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ABSTRACT 

Cancer is defined by uncontrolled growth of cells and the treatment 

options available include surgery, radiotherapy as well as 

chemotherapy. Non-specific distribution of anti-cancer drugs in the 

body and associated deadly adverse effects limits the use of 

chemotherapeutic drugs and their effectiveness. Thus, the aim of 

targeted site specific therapeutics is to deliver anti-cancer drug to the 

right site of tumour to minimize drug uptake by non-malignant cells. 

There are two major strategies for targeting know as passive and active 

targeting. The mini-review describes about both the targeting 

strategies, mechanisms, challenges, research outcomes and example of 

such delivery systems for the treatment of cancer. 
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INTRODUCTION TARGETED THERAPEUTICS FOR CANCER 

The goal of targeted cancer therapy is to deliver a high dose of an anticancer drug directly to 

the site of a tumor, to enhance drug uptake by malignant cells, and to minimize drug uptake 

by non-malignant cells. The general approach for designing targeted cancer therapies is to 

design the drug delivery system to exploit the features that are unique to tumor cells and 

tumor tissues. Targeted delivery research has focused on unique features of the tumor 

microenvironment, such as leaky vasculature, overexpressed cell surface receptors, and intra-

tumoral pH differences, as well as features of the cell uptake process, such as endosomal pH. 

Advances in cancer research in combination with advances in biomaterials and 

nanotechnology have enabled the development of targeted anticancer drug delivery and a 
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more tailored approach to treating individual cancer types. The design of an effective targeted 

therapy will require optimization of therapeutic particles, cancer cell targeting, and drug 

release mechanisms. Targeting moieties, ligands that bind to receptors overexpressed on 

malignant cells, can be conjugated to particles to increase cellular uptake, and as a result, 

enhance treatment efficacy.” 

 

Passive targeting 

Passive targeting, first described in 1986, takes advantage of the greater vascular permeability 

and poor lymphatic drainage of tumors that result in the accumulation of micro- and nano-

particles in tumor tissue.
[1]

 The particles accumulate through passive diffusion, a 

phenomenon known as the enhanced permeability and retention (EPR) effect.
[2]

 Enhanced 

permeability of the EPR effect is the result of the leaky vasculature in tumor tissue. Vessels 

in tumors are irregularly shaped, leaky, and dilated due to rapid growth and abnormal blood 

flow.
[3,4]

 Endothelial junctions, gaps in the endothelium that mediate passage of 

macromolecules from the blood to tissue, vary between non-malignant and malignant tissue. 

In normal vasculature, endothelial junctions between cells are narrow, ranging from 5 to 10 

nm in width,
[5]

 However, in tumor tissue, these junctions range from 100 to 780 nm 

depending on the tumor type,
[6,7]

 These large gaps allow extravasation of particles out of 

circulation and into the tumor tissue. 

 

Types of targeting agents 

Targeting agents can be broadly classified as proteins (mainly antibodies and their 

fragments), nucleic acids (aptamers), or other receptor ligands (peptides, vitamins, and 

carbohydrates). Targeting cancer with a mAb was described by Milstein in 1981.
[8,9]

 Over the 

past two decades, the feasibility of antibody-based tissue targeting has been clinically 

demonstrated (reviewed in
[10]

 with 17 different mAbs approved by the US Food and Drug 

Administration (FDA).
[11]

 Today, over 200 delivery systems based on antibodies or their 

fragments are in preclinical and clinical trials.
[12,13]

 Recent developments in the field of 

antibody engineering have resulted in the production of antibodies that are of animal and 

human origins such chimeric mAbs, humanized mAbs (those with a greater human 

contribution), and antibody fragments. Antibodies may be used in their native state or as 

fragments for targeting. However, use of whole mAbs is disadvantageous because the 

presence of two binding sites (within a single antibody) gives rise to a higher binding avidity. 

Furthermore, when immune cells bind to the Fc portion of the antibody, a signalling cascade 
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is initiated to kill the cancer cells. However, the Fc domain of an intact mAb can also bind to 

the Fc receptors on normal cells, as occurs with macrophages. This may lead to increased 

immunogenicity — the ability to evoke an immune response — and liver and spleen uptake 

of the nanocarrier. An additional advantage of whole/intact antibodies is their ability to 

maintain stability during long-term storage. Although antibody fragments including antigen-

binding fragments (Fab), dimers of antigen-binding fragments (F(ab′)2), single-chain 

fragment variables (scFv) and other engineered fragments are less stable than whole 

antibodies, they are considered safer when injected systemically owing to reduced non-

specific binding.
[14,12,15]

 To rapidly select antibodies or their fragments that bind to and 

internalize within cancer cells, phage display libraries that involve a high throughput 

approach may be used,
[16,17,18,19]

 This method generates a multitude of potentially useful 

antibodies that bind to the same target cells but to different epitopes (a part of a 

macromolecule that is recognized by antibodies; one receptor may have several epitopes that 

will be recognized by multiple antibodies). For example, through a selective process, scFv 

antibodies have been identified for superior binding and internalization properties for prostate 

cancer cells.
[20]

” Targeting moieties are ligands that bind to receptors that are overexpressed 

on cancer cells Figure 1. Conjugating targeting moieties to the surface of particles promotes 

uptake and intracellular retention of particles by malignant cells, both of which enhance 

therapeutic efficacy,
[21,22,23,24]

 

 

Figure 1: Schematic representation of targeting approach and mechanisms by which 

nanocarriers (circles) can deliver drugs to tumours. 
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Active targeting 

Active targeting uses ligands to specifically target receptors that are overexpressed on 

malignant cells. Ligands are molecules, such as folate, transferrin, epidermal growth factor 

(EGF), and aptamers, which bind to receptors on the surface of a cell. Ligands are conjugated 

to anticancer drugs or particle-encapsulated drugs to target malignant cells or tumor 

endothelium. Conjugation is the physical or chemical attachment of a ligand directly to an 

anticancer drug or attachment to a particle encapsulating an anticancer drug. Ligand 

candidates for cancer treatment target receptors that are overexpressed on malignant cells. 

The folate receptor (FR) and the epidermal growth factor receptor (EGFR) are two examples 

of receptors that are overexpressed on many types of malignant cells. Therefore, conjugation 

of these ligands to drugs or particles will result in receptor-mediated active targeting and 

higher drug or particle concentration in malignant cells than in non-malignant cells.
[25,26,27,28]

 

 

Active targeting promotes internalization of ligand-conjugated drug carriers into a cell via 

receptor-mediated endocytosis. The lack of tumor selectivity of anticancer drugs and the 

development of multidrug resistance (mdr) have given impetus to the development of target-

specific agents and new classes of cytotoxic compounds that may be able to overcome 

mdr.
[29,30,31]

 The drug may be released either at the surface of the cell or upon internalization. 

The ligand-conjugated particle and receptor are first internalized via invagination, and then 

an endosome is formed. The anticancer drug must escape the endosome before it fuses with 

the lysosome to avoid being damaged or destroyed by lysosomal enzymes. After release of 

the drug and receptor from the endosome, some receptors are recycled back to the surface of 

the cell where they will be available for another cycle of endocytosis. The active-targeting 

approach addresses many of the goals for improving cancer therapies. Ligands conjugated to 

cancer drugs often help protect the cancer drug from degradation and enhance the physical 

and chemical stability of the drug
[32,33,34]

 Ligand binding also increases the drug dose 

delivered to malignant cells, which permits systemic administration of smaller doses. Particle 

internalization that occurs by active targeting has been shown to enhance therapeutic 

effects
[35,36]

 an important advantage over passive targeting. However, active targeting alone 

will not achieve optimal results. If an anticancer drug is delivered systemically, the ligand-

conjugated drug or drug–particle complex must first reach the cancer tumor before the 

advantages of active targeting can be realized.
[37,8,38]
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CONCLUSION  

A multidisciplinary approach that includes cancer biology, biomaterials, and nanotechnology 

has the potential to improve treatment outcomes while minimizing harmful side effects. 

Passive-targeting mechanisms using the EPR effect are still necessary for extravasation and 

drug or particle accumulation in tumor tissue. Active targeting promotes internalization of 

ligand-conjugated drug carriers into a cell via receptor-mediated endocytosis. The use a 

combination of active and passive targeting in designing drug carriers to improve targeted 

delivery of cancer therapeutics will serve as a potential alternative for next generation cancer 

treatment. 
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