could
increase the efficacy and reduce toxicities of anticancer agents.
Targeting a drug in the systemic circulation to the tumor site requires
an appreciation of the pathophysiology of cancer.

Tumor results from uncontrolled proliferation of cells. This growing
cell mass inherently requires metabolic substrates for nourishment and
removal of metabolic end products. During the early stages of
development of a spontaneous tumor, blood supply to the tumor tissue
predominantly comes from the vasculature supplying the surrounding
healthy tissue. As the tumor exceeds a critical mass, it must induce the
development of its own blood supply to support its growth. The growth
of vasculature in tumor tissue, however, is chaotic. Therefore, tumor
vasculature differs from normal tissue vasculature in several aspects.
The therapeutic significance of tumor vascular architecture and
angiogenesis stems from the identification of biochemical events that
may be modulated for cancer treatment and for targeted drug delivery
to tumor sites. For example, intervessel distances and abnormal
reactivity of tumor microcirculation can form the basis of therapeutic
approaches, such as the use of radio-sensitizers and hyperthermia, that
are based on hypoxia or proliferation gradients [2]. Although several
general reviews [3–15] on tumor physiology and drug delivery are
available, the role of tumor vascular architecturewas last reviewed over
10 years ago [16] in a very specific area. This paper will focus on the
development and salient characteristics of tumor vascular architecture,
and the ways in which it facilitates and provides obstacles to tumor
targeteddrugdelivery. In addition, the roleof tumor vasculature ondrug
therapy and drug delivery in cancer will be discussed.

2. Tumor vasculature

Tumors are characterized by uncontrolled cellular proliferation. The
increase in cell mass is usually associated with the formation of extra-
cellular matrix (ECM). ECM is the connective tissue that provides
structural support. The ECM could be differentiated into two parts—
basementmembrane, which anchors the cells, and the bulk of the ECM,
termed the interstitial matrix. The ECM is formed of an interlocking
meshworkof polysaccharides andfibrous proteins,which formagel and
provide support to the cellular mass [14]. The unbranched poly-
saccharides consisting of repeating disaccharide units are known as
glycosaminoglycans (GAGs). The GAGs are highly viscous, negatively
charged polymers. These are exemplified by hyaluronic acid, chondroi-
tin sulfate, heparin, heparan sulfate, and keratan sulfate. Most of the
GAGs are covalently linked to core proteins, forming proteoglycans
(PGs), also known as mucopolysaccharides. Tumor growth requires
ECM remodeling. To this end, the tumor cells frequently recruit
fibroblasts, endothelial cells, smooth muscle cells, and immune cells
into the ECMmatrix [17]. Small tumors, less than 2 mm in diameter, are
perfused by the vasculature of the surrounding host tissues [18]. Further
tumor growth in restricted space results in increased metabolic tissue
need and greater distancing of cells from the existing vasculature.
Therefore, successful tumors establish vascular networks that grow by
protrusion and outgrowth of pre-existing blood vessels—a process
known as angiogenesis.

2.1. Angiogenesis

Neovascularization is the formation of vasculature in an avascular
tissue. This process may involve angiogenesis, secondary growth of
blood vessels involving the extension of pre-existing blood vessels
[19], and/or recruitment of circulating endothelial progenitor cells
[20]. Vascularization of tumor by angiogenesis is essential to tumor
progression [21] and is mediated by diffusible growth factors such as
the vascular endothelial growth factor (VEGF) [22] and the basic
fibroblast growth factor (bFGF) [23].

Angiogenesis is a net result of the imbalance of interplay between
diffusible pro- and anti-angiogenic molecules that are released by
cancer cells and other cells, such as the endothelial cells, stromal cells,
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