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ABSTRACT

Cancer remains one of the most dreaded and enigmatic diseases, with current treatment methods primarily limited to
surgery, radiation, and chemotherapy. Ironically, these conventional approaches often pose significant risks, including damage
to healthy tissues and the possibility of cancer recurrence due to incomplete eradication of malignant cells. Nanotechnology has
emerged as a promising field with the potential to revolutionize cancer diagnosis and therapy. It offers an innovative means of
targeting cancerous cells directly and selectively. Advances in materials science have led to the development of novel nanoscale
targeting strategies that may offer new hope to cancer patients. Several therapeutic nanocarriers have already been developed
and approved for clinical use, incorporating molecules that selectively bind to and target cancer cells. This review provides an
overview of the application of nanotechnology in oncology, focusing on the types of nanoscale particles, the potential of
nanocarriers and targeting molecules in cancer diagnosis and treatment, and the emerging possibilities of destroying malignant

tumors with minimal damage to healthy tissues and organs.
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Nanotechnology is the science of manipulating
matter at the nanoscale, typically ranging from 1 to 100
nanometers. The idea was first proposed by physicist
Richard Feynman in 1959 and later named by Norio
Taniguchi in 1974. In the 1980s, K. Eric Drexler
expanded on the concept, envisioning nanoscale
machines capable of precise atomic-level construction.
The field advanced rapidly with tools like the scanning
tunneling microscope, which allowed scientists to
observe individual atoms (Filipponi and Sutherland,
2013).

Nanomaterials, including solids and semi-solids
like hydrogels, differ from larger-scale materials due to
their unique size-related properties. They are categorized
based on dimensions: zero-dimensional (e.g.,
nanoparticles, quantum dots), one-dimensional (e.g.,
nanotubes, nanowires), and two-dimensional (e.g., thin
films, coatings). Many natural structures, like DNA (2.5
nm in diameter), viruses, and red blood cells, also exist
at the nanoscale (Kawadkar et al., 2011).

Nanoparticles are especially valuable for their
unique properties, such as quantum effects and high
surface-to-volume ratios. They can be made from a
variety of materials and come in different shapes, making
them suitable for diverse applications across chemistry,
biology, physics, and medicine. In particular,
nanotechnology offers powerful tools for diagnosing and
treating diseases like cancer, neurological and
cardiovascular conditions, and infections. The main aim
is to develop nanoparticles that can target specific
molecules within diseased cells under laboratory and
clinical settings (Kawadkar et al., 2011). This review
focuses on the applications of nanotechnology in cancer
diagnosis and therapy.
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Cancer and characteristic features of cancerous
tissues

Cancer remains one of the most complex and
challenging diseases to prevent, diagnose, and treat. It
arises from tissues where cells exhibit abnormal growth
and division compared to healthy cells. Fundamentally,
cancer is a genetic disease involving two major types of
cellular dysfunction: (i) permanent activation of cell
replication due to  mutations, chromosomal
translocations, or gene amplifications (genetic
instability), and (ii) disabling of programmed cell death
mechanisms (apoptosis) caused by genetic alterations
(Souhami et al., 2004; Fu et al., 2005; Srivastava and
Ahn., 2016, Srivastava et al., 2016).

The result is a growing mass of undifferentiated
cells, which can stimulate the formation of abnormal
blood vessels by releasing angiogenic signals. These
tumor-induced vessels are often leaky and disorganized,
damaging nearby tissues and lymphatic networks
(Lammers et al., 2008; Schroeder et al., 2012; Chapman
et al., 2013). Such a mass is referred to as a malignant
tumor, which competes with healthy tissues for nutrients
and space. As the tumor expands, some cells may enter
the bloodstream and establish secondary tumors in
distant organs—a process known as metastasis, which is
typically life-threatening (Mansoor et al., 2007).

Tumor blood vessels differ from those in normal tissues,
expressing specific protein markers associated with
tumor angiogenesis. These markers may be found in
endothelial cells, pericytes, or the extracellular matrix
(Ruoslahti, 2002). Similarly, lymphatic vessels within
tumors often exhibit unique features distinct from those
in healthy tissues (Laakkonen et al., 2002). Additionally,
cancer cells often show molecular alterations, including
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distinct cell surface receptors that can serve as potential
diagnostic or therapeutic targets (Alexis et al., 2008).

Application of Nanotechnology in Cancer Treatment

Traditional cancer treatments like surgery,
radiation, and chemotherapy have limitations, including
damage to normal tissues and risk of recurrence.
Nanotechnology offers promising advances for more
precise cancer diagnosis and therapy by targeting cancer
cells directly. Several therapeutic nanocarriers
containing molecules that selectively bind to cancer cells
have been clinically approved. These nanoparticles
enable rapid tumor detection and destruction while
minimizing harm to healthy tissues. They can also
enhance the efficacy of existing chemotherapy and
radiation treatments (Kalev et al, 2008). Such
nanomedicines are multifunctional carriers designed to
improve targeting, drug delivery, controlled release,
stability, and biocompatibility (Peer et al., 2007;
Schnieber et al., 2010; Jaishree and Gupta, 2012).
Various nanoformulations combining carriers and drugs
have been developed for cancer diagnosis and therapy
(Cheng et al., 2010; Kelkar and Reineke, 2011; Hollis et
al., 2014).

Cancer Diagnosis

Early detection of cancer requires minimal
tissue, ongoing monitoring, and selective cancer cell
targeting. Nanomaterials such as liposomes, nanoshells,
carbon nanotubes, quantum dots, and superparamagnetic
nanoparticles have improved detection methods
(Jaishree and Gupta, 2012). These are engineered to
recognize tumor-specific markers, receptors, and
enzymes, facilitating targeted uptake and enhanced
identification of cancer cells (Koning and Krijger, 2007;
Alexis et al., 2008). Nanoparticles conjugated with
antibodies can selectively bind tumor cells (e.g., HER-2
in breast cancer), improving diagnostic sensitivity (Loo
et al., 2005). Gold and iron oxide nanoparticles act as
effective imaging contrast agents for MRI, ultrasound,
and nuclear medicine (Smith et al., 2014).
Superparamagnetic iron oxide nanoparticles (50-100
nm) provide superior MRI contrast and have been used
to detect metastatic breast cancer by differentiating
healthy from diseased tissue (Cuenca et al., 2006;
Subramanian et al., 2015). Quantum dots enhance
fluorescence emission up to 100-fold compared to
organic dyes, aiding sensitive detection (Kosaka et al.,
2012). Their physicochemical properties,
biocompatibility, and efficient excretion make
nanoparticles ideal for biomarker detection and imaging
(Loo et al., 2005; Nune et al., 2009).
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Cancer Treatment

Since the introduction of drug-loaded liposomes
in the 1970s, nanomedicine has progressed through
various nanomaterials including gold nanoparticles,
polymeric nanoparticles, quantum dots, and fullerenes,
culminating in clinically approved nanomedicines for
chemotherapy (Rani et al., 2012) (Table 1).

Nanoparticles usually form the core of nano-
biomaterials. The surface of nanoparticles can be
decorated with various molecules to avoid recognition by
the immune system, enabling them to reach their targets
more efficiently. Due to their smaller size, higher
efficacy, specificity, low toxicity, bioavailability, and
higher surface-to-volume ratio, nanoparticles can
penetrate various biological barriers and efficiently
target metastatic tumors compared to conventional drugs
(Lammers et al., 2008; Ventola, 2012). Their small size
allows nanoparticles to reach the leaky tumor vasculature
and accumulate easily in the tumor microenvironment
through the enhanced permeation and retention (EPR)
effect (Peer et al., 2007; Schroeder et al., 2012; Chapman
et al., 2013). However, it has been found that EPR-
mediated targeting is advantageous only for solid tumors
but not for circulating tumor cells (CTCs) and
micrometastatic tumors (Li et al., 2014).

Nanocarriers target cancerous cells or tissues
either passively or actively. Passive targeting exploits the
EPR effect. Passively targeted nanocarriers first reached
clinical trials in the mid-1980s, and the first products
based on liposomes and polymer—protein conjugates
were marketed in the mid-1990s. Subsequently,
therapeutic nanocarriers based on this strategy were
approved for wider use. Active targeting, on the other
hand, involves conjugating nanocarriers containing
chemotherapeutics with molecules that bind to
overexpressed antigens or receptors on target cells (Peer
et al., 2007). The conjugation of tumor-specific ligands
onto the surface of nanoparticles promotes active
targeting, increases specificity, and enables effective
delivery of chemotherapeutic drugs to tumors (Sanna et
al., 2014). Nanocarriers offer several advantages over
free drugs: they protect the drug from premature
degradation, prevent premature interaction of the drug
with the biological environment, enhance drug
absorption into selected tissues (such as solid tumors),
control pharmacokinetics and tissue distribution, and
improve intracellular penetration (Jaishree and Gupta,
2012).

Other nanocarriers

A wide range of nanocarriers have been
synthesized for drug delivery, including liposomes,
micelles, carbon nanotubes, quantum dots, gold
nanoparticles, dendrimers, nanoemulsions, nanospheres,
nanoshells, polymersomes, peptide nanoparticles,
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polymer—drug conjugates, and polymeric nanoparticles.
A few of these are discussed below, highlighting their
properties and functional mechanisms:

(i) Liposomes
Liposomes are self-assembled nanoparticles
formed by phospholipid bilayers, with hydrophilic heads

facing outward and hydrophobic tails inward. Their
aqueous core can carry water-soluble drugs, while the
bilayer holds hydrophobic drugs (Dianzani et al., 2014).
Liposomal doxorubicin (Doxil), modified with
polyethylene glycol (PEG), was the first widely used
liposomal chemotherapy (Aslan et al., 2013; Wang and
Tepper, 2014).

Table 1: Some of the approved nanocarrier-based anticancer drugs used in different types of cancers.

Name of compound

Nanocarrier Type of Cancer

References

Abraxane/paclitaxel

Bexxar/anti-CD20 conjugated to

iodine-131
DaunoXome/

daunorubicin

Doxil/doxorubicin

Myoset/doxorubicin

Oncaspar/PEG-L-asparaginase

Ontak/IL-2 fused to diphtheria

toxin

Styrene maleic anhydride-

neocarzinostatin (SMANCS)/

zinostatin

Zevalin/anti-CD20 conjugated to

yttrium-90

Albumin-bound

paclitaxel Metastatic breast cancer

Relapsed or refractory, low-grade,

Radio-immunoconjugate follicular, or transformed non-
Hodgkin lymphoma

Liposome Kaposi’s sarcoma

Refractory Kaposi’s sarcoma,
recurrent breast cancer, ovarian
cancer

PEG-Liposome

Combination therapy for recurrent

breast cancer, ovarian cancer,
Kaposi’s sarcoma

Liposome

Polymer-protein

4 Acute lymphoblastic leukemia
conjugate

Immunotoxic fusion

protein Cutaneous T-cell lymphoma

Polymer-protein

4 Hepatocellular carcinoma
conjugate

Relapsed or refractory, low-grade,

Radio-immunoconjugate follicular, or transformed non-
Hodgkin’s lymphoma

Prostate cancer

Gradishar et al. (2005)

Peer et al. (2007)

Gabizon (2001a)

Safra et al. (2000),
Gabizon (2001a), Merle
et al. (2006) Schiitz et al.
(2013)

Gabizon(2001b)

Pasut and Veronese
(2009)

Peer et al. (2007)

Peer et al. (2007)

Peer et al. (2007)

Zoladex/goserelin acetate Polymer rods

Tsukagoshi (2002)

(ii) Gold Nanoparticles

Gold nanoparticles (AuNPs) are used in drug
delivery due to their unique physicochemical and optical
properties. Their shapes (spheres, rods, tubes) affect their
therapeutic and imaging roles (Xie et al., 2010). Gold
nanomaterials easily conjugate with antibodies and have
higher absorption efficiency than conventional dyes,
allowing photothermal cancer therapy by inducing
thermal cell destruction (Jain et al., 2007; Hirsch et al.,
2003; Loo et al., 2004).

(iii) Quantum Dots

Quantum dots are semiconductor particles consisting of
small fluorescent nanocrystals that absorb a broad
spectrum of electromagnetic waves and emit light in the
near-infrared range (Hervaultab and Thanh, 2014).

Examples include cadmium selenide, cadmium telluride,
zinc selenide, zinc sulphide, and zinc telluride. These are
increasingly used as imaging and labeling probes in
cancer therapeutics (Bruchez et al., 1998; Seydel, 2003;
Gao et al., 2004; Clift and Stone, 2012). Quantum dots
have a central core made of a metal or metalloid that can
be encapsulated by biocompatible materials such as ZnS
and silica to prevent their premature elimination from the
body before reaching cancer cells (Jin and Hildebrandt,
2012).

Quantum dots can also be used to track drug
delivery by other nanoparticles, enabling the detection of
metabolites, proteins, and other biomarkers produced by
tumors. They are becoming an important class of
theranostic agents due to their unique optical properties,
such as high quantum yield, resistance to chemical
modification, and intrinsic fluorescence emission
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spectra. These properties make quantum dots highly
effective for sensing and releasing anticancer drugs at the
desired site.

(iv) Carbon Nanotubes

Carbon nanotubes are cylindrical graphite
sheets with electrical and physical properties useful for
biosensing, drug delivery, and cancer therapy. Multi-
walled and single-walled types have been used to detect
cancer biomarkers and target tumor cells, including
human breast cancer cells (Zhang et al., 2014; Madan et
al., 2012).

(v) Composite Nanoparticles

Composite nanoparticles combine multiple
functional blocks into multifunctional systems for cancer
therapy. For example, tamoxifen-loaded magnetite/poly
(I-lactic acid) nanoparticles and curcumin-loaded
tripolymeric composites show promising in vitro activity
against breast and HeLa cancer cells (Hu et al., 2006; Das
et al., 2010).

(vi) Dendrimers

Dendrimers are highly branched
macromolecules suitable for delivering both water-
soluble and insoluble drugs simultaneously. For instance,
generation 5 poly(propyleneimine) dendrimers co-
encapsulate hydrophobic methotrexate and hydrophilic
all-trans retinoic acid for cancer therapy (Tekade et al.,
2009).

(vii) Metallic Nanoparticles

Metallic nanoparticles, including
superparamagnetic iron oxide particles, serve as
theranostic agents for imaging (MRI) and magnetically
targeted drug delivery (Berry and Curtis, 2003; Alexiou
et al., 2005). Their biocompatibility allows metabolism
and recycling in the body (McNeil, 2005). Conjugation
with monoclonal antibodies enhances targeting of cancer
cells (Remsen et al., 1996). Drugs like doxorubicin and
paclitaxel are delivered using these nanoparticles
(Kohler et al., 2006; Jain et al., 2008).

(viii) Nanofibers

Nanofibers, composed of organic/inorganic
materials with diameters below 1000 nm, have been
explored for drug delivery and hyperthermia cancer
therapy. Magnetic nanoparticle-containing nanofibers
can release doxorubicin under an alternating magnetic
field, killing up to 70% of melanoma cells in vitro (Kim
et al., 2013). Further studies are needed to evaluate their
full potential (Diaz and Vivas-Mejia, 2013; Lee et al.,
2015).

(ix) Additional Nanoparticles
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Nanoemulsions improve bioavailability of
poorly water-soluble drugs and are used in bioimaging
(Lu and Park, 2013; Balducci et al., 2013). Protein
nanoparticles  like ~ Abraxane®  (albumin-bound
paclitaxel) are clinically approved for metastatic breast
cancer, showing better response and fewer side effects
than traditional paclitaxel (Gradishar et al., 2005; Alexis
et al., 2010). Protein-bound IgG antibodies demonstrate
prolonged tumor retention, aiding targeted therapy (Wen
etal., 2013).

Conclusion

Although several promising novel
nanotechnology-based treatment methods are under
development, much work remains to be done.
Nanotechnology can be applied both in preventive
strategies and during active disease treatment to combat
cancer. As techniques improve to engineer more
sophisticated nanodevices equipped with effective
targeting mechanisms for biomolecules, nanoparticles
will significantly enhance our ability to treat various
types of cancer more effectively.

Conflicts of Interest: The authors declare no conflicts of
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