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Abstract: Neuroendocrine (NE) cancer is a tumour that develops from neuroendocrine cells, which release hormones into the
bloodstream and regulate body function. Neuroendocrine cancer can alter the normal function of neuroendocrine cells.
Conventional therapies have limitations for treating Neuroendocrine cancer cells which arise the need for specific nanocarriers
that can target and enable the drug release in a sustainable and controllable manner. Nanocarriers like dendrimers, carbon
nanotubes, liposomes, gold nanoparticles, solid lipid nanoparticles, quantum dots, polymer nanoparticles, magnetic nanoparticles,
and hybrid nanoparticles have spatial and temporal delivery ability. Nanomaterial used in nanocarriers plays a vital role in the
release rate of the drug, specific targeting, diagnostic purpose, and prolongation time. Besides, the specific targeting potential of
nanocarriers leads to diminished side effects. Additionally, surface-modified nanomaterials may offer better antitumour effects in
neuroendocrine cancer therapy. Hence, nanocarriers can be effectively employed for the management of neuroendocrine cancer
with specific targeting and minimal side effects compared to conventional therapy. Recently, there has been a lot of concern
about the creation of cancer nanotherapeutics. Cancer nanotherapeutics have circumvented a number of the drawbacks of
conventional medicines, including poor water solubility, nonspecific biodistribution, and restricted bioavailability. The main
building blocks of nanotherapeutics are nanoparticles with tailored size and surface properties that are intended to either
passively or actively transport anti-cancer medications to tumour cells. The present study overviews current developments in
cancer therapeutics based on tumour-targeting delivery methodologies and nanoparticle drug delivery systems.
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l. INTRODUCTION

Cancer has different types like major carcinoma, sarcoma,
melanoma, lymphoma, and leukaemia. Neuroendocrine (ne)
cancer falls in the category of carcinoma'. The term
neuroendocrine is used when there is cancer-related to the
nervous system and the endocrine system. In this system, the
neural cells receive the signal via neurotransmitters and
initiate the action by releasing hormones into the
bloodstream?. Neuroendocrine cancers begin in these
neuroendocrine cells only. The neuroendocrine cells have
combined traits of hormone-producing cells and nerve cells.
These types of cancers are rare and found in any part of the
body. The most affected organs are the small intestine,
appendix, pulmonarysystem, rectum, and pancreas®. There
are many types of ne tumours (figure I).The study and use of
materials with a nanometerscale enable the detection,
eradication, and prevention of illness. lts uses include
biological devices and nanometer-scaled electrical biosensors,
as well as nanomaterials used in medicinal applications.
Nanoparticles are the essential elements of nanomedicine
and have drawn a lot of attention as prospective medicine
delivery systems for the detection and treatment of cancer.
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I-3 submicron-sized (100-1,000 nm) particles, systems, or
devices, such as liposomes, viruses, and even inorganic
materials, can be used to create nanoparticles that are used
as drug delivery systems. For example polymers (such as
polymeric nanoparticles, vesicles, micelles, or dendrimers),
and even viruses. Nanoparticles can boost the concentration
within cells of drugs in cancerous cells without causing harm
to healthy cells by employing passive or active targeting
TECHNIQUES. ALTHOUGH nanoparticles are potential
drug delivery systems, there are still some issues with their
practical implementation, including theirinstability in
circulation, poor oral bicavailability, and toxicity’nanoparticle
drug delivery systems continue to be a viable option for
cancer treatment despite all the issues with nanomedicine.
Systems with carefully regulated functionalities and material
qualities have been developed with a lot of effort. For better
cancer diagnosis and therapy, we will highlight recent
developments in the creation of innovative nanoparticle
systems with great sensitivity to tumour microenvironments
in this review. We will also discuss combination nanoparticle-
assisted cancer therapies®.
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1.1

Nanoparticles have been the top priority for drug delivery in
treating

NANOTECHNOLOGY IN MEDICINE
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Fig 2: The general structure of different nanocarriers a) Liposomes b) Solid lipid nanoparticles c)
Dendrimers d) Quantum dots e) Silica nanoparticles f) Magnetic nanoparticles g) Carbon nanotubes
h) Hybrid nanoparticles

cancer. The main problem associated with
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include biotherapy with somatostatin analogues and
interferon-A as well as a targeted molecular therapy with

conventional chemotherapy in the clinical management of any
type of cancer is the development of multidrug resistance,
poor bioavailability of drugs, high drug dose requirement,
numerous side effects of the drug itself, low Tl (Therapeutic
indices), and no-specific targeting. To overcome these
limitations of chemotherapy, Nanocarrier drug delivery has
been developed by researchers. There are many added
advantages of this modern technology like improved
pharmacokinetics of the poorly soluble hydrophobic drugs,
site-specific drug delivery, reduced dosage frequency,
improved drug stability as well as biocompatibility, enhanced
drug permeability, retention effect, and reduced side-effects.
In addition, Nanocarrier formulations are capable of
increasing the safety, the ADME profiles, the bioavailability
and hence improving the efficacy of drugs. The nanocarriers
are further classified into three main classes: Organic (Lipid,
Polymer-based& Dendrimers), In-Organic (Gold NP, Carbon
nanotubes, Silica Np, Magnetic NP, Quantum NPS), and
hybrid (Lipid-polymer, Organic-inorganic, Cell membrane
coated) nanocarriers’.

1.2 DRUGS USED IN THE NEUROENDOCRINE
CANCER

The innovative ADC (antibody-drug conjugate) has been
effectively used to treat neuroendocrine tumours (NETs)®.
The systemic treatment options for neuroendocrine tumours

Everolimus, and Sunitinib”®. Lanreotide is a cyclic octapeptide
auto gel (lanreotide ATG) (sustained-release (SR) aqueous
formulation) that is administered subcutaneously and is a
synthetic analogue of somatostatin approved by EMA & FDA
regulatory bodies for well-to moderately differentiated,
locally advanced, or metastatic gastro-enteric and pancreatic
NETs *'°. Irinotecan and platinum agent'' are indicated for
neuroendocrine carcinomas, whereas Docetaxel and
Cisplatin are used for Androgen Independent Prostate
Cancer .

1.3 Nanocarriers in NEC

Nanocarriers act as transporters for therapeutically active
drugs to the various parts of the body depending upon the
properties of the material used in the formation of
nanocarriers and the specific tissue of the body involved.
Various nanocarriers with different properties have been
explored for neuroendocrine cancers in figure2.

1.4 Liposomes and solid lipid nanoparticles (SLNP)

Liposomes are made up of naturally occurring phospholipid-
based amphipathic nanocarriers'®. Liposomes are made up of
two layers viz lipid layer on the outer side and a core
containing hydrophilic/ lipophilic drugs. Liposomes are
further classified as multi-lamellar and unilamellar vesicles
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based on the number of lipid layers 14,15. Different methods
like Bangham, Reverse phase Evaporation, Solvent injection,
Detergent dialysis, and conventional methods prepare
liposomes. The size of liposomes ranges from 25 nm to 2.5
m m and consists of | or more bi-layer membranes. The
liposome has many disadvantages like high manufacturing
cost, low drug loading capacity, low stability and rapid
degradation '. The added advantage of lipid-based NPs is the
easy uptake of drug-containing lipid molecules by the cells
because of the outer lipid bilayer. SLNPs (Solid lipid
nanoparticles) are colloidal particles prepared from
biodegradable physiological lipids having the property of
remaining in a solid state at body and room temperature and
are thus harmless for usage. The SLNPs range from size 50
to 1000 nm based on the manufacturing method and the type
of formulation required for it'"?. The disadvantage
associated with SLNPs is the removal of the encapsulated
drug during storage and the low capacity of drug loading =.
The advantages of SLNPs are that they are manufactured
without organic solvents, are biocompatible, are composed
of biodegradable ingredients, and have decreased side effects
on the Gl tract. It acts by reaching normal and malignant cells
using copper influx transporter control for its entry into the
cytoplasm and releases Cytochrome C that induces the
apoptosome formation and activation of procaspase-9,
leading to apoptosis **.

1.5 Dendrimer

Dendrimers are defined as perfectly monodispersed and
enormously-branched three-dimensional (3D)
macromolecules. Dendrimers are made up of the repetitive
structure of monomers like poly-I-lysine, polyamidoamine
(PAMAM) and poly-propylene imine (PPI)®. The high-density
surface group are characteristic of dendrimers for their
functions, and the internal spaces of dendrimers are used to
encapsulate  guest drug molecules. Some  unique
characteristics of dendrimers in clinical applications are site-
specific  targeting, enhanced drug solubility, and a
reproducible pharmacokinetic (ADME) profile. The best
example of a commercially available dendrimer is poly-
amidoamine (PAMAM) which is widely used and studied for
biological applications . There are some disadvantages of
dendrimers like their associated cytotoxic and hemolytic
properties due to being non-degradable in the physiological
environment. However, the cytotoxicity can be reduced with
treatment with surfactants like PEG-2000%. The mechanism
of action involves crossing the plasma membrane, entrapping
by the endosome-like structures, the relocation into the
mitochondria along with related overproduction of ROS,
release of Cytochrome C and caspase activation, and
apoptosis®.

1.6 Carbon nanotubes

Carbon nanotubes(CNTs) are made up of materials like
nanodiamonds, sheets of graphene, reduced graphene oxides,
and graphene oxide in the form of a honeycomb structure.
The CNTs are morphologically described as fixed geometry
cylinders with different sizes ranging from nm to pm. They
are classified as single— walled & multi-walled CNTs. The
CNTs are produced using the arc discharge technique, laser
ablation method, and chemical vapour deposition method.
The single-walled CNTs measure around 0.4 nm to 2.0 nm
and the multi-walled CNT measure greater than 100 nm. The
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main disadvantages of CNTs are their hydrophobic nature
and limited aqueous solubility. Interestingly, CNTs allow
maximum drug loading on the inner core or the surface,
ligand conjugation, thermal ablation, and easy cellular uptake.
The surface-modified CNTs are taken up inside the cells by
different phenomena like phagocytosis and endocytosis. The
various factors like surface functions, dimensions, and cell
type determine the rate of uptake of CNTs into the cells”.
The mechanism involves hyperthermia followed by
MWCNTs-PEG laser treatment and NIR activation pathway,
which leads to free radical flux generation within a cell
resulting in cellular damage due to an oxidative state by
mitochondrial depolarization in pancreatic cells leading to
apoptosis®.

1.7 Quantum dots

Quantum dots are made up of discrete materials like
germanium and silicon and composite semiconductors like
Lead selenide, cadmium selenide, and Cadmium telluride®.
Semiconductor nanoparticles or QDs (Quantum dots) have
attracted many researchers because of their unique magnetic,
photophysical & optical properties, which are used in
diagnosing and treating cancer. QDs have the advantages of
being stable, water-soluble, non-bleaching, having good drug
loading capacity, having controlled drug release features,
better pharmacokinetic properties, and bio-distribution of
the conjugated drug. However, many cancer drugs have
limitations due to insolubility, poor absorption & aggregation,
which can be conquered by conjugating the drug with QDs.
The Optoelectronic properties of QDs depend on their size
and shape. Larger-sized QDs with a radius ranging from 5—6
nm will emit red or orange colored light, while the smaller-
sized QDs with a diameter of 4-6 nm will emit blue and
green colored lights.QDs are widely used in cancer image
sensing & other medicinal applications'. The notable
disadvantages include inherent material toxicity and size-
based toxicity ***°. The mechanism of Doxorubicin quantum
dots preparation consists of using PEG or any Hyaluronic
acid (HA). The hyaluronic acid molecule binds to NH2-ZnO
quantum dots for specific target cells with HA receptor CD4.
Doxorubicin covalently binds to Zn to form a Zn- DOX
chelate. Doxorubicin acts by forming a complex with DNA
by forming interactions between base pairs and inhibits
Topoisomerases Il activity by stabilizing the DNA-
Topoisomerases |l complex finally leading to apoptosis®.

1.8 Gold nanoparticles

Gold nanocarrier is synthesized by reacting hydrogen
tetrachloroaurate (HAuCl4) and citric acid in hot water.
Citric acid is used as a reducing and stabilizing agent in the
reaction®'. AuNPs (Gold nanoparticles) are small 1-100 nm
gold particles that can be dispersed and are called colloidal
gold. The importance of AuNPs in biological sciences is
increasing because of their low reactivity and toxicity, high
biocompatibility, optoelectronic property, large surface-
volume ratio, and susceptibility to modification?®. AuNPs are
used for advanced diagnostics, imaging, and biomedical
therapeutics. The limitation of GNPs includes size and shape
uniformity and complex biocompatibility. The mechanism of
action of gold nanoparticles involves cellular uptake of the
Au-NPs by Endocytosis into the cell, and their entry into
mitochondria, thereby causing structural and functional
damage that results in the disruption of the electron
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transport chain. The damage caused to the mitochondria
leads to respiratory chain damage, ROS generation, and
induction of oxidative stress resulting in apoptosis ***3

1.9  Silica NPs (SNPs)

Silica nanoparticles are prepared from the condensation
reaction of silane in which silicon and oxygen form an
amorphous porous network-like structure®. SNPs have good
pharmacokinetic properties, stability, and efficacy and are
hence significant drug carriers. Various techniques synthesize
SNPs whose size ranges from 10-500 nm each having
different shape and surface properties. The Stober process is
mainly used for the preparation of SNP32, They are a choice
of material because of many properties like the appropriate
size of silica particles, volume, surface area, morphology, and
pore size in drug carriers. Their large internal volume enables
them to carry large volumes of drugs, biomolecules, and
probes in the core for diagnostic and therapeutic
applications®?*”. SNPs act by redox response mechanism
mediated by generation of ROS species and cellular damage,
for example, the surface-modified SNPs like disulfide bond
peptide grafting in Doxorubicin. Due to the high level of
Glutathione in the cancer cells, disulfide bonds get dissolved
and drug molecules are released causing apoptosis®.

1.10 Magnetic NPs

Magnetic nanocarriers are made up of materials like metal,
metal oxide, and nanoalloys like iron, nickel, cobalt, etc.
These materials are combined with other metals like zinc,
barium, strontium, and copper®’. These MNPs (Magnetic
nanoparticles) are one of the effectively used classes of
nanoparticles developed by magnetic field manipulation.
MNPs are used for drug delivery of metal oxide or metal.
The stability of MNPs is increased by surface modification
technology, including their coating with fatty acids and
different grades of polymers. MNPs are used for treating
cancer, chemotherapy and gene therapy. NPs of Iron oxide
have magnetic properties and thus have promising clinical,
therapeutic, and diagnostic applications®*'. MNPs are
prepared by thermal decomposition, co-precipitation,
sonochemical, micro/nanoemulsion, solvothermal,
microwave-assisted, and combustion methods. The MNPs
work on the principle of super magnetic properties in the
nano-size range. This makes it possible for MNPs to change
their polarity a hundred thousand times per second,
generating heat ranging from a temperature of 41°C to 47°C,
leading to apoptosis of tumour cells*.

I.11 Hybrid NPs

The hybrid nanocarriers comprise organic and inorganic
materials such as metal oxide, graphene, silica, carbon
nanotube material, and synthetic, natural biocompatible
polymers. This material is blended with phospholipids, lipids,
and proteins to get a final structure®. A concept of hybrid
NPs arises, when the organic and inorganic NPs are
developed together to get a hybrid species with multiple
advantages*. One of the tested hybrid NP is a lipid-polymer
consisting of a polymeric core inside and a lipid layer that has
been effectively used for breast, pancreatic, and prostate
cancers. To improve the therapeutic efficacy and other
properties like biocompatibility of lipids and stability of
polymer these hybrid concepts give the best results. By using
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this, both hydrophobic drugs and hydrophilic drugs can be
effectively delivered at the site of action without degradation.
Researchers  developed the Liposome-silica  hybrid
nanoparticles utilizing the advantages of silica NPs core and
lipid as a bilayer for their use in prostate and breast cancer®.
The mechanism of action of Hybrid NPs involves the
attachment of a lipid-coated polymer core to the cell
membrane with a receptor on it. Degradation in the
endolysosomes occurs due to these hybrid NPs causing
membrane disruption by ROS that leads to apoptosis®.

1.12 Nanoparticles used to target tumours (Cancerous
Cells)

Nanoparticles' capacity to actively or passively accumulate in
the targeted cells or tissues is the foundation for tumour-
targeting medication delivery systems. When passive
targeting is used, nanoparticles are built to go through leaking
vessels and the distinct intra-organ pressures of tumors.
Through the chemical identification of surface-bound ligands,
active targeting uses nanoparticles to attach to specific
cellular structures in malignancies. By avoiding nonspecific
cell absorption and immunological clearance, the
nanoparticles and medications they carry preferentially
accumulate in the tissues and tumour cells that are being
targeted. Some methods to target cancerous cells are
discussed below

1.13 EPR effect
Retention)

(Enhanced  Permeability and

The EPR effect is a feature that causes specific molecules,
typically between 100 and 1,000 nm, to concentrate in
tumour tissues as opposed to healthy tissues preferentially.
The foundation of tumour medication delivery is EPR-passive
targeting. We can increase the EPR effect of tumour-
targeting by inducing tumour vasodilation, lowering
lymphocytes, and prolonging circulation time*An illustration
of this is Mundra et al.”covalently conjugated indocyanine
green (ICG)-NH2 to the pendant carboxyl groups of poly
(ethylene  glycol)-block-poly(2-methyl-2-carboxyl-propylene
carbonate) copolymer via coupling with a carbodiimide. The
system self-assembles into micelles with high ICG loading and
particle sizes between 30 and 50 nm. The NIR-irradiated
ICG-conjugated micelles exhibit increased therapeutic
efficacy with full tumour regression in an A375 human
melanoma tumour model in athymic nude mice compared to
the control ICG solution.

1.14 pH impact

The aberrant protein regulation and metabolism of tumour
tissues create an acidic microenvironment to encourage the
growth of tumour cells. In tumor-targeted administration,
this pH anomaly is frequently used as an advantage®. An
illustration of this is Doxorubicin (DOX) loaded P(Asp-g-Im)-
PEG micelles (DPHAIM, Figure 3) were created by Lee et
al.”” for the weakly acidic tumour microenvironment. The
copolymer P(Aspg-Im)-PEG may load up to 28% DOX using
ethylene glycol as the hydrophilic group and aspartic acid
imidazole as the hydrophobic group. The microspheres are
protonated  and disintegrated in the  tumour
microenvironment's acidic pH 7 conditions, releasing
targeted DOX delivery with little harm.*
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Fig 3: Schematic for the proposed in vivo behaviour of DPHAIM. *

1.15 Immune reaction

Similar to how enzymes are uniquely identified and related to
one another, antigens and antibodies can be used to
construct active targeted drug delivery. Ding et al.*' achieved
tailored medication delivery by using the precise interaction
between a receptor and a ligand. To create the composite
immune nanoparticle DTIC NP-DR5 mAb, the authors
combined immune nanoparticles carrying kappa oxazine
(DTIC) and the death receptor 5 monoclonal antibody (DR5
mAb). The monoclonal antibody's specificity and the body's
DRS5 recognition effect cause the drug-loading nanoparticles
to aggregate in tumour cells. This system is also a nice
illustration of combining immunotherapy with chemotherapy.
Most importantly, DTIC-NP-DR5 mAb demonstrated
considerably higher cytotoxicity and cell death in malignant
melanoma cells that were DRb5-positive compared to
ordinary DTIC-NPs.To create drug delivery vehicles with
superior targeting efficiency than linear RGD micelles, Saraf
et al.*? developed cyclic Arg-Gly-Asp (RGD) micelles. This
increased targeting effectiveness is related to the micelles'

kinetic stability and minimal drug solubilization. The study's
findings demonstrated the value of self-assembling, low-
molecular-weight RGD amphiphiles for the precise delivery
of paclitaxel (PTX).

2, CONCLUSION

Nanomedicine, which combines medicine and
nanotechnology to create drugs with increased safety and
efficacy for human beings, is now one of the most important
and sophisticated fields of cancer research. Many types of
nanomaterials were used in the biomedical area in the
previous decade, particularly for cancer diagnosis and
treatment. Formulations of nanotechnology achieve good
versatility and have the ability to target cancerous cells. The
nanomaterial drug carriers can be structured and adjusted
for site-specific chemotherapy, thermotherapy,
photodynamic therapy, and radiation therapy. Despite the
numerous advantages of metal-based nanoparticles, poisoning
remains a major concern. Nanotoxicological concerns must
also be addressed to produce more effective cancer therapy
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techniques.The present review presented the
neuroendocrine tumours, which are heterogeneously arising
from various anatomical sites of the body. This incidence has
increased in recent years, and limited research is available for
therapy. The present review deals with neuroendocrine
tumours, and their types, and mainly focuses on the
nanocarriers used for the management and treatment of
neuroendocrine tumours with their benefits as compared to
conventional therapy. Future studies will aid in elucidating the
cellular and molecular mechanisms which can distinguish
healthy cells from sick cells, paving the way for the
development of high performance.
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