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ABSTRACT 

The main reason for morbidity and death globally is cancer, which has a complex pathophysiology. There are several traditional treatments for 
cancer, including chemotherapy, radiation therapy, targeted therapies, and immunotherapies. Multiple drug resistance, cytotoxicity, and lack of 
specificity pose significant challenges to cancer treatments. Molecular diagnostics and cancer treatment have been transformed by nanotechnology. 
For cancer treatment, nanoparticles (1–100 nm) are ideal because they are biocompatible, have low toxicity, excellent stability, high permeability, 
are precise and stable, and can deliver clear and accurate results. There are several main categories of nanoparticles. When it comes to the delivery 
of nanoparticle drugs, tumour characteristics and the tumour environment are considered. As well as providing advantages over conventional 
cancer treatments, nanoparticles prevent multidrug resistance, further overcoming their limitations. As new mechanisms are unravelled in studying 
multidrug resistance, nanoparticles are becoming more critical. Nano formulations have gained a new perspective on cancer treatment due to their 
many therapeutic applications. The number of approved nanodrugs has not increased significantly despite most research being conducted in vivo 
and in vitro. A review of nanoparticle oncological implications, targeting mechanisms, and approved nanotherapeutics is presented here. A current 
perspective on clinical translation is also provided, highlighting its advantages and challenges. 
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INTRODUCTION  

The selections of articles for the current review were searched from 
specialized databases (Range of years: 1997-2021) such as Elsevier, 
PubMed, and Cambridge using the keywords cancer treatment, 
Pathophysiology, Nanoparticles, Nanotherapeutics. Other selections 
include articles from Springer, information from Internet sources, 
and online published articles from The Lancet Respiratory Medicine, 
Medscape, and Statpearls. 

World cancers have complex pathophysiology’s that contribute to 
death and morbidity. Chemotherapy, radiotherapy, targeted 
therapies, and immunotherapy are some of the traditional cancer 
treatments. There are several challenges associated with cancer 
treatments, including multiple drug resistance, cytotoxicity, and low 
specificity. The application of nanotechnology to cancer diagnostics 
and treatment has transformed both fields. The advantages of 
nanoparticles (1-100 nm) for cancer treatment include their 
biocompatibility, low toxicity, excellent stability, high permeability, 
precision and stability, and capacity to deliver precise and accurate 
results. Several main types of nanoparticles can be classified into [1, 
2]. The tumour's characteristics and environment are considered for 
nanoparticle drug delivery. Nanoparticles have the advantage of 
overcoming the limitations of conventional cancer treatments, as 
well as preventing medical resistance to multiple drugs. 
Nanoparticles are also being studied as new mechanisms are 
unravelled in multidrug opposition. As a result of Nano 
formulations' many therapeutic applications, cancer treatment has 
taken on a whole new perspective. Despite most research being 
conducted in vitro and in vivo, the amount of approved Nano drugs 
hasn't increased significantly [3]. In this article, we discuss the 
oncological implications, targeting mechanisms, and approved 
applications of nanoparticles in oncology. In addition, the benefits 
and challenges of clinical translation are discussed.  

Cancer is a significant public health concern, which is the 2nd leading 
reason for death globally. According to the American Cancer Society, 
1.9 million new cancer cases will be in 2021. Surgery, chemotherapy, 
immunotherapy, radiation therapy, targeted therapy, and hormone 
therapy are common therapeutic approaches used in conventional 
cancer treatments [4, 5]. Cytostasis and cytotoxicity can be caused 

by chemotherapy and radiation [6], but the treatments have severe 
adverse effects and are often related to higher recurrence rates. 
There are also many other negative effects associated with this drug, 
including neuropathies, gastrointestinal disorders, hair loss, and 
fatigue. Cardio toxicity and pulmonary toxicity can also be caused by 
anthracyclines and bleomycin [7]. 

Precision therapy has become increasingly popular with the advent 
of targeted therapy [8]. Although they are still effective, drugs still 
have a large number of inherent adverse effects, including multi-
drug resistance. Immunotherapeutic agents reduce recurrence rates, 
prevent distant metastases, and treat primary cancer [9]. As a result 
of immunotherapy, however, autoimmune diseases can develop. The 
effectiveness of immunotherapy against solid tumours is lower than 
that against lymphomas, according to several studies [10]. It is 
difficult for immune cells to penetrate the Extracellular Matrix 
(ECM) these cancers create [11]. These new targeted therapies and 
immunotherapies impair the epidermis and dermis' normal 
homeostatic functions by blocking key signalling pathways. 
Dermatologic Adverse Events (dAEs) result from this [12]. It has 
become increasingly important to find precise cancer treatments in 
recent years. Nanoparticles have recently been suggested to 
overcome the limitations of current therapeutic approaches. The 
disease affects the bone marrow, the digestive and skin systems, and 
the hair. There are also a few drug-specific adverse effects like 
cardio toxicity and pulmonary toxicity caused by anthracyclines and 
bleomycin. Precision therapy has grown as a result of targeted 
therapy [8]. While multiple-drug resistance has been found to limit 
therapeutic efficacy, there are still many inevitable adverse effects 
[7]. Immunotherapeutic agents have shown promise in treating 
primary cancers, preventing distant metastasis, and reducing 
recurrence rates [9]. Immunotherapy can, however, cause 
autoimmune diseases. The effectiveness of immunotherapy against 
solid tumours may differ from that against lymphomas [10]. A 
cancer cell-derived Extracellular Matrix (ECM) prevents immune 
cells from infiltrating the tissue [11]. Dermatologic Adverse Events 
(dAEs) can result from the development of immunotherapy and 
targeted therapy that interferes with signalling pathways important 
for malignant behaviour and maintenance of epidermal and dermal 
homeostasis [12]. As cancer treatments become more precise, new 
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approaches are becoming more popular. Various new therapeutic 
approaches have been developed using nanoparticles to overcome 
existing limitations. Several studies demonstrate good 
pharmacokinetics, precise targeting, a low incidence of side effects, 
and decreased drug resistance when nanoparticle-based drug 
delivery systems are used to treat or manage cancer [13, 14]. 

There have been several commercialised Nano therapeutic drugs 
due to the development of nanotechnology. Clinical trials have been 
conducted on several Nano therapeutic medicines since 2010. As for 
anti-tumour Multi Drug Resonance (MDR), Nano therapeutic drugs 
provide the potential to improve drug delivery and inhibit 
mechanisms of drug resistance [15]. ETH Zurich (Eidgenössische 
Technische Hochschule Zürich) pioneered medical nanotechnology 
in the 1960s [16]. This combination has led to several diagnostic 
devices and better therapies. Nano therapeutics are discussed in this 
review, including their basic principles, challenges, and prospects. 

Nanoparticles  

A nanoparticle is a small, highly specialised material with unique 
properties that distinguish it from bulk samples [17]. In terms of 
their overall shape, nanoparticles can be classified into four different 
categories: 0D, 1D, 2D, and 3D [18]. A Nanoparticle is made up of a 
core and surface, and the shell is made up of layers [19]. They have 
earned vast attention in several multidisciplinary fields because of 
their exceptional characteristics, such as high surface-to-volume 
ratios, dissimilarities, and submicron sizes. In addition to improving 
Enhanced Permeability and Retention (EPR), nanoparticles 
penetrate deeply into tissues. Consequently, the drug's surface 
characteristics directly affect the bioavailability and half-life of the 
drug since they facilitate penetration of epithelial fenestration into 
the cell [20]. It has been shown that Polyethylene Glycol (PEG)-
coated nanoparticles are less likely to opsonise and circumvent 
immune clearance [21]. Drugs or active molecules can be released 
more rapidly by manipulating the polymer properties of particle 
polymers. Nanoparticles have distinct properties regulating their 
therapeutic effects in treating and managing cancer. 

Synthesis of nanoparticles 

Finding nanoparticles in various shapes, sizes, and structures is 
possible. Different synthesis methods are employed to achieve this 
goal. Procedures can generally be classified into 1) bottom-up and 2) 
top-down. It is possible to further sub-classify these approaches 
based on operating and reaction conditions. 

bottom-up approach 

In this case, the material is constructed from atoms, clusters, and 
nanoparticles, referred to as the constructive method [22]. As 
examples of standard procedures, spinning, biosynthesis, plasma or 
flame spraying, solvent vapour deposition and laser pyrolysis are 
common techniques. 

Top-down approach 

A destructive method also synthesises Nanoparticles by reducing 
bulk materials or substances. Nanoparticles are formed by breaking 
down larger molecules into smaller units [23]. Among the 
techniques used in this process are laser ablation, sputtering, micro-
explosion, thermal decomposition, mechanical milling, Chemical 
etching and nanolithography. By altering reaction conditions and 
other synthesis parameters, morphological parameters, such as 
shape, charge, and size, can be changed [24]. Nanoparticles' 
chemical properties are also determined by their growth 
mechanism. Thus, synthesising Nanoparticles requires an 
understanding of the growth mechanism. 

Mechanisms of cellular targeting 

A drug or gene delivery system that targets cancer cells while 
sparing healthy cells is essential to treat cancer effectively. Normal 
cells are protected from cytotoxicity because it enhances therapeutic 
efficacy. Targeted cancer cells are indirectly targeted through the 
proper delivery of nanoparticles into Tumour Micro Environment 
(TME). Nano-formulations must overcome a wide range of 
physiological and biological barriers. Several layers and layers of 

cells from these barriers (epithelium, endothelium, and cellular 
membranes) and enzymes that play an essential role. Nanoparticles 
must meet specifications for size, biocompatibility, and surface 
chemistry to prevent unspecific targeting. Nanoparticle drugs can't 
reach their sub-cellular targets due to cytosolic internalisation. 
Engineering and optimisation are required to target cells or nuclei. 
The development of Nanoparticle-based drug-targeting designs has 
been the subject of several studies, and more are in progress. To be 
effective, these Nano carriers must generally possess several 
fundamental characteristics, such as: 1) stay stable in the blood 
system when reaching their targets, Tumour Micro Environment 
(TME), 2) escape Reticulo Endothelial System (RES), 3) 
escape mononuclear phagocyte clearance, 4) accumulate in the 
Tumour Micro Environment (TME) via the tumour vasculature, 5) 
withstand high-pressure penetration into tumour fluid, and 6) 
interact only with tumour cells [25]. It depends on numerous 
parameters, such as patho physiological properties, surface 
functionalization, and physicochemical properties, to control the 
nanoparticle drug targeting process. 

For cancer treatments, nanoparticles with diameters of 10 to 100 
nm are usually accounted for appropriately. For Nanoparticle 
carriers to interact and crosstalk with cancer cells, targeting 
mechanisms must be studied. Active targeting and passive targeting 
are the two main types of targeting tools. 

Passive targeting 

In the early 1980s, researchers discovered that cancer cells 
accumulate specific macromolecules preferentially. According to a 
study [26], there is evidence that poly (styrene-co-maleic acid)-
neocarzino statin gets within tumours. As a result of damaged 
tumour blood vessels with fenestrations and poor lymphatic 
drainage, this preferential distribution was attributed to enhanced 
permeation and retention. 

The endothelium layer becomes more permeable in a hypoxic or 
inflamed environment [27]. It is common for rapidly growing 
tumour cells to engulf or expand existing blood vessels in hypoxia. 
Neovascularisation refers to this process. In contrast to normal 
blood vessels, these new vessels have large pores, resulting in poor 
perm-selectivity [28, 29]. Large pores or fenestrations are available 
in different cancer types, Tumour Micro Environments (TMEs), and 
sites of the cancer [30]. In cancer cells, nanoparticles can diffuse out 
of vessels that have experienced rapid or defective angiogenesis and 
accumulate due to the lack of resistance to extravasation. 

Extracellular Fluid (ECF) draining into lymphatic vessels in normal 
tissues typically flows at 0.1–2 m/s on average [31]. When a tumour 
forms, the lymphatic function is hindered, resulting in minimal fluid 
uptake [32]. This quality causes Nanoparticles to remain in the 
tumour interstitium since they cannot be cleared. This process 
enhances retention as part of the Enhanced Permeability and 
Retention (EPR) effect. Short circulation times and rapid removal 
from cancer cells are not features of molecular molecules with short 
circulation times. Nano-sized carriers thus play an essential role in 
enhancing the pharmacokinetics of small molecules, making tumour 
selectivity possible, and reducing the incidence of side effects with 
the delivery of small molecules [33]. 

Passive targeting is more sensitive to Tumour Micro Environment 
(TME) effects than Enhanced Permeability and Retention (EPR) 
effects. Glycolysis is one of the metabolic characteristics of 
proliferating tumour cells. Aside from providing energy for cell 
division, it helps acidify the environment around it [34]. A Tumour 
Micro Environment (TME) with lowered pH can be exploited to 
release drugs when pH is low using pH-sensitive nanoparticles [35]. 

Cancer carriers are heavily considered when passive cancer 
targeting is conducted, in addition to their size, vascularity, and 
leakiness. This type of tumour-targeting does not target specific 
types of tumour cells. Invasion of the perivascular tumour by lymph 
angiogenesis, Enhanced Permeability and Retention (EPR) is 
affected by intra-tumour pressure, lymph angiogenesis, and 
angiogenesis. Nanoparticle drug delivery efficiency is affected by 
these factors and their physicochemical characteristics. 
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Examples of passive targeting 

Many people are familiar with the fact that taxanes are very 
successful cancer treatments. The drug paclitaxel has been proven to 
be ineffective against a wide variety of cancers. In terms of histology, 
lung cancer (non-small and small cells), ovarian cancer and breast 
cancer are most commonly treated with taxanes. By preventing the 
depolymerisation of microtubules, Abraxane® stabilises them. As a 
result, microtubules are assembled from tubulin dimers when the 
drug promotes their assembly. This stabilisation is believed to 
inhibit microtubule reorganisation during interphase and mitotic 
functions. In cell cycle and mitosis, the well-known taxane paclitaxel 
causes multiple asters and unusual microtubule arrays. Xenograft 
mouse models of pancreatic cancer have been shown to reduce the 
pancreatic stroma when abraxane® is taken alone or in combination 
with gemcitabine [36]. 

In addition to its micellar form, Genexol PM® is a 
nanoformulation, or polymeric structure, of paclitaxel without 
Cremophor EL (CrEL). There was a three-fold increase in the 
maximum tolerated dose of Genexol PM® in nude mice compared 
to those in male mice when using Genexol PM®. As well as cancer 
cells, the bio distribution of this drug was found to be 2-to 3-fold 
higher in the lung, liver, kidney, spleen, and liver, respectively. The 
South Korean government has approved the treatment of 
Metastatic Breast Cancer (MBC). Currently [37], the drug is being 
studied for the treatment of pancreatic cancer in the United States 
of America (USA) [38]. 

Gilead Science/Diatos manufacture the anticancer drug DaunoXome® 
(liposomal daunorubicin). It contains a substance called daunorubicin. 
The liposome-based daunorubicin formulation treats Kaposi's 
sarcoma (affecting the intestine, lungs and skin). The United States 
Food and Drug Administration (US-FDA) approved this in 1996 [39]. 

As angiogenesis and neovascularisation increase, Nanoparticle 
diffusion is inhibited, but Nanoparticle accumulation is enhanced as 
interstitial pressure increases. Furthermore, tumour cells multiply 
irregularly because of heterogeneous blood supply, resulting in 
hypoxic or necrotic areas close to blood vessels-deficiencies in drug 
delivery and accumulation, high interstitial pressure and slow 
neovascularization [33]. Chemically or mechanically, controlling the 
Enhanced Permeability and Retention (EPR) effect is possible. The 
process involves many other agents, including peroxynitrite, nitric 
oxide, hyperthermia, ultrasound, bradykinin, radiation, etc. 
Contraindications and limitations apply, however. 

Active targeting 

Transferrin and folate are active targeting ligands that bind to 
receptors on target cells that are specifically expressed or over-
expressed (diseased cells, tissues, organs or subcellular domains) [40]. 
The process of ligand-mediated targeting is known as ligand-driven 
targeting [41]. A greater affinity can be achieved by placing 
Nanoparticles with ligands with specific functions near the target to 
increase retention and uptake. Nanoparticles are more likely to bind to 
cancer cells using this strategy, enhancing their penetration. Initially, 
antibodies were grafted on liposome surfaces in 1980 [33], followed 
by other ligands such as aptamers and peptides. The main objective of 
this technique is to increase Nanoparticle-target crosstalk without 
changing the total bio distribution [42]. Identifying the ligand by the 
target substrate receptor makes active or ligand-mediated targeting 
possible. Ligands include nucleic acids, antibodies, peptides, sugars, 
proteins, and small molecules such as vitamins [43]. 

In addition to the Epidermal Growth Factor Receptor (EGFR), 
transferrin receptors and folate receptors are commonly studied 
receptors. As a result of ligand-target interactions, the membrane is 
folded, and Nanoparticles are internalised by receptor-mediated 
endocytosis. Active targeting occurs through various mechanisms. 
Nanoparticles are mainly responsible for tumour-targeting because 
they target tumour cells in general. This process improves cell 
penetration. It is well known that transferrin is a widely studied 
receptor. Iron is transported into cells by this type of serum 
glycoprotein. Almost all tumour cells, substantial tumours, 
overexpress these receptors, whereas healthy cells express them in 
lower amounts. Consequently, they can be modified with ligands 

targeting transferrin [44]. A2780 overexpresses transferrin in 
ovarian carcinoma cells. Transferrin-modified poly (ethylene 
glycol)-phosphatidylethanolamine Nanoparticles that target such 
cells specifically use this feature to adjust Poly Ethylene Glycol 
(PEG)-phosphatidylethanolamine [45]. Angiogenic endothelial cells 
can also be targeted as an alternative to cancer cells. A close 
relationship exists between these cells and the blood vessels of the 
tumour. As a result of this strategy, cancer cells are left hypoxic and 
necrotic, which results in hypoxia and necrosis. The acidity of 
tumour tissues is higher than that of normal tissues. Warburg's 
effect has been extensively discussed [46]. Lactic acid is formed 
when cancer cells undergo glycolysis instead of aerobic metabolism. 
A cell dies when lactic acid accumulates. A better solution to this 
dilemma would be to over-express proton pumps, which are 
responsible for pumping excess lactic acid from the cells into the 
extracellular pH, thus causing the pH levels in the extracellular 
environment to increase. It is therefore being investigated whether 
liposomes can be used to deliver drugs in a pH-sensitive manner. 

As a result of their multivalent nature, ligand-coated nanoparticles 
have improved crosstalk with cancer cells. Designing such 
nanoparticles is complex due to the complex interaction between 
nanoparticles' architecture and ligand-target chemistry [47]. Other 
factors contribute to the system's success, such as the ligand density, 
size of Nanoparticles and route of administration. 

Examples of active targeting 

Different types of cancer, particularly squamous cell carcinoma, 
overexpress Epidermal Growth Factor Receptors (EGFR), a tyrosine 
kinase receptor. There has been a demonstration of the use of gold 
nanoparticles combined with Immunoglobulin G–Poly Ethylene 
Glycol (PEG)-Gold nanoparticles or anti-anti-Epidermal Growth 
Factor Receptor (EGFR)–Poly Ethylene Glycol (PEG)-Gold 
nanoparticles to treat human Squamous Cell Carcinoma (SCC) [48]. 

It is known that breast cancer cells over express Human Epidermal 
Growth Factor Receptor-2 (HER2). Herceptin® targets this receptor. It 
has been developed to reduce cardio toxicity caused by anthracyclines 
with Human Epidermal Growth Factor Receptor-2 (Her2) targeting 
Poly Ethylene Glycol (PEG) related liposomal doxorubicin [49]. 

During angiogenesis, Vascular Cell Adhesion Molecule-1 (VCAM-1) is 
expressed on the surface of the tumour endothelium. Vascular Cell 
Adhesion Molecule-1 (VCAM-1) may play a role in breast cancer, 
according to a study that identified Nanoparticles that target 
Vascular Cell Adhesion Molecule-1 (VCAM-1) [50]. Vitamin B9, or 
folic acid, is essential to nucleotide synthesis. Cells internalise folate 
through the folate receptor. However, tumour cells over-express 
Folate Receptor-α (alpha isoform of folate receptor), while Folate 
Receptor β is over-expressed in liquid cancer cells [51]. 

Nanoparticles in cancer therapy 

A variety of nanoparticles are employed in drug delivery systems, 
including inorganic, hybrid and organic nanoparticles [52, 53] 

Organic nanoparticle 

Polymeric nanoparticle 

According to physicists, polymeric nanoparticles are colloidal 
macromolecules derived from different monomers but have a 
specific structure that differentiates them [54]. A controlled drug 
release is achieved by entrapping or attaching drugs to the exterior 
of nanoparticles [55]. The original polymeric nanoparticles were 
manufactured with polyacrylamide, Poly Methyl Methacrylate 
(PMMA), and polystyrene, all non-biodegradable materials [56]. 
These compounds were toxic because they were difficult to 
eliminate from the body. These materials have been demonstrated 
to lessen toxicity, enhance drug release, and improve 
biocompatibility when developed as biodegradable polymers like 
polylactic acid, alginate, chitosan, albumin and poly (amino acids) 
[57]. Researchers have demonstrated that polysorbates can coat 
polymeric nanoparticles because they have surfactant properties. 
Nanoparticles are covered on the outside to increase their 
interaction with endothelial cells in the Blood-Brain Barrier (BBB) 
[58]. 
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An indomethacin-loaded Nano capsule model of xenograft glioma in 
rats showed significantly reduced tumour size and improved 
survival [59]. More than ten polymeric nanoparticles are currently 
containing anticancer drugs in clinical development. Additionally N-
(2-Hydroxy Propyl) Meth Acrylamide (HPMA) copolymer-paclitaxel 
(PNU166945), N-(2-Hydroxy Propyl) Meth Acrylamide (HPMA) 
copolymer-platinate (AP 5280), N-(2-Hydroxy Propyl) Meth 
Acrylamide (HPMA) copolymer-doxorubicin galactosamine and N-
(2-Hydroxy Propyl) Meth Acrylamide (HPMA) copolymer-dACH-
platinate (AP5346) are examples in addition to poliglumex, 
paclitaxel, and modified dextran-camptothecin (DE 310) [60]. 

Dendrimers 

A dendrimer is a spherical polymeric macromolecule with a defined 
hyper-branched structure. Highly branched structures characterise 
dendrimers. An ammonia core typically reacts with acrylic acid to 
form dendrimers. Graphene oxide products are created by reacting 
ethylene diamine with tri-acid molecules to form tri-amines. The 
result of this reaction is hexa-acid, which then gives rise to "hexa-
amine" (Generation 1) and so forth [61]. Dendrimers typically range 
from 1–10 nm in size. Sizes of up to 15 nm have been reported [62]. 
The specific structure of these molecules, such as their defined 
molecular weight, flexible branches, bioavailability, and charges, 
makes them ideal for targeting nucleic acids. Polyamido amine, Poly 
Ethylene Glycol (PEG), polypropylene imine, and triethanolamine 
are some of the dendrimers that are commonly used [63]. 

It was initially designed to manage Multi-Drug Resistance (MDRs) with 
a Polyamidoamine dendrimer. The DNA assembly of Polyamidoamine 
dendrimers has been extensively discussed. The effects of synthetic 
dendrimers on epithelial cancer xenografts were significantly delayed 
compared with single-agent chemotherapy [64]. 

Monoclonal antibodies nanoparticles 

The particular targeting abilities of monoclonal antibodies make them 
widely used in cancer treatment [65]. Combining these monoclonal 
antibodies with nanoparticles creates antibody-drug conjugates. 
Compared to cytotoxic drugs or Monoclonal antibodies alone, these 
are highly specific and compelling. A nanoparticle containing paclitaxel 
in the core and trastuzumab on the surface demonstrated better 
antitumor efficacy and less toxicity in Human Epidermal Growth 
Factor Receptor (HER2)-positive breast epithelial cells [66]. 

Extracellular vesicle  

A phosphor-lipid vesicle is an extracellular vesicle, typically between 
50 and 1000 nanometres in size [67]. Different types of cells secrete 
Extracellular vesicles, and their origin, size, and composition vary 
greatly. Three categories of extracellular vesicles have been 

identified, including exosomes, micro vesicles, and apoptotic bodies 
[68]. The lipids and molecules in Nanoparticles and exosomes are 
identical to those in the origin cells, so they are widely used. The 
cancer cells are also exposed to them, escaping immune surveillance 
and quickly internalising them. By using these natural vehicles, 
cytotoxic drugs and other antitumor drugs are delivered to the 
target sites. There is no better example than exosomes that carry 
doxorubicin. Breast cancer patients treated with doxorubicin 
experience enhanced cytotoxicity and avoid cardio toxicity when 
compared to conventional treatment with doxorubicin [69]. 
Exosome nanoparticles' intrinsic biocompatibility and advanced 
chemical stability allow them to communicate intra-cellularly with 
other cells more effectively than synthetic nanoparticles. Despite 
this, there are still drawbacks, such as the lack of standard 
conditions for the isolation and purification of exosomes [70, 71]. 

Liposomes 

Spherical vesicles encapsulating drug molecules comprise uni 
lamellar or multi-lamellar phospholipids. It is unique that liposomes 
are low in intrinsic toxicity, immunogenic, and biologically inert 
[72]. The Food and Drug Administration (FDA) approved the first 
Nano scale drug using liposomes in 1965 [73]. This unique 
architecture allows liposomes to encapsulate both hydrophobic and 
hydrophilic drugs effectively, protecting the drugs entrapped in 
circulation against degradation [74]. Liposomes typically contain a 
"hydrophobic phospholipid bilayer" and "hydrophilic core." 

Because liposomes deliver medications with improved bioavailability 
and anti-tumour efficacy, many drugs, like nucleic acids, doxorubicin 
and paclitaxel, are considered excellent delivery systems [75]. In 
addition to Daunorubicin liposome-based formulations like Myocet® 
and Doxil®, the treatment for Metastatic Breast Cancer (MBC) has 
been approved by the Food and Drug Administration (FDA) [76, 77]. 
While liposome-based nanoparticles offer convenience and 
effectiveness, they have several drawbacks, including reduced 
encapsulation efficiency and quick cell adsorption. 

Solid lipid nanoparticles  

Water and phospholipid monolayers are present in colloidal 
nanocarriers (1-100 nm) [78]. Nanomaterials of this type are known 
as zero-dimensional nanomaterials. The composition of lipids ranges 
from triglycerides to Poly Ethylene Glycol (PEG) related lipids, 
steroids, fatty acids and waxes [79]. In Solid Lipid Nanoparticles, the 
drug is encapsulated in a non-aqueous core similar to a liposome [80]. 
It has been shown that Solid Lipid Nanoparticles loaded with 
mitoxantrone have superior bioavailability and reduced toxicity [81]. 
The Solid Lipid Nanoparticles incorporated doxorubicin and 
idarubicin into P388/ADR and murine leukaemia mouse models [82]. 

 

 

Fig. 1: Schematic representation of various drug-targeting approaches 
 

Nano emulsions 

A colloidal Nano emulsion is a heterogeneous mixture of oil droplets 
in an aqueous medium having a size range of 10 to 1000 nm [83]. In 

addition to water-in-oil Nano emulsions, there are three types: oil-
in-water aerosols, oil-in-oil aerosols, and bicontinuous aerosols. 
Much research has been conducted in the field of membrane-
modified Nano emulsions. Evidence, for instance, suggests that 
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spirulina and paclitaxel Nano emulsions could increase the 
antitumor activity of TLR4/NF-kB signalling pathways through 
which immunity is regulated [84]. Rapamycin, bevacizumab, and 
temozolomide Nano emulsions have shown positive results in 
melanoma patients [85]. Nano emulsions have higher optical clarity, 
stability, and biodegradability than liposomes [86]. High 
temperatures, pressures, and costly instruments such as 
homogenisers and micro fluidisers can make Nano emulsion 
applications challenging. The use of ligands directed at specific 
targets is one way to target drugs, while the use of the unique 
pathophysiology of a tumour tissue is another (fig. 1). 

Cyclodextrin nanosponges 

Nanoparticles can be stabilised by adding cyclodextrins to increase 
their drug-loading capacity by adding cyclodextrins to Nanoparticles 
[87]. Some nanosponges resemble meshes. Β-cyclodextrin nano-
sponges loaded with paclitaxel have demonstrated cytotoxic effects 
in MCF-7 cell line culture [88]. A cyclodextrin-based nano-sponge 
formulation improved camptothecin's solubility and stability [89]. 

Inorganic nanoparticle 

Carbon nanoparticles 

Carbon nanoparticles, as their name implies, are derived from 
carbon. Optical, mechanical, and electrical properties make them 
suitable for various medical applications [90]. The hydrophobic 
nature of carbon Nanoparticles makes them ideal for encapsulating 
drugs by stacking. In addition to carbon nanohorns, carbon 
nanotubes and graphene, there are additional categories of carbon 
nanoparticles. Carbon-based materials' morphology, structure, and 
physical characteristics vary despite their carbon composition [91]. 

The 2D graphene crystals also have sp2-hybridized carbon sheets 
with exceptional mechanical and electrochemical properties. Aside 
from its composition, graphene is also classified according to its 
properties and design: a) graphene oxide, b) reduced graphene 
oxide, c) multilayer grapheme and d) single-layer graphene [92]. 
Because they can target hypoxia [93] and irregular angiogenesis, 
graphene oxide and reduced graphene oxide are widely used in 
Tumour Micro Environment (TME) [94]. The anticancer activity of 
graphene oxide-doxorubicin was greater than that of conventional 
doxorubicin in cellular models of breast cancer [95]. 

Molecular spheres, ellipsoids, and tubes are all types of fullerenes, 
which are large carbon-cage molecules. Nano carriers are known for 
their typical chemical, electrical, physical, and structural properties 
[96]. Despite their triple yield and ability to absorb light, these 
compounds are used primarily in photodynamic therapy due to their 
ability to generate oxygen species [97]. The photo-dynamic effects of 
fullerenes modified with Polyethylene glycol l(PEG) are promising 
on tumour cells [98]. 

Since the late 1980s, graphene nanotubes have been observed to 
contain carbon nanotubes. One type of carbon nanotubes, single-
walled carbon nanotubes, and another, multi-walled carbon 
nanotubes, can be divided into two categories. Having carbon-based 
structures, their ability to interact with immune cells suppresses 
tumour growth through an immune response. Deoxy Ribonucleic 
Acid (DNA) has traditionally been delivered through these vectors, and 
tumours have been diminished with them. Using fluorescent carbon 
nanotubes encapsulated with monoclonal antibodies, doxorubicin is 
targeted at colon cancer cells. The carbon nanotubes remain in the 
cytoplasm while cancer cells engulf them, releasing the doxorubicin 
intra cellularly [99]. 

Quantum dots 

A biological imaging device is possible with molecular dots, a 
nanometer-scale semiconductor with broad absorption and narrow 
emission bands, and high photo stability [100]. Quantum dots made 
from carbon are classified into three categories: Nano diamond 
quantum dots, carbon quantum dots and graphene quantum dots. 
The use of quantum dots for cancer treatment is being investigated 
in addition to biological imaging. Biocompatibility and rapid 
excretion are the most essential characteristics of graphene 
quantum dots. In this category are quantum dots and aptamers 

conjugated to doxorubicin [101]. Nevertheless, a lack of 
optimisation of processes remains a significant obstacle to 
producing quantum dots. 

Metallic nanoparticle 

Nanoparticles of metallic materials are used in biological imaging 
and targeted drug delivery because of their excellent optical, 
magnetic, and photo thermal properties. Several types of metal 
nanoparticles are commonly used, including silver [102], copper, 
iron and gold nanoparticles. In intracellular drug delivery, gold 
nanoparticles are used due to their size and surface properties 
[103]. It is possible to track Nanoparticle trajectories within cells 
due to the extinction of visible light by these particles. The anti-
Human Epidermal Growth Factor Receptor (HER2) function of gold-
on-silica nanoshells has been demonstrated to target breast cancer 
cells that express the Human Epidermal Growth Factor Receptor 
(HER2) Gene [104]. In clinical trials, Combidex® is being tested to 
detect nodal metastases with iron oxide nanoparticles [105]. 
Feraheme® is a Nanoparticle formulation containing ferumoxytol 
used to treat iron-deficiency anaemia. Nodal metastasis in prostate 
cancer and testicular cancer are treated in the same way by the Food 
and Drug Administration (FDA) [106, 107]. 

Magnetic nanoparticle 

Metal oxides and metals generally deliver drugs, while magnetic 
nanoparticles are commonly used in Magnetic Resonance Imaging 
(MRI). A polymer or fatty acid coating is often applied to enhance 
stability and biocompatibility [108]. A new type of super 
paramagnetic iron oxide nanoparticle can be used to target and 
image breast cancer effectively using the LHRH-conjugated iron 
oxide nanoparticles [109]. Furthermore, magnetic nanoparticles can 
also ablate cancer cells by using magnetic hyperthermia [110, 111]. 
In addition to Resovist® and Feridex®, magnetic nanoparticles for 
colon cancer and liver metastasis are currently being evaluated in 
clinical trials [112]. 

Calcium phosphate nanoparticles 

Biocompatible and biodegradable, Calcium phosphate 
nanoparticles have no harsh adverse effects. The use of them for 
insulin delivery, growth factors, antibiotics, and contraception is 
thereby widespread [113]. Additionally, oligo nucleotides and 
plasmid Deoxy Ribonucleic Acid (DNA) can be delivered using 
these techniques [114]. Cellular gene transfer has been positively 
facilitated using calcium phosphate nanoparticles combined with 
viral or non-viral vectors. Calcium and glycerol in a "liposome 
nanolipoplex formulation" have enhanced transfection properties 
and reduced toxicity [115, 116]. 

Silica nanoparticles 

It has only been recently discovered that silica has biological 
properties despite its presence in many natural materials. To deliver 
genes to silica nanoparticle surfaces, amino silicanes are commonly 
used [117]. Commercially available N-(6-aminohexyl)-3-
aminopropyl-trimethoxysilane functionalised silica nanoparticles 
have shown excellent transfection efficiency and minimal toxicity in 
Cos-1 cells [118]. The best drug carriers are mesoporous silica 
nanoparticles because of their superior pharmacokinetic properties. 
Immunotherapy has been extensively used them. In a study, 
mesoporous silica nanoparticles loaded with camptothecin 
successfully absorbed colorectal cancer cells. 

Overcoming drug resistance-NPs mechanism  

Cancer therapy and management are plagued by drug resistance. 
Cancers of all types and treatment modalities are affected by it. The 
emergence of drug resistance is caused by diseases that become 
tolerant to pharmaceutical treatments. The two types of drug 
resistance are acquired and innate [119]. Mutations in the cell 
growth and apoptosis genes typically cause natural resistance. As a 
result of new modifications or alterations in the Tumour Micro 
Environment (TME), acquired resistance can occur following a 
specific anti-tumour treatment. The ability of nanoparticles to 
encapsulate multiple therapeutic agents simultaneously makes them 
ideal for overcoming cancer drug resistance. 
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Targeting efflux transporters 

Efflux transporters are primarily affected by Multi Drug 
Resistance (MDR), classified under the Adenosine Tri Phosphate 
(ATP)-binding cassette transporter family. Transporters are mainly 
responsible for pumping drugs out of cells and reducing their 
concentration. A drug-resistant cancer cell over-expresses P-
glycoprotein, a transporter involved in efflux [120, 121]. 

P-glycoprotein over expression is associated with insufficient 
treatment responses in ovarian and breast cancer [122, 123]. The 
efflux pumps can be targeted with Nanoparticles. Through 
endocytosis rather than diffusion, Nanoparticles bypass efflux 
pumps and release drugs distant from active efflux pumps [124]. 
Aside from forgetting efflux pumps, Nanoparticles can also trigger 
drug release by modifying pH levels or using redox as a trigger to 
trigger drug release [125, 126]. 

Another method of overcoming Multi Drug Resistance (MDR) is 
combination therapy. A single drug carrier can contain multiple 
drugs [127]. Inhibiting efflux trans-porter expression would be 
another viable option instead of avoiding them. The Nanoparticles 
should be designed so that efflux pump inhibitors and chemotherapy 
agents can be entrapped together [128]. Nanoparticles co-deliver 
Cyclooxygenase 2inhibitors and doxorubicin to breast cancer cells, 
reverse magnetic resonance in the breast [129]. Researchers have 
also shown that silica nanoparticles encapsulating microRNA-495 
and doxorubicin can overcome drug resistance in lung cancer cells 
[130]. Nanoparticles targeting Kinase Insert Domain Receptors 
(KDR) in the tumour neo-vasculature were found to have more 
excellent anti-tumor activity than P-glyco protein inhibitors alone in 
another interesting study. Depleting Adenosine Tri Phosphate 
(ATP), essential for Adenosine Tri Phosphate (ATP)-binding cassette 
transporters to function, is another way to overcome drug 
resistance. To achieve this, mitochondria can be targeted, which 
results in a decrease in Adenosine Tri Phosphate (ATP) production. 

Targeting an apoptotic pathway 

Because of faulty apoptotic machinery, cancer cells proliferate and 
survive longer, leading to drug resistance [131]. It is believed that 
“deregulation of Bcl-2" and “nuclear factor kappa B” activates the 
faulty apoptotic pathway. These proteins are considered the most 
widely studied anti-apoptotic proteins and can potentially be used 
to reverse drug resistance. Using nanoparticles can overcome Multi-
Drug Resistance (MDR) by co-delivering chemotherapeutics and Bcl-
2 siRNA [132]. Combining nuclear factor kappa B (NF-B) inhibitors 
with pyrrolidine dithio carbamate and curcumin has been tested 
[133, 134]. Another method to fight "apoptosis pathway-mediated 
drug resistance" is to activate pro-apoptotic factors. Ceramide and 
paclitaxel are examples [135]. The ceramide molecule regulates 
alternative pre-mRNA splicing to restore the expression of p53, a 
major tumor suppressor. It is feasible to correct p53 missense 
mutations by delivering ceramide via nanoparticles [136]. Due to 
their potential, Ceramide and paclitaxel have demonstrated 
significant therapeutic efficacy against cancer drug resistance. It has 
been reported that cationic solid lipid nanoparticles can transfect 
the p53 gene in lung cancer cases [137]. Additionally, Apoptosis was 
induced, and tumour growth was inhibited by transfecting the p53 
gene with Poly (Lactic-Co-Glycolic Acid) (PLGA) in breast cancer cell 
models [138]. 

Targeting hypoxia 

Multi-Drug Resistance (MDR) is also supported by hypoxia [139]. 
Some tumour cells undergo repeated hypoxia due to oxygen 
deficiency due to their rapid growth and abnormal blood vessels 
nearby. As a result of being in an anoxic state, hypoxic tumours often 
escape chemotherapy drugs because they are hypoxic. The oxygen 
ramp inside the tumour promotes an aggressive phenotype by 
increasing tumour heterogeneity. Hypoxia has also been shown to 
promote the overexpression of efflux proteins in cells [140]. Instead 
of directly targeting HIF-1α, indirect inhibition of HIF-1α signalling 
can be used. PEGylated and non-PEGylated liposomes and Poly 
(Lactic-Co-Glycolic Acid) (PLGA)-Polyethylene Glycol (PEG) can be 
used effectively as Nano particles. The transcription of HIF-1 is also 
controlled by heat shock protein 90 (HSP90). HSP90 inhibits HIF-1 

expression and inhibits HSP90 [141]. Multi-Drug Resistance (MDR) 
has been significantly improved in bladder cancer treatment with 
17AAG-loaded nanoparticles [142]. 

Nanoparticles and proteomics 

Coronas formed by proteins in the biological system occurs when 
nanoparticles are surrounded by cellular or serum proteins [143]. 
Nanoparticles and proteins interact with each other in a variety of 
ways, leading to different types of coronas. These proteins must bind 
to nanoparticles with high affinity to form a "hard corona." A 
nanoparticle produces a "soft corona" when these proteins are 
loosely tied. Eventually, proteins with higher affinity will replace 
most proteins, forming proteomics first. This phenomenon is 
referred to as the Roman effect [144]. The development of this 
technology is essential for manufacturing nanoparticles with desired 
properties. Sodium Dodecyl-Sulfate Polyacrylamide Gel 
Electrophoresis (SDS-PAGE), isothermal micro calorimetry, Mass 
Spectroscopy, Liquid Chromatography–Mass Spectrometry (LC-MS), 
etc., have all been developed for proteomic analyses [145]. The role 
of proteomics in medicine is to influence crosstalk between 
nanoparticles and biological settings, thereby determining how 
nanoparticles and natural environments are integrated. 

Biomarkers and hunting proteins in cancer cells and serum may be 
helpful in diagnosing, treating, and prognosing cancer based on cancer 
proteomics [146]. It also helps understand how drugs resist certain 
medicines and cancer pathogenesis. Metastasis, recurrence, and cancer 
occurrence depend on Post-Translational Modifications (PTMs). With 
nanoparticles, novel agents such as mRNA, siRNA and gene editing are 
used in addition to chemotherapy and kinase inhibitors. 

Nanotechnology for small interfering rna (siRNA) delivery  

A siRNA molecule (around 21 nucleotides long) suppresses gene 
activity. A few siRNA-based Nano particles targeting the 
transthyretin gene are currently under clinical investigation for 
treating transthyretin-mediated amyloidosis. Transthyretin-
mediated amyloidosis can be treated with ALN-TTR01. As a result of 
targeting protein kinase N3 and TKM-ApoB, Atu027 inhibits the 
expression of ApoB [147, 148]. 

Nanotechnology for tumor microrna profiling and delivery 

MicroRNA blocks translation or destabilises mRNA after 
transcription to regulate gene expression by either blocking or 
destabilising it [149]. These biomarkers are becoming increasingly 
important as cancer diagnostic, therapy, and treatment targets. 
Nanotechnology uses miRNA profiling techniques based on the base 
priming nature of nucleic acids [150-152]. Combining molecular 
biology enzyme reactions with biosensors and surface Plasmon 
resonance imaging techniques are several profiling techniques. 
Nanotechnology can be used to deliver microRNAs. The polyamine 
metabolism was regulated by biodegradable polycationic pro drugs, 
for example [153]. The expression of "survivin" in murine B16F10 
melanoma lung metastases is progressive when single-chain 
antibodies containing microRNA are used. 

DNA nanotechnology for cancer therapy 

For the detection of nucleic acids, DNA-based nanostructures have 
been synthesised, gold nanoparticles coated with DNA-zyme for lead 
sensing, scaffolds for organising organics, inorganics, and bio 
molecules into drug delivery and distinct morphology molecular 
transporters. 

Nanoparticles in cancer therapy-advantages 

Cancer diagnosis, treatment, and management have been 
transformed by nanotechnology. Through passive or active 
targeting, nanoparticles augment intracellular drug concentrations 
while avoiding toxicity in healthy tissues. Drug release can be 
established and regulated by designing and altering targeted 
nanoparticles to be pH-sensitive or temperature-sensitive. PH-
sensitive drug delivery systems can treat acidic Tumour Micro 
Environments (TMEs). Temperature-sensitive nanoparticles release 
drugs in the targeted area when magnetic fields or ultrasound waves 
change temperature. Aside from shape, size, surface chemistry and 
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molecular mass, Nanoparticles can deliver drugs selectively. In 
addition, Nanoparticles can be modified to target particular moieties 
according to their target. 

The uneven dispersion and cytotoxicity of radiation treatment and 
conventional chemotherapy have several disadvantages when it 
comes to efficacy and side effects. To effectively kill cancer cells, a 
cautious dose must be administered without causing 
significant toxicity. Several fortifications are required for the drug to 
reach the target site. The metabolism of drugs is a very complex 
process. It is necessary for a cure to pass through the Tumor Micro 
Environment (TME), Reticulo Endothelial System (RES), Brain-Blood 
Barrier (BBB), and kidney infiltration under physiological 
conditions. Three types of immune cells contribute to the Reticulo 
Endothelial System (RES): macrophages, blood monocytes and other 
immune cells [154]. Drugs are dealt with by Micro Physiological 
Systems (MPS) in the liver, spleen, or lungs that activate 
"macrophages" or leukocytes to remove them quickly. As a result, 
the drug has a short half-life [155]. As kidney infiltration is one of 
the essential functions of the human body, nanoparticles that have 
surface modifications, such as Poly Ethylene Glycol (PEG), bypass 
this mechanism and prolong drug half-lives. Thus, properly 
infiltrating the kidneys results in less toxic nanoparticles. 

A specialised protection structure, The Brain-Blood Barrier (BBB), 
protects the central nervous system from toxic and harmful agents-a 
layer of endothelial cells lines capillaries in the brain, which supply 
oxygen and nutrients. Chemotherapy for brain cancer is currently 
restricted to intra-ventricular or intra cerebral administration due 
to the Brain-Blood Barrier (BBB) role in blocking toxic agents from 
entering the brain [156]. There is evidence, however, that 
Nanoparticles can cross the Brain-Blood Barrier (BBB). The 
Enhanced Permeability and Retention (EPR) effect, focused 
ultrasound, phosphate-modified endocytosis, and transcytosis are 
all used today to deliver nanoparticles. Using glutathione PEGylated 
liposomes, rats took up methotrexate more readily [157]. Induced 
apoptosis can be achieved with the help of gold nanoparticles. Also, 
Nanoparticles protect the cargo encapsulated in them from 
degradation, which increases their stability. The encapsulation 
process doesn't require any chemical reaction to encapsulate a large 
volume of drugs. Nano liquid products are less stable than dry solid 
dosage forms [158]. Stabilisers can be used to enhance stability. 
Porous nanoparticles can also increase strength. 

A tumour's pathophysiology is characterised by extensive 
angiogenesis, flaws in its vascular structure, and defects in lymph 
drainage. These features enable nanoparticles to target tumour 
tissue. Nanoparticles are effectively retained in tumour tissues since 
venous return is reduced and lymphatic clearance is limited. 
Enhanced Permeability and Retention (EPR) refers to this 
phenomenon. Targeting the adjacent tissues can also achieve 
tumour-targeting [158]. 

There are several ways to administer nanoparticles, including oral, 
nasal, parenteral, intraocular, etc. As a result of their high surface-to-
volume ratio and intracellular uptake, nanoparticles are highly 
effective. In studies, nanoparticles are more effective drug carriers 
than micro particles [159]. 

Nanoparticles in immunotherapy 

Cancer cells develop and are established primarily through the 
immune system. Advances in immunotherapy have transformed 
cancer therapy. Along with aiding chemotherapy delivery, 
nanoparticles can also help with immunotherapy. Several 
immunotherapy approaches can activate the immune system against 
cancerous cells [160-162], including immune checkpoint blockade 
therapies, cancer vaccines, and Chimeric Antigen Receptor 
Therapies (CAR-T). As far as nano vaccines go, Artificial Antigen-
Presenting Cells (aAPCs) are available, and immune-suppressed 
Tumour Micro Environment (TME) can be targeted using 
nanoparticle-based immunotherapy. 

Dendritic cells deliver tumor-associated antigens and adjuvants in 
Nano vaccines [163]. Furthermore, they play an essential role in 
enhancing “Antigen-Presenting Cells (APC) antigen presentation" 
and activating cytotoxic T cells with antitumor functions [164, 165]. 

Researchers have found that liposomes, polylactide nanoparticles, 
and gold nanoparticles can all deliver Tumour-Associated 
Adipocytes (TAAs) into the dendritic cell cytoplasm [166]. It is 
possible to provide Tumour-Associated Adipocytes (TAAs) into 
dendritic cell cytoplasm using liposomes, Poly (Lactic-Co-Glycolic 
Acid) (PLGA) nanoparticles, and gold nanoparticles [167]. 
Mesoporous silica, for example, has been found to stimulate immune 
responses as an adjuvant [168]. Major Histocompatibility Complex 
(MHC) antigen complexes bind directly to T cells when Artificial 
Antigen-Presenting Cells (aAPCs) interact with them. Additionally, 
they bind to co-stimulatory molecules, which stimulate T cells to 
activate [168]. In addition to targeting immune-suppressed Tumour 
Micro Environment (TME), Nanoparticles can also be used in 
immunotherapy. A specific method of achieving this objective 
utilises Myeloid-Derived Suppressor Cells (MDSCs), regulatory T 
cells, and macrophages associated with tumours.  

Chemotherapy combined with immunotherapy is an effective cancer 
treatment. Researchers found that ACETYLATED DEXTRAN 
nanoparticles co-loaded with Granulocyte Macrophage Colony–
Stimulating Factor (GM-CSF) and Nutlin-3a increased CD8 (+) T cell 
proliferation and stimulated immune responses in a study. PD ligand 
1 activates programmed cell death protein 1 (PD-1) and acts as an 
immune checkpoint [169]. Nanoparticles are commonly used to 
target immune checkpoints. A study found that PD-L1/PD-1 immune 
checkpoint inhibitors had inconsistent responses. There is a more 
extraordinary ability for immune checkpoint inhibitors to bind to 
poly (amidoamine) dendrimers than conventional dendrimers. PD-
L1 blocking agents were combined with dendrimers to improve 
drug accumulation at tumour sites [170]. 

Cryosurgery with nanoparticles 

Through cryosurgery, cancerous tissue is destroyed by freezing. 
Despite its advantages, such as low invasiveness and fewer 
complications during surgery and postoperatively, the procedure 
has some disadvantages, such as insufficient freezing capacity and 
damage to adjacent cells [171]. As nanotechnology has advanced, 
cryosurgery has become possible. 

Nano cryosurgery involves introducing Nanoparticles that have 
specific properties into cancer cells and freezing them [172]. The 
cells are damaged due to the formation of ice within them during 
this process. It is a necessary process that can be efficiently carried 
out with the help of nanoparticles. Nanoparticles have high thermal 
conductivity, so they can freeze and damage tumour tissue [173]. 
Aside from that, they cool quickly, and the "direction of the ice ball" 
and “growth direction" can be controlled. 

Cryosurgery may be infeasible due to the tumour's location or if 
other nearby organs are at risk of being damaged by the freezing. It 
has recently been discovered that Phase Change Materials (PCMs) 
made up of nanoparticles are used during cryosurgery to protect the 
adjacent healthy normal tissue during the procedure [178]. 
Liposome-based microencapsulated phase change nanoparticles 
have been demonstrated to effectively preserve healthy tissue 
around them [174]. These nanoparticles' low thermal conductivity 
and sizeable latent heat make them ideal for cryosurgery. 

Nanoparticles in clinical practice: challenges and opportunities 

With nanotechnology flourishing, nanoparticle knowledge and 
research have dramatically increased. Clinical trials are only 
conducted on a small number of these therapies. It is common for 
them to stop at either the in vivo or the in vitro stage. In terms of 
biology, technology, and study design, different Nan formulations 
face different challenges in clinical translation. 

Several biological challenges include the lack of administration routes, 
the tempered distribution of nanoparticles and the ability to cross 
physical barriers, decay, and toxicity [175]. Due to their intravenous 
injection, nanoparticles are injected directly into the bloodstream, 
which transports them away from the targeted area, preventing them 
from interacting with the target site. It may not be adequate to use a 
high-concentration drug because the therapeutic effect may not be 
achieved [176]. It has been demonstrated in several in vivo and in vitro 
studies that 3D magnetic fields can be used to control the movements 
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of nanoparticles against blood flow. Magnetic fields need to be 
investigated, as well as the effects of nanoparticles, crosstalk, and the 
results of magnetic fields on humans. 

Nanoparticles are challenging to control biologically. It is possible 
that lung, liver, and kidney damage may be caused by nanoparticles 
containing bio-safety materials and modifying retention times and 
half-lives. Toxicity is affected by factors such as agglomeration, 
particle size, surface area, shape and solubility [177]. Nanoparticles 
accumulate in the lungs causing inflammation, oxidative damage, 
and cytotoxicity [178]. In many cases, nanoparticles produce free 
radicals that damage healthy cells [179]. Nanoparticles 
disintegrating after near-infrared light irradiation are possible 
solutions using biocompatible materials such as chitosan. 

In biological fluids, nanoparticles adsorb proteins, resulting in 
peptides, which are then taken up by the Multinuclear Phagocytic 
System (MPS). The protein corona cannot form on nanoparticles 
because they have been coated with a material. The results, 
however, have not been significant. This issue could be solved by 
developing new drug vehicles that target macrophages. At the 
moment, it is commonly used strategies such as to prevent 
macrophage recruitment, deplete and reprogram Tumor-Associated 
Macrophages (TAMs), and to obstruct the "Pathway CD47-HIPPA" to 
prevent macrophage recruitment [180]. 

One of the technological challenges of nanoparticles is scaling up 
syntheses, optimizing equally, and predicting performance. For 
nanoparticles to be successful in the clinic, they must adhere to 
these requirements. Because of instrumentation and other factors, 
some nanoparticles used in vivo and in vitro studies cannot always 
be scaled up to enormous quantities. A clinical candidate that proves 
successful in animal models is not systematically optimized. 
Through selective iterations, we can test multiple Nano formulations 
and select the most optimal formulation through specific methods 
[181-183]. Because nanoparticle efficacy and performance cannot be 
predicted, and in vivo results cannot be reproduced, it is not a good 
idea to introduce such hits directly into human trials. In order to 
produce physiological tissue and its surrounding environment, 
computational or theoretical modelling can be combined with 
experimental results. Nanoparticle prediction can be improved, for 
example, by organs-on-chips. 

Clinical trials are significantly impacted by nanoparticle therapies 
because of their size, purpose, and timing. Most studies use cell models 
and animals, which might not yield comprehensible results when 
applied to humans. Using a solitary model, therefore, it is impossible to 
simulate natural body reactions. It is essential to investigate "models 
of cancer metastasis" since this is one of the critical characteristics of 
cancer. In addition, if we are interested in personalized medicine, we 
must conduct N = 1 clinical studies. In addition to genetics, 
environment, and past medical history, other factors need to be taken 
into account [184]. In addition, Nanoparticles are a major challenge 
when used as first-line therapies. When disease progression is 
observed, Nano formulations are generally saved for future use when 
they are approved for use in clinical trials. Multiple treatment lines 
have either been tried or patients have become resistant to 
treatments. In these situations, Nanoparticle treatments have a lower 
likelihood of benefiting those who can still be treated, which can cause 
clinical trial results to be skewed. 

Future perspective 

The development of immune modulatory factor-loaded 
nanoparticles may enhance vaccine efficacy. A growing number of 
Nano Particle-based drugs will be exploited in this emerging field 
thanks to proteomics research on cancer origin, Multi Drug 
Resistance (MDR), and occurrence. Most Nanoparticle-based drugs 
are still in the exploratory stages of their development, and only a 
few are in clinical trials. An in-depth understanding of Nanoparticle-
based drug delivery, cellular and physiological factors influencing 
Nanoparticle-based drug delivery, and Enhanced Permeability and 
Retention (EPR) mechanisms in the human body is necessary for 
rational nanotechnology design. According to the evidence cited 
above, clinical translation of Nanoparticle-based cancer therapies 
will be revolutionised. 

CONCLUSION 

The delivery of small molecules for the detection, diagnosis, and 
treatment of cancer is made possible by nanotechnology. 
Nanoparticles have exceptional characteristics that make them 
helpful in treating a wide range of cancer types. When compared 
with conventional drugs, Drug delivery system based on 
nanoparticles has improved pharmacokinetics, biocompatibility, and 
tumour-targeting characteristics. A significant benefit of 
nanoparticles is their ability to combine therapies to help lower the 
likelihood of Multi Drug Resistance (MDR), the delivery of drugs has 
improved dramatically with the use of polymeric nanoparticles, 
metallic nanoparticles, and hybrid nanoparticles in recent years. The 
properties of therapeutic agents and the properties of Nano 
platforms should be taken into consideration by researchers. In vitro 
models are not always perfect replicas of in vivo stages, immune 
toxicity is a problem, and long-term toxicity is a concern. Despite 
"Nano vaccines" and " Artificial Antigen Presenting Cells (aAPCs)" 
being more effective than conventional immunotherapy, their 
clinical efficacy is substandard. These new methods should be tested 
for safety and tolerance.  
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