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Abstract: Nanomedicine has great potential in cancer therapy, but the complex tumor microenvironment
greatly prevents nanomedicine from being effectively delivered into tumor in vivo. It has been widely accepted that
the encapsulated drugs in the nanoparticles have to go through five major cascading steps, including blood circula-
tion, accumulation in tumor, penetration into the depth of tumor tissue, internalization by tumor cells and then intra-
cellular drug release, before they can exert the anti-tumor efficacy. Among the five steps, drug accumulation in
tumor and penetration in the depth of tumor have been the two major issues undermines the antitumor efficacy of
nanomedicine. This paper summarizes the new major progress in improving the tumor accumulation and penetra-
tion of nanomedicine, especially the technologies that appeared or developed in the last five years.
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Figure 1  Schematic illustration of the five cascading steps (circulation, accumulation, penetration, internalization, drug release, CAPIR)

that drug-loaded nanoparticles undergo from intravenous injection to into tumor cells. (Adapted from Ref. 6 with permission. Copyright ©

2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim)
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p
A Abnormal tumor vasculature

Figure 2 Barriers of nanoparticles into tumor tissue. A: Abnormal tumor vasculature; B: High interstitial pressure; C: Growth-induced

solid stress; D: Solid stress from abnormal matrix. (Adapted from Ref. 21 with permission. Copyright © 1998 American Chemical Society)
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Table 1 Methods of enhancing the penetration of nanoparticles in tumor tissues

Aim Method Mechanism Advantage Disadvantage
Reducing Normalization of Increase perfusion and decrease interstitial Solving the problem of Short normalization
physiological tumor vessels pressure penetration from the root time
barriers Normalization of Degradation or inhibition of proteoglycan,

extracellular matrix hyaluronic acid and collagen in extracellular
matrix
Overcoming Charge transformation ~ Tumor microenvironment response In vivo adaptive Higher requirements
physiological Size change transformation for drug design
barriers Adjustment of Strong deformability is beneficial to deep Easy infiltration and This area needs

mechanical properties
Delivery beyond
threshold dose

penetration

Reducing the uptake rate of Kupffer cells

accumulation further exploration
Significant enhancement of ~ May pose a safety
tumor aggregation hazard
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