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A B S T R A C T

Pancreatic cancer is among the most fatal malignancies worldwide. The aggressive nature of this disease, coupled 
with late-stage diagnosis and limited therapeutic options, highlights the urgent need for innovative treatment 
approaches. Targeted therapy has emerged as a promising strategy to enhance therapeutic efficacy while 
minimizing systemic toxicity. Liposomes, as versatile nanoparticles, have shown significant potential to 
contribute to the develpment of drug delivery system. These lipid-based vesicles encapsulate chemotherapeutic 
drugs, shield them from degradation, and promote greater accumulation within tumor cites. Furthermore, li
posomes can be surface-modifed with various ligands to improve their specificity and cellular uptake. Research 
on liposome-based targeted chemotherapy for pancreatic cancer has explored useful ligand-based strategies to 
enhance drug delivery to pancreatic cancer cells. In this review, liposome-based targeted strategies for pancreatic 
cancer are classified by ligand type, including antibodies, aptamers, carbohydrates, proteins and peptides, and 
integrates case studies to demonstrate how different targeting approaches translate into improved cellular up
take, therapeutic efficacy, and antitumor effects. In addition, emerging formulations such as dual-targeting li
posomes are described, highlighting their potential to further strengthen treatment performance. The review 
summarizes the current research landscape of liposome-based targeted drug delivery systems for pancreatic 
cancer, providing insights into promising biomarkers and ligand-mediated targeting strategies. It further dis
cusses broader opportunities for target exploration and liposomal design optimization, as well as future research 
directions aimed at overcoming existing limitations and improving therapeutic outcomes.

1. Introduction

Cancer is one of the leading causes of mortality worldwide, and the 
development of effective therapeutic strategies has long been a crucial 
challenge. A paradigm shift has moved from traditional cytotoxic 
chemotherapy toward targeted therapies, aiming to improve therapeutic 
efficacy while minimizing systemic toxicity(Anand et al., 2023). Among 
various cancers, Pancreatic cancer stands out as an especially critical 
focus for drug delivery research. Its rapid progression, fibrotic stromal 
environment, and poor response to conventional chemotherapies make 
it one of the deadliest malignancies (Liu et al., 2017; Hu and O'Reilly, 

2024). These features limit the therapeutic benefit of existing cytotoxic 
agents. Consequently, the development of targeted therapeutic strate
gies is essential to enhance treatment precision and efficacy in this 
challenging disease.

In recent years, nanomedicine has provided promising solutions to 
these limitations. Among various nanocarriers, liposomes have attracted 
particular attention due to their biocompatibility, ability to encapsulate 
both hydrophilic and hydrophobic drugs, and favorable pharmacoki
netic profiles(Raza et al., 2023). However, challenges, such as rapid 
removal, insufficient penetration through dense substrates, and poten
tial off-target effects, remain unresolved(Olajubutu et al., 2023). To 
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address these limitations, surface modifications of liposome have been 
explored, and novel liposome platforms are being developed. Liposome- 
based chemotherapy delivery studies for pancreatic cancer have also 
actively explored, utilizing various tumor-specific molecules, to enhance 
drug delivery to pancreatic tumor cells(Yang et al., 2011; Wang et al., 
2021).

In this review, we highlight recent advances in ligand-modified 
liposome strategies for pancreatic cancer chemotherapy. Specifically, 
we categorize and summarize the use of different classes of 
ligands—including antibodies, aptamers, carbohydrates, proteins, and 
peptides—and evaluate their impact on targeting efficiency and thera
peutic outcomes. We focus on how these ligands have been employed to 
design liposome-based drug delivery systems and review representative 
approaches that illustrate their therapeutic potential.

2. Study Selection

To investigate current research trends in liposome-based drug de
livery systems for pancreatic cancer treatment, a literature search was 
conducted using electronic databases including Web of Science, Science 
Direct, and PubMed etc. The search included studies published from 
2012 to 2025, utilizing combinations of key terms such as “Pancreatic 
cancer,” “Liposome,” “Chemotherapy,” and “Drug delivery.” Studies 
focusing primarily on drug resistance or combination therapies were 
excluded from this review.

A total of 348 records were initially identified through database 
searching. Following the initial identification, 280 records were 
screened based on their titles and abstracts. During this process, 238 
records were excluded as they did not meet the inclusion criteria. Sub
sequently, the full texts of the remaining 42 articles were assessed for 
eligibility. Upon detailed review, 34 articles were excluded due to the 
following reasons: being review articles (n = 13), lack of relevance to the 
study topic (n = 17), or insufficient detail (n = 4). Ultimately, 8 studies 
were included in the final review (Fig. 1).

3. Pancreatic cancer and challenges in drug delivery

Pancreatic cancer is one of the lethal malignancies, with a 5-year 
survival rate of less than 10 %(Hu and O'Reilly, 2024). In addition to 
the aggressive nature of this disease, late-stage diagnosis and limited 
treatment options have increased the need for innovative approaches. 
Chemotherapy remains the cornerstone treatment for patients with 
pancreatic cancer(du Toit-Thompson et al., 2025; Reiss et al., 2025). 
Chemotherapy for pancreatic cancer initially relied on gemcitabine 
monotherapy, which provided only limited benefit(Nabyla Paixão and 
José Raimundo, 2018). The introduction of combination regimens such 
as FOLFIRINOX and gemcitabine/nab-paclitaxel significantly improved 
survival outcomes and established them as the current standard first-line 
treatments(Saung and Zheng, 2017).

Despite advancements in cancer therapy, effective treatments for 
pancreatic cancer are lacking. Pancreatic cancer therapies have shown 
limited success in improving patient outcomes, highlighting the urgent 

need for novel therapeutic approaches(du Toit-Thompson et al., 2025). 
Given the limitations of the conventional treatments for pancreatic 
cancer, more effective and less toxic therapeutic approaches are 
required.

Targeted therapies are designed to selectively attack cancer cells 
while sparing normal cells, thereby reducing adverse effects(Victoir 
et al., 2024). Incorporating nanoparticle-based delivery systems, 
particularly liposomes, further enhances this selectivity by improving 
drug stability, circulation time, and tumor accumulation(Wang et al., 
2023). By directing therapeutic agents to specific molecular pathways 
involved in cancer growth and progression, targeted nanocarrier sys
tems can help overcome resistance mechanisms that limit the efficacy of 
standard chemotherapy(Tarannum and Vivero-Escoto, 2022). In addi
tion, this approach facilitates more personalized and precise therapeutic 
strategies tailored to the molecular profiles of individual tumors, paving 
the way for improved outcomes in pancreatic cancer.

4. Liposomes

4.1. Overview of liposomes

Liposomes are spherical nanoparticles composed of a phospholipid 
bilayer surrounding an aqueous core(Akbarzadeh et al., 2013). The sizes 
of these particles typically range from nanometers to micrometres. Li
posomes are formed by the self-assembly of phospholipids when hy
drated in an aqueous solution(Large et al., 2021). The hydrophilic head 
groups are oriented toward the aqueous phase both inside and outside 
the liposome, resulting in a bilayer structure within the solution (Khan 
et al., 2020). The characteristics of liposomes, including lipid compo
sition, surface charge, size, and fabrication method, vary depending on 
their design and preparation processes(Akbarzadeh et al., 2013).

Liposomes are high-potential drug delivery systems capable of tar
geted and controlled drug release, owing to their biocompatibility, 
biodegradability, non-toxicity, and non-immunogenic properties. Lipo
somes can encapsulate both hydrophilic and hydrophobic drugs, which 
make them suitable carriers for a wide range of therapeutic agents 
(Agarwal et al., 2024). Liposomes improve bioavailability by protecting 
encapsulated drugs and enhancing their absorption across biological 
barriers(Alavi et al., 2017; Lin et al., 2022). The lipid bilayer structure 
facilitates sustained and controlled drug release, potentially enhancing 
therapeutic outcomes(Liu et al., 2022). Encapsulation within liposomes 
minimizes the exposure of normal tissues to toxic substances, thereby 
reducing their toxicity and side effects. Furthermore, surface modifica
tions allow liposomes to be designed to target specific tissues or cells, 
increasing their therapeutic efficacy while minimizing adverse systemic 
effects (Akbarzadeh et al., 2013; Guimarães et al., 2021).

4.2. Passive targeting of liposomes

Passive targeting of liposomes to tumors is related to the leaky ar
chitecture of tumor-associated blood vessels. Depending on the type of 
cancer, the gap between endothelial cells in tumor capillaries is 
100–780 nm, compared to 4–10 nm in the normal endothelium(Zhang 
et al., 2021). This enhanced permeability and retention (EPR) effect 
results in the effective delivery of liposomes to the tumor site (Sawant 
and Torchilin, 2012; Wu, 2021). Therefore, an ideal passive targeting 
strategy is possible if liposomes are formulated to an acceptable size that 
enables them to leak out of cancerous tissues (Khan et al., 2020). 
However, the limitations of EPR effect are evident in pancreatic cancer. 
The heterogeneity of the pancreatic tumor microenvironment, stem
ming from factors such as thick tumor stroma, high tumor interstitial 
fluid pressure(IFP), and non-leaky dominant vascular structures, nega
tively impacts the EPR effects (Liu et al., 2019).

Fig. 1. PRISMA flow diagram of study selection process
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4.3. Surface modification and active targeting of liposomes

Liposome technology has undergone continuous evolution since its 
introduction. Conventional liposomes, first studied clinically in the 
1990s, reduced systemic toxicity, but their rapid clearance from the 
bloodstream limited therapeutic efficacy(Sercombe et al., 2015). To 
overcome this, PEGylated liposomes were developed, in which a poly
ethylene glycol (PEG) coating provides steric stabilization, prolongs 
circulation time, and enhances drug accumulation at pathological sites 
(Gregoriadis, 2016). Building upon this, ligand-targeted liposomes 
emerged, incorporating antibodies, peptides, or carbohydrates on the 
surface to achieve active recognition of disease-specific receptors and 
improve delivery precision. Liposomal surfaces have been modified with 
protein, carbohydrate, antibody, aptamer, and peptide (Fig. 2) (Khan 
et al., 2020). The usefulness of surface-modified liposomes has been 
demonstrated in various applications, most notably as an innovative 
way to overcome the limitations of conventional drug delivery systems 
(Riaz et al., 2018).

5. Ligand-based active targeting approaches for pancreatic 
cancer

Passively targeting liposomes has several limitations. Passive tar
geting does not recognize specific receptors, which can lead to accu
mulation in normal tissues and potential off-target toxicity(Olajubutu 
et al., 2023). Furthermore, tumor heterogeneity renders the EPR Effect 
inconsistent, causing heterogeneous distribution of liposomes within the 
tumor(Golombek et al., 2018). Active targeting of liposomes is a novel 
strategy for overcoming these limitations. Actively targeted liposomes 
are manufactured by incorporating targeting moieties onto the surface 
of particles designed to reduce off-target effects. To target liposomes to 
cancer cells, attaching sufficiently specific targeting moieties is impor
tant to achieve effective affinity for target molecules.

Cancer-targeting strategies can be classified into two main cate
gories. The first approach targets cell surface receptors expressed on 
cancer cells(Riaz et al., 2018). This involves the delivery of drugs via 
liposomes with specific ligands for receptors that are overexpressed in 
cancer cells compared to normal cells. Examples of such receptors that 
are used as biomarkers include folate receptors, transferrin receptors, 
and epidermal growth factor receptor (EGFR). The second strategy is 
targeting the tumor microenvironment(Riaz et al., 2018). The main 
components of the tumor microenvironment (TME) include tumor cells, 
immune cells, fibroblasts, stromal cells, blood vessels, and the extra
cellular matrix. Typical examples include VEGF, VCAM, and B-RAF 
(Yang et al., 2011; Khan et al., 2020; Raza et al., 2023). In Table 1, 
studies targeting FAP (Lin et al., 2022) and P-selectin (Swami et al., 
2024) represent strategies targeted at the tumor microenvironment, 
whereas the other studies focus on cell surface receptors expressed on 
cancer cells. To target these biomarkers, researchers have frequently 
used ligands such as folic acid, transferrin, and VEGF antibodies. 

Recently, there has been growing interest in identifying new biomarker 
candidates and expanding the range of ligands applied for targeted de
livery(Yan et al., 2024).

5.1. Antibodies

Antibodies, also known as immunoglobulins, are specialized proteins 
produced by the B cells of the immune system in response to antigens(Di 
et al., 2020). Antibodies exhibit a variable region at the end that binds 
specifically to antigens, and this ability of antibodies can be utilized as a 
therapeutic strategy. Antibodies are widely utilized as representative 
cancer-targeting agents due to their high specificity and precision. More 
than 50 antibody-based therapeutics have been approved by the U.S. 
Food and Drug Administration (FDA) and the European Medicines 
Agency (EMA), and many additional candidates are currently under 
development(Paul et al., 2024). In addition, as natural components of 
the immune system, antibodies are highly biocompatible and possess the 
ability to simultaneously target multiple antigens, making them suitable 
for dual targeting (Sorbara et al., 2022). However, Antibodies as ligands 
still encounter several limitations, including their large molecular size, 
high production costs, and the risk of immunogenicity(Paul et al., 2024).

Recent advancements in targeted drug delivery systems using anti
bodies have shown promising results for the treatment of pancreatic 
cancer. A novel approach involving antibody fragment (AF)-conjugated 
liposomes (AF-GPL) loaded with gemcitabine (GEM) and paclitaxel 
(PTX) was developed (Yang et al., 2018). This nanoparticle was designed 
to selectively bind to tissue factor overexpressed in pancreatic cancer 
cells using AF. These nanocarriers, with an average size of approxi
mately 168 nm, were suitable for enhanced tumor penetration. The AF- 
GPL system exhibited exceptional drug encapsulation efficiency 
exceeding 95 % for both GEM and PTX, while maintaining controlled 
release profiles for the encapsulated drugs. Notably, compared to their 
non-targeted counterparts, AF-GPL exhibited a twofold increase in 
cellular uptake and significantly enhanced cytotoxicity. The IC50 value 
was reduced to 0.45 μg/mL, demonstrating substantial improvement 
relative to GPL (1.92 μg/mL). Furthermore, AF-GPL induced a notably 
higher proportion of late apoptosis, approximately 45 %, in pancreatic 
cancer cells, highlighting the synergistic effect of the dual-drug and 
active targeting strategy.

This study presents the development and evaluation of a novel 
multifunctional nanoimmunoliposome system (M-PLDU) for the tar
geted diagnosis and therapy of pancreatic cancer(Deng et al., 2012). 
Mesothelin is highly overexpressed on the surface of pancreatic cancer 
cells, and to target this receptor, M-PLDUs were created by encapsu
lating ultrasmall superparamagnetic iron oxides (USPIOs) and doxoru
bicin (DOX) in PEGylated liposomes and then conjugating anti- 
mesothelin (MSLN) antibodies to the surface. Liposomes were pre
pared using a transient binding and reverse-phase evaporation method, 
achieving high encapsulation efficiencies of USPIOs (40.8 %) and DOX 
(68.5 %). The resulting M-PLDUs had a mean size of 175–185 nm and 
maintained the integrity of the anti-MSLN antibodies. Confocal micro
scopy and flow cytometry revealed a 1.4-fold higher cellular uptake of 
M-PLDUs in MSLN-expressing Panc-1 cells compared with non-targeted 
liposomes. The IC50 values were 1.95 μM for M-PLDU and 3.5 μM for 
PLDU, respectively. In vivo, the MRI signal attenuation was markedly 
greater for M-PLDU (145.98) than for PLDU (75.69). M-PLDU treatment 
resulted in a more pronounced inhibition of tumor growth than free DOX 
or non-targeted liposomes. Moreover, biodistribution studies have 
revealed higher accumulation of DOX in tumors and lower accumulation 
in the heart for M-PLDUs than for free DOX. These results suggest that 
this MSLN-targeted immunoliposomal formulation is promising for both 
targeted chemotherapy and early MRI diagnosis of pancreatic cancer. 
This system combines the benefits of targeted drug delivery, enhanced 
tumor accumulation, and improved MRI contrast, potentially offering a 
theragnostic approach for the management of pancreatic cancer (Deng 
et al., 2012).

Fig. 2. Modification of the liposome surface with various ligands, such as 
protein, carbohydrate, antibody, aptamer, and peptide. Created in BioRender. 
NML, C. (2026) https://BioRender.com/4yfrc71
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5.2. Aptamers

Aptamers are short synthetic DNA or RNA molecules that bind to 
specific targets with high affinity and selectivity. When conjugated to 
liposomes, they can enhance tumor targeting and drug delivery. The key 
advantages of aptamers include their small size, simple synthesis, low 
immunogenicity, high affinity, selectivity, and stability under various 
conditions(Moosavian and Sahebkar, 2019). Membrane anchoring and 
post-insertion methods are the two main methods for conjugating 
aptamers to liposomes. Major factors affecting the efficiency of aptamer- 
functionalized liposomes include conjugation chemistry, spacer struc
ture, aptamer characteristics (length, modifications, etc.), and aptamer 
surface density. Maintaining the aptamer structure and binding ability 

after conjugation, optimizing the spacer length to properly expose the 
aptamers, and balancing the aptamer density to improve targeting 
without compromising liposome properties are important consider
ations. Although aptamer-functionalized liposomes show promise for 
targeted drug delivery in vitro, their in vivo performance can be more 
complex owing to their interactions with biological systems. The for
mation of a protein corona in vivo may reduce the targeting efficiency. 
Careful optimization is required to translate the benefits of aptamer 
targeting to clinical applications (Moosavian et al., 2023).

Researchers developed APTA-12, a gemcitabine-incorporated G- 
quadruplex aptamer targeting nucleolin, which is overexpressed in 
pancreatic cancer cells (Fig. 3) (Park et al., 2018). APTA-12 was 
designed by modifying AS1411 and incorporating gemcitabine into its 

Table 1 
Liposome-based targeted drug delivery systems for pancreatic cancer therapy.

Name Ligand Receptor Drug EE% Advantages Ref.

AF-GPL
Antibody

Anti-tissue factor 
antibody

Tissue 
factor

Gemcitabine, 
Paclitaxel

95 • 2-fold higher cellular uptake compared to GPL
• IC50: GPL 1.92μg/mL, AF-GPL 0.45μg/mL

(Yang et al., 
2018)

M-PLDU Anti-mesothelin antibody Mesothelin Doxorubicin 68.5
• 1.4-fold higher cellular uptake than PLDU
• IC50: PLDU 3.5uM, M-PLDU 1.95uM

(Deng et al., 
2012)

APTA-12 Aptamer G-quadruplex Nucleolin Gemcitabine –
• Binding affinity: AS1411 16.36 nM, APTA-12 

14.37 nM
• IC50 reduced by 43-fold compared to AS1411

(Park et al., 
2018)

FU-psLs- 
GEM

Carbohydrate Fucoidan P-selectin Gemcitabine 86.3 • 100 % release within 6 h at pH 5.0
• Enhanced cellular uptake at pH 5.0

(Zhou et al., 
2024)

D@C-LP
Protein/ 
Peptide

SPE17 CLDN-4 Doxorubicin 87–88 • In CLDN+ cells, D@C-LP demonstrated 
increased cellular uptake and cytotoxicity

(Bang et al., 
2023)

GE-SML/ 
siRNA

GE11 EGFR Gemcitabine –
• IC50: GML 7.45μg/mL, GE-GML/siRNA 0.42μg/ 

mL
• Late apoptosis 23 %

(Liu et al., 
2019)

BS-lipoIRI
Dual targeting

Anti-EGFR/Anti-FAP 
bispecific antibody

EGFR
Irinotecan 70–80

• 1.6-fold higher intratumoral accumulation of 
irinotecan with BS-lipoIRI

• 46.2 % reduction in tumor volume

(Liu et al., 
2022)FAP

Aptm[DOX/ 
IDO1] Anti-CD44 aptamer CD44 Doxorubicin –

• Enhanced internalization in EpCAM+ cell
• 3.8-fold higher apoptosis

(Kim et al., 
2022)

Fig. 3. Mechanism of action of APTA-12 and gemcitabine in pancreatic cancer cells. Reproduced with permission from (Park et al., 2018). Copyright 2018, Elsevier.
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loop to preserve its structural integrity and binding affinity. In vitro 
studies have demonstrated that APTA-12 selectively binds to nucleolin- 
positive pancreatic cancer cells (Capan-1, AsPC-1, and MIA PaCa-2), 
while sparing normal cells (H6c7). It exhibited superior cytotoxicity 
compared with AS1411 alone, demonstrating a 43-fold reduction in 
IC50 values in cancer cells. In vivo experiments using Capan-1 tumor 
xenografts showed that APTA-12 achieved 93.4 % tumor growth inhi
bition and 42.5 % tumor shrinkage compared to the controls. Histo
logical analysis revealed increased apoptosis and reduced proliferation 
of treated tumors. Importantly, APTA-12 displayed minimal toxicity, 
with no significant changes in body weight or hematological or 
biochemical parameters in mice. These findings suggested that APTA-12 
offers a promising targeted therapeutic strategy for pancreatic cancer, 
combining enhanced efficacy with a favorable safety profile (Park et al., 
2018).

5.3. Carbohydrates

Carbohydrates play an significant role in the regulation of various 
physiological processes, including cell adhesion, migration, signal 
transduction, and pathogen interactions(Agwa et al., 2023). Carbohy
drates are abundantly available natural substances with significant 
economic benefits and high biocompatibility and stability. Various 
carbohydrate ligands are available, including fucose, mannose, galac
tose, and hyaluronic acid. These carbohydrates can selectively bind to 
specific receptors that are overexpressed on the surface of cancer cells to 

support efficient drug delivery. However, there is a risk of nonspecific 
interactions, and owing to the heterogeneity of cancer, the expression 
levels of carbohydrate ligands and their specific receptors can vary, 
making consistent targeting difficult (Swami et al., 2024). Carbohydrate 
ligands have the potential to overcome the limitations of conventional 
anticancer therapies, and further research may lead to the development 
of more precise and effective nanotherapeutics.

A recent study developed a novel drug delivery system for pancreatic 
cancer therapy using pH-sensitive cationic liposomes coated with 
fucoidan (Fu-pSLs-GEM) and loaded with gemcitabine (GEM) (Fig. 4A) 
(Zhou et al., 2024). It achieved 100 % release within 6 h at pH 5.0, 
demonstrating a faster release rate compared with pH 7.4. The fucoidan 
coating was designed to target tumor cells by binding to P-selectin, 
which is often overexpressed in cancer tissues (Fig. 4B). These nano
particles demonstrated promising characteristics, with a particle size of 
171 nm and a high drug encapsulation efficiency of 87.3 %. The Fu-pSLs- 
GEM system exhibited enhanced stability under acidic conditions, which 
is particularly relevant for targeting the tumor microenvironment. 
Importantly, the pH-sensitive nature of these liposomes facilitated faster 
drug release under acidic conditions than at normal pH, potentially 
improving drug delivery to cancer cells (Fig. 4C). In vitro studies 
revealed that Fu-pSLs-GEM exhibited stronger and more rapid anti
cancer effects than free GEM or uncoated liposomes (Fig. 4D,E). This 
enhanced efficacy could be attributed to the targeted delivery mecha
nism and pH-sensitive release profile of the nanoparticles. These find
ings suggest that Fu-pSLs-GEM represents a promising approach for 

Fig. 4. (A) Preparation of Fu-psLs-GEM. (B, C) Mechanism of FU-pSLs-GEM binding to P-selectin. The anti-tumor effect of FU-pSLs-GEM to (D) Capan-1 and (E) 
PANC-2. Reproduced with permission from (Zhou et al., 2024). Copyright 2024, Elsevier.
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improving the delivery and efficacy of gemcitabine in pancreatic cancer 
treatment.

5.4. Proteins and peptides

Proteins and peptide ligands occupy a size range between that of 
smaller molecules and antibodies. Proteins and peptides exhibit high 
affinity and specificity and form large binding interfaces with receptors 
through protein–protein interactions(Spicer, Jumeaux et al. 2018). They 
also have low immunogenicity and excellent cost-effectiveness, making 
them easy-to-use and economical options for large-scale synthesis. This 
scalability is critical for the commercial viability of protein–peptide- 
based therapeutics. However, the extremely short half-life of peptides in 
plasma, along with their rapid enzymatic degradation, remains one of 
the most significant limitations(Cheetham et al., 2016). The abundance 
of chemical groups in proteins and peptides allows for a wide range of 
modifications, facilitating the fine-tuning of properties such as stability 
and target specificity (Jiang et al., 2019).

A recent study explored the potential of CLDN4-targeted liposomes 
as a novel therapeutic approach for pancreatic cancer (Fig. 5A) (Bang 
et al., 2023). Researchers developed liposomes loaded with doxorubicin 
and conjugated them to CPE17, a peptide derived from Clostridium 
perfringens enterotoxin that specifically binds to CLDN4 (Bang et al., 
2023). This strategy leverages the overexpression of CLDN4 on the 
surface of pancreatic cancer cells, which occurs due to the disruption of 
tight junctions in these malignant cells. The engineered liposomes, 
termed D@C-LP, demonstrated promising physicochemical properties, 

with a particle size of approximately 210 nm and a high drug encap
sulation efficiency of 87 %–88 %. In vitro studies revealed an enhanced 
uptake and cytotoxicity of D@C-LP in CLDN4-positive pancreatic cancer 
cells compared to CLDN4-negative cells, highlighting the potential of 
this targeted approach (Fig. 5B-E). This innovative strategy builds on 
previous research demonstrating the efficacy of targeting CLDN4 in 
various cancers, including pancreatic cancer. By combining the speci
ficity of CLDN4 targeting with the established cytotoxic effects of 
doxorubicin, this approach represents a promising avenue for improving 
pancreatic cancer treatment outcomes.

A recent study developed liposomes co-loaded with gemcitabine and 
HIF-1α siRNA, conjugated with GE11 peptide to target pancreatic cancer 
cells overexpressing EGFR (Lin, Hu et al. 2019). GE11-conjugated li
posomes (GE-GML/siRNA) had a particle size of approximately 166 nm. 
GE11 significantly enhanced cellular uptake in Panc-1 human pancre
atic cancer cells, resulting in a reduced IC50 value (0.42 μg/mL for 
GML/siRNA vs. 7.45 μg/mL for the non-targeted GML) and an increased 
late apoptosis ratio of 23 %. The in vivo results demonstrated a 
remarkable fourfold reduction in tumor size compared to the control 
group, highlighting the potential of this targeted delivery system in 
pancreatic cancer treatment. This approach combines several promising 
cancer therapeutic strategies. The use of the GE11 peptide for EGFR 
targeting has been shown to improve the specificity and efficacy of 
various nanocarrier systems. The co-delivery of gemcitabine and HIF-1α 
siRNA addresses both chemotherapy resistance and the hypoxic tumor 
microenvironment, which are significant challenges in pancreatic can
cer treatment.

Fig. 5. (A) Design of D@C-LP to target exposed CLDN5 on pancreatic cancer cells. (B) Western blot analysis of CLDN4 expression in A549, AsPC-1 and KPC960. (C) 
Confocal microscopy images and (D) flow cytometry showing cellular uptake of D@C-LP. (E) The anti-tumor effect of D@C-LP. Reproduced with permission from 
(Bang et al., 2023). Copyright 2023, Springer Nature.
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5.5. Dual targeting

There are two main approaches to achieving dual targeting. One 
targets the same receptor on two different cell types with a single ligand, 
and the other uses two ligands to target two different receptors on the 
same or different cells (Taghipour et al., 2022). Dual targeting is a 
promising strategy to overcome the difficulties of conventional targeting 
strategies, such as the low tumor site penetration of nanoparticle-based 
drug delivery systems and limited penetration due to pathological bar
riers. Dual targeting offers precise tumor targeting, enabling efficient 
drug delivery and enhanced therapeutic efficacy by targeting unique 
receptors and markers specific to cancer cells(Taghipour et al., 2022).

A novel approach for pancreatic cancer treatment has been devel
oped utilizing bispecific antibody-conjugated liposomal irinotecan (BS- 
LipoIRI), which simultaneously targets the epidermal growth factor re
ceptor (EGFR) on pancreatic cancer cells and fibroblast activation pro
tein (FAP) on cancer-associated fibroblasts (Lin, Liang et al. 2022). BS- 
LipoIRI exhibits a size range o-f 12–130 nm and a drug encapsulation 
efficiency of 70 %–80 %. Compared with non-targeted LipoIRI, BS- 
LipoIRI demonstrated enhanced cellular uptake and cytotoxicity 
against pancreatic cancer cells. In vivo studies revealed that BS-LipoIRI 
exhibited a prolonged circulation time and increased accumulation in 

tumors.
Another study presents a novel approach for cancer therapy using 

aptamer-conjugated nanoliposomes (Aptm[DOX/IDO1]) that deliver 
doxorubicin (DOX) and IDO1 siRNAs to breast cancer cells (Fig. 6A) 
(Kim et al., 2022). This targeted delivery system induces immunogenic 
cell death and reverses immunosuppression in the tumor microenvi
ronment, leading to enhanced antitumor effects in breast cancer models. 
Researchers have demonstrated that Aptm[DOX/IDO1] specifically 
binds to cancer cells, effectively delivers its payload, and synergistically 
suppresses tumor growth by increasing cytotoxic T-lymphocyte infil
tration and reprogramming the immunosuppressive tumor microenvi
ronment in vivo (Fig. 6B).

6. Limitations and future perspectives, and clinical trials

Liposome-targeted chemotherapy for pancreatic cancer is promising; 
however, several limitations hinder its efficacy. Pancreatic cancer ex
hibits significant intratumoral and intertumoral heterogeneity, hinder
ing the treatment of all cancer cells with a single targeted therapy. The 
complex genetic landscape and diverse cell populations within tumors 
contribute to variable drug responses and the development of resistance 
mechanisms. Targeting a single molecular pathway is often insufficient 

Fig. 6. (A) Schematic illustration of Aptm[DOX/IDO1] co-delivering DOX and IDO1 siRNA via anti-CD44/PD-L1 aptamer. (B) Flow cytometry of tumor-infiltrating 
CD8+ cytotoxic T lymphocytes (CTLs), FoxP3+ regulatory T cells (Tregs), and CD80+/CD86+ mature dendritic cells (DCs) in tumor tissues. Reproduced with 
permission from (Kim et al., 2022). Copyright 2022 Elsevier.
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due to the adaptability of cancer cells. Moreover, pancreatic tumors can 
activate alternative signaling pathways or upregulate compensatory 
mechanisms, limiting the long-term effectiveness of single-target lipo
somal therapies.

The lack of reliable biomarkers for patient stratification and treat
ment response monitoring poses a challenge in optimizing targeted 
liposomal therapies. Identifying biomarkers is crucial for developing 
personalized treatment approaches and enhancing overall efficacy. In 
conclusion, while liposomal-targeted chemotherapy holds promise for 
pancreatic cancer treatment, addressing these limitations is crucial for 
improving therapeutic outcomes. Future research should focus on 
establishing precise targeting strategies, designing patient-specific li
posomes, and identifying predictive biomarkers to enhance the efficacy 
of liposomal drug delivery systems in pancreatic cancer.

Liposome-based drug delivery systems for PDAC therapy remain 
extremely limited in clinical evaluation. Currently, the only liposomal 
formulation approved for pancreatic cancer treatment is nanoliposomal 
irinotecan, commercially known as Onivyde(Hu and O'Reilly, 2024). A 
liposomal formulation under clinical investigation is thermosensitive 
liposomal doxorubicin (ThermoDox®), which encapsulates doxorubicin 
in a heat-responsive liposomal carrier designed to release the drug 
locally at the tumor site upon exposure to ultrasound-induced hyper
thermia(Agarwal et al., 2024).

7. Conclusion

Ligand-modified liposomes have emerged as a promising nano- 
platform for targeted chemotherapy in pancreatic cancer. By conju
gating specific ligands such as antibodies, aptamers, carbohydrates, 
proteins, and peptides, these liposomes enable selective drug delivery to 
cancer cells or tumor microenvironment, thereby enhancing therapeutic 
efficacy and minimizing systemic toxicity. Despite these advances, 
liposome-based chemotherapy for targeting pancreatic cancer remains 
challenging due to the remarkable intra- and intertumoral heterogene
ity, adaptive resistance mechanisms, and the lack of reliable biomarkers 
for patient stratification and therapeutic monitoring. These factors 
contribute to limitation of drug responses and decrease the efficacy of 
single-target strategies. To overcome these challenges, future research 
should focus on developing precision-targeted strategies, designing 
patient-specific liposome system, and identifying predictive biomarkers 
to optimize treatment outcomes.
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