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Liposomes have been extensively developed and used for various clinical applications such as in pharmaceutical,
cosmetic, and dietetic fields, due to its versatility, biocompatibility, and biodegradability, as well as the ability to enhance
the therapeutic index of free drugs. However, some challenges remain unsolved, including liposome premature leakage,
manufacturing irreproducibility, and limited translation success.
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| 1. Introduction

Cancer has brought a critical burden to the economy and society. GLOBOCAN (the World Health Organization’s
International Agency for Research on Cancer Global Cancer Observatory) 2020 reported an estimation of 19 million new
cancer cases and 10 million cancer deaths occurred worldwide . Currently, cancer treatments are still mainly proceeded
by surgery, radiotherapy, and chemotherapy, although gene therapy and immunotherapy have been brought up as novel
methods with a higher therapeutic index. However, some challenges remain unsolved even with the advanced therapies,
such as low solubility, poor pharmacokinetics, non-specific biodistribution, and systemic toxicities =l Therefore, targeted
delivery of therapeutics to specific sites has been an active area of research in the last couple of decades. Of note,
several drug delivery platforms have been reported, and some are being used in clinical settings, including antibody-drug
conjugates, polymers, as well as liposomes [4EIE Of those, liposomes are a promising drug delivery vehicle due to their
biocompatibility and biodegradability, good stability, as well as the ability to encapsulate both hydrophobic and hydrophilic
contents [, When the first liposome was described by Bangham et al. in 1964 &l it had grown to be a great interest in
cosmetic, dietetic, and pharmaceutical areas 2L,

Due to the natural properties of liposome, the major components are lipids and fatty acids comprising phospholipids,
which can spontaneously self-assemble into a lipid bilayer with an aqueous core. The phospholipid bilayer is similar to the
construction of the cell membrane. Therefore, liposomes are considered to be biocompatible and biodegradable .
Because of the presence of a lipid membrane and a hydrophilic interior, liposomes can be used to deliver both hydrophilic
and hydrophobic molecules. With that, liposomes have been further researched of their benefits as a drug delivery
platform.

| 2. Characterization and Major Components of Liposomes

Several ways can be used to classify liposomes, including size, lamellarity, and method of preparation 1213l Scholars
define liposomes by their size and lamellarity. These two factors also dominate the drug encapsulation efficiency and
ADME (absorption, distribution, metabolism, and elimination) of the drug 4115l By |amellarity, liposomes can be defined
as: a unilamellar vesicle (ULV), with one bilayer membrane; an oligolamellar vesicle (OLV), with 2-5 bilayer membranes;
or a multilamellar vesicle (MLV), with five or more bilayer membranes. Furthermore, ULV can be classified by its size,
including small unilamellar vesicle (SUV) ranging from 20 to 100 nm; large unilamellar vesicle (LUV) with a size larger
than 100 nm; and giant unilamellar vesicle (GUV) with a size bigger than 1000 nm 8. Generally, ULV is formed by a
phospholipid bilayer and an agueous core. More uniquely, several ULVs with gradually smaller sizes caging inside each
other compose the MLV, which resembles an onion, and each lipid bilayer is separated by an aqueous layer 14,

Three dominant components that contribute to the formation, stability, and functionality of liposomes include
phospholipids, cholesterol, and polyethylene glycol (PEG).

| 3. Pharmaceutical Applications of Liposomes

Owing to its biocompatibility, biodegradability, nontoxicity, and favorable physical properties for convenient modifications of
surface charge and its size, since the 1990s, there have been more than a dozen U.S. FDA-approved liposomal or lipid-



based nanodrugs (Table 1) with numerous more under preclinical and clinical development.
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Table 1. U.S. FDA-approved liposomal/lipid-based nanodrugs.

Liposomal Composition

HSPC:Cholesterol:DSPE-PEG2000

DMPC:DMPG
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Cholesteryl sulphate:Amphotericin B

70% Lecithin, 20% Cephalin and 10%
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B
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DOPC:DPPG:Cholesterol:Tricaprylin
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Johnson,
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USA
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MD, USA

Galen US, Inc.,
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USA

Sequus
Pharmaceuticals
Inc., Menlo Park,
CA, USA
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Pharmaceutical
Industries Ltd.,
Princeton, NJ,
USA
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Healthcare, Inc.
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Sciences, Inc.,
Foster City, CA,
USA
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Ltd., Oxford, UK

Novartis
International AG,
Basel,
Switzerland
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Pharmaceuticals,
Inc., Watford, UK

Takeda
Pharmaceutical
Limited, Tokyo,
Japan

Pacira
Pharmaceuticals,
Inc., Parsippany-
Troy Hills, NJ,
USA
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Pharmaceuticals,
Inc., Cambridge,
MA, USA

Jazz
Pharmaceuticals,
Inc., Dublin,
Ireland

Alnylam
Pharmaceuticals,
Cambridge, MA,
USA
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