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Abstract: Liposomal drug delivery systems have become the revolutionary technology in the field of 

modern therapeutics, providing improved efficacy and fewer side effects. Herein, we review the most 

recent developments in targeting strategies and innovations in liposomal formulations. We discuss 

the passive targeting mechanisms, such as the enhanced permeability and retention effect, through 

which liposomes can accumulate in the tumor tissue. We also consider active targeting techniques 

that use particular ligands for enhancing the specificity of drug delivery to target cells. The review 

discusses different kinds of liposomes, such as PEGylated and pH-sensitive formulations, for 

enhancing drug stability and controlled release in response to specific environmental conditions. We 

have also discussed factors that affect the stability and circulation time of the liposomal formulations, 

with major emphasis on the lipid composition and formulation strategies. Discussion on challenges 

in the mass production of liposomes, together with potential solutions to achieve uniformity and 

reproducibility. In general, the incorporation of advanced targeting strategies and innovative 

formulations underlines the potential of liposomal drug delivery systems to considerably improve 

therapeutic results, especially in oncology and personalized medicine. This comprehensive review 

aims to highlight the current status of liposomal research and the future directions of this area to pave 

the way for more effective and targeted therapeutic interventions. 
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1. Targeting Strategies for Liposomal Formulations 

Liposomal formulations have emerged as the cornerstones in drug delivery systems because 

they are known to increase the therapeutic efficacy with minimum side effects. The different 

strategies used for targeting in liposomal drug delivery are passive targeting, active targeting, ligand, 

and integrin targeting. 

1.1. Passive Targeting 

1.1.1. Mechanisms 

This effect is a phenomenon through which EPR accumulates liposomes mainly in tumor tissues 

due to poor lymphatic drainage and leaky vasculature. Passively targeted delivery becomes very 

helpful while administering chemotherapeutic agents to the cancer cells without exposing them 

highly to healthy tissues. The huge advantage of it in the sense that no such intricate adjustments at 

the surface of the liposome are required for easier formulating and manufacturing is the simplicity 

of passively targeted formulation [1,2]. 

1.1.2. Advantages:  

The advantage of the use of passive targeting is that such systems can significantly enhance drug 

accumulation in tumour tissue without the use of specific ligands. These expand the reach of 

liposomal formulations to most therapeutic areas but, above all, oncological diseases, as the 

localization of drug delivery reduces systemic toxicity [3,4]. 
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1.2. Active Targeting 

 

Figure 1. Active Targeting in Drug Delivery Systems: Key features include enhanced specificity through ligand 

functionalization, selective binding to target cell receptors, ligand-receptor interaction mechanisms, therapeutic 

benefits, and common ligand types (antibodies, peptides, and small molecules). 
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Figure 2. Overview of Ligand Conjugation Strategies: A schematic representation of antibody and peptide 

conjugation approaches for enhancing liposomal drug delivery. Antibody conjugation involves monoclonal 

antibodies targeting antigens on target cells, primarily used in cancer therapy. Peptide conjugation employs 

short peptides with high receptor affinity, facilitating tissue penetration and retention. 

1.2.1. Methods 

This has provided the option to functionalize liposome surfaces using ligands, which have the 

ability to interact with receptors overexpressed in the surfaces of target cells with specificity and 

uniqueness. Therefore, this technique makes drug delivery highly specific in terms of place due to its 

effectiveness in discharging therapeutic agents mostly at the targeted site. It involves various 

conjugation strategies used on liposome surfaces for antibody, peptide, or small molecule 

conjugations for interaction at cellular receptors, depending on target types [5,6]. 

1.2.2. Applications: 

Active targeting has been applied in cancer therapy where liposomes are directed to tumour 

cells through ligands consisting of monoclonal antibodies or small peptides. For example, 

modification of antibodies toward tumour-specific antigens in liposomes greatly increases the uptake 

of drugs by cells resulting in a better therapeutic outcome and reduced side effects [7,8]. 

Table 1. Methods and Applications of Active Targeting in Liposomal Drug Delivery. 

Aspect Details Examples/Applications Citations 

Ligands Used 
Antibodies, peptides, small 

molecules 

Trastuzumab for HER2-positive 

tumors, integrin-targeting peptides 

for metastatic cancers 

[5–7] 

Conjugation 

Strategies 

Functionalization of liposomes 

through antibody, peptide, or 

small molecule conjugations 

HER2-specific monoclonal antibodies, 

folic acid for ovarian cancer cells 
[5,6] 
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Target Types 
Receptors overexpressed on 

tumor cells or diseased tissues 

EGFR in lung cancer, integrin αvβ3 in 

metastatic melanoma 
[7,8] 

Therapeutic 

Benefits 

Increased drug accumulation at 

target site, reduced systemic 

toxicity, enhanced therapeutic 

efficacy 

Enhanced drug delivery to tumor 

sites, reduced side effects in cancer 

therapies 

[7,8] 

Example 

Liposome 

Types 

Functionalized liposomes (e.g., 

trastuzumab-liposomes, 

integrin-targeting liposomes) 

Liposomes with HER2 antibodies, 

integrin αvβ3-binding peptides 
[7,8] 

1.3. Role of Ligands 

1.3.1. Specific Ligands 

Critical components in enhancing targeting efficiency are the ligands with liposomal 

formulations. The commonly used ligands for targeting involve folate and antibodies, respectively, 

that may target specific antigens overexpressed by cancers. In using these ligands, drug delivery 

selectivity will be enhanced by improving the efficiency of internalizing liposomes to target cells 

[9,10]. 

1.3.2. Significance 

The integration of ligands into liposomal formulations is an important step in improving 

therapeutic results. Ligands ensure that drugs are delivered specifically to target cells, thereby 

eliminating off-target effects and systemic toxicity, thus enhancing the overall therapeutic index of 

the treatment. 

Table 2. Role of Ligands in Enhancing Targeting Efficiency of Liposomal Formulations. 

Aspect Details Examples/Applications Citations 

Ligand Types 
Folate, monoclonal antibodies 

(e.g., trastuzumab) 

Folate for ovarian cancer; HER2 

antibodies for breast cancer 
[9,10] 

Target 

Receptors 
Folate receptors, HER2, EGFR 

Folate receptors in ovarian cancer; 

HER2 in breast cancer 
[9,10] 

Function 

Enhance binding to 

overexpressed receptors, improve 

internalization into target cells 

Increased drug accumulation in 

tumors 
[9,10] 

Therapeutic 

Benefits 

Reduced systemic toxicity, 

improved therapeutic index, 

disease-specific drug delivery 

HER2-targeting liposomes for breast 

cancer; folate-targeted liposomes 
[9,10] 

Versatility 
Ligands can be customized based 

on disease-specific biomarkers 

Antibody-targeting for cancer; small 

molecule ligands for folate receptors 
[9,10] 

2. Innovations in Liposomal Formulations 

Liposomal formulations have recently undergone tremendous innovation to improve on their 

effectiveness in drug delivery systems. This section considers the different forms of liposomes, factors 

which affect their stability and circulation times, and issues associated with manufacture. 

2.1. Types of Liposomes 

2.1.1. Overview 

Liposomes exist in numerous kinds depending on their components and properties. Among 

them, two notable types are PEGylated liposomes and pH-sensitive liposomes. PEGylated liposomes 
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are modified with polyethylene glycol to extend their circulation time in the circulatory system. 

Modification decreases the recognition of liposomes by the immune system and hence increases the 

circulation time, allowing for extended drug delivery [11,12]. 

2.1.2. Specific Properties 

The inside of a tumor or the endosomes have tissues that create an acidic environment that will 

trigger the release of the payload of the drug from pH-sensitive liposomes. Such targeted release 

promotes the therapeutic efficacy of drugs encapsulated inside with minimal systemic exposure 

[13,14]. These new liposomes expand the possibilities of liposomal formulations in several 

therapeutic fields, namely cancer treatment and vaccine administration.. 

2.2. Stability and Circulation Time 

2.2.1. Factors Affecting Stability 

Several factors affect the stability and circulation time of liposomal formulations, including lipid 

composition, surface charge, and stabilizers. Lipid composition has its effect on defining the physical 

characteristic features of the liposomes regarding their size, integrity of bilayers, among other factors, 

whereas the interaction between the lipid particles and the biological membranes with a consequent 

influence on its overall stability while circulating is achieved by surface charges [15]. 

2.2.2. Formulation Strategies 

In order to increase stability, scientists have used a number of formulation approaches, for 

example, the inclusion of cholesterol in the lipid bilayer, which increases membrane rigidity, and 

polymers that form a steric barrier against aggregation. These are necessary steps for ensuring that 

liposomal formulations are stable during storage and delivery [16]. 

Table 3. Factors and Strategies for Enhancing Stability and Circulation Time of Liposomal Formulations [16]. 

Factor/Strategy Details Impact on Stability and Circulation 

Lipid 

Composition 

Type of lipids affects bilayer 

rigidity, size, and integrity 

Enhanced membrane stability; reduced leakage 

and degradation 

Surface Charge 

Positive or neutral charges 

influence interaction with 

biological membranes 

Improved uptake (positive); better circulation 

stability (neutral/zwitterionic) 

Cholesterol 

Incorporation 
Increases bilayer rigidity 

Reduces permeability and improves resistance 

to external stresses 

PEGylation 
Coating with polyethylene 

glycol 

Creates steric hindrance; reduces immune 

clearance and prolongs circulation 

Polymer 

Stabilizers 

Use of hydrophilic polymers to 

prevent aggregation 
Enhances storage and systemic stability 

2.3. Manufacturing Challenges 

2.3.1. Scale-Up Issues 

Mass production of liposomes also is not easy and poses several challenges such as batch-to-

batch consistency and reproduction of liposome characteristics. Differences in the manufacturing 

process might give variability in size distribution of liposomes, drug encapsulation efficiency, and 

release profiles that will affect the final therapeutic outcome [17]. 
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2.3.2. Overcoming Challenges 

Manufacturing difficulties will be solved if standardized processes for manufacturing liposomes 

of a well-controlled size and composition are followed along with more sophisticated technologies 

such as microfluidics. Implementation of QbD principles into the manufacturing process would 

ensure quality product and consistent performance [18]. 

Table 4. Challenges and Solutions in the Manufacturing of Liposomal Formulations [19–22]. 

Challenge Details Solution/Strategy 

Batch-to-Batch 

Variability 

Differences in liposome size, drug 

encapsulation efficiency, and release 

profiles 

Standardized protocols and automated 

systems 

Process 

Reproducibility 

Inconsistencies in liposome 

characteristics during large-scale 

manufacturing 

Microfluidics for precise control; use of 

advanced mixing technologies 

Complexity in 

Composition 

Control 

Difficulty in achieving uniform lipid 

composition and drug distribution 

Application of QbD principles to 

identify and control critical process 

parameters 

Manual Errors in 

Production 

Human intervention leading to 

variability 

Automation and robotics to minimize 

errors and ensure reproducibility 

3. Conclusion 

Advances in the new targeting strategies with the innovation of novel variations of liposomal 

formulation have greatly transformed drug delivery systems. Many therapies, mainly in oncology 

and major other critical therapeutic fields, have been improved in terms of their therapeutic efficacy. 

Passive targeting strategies have shown to be effective in allowing the delivery of more precise 

drugs while at the same time reducing systemic side effects and maximizing therapeutic outcome. 

Passive targeting mechanisms, such as the EPR effect, allowed liposomal drugs to accumulate in 

tumor tissues. Further specificity in drug delivery to target cells was brought about by the active 

targeting mechanism involving the functionalization of liposomes by the ligands of interest [19]. 

Other innovations have been represented by PEGylated liposomes and pH-sensitive liposomes, 

which has expanded the possibilities of using delivery systems of this nature. Their preparations are 

stable; they prolong in vivo circulation of the drug more than the delivery systems themselves do. 

More important, mechanisms of controlled release could interact with particular microenvironments 

existing in target tissues to provide timely drug delivery. 

This indicates that the continuously evolving liposomal drug delivery system, based on 

innovative targeting strategies and advances in formulation, underlines their role in improving the 

efficacy of therapeutics and enhancing patient outcomes in modern medicine [20–22]. 
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