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ABSTRACT: Cancer is fast approaching as one of the leading causes of mortality in humans. Various treatment plans are
available, with conventional ones being surgery, chemotherapy, and radiation, depending on the type of cancer. While effective,
such treatment plans not only treat cancer cells but also adversely affect healthy tissues of the body, leading to a long-lasting,
sometimes permanent, impact on the quality of life. Liposomes offer an effective drug delivery vehicle that delivers medicines to
only specific tumor cells, significantly reducing the effect of these potent drugs on healthy cells. Liposomes consist of hydrophobic
phospholipid vesicles with an aqueous core. With the versatility of their design and customization, liposomes are considered useful
delivery systems for various types and sizes of drugs. With these nano-structures being adaptable, they can be tailored to address
specific cancers. Numerous studies have been published that explore the biosynthesis of liposomes, making them compatible with
the bodies of living beings, and several reports are available on the application of liposomes in drug delivery. In this paper, the
author will provide a review of the manufacturability of liposomes, followed by an overview of their broad applications, focusing

on cancer drug delivery.
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B Introduction

Cancer is the second leading cause of mortality in the
world.? As per the World Health Organization (WHO) re-
port published in 2024, 20% of people will develop cancer in
their lifetime. Moreover, only about 40% of countries current-
ly actively address and fund testing.? Apart from the health
impact, the global economic cost of cancer is estimated to
be $25.2 trillion in international dollars in the 30 years from
2020 to 2050.° This suggests an accelerated necessity to in-
vest in preventive as well as treatment plans for cancer. Due
to cytotoxicity towards fast-growing cells (cancerous and
non-cancerous), conventional cancer treatment methods, such
as chemotherapy and radiotherapy, could have a multitude of
undesirable side effects.*” Immunotherapy has emerged as a
targeted treatment providing precision in drug delivery; how-
ever, it also leads to an overstimulated immune system, which
can lead to other side effects such as inflammation and fa-
tigue affecting healthy tissues.'*"?
of bio-delivery systems is through liposomes. Liposomes find

One upcoming technique

a wide variety of applications in various treatments, such as
vaccination, gene delivery, and even in cosmetics and the food
industry.* In particular, liposome-based therapy delivery sys-
tems are known to be very effective in targeted drug delivery,
thereby improving the efficacy of treatment.”>*® The term li-
posome (also known as spherules) is derived from the Greek
words lipos (fat) and soma (body), described for the first time
by British biophysicist Alec Douglas Bangham in 1963. Lipo-
somes are phospholipid vesicles, varying between 50nm and
5pm in diameter. As their name suggests, liposomes may be
formed of multiple layers, with an outer shell composed of fat
and an inner core of aqueous polarity. This versatile constitu-

tion makes them ideal components for the delivery of not only
hydrophilic, but also hydrophobic compounds.’? This type of
useful structural design of liposomes facilitates the entrapment
of targeted drugs, followed by delivery at the desired location
of the organ, resulting in an improved outcome of treatment.”!
While many review articles on liposomes exist, none have pro-
vided a comprehensive review on liposomes as this paper does.
In this paper, the focus is on using liposomes as drug delivery
vehicles to treat tumors.

Their structures and classifications, as well as synthesis
methods, along with wide-ranging applications, are provided.
Finally, a brief overview of how the use of Artificial Intelli-
gence (Al) and Machine Learning (ML) is revolutionizing the
design of liposomes to further improve the efficacy of cancer
treatment is given.

B Liposome Structure and Classification

Liposomes are multi-layered spherical structures made of
phospholipids in aqueous solutions. These phospholipids
have a hydrophilic nano-spherical head and hydrophobic tail,
resulting in an amphiphilic structure, as shown in Figure 1.
Since these are formed in aqueous solution, the surrounding
phospholipid bilayer outer shell of the liposome is lined with
hydrophilic heads on the inside and outside layers, whereas the
hydrophobic tail composes the inside of the shell. This also re-
sults in the core of the liposome being aqueous. This unique
design facilitates the delivery of both hydrophobic drugs (car-
ried inside the outer shell) and hydrophilic drugs (carried in
the aqueous core of the liposome).?? Based on their physical
design and size, liposomes may broadly be classified as Unil-

amellar Vesicles (ULV'), which may be small and below 100nm
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or large and greater than 100nm in diameter; and Multilamel-
lar Vesicles (MLV). As the name suggests, ULV's have a single
phospholipid bilayer, whereas an MLV has multiple concentric
layers surrounding it. One other variation is the presence of
multiple vesicles inside one large vesicle, leading to the for-
mation of a Multi-Vesicular Vesicle (IMVV).% Studies on a
few drug systems have shown that the extent of availability of
the drug in liposome formulations of smaller size is typically
higher than that of liposomes of larger size, and therefore, the
preferred size of these liposomes is 50-150nm.*

Hydrophobic head
&:Hydrophilic tail

a) b)

Figure 1: a) Phospholipid unit of a liposome, b) Cross-sectional image of a
simple liposome structure.

B Liposome Syntheses

There are various methods available for synthesizing lipo-
somes. One very popular and simple to implement method
is the lipid film hydration method (the Bangham method),
where a thin film of liposomes is manufactured by dissolving
lipids in an organic solvent and then evaporating the solvent.
This thin film is then transferred into an aqueous medium to
form a liposome.? Other commonly known methods in litera-
ture are the ethanol/ether injection method, the Reverse Phase
Evaporation method, the Detergent Depletion method, and
Emulsification. Each of these methods comes with its advan-
tages and limitations and is used depending on the type of
drug to be administered, stability, expected performance, and
target cancers.?*?’

The biggest issue in most of the traditional methods for
liposome synthesis is poor encapsulation efficiency, which is
defined as the overall concentration of lipids in the solution.
Additionally, the stability is also quite poor, which limits the
effectiveness of clinical applications of liposomes. To improve
these factors, a variety of novel technologies have been stud-
ied and developed,” ! such as Lyophilization, also known as
the freeze-drying method, supercritical fluid-assisted methods
using dense gas technology, microfluidic methods, and the
membrane contactor method. For bio-applications, which is
the focus of this paper, the supercritical fluid-assisted methods,
such as Supercritical Anti-Solvent (SAS), Rapid Expansion
of a Supercritical Solution (RESS), and Supercritical Assist-
ed Liposome Formation (SuperLip), are more suitable. These
methods provide reliability in production, control of particle
size, and in situ sterilization, and their use in cancer drug de-
livery justifies the high costs.

B Liposome Stability and Applicability

Enabling liposome stability is a key research area to enable
the incorporation of these nanostructures in drug delivery sys-
tems. During the synthesis, various physical factors, such as
temperature, pH, and particle size, and chemical factors, such
as lipid composition, oxidation, and presence of metal ions,
affect the stability of liposomes. Once injected and until the
drug is delivered to the desired tissues or cancer cells, biolog-
ical factors such as the environment, biological barriers, etc.,
will affect its stability.’* As the liposomes transit through the
body, the conditions that they encounter vary, leading to dis-
ruption of their fidelity. Therefore, a thorough evaluation and
experimentation of their structure is required before incorpo-
rating them for medical applications.?>*

The phase transition temperature of liposomes, T, one of
the more important factors affecting liposome stability, is the
temperature at which liposomes' lipid components transition
from a gel-like ordered state to a crystalline disordered state.*
Having a detailed understanding of this temperature for se-
lected lipid chains is crucial to selecting appropriate lipids
for biological systems as well as drugs. The phase transition
understanding determines the performance of the liposomes,
such as their permeability, rigidity, stability, and impact of bio-
logical constituents.’’

Liposomes are preferred drug delivery vehicles due to their
tendency to accumulate in the region of the tumor as com-
pared to normal tissue. This characteristic is referred to as the
Enhanced Permeability and Retention (EPR) effect and is the
primary reason for adopting liposomes in cancer treatment.
This is because fast-growing cells in the tumor region do not
allow the blood vessels to develop fully, and endothelial cells
lining the blood vessels have gaps between them, allowing
direct accessibility for liposomes to permeate through these
openings and transfer the drugs to the affected region.* This
method of drug transfer is known as passive targeting® since
it is dependent on the inherent characteristics of liposomes as
well as the target tumor site (active targeting will be covered in

the Gene Therapy section of this paper).

B Liposomes — Prominent Applications

Liposomes are versatile and may be used in multiple func-
tions for cancer treatment. Some of the more prominent
applications are discussed here.

Types of Cancer Delivery Drugs:

Nanoparticle-based drug delivery systems allow significant
advantages*** over traditional chemotherapy treatments, pri-
marily by avoiding harmful side effects on healthy cells and
by being highly efficient in treating the cancer cells. These
nanoparticles include liposomes, polymer nanoparticles, gold
nanoparticles, carbon nanotubes, quantum dots, and others.***
In this review paper, the focus is only on liposomes as cancer
delivery drugs. Liposomes find utility in delivering a variety
of drugs and related biocompatible compounds. Additional-
ly, liposomes can also deliver nucleic materials used in gene
therapy and immunotherapy.* They can be used to enhance
gene therapy via the delivery of nucleic agents, designed to
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combat the disease, at the site of mutated cells. Similarly, it was
found that when liposomes were used as a carrier for immu-
nomodulatory agents, they increased the therapeutic payload
and therefore increased the capability of these drugs to target
the disease more effectively.* Liposomes also offer precision
in transferring photo-thermal therapeutic medicines to cancer
cells.*” All these versions of therapies are typically combined to
improve the outcome of the treatment.

Chemotherapy:

Since liposomal nanoparticles encapsulate the drugs, they
are known to be low in toxicity as compared to the traditional
chemotherapy drugs. The liposomes may be further modified
to give them a controlled transfer rate and increased grafting
tendencies, thereby increasing the efficacy of the transported
drugs. Depending on the type of cancer (location, size, stage), a
combination of liposomes may be used to target these specific
cancer cells.* Typically, healthy cells are known to have a tight
interface that does not allow large particles to pass through
them. However, the mutated cancer cells have weak intercellu-
lar resistance, and therefore, encapsulated drugs in liposomes
can permeate through the walls of tumors more easily at these
target sites.* This is an example where liposomes find utility
in chemotherapy. Doxorubicin and paclitaxel are very spe-
cialized chemotherapy drugs for breast and lung cancer, and
liposomes have been tested to be a useful vehicle for their de-
livery.*® Doxorubicin works by blocking a specific enzyme that
is known to lead to cancer cell multiplication. Encapsulating
this drug in liposomes has been shown to keep the drug in
the bloodstream longer. This research indicated that liposomes
provided enhanced treatment results with these drugs com-
pared to direct delivery of these medicines.

Gene Therapy:

Gene therapy refers to the delivery and assimilation of a
specific gene into a system, with the intention of treatment.
Various studies are being conducted to develop a model for
a variety of lipids used in gene delivery.’! Liposomes make a
good vehicle for this transfer owing to their controllable size
and lipid profile, matching the gene type being transferred.
Several studies have discussed the benefits of DNA-mediat-
ed or mRNA delivery through liposomes.”>** Another type of
genetic material that is used is short hairpin RNA (shRNA),
which is used to silence specific gene expression via a meth-
od known as RNA interference (RNAI), the effects of which
last for a long time when delivered via liposomes.> Another
such genetic material widely used for gene therapy is small
interfering RNA (siRNA). It is a double-stranded RNA that
is vital in the regulation of genes. Similar to shRNA, siRNA
works by thwarting the expression of certain genes.” To enable
such biological material delivery systems, a thorough review is
required to address interaction with serum, intercellular trans-
portation properties, and targeted impact. Many successful
tests have been completed for the delivery of virus vaccina-
tion, and currently, non-viral biomaterial delivery for cancer
is being tested.’”*® Non-viral methods, such as through lipo-
somes, of delivering genetic tools are preferred owing to their

low risk, biocompatibility, and immunogenicity. Additionally,
metal complexes, such as ligands, may further functionalize
liposomes to improve their selectivity to diseased cells; this is
known as active targeting.*’

Photothermal Therapy:

Photothermal therapy (PTT), as the name implies, uses
light on photosensitized medicines, which in turn releases
thermal energy to destroy the cancer cells.®* Photothermal
therapy has been in use for various treatments for many years
now. This therapy finds utility as it is a minimally disruptive
treatment. In this method, nanoparticles carrying drugs that
are sensitized by light are delivered in the bloodstream. These
drugs may be activated at a given spectrum of wavelengths of
light only. Once administered, the target location of treatment
can be mildly irradiated with the specific wavelength of light,
leading to the emission of heat at that location.®® Typically,
gold-based nanoparticles are used for this therapy as they tend
to easily absorb near-infrared (NIR) light through surface
plasmon resonance.®** There are various other studies avail-
able using novel materials such as carbon nanotubes, carbon
dots, graphene, and quantum dots.®® Liposomes enhance the
impact of this treatment by delivering certain photosensitive
dyes safely to the target site. Indocyanine-green is one such
popular dye due to its very sharp light absorption characteristic
in the NIR region.® Various reports also provide detailed fun-
damental characterization of these drugs to determine their

efficiency and stability.®”

T Cell Immunotherapy:

As per the American Cancer Society (ACS), immunothera-
py can be defined as a method in which a living being’s immune
system can be harnessed to attack the cancer-causing cells.®
Immunotherapy is gaining precedence as it improves the im-
mune system and may proactively address cancer spread.®” To
realize immunotherapy, it is important to understand the sig-
nificance of T cells. As per standard cancer terminology, T cells
constitute the immune system and are responsible for develop-
ing stem cells in the body. They not only boost immunity but
also help fight the occurrence of cancer by producing specific
antigens.”” T cell immunotherapy, also sometimes referred to
as adoptive cell therapy (ACT), is a method where autologous
(patient’s own cells) or allogenic (cells derived from donor
plasma) T cells are introduced into the body to eliminate the
cancer cells.®” T' cell immunotherapy may be broadly classi-
fied into two categories: tumor-infiltrating lymphocytes (TIL)
and chimeric antigen receptor (CAR) T cell therapy.”> Both
therapies work by extracting T cells and augmenting them
externally in a lab, followed by reintroducing them into the
body. TIL therapy extracts T cells from the tumor itself and
separates the ones that recognize tumor cells, whereas CAR
T may include the modification of T cells to teach them to
recognize tumor cells. Liposomes may be used for the delivery
of these specified T cells to a precise site and boost natural
immunity in the body. In an upcoming area of research, as part
of immunotherapy, liposomes may also be used for the delivery
of cancer-associated antigens. ”*
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Targeted therapies:

Since liposomes are customizable, they make for impressive
drug delivery vehicles for targeted therapy. Various studies
have been conducted where liposomes are used for deliver-
ing specific drugs to specific tissues, such as the lung, breast,
and pancreas. Additionally, the surface of the liposomes can
be modified with various functional groups to enhance their
efficacy.”™ One such example is stimulus-responsive liposome
treatment, which triggers drug release in response to a very tar-
geted stimulus. Such stimuli could be based on certain specific
enzymes, pH-sensitive, to name a few.” This leads to targeting
the treatment to very localized cells, rather than conventional
methods that are detrimental to all cells. An additional ad-
vantage of liposomes is that they may be used to deliver both
chemotherapy and immunotherapy drugs together, without
their interference.

Toxicity:

The natural lipid constitution of liposomes makes them low
in intrinsic toxicity. These lipids are biologically inactive, with
their constituents being derived from natural food sources such
as egg yolk, soybean, milk, or they may be synthetically created
from low-toxicity lipids. This makes them ideal transport ve-
hicles for drug delivery for cancer and other drugs.*® Certain
negatively charged dicetyl phosphate-based liposomes, how-
ever, may be toxic.” This is a field where more exploration is
underway to determine the bio-feasibility of liposomes.

B Liposome Design: An Al/ML Approach

Al and ML are further accelerating the development of tem-
plate drugs as well as delivery systems. For example, liposomes
can now be efficiently designed by effectively performing
predictive modeling and process optimization. ML-driven ad-
vanced algorithms are accelerating the formulation processes
and enabling personalized cancer therapies.””” By analyzing
large data sets, supervised learning models are generated, and
key parameters such as encapsulation efficiency, particle size,
and drug loading efficiency are optimized. More importantly,
liposome-based drug delivery systems are then optimized for
targeted cancer cell growth and customized for individuals,
making them significantly more effective than the convention-
al liposome-based cancer drugs both in terms of improving the
recovery and minimizing the side effects. The future is indeed
bright for the AI/ML-based precision medicine.

B Conclusions and the Future

As illustrated in this review paper, research is being carried
out on using liposomes as a cancer drug delivery vehicle at an
accelerated pace. Various avenues are in the process of being
explored with promising results. There are several liposome
systems that are in the research phase today for multiple medi-
cines, targeting different cancers. Apart from the type of drugs,
there are various types of therapy systems being explored, such
as gene therapy and different versions of immunotherapy.
Each of these therapies comes with its specific conditions in
which they are most effective. For example, certain therapies
may work at a very specific pH, concentration in the blood-

stream, or time of availability near the tumor site for controlled
interaction time. While liposomes are an upcoming field and
have gained recent recognition as cancer drug delivery systems,
more focused studies are required to develop and assimilate
them into becoming the standard treatment plan. In addition
to the requirement of more research and evaluation, as well as
approval by the Food and Drug Administration (FDA), ad-
ditional constraints of throughput, consistent manufacturing,
supply, and cost also exist. Functionalization of liposomes to
increase their targeting properties and overall efficacy requires
multiple manufacturing steps, making high-volume manufac-
turing challenging. Clinical trials are underway where various
combinations of liposomes and drugs are being explored. With
Al accelerating the pace of sequencing therapeutic drugs that
are customized to match with patient’s biological constitution,
it is expected that quicker and more effective progress will be
seen in the coming decade. In conclusion, while there are vari-
ous challenges, the outlook for the incorporation of liposomes
as part of the standard plan of treatment is strong, and with
continued research efforts and funding, liposomes are expected
to become an integral part of the standard treatment plan for
cancers.
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