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Abstract
Tumor-targeting is becoming more and more important for cancer chemotherapy. Though many molecular-target drugs have been developed in the past two decades which shed some light on targeted tumor therapy, clinical results of those molecular-target drugs are not so encouraging especially for solid tumors, problems mostly relating to the heterogeneity and mutations of target molecules in human solid tumors. More general tumor-targeting strategy is thus anticipated. In this regard, the enhanced permeability and retention (EPR) effect which is a unique phenomenon of solid tumors based on the anatomical and pathophysiological nature of tumor blood vessels, is receiving more and more attentions. This EPR effect now served as a standard for tumor-targeted macromolecular anticancer therapy, namely namomedicine. Many nanoplatforms have been developed as targeted drug delivery systems, including liposome, polymeric micelles, polymer conjugate, nanoparticles. Ample macromolecular drugs are now approved for clinical use or in clinical stage development, all of which by taking advantage of EPR effect, show superior in vivo pharmacokinetics and remarkable tumor selectivity, resulting in improved antitumor effects with less adverse effects. We thus believe EPR-based nanomedicine will be a solution for cancer in the future, whereas further consideration of factors involved in EPR effect and strategies to augment/improve EPR effect are warranted.
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Core tip: Current cancer chemotherapy is less effective with adverse side effects, mostly due to lack of tumor-selectivity. Thus tumor-targeting is known the key for successful chemotherapy. Molecular-target therapy is such a strategy but the clinical results are disappointing probably due to the diversity of cancer-related molecules and enormous mutations. A more general tumor-targeting strategy is based on the unique physiophathological and anatomical features of solid tumors - enhanced permeability and retention (EPR) effect. Accordingly nanomedicine has been developed, with promising therapeutic potential and very less side effects. We thus believe EPR-based nanomedicine will be a solution for cancer in the future.
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Cancer remains the major threat to human health in most advanced countries in the world. While surgical removal is effective to small and confined early-stage tumors, use of anticancer drugs (chemotherapy) is a less invasive option for cancer pateitns. Though there is more than 70-year history of chemotherapy, the clinical results of conventional chemotherapy is far from successful. The major problem is the lack of tumor selectivity of conventional anticancer drugs which are mostly small molecular drugs, namely non-selective delivery of cytotoxic drugs to normal vital organs and tissues results in less antitumor effect and severe adverse side effects. Thus, it is an urgent need to develop therapeutic strategies to selectively target tumors.
Development of molecular-target drugs is a remarkable progress in the past two decades, which usually focuses on specific genes or molecules that are highly expressed in tumors and essential for tumor growth. A successful example is imatinib, an inhibitor of the BCR/ABL oncogene product, which shows high efficacy in patients with chronic myeloid leukemia (CML) though it is not curative[1]. However, many recent clinical results using those molecular-target drugs are disappointing especially for solid tumors[2,3]. The problems probably relate to the intrinsic heterogeneity and mutations of cancer-related molecules in human solid tumors[4,5].　Namely, in most solid tumors, multiple mutated genes (10 to > 100) exist[4], different cells have distinct genetic lesions even in the same tumor[5], and the critical mutation is not always clear. Thus such a highly specific molecular approach seems to be premature or imperfect, not mentioning the toxic effects as well as enormous and inappropriate expense of these drugs.
A more general tumor-targeting strategy is focusing on the unique anatomical and pathophysiological features of solid tumors leading to high vascular permeability (Table 1, Figure 1), which facilitates delivery of macromolecules (i.e., larger than 40 kDa) selectively into tumor tissues but with very less distribution in normal tissues[6]. This phenomenon is coined enhanced permeability and retention (EPR) effect that was first reported by Matsumura and Maeda in 1986[7], and is now considered a landmark principle in the development of anticancer drugs. 
In this concept of EPR based tumor-targeted therapy, nanotechnology is introduced in cancer chemotherapy, namely nanomedicine. Many nanoplatforms have been developed as targeted drug delivery systems, including liposome, polymeric micelles, polymer conjugate, nanoparticles. For example, Doxil, a PEGylated liposome formulation of doxorubicin, is an FDA approved drug for the treatment of Kaposi sarcoma and other cancers. Other clinically used nanomedicine includes DaunoXome (nonpegylated liposomal daunorubicin), DepoCyt (nonpegylated liposomal cytarabine), Myocet (nonpegylated liposomal doxorubicin), Oncaspar (pegylated L-asparaginase), Abraxane (albumin-based paclitaxel), and Genexol-PM (paclitaxel-containing polymeric micelles, approved in South Korea). Much more liposome, polymeric or micellar drugs are in clinical stage development[8,9]. All these macromolecular drugs, by taking advantage of EPR effect, show superior in vivo pharmacokinetics and remarkable tumor selectivity, resulting in improved antitumor effects with less adverse effects[8,9]. 
It should be noted that EPR effect is the first and necessary step for successful anticancer chemotherapy, however many factors are involved in EPR effect, by which the EPR based tumor drug delivery could be further augmented, such as angiotensin II induced hypertension, nitroglycerin/nitric oxide, carbon monoxide[6,10]. Combination of these factors with macromolecular drugs may become useful strategies for more effective antitumor nanomedicine. In addition, another important issue for satisfied nanomedicine is the fate of nano-drugs after accumulation in tumor tissues by EPR effect. The ideal condition is the active drug component in nano-drugs should be released gradually in tumor tissues, otherwise the intact nano-drugs will show less antitumor effect tough they accumulate in tumor with high concentration[10,11]. One successful strategy regarding this issue is the utilization of the acidic pH (e.g., 6.5-6.7) of tumors. Maeda et al[10] recently reported a tumor environment/pH responsive poly(N-(2-hydroxypropyl)methacrylamide) conjugated pirarubicin (P-THP), which behaves as polymeric conjugate/micelle in circulation, but liberates free THP in acidic tumor environment, resulting a remarkable antitumor effect[1]. This P-THP therapy was also translated into clinic successfully; in a patient with advanced prostate cancer with multiple lung metastasis, P-THP treatment resulted in complete remission of metastatic tumor nodules in the lung, with significantly decreased levels of prostate specific antigen (PSA, from 1472 ng/mL to 0.067 ng/mL); no severe side effects were observed and no evidence of disease relapse has been recorded for 12 mo since the administration of P-THP (unpublished data).
Another issue should be addressed is that, EPR effect is the phenomenon of blood vessels, so it may varies depending on the patient/tumor’s pathological characteristics and conditions. Namely tumors with less blood vessels, e.g., pancreatic cancer, always show less EPR effect. The EPR effect is heterogeneous even in a single tumor nodule. Thus further augmentation of EPR effect is important or necessary for treating such tumors, which could be achieved by modulating the vascular mediators in tumor such as using angiotensin II, nitric oxide/nitroglycerin, angiotensin II converting enzyme inhibitor and carbon monoxide, all of which increase EPR effect by 2-10 times and some of them (i.e., angiogensin II) were proven in clinic[6,10,12,13].
EPR effect is now becoming the “gold standard” for design and development of cancer drug, we believe EPR-based nanomedicine that is becoming a promising paradigm of anticancer strategy, will be a solution for cancer in the future.
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Figure 1 Abnormal characteristics and factors of solid tumors that influence the enhanced permeability and retention effect. Graphical image is from ref. [14] with permission.

Table 1 Unique characteristics and factors involved in enhanced permeability and retention effect
	(1) Active angiogenesis and high vascular density

	(2) Extensive production of vascular mediators that facilitate extraravasation

	Bradykinin

	   Nitric oxide

	   Vascular permeability factor/vascular endothelial growth factor

	   Prostaglandins

	   Collagenase (matrix metalloproteinases, or MMPs)

	   Peroxynitrite

	(3) Defective vascular architecture, for example, lack of smooth muscle layer cells, lack of or fewer receptors for angiotensin II, large gap in endothelial cell-cell junctions, anomalous conformation of tumor vasculature (e.g., branching or stretching)

	(4) Impaired lymphatic clearance of macromolecules and lipids from interstitial tissue ( prolonged retention of these substances)
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