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[0003] Idiopathic osteoporosis is a disease of unknown etiology
characterized by progressive loss of bone mass and increased fragility, resulting in a
marked increase in susceptibility to fractures. Osteoporosis is among the most
prevalent of all musculoskeletal disorders, afflicting fifty six percent of women over
45 years of age. Praemer et al., “Musculoskeletal Conditions in the United States”,
Amer. Acad. of Orthopaedic Surgeons, Park Ridge, IL k1992). Because its incidence
increases with age and the percentage of elderly in the population is increasing,
osteoporosis will become more common with time. Osteoporosis is difficult to treat
locally, and there is presently no known cure. Finally, and most significantly,
osteoporosis is associated with a substantial morbidity and mortality. The most
serious fracture resulting from osteoporosis is that the of the proximal femur in the
region of the hip joint. With an annual incidence of over 300,000, hip fractures are
currently the most common fracture in the elderly. One out of every six Caucasian

women will have a hip fracture during her lifetime (Cummings et al., Arch. Intern.
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fractures.

SUMMARY OF THE INVENTION

[0007] The present invention is directed to compositions for injectable
delivery of osteogenic proteins, i.e., osteogenic compositions. The compositions
may take the form of a solid rod, preferably a cylindrical solid rod, or a hardenable
paste. The compositions comprise an osteogenic protein and a calcium phosphate
material.

[0008] In certain preferred embodiments of the present invention, the
osteogenic protein is a member of the bone morphogenetic protein family, more
preferably one of BMP-2, BMP-4, BMP-5, BMP-6, BMP-7, BMP-10, BMP-12, and
BMP-13, most preferably BMP-2. The osteogenic protein is preferably present in an

amount ranging from about 1% to about 90%, more preferably from about 15% to
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osteogenic compositions which also comprise a bone resorption inhibitor. The bone
resorption inhibitor is preferably a bisphosphonate selected from alendronate,
cimadronate, clodronate, EB 1053, etidronates, ibandronate, neridronate,
olpadronate, pamidronate, risedronate, tiludronate, YH 529, zoledronate, and
pharmaceutically acceptable salts, esters, acids, and mixtures thereof.

[0011] Additional embodiments of the present invention are directed to
osteogenic compositions which also comprise an additive selected from |
pharmaceutically acceptable salts, polysaccharides, peptides, proteins, amino acids,
synthetic polymers, natural polymers, surfactants, and combinations thereof, more
preferably selected from carboxymethylcellulose, hydroxypropyimethyliceliulose,

methylcellulose, polylactide, polyethylene glycol, polyvinylpyrmlidone,‘
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[[0612] When thecosieogsiije apmpositiopsifithe pregent irventiondakes the
invention takes the formof a solid cylindrical rod,
form ofreesolichopiraricaf radh éhecgiameder oftheraytindicgl red és ptdfgrably
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preferably between about 0.5 cmand 5.0 cm [0013] An
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protein with a dry formof the cal ci um phosphate
proteinat said alomposiiadcaeprsiog amesteogenic Psdterreainth atdaleivmng

the dry m xture by addi ng an aqueous buffer to forma
phositesté enatefial, eohtprising the ftess of ta) rhiring adrofbrisheiithe osteogenic

conmposition; and { ) drying the rod shaped
protein with a.dry form of the calcium phosphate material to produce a dry mixture;
(b) reconstituting the dry mixture by adding an aqueous buffer to form a paste; (c)
molding the paste to form a rod shaped composition; and {d) drying the rod shaped
composition of step (c) to form a rod-shaped composition for injectable delivery of
osteogenic proteins. In preferred embodiments , the aqueous buffer is selected from
phosphate-buffered saline, saline, glycine- and glutamic acid-based buffers and
combinations thereof. The volume to weight (mL.:g) ratio of aqueous buffer to dry
mixture ranges from about 0.5:1 to about 2:1. Molding is preferably accomplished by

molding, extruding, pressing, boring or combinations thereof. In certain preferred

embodiments , the rod-shaped composition is cut before or after step (d).
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enbodi nents of the present invention, the aqueous
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mateGAITBhHaS FrORs abbel 611 toldbut@ti 0 of aqueous buffer to
cal ci um phosphate material ranges fromabout 0.5:1 to

a 20, . | : .
Rton sk suither SmEblimert o 1Y pERRAFTERGD Sfe hcted 1o
a,m l..having a ne. def ect coppri si ng. adm ni steri.n

metn3gS BBatE & sPmihal ps i Pibe SRR cPRUF s adboiisietfd to the

. a conposition for injectable delivery f osteogenic )

site ohths eone defest aaeifastive amonint of acempesitianios dfﬂlﬁﬁtﬁpkﬁ @glivery of
the present invention are directed to nmethods of

osteogesitt proteins eimimed HeseinnStil fudher embedimentsiofitise present
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inventioh eté dirackid teahethdsraftehating aamanmalshaving aftdne defect

i njectabl e delivery of osteogenic proteins -clained
comphi8in}f the steps of (a) administering to the site of the bone defect an effective
amount of a composition for injectable delivery of osteogenic proteins claimed herein
and (b) administering to the site of the bone defect an effective amount of a bone

resorption inhibitor. The administration of a bone resorption inhibitor can be

performed prior to step (a), after step (a) or simultaneously with step (a).

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Figure 1 is a graph showing the in vitro release kinetics of rhBMP-2
from a-BSM rods using 1'2\5I-thMP-2 as a tracer. o
[0017] Figure 2 is a graph showing the in vivo local retention of rhBMP-2

from a-BSM rods using 125l-rhBMP-2 as a tracer.
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The- cal ci um phosphate solid rods and hardenabl e pastes
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repair, non-union defect repair and spinal fusion. The injectable solid rods and
hardenable pastes of the present invention may also be used to promote bone
growth as needed when using joint replacement implants as described in provisional
U.S. Application No.60/502,526, (“Promotion of ,Bone Ingrowth in Joint Replacement
Implants Using Osteogenic Proteins; the subject matter of this provisional application
is incorporated in its entirety by reference herein.

[0019] A first embodiment of the present invention is directed to a rod-
shaped composition for injectable delivery of osteogenic proteins comprising an
osteogenic protein and a calcium phosphate material. A-composition according to
this first embodiment of the present invention may optionally include other additives

(binders, excipients) and/or active agents such as a bone resorption inhibitor.



growt h as needed when using joint replacenent inplants
as described in provisional U S. Application No.
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Repl acenent | nplants Using Osteogenic Proteins; the
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Preferably the solid rods of the present invention are
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this first enbodi nent of the present invention_is
avoidingrthaidsfisiengieisinberentt inliquid @ viseers igrmuiatiens gFehexample,
deficiencies inherent in liquid or viscous formu

usinglliguicomsgelFormalationd, ¢he wsteugenicagehtonagbe prematurely diluted by
formul ati ons, the osteogenic agent may be prematurely

the bty fili8s beYort iRe BRAY Jrokiotifg Refeer €ant Be depRsveRl OTRY pregent
effect can be achi eved. The present
invention obviates the dilution effect by employing a solid carrier which degrades
slowly in vivo, thereby providing delayed, sustained release of the active agent(s).
Fﬁrthermore, unlike liquid or viscous formulations which may migrate from the site of
administration, the solid compositions of the present invention become lodged and
persist at the site of desired bone growth to effect the bone growth promoting
activity. Also they allow a more precise injectable placement .of a solid rod in areas
of low bone mass. Typically, the composition should persist at the site for a period
from about 5 days to about 2 months. If the composition is dispersed prematurely,
the desired bone growth promotion effect either will not occur-or the formed bone will

not have the desired strength. Finally, although the osteogenic composition of this

embodiment of the present invention is administered as a solid, it is preferably
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enbodi nent of the present invention is directed to a
powd'é?écf‘ijdry forms of both the osteogenic protein and the calcium phosphate
material are initially employed in order to form a dry mixture. When additives and/or
additional active agents are included in the composition, these materials may also-be
employed in a dry or powdered form and included in the dry mixture.

[0023] In the second step, the dry mixture is reconstituted by adding an

aqueous buffer to form a paste. Suitable aqueous buffers include, without limitation,
phosphate-buffered saline, saline, glycine-based buffers and combinations thereof.

When using BMP-2 as the osteogenic protein, a glycine-based buffer having a pH of

about 4.5 is preferred for use; more preferably, a glycine-based buffer having a
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third 319@ ¢fdht$éaethﬂddwa e ggrapranyged wp@ugiwnagéﬁem@cog@mcsmpound-
ot her nethod. n addition, the upper limt of this
R020]t Thas stepiis perforrned uamdley coygditibes adrecesubstaatialiyotiniform
so nmuch liquid be added to the dry m xture that, upon

mixingSateuesl UMting civitghed the gty apalieMssiuséd & Feglﬁéie the
shape, is disturbed; in other words, if too nuch

extentgfggég%dg?ﬁdiéﬁfjre h@ﬁ‘st‘?\ﬁn‘é"ﬂl %ﬁ@%e.fs%g‘ﬁﬁ% Hletnl't‘seaFJ” rd

i's rret be conprom se dryi ng
preferr:'ilﬂ? c8ﬁfa?r?&f {H the |xtuge, it is also possible to add an additive or an

additional active agent immediately prior to the initiation of mixing -or prior to the
completion of miking. Such an additive or additional active agent is preferably in a
dry form; however, a hydrated form of the additive or additional active agent may
also be added to the paste.

[0026] In the third step of the present inventive method, the paste is molded
to form a rod shaped composition. Molding or shaping may be accomplished using
any one of a number of known techniques such as molding, extruding, pressing,
boring and/or cutting. In a preferred embodiment of this invention, the paste is
packed into and extruded through the hub end of a hypodermic syringe. In this case,

the plunger of the syringe is inserted and a sufficient amount of pressure is applied



[0025] This step is performed under conditions where
substantially uniformm xi ng occurs. M xi ng conbi nes
woheosimsgoedi ent s and can be used to regul at e t ReTANR@®AN29560

of inter-ingredient reactions. Wile all of the
desired ingredients are preferably contained in the

to extrde arcantinususilengt of nasteosto ey swiarkd Sectians arevbencut
an additional active agent imediately prior to the

using aryuttireg towh saéh &k 4 ragon scalpel,dnifecortthe likenal fetrnadnjeofable, rod-
m xi ng. Such an additive or additional active agent is

shapeRl &Irip&dtiond. nCﬁttFﬁQM’né? B850 BRUSNSde aﬁeﬁ%@r&yiﬁgls’t@[ﬁ gg@éribed

the additive or additional active agent may al so

oo RSB g e Dt i .o o
gas-pRELEARIFIANEE (6 ety OoTeNOrEl ER i he ARG R S Usion-type

techni ques such as nol di ng, extruding, pressing,
appargtsi ng and/ or cutting. n a preferred enbodi nent of

this invention, the paste is packed into and extruded

t [@0aup hint the fimalb steypd theef roal $hapediecorhposition obtained irhihe previous

case, the plunger of the syringe is inserted and a

step i§ Hfibd ©F PRFdEHE} 0t fofth the $66-8hapeE capplosiidhdorinjedidiBlealelivery
conti nuous length of paste onto a dry surface.

of ost;?cgge% rl8 'E)?ot@rr%ec?fl’}ﬁg I%):r'«?éé}ﬂ ir‘?\/ﬂibf\: (Ega’t teﬂ%ooﬁM%Ht)?‘jﬁDer?itngbrlng?/ be

scal p e or t to formi'n

sccor LSRR o TR B s B PR 88, L5 st

.~ the paste may be packed into cylindrical |d, . :

37°C.cabaélndng t@mpe@tugeﬁ-'\ﬁr@ﬁ@%viyt%S?raf{ger(\§9@9§~399?%agtnfete'"
or Teflon(r)/FEP), or any other extrusion-type

degradpiiam,avhish typioaly] occurs sofrevdieretirfhe tameercg‘Ssg’ Ragndi60°C.
conposition obtained in the previous step is dried or

Whenhévyiheriecconiptished irea 376C dvepe drydogrpadeistapproXiorately at least
i njectabl e delivery of osteogenic proteins of the

one hBUE S prefrably @ingfis cakrie8@dbvErRight. Prkird@-shapede
composition preferably has a residual moisture of less than 10%.

[0028] A third embodiment of the present invention is directed to a
hardenable paste composition for irﬁectable delivery of osteogenic proteins
comprising an osteogenic protein and a calcium phosphate material. A composition
according to this third embodiment of the present invention may optionally include
other additives (binders, excipients) and/or active agents such as a bone resorption
inhibitor. /

[0029] This paste is suitable for local intraosseous delivery and may,
therefore, be injected directly into an osteoporotic or osteopenic site whereupon-the -
paste hardens to a solid form and effectively induces the formation and/or

maintenance of bone. Because the paste hardens upon injection into an at least
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acconpl i shed via air drying or incubation at elevated
tenperatures, i.e., at least 37 C. The drying
woenpansosre is limted only by a concern for PCT/US2004/029560
ost eogeni ¢ protein degradation, which typically occurs
somewhere in the range of 55 C and 60 C. Wen drying
37°Cienvaonmept.iishdutd a nearfihal; maey of theydisgdvaitages associated with
approxi mately at |east one hour, and preferably drying

the use ot kiquid o gelitompesilivas bre AW§ide@d-SHARED t@\‘é‘%yﬂﬁir%g%ﬁaped

preferably has a residual noisture of |ess than :
- ' | nti.on is. .
iectyPR3 b Speshas) B, e hARSHERARLs REVGRRIBA arbvis o
sustol RS Syl N Yol G BBl R BT HSiate e o

terjal. A conposition according to this third
the haigBaPlgsiasts Mahas preleeged by vefhigeemtingthepastenal | y
i ncl ude other additives (binders, excipients) and/or
alt030¢ Adeurth eshodieent obtheepressot ipvéwtiorni ishdikcted to a method
[0029] This paste is suitable for |ocal intraosseous

for prefpdringethe paEle tBYNPJSitNEbE fectiBlel dYIREkLEf @Bté@?éﬂni& préteths. In

an osteoporotic or osteopenic site whereupon The paste

this mMRAELE EdiyFoPmSStithd cBRUm ?ﬁggﬁﬁéﬁ%é%‘ﬂaﬁig rﬁ%ﬁe\ﬁiﬁﬁe Bf aqueous

formati on and/ or mainten bone. efause ;C
T Lop into a eas
buer R A &7 B51cbBRAic fﬂ{oﬁeqé*%ﬂqéhjai ,paaﬂ%i\‘fvgeln; ives andlor
..di sady.ant ages assocjated wth the use o iquid or ge

additignal BchVe wgRats,pie inckidgdan the Aemapsilian: thessenatarials may be

rod-shaped injectable conposition described above, the
emplaygdda ﬁégebﬁﬁ redessPre-Bixeshwithy thesdey form of calcium phosphate

sust ai ned-rel ease profile with regard to the

matertzad oe dy@ hiydratedfeinn to Baeniked elrcatly withithe agliebbis buffer and the
har denabl e paste may be prol onged by refrigerating the

calciupaphespHetd dtdtetall MY RE Rt uritferlddfdRioRs Siler

invention is directed to a nethod for preparing the

subst%}gfa\élg gtgﬁlﬂgﬁgirwfg)(grg‘%é&fr%' Misig BBhbINE thehyrdients and can be
used to regulate the extent of inter-ingredient reactions.

[0031] Suitable aqueous buffers include, without limitation, phosphate-
buffered saline, saline, glycine-based buffers and combinations thereof. When using
BMP-2 as the osteogenic protein, a glycine-based buffer having a pH of about 4.5 is
preferred for use; more preferably, a glycine-based buffer having a composition of 5
mmol L-glutamic acid, 2.5% glycine, 0.5% sucrose, 5 mmol NaCl and 0.01%
polysorbate 80 is used. A weight ratio of aqueous buffer to dry calcium phosphate
ranges from about 0.5:1 to about 2:1.

[0032] Alternatively, a dry form of the osteogenic protein is mixed with a dry

form of the calcium phosphate material to produce a dry mixture, and the dry mixture

is then reconstituted by adding an aqueous buffer to form a-paste. These steps
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this method, a dry form of the cal ci um phosphate
material is mxed with an aqueous buffer containing an
WOoEHgesc protein to forma paste. Wien addi PCYAS2004/029560

and/ or additional active agents are included in the

conposition, these materials may be enployed in either
woulddpe ideptipaltto the fipsteand sexbndi steps bethdr pefhmdnofgireparing the solid

phosphate material or in a hydrated formto be nm xed
rod-siehpeetedripeéition bbeveqsssuitl iibb&imentflekdtdt 4Rdtcd Walight ratio of

phosphate material. Mxing is performed under

Sunsth 0 .
R TR e e e g o g

r t . : f inter-ingredient actions.

(BB et ufdotiie Bin oBhFraad GRTEad iRt bone

Iim'.tﬁ L.on, ppagié)hatebu_ffered saline, saline,
resorpfiap N RRIBER I allE fruselndhe presatinvandion ase a@bren helew.

using BWMP-2 as the osteogenic protein, a glycine-based

buffer having a p of about 4.5 is preferred for use;
ACTIVB AGENEf er abl y, a gl yci ne- based buffer having a

conposition of mmol L-glutam c acid, 2.5% glycine,

0[0586115 uth® setivesageml preaent inrthe os&Dgepid geropositiens of the

used. A weight ratio of aqueous buffer to dry cal cium
presephiosetiiireisrmatprablyrsaiectbd flondtte faniily eflppoteins knowR@82he

Alternatively, a dry formof the osteogenic protein is

tra nsfﬁFMiﬂQ_gﬁ?th Rictry e (TOF-f)supetarhi w;eggﬁe&%@ T’his_famil?/e

material to produce a dry ‘m xture, the dry mxtu
ntuch$ 46 SRR SRRl SHPLARRRERTe RS Theso
f.irs second e 0 p ring .t
- BIPs fiihe P RERUE BMBS. P BBBvA. EARSn BN Ba 0 an REF-7
i eéétegt that a weight ratio of aqueous buffer to drg
discloged. oy, #x3yRBlep b HeS r Batgst Nor §08:3R7, 50063,849 05406382 1
. 50033 Details regarding the active agent, carrier,
5,106 4481 biB& L7 @niddnd4 1 £05; MRS, distldsetan $GTIVWAIH1¢18698, BMP-
use in the present invention are given bel ow
9, disclosed in PCT WO 93/00432, BMP-10, disclosed in PCT WO 94/26893, BMP-
11, disclosed in PCT WO 94/26892, BMP-12 and BMP-13, disclosed in PCT WO
95/16035, BMP-15, disclosed in U.S. Patent No. 5,635,372, and BMP-186, disclosed
in U.S. Patent No. 6,331,612. Other TGF- proteins which may be useful as the
active agent in the present invention include Vgr 2, Jones et al., Mol. Endocrinol.,
vol. 6, pp. 1961 1968 (1992), and any of the 'grbwth and differentiation factors
(GDFs) including those described in PCT WO 94/15965, WO 94/15949, WO
95/01801, WO 95/01802, WO 94/21681, WO 94/15966, WO 95/10539, WO
96/01845, WO 96/02559 and others. Also useful in the present invention may be
BIP, disclosed in WO 94/01557, HP00269, disclosed in JP 7 250688, and MP52,

disclosed in PCT WO 93/16099. The disclosures of all of the above patents, journal
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ACTI VE AGENT [0034] The active agent present in the
ost eogeni ¢ conpositions of the present invention is
wonedsanstoby sel ected fromthe fam |y of protei RETHISEMWA029560

as the transformng growh factors beta (TG b)

superfamly of proteins. This famly includes the
publicatidris/ams publighiek interaatibrizd applicatignegre étcarppratee byseference

(BMPs). These BMPs include BMP-proteins BMP-2, BMP- 3,
hereinBVP- 4, BMP-5, BMP-6, and BMP-7, disclosed, for

exanple, in U S Patent No. 5,108,922, 5,013, 649,

10689, SterabBcihed dlivsoesH giifbue Heasi de ficirecied

irom 13 Sipelasssol Probeins poB GTSlY RABIWES AORIRVS pesh distiosed

di scl osed in PCT WD 95/16035, BMP-15, disclosed in
to havey osteqagnigactivity, snd othergrowiihangiffereptiatinnsypeasgivities. A
U S. Patent No. 6,331,612. Oher TGF-b proteins which
subsehefyBh¥ sugkith Iaraqardesmwtlacnr'efeermgﬁan usenn thepm@mseseinvention
i nvention include Vgr 2, Jones et al., Ml.

lncludEmeZ' BMP-4, BMP-5 BMP-6, B)MR-7, BNIP 10 BNMP- BN drisvet-13,
t he growth and differentiation factors ( GDFs)

most e MG o GER T e LT S ST s PR N
5013 53, d %‘§§J BRI s oAty refbisBe e, e

osed in WO 94/ 01557, HP00269, discl osed in
Eﬂg%l Treacive RoanbEnay be sesoribinantly Praduedcaisd from a

The disclosures of all of the above patents,
proteinp eompasition! iThet aclive ageant piiblTiGh¢osual as a&MBnar other dimeric
applications are i'ncorporated -by reference herein.
proteirh,003% beProph@dinderig, ortrhay betheterodiyratic ivithlallesBRPY @ast a
one protein selected fromthe subclass of proteins

heterogiABPcAAPBSEd bl 0Ré nidYidmerbb o BVIP-2erR BPCs Osafith other
members of the TGF- superfamily, such as activins,‘inhibins and TGF-B1 (eg., a
heterodimer composed of one monomer each of a BMP-and a related member of the
TGF-B superfamily). Examples of such heterodimeric proteins are described, for
example, in PCT WO 93/09229, the disclosure of which is incorporated by reference
herein. The active agent may comprise DNA encoding for BMPs and cells
transduced or transfected with genes encoding BMP-proteins.

[0037] The active agent may further comprise additional agents such as the
Hedgehog, Frazzled, Chordin, Noggin, Cerberus and Follistatin proteins. These
families of proteins are generally described in Sasai et al., Cell, vol. 79, pp. 779-790
(1994) (Chordin); PCT WO 94/05800 (Noggin); and Fukui et al., Dev. Biol., vol. 159,
pp. 131-139 (1993) (Follistatin). Hedgehog proteins are described in'PCT WO

96/16668, WO 96/17924, and WO 95/18856. The Frazzled family of proteins is a
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to have osteogenic activity, and other growh and
differentiation type activities. A subset of BMs
wohoashzswe presently preferred for use in the pCEASmI04/029560
i nvention include BwP-2, BMP-4, BMP-5, BMP-6, BMP-7,
BMP- 10, BMP-12, and BMP-13, nost preferably BMP-2, the
relativalg qeestdly discovared familylobplodsiag with high.hoRadlegy td\the
5,013,649, the disclosure of which is incorporated by

extracélRNi & SIRERgTRIRAIA. of tRE 2édeptepdtdih YamAY RAbwIEAS PEzzled. The
reconbi nantly produced or purified froma protein

i B s AP el fn AL o i e, vo
271, P das AR e I T eta /e i Sl A0 il ptfysombie o

BMP-6) or with other nenbers of the TGF Db Sléperfam' Ial
receptaige §UGR agdhe iunsatedifnlupladecprionsdtisplesed iy PCTWO 95/ 7982.
het er odi mer conposed of one nononmer each of a BMP-and
From theteachingl oV &5/@F98 2 eneGkilledsin dee aanvillypcoghizaphats
of such heterodineric proteins are described, for

truncatsesalisie recetETs WP BE QI@Rsredifbendinsedisother eécopbcprotsins.
i ncorporated by reference herein. The active agent may

Such WONREISED Sr?\ ads a9 within P06k iﬁ@éﬁt%d.rﬂ%?gggg] or

transfected w genes encodi ng BMP-prot el ns.
' . : ddi ti |
publicdisRt iekeBp BebriERst ol LGB, 0 ! one
j,n,...Cerberus and Fol |istatj roteins, Thes .
{0, ToAmaker v Agegh Hert ST & Pehamati siegive to
. et al., Cell, vol, 79, pp. 779-790 (1994) (Chordi n@;
stimulateinaregaed 58BOIENSRANtY chntesank or indiltrating progenite; (@isteoblast
vol . 159, pp. 131-139 (1993) (Follistatin). Hedgehog

precurponotalisher atter delis (hdrethafiePCSTfabtive/ahoGEdE]) aMd @l detsl upon
and WO 95/18856. The Frazzled famly of proteins is

the sizarfldhatvpd yf ’m@%éétyoéih% reutsE Gshadl byt comnpbsitioa of the
wi th high honmology to the extracellular binding domain
calciurRTpHoSBhARCERE b&hGlihPold BererAR e Siickht BFostEBEenic
protein present in a solid rod-shaped osteogenic-composition of the present
invention ranges from about 1% to about 90%, more preferably from about 15% to
about 40%, by weight of the osteogenic composition. Generally, the amount of
osteogenic protein prevsent in a hardenable paste osteogenic composition of the

present invention ranges from about 0.01% to about 2%, more preferably from about

0.03% to about 1%, by weight of the osteogenic composition.

CARRIER

[0039] According to all embodiments of the present invention, a calcium
phosphate material is employed as a carrier. As used herein, a “calcium phosphate
material” means any synthetic bone substitute material comprising calcium

phosphate as the primary component, i.e., having at ieast 90% by weight attributable
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Frizzled famly of genes and proteins is described in
Wang et al., J. Biol. Chem, vol. 271, pp. 4468-4476
wO2038ps5593he active agent may al so include ot heCcT/US2004/029560

sol ubl e receptors, such as the truncated sol uble
receptors disclosed in PCT W95/07982. Fromthe

to calgivaicandigr phoshaes/ dheg2ajciumephaisphitedmiateridi ef e prasient
recogni ze that truncated sol ubl e receptors can be

inventiprepaydse iy bioeomipatibled chRiurn eteBbRateRhateial knowH G the art.
woul d al so be enconpassed within the present

Suitabl& ¢aRiurA rbhoIBﬁat%Qﬁ?%ri@!ébHag%é &'&%uf;‘%g ggféﬁﬁ%nea% a variety of

i ncor porated by reference hereln.

meth i PuARG Phy et JEBlelndikls SPRI RS polEhert By °

. 'b(;}fi I trating progenitor (osteoblast precursor cells)
availagle. ot her cells (hereinafter "effective anmount”) and
wi || depend upon the size and nature of the defect

HEPAG tIneceartain pederied embodimentsopfgbsinresentdnveniion, the calcium

cal ci um phosphate carrier being enployed. Generally,
phosphite mabentdl i prezeneingam amaund ranging frese abolim G236 labdut 99%,
rod- shaped ost eogeni ¢ conposition of the present

more prefémblyoiomadliis 40008 abawteob%o b \A@%HtofW%oﬁ'@&ﬁj-sha ed
%refergg'iay fromabout 15%to aboﬁt % by wei ght of P

osteodédific %Hﬁ)@ﬁf&h%ﬁﬁ%@éﬁ m\/enﬁﬁﬂ.erlﬁ‘lc Maint(flgeggégil'gﬁegf

steogeni ¢ protein-prese In-a hardenab _

ermbofFSFRSEEITE B0F LD nd S5 S Aeb HERH T KOSt
on Byt ot s oS o ey o bt

enbodi nents of the present invention, a calcium
to aboyh 66Yh dtyeveightef the Hasdenqle pesteassteogeanicicompositiarsefithe

herein, a "cal cium phosphate material” means any
preseisyinvdretior. Paferablyhsie talcRinrphespledtetnaterinboneartiat B weBd in
dry, i.e., powdered, form.

[0041] Forms of calcium phosphate suitable for use in this invention include,
without 'Iimitation, amorphous apatitic calcium phosphate (ACP), poorly crystalline
| apatitic calcium phosphate (PCA), hydroxyapatite (HA), tricalcium phosphate and
fluorapatite. In a preferred embodiment, the calcium phosphate material is a poorly
crystalline apatitic calcium phosphate solid having a calcium-to-phosphate (Ca/P)
ratio comparable to naturally occurring bone minerals, more preferably a calcium-to-
phosphate ratio of less than about 1:1.5, most preferably about 1:1.4.

[0042] Suitable PCA materials may be identified by-combining PCA
precursors, hydrating with a limited amount of water (so that a paste or putty is

formed), molding into a cylindrical rod shape, and allowing the molded material to

harden into a PCA material. Desirable precursors are capable of hardening in a
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phosphate as the primary conponent, i.e., having at
| east 90% by wei ght attributableto cal ci um and/ or
wohosphste. The cal ci um phosphate material of PO®US2004/029560
present invention nay be any bioconpatible, calcium
phosphate material known in the art. Suitable cal cium
moist ehyisphaest, ritogaralied bagy Eemperatiiredd 1dys thay Sheursfaml
vari ety of nethods and using any suitable starting

preferablypwitisint 0-80 nifBlitede conmerci al ly avail able. [0040] n
certain preferred enbodi nents of the present

0080 Aot o AR, T A6 R8T oy
comn 5543 ARSI B o SN E OB o o o

esent invention. n certaln ot her preferr
calciuf,piaeghhate @sdis wa%aryrmﬁnew&nhadmg ahléaéta%/om weight
phosphate material is present in an anobunt ranging

attrlbtﬂawmtgb‘etmummov@ ritnsphako9d henboaemubstiutd matéraimmay
- about 45%to about 55% by weight of the hardenable

comprises selelysoreD gEthiecabvesforns iod Balelurh poBpRSEN With Bf &tHoU -
Preferably, the cal ci um phosphate materi al or carrier

additiorfal é®fthdrizntd; ¥he bofRe suBQﬂﬂf‘é Riby dMhpfisd %%Hblr’l:é}fdﬁsvof%e

cal ci um phosphat e suitable for“use Tn IS I nvent

RN
oo it Sl Mbatt A S PGB AR,
addit}. iy g1 BTG Rl e@ﬁoacﬁ%m A orge PEaiciim Ahsiiade armeae used
enbodi nent, the cal ci um phosphate material is a poorly
to preparps selciune phpsphatednaterial switatte frhiaedndbe iptesentiimegrdion.
cal ciumto-phosphate (Ca/P) ratio conparable to

Methodlstaf madKipg suclimatexgalb @ne welliataairsin thierset. pHefNeK/eblay\yamethod
cal ci umtophosphate ratio of |ess than about :

which mesultspinettaialigya aposdicium phosiiteImaieribRbb CXB%ered is
materials may be identified by conbining
appropriate.

[0044] As used herein, “amorphous” means a material with significant
amorphous character. Significant amorphous character contemplates greater than
75% amorphous content, preferably greater fhan 90% amorphous conteht, and is
characterized by a broad, featureless X-ray diffraction pattern.

[0045] “Poorly crystalline apatitic calcium phosphate,” “PCA calcium
phosphate” and “PCA material,” as those terms are used herein, describe a-synthetic
poorly crystaliine apatitic calcium phosphate. The poorly crystalline apatitic {PCA)
material is not necessarily restricted to a single calcium phosphate phase provided it
has the characteristic X-ray diffraction (XRD) and fourier transform infrared {F TIR)

pattern. A PCA calcium phosphate has substantially the same XRD spectrum as

bone. The XRD spectrum is generally characterized by only two broad peaks in the
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precursors, hydrating with a |imted anount of water
(so that a paste or putty is formed), nolding into a
woybisndsiosal rod shape, and allowing the nol de#CT/US2004/029560
mat eri alUo harden into a PCA material. Desirable
precursors are capabl e of hardening in anvoi st
region eN20+35Ewith onet cemteradai 2 Ebanty th r sentesed at BeEs The FTIR
than 5 hours and preferably within 10-30 m nutes.

spectriri 4 Bhardesididngy beaksa FBReer 1084 ent’l,oi638tdm’ @ab 3482 cm’™
phosphate carri €r may conpri se any bone substitute

(£2 cmgztsﬁ{d'rg]'sgﬁgisﬁ% ?%‘Bﬁééﬁe%@ﬁ@é dnfte aaR@78 drfat Rt doublet

c I'crru e as Its primary conmponent, 1.e.
. avi.n t st 4909% i ght tr] '
navinggRaNBTR BhBERGTE S e s [Ret TR ERb B Bpd RusiseTh the
conprise solely one of the above for al Gl
presenp ipiopiign @re wWesariged {i Urﬁ)ﬁatﬁafd'NP?oﬁQBBé?ﬁpgéP@%@q ahd
bone substitute may conprise a conbinatjon of the )
6,214, 368)eadhovfrshioh is icorporaisidnpreferencriharetr Siitatde materials are
addi tional conponents. n addition, one or nore of the

also dédwivednateskiiol reeta appiications pmiiipddDelivery \ghideed to
prepare a cal ci um phosphate material suitable for use

“Convérn'é{otrpﬁf f@%?&%ué dlf‘.?l%ﬂﬁm PhospRAfeAEF sthn a™dvey Biduhhamic,”

tﬁrha care we known in the art. However, any
» met.ho | i tsal i ¥ e »
Rl i Rt e
. S rejn,, . h " ' .
cah oG R S 16 SRR SR BpoReTq B EX Bt bration
anor phous character contenplates greater than 75%
(Cambuidgep MA)anshistineerpopates @Narsfe;reg%gﬁéﬁmt Mahgh@o%the%readth of
anor phous content, and is characterized by a broad,
disclog ratinieakh 35 theseagbalid-hotedtpasenidacuments| deiais of thegproguction

crystalline apatitic calciumphosphate,” TCA cal ci um
of suitﬁﬁ@%ﬂtrﬁéte@%ﬁ; wiGlot et uthivéd hers AlsosemasrofP@Ae used

erein, describe - synthetic
characteristics will suffice. PCA material is characterized by its bioresorbability and
its minimal crystallinity. Its crystalline character is substantially the same as natural
bone. PCA material also is biocompatible and not detrimental to the host.

[0046] Crystalline hydroxyapatite (HA) is described, for example, in U.S.
Patent Re. Nos. 33,221 and 33,161, both of which are incorporated by reference
herein. These patents teach the preparation of calcium phosphate remineralization
compositions and of a finely crystalline, non-ceramic, gradually resorbable
hydroxyapatite carrier material based on the same calcium phosphate composition.
A similar calcium phosphate system, which consists of tetracalcium phosphat
(TTCP) and monocalcium phosphate (MCP) or its monohydrate form (MCPM), is
described in U.S. Patent Nos. 5,053,212 and 5,129,905, both of which are

incorporated by reference herein. Additional crystalline HA materials {commonly

17



poorly crystalline apatitic cal cium phosphate. The
poorly crystalline apatitic |PCA) material is not
woeeEsgessl y restricted to a single cal ci um pheephak®4/029560
phase provided it has the characteristic X-ray
diffraction (XRD) and fourier transforminfrared
referred(tb EsRJahilite) arendegcribed indl.Si PatgritdémHz962 028, the disclosure of
substantially the same XRD spectrum as bone. The XRD

which BriRcbrpomated tgeresahtby heb@hact eri zed by only two -broad
peaks in theregion of 20-35E with one centered at 2QE

and the other centered at 32E. The FTIR spectrumis
ADDITAREact eri zed by peaks at 563 cni'l, 1034 cm 1, 1638
—cm 1 and 3432 cm1l (2 cm1); sharp shoul ders are

T Paive Hied o2 RA8 i e EStehgohle b gRtis"dt the prosent

. At en | referred f u in the.present i,nventiq .

inventfft, Shadl Sydth G i afiifpdd et REERRT bat SERSRE aynicn
..and 6, 214, 368, each of which is _incorporated by .

Stab"'@e@"é&@hﬁ@ teiraleasgof gplive maredieniss ag@ weﬂﬁ@e\nf% in the

described in a set of related applications, entitled
formulatiwn axteSuitable addifives iDohide;, siitboub imitation nhasmaseuticatly

Phosphate to Form a Novel Bioceramc," "O'thopedic and
acceptbbld sdltsCposacchamteanpeptided) Pprof@insg amine ackisasyethetic

Conposites,” each of which was filed on COctober 16,

polymélrggﬁ_a&i?é*l ;ﬂﬁ%@l‘é‘%‘@n&iﬂbr%ﬂ%}p@ﬁ@!’ (R 'bo(ﬁﬁ%lri?gﬂtaeb 1}8’9)

and i s incorporated by reference herein.

exampi0nBEEBEL Ry FIOF PR 10 £3589 HeamiaMNACLRL

ocunen et al he pr odu

., Suitable PCA materials w.ll not be detailed re. .
which & hiARpTalP oy elsTangs Defda, Fislemad sdiifescboligeelosic
material is characterized by its bioresorbability and
materigls suehrasearbexysetivigeliulope (ﬁécbﬁygf%wprwlmﬁmymluose
is substantially the sane as natural bone. PCA
(HPMGpeedinéethylcetiulose Mo ayrathietit polymiera such eisrpatdactides and
the host. [0046] Crystalline hydroxyapatite (HA) is

povees s S PRSIl enf bl s ppraRcrs:
(PVP),/IFERDERe glycol (PEG), polyoxyethylene oxide, carboxyvinyl polymer and
polyvinyl alcohol (PVA), and-dextran sulfate and combinations thereof. Other useful
additives include, without limitation, sodium alginate, chitosan, collagen, gelatin,
hyaluronan, and various peptides, proteins, and amino acids. Additives which have
an effervescent effect are not presently intended for use in the present invention.
[0048] In a preferred embodiment of the present invention, an additive is
employed in a dry or powder form, which is mixed with the active agent(s), carrier
and aqueous liquid in order to prepare the injectable composition -of the present
invention. In certain preferred embodiments of the present invention, additive(s) is

present in an amount ranging from about 1% to about 90%, more preferably from

about 20% to about 40%, by weight of the solid rod osteogenic.composition. In
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herein. These patents teach the preparation of cal cium
phosphate rem neralization conpositions and of a
woioeslogsosyst al | i ne, non-ceram c, gradually resarhabioa/ 029560
hydr oxyapatite carrier material based on the sane
cal ci um phosphate conposition. A simlar calcium
certairppes@ined enthodirmentadfi thb preserit sverftionebdariab ) igpresent in an
phosphate (TTCP) and nonocal ci um phosphate (MCP) or

nttrg Fror rdlodit A 4 %l RO BT ' %
amou Pal{t gg?gl\los. 5, 0535%2i182 %@,/129?903 é‘%%ﬁ’hfrg?%mﬁuglq()/ to

about 20% PR Bl fob o 96 B2 SRpSbens SihpegaL
dahllite) are described in U S. Patent No. 5, 962, O28,

[ r ich is incorporated by reference
EQHQUQ@S@ﬂﬁégbgiﬁiﬁéééﬂﬁg047] Addi tives may be useful in
t steogeni 0 sitions of the present invention.
W5 TR Bl e BRfiden o anesilonh oL Meresent iygtion may
_excjipienis, which stabilize and/or npdul ate rel ease of
also ingludean prditienakagtiye agent e pAdiigpakactiveragentsr Such@dgitional
art. Suitable additives include, without limtation,
active pgantsanay tiecraixeda poafptailly i drglfosn thalgls hydiased fbess are also
pepti des, proteins, amno acids, synthetic polyners,

suitablRaAbHUSé, Widh YW & 6tiverage M cavief and ajuoudsighid in RPUSM®I Srepare
i nclude, for exanple, those described in U S. Patent

the injd&abfR é&éo@gﬁg foﬁ’@c@sﬁﬂdn&%f%ég%%@%\gnﬁ%! Gl 'rﬁ‘atliveéyé such

I ncor por at ence her referred additiv

additio'g%f %g@&,{éﬁ%@%ﬁﬁ ﬁfa g&?éaec{r@?}@erse%cwhitﬁ%e osteogenic compositions of
hydr oxypr.opyl mefr.iyl cel | ul ose (HPMC), and
the pragahABIOD! BURT VEPTIeLSoR AR PLMBONbHer Sinaulianegysly
_pol yl acti des and pol yethylene glycols, e.g.,
(hereinaftey|‘ee@daunistalien isgheme” )g | Additiongl ciclive mgepts mey ibgereployed
(PVP), polyethylene glycol (PEG, polyoxyethylene
hereinam ioteer toaadhieveradditiomal Idesired @ife cisobry in somealasebomay be

(PVA), and-dextran sulfate and conbi nations thereof.
emplof@d &S cosftbH botential undesirable effects, such as infection, inflammation
and transient resorption.

[0050] For example, although much is known about the osteogenic potential
of TGF-B proteins, recent reports show that local administration of certain
osteoinductive agents, such as BMP-2, stimulates transient osteoclastic activity
(local areas of bone resorption) at the site of administration. This reaction, which
occasionally precedes new bone formation induced by the BMP, has been termed
“transient resorption phenomenon.” Agents known to inhibit bone resorption may,
therefore, play an important role jin delaying or reducing the initial bone resorption

associated with local BMP-administration, without inhibiting subsequent bone

formation.
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additives include, without limtation, sodium

al ginate, chitosan, collagen, gelatin, hyal uronan, and
woanispasspept i des, proteins, and ami no aci ds. AddiuS2M0e929560

whi ch have an effervescent effect are not presently

intended for use in the present invention. [0048] n a

poesgr Mhdseimmefereed eafbodirBemseseiné preveptinv@ntioANa bone

additive is enployed in a dry or powder form which is

resorpﬂbﬁf fthiptdris bhﬁ)l%éd € aA%RRithal 88fivd 5%%@”‘6@8%9 Yhe

['Tquid in order prepare the injectable conposition

L L SR

resent in.an,anpo angi ng from.about 1% to about
osteodig, CaTBPRS OB TIL PHIAL O PrOTHTARE HinBSs ot KAl EORGyRSREption

wei ght f the solid rod osteogenic -conposition.
associgiegrwith intyaossepve deliveyy of epractivefagenésyelees BMP. As used

invention, additives) is present in an anmount ranging
hereinftherteabdinhitiiﬂbm of bboe resihptionfoeters te peeaitipnfofdonetioss,

10% to about 20% by wei ght of the hardenabl e paste

espeCIQW ﬁ%ﬁﬁﬁl&t:d‘rﬂﬁﬂ%‘iﬁé\}é}w exiBihd behBlthr¥abh\diEENdirect

The injectable osteogéenic conpositions of the

alteratﬁﬁeo?%iedcf'é(%qrﬁhﬂé‘t dd(]?%ﬁr ALRMAy! Wu‘édﬁwé‘l’érﬁd‘%béb‘?E%rptlon

Ve agen or a | Bhal Yact I've agents

act i ent s fera
mh'b'tcar 98#3?&%@0@&*’% 3 2ehTBhnereyPat 8 oy MiCheng sd tyftne
with the active agent, carrier and aqueous liquid
direct ‘Prn'nélf @@ra'%a‘ﬂﬁ@ﬁﬁ@@epﬁ@si fﬁ’j"@@i"a'b 106 a6HYiBbgeni c
conpositions of the present invention. Alternatively,
$052] adnl ceitainaprefarted embgdimentanihedeorenresdnptiorsinbititor is a
wi th the osteogenic conpositions of the present

biphosphesatel R used hefeinnthederm SbigpRosprainat@Resrsad the related
simul taneously (hereinafter "co-adm nistration

blspho‘éﬁﬁ&% acid"E ShR alnApdrio® FeaBlifeEhY Qﬁofdfgﬂd%%%s of

herein in order to achi eve additi onal desi effects

blSphO%é?% n%les Qﬂﬁucgaq@?rﬁlsgﬁy%lf .a?g‘%é%gg rptagstfé%%né wn_ to dramatically

I"al a |on

reducei i%lceg%‘?%one turnover, increase bone mineral density, and, in osteopenic
women, reduce hip and spine fracture risk {see, for example, H. Fleisch,
Bisphosphonates in Bone Disease, from the Laboratory to the Patient, 3rd ed.,
Parthenon Publishing (1997), which is incorporated by reference herein).

[0053] Biphosphonates suitable for use in the present invention include,
without Iirﬁitation, alendronate, cimadronate, clodronate, EB 1053, etidronates,
ibandronate, neridronate, olpadronate, pamidronate, risedronate, tiludronate, YH
529, zoledronate, and pharmaceutically acceptable salts, esters, acids, and mixtures
thereof. The amount of biphosphonate, and indeed the amount of any bone
resorption inhibitor, useful is that amount effective to prevent.or inhibit the transient

bone loss occasionally associated with the local administration of an osteogenic
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and transient resorption. [0050] For exanple, although
much i s known about the osteogenic potential of TG-Db
wonoeisas®s recent reports show that | ocal PCT/US2004/029560
adm ni stration of certain osteoinductive agents, such
as BMP-2, stinulates transient osteoclastic activity
proteiri suck s &NRg hefeiafter “effectivet amount), byribedliteet of indirect
adm ni stration. This reaction, which occasionally

alteratisrecoktaociast foanatibe orakliALy. | T pRtIY dbsyBhEeediasy will

been ternmed "transient resorption phenonenon." Agents
ik B f [ : f0 I
deporbIHR L8 iR a4 PoRRBR{IRE SDRE efecTBbind BEARLRSE el Y tne
0 rpti sociated wth | ocal
amoud SRR pdPRIRG BTt Fets e dne ameuniat bone
. formation. [ Q051] Thus, .in preferred enpodi nents of the
blphoiﬁf@@@ 19 b ERYRY I8 PERIRRLIL ElR FRNGOT fnAkaut 0. % to about
enpl oyed as an additional active agent present in the
3000 mng; eeraprefecaltlyaheunt t0 twabouti t00hmgr and nest preferably about 10
adm nistered with the injectabl e osteogenic

to abouib5p0snd pencibic cedémeter gfrrasteribl.or i ni m ze the
initial bone resorption associated with intraosseous

debsajenyheh tie c8HdniiRisk@Bbh seHEMEAS thYBredentsRshtion is

herei'n, the term"inhibition of bone resorption”
1 . ially. .
emplof )38 ol e SUiHHon I Blio b A o fREET i 3 kiR cauper.
. i ndi t alteration. of osteogclast formation or .
The cfiet [iebye 9 BhSiRece Bichlly BErePtRBEorastifh @ widd YTiedy of which
as used herein refers to agents that prevent o r
are welhiawn and rradilysavalablens the rddsesr for sapmiie. Mattisr & Won
of osteoclast formation or activity. [0052] n certain
Remingtef'e PhadnanbulitalSciences{dotRuby. oy pariremt éditibrb), tinich is
is a bi phosphonate. As used herein, the term

hereby hicopiwamhiohaidérdrebdiciein). Phesdrlyairefbridoseiepharn ormed
acids and salts, and various crystalline and anorphous
into sdli8TB8s 8f pastes, as described elsewhere herein.

[0055] In the co-administration scheme, the bone resorption inhibitor may be
administered sequentially, either before or after, or concurrently with the injectable
solid rod or paste compositions of the present invention. In addition, the bone
resorption inhibitor may be applied locally {intraosseous), but may be applied to
other parenteral sites such as intramuscular or subcutaneous or ingested orally or
injected intravenously for systemic delivery. Preferably the bone resorption inhibitor,
e.g., a bisphosphonate, is delivered systemically, i.e., orally or intravenously, either
before or concurrently with the injectable solid rod or paste composition of the
present invention. Further, the bone resorption inhibitor may be implanted at the site

to be treated by surgical implantation. It should be noted, however, that despite their

therapeutic benefit, bisphosphonates are poorly absorbed in the gastrointestinal tract
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bi sphosphonate. dinically, bisphosphonate therapy has
been shown to dramatically reduce indices of bone
wOun0smeeys i ncrease bone mneral density, and, PCI/US2004/029560
ost eopeni ¢ wonen, reduce hip and spine fracture risk
(see, for exanple, H Fleisch, Bisphosphonates in Bone
when fakeeagally.f Toovermonealids poor hidavatldtelitydssue) intrBrethoed. |
Part henon Publishing (1997), which is incorporated by

administiaBibAMe ftenaidtd; hbQeRat, tﬁisﬂﬂ@éﬂi’tg nAE&Sn ﬁ§ic§3§ﬁ§/ gnfor

use in the present invention include, wthou
_ > Lan, . o . ) .
inconv byt e in LERAGA L reSLIRY SN ishg. 0 TRELAE& R inVEhton,
thereiish 28 QVBiePmE Lk SRGehRL P ePEInE tae bisfiegpRonate Wihin

. .salts, .esters, acids, and m xtures thereof. The

the injggiggla oPeogee GOpIRasiians qfibe prefan inventignans dejivesng it

bone resorption inhibitor, useful is that anmount
locallyedifestly ite ¢he sitqpobdesitecbactiarhi bit the transi ent bone

| oss occasionally associated with the |ocal

d0056]i stHeasbove déscriptiontreRgeiciecidminisititionast a bone
BMP- (hereinafter "effective amount”), by the direct or

resorpitiBH!iﬁﬁﬁﬁo%‘}aﬁé@?bﬁ@réﬂ@ &8%(—? aahATbtrARITBE érﬁ&ragﬂitiop]%l active

act i vi ty. . e precise osage necessary w epe
agent B8l SO LS8 bR eBS ARG omer

bei.n elivered.  Ceneral]y, the anount of _
°Ste°%%8§gﬂ'8ﬁa?’é“ 1Qfi%5e a&@r"i‘{‘/%?‘@l?*‘?ré’ goeate HBMb factersy appides,
_of fromabout 0.1 to about 3000 ng, nore preferabl
proteing sytokines; oligpninleqtiins, agtisenss musle@rudeabw&mﬁpolymers
10 to about 500 ng per cubic centineter of material.
These[@papduntsanay be adueaiprefesdbiyain dry ferheby nmikinghieem to form the
present invention is enployed, the bone resorption
paste imniePreparation tivétheak lof tiske presehehvieRtign sui t abl e
carrier. The carrier may be any pharmaceutical
acceptable carrier, a wde variety of which are well

ADMIMEOWARCSN readi |y available in the art (see, for
exanpte, Martin, E W,

[0057] According to the present invention, methods and compositions are

provided for freatment of patients who exhibit bone defects. As used herein, “bone
defects” include osteoporotic bone, osteopenic bone, bone fracture, cartilage defect,
and any other bone- or cartilage-related condition which would be improved or
corrected with stimulated bone or-cartilage growth. Therefore, a fifth embodiment of
the present invention is directed to a method of treating a mammal having a-bone
defect by administering to the site of the bone defect an effective amount of an
injectable rod or paste composition of the present invention.

[0058] A related sixth embodimént of the present invention is directed to a
method of treating a mammal having a bone defect by administering to the site of the

bone defect an effective amount of an injectable rod or paste composition -of the
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Rem ngton' s Pharmaceuti cal Sciences (Mack Pub. Co.,

current edition), which is hereby incorporated by
woeb@resoe herein). Presently preferred carri ePETAIS2004/029560

formed into solid rods or pastes, as described

el sewhere herein. [0055] n the co-adm nistration

presens fifeftion e dyoadm ﬁﬁ@ﬂlﬁ? afreffolliv® ahsountey alfone resorption
adm ni st ered sequenti a ei ther before or after, or

lnhlbltd?oﬁ%érﬁc?rfg llééo\c‘}?ﬁd?whhHfbltbl“iér?afyt 8% ‘Beséﬂrhiﬂlsrt ggb tﬁé%ﬁ@ of the

nmposi t1 ons res I nventi on. tion,

sor nhi b na ied | gcal
bone d%?%t?’r%%s b Smi] %teﬁéégxéogiﬁep?%ﬁ‘%%&%epaw%wesrues@'ca'
i sites such as intr | ar or subcut apeous or
implan{aiigss Peal, IDAYeROLs: |”n'i' ifeny theedayeisEALPR of Bie kgng Ermagption
delivery. Preferably the bone resorption inhibitor,
inhibitas.ngay oacuyi prisinée ptaneatient wéthcas| aftes thel adpenistratien bthe
i.e., orally or intravenously, either before or

injectablenodrargpiste camnpbsitiba of e ptedaing irsehtidny od or paste
.conposition of the present invention. Further, the

pmg]r KA BbhRohIp Nh@i rhefho@%rfa cdRpesiisek 8t th‘erﬁ'e%ﬁte
bé treated by Surgical inplantation. t shoul

mventagﬂ ta?g p{&ﬁ(‘é‘@d ﬁ:[{ thé tﬂ%tatrﬂgﬁpbil ;?at etﬁ?é flvhbrégfs it ﬁé’iéhg of psteoporosis

osphonat és ar'e

or oste%gptgrcp%}dm o etsﬂ@trgg%lqé@éz tp {bﬁo&@kégoﬁé%sﬁ‘@ngﬂ;e idenﬁﬁgaqlon'of

adm ni stration has been used; however, this nodali t¥

such ppiierisdnay be assemplished by esecedures whichearoweh kngwpde thg art.
and frequency of dosing. The present invention,

Such prbesdifres provide they eliriciam with mf@matidnmmeblpcation and severity -of
I ncorporating the bisphosphonate within the injectable

osteop@sdtROGIEEEIE0FOTTH BBhEIISSIENSS It Bedifor 3¢ Mcatiny &g lexiorgB¥ito be
delivering it locally directly to the site of desired

treatedﬁ‘gltné RliniciaB 2R usE iR SR SUid Qe %FEFcﬁﬁlatté’ ndiR of

mnistration of a bone resorption inhlbitor relates

oo SRRSO om0 s

wi t hout tion,
procedures mc?ude measuremenq]of one mass/gensny using dual energy X ray

absorptiometry (DEXA), Kilgus, et al., J. Bone & Joint Surgery, vol. 75 B, pp. 279-
287 (1992); Markel, et al., Acta Orthop. Scand., vol. 61, pp. 487 498 (1990); and
quantitative computed tomography (QCT), Laval Jeantet, et al.,‘J. Comput. Assist.
Tomogr., vol. 17, pp. 915-921 (1993); Markel, Caicif. Tissue Int., vol. 49, pp. 427-432
(1991); single photon absorptiometry, Markel, et al. Calcif. Tissue Int., vol. 48, pp.
392-399 (1991); ultrasound transmission velocity (UTV); Heaney, et al., JAMA, vol.
261, pp. 2986-2990 (1989); Langton, et al., Clin. Phys. Physiol. Meas., vol. 11, pp.
243-249 (1990); and radiographic assessment, Gluer, et al., J. Bone Min. Res., vol.
9, pp. 671-677 (1994). Other methods of identification of patients at risk of bone

fracture include assessment of age related factors, such as cognisance, as well as

!
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osteogeni c proteins, antibiotics, anti-inflammatory
agents, growth factors, peptides, proteins, cytokines,
wolo@gmmsoseot | des, anti sense ol i gonucl eot i des, PORNAIS200d/029560
-pol yners. These conpounds nay be added, preferably in
~dry form by mxing themto formthe paste in the
prior ogeeanee pPhasteepamsds wlated drastwesntPartereet aloBMJ, vol. 301, pp.
ADM NI STRATI ON [ 0057] According to the present
638-64 hE980)pHui, mtahpdsClimdnesstyasl. 810 pp. 48€41809i(de88Y. oThe
treatment of patients who exhibit bone defects. As
above FMcHEHR Sre ﬁ&@ﬁg ir%*rggﬁa@éd b eetefEn@Sh&RRPr Ot i C Dbone,
ost eopeni ¢ bone, bone fracture, cartilage -defect, and
t . . | - ondif '
10%6) §eniBRRP goRsoc PidneAE T Becteniik e B8 JBice
. . cartilage growh. Therefore, .a fift.h enbodi ment of t
indicaf} bemB Hidfestad s usllis B erus Palinat Vestros (& -aavelt ace.
a manmmal havi Eﬁ% -bone defect by admnistering to the
sex) aggl clinispl preseptaiionderds extem ofinjdoy siie oyt etst). an
i njectable rod or paste conposition of the present
i[00@Ht iTdre injandaide osteagemicdomprsitionsiodthapmsent invbetion may
present invention is directed to a nethod of treating
be adrainig@erad inh@wi cihicallpereeprivts indinerdRinjestion! | Aaubber 68
site of the bone defect an effective anmount of an
Py . L § Lhepres _
o Bl ol A e 2TRABI 0P I i IR Al vention, and
. .re t i ahi bi t The ne resorption .
for aofyfiitsF oG8 ey slibrs e ofetar WiERE” it Brinegs
. bong defect,. but can be adm nistered by some other
'”C'Ud%"M'ﬂé‘?Uti'lF@?Qt'OBaF"@wéé‘aé?Pt éY"g'i‘QeaﬂS hentad Manuiactugngy |
_ intravenous. n addition, the adm nistration of the
Ridgefigid £ T)e e PenkerJeal® sspisatingssyringeandHype®tdgntal
concurrent with or after the admnistration of the
syringesineetiall(Enithd& Nephaewt MRLQ Fpaskiin ParkoiL)t ntrapseseud needles
i nvention. [0059] Mpst commonly, the nethods and
from MPIDAAE], CHgsgPIL ; bRE LRIPIDR® Syringes {Becton Dickinson, Franklin

Lakes, NJ). Any syringe capable of holding and delivering a paste or an injectable
rod and/or enabling extrusion with an obdurator is appropriate for use.

[0062] In one embodiment of the invention, the solid rod shaped
compositions are delivered intraosseously using an appropriate size and type
hypodermic needle percutaneously or surgically preplaced into the selected
anatomic location. Percutaneous placement of the hypodermic needle may be
accomplished using manual palpation of known anatomic landmarks, with or without
the use of fluoroscopy for visualize placement. Fluoroscopy may also be used in
conjunction with surgical implantation prior to and/or concurrent with placement of

the hypodermic needle.
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invention are provided for the treatnent of patients
who exhi bit signs of osteoporosis or osteopenic

woaenisoes, i ncludi ng osteoporotic bone | esi oRET/USRI®4/029560
identification of such patients may be acconplished by
procedures which are well known in the art. Such
H0QTHd Un esprefervediembbdinednin aguide wireHcomihnontpréferredrio as a
the location and severity of osteoporotic or

“k wireOpisREEiNE6rtde Eb@rdtﬁ‘érhéiﬂ@ y M@t dédied anatdAnAE Idtatibheo serve

| esion(s) to be treated,” the clinician can use this

asa gblgé%frﬁfé ddersid ﬁ@édléhq{@qg{pg@ @Fcenémg |é)fnaertF>d over the

m ni stration and dose o uctive ent
guide &, flchER supseRlstunisd ”°Sh's$¥'5s5%ia‘fsﬂﬂweﬁﬁeéo%@?@e%'e n
place. ﬁ%ﬁg@ﬁ F&%@a@%ﬁr&vgﬂ@n mthe%ggsem"ﬁq@mub mﬂwgﬁhe

et al., Acta Orthop Scand., vol. 61, pp. 487 498
hypodemgoyeedé&wquLm/wngtI@admg oémqamreaosmmga apbynd Qaite, wire is
Laval Jeantet, et al., J. Conput. Assist. Tonogr.

insertedahto the, nwdle,%ﬁicﬁ?éuéé@%}advm‘l&r&mle, sdﬁdlddnﬁposTﬂi@stdﬁthe tip of
Int., vol. 49, pp. 427-432 (1991 ); single photon

the neé@l‘éor'mé REBAIEYS tHEH rke@r'\ové%t Ieé{/lngcfﬁé Guide Wiré 39 ankRbr the
pp. 392-399 (1991); ultrasound transm ssion

compo%@k%c\%%la(ttfg?ggf'ﬁ Lang s%d ?c{catlf)ﬂ A%\M&' ttﬁi@d]de Rire is
removs%%%fe%mﬁ EO'%%%EB%IH‘P'? P@é&? %%@néfhgg%b%ﬂwgnwhe solid

. 671-677 (1994). Other met
rod shaa@%ppmp@gttmrpfdhe inenéian ds preniacad withindhe rreuealﬁ laaréel After
i ncl ude assessnent of age related factors, such as
placencegrintathea]esiredvariatoraisiien rche)pMmgeentme(ﬁyrmgeds pdvestad into
related fractures. Porter, et al., BMJ, vol. 301 , pp.

the ne68I-utile! (aEXB8)devide is vﬁthd@éwn Iéavﬁ'gl the sbhd ¢6d shaped . 8
1 pp. 1804-1809 (1988). The above publications are

Compd%ﬁfo?xbé(tt gﬁga%cﬂéi,ogy ref erence herein. [0060]

Particu osage regimens will be determ ned by the

SO, O3 B g e by

effective amounts of osteogenic protein to be delivered to an injury site where
cartilage and/or bone formation is desired. The formulations may be used as a
substitute for autologous bone graft in fresh and non-union fractures, spinal fusions,
and bone defect repair in the orthopaedic field, in cranio/maxiliofacial
reconstructions, in osteomyelitis for bone regeneration, and in the dental field for
augmentation of the alveolar ridge and periodontal defects and tooth extraction
sockets.

[0065] The following examples are illustrative -of the present invention and
are not limiting in any manner. Modifications, variations and minor enhancerﬁents

are contemplated and are within the scope of the present invention.
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sex) and clinical presentation (e.g. extent of injury,
site of injury, etc.). [0061] The injectable

WOEBHgEsc conpositions of the present i nvent POWUSR004/029560
be adm nistered in any clinically acceptabl e manner -of
i njection. A nunber of commrercially avail abl e syringes
may be suitable for usEXAMPLESpresent invention, and
for admi nistration of the conpositions of the present
[0088)t iIMimatBvials wtilized dre theésecexalnplewiara pharmaogatidal grade.
the Cal asept(r) syringe (JS Dental WManufacturing,

The ca%nﬁlne\ Had a{éT natéritt wanke- cbeﬁ%rdlalgsmmbleﬂsoﬁy&umnute
dental syringes/needles (Smth & Nephew

po
maten%fpheré@%ﬁ%&go&@ﬂ RO e B
corpoRiE 5 A BB Y o, BV OEASREReos

and/ or _enabl i ngi extrusion wth an obdurator is
Patentdyigs. S#8HHE1 @1 10466 gsbe 2l 4ri36§@n‘é= VR 98/ 15209 eThe
invention, the solid rod shaped conpositions are
osteogeeld pretaid utilizedos sacadive agenhwasreapmbinant Ausan beneand
type hypoderm c needl e percutaneously or sur-gically
morphﬁgérﬁlétftﬁﬁd)témizoﬁrhIBHIPsg) eThe ¢redadtion and clearbt@hization of rhBMP-
Per cut aneous pl acenent of the hypoderm c needl e may be
n 0 f t
2 s W B B N A 2O A T L i Popore 2
(1990) vi sual i ze placenent. Fluoroscopy nay al so used in
conjunction with surgical inplantation prior to and/or
concurrent with placenent of the hypodermc
qeedl . Oq63 n a preferred enbodi nent, a guide wire
rred to as a k wire") is first inserted
per cut aneously into the desired anatom ocat | 0
$QGd 4a6la Vriiiows IhigptadifsehEnsis (i-e) ﬁg'@fﬁém, WM, and one
hypodermic needle is inserted over the guide wre,
of carbaxyoteth@cslibes(GMC) ypolevinyipgrrbbdanenP\dri) gnd Hextran sulfate
hypoderm c needle in

were prepared. Dry powders of each component were combined in a sterile mixing

Exam

bulb and reconstituted into a stiff putty by the addition of a a glycine-based aqueous
buffer having a pH of about 4.5 and comprising 5 mmol L-glutamic acid, 2.5%
glycine, 0.5% sucrose, 5 mmol NaCl and 0.01% polysorbate 80 at a specified liquid
(ml) to powder (g) ratio (L/P) and kneaded for 1 minute to form a paste. The
amounts of each ingredient, as well as the particular L/P ratios employed, were as

set forth in Table 1 below.
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The solid rod shaped conposition is then

inserted into the hub end of the hypoderm c needl e.

woabdsmesseg | oadi ng of the conposition,
inserted into the needl e,
the solid conposition to the tip of the

The needl e is then renoved | eaving the guide

anchor the conposition within the bone at the
| ocation. Finally, the guide wire is renoved
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[0068] Each paste was loaded into a syringe and extruded to form cylindrical

rods having a diameter of about 1 mm and a length of about 5 cm. These 5 cm rods

maceut i cal

gr ade.

were then cut to desired lengths for testing below.

[0069] Following molding, the rods were hardened into a solid mass under

simulated in vivo conditions, i.e., 37° incubator, overnight. The hardening process

could be delayed for several hours by storing the rods at a cooler temperature, i.e.,

about 4° C.

[0070] The theoretical rhBMP-2 dose of each of rods A-E was 150

micrograms rhBMP-2 per milligram rod. All rods appeared to be smooth, dense,

cohesive and non-brittle and were injectable through a 16-gauge needle.
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The cal ci um phosphate material was the comercially
avai | abl e bone substitute material (hereinafter
wbOaeBBspssol d under the tradenane CEREDEX (t npeibguisen04/029560
Cor poration, 38 Sydney Street, Canbridge, MA 02139 and
described in detail in U S. Patent Nos. 5,683,461 ,
Exam@e 2I-InMhroLivhracltiza®® and PCT W 98/ 16209. The
osteogenic protein utilized as an active agent was
[eeoiibiAneortrelationwasastssemasboyarert additivetententand particle
(rhBMP-2). The production and characterization of -

formatfthMfroggsldb?né\%idn ||ﬁr‘[ﬁ%lyc\m’élﬁas&§ agggoggggﬁerl 26 rﬂ.bed in

ExamsOI ayf Hg?&?ﬁ%lﬂ@g[wlﬁ%% K}F,Qg&hy@@dz}"%M@ 35%""?\/@ or
R B A

of each conponent were conbined in a steri I e mX| ng
faster, h.gt .0Vt 1r‘éﬁlﬁbﬁ|§@n thasegvith mediuret(2P%e GG .. eayradi?) and low

addition of a a glycine-based aqueous buffer having a
(17% @M, ishood A). addiiive cantpnissi Redsscombaining thw edditice aonténts

2.5% gl ycine, 0.5%sucrose, 5 mmol NaCl and 0.01%

(17% ORIQ, 5l hdten Fhamttained Besit fddRhke swudtdre MukhtiondsrWe!, on the
(g) ratio (L/P) and kneaded for 1 mnute to forma

orderdﬂ‘ : to-mﬂfe Wﬁeﬂfhl@%}%M@&&%t@§aﬂ§s wel | as the

i cul ar /Pratlos as set forth in

;@%% gl %o s 20 I&P@eBeag\eéqrge sgﬁ?ﬁﬁl\/ﬁ:-&%é ocl-'é‘gM rods

containing either 17 % (rod A), 29 % (rod B), or 40 % (rod C) CMC was performed

using 1251-rhBMP-2 as a tracer. Similar to gross observations, rods-containing
higher % CMC released rhBMP-2 faster than those with lower % CMC as shown in

Figure 1.

Example 3 - Rat Biocompatibility and Efficacy Study

[0073] Injectable rod-shaped calcium phosphate-based compositions
{prepared as described in Example 1) were evaluated for biocompatibility and
efficacy, both intraosseous and ectopic, in a rat model.

[0074] Intraosseous core defects w.ere‘ surgically established in the distal
femurs of six male CD rats. The rats were divided into two groups (A and B) of
three. One limb from each rat received a 2 mm segment test rod (calcium
phosphate/rhBMP-2/excipient), while the contralateral limb received a 2 mm
segment control rod (calcium phosphate/excipient). The rats of Group A received
rod A (68/17/15 (w/w) % ACP/CMC/rhBMP-2) of Example 1 as the test rod, while the

rats of Group B received rod B (56/29/15 (w/w) % ACP/CMC/rhBMP-2) of Example 1
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B56295.2C4545 . 5PWP (WM¥%W D45450
DEXTRAN SULFATE (WI/o) E4 5 4 5 .6 [0068] Each paste
woasosioassded i nto a syringe and extruded to for RCT/US2004/029560
cylindrical rods having a dianeter of about 1 nmand a
| ength of about 5 cm These cmrods were then cut to
as the @ssrace dinl additidvs, drer 10 awh irod wasl implarited édbcaineousiydateral o
mol ding, the rods were hardened into a solid mass

the mndﬁﬁé‘?ﬁ 1i5d Quhwdiadotdk régith, GRifdbrid §ia8.reteifing Btest rod and the
i ncubat or, overni ght. The hardeni ng process coul d be

other sﬂi%l 1‘?%‘8‘3 r{g‘i% 08ﬁ & . r]{Pé‘r're a%ﬁn St[w@ lé%goft(glgl},lr %%@élvé’d rod A

erature,

t peor et S f eac S A E
<68/17/a$§ws@>f %@bﬁ@%@%@? %cﬁ e et 16t fol Whie e rats
ap Eeared to be snoo coheswe and non-brittle
of Grouni reeeived ip@ & @W@/ﬂﬁKwU%%$@P§%M§érh%@Br% %Eaﬁﬁ“@eé as
- n Vitro Characterization [0071] A correlation was

the tesbilogler ved bet ween additive content and particle
formation. Upon subnersion in the glycine-based
BATSPUANPKAE arerdaserifibsd at 2 weskgfoeodicbate ddbadapments
rods contai ning higher % additive (40% CMC, 40% PVP,

consistgfg GO%A tnfa@fbg?ﬁgﬁf"éﬁd hﬁst@morﬁmﬁe@ ERaHﬁfg%ﬁﬁé éﬁb Y\)stology

persed 1 nto partlc es

of the %Wge?( Wta%rrgur}oe%(plé%tg thdiEsthY rgn(g\%){%\%eéseed bor’iyp gaI)us

formation in the rhBMP-2 treated side compared to placebo. In particular, higher

CMC containing rods (B) formed medium to large bony calluses compared to lower
CMC containing rods (A) which formed small to medium size calluses. Radiographs
and histology of the subcutaneous implants also indicated bone formation in the
rhBMP-2 treated side compared to placebo. In particular, higher CMC containing
rods (B) formed a more robust ectopic bone response compared to lower CMC
containing rods (A). Good biocompatibility was observed in all groups with no

inflammatory response to the implants.

Example 4 - Rabbit Intraosseous Local Biodistribution Study

[0076] Rods A-D from Example 1 were injected percutaneously into rabbit
distal femur intraosseous spaces (n=4 sites per group) using a 14-gauge catheter
with a 16-gauge needle). In particular, 10 mm rods A-D containing approximately
uCi 125l-rhBMP-2 were employed. The amount of radioactivity in the synthetic rods
was measured before injection using a Capintec dose calibrator. Local rhBMP-2
retention was monitored over 4 weeks using gamma scintigraphy. Local in-vivo

biodistribution data suggested a sustained release of rhBMP-2 from the rods and
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(17% CMC, i.e., rod A) additive contents. Rods
containing |low additive contents (17% CMC, i.e., rod
woOpossaisioai ned their rod-1ike structure much | 8QyaIS2004/029560
i.e., on the order of days to weeks, than their higher
CMC counterparts. [0072] n addition, in vitro rel ease
that highee 04 edditive coBiniagfrodsneahiBiet rafastemmt/wnn‘elwael thae their
% (rod A), 29 % (rod B), or 40 % . (rodC) CMC was
lower Peatiditive ountarpaid ak shbRMAnFiggre2.t racer. Similar to
gr oss observations, rods containing higher % CMC
rel eased r hBMP- 2 faster than those with | ower % CMC as

ExamplRO\ Fofmbisgighe - Exanple 3 - Rat Bioconpatibilitv and
Efficacy Study [0073] Injectable rod-shaped cal ci um

qbewraﬂsrdm% gé’é@Q%Ph{g\?rggg feﬁtﬂégl iy ﬂggftéu[pgls Ehﬁegf paste

in Exanple e eva y and

o 50 5 o L S oG GO S sy

al ly est ed in the distal fenmurs of si

Conceﬁﬁﬁ&dgi?'\dﬁ? %E@“EBTZS'“\&E?@ Ivging-gaged RaYePUD bgﬁ@ru@fﬂampie 1

and B) of three. One limb from each rat received a 2
to 2.5 gm-ESve dthet mbdunes dvéreddneiaded in sterile bulbs for 1 minute to form

phosphat e/ r hBMP- 2/ exci pient), while the contral ateral
hardehatite patei ved a 2 mm segnent control rod (cal ci um

phosphat e/ exci pient). The rats o -G oup A received rod

A (68/17/15 (w'w) %ACP/CI\/C/thI\/P 2) of Exanpl e 1l as

RIS bR M s i
were S s R S AT 0 P e

the rats, 0 Goup A recel ved rod A (68/17/15 vv/vv) %
needieygpgl Higy mmpgw dgr legraspeRIC CORYOf o vareus Mraoapedus sites of

the rats
cynomologous monkeys. Sites included distal femur, proximal femur, distal radius,

proximal tibia. After 1 month, significant new bone was observed at the local sites
where the rhBMP-2 was injected.

[0079] While the invention has been described in terms of preferred
embodiments and specific examples, those skilled in the art will recognize through
roUtine experimentation that various changes and modifications can be made without
departing from the spirit and scope of the invention. Thus, the invention should be
understood as not being limited by the foregoing detailed description, but as being

defined by the appended claims and their equivalents.
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of Group B received rod B (56/29/15 (wWw %
ACP/ CMC/ r hnBMP- 2) of Exanple 1 as the test rod. [0075]
wanoosahkssoder e sacrificed at 2 weeks for out comeCT/US2004/029560

assessnents consisting of faxitron radi ographs and

hi st onor phonetry. Radi ographs and hi stol ogy of the 2
WHATVBeBLAIMEDIISt enur expl ants indicated an overall

i ncreased bony callus formation in the rhBvP-2 treated

side conpared to placebo. n particular, higher CMC

containing rods (B) fornmed nediumto |arge bony

al B i

\‘/i\hié: Eé@?o‘éﬂ@ﬂ%?ﬁécﬁaﬂ)lg I%Qym S%|f§6§?é€¢§H&§§r6t89\§ ddMprising:

Radi o hs and histolo of the subcutaneous inplants

al so &F%%?%%"%B@e%ﬁﬁéti on in the rhBMP-2 treated

side conpared to pl acebo n particul ar, higher CMC

cont aPriiakjuroplosnbate materiala nore robust ect opi ¢ bone

response conpared to | ower CMC containing rods (A).

Good hiheceimszid bompogitioass obtherfoed dfra sdlid mdoups wit h

no inflammatory response to the inplants. Exanple 4 -

Rabbit | ntraosseous Local Biodistribution Study [0076]

Rods A-D from Exanple 1 were injected percutaneously

Nt d @&ﬂbf)snﬂbﬁto?lclécl ”Prvvﬂéiéirn%égﬁ‘g%{?%et ep?o?eﬁﬂs‘éelected

Sites per group) using gaug

from e EAPang agr a1k e o fikesEpbrein famiy.

enpl oyed. The anmount of radioactivity in the synthetic
rods was neasured before injection using a Capintec
dose calibrator. Local rhBMP-2 retention was nonitored
Sv erheqcomspksition ioh glajamrvhareim thgragheggenio proteinns welasted
bi odi stri bution data suggested a sustained rel ease of
from thehgiddpZdnsistinghef BMEBS2, B8NP hg tBMP i B MPs & BMPHT,eBMP-10, BMP-
containing rods exhibited a faster in vivo rel ease
12 and BRIP-4heir lower % additive counterparts as shown in
Fi gure 2.

4. The composition of claim 3, wherein the osteogenic protein is BMP-2.

5. The composition of claim 1, wherein the osteogenic protein is present in an

amount ranging from about 1% to about 90% by weight of the composition.

6. The composition of claim 5, wherein the osteogenic protein is present in an

amount ranging from about 15% to about 40% by weight of the composition.

7. The composition of claim 1, further comprising a-bone resorption inhibitor.
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Exanple 5 - Fornul ation [0077] Hardenabl e pastes
containing either 1 g rhBMP-2 per of paste or 4.5 ng
wohBi22s9per nL of paste were formul ated by adeacmgs200a29560

of appropriately concentrated solutions of rhBMP-2 in
t he gl yci ne-based aqueous buffer of Cxanple 1 to 2.5 g
&.- BBblcontpositior of elaim@; ehierein dieelbbne sesomplien inHibitorfisa
1 mnute to form hardenabl e paste. Exanple 6 -

i m,oqous Monkey - Intraosseous Injection of Paste

b'Spho[0078] The 1 ng per nL and 4.5 ng per nL hardenabl e
pastes of Exanple 5 were extracted fromthe sterile
bul bs using a 3 nL syringe fitted with an 18-gauge

eedl e and then jnjected under, fluoroscopic contro
Sribepaatahet SRES Botbeesinias BEPRORERB dgataeietied from
nonkeys. Sites included distal fepur, proximl fenur,
the grogp $orpistingof; g!eq@r@&atﬁapmaquraateAp[ogforlatﬁUﬁBh1,053, etidronates,
significant new bone was observed at the local sites
ibandrostade enaridzoniB)Plp2dnarsate npamidednatie) 6Fedronatd, diludrenate, YH
i nvention has been described in terns of preferred
529, zotsdef bl ahd phimzReatiddlly svoaprits saldiasterskatidedandmixtures
the art will recognize through routine experinentation
thereoft Nat various changes and nodifications can be nade
W t hout departing fromthe spirit and scope of the
i nvention. Thus, the invention should be understood as
not being limted by the foregoing detail ed
description, but as peing defined by.the a nded . .
1021 he GmPasiR obelalny 4 Bheteinihe 3l phEBPale matgrial
conposition for injectable delivery of osteogenic
compripepadnalerisbsgletisidriom dhe gseuneensisting ot anarphawg apatitic
cal ci um phosphate materi al,
calcium phosphate, poorly crystalline apatitic calcium phosphate, hydroxyapatite,

tricalcium phosphate, fluorapatite and combinations thereof.

11. The composition of claim 10, wherein the calcium phosphate material

comprises poorly crystalline apatitic calcium phosphate.

12. The compbsition of claim 11, wherein the poorly crystalline apatitic

calcium phosphate has a calcium-to-phosphate ratio of less than 1:1.5.

13. The composition of claim 12, wherein the poorly crystalline apatitic

calcium phosphate has a calcium-to-phosphate ratio of about 1:1.4.

32



wherein said conposition is in the formof a solid
rod. 2. The conposition of claim, wherein the
WOoEHgesc protein is selected fromthe groupPCT/US2004/029560
consi sting of menbers of the bone norphogenetic
protein famly. 3. The conposition of claim2, wherein
tihe Toet @pgeositombbtieim 1i, wiekeiatibd chlcimtpghesphatepmaterial is
consi sting of BMP-2, BMP-4, BMP-5, BWP-6, BMP-7,
iAgIrRYBbASt by Weligtftfofghéi m
Prese a1 G o O eI el g
osition of claim, wherein the osteogenic protein
conmo%@gﬁresent in an anount rangi ng from about 1% to about
'90% by wei ght of the conposition. 6. The conposition
of claimb5, wherein the osteogenic protein is present
in an anmount ranging from about 15%to about 40% by |
WBi dine esmpogitien o ckimi1dn whereimitbe calaigninrhiosphate watgrial is
1, further conprising a bone resorption inhibitor.8.
present ireac ampmsit ranging ffravh abou40%teratiout 608 by meeight of the
resorption inhibitor is a bisphosphonate. 9. The
composRiBROSi tion of claim8, wherein the bisphosphonate is
selected fromthe group consisting of al endronate,
ci madronate, clodronate, B 1053, etidronates,
i bandronat e, neridronate, ol padronate, pam dronate,

ri.sedronate, .1.iludrpnate H | e .
Jhar et Posiian af B uateh pptiorEielot 20315 sBep from
m xtures, thereof. 10. The conposition of claim1l
the QFQMPeKF%%'ﬁtmeOfdﬁlaémﬁ?ﬁHH%%%CgB @5p ,Wgagd%s,
mat eri al selected fromthe group consisting of
peptidesnproteing aapaviadids, sihibetimpohseeisanaturalqelyyers, surfactants,
crystalline apatitic cal cium phosphat e,
and comsinatiorapiierésf, tri cal ci um phosphate, fluorapatite and

combi nati ons t hereof .

17. The composition of claim 16, wherein the additive is selected from the
group consisting of carboxymethylcellulose, hydroxypropylmethylcellulose,
methylcellulosé, polylactide, polyethylene glycol, polyvinylpyrrolidone,
polyoxyethylene oxide, carboxyvinyl polymer, polyvinyl alcohol, dextran sulfate and

combinations thereof.

18. The composition of claim 16, wherein the additive is present in an amount

ranging from about 1% to about 90% by weight of the composition.

19. The composition of claim 18, wherein the additive is present in an amount

ranging from about 20% to about 40% by weight of the composition.
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The conposition of claim 10, wherein the cal cium
phosphate material conprises poorly crystalline
weapadsies®scal ci um phosphate. 12. The conposi ti 8aTAS2004/029560
claim, wherein the poorly crystalline apatitic
cal ci um phosphate has a cal ci umto-phosphate rati o of
26s sThehaompositidn of 3laifhefurthep csittprisingod boheiresdtion inhibitor
wherein the poorly crystalline apatitic cal cium

and arPHesinve teleRRs Rosathel ¢btp eoRiStHg of phémﬁé@@ﬂ‘cansﬁaééeptablfe
1:1.4.14. The conposition of claim1l, wherein the

st RS SFUEE BTG AP SE0F Rl Ty g
[t 158 T iti im 14, '
pobmERTBIERRER, atssTTuS RSP, h, SLaim 14 uhere

rangi ng from about 40%to about 60% by wei ght of the
conmposition. 16. The conposition of claim1 further
conprising an additive selected fromthe group

@dnstha comypositiphaf sladrut, ivdwreinesaid podiis eylwdrical and a diameter
pol ysacchari des, peptides, proteins, am no acids,

of saidsgyiihbidtalaogdd Barvesn absutrall nelaHed. 9, mayr f act ants, and
conbi nations thereof. 17. The conposition of claim 16,
wherein the additive is selected fromthe group
consi sting of carboxynethyl cell ul ose,

By,dr SiRRYS I?)¥|c ‘?Hf”vﬂ’? ei Engﬁ&ﬁldf%la?dgﬂ%d is between
R EonResREn X elingh siogh

pol yl'a yet'nyl erie ¢
| yvinyl pytrrolidone, polyoxyethyl ene oxide,
abo”tggp%8k§6g%%§cﬁblyner, pol yvi nyl al cohol, dextran
sul fate and conbi nati ons thereof. 18. The conposition
of claim 16, wherein the additive is present in an

amount rangi ng from about 1% to about 90% by wei ght of
t23e A ooppesttioarfor injectable delivery of osteogenic proteins comprising:

an osteogenic protein; and
a calcium phosphate material,

wherein said composition is in the form of a hardenable paste.

24. The composition of claim 23, wherein the osteogenic protein is selected

from the group consisting of members of the bone morphogenetic protein family.
25. The composition of claim 24, wherein the osteogenic protein is-selected
from the group consisting of BMP-2, BMP-4, BMP-5, BMP-6, BMP-7, BMP-10, BMP-

12 and BMP-13.

26. The composition of claim 25, wherein the osteogenic protein is BMP-2.
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The conposition of claim, wherein the additive is
present in an anmount ranging from about 20%to about
woQdoshpsasei ght of the -conposition.20. The conmpasiuS2m@A/029560
of claim1 further conprising a bone resorption
I nhi bitor and an additive selected fromthe group
ZPNThé idohthaitidthal cTame BB whbfeimarepstabyeniadrbtein is present in
pol ysacchari des, peptides, proteins, am no acids,
; f { o [\Sai t i
an amcUCIING (B HIBUEO PTOLY Ao S By WeigfLof HE G onifire
wherein said rod is cylindrical and a dianeter of said
cylindrical rod is between about 0.1 mmand 3.0 mm
22. _The conpgsition of clajm,, erein the | ength of .
561 ahe somnosiian ekrlaigh 2dt Whetsimiheppteso8nicRrotln ipresent in -
conposi tion for injectable delivery of osteogenic
an amqundrangiag fronpabeuing03%ntah@d déhiby weigbkphthezpaimposition.
cal ci um phosphate material, wherein said conposition
is in the formof a hardenable paste. 24. The
conposition of claim23, wherein the osteogenic
Ofrgko 8 COHpri 4 BbhBFeSbrption
B e e PO de P tions
inhibito-rrhe conposition of claim 24, wherein the osteogenic
protein is selected fromthe group consisting of
BW-2, BMP-4, BMP-5, BMP-6, BMP-7, BMP-10, BMP- 1 and
BMP-13. 26. The conposition of claim25, wherein the
osteogenic protein is BMP-2.27. The conposition of
claim 23, wherein the osteogenic protein is present in
an amount rangi ng from about 0.01%to about 2% by
8@i Jhe aimpdsitiarnobdain 29nwheeein Tiebooemesonption indfibitor is a
claim 27, wherein the osteogenic protein is present in
bispho§ghcgelint rangi ng from about 0.03%to about 1% by
wei ght of the conposition.

31. The combositibn of claim 30, wherein the bisphosphonate is selected
from the group consisting of alendronate, cimadronate, clodronate, EB 1053,
etidronates, ibandronate, neridronate, olpadronate, pamidronate, risedronate,

tiludronate, YH 529, zoledronate, and pharmaceutically acceptable salts, esters,

acids, and mixtures thereof.

32. The composition of claim 23, wherein the calcium phosphate material
comprises a material selected from the group consisting of amorphous apatitic
calcium phosphate, poorly crystalline apatitic calcium phosphate, hydroxyapatite,

tricalcium phosphate, fluorapatite and combinations thereof.
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29. The conposition of claim 23, further conprising a

-bone resorption inhibitor. 30. The conposition of
woleism20®s5 wherein the bone resorption inhibit®CTiUS2@4/029560

bi sphosphonate. 31. The conposition of claim 30,

wherei n the bi sphosphonate is selected fromthe group

g8nghstdomgpaditien endaim 3Lewhergindhe salcium phedphatet raaterial
1053, etidronates, ibandronate, neri dronate,

COmP”E%?Q%Pgﬁﬁgﬁl@fﬂ?%ﬁﬁﬁdum 5&9@]{@@& tiludronate, YH

armaceutl cal » accept abl e
salts, esters, acids, and m xtures thereof. 32. The
conposition of claim 23, wherein the cal cium phosphate

material conprises a material selected fromthe grou
T e G0rP OO BRI ST i1 anS QOB TR APEC
poorly crystalline apatitic cal cium phosphate,
calciumphipaRiyatp st a calciuns-40-phoaphatesptiaoé lessithar dphbi t e and
conbi nati ons 'thereof.33. The conposition of claim 32,

wherei n the cal ci um phosphate material conprises
poorly crystalline apatitic -cal cium phosphate. 34.

3be THRImARbsLiAoN f clairmid, IherdiRehipdotiP erRaing apatitic
crystalline apatitic cal cium phosphate has a

: ' - ' I I 4 . Th
cacuf ISR SHTEARAE 6 PRl Ao cFaRal f. 25 The
crystalline apatitic cal cium phosphate has a

cal ciumto-phosphate ratio of about 1. .4. 36. The
composition of claim23, wherein the cal cium phosphate .
Bt dfeaFomRositier ehelaim Zn Wisseinthe galsivg H@@ﬁﬁﬁ@dﬁ?tena' is
30% to about 70% by wei ght of the conposition. 37. The
present impo simaLn ramgiop diom aboutB@Yediorabicug 7654 by weaighicf theit e
material is
composition.

37. The composition of claim 36, wherein the calcium phosphate material is
present in an amount ranging from about 45% to about 55% by weight of the

composition.

38. The composition of claim 23 further comprising an additive selected from
the group consisting of pharmaceutically acceptable salts, polysaccharides,
peptides, proteins, amino acids, synthetic polymers, natural polymers, surfactants,

and combinations thereof.

39. The composition of claim 38, wherein the additive is selected from the
group consisting of carboxymethylcellulose, hydroxypropylmethylcellulose,

methylcellulose, polylactide, polyethylene glycol, polyvinylpyrrolidone,
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present in an anmount ranging from about 45%to about

55% by wei ght of the conposition. 38. The conposition
wohoaslassss 23 further conprising an additive selPeTiuse004/029560

fromthe group consisting of pharmaceutically

acceptabl e salts, polysaccharides, peptides, proteins,

polyox%?l@né%&@e c%ytha/mw p@@/hyémp&%vmt glcahoh aky{rah Sulfate and
surfactants, and conbi nati ons thereof. 39. The

. of claim 38, wherein the additive is
Comb'r‘m{mgﬁgcre??omthe group consisting of

car boxynet hyl cel | ul ose, hydroxypropyl net hyl cel | ul ose,
nmet hyl cel | ul ose, ponIactide polyethylene gl ycol

pal yvi nyl pyrr.ol i done p oxyet hyl ene oxi d
é8r E/J' e\ &aMpesitien phe g&y Whersin the @garive lg@;@s;e,m in an amount

sul fate and conbi natl ons thereof. 40. The conposition
rangingfroo abowt38) totabosi A0Vhky aeightiof ghe compesdion. i n an
anount rangi ng fromabout 1%to about 90% by wei ght of
the conmposition. 4 . The conposition of claim 40,
wherein the additive is present in an anount rangi ng

B9 omr%béﬁiﬁgééi%ﬁ of EﬁﬂHt402Q/%e?¥ nWRé %@Hltﬂ/@ i& Besent in an amount

conpositio he conp05|t|on of claim 23 further

ranging BRRE 641714, 9{3%08?28%4"%%% R 3 o RBPER Ol ool n°

accept abl e salts, polysaccharides, peptides, proteins,
am no aci ds, synthetic pol ymers, natural polyners,
surfactants, and conbi nations thereof. 43. A nethod

#8r Thecgrmpesitian o aleisid3 ivrhes comprisvgznbeng EpSQBHgN dFhibitor
ost eogeni c proteins, said conposition conprising an

and arcaddithgeseleciaddr@nthamosp cahsisting phplsghaceutiaaly aeteptable
conprising the steps of: (a) mxing a dry formof the

salts, pUIyREABHGe Piptides Wridleifs Hiinbdditi®fsyhlitetic polymers, natural

polymers, surfactants, and combinations thereof.

43. A method for preparing a composition for injectable delivery of osteogenic
proteins, said composition comprising an osteogenic protein and a calcium
phosphate material, comprising the steps of:

(a) mixing a dry form of the osteogenic protein with a dry form of the
calcium phosphate material 1o produce a dry mixture;

(b) reconstituting the dry mixture by adding an aqueous buffer to form a
paste;

(c) molding the paste to form a rod shaped composition; and

(d) drying the rod shaped composition of step (c) to form a rod-shaped

composition for injectable delivery of osteogenic proteins.
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cal ci um phosphate material to produce a dry m xture;
(b) reconstituting the dry m xture by addi ng an
weaquspassobuf fer to forma paste; (c) nol di ng tReTBM08/029560

to forma rod shaped conposition; and (d) drying the
rod shaped conposition of step (c) to forma
ré4l- $hepeethod b atdimi 48) vlwereinmtheadsiedgerde biroteinyisafelected from
ost eogeni c proteins.44. The method of claim 43,

the grobpcehsistifg oPATPAIISEI of the BbRE rancbrﬁ)hégéﬁ@ﬁ rd‘téiﬁrﬁaitrmg._
group consi sting of nmenbers of the bone r phogenetic
protein famly. 45. The nethod of claim44, wherein
the osteogenic protein is selected fromthe group

CRNSHs] i f -2, BVP-4. . -5, BMP-6 VP-.7,
b T8¢ miiBq oP e mead Wncreindhe qRtequinic hralPind seffcied from
wherein the osteogenic protein i BMP-2. 47. The net hod
the grghb cpBPIaG of BN BMR e BMIFD. BMRS, B2, BNIPois BMP-12
rangi ng fromabout 1% to about 90% by wei ght of the
and Bb’tﬁrgasi tion is nixed with the cal ci um phosphate
carrier. 48. The nethod of claim 47, wherein an anount
of osteogenic protein ranging fromabout 15%to about
40% by wei ght of the conposition is mxed with the

el CTHENIRS A A LRI, ivﬂfereﬁgthem?ed'qréﬁwgrcgéig% NP3,

wherein the conposition turther conprise one
resorption inhibitor and wherein a dry formof the
bone resorption inhibitor is mxed in the dry m xture.

5 e hod_of .cl aj m 49, wherein the bone | )
s o B PR ar Bl 4, Sereingy agionhal esigegemprotein
_method of claim50, wherein the bisphosphonate is _
rangingdrempiabeut 1 dnia aleout 90% by weight of the composition is mixed with the

calcium phosphate carrier.

48. The method of claim 47, wherein an amount of osteogenic protein
ranging from about 15% to about 40% by weight of the composition is mixed with the

calcium phosphate carrier.
49. The method of claim 43, wherein the composition further comprises a
bone resorption inhibitor and wherein a dry form of the bone resorption inhibitor is

mixed in the dry mixture.

50. The method of claim 49, wherein the bone resorption inhibitor is a

bisphosphonate.
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group consisting of al endronate, cinmadronate,

cl odronate, EB 1063, etidronates, ibandronate,
woenisdnsmat e, ol padronate, pam dronate, risedr 8BaatUS2004/029560

tiludronate, YH 529, zol edronate, and pharnmaceutical ®

acceptable salts, esters, acids, and m xtures thereof.

.. The nrathdd of ofairal 50, Whéseinvihe bidphosphonateds $elected from the

phosphate material conprises a material selected from

group cBAsigfiky Bf a@%G%rﬁtbﬁ&n@d{@ﬁﬂ}éPHBH%ﬂé}EB:1@5@%98%‘&65,

phosphate, poorly crystalline apatitic calcium

- . r ' L cal Ci h
ibandBAERE BehBrarXe, GBAGRERIC, Frplbi s PR ETe i Bronate oY
of claim52 erein the cal cium phgosphate material, .
529, 2BlsspTag.aa0 pharTgCaaly PrerbRlstaae: Eoleks e and mixtures
phosphate. 54. The nethod of claimb53, wherein the
themﬁ'{)oorl y crystalline apatitic cal cium phosphate has a
cal ciumto-phosphate ratio of less than 1:1.5. 55. The
met hod of claim54, wherein the poorly crystalline
apatitic cal cium phosphate has a cal ci umto-phosphate

52, | The® nedhed of clairt 43D Whefdia thecarsfurAfphdlsphaiedaterial

wherei n an anmount of cal ci um phosphat e ma?erl al

compris®R Ridrid] TR %?h%ﬁgr?ﬁ@%%ngg |?1€36f W&E[\gﬁ% gésﬁic

conposition I's m xe osteogeni c pr
. hod o ¢l aim.5 wher.ei n_an anmpunt, of cal cium ..
catciIhSPhRfE. ebelly HrRisling HREUR: Saiblod ARombeste, g Shais
. b i ght of the conposjtion is mxed with the ‘
tricalciyly Eﬁ@%qhaéefpfﬂttﬁrapﬁtﬂewd qarebipatigzthareet ai m 43,
wherein the conposition further conprises an additive
sel ected fromthe group consisting of pharmaceutical®

acceptabl e salts, polysaccharides, peptides, proteins,
&8. nthemelisod oY olairatS2c whersinghe caltkir rpblosphate material

comprises a poorly crystalline apatitic calcium phosphate.

54. The method of claim 53, wherein the poorly crystalline apatitic calcium

phosphate has a calcium-to-phosphate ratio of less than 1:1.5.

55. The method of claim 54, wherein the poorly crystalline apatitic calcium

phosphate has a calcium-to-phosphate ratio of about 1:1.4.
56. The method of claim 43, wherein an amount of calcium phosphate

material ranging from about 10% to about 99% by weight of the composition is mixed

with the osteogenic protein.
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pol yners, surfactants, and conbi nations thereof and

wherein a dry formof the additive is mxed in the dry
woizpEsines9s59. The net hod of claim58, wherein POEB/US2004/029560

additive is selected fromthe -group consisting of

car boxynet hyl cel | ul ose, hydr oxypropyl nmet hyl cel | ul ose,

&7t MHecwiethddekelain® 58! whbidlie anfrhy@htofl cikgudl pis®phate
pol yvi nyl pyrrol i done, pol yoxyethyl ene oxi de,

materiéﬁﬁaﬁg@v@%laﬂ&h WBBL 1o ABUH0Y 'be/.%%igh?bf theahhEd! it(i%n is mixed

conbi nati1 ons thereo The nmet ho
. | ai . in an anount of additive ranging from

with th%b%b‘%ggsﬁ%?%%@ut 90% by wei ght of the conposition is
m xed in the dry mxture. 6 . The nethod of claim 60,
wherei n an anpunt of additive ranging from about 20%
to about 40% by wei ght of the conposition is mxed in
Be Theymethadiekclain? 43;Twberain Mgl compesiiomfudhengemplises an
the conposition further conprises a bone resorption

additiverseldptéd froan theagroapdidnsisting &if phiaetateutivallp acgeptaple salts,
consisting f pharmaceutical” acceptable salts,

polysaBehFREC Pablides . prefiid, #pfino RIcRisS sPRtheBBipdfraéisdRatural
syntheti ¢ polyners, natural polyners, surfactants, and

[ L QRS : T el i
polyméR: Pifabials” s Zsibinatns M e B fimotihe

... cansi.sti ng, of ,phosphat e-buffered saline, saline,
additivg|l Byixed Hg@@od'gﬂﬂ'fxﬁgﬁs and conbi nations thereof. 64.

The nethod of claim43, wherein the ratio of aqueous
buffer to dry m xture ranges from about 0.5:1 to about
2:1. 65. The method of claim43, wherein the nol ding

i59. ddweomethaheticlainn 5§, whettih thie adtlitive dslséleotad framdhe gpoup
consi sting of nolding, extruding, pressing, -boring

consisting of eatboxgirictnicé s hydfdkypidisyimetiyickliafosel fiethyidellulose,
further conprising a step of cutting the rodshaped
polylactide, polyethylene glycol, polyvinylpyrrolidone, polyoxyethylene oxide,

carboxyvinyl polymer, polyvinyl alcohol, dextran sulfate and combinations thereof.

60. The method of claim 58, wherein an amount of additive ranging from

about 1% to about 90% by weight of the composition is mixed in the dry mixture.

61. The method of claim 60, wherein an amount of additive ranging from

about 20% to about 40% by weight of the composition is mixed in the dry mixture.

62. The method of claim 43, wherein the composition further comprises a
bone resorption inhibitor and an additive selected from the group consisting-of
pharmaceutically acceptable salts, polysaccharides, peptides, proteins, amino acids,

synthetic polymers, natural polymers, surfactants, and combinations thereof.
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conposition before or after step (d). 67. The net hod

of claim43, wherein said rod-shaped conposition is
woybisndsissal and a di anmeter of said cylindri calPCT/US2004/029560

rod- shaped conposition is between about 0.1 mmand 3.0

mm 68. The nethod of claim43, wherein the | ength of

sai d rod-shaped conposition is between about .0 nmm and

5.0 cm 69. A nethod for preparing a conposition for

| 63.eThelrhethdal df\iiidh 48, VA RO®RI SquicRisiutfer |§§él€cted from the
COﬁ'pOSI tion conprl Si ng an ost eogeni c pr otein and

group%’éln%lsﬁﬂb@?gﬁggeﬁ?e% fRirb@ Salife BYiiha! g cfn@eoafste%gotfﬁers gnd

m X1 hg orm o the cal cium

Comblﬁprao{;réél’a\ﬂ]e?ggﬁous buf fer containing an osteogenic

orma paste. 70. The nmethod of claim 69,
wherein the osteogenic protein is selected fromthe
group consi sting of nmenbers of the bone norphogenetic
protein famly. 7 . The nmethod of claim 70, wherein
thb bbe sogibat of slained  whereil thetratio of aquebes hubierpto dry
consi sting of BMP-2, BWMP-4, BMP-5, BMP-6, BMP-7,

mixtureBnges fidkPabauid®8: Bidaldcut 2(2. The nethod of claim 7
wherein the osteogenic protein is BMP-2. 73. The
met hod of claim69, wherein the osteogenic protein is
present in the paste in an anount rangi ng from about

oL SpaRpUor Uik 46 el oBERL K ok Slfle oia
) G568 s e BB P Bl LA B o
hod of claim 69, wherein the conposition further “

and C‘?}'Bhﬁ\aﬁ'g% thensghe resorption inhibitor and wherein a
dry formof the bone resorption inhibitor is

66. The method of claim 43 further comprising a step of cutting the rod-

shaped composition before or after step (d).

67. The method of claim 43, wherein said rod-shaped composition is
cylindrical and a diameter of said cylindrical rod-shaped composition is between

about 0.1 mm and 3.0 mm.

68. The method of claim 43, wherein thé length of said rod-shaped

composition is between about 1.0 mm and 5.0 cm.

69. A method for preparing a composition for injectable delivery of osteogenic
proteins, said composition comprising an osteogenic protein and a calcium

phosphate material, comprising the step of:
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m xed in the paste. 76. The nethod of claim 75,
wherein the bone resorption inhibitor is a

woizepEasplonat e. 77. The met hod of claim 76, wheCegius2a0h®29560
bi sphosphonate is selected fromthe group consisting
of al endronate, cinmadronate, clodronate, B 1053,

- emixing aadrgSorm batidy caleiim phesphdite métenanlvmdh@mfe@us buffer
pam dronate, risedronate, tiludronate, YH 529

contafNEah QRBERyentBrolbIAtIRSAVEI RS, accept abl e sal ts,

esters, acids, and m xtures thereof. 78. The met hod of
cIa|n169 mhereln t he cal ci um phosphate materi al
conprises a material selected fromthe group

or Ipepeteds & SRR A Snirein hecosiRogme prelp s seiécted from

hydr oxyapat i te trical ci um phosphate, fluorapatite and

the grebRISOR&IEBa ' Fiambes of foe byhe meiphogenetic peateinamily.
wherei n the cal ci um phosphate naterial conprises a
poorly crystalline apatitic cal cium phosphate. 80. The
nmet hod of claim 79, wherein the poorly crystalline

apat Thieethddof iR MRreinhe o’xr,téng%&@ mdt@mg%lgt@é&from

ratio of less than 1:1.5. 8 . The hod of claim$8

the grlﬁﬂﬁrc%hglshﬁﬁ orPB‘MM B LaBVPS %‘gﬁ#'é s ‘éfI\HIBHgmBMP-m

phospha cal ¢ci umft o- phosphate’ratio’o
82. The nmet hod of claim69, wherein an anount
and BM&{:@I ci um phosphate material ranging from about 30%
to about 70% by wei ght of the conposition is m xed
Wi th the aqueous buffer.83. The nethod of claim 82,
wherei n an anmount of cal ci um phosphate nateri al
r &éhgil hg Metbed b slaimdbhowherabhohe Gieodaniopiatein isBMRL.
conposition is mxed with the aqueous buffer.
73. The method of claim 69, wherein the osteogenic protein is present in the

paste in an amount ranging from about 0.01% to about 2% by weight of the paste.

74. The method of claim 73, wherein the osteogenic protein is present in the

paste in an amount ranging from about 0.03% to about 1% by weight of the paste.
75. The method of claim 69, wherein the composition further comprises a
bone resorption inhibitor and wherein a dry form of the bone resorption inhibitor is

mixed in the paste.

76. The method of claim 75, wherein the bone resorption inhibitor is a

bisphosphonate.
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84. The nethod of claim69, wherein the conposition
further conprises an additive selected fromthe group
woansiesiong of pharmaceuti cal  accept abl e sal t 8CT/US2004/029560
+ POl ysacehari des, pepti des, proteins, am no acids,
synthetic pol yners, natural polyners, surfactants, and
oM Akt 61 QaIAPT6 ANHeHIe HRd busphdsp'ndrratmsaselemed from the
additive is mxed in the paste. 85. The method of

group a?&g‘ﬁn%of %ﬁ&t’%’n@t«% %Qéfﬂﬁd’cé{ ro‘ﬁ%i@@@dﬂﬁs ogtidrbRates,

nsi s car | ul ose,
ibandrg%g{ﬂ 3] rd)g %aﬁﬂrﬁﬁ%t@z lg%ﬁf?,rgﬁ%@“s%ﬁ Aﬁé{tg Sfludronate, YH
529, zgéb%é' a%r e donetlcgﬁ( %ﬁ; hlé o?s Iegsgmd‘;n and mixtures

sul fate and corrbl nations thereof 86. The net hod of
thereofl ai m 84, wherein an anmount of additive ranging from
about 1% to about 90% by wei ght of the conposition is
m xed in the paste. 87. The nethod of clai m 86,
wherein an amobunt of additive ranging from about 10%

) &Pﬁé‘ e%ﬂgaSBv;rl Wih @0t whleréin@hs @BRAFiphesphatematstial n

t'he he met hod of claim®69, wherein the
compr%%%?%ﬁie&%r?aﬂﬁ&Veach@ciﬁaﬁfﬁﬂ%éé@éﬁeC{‘%%“ﬁ?I????L@%?‘%Spa‘“m
conpabetsiosd SR sl R R prepste

synthetic polynmers, natural poly ners rfactants and
trlcalcnmrr’phnaphaiﬁsﬂwcbfépa*@iﬁ 3yl C%@'WPH%@F‘%’PO | ai m 69,
wherei n the aqueous buffer is selected fromthe group
consi sting of phosphate-buffered saline, saline,
egC|ne based buffers and conbi nati ons thereof. 90.

MetdRRtRId 61 @hif 88, whBasieitre thleiunaphosptiatequateds!
bu fer to cal ci um phosphate materi al ranges from about

compﬁ%f%i % é)tog)rlggﬁgt%@? = ap afftic cAciPh PRIsHater €ating a mammal

conpri si ng

80. The method of claim 79, wherein the poorly crystalline apatitic calcium

phosphate has a calcium-to-phosphate ratio of less than 1:1.5.

81. The method of claim 80, wherein the poorly crystalline apatitic calcium

phosphate has a calcium-to-phosphate ratio of about 1:1.4.
82. The method of claim 69, wherein an amount of calcium phosphate

material ranging from about 30% to about 70% by weight of the composition is mixed

with the adueous buffer.
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adm nistering to the site of the bone defect an
ef fective anount of the conposition for injectable
wdebiswesipsof osteogenic proteins of claim. 92PCThiS2004/029560

method of claim9 , wherein the bone defect is
osteoporotic bone. 93. A nethod of treating a manmmal
he8.i The andtbod of efaimit 8 2; aviperieli ay atrtoaint pEpsicaim phagphate
adm nistering to the site of the bone defect an

mater@‘l fr@ﬁgmg FORTBDOL 48% B ALRNBE% by W@u_fmrof'rtmé ecinplokition is mixed
delivery of osteogenic proteins of aim; and (b)

with tﬁ?%ﬂ%@ﬁs‘eﬁ'ﬁ& to the site of the bone defect an

ive anount of a bone resorption inhibitor. 94.
The method of claim93,- wherein step (a) is performed
prior to step<b). .95. The nethod of clain193 mherein

s perforned prior_ t ste t hod
$4cﬂgpwg®0@m&%M%er@m f@rﬁppre@%%f'?fbfu Compf'ses an
performed simultaneously. 97. A nmethod of treating a
additivesetectdtivomghe drowe cdasisting obphainaceytigaty accariablegalts,
to the site of the bone defect an effective anpunt of

polysadsharidenoseptides, proteing] anfimbbeiddesyntieetjc pblyosrs oustora
proteins of claim?23. 98. A nethod of treating a

polyn{@??@rfd&@ﬁtggaﬁd Q&ﬂﬁlrfé?&)%tth@r%ﬁpéhé wWHeréihea 8leR¥malf:the

¥ dmnistering to the site of the bone defect an

fe of the conposition for injectable

add'“?ﬂ%l‘ﬁ &if{%?egﬁﬂgﬁ%ogem c proteins of claim23; and (b)
adm nistering to the site of the bone defect an

ef fective anount of a bone resorption inhibitor. 99.

The net hod of claim 98, wherein steP (a) is performned
pBhorThe methed(aficlaim 84, wherein the additive is selected from the group

consisting of carboxymethylcellulose, hydroxypropylmethylcellulose, methylcellulose,
polylactide, polyethylene glycol, polyvinylpyrrolidone, polyoxyethylene oxide,

carboxyvinyl polymer, polyvinyl alcohol, dextran sulfate and combinations thereof.

86. The method of claim 84, wherein an amount of additive ranging from

about 1% to about 90% by weight of the composition is mixed in the paste.

87. The method of claim 86, wherein an amount of additive ranging from

about 10% to about 20% by weight of the composition is mixed in the paste.

88. The method of claim 69, wherein the composition further comprises a
bone resorption inhibitor and an additive selected from the group consisting of
pharmaceutically acceptable salts, polysaccharides, peptides, proteins, amino acids,

synthetic polymers, natural polymers, surfactants, and combinations thereof.
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100. The nethod of claim98, wherein step (b) is _
performed prior to step (a). 101. The nethod of claim

wo&poswheei n step (a) and step (b) are perf or medT/US2004/029560
si mul t aneousl y.

89. The method of claim 69, wherein the aqueous buffer is selected from the
group consisting of phosphate-buffered saline, saline, glycine-based buffers and

combinations thereof.

90. The method of claim 69, wherein the ratio of aqueous buffer to calcium

phosphate material ranges from about 0.5:1 to about 2:1.

91. A method of treating a mammal having a bone defect comprising
administering to the site of the bone defect an effective amount of the composition

for injectable delivery of osteogenic proteins of claim 1.
92. The method of claim 91, wherein the bone defect is osteoporotic bone.
93. A method of treating a mammal having a bone defect comprising the
steps of:
(a) administering to the site of the bone defect an effective amount of
the composition for injectable delivery of osteogenic proteins of claim 1; and
(b) administering to the site of the bone defect an effective amount of a
bone resorption inhibitor.

94. The method of claim 93, wherein step (a) is performed prior to step {b).

95. The method of claim 93, wherein step (b) is performed prior to step {a).
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96. The method of claim 93, wherein step (a) and step (b) are-performed

simultaneously.

97. A method of treating a mammal having a bone defect comprising
administering to the site of the bone defect an effective amount of the composition

for injectable delivery of osteogenic proteins of claim 23.

98. A method of treating a mammal having a bone defect comprising the
steps of:
(a) administering to the site of the bone defect an effective amount of
the composition for injectable delivery of osteogenic proteins of claim 23; and
(b) administering to the site of the bone defect an effective amount of a

bone resorption inhibitor.
99. The method of claim 98, wherein step (a) is performed prior to-step (b).
100. The method of claim 98, wherein step (b) is performed prior to step (a).

101. The method of claim 98, wherein step (a) and step (b) are performed

simultaneously.
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