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Introduction
One of the draw backs of conventional chemotherapy for the 

treatment of cancer is the inability to deliver the drug in adequate 
quantity to the tumor site without undesirable side effects. 
Nanomaterials, with their size range (1-100 nm) that corresponds 
to basic biological materials such as DNA, vastly increased 
surface area (1000 m2/g) and unique mechanical, electronic, 
photonic and magnetic properties are projected to have a wide 
range of applications from drug and gene delivery to biomedical 

imaging. The major advantage of using nanomaterials as a carrier 
for anticancer drugs is the possibility of targeted delivery to the 
tumor, their ability to enclose or bind thousands of molecules of 
a drug and deliver to the required site and to overcome solubility 
and stability issues.[1-4] In addition, nanoplatforms like liposomes, 
lipid nanoparticles, dendrimers, micelles, gold nanoparticles 
can offer solutions to various problems in diagnosis and 
treatment of cancer. Multifunctional nanoparticles (MNPs) for 
simultaneous diagnosis, imaging and treatment, an area referred 
to as Theranostics, are also being developed for personalized 
medicine.[5-8]

Nanoparticles (NPs) loaded with chemotherapeutic agents 
such as the liposomes, polymer nps and lipid nps have the ability 
to overcome drug resistance. Multidrug resistance (MDR) is one 
of the biggest challenges in cancer chemotherapy. Development 
of cancer drug resistance is attributed to a number of factors 
including inefficient drug delivery to tumor cells, partly due 
to inefficient targeting and the rapid removal of the drug from 
tumor cells by the efflux pump, P-glycoprotein (P-gp). This 
membrane transporter is known to be over-expressed in tumors 
compared to drug-sensitive parent cell lines. Approximately 50% 
of the anticancer drugs used clinically today are substrates of 
P-gp. Therefore, a plausible way to reduce MDR is to increase the 
efficiency of drug delivery to the tumor and reduction of MDR-
based drug efflux. It has been suggested that nps may be able to 
circumvent P-gp-mediated resistance by partially bypassing the 
efflux pump as they are internalized by endocytosis.[9-13]

The size range of nanomaterials is strictly defined as 10-
100 nm, although many marketed nanomedicines are in the 
submicron range of 100-1000 nm.[14] Many of the properties of 
nanomaterials are different from those of the bulk materials due 
to an increased surface area and quantum effects. The quantum 
effects coupled with surface area effects can impact on the 
size-dependent properties of nanomaterials, which in turn can 
influence their in vivo behavior. Nanoparticles therapeutics is 
especially useful for cancer and disorders of the central nervous 
system, because they are able to cross the blood brain barrier 
(BBB). [15] In addition, it is also possible to achieve a prolonged 
residence time and a desired drug-release pattern by controlling 
the size and architecture of nanoparticles.
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Passive targeting 

Passive targeting of drug-loaded nanocarriers and their 
accumulation in tumor tissue is a size-dependent process. 
Passive targeting occurs as a result of the pathophysiological 
characteristics of the tumor vessels such as a leaky vasculature 
and poor lymphatic drainage.

The extravasation of particulate materials in to the tumor 
tissue and their retention is called Enhanced Permeation and 
Retention (EPR) effect. However, these particles, recognized 
as foreign bodies, may be opsonized by the cells of the 
reticuloendothelial system (Mononuclear Phagocyte System, 
MPS), thereby reducing the availability of the drug at the 
required site. Well-designed nanocarriers such as those coated 
with polyethylene glycol, a process called pegylation, have the 
ability to escape capture by the MPS. Such drug delivery systems 
are referred to as the stealth systems.[16] Most passive- targeting 
nanosystems have a surface coated with PEG for biocompatibility 
and “stealth” purposes. A variety of pegs with varying chain length 
and molecular weight are being used to control the thickness of 
the PEG coating and the grafting efficiency. Longer chains offer 
greater steric influence around the nanocarrier than short chain 
pegs.[17] Surface modification of nanocarriers can also be achieved 
by using derivatives of PEG such as the block copolymers of the 
poloxamer type.[18] Genexol-PM, a micellar formulation formed 
from PEG-based block copolymers is an example of such a 
product available in the market (Genexol-PM was approved in 
2007 in Korea and marketed in Europe).

Active drug targeting 

Passive targeting strategies have shown several limitations. 
Therefore, considerable effort is underway to maximize the 
accumulation of nanoparticles at the site of interest by other 
methods. Site- specific targeting and entry in to the tumor cell 
can be achieved via the over-expressed receptors of the tumor 
cell membrane and phagocytosis/endocytosis mechanisms.
[19] The transferrin receptor,[20-23] and the folic acid receptor 
over-expressed in many types of cancers are targets for active 
drug delivery.[24,25] Transferrin is a cell membrane- associated 
glycoprotein involved in the cellular uptake of iron and in the 
regulation of cell growth. Iron uptake occurs via internalization 
of iron-loaded transferrin mediated by the transferrin receptor. 
Similarly, the folic acid receptor is also a useful target for tumor 
specific drug delivery. It is known that the folate receptor density 
increases as the grade of cancer worsens. Active targeting is 
also possible by targeting biomarkers specific to a tumor or by 
exploiting processes that are essential for tumor development 
such as neoangiogenesis. CA-125 is such a biomarker for ovarian 
cancer and is expressed in more than 85% cases of ovarian 
cancer. [26,27] Although the benefit of active targeting is well-
known, this technology has resulted in only a few clinically 
validated nanoproducts to date.

Examples of Nanomedicines for Cancer Approved 
by FDA and Those Undergoing Clinical Trials 28 
(Table 1 and Figure 1).
Doxil (Liposomal Doxorubicin)

Doxil (pegylated liposomal doxorubicin), is the first 

FDA approved (1995) nanodrug used to treat some types of 
cancers, including metastatic ovarian cancer and AIDS-related 
Kaposi’s sarcoma. The product was formulated to improve 
the balance between the efficacy and toxicity of doxorubicin 
therapy. It contains doxorubicin (Adriamycin), a member of the 
anthracycline group, enclosed in an 80-90 nm size unilamellar 
liposome coated with PEG that allows the drug to stay in the 
bloodstream longer so that more of the drug reaches the cancer 
cell.[28-30] Doxorubicin is believed to act on cancer cells by two 
different mechanisms: intercalation into DNA and disruption of 
topoisomerase II-mediated DNA repair and generation of free 
radicals that result in damage to cellular membranes, DNA and 
proteins.[31] Doxorubicin is known to cause severe and possibly 
life-threatening heart problems (eg, heart failure). These 
problems may occur during therapy or sometimes months to 
years after receiving doxorubicin. In some cases, heart problems 
are irreversible. Myocardial damage may lead to congestive heart 
failure and may occur as the total cumulative dose of doxorubicin 
hcl approaches 550 mg/m². The risk may be increased in patient 
using certain medicines that may affect heart function or have a 
history of heart problems, receiving radiation treatment to the 
chest area, or previous therapy with other anthracyclines (eg, 
epirubicin) or cyclophosphamide. 

Doxorubicin
The risk of developing heart problems varies depending 

on the dose and condition. Given as liposomes, it has fewer 
side effects on healthy cells than regular doxorubicin. [32-34] 
Liposomal doxorubicin is also called Doxil (Johnson & Johnson, 
USA), Caelyx (Janssen-Cilag, Europe), Evacet(Liposome company 
INC.,) and lipodox (Sun Pharma). Loading of Doxorubicin (DXR) 
in liposomes is achieved by an ammonium ion gradient method 
where the neutral form of DXR from a sucrose medium crosses 
the lipid bilayer and the protonated DXR formed inside the 
aqueous compartment with ammonium sulphate is retained. It is 
estimated that a liposome contains 10-15 thousand molecules of 
doxorubicin. Liposomes are sterically stabilized by PEG surface 
coating (Figure 1). This is achieved by Distearoyl-phosphatidyl-
ethanolamine-PEG (DSPE-PEG) anchored into the phospholipid 
bilayers made of hydrogenated soy phosphatidylcholine and 
cholesterol.[35] The drug to lipid ratio is 0.125. The use of such 
stealth liposomes resulted in enhanced circulation time after 
intravenous administration (mean residence time of 4 days) 
and improved the pharmacokinetic profile of the drug. The area 
under the curve (AUC) was 900 µg.h/ml for Caelyx compared to 
45 µg.h/ml for the uncoated liposomes, Myocet, and 4 µg.h/ml for 
doxorubicin in patients with solid tumors.[36,37]
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Table 1: Examples of Nanomedicines for cancer approved by FDA and those undergoing clinical trials. (Source: FDA website, original publications, 
reviews and websites of pharmaceutical companies supplying/developing these drugs).

Drug product Active ingredient Manufacturer Indications
FDA approved
date/clinical
trial status

Doxil (Caelyx) Pegylated
doxorubicin

Orthobiotech,
Schering-Plough

Ovarian/breast
cancer

November
1995

Abraxane

Albumin-bound
Paclitaxel

nanospheres.

Nab paclitaxel in
combination with

gemcitabine

Abraxis
Bioscience, Astrazeneca

Celgene

Various cancers

Metastatic
pancreatic cancer

Jan-05

September
2013

Myocet
Liposome-

encapsulated
Doxorubicin

Elan Pharmaceuticals /
Sopherion

Therapeutics
Breast cancer

2000,
Approved in
Europe and

Canada

DaunoXome
Liposome-

encapsulated
Daunorubicin

Gilead Science HIV-related Kaposi
sarcoma Apr-96

DepoCyt Liposomal
Cytarabine

Skye Pharma,
Enzon

Lymphomatous
meningitis Apr-99

Oncaspar PEGasparaginase Enzon
Acute

Lymphocytic
Leukemia

Feb-94

Onco-TCS Liposomal
Vincristine Inex Non-Hodgkin

Lymphoma In clinical phase I/II

LEP-ETU Liposomal Paclitaxel Neopharma Ovarian/breast/lung
cancers In clinical phase I/II

Aroplatin Liposomal Cisplatin
analog Antigenics, Inc.   Colorectal cancer In clinical phase I/II

OSI-211 Liposomal
Lurtotecan OSI

Lung
cancer/recurrent

ovarian
In clinical phase II

SPI-77 Stealth Liposomal
Cisplatin Alza Head & Neck

cancer/Lung cancer In clinical Phase III

EndoTAG-I Paclitaxel Medigene/SynCore
Biotechnology

Breast
cancer/Pancreatic

cancer
In clinical phase II

Marqibo Vincristine Talon Therapeutics

Philadelphia
chromosome-

negative
lymphoblastic

leukemia

Aug-12

ThermoDox Doxorubicin Celsion Corporation Hepatocellular
carcinoma In clinical phase III
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Doxorubicin hydrochloride liposome injection is currently 
on the FDA’s drug shortage list. The U.S. Food and Drug 
Administration approved the first generic version of Doxil 
(doxorubicin hydrochloride liposome injection, February 
2013) made by Sun Pharma Global FZE, a subsidiary of India’s 
Sun Pharmaceutical Industries Ltd, to ease drug shortage. 
[28] Lipodox is the second generation of pegylated liposomal 
doxorubicin composed of distearoyl phosphatidyl choline 
(DSPC) and cholesterol with surface coating of PEG.[38] Lipodox 
has a circulation half-life of 65 hours. However, due to the long 
circulation time of the pegylated drug, stomatitis (inflammation 
of mucus lining) became the new dose-limiting toxicity. Doxil and 
lipodox (both pegylated) accumulate at tumor site by passive 
targeting mechanism. Unfortunately, both have more side effects 
than Myocet (non-pegylated doxorubicin). Moreover, liposomal 
formulations are more expensive than the non-liposomal drugs. 
The average per dose of doxil is approximately 10-20 fold higher 
compared to doxorubicin but a corresponding increase in patient 
survival has not been demonstrated. Another concern is the 
toxicity of liposomal formulations especially that of the pegylated 
liposomes, such as various skin reactions and hypersensitivity 
reactions.

Myocet 

Myocet is a non-pegylated liposomal doxorubicin citrate 
made by Enzon Pharmaceuticals for Cephalon in Europe and 
for Sopherion Therapeutics in the United States and Canada. 
Myocet received Canadian regulatory approval on December 21, 
2001 and is indicated for the first-line treatment of metastatic 
breast cancer in combination with cyclophosphamide. Myocet 

is also approved in Europe but not yet approved for use in the 
United States. It is currently being studied in combination with 
Herceptin (trastuzumab) and Taxol (paclitaxel) for treatment 
of HER2-positive metastatic breast cancer. Myocet has a 
different pharmacokinetic profile from doxorubicin, resulting 
in an improved therapeutic index (less cardiotoxicity and equal 
anticancer activity). [39]

The Myocet liposome is made up of egg phosphatidylcholine 
and cholesterol in a molar ratio of 55:45 and contains an equiva-
lent of 50 mg doxorubicin hydrochloride. A pH gradient method 
is used to encapsulate the drug which consists of maintaining an 
acid pH of 4 with citric acid in the inner compartment and a pH of 
7 in the outer compartment where doxorubicin hydrochloride is 
added. The neutral form crosses the lipid layer from the outside 
and the protonated form remains inside the liposome. The diam-
eter of the liposome is about 180 nm and the drug to lipid ratio 
is 0.27. The product is supplied to the end-user as a three vial 
system. One of the vial contains a lyophilized red powder of doxo-
rubicin hcl and another contains a suspension of the liposomes 
in citric acid and sodium chloride and the third vial contains a 
sodium carbonate buffer. The actual drug-loading occurs in the 
pharmacy by a specified procedure. The initial recommended 
dose of myocet is 60-75 mg/m2 and cyclophosphamide (600 mg/
m2) every three weeks. The clearance of doxorubicin in breast 
cancer patients receiving Myocet was found to be 5-9 fold lower 
and the volume of distribution about 10-25 fold lower than in pa-
tients receiving conventional doxorubicin. The half-life has been 
reported to be between 16-50 hours, which is significantly longer 
than conventional doxorubicin. These findings are in agreement 
with the theoretical advantage of using a liposomal encapsulation 
for drug delivery. [40-41]

Atragen Liposomal all trans-
retinoic acid

Aronex
Pharmaceuticals

Acute
promyelocytic

leukemia
In clinical phase II

Lipoplatin Liposomal Cisplatin Regulon
Pacreatic/ Head
and Neck/breast

cancer
In clinical phase III

Aurimmune
(CYT-6091)

TNF-α bound to
colloidal Gold
nanoparticles

Cytimmune
Sciences

Head and Neck
cancer In clinical phase II

Auroshell Gold nanoshells Nanospectra
Biosciences

Aurolace therapy
of cancer In clinical Phase 1

Genexol-PM Paclitaxel-loaded
polymeric micelle Samyang Breast cancer/small

cell lung cancer
Marketed in

Europe, Korea

Paclical Paclitaxel micelles Oasmia
Pharmaceutical AB Ovarian cancer Phase III

Narekt -102 Irinotecan, PEGylated
liposome Nektar Therapeutics Breast /colorectal

cancer
In clinical
Phase 3

NKTR-105 PEG-Docetaxel Nektar Therapeutics Solid tumors Phase 1

Ontak Diphtheria toxin and Seragen, Inc Cutaneous T-cell 1999
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Although Myocet and Doxil have the same API in liposomes, 
they are different in terms of the lipid composition, size, loading 
method, different plasma and tissue distribution profile as well 
as different dosing and safety profiles. They are certainly not bio-
equivalent.

ThermoDox 

A strategy leading to innovative nanoformulations focuses 
on nanosystems that can be triggered to release its contents on 
exposure to external stimuli such as heat, light, ultrasound, and 
magnetic fields, in order to maximize drug release at the patho-
logical site. Thermosensitive liposomes, hydrogels, dendrimers 
and micelles have been studied for release of drugs at sites of el-
evated temperature. Generally, thermosensitive liposomes make 
use of lipids with transition temperature between 40-45°C. Ther-
moDox, a temperature-sensitive doxorubicin-pegylated liposome 
(Celsion, in partnership with Duke University) being developed 
for liver cancer, is an interesting example of stimuli-responsive 
nanomedicine. This new generation liposomes are being de-
veloped to release their encapsulated drug where local tissue 
temperatures are elevated to 39-42°C by application of radiofre-
quency, a technique referred to as radiofrequency ablation. The 
lipid components in the liposome undergo a gel to liquid transi-
tion at elevated temperatures, rendering it more permeable, thus 
releasing the drug. In addition, application of local hyperthermia 
results in the blood vessels within tumors to leak, thus increas-
ing accumulation of liposomes in the tumor. ThermoDox is com-
posed of a mixture of dipalmitoyl phosphatidylcholine (DPPC), 
monostearoyl phosphatidyl choline (MSPC) and PEG2000 DSPE 
(distearoyl phosphatidyl ethanolamine) in 90:10:4 molar ratios. 
DPPC has a transition temperature of  41.5°C, therefore, it is ap-
propriate for temperature triggered technology. For thermodox, 
this technology allows concentration of the drug up to 25 times 
more in the treatment area than IV doxorubicin, and several fold 
the concentration of other liposomally encapsulated doxorubi-
cins. [42,43] Celsion also is developing a thermosensitive liposomal 
Docetaxel which was evaluated in mice xenograft with lung can-
cer and was found to be superior in reducing the tumor volume 
compared to docetaxel and non-thermosensitive liposomal for-
mulation.

DaunoXome (Liposomal Daunorubicin)

Daunoxome (Gilead sciences, now sold to Galen Pharmaceu-
ticals)

Daunorubicin is an anthracycline antibiotic with antineoplas-
tic activity. The anthracycline moiety is linked to an aminosugar, 
daunosamine via a glycosidic linkage. Daunoxome contains an 
aqueous solution of daunorubicin citrate encapsulated within li-
posomes made up of distearoylphosphatidyl choline, cholesterol 
and daunorubicin in a molar ratio of 10:5:1. The mean diameter is 
45 nm and the total lipid to daunorubicin ratio is 18.7:1. The lipo-
some injection has pH between 4.9 to 6 and the dispersion is red 
and translucent. It was approved by FDA in 1996 for HIV- associ-
ated Kaposi sarcoma. The liposomes are not rapidly cleared from 
the plasma by the Mononuclear Phagocyte System (MPS) and re-
lease of daunorubicin continues in a sustained manner. Preclinical 
studies indicate increased tissue concentrations of daunorubicin 
in tumor, brain, liver, spleen and intestine following daunoxome 
compared with free daunorubicin administration, but a reduced 
tissue concentration in cardiac tissue. [44] In addition, studies using 
radio-labelled vesicles suggest selective uptake into tumor. [45] The 
antitumor effects of Daunorubicin are due to intercalation into 
DNA and inhibition of topoisomerase II activity, resulting in de-
creased synthesis of both DNA and RNA. In addition, the free radi-
cal pathway that generates hydroxyl- and superoxide radicals and 
which peroxidizes lipids and damages cellular membranes also 
contributes to its antitumor activity. Pharmacokinetic studies fol-
lowing administration of 40 mg/m2 in pediatric patients revealed 
a mono-exponential decline in all patients and the PK parameters 
were not dose-dependent. The total plasma clearance was 0.423 
L/h/m2, elimination half-life of 5.5 h and a volume of distribution 
of 3.7 L/m2.[46,47] These differences in the volume of distribution 
and clearance result in higher daunorubicin exposure than with 
daunorubicin hcl.

Daunorubicin
Abraxane (Albumin-bound Paclitaxel, Paclitaxel 
protein bound)

Paclitaxel (Taxol, Bristol-Myers Squibb) belongs to an 

Figure 1: Nanocarriers of anticancer drugs and examples of FDA approved nanomedicines.



Page 6 of 13Citation: Pillai G (2014) Nanomedicines for Cancer Therapy: An Update of FDA Approved and Those under Various Stages of 
Development. SOJ Pharm Pharm Sci, 1(2), 13.

Nanomedicines for Cancer Therapy: An Update of FDA Approved and Those under 
Various Stages of Development

Copyright: 
© 2014 Pillai

important class of antitumor agents called taxanes.. Paclitaxel 
is a semisynthetic diterpenoid taxane derivative used for the 
treatment of a variety of malignancies including breast, lung, 
non-small cell lung cancer and ovarian cancer. Taxanes are cell 
cycle-specific agents and bind with high affinity to microtubules 
resulting in inhibition of mitosis and cell death.

 

Paclitaxel

Taxanes are highly hydrophobic molecules and therefore 
have very low solubility in water. In order to solubilize 
paclitaxel, a derivative of castor oil, called polyethoxylated 
castor oil (cremophore EL, a non-ionic surfactant) and 
ethanol (50:50) is used. However, the use of the solvent-
based formulation is associated with serious and dose-limiting 
toxicities. Cremophore itself causes hypersensitivity reactions 
(premedication with a steroid (oral dexamethasone) and 
antihistamine (diphenhydramine) was required) and is known 
to leach out plasticizers from standard intravenous injection 
tubing, necessitating special infusion set.[48] The albumin bound 
paclitaxel, Abraxane, however, do not contain cremophore 
(Figure 1). Therefore, no premedication or special tubing is 
required to administer abraxane. Abraxane (Abraxis Bioscience/ 
Celgene) was approved by the FDA in January 2005 for treatment 
of metastatic breast cancer and in October 2012 as a first line 
treatment for advanced non-small cell lung cancer in combination 
with carboplatin for patients who are not candidates for curative 
surgery or radiation therapy. Abraxane has also shown promise 
for treatment of advanced pancreatic cancer [49] and the US FDA 
has expanded approval to include advanced pancreatic cancer 
in 2013. Abraxane formulation uses nanotechnology to combine 
human albumin with paclitaxel allowing for the delivery of an 
insoluble drug in the form of nanospheres (130 nanometers 
in diameter). Albumin is an ideal carrier for drug delivery 
because of its preferential uptake in tumor and inflamed tissue, 
ready availability, biodegradability, and lack of toxicity and 
immunogenicity. Albumin-bound paclitaxel is the first biologic 
chemotherapeutic compound to exploit the gp60 receptor 
(albondin)-mediated pathway in endothelial cell walls of tumor 
microvessels to achieve enhanced intra-tumoral concentrations. 
Gp60 (albondin) is a 60-kda glycoprotein localised on the 
endothelial cell surface that binds to native albumin with a 
high affinity. The accumulation of albumin and albumin-bound 
drugs in the tumor interstitium is further facilitated by SPARC 
(Secreted Protein, Acidic and Rich in Cysteine) over- expressed 
in multiple type of tumors including breast, prostate, gastric, lung 
and kidney. More importantly, it is shown that increased SPARC 
levels in tumors’ correlate with enhanced response to Abraxane.

Abraxane formulation has increased the bioavailability of 

paclitaxel and resulted in higher intra-tumor concentrations 
facilitated by albumin-receptor (gp60) mediated endothelial 
transcytosis.[50-52] Nanoparticle albumin bound (NAB) paclitaxel 
is administered as a suspension intravenously (260 mg/m2 as 
infusion for 30 minutes). Nab paclitaxel can be reconstituted in 
normal saline at concentrations of 2–10 mg/ml, compared with 
0.3–1.2 mg/ml for paclitaxel. It undergoes biphasic elimination 
(two-compartment model of disposition) with a terminal half-
life of 27 hours (5.8 hours for paclitaxel). The clearance is 43% 
slower (15 L/h/m2) and the mean volume of distribution is 632 
L/m2 (indicating extensive extravascular distribution). The drug 
exposure (AUC) was proportional to the dose in the range of 80-
375 mg/m2.

Another nanocarrier for paclitaxel is being developed by Cell 
therapeutics, called “Paclitaxel poliglumex (PPX)”. This product is 
also known as Xyotax and Opaxio or CT 2103. It is a Soluble, large 
macromolecular conjugate of paclitaxel and poly-L-Glutamic acid 
and contains 37% of Paclitaxel. The polymer, poly-L glutamic 
acid, is biodegradable. When bound to the polymer, paclitaxel 
is inactive, potentially sparing healthy tissues from exposure to 
high level of paclitaxel and its associated toxicities. PPX, because 
of its large size, accumulates in tumor tissues by taking advantage 
of the enhanced permeability of tumor vasculature and lack of 
lymphatic drainage. The drug is released from the polymeric 
backbone by the intracellular lysosomal enzyme protease, 
cathepsin B, which is up-regulated in many tumor types.[53,54] 
Preclinical studies in animal tumor models demonstrate that 
PPX is more effective than standard paclitaxel and is associated 
with prolonged tumor exposure to active drug while minimizing 
systemic exposure. Phase 1 and 2 clinical studies with PPX 
showed encouraging outcomes compared to standard taxanes 
with reduced neutropenia and alopecia and allowed a more 
convenient administration schedule without the need for routine 
premedications.[53]

Polyglumex

Human pharmacokinetic studies are consistent with 
prolonged tumor exposure to active drug and limited systemic 
exposure. Based on these results, three ongoing randomized 
phase III trials were initiated to test the efficacy of paclitaxel 
poliglumex in patients with advanced non-small cell lung 
carcinoma.[55-58]

http://upload.wikimedia.org/wikipedia/commons/5/59/Taxol.svg
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Another agent under investigation and now in phase IV 
clinical trial is Genexol-PM (Samyang Biopharmaceuticals, South 
Korea) which consists of 20-50 nm micelles formed by the self- 
assembly of polyethylene glycol and polylactide polymers (Figure 
1). The core of these micelles contains paclitaxel.[59] The co-
polymer increases the water-solubility of paclitaxel and allows 
delivery of higher doses than those achievable with paclitaxel 
alone. Genexol-PM was launched in Korean market for breast 
cancer and small cell lung cancer in February 2007.

EndoTAG-1

Medigene AG (a biotechnology company in Munich,Germany) 
obtained U.S. patent for EndoTag®-1 (formerly named lipopack)
in May 2012 for the Treatment of Triple-Negative Breast cancer. 
Triple negative breast tumors do not have any HER2 receptors 
or hormone receptors for estrogen or progesterone. There are 
very few treatment options available for this type of cancer 
since the conventional antihormonal therapy or treatments 
targeting HER2 are not appropriate. Endotag®-1 is a cationic 
liposome containing paclitaxel. The liposome is formed from 
1,2 dioleoyl-3-trimethylammonium-propane (DOTAP) and 1,2 
dioleoyl-sn-glycero-3-phosphocholine (DOPC) and paclitaxel in 
a molar ratio of 50:45:5. The diameter is about 220 nm. Due to 
the positively charged lipids, endotag®-1 interacts with newly 
developing, negatively charged endothelial cells required for the 
growth of tumor blood vessels. The endotag®-1 targets the tumor 
vasculature without affecting the supply to endothelial cells of 
healthy tissue. By doing this, it prevent the formation of new 
tumor blood vessels, increases tumor vascular permeability and 
inhibit tumor growth.[60] A controlled phase II clinical trial for 
pancreatic cancer showed significantly increased survival rates 
in patients treated with endotag-1 and gemcitabine combination 
therapy. A phase II trial in triple negative breast cancer also 
showed a positive efficacy trend of the combination therapy. 
European and US authorities have granted orphan drug status 
for endotag-1 in the treatment of pancreatic cancer.

Lipoplatin (Liposomal cisplatin) 

Lipoplatin is a liposomally-encapsulated (average diameter, 
110 nm) drug product of the FDA-approved cytotoxic agent 
cisplatin. The major concern about the use of cisplatin and other 
platinum compounds is nephrotoxicity. Patients receiving these 
agents need to be hydrated to prevent renal damage. In the 
Lipoplatin product, cisplatin (cis-diamino dichloro-platinum) 
is encapsulated in a liposome shell composed of dipalmitoyl 
phosphatidyl glycerol, soy phosphatidyl choline, cholesterol 
and methoxy-polyethylene glycol-distearoyl phosphatidyl-
ethanolamine lipid conjugate. The ratio of cisplatin to lipids is 
8.9%:91.1% (w/w).[61,62] Lipoplatin is used against pancreatic 
cancer in combination with gemcitabine as first line treatment. It 

has shown superiority to cisplatin in combination with paclitaxel 
as a chemotherapy regimen in non-small cell lung cancer (NSCLC) 
adenocarcinomas.  Lipoplatin accumulates in the cancer tissues 
by the extravasation of the nanoparticles through the defective 
vasculature of the tumor tissue during neoangiogenesis. 
Lipoplatin had mild hematological and gastrointestinal toxicity 
and did not show nephron, neuro, oto- toxicity or any other side 
effects characteristic of cisplatin. The half-life of total platinum 
in the human plasma was 60-117 hours compared to 6 hours for 
cisplatin.[63] Human studies have shown 40- to 200-fold higher 
platinum concentration compared to the adjacent normal tissue 
in specimens from human biopsies 20h post-infusion of the 
drug. The clinical development of Lipoplatin in adenocarcinomas 
establishes this drug as the most active platinum drug with 
significantly lower side effects. Lipoplatin, under the name 
Nanoplatin, received in 2009 the consent of European medicine 
agency to be tested as first line against non-squamous NSCLC 
mainly composed of adenocarcinomas.

OncoTCS (Vincristine)

Vincristine (VCR) and Vinblastine (VLB) are alkaloids 
obtained from the flowering plant. Catharanthus roseus 
(Periwinkle, also called the Madagascar periwinkle). Both 
have powerful anticancer activity. On August 9, 2012, the 
Food and Drug Administration (FDA) granted accelerated 
approval for vincristine sulfate liposome injection (Marqibo®, 
made by Talon Therapeutics, Inc.) For the treatment of adult 
patients with Philadelphia chromosome-negative (Ph –) acute 
lymphoblastic leukemia (ALL). Vincristine administered as the 
liposomal formulation exhibits a lower clearance and higher AUC 
compared with conventional VCR.[64,65] INEX Pharmaceuticals 
is developing a liposomal formulation of vincristine (Onco TCS, 
vincacine, VSLI, Vincristine sulfate liposomes for injection) for 
the treatment of relapsed aggressive non-Hodgkin’s lymphoma 
(NHL) and other cancers. (Inex is a Canadian biopharmaceutical 
company developing and commercializing proprietory drugs 
and drug delivery systems to improve treatment of cancer). 
Vincristine is being developed using INEX’s proprietary drug-
delivery technology platform called the “transmembrane carrier 
systems” (TCS). Liposomal vincristine is expected to have certain 
advantages over the existing standard preparation because 
vincristine in liposomes enables the drug to increase blood 
circulation time, increase the drug accumulation in the blood, 
increase drug accumulation in the tumor, and be released over 
an extended period.

http://upload.wikimedia.org/wikipedia/commons/8/80/Cisplatin-stereo.svg
http://upload.wikimedia.org/wikipedia/commons/b/bf/Vincristine.svg
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Vinorelbine

Vinorelbine, a microtubule inhibitor, is a semisynthetic 
vinca alkaloid shown to be useful for treatment of a variety of 
malignancies, such as small cell lung, breast, ovarian, head and neck, 
cervical and kaposi sarcoma. A new formulation of vinorelbine, 
called Allocrest, consists of vinorelbine tartrate encapsulated in 
the aqueous core of a liposome (sphingomyelin-based liposomes 
called Optisome™). This formulation has been developed to 
achieve targeted delivery of the drug in high concentration in the 
tumor and also sustained release. In animal models, the Optisome 
technology resulted in prolonged plasma circulation (100-fold 
increased area under the concentration- time curve) and 9.5-
fold enhanced cancer tissue drug penetration and accumulation 
as compared to that achievable with un-encapsulated, standard 
vinorelbine. The high intra-tumoral vinorelbine concentration 
is expected to improve cancer cell killing beyond the capability 
of standard vinorelbine. The prospect of providing enhanced 
anti-cancer activity without enhanced toxicity is of particular 
importance in the treatment of elderly cancer patients and those 
with marginal performance status. Nano vinorelbine (nanovnb) 
was found to be active against human breast cancer and lung 
cancer xenograft.[66]

DepoCyt (Liposomal Cytarabine)

Cytarabine

DepoCyt is a sustained –release liposomal formulation 
of cytarabine, prepared by a unique proprietary technology 
called depofoam. Unlike the usual unilamellar or multilamellar 
liposomes, the depofoam is a multivesicular system containing 
hundreds of water-filled compartments separated by a lipid 
bilayer. This structure allows encapsulation of large quantities of 
drugs and ensures prolonged release.[67-69]

Cytarabine liposome injection (DepoCyt, Enzon Pharmaceu-
ticals), was given full approval by the FDA in April 2007 for the 
treatment of lymphomatous meningitis, a life-threatening com-
plication of lymphoma. It was originally approved in April 1999 
under the accelerated approval regulations based on increased 
response rate compared to the unencapsulated drug. It is the only 

liposomal drug for intrathecal use and should be administered 
only under supervision of a qualified physician. Systemic expo-
sure to cytarabine is negligible when the liposome is given intra-
thecally. Cytarabine is a cell-cycle specific antineoplastic agent af-
fecting cells only in the s-phase of cell divison. Depofoam-encap-
sulation has been shown to result in a sustained-release lasting 
several days to weeks (Depocyt has a half-life of up to 82.4 hours 
compared to 3.4 hours for the unencapsulated drug) after non-
vascular administration. Depocyt is well distributed throughout 
the cerebrospinal fluid to provide continuous  tumor cells with 
complete exposure to cytarabine. (The routes of administration 
most viable for delivery of drugs via depofoam formulations in-
clude intrathecal, epidural, subcutaneous, intramuscular, intra-
articular, and intraocular). Depofoam particles are distinguished 
structurally from unilamellar vesicles, multilamellar vesicles, and 
niosomes in that each particle comprises a set of closely packed 
non-concentric vesicles. The particles are tens of microns in di-
ameter and have large trapped volume, thereby affording deliv-
ery of large quantities of drugs in the encapsulated form in a small 
volume of injection. A number of methods based on a manipula-
tion of the lipid and aqueous composition can be used to control 
the rate of sustained-release from a few days to several weeks.

The liposome contains dioleoyl phosphatidyl choline, 
dipalmitoyl phosphatidyl glycerol, cholesterol and triolein. It is a 
long-acting, preservative-free formulation. The pharmacokinetic 
advantage of this formulation was that the terminal half-
life was 40 times longer than that of standard cytarabine. 
[70] Chemical arachnoiditis, manifested primarily by nausea, 
vomiting, headache and fever, has been a common adverse 
event following administration of DepoCyt. The incidence and 
severity of arachnoiditis can be reduced by the co-administration 
of dexamethasone. Therefore, it is recommended that all 
patients receiving DepoCyt should be treated concurrently with 
dexamethasone. Cytarabine can cause fetal harm if a pregnant 
woman is exposed to the drug systemically. However, the concern 
for fetal harm following intrathecal DepoCyt administration is 
low because systemic exposure to cytarabine is negligible.[71]

Annamycin

http://en.wikipedia.org/wiki/File:Vinorelbine.svg
http://upload.wikimedia.org/wikipedia/commons/4/43/Annamycin.svg
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Annamycin is a semisynthetic doxorubicin analog developed 
at the M.D Anderson Cancer Institute in Houston, Texas. 
Annamycin was initially investigated as an antineoplastic 
without the multidrug resistance related to p-glycoprotein. 
The p-glycoprotein is a major factor limiting the efficacy of 
anthracycline group of drugs. [72] As shown in the structure above, 
annamycin does not have the amino group in the sugar moiety 
as in doxorubicin. Removal of the amino group seems to reduce 
the cardiac toxicity without changing its antitumor properties. 
Annamycin intercalates into DNA and inhibits topoisomerase II. 
This results in the inhibition of DNA replication and repair as well 
as RNA and protein synthesis. Liposomal annamycin is less toxic 
and shows improved antitumor activity compared to annamycin 
and is indicated for breast cancer.[73,74]

Oncaspar (Asparaginase)

Asparagine

Leukemic cells are unable to synthesize asparagine due to 
lack of asparagine synthetase and are dependent on exogenous 
source of asparagine for survival. Asparaginase is the enzyme 
that depletes the amino acid asparagine. Depletion (starving 
the leukemic cells) of asparagine ultimately results in leukemic 
cell death. Normal cells are less affected because of their 
ability to synthesize asparagine. L-asparaginase has been an 
important component in the treatment of acute lymphoblastic 
leukemia (ALL).[75,76] Oncaspar is a modified form of the enzyme, 
L-asparginase. The tetrameric enzyme, derived from E.coli, is 
covalently conjugated with monomethoxy polyethylene glycol 
(mpeg). Approximately 69-82 molecules of mpeg are linked to 
L-Asparaginase. The molecular weight of each mpeg molecule is 
5 kda. PEG asparaginase (Enzon) was approved by FDA in July, 
1994 for use in acute lymphoblastic leukemia (ALL). Patients 
with allergy to the drug were unable to receive L-Asparaginase. 
The use of Oncaspar in place of L-asparaginase, markedly reduced 
the number of drug injections required from 21 injections of 
Elspar (L-asparaginase), to three injections with Oncaspar 
over the 20-week course of treatment. Through the process 
of pegylation, the half-life of L-asparaginase is significantly 
increased (approximately 6 days) and the L-asparaginase 
activity is sustained.[77] Oncaspar provides patients the full 
benefits of asparaginase therapy with an enhanced convenience 
over native L-asparaginase (non-pegylated form). Oncaspar 
can be administered through intramuscular (IM) injection or 
intravenous (IV) infusion. When utilized as a component of 
induction therapy for ALL, a single dose of Oncaspar achieved 
similar levels of asparagine depletion as 9 doses of native 
L-asparaginase.[77]

Camptothecins

Lurtotecan

Lurtotecan is a potent semisynthetic derivative of 
camptothecin. This analog is water-soluble. Lurtotecan is a 
topoisomerase inhibitor used for epithelial ovarian cancer. 
Lurtotecan has been formulated into unilamellar liposomes. 
Pharmacokinetic studies in nude mice have demonstrated 
increased plasma residence time and 1500-fold increase in 
AUC.78,79]

Irinotecan, another agent of this group added to fluorouracil 
(FU), resulted in the first major advance in many years in the 
treatment of colorectal cancer and the combined administration 
of these drugs became the standard of care.[80] Irinotecan 
(Camptostar,NKTR-102) is being developed by Nektar 
Therapeutics as a pegylated liposomal formulation for the 
treatment of colorectal cancer

Irinotecan (NKTR-102)

NKTR-102 is a new therapeutic option in development for 
advanced breast cancer. It is the first long-acting topoisomerase 
I inhibitor. NKTR-102 is believed to penetrate the vasculature of 
the tumor environment more readily than normal vasculature, 
increasing the concentration of active drug within tumor tissue 
to enhance anti-tumor activity. The unique PK profile of NKTR-
102 provides continuous exposure of active drug throughout the 
entire chemotherapy cycle, with reduced peak exposures that can 
be associated with toxicities. NKTR-102 is also being evaluated 

http://en.wikipedia.org/wiki/File:L-Asparagin_-_L-Asparagine.svg
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for the treatment of ovarian, glioma and lung cancers. The most 
significant adverse effects of irinotecan are severe diarrhea and 
extreme suppression of the immune system. Irinotecan received 
accelerated approval by the (FDA) in 1996 and full approval in 
1998. During development, it was known as CPT-11.

All-trans retinoic acid

ATRA or ATRAGEN (Liposomal tretinoin, lipoatra, AR-623) is 
a vitamin A acid or all trans-retinoic acid. Retinoids bind to and 
activate retinoic acid receptors resulting in gene expressions 
leading to cell differentiation, decreased cell proliferation and 
inhibition of carcinogenesis. ATRA also inhibits telomerase, 
telomere shortening and eventual apoptosis of some tumor 
cell types. ATRA is used to treat acute promyelocytic leukemia 
(APL, APML) in patients who have not responded to other 
treatments. One of the disadvantages of oral ATRA is its very 
poor bioavailability. It is almost insoluble in aqueous medium 
with highly variable absorption from the intestine. The liposomal 
delivery system of ATRA alters the drug’s pharmacokinetics and 
decreases toxicity associated with oral administration. Following  
(iv) injection, this formulation is able to bypass the hepatic 
clearance mechanism that metabolizes the oral formulation of 
ATRA. Additionally, in vitro studies have shown that liposomal 
ATRA has a greater anti-proliferative effect on neoplastic 
cells as compared to free ATRA. It can inhibit the proliferation 
of lymphoma cells in a dose-dependent manner by inducing 
apoptosis.[81-83] It has also been shown that the iv administration 
of liposomal retinoic acid in human subjects resulted in a 13-15 
fold higher plasma concentration than retinoic acid.[83]

Gold Nanoparticles
One of the most studied nanotechnology-based nanoparticles 

is the gold nanoparticles (gnps). Gnps are potential drug carriers, 
photothermal agents, radiosensitizers, contrast agents and have 
also have shown promise for cancer therapy. There are four 
types of gold nanoparticles: gold colloid, gold−silica nanoshells, 
gold−gold sulfide nanoparticles, and gold nanorods. Each of these 
four particles has demonstrated success in both optical imaging 
and photothermal ablation of cancer. There are several methods 
for the preparation of gold nanoparticles. One of the methods 
involves reduction of chloroauric acid with sodium citrate. 
Varying the molar ratio of citrate to chloroauric acid results in 
variation of gnps sizes, from 50-150 nm. The nanoparticles are 
stabilized by coating with polyethylene glycol and anticancer 
drugs can be attached to the coated nanoparticles. Gnps exhibit 
unique physicochemical properties: their optical properties 
and ability to bind to amino and thiol groups permits surface 
functionalization for various biomedical applications. Tumor-
specific ligands such as transferrin, folic acid, monoclonal 

antibodies, and tumor necrosis factor have been attached to 
surface of gold nanoparticles combined with a chemotherapeutic 
agent for specific delivery to tumor. Aurimmune (Cytimmune 
Sciences, Rockville, MD) is a 27nm gold nanoparticle coated with 
thiolated PEG and attached to recombinant human tumor necrosis 
factor α (TNF-α) which has the ability to accumulate in the tumor 
and exert its antitumor activity. TNF-α is a multifunctional 
cytokine known to have both cytotoxic and immunomodulatory 
effects. Prior to aurimmune, attempts to use TNF-α in adequate 
doses for its anticancer response were not successful due to dose-
limiting toxicity, such as hypotension and nausea. However, no 
dose-limiting toxicity was observed when dose levels as high as 
500-600 microgram/m2 of TNF-α was administered to patients 
with solid tumors. The main side effect was only a grade 2 fever. 
Intracellular gnps were detectable in post-treatment tumor 
biopsies but not in healthy tissues. A recent study reported the 
amplification of biochemical action of  Au-TNF by laser-induced 
photothermal effect in target tumor.[84] Another device that has 
advanced to clinical trials is a nanoparticle of silica coated with a 
thin layer of gold, called AuroShell (Nanospectra Bioscience Inc, 
Houston, Texas). Photothermal therapy of head and neck cancer is 
possible when the AuroShell is irradiated with near infra-red rays 
from a laser. Gold nanoshells are more efficient in converting the 
incident light in to heat than nanoparticles. This is referred to as 
AuroLase therapy.[84-89] The potential benefit of AuroLase therapy 
is the highly selective and rapid tumor destruction with minimal 
damage to surrounding healthy tissue. Preclinical studies have 
demonstrated that AuroLase Therapy is effective and causes no 
detectable systemic toxicity. Additionally, this therapeutic device 
may be used in combination with standard chemotherapy and 
radiation.

SiRNA Delivery
RNA interference, or gene silencing, is one of the most impor-

tant discoveries in the field of biology in the last decade for which 
a Nobel Prize in medicine was awarded in 2006. RNA interfer-
ence is a natural phenomenon which can be used to selectively 
turn off the genes expressed in some diseases. Molecular therapy 
using small interfering RNA (siRNA, synthetic RNA molecules 
designed to suppress production of specific proteins) has shown 
great therapeutic potential for diseases caused by abnormal gene 
over-expression or mutation. When the siRNA-based therapeu-
tics are introduced in to the cell cytoplasm, they are guided to 
target protein mRNA which is then cut and destroyed, preventing 
subsequent production of target protein. The challenges in de-
veloping effective delivery systems include the instability of RNA 
in the blood and its inability to enter the cell cytoplasm. Recent 
developments in nanotechnology is making it possible to deliver 
these gene silencing agents in the true nanosize of 20-40 nm that 
displays favorable EPR effect and free of antigenicity.[90-92] Cur-
rently there are several phase 1 clinical trials underway using 
nanotechnology based delivery of siRNA including the following: 
CALLA 01(Calando Pharmaceuticals, a subsidiary of Arrowhead 
Research Corporation, a biotech company developing targeted 
RNAi therapeutics) using cyclodextrin nanoparticles attached 
to transferrin and coated with PEG for solid tumors; Atu027 
(Silence Therapeutics, London, UK, now merged with Intradigm 
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Corporation, USA) using cationic lipids to form lipoplexes and is 
aimed at Protein Kinase N3(PKN3), a key factor for cancer pro-
gression and metastasis; TKM 080301 (Tekmira Pharma) target-
ing polo-kinase of solid tumors using lipid nanoparticles (LNP 
Technology).[92] Various in vivo delivery strategies for siRNA, 
including chemical modification, conjugation, lipid-based tech-
niques, polymer-based nanosystems and physical methods, have 
been reviewed. [93]

Conclusion
Nanomedicines at present are in an early stage of development. 

They have the potential, however, to overcome the limitations of 
conventional cancer chemotherapy by their ability to selectively 
target the cancer cells without doing too much damage to 
healthy tissue. Properly designed nanoparticles have the ability 
to accumulate in tumors either by passive or active targeting 
and enhance the cytotoxic effects of antitumor agents. Several 
anticancer drugs in Nano formulations have been evaluated 
and a few are already approved for clinical use and others are 
undergoing phase 2/3 clinical trials. Although the nanomedicines 
have numerous advantages compared to conventional 
chemotherapy, there are concerns about their potential for 
toxicity to patients and to the environment in addition to the 
high cost of production and premature drug release. On the other 
hand, nanotechnology offers the opportunity to reformulate 
the discontinued drugs because of poor bioavailability, lack of 
selectivity to desired target or extreme toxicity. It is also known 
that drug loaded nanoparticles evade the efflux mechanism, 
maintain a high concentration within tumor cells and therefore 
avoid development of resistance. 
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