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Abstract 
Nanomedicine has revolutionized cancer treatment by enabling targeted drug delivery 
and improving therapeutic efficacy while minimizing side effects. The application of 
nanoparticles in cancer therapy, commonly referred to as targeted drug delivery, has 
garnered considerable interest in recent years. This review explores the latest 
advancements in nanomedicine for cancer therapy, focusing on the development of 
nanoparticle-based delivery systems, their mechanisms of action, and their clinical 
implications. In addition, the article highlights the challenges faced in the translation 
of nanomedicine from preclinical to clinical settings and the future prospects of this 
promising field. Current trends indicate the growing potential of personalized cancer 
treatment using nanomedicines, particularly in overcoming issues like drug resistance 
and improving patient outcomes. 
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Introduction 

Cancer remains one of the leading causes of death globally, and despite significant advancements in conventional treatment 

modalities, the survival rates for certain types of cancer remain low. Chemotherapy, radiation therapy, and surgery are the 

cornerstones of cancer treatment; however, these approaches are often associated with systemic toxicity, poor bioavailability, 

and the emergence of drug resistance. Consequently, researchers have turned to nanomedicine as a promising solution to 

overcome these challenges. 

Nanomedicine, a rapidly developing field of nanotechnology, involves the application of nanoparticles (NPs) for drug delivery, 

imaging, and diagnostic purposes. Nanoparticles, typically ranging in size from 1 to 100 nanometers, possess unique properties 

that enable them to cross biological barriers and selectively target cancer cells. These properties make nanoparticles an ideal 

candidate for the development of targeted cancer therapies. 

This article aims to provide a comprehensive review of the current trends in nanomedicine for targeted cancer therapy, focusing 

on the design and development of nanoparticle-based drug delivery systems (DDS), their mechanisms of action, clinical 

implications, challenges, and future prospects. 

 

Results 

1. Nanoparticle-Based Drug Delivery Systems: 

Nanoparticles are designed to deliver drugs specifically to cancer cells, minimizing the impact on healthy tissues. Several types 

of nanoparticles have been developed, including liposomes, polymeric nanoparticles, dendrimers, and gold nanoparticles. Each 

type of nanoparticle has its own set of advantages and challenges. 

 

Liposomes: 

Liposomes are lipid-based vesicles that can encapsulate both hydrophilic and lipophilic drugs. They enhance drug stability, 

prolong circulation time, and reduce systemic toxicity. Liposomal formulations such as Doxil® (liposomal doxorubicin) have 

already demonstrated clinical success in treating various cancers. 

 

Polymeric Nanoparticles: 

These nanoparticles are made from biocompatible and biodegradable polymers, such as poly(lactic-co-glycolic acid) (PLGA), 

which are capable of loading a variety of drugs. Polymer-based DDS allow for controlled and sustained release of anticancer 

drugs, reducing the frequency of drug administration and improving therapeutic outcomes. 
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1. Dendrimers: 

Dendrimers are highly branched macromolecules with a 

uniform structure that provides high surface-area-to-

volume ratios. Their ability to load a large number of 

drugs and target specific cancer cells via surface 

modifications makes them attractive for use in targeted 

drug delivery. 

 

Gold Nanoparticles (AuNPs): 

Gold nanoparticles have unique optical properties and a high 

surface-area-to-volume ratio, making them excellent 

candidates for both drug delivery and diagnostic purposes. 

Their surface can be modified with specific ligands to target 

cancer cells, enabling efficient drug delivery while 

minimizing side effects. 

 

2. Mechanisms of Action: 

The success of nanoparticle-based drug delivery systems 

depends on several key mechanisms of action, including 

passive targeting, active targeting, and enhanced 

permeability and retention (EPR) effect. 

 

Passive Targeting (EPR Effect): 

The EPR effect refers to the tendency of nanoparticles to 

accumulate in tumor tissue due to its leaky vasculature and 

impaired lymphatic drainage. This phenomenon allows 

nanoparticles to preferentially accumulate in tumors, 

improving drug delivery to cancer cells. 

 

Active Targeting: 

Active targeting involves the modification of nanoparticles 

with ligands (e.g., antibodies, peptides, or small molecules) 

that specifically bind to receptors overexpressed on cancer 

cells. This approach enhances the specificity of drug delivery, 

reducing off-target effects and improving therapeutic 

efficacy. 

 

Combination Therapy 

Nanoparticles can be designed to co-deliver multiple drugs, 

including chemotherapy agents, targeted therapies, and 

immunotherapies. Combination therapy has been shown to 

enhance the overall therapeutic effect, overcoming drug 

resistance and improving cancer treatment outcomes. 

 

3. Clinical Applications 

Several nanoparticle-based DDS have entered clinical trials 

and are showing promising results. For example, liposomal 

formulations such as Doxil® have been successfully used in 

the treatment of breast cancer, ovarian cancer, and Kaposi’s 

sarcoma. Additionally, the use of nanoparticle-based systems 

for targeted delivery of small molecule inhibitors, 

monoclonal antibodies, and RNA-based therapies is being 

actively explored. 

 

Discussion 

Nanomedicine has shown significant promise in improving 

cancer treatment by enhancing drug delivery and minimizing 

systemic toxicity. The unique physicochemical properties of 

nanoparticles, including their small size, surface area, and 

ability to be functionalized, provide a platform for developing 

targeted therapies with high specificity and low side effects. 

However, several challenges remain in translating 

nanoparticle-based therapies from preclinical studies to 

clinical applications. One of the major hurdles is the 

reproducibility of nanoparticle synthesis, which can result in 

batch-to-batch variability. Additionally, the long-term safety 

and potential toxicity of nanoparticles must be thoroughly 

evaluated to ensure their safe use in humans. 

Another challenge is overcoming the tumor 

microenvironment, which often includes factors such as 

hypoxia, acidic pH, and high interstitial fluid pressure, all of 

which can hinder the efficient delivery of nanoparticles to the 

tumor site. Research is ongoing to develop strategies to 

address these barriers, such as the use of stimuli-responsive 

nanoparticles that release their payload in response to 

changes in the tumor microenvironment. 

Despite these challenges, the future prospects for 

nanomedicine in cancer therapy are promising. Advances in 

personalized medicine, where nanoparticles are tailored to 

individual patients' needs, are expected to improve 

therapeutic outcomes. Furthermore, the combination of 

nanomedicine with immunotherapy and gene therapy may 

revolutionize cancer treatment, offering patients more 

effective and less toxic treatment options. 

 

Conclusion: 

Nanomedicine has the potential to revolutionize cancer 

treatment by enabling the targeted delivery of drugs, 

improving therapeutic efficacy, and reducing side effects. 

Although significant progress has been made in the 

development of nanoparticle-based drug delivery systems, 

challenges related to safety, reproducibility, and tumor 

targeting must be addressed before these therapies can 

become routine in clinical practice. 

Future research in nanomedicine should focus on the 

development of more efficient and safer nanoparticles, 

personalized treatment approaches, and combination 

therapies that integrate nanomedicine with other therapeutic 

modalities. With continued advancements in nanotechnology 

and a better understanding of cancer biology, nanomedicine 

holds great promise for improving the outcomes of cancer 

treatment. 

 

References: 

1. Barenholz Y. Doxil®—Liposome formulation, 

mechanism of action, and clinical applications. Journal 

of Controlled Release. 2012;160(2):117-134. 

2. Gabizon A, Shmeeda H, Barenholz Y. Pharmacokinetics 

of pegylated liposomal Doxorubicin: Theory and reality. 

Clinical Pharmacokinetics. 2003;42(5):419-436. 

3. Jain RK. Transport of molecules in the tumor 

interstitium: A review. Cancer Research. 

1987;47(12):3039-3051. 

4. McDevitt MR, Barrett T, Chowdhury SM, et al. Tumor 

targeting with antibody- and peptide-directed 

radiolabeled nanoconjugates. Journal of Clinical 

Investigation. 2001;108(1):19-24. 

5. Zhang L, Gu F, Chan JM, et al. Nanoparticles in 

medicine: Therapeutic applications and developments. 

Clinical Pharmacology & Therapeutics. 2008;83(5):761-

769. 

6. Sokolov K, Fesenko M, Griffiths J, et al. Gold 

nanoparticles for targeted cancer therapy and imaging: 

New tools for molecular medicine. Nanomedicine: 

Nanotechnology, Biology, and Medicine. 

2014;10(6):1073-1085. 

7. Torchilin VP. Multifunctional, stimuli-sensitive 

nanoparticulate systems for drug delivery. Nature 

http://www.pharmagrowthreview.com/


 International Journal of Pharma Growth Research Review  www.PharmaGrowthJournal.com  

 
    10 | P a g e  

 

Reviews Drug Discovery. 2014;13(11):823-838. 

8. Allen TM, Cullis PR. Liposomal drug delivery systems: 

From concept to clinical applications. Advanced Drug 

Delivery Reviews. 2013;65(1):36-48. 

9. Petros RA, DeSimone JM. Strategies in the design of 

nanoparticles for therapeutic applications. Nature 

Reviews Drug Discovery. 2010;9(8):615-627. 

10. Bertrand N, Wu J, Xu X, et al. Cancer nanotechnology: 

The impact of passive and active targeting in the era of 

modern drug delivery. Advanced Drug Delivery 

Reviews. 2014;66:2-25. 

 

http://www.pharmagrowthreview.com/

