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Abstract 

Cancer is regarded as the second leading cause of death globally. Over the past years, the 

growing prevalence of cancer has highlighted the need for innovative strategies to improve 

patient survival and enhance therapeutic effectiveness. In recent years, several novel 

approaches have emerged to improve cancer treatment with techniques including 

immunotherapy, targeted therapies, gene therapy, and nanotechnology. In this regard, 

nanotechnology has demonstrated potential in the field of medicine, especially in drug 

delivery, by allowing for the design and alteration of materials at the atomic and molecular 

levels. Nanoparticle-based therapies enhance the therapeutic efficacy of the drugs and 

reduce adverse effects by improving their distribution and bioavailability. Nanoparticles 

enhance drug retention in neoplasms, penetrate biological barriers, and enable more 

sophisticated targeted drug delivery. Among different types of nanoparticles, phospholipid–

based nanoparticles are considered with the highest promise for biomedical uses. 

Phospholipid molecules are amphiphilic, which leads to possess both hydrophobic and 

hydrophilic regions. They are also a prominent part of cell membranes. Thus, the utilization 

of phospholipid nanoparticles enhances drug stability, prolongs circulation time, and enables 

controlled drug release. Phospholipid–based nanoparticles can be produced through variable 

methods that lead to various properties. However, challenges such as toxicity, changing 

features in the biological environment, and corona formation can disrupt the function of 

phospholipid–coated nanoparticles. Therefore, further research and exploration of 

phospholipid–coated nanoparticles can help access more precise, efficient, and patient-

friendly cancer therapies. 
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Introduction 

Cancer is a group of diseases that are 

characterized by uncontrolled cell 

proliferation (1). By 2050, it is predicted that 

there will be over 35 million new cancer cases 

which highlights a 77% increase compared to 

the statistics in 2022(2). The increasing 

prevalence of cancer globally necessitates the 

development  of new therapeutic approaches  

to enhance treatment efficacy as well as 

improvement of patient survival rates (3). In 

cancer therapy, several innovations including 

immunotherapy, targeted therapies, 

personalized medicine, gene editing, and 

nanotechnology have been applied  (4). 

Among these novel approaches, 

nanotechnology draws a great deal of 

attention, which involves using the atoms, 

molecules, or compounds at the nanometer 

level and giving special properties to them. As 

a result of their distinct size, nanoparticles 

exhibit new properties such as electrical 

conductance, chemical reactivity, magnetism, 

optical effects, and physical strength 

compared to their bulk counterparts (5).  

The advancement of nanotechnology has 

penetrated several applications, such as 

tissue engineering, diagnosis, and drug 

delivery (6). Nanoparticle-based treatment 

can lead to improvements in patient survival, 

reduction of side effects of the treatment, 

maintenance of patient compliance, as well as 

better disease management and outcomes, 

particularly in cancer (1). Also, nanoparticles 

can enhance the distribution of drugs 

throughout the body, enhance permeability 

and retention (EPR) effects, and target 

specific cells using ligands or antibodies. 

Nanoparticles with high surface-to-volume 

ratios can overcome biological barriers, 

leading to improved bioavailability and 

therapeutic efficacy. Furthermore, 

nanoparticles can prolong the circulation 

half-life of drugs, and protect them from 

rapid degradation and elimination, while 

maintaining their therapeutic properties (7-

12). Therefore, based on their unique 

properties, nanoparticles show promising 

applications in cancer diagnosis, treatment, 

and monitoring (13, 14). In biomedical 

applications, nanoparticles have to be 

hydrophilic and maintain superior stability in 

biological media (15). Therefore, the 

application of hydrophobic nanoparticles, 

such as inorganic nanoparticles, in 

biomedical sciences and engineering (e.g., 

gene and drug delivery and imaging) is 

limited due to their instability in aqueous 

environments and their capability to result in 

cytotoxicity (16, 17). Among nanoparticles, 

phospholipid-based nanoparticles (PLNPs) 

by improving bioavailability and targeting 

anticancer drugs play a crucial role in cancer 

treatment (18). Phospholipids as a natural 

component of cellular membranes have 

hydrophilic phosphatidylcholine (PC) head 

groups and hydrophobic hydrocarbon 

backbones. This characteristic facilitates the 

formation of various structures (19-21). The 

amphiphilic nature of phospholipids allows 

for the encapsulation of different kinds of 

molecules, whether hydrophilic in the inner 

aqueous compartment or hydrophobic in the 

lipid acyl chain region (22). The unique 

characteristics of phospholipids can improve 

permeability, controlled release, targeting 

efficiency, drug stability, versatility, 

prolonged circulation, and reduced toxicity 

(23). Considering the potential of 

phospholipids and the global impact of 

cancer, the application of PLNPs as a novel 
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approach to cancer management will be 

discussed. 

 

Types of Phospholipid-based 

nanoparticles: A Brief Comparison 

Phospholipid-based drug delivery methods 

have shown great promise in better and more 

successful delivery of drugs and ensuring 

more precise systemic drug delivery (24).  

The applications of phospholipids in drug 

delivery systems are versatile, as they serve as 

important components in a wide range of 

formulations, including liposomes, solid lipid 

nanoparticles (SLNs), micelles, vesicular gels, 

and etc. (25).  As one of the types of PLNPs, 

Liposomes are vesicular structures primarily 

composed of phospholipids, resembling the 

structure of the cellular membrane (24). 

Liposomes were the first series of 

nanostructured drug delivery systems 

approved for cancer therapy (26). Research 

on the characteristics of liposomes has paved 

the way for the advancement of sophisticated 

drug delivery techniques utilizing liposomes 

structures. Also, numerous clinical trials have 

been conducted on liposomes, leading to the 

approval and commercialization of liposomal 

drugs such as DOXIL. Precisely, DOXIL 

delivers Doxorubicin and can be used as a 

therapeutic agent for breast and ovarian 

cancer (Supplementary table) (27-29). SLNs, 

the second group of PLNPs, have an 

uncomplicated design, their surface is easy to 

modify. They can encapsulate drugs and 

nucleic acid, making them suitable for 

specific drug and gene delivery. The third 

class is Lipid polymer hybrid nanoparticles 

(LPHNs). More precisely, LPHNs are a 

combination of liposomes and polymeric 

nanoparticles and can minimize the 

disadvantages of both. For example, liposome 

delivery can cause oxidation and peroxidation 

of lipids which the hybrid system can 

overcome (27). The major problem with 

LPHNs is their moderate plasma half-life. 

Nanostructured lipid carriers (NLCs) are the 

fourth type of phospholipid-based 

nanoparticles. As Liu et al. have stated, NLCs 

have some unique characteristics, like their 

ability to encapsulate multiple drugs and 

simply bind to specific ligands (30, 31). 

Finally, nano-emulsions are the last group 

mentioned, which are composed of oil, 

surfactant, and water-based phases. There is 

an amphiphilic emulsifier such as 

phospholipid that stabilizes the system 

formation. Nano-emulsions possess large 

surface area, enhanced circulation half-life, 

and superficial charge and are capable of 

passing through barriers due to their size and 

as a result, nano-emulsions can accumulate 

in cancer tissues (Fig. 1) (32). 

 Overall, phospholipid-based nanoparticles 

with the ability to enhance drug solubility, 

prolong circulation time, and target tumor 

cells can pave the way for more effective and 

patient-friendly cancer treatments. 

 

Phospholipid-based Nanoparticles 

production 

Phospholipids are used in drug delivery in 

mainly two ways: First, acting as the delivery 

substance themselves (e.g., liposomes) and 

second, acting as coatings for other 

nanoparticles (47, 48). Concerning the 

former, several methods are used to produce 

PLNPs. These nanoparticles include 

liposomes, SLNs, and NLCs (48). For 

liposomes, the methods commonly employed 

are the thin-film hydration method, ethanol 

injection, and microfluidic techniques in 

order to control their size and improve drug 
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loading (49). SLNs and NLCs are created 

using high-pressure homogenization, solvent 

evaporation, or ultrasonication, where 

phospholipids help stabilize the structure and 

control drug release (50). 

As mentioned, due to the cellular membrane 

mimetic characteristic of phospholipids, they 

are used as coating components of other 

nanoparticles (51). Thus, besides forming the 

main structure of SLNs and NLCs (i.e., acting 

as the delivery substance themselves), 

phospholipids are also used to coat other 

types of nanoparticles (52, 53), which can be 

manufactured using multiple and various 

methods. 

 

Phospholipid coated nanoparticles 

core Production Process  

The production of PLNPs begins with the 

preparation of the core nanoparticles, then 

followed by the loading of the intended drug 

onto the core, and lastly the application of a 

phospholipid coating (54). The nanoparticle 

core can be constructed from various 

materials including lipids, polymers, or 

inorganic substances such as metal, ceramic, 

and semiconductor NPs (55). There are 

multiple production methods regarding the 

nanoparticle core. Lipid-based nanoparticle 

cores are manufactured using techniques that 

control lipid melting, emulsification, and 

particle size reduction (Table 1) (56). 

Concerning polymer nanoparticle cores, in 

general, two main strategies are employed, 

namely, the dispersion of preformed 

polymers and the polymerization of 

monomers (57). Once the nanoparticle core is 

synthesized, the next step involves 

encapsulating (i.e., loading) the nanoparticles 

with the therapeutic agent (drug, peptide, 

etc.) (Table 2) (58). 

Capsulation Process 

Encapsulation refers to the process of 

incorporating therapeutic agents into the 

nanoparticle structure. These nanoparticles 

can effectively encapsulate various types of 

drugs and exhibit enhanced stability and 

controlled release properties (48). 

Nanoencapsulation of therapeutic agents can 

be occurred through dissolving the 

therapeutic agent into the core material (e.g., 

lipid or polymer) before or during 

nanoparticle formation. 

The encapsulation method can vary 

depending on the nature of the drug and the 

desired release profile (58). Techniques such 

as solvent evaporation, solvent diffusion, and 

salting-out are commonly used for drug 

encapsulation (Table 3) (70). During the 

process, the drug is either physically trapped 

within the nanoparticle matrix (as in 

nanoprecipitation or coacervation) or 

chemically bound to the lipid core, which 

influences the release kinetics and stability of 

the therapeutic agent. The engineered 

nanocarriers hold the potential to overcome 

significant limitations of traditional 

therapeutic products such as inadequate 

efficacy, susceptibility to enzymatic 

degradation, low bioavailability, and off-

target side effects (71, 72). 

 

Coating process 

Coating refers to the addition of phospholipid 

layer(s) on the surface of the nanoparticle 

core. This step is crucial for improving the 

biocompatibility, stability, and targeted 

delivery of the nanoparticles (73). The coating 

of the nanoparticle surface by lipid layers 

(more specifically, phospholipid layers) 

emerged as a central step to guarantee 

nanoparticle colloidal stability in aqueous 
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solution and specific cell targeting functions 

(51). Phospholipids are the main components 

of cellular membranes and thus have 

excellent biocompatibility and are excellent 

candidates for the coating of medication-

containing nanoparticles (51). The coating 

process typically involves hydrophilic and 

hydrophobic interactions between the lipid 

molecules and the nanoparticle surface. Once 

the core is prepared, phospholipids, often 

combined with surfactants or stabilizers like 

polyethylene glycol (PEG), are dissolved in 

organic solvents such as chloroform or 

ethanol (74). The coating process is generally 

initiated through self-assembly, where the 

phospholipids spontaneously form a lipid 

bilayer around the nanoparticle in an 

aqueous environment. Alternatively, the film 

hydration method can be employed wherein a 

thin phospholipid film is hydrated in the 

presence of the nanoparticle core that gives 

rise to the formation of a stable bilayer 

around the particle (9). The choice of 

phospholipids (such as phosphatidylserine or 

phosphatidylcholine) influences the particle’s 

ability to interact with specific biological 

targets, such as diverse tumor cells (24). The 

coating may also be functionalized with 

additional molecules, such as PEG, to further 

enhance stability and extend the 

nanoparticles' residence time in circulation 

(75). In conclusion, the selection of specific 

phospholipids for nanoparticle coating plays 

an important role in deriving favorable 

therapeutic outcomes. 

 

Isolation and Characteristics 

The final step in the production process is the 

purification of the nanoparticles to remove 

unencapsulated drugs or excess 

phospholipids. On one hand, the formation of 

nanoparticles inherently results in higher 

heterogeneity due to the complex 

thermodynamics and kinetics involved. On 

the other hand, the size of nanoparticles 

affects their various features, such as 

bioavailability (76). Thus, isolation of the 

fabricated nanoparticles is necessary. 

Isolation can be conducted using multiple 

methods, which can be classified into two 

main categories: phase separation-based 

techniques and matter exchange-based 

techniques. Phase separation methods such 

as filtration and centrifugation rely on 

differences in size or density to separate 

nanoparticles. Matter exchange methods like 

dialysis and extraction work by transferring 

molecules or impurities through barriers 

using physicochemical phenomena like 

concentration gradients or partition 

coefficients (77). In addition, size exclusion 

chromatography could also be used to isolate 

nanoparticles by size (76).   

After isolation, the nanoparticles are 

characterized for their size, shape, surface 

charge, encapsulation efficiency, and drug 

release profile. Size and morphology are 

usually determined using techniques such as 

dynamic light scattering (DLS), scanning 

electron microscopy (SEM), or transmission 

electron microscopy (TEM). The surface 

charge that is often measured as zeta 

potential is crucial for understanding the 

nanoparticles' stability and interactions with 

biological systems (78). 

 Accordingly, it can be deduced that the 

isolation and characterization of 

nanoparticles are vital steps in ensuring the 

purity, stability, and efficacy of the particles 

for targeted drug delivery applications. 
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Figure 1. The general structure of the five types of phospholipid-based nanoparticles. (a) 

Liposomes consist of one or more lipid bilayers. They have a hydrophilic head and a hydrophobic 

tail, making them amphipathic. The phospholipid bilayer can be natural or engineered. (b) SLNs 

have a solid lipid core surrounded by a surfactant. The surfactant makes the core stable. The 

lipids maintain a solid form at both room and body temperature, and the drugs are embedded 

within the lipid layers. (c) NLCs comprise solid lipid and liquid lipid cores and surfactants as 

stabilizers. The solid lipid and liquid lipid ratio can vary from 70:30 to 99.9:0.1, and their 

combination generates an optimal system for drug incorporation. (d) LPHNs consist of a polymer 

core enclosed by a lipid monolayer and a lipid-PEG layer. Some targeting agents like antibodies 

and folate, can be attached to the lipid-PEG layer, and the drug is conjugated to the polymeric 

core. (e) Nanoemulsions are colloidal systems composed of oil, surfactant, and a water-based 

phase. In this system, one phase is distributed within another phase (known as the medium) 

using an emulsifying agent such as phospholipid. They are either water in oil or oil in water (32-

38)(Abbreviations: Lipid-PEG, Lipid-Polyethylene glycol; LPHN, Lipid polymer hybrid 

nanoparticles; NLC, Nanostructured lipid carriers; SLN, Solid lipid nanoparticles;) 
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Method 

 

 

Brief Description 

 

Ref. 

 

 

 

HPH 

 

 

A technique using high pressure (100–2000 bar) to break down particles by passing a 

liquid through a small gap. Hot-HPH uses elevated temperatures, while cold-HPH is 

performed below room temperature. Cold-HPH avoids the degradation of heat-

sensitive drugs. 

 

 

 

(59) 

 

Oil/Water (o/w) 

Microemulsion 

Breaking 

 

 

The method involves preparing a microemulsion by mixing lipid melt, drug, surfactant, 

and co-surfactant, then dispersing it in water at a low temperature (2–10 °C). 

 

 

(60) 

 

 

Solvent-

Emulsification 

Diffusion 

 

 

The lipid is dissolved in an organic solvent saturated with water and emulsified with 

water. Upon adding water, the organic phase diffuses into the continuous phase, 

forming lipid nanoparticles. 

 

(5) 

 

 

Solvent Injection 

Method 

 

 

Lipids are dissolved in a water-miscible solvent and injected into a stirring aqueous 

solution. Key parameters include the nature of the solvent, lipid concentration, and 

diffusion of the solvent. 

 

(61) 

 

Water/Oil/Water 

(w/o/w) Double 

Emulsion 

 

 

Used to prepare SLNs loaded with hydrophilic drugs. Hydrophilic drugs are dissolved 

in the inner phase, while lipids are in the organic phase, forming nanoparticles after 

diffusion of the organic solvent into the aqueous phase. 

 

 

(62) 

 

Ultrasonication 

 

High-frequency sound waves are used for particle size reduction. Combined with 

homogenization, this technique produces SLNs with sizes ranging from 80 to 800 nm. 

 

 

(62) 

 

Supercritical 

Fluid Technique 

Utilizes supercritical carbon dioxide to dissolve lipophilic drugs, combined with 

ultrasonication to prepare SLNs, typically for drug loading. 

 

(63) 

Table 1. Methods for preparation of lipid-based nanoparticles used by various researchers. (Abbreviations: High-Pressure 

Homogenization. HPH; Solid lipid nanoparticles, SLNs.) 
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Method 

 

 

Brief Description 

 

Ref. 

 

 

Solvent Evaporation 

 

Uses an oil-in-water (o/w) emulsion. A polymer is dissolved in an organic 

solvent with the drug and then emulsified in a surfactant-containing 

aqueous phase. The solvent evaporates, leaving solid nanoparticles. 

 

 

 

(67) 

 

Emulsification/Solvent 

Diffusion 

 

A partially water-miscible solvent containing the polymer and drug is 

emulsified with an aqueous surfactant solution. Water is added to induce 

the solvent's diffusion, forming nanoparticles. 

 

 

(57) 

 

 

Emulsification/Reverse 

Salting-Out 

 

It is similar to solvent diffusion but uses a salting-out agent (e.g., MgCl₂, 

CaCl₂) to separate the organic solvent from water, leading to polymer 

precipitation and nanoparticle formation. 

 

 

 

(68) 

 

 

 

Membrane 

Contactor 

Technique 

 

 

Lipid is pressed through a membrane at a temperature above its melting point, and 

water circulates beyond the pores, producing droplets that cool at room temperature to 

form SLNs. 

 

 

 

 

(64) 

 

Electrospray 

Technique 

 

A novel method where electrodynamic atomization produces narrowly dispersed 

spherical SLNs of less than 1 μm, directly obtained in powder form. 

 

 

(65) 

 

Preparation of 

Semisolid Solid 

Lipid 

Nanoparticles 

 

 

 

The lipid is melted and dispersed in a hot surfactant solution. After multiple cycles of 

dispersion and cooling, the formulation turns semi-solid as the lipid recrystallizes into 

SLNs. 

 

 

(66) 

Table 2. Methods for preparation of polymer nanoparticles conducted in studies. 
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Nanoprecipitation 

(Solvent Displacement) 

 

A polymer dissolved in a water-miscible organic solvent is added dropwise 

into an aqueous phase under stirring, leading to instant nanoparticle 

formation due to polymer precipitation. 

 

 

 

(69) 

 

 

 

 

 

Method 

 

 

Process 

 

Ref. 

 

Nanoprecipitation 

 

 

Drug and polymer dissolved in a solvent, then added to a non-

solvent, leading to nanoparticle formation 

 

 

 

 

 

 

 

 

[35] 

 

Emulsion-Solvent Evaporation 

 

 

Drug and polymer dissolved in organic solvent, emulsified with 

aqueous phase, followed by solvent evaporation. 

 

 

Salting-Out 

 

 

Uses a salting-out agent to precipitate the polymer, forming 

nanoparticles 

 

 

Supercritical Fluid Technology 

 

 

Drugs and polymers are dissolved in a supercritical fluid (e.g., CO₂), 

then rapidly expanded to form nanoparticles. 

 

 

Coacervation 

 

 

Phase separation of a polymer-rich phase encapsulates the drug. 

 

Application of phospholipid-based 

nanoparticles 

Gene delivery 

PLNPs like liposomes could be used to deliver 

genes specifically to cancer cells due to several 

factors (e.g., biocompatibility, stability, and 

tunable physicochemical properties). As 

nanocarriers for genetic tools, these 

nanoparticles have shown promise in 

addressing off-targeting and degradation 

problems common in traditional gene therapy 

methods, such as low transfection efficiency 

and poor stability in biological fluids. 

Moreover, the application of PLNPs has 

Table 3. Common methods regarding drug encapsulation 
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greatly improved by incorporating various 

nucleic acid molecules, including short 

interfering RNA (siRNA), short hairpin RNA 

(shRNA), microRNA (miRNA), long 

noncoding RNA (lncRNA), and CRISPR/Cas9 

(79).  Also, new developments in 

nanotechnology have attracted  more attention 

to how phospholipid vesicles can be used for 

gene therapy, drug delivery, biological 

detection, and cell mimics (80). As an 

example, using nude mice in a heterotopic 

tumor model showed that phospholipid-coated 

Ca(P-GDP)/pDNA/NLS hybrid nanoparticles 

were better at increasing the expression of the 

p53 gene. This, in turn, significantly slowed 

down the growth of tumors. Also, the results 

showed that phospholipid-coated Ca(P-GDP) 

nanoparticles, as a nonviral gene vector, have 

the potential to promote gene expression (81). 

Also, evidence has indicated that phospholipid 

chemistry can improve mRNA delivery by 

increasing membrane fusion and endosomal 

escape, which leads to more efficient gene 

delivery (82). Accordingly, it can be concluded 

that PLNPs can improve the efficacy of gene 

delivery and enhance the outcomes. 

Imaging  

Emerging as a promising tool in cancer 

imaging, PLNPs have shown the ability to 

enhance imaging contrast. Moreover, 

fluorescence imaging cystoscopy is a useful 

method for detecting cancer, but its 

application is limited due to its lack of specific 

tumor accumulation, vulnerability to 

photobleaching, and broad emission band. The 

resilience of fluorescence imaging cystoscopy 

for photobleaching, decreased background 

auto-fluorescence, and limited emission bands 

make upconversion nanoparticles (UCNPs) 

interesting. As an example, under 980 nm 

laser irradiation, the UCNPs boost up 

conversion luminescence from bladder cancer 

cells and show strong selective accumulation 

in cancer cells coated with a glycosylated 

phospholipid layer (83). Moreover, 

Indocyanine green (ICG) stands out as the 

only near infrared organic dye approved by the 

U.S. Food and Drug Administration (FDA) for 

human clinical imaging and diagnostic 

purposes. Although ICG exhibits the lowest 

toxicity to the human body compared to other 

approaches, its utilization has been limited by 

several challenges including temperature and 

light-dependent optical properties tendency to 

aggregate and degrade rapidly in an aqueous 

solution, and clearance rapidly from the body 

with a short half-life of 2 to 4 min. (84). To 

overcome these obstacles, nanoparticles and 

phospholipid coating can be applied. For 

instance, a nanoparticle consists of 

hydrophobic superparamagnetic iron oxide 

nanoparticles (SPIONs) as a core and lipid 

coating to facilitate the delivery of ICG. Also, 

the lipid-coated shell lets this nanoparticle 

carry Doxorubicin and enhances therapeutic 

efficacy alongside imaging capability. This 

structure leads to more accumulation of ICG 

and Doxorubicin within glioma cells (85). 

Furthermore, a new method has effectively 

developed folic acid ligand-conjugated lipid-

coated polyaniline hybrid nanoparticles (FA-

Lipid-PANI NPs), which show notable 

photothermal effects for tumor treatment and 

strong photoacoustic imaging signals. It has 

been revealed that the aforementioned 

nanoparticles can accurately position and 

eradicate tumors in vivo after intravenous 

injection. Accordingly, this multifunctional 

nanoparticle could play a crucial role in 

facilitating imaging and photothermal therapy, 

thereby improving therapeutic efficacy (86).  
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Hence, the use of phospholipid-based 

nanoparticles can be a promising approach to 

enhance the imaging techniques results and 

overcome some current limitations in this 

context (87). 

Drug delivery 

PLNPs can be used in cancer drug delivery due 

to their special characteristics (e.g., 

biocompatibility and biodegradability, 

improved drug solubility, and reduced 

systemic toxicity), which thereby can 

overcome the limitations of the traditional 

methods and enhance the drug delivery 

efficacy (88-92). Moreover, the mechanism of 

action in PLNPs (e.g., liposomes and micelles) 

is exploiting the Enhanced Permeation and 

Retention (EPR). to accumulate in tumor 

tissues due to their leaky vasculature and poor 

lymphatic drainage (89, 93). For instance, 

Abraxane® (albu LNPs min-bound PTX) is an 

example of a drug transport system that 

gathers in the tumor site via EPR. It must be 

considered that the EPR effect is affected by 

the nanoparticle’s surface area and size. 

Conversely, in active targeting, the specific 

targets and molecules are identified, and as a 

result, the drug delivery will be enhanced. In 

active targeting, there are different kinds of 

ligands on the outermost surface of 

nanoparticles. Peptides, aptamers, antibodies, 

and small molecules are some examples of 

ligands coated on nanoparticles’ surfaces (26, 

43). Additionally, surface modification with 

ligands (e.g., antibodies, peptides) allows these 

nanoparticles to specifically bind to 

overexpressed receptors on cancer cells, 

enhancing targeted delivery and cellular 

uptake (94-96). Furthermore, different types 

of PLNPs can be used in drug delivery systems. 

For instance, liposomes (vesicles with a 

phospholipid bilayer that can encapsulate 

drugs in their aqueous core or lipid bilayer), 

micelles (formed by the self-assembly of 

phospholipids), and lipid-polymer hybrid 

nanoparticles (LPNs) (a hybrid class of 

nanoparticles aimed at combining the 

advantages of both polymeric nanoparticles 

and liposomes) each have their benefits that 

can further improve the drug delivery 

outcomes (93, 95-97). 

Translating phospholipid based 

nanoparticles in cancer therapy 

The limitations associated with traditional 

methods in cancer therapy such as drug 

resistance, recurrence, and side effects, lead to 

the development of more efficient approaches 

(98, 99). Among the new approaches, PLNPs 

as a practical approach can overcome many of 

the current obstacles. Due to their unique 

structural characteristics, they can transport 

both types of hydrophobic and hydrophilic 

drugs. Hydrophobic drugs can be loaded into 

the core, while hydrophilic biomolecules can 

be either loaded into the lipid layer or 

conjugated onto the surface. Furthermore, 

compared to polymeric nanoparticles, they can 

provide higher drug-loading capacities for 

hydrophobic drugs. They can provide stability 

to their cargo in the physiological environment 

and exhibit remarkably controlled drug release 

profiles due to the slow degradation rate of 

polymers in the core and the diffusional 

barrier of the lipid shell (97). To shed light on 

this, Letrozole an aromatase inhibitor is used 

in the treatment of estrogen-positive breast 

cancer. The poor solubility of Letrozole, its 

systematic adverse effect, and the development 

of resistance to aromatase inhibitors restrict 

its clinical application. Additionally, COX-2 

inhibitors, especially celecoxib, interrupt the 
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cycle of PGE2 stimulating effect on estrogen 

production, and integrating them with 

letrozole demonstrates a synergistic effect on 

breast cancer therapy. In order to prevail over 

the limitations and develop multidrug 

treatment, a novel nanoparticle enveloping 

protamine nano capsules within the drug-

phospholipid complex bilayer has been 

developed, which leads to the biphasic release 

of celecoxib. The initial release is induced by 

complexation with the phospholipid shell, 

followed by prolonged release from the oily 

core. Also, the phospholipid bilayer protects 

the core from red blood cells (RBC) and serum 

proteins, ensuring prolonged circulation and 

delayed clearance of both drugs after 

intravenous administration (100). 

Additionally, the simultaneous use of DOX and 

paclitaxel (PTX) is a first-line lung tumor 

treatment. The two drugs show different 

behaviors regarding their solubility in water 

and mechanism of action. DOX is a 

hydrophilic drug that binds to DNA or RNA to 

inhibit the synthesis of nucleic acids. In 

contrast, PTX is a hydrophobic drug targeting 

tubulin and inhibiting cell mitosis. To 

overcome this barrier, a lipid-coated hollow 

calcium phosphate (LCP) nanoparticle has 

been developed. In the LCP structure, the DOX 

was encapsulated in the hollow core while the 

lipid bilayer effectively houses hydrophobic 

PTX. This drug delivery approach 

demonstrates a better uptake of LCP by cancer 

cells with good biocompatibility of drugs 

despite their properties in the biological 

environment (101). Above their standard 

application, phospholipid nanoparticles can be 

combined with other methods to enhance their 

therapeutic performance. For instance, 

Camptothecin (CPT) is a type of quinoline that 

plays a crucial role in anticancer therapy by 

inhibiting nuclear topoisomerase I. Despite the 

significant efficacy of CPT in vitro, its clinical 

application is hindered by several problems 

such as enhanced binding to serum albumin 

and staying in its original lactone form in the 

acidic environment of the urinary tract, which 

can lead to renal damage. To overcome the 

challenges, a special nanocomposite was 

developed featuring a thin layer of 1,2-

Dipalmitoyl-sn-glycero-3-phosphocholine 

(DPPC) and l-α-dipalmitoyl phosphatidyl 

glycerol (DPPG) in a 1:1 molar ratio on the 

surface of superparamagnetic Fe3O4 

nanoparticles through high-affinity avidin-

biotin interactions. Due to the incorporation of 

a mixture of DPPC and a negatively charged 

phospholipid (DPPG), the stability of the 

nanocomposite was enhanced. The lipid-

coated structures maintain the active form of 

CPT inside cells. Additionally, when the coated 

nanoparticles are heated through a magnetic 

field, the release of CPT is increased, which 

enhances drug-induced apoptosis of cancer 

cells (102). Furthermore, Bevacizumab and 

Gefitinib are two medications that can be 

applied in the treatment process of non-small 

cell lung cancer (NSCLC). Bevacizumab is 

crucial in dampening angiogenesis, tumor 

growth, and metastasis by affecting vascular 

endothelial growth factor (VEGF). Also, 

Gefitinib, by inhibiting the epidermal growth 

factor receptor (EGFR), demonstrates its 

anticancer advantages. Based on the acidic 

properties of the NSCLC microenvironment 

and the disadvantages of traditional nano drug 

deliveries, such as the toxicity of Gefitinib to 

normal cells, a novel nanocomposite liposome 

has been developed. It is coated with PH 

(Potential of Hydrogen)/GSH(Glutathione)-

responsive MnO₂ nanorods, along with 

Gefitinib and Bevacizumab. These particles 
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demonstrate enhanced biocompatibility and 

sustained release ability while also alleviating 

hypoxia characteristic of tumors by converting 

MnO₂ to Mn and reactive oxygen species 

(ROS) by H₂O₂ and GSH. Worthy to note that 

the release of the drug happens when the 

MnO₂ nonroad responds to the acidic 

microenvironment of the tumor, which helps 

in reducing side effects. Application of 

MnO2@Lipo-coated gefitinib and 

bevacizumab in patients can reduce drug 

dosage, prolong the time of drug action, lower 

side effects, and facilitate multiple drug 

therapy (103).  

In conclusion, proper use of the unique 

structure of PLNPs can lead to the mitigation 

of the limitations associated with traditional 

therapeutic approaches and offer improved 

methods for drug delivery. 

Advantages of Phospholipid-Based 

Nanoparticles   

PLNPs represent a promising approach in 

cancer therapy, offering many advantages that 

overcome challenges faced by conventional 

therapeutic agents. They exhibit 

biocompatibility, high stability, the ability to 

combine both hydrophilic and hydrophobic 

materials in one system, and compatibility 

with different drug administration methods 

(104). Nanoparticle-encapsulated drugs 

provide a broader therapeutic range by 

shielding the cargo against changes. Also, 

nanoparticles morphological and surface 

characteristics can be tailored for different 

purposes. For example, PEG-modified 

nanoparticles can evade the mononuclear 

phagocytic system, and as a result, the drug 

concentration increases (105). 

 Nanoparticles enable receptor binding, and by 

using them, the active targeting of tumors is 

possible (106). Another advantage of PLNPs is 

the reduction in systemic toxicity by being 

extremely selective and allowing a gradual 

release of therapeutic agents (107). 

Additionally, the customized PLNPs can 

include responsiveness to specific stimuli and 

enable regulated drug release. For example, 

the recently created ionizable cationic lipids, 

used in liposomes and lipid nanoparticles 

(LNPs), respond to pH changes (105). As for 

the specific advantages of different types of 

PCNPs, liposomes are easily created, and their 

size, composition, and layered structure can be 

customized for different applications. Also, 

they can be loaded  with various types of 

nanoparticles, so their range of possible 

applications increases (27).  

SLNs can enter the biological membranes and 

increase the drug concentration in targeted 

sites by improving their penetration. NLCs can 

improve the drug loading capacity and 

enhance stability by blocking drug leakage 

from the nanocarriers during storage. By that, 

they can overcome the limitations of SLN 

(108). Their unique characteristics make 

PLNPs a potential platform for future drug 

delivery research and development, enabling 

more effective and safer treatments. 

Challenges and limitations 

PLNPS, such as liposomes and LNPs, have 

shown promise in cancer therapy due to their 

biocompatibility, ability to encapsulate both 

hydrophilic and lipophilic drugs, and potential 

for targeted delivery (109). However, several 

challenges and limitations hinder their clinical 

application (Table 4)(110). 
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Conclusion and future projection 

In order to enhance the efficacy and mitigate 

the side effects of conventional treatment in 

cancer, attention has been paid to developing 

novel approaches (118).  The application of 

PLPNs has emerged as a promising approach, 

which has now become a flexible and effective 

platform that can influence various aspects of 

cancer management including diagnosis and 

treatment (51). In cancer diagnostics, imaging 

methods like fluorescence imaging utilize 

agents to enhance imaging quality (119). 

Nonetheless, the effectiveness of these 

methods is hindered by the lack of specific 

tumor accumulation and the vulnerability of 

agents to photobleaching. Therefore, PLNPs 

have been integrated into delivering imaging 

agents. The improved stability of PLPNs in 

physiological environments and reduced 

toxicity, by loading agents into PLNPs 

facilitated safer imaging. Furthermore, the 

modifiable surface of PLNPs can lead to target 

specific cells and accumulate in cancer cells, 

thereby enhancing imaging accuracy(119). In 

treatment, several chemotherapeutic agents, 

such as PTX, are hydrophobic, and suffer poor 

solubility and limited effectiveness (120, 121). 

Compared to conventional drug delivery 

approaches, PLNPs offer a superior alternative 

by enhancing the biocompatibility of the cargo, 

leading to high stability in the physiological 

environment, and enabling the combination of 

both hydrophilic and hydrophobic materials 

within a single delivery system (122, 123). 

Beyond drug delivery, PLNPs can enhance 

 

Challenge 

 

Description 

 

Ref. 

 

Stability and Scalability 

 

Issues with stability, degradation, and complex preparation processes 

 

(111) 

 

 

Targeted Delivery 

 

Difficulty in achieving precise targeting and effective tumor penetration 

 

(111-113) 

 

Biological Barriers 

 

 

Challenges in crossing the blood-brain barrier and understanding nano-bio 

interactions 

 

 

(114, 115) 

 

Pharmacokinetics 

 

Poor pharmacokinetics and bioavailability, drug resistance 

 

 

(116, 117) 

 

Clinical Translation 

 

 

Regulatory hurdles, manufacturing challenges, and limited clinical success 

 

 

(111, 112, 117) 

Table 4. Phospholipid-based nanoparticles challenges in cancer therapy 
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cancer treatment by delivering genetic 

materials. For instance, Small interfering RNA 

(siRNA) is a promising agent in gene silencing 

cancer treatment. However, its low charge 

density and stiff backbone structure decrease 

the loading efficiency and subsequent clinical 

applications. To overcome this obstacle, siRNA 

and phospholipid conjugate together. Above 

the enhancement in siRNA loading efficiency, 

this conjugation leads to embedding 

hydrophobic anticancer drugs (124). In 

addition to siRNA, the Oncolytic adenovirus 

have been promising in cancer treatment. In 

recent years, it has been indicated that the 

coating of adenoviruses with lipids and 

calcium phosphate reduces liver sequestration, 

improves targeted delivery, and increases 

therapeutic efficacy in vivo (125). 

Notably, the application of PLNPs is not only 

in delivering medications but also in food 

fortification. For instance, adding iron to food 

can prevent anemia, but the instability of iron 

(Fe2+ turns into a different form of Fe3+) 

often changes the taste of food.  To reduce the 

effect of aforementioned modification, a 

special molecule called 1,2-bis(10,12-

tricosadiynoyl)-sn-glycero-3-phosphocholine 

(DC8,9PC) has been developed. Following 

exposure to UV light, the DC8,9PC link 

together and create a stable particle that can 

prevent iron from transformation. In animal 

studies, this approach exhibits a reliable and 

cost-effective way of delivering iron to cells 

without any toxicity (126). On the one hand, 

iron insufficiency impaired immunological 

functions, potentially hindering cancer 

immunosurveillance, and altering the tumor 

immune microenvironment. On the other 

hand, the prevalence of iron deficiency in 

cancer patients particularly in those with 

colorectal cancer is high (127-129) . Therefore, 

the utilization of food enriched with iron 

particles encapsulated with phospholipid plays 

an important role not only as a treatment 

approach but also in managing anemia in 

affected individuals. 

Besides the advantages of PLNPs, several 

challenges remain including potential 

nonspecific uptake, aggregation in biological 

environments, and immunogenicity (130). 

Additionally, complexities in formulation, 

stability issues, and regulatory obstacles 

disrupt their clinical applications (131). 

Nevertheless, PLNPs can be applied in 

personalized medicine for cancer treatment. 

To experience less harmful and more effective 

therapies, the combination of PLNPs with 

patient genetics is useful (132, 133).  

Moreover, combining PLNPs with other 

therapeutic modalities, such as 

immunotherapy and radiotherapy, could 

improve treatment efficacy and overcome 

resistance mechanisms (134, 135). PLNPs are 

also quite helpful in cancer treatment since 

continual research is expected to generate 

innovative nanoparticle designs that improve 

drug loading, targeting, and release 

characteristics (136-138). Moreover, PLNPs 

present a fresh approach to cancer treatment 

with considerable potential for the next 

advancements. Realizing their complete 

potential in clinical cancer will need both 

overcoming current challenges and constant 

research and improvement. 
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