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(57) ABSTRACT 

The present invention provides biodegradable polymer par 
ticle delivery compositions based on polymers, such as 
polyester amide (PEA) and polyester urethane (PEUR) 
polymers, that contain amino acids in the polymer. The 
polymer particle delivery compositions can be formulated as 
a liquid dispersion of polymer particles With the bioactive 
agents dispersed in the particle or conjugated attached to 
polymer molecules or particle surfaces. The bioactive agents 
can include drugs, polypeptides, DNA and cells for cell 
based therapies using particles siZed for local, mucosal or 
circulatory delivery. Methods of treating a disease by admin 
istering to a subject the polymer particle delivery composi 
tion, Which incorporates a bioactive agent suitable for treat 
ment of the disease, or its symptoms, are also included. 
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Fig.3 Water soluble polymer + bioactive coatings 
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Fig.5 Double Emulsion ' (dr'u'g‘iw"Wa'te'r'in"barticfe) 
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Fig.6 Triple Emulsion 
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Fig.7 Triple Emulsion 
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Different Polymer Fig.9 Drug/Polymer Mixture Inside 
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POLYMER PARTICLE DELIVERY 
COMPOSITIONS AND METHODS OF USE 

RELATED APPLICATIONS 

[0001] This application claims priority under §35 U.S.C. 
119(e) from provisional application Ser. Nos. 60/654,715, 
?led Feb. 17, 2005; 60/684,670, ?led May 25,2005; 60/737, 
401, ?led Nov. 14, 2005; 60/687,570, ?led Jun. 3, 2005; 
60/759,179, ?led Jan. 13, 2006; and 60/719,950, ?led Sep. 
22, 2005, and this application is a continuation in part 
application under 35 U.S.C. §120 of US. Ser. No. 10/362, 
848, ?led Oct. 14, 2003 and US. Pat. No. 6,503,538 B1, 
each of Which is incorporated herein by reference in its 
entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates, in general, to drug delivery 
systems and, in particular, to polymer particle delivery 
compositions that can delivery a variety of different types of 
molecules in a time release fashion. 

BACKGROUND INFORMATION 

[0003] FDA-approved controlled-delivery polymer Wafer 
Gliadel® (Guilford Pharmaceutical Corp, Baltimore, Md.), 
is the combination of a copolyanhydride matrix consisting of 
CPP and sebacic acid (in 20 to 80 molar ratios,) in Which the 
anticancer agent is physically admixed (W. Dang et al. J 
Contr. Rel. (1996) 42:83-92). Hydrolytic degradation prod 
ucts of Gliadel® Wafer (in addition to the anticancer agent) 
are ultimately the starting di-acids: sebacic acid and CPP. 
Clinical investigations of Gliadel implants in rabbit brains 
have shoWn limited toxicity, initial activity and fast excre 
tion of decomposition products - the free acids (A.J. Domb 
et al. Biomaterials. (1995) 16:1069-1072). 

[0004] More recently CPP Was disclosed as a monomer 
useful in preparation of bioabsorbable stents for vascular 
applications by “Advanced Cardiovascular Systems, Inc”, in 
patent WO 03/080147 A1, 2003 and polymer particles in 
co-pending provisional application Ser. No. 60/684,670, 
?led May 25, 2005. 

[0005] Another aromatic biodegradable di-acid monomer 
based on trans-4-hydroxycinnamic acid has been recently 
described. The monomer With general name 4,4'-(al 
kanedioyldioxy) dicinnamic acid inherently contains tWo 
hydrolytically labile ester groups, and is expected to undergo 
speci?c (enzymatic) and nonspeci?c (chemical) hydrolysis 
(M Nagata, Y. Sato. Polymer. (2004) 45:87-93). The biode 
gradable polymers containing unsaturated groups have 
potential for various applications. For example, unsaturated 
groups can be converted into other functional groups such as 
epoxy or alcohol-useful for further modi?cations. Their 
crosslinking could enhance thermal and mechanical proper 
ties of polymer. Cinnamate is knoWn to undergo reversible 
[2+2] cycloaddition on UV irradiation at Wavelengths over 
290 nm, Without presence of photoinitiator, Which makes the 
polymer self-photo-crosslinkable (Y. Nakayama, T. Mat 
suda. J Polym. Sci. Part A: Polym. Chem. (1992) 30:2451 
2457). In addition, the cinnamoyl group is metaboliZed in 
the body and has been proven to be non-toxic (Citations in 
paper of M Nagata, Y. Sato. Polymer. (2004) 45:87-93). 

[0006] Recent research has also shoWn that hydrogel-type 
materials can be used to shepherd various medications 
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through the stomach and into the more alkaline intestine. 
Hydrogels are cross-linked, hydrophilic, three-dimensional 
polymer netWorks that are highly permeable to various drug 
compounds, can Withstand acidic environments, and can be 
tailored to “sWell” and thereby release entrapped molecules 
through their Weblike surfaces. Depending on the chemical 
composition of the gel, different internal and external stimuli 
(e.g., changes in pH, application of a magnetic or electric 
?eld, variations in temperature, and ultrasound irradiation) 
may be used to trigger the sWelling e?‘ect. Once triggered, 
hoWever, the rate of entrapped drug release is determined 
solely by the cross-linking ratio of the polymer network. 

[0007] Chemists, biochemists, and chemical engineers are 
all looking beyond traditional polymer netWorks to ?nd 
innovative drug transport systems. Thus, there is still a need 
in the art for neW and better polymer particle delivery 
compositions for controlled delivery of a variety of different 
types of bioactive agents. 

SUMMARY OF THE INVENTION; 

[0008] The present invention is based on the premise that 
polymers containing at least one amino acid and a non 
amino acid moiety per repeat unit, such as polyester amide 
(PEA) polyester urethane (PEUR) and polyester urea (PEU) 
polymers, can be used to formulate biodegradable polymer 
particle delivery compositions for time release of bioactive 
agents in a consistent and reliable manner. The present 
invention is also based on the premise that PEAs, PEURs 
and PEUs can be formulated as polymer delivery composi 
tions that incorporate a therapeutic agent (i.e, a residue of a 
therapeutic diol or di-acid) into the backbone of the polymer 
for time release of the therapeutic agent from the backbone 
of the polymer in a consistent and reliable manner by 
biodegradation of the polymers in the polymer particles. 

[0009] In one embodiment, the invention provides a poly 
mer particle delivery composition in Which at least one 
bioactive agent is dispersed in a biodegradable polymer, 
Wherein the polymer is a PEA having a chemical formula 
described by structural formula (I), 

n 

Wherein n ranges from about 5 to about 150; R1 is indepen 
dently selected from residues of |J.,(X,(r)-biS (4-carboxyphe 
noxy)i(C 1 -C8) alkane, 3 ,3'-(alkanedioyldioxy)dicinnamic 
acid or 4,4'-(alkanedioyldioxy) dicinnamic acid, (C2 - C20) 
alkylene, (CZ-C20) alkenylene or saturated or unsaturated 
residues of therapeutic di-acids; the R3s in individual n 
monomers are independently selected from the group con 

sisting of hydrogen, (C1_C6) alkyl, (C2-C6) alkenyl, (C2-C6) 
alkynyl, (C6-C 1O) aryl (Cl-C6) alkyl, and i(CH2)2S(CH3),; 
and R4 is independently selected from the group consisting 
of (CZ-C20) alkylene, (CZ-C20) alkenylene, (C2-C8) alky 
loxy, (CZ-C20) alkylene, bicyclic-fragments of 1,4:3,6-dian 
hydrohexitols of structural formula (II), and combinations 
thereof, (C2 -C2O) alkylene, (CZ-C20) alkenylene, saturated 
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or unsaturated therapeutic di-acid residues, and combina 
tions thereof; 

\ Formula (H) 

CH O 

H C/ \CH 
2 \ / 2 

O CH 

/ 

or a PEA polymer having a chemical formula described by 
structural formula III: 

[0010] Wherein n ranges from about 5 to about 150, m 
ranges about 0.1 to 0.9: p ranges from about 0.9 to 0.1; 
Wherein R is independently selected from residues of 0t,u) 
bis(4-carboxyphenoxy)-(Cl _C8) alkane, 3,3'(alkanedioyl 
dioxy)dicinnamic acid or 4,4'(alkanedioyldioxy)dicinnamic 
acid, (C2 -C2O) alkylene, (CZ-C20) alkenylene or a saturated 
or unsaturated residues of therapeutic di-acids; each R2 is 
independently hydrogen, (Cl-C12) alkyl or (C6-C1O) aryl or 
a protecting group; the R3s in individual In monomers are 
independently selected from the group consisting of hydro 

gen, (Cl-C6) alkyl, (C2-C6) alkenyl, (C2-C6) alkynyl, (C6 
Cllo) aryl (Cl-C6) alkyl,-(CH2) 2S(CH2), and -(CH2)3; and 
R is independently selected from the group consisting of 
(CZ-C20) alkylene, (CZ-C20) alkenylene, (C2-C8) alkyloxy, 
(CZ-C20) alkylene, bicyclic-fragments of 1,413,6-dianhydro 
hexitols of structural formula(H), and combinations thereof, 
and residues of saturated or unsaturated therapeutic diols. 

[0011] In another embodiment, the polymer is a PEUR 
polymer having a chemical formula described by structural 
formula (IV), 
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Wherein n ranges from about 5 to about 150; Wherein R3 s in 
independently selected from the group consisting of hydro 
gen, (Cl-C6) alkyl, (C2-C6) alkenyl, (C2-C6) alkynyl, (C6 
Clo) aryl(Cl-C6) alkyl, 4CH2)2S(CH2) and -(CH2)3; R4 is 
selected from the group consisting of (CZ-C20) alkylene, 

Formula (111) 

O 

(CZ-C20) alkenylene or alkyloxy, and bicyclic-fragments of 
1,413,6-dianhydrohexitols of structural formula (II); and R6 
is independently selected from (CZ-C20) alkylene, (CZ-C20) 
alkenylene or alkyloxy, bicyclic-fragments of 1,4:3,6-dian 
hydrohexitols of general formula (II), a residue of a satu 

rated or unsaturated therapeutic diol, and mixtures thereof. 

[0012] or a PEUR polymer having a chemical structure 
described by general structural formula (V) 

Formula (V) 

n 

Wherein n ranges from about 5 to about 150, m ranges about 
0.1 to about 0.9: p ranges from about 0.9 to about 0. 1; R2 
is independently selected from hydrogen, (C6-ClO)aryl(Cl 
C6) alkyl, or a protecting group; the R3 s in an individual In 
monomer are independently selected from the group con 

sisting of hydrogen, (Cl-C6) alkyl, (C2-C6) alkenyl, (C2-C6) 
alkynyl, (C6-C1O) aryl(Cl-C6) alkyl, -CH2)3 and 
-(CH2)2S(CH2); R4 is selected from the group consisting of 
(CZ-C20) alkylene, (CZ-C20) alkenylene or alkyloxy, and 
bicyclic-fragments of 1 ,4:3,6-dianhydrohexitols of struc 
tural formula (II); and R6 is independently selected from 
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(CZ-C20) alkylene, (CZ-C20) alkenylene or alkyloxy, bicy 
clic-fragments of 1,413,6-dianhydrohexitols of general for 
mula (II), a residue of a saturated or unsaturated therapeutic 
diol, and mixtures thereof. 

[0013] In still another embodiment, the polymer is a 
biodegradable PEU polymer having a chemical formula 
described by general structural formula (VI): 

Formula (VI) 

n 

Wherein n is about 10 to about 150; each R3 s Within an 
individual n monomer are independently selected from 

hydrogen, (Cl,_c6) alkyl, (C2-C6) alkenyl, (C2-C6) alkynyl, 
(C46 'C10) aryl (C1-C6) alkyl’ (CH2)? and '(CH2)2S(CH2); 
R is independently selected from (CZ-C20) alkylene, (C2 
C2O) alkenylene, (C2-C8) alkyloxy (CZ-C20) alkylene, a 
residue of a saturated or unsaturated therapeutic diol; or a 
bicyclic-fragment of a l,4:3,6-dianhydrohexitol of structural 
formula (II), and mixtures thereof; 

[0014] or a PEU having a chemical formula described by 
structural formula (VII) 

Wherein m is about 0.1 to about 1.0; p is about 0.9 to about 
0.1; n is about 10 to about 150; each R2 is independently 
hydrogen, (Cl-C12) alkyl or (C6-C 1O) aryl; the R3 s Within an 
individual In monomer are independently selected from 

hydrogen, (Cl-C6) alkyl, (C2-C6) alkenyl, (C2-C6) alkynyl, 
(C6 ‘C 10 ) aryl (C1'C6)a1ky1> 'CH2)3 and '(CH2)2S(CH2);; 
each R4 is independently selected from (CZ-C20) alkylene, 
(CZ-C20) alkenylene, (C2-C8) alkyloxy (CZ-C20) alkylene, a 
residue of a saturated or unsaturated therapeutic diol; or a 
bicyclic-fragment of a l,4:3,6-dianhydrohexitol of structural 
formula (II), and mixtures thereof. 

[0015] In another embodiment, the invention provides 
micelle-forming polymer particle delivery compositions for 
delivery of bioactive agents dispersed in a biodegradable 
polymer. In this embodiment the polymer is made of a 
hydrophobic section containing a biodegradable polymer 
having a chemical structure described by structural formulas 
I and III - VII joined to a Water soluble section. The Water 
soluble section is made of at least one block of ioniZable 
poly(amino acid) , or repeating alternating units of i) poly 
ethylene glycol, polyglycosaminoglycan, or polysaccharide; 
and ii) at least one ioniZable or polar amino acid. The 
repeating alternating units have substantially similar 
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molecular Weights and the molecular Weight of the polymer 
is in the range from about 10 kD to 300kD. 

[0016] In still another embodiment, the invention provides 
methods for delivering a bioactive agent to a subject by 
administering to the subject in vivo an invention polymer 
particle delivery composition containing a polymer of any 
one of structural formulas I and III-VII in the form of a 
liquid dispersion of polymer particles that incorporate at 
least one bioactive agent, Which particles biodegrade by 
enZymatic action to release the bioactive agent over time. 

[0017] In yet another embodiment, the invention provides 
methods for delivering polymer particles containing one or 
more bioactive agents to a local site in the body in a subject. 
In this embodiment the invention methods involve deliver 
ing as a dispersion an invention polymer particle deliver 
composition, Wherein the particles contain a polymer of any 
one of structural formulas I and III-VII to an in vivo site in 
the body of the subject Where the injected particles agglom 
erate to form a polymer depot of particles of increased siZe. 

[0018] In another embodiment, the invention provides 
methods for administering a therapeutic diol or di-acid to a 
subject by administering to the subject as a dispersion an 
invention polymer particle delivery composition containing 
particles of a polymer of structural formula I, or III-VII, 
Wherein a residue of therapeutic diol or di-acid is contained 
in the polymer backbone, Which composition biodegrades 
by enZymatic action to release the therapeutic diol or di-acid 
over time. 

Formula (VII) 

P 
n 

[0019] In yet another embodiment, the invention provides 
a polymer composition comprising the co-monomer, bis(0t 
amino acid)-estradiol-3,l7[3-diester, and salts thereof. 

A BRIEF DESCRIPTION OF THE FIGURES 

[0020] FIG. 1 is a schematic draWing illustrating a Water 
soluble covering molecule coating the exterior of a polymer 
particle. 

[0021] FIG. 2 is a schematic draWing illustrating a bio 
active agent coating the exterior of a polymer particle. 

[0022] FIG. 3 is a schematic draWing illustrating a Water 
soluble polymer coating applied to the exterior of a polymer 
particle to Which is attaching a bioactive agent. 

[0023] 
invention polymer particles With active agents dispersed 

FIGS. 4-9 are schematic draWings representing 

therein by double and triple emulsion procedures described 
herein. Fig.4 shoWs a polymer particle encapsulating drug in 
Water formed by double emulsion technique. FIG. 5 shoWs 
a polymer particle formed by double emulsion in Which 
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drops of Water in Which drug is dissolved are matrixed 
Within the polymer particle. FIG. 6 shoWs a polymer particle 
formed by a triple emulsion technique in Which a drug 
dispersed in Water is encapsulated Within a polymer coating 
forming the particle. FIG. 7 shoWs a polymer particle 
formed by a triple emulsion technique in Which smaller 
particles of polymer containing dispersed drug are matrixed 
in Water and coated With a polymer coating forming the 
particle. FIG. 8 shoWs a polymer particle formed of drug 
matrixed in the polymer forming the particle. FIG. 9 shoWs 
a drug/?rst polymer mixture encapsulated Within a coating 
of a second polymer in Which the mixture is not soluble. 

[0024] FIG. 10 is a schematic draWing illustrating inven 
tion micelles containing dispersed active agents, as 
described herein. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] The invention is based on the discovery that bio 
degradable polymers can be used to create a polymer 
particle delivery composition for in vivo delivery of bioac 
tive agents dispersed Within. The particles biodegrade by 
enZymatic and hydrolytic actions so as to release the bio 
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alkenyl, (C2-C6) alkynyl, (C6-C1O) aryl (Cl-C6) alkyl, 
-CH2)3, and -(CH2)2S(CH2); and R4 is independently 
selected from the group consisting of (CZ-C20) alkylene, 
(CZ-C20) alkenylene, (C2-C8) alkyloxy, (CZ-C20) alkylene, 
bicyclic-fragments of 1,413,6-dianhydrohexitols of struc 
tural formula (II), and combinations thereof, (C2 - C20) 
alkylene, (CZ-C20) alkenylene, and saturated or unsaturated 
therapeutic di-acid residues; 

Formula (II) 

CH 

HZC \ I 
0 CH 

/ 

or a PEA polymer having a chemical formula described by 
structural formula III: 

active agent over time. The invention compositions are 
stable, and can be lyophiliZed for transportation and storage 
and be redispersed for administration. Due to structural 
properties of the polymer used, the polymer particle delivery 
composition provides for high loading of bioactive agents. 

[0026] In one embodiment, the invention provides a poly 
mer particle delivery composition in Which at least one 
bioactive agent is dispersed in a biodegradable polymer, 
Wherein the polymer is a PEA having a chemical formula 
described by structural formula (I), 

Wherein n ranges from about 5 to about 150; R1 is indepen 
dently selected from residues of 0t,u)-bis (4-carboxyphe 
noxy) (Cl-C8) alkane, 3,3'(alkanedioyidioxy)dicinnamic 
acid or 4,4'(alkanedioyldioxy)dicinnamic acid, (C2 - C20) 
alkylene, (CZ-C20) alkenylene or a saturated or unsaturated 
residues of therapeutic di-acids; the R3s in individual n 
monomers are independently selected from the group con 
sisting of hydrogen, ethylene amide, (Cl-C6) alkyl, (C2-C6) 

Wherein n ranges from about 5 to about 150, m ranges about 
0.1 to 0.9: p ranges from about 0.9 to 0.1; Wherein Rlis 
independently selected from residues of 0t,u))-bis (4-carbox 
yphenoxy) (Cl-C8) alkane, 3,3'(alkanedioyldioxy)dicin 
namic acid or 4,4'(alkanedioyldioxy)dicinnamic acid, (C2 - 
C20) alkylene, (CZ-C20) alkenylene or a saturated or unsat 
urated residues of therapeutic di-acids; each R2 is indepen 
dently hydrogen, (Cl-C12) alkyl or (C6-C1O) aryl or a pro 
tecting group; the R3 s in individual In monomers are 
independently selected from the group consisting of hydro 
gen, (Cl-C6) alkyl, (C2-C6) alkenyl, (C2-C6) alkynyl, (C6 
C10 ) aryl (C2-C6) alkyl: 'CH2)3> and '(CH2)2S(CH2); and R4 
is independently selected from the group consisting of 
(CZ-C20) alkylene, (CZ-C20) alkenylene, (C2-C8) alkyloxy, 
(CZ-C20) alkylene, bicyclic-fragments of l,4:3,6-dianhydro 
hexitols of structural formula (II), and combinations thereof, 
and residues of saturated or unsaturated therapeutic diols. 

[0027] For example, an effective amount of the residue of 
at least one therapeutic diol or di-acid can be contained in 
the polymer backbone. Alternatively, in the PEA polymer, at 
least one Rlis a residue of 0t,u)-bis (4-carboxyphenoxy) 
(Cl-C8) alkane or 4,4'(alkanedioyldioxy)dicinnamic acid 
and R4 is a bicyclic-fragment of a l,4:3,6-dianhydrohexitol 
of general formula (II), or a residue of a saturated or 
unsaturated therapeutic diol. In another alternative, Rlin the 
PEA polymer is either a residue of 0t,u)-bis (4-carboxyphe 
noxy) (Cl-C8) alkane, or 4,4'(alkanedioyldioxy)dicinnamic 
acid, a residue of a therapeutic diacid, and mixtures thereof. 
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In yet another alternative, in the PEA polymer Rlis a residue 
0t,u)-bis (4-carboxyphenoxy) (Cl-C8) alkane, such as 1,3 
bis(4-carboxyphenoxy)propane (CPP), or 4,4' (alkanedioyl 
dioxy)dicinnamic acid and R4 is a bicyclic-fragment of a 
l,4:3,6-dianhydrohexitol of general formula (II), such as 
1,413,6-dianhydrosorbitol (DAS). 
[0028] Alternatively, the invention provides a polymer 
particle delivery composition in Which a therapeutically 
effective amount of at least one bioactive agent is dispersed 
in a biodegradable polymer, Wherein the polymer is a PEUR 
polymer having a chemical formula described by structural 
formula (IV), 

Formula (IV) 

and Wherein n ranges from about 5 to about 150; Wherein the 
R3s Within an individual n monomer are independently 

selected from the group consisting of hydrogen, (Cl-C6) 
alkyl, (C2-C6) alkenyl, (C2-C6) alkynyl, (C6-C1O ) aryl(C1 
C6) alkyl, iCH2)3, and iCH2)2S(CH2); R4 is selected 
from the group consisting of (CZ-C20) alkylene, (CZ-C20) 
alkenylene or alkyloxy, and bicyclic-fragments of l ,4:3,6 
dianhydrohexitols of structural formula (II); and R6 is inde 
pendently selected from (CZ-C20) alkylene, (CZ-C20) alk 
enylene or alkyloxy, bicyclic-fragments of 1,413,6 
dianhydrohexitols of general formula (II), a residue of a 
saturated or unsaturated therapeutic diol, and mixtures 
thereof. or a PEUR polymer having a chemical structure 
described by general structural formula (V) 

Wherein n ranges from about 5 to about 150, m ranges about 
0.1 to about 0.9: p ranges from about 0.9 to about 0.1; R2 is 
independently selected from hydrogen, (C6-C1O)aryl(Cl-C6) 
alkyl, or a protecting group; the R3 s Within an individual In 
monomer are independently selected from the group con 

sisting of hydrogen, (Cl-C6) alkyl, (C2-C6) alkenyl, (C2-C6) 
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bicyclic-fragments of 1,413,6-dianhydrohexitols of struc 
tural formula (II); and R6 is independently selected from 
(CZ-C20) alkylene, (CZ-C20) alkenylene or alkyloxy, bicy 
clic-fragments of 1,413,6-dianhydrohexitols of structural 
formula (II), a residue of a saturated or unsaturated thera 
peutic diol, and mixtures thereof. 

[0029] For example, an effective amount of the residue of 
at least one therapeutic diol can be contained in the polymer 
backbone. In one alternative in the PEUR polymer, at least 
one of R4 or R6 is a bicyclic fragment of l,4:3,6-dianhydro 
hexitol, such as 1,413,6-dianhydrosorbitol (DAS). 

[0030] In still another embodiment the invention provides 
a polymer particle delivery composition in Which a thera 
peutically effective amount of at least one bioactive agent is 
dispersed in a biodegradable polymer, Wherein the polymer 
is a biodegradable PEU polymer having a chemical formula 
described by structural formula (VI): 

Wherein n is about 10 to about 150; the R3s Within an 
individual n monomer are independently selected from 

hydrogen, (C1 -C6) alkyl, (C2-C6) alkenyl, (C2-C6) alkynyl, 
(C6 'C10) aryl (Cl-C6) alkyl: *(CH2)3: and 'CH2)2S(CH2); 

R4 is independently selected from (CZ-C20) alkylene, (C2 
C2O) alkenylene, (C2-C8) alkyloxy (CZ-C20) alkylene, a 
residue of a saturated or unsaturated therapeutic diol; or a 
bicyclic-fragment of a l,4:3,6-dianhydrohexitol of structural 
formula (II); 

-(CH2)2S(CH2); R4 is selected from the group consisting of 
(CZ-C20) alkylene, (CZ-C20) alkenylene or alkyloxy, and 

n 

0 

wherein m is about 0.1 to about 1.0; p is about 0.9 to about 
0. l; n is about 10 to about 150; each R2 is independently 
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hydrogen, (Cl-C12) alkyl or (C6- C10) aryl; and the R3s 
Within an individual m monomer are independently selected 

from hydrogen, (Cl-ClC6) alkyl, (C2-C6) alkenyl, (C2-C6) 
alkynyl, (C6 -C1O) aryl (ClC6)alkyl, -C2)3, and 
-(CH2)C2S(CH2); R4 is independently selected from (C2 
C2O) alkylene, (CZ-C20) alkenylene, (C2-C8) alkyloxy (C2 
C2O) alkylene, a residue of a saturated or unsaturated thera 
peutic diol; or a bicyclic-fragment of a l ,4:3,6 
dianhydrohexitol of structural formula (II), or a mixture 
thereof. 

[0032] For example, an effective amount of the residue of 
at least one therapeutic diol can be contained in the polymer 
backbone. In one alternative in the PEU polymer, at least one 
R4 is a residue of a saturated or unsaturated therapeutic diol, 
or a bicyclic fragment of a l,4:3,6-dianhydrohexitol, such as 
DAS. In yet another alternative in the PEU polymer, at least 
one R4 is a bicyclic fragment of a l,4:3,6-dianhydrohexitol, 
such as DAS. 

[0033] These PEU polymers can be fabricated as high 
molecular Weight polymers useful for making the invention 
polymer particle delivery compositions for delivery to 
humans and other mammals of a variety of pharmaceutical 
and biologically active agents. The invention PEUs incor 
porate hydrolytically cleavable ester groups and non-toxic, 
naturally occurring monomers that contain ot-amino acids in 
the polymer chains. The ultimate biodegradation products of 
PEUs Will be amino acids, diols, and CO2. In contrast to the 
PEAs and PEURs, the invention PEUs are crystalline or 
semi-crystalline and possess advantageous mechanical, 
chemical and biodegradation properties that alloW formula 
tion of completely synthetic, and hence easy to produce, 
crystalline and semi-crystalline polymer particles, for 
example nanoparticles. For example, the PEU polymers 
used in the invention polymer particle delivery compositions 
have high mechanical strength, and surface erosion of the 
PEU polymers can be catalyZed by enZymes present in 
physiological conditions, such as hydrolases. 

[0034] As used herein, the terms “amino acid” and 
“(x-amino acid” mean a chemical compound containing an 
amino group, a carboxyl group and a pendent R group, such 
as the R3 groups de?ned herein. As used herein, the term 
“biological ot-amino acid” means the amino acid(s) used in 
synthesis are selected from phenylalanine, leucine, glycine, 
alanine, valine, isoleucine, methionine, or a mixture thereof. 

[0035] As used herein, a “therapeutic diol” means any diol 
molecule, Whether synthetically produced, or naturally 
occurring (e.g., endogenously) that affects a biological pro 
cess in a mammalian individual, such as a human, in a 
therapeutic or palliative manner When administered to the 
mammal. 

[0036] As used herein, the term “residue of a therapeutic 
diol” means a portion of a therapeutic diol, as described 
herein, Which portion excludes the tWo hydroxyl groups of 
the diol. As used herein, the term “residue of a therapeutic 
di-acid” means a portion of a therapeutic di-acid, as 
described herein, Which portion excludes the tWo carboxyl 
groups of the di-acid. The corresponding therapeutic diol or 
di-acid containing the “residue” thereof is used in synthesis 
of the polymer compositions. The residue of the therapeutic 
di-acid or diol is reconstituted in vivo (or under similar 
conditions of pH, aqueous media, and the like) to the 
corresponding di-acid or diol upon release from the back 
bone of the polymer by biodegradation in a controlled 
manner that depends upon the properties of the PEA, PEUR 
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or PEU polymer selected to fabricate the composition, 
Which properties are as knoWn in the art and as described 
herein. 

[0037] As used herein the term “bioactive agent” means a 
bioactive agent as disclosed herein that is not incorporated 
into the polymer backbone. One or more such bioactive 
agents may be included in the invention therapeutic poly 
mers. As used herein, the term “dispersed” is used to refer 
to additional bioactive agents and means that the additional 
bioactive agent is dispersed, mixed, dissolved, homog 
eniZed, and/or covalently bound (“dispersed”) in a polymer, 
for example attached to a functional group in the therapeutic 
polymer of the composition or to the surface of a polymer 
particle, but not incorporated into the backbone of a PEA, 
PEUR, or PEU polymer. To distinguish backbone-incorpo 
rated therapeutic diols and di-acids from those that are not 
incorporated into the polymer backbone, (as a residue 
thereof), such dispersed therapeutic or palliative agents are 
referred to herein as “bioactive agent(s)” and may be con 
tained Within polymer conjugates or otherWise dispersed in 
the polymer particle composition, as described beloW. Such 
bioactive agents may include, Without limitation, small 
molecule drugs, peptides, proteins, DNA, cDNA, RNA, 
sugars, lipids and Whole cells. The bioactive agents are 
administered in polymer particles having a variety of siZes 
and structures suitable to meet differing therapeutic goals 
and routes of administration. 

[0038] The term, “biodegradable, biocompatible” as used 
herein to describe the invention polymer particle delivery 
compositions means the polymer used therein is capable of 
being broken doWn into innocuous products in the normal 
functioning of the body. This is particularly true When the 
amino acids used in fabrication of the invention polymers 
are biological L-ot-amino acids. The polymers in the inven 
tion polymer particle delivery compositions include hydro 
lyZable ester and enZymatically cleavable amide linkages 
that provide biodegradability, and are typically chain termi 
nated, predominantly With amino groups. Optionally, the 
amino termini of the polymers can be acetylated or other 
Wise capped by conjugation to any other acid-containing, 
biocompatible molecule, to include Without restriction 
organic acids, bioinactive biologics, and bioactive agents as 
described herein. In one embodiment, the entire polymer 
composition, and any particles made thereof, is substantially 
biodegradable. 

[0039] In one alternative, at least one of the ax-amino 
acids used in fabrication of the invention polymers is a 
biological ot-amino acid. For example, When the R3s are 
CHZPh, the biological ot-amino acid used in synthesis is 
L-phenylalanine. In alternatives Wherein the R3s are CH 
2-CH(CHC3)C2, the polymer contains the biological 
ot-amino acid, L-leucine. By varying the R3 s Within mono 
mers as described herein, other biological Ozot-amino acids 
can also be used, e.g., glycine (When the R3 s are H), alanine 
(When the R3 s are CH3), valine (When the R3 s are CH(CH 
3)C2), isoleucine (When the R3s are CH(CH3)4CH2i 
CH3), phenylalanine (When the R3s are CH2-C6H5), or 
methionine (When the R3s are -(CH2)C2SCH3), and mixtures 
thereof. In yet another alternative embodiment, all of the 
various otamino acids contained in the polymers used in 
making the invention polymer particle delivery composi 
tions are biological ot-amino acids, as described herein. 

[0040] The term, “biodegradable” as used herein to 
describe the polymers used in the invention polymer particle 
delivery compositions means the polymer is capable of 
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being broken doWn into innocuous and bioactive products in 
the normal functioning of the body. In one embodiment, the 
entire polymer particle delivery composition is biodegrad 
able. The biodegradable polymers described herein have 
hydrolyZable ester and enZymatically cleavable amide link 
ages that provide the biodegradability, and are typically 
chain terminated predominantly With amino groups. Option 
ally, these amino termini can be acetylated or otherWise 
capped by conjugation to any other acid-containing, bio 
compatible molecule, to include Without restriction organic 
acids, bioinactive biologics and bioactive compounds such 
as adjuvant molecules. 

[0041] The polymer particle delivery compositions can be 
formulated to provide a variety of properties. In one embodi 
ment, the polymer particles are siZed to agglomerate in vivo 
forming a time-release polymer depot for local delivery of 
dispersed bioactive agents to surrounding tissue/cells When 
injected in vivo, for example subcutaneously, intramuscu 
larly, or into an interior body site, such as an organ. For 
example, invention polymer particles of siZes capable of 
passing through pharmaceutical syringe needles ranging in 
siZe from about 19 to about 27 Gauge, for example those 
having an average diameter in the range from about 1 pm to 
about 200 um, can be injected into an interior body site, and 
Will agglomerate to form particles of increased siZe that 
form the depot to dispense the bioactive agent(s) locally. In 
other embodiments, the biodegradable polymer particles act 
as a carrier for the bioactive agent into the circulation for 
targeted and timed release systemically. Invention polymer 
particles in the siZe range of about 10 nm to about 500 nm 
Will enter directly into the circulation for such purposes. 

[0042] The biodegradable polymers used in the invention 
polymer particle delivery composition can be designed to 
tailor the rate of biodegradation of the polymer to result in 
continuous delivery of the bioactive agent over a selected 
period of time. For instance, typically, a polymer depot, as 
described herein, Will biodegrade over a time selected from 
about tWenty-four hours, about seven days, about thirty 
days, or about ninety days, or longer. Longer time spans are 
particularly suitable for providing a delivery composition 
that eliminates the need to repeatedly inject the composition 
to obtain a suitable therapeutic or palliative response. 

[0043] The present invention utiliZes biodegradable poly 
mer particle-mediated delivery techniques to deliver a Wide 
variety of bioactive agents in treatment of a Wide variety of 
diseases and disease symptoms. Although certain of the 
individual components of the polymer particle delivery 
composition and methods described herein Were knoWn, it 
Was unexpected and surprising that such combinations 
Would enhance the ef?ciency of time release delivery of the 
bioactive agents beyond levels achieved When the compo 
nents Were used separately. 

[0044] Polymers suitable for use in the practice of the 
invention bear functionalities that alloW facile covalent 
attachment of the bioactive agent(s) or covering molecule(s) 
to the polymer. For example, a polymer bearing carboxyl 
groups can readily react With an amino moiety, thereby 
covalently bonding a peptide to the polymer via the resulting 
amide group. As Will be described herein, the biodegradable 
polymer and the bioactive agent may contain numerous 
complementary functional groups that can be used to 
covalently attach the bioactive agent to the biodegradable 
polymer. 

[0045] The polymer in the invention polymer particle 
delivery composition plays an active role in the treatment 
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processes at the site of local injection by holding the 
bioactive agent at the site of injection for a period of time 
suf?cient to alloW the individual’s endogenous processes to 
interact With the bioactive agent, While sloWly releasing the 
particles or polymer molecules containing such agents dur 
ing biodegradation of the polymer. The fragile bioactive 
agent is protected by the more sloWly biodegrading polymer 
to increase half-life and persistence of the bioactive agent(s). 

[0046] In addition, the polymers disclosed herein (e.g., 
those having structural formulas (I and III-VII), upon enZy 
matic degradation, provide amino acids While the other 
breakdown products can be metaboliZed in the Way that fatty 
acids and sugars are metaboliZed. Uptake of the polymer 
With bioactive agent is safe: studies have shoWn that the 
subject can metabolize/clear the polymer degradation prod 
ucts. These polymers and the invention polymer particle 
delivery compositions are, therefore, substantially non-in 
?ammatory to the subject both at the site of injection and 
systemically, apart from the trauma caused by injection 
itself. 

[0047] The biodegradable polymers useful in forming the 
invention biocompatible polymer particle delivery compo 
sitions include those comprising at least one amino acid 
conjugated to at least one non-amino acid moiety per repeat 
unit. In the PEA, PEUR and PEU polymers useful in 
practicing the invention, multiple different ot-amino acids 
can be employed in a single polymer molecule. The term 
“non-amino acid moiety” as used herein includes various 
chemical moieties, but speci?cally excludes amino acid 
derivatives and peptidomimetics as described herein. In 
addition, the polymers containing at least one amino acid are 
not contemplated to include poly(amino acid) segments, 
including naturally occurring polypeptides, unless speci? 
cally described as such. In one embodiment, the non-amino 
acid is placed betWeen tWo adjacent ot-aminq acids in the 
repeat unit. The polymers may comprise at least tWo differ 
ent amino acids per repeat unit and a single polymer 
molecule may contain multiple different ot-amino acids in 
the polymer molecule, depending upon the siZe of the 
molecule. In another embodiment, the non-amino acid moi 
ety is hydrophobic. The polymer may also be a block 
co-polymer. In another embodiment, the polymer is used as 
one block in di- or tri-block copolymers, Which are used to 
make micelles, as described beloW. 

[0048] Preferred for use in the invention polymer particle 
delivery compositions and methods are polyester amides 
(PEAs), polyester urethanes (PEURs) and polyester ureas 
(PEUs), many of Which have built-in functional groups on 
PEA, PEUR or PEU side chains, and these built-in func 
tional groups can react With other chemicals and lead to the 
incorporation of additional functional groups to expand the 
functionality of the polymers further. Therefore, such poly 
mers used in the invention methods are ready for reaction 
With other chemicals having a hydrophilic structure to 
increase Water solubility and With bioactive agents and 
covering molecules, Without the necessity of prior modi? 
cation. 

[0049] In addition, the polymers used in the invention 
polymer particle delivery compositions display minimal 
hydrolytic degradation When tested in a saline (PBS) 
medium, but in an enzymatic solution, such as chymotrypsin 
or CT, a uniform erosive behavior has been observed. 

[0050] Suitable protecting groups for use in the PEA, 
PEUR and PEU polymers include t-butyl or another as is 
knoWn in the art. Suitable l ,4:3,6-dianhydrohexitols of 
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general formula(II) include those derived from sugar alco 
hols, such as D-glucitol, D-mannitol, or L-iditol. Dianhy 
drosorbitol is the presently preferred bicyclic fragment of a 
l ,4:3,6-dianhydrohexitol for use in the PEA, PEUR and 
PEU polymers used in fabrication of the invention polymer 
particle delivery compositions. 
[0051] The PEA, PEUR and PEU polymer molecules may 
also have the active agent attached thereto, optionally via a 
linker or incorporated into a crosslinker betWeen molecules. 
For example, in one embodiment, the polymer is contained 
in a polymer-bioactive agent conjugate having structural 
formula VIII: 

Formula (VIII) 

R3 R3 c=o 
m I P 

R5 
| 

Wherein n, m, p, R1, R3, and R4 are as above, R5 is selected 
from the group consisting of iO-, -S-, and -NR8-, Wherein 
R8 is H or (Cl-C8)alkyl; and R7 is the bioactive agent. 

[0052] In yet another embodiment, tWo molecules of the 
polymer of structural formula (IX) can be crosslinked to 
provide an -R5 -R7-R5 -conjugate. In another embodiment, as 
shoWn in structural formula IX beloW, the bioactive agent is 
covalently linked to tWo parts of a single polymer molecule 
of structural formula IV through the -R5-R7-R5-conjugate 
and R 5 is independently selected from the group consisting 
of 40-, -S-, and -NR8-, Wherein R8 is H or (CL-C8) alkyl; 
and R7 is the bioactive agent. 

Formula (IX) 

P m 
n 
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[0053] Alternatively still, as shown in structural formula 
(X) below, a linker, iX-Y-, can be inserted betWeen R5 and 
bioactive agent R7, in the molecule of structural formula 
(IV), Wherein X is selected from the group consisting of 
(Cl-C18) alkylene, substituted alkylene, (C3-C8) cycloalky 
lene, substituted cycloalkylene, 5-6 membered heterocyclic 
system containing 1-3 heteroatoms selected from the group 
O, N, and S, substituted heterocyclic, (CZ-C18) alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, C6 and C10 
aryl, substituted aryl, heteroaryl, substituted heteroaryl, 
alkylaryl, substituted alkylaryl, arylalkynyl, substituted ary 
lalkynyl, arylalkenyl, substituted arylalkenyl, arylalkynyl, 
substituted arylalkynyl and Wherein the substituents are 
selected from the group H, F, Cl, Br, I, (Cl-C6) alkyl, -CN, 
-NO2, -OH, -O(Cl -C4) alkyl, -S(Cl-C6) alkyl, -S[(=O)(Cl 
C6) alkyu, -s[<0 zxcl-ca alkyu, -c[<=0)<c1-c6) alkyu, 
CF3,-O[(C0)-<C1-C6)a1ky1], -S(02)[N<R9R1°)1, -NH[<C= 
O)(Cl-C6) alkyl], -NH(C=O)N(R9R1O), -N(R9R1O); Where 
R and R10 are independently H or (Cl-C6) alkyl; and Y is 
selected from the group consisting of -O-, -S-, -S-S-, 
-S(O)-,-S(O2)-, -NR8-, -C(=O)-,OC (=O)-, -C(=O)O-, 
-OC(=O)NH-, -NR8C(=O)-, -C(=O)NR8-, -N R8C(= 
O)NR8-, -N R8C(=O)NR8-, and -NR8 (=S)N R8-. 

m 

[0054] In another embodiment, tWo parts of a single 
macromolecule are covalently linked to the bioactive agent 
through an -R5-R7-Y-X-R5- bridge (Formula XI): 

0 

|| 
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tem containing 1-3 heteroatoms selected from the group O, 
N, and S, substituted heterocyclic, (C2-C8) alkenyl, substi 
tuted alkenyl, alkynyl, substituted alkynyl, (C6 -C1O) aryl, 
substituted aryl, heteroaryl, substituted heteroaryl, alkylaryl, 
substituted alkylaryl, arylalkynyl, substituted arylalkynyl, 
arylalkenyl, substituted arylalkenyl, arylalkynyl, substituted 
arylalkynyl, Wherein the substituents are selected from the 
group consisting of H, F, Cl, Br, I, (Cl-C6) alkyl, -CN, -NO2, 
-OH, -O(Cl-C6) alkyl, -S(Cl-C6) alkyl, -S[(=O)(Cl-C6) 
alkyu, -s[(02)(c1-C6>a11<y11, -c[<=0)(c1-c6) alkyu, 0P3, 
O[(CO)-(C1-C6) alkyll, -S(02)[N(R9 Rlon, -NH[<C=0)(C1 
C6) alkyl], -NH(C=O)N(R9RIO), Wherein R9 and R10 are 
independently H or (Cl-C6) alkyl, and -N (RURH), Wherein 
R 11 and R12 are independently selected from (CZ-C20) 
alkylene and (CZ-C20) alkenylene. 

[0055] In yet another embodiment, the polymer particle 
delivery composition contains four molecules of the poly 
mer, except that only tWo of the four molecules omit R7 and 
are crosslinked to provide a single -R5-X-R5-conjugate. 

[0056] The term “aryl” is used With reference to structural 
formulae herein to denote a phenyl radical or an ortho-?ised 

Formula (X) 

0 

H 

bicyclic carbocyclic radical having about nine to ten ring 
atoms in Which at least one ring is aromatic. In certain 
embodiments, one or more of the ring atoms can be substi 

Formula (XI) 

Wherein, X is selected from the group consisting of (Cl 
C lC8) alkylene, substituted alkylene, (C3 -C8) cycloalkylene, 
substituted cycloalkylene, 5-6 membered heterocyclic sys 

R3 

|| || || 
0 O O 

m 
II 

tuted With one or more of nitro, cyano, halo, tri?uoromethyl, 
or tri?uoromethoxy. Examples of aryl include, but are not 
limited to, phenyl, naphthyl, and nitrophenyl. 






















































