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ABSTRACT

Background: Cancer continues to be a leading cause of death globally, and traditional treatments like
chemotherapy often suffer from limitations such as systemic toxicity and lack of specificity. Nanotechnology,
particularly nanocarriers, offers a promising solution by enabling targeted drug delivery, improving bioavailability,
and minimizing side effects. Aim: This paper aims to explore the use of nanocarriers in targeted cancer therapy,
assessing their potential to enhance the precision, efficacy, and safety of cancer treatments. The focus is on
evaluating various nanocarrier systems and their ability to overcome the limitations of conventional therapies.
Methods: A systematic review of existing literature was conducted, covering studies on nanocarriers such as
liposomes, polymeric nanoparticles, dendrimers, and solid lipid nanoparticles. The review includes both in vitro
and in vivo studies, examining parameters such as drug release, targeting efficiency, biocompatibility, and safety
profiles. Results: Nanocarriers were found to significantly improve drug delivery to tumor sites, increasing
therapeutic efficacy while reducing toxicity. Liposomes and polymeric nanoparticles showed superior tumor-
targeting abilities, enhanced by surface modifications for active targeting. Nanocarriers also allowed for controlled
drug release, ensuring sustained therapeutic effects. Toxicity studies suggest that well-designed nanocarriers have
favorable safety profiles compared to conventional treatments. Conclusion: Nanocarriers represent a promising
advancement in cancer therapy, offering targeted delivery, reduced toxicity, and improved treatment outcomes.
Despite promising results, further research is needed to optimize their clinical application and evaluate long-term
safety in diverse cancer types.

KEYWORDS: Nanocarriers, targeted therapy, cancer, drug delivery, liposomes, polymeric nanoparticles,
chemotherapy, tumor targeting.

INTRODUCTION . o Targeted Drug Delivery System
Targeted cancer therapy using nanocarriers is a
revolutionary method in oncology that uses the principles AN, Funcionalzed Nanocarers ) Drug Loaded Nanocarers

of nanotechnology to improve the accuracy and efficacy
of medication delivery systems. Usually measuring
between one and a thousand nanometers, nanocarriers
are made to encapsulate or conjugate therapeutic drugs,
delivering them precisely to cancer cells while causing
the least amount of harm to nearby healthy tissue.

Improved bioavailability, solubility, and controlled @ O d c @ p

%, Targeted Cell

release of anticancer medications are made possible by i Gt e s St
the special physical and chemical characteristics of
nanocarriers, including their small size, surface charge,
and capacity to pass biological barriers.*? The
drawbacks of traditional chemotherapy, which frequently e e e
result in systemic toxicity and inadequate drug delivery
because of poor solubility, quick metabolism, and
nonspecific distribution, are especially important to
overcome with this technique.!
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Figure 1: Nanocarriers for targétéd drug delivery
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Given that cancer is still the world's top cause of
morbidity and  mortality  despite  tremendous
advancements in treatment, the clinical significance of
nanocarriers in cancer therapy cannot be emphasized.
Chemotherapy, radiation, and surgery are examples of
traditional cancer treatments that frequently fail to target
cancerous cells without also damaging good tissues. By
providing tailored delivery methods that raise the
therapeutic index and specificity of anticancer drugs,
nanocarriers seek to address this issue. These systems
use two main targeting strategies: active targeting, which
entails functionalizing nanocarriers with particular
ligands or antibodies that attach to overexpressed
receptors on cancer cells, and passive targeting, which is
predicated on the increased permeability and retention
(EPR) effect.[*®]

In order to improve the selectivity and effectiveness of

drug delivery systems, recent advancements in
nanocarrier  technology  have concentrated on
strengthening both passive and active targeting

techniques. Among the most often studied nanocarrier
types are liposomes, dendrimers, solid lipid
nanoparticles, micelles, and polymeric nanoparticles.” 7
For example, liposomes are frequently used because they
may encapsulate both hydrophilic and hydrophobic
medications, offering a flexible drug delivery platform.®
°1 A variety of cancer treatments can benefit greatly from
the high drug-loading capacity and surface-modifiable
nature of polymeric nanoparticles, especially those
derived from biodegradable materials."®*"! To improve
the specificity of medication release at tumor locations,
stimuli-responsive nanocarriers—those that release their
payload in response to particular environmental triggers,
including pH or temperature—have also drawn
interest.*2 %

The effectiveness and safety of nanocarrier-based drug
delivery systems have been the subject of several clinical
trials in recent years, with encouraging findings for a
number of cancer types, including glioblastoma, lung
cancer, and breast cancer.™ ™! Nevertheless, there are
still issues with clinical translation in spite of these
developments. These include concerns about the scale of
manufacturing procedures, the reproducibility of
nanocarrier production, and the regulatory barriers to
commercializing medicines based on nanotechnology.™®
1 Moreover, there is still considerable worry regarding
the long-term safety of therapies based on nanocarriers,
including possible toxicity and the possibility of
nanocarrier accumulation in tissues other than the
target.[*8 19

With an emphasis on the ways in which these delivery
systems improve medication efficacy and lessen side
effects, this research attempts to present a thorough
investigation of nanocarriers for targeted cancer therapy.
The design and functionalization of the several kinds of
nanocarriers now in use, as well as the most recent
developments in stimuli-responsive delivery systems,

will all be reviewed in this paper. It will also look at the
clinical uses of nanocarriers and talk about the
difficulties and achievements of clinical trials. The study
will conclude by outlining future research and
development initiatives, taking into account how
nanocarriers can transform cancer treatment and enhance
patient outcomes. 2 2!

Cancer and its Global Burden

Uncontrolled cell development and metastasis to other
parts of the body are hallmarks of the complex and
varied group of disorders known as cancer. It continues
to rank among the world's leading causes of mortality
and has a major effect on economies, cultures, and public
health everywhere. An estimated 19.3 million new cases
of cancer and almost 10 million deaths—roughly one in
six deaths—were attributed to the disease worldwide in
2014. It is anticipated that the worldwide burden of
cancer will continue to increase due to a number of
variables, including population aging, shifting lifestyle
choices, and the fact that early diagnosis and treatment
are not widely available in many regions of the world.?*

Lung, breast, colorectal, prostate, and liver cancer are the
most prevalent types of cancer, though they vary greatly
depending on the tissue in which they originate. Breast
cancer is the most commonly diagnosed cancer,
especially in women, whereas lung cancer is the largest
cause of cancer-related fatalities worldwide, mostly
because of its close link to tobacco use. One of the
leading causes of cancer-related deaths globally,
colorectal cancer is becoming more common, especially
in wealthy nations where sedentary lifestyles and high-
fat diets are contributing factors. In contrast, liver cancer
is more common in areas like sections of Asia and sub-
Saharan Africa where chronic hepatitis B and C
infections are endemic.* %!

Globally, the prevalence and death of cancer are rising,
underscoring the pressing need for better therapies and
early detection techniques. Many tumors are still
discovered at advanced stages, when there are few
treatment options and a poor prognosis, despite
advancements in cancer research and treatment. Creating
universal, safe, and efficient treatments for cancer is
extremely difficult due to its heterogeneity, which
includes everything from genetic abnormalities to
differences in tumor microenvironments. Furthermore,
healthcare systems are severely strained by the rising
number of cancer patients, especially in low- and middle-
income nations where access to treatment is scarce.
Therefore, it is essential to create new, more focused
treatments that can enhance results and lessen the
incidence of cancer worldwide. !

Current Treatment Methods

Depending on the kind, stage, and location of the tumor,
cancer is usually treated with a mix of radiotherapy,
chemotherapy, and surgical resection. Even though these
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conventional treatments have greatly increased cancer
survival rates, they still have drawbacks, especially when
it comes to metastasized or advanced tumors.

Chemotherapy

One of the mainstays of cancer treatment for a long time
has been It entails the use of cytotoxic medications that
target cells that divide quickly, a trait shared by cancer
cells. Chemotherapy is not selective, though, and it can
also harm healthy, normal cells that divide regularly, like
those found in the gastrointestinal tract, bone marrow,
and hair follicles. Chemotherapy is therefore frequently
linked to serious adverse effects, such as
immunosuppression, tiredness, nausea, vomiting, and
hair loss. Furthermore, as cancer cells develop defenses
against the actions of chemotherapeutic drugs, drug
resistance in cancer cells becomes a significant barrier to
chemotherapy, resulting in treatment failure and disease
recurrence.*’]

Radiotherapy

is another widely used treatment modality, which
involves the use of high-energy radiation to damage or
destroy cancer cells. While radiotherapy can be highly
effective in treating localized cancers, its application is
limited by the inability to target cancer cells exclusively.
Healthy surrounding tissues can also be damaged,
leading to side effects such as skin burns, fatigue, and
long-term complications like secondary malignancies.
The effectiveness of radiotherapy also depends on the
tumor’s location and its ability to absorb radiation, with
some tumors being more resistant to radiation due to
factors such as hypoxia (low oxygen levels) in the tumor
microenvironment.  Additionally,  radiotherapy is
generally not effective for treating cancers that have
metastasized to distant organs, as the radiation cannot
reach all the cancer cells effectively.?

Even though radiation and chemotherapy are still
essential parts of cancer treatment, many patients,
especially those with metastatic malignancies or those
who have become resistant to traditional treatments, find
that they are insufficient. Newer, more focused
treatments that seek to specifically target cancer cells
while causing the least amount of harm to healthy organs
are being investigated as a result of these restrictions.
Significant progress has been made in the fields of
immunotherapy and targeted therapy in recent years.
Targeted treatments function by interfering with
particular chemicals that contribute to the development,
spread, and advancement of cancer. Compared to
conventional chemotherapy, these treatments may be
more precise and have fewer side effects because they
target the signals that cancer cells use to proliferate and
divide. For instance, monoclonal antibodies and small
molecule inhibitors can target particular genetic
abnormalities or overexpressed proteins in cancers like
EGFR-mutant lung cancer or HER2-positive breast
cancer. However, since target protein mutations can

make targeted therapies ineffective, resistance to these
treatments continues to be a major problem. %3

Immunotherapy, another promising area of cancer
treatment, harnesses the body’s immune system to
recognize and attack cancer cells. Immune checkpoint
inhibitors, which block proteins that prevent immune
cells from attacking cancer cells, have shown remarkable
efficacy in treating cancers such as melanoma, non-small
cell lung cancer, and renal cell carcinoma. These
therapies have significantly improved survival outcomes
for patients with previously hard-to-treat cancers.
However, immunotherapy is not without its challenges,
including the potential for immune-related side effects,
such as inflammation in healthy tissues and autoimmune
reactions. Additionally, the success of immunotherapy
can vary depending on the cancer type and the individual
patient’s immune system.!*!

Despite these promising advancements, many challenges
remain in the treatment of cancer, including high costs,
the development of resistance, and the fact that not all
cancer types respond well to newer therapies. As the
understanding of cancer biology deepens, there is
increasing interest in combining traditional therapies
with newer approaches, such as nanomedicine and gene
therapy, to improve treatment efficacy and reduce side
effects. Nanocarriers for targeted drug delivery, in
particular, represent a novel frontier in cancer therapy, as
they can encapsulate drugs and deliver them directly to
tumor sites, reducing the systemic toxicity that is
commonly  associated with  chemotherapy and
radiotherapy. However, the clinical translation of these
therapies still faces significant hurdles, including issues
related to the stability, biocompatibility, and scalability
of nanocarriers.?

Nanocarriers in Medicine

Drug delivery using nanocarriers is a promising strategy
that offers notable improvements over conventional
techniques. These nanoscale systems, which are usually
between 1 and 100 nanometers in size, are designed to
deliver therapeutic medicines to particular bodily
locations. The potential of nanocarriers to improve the
solubility, bioavailability, and stability of medications—
especially those that are otherwise poorly soluble or
quickly broken down in the body—has led to an increase
in interest in their use in medicine. This is essential for
the creation of innovative treatment approaches,
particularly in complicated illnesses like cancer, where
conventional therapies encounter difficulties such
systemic toxicity, low drug penetration, and limited
efficacy.”*’!

Lipids, polymers, proteins, and inorganic nanoparticles
are among the materials that make up nanocarriers; each
has special properties that can be adapted to meet
particular therapeutic requirements. The primary benefit
of nanocarriers is their small size, which allows them to
get past biological barriers like the vascular endothelium
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of tumors or the blood-brain barrier. This enhances the
transport of medications to the targeted site of action. For
instance, nanocarriers are used in cancer treatment to
take advantage of the increased permeability and
retention (EPR) effect, which is the phenomenon wherein
nanoparticles preferentially gather in tumor tissues
because of the tumors' leaky blood arteries and
ineffective lymphatic drainage. By limiting exposure to
healthy tissues, this passive targeting technique
minimizes side effects while permitting increased drug
accumulation in the tumor.B

Additionally, nanocarriers can be designed to release
their payload gradually and under control, guaranteeing
that medications are administered for prolonged periods
of time at the best possible concentrations. This method
can limit the toxicity brought on by drug concentration
peaks and troughs and drastically cut down on the
frequency of administration. Furthermore, to improve the
accuracy of medication administration, nanocarriers can
be functionalized with particular ligands or antibodies
that attach to tumor cells only. In order to improve
therapeutic efficacy and reduce systemic adverse effects,
such functionalization offers an active targeting
technique in which the nanocarriers are made to detect
particular rece?tors or antigens that are overexpressed on
cancer cells.?®! The clinical use of nanocarriers still faces
a number of obstacles despite their many benefits. These
include problems with repeatability, scalability, and
regulations.!*®!

Principles of Targeted Therapy

With the promise to be less harmful and more effective
than conventional medicines like chemotherapy and
radiation, targeted therapy has become one of the most
important developments in the treatment of cancer.
Instead of indiscriminately harming all rapidly dividing
cells, as is the case with traditional treatments, the idea
behind targeted therapy is to identify and block specific
molecular targets that promote the progression of cancer.
This focused strategy reduces harmful side effects and
enhances overall therapeutic results by increasing
treatment specificity and minimizing damage to normal,
healthy cells.E”

The idea of molecular targeting, which entails locating
molecules or genetic changes that are either
overexpressed or mutated in cancer cells, is the
foundation of targeted therapy. These targets may be
signaling molecules, enzymes, or receptors that are
essential for the survival, growth, and metastasis of
tumor cells. By specifically interfering with these
mechanisms, targeted therapy seeks to stop tumor growth
while preserving healthy tissues. By blocking a crucial
process involved in tumor cell proliferation, medicines
that target the HER2 receptor, for instance, have been
demonstrated to considerably improve patient outcomes
in cases of breast cancer.®!

The creation of tumor-specific delivery systems, which
seek to deliver therapeutic drugs directly to the
malignant tissue while preserving healthy tissues,
represents a significant breakthrough in targeted therapy.
Using nanocarriers  functionalized with particular
ligands, antibodies, or peptides that attach to receptors or
antigens overexpressed on the surface of cancer cells is
one such technique. By directing the nanocarriers
straight to the tumor site, these ligands or antibodies
enable more targeted and concentrated drug delivery,
improving therapeutic efficacy and reducing off-target
consequences. Additionally, nanocarriers can enhance the
drug's stability and solubility, boost its bioavailability,
and offer controlled release, all of which help to
maximize the medication's long-term therapeutic
effects.[*!

Personalized medicine is a key component of modern
targeted therapy. Clinicians can find particular mutations
or biomarkers that cause cancer in a patient by
examining the genetic and molecular profile of that
patient's tumor. Based on the distinct features of the
patient's tumor, this information enables the selection of
targeted therapies that have the highest chance of being
successful. For example, the discovery of EGFR gene
mutations in non-small cell lung cancer has prompted the
creation of targeted treatments, like erlotinib and
gefitinib, which selectively block the mutated protein
and increase survival rates when compared to traditional
chemotherapy.“%

Although targeted medicines show promise, a number of
obstacles prevent their wider use. The emergence of
medication resistance, which can happen when cancer
cells evolve mutations that make them resistant to
specific treatments, is one major barrier. This resistance
could result from amplification of efflux pumps that
extract the medication from the cancer cell, changes in
the target protein, or the activation of alternate signaling
pathways. In targeted cancer therapy, overcoming drug
resistance is still a major challenge. Research is being
done to find new targets, create combination therapies,
and comprehend the processes behind resistance.!!

Additionally, tumor heterogeneity complicates the
identification of universal targets for therapy. Tumors are
often composed of a mixture of cells with different
genetic and molecular characteristics, making it difficult
to identify a single target that will effectively treat all
subpopulations of cancer cells. This challenge highlights
the importance of personalized treatment approaches and
the need for combination therapies that target multiple
molecular pathways simultaneously.*?

Advancements in Nanocarrier Design for Targeted
Cancer Therapy

Nanocarriers are advancing swiftly as a multifaceted
instrument for targeted drug delivery in oncology,
providing significant enhancements compared to
conventional techniques. Recent breakthroughs in
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nanocarrier technology have concentrated on improving
targeting efficiency and payload delivery of cancer
therapies. This section emphasizes advances such as the
creation of multifunctional nanocarriers, stimuli-
responsive systems, and the incorporation of imaging
agents for real-time monitoring.

Multifunctional Nanocarriers for Improved Cancer
Therapy

Multifunctional nanocarriers integrate therapeutic drugs,
targeting ligands, and imaging components into a unified
platform, enabling simultaneous therapy and monitoring
of cancer. These technologies allow clinicians to monitor
the drug's distribution in vivo and assess the therapeutic
response in real time. For instance, nanoparticles can be
coupled with fluorescent dyes, magnetic resonance
imaging (MRI) contrast agents, or positron emission
tomography (PET) tracers, facilitating non-invasive
imaging of tumor locations. These platforms can offer
significant insights about therapy advancement and
possible problems, enhancing the entire therapeutic
approach.[*!

The integration of chemotherapeutic agents with
alternative treatment approaches, such as gene therapy or
immunotherapy, within a singular nanocarrier is
increasingly being recognized. This cohesive strategy
facilitates synergistic outcomes, improving therapeutic
effectiveness while reducing the necessity for several
treatments. A recent study revealed that the integration of
small molecule inhibitors with siRNA delivery within a
singular nanoparticle system resulted in superior tumor
growth reduction compared to each treatment alone.™*!

Stimuli-Responsive Nanocarriers:
Specificity in Drug Release

A significant obstacle in cancer treatment is the
inadvertent dissemination of therapeutic drugs to healthy
tissues, resulting in off-target damage. Stimuli-
responsive nanocarriers are being developed to address
this issue. These carriers discharge their payload solely
in response to particular internal or external stimuli, such
as alterations in pH, temperature, or enzyme activity,
which are indicative of the tumor microenvironment.[*!

Enhancing

The acidic microenvironment of tumors, resulting from
heightened glycolysis, creates a distinctive pH gradient
that can be utilized for targeted medication release.
Nanocarriers, including pH-sensitive liposomes or
polymeric nanoparticles, can be engineered to
disintegrate or release their cargo upon exposure to the
acidic pH characteristic of malignant tissues. This
targeted drug delivery markedly diminishes systemic
toxicity while maintaining elevated drug levels at the
tumor location. Recent trials with pH-sensitive
nanocarriers have shown encouraging outcomes in
improving the effectiveness of both traditional and
innovative anticancer medications.®!

Improving Nanocarrier Biocompatibility and Safety
Although nanocarriers exhibit significant potential in
oncology, their therapeutic efficacy depends on their
biocompatibility and safety for human application. The
biocompatibility of nanocarriers is affected by
parameters including size, shape, surface charge, and the
materials employed in their manufacture. Recent
endeavors have concentrated on refining these
characteristics to reduce detrimental immune reactions
and improve the biocompatibility of nanocarrier systems.
The surface functionalization of nanoparticles with
polyethylene glycol (PEG) enhances their stability and
diminishes immune system recognition. PEGylation
enhances the circulation duration of nanocarriers in the
bloodstream, facilitating improved tumor targeting and
medication  delivery. Despite  the improved
pharmacokinetics of PEGylated nanoparticles, concerns
persist regarding their accumulation in non-target tissues
and potential long-term toxicity.*”! Researchers are
investigating biodegradable nanocarriers that decompose
into non-toxic metabolites, thereby mitigating the danger
of buildup and chronic toxicity. !

Challenges in the Clinical Translation of
Nanocarriers
Notwithstanding  the  considerable  advancements

achieved in preclinical investigations, the clinical use of
nanocarrier-based therapeutics encounters multiple
obstacles. The mass manufacture of nanocarriers,
maintaining batch uniformity, and navigating regulatory
obstacles are among the foremost challenges.
Contemporary manufacturing methods for nanocarriers,
such  solvent  evaporation,  coacervation, and
electrospinning, necessitate meticulous optimization to
transition from laboratory environments to commercial
production while maintaining nanoparticle quality.
Furthermore, the regulatory approval process for
nanomedicines is intricate, as nanocarriers are regarded
as a novel category of materials. Regulatory bodies
mandate comprehensive preclinical and clinical data
regarding the safety, effectiveness, and long-term
impacts of nanocarriers prior to their approval for broad
clinical application. The absence of standardized testing
protocols for nanocarriers exacerbates the regulatory
environment, hindering the commercialization of
promising nanomedicines.

Clinical Applications of Nanocarriers in Cancer
Treatment

Nanocarriers have demonstrated significant potential in
clinical trials, especially in the management of tumors
that are typically challenging to address with standard
medicines. In glioblastoma, an exceedingly aggressive
type of brain cancer, the blood-brain barrier (BBB)
presents a considerable obstacle for therapeutic
administration. Nanocarriers, specifically liposomes and
polymeric nanoparticles, have been engineered to
traverse the blood-brain  barrier and provide
chemotherapeutic drugs directly to the tumor location.®”
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In lung cancer, nanoparticles have been utilized to
enhance the bioavailability and therapeutic effectiveness
of medicines such as paclitaxel and doxorubicin, thereby
diminishing the systemic toxicity commonly associated
with traditional chemotherapy. Research has shown that
nanoparticle-based  formulations  might  markedly
improve the therapeutic index of these medications,
resulting in better patient outcomes while minimizing the
typical adverse effects associated with chemotherapy.™!

Breast cancer treatment has similarly advanced with the
creation of HER2-targeted nanocarriers, engineered to
carry chemotherapeutic agents directly to HER2-
overexpressing breast cancer cells. These targeted
methods enhance medication concentration at the tumor
site while preserving normal tissues, thereby minimizing
side effects and augmenting overall therapeutic
efficacy.*?

Types of Nanocarriers in Targeted Cancer Therapy
Nanocarriers are typically classified into many categories
according to their structure, chemistry, and drug delivery
mechanism. The predominant nanocarriers utilized in
cancer therapy comprise  liposomes, micelles,
dendrimers, and inorganic nanoparticles. Each of these
carriers possesses unique characteristics that render them
appropriate for particular therapeutic uses (fig2).

Liposomes: Liposomes are lipid-derived nanoparticles
capable of encapsulating both hydrophobic and
hydrophilic ~ pharmaceuticals. Owing to  their
biocompatibility and capacity for surface changes aimed
at targeted drug administration, liposomes have emerged
as one of the most extensively researched nanocarriers in
cancer therapy. Their capacity to elude the immune
system and persist in the bloodstream for prolonged
durations renders them optimal for sustained and
regulated medication delivery at the tumor location."®®

Micelles: These are generated through the self-assembly
of amphiphilic block copolymers in aqueous liquids.
Their core-shell architecture enables the solubilization of
hydrophobic pharmaceuticals within the core while
safeguarding them against degradation in the circulatory
system. The micelle's shell can be altered with ligands or
antibodies that target specific cancer cell markers,
enhancing the specificity of drug delivery to tumor
cells.® Recent developments in polymeric micelle
design have concentrated on enhancing stability,
minimizing immunogenicity, and increasing drug loading
efficiency.

Dendrimers: Dendrimers are intricately branched, tree-
like polymeric entities that provide exact regulation of
dimensions, morphology, and surface modifications.
Dendrimers, characterized by their homogeneous size
and well-defined structure, facilitate the loading of many
therapeutic agents, including as tiny chemicals, proteins,
and nucleic acids. The surface of dendrimers can be
modified with targeting ligands, rendering them suitable
for the administration of combination therapies and
targeted treatments.®

Inorganic Nanoparticles: Inorganic nanoparticles,
including gold nanoparticles, silica nanoparticles, and
iron oxide nanoparticles, exhibit significant promise in
cancer treatment. These nanoparticles possess distinctive
optical, magnetic, and electrical properties that facilitate
their application in conjunction with imaging modalities,
including photothermal treatment and MRI. Gold
nanoparticles can absorb near-infrared (NIR) light and
convert it to heat, facilitating localized tumor ablation.
The amalgamation of these nanoparticles with
chemotherapeutic drugs facilitates targeted therapy and
real-time  monitoring  of  treatment  efficacy.®®

PHYTOSOME

DENDRIMER

CARBON NANOTUBE

QUANTUM DOTS

Figure 2: The effectiveness of the treatment can be improved by the usage of various nanocarriers such as
polymeric nanoparticles, lipid-based carriers, gold nanoparticles, dendrimers, carbon tubes, etc.

Targeting Mechanisms in Nanocarrier-Based Cancer

Therapy
The ability of nanocarriers to specifically deliver drugs
to cancer cells is largely dependent on targeting

mechanisms. These mechanisms can be broadly
classified into passive targeting, active targeting, and
triggered release strategies (fig 3).
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Passive Targeting: Passive targeting depends on the
increased permeability and retention (EPR) effect, a
feature noted in numerous solid tumors. Blood arteries in
tumors are generally permeable, facilitating the
accumulation of nanoparticles in tumor tissue while
preserving normal tissues. This method is especially
advantageous for nanoparticles within a specific size
range, generally between 10 and 100 nm, which can
leverage the EPR phenomenon to passively concentrate
at tumor locations. While passive targeting is commonly
employed, it does not provide absolute specificity for
cancer cells and may result in buildup in healthy tissues,
thereby inducing side effects.*”

Active Targeting

Active targeting entails the coupling of nanocarriers with
targeting ligands, like antibodies, peptides, or small
molecules, that specifically recognize and bind to
receptors overexpressed on cancer cells. The targeting
ligands direct the nanocarriers to their specific location,
hence improving the accuracy of medication delivery.
For example, nanoparticles can be modified with ligands
that specifically target epidermal growth factor receptors
(EGFR) in lung cancer or human epidermal growth

Ligand-modified nanocarriers

Unmodified nanocarriers

@0

Osteosarcoma cells

Endothelial cells

& £

Normal cells
@ Erythrocytes

Active targeting

factor receptor 2 (HER2) in breast cancer, thereby
ensuring selective drug delivery to cancer cells that
express these markers.”®! Active targeting enhances the
precision of drug administration and minimizes off-target
effects; yet, it necessitates more intricate design and a
comprehensive  understanding  of  tumor-specific
indicators.

Triggered Release

Triggered release methods rely on the capacity to
discharge the therapeutic payload from the nanocarrier in
reaction to particular triggers from the tumor
microenvironment. These stimuli may encompass
alterations in pH, temperature, enzyme activity, or the
presence of particular biomolecules. pH-sensitive
nanocarriers can experience structural alterations or
degradation in reaction to the acidic milieu of tumors,
resulting in the liberation of the encapsulated medicine at
the tumor location. Likewise, temperature-sensitive
nanocarriers can be activated by localized hyperthermia,
frequently employed alongside other cancer therapies.
Triggered release techniques facilitate precise medication
delivery, reducing systemic toxicity while ensuring
elevated drug concentrations at the tumor location.!

Passive targeting

<> d >

E Y Y ) >

Figure 3A schematic illustration of active targeting and passive targeting of nano-delivery system in anti-tumor

therapy.

CONCLUSION

In summary, targeted therapy and nanocarriers offer
accuracy and efficacy that outperform traditional
therapeutic procedures, making them revolutionary
approaches to cancer treatment. Because of their
nanoscale size, nanocarriers improve medication
solubility, bioavailability, and controlled release,
overcoming a number of drawbacks of conventional drug
delivery techniques. Their potential for functionalization
with tumor-specific ligands and their capacity to
concentrate preferentially in tumors through the
increased permeability and retention (EPR) effect
maximize their therapeutic efficacy while reducing
systemic side effects. Therefore, in the treatment of
cancer, nanocarriers have a lot of potential to overcome

the problems of low drug penetration, solubility, and off-
target toxicity.

By concentrating on the molecular and genetic factors
that contribute to tumor formation, targeted therapy
considerably increases the potential of cancer treatment.
Targeted therapies increase the accuracy of medication
administration and reduce damage to healthy tissues by
focusing on certain molecules linked to cancer. This
lowers the possibility of side effects. The creation of
more specialized and efficient treatment plans is greatly
aided by personalized medicine, which adjusts therapies
according to the genetic makeup of particular tumors.
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The broad clinical use of these cutting-edge treatments
still faces obstacles, though. It is necessary to address

problems

including medication resistance, tumor

heterogeneity, and the long-term safety of nanocarriers.
Notwithstanding these obstacles, the development of
targeted therapeutics and nanocarrier-based drug delivery
systems has the potential to completely transform cancer

treatment
individualized,

providing  patients  with  more
less harmful, and effective treatment

by

options. Optimising these strategies for wider clinical
success will require ongoing research.
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