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ABSTRACT 

The present disclosure is directed in part to a biocompatible 
nanoparticle composition comprising a plurality of non-col 
loidal long circulating nanoparticles, each comprising a 
ot-hydroxy polyester-co-polyether and a therapeutic agent, 
Wherein such disclosed compositions provide a therapeutic 
effect for at least 12 hours. 
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LONG CIRCULATING NANOPARTICLES 
FOR SUSTAINED RELEASE OF 

THERAPEUTIC AGENTS 

RELATED APPLICATIONS 

[0001] This application claims priority to US. Ser. No. 
12/638,297, ?led Dec. 15, 2009, Which claim priority to pro 
visional applications U.S. Ser. No. 61/122,479, ?led Dec. 15, 
2008, US. Ser. No. 61/260,200, ?led Nov. 11, 2009, and US. 
Ser. No. 61/249,022, ?led Oct. 6, 2009, each of Which is 
hereby incorporated by reference in its entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] This invention Was made With United States Gov 
ernment support under Cooperative Agreement Number 
70NANB7H7021 aWarded by the National Institute of Stan 
dard and Technology (N IST). The United States Government 
has certain rights in the Invention. 

BACKGROUND 

[0003] Nanoparticles for the delivery of therapeutic agents 
have the potential to circumvent many challenges associated 
With traditional delivery approaches including lack of patient 
compliance to prescribed therapy, adverse effects, and infe 
rior clinical e?icacy due to lack of targeted delivery. Impor 
tant technological advantages of nanoparticles for drug deliv 
ery include the ability to deliver Water-insoluble and unstable 
drugs, incorporation of both hydrophobic and hydrophilic 
therapeutic agents, and ability to utiliZe various routes of 
administration. Nanoparticle delivery systems may also 
facilitate targeted drug delivery and controlled release appli 
cations, enhance drug bioavailability at the site of action, 
reduce dosing frequency, and minimize side effects. 
[0004] Because of these possible advantages, nanoparticu 
late systems have been examined for use as drug delivery 
vehicles, including polymeric micelles, polymers, liposomes, 
loW-density lipoproteins, dendrimers, hydrophilic drug-poly 
mer complexes, and ceramic nanoparticles. Typical poly 
meric materials utiliZed in polymeric particulate drug deliv 
ery systems include polylactic acid (PLA), poly(D,L 
glycolide) (PLG), and poly(lactide-co-glycolide) (PLGA). 
PLA and PLGA are listed as Generally RecogniZed as Safe 
(GRAS) under Sections 201 (s) and 409 of the Federal Food, 
Drug, and Cosmetic Act, and are approved for use in com 
mercially available microparticulate systems, including 
Decapeptyl®, Parlodel LA®, and Enantone Depot®, as Well 
as in implant devices, such as Zoladex®. 

[0005] HoWever, certain nanoparticle systems, such as 
liposomes, are not amenable for use With certain therapeutic 
agents. Polymeric nanoparticles developed to date have lim 
ited effectiveness, in part because such nanoparticles clear 
from the body quickly once administered and/or may accu 
mulate in healthy tissue Where treatment is not needed. Con 
trol of delivery of an active agent, using nanosystems, 
remains a challenge. 
[0006] Therefore there is a need for biocompatible compo 
sitions capable of extended delivery of active agents, e.g., 
anti-neoplastic agents, that provide for prolonged and/or 
increased plasma drug concentrations in a patient, especially 
as compared to administration of an active agent alone. 
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SUMMARY 

[0007] In one aspect of the invention, a nanoparticle com 
position is provided that includes a biodegradable and/or 
biocompatible polymer and a therapeutic agent, Wherein the 
biodegradable and/or biocompatible polymer matrix releases 
the therapeutic agent at a rate alloWing controlled release of 
the agent over at least about 12 hours, or in some embodi 
ments, at least about 24 hours For example, provided herein is 
a biocompatible nanoparticle composition comprising a plu 
rality of long circulating nanoparticles, each comprising a 
biocompatible polymer and a therapeutic agent, said compo 
sition providing an elevated plasma concentration of the 
therapeutic agent for at least 12 hours When the composition 
is administered to a patient, and an area under the plasma 
concentration time curve (AUC) that is increased by at least 
100% over the AUC provided When the therapeutic agent is 
administered alone to a patient. 

[0008] In an embodiment, disclosed herein is a biocompat 
ible nanoparticle composition comprising a plurality of long 
circulating nanoparticles, each comprising a ot-hydroxy poly 
ester-co-polyether and a therapeutic agent, said composition 
providing an elevated plasma concentration of the therapeutic 
agent for at least 6 hours, at least 12 hours, or at least 24 hours 
or more When the composition is administered to a patient, to 
provide an area under the plasma concentration time curve 
(AUC) that is increased by at least 100%, or at least by 150%, 
over the AUC provided When the therapeutic agent is admin 
istered alone to a patient. 

[0009] In some embodiments, disclosed nanoparticles may 
provide an actual peak plasma concentration (Cmax) that is at 
least 10% higher, or even at least 100% higher, as compared 
to a Cmax of said therapeutic agent When administered alone. 
Disclosed nanoparticles, for example, may provide a volume 
of distribution When administered to the patient that is less 
than or equal to about 5 plasma volumes. For example, dis 
closed nanoparticles and/or compositions may decrease the 
volume of distribution (VZ) by at least 50% as compared to the 
V2 of the patient When the therapeutic agent is administered 
alone. 

[0010] Disclosed biocompatible nanoparticle composi 
tions may include long circulating nanoparticles that may 
further comprise a biocompatible polymer coupled to a tar 
geting moiety, for example, a targeting moiety that is selected 
from the group consisting of a protein, peptide, antibody, 
antibody fragment, saccharide, carbohydrate, small mol 
ecule, glycan, cytokine, chemokine, nucleotide, lectin, lipid, 
receptor, steroid, neurotransmitter, cell surface marker, can 
cer antigen, or glycoprotein antigen. An exemplary targeting 
moiety may bind to prostate membrane speci?c antigen 
(PMSA). For example, a disclosed nanoparticle may include 
a biocompatible polymer coupled to a targeting moiety, e. g., 
a nanoparticle may include PLA-PEG-((S,S-2-{3-[1-car 
boxy-5-amino-pentyl]-ureido}-pentanedioic acid. Disclosed 
long circulating nanoparticles may include 1 to about 4% by 
Weight, or 2% to about 4% by Weight, of a biocompatible 
polymer coupled to a targeting moiety 
[0011] In some embodiments, a biocompatible nanopar 
ticle may include a biocompatible polymer such as PLA 
PEG. For example, a ot-hydroxy polyester-co-polyether may 
be polylactic acid-co-polyethylene glycol, and/or a ot-hy 
droxy polyester-co-polyether comprises about 16 kDa poly 
lactic acid and about 5 kDa polyethylene glycol. 
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[0012] Disclosed long circulating nanoparticles may be 
about 80 to about 90 Weight percent ot-hydroxy polyester-co 
polyether. 
[0013] In some embodiments, disclosed long circulating 
nanoparticles may further comprise a biodegradable polymer, 
such as poly(lactic) acid. For example, long circulating nano 
particles may have about 40 to about 50 Weight percent poly 
(lactic)acid, and about 40 to about 50 Weight percent of ot-hy 
droxy polyester-co-polyether. Compositions that include 
such biocompatible nanoparticles and a therapeutic agent 
may provide a peak plasma concentration (Cmax) of a thera 
peutic agent at least 100% higher than the Cmax of the thera 
peutic agent When administered alone, and/ or the area under 
the plasma concentration time curve (AUC) may increased by 
at least 200% over the AUC of the therapeutic agent When 
administered alone to the patient. 
[0014] Disclosed nanoparticle compositions may include a 
therapeutic agent such as one selected from the group con 
sisting of chemotherapeutic agents, diagnostic agents, pro 
phylactic agents, nutraceutical agents, nucleic acids, proteins, 
peptides, lipids, carbohydrates, hormones, small molecules, 
metals, ceramics, drugs, vaccines, immunological agents, 
and combinations thereof, for example, a nanoparticle may 
include an anti-neoplastic agent such as docetaxel, vincris 
tine, methotrexate, paclitaxel, or sirolimus. Disclosed nano 
particle compositions may further include an aqueous solu 
tion of a saccharide. 

[0015] Also provided herein is a method of treating a solid 
tumor cancer, comprising administering disclosed nanopar 
ticle composition to a patient (e. g. a mammal or primate) in 
need thereof. Such methods, may provide Wherein at least 24 
hours after administration, a solid tumor has signi?cant con 
centration of therapeutic agent. Contemplated herein is a 
method of treating a solid tumor in a mammal in need thereof, 
comprising administering a nanoparticle composition com 
prising a plurality of nanoparticles each comprising a ot-hy 
droxy polyester-co-polyether and a therapeutic agent, 
Wherein the composition has an amount of therapeutic agent 
effective to inhibit the groWth of said tumor, for example, a 
single dose of said composition may provide extended 
elevated plasma concentrations of said therapeutic agent in 
the patient for a least one day, (eg the peak plasma concen 
tration (Cmax) of the therapeutic agent after administration of 
the composition to the mammal is at least 10% higher than the 
Cmax of said therapeutic agent if administered in a non-nano 
particle formulation.) 
[0016] Also provided herein is a method of minimiZing 
unWanted side effects or toxicity of an active agent in a 
patient, comprising: administering a nanoparticle composi 
tion comprising a plurality of nanoparticles each comprising 
a ot-hydroxy polyester-co-polyether and a therapeutic agent, 
Wherein said composition is capable of delivery a higher 
plasma concentration of therapeutic agent to the patient as 
compared to administering the therapeutic agent alone, and 
Wherein upon administering the nanoparticle composition the 
volume distribution of the active agent in the patient is 
reduced, as compared to the volume distribution if the thera 
peutic agent Was administered alone. A method for modulat 
ing the plasma concentration of a therapeutic agent in a 
patient, eg a primate (e.g. human) is also provided, compris 
ingzproviding a polymeric nanoparticle comprising the thera 
peutic agent and administering the polymeric nanoparticle to 
the patient, thereby modulating the plasma concentration of 
the human patient. 
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[0017] The invention may be more completely understood 
in consideration of the folloWing detailed description of vari 
ous embodiments of the invention in connection With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a schematic illustration of a nanoparticle 
according to one aspect of the present invention. 
[0019] FIG. 2 is a block diagram of the emulsion process 
used in the fabrication of nanoparticles in one aspect of the 
present invention. 
[0020] FIG. 3 depicts the in vitro release of docetaxel from 
nanoparticles and conventional docetaxel. 
[0021] FIG. 4 depicts the pharmacokinetics of docetaxel 
encapsulated in nanoparticles and conventional docetaxel in 
rats. 

[0022] FIG. 5 depicts the distribution of radioactivity deter 
mined in selected tissues of rats after IV administration of 
nanoparticles containing l4C-targeting polymer (A) nanopar 
ticles containing l4C-docetaxel (I), and conventional l4C 
docetaxel (Q). 
[0023] FIG. 6 depicts docetaxel concentration in tumor tis 
sue after administration of docetaxel encapsulated in nano 
particles or conventional docetaxel to LNCaP tumor bearing 
SCID mice. 
[0024] FIG. 7 depicts the reduction in tumor volume in 
mice With PSMA-expressing LNCaP xenografts When 
treated With docetaxel encapsulated in nanoparticles or con 
ventional docetaxel. 
[0025] FIG. 8 depicts pharmacokinetics of vincristine 
encapsulated in disclosed nanoparticles and conventional 
vincristine in rats. 
[0026] FIG. 9 depicts pharmacokinetics of methotrexate 
encapsulated in disclosed nanoparticles and conventional 
methotrexate in rats. 
[0027] FIG. 10 depicts pharmacokinetics of paclitaxel 
encapsulated in disclosed nanoparticles and conventional 
paclitaxel in rats. 
[0028] FIG. 11 depicts pharmacokinetics of rapamycin 
(sirolimus) encapsulated in disclosed nanoparticles and con 
ventional rapamycin in rats. 
[0029] FIG. 12 depicts the tumor accumulation of doc 
etaxel in disclosed nanoparticles in a MX-l mouse breast 
tumor model. 
[0030] FIG. 13 depicts pharmacokinetics of docetaxel in a 
NHP model using various disclosed nanoparticles. 

DETAILED DESCRIPTION 

[0031] It is to be understood that the invention is not limited 
to the particular processes, compositions, or methodologies 
described, as these may vary. It is also to be understood that 
the terminology used in the description is for the purpose of 
describing particular versions or embodiments only and is not 
intended to limit the scope of the invention. All of the publi 
cations and references mentioned herein are incorporated by 
reference. Nothing herein is to be construed as an admission 
that the invention is not entitled to antedate such disclosure by 
virtue of prior invention. 
[0032] As used herein the singular forms “a”, “an” and 
“the” include plural reference unless the context clearly dic 
tates otherWise. Further, unless de?ned otherWise, all techni 
cal and scienti?c terms used herein have the same meanings 
as commonly understood by one of ordinary skill in the art. 
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[0033] As used herein, the term “about” means plus or 
minus 10% of the numerical value of the number With Which 
it is being used. Therefore, about 50% means in the range of 
40%-60%. 
[0034] An “effective amount” or “therapeutically effective 
amount” of a composition, as used herein, is a predetermined 
amount calculated to achieve a desired effect. 

[0035] As used herein, the term “long-circulating” refers to 
enhanced stability in the circulatory system of a patient, 
regardless of biological activity. 
[0036] As used herein, the pre?x “nano” and the terms 
“nanophase” and “nanosiZe” refer to a special state of subdi 
vision implying that a particle has an average dimension 
smaller than about 1000 nm (1000><10_9 m). 
[0037] As used herein, the terms “poly(ethylene glycol)” or 
“PEG” and “poly(ethylene oxide)” or “PEO” denote poly 
ethers comprising repeat iCH24CH24Oi units. PEG 
and/ or PEO can be different polymers depending upon end 
groups and molecular Weights. As used herein, poly(ethylene 
glycol) and PEG describes either type of polymer. 
[0038] An “ot-hydroxy polyester” refers to polymers hav 
ing monomers based on one or more ot-hydroxy acid, such as 
poly(lactic) acid, poly(glycolic) acid, poly-lactic-co-glycolic 
acid, polycaprolactone. 
[0039] The term “target”, as used herein, refers to the cell 
type or tissue to Which enhanced delivery of the therapeutic 
agent is desired. For example, diseased tissue may be a target 
for therapy. 
[0040] As used herein, the term “therapeutic agent” means 
a compound utiliZed to image, impact, treat, combat, amelio 
rate, prevent or improve an unWanted condition or disease of 
a patient. 
[0041] In an embodiment, disclosed long-circulating nano 
particles include a therapeutic agent and biodegradable and/ 
or biocompatible polymeric particles, optionally functional 
iZed With targeting moieties. The nanoparticles are designed 
to circulate in a vascular compartment of a patient for an 
extended period of time, distribute and accumulate at a target, 
and release the encapsulated therapeutic agent in a controlled 
manner. These characteristics can result in an increased level 
of therapeutic agent in the target and a potential reduction in 
off-target exposure. For example, the disclosed nanoparticles 
remain in circulation longer because, upon administration to 
a patient (eg a mammal, primate (e.g. human)), the disclosed 
nanoparticles are substantially con?ned to the vascular com 
partment of the patient, and are engineered to be cleared very 
sloWly. 
[0042] The activity of many therapeutic agents is depen 
dent on their pharmacokinetic behavior. This pharmacoki 
netic behavior de?nes the drug concentrations and period of 
time over Which cells are exposed to the drug. For most 
therapeutics, e.g. anti-neoplastics, longer exposure times are 
preferred as this results in increased killing of the cancer cells. 
In general, several parameters are used to describe drug phar 
macokinetics. Peak plasma concentration, or maximum 
plasma concentration (Cmax) and area under the curve (AUC) 
are examples. AUC is a measure of plasma drug levels over 
time and provides an indication of the total drug exposure. 
Generally, plasma concentration and plasma AUC for a thera 
peutic agent correlate With increased therapeutic ef?cacy. 
[0043] The combination of long circulation time, con?ne 
ment of particles to the vascular compartment and controlled 
release of drug results in higher circulating drug concentra 
tions for longer periods of time (as evidenced by higher AUC 
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and loWer Vd). than drug alone, or, for example, drug in a PLA 
polymeric nanoparticles that does not include PLA-PEG, or 
that do not include e. g. PLA alone. 

[0044] For example, provided herein, in an embodiment, is 
a biocompatible nanoparticle composition comprising a plu 
rality of long circulating nanoparticles, each comprising a 
ot-hydroxy polyester-co-polyether and a therapeutic agent. 
Such compositions may provide a therapeutic effect for at 
least 12 hours, at least 24 hours, or at least 36 hours, or 48 
hours or more, upon administration to a patient. In some 
embodiments, peak plasma concentration (Cmax) of the thera 
peutic agent of such nanoparticles, eg when the composition 
is administered to a patient, may be least 10% higher, 20% 
higher, or about 10% to about 100% higher, or more, than the 
Cmax of the same therapeutic agent When administered alone. 
Actual peak plasma concentration of delivered therapeutic 
agent includes both agent that is released from the nanopar 
ticle (e. g. after administration) and therapeutic agent remain 
ing in any nanoparticle remaining in the plasma, eg at a 
given time. 
[0045] In another embodiment, disclosed nanoparticles 
may provide upon administration to a patient, an area under 
the plasma concentration time curve (AUC), that may be 
increased by at least 100%, at least 200%, or about 100% to 
about 500% or more, over the AUC of the therapeutic agent 
When administered alone to the patient. In another embodi 
ment, a provided composition that includes disclosed nano 
particles may decrease the volume of distribution (VZ) of 
distributed active agent, upon administration, in a patient by 
at least 10%, or by at least 20%, or about 10% to about 100%, 
as compared to the V2 of the patient When the therapeutic 
agent is administered alone. For example, a provided nano 
particle composition may provide VZ in a patient that is on the 
same order of magnitude that the of plasma volume and/or a 
volume of distribution less than about 10 plasma volumes. 
For example, a disclosed nanoparticle composition may pro 
vide a V2 that is less than, or about, 2 times the plasma 
volume, or less than or about 8 plasma volumes. In an 
embodiment, a disclosed nanoparticle composition may pro 
vide aVZ in a patient that is on about the same order of plasma 
volume, (eg about 5 L for an exemplary 70 kg patient), eg 
about a V2 that indicates administered nanoparticles are sub 
stantially in the patient’s plasma and not substantially in other 
tissues. 
[0046] In some embodiments, disclosed nanoparticles may 
be used as a drug delivery vehicle based on the encapsulation 
of a therapeutic agent in a polymer matrix With controlled 
porosity and/ or a soluble shell or matrix that upon dissolution 
releases the therapeutic agent in the immediate vicinity of the 
targeted area. The protection of the therapeutic agent pro 
vided by the polymer shell or matrix alloWs for the delivery of 
therapeutic agents that are Water-insoluble or unstable. Fur 
thermore, dissolution kinetics of the polymer can be designed 
to provide sustained release of therapeutic agents at a target 
for an extended period of time. 

[0047] Disclosed nanoparticles can be used for a variety of 
applications, such as, Without limitation, drug delivery, gene 
therapy, medical diagnosis, and for medical therapeutics for 
cancer, pathogen-borne diseases, hormone-related diseases, 
reaction-by-products associated With organ transplants, and 
other abnormal cell or tissue groWth. 

[0048] Provided herein, in an embodiment, are methods for 
treating a patient eg a mammal suffering from cancer, eg a 
solid tumor cancer, prostate cancer, breast cancer or lung 
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cancer using e.g., disclosed nanoparticles. However, contem 
plated diseases that may be treated using disclosed nanopar 
ticles include a broad range of diseases and ?nd limitation 
only by eg the therapeutic agent, the availability of a marker 
and/ or a targeting ligand for the disease. 

[0049] In other embodiments, a nanoparticle delivery sys 
tem is provided that mitigates against colloidal instability, 
agglomeration, polydispersity in nanoparticle siZe and shape, 
sWelling, and leakage of encapsulated materials. 
[0050] In yet another embodiment, nanoparticles for deliv 
ery of therapeutic agents are provided that exhibit encapsu 
lation e?iciency. Encapsulation ef?ciency is affected by fac 
tors including, for example, material characteristics of the 
polymer utiliZed as the carrier matrix, the chemical and physi 
cal properties of the therapeutic agent to be encapsulated, and 
type of solvents used in the nanoparticle fabrication process. 
[0051] In yet another aspect, polymeric nanoparticles for 
delivery of therapeutic agents are provided that exhibit par 
ticle heterogeneity. Conventional polymeric nanoparticle 
fabrication techniques generally provide multimodal particle 
siZe distributions as a result of self-aggregation during nano 
precipitation of both the polymer and the drug molecules. 
[0052] Polymeric nanoparticles for delivery of therapeutic 
agents are provided, in an embodiment, that may reduce or 
eliminate burst release effects. Conventional polymeric nano 
particle car'riers frequently exhibit a bimodal drug release 
pattern With up to about 40-80% or more of the encapsulated 
drug released during the ?rst several hours. After 24 to 48 
hours, drug release is signi?cantly reduced due to the 
increased diffusion barrier for drug molecules located deep 
Within the polymer matrix. In such conventional nanoparticle 
carrier systems, poorly encapsulated drug molecules diffuse 
quickly into solution, Which may lead to signi?cant toxicity in 
vivo. Further, by the time the evacuated nanoparticles arrive 
and accumulate at the targeted site (e.g., tumor tissue), the 
nanoparticles generally have little or no remaining therapeu 
tic ef?cacy. 
[0053] In an embodiment, polymeric nanoparticles for 
delivery of therapeutic agents are provided that may evade 
rapid capture by the reticuloendothelial system (RES), lead 
ing to extended circulation time and elevated concentration of 
the nanoparticles in the blood. Rapid capture and elimination 
is typically caused by the process of opsoniZation in Which 
opsonin proteins present in the blood serum quickly bind to 
conventional nanoparticles, alloWing macrophages to easily 
recogniZe and remove these particulates before they can per 
form their designed therapeutic function. The extent and 
nature of opsonin adsorption at the surface of nanoparticles 
and their simultaneous blood clearance depend on the physi 
cochemical properties of the particles, such as siZe, surface 
charge, and surface hydrophobicity. In yet another embodi 
ment, a nanoparticle composition is provided including a 
biodegradable and/or biocompatible polymer matrix and a 
therapeutic agent coupled to the biodegradable and/or bio 
compatible polymer matrix Wherein the clearance rate of said 
therapeutic agent coupled to the biodegradable and/or bio 
compatible polymer matrix is loWer than the clearance rate of 
said therapeutic agent When administered alone. 
[0054] In certain embodiments, methods are provided that 
mask or camou?age nanoparticles in order to evade uptake by 
the RES. One such method is the engineering of particles in 
Which polyethers, such as poly(ethylene glycol) (PEG) or 
PEG containing surfactants, are deployed on the surface of 
nanoparticles. The presence of PEG and/or PEG-containing 
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copolymers, eg on the surface of nanoparticles can result in 
an increase in the blood circulation half-life of the nanopar 
ticles by several orders of magnitude. This method creates a 
hydrophilic protective layer around the nanoparticles that is 
able to repel the absorption of opsonin proteins via steric 
repulsion forces, thereby blocking and delaying the ?rst step 
in the opsoniZation process. 
[0055] FIG. 1 schematically illustrates a nanoparticle 
according to one aspect of the present invention. As shoWn in 
FIG. 1, docetaxel 100, an anti-neoplastic agent approved for 
the treatment of hormone refractory prostate cancer (HRPC), 
is encapsulated in a matrix 110 derived from the biodegrad 
able and/or biocompatible polymers PLA and poly(lactide 
b-ethylene glycol) (PLA-PEG). The polymer matrix 110 con 
tains a targeting polymer (PLA-PEG-lys(urea)glu) 120 that is 
end-functionaliZed (through the 5 amino moiety) With the 
lysine-urea-glutamate heterodimer (S,S-2-{3-[1-carboxy-5 
amino-pentyl]-ureido}-pentanedioic acid (lys(urea)glu) 130, 
a small molecule ligand that selectively binds to PSMA, a 
clinically relevant prostate cancer cell surface marker. 
[0056] Once the nanoparticles, eg as provided herein are 
administered, at least portions of the nanoparticle polymer(s) 
may be biologically degraded by, for example, enzymatic 
activity or cellular machinery into monomers and/or other 
moieties that cells can either use or excrete. In certain aspects 
of the invention, the dissolution or degradation rate of the 
nanoparticles is in?uenced by the composition of the polymer 
shell or matrix. For example, in some embodiments, the half 
life of the polymer (the time at Which 50% of the polymer is 
degraded into monomers and/or other nonpolymeric moi 
eties) may be on the order of days, Weeks, months, or years, 
depending on the polymer. 
[0057] According to some aspects of the invention, nano 
particle delivery characteristics such as Water uptake, con 
trolled release of therapeutic agent, and polymer degradation 
kinetics may be optimiZed through selection of polymer shell 
or matrix composition. 

[0058] Suitable polymers that may form some of the dis 
closed nanoparticles may include, but are not limited to, 
biodegradable ot-hydroxy polyesters and biocompatible 
polyethers. In some aspects, exemplary polyesters include, 
for example, PLA, PLGA, PEG, PEO, PEGylated polymers 
and copolymers of lactide and glycolide (e.g., PEGylated 
PLA, PEGylated PGA, PEGylated PLGA), and derivatives 
thereof. In other aspects, suitable polymers include, for 
example, polyanhydrides, poly(ortho ester) PEGylated poly 
(ortho ester), poly(caprolactone), PEGylated poly(caprolac 
tone), polylysine, PEGylated polylysine, poly(ethylene 
inline), PEGylated poly(ethylene imine), poly(L-lactide-co 
L-lysine), poly(serine ester), poly(4-hydroxy-L-proline 
ester), poly[a-(4-aminobutyl)-L-glycolic acid], and combina 
tions and derivatives thereof. 
[0059] In other aspects, a polymer matrix may comprise 
one or more acrylic polymers. Exemplary acrylic polymers 
include, for example, acrylic acid and methacrylic acid 
copolymers, methyl methacrylate copolymers, ethoxyethyl 
methacrylates, cyanoethyl methacrylate, aminoalkyl meth 
acrylate copolymer, poly(acrylic acid), poly(methacrylic 
acid), methacrylic acid alkylamide copolymer, poly(methyl 
methacrylate), poly(methacrylic acid polyacrylamide) 
copolymer, aminoalkyl methacrylate copolymer, glycidyl 
methacrylate copolymers, polycyanoacrylates, and combina 
tions thereof. The matrix may include dextran, acylated dex 
tran, chitosan (e.g., acetylated to various levels), poly(vinyl) 



US 2011/0217377 A1 

alcohol (for example, hydrolyzed to various degrees), and/or 
alginate, e.g. alginate complexed to bivalent cations such as a 
calcium alginate complex. 
[0060] Nanoparticles disclosed herein include one, tWo, 
three or more biocompatible and/or biodegradable polymers. 
For example, a contemplated nanoparticle may include about 
10 to about 99 Weight percent of one or more block co 
polymers that include a biodegradable polymer and polyeth 
ylene glycol, and about 0 to about 50 Weight percent of a 
biodegradable homopolymer. Exemplary therapeutic nano 
particles may include about 40 to about 90 Weight percent 
poly(lactic) acid-poly(ethylene)glycol copolymer or about 
40 to about 80 Weight percent poly(lactic) acid-poly(ethyl 
ene)glycol copolymer. Such poly(lactic) acid-block-poly 
(ethylene)glycol copolymer may include poly(lactic acid) 
having a number average molecular Weight of about 15 to 20 
kDa (or for example about 15 to about 100 kDa, e.g., about 15 
to about 80 kDa), and poly(ethylene)glycol having a number 
average molecular Weight of about 2 to about 10 kDa, for 
example, about 4 to about 6 kDa. For example, a disclosed 
therapeutic nanoparticle may include about 70 to about 90 
Weight percent PLA-PEG and about 5 to about 25 Weight 
percent active agent (e. g. docetaxel), or about 30 to about 50 
Weight percent PLA-PEG, about 30 to about 50 Weight per 
cent PLA or PLGA, and about 5 to about 25 Weight percent 
active agent (e.g. doxetaxel). Such PLA ((poly)lactic acid) 
may have a number average molecular Weight of about 5 to 
about 10 kDa. Such PLGA (poly lactic-co-glycolic acid) may 
have a number average molecular Weight of about 8 to about 
12 kDa. It should be appreciated that disclosed PLA-PEG 
copolymers may include a chemical linker, oligomer, orpoly 
mer chain betWeen the PLA and PEG blocks, e.g., may 
include PLA-linker-PEG. 

[0061] For example, disclosed nanoparticles may include 
about 10 to 15 Weight percent active agent (eg about 10 
Weight percent docetaxel), and about 86 to about 90 Weight 
percent PLA-PEG (with eg PLA about 16 kDa and PEG 
about 5 kDa, eg about 87.5% PLA-PEG (16 kDa/5 kDa)), 
and optionally eg a PLA-PEG-lys(urea)-glu (eg at 2.5 
Weight percent). 
[0062] Alternatively, a disclosed nanoparticle, Which may 
have sloW release properties, may include about 42 to about 
45 Weight percent PLA-PEG (with eg PLA about 16 kDa 
and PEG about 5 kDa), (e.g. 43.25% PLA-PEG), about 42 to 
45 Weight percent PLA (eg about 75 kDa) (e.g. 43.25% 
PLA/75 kDa) and about 10 to 15 Weight percent active agent 
(e.g. docetaxel). For example, disclosed nanoparticles may 
optionally include about 1 to about 50 Weight percent poly 
(lactic) acid or poly(lactic) acid-co-poly(glycolic) acid 
(Which does not include PEG, eg a homopolymer of PLA), or 
may optionally include about 1 to about 50 Weight percent, or 
about 10 to about 50 Weight percent or about 30 to about 50 
Weight percent poly(lactic) acid or poly(lactic) acid-co-poly 
(glycolic) acid. In an embodiment, disclosed nanoparticles 
may include tWo polymers, e.g. PLA-PEG and PLA, in a 
Weight ratio of about 30:60 to about 60:30, e.g, about 40:60, 
about 60:40, or about 50:50. 

[0063] Such substantially homopolymeric poly(lactic) or 
poly(lactic)-co-poly(glycolic) acid may have a Weight aver 
age molecular Weight of about 10 to about 130 kDa, for 
example, about 20 to about 30 kDa, or about 100 to about 130 
kDa. Such homopolymeric PLA may have a number average 
molecule Weight of about 5 to about 90 kDa, or about 5 to 
about 12 kDa, about 15 to about 30 kDa, or about 60 to about 
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90 kDa. Exemplary homopolymeric PLA may have a number 
average molecular Weight of about 80 kDa or a Weight aver 
age molecular Weight of about 124 kDa. As is knoWn in the 
art, molecular Weight of polymers can be related to an inher 
ent viscosity. In some embodiments, homopolymer PLA may 
have an inherent viscosity of about 0.2 to about 0.4, eg about 
0.3; in other embodiments, PLA may have an inherent vis 
cosity of about 0.6 to about 0.8. Exemplary PLGA may have 
a number average molecular Weight of about 8 to about 12 
kDa. 

[0064] In other embodiments, modi?ed surface chemistry 
and/or small particle siZe of disclosed nanoparticles may 
contribute to the effectiveness of the nanoparticles in the 
delivery of a therapeutic agent. For example, in one disclosed 
aspect, nanoparticle surface charge may be modi?ed to 
achieve sloW biodegradation and reduce clearance of the 
nanoparticles. In another aspect, porosity of the polymer shell 
or matrix is optimiZed to achieve extended and controlled 
release of the therapeutic agent. For example, in one embodi 
ment of the invention, the nanoparticles may have porosity in 
the range of about 10 to about 90 percent and/or a pore 
diameters in the range of about 0.001 to about 0.01 microns. 
Further, Without Wishing to be bound by theory, because of 
their small siZe and persistence in the circulation, the nano 
particles according to some embodiments of the invention 
may be able to penetrate the altered and often compromised 
vasculature of tumors via the enhanced permeability and 
retention (EPR) effect resulting in preferential accumulation 
of nanoparticles in tumor interstitium. 

[0065] Examples of therapeutic agents that may form part 
of the disclosed nanoparticles include, but are not limited to, 
chemotherapeutic agents (eg anti-cancer agents), diagnostic 
agents (eg contrast agents, radionuclides, and ?uorescent, 
luminescent, and magnetic moieties), prophylactic agents 
(eg vaccines), nutraceutical agents (eg vitamins and min 
erals), nucleic acids (e.g., siRNA, RNAi, and mircoRNA 
agents), proteins (e.g. antibodies), peptides, lipids, carbohy 
drates, hormones, small molecules, metals, ceramics, drugs, 
vaccines, immunological agents, and/or combinations 
thereof. For example, the active agent or drug may be a 
therapeutic agent such as an antineoplastic such as a mTor 
inhibitor (e.g., sirolimus (rapamycin), temsirolimus, or 
everolimus), vinca alkaloids such as vincristine, a diterpene 
derivative, a taxane such as paclitaxel (or its derivatives such 
as DHA-paclitaxel or PG-paxlitaxel), docetaxel, or methatr 
exate. 

[0066] In some aspects of the invention, the therapeutic 
agent to be delivered is an agent useful in the treatment of 
cancer (e.g., a solid tumor cancer e.g., prostate or breast 

cancer). Such therapeutic agents may include, for example, 
doxorubicin (adriamycin), gemcitabine (gemZar), daunoru 
bicin, procarbaZine, mitomycin, cytarabine, etoposide, meth 
otrexate, 5-?uorouracil (5-FU), vinblastine, vincristine, bleo 
mycin, paclitaxel (taxol), docetaxel (taxotere), mitoxantrone, 
mitoxantrone hydrochloride, aldesleukin, asparaginase, 
busulfan, carboplatin, cladribine, camptothecin, CPT-I1,10 
hydroxy-7-ethylcamptothecin (SN38), dacarbaZine, Sil 
capecitabine, ftorafur, 5' deoxy?uorouridine, UFT, eniluracil, 
deoxycytidine, 5-aZacytosine, 5-aZadeoxycytosine, allopu 
rinol, 2-chloroadenosine, trimetrexate, aminopterin, methyl 
ene-10-deaZaminopterin (MDAM), oxaplatin, picoplatin, tet 
raplatin, satraplatin, platinum-DACH, ormaplatin, Cl-973, 
JM-216, and analogs thereof, epirubicin, etoposide phos 
phate, 9-aminocamptothecin, 10,1 1-methylenedioxycamp 
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tothecin, karenitecin, 9-nitrocamptothecin, TAS 103, vin 
desine, L-phenylalanine mustard, 
ifosphamidemefosphamide, perfosfamide, trophosphamide 
carmustine, semustine, epothilonesA-E, tomudex, 6-mercap 
topurine, 6-thioguanine, amsacrine, etoposide phosphate, 
karenitecin, acyclovir, valacyclovir, ganciclovir, amantadine, 
rimantadine, lamivudine, Zidovudine, bevaciZumab, trastu 
Zumab, rituximab and combinations thereof. 
[0067] In some embodiments, contemplated nanoparticles 
may include more than one therapeutic agent. Such nanopar 
ticles may be useful, for example, in aspects Where it is 
desirable to monitor a targeting moiety as such moiety directs 
a nanoparticle containing a drug to a particular target in a 
subject. 
[0068] Disclosed nanoparticles may be formed using an 
emulsion process, e. g. as presented as a block diagram in FIG. 
2. As shoWn in FIG. 2, an organic polymer/drug solution 
containing docetaxel, PLA, PLA-PEG, and PLA-PEG-lys 
(urea)glu dissolved in a co-solvent mixture of ethyl acetate 
and benZyl alcohol is dispersed in an aqueous solution of 
sodium cholate, ethyl acetate, and benZyl alcohol to form a 
coarse emulsion. In some aspects the conditions under Which 
the emulsion process is performed favor the orientation of the 
PEG and/or PEG-lys(urea)glu polymer chains toWard the 
particle surface. In other aspects, an orientation is achieved 
Where the PEG is folded Within the nanoparticle polymer 
shell or matrix. 

[0069] As presented in FIG. 2, a coarse emulsion can be 
passed through a high pressure homogeniZer to reduce the 
droplet siZe, forming a ?ne emulsion. The ?ne emulsion is 
diluted into an excess volume of a quench solution of cold 
Water containing polysorbate 80. The presence of polysorbate 
80 serves to remove excess therapeutic agent that has not been 
encapsulated in the nanoparticle. In some aspects of the 
present invention, polysorbate 80 may also be adhered or 
associated With a nanoparticle surfaces. While not Wishing to 
be bound by theory, polysorbate 80 coupled to the nanopar 
ticle surfaces may impact characteristics such as controlled 
release of therapeutic agent and polymer degradation kinet 
ics. Quenching may be performed at least partially at a tem 
perature of about 5° C. or less. For example, Water used in the 
quenching may be at a temperature that is less that room 
temperature (e. g., about 0 to about 10° C., or about 0 to about 
5° C.). 
[0070] In some embodiments, not all of the therapeutic 
agent (e.g., docetaxel) is encapsulated in the particles at this 
stage, and a drug solubiliZer is added to the quenched phase to 
form a solubiliZed phase. The drug solubiliZer may be for 
example, TWeen 80, TWeen 20, polyvinyl pyrrolidone, cyclo 
dextran, sodium dodecyl sulfate, or sodium cholate. For 
example, Tween-80 may added to the quenched nanoparticle 
suspension to solubiliZe the free drug and prevent the forma 
tion of drug crystals. In some embodiments, a ratio of drug 
solubiliZer to therapeutic agent (e.g., docetaxel) is about 
100:1 to about 10:1. 

[0071] Ethyl acetate and benZyl alcohol are extracted from 
the organic phase droplets, resulting in formation of a hard 
ened nanoparticle suspension. For example, docetaxel or 
other active agent may be encapsulated at e. g. a loading level 
of 10% W/W; corresponding to more than 10,000 drug mol 
ecules per nanoparticle. 
[0072] The nanoparticle suspension is processed using tan 
gential ?oW ultra?ltration/dia?ltration (UP/DE) With cold 
Water to remove processing aids and to concentrate the nano 
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particles to a desired value. Residual precursor materials and 
excess organics present in unWashed nanoparticle suspen 
sions may have a detrimental impact on biomedical applica 
tions as Well as undesired toxic effects on the physiological 
system. The Washed nanoparticle suspension is then passed 
through a pre?lter and at least tWo sterilizing-grade ?lters. 

[0073] Once the nanoparticles have been prepared, they 
may be combined With an acceptable carrier to produce a 
pharmaceutical formulation, according to another aspect of 
the invention. As Would be appreciated by one of skill in this 
art, the carrier may be selected based on factors including, but 
not limited to, the route of administration, the location of the 
targeted disease tissue, the therapeutic agent being delivered, 
and/or the time course of delivery of the therapeutic agent. 
For example, as shoWn in FIG. 2, a concentrated sucrose 
solution is aseptically added to the sterile nanoparticle sus 
pension to produce a pharmaceutical formulation. The 
sucrose serves as a cryoprotectant and a tonicity agent. In this 
embodiment, the resulting pharmaceutical formulation is a 
sterile, aqueous, injectable suspension of docetaxel encapsu 
lated in nanoparticles comprised of biocompatible and bio 
degradable polymers. The suspension is assayed for doc 
etaxel content, and may be aseptically diluted to the desired 
concentration. In some embodiments, the particle suspension 
is aseptically ?lled and sealed in glass vials. In other embodi 
ments, the bulk drug product suspension is stored froZen at 
—20° C.:5° C. prior to ?lling into vials. 
[0074] The fabrication methods for the nanoparticles of the 
invention may be modi?ed in some embodiments to achieve 
desired drug-delivery features. For example, nanoparticle 
characteristics such as surface functionality, surface charge, 
particle siZe, Zeta (Q) potential, hydrophobicity, controlled 
release capability, and ability to control immunogenicity, and 
the like, may be optimiZed for the effective delivery of a 
variety of therapeutic agents. Furthermore, the long-circulat 
ing nanoparticles produced according to the emulsion process 
shoWn in FIG. 2 are Well dispersed and unagglomerated, 
Which facilitates conjugation or functionaliZation of the 
nanoparticle surfaces With targeting moieties. 
[0075] Disclosed nanoparticles may include optional tar 
geting moieties, Which may be selected to ensure that the 
nanoparticles selectively attach to, or otherWise associate 
With, a selected marker or target. For example, in some 
embodiments, disclosed nanoparticles may be functionaliZed 
With an amount of targeting moiety effective for the treatment 
of prostate cancer in a subject (e.g., a loW-molecular Weight 
PSMA ligand). Through functionaliZation of nanoparticle 
surfaces With such targeting moieties, the nanoparticles are 
effective only at targeted sites, Which minimiZes adverse side 
effects and improves e?icacy. Targeted delivery also alloWs 
for the administration of a loWer dose of therapeutic agent, 
Which may reduce undesirable side effects commonly asso 
ciated With traditional treatments of disease. 

[0076] In certain aspects, disclosed nanoparticles may be 
optimiZed With a speci?c density of targeting moities on the 
nanoparticle surface, such that e.g., an effective amount of 
targeting moiety is associated With the nanoparticle for deliv 
ery of a therapeutic agent. For example, the fraction of the 
biodegradable and/or biocompatible polymer matrix func 
tionaliZed With a targeting moiety may be less than 80% of the 
total. According to another embodiment, the fraction of the 
biodegradable and/or biocompatible polymer matrix func 
tionaliZed With a targeting moiety is less than about 50% of 






















