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Abstract

Conventional cancer therapy has many drawbacks because of the high drug dose, systemic toxicity and lacking potential

targeting output. The applications of nanotechnology for cancer therapy have been shown to overcome the limitation

associated with conventional treatments. It plays a pivotal role by delivering cancer drugs in a sustained and targeted

manner to the malignant tumour cells, thereby reducing the systemic toxicity of the anticancer drugs. It offers a unique

approach and comprehensive technology against cancer therapy through early diagnosis, prediction, prevention,

personalized therapy and medicine. This review discussed the various tools of cancer nanotechnology that are presently

used in the improvement of cancer therapy.
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Introduction

Cancer is known to originate through a multistep
carcinogenesis process involving numerous cellular
physiological systems such as cell signaling and apoptosis,
making it a highly unsolvable and complex disease [1,2].
In conventional chemotherapy treatment, the anticancer
drugs get to tumor site with poor specificity and dose-
limiting toxicity [1-3]. In this regards, the eventual
objective of cancer therapeutics is to increase the survival
time and the quality of life of the patient. Thus,
application of nanotechnology for cancer drug delivery
has gained a lot of attention that offers major
improvements in therapeutics. Nanotechnology is an very
powerful promising technology, which have been shown
significant impact on medical technology. The medical
application of nanotechnology (that is, ‘nanomedicine’)
has enormous potential to improve healthcare,
particularly in cancer (that is, ‘Cancer nanotechnology’)
[1,4]. Cancer nanotechnology is coming up as a novel field
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of interdisciplinary study, cutting across the disciplines of
biology, chemistry, engineering, and medicine, and is
expected to lead to major advances in cancer detection,
diagnosis, and treatment [5,6]. Current advancement in
cancer nanotechnology employ various nanocarriers
(mostly in the size range from 10 nm to 100 nm) as an
emerging class of therapeutics for cancer treatment [3,4].
Examples like Liposomes and albumin nanoparticles are
the two therapeutic nanocarrier that have been approved
by the US FDA for clinical practices. Furthermore,
invention of liposomal doxorubicin, albumin-bound
paclitaxel (Abraxanel) found to augmented the
permeability and retention (EPR)-based nanovector
application for cancer chemotherapy [1,7].

Approaches of Nanotechnology for Cancer
Therapy

Nanotechnology based drug delivery systems meant for
cancer treatments have numerous advantages over
conventional treatments, for example it affords longer
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shelf life of delivered drug, its superior biodistribution
and administration of both hydrophilic and hydrophobic
substances [3,8]. Cancer drug loaded nanocarriers have
many distinctive properties that make them different
from other cancer therapeutics: 1. Nanocarriers have the
potency to carry both therapeutic and diagnostic drugs, as
well it can be designed to carry a large
therapeutic/diagnostic payload. 2. Nanocarriers can be
attached with multivalent targeting ligands for high
affinity and specificity to cancer cell targeting. 3. Multiple
drugs can be loaded and accommodated, which can
enable combinatorial cancer therapy 4. Nanocarriers can
bypass the traditional drug resistance mechanisms.
Passive and active targeting strategies assisted the
nanocarriers to get enhanced accumulation of drugs in
cancer cells while minimizing toxicity in normal cells.
These strategies are helpful to enhance the anticancer
effects of cancer drug with lessen systemic toxicity.

Application of Nanotechnology for Cancer
Therapy

Various nanotechnology based drug delivery systems
that have been employed for cancer detection and
treatment includes nanoparticles, liposomes, dendrimers,
nanocantilever, carbon nanotubes, and quantum dots
(Figure 1).
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Figure 1: Different nanotechnology-based tools used for
cancer.

Nanoparticles

These are colloidal particles having submicron-sized
with a therapeutic drug encapsulated within their
polymeric matrix or adsorbed or conjugated onto the
surface [9,10]. Nanoparticles can be targeted to specific
sites by surface modifications, which provide specific
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biochemical interactions with the receptors expressed on
target cells. Further, It has the ability to deliver drugs to
the target site, crossing several biological barriers such as
the blood-brain barrier. Coating with polysorbates, the
drug-loaded nanoparticles can be transported across the
blood-brain barrier and can enhance the feasibility of
brain targeting after an intravenous injection. Further,
magnetic NPs have been coming up with unique small size
and magnetic properties that afford magnetic-mediated
drug delivery to the cancer tissues. It can be surface
functionalized with different ligands for targeted drug
delivery. Another section of NPs is Solid-lipid
nanoparticles, which are colloidal NPs made from solid
lipids and stabilized by surfactants. These NPs have
shown a longer bioavailability in vivo by avoiding RES
clearance. The discussed nanoparticles for various cancer
treatment and drug delivery have been well studied by
various groups [11-13].

Liposomes

Liposomes are colloidal carriers, formed spontaneously
when certain lipids are hydrated in aqueous media. It is
very adaptable tools in medicine because of their huge
diversity of structure and compositions [3,14]. Examples
of liposome-mediated drug delivery are doxorubicin
(Doxil) and daunorubicin (Daunoxome), which are
currently being marketed as liposome delivery systems.
In addition, invention of PEGylated liposomes showed low
interaction with plasma proteins and mononuclear
phagocytes and, exhibits greatly prolonged circulation
time. PEGylated liposomal formulations, more
perticularly, PEGylated liposomal doxorubicin and most
extensively studied [15].

Dendrimers

Dendrimers are unique class of repeatedly branched
polymeric macromolecules that comprise a series of
branches around an inner core, the size and shape of
which can be altered as desired, resulting in a nearly
perfect 3-D geometric pattern [16]. The unique
architecture of dendrimers enables for multivalent
attachment of imaging probes, as well as targeting
moieties; thus, it can be also used as a highly efficient
diagnostic tool for cancer imaging [16]. Many researchers
have also successfully delivered anticancer drugs and
explored various dendrimer for effective cancer therapy
[16,17].

Nanocantilever

Nanocantilevers bend according to changes in the
environment or changes on their surfaces, and this
bending is in the nanometer-scale. This nanometer-scale
bending allows them to be in the category of
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nanotechnology and can be used as a component of
biosensors [1,18]. These have been described as a simple
substitute to PCR reactions and detection methods
because they do not require costs associated with sample
preparation such as time and expensive materials.
Nanocantilevers could also be used to monitor various
cancer biomarkers and expand the usefulness of
microarray technologies. Nano/Microcantilevers have
been applied to pH detection, protein detection,
DNA/RNA-DNA/RNA hybridization events. A thorough
reviews on nanocantilevers applied in biosensors have
been published disclosing that these are a unique tool for
detecting biomolecules of interest [18,19].

Carbon Nanotubes

Carbon nanotubes are a network-like hydrophobic
composition of carbon atom of length 100 pum and
diameter to 4 nm. Its consists of either single-walled or
double-walled carbon molecules self-arranged in hexagon
pattern. Owing to its large surface area, this can hold high
payload on graphene cavity or onto the surface area and
has unique optical, electron emission, mechanical
properties. It has wide application in biology as sensors
for detecting DNA and protein. It is used as diagnostic
devices for the separation of various proteins from serum
and as carriers to deliver drug, vaccine or protein. As, it is
insoluble in aqueous and organic solvent, its main
hindrance in therapeutic application is its associated
toxicity in biological fluid, that needs to be addressed
[1,20].

Quantum Dots

Quantum dots (QD) are the nanocrystals less than 10
nm in diameter and made up of semiconductor particles.
It consists of an inorganic element in its core with a
surrounding metal shell with distinctive optical and
chemical properties. It showed many benefits over
traditional organic fluorescent dyes and present a number
of beneficial characteristics for spectroscopy, like
showing high fluorescence intensity, long lifetime, and
good resistance to  photobleaching. @ QD-based
nanotechnology is a possible platform for multicolor
imaging for cancer behavior study. The brightness of QD-
based multifunctional probes with low photobleaching
and their novel physical, chemical and optical properties
make them a promising candidate for in vivo fluorescent
tagging and molecular cellular imaging [21]. Many
researches highlighted various important general
categories of QDs used in cancer diagnostics and drug
delivery [21,22].
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Conclusions

The future of nanotechnology in the field of cancer
therapy certainly holds great promise. More particularly,
in the multifunctional nanoplatforms, which combine
therapeutic cancer drugs and multimodality imaging.
Nanocarriers offer various opportunities for designing
and targeting properties that are not possible with other
types of therapeutic drugs. Due to their distinctive
physical and biological properties, nanotechnology-based
cancer drug delivery systems appear to have an
propensity to specifically and safely reach tumor site with
improved therapeutic efficacy and low systemic toxicity.
Nanoparticle-mediated combinatorial strategies holds the
promise for better cancer treatment, reducing side-effects
of treatment and improving cancer cure rates, and the
technology progressing very fast from theory to reality.
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