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Abstract

Liposomes have been applied in different biomedical applications, imaging models, and
drug delivery. This review shows that the liposomes act as MRI contrast agents and
photoluminescent imaging agents with features of magneto-liposomes (MLs) and amine-
functionalized nanodiamonds (NDs). Encapsulation in the liposome prevents the agglomeration
of NDs and improves the photoluminescence for better imaging. Liposomes can also be applied
as devices that model cells to test membrane properties using techniques like Electron
Paramagnetic Resonance (EPR) and Atomic Force Microscopy (AFM). With the delivery of
drugs, liposomes increase the therapeutic index for drugs, especially in cancer treatments. They
make drugs more stable, less toxic, and help with targeted delivery. Surface modifications,
including PEGylation, provide liposomes protection from immune clearance and prolong their
circulation time. Ligand-activated targeting in the delivery of drugs is a means by which oft-
target effects are minimized, leading to effective therapeutic outcomes. Adjuvant preparation
methodologies using methods like thin lipid film hydration or microfluidics provide

reproducibility and scalability of liposome production for a wide range of biological
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environments. Liposomes have immense clinical potential in imaging, modeling, and drug

delivery, giving flexibility and effectiveness toward optimized technologies.
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Introduction

Liposomes, discovered in 1960 by Alec D Bangham (Zahednezhad et al., 2019) were first
made of just natural lipids and surfactants with the ability to trap certain molecules in their
intermembrane space. Their structure was close to that of a cell membrane and thus was the
perfect method of delivery into a cell. Today, these liposomes are classified based on how they
are prepared (Table 1). Some liposome formulations are specifically designed to deliver drugs to
treat specific diseases and withstand specific environmental conditions without endangering
human health. Since liposomes can lessen the toxicity of medications used to treat cancer, they
are a very helpful tool in the fight against one of the most sensitive diseases by controlling drug
delivery. The effectiveness of these nanoparticles depends on the liposomes size, shape, and
biophysical/biochemical traits. Synthetic polymers are often used in nanofabrication. These
polymers each aid the liposome in maintaining certain characteristics. They include polyvinyl
alcohol, poly-L-lactic acid, polyethylene glycol (PEG), and poly (lactic-co-glycolic acid) (Patil
& Jadhav, 2013). Liposomes have various formulation methods, and each method can specialize
liposomes to target certain cell groups. These formulations create liposomes which can be
classified as passive or active delivery vesicles. The choice of which method to use depends on
their application. Passive targeting liposomes are more easily sourced and formulated; however,

they have various disadvantages which have aroused caution when applying them in clinical
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trials. Active targeting liposomes have the potential to solve these problems however, sourcing
and formulating these liposomes is much more difficult and expensive especially on a large-scale
platform. Liposomes can use these methods to aid in cancer treatment and serve as more
effective imaging agents. They have already begun to enter the market, in certain formulations,
but they are still under clinical trial and research in many cases. This review will focus on

liposomes use as an MRI contrast agent and as a drug delivery vesicle.
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Table 1

Selected Studies Showing the Use of Liposomes in Various Advancements.

Liposome Preparation/

Purpose of Use Type of study S tI[')llC ture Mansfac turing Outcome Ref.
Diagnosis In vivo CED-based N/A Promising strategy ~ (Mamot et al.,
Visualization for targeting 2004)

Drug delivery therapeutic agents
to brain tumors
MRI Contrast agent In vitro PE-DTPA, 1,2- Lipid film hydration -Increased potential (Simec¢kova et al.,
DSPC, and to be used as MRI ~ 2020)
cholesterol contrast agents
-Lower cytotoxicity
and inconsequential
impact on cellular
stress response
pathways
MRI Monitoring In vivo Magnetic cationic Thin lipid film -Significant (Gultepe et al.,
and Targeting hydration reduction in T2 2010)
with relaxation times of
superparamagnetic  tumors
iron oxide -Useful in
nanoparticles conjunction with
iron oxide as an
MRI contrast agent.
Cellular uptake In vitro -PEGylated Dissolution of -Increase in cellular  (Lief al., 2011

-Non- PEGylated

lipids

uptake and stealth
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Vaccine delivery

Drug delivery

Drug delivery

In vivo

In vivo
In vitro

In vitro

Recombinant E
protein-based

-Sphingomyelin/egg
phosphatidylcholine
/cholesterol

-PEG

TMX and DOX-
loaded

Lipid Hydration

Reverse phase
evaporation

Lipid derivatives of
PEG

Lipid film hydration
+loading

-Effective and
stealthy liposome
when combined
with positive charge
and PEG

-Higher serum
antibody levels
compared to the
Freund's adjuvant-E
protein vaccine
-Complete
protection against
DTMUYV challenge

Reduction in MPS
uptake

-Higher cytotoxicity
on TMX-DOX
compared to DOX
liposomes
-Enhanced cellular
and nuclear uptake
of DOX with TMX-
guided liposomes
compared to DOX
liposomes

Maet al., 2016)

(Allen et al., 1991)

(Jain et al., 2014)
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Biological In vitro Lecithin and Dissolvement in -Identification of (Bangham &
membrane effect cholesterol chloroform + various structures,  Horne, 1964)
modification by including
saponin spherulites, rod-

shaped elements,
and perforations
with specific

dimensions.
Drug delivery In vitro AS1411 aptamer- Film hydration + -Co-delivery PTX  (Yuetal.,2019)
In vivo functionalized loading and PLK1-targeted

siRNA into MCF-7
breast cancer cells

Cell modeling In vitro Ionophore induced  N/A Giant liposomes (Akashi et al.,
phosphatidylglycero production in an 1996)
1 internal medium
phosphatidylserine containing up to 0.1
M of monovalent
cations.

Abbreviations: CED: convection-enhanced delivery; DOPC: 2-dioleoyl-sn-glycero-3-phosphocholine; DOX: Doxorubicin; DSPC: 1,2-
distearoyl-sn-glycero-3-phosphocholine; DTMUV: duck tembusu virus; MPS: mononuclear phagocyte system; MRI: magnetic
resonance imaging; PE-DTPA: 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-diethylenetriaminepentaacetic acid; PEG:
polyethylene glycol; PLK-1: polo-like kinase 1; PTX: paclitaxel; TMX: Tamoxifen ; N/A: not available



The Princeton Journal of Interdisciplinary Research
ISSN 3069-8200

Use of Liposome for Imaging and Modeling

MRI (Magnetic resonance imaging) is a very valuable tool when used with contrasting
agents. Common contrasting agents include gadolinium chelates and iron oxide (IO-NPs). These
nanoparticles, however, have not been widely available due to failure to meet the efficacy
standards of clinical trials. This has resulted in the development of liposomes as contrast agents.
Liposomes have great variability in formulations and can perform as a contrasting agent using
various nanoparticles (Kostevsek et al., 2020). These specific liposomes are magneto-liposomes.
Most magneto-liposomes focus on encapsulating hydrophilic iron oxide nanoparticles within the
aqueous core of the liposome, hydrophilic magneto-liposomes which are referred to as H-MLs.
There are also liposome formulations which use hydrophobic iron oxide that is carried within the
lipid bilayer of the liposome, called bilayer magneto-liposomes (B-MLs). B-MLs were observed
to be more effective contrast agents than H-MLs. This comparative efficacy highlights the
importance of lipid membrane fluidity and nanoparticle positioning; nonetheless, comprehensive
comparative clinical trials are still limited (Kostevsek ef al., 2020). Though both formulations
were found to be more effective than free IO-NPs. The effectiveness of each formulation was
largely due to the membrane fluidity and water molecule diffusion dynamics around the IO-NPs.
These findings were supported by an analysis using inductively coupled plasma mass
spectrometry (ICP-MS). This revealed the high selectivity of B-MLs. This meant the uptake of
the liposome by cancerous cells was greater than the H-MLs, which allowed for easier
differentiation between cancerous and healthy cells at lower levels of IO-NPs (Kostevsek et al.,
2020). However, despite promising results, magneto liposomes still face challenges including
inconsistent encapsulation efficiency, variability in particle size distribution, and stability issues

during prolonged storage. The complexity and cost of synthesizing liposome formulations also
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limits the clinical adoption of these delivery vessels (Kostevsek et al., 2020)(Torchilin ef al.,
2005). Liposomes also show use as photoluminescent agents. Amine functionalized
nanodiamonds (ND) are used as photoluminescent agents in imaging. These are nanodiamonds
which have been chemically altered to pose photoluminescent properties. However, using these
nanodiamonds come with several complications. Agglomeration is very common when using
pristine NDs. This means that the nanoparticles tend to accumulate in large masses, causing
uneven distribution of the photoluminescent agent. Liposomes thus can be used to mitigate
agglomeration by providing a stable dispersion medium. They can also functionalize ND
delivery by incorporating functional molecules such as therapeutic agents and targeting ligands
into their lipid bilayer. This encapsulation also increases stability and reduces the degradation of
NDs. Liposome encapsulation of the NDs can improve optical properties. Liposomes can be
engineered to minimize ND interaction with external factors; they can also be engineered to
selectively interact with single wavelengths of light, enhancing the emission properties of NDs
for imaging applications. Quantum yield is also enhanced with liposome encapsulation of NDs.
Liposomes can shield NDs from non-radiative decay, thus increasing ND light emitting
efficiency. However, encapsulation of NDs poses difficulties such as maintaining uniform
distribution and preventing encapsulated agents from interacting negatively with the surrounding
biological environment which can reduce clarity (Douda et al., 2020).

Liposomes also have use as cell modeling devices. Multilamellar cells are altered
liposomes, with concentric lipid bilayers. These altered liposomes can be used to study
membrane fluidity, properties, and stability. Electron paramagnetic Resonance (EPR) is a
technique which can be used along with a spin label, to assess a membrane’s spin lattice

relaxation time (T1), which can be used to track changes in the membrane as well as how spin
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labeled molecules interact with other molecules. The technique involves subjecting the desired
species to microwave radiation. The species used with EPR typically have spin labeled
molecules or molecules with a free electron. The microwave radiation then excites those
electrons raising their energy levels. The electrons then begin to relax, and researchers can
measure the T1 time to assess how fast and well the membrane is able to return to its initial state.
This can give important data on membrane properties such as how different molecules are
affected and how stable the membrane is. The use of the oxygen transporter parameter (OTP) can
also be used to assess if the membrane may have defects or how fluid the membrane is. The OTP
is calculated based on the difference in the EPR spectra of spin labels in the presence and
absence of oxygen. A high OTP indicates a greater access to oxygen, which can be caused by
defects in the membrane or indicate membrane fluidity. This is important to assessing oxygen
permeability of the membrane which is crucial for oxygen sensing and drug delivery. There are
also other methods such as atomic force microscopy (ATM), which uses a probe tip’s interaction
with the membrane properties and Van Der Waals forces to create a 3D mapping of the
membrane's surface. This can be used to validate the liposomes used as a modeling device and to
visualize biomolecular complexes and membrane structures (Subczynski et al., 2022). The use of
liposomes as photoluminescent and imaging agents as well as cell modeling devices is a critical
piece to detoxifying and stabilizing active chemicals entering the body. Liposome use as a
stabilizing and functionalizing agent is also prevalent in drug delivery, particularly the delivery

of cancer drugs which are very potent to the body in higher doses.

Use of Liposomes in Drug Delivery

Liposomes have been extensively studied for the delivery of drugs (Liu et al., 2022).
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Numerous liposome-based medication formulations are now available for human use, and
numerous medicines are undergoing various clinical trials as a result of significant advancements
in liposome technology (Nsairat et al., 2022). As of today, there are over 700 clinical studies that
utilized liposomes for drug delivery for cancer treatment in the US (Shan et al., 2022), nearly
85% of them have been used by Doxil. Doxil containing doxorubicin (DOX) hydrochloride was
the first PEGylated liposome technology, launched into the US market in 1995 (DOXIL., 1995)
for the treatment of patients with ovarian cancer and AIDS-related Kaposi's sarcoma following
the failure of previous systemic chemotherapy or intolerance to such therapy marked the first
significant advancement in liposome-based drugs. While liposome based delivery systems have
greatly advanced clinical therapies, multiple issues still challenge their commercial scalability.
Rapid clearance by the mononuclear phagocyte system (MPS) (Hume et al., 2006) and
occasional premature drug leakage still burden liposome stability and reliability (Kanwal ef al.,
2018).

Breast Cancer has been a key point where liposomes have been considered as treatment.
While there are many aspects of breast cancer which are not fully understood, non-targeting
liposomes have been explored as therapeutic agents in drug delivery. This exploration however
has not been rigorously tested using active targeting liposomes. Active targeting liposomes still
present too many challenges for clinical use even though they present much more potential than
non-targeting liposomes. Using various formulations and modifications of liposomes can help
overcome major drug usage barriers such as multidrug resistance and reduce the side effects of
certain drugs. Currently, conventional liposomes are showing more and more promise, especially
with the exploration of stealth properties such as PEG which allow liposomes to avoid

immunogenicity and with optimization of their size to exploit the EPR of the tumor tissue
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structure (Nel et al., 2023).

Drug encapsulation with liposomes improved a variety of medicines' therapeutic indices,
mostly by changing their pharmacokinetics and pharmacodynamics. Hydrophobic medications
have an affinity for the phospholipid bilayer, while hydrophilic pharmaceuticals become stuck in
the aqueous cavity. Liposomal drug delivery, while still under development, shows promising
signs of increasing drug stability, reducing drug toxicity, targeted drug delivery, increased drug
uptake, and increased overall therapeutic efficacy. For instance, by encapsulating DOX in safe,
biodegradable, and biocompatible nano delivery systems, its toxicity can be reduced, and its half-
life lengthened. This improves the pharmacokinetic profile and increases patient compliance
(Kanwal et al., 2018). However, this requires certain preparations of liposomes in order for drug
delivery to be effective. ‘Preparations can include modification to the surface of the lipid bilayer,
difference in size and phase transition temperatures. These preparations allow the liposome to
pass through different bodily defenses as well as allow for the highest drug delivery efficacy.
The steps for liposome drug delivery include extravasation, interstitial transport, attachment to
cell membrane, cellular uptake, and intracellular trafficking and drug release. The process begins
with extravasation in which the liposome crosses the tumor vascular wall via diffusion and/or
convection. During this process some liposomes are cleared by the mononuclear phagocyte
system (MPS). The MPS is a family of cells comprising bone marrow progenitors, blood
monocytes and tissue macrophages (Hume et al., 2006). During liposomal drug delivery,
macrophages, especially larger hydrophobic ones, clear the liposome formulations, reducing the
amount of the desired drug that reaches the cell. The next step in drug delivery is interstitial
transport, where liposomes must diffuse through the extracellular matrix to reach tumor cells.

Barriers in the cell membrane can be overcome with the addition of surface modifications to the
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liposome. Attachment to the cell membrane is when liposomes bind to the cell membrane either
non-specifically or via specific interactions with receptors on the tumor cells surface. Cellular
uptake of the drug then occurs when the liposome enters the cell via endocytosis, membrane
fusion, or diffusion. Certain mechanisms are used based on the liposome’s size and properties.
Drug release then occurs when liposomes release their payload inside of the desired cell. This
pathway of drug delivery however is only possible with specific liposome properties. These
properties differ for different uses of the liposome. One major barrier that the liposome faces is
the immune system which may clear out nearly all of the liposomes injected into a patient if the
liposome does not have the necessary stealth properties to bypass this system. The incorporation
of polyethylene glycol (PEG) on the surface of liposomes grants the liposome stealth properties.
PEG thus increases the circulation time of the liposome. Attaching ligands to the liposome also
serves as an active targeting factor, which increases the liposome's efficiency of delivering the
drug (Zalipsky et al., 2004). PEG specifically has a very important and nuanced role in
delivering cancer drugs. In a study, the median survival time of F98 glioma bearing rats was
tested using different liposomal formulations of carboplatin delivery. Here, liposome
formulations were tested and categorized based on their charge and whether they had PEG or
not. It was found that based on the median survival time (MeST) of the rats, anionic liposomes
with PEG have the highest MeST, passing the MeST of free carboplatin and cationic liposomes
with PEG. This study revealed the necessary nuances in liposomal drug delivery. In this case,
cationic PEGylated liposomes performed the worst, with an MeST of 29 days. By simply using
an anionic version of the PEGylated liposomes instead, the MeST jumped to 49.5 days. The non-
PEG version of this liposome had a MeST of 31 days, which was 7.5 days less than the MeST of

free carboplatin. PEG was thus shown to be a crucial piece of the liposome in order for higher
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drug uptake and a higher MeST (Shi et al., 2018). Prolonged circulation times of PEGylated
liposomes however, can trigger an undesired immunogenic response. This response causes anti-
PEG antigens to be produced and bind to the liposomes, which leads to their rapid removal from
circulation, which raises concern for the development and clinical application of liposomal
formulations (Ishida & Kiwada, 2008). The phenomenon of Accelerated blood clearance (ABC)
alongside the altered biodistribution that occurs upon repeated intravenous injections of radio
labeled PEGylated liposomes was studied in Monkeys and mice. It was concluded from that
study that the time and frequency of injections significantly alters the pharmacokinetic behavior
of the subsequent injections of the liposomes, thus the repeated therapeutic use of such
liposomes is also dependent on injection timing (Dame et al., 2000).

Liposomal formulations are very specific to each scenario of drug delivery. Cancer
immunotherapy is one rising treatment which uses these formulations to its advantage in using
liposomes as vaccine enhancers as well as using liposomes as different types of drug delivery
vesicles (Gu et al., 2020). Challenges, however, arise with limits in the cost and complexity of
liposomes, thus causing limitations in tumor targeting. These have been overcome with solutions
such as increasing liposome interaction with tumor microenvironments and inducing potent
immune responses. Liposomes also play a key role in reducing drug toxicity to normal cells.
They have been used to limit Indoleamine 2,3-dioxygenase (IDO) activity (Gu et al., 2020). IDO
inhibits T-cell function and thus inhibition of IDO can relieve immunosuppression in the tumor
microenvironment (TME). Liposomes have been one successful way to inhibit IDO and thus
increase immune activity in TMEs. They have also been used to deliver antagonists to TMEs

which have suppressed immune responses due to high levels of adenosine under hypoxia (Gu et

al., 2020) and (Hei et al., 2020).
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In drug delivery, liposomes serve to deliver a drug while reducing its toxicity, improving
delivery efficacy, and increasing cellular uptake of the drug. Conventional liposomes do not
serve this function properly thus scientists have developed a second generation of liposomes
which contain surface modifications. These modifications include the addition of surface
modifications with vitamins, carbohydrates, peptides, proteins, antibodies, fragments, aptamers
and with enzymes. These allow for hyper specificity in liposome targeting. Their specificity has
shown to be very beneficial in liposomes’ use as delivery vessels which allows liposomes to
target cells more efficiently via ligand interactions. This reduces toxicity, as the drugs do not
migrate to healthy cells which lack the complementary ligands. It also promises that liposomes
can be modified even more to deliver drugs in a more efficacious manner (Khan et al., 2020).
Chemotherapy, radiation therapy, and surgery are all methods of cancer treatment, however,
there are many drawbacks of these conventional methods. They involve invasive procedures,
poor drug circulation and solubility as well as are very non-specific treatments and can damage
healthy cells. Liposomes are engineered to solve those issues. Using the versatility of liposome
surface preparation, different targeting strategies can be implemented to deliver cancer treatment
to patients. The most prevalent strategies include multiple antibody conjugation, folic acid
targeting, transferrin targeting, peptide modification, aptamer targeting, stimuli-responsive
liposomes, and cell membrane-coated liposomes (Wang et al., 2023). Multiple antibody
conjugation uses multiple antibodies conjugated to liposomes to target tumors without increasing
toxicity (Tuscano et al., 2010). It allows for higher drug accumulation in target cells. Folic acid
targeting involves folic acid binding to folate receptors, which are overexpressed in some tumor
cells (Lu & low, 2002). This binding then allows chemotherapeutic agents, genes and

radionuclides to target tumor cells with higher efficacy. Transferrin targeting is used to inhibit
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tumor growth by conjugating transferrin to liposomes which then bind to tumor cells that
overexpress transferrin receptors. The binding, however, while effective in halting tumor growth,
can lead to cytotoxicity with normal cells that express transferrin receptors (Li et al., 2009).
Peptide modification uses peptides to modify the surface of liposomes. They allow for receptor
targeting such as luteinizing hormone-releasing hormone receptors which are prominent in
breast, ovarian and prostate cancer cells. Aptamer targeting uses aptamers which are short
strands of DNA or RNA that can bind to cancer biomarkers and proteins which then act as
effective ligands for liposomal drug delivery. Stimuli-responsive liposomes are specialized
liposomes which release their drug based on a desired change in temperature, pH, or certain
enzymes. This enables enhanced controllability of liposomes as the targeted delivery site. Cell
membrane-coated liposomes are specially formulated liposomes which contain the membranes of
various cells such as red blood cells, leukocytes, platelets or even cancer cells. Thus, it enhances
biocompatibility of the liposomes and enhances circulation time of the liposomes (Wang et al.,
2023).

In order to determine liposome efficacy, certain techniques are used. Transmission
electron microscopy, dynamic light scattering, and fluorescence correlation spectroscopy are
techniques that assess liposome properties such as liposome size and encapsulation efficacy
(EE). In addition to these observation techniques, in order for liposomes to possess advantageous
delivery properties, certain preparation methods must be used. There are four main preparation
methods, thin lipid film hydration, reverse phase evaporation, dehydration-rehydration, and
microfluidic techniques. Thin lipid film hydration is the most widely used liposome preparation
method. This method involves evaporating organic solvents that contain phospholipids which

produces a lipid film; the film is then hydrated to form the full liposome. This process is very
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reproducible and simple however it yields a very low EE for hydrophilic drugs. Reverse phase
evaporation is also a relatively simple preparation technique. This method improves EE by
forming an emulsion of an aqueous phase and an organic phase, followed by evaporation of the
organic solvent to yield a liposome. Dehydration-rehydration is a method used to form liposomes
by lyophilizing a small unilamellar vesicle and then rehydrating it with the compound of interest
to form the liposome. This method is very effective with radiocontrast agents as well as DNA
and RNA. The three previous methods are used on smaller scale research (Zhang et al., 2016),
(Szoka & Papahadjopoulos, 1978), and (Pierre-Alain Monnard et al., 1997), however, they have
not been as successful in large scale manufacturing. Microfluidic techniques have revolutionized
the preparation of liposomes, giving more potential to large scale liposome use in the future.
Microfluidic techniques, notably microfluidic hydrodynamic focusing, enable incredibly precise
control over liposome properties. This technique results in both hydrophobic and hydrophilic
drug encapsulation by liposomes (Fulton & Najahi-Missaoui, 2023).

Liposome targeting consists of both passive and active methods. Passive methods, while
more easily implemented, have reduced delivery and uptake efficacy. It is due to low circulation
times and destruction by phagocytes. This has caused researchers and scientists to develop
surface modifications to increase circulation time and reduce immune response against the
liposomes (Watson ef al., 2012). These include modifications like PEG to the liposome. The
method is categorized under passive targeting with enhanced permeability and retention effort
(EPR). It takes advantage of tumor microvasculature, and liposomes can be engineered based on
size to extravasate into the tumor whilst being retained in the capillaries. It has been shown that a
size range of 40-200 nm works best in this application (Riaz et al., 2018). The method is highly

advantageous and is an effective way to use passive targeting in drug delivery for cancer
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treatment. Active targeting aims to focus on ligand interactions and requires highly specific
preparation methods. Ligand based targeting can reduce problems such as cellular toxicity.
While EPR formulated passive targeting liposomes can reduce healthy cell uptake of liposomes,
it is not fully effective in stopping healthy cell uptake. Active targeting can reduce healthy
cellular uptake of liposomes to near zero. It also ensures that the drug can be completely released
into the targeted cancer cell. In the end this ends up with cancer cells receiving large
concentrations of the drug without putting healthy cells at risk (Alavi & Hamidi, 2019, Cruz et
al.,2012).
Conclusion

Improving the delivery efficacy of cancer drugs and contrast agents is one of the most
important topics for diagnosing and treating advanced diseases, especially cancer. Liposomes
present an innovative way to use nanomedicine in drug delivery. These vesicles show promise
for use in clinical applications to reduce payload toxicity and improve cellular uptake of the
payload. While still under intensive research today, conventional liposomes have begun clinical
testing. Although these liposomes have shown to be effective, active targeting liposomes show
the most promise for increasing delivery efficacy. The numerous advantages of using liposomes
as drug delivery agents are promising for patient specific care. The versatility of active targeting
liposomes provides extraordinary levels of specificity which leads to minute toxicity and high
cellular uptake of cancer drugs. Continued research and development in this area is crucial for
advancements of drug delivery and patient outcomes in oncology, imaging, and beyond. Despite
extensive research, gaps still remain particularly surrounding the long-term safety profile of
liposome formulations; standardized protocols for liposome production and predictive models for

clinical efficacy across cancer types can greatly benefit the implementation and success of
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liposome treatment.
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