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Abstract

Cancer is considered as one of the foremost cause of illness and death with very complex pathophysiology even though
prominent advancement has been made on innovative tumor treatments. Therapeutic properties and the global survival rate
are still disappointing for the patients with cancer. There is a shortfall in the capabilities of these cancer therapies, some novel
strategies are developed to provide better treatment therapies to improve their quality of life and also aids in reducing the
number of deaths. Amongst the cardinal phases towards ensuring ideal cancer management is early diagnosis and targeted
drug delivery of anti-tumor to decrease its toxicities. Recently the progress of nanotechnology as novel therapeutics, have
advanced and trialed to overwhelm numerous limitations of previously available drug delivery systems for cancer treatment.
Nanobased therapeutics has provided the chance to directly contact the tumorous cells selectively with improved drug
localization, cellular application as well as providing targeted drug delivery eluding the interaction with the healthy cells.

In this review, we summarize about various novel nanomaterials as anti-tumour drug delivery carriers for cancer treatment;
also provide insight into the superlative necessities of nanotechnology in cancer therapy and its challenges in targeted drug
delivery.
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Well-organized research in the field of cancer has
showed that a group of diverse problems, together with
the rapid spreading and uncontainable growth of abnormal
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Nano based Drug Delivery System for Cancer Therapy: A Next Generation Theranostics

cells (tumor cells), results in the development of malignant
cancers [1,2]. Tumor cell growth is commonly considered
as the impact of genetic mutations [3]. Presently, the
second foremost cause of death all over the world after
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cardiovascular disease is cancer. Not only this, there is a
constant rise in the severity of cancer among the individuals
[4]. Now cancer is extensively recognized as a universal
problem that lacks a global resolution [5]. According to
estimation in 2018, about 18.1 million cancer cases and
around 9.6 million casualties were produced by cancer [6].
As per the estimation of Global Cancer Observatory (GCO)
organization in 2030, approximately 30 million individuals
will die from these malignant cancers [7]. Furthermore, the
high death rate of cancer and the financial burden imposed
on cancer affected patient families are massive. So, efforts on
the development of novel strategies in cancer diagnosis and
treatment are of great importance. A diversity of methods
are existence for treating the cancers; however, some of
them are unsuccessful due to the adverse side effects as well
as their poor bioavailability and water solubility [8], which
leads to reduce the pharmacological activity of antitumor
drugs on the cancerous tissues [9]. The existing cancer
treatments produced outstanding contributions in extending
the endurance period of malignant patients and also aids in
the improvement of patient’s lifetime [10].

Despite the substantial developments in health science
and technology, cancer stands as an ailment with very limited
treatment methods. Metastasis of tumor contributes a lot
to the mortality and infirmity, and the precise mechanisms
involved in the ailment remain to be illustrated clearly
[11,12]. In recent years, there is an increasing demand for
the enhancement of new strategies for targeted treatment
of cancer to address the limitations of prevailing treatment
methods [13,14]. Nanoparticle-based drug delivery systems
(NDDSs) are being broadly employed in the early, diagnosis,
imaging as well as used in the cancer therapy owing to their
high cancer-targeting efficiency, controlled release property
and also due to their low toxicity profile [15].

Nanoscience generally deals with few nanometres (nm)
to several hundred nm size range, possess greater surface
area along with adaptable optical, magnetic, electronic, and
biological properties than the macroparticles [16].Ithas been
the field of concern for evolving the targeted drug delivery
systems as it very beneficial in overcoming the restrictions
of traditional therapeutics [17,18]. It is considered as a
promising approach in both the tumor diagnosis as well
as treatment of malignancy at molecular level. Extensive
researches are investigated to improve the nano-based
tumor therapeutics with very less toxicity profile than the
existing traditional therapy [16]. Nowadays, nanomaterials
are designed to assist as therapeutic mediators to permeate
the biological barriers to facilitate the molecular interactions
also helps to identify the changes at molecular levels.

Present novel Drug delivery system (NDDS) for cancer
therapy, whichare being marketed, inaddition underresearch
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consisting polymeric micelles, polymeric nanoparticles
(PNPs), liposomes, dendrimers, nanocapsules, nanospheres,
and nanotubes [19,20]. With the rapid development of
nanotechnology, in this review we have summarized the basic
principles of the targeted drug delivery of nanotherapeutics,
current progress, its challenges, nanomaterials in targeting
tumor cells, Tumor Microenvironment (TME) and its
application in cancer diagnosis its treatment with focus on
their benefits and limitations as well as describes the path of
future research.

Nanotechnology in Cancer Diagnosis

Cancer diagnostic strategies are very essential at early
detection and targeted to inhibit the carcinogenic cell
proliferation. Prominent early diagnostic tools for tumors
are Magnetic Resonance Imaging (MRI), Positron Emission
Tomography (PET), Computed Tomography (CT) and
Ultrasound [21]. These imaging tools have limitation due to
their insufficient provision of appropriate clinical evidence
about different types of cancer and its various stages.
Henceforth it makes very difficult to acquire a full estimation
of the ailment state and to provide optimum therapy [22].
In the recent research, nano-based tools and techniques aids
in the imaging of tumor cells at the cellular and molecular
levels to explore the TME [23].

Near Infrared (NIR) Quantum Dots

NIR quantum dots are based on the in vivo fluorescence
imagingwhich can carryoutconcurrent, non-invasive imaging
with high resolution to precisely acquire the biological
figures in vivo and play a substantial role in the initial
diagnosis of tumours [24]. Quantum dots emits fluorescence
in the near-infrared spectrum around 700-1000 nm are used
for imaging different cancers like pancreatic cancer, liver
cancer, colorectal cancer and lymphoma [25]. However, this
conventional fluorescence imaging technique (near-infrared
(NIR)-I windows) are rigorously obstructed by the auto
fluorescence, strong tissue scattering and absorption. The
emergence of second near-infrared (NIR) window (NIR-II,
900-1700 nm) with higher tissue penetration depth, higher
spatial and temporal resolution significantly overwhelms
the imaging limitations of NIR-I and also possesses high
brightness and good photo stability to aid cancer imaging
[24]. Apart from this, in vivo fluorescence imaging with
the silver-rich Ag,Te quantum dots (QDs) comprising a
sulfur source (Ag,Te@Ag,S QDs), shows better spatial
resolution images over a wide infrared range with enormous
penetration depth [26]. Hence, NIR-QDs are considered as
one of the promising fluorescent biomarkers in the arena of
in vivo fluorescence imaging. The Ag,Te quantum dots [26]
are depicted in Figure 1.
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Figure 1: Silver-rich Ag,Te quantum dots (QDs) enriched
with sulfur source (Ag,Te@Ag,S QDs).

Nanoshells

Nanoshells size ranging approximately between 10
and 300 nm composed of dielectric cores usually made of
silicon is surrounded with a thin metal (gold) shell [27,28].
Nanoshells work by altering plasma-mediated electrical
energy into light energy, also it modifies the optically over
UV-infrared emission/absorption arrays. Nanoshells are free
from the heavy metal toxicity [29] although it is not used
widely due to their bulky sizes. Wu, et al. Demonstrated
the imaging with 20-nm thin gold nano shells loaded into
gel phantoms via optical tomography [30]. Apart from this,
gold nanoshells are fused with the immunoparticles to target
the tumour molecules specifically. By using the in vitro
culturing technique, Loo, et al. Targeted HER-2 with the HER-
2 antibody-conjugated nanoshells which were formulated
accordingly to scatter light by using optical coherence
tomography [31]. These nanoshells are also fabricated as
carriers for anticancer agents as they were theranostic in
nature. Sengupta, et al. Revealed the high anticancer activity
from the novel nanoshells enclosed with an antiangiogenic
factor (combrestatin and doxorubicin) while associating only
with combrestatin or doxorubicin and further they confirmed
the progressive discharge of these agents, which endorsed
vascular interruption within the tumour microenvironment
[32]. Schematic diagram for the encapsulation of anticancer
drug in nanoshell [32] is shown in Figure 2.

Figure 2: Novel nanoshell encapsulated with an
antiangiogenic factor (combrestatin or doxorubicin).

Colloidal Gold Nanoparticles

Colloidal gold nanoparticles (AuNPs) are good
contrasting agent due to its small size, high atomic number
and good biocompatibility. Various researches on AuNPs
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demonstrated that when the energy surpasses 80kev, the
massattenuationrate ofgold becomesveryhigh thanthe other
metal nanoparticles [33]. Rand, et al. Formulated AuNPs with
liver tumor cells and found that with X-ray imaging, the liver
tumor cells in the gold nanocomposite cluster were stronger
than the liver tumor cells alone [34]. In the colon cancer,
Paciotti, et al. Demonstrated that systemically conveyed
AuNPs with tumor necrosis factor (TNF) amassed in tumor
cells and TNF-conjugated AuNPs had better theranostic
effect compared with that of inherent TNF alone [35]. Chen,
et al. Revealed about the gold nanocages, a different variety
of AuNPs aids in the detection of erythroblastic oncogene B
(erbB2) and epidermal growth factor receptor 2 (EGFR2) by
in vitro assay techniques which has a prospective solicitation
in photo thermal imaging [36] shown in Figure 3 [36].

Figure 3: Fluorescent image of the EGFR 2 by using the

gold nanocages.

Nanotechnology in Cancer Therapy

Onthe heels of the advancements of nanotechnology with
specially modified nanomaterials and surface modification
of the anti-tumour drug with nanoparticles as carrier can
provide controlled drug release as well as aids in the targeted
drug delivery to improve the stability and bioavailability of
anti-tumour drugs [37].

Properties of Nanomaterials

Nanomaterials used in biomedical application as
therapeutic drugs and devices are in the particle size around
1-100 nm [38]. As the materials proportion reduces into
nanoscale which develops some exclusive properties like
optical, electrical and magnetic properties, thus making
the nanomaterials are more potent from traditionally used
macromolecules. In addition, these nanomaterials have
enhanced electrical conductivity, high surface-to-volume
ratio, super-paramagnetic behaviour, and exceptional
fluorescent characteristics. In the medical arena, noticeable
features of nanomaterials are it aids in transportation of
therapeutic drugs with targeted release property and also
used to increase the permeability and biocompatibility
[39]. These specific properties of nanoparticles make
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it as a reliable material which can be utilized especially
as cancer therapeutics. These nanomaterials can amass
with biomolecules, which can improve the specificity
of biochemical drug complex in targeted therapy, thus
enhancing the efficiency of nano-based treatment and also
reducing its toxicity in the healthy cells [40].

Progress of Nanotechnology in Targeted Drug
Delivery

Nanomaterials have been made as a recent advancement
with the aim of targeted drug delivery for accurate directing
to the explicit tumor cells, and it is accomplished by both
passive targeting as well as active targeting. In passive
targeting, Enhanced Permeability and Retention (EPR)
effect is being used. On the other hand, active targeting is
accomplished by coupling with the peptides, antibodies and
small molecules. In comparison with the free drugs, targeted
drug delivery assists in reducing the toxicity level in normal
cells, increase the half-life, solubility, loading capacity
and also protects drugs from degradation [38,41]. Over
subtle design and modification, nano-based drugs provide
improved specificity, less cytotoxicity to normal tissue, high
bioavailability, longer half-life period, larger loading capacity,
and controlled drug release forms, overwhelming the
disadvantages of orthodox chemical therapy. Last few years,
great progress has been made in the cancer pathophysiology
and Nano Science Technology and Industry (NSTI) produced
abundant nanomaterials for the treatment of cancer.

Nanomaterials for Cancer Therapy

The fundamental arrangement of nanomaterials is very
complex in nature, with a surface coating, shell layer and the

central portion (core) which is generally known as NP. These
NPs have deep tissue penetration property to increase the
EPR effect. Besides, the surface characteristics it impacts
on the bioavailability and half-life by crossing epithelial
fenestration effectively [42]. The advancement progress on
nano-based anti-tumour drug carriers [43] is being depicted
in Figure 4.

Figure 4: Advancement of nano-based anti-tumor drug

carriers from polymer prodrug to targeted dendrimers.

o

Nano Carriers For Cancer Therapy

Based upon the general shape of NPs, it is being
categorized into zero dimension, One-D, two-D and three-D
[44]. It predominantly comprises of nanobased polymeric
substances, inorganic nanoparticles and various nano drug
carriers. Various nanomaterials used in anti-tumour drugs
delivery as carriers are represented in Table 1.

S.No Nanomaterials Anticancer drug Outcomes Reference
Decreased the abnormal toxicity
1 Chitosan Chlorambucil and improved the uptake of [45]
tumor cells.
Enhanced the targeted delivery,
2 Silica nano particles Fluconazole permeability and decreased side [46]
effects
3 Zinc Oxide nanoparticles Doxorubicin Increased blOOd concgntratlon [47]
and anti-tumor efficacy.
4 Poly-Lactic Acid nanoparticles Verapamil and Decreased drug resistance and [48]
(PLA) Doxorubicin improved anti-cancer effect.
Poly (Lactic-co-Glycolic Acid) . .
5 nano particles (PLGA) Curcumin Enhanced the drug targeting. [49]
6 Polyethylen;ailé/:::lc; IS(PEG) nano Doxorubicin Enhanced the therapeutic effect. [50]
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7 Liposomes Bortezomib .Decreased 51(.11e effects and [51]
improved anti-tumor effect.

8 Gold (Au) nanorods Platmum.apd Targeted dellve.ry and response [52]
Doxorubicin activity.

9 Carbon nanotubes Doxqrgbwm a.nd Progresses the d.r}lg loading and [53]
propidium iodide stability.

. Progresses the drug activity and
10 Quantum dots Doxorubicin anti-tumor ability. [54]

Table 1: Nanomaterials used as carrier for the delivery of anti-tumor drugs.

Nano-Polymers

Nano-polymer carriers have very good biodegradability,
bioavailability and biocompatibility. It is the utmost
significant and extensively studied nanomaterial in the
therapeutic field [55]. At present, nano-polymer carriers
are primarily classified into natural and synthetic, which
are used specifically based on the anti-tumor drugs. Natural
nano-polymer carriers basically include agarose, collagen,
chitosan and hyaluronic acid-based polymers. In contrast,
manmade nano-polymeric carriers are poly anhydrides,
PEG (polyethylene glycol), PGA (Polyglutamic acid), PCL
(poly-e-caprolactone), PLA (polylactic acid), and PLGA (poly
D, L-lactide-co-glocolide), etc. Saneja, et al. Demonstrated
the co-polymerization of glycolic acid and lactic acid to
form Polylactic-co-glycolic acid (PLGA) possesses better
biocompatibility with EPR effect [56]. Furthermore Zhou,
et al. Investigated about the polymeric micelles by polymer
self-assembly into nano-aggregates for the characterisation

as they comprises of amphiphilic copolymers [57]. Then
according to the study of Cagel, et al. Nano polymers with the
hydrophilic section enhances the stability and reduces the
drug uptake in the reticuloendothelial system, thus delaying
their circulation time period while the hydrophobic core
facilitates the impenetrable anticancer drugs to be absorbed
and carried efficiently [58]. In the midst of different synthetic
nano-polymers PEG possesses very less toxicity and it has
been the emphasis of research in the recent period of time.
PEG polymer is obtained by the polymerization of ethylene
oxide. Its key features are governable polymerization
degree, its steady structure [59], and also it can evade the
recognition of human immune system. Clinically approved
polymer nanomedicine formulations for cancer treatment is
paclitaxel as Paclical® in Russia and Genexol-PM® in Korea
are shown in Figure 5. Further, Opaxio [paclitaxel poliglumex]
is an important polymer nano-drug which has been arrived
to the preclinical stage of research [60].

Figure 5: Clinically approved polymer nanomedicine formulations Genexol-PM and Paclical.

Inorganic Nanoparticles

Recently the use of inorganic nanoparticles has been
increased gradually especially in tumour imaging and
treatment [61]. Inorganic NPs used in the tumour imaging
and treatment includes metals like iron, gold, silver and zinc
nanoparticles, metal oxides like iron and titanium oxide NPs,
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carbon nanotubes, carbon dots and semiconductors [62,63].
Owing to their excellent physical and chemical properties
like good stability, optical, magnetic responsiveness, these
nanoparticles are considered more appropriate for the
treatment of cancer than the conventional carbon-based
nanocarriers [64]. Chen, et al. [65] Fused the Ferric oxide
(Fe304) NPs on carbon nanotubes to afford a double-
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targeted drug delivery based on the multifunctional
nanoplatform showed highest drug-loading capacity [at pH
8.5] for tumor cell targeted visual imaging and magnetic-
targeted drug delivery by coating transferrin on the surface
of modified nanotube. Though, the toxicity profile of the
inorganic nanoparticles limits its clinical applications
[66]. Basogluy, et al. and Mandriota, et al. Demonstrated a
study on the magnetic NPs (MNPs) in order to enhance the
biocompatibility and stability by coating various organic
polymers which showed high efficiency in gene therapy
and chemotherapy for the treatment of malignancy [67,68].
Further Hoopes, et al. achieved the thermal ablation of
malignant tumor by magnetic hyperthermia using MNPs and
the results highlighted that this technique can be a better
alternative for tumour treatment [69].

Nano-Liposomes

Nano-Liposomes are mostly similar to the structure of
biofilms. It possesses a lipophilic tail and hydrophilic head,
which helps to encapsulate the drugs in aqueous environment
to form multilayer vesicles [70].1Itis considered as a promising
nano-carrier of drugs because of its high biocompatibility,
controlled drug release, strong drug loading capacity, high
safety, and low toxicity profiles [71]. Wu, et al. [72] formulated
Luteolin (LUT) in the nano-liposomes with the encapsulation
effectiveness up to 90% which aids to increase the LUT water
solubility, bioavailability and “anti-tumor activity. Further in
vitro studies illustrated that liposome-LUT inhibits the tumor
cell evolution by persuading apoptosis of cancerous cells
and showed superior anti-tumor activity on mouse colon
cancer cell CT26, when compared with LUT without nano-
liposome. Pastorino, et al. Modified the doxorubicin drug by
loading Anti-disialoganglioside (Anti-GD2) antibodies which
ultimately aids to improve the targeting of drugs to Human
Neuroblastoma [73]. Zuccari, et al. [51] fused Bortezomib in
the nanoliposomes by encapsulating the asparagine-glycine-
arginine (NGR) peptides possess high therapeutic efficacy
as well as very less toxic side effects when compared to the
administration of bortezomib alone. Han, et al. [74] revealed
that multiple paclitaxel liposomes have very high anti-tumor
efficiency and improved bioavailability compared to free
paclitaxel. According to O’Brien et al,, liposomal doxorubicin
showed a comparably high efficiency in treating the
breast cancer with reduced cardiotoxicity [75]. Moreover,
liposome-based Nanocarriers presented an alternative for
the combination of drugs, which can increase the therapeutic
activity and also it can inverse the drug resistance [76].

Nano-Gene Carriers

Nano-gene carriers in the gene therapeutics have a
substantial part in treating malignancy [77]. These carriers
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used in the gene therapy are the key success in gene therapy
[78]. Presently, the most frequently used gene vectors are
viral and non-viral vectors. In gene therapy, viral vectors
are limited in application due to its complication and higher
cost for the preparation [79]. In contrast, non-viral vectors
are potential substitute for viral vectors, because they are
very simple to formulate, higher transportability, lower
toxicity, and almost all of them are nano-vectors including
liposomes, peptides, and polymers [80-82]. Wang, et
al. formulated a multi-functional cancer therapeutic
plasmid namely Cas9-sgPlk-1 as a carrier transport by
the electrostatic interaction by lipid encapsulation of gold
nanoparticles. It provided a well-organized targeted gene
editing in the in vitro and in vivo experiments [83]. Then
Kim, et al. demonstrated the macrophage derived exosomes
encapsulated with paclitaxel by sonication, incubation, and
electroporation [84]. By using the sonication approach,
exosomes exhibited very high paclitaxel loading efficiency
with higher drug release in vivo [84]. In a recent study
performed by Lou, et al. Performed miR-122 expression
plasmid on the Adipose tissue-derived Mesenchymal Stem
Cells (AMSC) aided in the treatment of hepatocellular
carcinoma cells [85]. In another study demonstrated by
Yuan, et al. Proved that treating the triple-negative breast
cancer (TNBC) cell line Human Mammary Carcinoma (MDA-
MB-231) with exosomes secreted by human umbilical
cord mesenchymal stem cells overexpressing miR-148b-
3p (HUCMSC-miR-148b-3p) showed an inhibitory effect
on the proliferation of MDA-MB-231 and also it highlights
the prospective of miR-148b-3p comprising exosomes for
the treatment of breast cancer [86]. According to the study
of Gong, et al. Exosomes as endogenous nanocarriers has
very beneficial potential in co-delivery of doxorubicin
and hydrophobically modified miR-159 for triple-negative
breast cancer therapy [87].

Targeted Delivery of Nano-Drug Carrier

Although traditional chemotherapy drugs can kill tumor
cells with high efficiency, but due to lack of its specificity
they have toxic and side effects on normal tissues. This
nanotechnology provides a new opportunity to overcome
the above issues especially in tumour targeted therapy
[88]. Generally, two major pathways are involved in the
entry of anti-tumour drugs to the targeted site which are
depicted in Figure 6 [89]. At present, anti-tumour drugs in
the form of nanoparticles can be transport the drugs for its
targeted delivery through three ways: passive transport,
active transport and physical and chemical transport. These
transport techniques can identify cancerous tissues more
accurately in complex organisms and release the drugs at
cancerous tissues and reduce toxic effects on normal cells.
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Figure 6: Entry of Anti-tumour drugs through paracellular
and transcellular pathways.

Passive Targeted Transport

Passive targeting, mainly through EPR effect, enables
the drug by macrophages as a foreign body immediately
after entering into the human body, so as to reduce non-
specific binding with non-target sites and reach the targeted
sites for selective binding [90]. Drug carriers, such as
liposomes, mainly transport the drugs through passive
targeting [91]. Mitra, et al. [92] embedded Adriamycin glucan
complex as long-circulating nanoparticles. This embedded
formulation enriched the drug targeting into the tumor
site of mice by EPR effect, achieved the high efficiency and
low toxicity of drugs. At present, many passive targeting
nanoparticle formulations like Marqibo, Myocet and Doxil
showed promising therapeutic effects in clinical trials [93].
Carmeliet and coworkers demonstrated the induction of
neovascularization by high propagation of cancer cells in the
vascular barrier which leads to the deterioration of tumor
vessels. In the meantime, the reduced lymphatic drainage
concomitant with malignancy intensifies the retention
of NPs, which allows the nano-carriers to discharge the
drugs in the cancer cells [94]. Carita, et al. demonstrated
that nanocarriers loaded with antitumor drugs have better
penetrability into the malignant cells rather than into
the healthy cells [95]. On the other hand, Cirpanli, et al
Revealed the encapsulation efficiency of camptothecin
in nano particulates by using amphiphilic cyclodextrins,
polycaprolactone or poly (lactide-co-glycolide) with an
intention to retain the bioactive lactone system and also to
avoid the camptothecin drug from hydrolysis to the inactive
carboxylate form [96]. Gaur, et al. formulated a nanoparticle
by conjugating 20(S)-camptothecin and cyclodextrins
polymer (CRLX101) which aids in the high biocompatibility
and also to control the release of drug constituents over a
period of time in tumor cells [97].

Active Targeted Transport

The limitation of passive targeting is lower specificity to
tumour site, whereas active targeting has higher targeting. It
is found that some antigens or receptors are over-expressed
on the surface of tumor cells [98]. Where normal cells
express the various receptors like folate [99], prostate-
specific membrane antigen [100], biotin [101], transferrin
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[102], peptide [103] and carbonic anhydrase IX [104] them
normally. Active targeting is based on the specific recognition
between receptor and ligand or the covalent modification of
targeting groups on the surface. Mackiewicz, et al, Designed
multifunctional poly (ethylene glycol)-block-poly (lactic
acid)) nanoparticles modified by folic acid and fluorescent
probes. The study results demonstrated that the formulated
nanoparticle can be used for both the cell imaging as well
as targeted delivery of anti-tumor drugs at the same time
[105]. Generally, transferrin receptors will be overexpressed
in the cancer cells than the normal cells, Amreddy, et al.
fused transferrin with NPs to transport antitumor drugs
for the cancer therapy. When compared to the unmodified
NPs, transferrin-conjugated NPs have exhibited higher
cellular uptake efficacy and also enhanced the intracellular
delivery of antitumor drugs [106]. Moreover, Soe, et al
indicated about the transferrin-conjugated polymeric
NPs which plays a substantial role in overwhelming drug-
resistant chemotherapy [107]. Epidermal Growth Factor
Receptor (EGFR) is one of the associates of ErbB family of
tyrosine kinase receptors which is basically overexpressed
in various kinds of cancer, as it is involved cancer cell growth
and proliferation is being widely employed as a target for
malignancy [108]. Furthermore, Alexis et al. Incorporated
altered ligands to target EGFR-overexpressed tumor cells
to improve the targeted drug delivery [109]. In addition,
Balasubramanian, et al. Conjugated two different kinds of
altered cancer-specific ligands curcumin and 5-fluorouracil-
loaded, folate and transferrin into a distinct polymeric
magnetic nanoformulation for active targeting, showed
enhanced target specificity with high efficiency [110].

Physical and Chemical Targeted Transport

The microenvironment of tumor cells is different
from that of normal cells. Based on the unique physical
and chemical environment of tumor site, researchers have
developed a series of nano-drug carriers with stimulus
response, which can achieve targeted release of drugs by
controlling exogenous stimulus (change of temperature,
magnetic field, light or electric pulse) or endogenous
stimulus (change of pH value or redox), thereby improving
drug efficacy and reducing side effects [111-114].

Temperature responsive nanocarriers: Corato et al
enhanced the magnetic heating in the dense magnetic
cores by encapsulating the magnetite NPs with a diameter
around 9 nm [115]. A nanocomposite of magnetite with
porphyrin was prepared and studied for its magnetism with
the photo-responsiveness [116]. Shah, et al. [117] wrapped
photosensitizer tetrakis (hydroxymethyl) phosphonium
chloride and anticancer drug doxorubicin in hydrophobic
lipid bilayer membrane. Further, wrapped the magnetic
nanoparticles in hydrophilic inner capsule which realizing

Copyright© Prabu SL, et al


https://medwinpublishers.com/BEBA/

Bioequivalence & Bioavailability International Journal

the simultaneous magnetocaloric therapy, photodynamic
therapy and chemotherapy. Experimental results showed
that this combined therapy can almost eliminate completely
cancer cells, and produce remarkable therapeutic effect.

pH-responsive nanocarriers: Tumour cells/tissues has
lower pH value than the normal tissues. The pH value of
normal tissue is about 7.4, while the pH value of tumor
extracellular microenvironment is about 6.5~7.2 [118].
Deng et al. [119] found that the amino protonation caused by
chitosan swelling would lead to release the tumour necrosis
factor-a (TNF- o) in local acidic environment in treating the
tumour tissues.

Photo-responsive nano-carrier: The photo-responsive
nano-carrier can respond to specific wavelength light to
achieve targeted drug delivery [120]. You, et al. designed
and synthesized multifunctional doxorubicin hollow gold
nanoparticles, which accelerated the release of drugs under
the irradiation of near infrared light [121]. Compared with
traditional chemotherapy methods, the NIR technology
increased the anti-cancer activity and reduced the systemic
toxicity. The study results highlighted that the NIR technology
has a broad prospect in treating the tumour tissues [121].

Redox responsive nanocarriers: Concentration of
Glutathione (GSH) in tumour cells was about several
hundred times higher than that in the extracellular cells
[122]. Based on this principle, Wang et al. [123] developed

camptothecin (CPT) conjugated core cross-linked micelles.
This conjugation can break down into disulfide bonds by
oxidation-reduction, thus, destroying the micelle structure
and releasing CPT rapidly. In vitro cytotoxicity study showed
that the anti-cancer activity of redox-responsive core
cross-linked micelles was significantly higher than that of
nonresponsive micelles.

Magnetic-responsive nanocarriers: Widder, et al. [124]
proposed the targeted therapy of magnetic drugs during
1970. The research on magnetic targeted drug delivery
system (MTDS) has become an important consideration
in the current research especially in tumour diagnosis and
treatment. Magnetic nanoparticles were fixed by external
magnetic field, and then heated by alternating magnetic field
to kill tumour cells [125]. Core-shell nanoparticles [126],
magnetic liposomes [127] and nano porous metal capsules
[128] are used as magnetic responsive nanocarriers in MTDS.

Nanomaterials for Cancer Treatment

Up to now, quite a few conventional approaches
are being applied to tackle the various types of cancer.
Furthermore, despite the variations in working platforms
and mechanisms, maximum of the researchers assumes two
foremost targets. They are tumor cells and Tumor Micro
Environment (TME) which consists of the immune system
associated to the tumour. The schematic system [129] is
being diagrammatically represented in Figure 7.

Figure 7: Various approaches for cancer treatment based on nanomaterials.
A. Cancer cells B. TME C. Cancer Immunotherapy.
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Strategies in Targeting Tumor Cells

Directly targeting the tumour cells is an ordinary method
to eradicate cancer. With active targeting and EPR, improved
nano-carriers like NPs, carbon nanomaterials (CNMs),
and dendrimers can release the therapeutic antitumor
drugs or biomaterials into the tumour cells [130]. In these
platforms, antibodies targeting the exact overexpressed
antigens on tumor cell surfaces are being used widely. After
the endocytosis by tumor cells, the nucleic acid constituents
induce cell apoptosis or the encapsulated therapeutic drugs
produces cytotoxicity. Advancement has been made in nano-
DDS of nucleic acids and exosomes [131,132], liposomes,
PNPs [133]; dendrimers [134] are immensely investigated in
the cancer therapy.

Strategies in Targeting TME

The next important targeting strategy is TME, which
contains cancerous cells. In accordance with various
researches, angiogenesis is enormously very active almost in
all the cancers due to the abnormal cell growth. Based on this
distinctive characteristic, Sengupta prepared a NP system
unambiguously targeting only the abnormal tumor cell
angiogenesis along with combretastatin. This formulation
was further encapsulated into the PLGA core with doxorubicin
(DOX). Therefore, the DOX was proficiently utilized in
cancer after a short break of cancerous vessels persuaded
by combretastatin, and an enhanced overall therapeutic
activity was attained [32]. Further abnormal vasculature
and extracellular matrix (ECM) has been investigated in
the tumor treatment. ECM also plays a major role and acts
as a controlling scaffold in tumor cell proliferation, passage,
incursion as well as angiogenesis [135]. Some foremost
constituents contributing to these carcinogenic properties
are collagen and other enzymes like Hyaluronidase (HA).
Collagen is the chief structural protein of the ECM, which
forms movement paths for the abnormal cells, whereas HA
subsidizes to very high interstitial fluid pressure (IFP) and

averting drug diffusion as well as penetration [136,137].
Enzymes, like matrix metalloproteinases (MMPs), can control
TME by deploying the action of non-ECM constituents,
together with the various receptors, growth factors and
cytokines [138]. In nanocarrier strategy, ECM is considered
as one of the major parameters especially when combined
with the traditional organic drugs. ECM hyaluronic acid
produces a good therapeutic property against the metastatic
pancreatic cancer, especially in patients with high expression
of HA [139]. Numerous efforts are made to improve the
penetration capability in tumors by nano carriers with
hyaluronidase (HAase) for the antitumor drugs. It is not a
complex method but has been considered as a very effective
approach which exhibits improved anti-tumour -efficacy
[140].

Cancer Immunotherapy

The immune system plays a vital role in cancer
formation and progression. There are several approaches
in immunotherapy and it is theoretically possible that each
step in the cancer immunity cycle might be the potential
therapeutic target with various methods including
immune checkpoint blockade therapy, chimeric antigen
receptor (CAR)-T cell therapy, cancer vaccine therapy
and immune system modulator therapy [141]. In cancer
immunotherapies, natural or synthetic molecules are used
extensively to improve the function of immune system and
exert anti-tumor effect. The most significant immune check
points which are studied includes immune check point
inhibitors (ICIs), targeting Programmed cell death protein 1
(PD-1) and programmed cell death ligand 1 (PD-L1) [142].
In research conducted by Bu and team, over-expression
of PD-1 was considered to allow cancer cells to perform
antitumor immunity evasion, and traditional immune check
point inhibitors (ICIs) of PD-1/PD-L1 showed inconsistent
benefits [143]. Schematic diagram for the cancer cancer-
immunity cycle [144] is shown in Figure 8.

Figure 8: Schematic illustration of cancer-immunity cycle.
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To ensure bonding of PD-L1 and ICIs, multivalent poly
(amidoamine) dendrimers were employed; as a result,
PD-L1 blockade effect was improved, and tumor site drug
accumulation was enhanced [142]. CTLA-4 (cytotoxic
T-lymphocyte-associated protein 4) is as an immune
checkpoint with the function to down-regulate the immune
responses [145]. Nano-based materials play a substantial role
as drug transporter to deliver antibodies, small molecular
inhibitors and proteins as drug constituents. Through
these strategies has been considered as novel platforms
in nanotechnology which can be developed further to
achieve better efficacy and bioavailability than conventional
therapies [146,147].

Progress and Challenges of Cancer Therapy

Nano-based materials used in treatment and diagnosis
of cancer have various advantages over the traditional
biochemical drugs and also there are associated challenges
in the nanomaterial application. Some noteworthy attributes
in tumorigenesis are growth suppressor’s evasion, activating
invasion and metastasis, cell death resistance, genomic
instability, induced angiogenesis, continuous proliferative
signalling, inflammation, mutation and replicative
immortality [1,148]. Some of the challenges associated to
reach carcinogenic target sites are nanocarriers should pass
through the fortifications such as vasculature, normal tissue
microenvironment, and TME as well as the kidney filtration
[149]. Cancer tissues generally showed dense ECM, high
interstitial fluid and over-activated angiogenesis induced by
excessive angiogenic factors will influence the application
nanomaterials.

Conclusion and Future Perspectives

Nanotechnology has evolved as a promising approach
in cancer therapy over the recent years. Due to their
enhanced pharmacokinetic and dynamic properties, nano-
based materials have been used in both cancer diagnosis
as well as treatment. It allows targeted drug delivery in
the particular region with minimal side effects. Though,
as with other therapeutic possibilities, nanomaterials are
not completely devoid of toxic effects and only comes with
a number of challenges which causes setbacks with their
clinical applications. Certain limitations are associated with
the use of nanotechnology; hence more developments must
be performed to maximize their efficacy and to improve
its delivery while keeping the drawbacks to the least. By
improving the interactions between the physicochemical
properties of the nanomaterials employed, it can act as a new
era of tumor treatment by providing lead molecules for the
detection, diagnosis, and therapy of malignancy.

Cancertherapeuticsbased onthe excellentcharacteristics
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of NPs is being massively used in the clinical set of numerous
cancer types. Various categories of NPs, such as PNPs, hybrid
NPs, and metallic NPs, have exhibited enhanced efficiency of
drug delivery. Still, there are several limitations like deficit
in vitro replicas which can exactly replicate in vivo stage,
the long-term toxicity, immunotoxicity, and neurotoxicity.
In comparison with the mammoth number of research,
only limited nano-based drugs are really utilized, some are
in clinical trials, and most of them are in the experimental
stage. For rationale nanomaterial strategy, understanding
the cellular as well as physiological aspects that control
the nanobased drug delivery and toxicity profiles in the
human beings are very essential. Based on the investigations
mentioned above, we presume that the revolution in the
clinical transformation for Nano-based cancer therapy
will be achieved by means of nanotechnology and cancer
therapeutics development.
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