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ABSTRACT

Nanotechnology has emerged as a promising avenue in cancer
treatment, offering novel approaches to overcome the limitations of
conventional therapies. This abstract provides an overview of recent
advancements and future perspectives in the application of
nanotechnology for cancer treatment. Nanoparticles, with their unique
physicochemical properties, can be tailored to target tumors
specifically, enhancing drug delivery while minimizing systemic
toxicity. Moreover, nanotechnology enables the development of
multifunctional platforms capable of simultaneous imaging, targeting,
and therapy—paving the way for personalized medicine approaches.
By incorporating targeting ligands, such as antibodies or peptides,
nanoparticles can selectively home to cancer cells, enhancing
therapeutic outcomes. Furthermore, nanotechnology plays a crucial
role in overcoming drug resistance mechanisms through the delivery

of combination therapies and targeted inhibition of specific pathways.

Additionally, nanomaterial’s can enhance the efficacy of radiation therapy and photodynamic

therapy by augmenting the delivery of therapeutic agents and sensitizing tumor cells to

treatment. The integration of theranostic platforms, combining therapy and diagnostics, holds

promise for real-time monitoring of treatment response and individualized therapy

adjustment. Furthermore, advancements in nanotechnology have facilitated the development

of novel immunotherapeutic approaches, such as cancer vaccines and immune checkpoint
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inhibitors, for more effective cancer treatment.

KEYWORDS: Cancer, Nanotechnology, Gene Therapy, Immunotherapy, Active and Passive
Targeting, Drug Delivery.

1) INTRODUCTION

Cancer is a complex and diverse illness, responsible for over 9.5 million deaths annually,
making it a leading cause of global morbidity and mortality, especially as populations age.!"
Consequently, research into new cancer treatments is urgently needed. Traditional treatments,
such as radiation, chemotherapy, and surgery, often have significant side effects and limited
efficacy.*® However, advances in oncology are introducing more effective therapies,
including immunotherapy, gene therapy, photothermal therapy (PTT), photodynamic therapy
(PDT), chemotherapeutic dynamic therapies (CDT), sonodynamic therapy (SDT), and
nanomaterial-based chemotherapy.% Among these, nanomaterial-based chemotherapy is
particularly promising due to its high absorption, specificity, and low toxicity.[*"

Medical nanotechnology represents a frontier in cancer treatment. Nanomaterials, typically
ranging from 1 to 100 nm in size, offer high biocompatibility, a large surface area-to-volume
ratio, and unique fluorescent properties.'*? These attributes improve drug specificity and
enhance the efficacy of targeted therapies while reducing toxicity.® Nanoparticles are more
biodegradable than microparticles, making them a superior option for cancer treatment.[**
Tumor-induced angiogenesis creates immature vasculatures that restrict lymphatic outflow,
allowing nanoparticles to penetrate tumors more effectively—a phenomenon known as the

“enhanced permeability and retention effect” (EPR).[14'15]

The term “Nano” originates from the Greek word for dwarf, vivoc. A nanometer is one
billionth of a meter, about 1/80,000 the diameter of a human hair. In his 1959 lecture,
“There’s Plenty of Room at the Bottom,” physicist and Nobel laureate Richard Feynman laid
the groundwork for modern nanotechnology.™ Nanotechnology encompasses the study and
application of structures ranging from one to 100 nanometers, combining mechanical,
electrical, chemical, material science, microelectronics, and biological screening. Over 300
products claiming to use nanotechnology are currently available.™*”

Dendrimers represent a novel class of nanometric-sized, controlled-structure polymers. They

are fundamental components for synthesizing inorganic and organic nanostructures with
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dimensions from 1 to 100 nm. Dendrimers can interact with metallic nanocrystals, nanotubes,

and organic structures like DNA, or encapsulate various substances.™

1.1) How nanotechnology is better than convectional technique in cancer treatment
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Fig. 1.

Nanotechnology offers several advantages over conventional techniques in cancer treatment,
primarily due to its ability to target tumors more precisely while minimizing damage to healthy t
tissues. Here's how nanotechnology can be superior to conventional methods.

1. Targeted Drug Delivery: Nanoparticles can be engineered to specifically target cancer cells,
thereby reducing the systemic toxicity associated with conventional chemotherapy. These
nanoparticles can carry drugs directly to the tumor site, increasing drug concentration in the

cancerous tissue while sparing healthy cells.

2. Enhanced Penetration: Nanoparticles are small enough to penetrate deep into tumors, reaching
areas that may be inaccessible to larger drug molecules. This improved penetration can enhance

the effectiveness of chemotherapy and other treatments.

3. Multi-Functionality: Nanoparticles can be designed to have multiple functions, such as
targeting, imaging, and drug delivery, in a single platform. This multi-functionality can lead to

more comprehensive and personalized treatment strategies.

4. Reduced Side Effects: By targeting only cancer cells, nanotechnology can minimize damage to
healthy tissues, reducing the side effects commonly associated with conventional chemotherapy,

such as hair loss, nausea, and fatigue.
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5. Improved Imaging: Nanoparticles can be engineered to act as contrast agents for imaging
techniques such as MRI, CT scans, and PET scans. This allows for better visualization of tumors,

aiding in diagnosis and treatment monitoring.

6. Theranostics: Nanotechnology enables the development of theranostic platforms, which combine
therapy and diagnostics in a single system. This approach allows for real-time monitoring of
treatment response and adjustment of therapy as needed.

7. Overcoming Drug Resistance: Nanoparticles can help overcome drug resistance mechanisms
commonly encountered in cancer treatment by delivering multiple drugs simultaneously or by

targeting specific pathways involved in drug resistance.

8. Local Therapy Enhancement: Nanotechnology can enhance the efficacy of local therapies
such as radiation therapy and photodynamic therapy by improving the delivery of therapeutic

agents to the tumor site.

2) Principles of nanotechnology

The application of nanotechnology to enhance therapies is no longer unique; in fact, as the
advantages become more obvious, research on the subject has been steadily increasing.***"
The majority of currently licenced cancer nanomedicines are liposomal formulations and
drug conjugates (protein, polymer, and/or antibody) that aim to leverage passive targeting and
enhance the pharmacokinetics and pharmacodynamics (PK/PD) of the free medication.
Nanomaterials for therapeutic and diagnostic applications, including imaging modalities are
currently the subject of several clinical studies.l?*?? The increased permeation and retention
(EPR) effect, which allows NPs to accumulate preferentially within the tumour vasculature, is
the basis for passive targeting of tumours.[?®! Leaky blood arteries that allow nanoparticles to

enter and concentrate in the tumour tissue are a common feature of tumours.?

Nevertheless, passive targeting does not completely prevent drug action in healthy tissues or
the negative effects that come with systemic distribution, thus the EPR effect is not a

panacea.l®

Even in the absence of a disease, NPs must overcome physiological
barriers to reach their target, which can be particularly difficult for cancer patients to
overcome.?® Stability and distribution capability can be compromised by protein and lipid
adsorption, blood flow rate, coronas, and phagocytic cells.”*% Access to a tumour may also

be restricted by extracellular matrix and interstitial pressure.®>*? Variations in cancer types
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can exacerbate these problems, necessitating formulation optimisation specific to each
type.®¥  Major cancer therapies' pharmacokinetic (PK) characteristics, solubility,
bioavailability, and stability have all been significantly enhanced by first-generation

nanomedicines.?

Nanomaterials can expand into new territories and incorporate highly specialised design and
function as a result of the increasing accessibility of technology and information. This makes
it possible for combination therapies, targeted delivery, triggered drug release, gene therapy,
innovative immunotherapy techniques, radiation, and multimodal therapies to be included in
the future generation of nanomedicine. Additionally, as scientific understanding clarifies the
principles of cancer initiation and survival, nanotechnology will be a vital tool for enhancing

bioimaging and diagnostics to prevent metastasis.

2.1) Tumor-specific target modification of smart nanoparticles categorized by aptamers

"Tumor-specific target modification of smart nanoparticles categorized by aptamers" refers to
the use of aptamers, which are single-stranded DNA or RNA molecules selected for their
high affinity and specificity to target molecules, to guide nanoparticles specifically to tumor
sites. Smart nanoparticles are engineered to carry therapeutic agents or imaging agents and
possess characteristics that allow them to respond to stimuli or target specific cells or tissues.
By coupling aptamers to these nanoparticles, researchers can enhance their ability to

specifically target tumors while minimizing off-target effects.

This approach offers several advantages, including precise tumor targeting, reduced systemic
toxicity, and improved therapeutic efficacy. The review article would delve into the
principles of aptamer selection, the design and engineering of smart nanoparticles,
applications in cancer therapy such as drug delivery and imaging, synergistic approaches with
other targeting moieties or therapeutic agents, and the current status of preclinical and clinical
studies. Additionally, challenges and future directions in this field would be discussed,
providing insights into the potential impact of aptamer-guided smart nanoparticles on cancer

treatment.
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Fig. 2: Tumor-specific target modification of smart nanoparticles categorized by

aptamer, antibody, peptide, folic acid and transferrin.

2.2) Tumor-specific target modification of smart nanoparticles categorized by antibodies
“Tumor-specific target modification of smart nanoparticles categorized by antibodies” involves
the modification of nanoparticles with antibodies for precise targeting of tumor cells.
Antibodies are proteins produced by the immune system that can specifically bind to antigens
present on the surface of tumor cells. By conjugating antibodies to nanoparticles, researchers

aim to enhance their specificity for tumor cells while minimizing off-target effects.

This approach offers several advantages, including targeted delivery of therapeutic agents or
imaging agents to tumor sites, improved efficacy of cancer treatment, and reduced systemic
toxicity. The review article would likely cover the principles of antibody selection,
nanoparticle design and engineering, applications in cancer therapy such as drug delivery and
imaging, and the current status of preclinical and clinical studies. Additionally, challenges
and future directions in this field would be discussed, providing insights into the potential

impact of antibody-guided smart nanoparticles on cancer treatment.
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3) Applications of nanotechnology

3.1) Nanotechnology-based Chemotherapy

Chemotherapy combined with nanotechnology is an effective technique to target
malignant cells and solve various medication delivery-related issues. Target-based
medication delivery is crucial for the successful outcomes of chemotherapy, but the
drug’s ability to treat the cancer must also be required. Furthermore, nanotechnology is
essential to both processes. Some of the combinational studies of nanotechnologies with

chemotherapies are listed below:

For cases of advanced melanoma skin cancer, chemotherapy has been employed with
medications such dacarbazine, temozolo-mide, nitrosoureas, vinca alkaloids, taxanes,
and cisplatin. 5-FU is a medication that is currently being used extensively to treat
cancers, including basal cell carcinomas and actinic keratosis. Nevertheless, 5-FU’s
strong hydrophilicity restricts its capacity to penetrate tumour tissues via skin
cancer.*>*"! Dacarbazine is an FDA-approved single-agent anticancer medication with a
short half-life and low solubility. It is the recommended drug for use in chemotherapy for
melanoma skin cancer.®%¥ Lipid nanoparticles containing this medication have been
developed for topical administration in the treatment of melanoma skin cancer.”” Liu et
al. (2017) cleverly created a nanocarrier based on hol-low mesoporous silica
nanoparticles encased with folic acid-grafted liposomes, leading to the development of
more sophisticated nanoparticles. Using a chitosan-B-glycerophosphate gel, carboplatin,
a second-generation platinum drug also suggested by the FDA for the treatment of

melanoma, was loaded into poly (g-caprolactone) NPs for intratumoral administration.[*!
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Additionally, Su et al.? (2017), who created paclitaxel-loaded copolymer NPs,
assessed an anticancer effect in vitro and in a xenograft tumour model in vivo.
Doxorubicin, an anticancer, was encapsulated in polymeric nanoparticles (NPs) and
produced a pH-responsive amphiphilic polymer through self-assembly triggered by
polyphosphazenes. Temozolomide, which was initially explored for the treatment of
mesenchymal stem cells, was delivered using solid lipid nanoparticles.*®! A
temozolomide-loaded polyamide-amine dendrimer in a PAMAM delivery system was
investigated for in vitro targeting of human melanoma cells in studies by Jiang et al.,!**!
(2017).

3.2) Nanotechnology-based cancer diagnosis

One of the most important phases in any diagnosing process is screening. The negative
effects of the disease can be reduced with an early screening that is successful. A group
of illnesses known as cancer are caused by aberrant cell proliferation, which eventually
results in the formation of tumours. Secondary malignant growths form at a location
distinct from the initial site of cancer origin throughout the metastatic process. This turns
into one of the primary causes of delayed disease identification, and as a result, cancer
either becomes incurable at a later stage or has a worse success rate when it comes to
treatment.[*™ Thus, a key factor in providing effective treatment and reducing the cancer
death rate is screening and early diagnosis. The traditional approach to diagnosing cancer
makes use of a variety of scanning techniques, which typically yield significant results
once the tumor’s significant growth level and the effects of metastasis have been
examined.[*®] Early cancer identification should therefore be given top attention. And we
can make use of the special quality of nanoparticles for this purpose. Because of their
small size, they are able to infiltrate cells and evaluate a variety of molecular and genetic
functioning mechanisms, which will aid in the early detection of any functional problems

and be achievable in both in vitro and in vivo settings.[*”

Nanoparticles are used to alter several imaging modalities for cancer detection. These
particles can offer information at the molecular and subcellular levels, making them
useful for following a variety of biological pathways. These cellular pathways’ departure
from their typical mechanism may aid in the identification of a number of early signs of
cancer development as well as other disorders. Nanotechnology is used to manipulate

well-established imaging techniques such as photoacoustic imaging, computed
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tomography (CT) scans, and other biomarkers that may be further useful for cancer
diagnosis. The CT scan is utilised to diagnose cancer in its early stages and aids in
achieving sensitive results. The accuracy of these approaches is particularly
noteworthy.[*] While small iodinated molecules, which are used as CT scan contrast
agents, are good at absorbing X-rays, their micro-vascular and targeting capabilities have
been somewhat hampered by their non-specific distribution and quick pharmacokinetics.
As a result, non-invasive treatments are given greater weight in diagnosis and therapy
because there is a lower risk of injury to normal bodily functions when using them.[*?! In
addition to having characteristics for optical imaging and the penetrability of ultrasonic
imaging, the various photo imaging techniques are used because they are largely non-
invasive and produce high contrast images for cancer diagnosis. According to Zhang et
al. (2018), there is a significant anticancer use of gold nanoparticles with three functional
components: folate, DNA to load doxorubicin (DOX), and gold nanoparticles with
photoacoustic action that can be used in drug delivery platforms. These features of the
nanoparticle are made possible by the use of gold nanoparticles, which are further
detected by real-time photoacoustic flow cytometry, to improve photoacoustic imaging
and identify the varied expression levels of distinct cancer cells. Along with threshold
sensitivity, an assessment of these circulating cells labelled with gold nanoparticles is

carried out.’’%54

3.3) Nano-technology based drug delivery

Cancer drug delivery can be enhanced by nanotechnologies, primarily using nanoparticles.
Nanoparticle-based delivery allows control over drug cytotoxicity through the
nanoparticle’s biodistribution profile rather than the drug’s free form.2%% This system
extends the half-lives of proteins and sensitive drugs and improves the solubility of
hydrophobic medications, benefiting drug-based therapies.*” Various scientific and
technological factors indicate that drug delivery via nanoparticles is more efficient.
Hydrogel nanoparticle-based drugs use exclusive hydrophobic polysaccharides for
encapsulating proteins and/or antibodies. Nanogels are nanoparticulate hydrogels that can
encapsulate magnetic material to form particles (~25 nm in diameter) with ligands attached

in varying quantities.

Magnetic nanogels, with an iron oxide core (~10 nm diameter) coated with a polymer, can

carry up to 1000 anticancer drug molecules and can be tracked via MRI as they accumulate
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in tumors.®>*! Systemic administration of chemotherapeutic drugs causes significant
toxicity, which nanotechniques address by encapsulating and targeting chemotherapy
specifically to cancer cells in 400 nm nanocells. These nanocells can be further optimized
by adjusting charge, hydrophobicity, and solubility. Effective targeting of nanocells
requires a bio-specific antibody receptor on the malignant cell membrane, enabling
endocytosis for intracellular drug release or breakdown.®” Various nano-systems can be
employed for tumor-targeted drug delivery, with structural and analytical features of

specific nanoparticles preprogrammed for extracellular and intracellular administration.

3.4) Nanotechnology-based gene therapy

Nanotechnology leverages DNA’s amphipathic properties to unlock new potentials. For
instance, single-stranded DNA (ssDNA) can solubilize hydrophobic nanoparticles like carbon
nanotubes (CNTs), making them suitable for biological use. Gene therapy introduces specific
exogenous genes into tumor cells to create a tumoricidal effect. DNA’s shape and self-
assembly abilities make it an excellent scaffold for nanoparticle arrangement in biochips and
biosensors, and DNA sequences can process information in biochemical assays.*® Viral
vectors have traditionally been used to transfer genes to targeted cells, but they present
challenges such as toxicity, immune responses, gene control, targeting issues, and the risk of
viral reactivation. Non-viral gene transfer methods are preferred to address these challenges.
Common non-viral vectors include liposome-mediated cationic polymers, polymers,
dendrimers, cell-penetrating peptides, and gold nanoparticles. The physical properties of
nanoparticles, such as size, shape, charge density, and colloidal stability, are crucial in

determining their effectiveness as non-viral gene delivery vehicles.

In gene therapy studies® (2009), Jere et al. successfully used a biodegradable nano-
polymeric carrier loaded with Aktl small interference-RNA, silencing the Aktl protein and
reducing cancer cell survival, proliferation, malignancy, and metastasis. Similarly, p53 gene
therapy nanoparticles led to sustained p53 protein production in target cells, a recognized
method in cancer gene therapy. While a single dose only temporarily inhibits cell growth,
direct intratumoral injection is typically required for nanoparticles. However, intravascular
administration is possible if the particles are modified to avoid reticuloendothelial system
trapping. Another approach uses poly (D, L-lactide-co-glycolide) nanoparticles loaded with
wild type (wt) p53 DNA, showing delayed intracellular DNA release and persistent

antiproliferative effects in a breast cancer cell line. The study suggests that wt-p53 DNA-
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loaded nanoparticles could be useful in treating p53 gene-related cancers, including breast
[61,62]
r.

cance
3.5) Nanotechnology-based phototherapy

The process of phototherapy involves converting light energy into heat or chemical energy,
which in turn triggers a chemical reaction and produces a variety of therapeutic effects on the
body. In order to eradicate cancerous cells, patients are given photoreactive chemicals, then
light is delivered to the affected area to start a photoreaction that produces Reactive Oxygen
Species (ROS). Numerous combined effects of phototherapy were evaluated, including
favourable tumour ablation and less intrusive treatment, making it a more practical method of
treating cancer. The two types of phototherapies are thermal stress inducing photothermal
therapy and oxidative stress inducing photodynamic therapy.[®*!

3.6) Nanomaterials for Cancer Immunotherapy

Nanomaterials have the potential to significantly increase the effectiveness of cancer
immunotherapy. Cancer vaccines and TME modulation are the two components of cancer
immunotherapy. While TME modification seeks to increase the capacity of cytotoxic T cells
to kill cancer cells, cancer vaccines are designed to deliver cancer antigen to DCs and foster a
strong effector T-cell response.**%! Furthermore, some cells have the ability to absorb
nanomaterials laden with targeted ligands.!®® It's interesting to note that a recent study found
that a D-enantiomeric supermolecule nanoparticle was created, shown p53-dependent
antiproliferative activity, and improved antitumor immunity.*”7 Nanomaterials will help
deliver tumour antigens, and because of their unique properties, they can also modify the
immune response, which will be beneficial for immunotherapy.l®®®! Notably, the PC7A
nanoparticles triggered the pathway that stimulates interferon genes, which provides a

strong response in anti- tumor immunotherapy.!™®
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4) Targeted Delivery of Therapeutic Nanoparticles
4.1) Passive targeting

Normal tissue blood vessel

f Normal tissueﬂ Q Tumor lissQ

/ Q
% Drug moleeules Leaky blood vessel

developed in tummor

@ Naneparticle drugs

Fig. 5: Schematic diagram of nanoparticle accumulation in tumor tissue through EPR
effect. Normal tissue vasculatures are lined by tight endothelial cells, thereby preventing
nanoparticle drugs from escaping, whereas tumor tissue vasculatures are leaky and
hyperpermeable allowing preferential accumulation of nanoparticles in the tumor

interstitial space (passive targeting).

Passive targeting is utilized by clinically proven nanoparticles to ensure targeted delivery of
medications to tumors. Nanoparticles exploit their inherent size and the unique characteristics
of tumor vasculature.’*™! Tumors, in need of more oxygen and nutrients, release cytokines
and signaling molecules that attract new blood vessels through angiogenesis. Unlike normal
tissues, angiogenic blood vessels in tumors have gaps between endothelial cells up to 800 nm
wide."®" These gaps, along with impaired vascular architecture and poor lymphatic
drainage, allow nanoparticles to selectively accumulate in the tumor interstitium.””"® Factors
like nanoparticle size, surface properties, circulation half-life, and degree of tumor
angiogenesis influence accumulation in tumor tissues.”” The ideal size range for
accumulation is between 10-100 nm. For example, smaller polymeric micelles (20 nm)
accumulate in tumors more rapidly than larger liposomes (100 nm).%%8" proper surface
properties and extended circulation times enhance tumor uptake. Unaltered phospholipid
surfaces on liposomes can attract plasma proteins, leading to rapid clearance by the
mononuclear phagocytic system (MPS), hindering drug delivery to tumors. This issue is
addressed by surface-modified (stealth) liposomes, which have significantly extended blood
circulation times.®¥#3 Other nanoparticles, such as IT-1015¥ Xyotax'®!, and Abraxanel®¥,

also exhibit lower clearance rates.
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Tumor vascularization impacts nanoparticle accumulation; poorly vascularized, small pre-
angiogenic, and large necrotic tumors generally show poor accumulation. Nanoparticles
improve pharmacokinetics, pharmacodynamics, efficacy, and reduce toxicity when used as
drug delivery systems.® For instance, Abraxane (ABI-007), an albumin-bound paclitaxel
nanoparticle approved for metastatic breast cancer treatment, showed higher efficacy than
free paclitaxel in a phase 11 trial.®”) The Abraxane group had significantly lower grade 4
neutropenia even at higher doses. Pharmacokinetic studies revealed that Abraxane had a
larger volume of distribution and paclitaxel clearance compared to free paclitaxel:
Distribution was 663.8 L/m2 for Abraxane vs. 433.4 L/m2 for paclitaxel (p=0.04), and
clearance was 13 L/h/m2 for Abraxane vs. 14.76 L/h/m2 for paclitaxel (p=0.048).14
Similarly, NK105, a micellar nanoparticle form of paclitaxel, demonstrated enhanced
pharmacokinetics, pharmacodynamics, efficacy, and reduced toxicity in preclinical studies
and a phase | trial compared to free paclitaxel.!%2

In an animal model, the area under the curve (AUC) for NK105 in tumors was 25 times
higher than for free paclitaxel, and the plasma AUC was 90 times higher.® In patients, the
plasma AUC for NK105 at 180 mg/m2 was 30 times higher than that of traditional
paclitaxel.®¥ Due to increased drug accumulation in the tumor, NK105 showed significantly
stronger antitumor activity in an HT-29 human colorectal cancer cell line xenograft compared
to free paclitaxel.®® The phase I trial found NK105 to be effective and well-tolerated in
pancreatic cancer patients.®® These differences in pharmacokinetics may explain the
enhanced drug accumulation observed with nanoparticles compared to free drugs. Other
nanoparticles like Doxil, a PEG-liposome loaded with doxorubicin (DOX)®, SP1049C, a
pluronic micelle loaded with DOXY NK911, a PEG-Asp micelle loaded with DOX | and
Xyotax, a polyglutamic acid nanoparticle carrying paclitaxel®, also demonstrated improved

pharmacokinetics compared to free drugs.
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4.2) Active targeting

’ Enhanced ntrace

drug concentrabior

Fig. 6: Internalization of nanoparticles via receptor-mediated endocytosis. Tumor-
specific ligands/antibodies on the nanoparticles bind to cell through an endosome-dependent
mechanism. Drug- loaded nanoparticles bypass the drug efflux pump not being recognized

when the drug enters cells, leading to high intracellular concentration.

To enhance targeted delivery to tumors, nanoparticles listed in Table 1 leverage the EPR
effect and tumor microenvironment. However, non-targeted nanoparticles face limitations.
For example, inadequate lymphatic drainage can cause drug outflow due to increased osmotic
pressure in the interstitium, leading to drug redistribution in some cancer areas, despite
helping drugs enrich in the tumor interstitium.®® Most anticancer drugs require
internalization into tumor cells to be effective, so accumulation in the tumor
microenvironment alone might not guarantee therapeutic success. A promising approach to
address these limitations is to add a targeting moiety to the nanoparticle surface. This moiety
is expected to bind to a tumor-associated antigen or receptor, enhancing nanoparticle delivery
to the intracellular drug action site and improving therapeutic outcomes. Recent preclinical
studies show that targeted nanoparticles offer superior anticancer activity compared to non-
targeted ones.***1 They achieve higher intracellular drug delivery and significantly
improved antitumor efficacy, though they may not always increase tumor drug accumulation
compared to non-targeted nanoparticles.'®**® The primary role of targeting ligands is to boost
cellular absorption into cancer cells while minimizing uptake in healthy cells. Despite the

promise of tailored nanoparticles in treating tumors, the field is still developing.

Most targeted nanoparticles are not yet in clinical use, resulting in limited clinical data. A few
targeted nanoparticles are currently under investigation, including MCC-465, an
immunoliposome encapsulating doxorubicin (Dox). This liposome features PEG and the

F(ab’)2 fragment of the GAH monoclonal antibody, which targets a cell surface protein found
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in various cancer cells.l®! Phase I trials show that MCC-465 has different pharmacokinetics
compared to free Dox but is similar to human Doxil (non-targeted liposome-encapsulated
Dox). Unlike Doxil, MCC-465 did not cause severe skin toxicities such as palmar-plantar
erythrodysesthesia (PPE) or mucositis.®®) Other examples of targeted therapeutic
nanoparticles include SGT-53, a liposome containing a plasmid for the tumor suppressor
p531%°  MBP-426, which encapsulates the cytotoxic platinum-based drug oxaliplatin®®, and
CALAA-01, a polymer-siRNA conjugate.'**%? All these nanoparticles target the transferrin

receptor, which is overexpressed in various cancer types.!*%%!

5) RESULTS AND DISCUSSION

Nanoparticles provide opportunities for designing and tuning properties that are not possible
with other types of therapeutic drugs, and have shown a bright future as a new generation of
cancer therapeutics. Furthermore, the development of multifunctional nanoparticles may
eventually render nanoparticles able to detect and kill cancer cells simultaneously. Although
there are certain critical questions and many challenges remaining for the clinical
development of nanoparticles, as more clinical data are available, further understanding in
nanotechnology will certainly lead to the more rational design of optimized nanoparticles with

improved selectivity, efficacy, and safety.

6) CONCLUSION

In conclusion, nanotechnology offers unprecedented opportunities to revolutionize cancer
treatment by providing precise, effective, and personalized therapeutic strategies. Continued
interdisciplinary collaboration and translational research efforts are essential to harness the

full potential of nanotechnology in combating cancer and improving patient outcomes.

Despite significant progress, challenges remain in the clinical translation of nanotechnology-
based cancer therapies, including scalability, regulatory hurdles, and long-term safety
concerns. However, ongoing research efforts aimed at optimizing nanoparticle design,
improving targeting strategies, and addressing biocompatibility issues hold promise for the

continued advancement of nanotechnology in cancer treatment.
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