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(57) ABSTRACT 

Methods and compositions for systemically or locally 
administering by implantation a bene?cial agent to a subject 
are described, and include, for example, depot gel compo 
sitions that can be injected into a desired location and Which 
can provide controlled release of a bene?cial agent over a 
short duration of time. The compositions include a loW 
molecular Weight biocompatible polymer, a biocompatible 
solvent having loW Water miscibility that forms a viscous gel 
With the polymer and limits Water uptake by the implant, and 
a bene?cial agent. 
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SHORT DURATION DEPOT FORMULATIONS 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of US. application 
Ser. No. 10/606,969, ?led Jun. 25, 2003, entitled “SHORT 
DURATION DEPOT FORMULATIONS” Which claims the 
bene?t of US. Provisional Application No. 60/391,867, ?led 
on Jun. 24, 2002. The contents of the above referenced 
applications are hereby incorporated in their entirety by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a depot gel com 
position that can be injected into a desired location and 
Which can provide controlled release of a bene?cial agent 
over a short duration of time. The present invention also 
relates to a method of preparing and administering the 
composition. 
[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Biodegradable polymers have been used for many 
years in medical applications. Illustrative devices composed 
of the biodegradable polymers include sutures, surgical 
clips, staples, implants, and drug delivery systems. The 
majority of these biodegradable polymers have been based 
upon glycolide, lactide, caprolactone, and copolymers 
thereof. 

[0006] The biodegradable polymers can be thermoplastic 
materials, meaning that they can be heated and formed into 
various shapes such as ?bers, clips, staples, pins, ?lms, etc. 
Alternatively, they can be therrno setting materials formed by 
crosslinking reactions, Which lead to high-molecular-Weight 
materials that do not melt or form ?oWable liquids at high 
temperatures. Although thermoplastic and thermosetting 
biodegradable polymers have many useful biomedical appli 
cations, there are several important limitations to their use in 
the bodies of various animals including humans, animals, 
birds, ?sh, and reptiles. 

[0007] Solid implant drug delivery systems containing a 
drug incorporated in thermoplastic or thermosetting biode 
gradable polymers have been Widely used successfully. Such 
implants have to be inserted into the body through an 
incision Which is sometimes larger than desired by the 
medical profession and occasionally lead to a reluctance of 
the patients to accept such an implant or drug delivery 
system. The folloWing patents US. Pat. Nos. 5,456,679; 
5,336,057; 5,308,348; 5,279,608; 5,234,693; 5,234,692; 
5,209,746; 5,151,093; 5,137,727; 5,112,614; 5,085,866; 
5,059,423; 5,057,318; 4,865,845; 4,008,719; 3,987,790 and 
3,797,492 are believed to be representative of such drug 
delivery systems and are incorporated herein by reference. 
These patents disclose reservoir devices, osmotic delivery 
devices and pulsatile delivery devices for delivering bene? 
cial agents. 

[0008] Injecting drug delivery systems as small particles, 
microspheres, or microcapsules avoids the incision needed 
to implant drug delivery systems. HoWever, these materials 
do not alWays satisfy the demand for a biodegradable 
implant. These materials are particulate in nature, do not 
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form a continuous ?lm or solid implant With the structural 
integrity needed for certain prostheses, the particles tend to 
aggregate and thus their behavior is hard to predict. When 
inserted into certain body cavities such as a mouth, a 
periodontal pocket, the eye, or the vagina Where there is 
considerable ?uid ?oW, these small particles, microspheres, 
or microcapsules are poorly retained because of their small 
siZe and discontinuous nature. Further, if there are compli 
cations, removal of microcapsule or small-particle systems 
from the body Without extensive surgical intervention is 
considerably more di?icult than With solid implants. Addi 
tionally, manufacture, storage and injectability of micro 
spheres or microcapsules prepared from these polymers and 
containing drugs for release into the body present problems. 

[0009] The art has developed various drug delivery sys 
tems in response to the aforementioned challenges. The 
folloWing patents US. Pat. Nos. 5,990,194; 5,780,044; 
5,733,950; 5,620,700; 5,599,552; 5,556,905 5,278,201; 
5,242,910 and 4,938,763; and PCT publication WO 
98/27962 are believed to be representative and are incorpo 
rated herein by reference. These patents disclose polymer 
compositions for injectable implants using solvents and/or 
plasticiZers. 

[0010] Previously described polymer compositions for 
injectable implants have used solvent/plasticizers that are 
very or relatively soluble in aqueous body ?uids to promote 
rapid solidi?cation of the polymer at the implant site and 
promote diffusion of drug from the implant. Rapid migration 
of Water into such polymeric implants utiliZing Water soluble 
polymer solvents When the implants are placed in the body 
and exposed to aqueous body ?uids presents a serious 
problem. The rapid Water uptake often results in implants 
having pore structures that are non-homogeneous in siZe and 
shape. Typically, the surface pores take on a ?nger-like pore 
structure extending for as much as one-third of a millimeter 
or more from the implant surface into the implant, and such 
?nger-like pores are open at the surface of the implant to the 
environment of use. The internal pores tend to be smaller 
and less accessible to the ?uids present in the environment 
of use. The rapid Water uptake characteristic often results in 
uncontrolled release of bene?cial agent that is manifested by 
an initial, rapid release of bene?cial agent from the polymer 
composition, corresponding to a “burst” of bene?cial agent 
being released from the implant. The burst often results in a 
substantial portion of the bene?cial agent, if not all, being 
released in a very short time, e.g., hours or 1-2 days. Such 
an effect can be unacceptable, particularly in those circum 
stances Where a controlled delivery is desired, i.e., delivery 
of bene?cial agent in a controlled manner over a period of 
greater than or equal to 3 days or up to a month, or Where 
there is a narroW therapeutic WindoW and release of excess 
bene?cial agent can result in adverse consequences to the 
subject being treated, or Where it is necessary to mimic the 
naturally-occurring daily pro?le of bene?cial agents, such as 
hormones and the like, in the body of the subject being 
treated. 

[0011] Accordingly, When such devices are implanted, the 
?nger-like pores alloW very rapid uptake of aqueous body 
?uids into the interior of the implant With consequent 
immediate and rapid dissolution of signi?cant quantities of 
bene?cial agent and unimpeded diffusion of bene?cial agent 
into the environment of use, producing the burst e?fect 
discussed above. 
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[0012] Furthermore, rapid Water uptake can result in pre 
mature polymer precipitation such that a hardened implant 
or one With a hardened skin is produced. The inner pores and 
much of the interior of the polymer containing bene?cial 
agent are shut off from contact With the body ?uids and a 
signi?cant reduction in the release of bene?cial agent can 
result over a not insigni?cant period of time (“lag time”). 
That lag time is undesirable from the standpoint of present 
ing a controlled, sustained release of bene?cial agent to the 
subject being treated. What one observes, then, is a burst of 
bene?cial agent being released in a short time period imme 
diately after implantation, a lag time in Which no or very 
little bene?cial agent is being released, and subsequently 
continued delivery of bene?cial agent (assuming bene?cial 
agent remains after the burst) until the supply of bene?cial 
agent is exhausted. 

[0013] Various approaches to control burst and modulate 
and stabiliZe the delivery of the bene?cial agent have been 
described. The folloWing patents U.S. Pat. Nos. 6,130,200; 
5,990,194; 5,780,044; 5,733,950; 5,656,297; 5,654,010; 
4,985,404 and 4,853,218 and PCT publication WO 
98/27962 are believed to be representative and are incorpo 
rated herein by reference. Notwithstanding some success, 
those methods have not been entirely satisfactory for the 
large number of bene?cial agents that Would be effectively 
delivered by implants. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides a method and an 
injectable depot gel composition for systemic and local 
delivery of a bene?cial agent to a subject over a short 
duration of time. In particular, the invention provides con 
trolled release of the bene?cial agent to the subject being 
treated, the release being controlled over a period equal to or 
less than tWo Weeks after administration, prefereably a 
period of about 3 to about 7 days. Additionally, the invention 
provides a method of preparing the injectable depot gel 
composition. 
[0015] In one aspect, the invention pertains to an inject 
able depot composition comprising a loW molecular Weight 
bioerodible, biocompatible polymer; a solvent having a 
miscibility in Water of less than or equal to 7 Wt. % at 250 
C., in an amount effective to plasticiZe the polymer and form 
a gel thereWith; and a bene?cial agent dissolved or dispersed 
in the gel. Preferably the solvent has a miscibility in Water 
of less than 7 Wt. %, more preferably less than 5 Wt %, and 
more preferably less than 3 Wt %. 

[0016] In another aspect, the invention pertains to an 
injectable depot composition for systemic delivery of a 
bene?cial agent to a subject in a controlled manner over a 
duration equal to or less than tWo Weeks comprising a loW 
molecular Weight bioerodible, biocompatible polymer; a 
solvent having a miscibility in Water of less than or equal to 
7 Wt. % at 250 C., in an amount effective to plasticiZe the 
polymer and form a gel thereWith; and a bene?cial agent 
dissolved or dispersed in the gel. 

[0017] In an additional aspect, the invention pertains to an 
injectable depot composition for sustained delivery of a 
bene?cial agent to a subject comprising a loW molecular 
Weight bioerodible, biocompatible polymer; a solvent hav 
ing a miscibility in Water of less than or equal to 7 Wt. % at 
250 C., in an amount effective to plasticiZe the polymer and 
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form a gel thereWith; and a bene?cial agent dissolved or 
dispersed in the gel; Wherein the bene?cial agent is delivered 
systemically in a controlled manner over a duration equal to 
or less than tWo Weeks, preferably about 24 hours to about 
2 Weeks, preferably about 10 days or shorter; preferably 
about 7 days or shorter, more preferably about 3 days to 
about 7 days. 

[0018] In an additional aspect, the invention pertains to an 
injectable depot composition for sustained delivery of a 
bene?cial agent to a subject comprising a loW molecular 
Weight bioerodible, biocompatible polymer; a solvent hav 
ing a miscibility in Water of less than or equal to 7 Wt. % at 
250 C., in an amount effective to plasticiZe the polymer and 
form a gel thereWith; and a bene?cial agent dissolved or 
dispersed in the gel; Wherein the bene?cial agent is delivered 
locally in a controlled manner over a duration equal to or 
less than tWo Weeks, preferably about 24 hours to about 2 
Weeks, preferably about 10 days or shorter; preferably about 
7 days or shorter, more preferably about 3 days to about 7 
days. 

[0019] In another aspect, the invention pertains to an 
injectable depot composition as described above, further 
including at least one of the folloWing: a pore former; a 
solubility modulator for the bene?cial agent; and an osmotic 
agent; and optionally including an emulsifying and/or a 
thixotropic agent. 

[0020] In another aspect, the invention pertains to an 
injectable depot composition as described above, Wherein 
the loW molecular Weight polymer has a Weight average 
molecular Weight ranging from about 3000 to about 10,000; 
preferably from about 3000 to about 9,000; more preferably 
from about 4000 to about 8,000; and more preferably the 
loW molecular Weight polymer has a molecular Weight of 
about 7000, about 6000, about 5000, about 4000 and about 
3000. 

[0021] In another aspect, the invention pertains to an 
injectable depot composition as described above, Wherein 
the polymer is selected from the group consisting of poly 
lactides, polyglycolides, polyanhydrides, polyamines, poly 
esteramides, polyorthoesters, polydioxanones, polyacetals, 
polyketals, polycarbonates, polyphosphoesters, polyortho 
carbonates, polyphosphaZenes, succinates, poly(malic acid), 
poly(amino acids), polyvinylpyrrolidone, polyethylene gly 
col, polyhydroxycellulose, chitin, chitosan, hylauronic acid 
and copolymers, terpolymers and mixtures thereof. In pre 
ferred embodiments, the polymer is a lactic acid-based 
polymer; preferably the polymer is a copolymer of lactic 
acid and glycolic acid. 

[0022] In another aspect, the invention pertains to an 
injectable depot composition as described above, Wherein 
the solvent is selected from an aromatic alcohol having the 
structural formula (I) 

[0023] in WhichAr is a substituted or unsubstituted aryl or 
heteroaryl group, n is Zero or 1, and L is a linking moiety; 
and a solvent selected from the group consisting of esters of 
aromatic acids, aromatic ketones, and mixtures thereof. 

[0024] In preferred embodiments, the solvent is selected 
from the aromatic alcohol, loWer alkyl and aralkyl esters of 
aryl acids; aryl, aralkyl and loWer alkyl ketones; and loWer 
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alkyl esters of citric acid. Preferably, the solvent is selected 
from benZyl alcohol, benZyl benZoate and ethyl benZoate. In 
preferred embodiments, the composition is free of solvents 
having a miscibility in Water that is greater than 7 Wt. % at 
250 C. 

[0025] In additional aspects, the invention pertains to 
methods of administering a bene?cial agent to a subject in 
a controlled manner over a duration equal to or less than tWo 

Weeks, comprising administering an injectable depot com 
position as described above. In certain embodiments, the 
bene?cial agent is delivered systemically in a controlled 
manner over a duration equal to or less than tWo Weeks. In 
additional embodiments, the bene?cial agent is delivered 
locally in a controlled manner over a duration equal to or 
less than tWo Weeks. In preferred embodiments, the bene? 
cial agent is delivered over a duration of about 24 hours to 
about 2 Weeks, preferably about 10 days or shorter; prefer 
ably about 7 days or shorter, more preferably about 3 days 
to about 7 days. 

[0026] In additional aspects, the invention pertains to a kit 
for administration of a bene?cial agent to a subject com 
prising: 

[0027] (a) a loW molecular Weight bioerodible, biocom 
patible polymer; 
[0028] (b) a solvent having a miscibility in Water of less 
than or equal to 7 Wt. % at 250 C. that is suitable for 
dissolving the polymer and forming a viscous gel; 

[0029] (c) a bene?cial agent; and optionally, one or more 
of the folloWing: 

[0030] (d) an emulsifying agent; 

[0031] (e) a pore former; 

[0032] (f) a solubility modulator for the bene?cial agent, 
optionally associated With the bene?cial agent; and 

[0033] (g) an osmotic agent; 

[0034] Wherein at least the bene?cial agent, optionally 
associated With the solubility modulator, is maintained sepa 
rated from the solvent until the time of administration of the 
bene?cial agent to a subject. 

[0035] In another aspect, the invention pertains to an 
inj ectable depot composition and a method of administering 
such composition as described above, Wherein the bene?cial 
agent is selected from a drug, proteins, enZymes, hormones, 
polynucleotides, nucleoproteins, polysaccharides, glycopro 
teins, lipoproteins, polypeptides, steroids, analgesics, local 
anesthetics, antibiotic agents, chemotherapeutic agents, 
immunosuppressive agents, anti-in?ammatory agents, anti 
proliferative agents, antimitotic agents, angiogenic agents, 
antipsychotic agents, central nervous system (CNS) agents, 
anticoagulants, ?brinolytic agents, groWth factors, antibod 
ies, ocular drugs, and metabolites, analogs, derivatives, 
fragments, and puri?ed, isolated, recombinant and chemi 
cally synthesiZed versions of these species. In preferred 
embodiments, the bene?cial agent is human groWth hor 
mone, methionine-human groWth hormone; des-phenylala 
nine human groWth hormone, alpha-, beta- or gamma 
interferon, erythropoietin, glugacon, calcitonin, heparin, 
interleukin-1, interleukin-2, Factor VIII, Factor IX, lutein 
iZing hormone, relaxin, follicle-stimulating hormone, atrial 
natriuretic factor, ?lgrastim epidermal groWth factors 
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(EGFs), platelet-derived groWth factor (PDGFs), insulin 
like groWth factors (IGFs), ?broblast-groWth factors (FGFs), 
transforming-growth factors (TGFs), interleukins (ILs), 
colony-stimulating factors (CSFs, MCFs, GCSFs, GMC 
SFs), Interferons (IFNs), endothelial groWth factors (V EGF, 
EGFs), erythropoietins (EPOs), angiopoietins (ANGs), pla 
centa-derived groWth factors (PlGFs), and hypoxia induced 
transcriptional regulators (HIFs). Preferably, the bene?cial 
agent is present in an amount of from 0.1 to 50% by Weight 
of the combined amounts of the polymer, the solvent and the 
bene?cial agent. In preferred embodiments, the bene?cial 
agent is in the form of particles dispersed or dissolved in the 
viscous gel, Wherein the bene?cial agent is in the form of 
particles having an average particle siZe of from 0.1 to 250 
microns. In certain preferred embodiments, the bene?cial 
agent is in the form of particles Wherein the particle further 
comprises a component selected from the group consisting 
of a stabiliZing agent, bulking agent, chelating agent and a 
buffering agent. 

[0036] These and other embodiments of the present inven 
tion Will readily occur to those of ordinary skill in the art in 
vieW of the disclosure herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] The foregoing and other objects, features and 
advantages of the present invention Will be more readily 
understood upon reading the folloWing detailed description 
in conjunction With the draWings as described hereinafter. 

[0038] FIG. 1 is a graph illustrating the in vivo release 
pro?le of bupivacaine hydrochloride obtained from depot 
formulations of the present invention (formulations 1-2). 

[0039] FIG. 2 is a graph illustrating the in vivo release 
pro?le of bupivacaine base obtained from depot formula 
tions of the present invention (formulations 3-4). 

[0040] FIG. 3 is a graph illustrating the in vivo release 
pro?le of bupivacaine base obtained from a depot formula 
tion of the present invention (formulation 4). 

[0041] FIG. 4 is a graph illustrating the in vivo release 
pro?le of human groWth hormone (hGH) obtained from 
depot formulations of the present invention (formulations 
5-6). 
[0042] FIG. 5 is a graph illustrating the in vivo release 
pro?le of hGH obtained from a depot formulation of the 
present invention (formulation 6). 

[0043] FIG. 6 is a graph illustrating the in vivo release 
pro?le of hGH obtained from depot formulations of the 
present invention (formulations 6-7) 

[0044] FIG. 7 is a graph illustrating the in vivo release 
pro?le of bupivacaine obtained from depot formulations of 
the present invention (formulations 8-9). 

[0045] FIG. 8 is a graph illustrating the in vivo release 
pro?le of bupivacaine obtained from depot formulations of 
the present invention (formulations 9-10). 

[0046] FIG. 9 is a graph illustrating the in vivo release 
pro?le of bupivacaine obtained from depot formulations of 
the present invention (formulations 10-11). 

[0047] FIG. 10 is a graph illustrating the in vivo release 
pro?le of bupivacaine obtained from depot formulations of 
the present invention (formulations 11-12). 
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[0048] FIG. 11 is a DSC diagram of the loW molecular 
Weight PLGA With an ester end group used to make various 
formulations of the present invention (formulations 2, 4, 6, 
7, 11, and 12). 

[0049] FIG. 12 is a DSC diagram of the loW molecular 
Weight PLGA With a carboxyl end group used to make a 
various formulations of the present invention (formulations 
8, 9, and 10). 

[0050] FIG. 13 is a graph illustrating the in vitro degra 
dation pro?le of PLGA polymers of varying molecular 
Weights With different end groups. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0051] The present invention is directed to an injectable 
depot composition that serves as an implanted sustained 
release bene?cial agent delivery system after injection into 
a patient’s body. The composition is a gel formed from a loW 
molecular Weight bioerodible, biocompatible polymer; a 
solvent having a miscibility in Water of less than or equal to 
7 Wt. % at 250 C., in an amount effective to plasticiZe the 
polymer and form a gel thereWith; and a bene?cial agent 
dissolved or dispersed in the gel. The present invention is 
also directed to a method of systemically or locally admin 
istering a bene?cial agent to a subject by implanting in the 
subject an injectable depot composition as described above. 
By appropriate choice of solvent, Water migration from the 
aqueous environment surrounding the implant system is 
restricted, and bene?cial agent is released to the subject over 
a period of time, thus providing for delivery of the bene?cial 
agent With a controlled burst of bene?cial agent and sus 
tained release thereafter. The duration and the rate of release 
of the bene?cial agent are controlled by appropriate choice 
of the loW molecular Weight biodegradable polymer. The 
composition provides controlled sustained release of the 
bene?cial agent by restricting Water migration from the 
aqueous environment surrounding the implant system, thus 
delivering the bene?cial agent over a short duration, pref 
erably a period equal to or less than tWo Weeks, preferably 
about 24 hours to about 2 Weeks, preferably about 10 days 
or shorter; preferably about 7 days or shorter, more prefer 
ably about 3 days to about 7 days. Because the polymer of 
the composition is bioerodible, the implant system does not 
have to be surgically removed after bene?cial agent is 
depleted from the implant. 

[0052] Generally, the compositions of the invention are 
gel-like and form With a substantially homogeneous non 
porous structure throughout the implant upon implantation 
and during drug delivery, even as it hardens. Furthermore, 
While the polymer gel implant Will sloWly harden When 
subjected to an aqueous environment, the hardened implant 
may maintain a rubbery (non-rigid) composition With the 
glass transition temperature Tg being below 370 C. 

[0053] It has been discovered that When a solvent having 
a solubility in Water of less than 7% by Weight in Water is 
present in the system, suitable burst control and sustained 
delivery of bene?cial agent is achieved, Whether or not a 
solubility modulator of the bene?cial agent is present in the 
system. Typically, the implant systems useful in this inven 
tion Will release, in the ?rst 24 hours after implantation, 40% 
or less of the total amount of bene?cial agent to be delivered 
to the subject from the implant system, preferably 30% or 
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less and more preferably 20% or less. In certain embodi 
ments, Within 24 hours after implantation the system 
releases less than or equal to 20% by Weight of the amount 
of bene?cial agent to be delivered over the duration of the 
delivery period, Wherein the delivery period is 2 Weeks. In 
additional embodiments, Within 24 hours after implantation 
the system releases less than or equal to 40% by Weight of 
the amount of bene?cial agent to be delivered over the 
duration of the delivery period, Wherein the delivery period 
is one Week. In additional embodiments, Within 24 hours 
after implantation the system releases less than or equal to 
50% by Weight of the amount of bene?cial agent to be 
delivered over the duration of the delivery period, Wherein 
the delivery period is three days. 

[0054] When the composition is intended for implantation 
by injection, the viscosity optionally may be modi?ed by 
emulsi?ers and/or thixotropic agents to obtain a gel com 
position having a viscosity loW enough to permit passage of 
the gel composition through a needle. Also, pore formers 
and solubility modulators of the bene?cial agent may be 
added to the implant systems to provide desired release 
pro?les from the implant systems, along With typical phar 
maceutical excipients and other additives that do not change 
the bene?cial aspects of the present invention. The addition 
of a solubility modulator to the implant system may enable 
the use of a solvent having a solubility of 7% or greater in 
the implant system With minimal burst and sustained deliv 
ery under particular circumstances. HoWever, it is presently 
preferred that the implant system utiliZe at least one solvent 
having a solubility in Water of less than 7% by Weight, 
Whether the solvent is present alone or as part of a solvent 
mixture. It has also been discovered that When mixtures of 
solvents Which include a solvent having 7% or less by 
Weight solubility in Water and one or more miscible solvents, 
optionally having greater solubility, are used, implant sys 
tems exhibiting limited Water uptake and minimal burst and 
sustained delivery characteristics are obtained. 

De?nitions 

[0055] In describing and claiming the present invention, 
the folloWing terminology Will be used in accordance With 
the de?nitions set out beloW. 

[0056] The singular forms “a,”“an” and “the” include 
plural referents unless the context clearly dictates otherWise. 
Thus, for example, reference to “a solvent” includes a single 
solvent as Well as a mixture of tWo or more different 

solvents, reference to “a bene?cial agent” includes a single 
bene?cial agent as Well as tWo or more different bene?cial 

agents in combination, and the like. 

[0057] The term “bene?cial agent” means an agent that 
effects a desired bene?cial, often pharmacological, effect 
upon administration to a human or an animal, Whether alone 
or in combination With other pharmaceutical excipients or 
inert ingredients. 

[0058] As used herein, the term “polynucleotide” refers to 
a polymeric form of nucleotides of any length, either ribo 
nucleotides or deoxyribonucleotides, and includes double 
and single-stranded DNA and RNA. It also includes knoWn 
types of modi?cations, substitutions, and intemucleotide 
modi?cations, Which are knoWn in the art. 

[0059] As used herein, the term “recombinant polynucle 
otide” refers to a polynucleotide of genomic, cDNA, semi 
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synthetic, or synthetic origin Which, by virtue of its origin or 
manipulation: is not associated With all or a portion of a 
polynucleotide With Which it is associated in nature; is 
linked to a polynucleotide other than that to Which it is 
linked in nature; or does not occur in nature. 

[0060] As used herein, the term “polypeptide” refers to a 
polymer of amino acids, inlcuding for example, peptides, 
oligopeptides, and proteins and derivatives, analogs and 
fragments thereof, as Well as other modi?cations knoWn in 
the art, both naturally occurring and non-naturally occurring. 

[0061] As used herein, the term “puri?ed” and “isolated” 
When referring to a polypeptide or nucleotide sequence 
means that the indicated molecule is present in the substan 
tial absence of other biological macromolecules of the same 
type. The term “puri?ed” as used herein preferably means at 
least 75% by Weight, more preferably at least 85% by 
Weight, more preferably still at least 95% by Weight, and 
most preferably at least 98% by Weight, of biological 
macromolecules of the same type present. 

[0062] The term “AUC” means the area under the curve 
obtained from an in vivo assay in a subject by plotting blood 
plasma concentration of the bene?cial agent in the subject 
against time, as measured from the time of implantation of 
the composition, to a time “t” after implantation. The time 
t Will correspond to the delivery period of bene?cial agent to 
a subject. 

[0063] The term “burst index” means, With respect to a 
particular composition intended for systemic delivery of a 
bene?cial agent, the quotient formed by dividing (i) the 
AUC calculated for the ?rst time period after implantation of 
the composition into a subject divided by the number of 
hours in the ?rst time period (t1), by (ii) the AUC calculated 
for the time period of delivery of bene?cial agent, divided by 
the number of hours in the total duration of the delivery 
period (t2). For example the burst index at 24 hours is the 
quotient formed by dividing (i) the AUC calculated for the 
?rst tWenty-four hours after implantation of the composition 
into a subject divided by the number 24, by (ii) the AUC 
calculated for the time period of delivery of bene?cial agent, 
divided by the number of hours in the total duration of the 
delivery period. 

[0064] The phrase “dissolved or dispersed” is intended to 
encompass all means of establishing a presence of bene?cial 
agent in the gel composition and includes dissolution, dis 
persion, suspension and the like. 

[0065] The term “systemic” means, With respect to deliv 
ery or administration of a bene?cial agent to a subject, that 
the bene?cial agent is detectable at a biologically-signi?cant 
level in the blood plasma of the subject. 

[0066] The term “local” means, With respect to delivery or 
administration of a bene?cial agent to a subject, that the 
bene?cial agent is delivered to a localiZed site in the subject 
but is not detectable at a biologically signi?cant level in the 
blood plasma of the subject. 

[0067] The terms “short period” or “short duration” are 
used interchangeably and refer to a period of time over 
Which release of a bene?cial agent from the depot gel 
composition of the invention occurs, Which Will generally be 
equal to or less than tWo Weeks, preferably about 24 hours 
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to about 2 Weeks, preferably about 10 days or shorter; 
preferably about 7 days or shorter, more preferably about 3 
days to about 7 days. 

[0068] The term “gel vehicle” means the composition 
formed by mixture of the polymer and solvent in the absence 
of the bene?cial agent. 

[0069] The term “initial burst” means, With respect to a 
particular composition of this invention, the quotient 
obtained by dividing (i) the amount by Weight of bene?cial 
agent released from the composition in a predetermined 
initial period of time after implantation, by (ii) the total 
amount of bene?cial agent that is to be delivered from an 
implanted composition. It is understood that the initial burst 
may vary depending on the shape and surface area of the 
implant. Accordingly, the percentages and burst indices 
associated With initial burst described herein are intended to 
apply to compositions tested in a form resulting from 
dispensing of the composition from a standard syringe. 

[0070] The term “solubility modulator” means, With 
respect to the bene?cial agent, an agent that Will alter the 
solubility of the bene?cial agent, With reference to polymer 
solvent or Water, from the solubility of bene?cial agent in the 
absence of the modulator. The modulator may enhance or 
retard the solubility of the bene?cial agent in the solvent or 
Water. HoWever, in the case of bene?cial agents that are 
highly Water soluble, the solubility modulator Will generally 
be an agent that Will retard the solubility of the bene?cial 
agent in Water. The effects of solubility modulators of the 
bene?cial agent may result from interaction of the solubility 
modulator With the solvent, or With the bene?cial agent 
itself, such as by the formation of complexes, or With both. 
For the purposes hereof, When the solubility modulator is 
“associated” With the bene?cial agent, all such interactions 
or formations as may occur are intended. Solubility modu 
lators may be mixed With the bene?cial agent prior to its 
combination With the viscous gel or may be added to the 
viscous gel prior to the addition of the bene?cial agent, as 
appropriate. 
[0071] The terms “subject” and “patient” mean, With 
respect to the administration of a composition of the inven 
tion, an animal or a human being. 

[0072] Since all solvents, at least on a molecular level, Will 
be soluble in Water (i.e., miscible With Water) to some very 
limited extent, the term “immiscible” as used herein means 
that 7% or less by Weight, preferably 5% or less, of the 
solvent is soluble in or miscible With Water. For the purposes 
of this disclosure, solubility values of solvent in Water are 
considered to be determined at 250 C. Since it is generally 
recogniZed that solubility values as reported may not alWays 
be conducted at the same conditions, solubility limits recited 
herein as percent by Weight miscible or soluble With Water 
as part of a range or upper limit may not be absolute. For 
example, if the upper limit on solvent solubility in Water is 
recited herein as “7% by Weight,” and no further limitations 
on the solvent are provided, the solvent “triacetin,” Which 
has a reported solubility in Water of 7.17 grams in 100 ml of 
Water, is considered to be included Within the limit of 7%. 
A solubility limit in Water of less than 7% by Weight as used 
herein does not include the solvent triacetin or solvents 
having solubilities in Water equal to or greater than triacetin. 

[0073] The term “bioerodible” refers to a material that 
gradually decomposes, dissolves, hydrolyZes and/or erodes 
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in situ. Generally, the “bioerodible” polymers herein are 
polymers that are hydrolyZable, and bioerode in situ prima 
rily through hydrolysis. 

[0074] The term “thixotropic” is used in its conventional 
sense to refer to a gel composition that can liquefy or at least 
exhibit a decrease in apparent viscosity upon application of 
mechanical force such as shear force. The extent of the 
reduction is in part a function of the shear rate of the gel 
When subjected to the shearing force. When the shearing 
force is removed, the viscosity of the thixotropic gel returns 
to a viscosity at or near that Which it displayed prior to being 
subjected to the shearing force. Accordingly, a thixotropic 
gel may be subjected to a shearing force When injected from 
a syringe Which temporarily reduces its viscosity during the 
injection process. When the injection process is completed, 
the shearing force is removed and the gel returns very near 
to its previous state. 

[0075] A “thixotropic agent” as used herein is one that 
increases the thixotropy of the composition in Which it is 
contained, promoting shear thinning and enabling use of 
reduced injection force. 

[0076] The term “loW molecular Weight (LMW) polymer” 
refers to bioerodible polymers having a Weight average 
molecular Weight ranging from about 3000 to about 10,000; 
preferably from about 3000 to about 9,000; more preferably 
from about 4000 to about 8,000; and more preferably the 
loW molecular Weight polymer has a molecular Weight of 
about 7000, about 6000, about 5000, about 4000 and about 
3000 as determined by gel permeation chromatography 
(GPC). 
[0077] The term “high molecular Weight (HMW) poly 
mer” refers to bioerodible polymers having a Weight average 
molecular Weight greater than 10,000 as determined by gel 
permeation chromatography (GPC). 

[0078] The polymer, solvent and other agents of the inven 
tion must be “biocompatible”; that is they must not cause 
irritation, in?ammation or necrosis in the environment of 
use. The environment of use is a ?uid environment and may 

comprise a subcutaneous, intramuscular, intravascular 
(high/loW ?oW), intramyocardial, adventitial, intratumoral, 
or intracerebral portion, Wound sites, tight joint spaces or 
body cavity of a human or animal. 

[0079] The folloWing de?nitions apply to the molecular 
structures described herein: 

[0080] As used herein, the phrase “having the formula” or 
“having the structure” is not intended to be limiting and is 
used in the same Way that the term “comprising” is com 
monly used. 

[0081] The term “alkyl” as used herein refers to a satu 
rated hydrocarbon group typically although not necessarily 
containing 1 to about 30 carbon atoms, such as methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl, octyl, 
decyl, and the like, as Well as cycloalkyl groups such as 
cyclopentyl, cyclohexyl and the like. Generally, although 
again not necessarily, alkyl groups herein contain 1 to about 
12 carbon atoms. The term “loWer alkyl” intends an alkyl 
group of 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms. 
“Substituted alkyl” refers to alkyl substituted With one or 
more substituent groups, and the terms “heteroatom-con 
taining alkyl” and “heteroalkyl” refer to alkyl in Which at 
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least one carbon atom is replaced With a heteroatom. If not 
otherWise indicated, the terms “alkyl” and “loWer alkyl” 
include linear, branched, cyclic, unsubstituted, substituted, 
and/or heteroatom-containing alkyl or loWer alkyl. 

[0082] The term “aryl” as used herein, and unless other 
Wise speci?ed, refers to an aromatic substituent containing 
a single aromatic ring or multiple aromatic rings that are 
fused together, linked covalently, or linked to a common 
group such as a methylene or ethylene moiety. Preferred aryl 
groups contain one aromatic ring or tWo fused or linked 
aromatic rings, e.g., phenyl, naphthyl, biphenyl, diphe 
nylether, diphenylamine, benZophenone, and the like, and 
most preferred aryl groups are monocyclic. “Substituted 
aryl” refers to an aryl moiety substituted With one or more 
substituent groups, and the terms “heteroatom-containing 
aryl” and “heteroaryl” refer to aryl in Which at least one 
carbon atom is replaced With a heteroatom. Unless otherWise 
indicated, the term “aryl” includes heteroaryl, substituted 
aryl, and substituted heteroaryl groups. 

[0083] The term “aralkyl” refers to an alkyl group substi 
tuted With an aryl group, Wherein alkyl and aryl are as 
de?ned above. The term “heteroaralkyl” refers to an alkyl 
group substituted With a heteroaryl group. Unless otherWise 
indicated, the term “aralkyl” includes heteroaralkyl and 
substituted aralkyl groups as Well as unsubstituted aralkyl 
groups. Generally, the term “aralkyl” herein refers to an 
aryl-substituted loWer alkyl group, preferably a phenyl sub 
stituted loWer alkyl group such as benZyl, phenethyl, 1-phe 
nylpropyl, 2-phenylpropyl, and the like. 

[0084] The term “heteroatom-containing" as in a “heteroa 
tom-containing hydrocarbyl group” refers to a molecule or 
molecular fragment in Which one or more carbon atoms is 
replaced With an atom other than carbon, e.g., nitrogen, 
oxygen, sulfur, phosphorus or silicon. Similarly, the term 
“heterocyclic” refers to a cyclic substituent that is heteroa 
tom-containing, the term “heteroaryl” refers to an aryl 
substituent that is heteroatom-containing, and the like. 

[0085] By “substituted” as in “substituted alkyl,”“substi 
tuted aryl” and the like, as alluded to in some of the 
aforementioned de?nitions, is meant that in the alkyl or aryl 
moiety, respectively, at least one hydrogen atom bound to a 
carbon atom is replaced With one or more non-interfering 
substituents such as hydroxyl, alkoxy, thio, amino, halo, and 
the like. 

I. lnjectable Depot Compositions: 

[0086] As described previously, injectable depot compo 
sitions for delivery of bene?cial agents over a short duration 
of time may be formed as viscous gels prior to injection of 
the depot into a subject. The viscous gel supports dispersed 
bene?cial agent to provide appropriate delivery pro?les, 
Which include those having loW initial burst, of the bene? 
cial agent as the bene?cial agent is released from the depot 
over time. 

[0087] The polymer, solvent and other agents of the inven 
tion must be biocompatible; that is they must not cause 
irritation or necrosis in the environment of use. The envi 
ronment of use is a ?uid environment and may comprise a 

subcutaneous, intramuscular, intravascular (high/loW ?oW), 
intramyocardial, adventitial, intratumoral, or intracerebral 
portion, Wound sites, tight joint spaces or body cavity of a 
human or animal. In certain embodiments, the bene?cial 




























