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PHOSPHATE SCLI D RODS AND PASTES FOR DELI VERY OF
OSTEOGENI C PROTEI NS DESCRI PTI ON OF THE | NVENTI ON
WO28458855%bpl i cati ons [0001] This applicati onPeF/H3§§/029560
priority to U S. Provisional Application No. -

60/ 502,493, filed Septenber 12, 2003, which is

| INNEQTABLE ¢ ALCIBMNPHOSFHATE 'STLID ROBSIARD PASTES FOR
I nvention [0002] The subject invention relates to the

field of osteoBELIVERYOF OSTEOGENIC:PROTEINS cal

formul ati ons thereof. Rel ated Background Art [0003]

| di opat hi ¢ osteoporosis is a disease of unknown

etiology char DESGRIPTFIONYOP THE INVENHONSS of bone

mass and increased fragility, resulting in a nmarked
Related Applieationssusceptibility to fractures. Osteoporosis

is anong the nost preval ent of all nuscul oskel et al

di fa00d¢This applidationictaymsipribrityso .8 ePrwisiora Applicatioo WNar.

" 45 years of age. Praener et al., "Miscul oskel et al
60/3021B 3, ffidsSépternber 122008, Whigh ésihcorpbnated hAcsal by odference.
Ot hopaedi ¢ Surgeons, Park Ridge, IL (1992). Because
its incidence increases with age and the percentage

Fieldof tHedewéntionn t he popul ation is increasing,
osteoporosis wll becone nore common with tine.
Cs {G06)2d T be sebjeet invdntion welatasdotthefield of osteogenic pneieinsand
is presently no known.cure. Finally, and nost _
phasngeeticalfotrhylatiorassthemgodr osi s is associated with a
substantial norbidity and nortality. The nbst serious
fracture resulting fromosteoporosis is that the of
Relatbd Backgriooad Alenmur in the region of the hip joint.
Wth an annual incidence of over 300,000, hip
f r E103] eldiopathic ostepponosis is Badisaase of unkmawr etideay e i n
the elderly. One out of every six Caucasian wonen
chaggctérized\by progriepsive lassof bodemasg andring¢reasad fragilityuriesultips in a
et al., Arch. Intern. 1 11 '
markéd incvédse\ih isbiseptibilityl talftactures.) Oisteopbiadslie a&xmong the most

prevalent of all musculoskeletal disorders, afflicting fifty six pereent of women over
45 years of age. Praemer et al., “"Musculoskeletal Conditions in the United States”,
Amer. Acad. of Orthopaedic Surgeons, Park Ridge, IL .(1992). 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.
I
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2455- 2458 (1989)), and for those who attain the age of
VY0 20057595 f i gur e becomes one in three. [0004PCT/HS2004/029560
addition to treating osteoporotic bone, a need exists

Mecf ol ”ﬁ(?“%?szﬁs-ziése@‘g?@gxgﬁ% e?}ché?et\ivH&aﬁénh?Hé’QbQ%\‘ 80, this

ate actures

ﬁgu%dﬁ%d'&rﬁésr&{ ,gq k. osteogenic proteins. Csteogenic

erns are Se Srotelns capabl e of |ndu0|ng,b or
FoROrE %éﬂ%ﬁﬁoé%@ﬁ%é?@e; Q1RiE bt & e RYR fofMefhoas of
treaﬁm @%s%%@eaﬁéé‘%o&é%éE‘é%&daf@@awsﬁﬁféﬁ%%b'éiﬁg10%?8005]

IL.n addition, varjous fornulations desjigned to deliver
MRS B! O5t590 i YGteinS. OSiPP@eHIR BrleINA AL 1o8R PEFtelBne
formatl on i s desired have been devel gped. }0006 But
capafle oif tndlusing s PreARSIing dih Heaipgpation:pf; ¢ﬁr§lage éng/or ppae formation.
remains a need for an effective nmethod of repair
Manyrryichrosteaganieanietess hayvedo serat yearsriheepdsaaiedand  bone
and for mnimzing or reducing the incidence or _
charastasizedyanst saise baye been pradeiced by redankjnantasethgddVARY
OF THE I NVENTI ON [ 0007] The present invention is
di [a896k dintasiditiompeariausdasniilationsjesigred to detheén asteggeanic
osteogenic proteins, i.e., osteogenic conpositions.
protéime tg¢ argitesvhare imgluctiary ot ladre folmaafiar isdesired have beemdeveloped.
preferably a cylindrical solid rod, or a hardenabl e
paf0o6) Thet despite substanttal endpavare irathisofid@,abers renains £need
and a. cal ci um - phosphate material. [0008] In certain
for g effevtive thethidtDof riepair andfor trastnivertt ©F bstebpuRiit iafl ostdtpenic
osteogenic protein is a nenber of the bone
bongahf fegamehizihgoreeiding &8 ihyideney ér s%ﬁ?&ff&i%kébp@?&r@felated
BwWP-2, BMP-4, BMP-5, BMP-6, BWP-7; $MP-10, BMP-12, and
fractohds. 13, nost preferably BMP-2. The osteogenic protein
is preferably-present in an

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



anount.ranging fromabout 1 %to about 90% nore

preferably from about 15%to 2 WO 2005/ 025595

PCT[ US2004/ 029560 about 40% by wei ght of the solid

VB43YWsYESShe i nvention and in an anount rangi Mg/U$20¢4H29560

about 0.01 %to about 2% nore preferably from about
aboul 4098/byavelgit st tHe Solidrvds weiH@hhveHtioh R dRRahanfunt Rehging

invention. [0009] In certain preferred enbodi nents of

fromtaoup0©3 9o abBUERYd, Fidre bhstedlyChrotabBIRGBRE! £ JBBLEY 42lby

conprises a material selectedfrom anorphous apatitic

weighfbOthe 'Past GriRd #iventigiPor |y crystalline apatitic
cal ci um phosphate, hydroxyapatite, trical cium -
BB ol HBF B0kl bAuRRaALE B85 Y 8 bl

preferably, t alcrum p

P“°S?ﬁ§£éaﬁ“8ﬁ?}‘f&%h%i%ﬁaﬁa@f{ﬁ%‘%‘(ﬁ%ﬁ%ﬁ £3h %&@ﬁvﬁ@i’}% Sppiisggloium
[ nNagi . . 109 999 .
oo e BT B B AR REHehRees e BB Puts g
phoshale fulaRaiR S R EomBIAIGTS Bt MBS ReIeRilg tpFacim
hos2 e{era@l. from about %S%to about 55% by wei ght of.
phosphate AtRiRLiBPooRxShistalina. eRplie calsiip Bhpsshate. {bpeapium

Aﬁd{gti onal enbodi nents of the present invention are

phosphatedpaigrialys PrrierablyRIesent dRpB SMqumh enging o aheut 10% to
cgnprise a bone resorption inhibitor. The bone

about 894 51918 Prefarably AR abeutdQsh de abryt 60% bypweighhefithe cod-
sel ected from al endronate, cinmadronate, clodronate,

shapeg ostgogenistGonnesiion endiim an @mavat eanging frem abatie30% to about
ol padronate, pam dronate, risedronate, tiludronate, YH

70% gpgre prefesaply frameabaut ¢5 Y%ptocatrost 66%i, by Mejght of thet lartienable
salts, esters, acids, and m xtures thereof. [0011]

paste\gstepgeniacompbotioment s of the present invention are
directed to osteogenic conpositions which al so
c detQ] s Additionalimbadiments @f thedpresent inyentionaece diréctad Ity
acceptabl e salts, polysaccharides, peptides, proteins,

ostecgenimcapatitions vehich dleb icompabe aiotie resdrpticy inhibitsreTBe bone
surfactants, and conbi nati ons thereof, nore

resorptier ahitifoy issrefecatsigl afbisphosphidaty selebieldn Hief8fnate,

hydr oxypropyl net hyl cel lu | ose, _
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, hydroxypropyimethyicellulose,

methylcellulose, polylactide, polyethylene glycol, polyvinylpyrrolidone,.



met hyl cel lu | ose, polylactide, polyethylene glycol,

pol yvi nyl pyrrolidone, 3 WO 2005/ 025595

PCTI US2004/ 029560 pol yoxyet hyl ene oxi de, carboxyvi nyl
WBRYRE90l yvi nyl al cohol, dextran sul f at e BHEUS2004/029560
conbi nations thereof. The additive is preferably

polyBJéfe?l?ﬂéné Bxiae, BV r{yP;S‘&I Mer, poRn F‘QI@HH Ilde&tFa(Pl élmtét and

more preferably about 20 t o about

com}ﬁﬁ\'aﬂgﬁs Were&thhéoa%dﬁlb? ?%%ﬁ?%‘ig%qutt gpgﬂpgg'lgphgﬁ(%@ﬁ% from

n an anmount rangi ng

abOl{ he/e t@ég&ﬁr%f) ym@#%?;#&fe}&{f%h&?m AU o908 tﬂ%t %‘?Ogi X%Tight of

hardena ogenl C COITpOSI 1 on

the 20 ebRg e oo e R EB b L BnayiE gﬁf i fom about; 1% to
| ab%&%éﬁg‘%@%%{e‘?%b'i%ﬁwyw 5 85820% iy wHaRa16e petsoaple

and the |ength of the cyllndrlcal rod is
paStEroéFeé’fgﬁﬂlc;F%'é‘i%@H about 0.5 cmand 5.0 cm [0013] An
addi tional enbodiment of the present invention. is
di 0832k dVhen the pglesgrnie epmpesd tﬁ)fan ohihe presamt dyygplien takes the
nposition for injectable delivery of osteogenic
forrrmfa wlidcylindical rshriiesdipmster @b s einadcal iod bt rretreably
protein and a cal cium phosphate material, conprising
betwele@ aboup§. lonm and 30xmmgmereipieferably alfout f& B, épgdhe tength
protein with a.dry formof the cal ci um phosphate
of theeylindrigal tasl ip poefatablyabetweeniakoutr®5 cnf a)d Bdownst i t ut i ng
the dry m xture by addi ng an aqueous buffer to forma
paf0a3] (Arn additbmil embodenmerd f thet preSentimeentiod is Hingaed to a
conposition; and (d) drying the rod shaped
metlosifoo prépaving & rodishppéd tompositiomfan injectableajadidery of osteogenic -
conposition for injectable delivery of osteogenic
protging saidisompaosifioretemnpriging ath odievgphis proteimearaba ealgiim
buffer is selected from phosphate-buffered saline,
phosptlatdMatdHay, ddonepristigtthg Istdparsf Qamlxmaqdohufd’f tHesostadgenic
conbi nations thereof. The volunme to weight (nL:Q)

protéiatwith Hryera of thebsdidiem fiate niatskialite predudesa dryGhixture;
about 0. gy&? to about 2: fﬂﬁr\gl ding is preferably

(b) ré@&%ﬁlti‘n@hﬁé’ dBYmixEik By Hddirydr sglidtiis bR fd foem asdsitéldc)

combi nations thereof. In certain preferred

mOI‘ﬁ;ﬁ?a ! ;g%r‘&é t&) fon‘h@rdd%aﬁﬁé‘ B6MpESIBRSAd @Y diyind the rBE'sRESed
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).



4 WD 2005/ 025595 PCT/ US2004/ 029560 [0014] Yet anot her
enbodi nent of the present invention is directed 1o a

nmet hod for preparing a paste conposition for

WRRWS02SPE del i very-of -osteogeenic protei nBCT/B$R09#/029560
conposi tion conprising an osteogenic protein and a

cajyium Ymnélénl?@c{lﬁﬂéh%f th&grgrsyegﬁme J}ﬁs%‘ir@&eﬂft?a .

mXxing a dry formo he cal ci osp ate mater

i PR GANEEY e g 018080 AAUERT Mg
o, B8 A B 2 AR meﬂﬁap@% b,
orof i et it R B B e
. EAL N RTCLE T ALY ab%wp#ogﬂ Boom

dlrectedto nmet hods of treating a manmal havi ng
a pasifel "dEPf@cE'Eedc%H‘b‘? igents ofdhe ﬁ"%ﬁ&'f‘ﬁ%ﬂtm th?@qw&baffe”s
t he bone defect an effective anount of a conposition
selectegt fromjpbesamate-tydieragsalingrsaling 1 dlyrieer andglyaaie gcid-based
clainmed herein. Still further enbodinents of the
buffgiseanshgombipationsdheraoé Tihe eatiocd agyeons bieftpr tocalkciusaphegphate
a manmal having a bone 'defect conprising the steps
matefial rangesdiiomiabout 954 totobb2di te of the bone defect an
of active amount of a conposition for injectable
de[Q046} yStilf fuptheeembndingntofdha predeat inventiey aierdiremted 1o
(b) administering to the site of the bone defect an
metbéd=eat trastingreomamnad] havingrasbonesdeiegttdomprisiniy ddniaisterihgeto the
adm ni stration of a bone resorption inhibitor can be
site pettetbonecdeiectam éftective pmioaht ofaf ¢ampdsitan fof ijecble delivery of
si mul taneously with step.(a). BRI EF DESCRI PTI ON OF THE

osteloBANIE WeRe[r@QSineldi rpreia. Btill $urthed leafbodirhents of tHehsresént
vitro rel ease kinetics of rhBMP-2 from a-BSM rods

inventibm greldibdctéd BMRethods of tre&iipd mansiiaitaviids bena-defect
graph show ng the in vivo local retention of rhBMP-2
comipFisify ahSSidps ol $a)kidmiBlisteting 16 BRMteZofafie Bohé AERYCt aR 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 o-BSM rods using 125l-rhBMP-2 as a tracer.



WD 2005/ 025595 PCT/ US2004/ 029560 DETAI LED DESCRI PTI ON
OF THE | NVENTI ON [ 0018] Cenerally, the nethods and
conposi tions of the present invention relate to the
VOFEBEREPT on of bone tissue and conconitant PEEPENEL029560
of bone mass, bone density, and bone-strength. Mre

pgjf te ng'bﬁfﬁml i@ ngc%i:lridwﬁiﬁe INVENTIOR )
g;@pg@g{@@g@p@ ﬂ“i&meﬂ'i&%glafihlé Qﬁﬁhébﬁth%a%'éégitg@r@tion

ves an ctive agents suc

o P e oA B 638 il
vord ST 54 PO ARG oo SBEEE S ot

i nvent.ion are sujtabl i ntr?oisseou

.. { f . .
injoctip SISk 458 ARG RIS T esteo9R G PR ea Sag g
PhosRbais $417 SoAnch QR PEGTNES AN SRAVP AGRRBILE G 2 Bone

" osteoporotic | esions can be advantageously | essened, .
resofptioniahibiter, pe wel @saethads of prepariRICHrosteaeni eRpRsitions
Gt her clinical uses include fracture repair, .
and meihads| efdeeating paing suab esigapenic gerpesitipapail he aalgiUsDI nal
fusion. The injectable solid rods and hardenable
phospheteesoligfrotlh ang hesdamablepastas eftheraresentinveetiansare sugable for
pronote bone growth as needed when using joint
intraceseasatalineryiafpsteogsniaprateinsr iTheahighrthe useiof thenpriesend. S.
Application No. 60/502,526, ("Pronotion of Bone
invehthgr methods mnd@onipoBitiohs,chesaterity nhbstaogorusis g the incidence of
Osteogenic Proteins; the subject matter of this
ostePpONoti6 Ie3itils capild sdiantayeously lessengd ultirmgtelynlessening the
entirety by reference herein. [0019] A first
incidemiee df bemd fraftutdse Pthes eliticdl tseninciade ifiactlire eepaid canilage
rod- shaped conposition for injectable delivery of
repaiS h6ABAIINIM A reh A6 af® BFihaIFUSIn aThe Gréctalgiesolid pod arid
and a cal ci um phosphate material. A conposition

hardd¥naBleaatest oF thé Breseht eéntRmASY BBBbeAlsche prorAseone
I nvention may optionally include other additives

grov&ﬁ r?'eéq'%ggcrj gv:h:égﬁlsﬁﬁlj?i&t f{)ﬁ%dégméiﬁimﬂlﬁn@m&cﬁﬁé@ irASrofisional

WO 2005/ 025595
U.SB&J&IHMI%Q@@@@Q,SZG, (“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.



{0020] This solid rod-shaped conposition is suitable

for local intraosseous delivery and may, therefore, be
injected directly into an osteoporotic or ost eo[geni C
WPRESOESSEY f ecti vel y i nduce the formation andPel/US2004/029560
mai nt enance of bone. further, the injectable

L?@pé@apﬁ% SOBRshE08: E¥AEBLon & SHBbRBERChAhEAS eous

regard ost eogeni c protern

dellveﬁéa (f Fn%gh he q{ 'Lf?nPrTﬁﬂnéF% dEe?l ?OP%% tQS%ér% Egr 5&%8p8r§|c
site (P Pel vy LRge e Smtan goiey t s T esile ? ﬂoé“l}h

.. by al ge ne additiq

injoqiate éqcf;sh%oqs*mn%qmgq%ta@gﬁ%a'?%fé]e%erp e ihspoers to
about 5.0 cm [0021] Unlike. existin ah .

the gsieqannia PTotRIN WheB deliyersd dhihis @aﬁgﬁsq?fﬁg% ably the gplid rods of
first enbodi nent of the present invention is

the prgsemtiiryantien are]cselmgapal@nﬂd}awﬁ a fiamelsy rangipg foryakawt 0.1 mm
deficiencies inherent in liquid or viscous _

to aljaut &) mm,dnere prefierabbaabow, 1.0 men g asite@llew gleliyrsy by a 16-
formul ati ons, the osteogenic agent may be prematurely

gaugk heediel byadctnﬁcm esisolid radsl preferablychavieea leogth rapgingdianng
ef fect can be achieved. The present invention

aboutil( atre $o abautd.0 an. on ef fect by enpl oying a solid
carrier which degrades slowy in vivo, thereby
pr [0oRd] rgnlitelexistidg irjectable fethulaticrss theodstédgerde toraposition of
agent(s). Furthernore, unlike |liquid or viscous

this first embatlintait oMheqdresent imdeption & ddmimistéredsn tesotiff form, thereby
adm ni stration, the solid conpositions of the present

avoidimgané efciBRERhbAME ROiRRtlor WeddisTomAtatio s, Fdrexample,
desired bone growh to effect the bone growh

usingNigumtdr ! foamhla‘t’bhs/ thé\bﬁl@ogéﬁi&‘ agbhm‘vay’i beprématueély Huted by
I'njectable placenent -of a solid rod In areas of |ow

the b&usﬁfua@%efo%wﬁb%hbspromaﬁrg@mm% ib@rachiveld TReprésdnt
at ‘the site for a period rom about 5 days to about 2

inveﬁﬁé‘ﬁ gﬁvlatlefs éﬁ%&ﬂlﬁﬁ%b P@mb%yﬂg%’%l%rﬁéﬁﬁﬁi&h’ "dSbbédes

esire one growt pronofi on effect either wl

slom{}gﬁ’l WiV rgﬁ%ghﬁ/ d‘n"ig ?YQCP %%F%Héd reﬂ-:‘?a'ﬁ,e hivige éaﬁ/e_agenﬂs).

sired s ough the osteogeni

Fﬁrtﬁ%{/ﬁg& Bﬁlﬁg |I8L t&'ﬁscoﬁg?cgmﬁﬁhsthlcghl’ﬁa?rrﬁgﬁﬁ’é fr mthgsne of

mn ste as a so pre era

adm?nigpatlo%?g{eoszo%g C m&l{g%&{%%@%%&?&? 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 asolid 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



formed as a cylindrical rod, thereby being suitable

for either injection-or inplantation into the body.

O course, if desired, other rod shapes coul d be used,
WOgo0s/Ops¥agonal , square or semi-circul ar rodPGHE}E/029560
In addition, the well known surgical conplication of

forrﬁétﬂé@la@luﬂﬁncﬁ%@' th%%%«% ifYs@bld ok gﬂﬁi‘ﬁ%ﬁf&wmﬂeﬁ{y%mn

procedufe is conside y mtigate roug

into%he 585* g&ﬁ'sé ViPdeditelit'b ePk raog;grc%pd be Gsesi Sfent s,

pot ent ‘acenent ' o eous bon

hexggﬁneﬂr 1S @Upgérhl éﬂc@%ﬁggslﬁﬁ/ R5gamdh, | %S%éllglngg/&:is%gical

ge vol une o er carrler Isre

coni%w%t;iof}%dns*%c‘? et ﬁgmﬁé ARG Pl
or B Al R Mo el 8 e

rowh in any convenjent_ mnanner, _incl udi n
poteTHeT SRERE DR ST RAr ROt AR PORGTSHAbBHER RITBOHH FPused
or syringe.. [0022] A second enbodi nent of the present
by 3 preshvnizsd inigclion ¢fa BEoe wldmeaf Hﬁ'é!dlgﬁb?arﬁ?é'ﬁdﬁﬁ‘@dtﬂ%ce the
solid rod-shaped conposition for injectable delivery
voluspe Bueciedyathighly spaeartiated solidimed is mush legsdhan thed r«;qtﬂr@drﬂ a
of 'the osteogenic protein is mxed with a dry form of :
simiatedasglwasdispanse ime dquidtasigebformo Theqimposiionrmay be applied
m xture. In other words, powdered or dry forns of
to thepsite ofdesoed boge grawtp i Bey nomvediant earaktiinsluging bphat e
material are initially enployed in order to forma dry
intraduction ¢hroiffea caokrtionalshymodemnic naddietar sgangeact i ve
agents are included in the conposition, these
ma{@02423| A sesyndiembodineent efifleqyreskeritinventiory isodirgotedierethethod
formand included in the dry m xture. [0023] In the
for mepariny Bieeyolid rdiskipedcompositidnsior imfeatatiié Hellvety bf/osteogenic
addi ng an aqueous buffer to forma paste. Suitable
proteftise dn shebfirkt step, a a6l foda of e dwedgdnidprotdin & mixed with a dry
phosphat e- buf fered saline, saline, glycine-based -

fornb of fherdalciid ph@@ikhdﬂéﬁrléﬂé\‘ialw Ffo‘d@f:e a A friixtufd. el JehET-woras,

the osteogenic protein, yci ne- based buffer having

powdePdd 6f d ry@&% ofboth the ﬁté‘égﬁdiceﬁrofé?ﬁ aH§ the EREIAM Bm phosphate

pref erab a gl yci ne-based-buffer having a

matgﬁggrg%ﬁff‘aﬁ@ i) 6}@9%&9&85&% a el (WhQrfi aédifﬂ?%’é and/or

tamc aC| 5% gl yci ne %sucrose
addl\tﬁ%l 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 addling an
aqueous buffer to form a paste. Suitable aqueous buffers inciude, 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



and 0.01 % pol ysorbate 80 is used. [0024] A volune to
wei ght (nmL:g) ratio of aqueous buffer to dry m xture

ra\r%&%s fromabout 0.5:1 to about 2:1. However, the
MOE35% t of this weight ratio is |imtedPEHPS20p4029560
t he concern that enough quuid be added to the dry

°°m%5§“f£“é°§§f'§"\%@ﬁ“*% b &l A hiong ‘%fcﬂs?g E%ﬁﬁ% &8
h hod. | ,

and QLA FRbAHR B pSe o vl gt ?giug s limted only

i, S Rl ™

netry achi eved rod shape, is disturbed; in
r 3"9‘2& iﬁ%’P ghoute.5:1 o Qh%'t ?n]c H"cpwdfﬂrdhﬁéowgrelumt efibis weight rgdio is
shape forned inthe third step of this nmethod will be

"m'teéid?ﬁi\f byrihgeepneptinthat gnavghtliuics addertie the coymixiure. so as to
[0025] This step is performed under conditions where

be suffigientdaeilawithe {annatiomof arpastagvhicc gars be Mrriadghemghbiimestion
the ingredients and can be used to regul ate the

throughtaesyringe or some-othgmeethedit | additioroiise upier lienitdf thisfweiglet
desired ingredients are preferably contained in the

ratio @rlimitedkenly by the coreerl that potsssi ialieh tiquid et zidleddolthid g or
an additional active agent imediately prior to the

mixture tHdt apornsubeqierit digying, the geometry lakRieved TR, ool @Rapé, is
m xi ng. Such an additive or additional active agent is

distuibieef iy dthérywords aif tod udroliduid ROYERGE thendthBY&d 8hast foRhBl ¢ the
the additive or additional active agent may also be

third s1épest thie nidioddaRitse cdn%%ﬁlsédhdd?ﬁdrﬁlﬁlbrtﬁe %’s{éﬁgeﬁffcaﬁ'l pound.

present inventive nethod, the pasté i's nol form

a[ocezs) sme%@e;ﬁe Bemdthé® undé(t&o%mne m&b@@@gamy RRiform

acconpl i shed 'using any one of a nunber

mixmg%‘c@ﬂisq%&l@%ﬁ\bﬁ&%ﬂﬁb%d}@dleﬁ?&téd@éﬁ%e ﬁ%o Piol e ulate the

oring and/Or cutting. I'n a preferre

extentt 'Bf ﬁltéﬂ“?f@hléﬂp reJch@né’ %ﬁ% L of BRCKESHH eé‘i@ﬂﬁse&?{er uded

hr ough ypoderm c syrl
oo B 585 it Ml R & o
T
comp?é{fon 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 dgent 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



using a cutting tool such as a razor, scal pel, knife

or the like, to forminjectable, rod- shaped
conpositions. Cutting may al so take place after the
WPPHE25Pep described bel ow. Alternatively, PEHESZ9¢428560
may be packed into a cylindrical nold, catheter, air

o o BB B 4 A8y SRS S s van
o3BG et 5 it e BB AR, o
o SRS o 085 SRR B e o
SO NG A ST ST

tenperatures, i.e., at least 37C The drying |

gas-permeable tithing (.9, silastie o hefon®/F &P o @8y ethes extrusion-type
osteogeni c protein degradation, which typically

appaetusr s sonewhere in the range of 55C and 60C. \en
drying is acconplished in a 37C oven, drying takes
apiPpaxj ratthe finaltsteps #wa rodahapad gompasition péfaéneﬁinyhe previous
drying is carried out overnight. The rod-shaped

stepde dyied bt handepee teefonbltie habshkapessiotpdsitioni fet injestalfie Helivery
than 10% [0028] A third enbodi nent of the present

of ostevgeMic proteias of thegireserit inventidra (filstrexbbadimpast)e Drying may be
conposition for injectable delivery of osteogenic

accdmhlistetl Via sipaBingorigeubatios heelgeaied tompbriturea)ice. pat least
cal ci um phosphate material. A conposition according

37°¢.0Thé Uﬁyiﬁé‘idn@bé?ﬁﬁ)ﬁéjisﬂ"ﬂﬂtedcﬁny b¢ apoacentfor tetetgerinpiatein
optionally include other additives (binders,

deg@¥ation, SyHien ty@ll‘éﬂ)g be@ft s¥PedBEr if the fdhgeSofE5P0HAd 60°C.

resorption “inhibitor. [0029] This paste is suitable

WherPdrylngas bebdthpIRped §PH 370 bivée dryidg dakEdYappréXiveaipaeieast
e injected directly into an osteoporotic or

one ggf.uf %ﬁ?gjr&eﬁétgfgf i iSCBARJIIR ovORTIe. TTRE HERShageR

rman ctively i1 nduces the formation

/e j te hard
com BB pr BB R PR R R 008 2505

i DR R R G b
hardenable paste composition for injectable 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

10



the use of liquid or gel conpositions are avoi ded.
Sinilar to the solid rod-shaped injectable

osi tion descri bed above, the hardened paste
\YS 92357dn exhibits a sustained-rel ease prBFF/PR0HG2p560

regard to the osteogenic prote| n. The injectable life
f t d b
7 ?e A R RN F T Ap——p—
th gplg_“ |nvent|?n|s directed to a nmethod for
eH? gard (3%%% CBHH’P@ loBR AL PYAIdeH.  Snilah foibe Aslid rod-shaped

% ver of. os enl rotel ns. In this nethod, a

inje Pbe °c?ft'°£‘ Vﬁh%@ dresdenespaste spmpesitiorx exhibits a
with ap aqueous buffer contai ni ng an osteogenic

Susﬁ"‘tﬁdéﬁﬂea@@ Prefievihsegard to theeosterusnic prsteinndheiinjectable life of

addi tional active agents are included in the

the pefidgpableiraste mAw be prelpegedibyreitgerating thertasteed in
either dry formto be pre-mxed with the dry form of

c al@930h Hivsihembodimentoi the poesent irvehtjalr istdietcfedrtonat method
be m xed directly with the aqueous buffer and the

for preparingnthp ipastshernepositicerforinjechdblé deliviesy plsstesdenit protsis. In

conditions where substantially uniformm xing occurs..

this Methoty actyriiomesf theealchgn pHosate AraterRAR ARked Withthr Squeous
regul ate the extent of inter-ingredient reactions.

Dufi¢OEBIniSg iahadsteogeamepomibiy foin had. Ulhen oAk andfor

limtation, phosphate- buffered saline, saline,

additjoryal Ianﬁvé)ag@ds ard fneludled Wdth‘é%&hﬁb%ﬁtloﬁnﬁ\ekg Fherials Wi be

using BMP-2 as the osteogenic protein,

empiyediim ety fétHi fodie prevhingd @wfﬁ'ﬂn@tﬂ ﬂ':rltof %al%tdb T phosphate

preferred for use; nore preferably yci ne-

matéhd] bein é‘ﬁ%’drﬁﬁéd&oﬁﬁ%’ﬁé 'ﬂlkémangctlg w@ﬂﬂl& h %élg o agd dhe

acid, 2.5%glycine, 0.5% sucros and

calcimhosHABRANGIAR). | iR pefloitfiedlhad UohBisBhe AHED®

buffer to dry ca crump ate ranges roma

subsQarﬁtaily hﬁlf@fﬁ?h‘ﬁxu?gc dccdr® ORiddin Sg%érﬁ&géé kl’%l%llnéreéﬁ%pqs ¥Bq rg}xe

of the osteogenitprotein i

use&ﬂ’(‘)ere t?léfét“ ﬁ“ﬁ'ﬁ%%& ﬂ@%ﬁfe‘n?‘ eagﬁ?’ﬁroduce a dry

ture %N reconstitut ed by

3909, AL B D el
buffén?% tsglfr}e];,] 85@11(;%5&%3&0 ngd)u ﬁgsp%ﬂi; %%ﬁﬁagpqqsaﬂerg%v\élhen using
BMP—é 2§ ?henodstggggnqc rer rEel)n E/c te—t}alggg b%ffgﬂgvl?rtlg ;%tl-ll gf a%fout 45is
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 apaste. These steps
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aqueous buffer to dry cal ci um phosphate ranges from
about 0.5:1 to about 2:1. 10033] Details regarding the
active agent, carrier, additives and bone resorption
WARPISIIB?S suitable for use in the present iPEHYZ08P29560
are given below. ACTI VE AGENT [0034] The active agent

Lt ste enic.c i.tion the resent
Wouﬂf’n@%ﬁ?btaéﬁ”fosﬁ‘%rf'i §pobd stevead s mﬁméz fz&ﬁ'?ﬁ"{))"go'ge solid
ns knewn tran form r owmt actors
rod-gbs (°?@P°f§5°"§?’&¥?2%‘?ﬁqn9 o@era@rétg ﬁgcepfﬁ"% wagghiato o
i ncludes the activins, inhibins an one_ nor phogeneti c
aqu?ﬂ%?t%(;feéto(m ciurphegphaigranges; e aBowO 1 tarakiont 2:1.
BI\?D- BMP-5, BMP-6, and BMP-7,
di QQ%%JS%P l?sofregaspamatf@ actiye ggent, parrishtaddiiives andbope?,
5,013,649, 5,116,738, 5,106,748, 5,187,076, and
resoptipn JNkybitprs Sitatde fefi use! ip daipieseridTvantiop Bre ges, hekmp-
9, disclosed in PCT WO 93/00432, BWMP-10, disclosed in
WO 94/ 26893, BMP- 11, disclosed in PCT WO
A%\Egm BVP- 12 and BMP-13, disclosed in PCT WO
95 BMP- 15, disclosed in U S. Patent No.
@é%sg‘i‘e agtive BRpOtpresentiin tegastergenic eonspositiansmf the.
6 331,612. Qther TG--13 proteins which nmay be useful
presgat ipyRNtion dg Pﬂﬁéeragh!rﬂeieqﬁeé) fiemghe family ofrveteinsoknawrcasithe
Vgr 2, Jones et al. Endocrinol ., vol. 6, pp.
tfanSIgmng geavip famors besa GTGF];B) stperfamibt ofprateinsd This family
differentiation factors (CGDFs) including those
incluges the atidinsninhibins e 9eFHhogeneud (regi8s (BMPs). These
95/01801, WO 95/01802, WD 94/21681, WD 94/ 15966, WD
. BMP@SVIQ@@BMWWM@B&; BMRLQ, BNE-&GBMESESBM, BMR6sand\BMP-7,
useful in the present invention maybe BI P, disclosed
disclosed/\rakagiHhs in U-B0R26AE Ndi 508,928, 5,013,849, 2506388, and
MP52, disclosed in PCT WD 93/16099. The di scl osures
5,106{748] $,187,076,carab$1 41,906 cBME -8, distidsrld in PCTVWYO 91/18098, BMP-
2005/ 025595 PCT/ 1JS2004/ 029560 publications and
9, diguiddedsh ©CT WG 08/480482BMRPIW, disaiosedsn RCT WIred/esas, EMP-
by reference herein. [0035] Preferably, the active

11, digiEediin PCTUR® 94/26893,IBMPE 214 BMP-£2 0 &dd in PCT WO
95/16035, BMP-15, disclosed in U.S. Patent No. 5,635,372, and BMP-16, disclosed
in U.S. Patent No. 6,331,612. Other TGF-B 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 .gr.owth 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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fromthe subcl ass of proteins known generally as BMPs,
whi ch have been disclosed to have osteogenic
activity, and other growth and differentiation type
weRPep02sSes. A subset of BMPs which are presBik/P§z004/029560
preferred for use in the present invention i ncl ude
BMVP-2, BWP-4, BMP-5, BMP-6, VWP-10, B and
publiggjonsand RH@?“?FF@?%P%‘EH’V' BRJ?“CE“O'E%%’ eé'%%ﬂ!%ﬂ"@éeh@?y {ference
is disclosed in U S. Patent No. 5,013,649, the
hereii scl osure of which is incorporated by reference
her ei n. (5’[0036] The active agent may be reconbi nant
priBeBRle Hreferahly, ithe a@nweragﬁnamcbad@ﬁ@ Waéb%@ioﬁﬁ?lﬁﬁ“'eﬁ?gﬁé’
active agent, if a TG--[3 such as a BMP, or other
fromdlnmutquasqnfmr@tems kmaynigeneaty @styPe, \@hlclnragvggeen disclosed
heterodinmeric with other BMPs (e.g., a heterodiner
to hayergstangenisfactivity, mnd ether geawth arfd difterentiation tgpeacbiviies. A
with other nmenbers of the TG- superfam |y, such as
subsetof BMRs whictharei presetly pféderrBd fgrausg. in thee pilesert indention
conposed of one nononer each of a BMP-and a rel ated
include BiMP-20BMFh4, BVBES, [BMB§) 8MRT BVIP-1GEE8MPLES and BMRM 3,
heterodi meric proteins are described, for exanple, in
mostiréferébiP BMI22 e dlabefitss6f \alsith & diSclodddtin U.S. Patent No.

i ncorporated by reference herein. The active agent

5,0187849 CihBRAid R uFENSf WRiER il RBorberat&EdVEy réfefénee Hefein.
transduced or transfected Wi th genes encoding

BYBoss10trek R tivé 8§éntimdyBe ?ééokﬁ%éiﬂl@%o&%dfdﬂduhﬁéd from a

conpri'se additional agents such as”the Hedgehog,

protdifi @Sﬁlbsgtlorg“?ﬁéj b@t}lve % a f@?bﬁfﬁb@h 294 grb] drdt Hcﬂmenc

proteins.” These I €s of proteins are generall y
Kui

protef 3 BE ol aﬁ%‘fﬁf e fes baFiulins TN G BRa (€8, &

hete%@ rﬁ{ar co e)d BirBh dhe 'm(%rmmer%a%ﬁ of BRP-2 ]a?’lilj B]hﬁlg ég#? With h other

roteins are describ

mem)ﬁ%z@fﬁééef?@n?PVPeq?%ﬂ%%é?hns@?g%%%@sﬁ%%Bg Hesies.
hetep%%sgoggéo/r#ét ng rés?riq%ﬁql{y%hx ﬁ)fi %%:\6% )?¥1{jdl liseﬁaggg me%ber of the
trac mai.n of the r tor

TCF R aHRe R REs St PetfdmenCioli o qﬁ% &4 for
exan%ﬁg,ﬁ% Pg}lgyfé %&9239, t?\edd?ssc orsluPeegf wﬁ}crY\% |ﬂcorporated bSl] 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 inPCT WO

96/16668, WO 96/17924, and WO 95/18856. The Frazzled family of proteins is a

13



271, pp. 4468-4476 (1996). The active agent may al so
i ncl ude ot her soluble receptors, such as the
truncated sol uble receptors disclosed in PCT WO

8209798795 From the teaching of WO 95/ 07982, PGHES2004/029560
skilled in the art will recognize that truncated

relatifely EEeBtY GREPLTR Sy SPRISIED DR eraReo atBed
ool BEERFhE Voy B Bouh i et Tho
, ng anuFt of active agent useful herein is that
Frizzled family gf genasiand Rrateiny isdesariked iRWVang etalo sk Bik<phem., vol.
activi t¥‘ of present or infiltrating progenitor

271, ppt @t(@ﬁ%cth%wtive@gegy may alrorelude pther soluble
(hereinafter "effective anobunt”) and wi |l depend upon

recenters, sichcasithe trcated soluhie eeappiars dissloisad in PET\WE, 95687982.
wel |l as the conposition of the cal cium phosphate

Fromdhe teéaohingedfiy O-951QT 82 dne Gkitied & the, art Wil recagnize thit
osteogenic protein present in a solid rod-shaped.

truncetedeng diie oepiors can ba poéparbe fgymasestbus oihee rddeptor peotgins.
fromabout 1 %to about 90% nore preferably from

Suchatould alkb%et encoaipasted! @ithintilie prasght invéntidre Tiss sts@eni ¢
conposition. Generally, the anmount of | osteogenic

publigdtiohg iafe PERDE Mcorforatdactydefebhee Révglre ost eogeni c
conposition of the present invention ranges from

alpangs] 0TAE aPcuft ehtive AYentTetyl Mefdif iihbY ambam &Rule to
0.03%to about 1% by weight of the osteogenic

stimu%%ééée@%st&@%ﬁl&a%ﬁv[t@ Q%séﬂcd??imlﬁ&iﬁgoprég{gr%r {osteoblast

enbodi nents of the present invention, acal

preaﬁg&sdgné‘)t (gf diRdIg Kﬁ\érﬁin‘%ﬂ‘ﬁ} %éti@arﬂo&rﬁ\,ﬁ)ré&rggvr\qﬂsl%gﬁgﬁﬁ tpon

erein, “cal cium phosphate materi a

the s%ﬁ DSt P e GetBEt Bé%ﬁ%%@nggééeﬁthu EQFFE éé‘h@%llﬁ(ﬁ" gf't tHe"

osphate as the prina n |

cos ESDbR R PUELERG oI Sbheah OO e
prote ShAT A dbodind OB rné BN o
venf 8 1 B s B abl ot e RIS Rkt 1o o
about 40%, by weight of the osteogenic composition. Generally, the amount of‘
osteogenic protein présent 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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met hods and using any suitable starting conponents or
may be commercially available. [0040] In certain
preferred enbodi nents of the present invention, the
VaI280502359Dhosphat e material is present in anP@ibBiri§+029560
" ranging from about 10%to about 99% nore preferably

o o AL AR A8, SRS Bl ket o PpRpee
Lavent |

el Bk aR s e brEehp Er e mmelal i i Pt
suiafie RoHE0 promnelor BIREARIGY PR sAoassaDY.Evone ot At o

55% by weight of the hardenabl e paste osteogenic
m_et'lﬂﬂﬁﬂmy‘fﬁ'%g@f syifable siading mmnwengi%maw?%fs@nmw"yt he
.cal ci um phosphate nmaterial or.carrier is used in dry,
available.  powdered, form [0041] Forns of cal cium -
phosphat e suitable for use in this invention include,
wi [PRBY Inicastaintprefarred eprhsidinents géthe: presentlinvemtion, the calcium
phosphate (ACP), poorly crystalline apatitic calcium
phosphetsmatesial BOgsent jdamap@pat iangingHim aboutcHl% taiabout 99%,
phosphate and fluorapatite. In a preferred
moreepitedetiabiyritom abeutcl% taabqh 694 dyeveighteafitted soliel radpbapédy
crystalline apatitic cal cium phosphate solid having a
ostecgeric nomposifibrosfthapeesebairfentisrat Inceptalipethebpreféreed
natural ly occurring bone mnerals, nore preferably a

embodiaintsTot the ppémph&émidram@caéiuhﬁmosgha@ radeHbl id predent in
nost preferably about 1;1.4. [0042] Suitable PCA

an anauat faalgihgTram BBoutdBY% td aBsLitnoIE MdreHre@ratiy from about 45%
precursors, hydrating with a |limted anmount™ of water

to abow056%2 by veitghi Pt hdrdéhabié pastk Q{sfé%%)anic%hfﬂgggioh ¥ the?

cylindrical rod shape, and allow ng"the no

presémtifVdrion APrefdrHUIE Mnd BAIGiufh ﬁ%pﬁﬁfeerhbt%'rigl (?L?Ecsdvr\l;n)él'% Bised in

precursors are capable of hardening in

dry, &0pb\WdéreddroftfT/ US2004/ 029560 noi st envi ronnent, at
"or around body tenperature in |ess than 5 hours and

PBBETOk Sl e et R PR G r foce.
withd{iYimitation, 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 4o

harden into a PCA material. Desirable precursors are capable of hardening in a
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conprise any bone substitute material which contains

one of the above forns of calcium phosphate as its
rimary conponent, i.e. having at |east 90% by wei ght

‘§9t2?q549 5%bl e to cal ci um and/ or phosphat e- ThBCHEH804/029560

substitute material may conprise solely one of the
: f cal cium phosphate,. with or w thout
moidt st afor ifiuid BO REEERuR infess ane hrays and
rji.se nbi nati on of the above fornms of cal cium
pref r%g&p‘%'ﬁl"é?o%%trﬁ'n&f €S t hout additional conponents. In
ag@bﬁéﬁn one or nore of the above-noted forns of _
c AP Ac0EdIng lathepresant inveation the eplsiun ahespheta eqrrier may
hosphate material suitable for use in the present
com rr'ﬁ}?egw bene suhstiiie materiakuibiohcantains ene of thel abavedomes of
known in the art. However, any nethod which results
calciup piMsRhataRp s Rimay gomnameph bsphavieg atleast 20% biy vesight
_powdered, is appropriate. [0044] As used herein,
attribulaRie i ealsiu or phasphateialhenbarte subgtituté oatdrial may
. anor phous character. Significant anorphous character
comprige: sigly ane<f thecatiave foimasiof FCumEhasbhate, ethioe Without
preferably greater than 90% anor phous content, and is

additidral aomponerad; thy banésobstituteanay cempise Xcbmbination of the
diffraction pattern. [0045] "Poorly crystalline

abovedatrns oCcaleilimi phosphate pWwah er with&G# s deitidhiaHEdm e fne "
and "PCA material," as those terns are used herein,

additthes one log ntore %Yﬂ%dv@-ndt’é@fdrbﬁs%’f)éﬁfcﬁln:\ bR&spMafe ial be used

cal ci um phosphate. The poorly crystalline

to preparid dcaici(iM@Nosphate fhatatial stitBBle fBECESHAML hgedsrelﬁ? hblﬁgticﬁg

to a single cal cium phosphate phase provi

MethoBi§ of Rrkitgl Rich Thateriafs bR wdil khowh it 2 éré@i?)\ggf% éﬁ)?' Flefiiod

h
transforminfrared JFTIR) pattern. A

whiclg heambal sblafing s BR) eéib 6%3&“5’[?@?@{%@?&5 pS&HE%@ %f/

one. The XRD spectrumis general racteriz
apprcgs}ia)(e.t\’\’o -broad -peaks in the 16 WO 2005/ 025595
CT/ US2004/ 029560 regi on of 20-35E with one centered

SYA9R A B ISRl ST oo
oo, MEEEC AT ST AS hos ol oo R
75% amorphous content, preferably greater than 90% amorphous conteﬁt, 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 diffractioﬁ (XRD) and fourier transform infrared {FTIR)
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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havi ng maxi ma at 1422 cmli and 1457 cm. PCA materials
preferred for use in the present invention are
described in U S. Patent Nos. 5,650,176, 5;683,461 and
WO 20020568 each of which is incorporated by PEFEPEMIRIS60
her ei n. Sui tabl e rrateri als are also described in a

regno%{{,’lg%éé gr?ttgggﬂ%ﬁﬁ J'Lerggpg%}%%osp a gTIR
ek AT OB GG S e

chof which vas 1i]ed o
(52 o ARG ERTCEPREY A PLAS T 0P aicgn?iwlﬂhﬂ&wet

i ncor por at ed byTIreference_ereln In, |i ft
havingmeaxima abfl423icat] ¥l 1457 ﬁneaé’%maw@i%grgﬁ%w HBP%% in the

patent docunents, details of the production
presestiinvablien ae/desstibed il \d. Smalenib{OSbg 6881116 5@8%5& ang

summary of PCA characteristics wll suffice. PCA
6,214136% 1eiash of whichds incoeparated byyeferendsi hareino (Sititgble mptesials are

its mnimal crystallinity. Its crystalline character
also describés ireasetdfl rglatddeappiinaticns, entitieddDelivery &/ehiats”

material also is bioconpatible and not detrinmental to
“Con¥érsioh @ AmdrPRéEd Cariumt RhospratéjadF oy adiaviet Bioceramic.S

descri bed, for exanple, in U S. Patent Re. Nos.
“Orthgedié Bnabnid Cdiamidiaiptarn$,” ehd ¢Bicactve Oeranpio Cangusiigs,”

reference herein. These patents teach the preparation

each®f \Aﬁlﬁ!hc\h/é%"ﬁlﬁb GPRb@bBer 8711987 ahiizebighad te EMEXSCorporation
and of a finely crystalline, non-ceramc, gradually

(Can{bﬁ%aé baah Sn? Y RESHBARE by Pefeftinck SerdTAl & ligHt operReesteatith of

same’ cal ci um phosphate conposition. A simlar

dlSCl@F&‘dJé% et %%é %baéfﬁcﬁ@&l ii)_yé'nP Bo&ﬁﬁérh@t&etaﬂg of the production

etraca TCP) and npnocal ci um

of suf I8 PoA Fratdfid wifnd ‘Pérﬁ’tml\%gméégée?f“g"l@@’nd DA 20" 908,
char%,g%tl S Wi élﬁhc@rﬁpﬁ: L&% %ﬁsl%c@flzéﬁfb?ﬁt%ﬂﬁ&egﬁbﬁbm and

crysta rmerlaS|-corrrmny1

its mﬁ'ngﬁ? qq%?ﬁa glll)P q&z H’?rgtlgg‘ﬁ %ﬂgﬁ%ﬂeé i§ E Gisdta by Qhé@ame as natural

at ent . 5,962,028,
bone, 2?@? ﬁl? :’Iaqlﬁeq)gélocomp%ﬂb'e arld W RMAL A t@fhé ﬁf)@tr ence

[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 phosphate
(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
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[0047] Additives may be useful in the osteogenic
conpositions of the present invention. Many such
bi nders, which enhance cohesi veness, and exci pi ents,

WRi2898/02559%bi | i ze and/or nodul ate rel ease of Bek/V32804/029560
ingredients, are well known in the fornulation art.

Sui.t abl itives Lncl.u it hout L i ion,,
referig 1p @&hﬁf%aﬂwesq@@gdv s Puentlo. .85 b3 heisgiosure of
. ei_ns, nQ aci ds, synthetic polyners,
Wh'c'ﬁﬁt'ﬁ?qpof?é‘?‘;ﬁié eregﬁa 8fe%ur fact ants. Useful pol ymers
i nclude, for exanple, those described in U S Patent
, 171,579, the entire disclosure of whichis
porated by reference herein. Preferred additives

ic itﬁ;@i eﬁéﬁ{ﬁl flijilt &\Séip'&edgghﬁ ﬁﬁlfsos%euo%l?an%scompositions of the present
'nverﬁ'éFhW%&h?@% c‘}’é"éj‘e(%/m%el fggllrlﬁqsg’gpl P%{%r’ppé%nggq, gxcigjents, which

ctides and Iene
Stab",!;& %ﬁe&me yigta fﬁ@@ﬁ?l ﬁﬁ%ﬂ lpar@ﬂ'enffolawvvﬁ%ﬁwa # thgone
hyl ene gl ycol (PEG, polyoxyethylene
formld&'i'%art C§H}é@w9@ﬂﬁk}‘ve§3@%ﬂﬁ‘ér witteut ligtsatian, rpfharraa@%wga"y
PVA), and -dextran sul fate and conbi nati ons thereof.
accemah@rsafgemjysacahar idgsy peplides) pupteingviamioa ecidsnsynshetisn,
sodi um al gi nate, chitosan, .collagen, gelatin,
polyngral natyred polymeds, andiasssrfpetpntsd désefgmeiysners inclsde, fri no
acids. Additives which have an effervescent effect
exampie; tihaege gesesibed InyUiShPatetrd dNd. 811715579, thet érdirp disslostire of
invention. [0048] In a preferred enbodi ment of the
whictpisdseorporatetby referenae haxdih.t Preferred additiNesyincludencellulosic
or powder form which is mxed wth the active
matedgle BUEIS s 'caboxymiethytuetiulage COME ), hydiidxy prapylmétayictlulose
prepare the injectable conposition of the present
(HPMQy end nshyltéliuiiet(MO), pyrtheticrpiyreaigadichan ipsiyidctiiee and
present invention, additive(s) is present in an

polyeHiyietiy givedis, é1§., bbREcads/Pblydthiehe gkl o IpYRrbRdone
prefer%gl y frgmb Kgbout go%t?egbout % bypvv\gl ght of

PVP hyléné §RcaIPE Rieldxide, chibok | d
( %8%593%2%5%5 g(C::T/S(US 04/%02)8 gg certalr? pre?\é?ﬁpepoymeran

polyvHYP 8RbABINPY AYS arld e xtraf Sithte! AhEEHMKIRatiohd dhérede (@ﬂwel' §sefu|

-present in an anount ranging fromabout 1 %to about

addﬁi%@s/‘i%dm%e? M{ﬁh@ﬁtﬁfﬂﬁ t%nﬁ&fﬁrﬁ%&i‘ﬁaté%ﬁﬂ%@an %ﬂé%nzgéatlhy

wel ght enabl e paste osteogeni'c co tion
hyaluronan, and various peptides, proteins, and amino acids. Additives which have

ADD

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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ADDI TI ONAL ACTI VE AGENTS [ 0049] The injectable
ost eogeni ¢ conpositions of the present invention nay
al so include an additional active agent or additional
We 29058255 ent s. Such additional active agentBCTHHSR09#029560
m xed, preferably in dry formthough hydrated forns
use, wth the Live agen
ce“ﬁ&?f@?ﬁé da?mggéjmﬁ%of%a Brazenfinyrien. cRORVeG)Rdropét in an
ect.abl e ost eoa o(§|t| ons of the {present
amO‘H’H\'/'%'Pﬂ'P% omaahqut dﬂ"v%tw QKPGH‘OV%\&WFP&'VJFOTH@QWEWA to
nts may be co-adm nistered with the osteogenic
abouég%og)’wedﬂ’ﬂi obthe hardenabie pastejosingenisitonanasition. i n sone
sequential manner or sinultaneously (hereinafter
" cQ-adm i§/trati on schene"). Additional active agents
ADD N ein in order to achi eve additi onal
d ffects or, in sonme cases, npl oyed to
Z@éf{*?ir Th6 (aRcPLIE CoIRASE A IO cB1oEs CL IhespreRepignventon may
ection, inflammtion and transient resorption.
also W@blée]anmﬂd't&z@hﬁqﬂeve agenheRAditanahactiveqasnts. apech adgitional
osteogeni c potential of TG--P proteins, recent
active agents naipavmixag, preferablyaadnfosmy thouah hydratestforns are also
ost eoi nductive agents, such as BMP-2, stinulates
suitablefersiisen witbdhe activasagent searieriang aqueoualllqaldelagrdﬁr thprepare
resorption) at the site of adm nistration. This
the injecialle esteogenicrcomppsitions whtheypresentdulentinewAltematively, such
formati on i nduced by the BWMP, has been terned
additionebactive rdgentssmay be an-gundnisteesb with theg estesgémio sompositions of
i nhi bit bone resorption nmay, therefore, play an
the preseat ingentiorg leitheémindehneyseggential neahner og sinittansodsiyl
bone resorption associated with | ocal
(hereBidRentbs-adrainisttation schérh&UAdHiIbh SN doting aguseRaEDE ehPiyed
formati on. 19 WO 2005/ 025595 PCT/ US2004/ 029560 [0051)

hereifwerder fo peiiees aaditica adsirgnéfiects of, esene £adés, may be
i nvention, a bone resorption inhi bitor is enployed as

empnayeoa@wduhwqiomrau Mifded@8hle aeBECBlcH 8s tm@:uohninﬂsﬁqﬁmuen
ost eogenit ¢ conposli tion or is co adnmi nistered with

and trdtisRént AYofptidhst eogeni ¢ conposition in order to pr event

or mnimze the initial bone 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-Z, 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 in delaying or reducing the initial bone resorption

associated with local BMP-administration, without inhibiting subsequent bone

formation.

19



associ ated with intraosseous delivery of an active
agent such as BMP. As used herein, the term
"inhibition of bone resorption” refers to prevention
WP 205(85Poss, especially the inhibition of PeHH404/39560
exi sting bone through direct or indirect alteration
of egclast farmation qr activity. Thus, the term
OV 355%? pisteres, ambpdents of the siiesrii ivention.ct Bone,
agents. that prevent or inhibit bone |oss by the
resorgfipR (IR0 [sRMPpleed ap B aAEIBRAIECtiVe E8E) RISEeTton MR | on
. or activity. [0052] In certain preferred enbodi nents,
injectakle pRieROGNGEAPROSlON oHE 5P gMinisteged with thesipiestalie. As
used herein, the term "bi sphosphonate” refers to the
osteqgghia: eainpasitionHo Spdesto ereventior mmimizelthe jnitial done réesarstion
crystalline and anor phous forns of bi sphosphonate.
assoclatedi wittl Infraossesp defivem af en abtiveaagertt sschas BMPL.oAs used
dramatically reduce indices of bone turnover, increase
hereinpthe tennm8nbibitida s boge resothtioni refetseo geeventionafreone loss,
reduce hip and spine fracture risk .(see, for exanple,
espetially-thei iskibition Bif sgrhowg) lnbexisiery honeRbraudh diges or intiiredn t he
Laboratory to the Patient, 3rd ed., Parthenon

alterdtivhl df DbicdglasldPhhtioMbi &dlivitg. THEQ IO terireBohy résfrpticnce
herein). [0053] Bi phosphonates suitable for use in the

inhibisreas Dbed RERIN 1e¥8rsitd ahBAke thatWrévitilor IinBit S8riedBss by the
al endronate, cinmadronate, clodronate, EB 1053,

direcEér iABiPst bftSratioh R BEYeBABS SormAIdndsratal®y. Ol padronate,

pam dronate, risedronate, tiludronate,” YH 529,

.Z Z(tgyeéﬂ oﬂ)a(t,&iagg Bgf&% %SS&KHe?@t, Iﬁ%‘? %@%ﬁ@t%nqmibﬁor is a

s, acl and m xtures anount of

ion RSB ARl Py MGG RSBl oA BRGelaeg
bispHoSpRbY 010 ranhrégltg!éé}dé\%ﬁ\%[l% BRRLAN O%Agfé}gg@%as forms.of

asi onal l'y asSocCl nrstr I'on

i g CAREAL b PO B R 5
eoudphlEe 6575 Wbl )RS S el AL Bk dpbpori
womih chan IS A0 R 0 A2l s
Bispt?g%tgﬁgﬁaetgsip in Bohe' IDiskt)a%iscra],q‘rodn(we ltrilevl?arb%?'éfogyetrclj(etkg IF’la){i’entt, r311(?d 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, £B 1053, etidronates,
ibandronate, neridronate, olpadrohate, 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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bi phosphonate to be delivered is preferably in a range
of from about 4D.1 to about 3000 ng, nore preferably
about 10 to about 1000 ngy, and nost preferably about

WO 2085¢2%fbut 500 ng per cubic centineter of REF/EPI084/029560
[ 0054] When the co-admi nistration schenme of the

o S5 el 5 A B S S L
ISR ot e

known d readll available in the art
depeiiRAndhe pize @y aé"wof Wiphone G RSthg iPRBdeas Melps the
i ences (Mack Pub current edition), which is

Sci

amOH@trcgtsxftqos B 298! B4ing felhered. claererl dhh priaane et | y

eferred carriers are formed into solid rods or

b'ph%&pegte tgbeflaliveredds peaferahlydh @ rege phiromcaisst Olrtotabeut
co-adm ni strati on schene, the bone resorption

3000 mB; Foreprefaably@bogtit o ahaut 40808 sigu@ndiraostypreferatiyeabout 10
before or after, or concurrently with the injectable

to abowt 50 F@cbeﬁlcupbme@timtmmmat@im. of the present |
invention. In addition, the-bone resorption inhibitor
Q084 N the doeamdrhinistration schasseoltbi présdnt imyention is
applied to other parenteral sites such as

emploped,aheiboné egsogptichihbibltaris oyicatly deMasted @tla @UAABIY cBfrier.
injected intravenously for system c delivery.

The Eareibemablbg dnyghaanacétizalypiadceptdbid it a wide- \ﬂarlety%f which
bi sphosphonate, is delivered systemcally, i.

are vidlirlownCind rebaifv avElaBleYin the &t (] forebRpRe cmartm E. w
concurrently with the injectable solid rod or paste

Rem#@%Phérﬁfhc‘éﬁtléé] %mé?fc@§ WECR PMS Nt OEurré;M f&]ﬁfnl) Wieh i s

bone resorptlonlnhl bi t or elrrp ante 'he sit

hereb@m@@rdoi‘éié& 8¢ réxéreriteter@h). 'F’F@Eéﬁ‘ﬁyaﬁ Flﬁred éarﬁ@r%uérg f&'ﬁ\ed

not ed, however, that' despl te their er apeut

into sﬁﬂiﬂ%dé or &ﬁ@%%%@%&ﬁelé‘%\%\egg%}%aabsor bed i n the

gastroi ntestinal tract 5595

Pg&é&f% S finisafoh Ll %é‘bb%e reE%r&}i)‘?lrlﬁRgﬁort b be

i oavai Ity Issue, Iftr

admnﬁgf@rgb §Egl?éﬂtlg& %ﬂﬁepgéfgl n@r?i!\% %‘é&%}‘n%ﬂgﬁ@ \ﬁ?lﬂ@\% mpc%ble
sldifgh *.9%%%89’?%%'@%5*%3’5%5%0 PRl SRR ey o
resor'pﬂor? lrr’?]q)rltao}' 'm% tehaeppkillea \9 ﬁgﬂgés%eoué)h 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 del-ivered 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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the injectabl e osteogeni c conpositions of the present
invention and delivering it locally directly to the
site of desired action. [0056] The above description

WaRSES!D the administration of a bone resBeHUPEPH/029560
inhibitor relates generally to the adm nistration of

a additiqnal active. L agent. CQ.her suitable
whers ekefieiily Yoveicorag s 835mipavRIRbliiiRus: Mtavenays on
ot her, st eogeni c, proteins, antihiaqtics,
adm'alﬁfﬁ'!'?'hgﬁ'%\ﬁﬁ%t HSH: duipver, this MRIITYAE 8881 as sepiy ard
. proteins, cytokines, oligonucleotl|ldes, antisense )
incorylenigah due &%edhgaﬂqa\wchﬁqquwvmﬂpgng- The $eessntinyentien,
may be added, preferably in dry form by mxing them
therefere; eampyereomp dlis defisieneiebyinepeosatingrthenbisphasphdnatéwithin
present invention. ADM Nl STRATION [0057] According to
the injeetaplecstengenisvcompasitionsef Husreaent invenioniandatedivenireg it
provided for treatnent of patients who exhibit bone
locallyafirectly to the site ®fi dasirasl actiohbone def ect s" i ncl ude
ost eoporoti c bone, osteopenic bone, bone fracture,
c 40056] aghd dbbee tescription aclgteat tbalie Administeation of a bone
cartil age-rel ated condition which would be inproved or
resorption érHitsidr vélates Sfehetdlig te thebadrinitratien bf AR0EdAGiG Bctive
Therefore, a fifth enbodi nent of the present

agent.nOBYrisonable aduitiofalesttive ageMBLiMMEHE withoathrhitation, Bieral
having a bone defect by adm nistering to the site of

| ostedd(%:i@&ﬁﬁaiﬁ’@faﬁﬁlt)ioﬁ&, ahliganRaRRPHGENtEf grdfth fabides! ifles,

or paste conposition of the present Invention.

r
protelifd) %%kiﬁeé,%l%hiﬁgcégéﬂé}f%f §mgg%ﬁ%cgﬁlgc#édﬁﬁe§,r@ﬁ§qu polymers.

invention is™d to a net ~of treatin
ThesEPRTIoMAE I % 2008, @E%f&%%'@%‘@?ﬁr@'ef%ﬁgﬁﬁﬁ tighn Jgform the
. e 22 WO
paste BBCp et mPed3 R MeSRERER tddfioR: | Mvention and
by adm ni stering an effective anount of a bone

ADMIIGSTRATION | nhibitor. ‘The bone resorption inhibitor
may al sO be adnministered to the site of the bone

y
??@@i’a?t] Adebrdirg iR ednBidht ilﬁ\féhﬁgn,k?ﬁetﬁSH@aﬁa E@l’npbé’i%ﬁs are

.e., parenteral, surgica I npl'antation, oral,

provitl8d fH\RRARHENt df Paftts WHY exHitib U UTESE! As! RBdHerdilSbone

bone resorption
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 dirgcted 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 preseht 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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i nhi bitor may occur prior to, concurrent with or after
the adm nistration of the injectable rod or paste
conposition of the present invention. [0059] Mbst
VEQRMWHPISHS t he met hods and conpositions of t HRET{F24E{429560
invention are provided for the treatnent of patients
who exhi bit signs of osteoporosis or osteopenic
presepbinyertianand by admigisieyingsanelirntive amawhef @ bene FRSOrRtiR
_identification-of such patients may be acconplished
inhibitgy. Phe betereserptiindnhigiter may plsriw@dministated & the sitgpfthe
procedures provide the clinician with informati on on
bone datect, bubcamhe adminigerad bysahe othes redporest parenteral, surgical
ost eopeni ¢ bone lesions. In addition to |locating the
implahtagion,dral), irtiaveeous:. rle ddifiont the adniinistration afdhe bese résasption
information to select.the appropriate node of
inhibitod may cdcuaprierto acwhcdoent with osaféariting administraiga rf tHeor
- the patient. Useful diagnostic procedures include
injectalbia sod enpaste ebmposiiomastiedeesertynvestiog dual energy X
ray absorptionetry (DEXA), Kilgus, et al., J. Bone &
Jwiosd] ubSedoynmaly, thé ndthodiPand édmp@ditior(s1étiRe pradankel ,
et al., Acta Orthop. Scand., vol. 61, pp. 487 498

invenfidiP8R) prodiddd fEIUAE trebfhé it Of BaIEHIS QholeXRTREsifHYYof (defebporosis
Laval Jeantet, et al., J. nput. Assist. ~ Tonogr.,

it s b ke e e

such (RS RIoH TR dctaub ) b Blppfiorgh v fre i PR Bthe art
such Sl ooy BT ith irmanoh'eh nkoggtiof sha derity of
osteop itk 3 aslePRSns bbfe esiie. AR qupitic fitalrigieipsBR o be
reate e it s ffbrmpdon o st i HfroBFRRaNTDY
admi@g@%ﬁggﬁio%ggo@\ggf o?rgjél%g\eée é%n%%gp%%é %&S Usei I&iaag%ostic
proceifes aus Seeapisnerbal Bond FEsoKERStiing i Shatsy X Fy
absorglomglsy (DBSAL 1elous (8obay Barie.d Aol SURSSY: EhiTS A 220
her eby i ncorporated by reference herein._[0060
287 (FSY2); Markhl 0 B0ceio Qaghare S5ans Vol it ABTHNRd1990): d
qﬁant?tlaii\?eio ggrlnputed tomography (QCT), Laval Jeantet, et aI.,'J. Comput. Assist.
Tomogr., vol. 17, pp. 915-921 (1993); Markel, Calcif. 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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i ndi cati on being addressed, as well as by various
patient variables (e.g. weight, age, sex) and

clinical presentation (e.g. extent of injury, site of
Wﬁjzﬂ‘}sﬁf’?“%{) [0061] The injectabl e ost eogeRfEUS2004/029560
conpositlons of the present invention may be

pnor%ﬂhﬁ r?‘éee&et%técﬂ)r?b%ys ﬁ%lét@& ?%EIUYesaclgﬁr%rgg{a %I,ﬁﬂg%rol. %1, Pp.

I nj ec I on comercl a

oo B TR 0L, 187 48 SOEBEER, T

Resen I nvention i ncl ude,
abo et e betelk Rickeoraied ST ERCE foreithe (1S Dent al
N?g{)%(g r Ii ng r; d@é@g%?ﬁfglr%g%gvﬁg bedtgﬁggpl_ﬁglé %y the cl(lnu):al
. n es/ needles (Smth & Nephew MPL, Franklin Park,
'"d'CPT\Sn bg Ing edgesesdasw@lbpely qu&m patent yariablesdigigs ar@aghtLage,
and Luer-Lok(r) Syringes .(Becton Dickinson, Franklin
sex) pafl elinicalpresenigtion (it géte@ésblmtéy Siteies infunygetgnd
delivering a paste or an injectable rod and/or
erd@@%1]nd hesinieciablerpsigageniocammrnsitiongof the prepentinvention may
for use. [0062] In one enbodi ment of.the invention,
be administesieddn oy clitiegllyacceptapleshanmerof injectibel iA/auratier of
i ntraosseously using an appropriate size and type
commgialyravatable eyiinggsanayba seitaldé forasesnthg prabént invention, and
preplaced into the selected anatom c |ocation.
for adiministtaion @f theptaropositionsaf thdpresgpiddesntion. SeeH syringagoe
acconpl i shed usi ng manual pal pation of known anatom c
inclube,nwitrrouk imitaticr) ey CalatBera@t syringe (VS ©cdial Mahrfard f or
vi sual i ze placenent. fluoroscopy may al so be used i

Ridgefeitl 0Ty the Hemikelest® aépimdting @9&.@%5 and Ppe®idehtdl O and/ or
concurrent with placenment of the poderm ¢ needl e.

syringés/M: 2686 8RS 8Q%egieW Mﬁzoﬁﬁnﬂﬁﬁ%& Il[)oﬁlﬁ%séébu@ needles

preferred enbodiment, a guide wire (comonly referred
fromMPL1a3n&, Chickgs 4 )aanLuEf-L§k®'Wﬁﬁéé@{b&%ﬁgkﬂﬁﬁeﬂisﬁﬁnkhn

into the desired anatomc locatton to serve as a

Lake§UNSE Ay mse%&s@ﬂgbﬁgﬁpﬁﬂeﬂ mﬁn@ﬁ%ﬁ@@waﬁ inRetbfe

i's |nserted over

rod a%HFb?%‘HHSﬁHd é()ft V@ﬂgé@%‘.‘&@'g?ogzg X%,B.%gr SURGAGIM C

needl conp03|t|on IS

t ITS@BQ] nﬁ%rtn(?gm'b%?netnli‘ of Méqn\%hqloﬂfthte@%lld '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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hypoderm c needl e. Foll ow ng | oading of the

conposition, a second guide wire is inserted into the
needl e, which is used to advance the solid conposition
VO 204502%5Pp of the needle. The needl e is t heRCHEPAIUALGS60
| eaving the guide wire to anchor the conpositi on

S, L e o
oy B oSSR bt by

eedl e barrel pl acement into the desired

as a gHiedR eshvpederﬂn% "ﬁ?cﬂﬂg dhe ByPedRImis peedie iy @S%Qﬁiaﬂ\é%’dhe
info the needle barrel as the device is withdra

guide Wi Which e suRaeaentyTenenpd dpavinengily the wpo&ermﬁ@eedle in
desired | ocation. [0064] The conpositions of the

places ubpe:selid fiedshapesh campesitiemisitagr inseded info the hdzend ef the
anounts of osteogenic protein to be delivered to an

hypodejmicyestlee Raiewing leading biie campositiobpaseéandguidie wireds
desired. The fornulations may be used as a substitute

inserfast intouthel negdles wirinhds gsed to advahce ttre solid conmpasitionrto the tip of
fractures, spinal fusions, and bone defect repair in

the nebdleorMheapseeit is theretetihovied leavimg thenguide Wiré as eathor the
reconstructions, in osteonyelitis for bone

composifionavieiin te barecktithe bsiretEiotation iRphallyf thfe guide wire is
augnment ation of the alveolar ridge and per| odont al

remoVed tsdvingpthe Soll® tBmPBsitia® in idce. SMGfRAFer dnfitifrhert) the solid
follow ng exanples are illustrative of the present

rod shBYENEOMPosIeh ofthe if@ntibh 1§ prepRced within tABMe8Hle barrel. After
Modi fi cations, variations and m nor enhancenents are

placeénentsmBltRe 8@51%%%&11}@&@' theldhén %Pﬁ1e°§yrih g iPa&7Rtkd into
I nvention. 25 WO 2005/ 025595 P UsS2004/°029560

the n%waﬁ%n ng&evﬁé is wheréwm e J\d hesdiid ?oc? Qii?a}feﬁd

exanpl es are pharmaceutical 'grade. The ca

comdﬂ%@ﬁﬂ"ﬁt’tﬁe ABLifdd 18atidps the conmercial ly avail abl e bone

stitute material (hereinafter "a-BSM') ~sol d under
sfopeae iﬁ?@ﬁp@%ﬂ B REt S S AR Aheribpurtany

eﬁecg\% anlouh& oLf' o§teogenlc 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 enhancenﬁen-ts

are contemplated and are within the scope of the present invention.
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Patent Nos. 5,683,461, 6,117,456 and 6, 214, 368 and PCT
WO 98/ 1-6209. The osteogenic protein utilized as an
active agent was reconbi nant human bone norphogenetic
WOHEYRDS (r hBWP- 2) . The production and PCT/US2004/029560
characterization of rhBMP- 2 is well known. Wang, et

Z"z'zb-Z’ESZ' ?Iiggo)Acad E;M—P#Lt-%rnurgltuoﬁ?[ogg'?] [ 66]

Xié&ﬁ:&nﬁ#ﬁ%@éﬁ% 8ﬁl| tlﬂ Iecs.%I %(3?1@) r%l\%%nggl\éuma%\p: dg
The kiYL ARPsBEAG rabaR s e softheiall %2%{3%6@%%
.mateb'ﬁs AT %?ﬁ*ﬁﬂga'&&”'{%ﬁl”d rdfeCO”Sté{%ﬁE@%a%

_ eous buffe haV|ng a pH
Corpe ﬁg @e ‘FetLC@F‘Gf'Qﬂ‘F awaazaw @né%esgm%# ingletall igd4.S.
ose and 0.01% pol ysortate 80 at a

Pate@ﬁd‘é‘és 9 Q&ﬁ 11% @Mﬂ” ‘t&ﬁ a)nd 8.216:388randJICT ¥YQ §8(16269. dhe
kneaded for 1 mnute to forma paste. The anounts of

osteqgepic prelgire dlilized asan aglive agent Wes proombinand humap hogei os
enpl oyed, were as set forth in Table | below. 26 WO

morphoQEn@RABOBIFPZIMESIRE)/ The saBiuctionhed ghargcerigatRe\ef rhBMP-
RHBWP-2 i wli%g UP RATIO (W% CMC (W99 A 68 17 15 1.0

2 is vizlBhand. 1Wafig 2et aC, REocd Dlat’ bAdads ScP\lLPS(AMTO,@I &7, 4. 2220-2224
10. 6 DEXTRAN SULFATE

(1990). '

Example 1 - Formulation

{0067] [66] Various injectable solid rods (A-E) of a-BSM, rhBMP-2, and one
of carboxymethylceliulose (CMC), polyvinylpyrrolidone {(PVP) and dextran sulfate
were prepared. Dry powders of each component were combined in a sterile mixing
bulb and reconstituted into a stiff putty by the addition of a a glyciqe-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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(W% E 45 40 15 0.6 [0068] Each paste was | oaded
into a syringe and extruded to formcylindrical rods
havi ngj a dianeter of about 1 mmand a | ength of
WHEBMS0Z558 M These '5 ctn rods were then cut PEHUS2004/029560
desired lengths for testing below [0069] Follow ng '
nnlding, the rods were hardened into a solid nass
der simulated in vivo conditions, i.e., 37
Tablel cubat or, overnight. The hardening process could be
del ayed for several hours by storing the rods at a
s grg-bepperathre, i.e., aboltedsMp-2 [(WRZO] Lo
t heorjeti cal rhBMP-2 dose of eagh of rods A-E was 150
m crqg‘}”ﬁ(ﬁs thI\/P 2 per mlligragmrod. Al rpds

+ 1o dawrc o daobagi vya amnmd SAaym e+ 4 ]
AT ITW L U U‘Cb TOUOTTT, UTTISTY - QUTICST ve arr Hor—ptt+tt1e
and viere injectpbMe wittough a 16- gauge needle. 27 WO

20054025595 PCHUS2004/ 029560 {Exanmple 2 - 1n Vitro
Chrar gct eriezat i on [ 0071]) 7A corrgl ati omswas obsejf wed
betwgen additive content and particle forphtion. Upgn
sypngrsi onsd n the gl yckge- based aquegys buffer,
descrlibed in Ekanple 1 for 14 |days, rods cpntai ning
higher % agddi tiye (40%,GMC, 40% PVP, or 40 o dext ran
sul fate,.i.e., Jods C—Qé, respectlvely di spersed i ntd
smal [ler particlg Envf ter I.el, wthin T day, than
t hosd with nmedi ping i.d4., rod B) anfl low (17%

CMC . €., rod i) aoo|T|V€ contents. RodS cpntai ni Ny
| v dddi t 4R coptents 4f(317% CME, i.e!5 rod p) ©©
et ed—thet rod=tirke—strudturernoch—to et — ,
on the order ofcelapa swrFamEeks, than their higher CM
countlerparts. [DQ4=) In additign, in vitro [el ease

Ki netlics of rhBMP-2 from a- BSM rods contaiphing eithe
17 %|(rod , 2D % (r 40 % . Lrod was
ZFrfdrned ‘@usi ng 1251- ?ﬁBI\/P 2 3s a trécer ifn%/I%ar to
gr oss observations, rods-contalining higher % CVC

r {0685 eBachpdéte Wakasddud ihfoa sydeRcant éirudedrs forr@iinascal

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

\7

r
]

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.

27



Figure 1. Exanple 3 - Rat Bioconpatibility and
Ef fi cacy Study [0073] Injectable rod-shaped cal ci um
phosphat e- based conpositions (prepared as described
YR 2895435P® 1) were eval uated for bi oconpati bPETAU§20841¢p9560
efficacy, both intraosseous and ectopic, in a rat
d oy [ 07 Inttrao seous core defects were
Nin the distal fenurs of six

gﬁé&sﬁD&‘%'feﬁ?t-@gew{i?ébﬁwﬁ%ﬁ?ﬂ§3ﬂft'9§§°$é'é&3ﬁf§§§§°%A
fOFmﬁmﬁﬁgf‘gﬁlPﬁ%f#Oéffﬂ%%@} 3sefkaqueoyR bufier fessrited iny

ived a, 2 ment ontr rod
EXerpB R4 BN YR NPT 3o GOS0 CNGeAUBPVP, or
o, Fod A (68/17/15 (VV/\A% % ACP/ CMZ r hBMP- 2) of Exanple 1
40% gextrapsyliale. ircod ods A erespectively) §Isafer8@ﬂdm9 sBallet paRtistes
rod B-.§UG6)/29/15 (wWw % ACP/ CMC/ rh. BVWP-2) of Exanple 1
fastepd.enwithim 4 day sthes thrse witpoedivop (2956 CNG, iteheroddiitanddaw
In addition, one 110 nmrod was i nplanted
(17%GWEu1.anodiA) additiveecententso Radseontaining bovoadditiee oentental
thorax region, with one side receiving a test rod and
(17% GMC, aeheod A) twintaiced Weigrod-likerstnuoture adichHenger gigaj on the
the rats of-Goup Areceived rod A (68/17/15 (wWw) %
ordeAGIRIagh B meBkE-tBan tifeirthighgyGMC casintdngartsest rod, while
the rats of Goup B received rod B (56/29/15 (wWw) %
AQBUTAYCirt b in GitrorsiREBE RindtieSof rhBRMA-2%font BSNMP8dS]

Animals were sacrificed at 2 weeks for outcone

{ % uhro
4 8 ] ol

usingE-rABRIF2 %rﬂgcefxBirﬁ%?%g@gg)%}sﬁﬂltaﬁgns%@{%@talnlng

|ncreased ony cal

lo to
high rﬁ?‘ﬁl\ﬁ@ %kg%%m%?ﬁaétgr aﬂcl@?él?wltﬁ‘lc&@é ), E4 ciac to own n
Flgu}g y cal | uses conpared to | ower CMC contai ning rods

A

Exa

" which fornmed small to nedium size call uses.
Radi ographs and hi stol ogy of the subcutaneous

Exarhg® 22K sbn i AL AAERRRS, SRIFRL T on in the

[0073] Injectable rod-sﬁaped calcium phésphate-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 wére‘ 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 (wiw) % 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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rhBMP-2 treated side conpared to placebo. In

particul ar, higher CMC containing rods (B) forned a
mor e robust ect opi c bone response conpared to | ower
¥N200508P%i ni ng rods (A). Good bi oconpat i bi | PEJ/UGRHE4/029560
observed in aII groups with no infl arrmatory response

h 4 - Rabbjt Int |
o e, ARG o SR Sekoram SRR G o
el AT s e i 1

- gauge catheter wth a 16-gauge needl e)

0thef|§iﬂet receiving, a aantighred ddera-again %'@%raw RECEYR Merfmm rpd A
1i G 1251-rhBWMP-2 were enpl oyed. The anobunt of

(68/17/48i(whe)k %\AWIGMCtthMEyZI)th&xamnI@dl@s the testeeds whilg the rats
before injection using a Capi ntec dose cali brator.

of GreupBIreceiBiroal B (%6/29/1 b dw/wyte AGROMCE/chBMPe) of Exeatple 1 as
usi ng gamma sci nti graphy. Local in-vivo

the tdst modi. st ri buti on data suggested a sustained rel ease of
rhBMP-2 fromthe rods and 29 WO 2005/ 025595 o
POU75p2Q0iAidIL @efdsadrifieéd bi 2)veeksfarduitdonmeeassestmentsng
rods exhibited a faster in vivo release than their

consib@MWEST FAxiGeH iradivgraphs Bhe histdrhsrphs g WRAdiodraghy end?histology
Exanple 5 - Fornulation [0077] Hardenabl e pastes

of thecP Wtk istal femlinekplantsthdidddar dveralifhcrebsdtPBdrfy calus 4. 5
nmg rhBMP-2 per nL of paste were fornul ated by adding 2

formdﬂan ‘?rfm tHPBAIS-2atalidd sife eefiphfed BhISiDdt IR 'b%rtﬁijlarr Wﬁ?fg’erz

he gl yci ne-based aqueous buffer of Exanple

CMC%S?E?'?%F%}Q gnW&n{Bd)%H i tmﬁ rm%ﬁué& DnSadrbé to Iower

nut e to orm bl e paste.” Exanpl e

CMC%&Q}a@‘u%%‘Dﬁ‘%@i%@hﬁ& smrl?ﬂtté ﬁ%ﬁiﬁ@%&e'é&h@ﬁs‘. Gadibgraphs
e M S e
thMIggZ' F‘ %ﬁ%ﬁ sn o va r%gqo F’I%t%gbb nlne;%rﬂgulgwl he} bm géﬁt%mlr‘?g

con OUS raosseous Ssi

rods @ggrnnﬁéqog sl é?fgp JSQ&]M%% %n%a%g OWE'I" tme

containing rods (A). Good biocompatlbuhty 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 needie). In particular, 10 mm rods A-D containing approximately
uCi 1251-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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proximal tibia. After 1 nonth, significant new bone

was observed at the local sites where the rhBMP-2 was

i njected. [0079] Wiile the invention has been
WOSHIYBES i n terms of preferred enbodi nent sPaRES2004/029560

specific exanples, those skilled in the art wll
ot A% gL R BRoBIPE R B A Y
f th i on.
loweh 2R BabieRE oplyIRIRAS A~ Bund B Kier ot ood as not bel ng

limted by the foregoing detailed description, but as
ExehfifY. pfhUBRg, Y e oprended clai e and their [
L St o B A B . of e
e .
or 4 Brh 7 '@?’%B% P BlioF hesth rens Toreiete Bk o %;ofapa[qrﬁgate'y
' | einis seierrmfrom
confgq’ny“ﬁe%r & g&ng?qfﬂiéﬁﬁ%h%s&%e “RaRediAHEoHB U Faceple 1

rote (BwWP) f , 3. The conpos'dun of ci.iim1,
to2 gwe? &Sth fee wmfﬁjewr@ 'ﬁ@ﬁ@ﬂ%‘i’ in sterilediuas far fl mainutete form

group consisting of i3w'2, -1MP-4, 3WMP-5. BWP-6,
hardgneble paglP>- 1U, BMP-12, 13Mp-land MP52. 4. The .
conmposition of claimwherein the osteogenic proteinis
BI\/P 2. 5. The conp05|t| on of -claim 3 wherein the

Exampled ¥ R )
cI aim 3, erein the osteogenlc protein is BVE -11 7.

THQOZQJwJJ@i T msrpesmicang 4:5 mgiper Mlnhardenatye pesteniof Example 5
protein is AP52. 8. The conposition of any of the
Werep‘?’@@@éﬁ%f@ofﬁltbﬁ? fterileindbsousing Ba3 mbtsydngefidepwih anrl 8-gauge
resent in an anount ranging fromabout 1',X6 to
"eecﬁ% and teavinisgtegesndeciiuernecenicrportialingn vaflousTintaosseous sites of
conposition of claim@8, wherein the osnmaaenic protein
CV“W'QQ%dnonkaysaﬁltamhIded 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
roﬁtine 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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rangi ng | rum about 15% to about 40% bvwcirhi of the
conposition. 10. The conposition of any of the

pm cedi ng clainms, Further conprising a bone resorptiun
inhibitor.. It. The conposition of claim 10, wherein

t he bone resorption inhibitor is a bisphosphonate.

12. The conposition of claim1l, wherein the

bi sphost, honate is:selec-ed fromthe group consisting

of ilendronate, cimadronatc, ciodrunate. Era 105,
ctidronatc, ibandroiiate, paid unute, nipadronatc,tLOYDWISE
pam dronate, risedronate. tfludrouate. Yli 529,

CI_._AJi@%e.‘frOitaW and piiatmac utically acceptable salts.

.tQ

o omop

~I

pharmaceutical 'y acceptabl e sal

ers. ac.ds, and nmixtures thereof. 13. 7 he

conposi tion of any of the preceding chums, _
wherampastridnifer eflabsiedelioep s Bd:ts bRl emE ML SES @
mat eri al sel ected fromthe group consi sting; &

armor pHEPSCIEFEF PTEeWal ci um 31 LLOYD W SE  phosphat e,
poor | yan@ EVafchilrh inR8s Rl Iakliag @l i um phosphat e,

hyciroxyapatite, tricalcium “phosphate, fluorapatite

and cOHFeRaaidaemphstionfy intde fofmenfeomi@shéi on of claim

13mehahEd: .¢al ¢i um phosphate ii.iaterial.conprises

pome Kb Bt 0F o lh S, R BRI He0R T BHSp hsmtom the sro

Thendsimgos ndnaiiero b el RindmdmhyRaeed Brok . ‘
titic calcium phospha?rg Jiﬁégﬂg)lr%my

cr?ﬁgtcgl L ne apat, : :
oAtk U%P?%"a:h b‘ﬂ"é{lé* VRETEN ﬁ}t gJsegsenip grodin is Seiectd. frob the Zroun

C asResink cemMPH, Gzgbm Hiyp) ' o .
Ctﬁ%t"al [ine apafitie ¢al ci,\l?*r]n%%'s@bﬁgﬁbe ”%&@YH"’BMP'“« BMP-13, and
c “um t o- phosphate ratio of about 1:1.4. 17. The

CORPOShhd of - apy_aof the.preceding.clains, whcrcin
the cal %‘?%np%osp arewltrl‘ﬁf’éftihﬁlme?%‘ t BOEHE 1 BMER.
alfie RemposipmMol §:iionT abakeinl GookRodbRd brI9 Y0 b e ght

=i

of; nposition., 1S, The conposition of claiml7,
mt'é‘tﬁ g?‘ﬁ?‘%?‘h Lot PRSSHhErswRgEs arois ipRMPer | n
affhe aompaida a0t iaEn il WReaBOw: AQ%64-9c BRouUEL SQ% by
V\Bljh?ht of .the conposition. 19. Theé cohposition-of any

F AT BIRP TP PRA P IR it TepRdrsinte ANl btdtGin is present
seéd eCit6unt ML RS PLOMR 180RSHSE ¢ f s e )

l'lw L‘I&I%ngd&}m 110 & dn%@s%@%y%%ﬁémeﬁgpomuun‘

péﬁgf: cermeosition of ciaim §, wherein the QSTCORCIC Protein is present in an amount

ranging [rum about 15% to about 40% by weight of the camposiijon,

The compomi:iqn of any of' the preceding ciaims, further comprising a hone n:ﬁomu'on
inhibitor; .
The composition of claim 10, wheremn the bonc resorpuon inhibitar is g bisphosphonate
The composition of claim | |, wherein the bisphosphonare is selecreg from the group

. ’ . : :
consisting of alendronate, cimadronare, clodrunate, EB 1053

| , Chidronates;, inandronaie,
nendronute, oipadronate,

patudronate, risedronate, tiiudronate, Y+ 529, Zoledronate, and
pnarmaceuuicully sccentanle salts, asters, acids, and mixtures thereof
e compasition of any of the preceding cluims, whercin the caicyym phosphatc material

compnises a marcrial sclected fom the groun consisunyg of amorphous apatific caicium
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14.

16.

17.

18.

21,

[
2

24.

proteins, amno acids, synthetic polyners, natural

pol yners, surfactants, and conbinations thereof. 20.

The conposition of claim 19, wherein the additive is
selected fromthe group consisting of

car hoxyni ct hyl cci | ul use, hydr oxypr oovi met hyl cei | ul o5E9YD WISE
nmet hvl cel | ul ose, polviactide, polyethylene glycol,

pBPsphate poary roybiativecipariid yebsived biydsphfie Oxidé@eyapatite, icaicium
%%tp&x i n¥l Eol ymér,wgol vi nyl al cohol,

Rt AUPIPas A0d SOMBIHECAS Hier eof . 21. The
Chheposaipokieian Off clidi (7 WBeRin &R cahsh ShBsd dditi ve. .

is present in gn_ anunt 1 angi nbé1 frg)mgzl%gﬁctﬂi%lt’]ommp"s“ poorly
é@b‘ﬁf' oM 3RANAC \Ralcy i Ph9SDhAL. conposi tion. 22. The

CIRRS & ok f.Glal ein.the additive is

pres ent@%@egﬁfﬁéﬁgﬁgfm %é%%g{ il 8]45’ C%gqiﬁnezﬂ%nps c3ig58uR phosphare
hoys sylcivai-ghphahhsteeninofless thaan:1.23. The conposition

of. .the .preceding clains, wherein said rod is
?3??%‘??3%" 2h g{“ﬁ“qgi ¥ IhysPogHy Al linmanatitic calothm shosphate
thes wesiitaPaibhdnhatdRiticHChish? 1M, . 24. The conposi tion
c%aan of clains 1 to 22, wherein the length of said
r

COTPIEHIRR of anipeiithc precedingwising, Whercunthe 82iciun®O¥Ehaphate marerial

W " a:f\gfgp oy o)y [, e, .CONPOSI,E L On for
inﬁgcs:? 1g%lle e ?@g%ﬁg%.t@éf g%gggderﬁlgéalﬁrag{'n’g‘i S0 DY wehiod ghe
comansiliof. clains | to 24. the method conprising the
eams of.. (a) m xing dry cormof an osteogenic
éﬁndt% &'y “W‘t’l& C%Ci&?r? llf9 oVAFBID thecalcdm rhpwrbsishmateral is present in an
oAt @h IR oAl V.4l -6 nstituting
ége dry gningt ure %@Lﬁggéf %&H{?ﬁfé g%hag’gu‘{slagﬂ#(ﬁgﬁe Rom A AT
SCRIMPORIEYR RbMAY Pifhe peccpdisgesinms flonimraompeisimgaBedditive scicoted

i +ion: and drving the rod shaped conposition
;ﬁ?ﬁs’gxg pgc-"z\g?cci gﬂ oé %2»‘ g“‘%’%‘&.’“gﬁ’{é“&gé “&ﬂ?ﬁ’(@? iq?tanpqlﬁacchandes, Peptides,
iPrtees aisiigo delds.\symihedt pobmeagantGalpiodg e SsurBBeanth end

d.of claim?25 wherein the aqueous buffer i1s
TEmh Ay &SWF'he group consisting of

sel'ected ¥ '
@Eﬁ%g;gﬁ%ﬁg% E&Eﬁi&iﬁ?ﬁ?@}nhgﬁgg@ﬁve% Gl R RER GRL group consisting

, \ . hyaroxypropyimethylccilulose, methyice!tuiose, polylactide,
polyethyicne giycol, pol-.yvirjylpyrrolidonc, polyoxyethylene axidc, curboxyvinyl
polymer, polyvinyl aleohol, dextran sulfate and combinations thersof,
The composition of ¢laim 19 or 20, wherein the.;xdditi_vc. 18 present in an amount ranging
from about 1% to abour 90% by weight of the composition. |
The composition of claim 21, wherein the additive 1S present in an araount ranging from
about 20% Lo about 40% hy weight of the composition.
The composilion of any of the proceding claims, wherein said rod is cylindric
diameter of said cylindrical rod is between ahout

0.1 mm and 3.0 mm.

al and a

The composition of any of claims 1 lo 22, wherein the length of said rod is betwesn abouyt
[.0 mm and 5.0 cn.
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30.

31.

27. The nmethod of claim25 or 26, wherein the ratio of
aqueous buffer to dry m xture ranges fromabout 0.5:1

to about 2:1. 28. The nethod of any of clains 25 to

27, wherein the nolding is acconplished using a

met hod sel ected born the group consisting of nolding,
extrudi ng, pressing, boring and conbinations thereEEOYDVWSE
29. The nethod of any of clains 25 to 28 Further

conprising a step of culling the rod-shaped

- cofyFeaiiad ©n PiserTng 2 gompbsitionSompjetable d@Bverysil oefzogehic proteins,

oS enj ) e',.wlf r the preparation. of .

CoLSOR & &) 8 Clan: i e B G i hashe stvenot

pr (@1 Biixisg asirdltirinnethni dsuaipynielprevkial with d diofofd o MNSIRI phosphate
t he 1:con'ptosig“{ on for .injectahie delivery of oactogcni B
pr%?gflﬁlsoipé M5F AP BV FHESa mammal having a hone def ect

ang) vhefiititige GANRPSLE RNaddhy U pE leyery of

ost eogeni ¢ pr{rglgt_gi_ ns is tofg"gzé A ﬁ%s{’ﬁle %gétf?fg“g’?“f‘g’

of ) MREIRG he Pase & formy rodshapedeomyfosition; rudB0, wher ei n

t h@) Bes; f2Cth S, Re. . 32. Use of an o
ooy bR € L6 thabEd ¥SRBBRALELE Rt B0 o, 75ta LCatiped Somposirion for
c oRisstbte detivéryrolionjcogerdbpmtedieki very of ost eogeni ¢
proteins.as.defiped in any ofclains | to 24, wherein

PR B RARaR 31 FiGim RS whde tiibe 3Biout BREAF yolbt-= S0 mibe gioap consising
praftphivsishatesinffred éfmkl §Mind, FRENBb.RE buRErSarRONG Hlef ect

anﬂ1 wher ei.n_t he treat ent conpr | gg%a;blﬁgﬂgt epsgég%b:m"t’g?‘“ thereof,
adMPERed phejains 2§ RE26i wherstn thisitloor equeiue Glrfio dry mixrure ranges
ef k@R b0, Ao @h. L he conposition for injectable

del i very of ost eogeﬁi ¢ proteins; _ and (b) adm nistering

t olhicrectbed of wfy ¢ifvduibmsris wel7e omerain tc oty e R e ising o

a rption. inhibitor,. 33, LLOYD WSE 33. T

us&e)&g’?d Eg': %?"r%o ‘té‘f“qbk?ﬁ ETMPFORESRg %F)m?@“’ﬁe FFEHHBE pytseiog, boring and
t cosibemmtipby thedebf. The use of claim 32, wherein step (b)

[ to step (a). 35. The use of claim

[ erftgrmatg rior to s a) . h
© 32, "SAEPRT A ‘?B’e‘ﬁ YIS Ty 28 mEfererasagmenémo freding the rod-shaped

S| dBalgoditien WetoYe or Bfer siep (d).
Usg of an osteogenic protein for the preparation of a composition for jnjcctabie delivery
of ustengenic proteins as defined in any of cluims 1 Lo 24, wherein the compaosition for
injectable detivery of osctogenic proteins is for treating a mammal having a hone defeot
and whergin the composiiion for injectabie delivery of osteogenic proteins is to be

 administered to the site of the bone defect. ’
The use of claim 30, wherein the hone defeet Is usteoporotic hane.
Use of an osteogenic protein for the prc;ﬁaration of a composition for injuctable delivery
of osteogcpic proteins as defincd in any of cluims | 10 24, wherein the cnmpnsiﬁon for-
injectable delivery of osctogenic proteins is for treating a mammal havin ga Bonc dcfcﬁt
and wherein (he (reatment comprises the steps of:
() administering to the site of the bone defect an cffcetive amount of the composition for.
injectable delivery of osleogenic proteins; and
(b) adrnixlisterirlg lo the site of the bone defect an cifective

amount of a bone resorption
mhibitor,
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The usc of clairn 32, wherein step (a) is performed prior to step (b).
The use of claim 32, wherein step (b) is performed prior to step (a). -

The use of ciaim 32, wherein stcp (a) and siep (b) are performed simultaneously.
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