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Abstract: For many years, nanocarriers have been investigated to modify pharmacokinetics and biodistribution of various 

active molecules. In the cancer domain, one of the biggest challenges still remains the improvement of the therapeutic in-

dex, often too low, for the majority of antitumor drugs. The application of nanotechnologies for the treatment and the di-

agnosis of cancers are nowadays currently developed, or under development, and liposomes play an important role in the 

history of nanodevices. Because of their high degree of biocompatibility, lipid nanosystems have been used to improve 

pharmacological profiles of various anticancer drugs otherwise discarded because of their low water solubility, poor 

bioavailability or either fragile and subjected to rapid biotransformations. This review aims at introducing an overview of 

the last 40 years of liposome researches until the last liposomal formulations commercially available or undergoing clini-

cal trials. Liposome properties will be described, with a particular emphasis over the last generation of carriers appreciated 

for their active targeting characteristics. Researchers foresee a remarkable impact of nanotechnologies in the field of 

medicine; this review will try to summarize the main concepts over liposome domain, which can count on encouraging re-

sults as target therapy associated with targeted delivery. 
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1. INTRODUCTION 

 The aim of this review is to introduce one of the oldest 
targeted therapy, taking advantage of nanotechnology which 
first appeared in the early 1970’s and which is nowadays 
commonly used in clinical therapy as well as still under in-
vestigation.  

 A relative simple concept of packing an active molecule 
with a lipid component was first described by Johnson in 
1969 [1, 2], after Bangham had described the characteristics 
of lamellae of swollen phospholipids in 1965 [3]. The idea of 
using liposomes as nanocarriers was then developed and 
improved by a thousand of laboratories all over the world 
and applied in varied different fields from cosmetic [4] to 
cancer treatment, and this review will mainly focus on this 
latter domain.  

 Liposomes are defined as vesicles formed by an internal 
aqueous core well protected from the external environment 
by one or more lipid bilayers (mostly phospholipids). Once 
these lipids are in contact with an aqueous media, they spon-
taneously reorganise themselves forming vesicles able to 
entrap different molecules in the inner compartment or 
within the membranes [5, 6]. 

 Liposomes membranes are not totally impermeable and 
the entrapped molecules, depending on their chemical nature, 
can cross the bilayer more or less rapidly. The choice of the  
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adequate lipid nanocarrier according to drug properties, in 
order to modulate the drug release kinetics, will be further 
discussed in section 2.1. 

1.1. Classification and Most Common Methods for 
Liposome Preparation 

 Lipid vesicles can be divided in different classes depend-
ing of their chemical structures or release properties but, the 
most common classification is based on their size and shape 
strictly related to their fabrication process. 

 The size range can vary from ~25 nm for the smallest 
nanoparticles up to 1 m for liposomes visible under a light 
microscope. The structure can include only one single lipid 
bilayer or multiple concentric membrane stacks separated by 
a small aqueous volume. 

 The main categories most commonly used are: 

Multilamellar Vesicles (MLV) 

 Liposomes are formed by 3 or more concentric lamellae, 
with a size varying from 100 to 1000 nm. This type of nano-
carrier is often chosen to encapsulate lipophilic molecules 
which are situated within the membrane to prevent as much 
as possible the loss of materials as a consequence of collision 
with other membranes or proteins, once in vivo. Their prepa-
ration is simple and a scale-up for industrial production is 
easy to perform. For a laboratory practice, the hand-shaken 
method is commonly used for this kind of liposomes, and the 
ultimate size can be adjusted by the extrusion process. They 
are mechanically stable and can be stored for a long period 
of time [6]. 
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Small Unilamellar Vesicles (SUV) 

 They represent the smallest phospholipids vesicles ob-
tainable without loosing the liposomes primary characteris-
tics and maintaining size homogeneity of the population. 
They are surrounded by only one phospholipidic bilayer and 
their size is strictly related to the ionic strength of the hydra-
tion buffer and the composition of the liposomes. It can vary 
from 15 nm for egg lecithin in normal saline solution up to 
25 nm if the dipalmitoylphosphocholine (DPPC) is used as 
the main phospholipid. Their drug loading efficiency is quite 
low and the retention properties are spare. Nevertheless, this 
formulation can be used for molecules tightly bound to the 
liposomes membranes or when the retention parameter is not 
important because a rapid in vivo biodistribution in the de-
sired tissue occurs [5, 6]. 

 SUV have been well characterized in the past and be-
cause of their homogeneity in size and lamellarity; they have 
been widely employed [7-9]. Their sterilization can be done 
by filtration over a 0.22 m filter which renders this formu-
lation rapidly ready for an intravenous administration. The 
preparation method requires a high energy input to produce 
such a small nanoparticle and precautions are needed to pre-
vent the risk of lipid oxidation, hydrolysis, aggregation and 
fusion. Bath sonication does not furnish enough energy and 
ethanol injection leads to an inadequate lipid dilution. French 
press and probe sonication remain the two methods recom-
mended for their preparation but a scale up for industrial 
production is, in this case, difficult to realize [5, 6].  

Intermediate Size Unilamellar Vesicles and Large 

Unilamellar Vesicles (IUV; LUV) 

 IUV present a single phospholipid bilayer and a size be-
tween 100 and 200 nm. LUV can reach 1 m in size and are 
generally used to encapsulate high molecular weight com-
pounds or proteins. A large aqueous volume is entrapped 
within the lipid barrier, thus water soluble molecules tend to 
accumulate in high amounts in the inner core, which rends 
this type of liposomes the most appropriate to encapsulate 
hydrophilic drugs. LUV, because of their large single mem-
brane, tend to easily break after collision and a partial loss of 
content is often observed. 

 Reverse phase evaporation (REV) or double emulsion 
methods are the most commonly used techniques to make 
IUV and LUV and a large scale production is easy to 
achieve. 

 From the point of view of mechanical stability and reten-
tion properties, they are less competitive than MLV, how-
ever the active loading of ionizable molecules is enhanced 
once IUV are used [5, 6]. Fig. (1) represents the most com-
mon methods of liposome preparation used in laboratory. 

2. LIPOSOME MAIN PROPERTIES 

 Even after almost 40 years of study, liposomes still re-
main a nanocarrier of interest. The wonder to continue ex-
ploring this field is due to their high degree of biocompatibil-
ity, since their main structure is made of natural lipids some 
already present in the body. Moreover, they improve the 
therapeutic index of encapsulated drugs [10] which renders 
the nanodevices extremely interesting for the delivery of 

highly toxic molecules such as those used in cancer chemo-
therapy.  

 
Fig. (1). Most frequently used laboratory preparation methods to 

obtain lipid nanocarriers with different physicochemical properties. 

 In this section, we shall discuss the main properties at-
tributable to liposomes and how they can influence the fate 
of encapsulated drugs.  

 To obtain a satisfying nanocarrier, it is necessary to take 
into account the physicochemical properties of the drug cho-
sen to be encapsulated. Based on the active molecule charac-
teristics, the liposome will be conceived with an appropriate 
lipid composition, size and structure. 

2.1. Drug Criteria Influencing the Choice of Liposomes 

 The choice of the right liposomal formulation is ex-
tremely important in order to bring beneficial supplies to 
antitumor drugs. The active molecule needs to be efficiently 
loaded into liposomes and the nanodevice must keep most of 
its initial characteristics until it reaches the site of action 
which means that liposomes must retain their content during 
the blood circulation and release it only once they accumu-
late in the target tissue.  

 Depending on their chemical composition, molecules will 
tend to distribute differently into liposome compartment and 
the release behaviour will be strictly related to their distribu-
tion into the body [10]. Highly hydrophilic drugs are mostly 
incorporated in the aqueous core of the nanodevice and the 
lipid composition of the membrane regulates their retention. 
In rare cases their maximum loading efficiency can reach 
70% [11], but most of the times it is too low to maintain a 
drug therapeutic potential once injected in vivo. Moreover, 
fragile molecules can be subjected to hydrolytic phenome-
non once they are stored in the aqueous liposomal compart-
ment, thus a verification of drug stability is recommended 
before their encapsulation. 

 Many research groups have proposed to realize some 
more hydrophobic analogue of water soluble drugs in order 
to improve their loading into liposomes [10]. Mitomycin C 
[12], 5-fluorouracil [13], methotrexate [14] have been modi-
fied with the addition of lipophilic groups in regions not im-
portant for the molecule activity creating then a prodrug 
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which was subsequently incorporated into liposomes. After 
such a modification, the encapsulation yield remarkably 
raised and the antitumor efficacy increased because a larger 
quantity of drug was able to be delivered. 

 The group of Perez-Soler developed a lipophilic cis-
platin analogue, the cis-bis-neodecanoato-trans-R,R-1,2-
diaminocyclohexane platinum (L-NDDP) which was then 
encapsulated into liposomes reaching a 80 % entrapment 
efficiency with a subsequent improvement in the cytotoxic 
activity on cisplatin-sensitive and cisplatin-resistant cell lines 
[15]. Liposomal L-NDDP is now under phase II clinical tri-
als for the treatment of various types of cancer, such as pan-
creatic, colorectal and other solid malignancies [16] (see 
section 4.2.).  

 Once in presence of highly hydrophobic drugs, the first 
challenge to think about is how to administrate them since 
the intravenous route is not allowed and bioavailability is 
very low. In the past as well as nowadays, pharmaceutical 
companies invest in chemical research to render insoluble 
active molecules more hydrophilic in order to facilitate their 
administration. The use of a liposomal formulation, easily 
injectable by IV route, can overcome this hinder and let de-
velop some highly active compounds often discarded due to 
their administration difficulties. Lipophilic drugs tend to 
interact with the lipid bilayer and there is a relative small 
drug loss from liposomes during storage [10]. However, 
since the molecule interacts with the external lipid mem-
brane, a fast redistribution to plasma components can occur 
once the formulation is IV injected [17]. Multilayers vesicles 
(MLV) are then the most indicated liposomes to use since 
the molecules can distribute in different bilayers other than 
the most external one, being then well protected from the 
external environment. Lipophilic substances are easily up-
taken by vesicles, compared to hydrophilic compounds and 
the encapsulation yield can reach 100 % which contributes to 
reduce production cost because no drug loss occurs during 
the fabrication process. Another important aspect from the 
commercial point of view is the liposome formulation shelf 
life. The possibility to freeze-dry the product overcomes 
most of the stability problems, including aggregation and 
leaching but, when the powder is re-hydrated, liposomes 
must reconstitute an undamaged bilayer to prevent drug 
leakage. As the association between lipids and hydrophobic 
molecules is stronger compared to hydrophilic drugs, the 
reconstitution of dried liposomes containing lipophilic drugs 
leads to appreciable encapsulation efficiency even 24 hours 
after hydration which means that the drug is still associated 
with liposomes [18]. 

 One more advantage carried out from liposomes encapsu-
lating lipophilic molecules is their stability over sterilization 
processes. Parental administrations have to be sterile, thus a 
sterilization step needs to be foreseen paying attention on 
preserving liposome structure. Garelli et al. observed com-
plete retention of lipophilic drugs encapsulated into 
liposomes after autoclaving procedures [19, 20] which was 
not the case of hydrophilic and amphipathic drugs whose 
leakage was complete (i.e. doxorubicin) [21]. From the point 
of view of stability, utility and cost, lipophilic drugs have 
been considered the best candidates for a liposomal formula-
tion [10]. 

 For amphiphilic molecules which tend to easily cross 
membranes, lipid barrier composition and liposome prepara-
tion method play an important role on the stability of formu-
lations [17]. The use of saturated phospholipids such as dis-
tearoylphosphocholine (DSPC) or hydrogenated soybean 
phosphatidylcholine (HSPC) lead to obtain a more rigid bi-
layer with a consequent better drug retain, essential to main-
tain a good pharmacokinetics profile after injection in the 
blood stream. 

 The studies of Bialer’s group give us an example over 
doxorubicin and its behaviour once encapsulated into lipid 
bilayer whose composition was mostly based on saturated or 
poly-unsaturated phospholipids. After IV administration in 
mice, the egg-phosphatidylcholine (ePC) / cholesterol (Chol) 
formulation was found to release almost 50 % of the drug 
within the first hour and 70 % by 4 hours (doxorubicin 
plasma levels analysis), otherwise when the DSPC replaced 
the ePC, less than 10 % of the molecule leakage was ob-
served over 24 hours [22]. Moreover, the presence of choles-
terol is especially recommended once we deal with this kind 
of molecules because it helps to reduce their membrane per-
meability [23, 24]. In addition, cholesterol seems to stabilize 
the other lipids present in the bilayer such as phosphatidyl-
cholines (PC) or phosphatidylglycerol (PG) preventing their 
transfer to plasma lipoproteins (i.e. high density lipoproteins 
(HDL)) [25]. Introducing a percentage of cholesterol in the 
lipid composition to prevent drug leakage, is a concept al-
ready exploited in the late 1970’s when the group of Papa-
hadjopoulos showed that a reduction of cytarabine (Ara C) 
release was possible once cholesterol was added into the 
lipid bilayer at 1 : 1 molar ratio [26].  

 If the drug has an ionizable group, the ammonium sulfate 
or the pH-gradient loading are the most frequently used 
liposome preparation methods [27-30]. They take advantage 
from changing the pH between the internal core of liposomes 
and the external environment to favour the molecule crossing 
within the membrane and block its leak once encapsulated.  

 The idea is based on the different characteristics that a 
molecule can assume once it is charged or neutral. For weak 
bases, an acidic internal pH is provided while the external 
pH is maintained basic. Once the molecule is added, it will 
be in its uncharged state, then able to cross the lipid bilayer. 
Once in the internal core, it gets protonated, eventually form-
ing an insoluble salt with the entrapped sulfate ions when the 
ammonium sulfate is used. The preparation method just 
mentioned can rise the encapsulation yield of amphiphatic 
amines up to 100 % [31] and the resulting drug-sulfate gel 
can increase the liposome stability during storage and after 
IV injection [32]. The pH gradient loading method was im-
proved using ionophores like A23187 to prevent the gradient 
dissipation in order to obtain even more stable formulations 
[33]. Weak acids can be loaded as well using reverse pH 
gradient or calcium acetate instead of ammonium sulfate 
[34].  

 The chemical stability of drugs is one of the most impor-
tant factors to take into account when expecting to use 
liposomes for a target delivery. If the nanodevice is uptaken 
by cells through an endocytosis process, the drug will be 
subjected to low pH environments such as those present in 
endosomes or lysosomes and it must be not inactivated by 
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these conditions. Houang and co-workers founded a com-
plete inactivation of cytosine arabinoside encapsulated into 
liposomes after cell uptake [17]. Another example is made 
by topotecan whose lactone ring is easily hydrolyzed by neu-
tral or basic pHs [35] but, an acidic liposome interior can 
help stabilize the molecule [36]. 

 Finally, two more important concerns to think about are 
the drug / lipid ratios that can render the formulation less 
stable if the ratio results too high [37] and the lipid composi-
tion which can lead to lipid peroxidation if the unsaturated 
lipid percentage is too elevated with a consequent destabili-
zation of liposome membranes [17]. EggPC, for example, 
contains a high proportion of unsaturated fatty acid chains 
making it particularly susceptible to oxidation, therefore 
storage under nitrogen and at low temperatures (4 °C) is rec-
ommended.  

2.2. Pharmacokinetics 

 The improved pharmacokinetic profiles that liposomes 
can give to encapsulated molecules after their IV injection 
are one of the reasons that made these nanocarriers such an 
interesting formulation for clinical applications. Sometimes, 
molecules with a therapeutic potential are discarded from 
further pharmaceutical developments because of their rapid 
clearance in blood and the consequent need to administrate 
high doses which can result in toxic side effects. Liposomes 
can support an increased drug half-life (t ) such as in the 
case of doxorubicin incorporated in ePC / Chol formulation. 
Doxorubicin’s clearance was improved from minutes up to 
several hours once it was administrated as liposomal formu-
lation compared to the free drug. Even doses of free doxoru-
bicin 3 times higher than those used for respective liposomal 
formulation could not reach comparable plasma levels [38].  

 Various are the parameters influencing pharmacokinetics: 
size, membrane composition, charge, and the way of admini-
stration [5]. This section will describe the general factors 
controlling drug release, and further ahead the specific 
pharmacokinetics associated with each liposome type will be 
discussed. 

 Seniors and co-workers, already in 1985, described the 
influence of size for the uptake of nanodevices by the reticu-
loendothelial system (RES). The diminution from 400 nm to 
200 nm in diameter can reduce the clearance by 7.5 times 
and SUV particles, with a 25 nm size, are even 5 times more 
stable in blood circulation [39].  

 The charge of lipids can influence as well the clearance 
by a size-mediated mechanism; for neutral lipids, a possible 
liposome aggregation can occur with a consequent size in-
crease. Previous studies suggested that the optimal range to 
reduce at most the clearance and to maintain an efficient  
 

encapsulation yield is around 100 nm [17]. Aggregation can 
be avoided introducing charged lipids, but, the consequent 
pharmacokinetics profile is strictly related with the single 
lipid characteristics [40] and the relationships between the 
molecule half-life and the introduction of a charged lipid is 
extremely complicated [17]. Thus, an accurate study substi-
tuting the lipid and maintaining invariable size, surface 
charge density and all the other factors influencing liposome 

properties, need to be conducted before making any com-
parison. For instance, anionic lipids like phosphatidylserine 
or phosphatidylglycerol are well known to promote a rapid 
uptake by RES [41], by contrast, the monosialoganglioside 
(GM1) and phosphatidylinositol prolong the circulation life-
time of negatively charged liposomes compared to neutral 
liposomes. However, in the latter case, a sterically stabiliza-
tion due to GM1 can be the cause of such an increased blood 
residency, a property that will be better described in the 
“long-circulating liposomes” section. The mol % of charged 
lipid used for the fabrication is one more parameter to take 
into account. As a matter of fact, when an anionic lipid such 
as distearoyl-phosphoglycerol (DSPG) is added as the main 
component of liposomes, the circulation half-life is quite 
reduced [41], but once it is used only as a small fraction (< 
10 mol %), it shows an improvement in the pharmacokinet-
ics profile [42]. 

 Another important aspect influencing nanocarriers t  is 
the membrane permeability and packing related with the 
rigidity properties of lipids used. Bilayer fluidity which is 
strictly related with the nature of lipids can show a relevant 
impact on the clearance of liposomes and relative encapsu-
lated drug [17].  

 When lipids whose transition phase temperature (Tm) is 
significantly above 37 °C are used as main components for 
membrane packing, liposomes show a longer circulation 
lifetime. This is the case of DSPC and HSPC whose Tm is 
around 15-17 °C above body temperature and confers a more 
rigid structure to the lipid bilayer, improving the liposome 
stability [41]. EggPC or dipalmitoylphosphocholine (DPPC) 
give a more flexible framework to nanocarriers which can be 
rendered less permeable thank to the presence of cholesterol 
[43]. Moreover, sphingomyelin can further reduce liposome 
clearance. Indeed, this component can form intermolecular 
H-bound with molecules of cholesterol present in the bilayer 
rigidifying the nanodevice structure resulting in a decreased 
plasma protein adsorption on liposome membranes [44].  

 All these parameters show how the choice of lipid com-
position can influence the pharmacokinetics behaviour with-
out in any case neglecting the importance of the drug mole-
cule characteristics such as amphiphatic drugs which need 
high phase transition phospholipids to prevent their leakage 
from liposomes. 

 One of the factors that mostly affect the pharmacokinet-
ics profile is the steric stabilization made by compounds 
such as polyethylene glycol (PEG) and GM1 which gave rise 
of a new generation of nanocarriers called “long-circulating 
liposomes”, because of their prolonged circulation lifetimes. 
This second generation of nanoparticles with the mechanism 
by which the steric hindrance can influence their stabiliza-
tion in the circulation will be better described in section 3.2. 

2.3. Biodistribution 

 Drug accumulation in the desired environment, avoiding 
healthy tissues, is a fundamental property always researched 
for target therapies and delivery.  

 When a free anticancer drug is injected in the blood 
stream, it is largely distributed in all tissues and if this be-
haviour is combined with a rapid clearance, the result is a 
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low accumulation in the tumor and a significant toxicity in 
healthy tissues. However, when active molecules are encap-
sulated into liposomes, their biodistribution is largely modi-
fied and, in many cases, improved to the target tumor tissue. 
The morphology of healthy vessels contributes to reduce the 
accumulation of such a nanodevice in healthy organs be-
cause their relatively large size ( 25-200 nm) do not permit 
to cross the endothelial barrier whose pores are not larger 
than 2 nm or 6 nm in post capillary venules [45, 46] Fig. 
(2B). On the contrary, liposomes tend to accumulate where 
the vessels are discontinuous such as in the case of tumors 
neoangiogenesis, kidney or in organs containing RES macro-
phages such as liver and spleen reducing a wide healthy 
tissue distribution and a consequent wide toxicity. Moreover, 
kidney glomerulus present junctions of 40-60 nanometers in 
diameter and most of liposomes have a size much higher to 
permit their glomerular filtration. Interestingly, liposome 
accumulation into liver is mostly restricted to Kupffer cells 
which are responsible of external bodies removal, and a low 
accumulation into hepatocytes is noticed suggesting a less 
damage of liver tissue than if liposomes accumulate into all 
liver cells [47]. Factors influencing particulate retention by 
the spleen are strictly related to surface charge and surface 
properties. For instance, large surface area, a rigid membrane 
and a low negative charge can render liposomes similar to 
reticulocytes, cells that are preferentially uptaken by the 
spleen to undergo their final maturation step [48].  

 By contrast, tumors present a higher vascular permeabil-
ity which depends on various growth factors such as VEGF 
which is a vascular permeability factor as well as an angio-
genic factor helping to create new blood vessels, fundamen-
tal to bring new nutriment substances to tumor tissue. The 
availability of these factors is not homogeneous in all types 
of cancer which lead to dissimilar tumor microenvironments 
with a consequent nanocarrier accumulation which is proper 

to each disease [17]. Moreover, tumors show compromised 
lymphatics (neolymphangenesis) in combination with a high 
interstitial pressure. The presence of an impaired lymphatic 
system, unable to drain out most of the substances accumu-
lated, helps to retain the nanosystem longer than in other 
tissues where the lymphatic vessels are fully functional [49, 
50].  

 The combination of tumor leaky vasculatures and not 
fully functional lymphatic system, leads to a higher liposo-
mal drug accumulation in the desired tissue, a phenomenon 
usually called enhanced permeability and retention effect 
(EPR) Fig. (2A). The liposome tumor extravasation phe-
nomenon was demonstrated for the first time by Huang and 
co-workers using gold-labelled liposomes to target Kaposi’s 
sarcoma [51]. Transcytosis pathway is considered less fre-
quent and the liposome accumulation mostly occurred in the 
tumor interstitium or in resident tumor macrophages, but not 
within tumor cells [50]. An improved targeting not only of 
tumors but more specifically of cancer cells within the tumor 
will be the matter of the section “ligand-targeted liposomes” 
where the concept of enhancing the tumor cells uptake by 
binding a specific molecule on liposome surface will be de-
scribed. 

 The extent of tumor drug accumulation is mostly related 
to tumor type, liposome formulation and administered dose. 
Large tumors are more difficult to treat because of their 
higher interstitial pressure which does not allow nanosystem 
to penetrate deeply into the tumor to reach the necrotic area 
[52]. Very small tumors (< 2 mm in diameter) as well do not 
present the typical essential characteristics to permit 
liposomes to accumulate and release the encapsulated drug 
because in most of the cases they are avascular [53]. Already 
in 1988, Papahadjopoulos’ group observed a tight correlation 
between improved circulation lifetimes and higher liposome 
tumor biodistribution [54], a concept subsequently delved by 

 

Fig. (2). Enhanced permeability and retention effect (EPR). Panel A represents a microenvironment typical of tumor tissues (MCF-7 breast 

cancer cells - Renoir’s unpublished work) with leaky blood vessels and an impaired lymphatic system unable to drain out of the tissue unde-

sired compounds. Panel B shows a healthy tissue presenting continuous blood vasculatures and preserved functionally active lymphatic ves-

sels. After IV injection, once liposomes (yellow vesicles) reach tumor tissue they are able to extravasate because of the discontinuous blood 

system and accumulate because the lymphatic circulation is irregular thus unable to remove them. On the contrary, in healthy tissues 

extravasation of nanocarries is less frequent. Tight junctions present on the endothelium vessel do not allow any permeation and the few 

nanoparticles able to leave the blood stream are rapidly captured by the fully functional lymphatic system and drained away. 
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Gabizon and co-workers analyzing the different behaviour 
between classical liposomes and long-circulating nanocarri-
ers. If liposomes are able to retain the encapsulated drug for 
a longer period, they will have the time to accumulate in 
tumor tissue and release the drug at a higher rate. Mayer’s 
group showed that the different biodistribution between clas-
sical liposomes and long-circulating liposomes is not related 
to the rate but to the time of accumulation which means that 
conventional liposomes can accumulate into desired tissue, 
but they are retained for a shorter time, otherwise, long-
circulating liposomes show a prolonged tumor distribution 
which lead to a prolonged drug efficacy over time [55].  

 Liposome size is one more parameter considered impor-
tant to improve liposome accumulation in target tissues and 
in particular to reduce spleen uptake. It is well known that 
for equivalent formulations, increasing particle size enhance 
splenic uptake and for size comparable liposomes (200 nm), 
a high percentage of cholesterol (~ 50 % mol) can show a 
stronger affinity for this organ [48].  

 An increased tumor drug accumulation can be reached 
associating local hyperthermia to liposome administration 
[56]. Microvasculature permeability seems to be enhanced 
when hyperthermia is applied and tumor distribution of 
liposomes results to be more uniform with an increased 
bioavailability of the encapsulated drug within tumor cells 
[17]. Moreover, thermosensitive liposomes can be formu-
lated using lipids such as DPPC whose transition tempera-
ture (Tm) is 38 °C. The resulting liposomes are stable at 
body temperature, and do not release the encapsulated drug. 
However, when the target tissue is heated at 42 °C, the nano-
carrier release the associated drug with a consequent im-
proved drug accumulation where the heat is applied [57]. 

2.4. Circumventing Multidrug Resistance (MDR) 

 In oncology, one of the biggest challenges to deal with 
still remains prevention and treatment of tumors insensitive 
to most commonly used anticancer drugs or the development 
of drug resistance during chemotherapy. To understand how 
liposomes can possibly circumvent MDR, its mechanism 
should be briefly described. 

 Multidrug resistance is a complex process conferring to 
cancers a state of resilience to the treatment which can be 
intrinsic or acquired after antitumor drugs exposure [58]. 
More than 13 ATP-binding cassette (ABC) transporters were 
found to participate to MDR phenomenon [59] and P-
glycoprotein (P-gp), one of the primary identified drug ef-
flux pumps, is the best characterized protein of the different 
ABC transporter [60]. Many other ABC transporters are in-
volved in MDR process such as multidug resistance protein-
1 (MRP-1, ABCC1), breast cancer resistance protein (BCRP, 
ABCG2) and ABCB6 [61, 62]. BCRP has been found re-
sponsible of cell resistance to classic antitumor drugs like 
mitoxantrone, and ABCB6 associated with the cisplatin and 
paclitaxel efflux from chemotherapy insensitive cancer cells 
[63]. 

 Various are the mechanisms involved in the MDR proc-
ess including pump drug efflux, particularly associated to 
hypoxia tumor conditions, but also decreased drug influx and 
enhanced drug metabolism of internalized drugs. Enhance-
ment of P-gp protein expression was observed after hypoxic 

cell exposure in a time-dependent manner and an upregula-
tion of enzymes such as cytochrome P450, responsible for 
the metabolism and inactivation of internalized drug as well 
as activation of glutathione-mediated reduction pathway was 
noticed [60, 64]. Moreover inhibition of tumor suppressor 
p53, inactivation of pro-apoptotic BAX and BAK factors, 
activation of anti-apoptotic Bcl-2 proteins and over expres-
sion of growth factors (HER-2, EGFR1) were found to be 
strictly correlated to MDR onset [65, 66].  

 Many authors have suggested that liposomes, and nano-
carriers in general, can partially overcome drug resistance 
but the mechanism responsible of this phenomenon has not 
been completely elucidated [64, 67, 68]. The use of negative 
charged phospholipids may regulate the P-gp protein trans-
porter as described by Oudard already in 1991 [69] or endo-
cytosis, a classical process for liposome cell uptake, may 
deliver antitumor drug bypassing P-gp transporters whose 
location is in plasma membrane [68, 70]. Moreover, the high 
level of drug delivered by liposomes for longer periods com-
pared to free drugs could be the cause of an improved sensi-
tivity of resistant cells to classical non-responding chemo-
therapy [71].  

 Interestingly, MDR cells often present a decreased inter-
nal pH, a property that can be exploited using pH-sensitive 
liposomes for an efficient delivery of anticancer drugs. This 
concept has been already used by Lee and co-workers to 
deliver doxorubicin-loaded micelles to resistant MCF-7 tu-
mors proving a dramatic cytotoxicity increase in MDR breast 
cancer cells (pH 6.8) as compared to classic MCF-7 (pH 7.4) 
[72]. A similar behaviour should be expected from pH-
sensitive liposomes. 

 Finally, a strategy often used to overcome drug resistance 
is the combination of an anticancer drug with a MDR modu-
lator. Liposomes combining both molecules in the same 
formulation was the matter of Wu’s work where doxorubicin 
and, the calcium-channel antagonist, verapamil were encap-
sulated into trasferrin-active targeting liposomes. In MDR 
leukaemia cell line, IC50 drastically decreased when targeted 
liposomes where administered compared to free doxorubicin 
[73]. 

 Many studies proved the increased efficacy of liposomal 
anticancer drugs over MDR cells compared to free drug [74-
76], and various theories have been developed to explain the 
mechanism by which liposomes are able to overcome MDR 
(Table 1), nevertheless further investigations are needed to 
deeply understand this phenomenon. 

3. LIPOSOME DEVELOPMENT OVER THE LAST 40 
YEARS 

 Since their first appearance in the early 1970’s, the re-
search and development of liposomes never stopped. Their 
interesting properties of biodegradability, ease of preparation 
and their potential as carriers for lipophilic molecules, made 
researchers continue to improve this simple formulation to 
obtain nanodevices even more efficient, stable, and highly 
specific for target tissues. 

 In this section it will be discussed the evolution of these 
colloidal systems including their pros and cons for each gen-
eration. 
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3.1. Conventional Liposomes 

 Conventional liposomes, also known as the first genera-
tion of liposomes, are typically composed of a high variety 
of lipids Fig. (3), mainly containing phosphatidylcholine and 
a percentage of cholesterol to stabilize the lipid membrane. 
Optimized systems generally contain DSPC and Chol in 
55:45 or 66:33 molar ratio or egg yolk (ePC/Chol) in a 3:2 
ratio [17]. Their pharmacokinetics and biodistribution are 
strictly related to their size, membrane composition and sur-
face charges as previously described in section 2. 

 The major limitation for this formulation, as for all 
pharmaceutical nanocarriers, is their recognition as foreign 
particles by the defence organs (RES) in the body, conduct-
ing to macrophage activation and their fast elimination be-
fore completion of any function [77]. Indeed, conventional 
liposomes are cleared from the blood stream by macrophages 
mainly present in the spleen and liver. A phenomenon of 
opsonization, consisting in adsorption of serum proteins such 
as 2-glycoprotein I, complement C3b fragment, and other 
Fc fragments of IgG on the lipid membrane surface, is 
thought to be responsible of recognition by RES macro-
phages [78]. Their relative rapid clearance is known to be 
dose-dependent suggesting a saturation of the uptake mecha-
nisms. Likely, macrophages decrease their phagocytic capac-
ity after ingestion of high quantities of lipids, moreover 
plasma opsonins become saturated thus unable to bind larger 
amounts of liposomes [17]. Taken together these rudiments 
outline how important is the administered dose in the life-
time of the nanocarrier but the saturable non-linear kinetics 
of conventional liposomes complicates the calculation for 
clinical dosages [79]. 

 Even if classical liposomes are subjected to rapid clear-
ance, and their release kinetics are faster compared to the 2

nd
 

and 3
rd

 generation of liposomes they still maintain their 
property as controlled-release systems which can improve 
drug pharmacokinetics and biodistribution after IV injection 
if we compare them to free anticancer drugs [77, 80, 81].  

 One more issue for this first generation of liposomes is 
their tendency to aggregate and flocculate over time, then 
unless they undergo freeze-dry processes, they tend to have a 
short shelf-life. Small, neutral conventional liposomes could 
appear modestly efficient as drug delivery vehicles if we take 
a look over the next generations, anyway they still keep a 

relevant clinical potential for the treatment of liver and 
spleen cancers. As they preferentially accumulate in these 
organs in a rapid and specific manner, they would be the 
formulation of choice over other more complex liposomes.  

 Indeed, various conventional liposomes were approved 
by the FDA and are commercially available for the treatment 
of different types of cancer such as DaunoXome

®
 for Ka-

posi’s sarcoma, Myocet
®

 as combination therapy for recur-
rent breast cancers as well as for the treatment of other pa-
thologies like Ambisome

®
 for fungal infections and visceral 

leishmaniasis [77]. 

3.2. Long-Circulating Liposomes 

 One of the reasons that made liposomes still nowadays 
the matter of investigation for delivering new molecules and 
new targeted therapies was the improvement of their blood 
stream residency thank to surface modifications first intro-
duced in the early 1990’s [82, 83]. Hydrophilic polymers 
showed the ability to protect colloidal systems from interac-
tion with different solutes and this protection phenomenon 
has been called “steric stabilization” [84]. The two molecules 
with major success were the monosialoganglioside GM1 and 
the polyetyleneglycol polymer (PEG) [85, 86]. In the latter 
case PEG was chemically attached to phospholipids through 
a laboratory synthesis [87]; later PEG-phospholipids were 
commercially available favouring the use of this polymer 
over GM1. The typical composition of sterically stabilized 
liposomes is made of 4-6 % of DSPE-PEG2000, 30 % of cho-
lesterol and the remainder of saturated or unsaturated phos-
pholipids [17]. As previously mentioned, PEGylated 
liposomes (also known as Stealth

®
 liposomes) showed an 

enhanced circulation half-life which was demonstrated by a 
wide number of different laboratories on various type of 
animals [54, 87, 88]. Initially, a theory over a decreased op-
sonization process has been found to explain the longer cir-
culation lifetime of this second generation of liposomes. Af-
ter a large number of studies over molecular weight of PEG 
chains and PEG mol percentage to use for an optimized for-
mulation, the approved composition was found to be made of 
5-10 mol % of PEG and with PEG length varying from 2.000 
to 5.000 Dalton. 

 The concept is based on the flexibility properties of PEG 
chains or GM1 which occupy the space immediately adja-

Table 1. Use of Liposomal Drug Encapsulation to Limit and Circumvent Multidrug Resistance 

• Liposomal anticancer drugs in combination with Pgp inhibitors MDR inhibitors loaded liposomes can improve anticancer drugs efficacy 

• Delivery of hydrophobic molecules by liposomes Substrates for Pgp proteins are mostly hydrophilic 

• Use of negative charged lipids in liposome membranes Anionic lipids have shown inhibitory properties against Pgp 

• Gene delivery by liposomes 
Lipoplexes containing antisense oligonucleotides against MDR1 gene (Ala-

hari et al. 1996) 

• Use of pH sensitive liposomes MDR cells present a lower pH compared to healthy cells 

• Highly charged liposomes 
High levels of drug delivered by liposomes for longer periods compared to 

free drugs, could be the cause of an improved sensitivity 

• Receptor-mediated uptake of targeted liposomes The different internalization may circumvent MDR phenomenon 
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cent to liposome surface and the possibility to create a hydra-
tion shell around the particles hindering interactions with 
other components [89] Fig. (3). A consequent decrease in 
surface adsorption of plasma proteins, opsonins and other 
blood components should occur, thereby interactions with 
RES macrophages are inhibited [90-92]. A common miscon-
ception is that PEG introduction in liposome composition 
totally avoid RES uptake whereas the macrophage interac-
tion is simply reduced and the accumulation in these tissues 
is slower compared to classical liposomes [93].  

 However, further studies highlighted that prolonged life-
time of sterically protected liposomes in the blood stream 
may not be only the consequence of a reduced protein ad-
sorption; on the contrary opsonization of stealth liposomes 
frequently occurs [94-97]. For instance, Szebeni and co-
workers showed a significant complement activation in hu-
man serum when liposomes presenting 5 mol % of PEG-PE 
were introduced [98]. Various theories have been developed 
taking profit of these new breakthroughs: firstly, even if the 
complement fixation on PEG chains occurs, its location 
could be inaccessible for complement-receptors recognition. 
Secondly, the cleaved complement fragment (C3bn) surface 
bound may interact with the complement receptor 1 (CR1) 

present on erythrocytes explaining the prolonged blood resi-
dency [99]. Furthermore, the physiological state of macro-
phages seems to play a significant role in nanoparticles 
phagocytosis. Under normal physiological conditions, the 
macrophages receptors, responsible of nanocarriers recogni-
tion, are generally blocked by dysopsonins, whereas in 
pathological environments, such as in tumors, macrophages 
are in their activated state and then able to phagocyte stealth 
liposomes [100].  

 An understanding of the mechanisms responsible for 
maintaining high blood levels of long-circulating nanoparti-
cles is essential to optimize the circulation profiles of these 
nanosystems.  

 Sterically stabilized liposomes present nonsaturable, log-
linear kinetics [101] which offers the unique advantage to be 
dose-independent [79] and relatively insensitive to nanovec-
tors size, charge and lipid composition [102]. 

 The major improvement for this new generation of 
liposomes, beside their long circulation lifetime, is then the 
acquired relative independency of formulation from most of 
the physicochemical characteristics compared to classical 
liposomes. Thus, since size, phospholipids compositions and 
surface charges play a less important role in pharmacokinet-

 

Fig. (3). Overview of the last 40 years in liposome evolution. During the 1970’s a simple lipid shell containing an active molecule was usu-

ally performed. In the ’80s, liposome pharmacokinetics have been improved thank to hydrophilic polymers grafted on the surface of 

liposomes. This improvement made them called long-circulating or sterically stabilized liposomes. The last decade is known as the decade of 

the targeted therapy, active targeted liposomes as well as immunoliposomes have been developed for a wide range of cancer applications. 1. 

represents whole antibody simply adsorbed on liposome surface; 2. represents whole antibody-hapten binding technique; 3. represents a co-

valent binding between whole antibody and liposome surface; 4. represents Fab’ antibody fragment covalently attached on the surface of 

liposome; 5. represents a covalent binding of whole antibody on the extremity of PEG chains; 6. represents a covalent binding of Fab’ anti-

body fragment on the extremity of PEG chains; 7. represents the last generation of immunoliposomes containing a scFv fragment covalently 

linked to liposomes PEG chains. The new millennium has seen the birth of the last generation of liposomes containing siRNA, oligopeptides, 

DNA or plasmids (lipoplexes). 
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ics and biodistribution, the studies can be focused on a more 
open wide range of formulations that can be shaped in a bet-
ter specific manner according to the chemical characteristic 
of the selected drug. The rate-limiting step for Stealth

®
 

liposomes clearance becomes the drug leakage which can be 
improved with more flexibility in the choice of liposomes 
structure. 

 Accordingly to tumor micro-environment previously de-
scribed in section 2.3., colloidal systems able to circulate for 
longer periods in the blood stream should accumulate in the 
tumor target tissue at higher rates [103, 104]. This was the 
challenge when the first sterically stabilized liposomes were 
conceived and several studies have been carried out compar-
ing tumor drug accumulation delivered by classical or 
Stealth

®
 liposomes [50, 55, 105]. The first observations 

showed that conventional liposomes may accumulate in can-
cer tissues at a more rapid rate than long-circulating 
liposomes, however a lower accumulation was seen for 
longer extents periods of time (4 h vs. 24 h) [55]. 

 An interesting assessment made by Drummond in favour 
of sterically stabilized liposomes over classical liposomes is 
the difference in the rapidity of tumor growth between ani-
mal models and humans. In the first case tumors have dou-
bling times of days or weeks whereas in humans are mostly 
in the range of weeks to months. For humans, the rapidity in 
drug accumulation is then less important, such as in the case 
of conventional liposomes, rather than the overall drug flux 
extended over days after administration which is the case of 
long-circulating liposomes able to accumulate within the 
tumor for longer periods of time [17]. The enhanced drug 
therapeutic efficacy of this second generation of liposomes 
was observed by different laboratory groups [26, 106]. For 
example, doxorubicin, one of the most studied drugs for 
liposome formulations, enhanced significantly its therapeutic 
efficacy once encapsulated into Stealth

®
 liposomes com-

pared to either free and conventional liposomal drug and this 
result could be observed in many different types of cancer 
[107, 108]. One more advantage of sterically stabilized 
liposomes is their drug leaking rate generally inferior com-
pared to classical liposomes and during storage since PEG 
chains provide a steric barrier that prevents aggregation phe-
nomenon [17, 109, 110]. 

 Thank to their high versatility for the encapsulation of a 
wide range of antitumor drugs, Stealth

®
 liposomes are nowa-

days exploited for many different cancer therapies. Few ex-
amples of the recent works are: the modified pharmacokinet-
ics and biodistribution of liposomal Oridonin, an anticancer 
drug presenting cardiac toxicity [111]; the first clinical trail 
of liposomal CKD602 formulation in patients with refractory 
solid tumors [112]; new 4-hydroxy-tamoxifen-loaded pH-
gradient liposomes as therapeutic potential in a multiple 
myeloma experimental model [113]. 

 This second generation of liposomes made an overall 
improvement in liposome field [114], nevertheless the tumor 
accumulation is made by a passive targeting which lead to a 
drug release within the stroma and the interstitial space of 
tumors but not specifically to cancer cells. For small lipo-
philic molecules, able to diffuse through cell membranes, 
this process is not an issue, but when aiming at delivering 

high hydrophilic drugs or high molecular weight compounds, 
the non specific cell delivery can become a failure.  

3.3. Ligand-Targeted Liposomes 

 In parallel with the development of long-circulating 
liposomes, a new approach has emerged to create nanosys-
tems able to target drugs not only to tumor tissue but more 
specifically to tumor cells Fig. (3). In the last decades cancer 
research focused on finding new molecular features specific 
of tumor cells such as over expression of some receptors or 
down regulation of gene suppressors. Taking advantage from 
these last discoveries, researchers in the field of nanomedi-
cine could conceive colloidal systems whose accumulation 
in the desired tissue was not only due to physical properties, 
such as the EPR effect (passive targeting), but also more 
specifically due to interaction with cancer molecular targets 
(active targeting). 

 Ligand-directed liposomes provide true intracellular drug 
delivery thank to an internalization process. Once the drug is 
released directly into the cytoplasm, it can potentially cir-
cumvent membrane-bound efflux mechanisms permitting a 
higher drug cell accumulation [64]. However, some consid-
erations must to be taken into account when designing such 
systems: i) the attachment of the ligand must not modify 
pharmacokinetics and biodistribution of the nanocarrier; ii) 
ligand-targeted liposomes must avoid any unwanted immune 
response; iii) the ligand amount coupled on the surface of 
liposome has to be deeply investigated in order to allow tar-
get binding without loosing any long-circulating property 
[85]. 

 The improvements made over ligand-targeted liposomes 
during the past decade and the variety of ligands used in the 
past and nowadays for this third generation of liposomes will 
be discussed in the following section. 

 Many different attempts have been made to optimize 
targeted-liposomes and various researches in this field are 
still going on. The major developments have been made on 
the attachment of antibodies on vesicles surface (immu-
noliposomes), but other molecules as well have been used as 
target and will be described later on. Weissmann and co-
workers were the first investigating on the methods of pro-
moting macromolecules delivery into cells using liposomes 
[115]. They adsorbed non-specifically antibodies over pre-
formed vesicles by a heating process, and the result was an 
enhanced phagocytic uptake resulting in improved macro-
molecule cell internalization [116]. However this approach 
lacked of precision, the antibody amount, specificity and 
stability were difficult to control and hydrophobic interac-
tions between immunoglobulin and vesicles were too weak 
to maintain stability following in vivo administration [116]. 

 Other groups tried to develop more controlled approaches 
[117] and the outstanding breakthrough was made by 
Papahadjopoulos’ team when he proposed irreversible 
coupling of immunoglobulin fragments to preformed 
vesicles [118]. The essential improvements were made by 
the irreversible bound which was stable in serum compared 
to previously used disulfide bounds [119] and the coupling 
of the Fab’ fragment instead of the whole antibody. 
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 Indeed, while developing which was the best method to 
attach ligands to nanocarriers, another field of investigation 
was to understand how to decrease immune responses and 
improve long-circulating properties.  

 Although immunoliposomes demonstrated an improved 
in vitro specificity, their in vivo efficacy was highly limited. 
Investigations outlined an augmented uptake by RES organs 
with a consequent rapid liposome removal from blood circu-
lation. Two different approaches were then carried out to 
overcome such obstacle, one consisting in combining PEG 
and antibodies, and the other developing Fab’ and single 
chain fragments (scFv) issued from immunoglobulins. Ma-
ruyama et al. demonstrated an improved circulation half-life 
when PEG chains were introduced on the surface of 
liposomes, but PEG shielded liposomal ligands preventing 
an efficient binding [88, 120]. Allen and co-workers pro-
posed an option to circumvent this issue attaching the immu-
noglobulins at the distal end of PEG chains providing them a 
significant freedom of movement and preserved ability to 
bind targets [121, 122]. The two approaches of PEG and Fab 
or scFv, use were later cleverly combined obtaining so called 
third generation of liposomes [123, 124]. 

 Since immunoliposomes and ligand-targeted liposomes 
were optimized in term of circulation lifetimes and 
lipid/antibody ratio assuring specific targeting [125], the last 
decade has shown the development of a large variety of dif-
ferent liposomes taking advantage from this new generation. 
The rest of this section will describe ligands and antibodies 
mostly used and having a possible future in clinical therapy. 

 One of the oldest and best studied targeted nanocarrier is 
undoubtedly folate-modified liposome since folate receptor 
is well known to be over expressed in many cancer cell lines 
[126-129]. Even if this approach is still widely exploited 
[130], folic acid still remains a nutriment compound for tu-
mor cells, thus targeting a system with a molecule promoting 
cell proliferation is not fully recommended.  

 Transferrin (Tf) receptor (TfR) is equally highly ex-
pressed in tumor tissues, antibodies against the receptor as 
well as transferrin itself were used as ligands for an active 
targeting of liposomes [131] and for gene delivery through 
cationic liposomes [132]. 

 Vasoactive intestinal peptide (VIP)-targeted liposomes 
encapsulating radionuclides were used for breast cancer im-
aging and authors suggest a probable enhanced anticancer 
effect once a antitumor drug is associated [133, 134]. 

 Moreover, arginine-glycine-aspartate peptides (RGD) 
coupled on the surface of liposomes were used to target in-
tegrins present in tumor vasculatures and once the colloidal 
system was loaded with doxorubicin and combretastatin A-4, 
it demonstrated an improved efficacy against B16F10 mela-
noma tumors subcutaneously growing in C57BL/6 mice 
[135].  

 Hyaluronan receptors are as well one of the favourite 
target for this third generation of liposomes and for nanocar-
riers in general as well described by Platt and Szocka [136]. 
Peer and co-workers described the antitumor effects of my-
tomicin C loaded liposomes targeted with hyaluronic acid in 
three different mice tumor models, however, as already men-
tioned for folic acid, many research articles describe 

hyaluronic acid as a promoter of cell proliferation [137, 138] 
thus not well indicated for cancer therapy. 

 The sulfated glycosaminoglycan (GAG), chondroitin, 
was used as ligand for cisplatin loaded liposomes and 
showed a successful inhibition of tumor growth and metasta-
ses [139]. Trans-activating transcriptional activator protein 
(TAT) and penetratin have been used to enhance liposome 
internalization as well [140].  

 An alternative complementary physical approach consist-
ing in magnetic targeting proved to be highly efficient to 
guide and accumulate magnetic nanoparticles into selected 
tissues or cells by applying an external magnetic field gradi-
ent [141, 142]. Magnetic-fluid-loaded liposomes (MFL) 
were elaborated based on 200-nm unilamellar PEG-
stabilized phospholipids vesicles which encapsulate a 
physiologically compatible suspension of nanocrystals of 
maghemite ( -Fe2O3) [143]. They can be magnetically driven 
by an external magnet towards solid tumors subcutaneously 
implanted in mice, without no damage to the lipid bilayer 
and no leakage of the internal aqueous content. Indeed, a 
magnetic field gradient significantly enhances MFL uptake 
by human cancer cells [144, 145]. However, the efficiency of 
such a magnetic liposome is limited to external solid tumors. 

 Among antibodies used for active targeting, anti-HER2 
and anti-CD 19 are surely the two most exploited immuno-
globulins coupled on the surface of liposomes. Two major 
liposome research laboratories, Papahadjopoulos’, now be-
come Park’s group, and Allen’s group were the pioneers in 
this field and their works seem to be the most promising for 
an early future development in clinical trials. Indeed, since 
many years anti-HER-2, also known as Herceptin

®
 (trastu-

zumab) is FDA approved and commercially available for the 
treatment of breast cancers over expressing HER2 receptors. 
Anti-CD 19 is as well in clinical trials for the treatment of 
leukaemia and lymphoma. Hence, since several works 
proved the real antitumor improvement of scFv against CD 
19 or ErbB2 bounded on the surface of liposomes [125, 146-
148], and these antibodies are already widely tested, we can 
foresee early clinical investigation. 

 Allen’s group carried out an interesting comparison of 
anti-CD 19 liposomal doxorubicin when the whole mono-
clonal antibody or the Fab’ or the single chain fragment were 
bounded on the surface of liposomes [125]. 

 To choose the best candidate for a further clinical appli-
cation, a clear understanding of the advantages and disadvan-
tages on the use of one type over the other as targeting ligand 
is extremely important during the preclinical phases in term 
of efficacy, safety, applicability and costs. Binding proper-
ties of mAb- and Fab-targeted liposomes were found to be 
similar and improved compared to non-targeted liposomes. 
However, scFv-immunoliposomes exhibited a decreased 
affinity which was predictable when considering their size 
rendering the small fragment ease to be masked by PEG 
chains. The Fc-mediated clearance was circumvented when 
Fab fragments were used and their blood levels were compa-
rable to classic long-circulating liposomes. ScFv-liposomes 
showed a lower circulation lifetime, but this was likely due 
to the presence of Poly-His or c-myc tags necessary to trace 
and quantify the single chain fragment during analysis, but 
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normally absent during clinical uses. Allen’s team concluded 
the study considering scFv-immunoliposomes easy to fabri-
cate, with a more economical production compared to mAb 
and the absence of tags in clinical application needs to be 
considered to reduce their liver uptake and possible adverse 
effects in humans. 

 Many other antibodies have been exploited for an active 
targeting, few examples are GD2-targeted immunoliposomes 
loaded with fenretinide for the treatment of neuroblastoma 
[77], or immunoliposomes directed against the accessible 
domain (KDR) of the vascular endothelial growth factor re-
ceptor with the aim of delivering antiangiogenic drugs [149]. 
One more recent study concerning anti-CD22 immu-
noliposomes loaded with doxorubicin showed an improved 
efficacy against B-cell lymphoma in vitro and in vivo. Anti-
CD22 is a new therapeutic antibody whose clinical trials are 
now on going [150]. 

 The most important concept to retain from this section 
was highlighted by Kirpotin et al. in 2006 [151]. They 
claimed and proved through experimental studies that the 
fundamental difference between the second and the third 
generation of liposomes is not in the quantity of nanocarriers 
accumulated into tumor tissue, but rather in the quality of 
their accumulation. Indeed, targeted-liposomes do not accu-
mulate in a major amount compared to sterically stabilized 
liposomes, a thought widely diffused during the early stages 
of immunoliposomes development, but once in the tumor, 
immunoliposomes are able to penetrate within cancer cells 
more efficiently compared to non-targeted liposomes. This 
discovery can then explain the improved antitumor activity 
often found in the case of active targeted liposomes. 

 Immuno-targeting is probably the most promising ap-
proach, because the design of liposome linked to an anti-
body, such as trastuzumab, and containing a powerful anti-
cancer agent may constitute a double shot gun. In such a 
case, the antibody may block the cell proliferative and/or 
disseminative effects of the recognized antigen receptor, 
favoring endocytosis of the nanosystem and the delivery of 
the encapsulated anticancer agent within the cell complete 
antineoplastic effect. It is also likely, as suggested by works 
dealing with various receptor targeted polymers, dendrimers 
or liposomes, that the active targeting of nanocarriers mini-
mize the influence of the architecture, composition, size and 
molecular mass of nanocarriers on the efficacy of the treat-
ment [152]. 

3.4. Lipoplexes 

 In liposome domain, when we describe the latest devel-
opments and improvements, we are obliged to mention the 
delivery of nucleic acids, peptides or siRNA through a non-
viral approach consisting in the use of cationic lipids which 
gives rise to a new class of liposomes usually called lipo-
plexes.  

 In this review only the main and basic concepts will be 
cited; the complexity and variety of structures proposed 
nowadays, as well as the different pharmacokinetics and 
biodistribution behaviour compared to classical liposomes 
worth the editing of a entire specific review [153], hence 
only the most important notions will be hereinafter de-
scribed.  

 In the case of DNA, proteins and peptides, unable to 
spontaneously cross cell membranes, an active transport 
mechanism is fundamental to explain their functions. Viral 
vectors for DNA delivery suffer from non-specificity and 
risk of virus-induced immune responses, thus a new field of 
investigation was opened to find non-viral vectors able to 
delivery macromolecules. 

 The addition of positive charges to nanodevices can en-
hance their uptake by cells and the use of cationic lipids as 
transfection vectors for intracellular DNA delivery is a con-
cept suggested more than 20 years ago [85]. The structure of 
lipoplexes is based on the strong electrostatic interactions 
between the positive charges of lipids and the negative 
charges of phosphate groups present on DNA [154]. Moreo-
ver, positive charges facilitate their interaction with nega-
tively charged cells and promote particle internalization. Fig. 
(3) shows the possible structure conceived for this new class 
of lipid nanoparticles. Endocytosis seems to be the most 
common internalization process for lipoplexes [155], and 
interestingly DNA does not end in lysosomes but it is nor-
mally released into cytoplasm thank to positive charged lip-
ids which destabilize endosome membranes and promote 
DNA cytoplasm liberation [85]. 

 Liposome-based gene therapy approaches, including 
those directed against drug resistance mechanisms, have 
been extensively described by Pedroso de Lima and co-
workers [156, 157]. Ligand-targeted lipoplex are now devel-
oping, for example lipoplexes targeting the CD44 hyaluronic 
acid receptor showed efficient transfection of breast cancer 
cell lines [158]. Liposomes are also used to target antisense 
oligonucleotides. Antisense nucleotides against MDR1 gene 
were as well conceived already in the early 1990’s by 
Thierry et al. [159]. Coated cationic liposomes made of a 
central core of cationic phospholipids bound to oligonucleo-
tides and surrounded by an external shell of neutral lipids 
showed an improved efficacy against neuroblastoma in vitro 
and in vivo [160]. 

 Octamer of arginin attached to the surface of siRNA 
loaded liposomes showed an enhanced intracellular delivery 
and silencing of the targeted gene [161]. 

 Similarly, hyaluronic acid-modified liposomes for the 
targeted delivery of anti-telomerase siRNA to CD44-
expressing lung cancer cells showed and improved transfec-
tion efficacy [162]. 

 As we can see many different approaches are now devel-
oping over this new field of lipid nanocarrier and the first 
results encourage researchers to investigate further more. 

4. FROM THE BENCH TO THE BEDSIDE: NEW 
CLINICAL TRIALS AND LIPOSOMES COMMER-

CIALLY AVAILABLE 

 After more than 25 years of preclinical and clinical inves-
tigation on liposome domain, the first commercially avail-
able liposomal formulation for the treatment of cancer was 
obtained in the late 1990’s. The high number of variable 
factors related to lipid systems and their preparation methods 
sometimes not easily translatable to industrial production, 
slowed down the way to reach market place. 
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 Table (2) summarizes the anticancer drugs approved by 
FDA when administered as liposomal formulation. This sec-
tion will describe the main characteristics of each formula-
tion and later on, the main ongoing clinical trials over new 
anticancer drugs encapsulated into liposomes (table 3). 

4.1. Anticancer Drugs Loaded Liposome: FDA-Approved 
and Commercially Available 

 In 1995, Stealth
®

 liposomes containing doxorubicin have 
been approved by FDA for the treatment of Kaposi’s sar-
coma. Doxil

®
 (for the US market) or Caelyx

®
 (for European 

market) is composed of a lipid barrier made of 
DSPC:CHOL:DSPE-PEG and doxorubicin is loaded through 
the ammonium sulfate preparation method taking advantages 
from the ionizable properties of the active molecule. Its use 
has been extended to ovarian cancer in 1999 and breast can-
cer the same year in the United States and in 2003 in Europe 
and Canada [163]. Doxil

®
 received a large success over pa-

tients tolerability and for this reason, it is now under clinical 
investigation for many combinatory anticancer therapies.  

 Another well known doxorubicin loaded liposome is the 
Myocet

®
 formulation. It has been approved in Europe, in 

2000, for the treatment of metastatic breast cancer in combi-
nation with cyclophosphamide, but it is still under clinical 
investigation in the United States. Such liposomes are made 
by ePC and cholesterol without any polymer bounded on the 
surface able to render these liposomes sterically stabilized 
(PEG or GM1). 

 Daunorubicin is another anticancer drug widely investi-
gated for liposomal formulations. In 1995, DaunoXome

®
 

was approved by FDA and entered on the market one year 
later for the treatment of Kaposi’s sarcoma. DaunoXome

®
 

contains an aqueous solution of the citrate salt of daunorubi-
cin encapsulated within lipid vesicles composed of a lipid 
bilayer of DSPC and cholesterol (2:1 molar ratio), with a 
mean diameter of about 45 nm. Daunorubicin loaded 
liposomes are now in clinical trials for the treatment of other 
types of cancer as well as in combinatory therapies. 

 DepoCyt
®

 (cytarabine liposome injection) reached the 
market in 1999. It is a sustained-release formulation of the 
active cytarabine designed for direct administration into the 
cerebrospinal fluid. Approved for the treatment of neoplastic 
meningitis, it is made of multilamellar vesicles composed of 
cholesterol, 4.1 mg/mL; dioleoylphosphatidylcholine 
(DOPC), 5.7 mg/mL; and dipalmitoylphosphatidylglycerol 
(DPPG), 1.0 mg/mL and containing 10 mg/mL of cytarabine. 

 Vincristine sulfate liposomes (Marqibo
®

) designed by 
Hana Biosciences failed to enter into the market in 2005 
when US FDA voted unanimously against recommending 
accelerated approval for Marqibo® as a treatment for pa-
tients with relapsed aggressive non-Hodgkin's lymphoma. In 
2009 phase II clinical trials were completed for pediatric and 
adolescent patients with relapsed malignancies and recently, 
in 2012, it received the FDA agreement for the treatment of 
Acute Lymphoblastic Leukaemia (ALL).  

4.2. Ongoing Clinical Trials 

 Section 4.1. describes the few anticancer liposomal drugs 
available on commerce, but visiting the website 

http://www.clinicaltrials.gov/, a large number of ongoing 
clinical trials reveals the use of different liposome formula-
tions.  

4.2.a. Late Stages in Clinical Trials 

 This section will be dedicated to the most advanced 
stages of liposome clinical trials and the most innovative 
ones (Table 3). 

 The Memorial Sloan-Kettering Cancer Center of New 
York completed phase II on liposomal paclitaxel (PNU-
93914) in treating patients with locally advanced or metas-
tatic cancer of the oesophagus. 

 Marqibo
®

, already approved for ALL, completed phase II 
clinical trial for the treatment of pediatric and adolescent 
patients with relapsed malignancies such as soft tissue sar-
coma, lymphoma, leukaemia, Wilms' tumor, osteosarcoma 
and is now taking part of a phase II study in patients with 
metastatic uveal melanoma.   

 A phase II clinical trial has been completed in 2008 to 
determine the tumor concentration of liposomal 9-nitro-
20(S)-camptothecin (L9NC) administered by inhalation and 
to study the overall response rate in patients with non-small-
cell lung cancer. A pharmacology study of L9NC in the 
plasma, and lungs after aerosolization has been performed as 
well and more recent phase II clinical trial has been com-
pleted in 2009 to study the association of L9NC and temo-
zolomide for the treatment of Ewing’s sarcoma.   

 A phase II clinical trial has been completed in March 

2010 for lurtotecan liposome in treating patients with ovarian 
epithelial cancer and patients with metastatic or locally re-

current head and neck cancer. Randomized phase II trial has 

been carried out to compare the effectiveness of two treat-
ment regimens of lurtotecan liposome in patients who have 

advanced or recurrent ovarian epithelial cancer, primary fal-

lopian tube cancer, or peritoneal cancer that has been previ-
ously treated with chemotherapy. Liposomal SN-38 in treat-

ing patients with metastatic colorectal cancer is now in phase 

II clinical study. Encapsulated SN38 (LE-SN38) is an oncol-
ogy drug product consisting of the active metabolite of iri-

notecan (CPT-11). Liposomal formulation of a relatively 

insoluble compound (SN38) and improvement in drug deliv-
ery (pharmacodynamic profile) may be obtained. An im-

proved safety and efficacy profile, compared with the pro-

drug CPT-11 is expected as well. This rationale is supported 
by the results from animal toxicity studies in preclinical tri-

als both the mouse and dog and during phase I clinical trial. 

 Neopharm just completed phase I clinical study 
on liposome encapsulating mitoxantrone (LEM) in patients 

with advanced malignancies. Liposome entrapped mitoxan-

trone (LEM) is a mixture of commercially available mi-
toxantrone HCl (Novantrone

®
) and a combination of lyophi-

lized lipids. Mitoxantrone, the active agent in the investiga-

tional formulation, is a currently marketed chemotherapeutic 
agent.  

 Many other studies are mentioned in the official website 
of clinical trials http://www.clinicaltrials.gov/; here authors 

wanted to share some of the latest updates on liposome re-

search moving from the bench to the bedside.  
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Table 2. Commercially Available Liposomal Formulations for Cancer Therapy 

Name Drug Year Cancer Type 

1995 Kaposi's sarcoma 

1999 Ovarian cancer (USA) Doxil® - Caelyx® doxorubicin 

2003 Ovarian cancer (Canada, EU) 

Myocet® doxorubicin 2000 Metastatic breast cancer 

DaunoXome® daunorubicin 1996 Kaposi's sarcoma 

DepoCyte® cytarabine 1999 Neoplastic meningitis 

Marqibo® vincristine 2012 Acute lymphoblastic leukaemia 

 

Table 3. Ongoing Clinical Trials 

Name Drug Cancer Type Phase 

PNU-93914 paclitaxel esophagus cancer II Completed 

Marqibo® vincrestine 
soft tissue sarcoma, lymphoma,  

leukaemia, Wilms' cancer, osteosarcoma 
II Completed 

L9NC 9-nitro-20(s)-campothecin NSCLC , Ewing's sarcoma II Completed 

Lurtotecan lurtotecan ovarian cancer II Completed 

LE-SN38 active metabolite of irinotecan (CPT11) colorectal cancer II 

New Generation of Liposomes 

PL-MnSOD esophageal protectant 
preventing esophagitis during ratia-

tion/chemotherapy for NSCLC 
II 

JVRS-100 immunostimolant plasmid leukaemia I 

T4N5 enzyme T4-bacteriophage endonuclease V non melanoma skin cancer II b Completed 

Stimuvax® MUC-1 derived peptide (BLP-25) NSCLC, multiple mycloma II Completed 

Combinatory Chemotherapy 

Liposome compound Combination   

Doxil® doxorubicin + AMG 386 ovarian cancer I b 

Interleukin-2 gene interleukin-2 plasmid + methotrexate melanoma II Completed 

Doxil® doxorubicin + temsirolimus solid malignancies I 

CPX-1 irinotecan HCl + fluoxuridine colorectal cancer II 

CPX-351 cytarabine + daunoribicin hematologic cancer I 

ThermoDox® doxorubicin + hyperthermia 
hepatocellular carcinoma,  

liver cancer 

III 

I Completed 

 

4.2.b. Clinical Trials on the Last Generation of Liposomes 

 Regarding the last generation of liposome containing 
DNA (lipoplexes), the oesophageal protectant  (MnSOD) 
used to prevent esophagitis during radiation/chemotherapy 
treatment for non-small cell lung cancer (NSCLC) need to be 
mentioned. A phase I-II study was carried out to evaluate the 
feasibility, safety, and efficacy of swallowed MnSOD plas-
mid/liposome (PL) transgene given as protection against 

radiation-induced esophagitis during concurrent paclitaxel 
and carboplatin chemotherapy with thoracic radiation in sub-
jects with locally advanced NSCLC. This study is currently 
suspended for interim data analysis. 

 Merck KGaA completed in August 2012 two phase IIb 
studies of BLP25 liposome vaccine for immunotherapy of 
non-small cell lung cancer (Stimuvax

®
) and patients with 

slowly progressive multiple myeloma with no symptoms and 
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who have had no chemotherapy. BLP25 is a liposome-
encapsulated peptide vaccine consisting of a synthetic pep-
tide derived from the mucin-1 (MUC-1) antigen with poten-
tial antineoplastic activity. Upon vaccination, MUC-1 pep-
tide vaccine may stimulate the host immune system to mount 
a cytotoxic T lymphocyte (CTL) response against MUC-1-
expressing tumor cells, resulting in growth inhibition. Merck 
is now recruiting patients for a phase II study for the treat-
ment of rectal, colorectal and prostate cancer. 

 A phase IIb clinical trial has been completed for T4N5 
liposomal lotion in preventing the recurrence of nonmela-
noma skin cancer in patients who have undergone a kidney 
transplant. T4N5 is a topical lotion that contains the enzyme 
T4-bacteriophage endonuclease V. In vitro and in vivo stud-
ies indicate that T4N5 liposomes increases repair of DNA 
damage caused by UV irradiation. T4N5 liposome lotion is 
also in phase III for the treatment of patients with Xeroderma 
pigmentosum who develop skin lesions in sun-affected areas. 
These skin lesions, such as actinic keratoses, can develop 
into skin cancer. Such lotion may reduce actinic keratoses or 
other sun-induced skin damage in patients with Xeroderma 
pigmentosum. 

 The lipid/DNA complexes (JVRS-100) are now in phase 
I clinical trial for the treatment of patients with relapsed or 
refractory leukaemia. JVRS-100 is a cationic liposome DNA 
complex (CLDC) composed of cationic DOTIM/cholesterol 
liposomes and plasmid DNA. The addition of peptide or pro-
tein antigens to DOTIM/cholesterol has been shown to pro-
duce a potent adjuvant effect following vaccination, with 
induction of enhanced CD4+ and CD8+ T-cell and antibody. 
JVRS-100 exhibits marked immunostimulatory properties, 
particularly for the induction of T-dependent antibody, char-
acteristic of T helper 1 (Th1) responses (IFN-predominant 
cytokine secretion pattern) and CD8+ CTL responses [164].  

 Phase I clinical study has been completed in February 
2012 for DOTAP:cholesterol-Fus1 in non-small-cell lung 
cancer.  This study is an attempt to transfer gene fus1 
into cancer cells, using the formulation DOTAP:cholesterol-
fus1. Researchers will also study the highest safe dose and 
the side-effects of this experimental gene transfer at different 
doses. Tests to see if there are any effects on tumor size on 
both non-small cell lung cancer and small cell lung can-
cer (SCLC) will be carried out as well. 

4.2.c. Combinatory Chemotherapy 

 New strategies in chemotherapy are now developing for-
ward combination of different anticancer drugs in order to 
take advantage from their synergism, possibly diminish 
doses and consequent side-effects and finally combat the 
disease aiming different targets. 

 The same direction has been taken by liposomes as well. 
Liposomal anticancer drugs whose efficacy is already well 
established (i.e. liposomal doxorubicin) are now under clini-
cal studies to confirm their combination with various active 
molecules. 

 Few examples are the phase II trial of pegylated liposo-
mal doxorubicin in combination with docetaxel with or 
without trastuzumab for the treatment of metastatic breast 
cancer [165].  

 A phase Ib study of AMG 386 in combination with pegy-
lated liposomal doxorubicin in subjects with advanced recur-
rent epithelial ovarian cancer is ongoing.  AMG 386 is a se-
lective angiopoietin 1/2-neutralizing

 
peptibody that inhibits 

angiogenesis by preventing interaction
 
between angio-

poietins and Tie2 receptors. It is hypothesized that AMG 
386, in combination with pegylated liposomal doxorubicin 
will be safe and well tolerated in subjects with recurrent 
ovarian cancer.   

 The injection of Interleukin-2 plasmid lipoplex combined 
with methotrexate for the treatment of head and neck cancer 
completed a phase II clinical trial recently.  

 A phase I study of Doxil
®

 and temsirolimus in resistant 
solid malignancies is now under investigation. The Mammal-
ian Target of Rapamycin (mTOR) is a large polypeptide ser-
ine/threonine kinase important as regulator of cancer cell 
cycle, proliferation, invasion, and angiogenesis. Inhibition of 
mTOR would result in arrest of cell growth in G1 phase of 
the cell cycle. Temsirolimus is a soluble ester analogue of 
rapamycin (sirolimus) which has shown impressive cy-
tostatic effects on a wide variety of cancer such as T-cell 
leukaemia, glioblastoma, melanoma, prostate, breast, renal 
cell, and pancreatic cells in animal models. In phase I trials, 
temsirolimus has been investigated as a single agent and 
evidence of activity was observed in patients with both 
breast and renal cancer. Major tumor responses were noted 
in phase I trials in patients previously treated with lung, 
breast, renal as well as neuroendocrine tumors. Minor re-
sponses were noted in soft tissue sarcoma, endometrial, and 
cervical carcinoma. The study has the aim of determining 
any anti-tumor activity and response from the combination 
of temsirolimus and pegylated liposomal doxorubicin in 
treatment of patients with resistant solid malignancies. 

 Even more interesting clinical trials from liposome tech-
nical point of view are the combination of different antitu-
mor drugs in the same liposomal formulation.  A phase II 
clinical study is carried out by Celator Pharmaceuticals over 
CPX-1 (irinotecan HCl : floxuridine) liposome injection in 
patients with advanced colorectal cancer. CPX-1 is a 
liposomal formulation of a fixed combination of antineoplas-
tic drugs irinotecan HCl and floxuridine. The two drugs are 
present inside the liposome in a fixed 1:1 molar ratio and 
CPX-1 was developed as a means of delivering and preserv-
ing a fixed 1:1 molar ratio of the two drugs. This ratio was 
found, in vitro and in vivo cancer models, to have synergistic 
anticancer activity. Preservation and delivery of this ratio is 
important because other ratios of these two drugs have been 
found to be antagonistic or only additive. Both floxuridine 
and irinotecan HCl are active chemotherapeutic agents, each 
approved for clinical use in the United States and Canada for 
colorectal cancer. Current practice routinely administers 5- 
fluorouracil with irinotecan in combination regimens in first 
or second line treatment without the means of preserving the 
synergistic ratio. 

 Celator Pharmaceuticals has also completed a phase I 
study over CPX-351 (cytarabine : daunorubicin) 
liposome injection in patients with advanced haematological 
cancer. CPX-351 is a liposomal formulation of a fixed com-
bination of the antineoplastic drugs cytarabine and daunoru-
bicin present inside the liposome in a 5 : 1 molar ratio. The 
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development of CPX-351 was based on: i) defining a syner-
gistic ratio of the two active moieties, cytarabine and daun-
orubicin, using cell-based screening assays and, ii) designing 
a liposomal drug carrier to maintain this ratio after intrave-
nous administration. CPX-351 was found to be more active 
in vivo models of cancer than combinations of conventional 
cytarabine and daunorubicin. The primary objective of the 
phase I study was to determine the recommended dose of 
CPX-351 for use in a phase II efficacy study in patients with 
leukaemia. Preliminary evidence of antitumor activity has 
been determined as well.   

 A combination of hyperthermia, temperature sensitive 
liposomes and radiofrequency ablation is now under investi-
gation for various neoplastic pathologies. Celsion completed 
phase III study to determine whether ThermoDox™, a ther-
mally sensitive liposomal doxorubicin, is effective in the 
treatment of non-resectable hepatocellular carcinoma when 
used in conjunction with radiofrequency ablation.  A phase I 
clinical trial has been already completed in March 2010 
studying the best dose of liposomal doxorubicin when given 
with radiofrequency ablation in treating patients with pri-
mary or metastatic liver tumours. Celsion is moreover re-
cruiting patients with colon cancer and liver metastasis to 
undergo a new phase II clinical trial.  

 This section has been dedicated to the latest develop-
ments in term of liposomes currently under investigation in 
clinical therapy. A modest overview has been given to un-
derstand how large is the fan of liposome applications and 
only few studies are here described, however more than three 
hundred trails are ongoing or just completed for the treat-
ment of cancers using liposomal anticancer drugs. 

5. CONCLUSION 

 In the past decade, pharmaceutical domain emphasized 
its researches over drug delivery systems in order to modify 
drugs behaviour according to the treated disease and the 
variability of responses from one patient to another. 

 Liposomes are undoubtedly one of the most investigated 
colloidal systems in the field of nanomedicine. As described 
in research studies mentioned before, liposomes can be used 
as a means to modify pharmacokinetics and biodistribution 
of anticancer drugs [17]. Molecules presenting a fast me-
tabolism in vivo can be protected by the lipid shell in the 
blood stream, and can accumulate in the desired tissue main-
taining their antitumor efficacy (Renoir’s group unpublished 
work). Moreover, they can be used as simple vehicle for hy-
drophobic drugs to permit their intravenous administration 
[166]. Their controlled release properties are often exploited 
to bombard continuously and for longer periods of time the 
tumor tissue in order to obtain a possible overwhelming of 
drug transporters responsible of drug efflux [17]. 

 Many anticancer molecules such as doxorubicin im-
proved their therapeutic index thank to the encapsulation in 
liposomal systems [163]. The ability of accumulating in tu-
mors diminishing their interaction with healthy tissues can 
prevent some undesired side effects likely cardiotoxicity in 
the case of doxorubicin.  

 However, one of the most interesting advantages pro-
posed by liposomes is the possibility of combining on the 

same vector different technologies and approaches to combat 
the desired pathology. Multifunctional approach involves 
combination of stimuli-sensitive functions such as hyper-
thermia with pharmaceutical techniques like long-circulating 
liposomes modified to become ligand-targeted nanosystems. 
Magneto-liposomes can be loaded with a pH-gradient tech-
nique to introduce ionizable anticancer drugs and scFv 
bounded on the surface of liposomes could enhance inter-
nalization within tumor cells. Vectors can then be shaped 
following the intrinsic characteristics of the pathologic area 
to obtain a specific medication for a specific disease. The use 
of drug combination is already a common strategy used in 
clinical therapy, however drug interactions are hard to fore-
seen when we translate from in vitro to in vivo experiments. 
Encapsulation of two different drugs in the same liposomal 
nanocarrier can synchronize the distribution of both mole-
cules if the coencapsulation results to be stable [167]. Mayer 
and Wang studied the liposomal combination of cis-
platin/daunorubicin or cytarabine/daunorubicin as well as 
doxorubicin/verapamil whose synergism was found to be 
active on MDR cells [168, 169]. 

 The wide range of studies cited in this review drives us to 
think that pharmaceutical improvements, from one hand, and 
always new biological discoveries, on the other hand, can be 
associated to design the optimized liposomal drug thanks to 
the possibility of grouping different aspects on the same 
medication, a distinctive feature difficult to achieve using 
classical chemotherapy. 

 Liposomal drugs have been suggested to be the long 
awaited “magic bullet” for cancer therapy, thanks to their 
specific accumulation in tumor tissues [170]. However, not 
all cancers and patients respond to the magic bullet equiva-
lently [171] and some cases of toxic reaction and intolerance 
have been established [17]. 

 Liposome accumulation in healthy tissues is normally 
lower compared to free drug, thus the toxicity profile of the 
active molecule is often modified. Side effects such as nau-
sea, alopecia and vomiting are found to be rare in patients 
treated with Doxil

®
 [172]. Liposomal drugs result to be more 

tolerated, preventing patients to leave treatments because of 
unbearable toxicities [17]; however, some cases of toxicity 
must to be taken into account.  

 In the case of Doxil
®

, the most important side effect con-
sists in dermal lesions (Hand and Foot syndrome; H-F) al-
ready described for long continuous infusions of doxorubicin 
and not observed for bolus injections, thus dosage and treat-
ment schedule need to be adjusted to minimize this toxicity. 
The official clinical trials website (http://www. clinicaltri-
als.gov/) mentions a phase III clinical study for the associa-
tion of an antiperspirant cream (F511) preventing palmar-
plantar erythrodysesthesia in patients receiving doxorubicin 
hydrochloride liposome for metastatic breast cancer.  

 At high doses, liposomes resulted to cause impairment of 
RES function, hepatomegaly and splenomegaly which has 
not dramatic consequences in normal patients, but could be-
come a serious concern for immunocompromised patients 
where the RES organs are the first-line defence against bac-
terial infections, thus adjusted doses need to be considered 
when we are in presence of this category of patients. 
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 Furthermore, little attention has been paid to potential 
immunogenicity of injectable nanosystems [173]. Pharma-
cokinetics and therapeutic improvements have been widely 
described, but immunologic responses have been often ne-
glected. Most of preclinical studies are carried out on immu-
nodepressed animals in order to develop tumor, thus no acti-
vation of immune system can be observed. Indeed, immuno-
genicity can have severe clinical implications when repeated 
administrations are foreseen, therefore further researches 
need to be pursued to increase the safety of these systems 
[173, 174]. 

 Unfortunately there is one more limitation for the devel-
opment of nanocarriers which lies in the translation from the 
bench to industrial production. Indeed, production of nano-
carriers in large amounts encounters serious engineering 
problems which must be solved before getting access to 
clinical applications. In addition, the price and cost of im-
munoliposomes has to be taken into consideration and it 
constitutes also a serious limitation for their development. 

 As we can see from these last observations the “panacea” 
for the treatment of cancer is not yet around the corner. 
Liposomes have undoubtedly improved anticancer drug 
therapeutic profiles and the opportunity to develop multi 
functional nanocarriers promises to alleviate many of the 
issues still present in clinical cancer therapy. 
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ABBREVIATIONS 

MLV = Multi Lamellar Vesicles 

SUV = Small Unilamellar Vesicles 

IUV = Intermediate Size Unilamellar Vesicles 

LUV = Large Unilamellar Vesicles 

REV = Reverse Phase Evaporation 

ePC = Egg-Phosphatidylcholine 

Chol = Cholesterol 

PC = Phosphatidylcholine 

PG = Phosphatidylglicerol 

DSPC = Distearoyl-Phosphocholine 

HSPC = Hydrogenated Soybean Phosphatidylcho-
line 

DOPC = Dioleoylphosphocholine 

DPPC = Dipalmitoylphosphocholine 

DSPG = Distearoyl-Phosphoglycerol 

DPPG = Dipalmitoylphosphoglycerol 

PEG = Polyethylene Glycol 

PEG-PE = Polyethylene Glycol Phosphoethanolamine 

GM1 = Monosialoganglioside 

HDL = High Density Lipoproteins 

C3bn = Cleaved Complement Fragment 

CR1 = Complement Receptor 1 

ara-C = Cyttarabine 

L-NDDP = Cis-Bis-Neodecanoato-Trans-R,R-1,2-Dia 
minocyclohexane Platinum 

t  = Half-Life 

Tm = Transition Phase Temperature 

EPR = Enhanced Permeability Retention 

RES = Reticuloendothelial System 

VIP = Vasoactive Instestinal Peptide 

RGD = Arginine-Glycine-Aspartate Peptides 

GAG = Glycosaminoglycan 

TAT = Trans-Activating Transcriptional Activator 
Protein 

MFL = Magnetic-Fluid-Loaded Liposomes 

mTOR = Mammalian Target of Rapamycin 

T4N5 = Enzyme T4-Bacteriophage Endonuclease V 

L9NC = 9-Nitro-20(S)-Campothecin 

NSCLC = Non-Small Cells Lung Cancer 

SCLC = Small Cells Lung Cancer 

ALL = Acute Lymphoblastic Leukaemia 
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