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Abstract: A Cancer is a disease in which abnormal cells divide uncontrollably and destroys body tissue. It is caused by 

damage of genes which control the growth and division of cells. In the fight against cancer, early detection is a key 

factor for successful treatment. However, the detection of cancer in the early stage has been hindered by the intrinsic 

limits of conventional cancer diagnostic methods. Nanotechnology provides high sensitivity, specificity, and 

multiplexed measurement capacity and has therefore been investigated for the detection of extracellular cancer 

biomarkers and cancer cells, as well as for in vivo imaging. These advances will improve the survival rate of cancer 

patients by enabling early detection. In addition, it could be used to monitor cancer progress in response to treatment, 

which may contribute to the development of better strategies for cancer treatment. This review paper is an overview of 

various nanotechnology platforms in cancer prevention, detection and treatment.  
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1. INTRODUCTION 

 

A Cancer is a disease in which abnormal cells divide uncontrollably which destroys body tissue and spread to other 

parts of the body. The normal cells are transformed into cancerous cells when genetic factors of a person interact with 

some external agents like physical, chemical and biological carcinogens which are a multistage process.  It remains as 

one of the most common cause of death[1,18]. Generally 90-95% cases on cancer are induced by environmental factors. 

The remaining 5-10% is due to inherited genetics. There are about 100 different cancer types out of which the common 

ones are lung, stomach, liver, oesophagus, colorectal, breast, melanoma and cervical cancer. The conventional methods 

which are still in practice include surgery, chemotherapy, radio therapy and targeted therapy. Surgery and radio therapy 

allows the removal of cancer cells only to that specific targeted area and chemotherapy that allows the drug to flow 

through the bloodstream or can be delivered directly to the specific area. Targeted therapy is a newer technique that 

allows the removal of cancer cells more precisely and thus leading to less damage to normal cells. The effectiveness of 

treatment can be judged on the basis of drug’s ability to target and kill cancer cells while leaving healthy cells intact. 

The most important feature should be differentiation of healthy and affected cells. Another factor to be taken into 

consideration is the biocompatibility of the drug such that the side effects are reduced. The current available techniques 

are lacking behind when it comes the aforementioned factors. Newer techniques like nanotechnology are currently in 

research since it provides a promising approach when it comes to cancer cell selectivity and reduced side effects.   

Nanotechnology is a science which deals with processes that occur at molecular end; supra molecular level resulting in 

nanoparticles of unique properties such as increased solubility and bio compatibility. It has wide ranging applications 

such as bio-sensors [2,3,27]. Due to increased surface modification properties, it can be used in targeted delivery in case 

of cancer detection. Nano-systems have an edge over conventional methods when it comes to drug delivery and 

toxicity. Some of the nanoparticles used for cancer detection and treatment include liposomes, dendrimers, fullerene, 

quantum dots, magnetic nanoparticles, gold nanoparticles, nano-wires, nanoshells and carbon-nanotubes. 

Nanotechnology in conjunction with medicine provides an important platform where nano-carriers can be manipulated 

as well as used for multifunctional properties. It is one of the most promising approaches in detection and treatment of 

cancer. 

 

2. BACKGROUND 

 

The nanoparticles must have high loading capacity for selected drug, high response to stimuli, high bioavailability and 

stability. In addition to this, specific targeting, long circulation and intracellular delivery are some of the features.  

Nano-systems can identify biomarkers and detect tumor cells. In this line, nanotechnology protects drug from 

degradation before they reach their target and enhances absorption of drugs into tumors . Another conclusion we can 

draw is that using nanoparticles, the drug release rates can be precisely controlled while reducing the side-effects . The 

https://iarjset.com/


IARJSET 

International Advanced Research Journal in Science, Engineering and Technology 

Impact Factor 7.105Vol. 9, Issue 3, March 2022 

DOI:  10.17148/IARJSET.2022.9305 

© IARJSET                  This work is licensed under a Creative Commons Attribution 4.0 International License                  29 

ISSN (O) 2393-8021, ISSN (P) 2394-1588 

nanoparticles which are used as drug delivery vehicles are generally <100 nm in size and they consist of different bio-

degradable materials such as natural or synthetic polymers, metals or lipids along with their applications [5, 7, 9, 11]. 

Two of the nanoformulated drugs available in the market today are Abraxine and Doxil. Abraxine is a human albumin 

based nano-formulated drug with a size of around 100nm. It is also known as ABI-007 or nanoparticle albumin bound 

[nab]-Paclitaxel [PTX].  To reduce side effects, albumin has been used to conjugate PTX with Cremophor. Doxil is the 

formulation of doxorubicin in nano-liposome and has shown significant improvements over free doxorubicin. In some 

other clinical trials, various combinations of drugs have been implemented. 

 

3. PLATFORMS FOR CANCER THERAPY 

 

The most common nanotechnology platforms for cancer therapy include polymeric  nanoparticles, Quantum dots, 

carbon  nanotubes , Metallic nanoparticles, liposomes, dendrimers, nanoshells, and superparamagnetic 

nanoparticles[35,79]. With small size and various structural and physicochemical features, these nanotechnology 

platforms can enter tumor vasculature through enhanced permeability and retention effect (EPR). The use of 

cancer­specific targeting residues  (e.g. antibodies, ligands, and lectins) can also achieve  tumor cell targeting.  

 

3.1  Polymeric  nanoparticles 

The preparation of  Polymeric nanoparticles are done from natural or synthesized polymers. Various biodegradable or  

unbiodegradable polymers can be used to prepare  nanoparticles in order to achieve expected drug delivery  

performance and therapeutic effect[65,69]. Among these, biodegradable polymeric nanoparticles for anticancer 

drug delivery have attracted great interest in recent years since they could provide controlled, sustained and targeted  

delivery. Polymeric nanoparticles, the most effective nanotechnology platforms, have emerged as a versatile carrier 

system for targeted delivery of anticancer drugs.  

 

3.2 Quantum dots 

The Quantum dots are nano-crystals ranging from 2-10nm which have extensively attracted great interest in the field of 

biology and medicine because of its unique optical and electrical properties. They have a distinct advantage over 

conventional biomarkers because of their high photo stability and size tenable excitation[42,49].  Use of quantum dots 

has been extended in the NIR wavelength range as an imaging probe. The main advantage of the technique is that it 

increases the depth of tissue penetration which will lead to more accurate detection in-vivo. Materials best suited in 

building up quantum dots are cadmium sulphide and cadmium selenide. However, based on factors like toxicity and 

bio-compatibility, Zinc Sulfide is preferred. Applications of quantum dots include in-vivo and in-vitro imaging, live cell 

imaging and single molecule tracking[52,58]. It is used for the detection of lung cancer, breast cancer, prostate cancer 

and pancreatic cancer, detection of primary tumor in vitro, prostate cancer, targeting and imaging melanoma and also 

detection of thyroid carcinoma antigen. 

 

3.3 Carbon Nanotubes 

The Carbon Nanotubes belong to the family of fullerenes and are formed of coaxial graphite sheets (<100 nm) rolled up 

into cylinders. Structurally there are two types: single-walled carbon nanotubes (SWCNTs) and multi-walled carbon 

nanotubes (MWCNTs). It possesses properties such as high aspect ratio, ultralight weight, tremendous strength and 

high thermal conductivity. In the field of cancer, diagnostic and therapeutic, three main properties have been exploited 

i.e., small size, high surface area to volume ratio and their ability to contain chemicals[66,69]. Surface of carbon 

nanotubes can be modified with proteins for cellular uptake which are then heated up upon absorbing near-IR light 

wave. When exposed to near-IR light, carbon nanotubes quickly release excess energy as heat (~70ºC) which can kill 

cancerous cells. Due to their unique properties, they have wide ranging applications in cancer diagnosis and therapy. 

Some of the notable applications in cancer diagnosis are molecular imaging with single-walled carbon nanotubes and 

cancer biomarker detection. It is also used for drug delivery and thermal therapy. The CNTs have proposed as a 

promising tool for detecting cancer at early stages with high sensitivity, selectivity and low detection limit. 

 

3.4 Metallic nanoparticles 

 They have attractive properties like high surface Plasmon resonance, optical properties which can be tuned from visible 

to infra-red range. They possess large surface energy and have the ability to absorb small molecules. Gold, silver and 

platinum are some of the metallic nanoparticles that have been used for cancer diagnosis and therapy[33,38].  The Gold 

nanoparticles have already been used as a vehicle for the delivery of anti-cancer drugs such as paclitaxel.  Properties of 

gold nanoparticles including small size, bio-compatibility, high atomic number and ability to bind targeting agents gives 

an advantage over other nanoparticles to be used as contrast agents. The formation of bubble around the overheated 

gold nanoparticles in liquid environment followed by generation of acoustic and shock waves protein inactivation has 

become a profound area of research. The Gold has also been used together with magnetic materials to improve the 
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photo thermal effect to accelerate the death of cancer cells. The Limitations like toxicity and larger nanoparticles 

involves in targeting of silver nanoparticles to cancer cells. 

 

3.5 Liposomes 

They are small artificial vesicles which are incredibly biodegradable. Confinement and protection of the drug enclosed 

is done by the fatty layer on the liposomes. In this process, efficacy is improved keeping toxicity to healthy cells 

minimized [51,59]. Their size ranges from 25nm to 10µm depending on the preparation method. Sizes which are less 

than 400nm can rapidly penetrate tumour sites from the blood stream by the endothelial wall in healthy tissue 

vasculature.  Because of their unique structure, liposomes are considered as a versatile platform for combination drug 

delivery because they can simultaneously load hydrophilic drugs in their aqueous core and hydrophobic drugs in their 

lipid bilayered membrane. Some of the liposomal products used currently for cancer treatment include Doxil, 

DaunoXome®, DepoCyt®  and ONCO-TCS, which are liposomal formulations of doxorubicin, daunorubicin, 

cytarabineand vincristine, respectively. 

 

3.6  Dendrimers  

Generally Dendrimers possess multiple branches which is advantageous when it comes to multifunctional applications. 

In cancer, treatment and drug delivery systems can be used to carry multiple drugs at the same time to tumor site 

improving efficiency and reduces the time constraint. It has gained interest because of their cylindrical structures which 

often comes with unique properties [29,38]. Sensitivity of imaging can be improved since they can be targeted to a 

single site and the unique architecture enables for multivalent attachment of imaging probes, as well as targeting 

moieties. In this way, it improves the therapeutic index of cytotoxic drugs by direct delivery to cancer cells and also 

offers drug resistance in tumor cells. 

 

3.7 Nanoshells  

Nanoshells are type of other nanoparticles which are being lined up in cancer therapeutics and diagnostics. They are 

composed of a gold shell surrounding a semiconductor. When they reach the cancer cells, they can be irradiated. These 

irradiations make them hot which ultimately kill the cancer cells. This technique has been successfully utilized in 

veneral tumours in mice.   

 

3.8 Magnetic nanoparticles 

 The Magnetic nanoparticles have been used in biomedical field including cancer treatment. One of the most widely 

used nanoparticle of this kind are the Super magnetic iron oxide nanoparticles (SPIONs). One of the distinguishing 

features of SPIONs for drug deliver is their applicability for both magnetic properties and anti-body attachment which 

will improve targeting capability [71,76]. Magnetic iron oxide particles offer a huge advantage over the other particles 

since they are highly bio-compatible. Magnetic nanoparticles are currently in development as a promising new type of 

cancer treatment which selectively heat tumor cells to temperatures high enough to kill cancer cells without harming 

normal ones. This destroys tumors and leads to the activation of immune system to attack other cells throughout the 

body. In this process, the heat produced can kill the cancer cells and releases the drug from the nanoparticles directly 

inside the cancer cells. Magnetic radiated hyperthermia can be used for local tumor treatments. 

  

4. ADVANTAGES AND CHALLENGES OF NANOTECHNOLOGY FOR CANCER THERAPY 

 

The Nanotechnology has got many advantages in cancer therapy. With small size, nanotechnology platforms can enter 

tumor vasculature via EPR. Besides, functionalization with hydrophilic polymer/oligomer can offer a long circulation  

half­life and prolong the exposure time of tumor tissue to anticancer agents; Whereas inclusion of 

tissue­recognition residues, such as antibodies, lectins and ligands which are  specific for cancer cells, can help 

nanotechnology platforms  achieve tumor cell targeting. For overcoming MDR of cancer  cells, a major challenge in 

effective cancer therapy,  combinations of multi­functional nanotechnology platforms  and other therapies have been 

developed and achieved  significant successes [71,73].  

 

However, there are still challenges to the development and application of nanotechnology platforms in cancer therapy, 

such as limited knowledge of  the cancer cell physiology, small variety and poor  functionalization of medical 

nanomaterials, and deficiency of  clinical evaluation criteria. Nonetheless, with further advances in functionalization 

base on thorough  understanding of the physiological features of cancer cells,  nanotechnology platforms hold the 

promise of essentially  changing the practice of oncology, allowing easy and  effective targeted therapies. 
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5. CONCLUSION 

 

Several methods and protocols such as chemotherapy, radiology and surgery have been used which has many side 

effects that make patients feel unbearable pain and deep anxiety. The emergence of nanotechnology has made a 

significant effect on cancer detection and treatment. Nanotechnology has the ability to serve as a tool which can change 

the foundation of cancer diagnostic treatment and prevention. The main advantage is the small size of nanoparticles 

which helps in reaching the roots of cancer cells. Advanced and effective drug delivery systems have been designed in 

the past few years. Some of the nanoparticles used in Cancer therapy have unique properties like bio-compatibility 

which becomes ideal when designing effective systems.  Nano-systems can not only cure cancer but can also cure 

damage cells and regeneration of cells. The use of nanoparticles can improve the harmful side effects of conventional 

techniques like chemotherapy and radiotherapy. Deposition of the selective heat to tumor cells is another advantage of 

nanotechnology which provides a versatile platform to cure cancer. Different types of cancer cells have unique 

properties that can be exploited by nanoparticles to target the cancer cells. In future, nano-robots could repair disease 

cells, eliminate bacterial infection in a patient without using treatment with antibiotics, perform surgery at the cellular 

level, remove individual disease cell and even repair the defective portion of defective cell. Nanotechnology has greater 

potential to save lives than any other method that we use today. It has become a boon in medical field even by 

delivering drugs to specific cells using nanoparticles. Cancer nanotechnology definitely can provide a breakthrough to 

eradicate cancer related death. 
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