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CARRI ERS FOR DELI VERY OF OSTEOGENI C PROTEINS FIELD OF THE | NV WﬁWZ&Ee
subj ect invention relates to the field of osteogenic proteins and’"’

phar maceut {ygdhodgabrul ations thereof. Mre particularly, tﬂlﬁrﬁé&?ﬁ«%ﬁ&

I nvention involves injectable or inplantable solid pharmaceutica
formul ati ons conprising hyaluronic acid derivatives and osteogenic
protei ns. BACKGROUND OF THE | NVENTI ON | di opat hi ¢ osteoporosis is a disease
of unknown etiology characterized by progressive |oss of bone nmass and

i ncreased fragility, |NGERTNELE BOLID HBNKERONIC ARABECARRIERSEPt i bi lity to

fractures. Osteoporosis is anong the npst I_=preval ent of all nuscul oskel et al
di sorders, afflictingF@RIRFLIM SFcCRTEOGENIGBROJEINS 45 years of age.
Praemer et al., Miscul oskeletal Conditions in the United States, Anerican
Acadeny of Orthopaedi c Surgeons, Park Ri dge L (1992). Because its

I nci dence increases with ag F ) of elderly in the

popul ation is increasing, osteoporosis will become nore common with tine.

Ost eopor osi s i s T sHbiedt inverianyrelates wdhe figld ofpsteagenic proteifs @¥knt |y no known
cure. Final : gy £ y |8 ol Simi lated Wwth a
subst anti alphﬁ';)np%dlég‘in?@%arr@ lgn%é'igaﬁﬁ?fhyf' Wgéhggfﬂmsag?ﬁ %853% bjfe?: g@‘tg g*@nr esul ting
f r om ost eojrmobes snjestableadr imblartablesolid pledrnfaceutical fortrhubatiomgi on  of the hip
joint. Wth an.annual incidence of .over 300,000, hip.fractures are
currently FH@PHﬁ'EQ%é’BWﬁ%JHCPP@éf%EP’@“Y%% OQ?W'QIW BS-out of every six
Caucasi an wonen will have a hip fracture during her lifetinme {Cunm ngs et
al., Arch Intern Med 149 BNCRGROIBNDIOBTIHE INMENTION t hose who attain the age
of 90, this figure becones one in three. O the patients who are i ndependent
and living at hﬂﬂfp- : e ' [ : per cent
remain in a Iong’ ea?lli nlqcé)gﬁegtppﬁ%sf){sua{ Jlﬁ(%%a o‘?“q}%;’?w?%%g&gg}ﬂ%ég

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, American Academy 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 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 Med 149:2455-2458 (1989)), and for those who attain the age
of 90, this figure becomes one in three.

Of the patients who are independent and living at home at the time of
hip fracture, approximately 20 percent remain in a long term care institution jor



WO 03/ 099992 PCT/ US03/ 14609 at | east one year followng the fracture. During
the first year followng injury, the nortality rate is approxi mtel %
hi gher than for age and gender matched controls. Praenmer et al. 173%@%@ 6 The

i ncreased {ifdsnedee of proximal fenur fracture observed ﬁ&/ﬁéﬂgﬁlbé’ patients
Is mainly related to a decreased bone density of their proxinmal tenora, as

well as an increased propensity to fall. There is an inverse relationship
bet ween the age-related bone loss in the proximal fenur and the risk of hip
fracture. Each decrease of one standard deviation (SD) in fenoral neck bone
densi ty i noatdeaséoneyeantpliowtngivedrcturek Dufing tepfirst yeardelowing injiryes (95% CI

1.9 - 3.6), t b, | e have an
8.5-fold grtggﬂ%r |skté(\1‘s pgg)prag'?q%ﬁé /{Hégﬂe{ﬂ%ggbpﬁffﬁgg'dﬁf@ est quartile.
Cunmi ngs atmatched Ibﬁ!trcbla.nﬁ’eéerﬁérlet@ Zﬁprélﬂ‘hB)lncrEm@:i intiddefté efploginvaten hi p
bone nass fracture risk allows the screenlmg%and i dentification of

patients at emuéthtHFe phsgIved in clgstly patjents)§dnaiply re lnder@asetyi at i ons
bel ow peak fyng de9RRy BRI HYRINRARIRSIa L8 REN Bs tah‘?ncrtaé@éd Hfo%ens.gfﬁshol d.”

Current therapies, Tor osteoporosis are systemc. These inclu fluoride,

bi sphosphorfall .eEhereds andivaree relationshigetwaen Bmw%—relaigd twgtl@@t igtloge,
vitamn D 1esabo ks arﬁm’/ Hsk it #8Bturel f d‘%'n%aes%c? Sanddlyy €strogens
ho at or the

and al endr ate a brs nate,” are In preven ion of hip

fractures |dev;aﬂshrtﬁld)paimairabm@(dnmeatensitwmmmse&iwagé atjjusm rihait s

Lot oati naMbPEOtR e o Bt i TcdeL, fad omeh it Rofie oBFabia 8 ng or

prevent i ng |9WeSQRRFHIS havé BhF. SFolll lgpsdter ik, offhfiH frseﬂar@mnttbioé@mhe
adm ni stration of oSt eoeenl C proteins. Becaus hi s need, despite the

vari ety andighgst AuBitie. 1 Guemiogs et %lra Thelancel %411"6? 7541‘9%9“ This ost eogeni ¢
proteins, %Iaﬂﬁﬁﬂ P'b%rné rf‘n?é I%H fr% &tk %Ilé\ﬂgﬂﬂ?fﬁé%hg ap@p! i cabl e
carriers for local trea ment of bone ects. Accordingly, pite

subst ant i alidenifiealiasr f patients at riski fet fiactuee iaticotravhe aze tweestandardan ef fecti ve
et hod of rc%%%‘tibn@ﬂg{ow péé’keﬁib%%?lte r%as]s I'?a\)g%‘éségg %eneath the “fracture

threshold.”

Current therapies for osteoporosis are systemic. These include
fluoride, bisphosphonates, calcitonin, estrogens and progestins, testosterone,
vitamin D metabolites, and/or calcium. - In the United States, only estrogens
and alendronate, a bisphosphanate, are indicated for the prevention of hip
fractures in postmenopausal osteoporotic women. Each of these agents
requires continuous administration over a time period of years.

In addition to treating osteoporotic bone, a need exists for methods of
treating or preventing osteoporosis-related fractures, for example by local
administration of osteogenic proteins. Because of this need, despite the
variety and availability of carrier materials for delivering osteogenic proteins, a
need also exists for safe, effective and generally applicable carriers for local
treatment of bone defects. Accordingly, despite substantial endeavors in this
field, there remains a need for an effective method of repair and/or treatment



WO 03/ 099992 PCT/ US03/ 14609 of osteoporotic and osteopenic bone, and for
mnimzing or reducing the incidence or severity of osteoporosii-n&}ahﬁp
fractures. SUNNARY OF THE | NVENTI ON The present invention provid d KOV
injectabIePR; antabl e solid, rod- shaped conp05|t|ons Or Sd:,.mmro@osseous
delivery o os eogenlc proteins. In one enbodinent, the ROHPoE'#5%n
conpri ses the osteogenic protein and hyal uronic acid esters. I n another
enbodi ment, the conposition may further conprise a bone resorption

i nhi bitor such as a bi sphosphonate. In yet another enbodi nent, the
conposi t i orPfRsjeqnareticcand estpepeic bﬁ@e,cﬁrndrfﬁf @inigedngreradycingtee as a

phar meceut | gk HodbeeRot) & SbdpordoL YaRRaNRLIigs,  Dept de. proteln, am no

acid, synthetic yrrer nat ur a surfactant. The solid,

rod- shaped |njectable or i Iantable conpositions of the invention provide
prol onged retention of the JHE| TION the site of

adm ni stration. The present invention further provides nethods and

conposi tions forrpg é@ﬁ&ihwtﬁﬁm@mﬂa@s’smﬁ&bm@a}inwamaafé édng fgbi i zi ng or

reducing the incidence or severity of osteoporosis-related fractures.
Accor di ngl yshaped copinesiiens fenietiaosseops delivesy ohesteegrnia poteiospbsoné ons usef ul

for decreasj i o ost eopeni ¢
bone. In paér ﬁ%%lwéﬂt tﬁ%g"?‘g@?gﬁt"%ﬁg%&%. onO%Ee %ﬁ%es‘%?ﬁgds of treating
patients vmhyaluroeik:mpbestem |n<anometrfenﬂ1ddﬂnerayméemnpaditlmhapnﬂtrml s or

ost eopeni c COI‘ldltIO Pr ef rred'algq‘oro nts, where . t resent invention may

prove part|cE’fhmp‘oﬂsleyEl QREFEFOTRYSS 'Y rﬁbSthﬁﬂ d8¥ehone, incl udi ng,

proxi mal f egRgthérérmbodimehf théBbmPUSBON faly YOS combrisedirel g modi us (wri st) ,
and vertebral bodies (sp |ne) particularly the vertebral body The net hod

conpri ses a@mm@@ﬁeﬁmh@&%paarm@ubeallysacgea@hlwa#r polysaeaheddet i c bone, or a
site of %m%hﬁ?ﬁ? %Tﬁ'ﬁ%& % nﬁeﬁ@k)b@n{e?%a?{]l%@ﬁgllyws' tion conprising

an effecti east’ ne actlve agen OV 2006
surfactant. The solid, rod-shaped injectable or implantable composmons of

S

the invention provide prolonged retention of the osteoinductive agent at the
site of administration.

The present invention further provides methods and compasitions for
increasing bone mass and quality, and for minimizing or reducing the
incidence or severity of osteoporosis-related fractures. Accordingly, the
present invention provides methods and compositions useful for decreasing
the incidence of fractures of osteoporotic or osteopenic bone. In particufar,
the present invention comprises methods of treating patients with
osteoporosis, or with other evidence of osteoporosis or osteopenic condition.
Preferred embodiments where the present invention may prove particularly
useful include treatment of metaphyseal bone, including, proximal femur (hip),
proximal humerus (upper arm), distal radius (wrist), and vertebral bodies
(spine), particularly the vertebral body.

The method comprises administering to a site of osteopenic or
osteoporotic bane, or a site of low bone mass or density, a solid rod-shaped

composition comprising an effective amount of at least one active agent that



WO 03/ 099992 PCTI US03/ 14609 is capabl e of inducing growth of bone or

I ncreasing the formation of bone tissue or reducing bone loss at the site.
Bone mass is commonly designated "bone mneral content™ or "BMC} papdqss
measur ed i&og, g, BONe density is comonly designated " ' al

density" or and is expressed as grans per unit area of grans per unit
volume. In a particular enbodi nent, the node of admnistration is by
i ntraosseous injection. In illustrative enbodinents, the active agent is

one or nore proteins selected fromthe group of proteins known as the
t ransf or mi nig cgpabie of fratticingsgrowtiacf Boherer (1reasing pree fommialign of baneot ei ns,

preferably selected, fromthe bone norphqagenetic . proteins ("BMPs"), the

growt h ‘and tspe oF Ledyeing %‘FPG? logp 3?@9(5"%3%")9,'“3%3 Momragr“ygéﬁﬂpatﬁpot eins, as

descri bed mpbae Mihénal b&itehn or TBMCMahE ¥measisted 30 GRARS.L BOAE defsilyhs present

I nvention are advantageous in that they provi | ocal i zed treatnment for
i

u H y H H “de aﬂ H
ost eopor osi éPrgroplidesianated hene Mingiehdensityanr BMPeand is expsessed@s. The

present invent I~ t L N | HH active
Boento. ost ehameHer it etea DFbrER AT ARG it Berthict brefffertne 5 s
t echnol ogy, matel of Admirlisiradicnns by intpossedusdhjegtiom| Innllusdcétivappl y. The net hods

and conpositions of . the present itnvention are further advyantageous in that
regenerat i o‘?{"@qdﬁmgtso@??eg?ifvgﬁ%n? ﬁc‘?’?a%’e@orteﬁgo{? S(ﬁﬁgtgﬂ;/j@r% y, increase
t he bone- stgrengohprasits khewe ki the daasfotrhitg SpaWih faytopd-beki EPEPPISi s or

I nci dence o osteoeorotic,lesi?ns, ultimately | esseni ng the incidence of
bone fract diPeramily of ReteipaRyglerably sel frp it Dare MOTPRRgeRetc conpri ses, in

addi tion t gyrofif pemmr’)?trrg@bwtrménéalﬁférﬁﬂﬁaﬁ %Etéﬂ%?"@@?sﬂ?as%@l?% am |y of
proteins, one or nore ‘auxiTiary proteins, such as Hedgehog, Noggin,

Chor di n, Frethen preteingasitiasgabethmorefully Seegin.n The snetbods BMP receptors, or
th t ej . i in . ti
further por (RSt BAS H e BresSHPRLCRER et Hlaha08BES B dfhel ofafide o T T "

ncreasi n y, and for
m ni m zi ng localized reatrgentifor osteopansie oposteepenictbonef rathert thapeystemic r el at ed

fractures, tlr)cglatl%gm. n'h?é Srreisgﬂt iﬁeeri'ntp.neig L?rme? a%%gﬁt%B%‘BSsd in4that it utilizes as
active agents osteogenic proteins, which may be produced via recombinant
DNA technology, and therefore are of potentially unlimited supply. The
methods and compositions of the present invention are further advantageous
in that regeneration of the bone tissue increases the bone mass/density,
increase the bone strength, and thereby reduce the severity of asteoporosis
or incidence of osteoporotic lesions, ultimately lessening the incidence of

bone fractures.

In other embodiments, the active agent further comprises, in addition to
one or more proteins selected from the TGF-P superfamily of proteins, one or
more auxiliary proteins, such as Hedgehog, Noggin, Chordin, Frazzled,
Cerberus and Follistatin, soluble BMP receptors, or other protein or agent, as

described further herein.

The present invention further provides a methods for increasing bone
mass and quality, and for minimizing or reducing the incidence or severity of
osteoporosis-related fractures, by administering an injectable rod-shaped
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one osteogenic protein and a second conposition conprising an efifagfy 208
anount of a bone resorption inhibitor. The second conposition conprising

t he bone r %19349 inhibitor may be adm nistered prior ﬂ(f’rms%/?&ﬁsu or
substanti al 'y si'nul taneously with the osteogenic conposition. [n addition

to healing of osteoporotic bone, conpositions of the present invention may
be useful for injectable formulations of BWMPs for uses such as injection
into joints for treatnment and repair of osseous defects, cartilage defects,

i nhi bi ti on GMROSAION GRiPrising aldeasloneLrieqasnisy eiRie apd @ 6898 repair. The
formul atio nfpRéi s Lt ig%;pE Ak r their

at t achnment rb?l t eslt?h%%gﬁﬁfélﬁjg@gtﬁgﬁ% ﬂé%ﬁg??ygﬂé ro f\'}é@“ﬁ’a%yi% so find
appl i cat i onTheosesphdcobmpesitiontcssnising the biooaeesgrptian inhihoantay bent o bones,

crmboai mont . SPNRSIERAREEE 1 Aot ShBSpH B ARRBRTRTithe 2Rk Ea Dy

process corgmpdsiiignt he steps of mixing an osteogenic protein and a
hyal uroni ¢ acid derivative to forman osteogenic m xture. The osteogenic

m xture is thenid addition té healingpofidstedporstict iondi, Bembbsitioss epweprésenti xt ure
into air or, a nonsol vent such as et haBoI, and dryi n,g. The conpositions of
t he i nvent i/@YeNERY May be gsetubins inieetapledermuiations oftBMiRS forHisessyen and/ or an
exci pi ent, ek infy joits ‘ferFedHﬁbﬁ{‘aﬁBabé[p'Qﬁ of B§$ét§1%ddéféct_§,h€%r[ﬁapé ng step. The
hyal uronic acid derivative nmay be a natural or synthetic hyaluronic acid,
or a nodi f idsiedteinhihtiossff cadijege degradation and to promsteicaitilagegepair.r i ng

pol ysacchary L0l y - ) ad D

gl ucuronic Tar%ﬁgﬁﬂn@%ggégcﬁﬁgﬁlﬁﬁﬁﬂ%@% P’&%@g@%@%@@%ﬁ iﬁﬂh @gﬁrgés}dand t he

di sacchar i dsttachinest $iteskiecdoniet Hnjeetablelfofmglalicns bfiBMPsntlay alsb findcur s usual |y
as the sodiu alt and has a .ol ecul ar _wei ght range of, gabout 50,000 to 8 x
106.  The. HRRLCARIP HRerboNR RSN A PoBE oS LRRUSHIRRDESs uch as

al endr onat gjosegicrapenfaictures laPe districlon BBlebgeresi€t | dronate, ibandrohate,
neri dronat e,

In a particular embodiment, the compositions of the present invention
are prepared by a process comprising the steps of mixing an osteogenic
' protein and a hyaluronic acid derivative to form an osteogenic mixture. The
osteogenic mixture is then formed, for example by extruding the osteogenic
mixture into air or a nonsolvent such as ethanol, and drying. The
compositions of the invention may further comprise a bone resorption inhibitor
andfor an excipient, either or both of which may be included in the mixing

step.

The hyaluronic acid derivative may be a natural or synthetic hyaluronic
acid, or a modification thereof. Hyaluronic acid is a naturally-occurring '
;ﬁolysaccharide containing alternating N-acetyl-D-glucosamine and D-
glucuronic acid monosaccharide units linked with beta 1-4 bonds and the
disaccharide units linked with beta 1-3 glycoside bonds. It occurs usually as
the sodium salt and has a molecular weight range of about 50,000 to 8 x 10°. -
The bone resorption inhibitor may be a bisphosphonate, such as alendronate,
cimadronate, clodronate, EB-1053, etidronate, ibandronate, neridronate,
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risedronate, tiludronate, YH 529, zol edronate, and pharnaceutica l]ﬁ
acceptabl e salts, esters, and m xtures thereof. The exci pi ent ma av 2pp6

agent thatw%t(ﬁ}abs‘ hZes and/ or nodul ates rel ease of the Odlyﬁsog’,ql{%gedl ent(s),
such as a phar maceut I cally acceptable salt, polysacchari

protein, amno acid, synthetic polyner, natural pol yners, and/or
surfactant. The osteogenic protein can be in a solid or liquid form and

t he hyal uronic acid derivative and excipient(s) can be in a solid form The
nol di ng mayoleelracatenpamidrenatbyrisedronate, rtgpdrbaatesl‘(bbmizoledi‘mm,eandi nto air or

a nonsol ven such q t hanol ;. .t he dr |sh by air- drying or
freeze-dryi ug:aﬁ greRRiehIg S @%%@%lﬁ’g;ﬂld;‘ﬂ" %ﬁrﬁa conprise a
bone resor réxbmnmlimbbé ah a@@ﬁhhﬁﬁstﬁbiﬁt@ﬁﬂﬁ@ﬁﬁu@éhI%tesﬁ*é'?ed%%??rﬂé i nvention
al so provides a nethod for preparing an dyecta e sust ai ned-rel ease

pr epar at i oraclivenarediggi(s)hsuet apg Pbﬁ"&@ﬁﬁl&lpﬂ ageeptablesgbni c protein with a

hyal ur ont © disoDfore b AN BrOBRe RS 86 Ayribach Al ndd < U e,

conpressin orma dense o teo € adm xXture, then
f or m ng t heolienars, asdleogmfautaradmhmtustez)gentooprateimbanlbemylalsntiul brkduid od

suitable fqQr injecti r i.mplanting.into a hod The formn step may be
per f or med SV@AWEP&&E’P%?@&@F%QA W%V‘fﬁ%d%%ﬁ"f?ﬁﬁs)a‘%?dy%? '”c‘?ﬁ‘ﬁ\d to forma
cyl i ndri calfoin®dThéd Rsolding e64)2¢ accoblivhae By extroamg thée @Bk tam@rﬂmmye further
conpri se a _bone resorption inhibitor, such as a bi sphosphonate, and one or

nore exci pitdAta OTSQJBH“%VQW‘@E@" ae sthangb dha doing "‘?M@prﬂéiﬁhﬁﬁlté/ aikso| i d,
ost eoi “dUCtdrYﬁ%%PﬁB%%hlaﬁﬁ]? e §iSaief Srsl'étafe' Waf.&nmggmwe a di ameter of

bet ween abo pre erab tween about 0.5 to 1.5 mm
The | engt h comprise asmnajrasowtsnamutor@on’p@suabispimoam;anb@ bet ween about 1 mm
and about 10 cm_and particul arl bet ween about 2 cm and about 5 cm The
conposi ti ons of T bﬁ@rw@g@menttpn@émnr@wdﬁw melhed forrrepaiing @1 di anet er ratio

\gloz)hlln tzgg@8&%{?@]}15@8&&réig%&lﬂre&%l%f%n jcom-gﬂjsﬁlgrtﬁé is?edgaéf alaﬁli)ﬂpé’ Yy 1000:1,
osteogenic protein with a hyaluronic acid or hyaluronan-based material to
form an admixture, compressing the admixture to form a dense osteogenic
admixture, then forming the dense osteagenic admixture into a sofid
cylindrical rod suitable for injecting or implanting into a body. The forming. -
step may be performed by extruding, pressing, molding, boring and/or cutting
to form a cylindrical rod. The injectable sustained-release preparation may
further comprise a bone resorption inhibitor, such as a bisphosphonate, and
one or more excipients, such as those described above.

The injectable, solid, osteoinductive compositions of the present
invention may have a diameter of between about 0.1 to 3.0 mm, and
preferably between about 0.5 to 1.5 mm. The length of the solid rod-shaped
compositions may be between about 1 mm and about 10 cm, and particularly
between about 2 cm and about 5 cm. The compositions of the present
invention may have a height fo diameter ratio within the range of about 1000:1
to 1:1. This ratio may be about 1000:1, 500:1, 250:1, 100:1, 50:1, 25:1, 10:1,
5:1, 4:1, 3:1, 2:1 or 1:1. The osteoinductive compositions of the present



5:1, 4:1, 3:1, 2:1 or 1:1. The osteoinductive conpositions of the present 6
1 7 NOV 2006 WO 03/099992 PCTI US03/ 14609 invention are rigid (but not
brittle) to withstand |oading into a conventional needle or syr{|Rggy 7806d

i njection jnt | ntraosseous site. The osteoi nductive Lons have a
density of{’@eo?@g% about 0.5 and 100 percent naterial, apﬁg‘l}%ﬁgif{? Pabl y of
bet ween about 50 and 90 percent material. The corrp03|t|ons have a | ow
macroporosity and a | ow water content, between about 0.1 and about 10.0
percent water, and particularly between about 0.1 and about 5 percent

wat er. The "p\r&ml@ﬂtﬂl'@mlglﬂ (W&ﬂbwlﬂleigoaﬂﬁhétandtlmdmg ite s aoayentigmabet ween about
0.01-0.90 9

(o) e t carrier. and
particul arl efégle & 'hg¥1§%$gjje§$gﬁ1 'B? aﬁdﬁt?@%seﬁldggﬁpeﬂge Pﬁtegwgﬂfﬁ‘fe gr am of
carrier. Th)l;anmositlmnegia@eaag%ﬁsﬂvbf gettweee dboyt 05 mmﬁma péricent miatelrlb!jeSt er
conpri sing betwe 0 an out er cent oni ¢ aci
es'[ne)rl fi cth'@rPreéf@@)fo%E Cl@\l %]1 W‘N@a F@huﬁbel is a graph
showi ng_t heohifRltiohs HRNE B ha&s &fos%ffﬁ’ ndaliQl wa\(é\*dd?u%thyé%ln/ééﬁ“' c

aci d/ rhBMP-2 conpositions in the abb distal fenur (I ntraosseous) nodel.
DESCRI PTI ORboget Girpre\asmit e serseaioraten gndpartieulaivbetweenabont 0.dn, net hods

and COTPOS | iR DerB AR o ELBRERSchlc ABKAAMN o MaRGPEID! | o 97

of osteopor05|s EOpEni ¢ Condrer ons, AP bone
| esi ons. Tle beiwaenfaboat ﬂ)ﬁn -0.80 g=ane bf aettweengredlmytdaebmﬂdcgrpm sfhed by

rocedures that a hese rocedur es c) ude
ﬁeasurementC errb%rh(gp%ﬁlggyaggz)mﬁepmg12§3 gERm of @ﬁ%‘feg'g Kedy t%BQ?)‘t'r} { i onetry
(DEXA), Ki lggamm oftcafier. The r@%nﬁolﬁc%@idﬁerlvﬁwélﬁfay be7§p§3!tlal7&'fafﬁés{el992) Mar kel
et al., Acta Othop. Scand. 61:487-498 (1990); and quantltatlve corrput ed

t onogr aphy C@@PT'F'"QL%RMFBU @bAid0 and gbout 100 persen yalyseric écid Tonogr .
17:915- 921 (4 B34iioMer kel , Calcif. Tissue Int. 49:427-432 (1991);
si ngl e- phot on absorpt i onet ry, Markel et al. Calcif. Tissue

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the local retention times of BMP-2 for
various hyaluronic acid/rhBMP-2 compositions in the rabbit distal femur

(intraosseous) model.

DESCRIPTION OF THE EMBODIMENTS

According to the present invention, methods and compositions are
provided for treatment of patients who exhibit signs of osteoporosis, or
osteopenic conditions, including osteoporotic bone lesions. The identification
of such patients may be accomplished by procedures that are well known in
the art. These procedures include measurement of bone mass/density using
dual-energy X-ray absorptiometry (DEXA), Kilgus et al., J. Bone & Joint
Surgery, 75-B:279-287 (1992); Markel et al., Acta Orthop. Scand. 61:487-498
(1990); and quantitative computed tomography (QCT), Laval-Jeantet et al., J.
Comput. Assist. Tomogr., 17:915-921 (1993); Markel, Calcif. Tissue Int.
49:427-432 (1991); single-photon absorptiometry, Markel et al. Calcif. Tissue
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ul trasound transm ssion velocity (UTV); Heaney at al. JANVA 261: 2986- 2990
(1989): Langton et al., din. Phys. Physiol. Meas. 11: 243- 249 ( 1990)0%and
radi ographi ¢ assessment, Guer et al., J. Bone Mn. Res 7 (1994).
a her met Q938 24ent i fication of patients at risk of gg%ggﬁ}ﬁ{ure

I ncl ude assessnent of age-related factors, such as cogni sance, as well as
prior occurrence of osteoporosis-related fractures. Porter et al ., BM
301: 638-641 (1990); Hui et al., J. din. Invest. 81:1804-1809 (1988). The
above publ i ht481882300 (heSHbyitrasmodovarsrssiby veletity {HCE); hisaaey et dle met hods

Fod shaped BHBRR2BE280lE R RI BT dho IR FRISBL MR Seni ¢ pr ot el ns.
which is efﬂﬁQﬂBl@g(qggoﬂuﬁQrédl@%%PhﬁBé seévsrﬁém/ Clueiet Bl 28R Min. bone, and
a hyaluronic acid_as _a eX|st|ng |nJectabIe formul ati ons, the

ost eogeni ¢ BEEPSET 69 (3994 Otheemethodsiof idantifigation of patietssatsiskef i n a sol i d
form therepy,a. Qbﬂé‘ﬁ’\c[xﬁﬁ £§éé§h§nﬁfs§e ra@?éqefaptdr& sulch @ dgRisaRbs,couS
or th ations, e

formul ati ons. or exa usin
ost eoi nductas'weﬂ@mrlmaycmeememsteopb;osm-telated fliagturése Bouder dtlaki ds- bef ore

the a1t oVerddile st BAE kyseRlh g L7t s B R e B o\
vivo, ther gbyveppubiicdtions srellrysisl insopordtae by relep@ie freinhe active

i ngredient(s). Furt hernmore, unlike liquid or viscous fornulations that may

m grate from theThe hiethads @ﬁgﬂrisesméaﬁnmmo theeost@dpotiotionsitedpennssied  t he
present invent rGtcﬁecoma nd persist at the SIer of desired bone

a
growth to effat tW“ NG Y1eaet Mere puriiedpsieggepic  ne
conposi tion f@t@ﬁs Rﬁﬁléﬁ ge@ctﬂ?é"ﬁ) dbiGe tl%rfoﬁﬂaw bﬁ’@yof frifRteRside steven days to

about six m)nt s. If the conposition is dispersed prematurely, the desired
bone growt hbm%rﬂﬂdlﬁ)h)f@ﬂﬂbé@taféd apercafiigr) Unlise existiog injectable f or med bone wil |

not have t e, fepbRd RLeABLBnicRdelion A4AdBRABNE fifediiaguent ¢ _composi ti on

of the present I nvention i s admn CEred forned as a
cyl i ndri cal adroihjstetedrin laysolid iforon, sherebip lagoiling thietdeficiencies inherent in

liquid or viscous formulations. For example, using liquid or gel formulations,
the osteoinductive agent may be prematurely diluted by the body fluids before
the bone promoting effect can be achieved. The present invention obviates
the dilution effect by employing a solid carrier that degrades slowly in vivo,
thereby providing delayed, sustained release of the active ingredient(s).
Furthermore, unlike liquid or viscous formulations that 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. Typically, the composition must persist at the site for a
period from about seven days to about six 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 the present invention is administered
as a solid, it is formed as a cylindrical rod, thereby being suitable for either
injection or implantation into the body. In addition, the well-known surgical
complication of inducing an embolism during an intraosseous injecfion



injection or inplantation into the body. In addition, the well-known
surgical conplication of inducing an enbolismduring an int rags]sgﬁwﬁmﬁ
injection 8 1 7 NOV 2006 WO 03/099992 PCT/ US03/ 14609 procedur

consi der ablyg fdobgdat €d through the use of solid rods (vs. Pl:’rﬂlgﬁs?m&'b gel
fornms). The potential displacenent of intraosseous bone fragments, fat o

an enbolismcaused by a pressurized injection of a |large vol une of
liquid/gel carrier is reduced since the volume injected of highly
concentrated solid rod carrier is much less than that required if a simlar

dose was di peeeskie iscepsidarahly mitigatgd throughriheturs Sfaohd sods (vs. baujd be appl i ed
to the site r |.udi ng by

i ntroducti orqghw ouzj ?ﬂe {eéﬁ'\t}gn l| on%mﬁvgdg@%ésﬁ%% $&§§Ptlsh gOPThe
conposi ti onance‘mbtblesnpcmmutby mpm%bm@npcpompﬁa@gbyolun@ ofjiquidigelost eogeni c

protein, hyaluronic carr er and 0 s to form, depending
upon the hy&PUIS5/S Ee(ﬁlgpg siegt ?HB'UHE %Cjﬁ'ﬂdngfjé'l@ﬁepg'& '@&‘?ﬁ&""‘:{ﬁoﬂui d/ gel or
paste. The %Bﬁwrr@mmﬁfieé.sﬁthbﬁ%t?@@tﬂféﬁ |fQTsi?n|er|do§éWafééﬂlsﬂé?1§§d%‘Q dried. The
shapi ng may be acconplished using any one of a nunber of known techni ques,

for exanpl eligyidasael fRyM. pthes %Q'H@OSWEUT may barprded &Qltrlelﬁitg of|desired peeg er r ed
embodi ment,, gﬂamg%&wv&.&maﬁ%{ PcRAFIEEY inBbBuARR hidgided  through the

hub end of ypoderm c syringe & mat I'S ex cont i nuous
cyl i ndri cal kpnedrdjpaal hyphalermici regdie or syoingeenper at ur e and sect ioned into
small, injectable rods. If the hyaluronic acid starting material is a
hydr ophob| ¢ sol i Thesaoipositionsiphthle- mreésent inventioh\aae prepared by imixing the r st

rmy be any SRGPARREHBRT ALK ot caMid o ittt i SRR )7 ol T one
(NVP) or di depbiydinguipbnthelhydlidnid acid steefiey materid\ihel Aeistoligt i on may

conpri se be ween about 1 d about 50 % v Iuro j c .acid, ferably
bet ween abodﬁ”‘gl%ﬁar pBste, Wﬁﬂnsuﬁﬁgd"ﬁ%%'ﬁot %’Pé%‘%?‘%/fg 'BGE'C"’!LGD% 59\;

hyal uroni c ggk4. TFE%h@ngRﬁéPBé adcain memng é’r’iyoéﬁé 8f & huRibeper sed | n the
hyal uroni c acid solution at a concentration 0O

known techniques, for example by molding, pressing, boring and/or cutting. In

a preferred embodiment, the osteogenic mixture is packed into and extruded

through the hub end of a hypodermic syringe. The material is extruded as

continuous cylindrically shaped rods, dried at room temperature and

sectioned into small, injectable rods.

if the hyaluronic acid starting material is a hydrophobic solid, such as
Hyaff-11®, the hyaluronic acid is first solubilized in an organic solvent to form
a solution. The organic solvent may be any pharmaceutically acceptable
salvent, such as N-methyipyrrolidone (NMP) or dimethy! sulfoxide (DMSQ),
preferably NMP. The solution may comprise between about 1 and about 50
% (w/iv) hyaluronic acid, preferably between about 5 and 20 % (w/v), and most
preferably abotit 10 % (w/v) hyaluronic acid. The dry powdered osteogenic

- protein is dispersed in the hyaluronic acid solution at a concentration of

between about 1 and about 50 % (w/w), preferably about 20 % (w/w), and
optional excipients {e.g., amino acids, sugars, salts, surfactants, polymers,
etc.) are added at a concentration of between about 1 and about 50 % (wiw),



bet ween about 1 and about 50 % (W w), preferably about 20 % (w w), and
optional excipients (e.g., amno acids, sugars, salts, surfactants,
polymers, etc.) are added at a concentration of between about 117 {gydjgggout
50 % (W W 2006 WD 03/099992 PCTI US03/ 14609 bet ween
about 20 ané’90 %gutgi\lé?(\)/ % (W w). The conpositions of the Pl?\ven 0?}3%6\59

further conprise a bone resorption inhibitor, which may be |ncluded in the
m xing step in dry powder or soluble form i ndi vi dual | y or in conbination
with the osteogenic protein conponent. If the hyaluronic acid starting

mat eri al i s préefesabiybetserniabout 26 and sbout 4% (ye).f Tha cpr@posiions bithiyal ur oni ¢

acid may be, n tional excipients
until the ng?eﬂﬂgﬁﬁﬂsfhgh%n@%&%bgﬁé%gogt WB%E&BE&'B&W sﬁe subst ance
may conpri smdhﬁiemmh@h‘ﬁbdhg teprinl drppowtierdr suibié form, Iiddfidual|ar iet ween about
5 and about 30,% nor e, pref er abl bet ween about 15 and about 20 %

(w'v) hyal uchmb&nag'BP th|tﬁe ogifogenigRrpPieingora rrent the paste-1ike

substance conpri 8.75 % (w v) hyaluronjc acid dry powdered
ost eogeni ¢ prote ﬁh? éy@'H@lﬁ“crﬁ‘i!‘éétgmﬁQ)maﬁf@’ Wﬁlamygfﬁ@"!fcfpﬁnp%i&heﬂﬁarl or to

shaping. Al maﬂaiwplss@ytherwmbnfcm magruél Bléndedd with 8 aBdEs@ S f er

conprising optional excipients luronic acid starting material may
be bl ended ﬁpmﬁrlalngmu@@al@xsme@ uotiitpe Mess @sswnas Bpastistitgeni e protein

Wi th Ot OnBhnSXEhE) CFhe pUALl ke IRSMIRRS rAAPHIRHICE MARLES abblfey BRAS Stency o

a viscous |1'qui gar ance BPons MRy ef conprise a
bone resor pabout 4t Mlvpprefeﬁabbj'betwebeboutﬁ ad@dbomt 3% (wiv)xand step in dry

powder or sol ubl e for i.ndi v ,on wth e, 0St eogeni c
protein conPiheRrefeEhA b@w&%&%&ﬁ%e%&%‘% rﬂyqlfﬁ'ﬂn'&r?&'&; Brded into a
paste or Vbﬁc‘e%mdnféweﬁabaam&mt,,thbfgﬁsﬁesﬁ@gmgtma%ﬁwraésI18 megked into a
cylindrical npld, air or gas-perneable tubing (e.g., silastic or

Tef | on(r)/ FE#) hbalumq@@ﬁoﬁhetdybaowgg@daqse@pgegmow 6 thepimiyed inte - 5
htr ey e id AT D ihepi AR AR o i
with an aqueous buffer comprising op’nonal excipients, the hyaluronic acid
starting material may be blended with an.aqueous buffer comprising soluble
osleogenic protein with optional excipients until the mass assumes & paste-
like consistency or a viscous liquid or gel appearance. The compositions may
further comprise a bone resorption inhibitor, which may be included in the
mixing step in dry powder or soluble form, individually or in combination with

the osteogenic protein component.

Once the components have been combined and blended into a paste
or viscous liquid or gel, the osteogenic material is packed into a cylindrical
mold, air or gas-permeable tubing {e.g., silastic or Teflon®/FEP), or extrusion
type apparatus, such as a syringe. If a syringe is used for the forming step,
the plunger of the syringe is inserted and a sufficient amount of pressure is
applied to extrude a continuous length of paste onto a dry surface, in the case
of water soluble hyaiuronic acid. In the case of water insoluble hyaluronic
acid, a continuous length of gel is extruded info a nonsolvent bath enabling
precipitation of the material. Sections are then cut using a cutting tool such as
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applied to extrude a continuous |ength of paste onto a dry surface, in the
case of water soluble hyaluronic acid. In the case of water insoluble

hyal uronic acid, a continuous |length of gel is extruded into a A G0N 208t
bat h enabl | ipitation of the material. Sections ar n.cut using a
cutting togv:a%g’{?c 95235 10 . ﬁcﬁﬁyéﬁ 5 WO

03/ 099992 PCT/ US03/ 14609 a razor, scalpel, knife or the like, to form

i nj ectabl e, rod-shaped conpositions. After sectioning, the rod-shaped
conpositions are dried, for exanple by air drying or freeze drying. The

present i nvgraiornscalsa, krife\ordes like, 18 foradinfeetabiy, epdshaged Bomposifirisabl e
sust ai ned-re] ease preparatigon conprising.the steps of adm xing an
S ning g

ost eogeni ¢ ?ﬁ%?cﬁ‘g nihg rae-shared spmpestionsarg dsiesnios sxampibeairal | and

opt i onal exg'gmge(g}tﬁeézg drihg) @ dense osteogeni c adm xture, then formng the
dense osteogénic adm xture into a solid cylindrical rod suitable for

njecting of i mh@piekatihiemioh A196lirove PARkinGE BOBRaRAG aRe sel ected from

the fam |y of proteins known as the transformng grow actors-beta
(TGF-S) supBjeciatile gugpingddelepae preparation ¢omprisiigstherstepscof admigingiamhi bi ns and

bone nor pho ' <Y N [ CUl € . | ye agent

I ncl udes at&fqg(gé%'ﬁ%ﬁ'é&%ﬁbggyélﬁggﬁeee?'gé’ rﬁ ?éolmqr%b%ésségcrhagggg%h%r ot ei ns known
gener al | y asptiovasexcipients tbforen beaenselosiebgenid atimixthmy thersfopogythe activity,
and other growth and differentiation type.activities. . These BWMPs include
aP pr ot ei HiTBmRIEousHS A Efise Fio sl iidbica! rod siable 1T R BO S ed. 1 of

i nstance i npidadtee ifoad BsdyPat ents 5,108, 922; 5,013, 649; 5, 116, 738;

5,106, 748; 5,187,076; and ‘5,141, 905; BMP-8, disclosed in PCT publication

W91/ 18098; and Fidadlivedigedt 65t be sBicbiel frath itd iyt pr@iHsAdbRA agBVP- 10,
di scl osed in PCT application WO94/26893. BWP-1 1, disclosed in PCT

appl i cat i orthpdRsiEming grewtplasiorsbeta (EAPRL supeifarBielriclenswhidhpl i cati on
R L
Particularly, the active agent includes at least one protein selected from the '
subclass of proteins known generally as BMPs, which have been disclosed to
have osteogenic activity, and other growth and differentiation type activities,
These BMPs include BMP proteins BMP-2, BMP-3, BMP-4, BMP-5, BMP-6
and BMP-7, disclosed for instance in United States Patents 5,108,922;
5,013,649; 5,116,738; 5,106,748; 5,187,076; and 5,141,905; BMP-8,
disclosed in PCT publication W091/18098; and BMP-9, disclosed in PCT
publication WO93/00432, BMP-10, disclosed in PCT application
W094/26893; BMP-11, disclosed in PCT application W094/26892, or BMP-
12 or BMP-13, disclosed in PCT application WO 95/16035; BMP-15, disclosed
in United States Patent 5,635,372; or BMP-16, disclosed in Unijted States
Patent 6,331,612. Other TGF-B proteins that may be. useful as the active
agent in the present invention include Vgr-2, Jones et al., Mol. Endocrinol.
6:1961-1968 (1992), and any of the growth and differentiation factors (GDFs),
including those described in PCT applications WO94/15965; W094/15949;
W095/01801; WO85/01802; W094/21681; WQ94/15966; WO85/10539;
WQO86/01845; WO96/02559 and others. Also useful in the present invention
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Patent 6, 331,612. Other TG-R proteins that nmay be useful as the active
agent in the present invention include Vgr-2, Jones et al., Ml .1 ERgeQunol .
6:1961-1968 (1992), and any of the growh and differentiation factors

(GDFs), iWq¢afbgdgy t hose described in PCT applications V‘D%W@%P

W94/ 15949; W95/01801; W95/01802; W94/21681; W94/ 159 10539;
W96/ 01845; W96/ 02559 and ot hers. AI so useful in the present invention 11 1
7 NOV 2006 WD 03/099992 PCT/ US03/ 14609 rray be Bl P, disclosed in W04/ 01557;
HP00269, disclosed_in JP Publication 7-250688; and MP52, d| scl osed
in PCT app|me&fle@rﬁ v@gfép&%@ggwogﬁwWSHPQQaﬁ%sﬂl%ﬁlosm inolP Putlication

appl i cat | oAb 12508Ys, AIPRPBRALREIOSY 1nrlﬁ’(f:13 appfication WEe3A6085. BIPs t hat

are presently preferred for use I nvention | nclude BMP-2,
BVP- 4, BMP-Bhe @M:iomeawpalr of mbm,e apBNAFatIDBS ami hedby idcorporated by | ustrati ve

hod! ; ’ oh s discl e

i ted o at G EAE b YHoBR P BN Mot ofeplesPul SRR B gL oy ' 007 "

i ncor Pora})qﬂeb@htﬁmfwmenﬁmludﬁ WP&VBMMQBMFCE%MPFB cslmprﬁsgnmg in the art
n r nant r

ur 1 od frPar2 prOEMHT B0 e s bAMerHEbGEFIeTE Bgarive IR RIPCS such as

a BMP, or hﬁé seﬂbéfﬁ:b'd? vﬂﬁéﬁ %' disclosed |H@H1@Mét@§ Patent®, 0@84@%{3

het er odi rrerl 'c wth other (e.g., a heterodi mer conposed one nonomer
each of BMUisclesuge OBmmm)ls@erelﬂytlhcm‘ph@tedwbyrfﬂe@nce tQibeﬂWP@Gﬂnduperfam ly,

such as aCttdF%SprOt%%ﬁ'gatrel Efal(ﬁ;%égug a heterodi ner conposed of one

nononer eac "the TGF- (3 superfam ly).

Exanpl es of suc r le in
Publ i shed PCT Pgtheen ’%%gh ca b@ %@'f'awg?ﬁée& tsa‘l)gg’c | ca Iﬁ{(;é; of which is
her eby i ncqurpteimtadpositiorei Tﬁhé);ach\ce‘ aaga'naéa TGFeBaut:h ae =B, omathef ur t her

' ddi t I t h th F I d Noggi n,
Cor her us. arfimet Pratey iRy b ara@ienss obSy B ol Bl el cr o yeneral 1y

descri bed ipnBa$&y., et hatbrodirket tompSsel/done monomer each of BMP-2 and
BMP-G) or with other members of the TGF-p superfamily, such as aclivins,
inhibins and TGF-B1 (e.g., a heterodimer composed of one monomer each of
a BMP and a related member of the TGF-8 superfamily). Examples of such
heterodimeric proteins are described for exampie in Published PCT Patent
Application WO 93/09229, the specification of which is hereby incorporated
herein by reference.

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, 79:779-
790 (1994) (Chordin); PCT Patent Publication W094/05800 (Noggin); and
Fukui et al., Dev. Biol. 159:131-139 (1993) (Follistatin). Hedgehog proteins
are described in WO96/16668; WO26/17924; and W095/18856. The
Frazzled family of proteins is.a relatively recently discovered family of proteins
with high homology to the extracellular binding domain of the receptor protein
family known as Frizzled. The Frizzled family of genes and proteins is
described in Wang et al., J. Biol. Chem. 271:4468-4476 (1996). The active:
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790 (1994) (Chordin); PCT Patent Publication W94/05800 (Noggin); and Fukui
et al., Dev. Biol. 159:131-139 (1993) (Follistatin). Hedgehog proteins are
descri bed in W96/ 16668; W96/ 17924; and W95118656. The Frazzl ed 70V 1006 of
proteins i ively recently discovered famly of pr ' .th high
honol ogy t?%@%e%racel | ul ar bi ndi ng domain of the recep]?%ﬁhpr‘g‘t‘eé%n famly
known as Frizzled. The Frizzled famly of genes and proteins is described
in Wang et at., J. Biol. Chem 271:4468-4476 (1996). The active 12 1 7 NOV
2006 WD 03/099992 PCTI US03/ 14609 agent nmay al so include other soluble
receptors, agert may alse include athed sslablelreeeptoss epitoas thib ieh@aedisoloblECT pat ent

Bt w1 T otassRices dpigees it o RaienG bl B WOSSIH/a82 Fromae: cpar eq for

NUITEr ous Ot RRACHING LT AVOLSRITOBE! dife skifCh O HH (il gRRe]RSORRRSARRM Wi thin the
present invention. The above publications are heréby incorporated by

ref erence heelebls.reqeniowneambe pfepared fos nugerus ctbelteckpiosiproteinst hat  anount
effective tg, Shomy z?\&c? bb%ﬁﬁgﬁﬁggség@{«rﬁ@ﬂ%ém\%ﬁﬂ i\ﬁgéﬁftiéﬁ 'H{ee%ﬁ%l{]e eor

infiltrating progenitor or epend upo size and
nat ure of tpeabidefiend atechergby incegidted Gynefesdnoe hérbim, anount of protein to be
delivered is in a range of from about 0.1 to about 500 ny, particularly

about 10 to abouTheé&®ongt ofcadivemgent ysefilihendiaid thadbmoun! Efedtivedbout 250 ny
per cubic centi} ter of tﬁ%’i al.ﬁtﬁwi rfed. ter.i‘.ﬁlléq?t.v\hi ch be useful as
bhe carri er SIRUIBTE/GETEERA OlroosPisSietity SRIESRTISH MR INScP BASRIRR OB Ut | cal | y
accept abl e smepeéiR, Snbavi B8pénd Lgbrfline)siAsnt natifd of theaikrddvHRfhgand dried with
a bone norphogenetic protein, forma conposition that possesses appropriate

handl i ng chiie@ieteGeneraly. the-amapricafapiein taibe dglivarrdis ik a4pPEs 66¥9BN to the
site of ostoanainof t&a@dut%berﬁgﬁgarﬁm'ﬁ&ﬂ?abodt%%%%ﬁ% Sdi@n%d;%nﬁﬁ’ﬁlﬁe o

mor phogenetic protein in a sorfid carrier allows the proteinto remain in

t he di seasepardculady pboeid! &) toeatiasit 250 mowersuibid ceérdimetenofanbtenal t he protein to
I ncrease thr%q(ﬁ}r grvvi se natural rate of regenerative osteogenic

Materials which may be useful as the carrier in practicing the present
invention include pharmaceutically acceptable materials having a rigidity such
that, when mixed and dried with a bone morphogenetic protein, form a
composition that possesses appropriate handling characteristics for injectable
or implantable application to the site of osteoporotic or osteopenic bone.
Incorporating the bone morphogenetic protein in a solid carrier allows the
protein to remain in the diseased or lesioned site for a time sufficient to allow
the protein to increase the otherwise natural rate of regenerative osteogenic
activity of the infiltrating mammalian progenitor or other cells, and to form a
space in which new tissue can grow and allow for ingrowth of cells. The
carrier may also allow the bone morphogenetic protein to be released from
the disease or lesion site over a time interval appropriate for optimally
increasing the rate of regenerative osteogenic activity of the progenitor cells.
The carrier may also supply a framework on which to induce new formation in

severely osteoporotic bone.
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activity of the infiltrating mammalian progenitor or other cells, and to
forma space in which new tissue can grow and allow for ingrowh of cells.
The carrier may al so allow the bone norphogenetic protein to be rdllekEetilh

from the YERAIRePr | esion site over a tinme interval app or
optimally increasing the rate of regenerative osteogeni cf’(gpfplg@'ll??/)gof t he

progenitor cells. The carrier may al so supply a franework on which to
i nduce new formation in severely osteoporotic bone. 13 1 7 KOV 2006 WO
03/ 099992 PCT/ US03/ 14609 In illustrative enbodi nents, the famly of carriers

conpri ses hyal uriniiustratice gmistiznents)thé jemhily sfcamidra sethpriséehyallidnicAs used
hereln the t ron| a uron(gﬁsbased material," and

d
"hyal ur oni Cacﬁpater%g ﬁ{ﬁ't' opag- aégé"@é%r@'gn‘t’%l“ﬁﬁ t¥M§ean hyal ur oni c
acid (as de%?{é‘lﬁﬁbnl@ﬁb@""’) h?éldrdnfaﬁ b%%b&l nateyid),” hd™ H@alﬁmd&ald pot assi um

magnesi um cal ci um and i ke, salts. After nolding and drfyl ng, the
hyal uroni ¢ dgrivatives” rar@ugeqrréerchaageabdxfwgaam am!@roamamdj(@ﬁ:dea tvedor

i mpl ant at i ow.. Such
rods are r ?‘%’; d‘ﬁgﬁﬁ% t§¥u<{rﬂ£’;{ {h(r\? ?“gl r?g | ﬁ{néhﬁébng%ﬂgﬁﬁ%laghw ﬁiypoder mc
needl e or dhe |l|hg,aaltas Adielr |mcas|ng rq'nddylmm thehgalaronic atidaastge e inEace.
Althoughrl nlc acid-b edcrrler Ish ve, hi gh
tensile str %?H'tglﬁﬁ%rd o Pl {gRjant §UF as ﬁofd’"”ga&?g&tftdﬁﬁ?r et the

i nvention Hh%?é“ﬁkél&wh%\ﬂ%h&odi@b%t:‘lgi@bﬁo&btﬂf@: wigistaAd loallingTRloss | al  (30- 1009,
| ow macropor osi t and | ow water content. Hyal uronic aci d occurs naturally

in a vari etgpryentionst hyeodermis nesdig or syringe; as well @sdnjegiian istuen hunor,  human
nbi | i cal f th
umbi | i ca (iﬂfrgo&%uggg?éconnﬂfﬁcﬂfqh Hefjug the h&%r%&c.ﬁ%&ﬂ%ﬁh ef €

intracel lular matri X i SSu endons nuscl es
and cartil agatenals Pwelh:glmtensdeptrengtthamg lowet ragilityc aThe soljgprodt  f or the cells of

t hese tissues r c.acid als ciilltate or t nt bi ol ogi cal
functi ons, ‘f%‘?‘l%‘%ﬁ‘é (ﬁ;ﬁ{ﬁ g‘[vegﬁo i?g‘:frf‘@ a&%a rg 'Vﬁlllg'j'ljgh H?”'gﬁ’ Yon and

di ff erenti ahaterial (301008 9 low RBriceamorédityphnd IovpwaRiricoateRit. Toi l etri es
5(84):8-17). Hyaluronic acid may be extracted fromnatural tissues, such as

Hyaluronic acid occurs naturally in a variety of tissues, including
synovial fluid, vitreous humor, human umbilical cord and cocks’ combs. ltis
the main component of the intracelluiar matrix of connective tissues such as
skin, tendons, muscles and cartilage. In addition to providing mechanical
support for the celis of these tissues, hyaluronic acid also facilitates other
important biological functions, including hydration, lubrication, cellular
migration and differentiation (see, e.q., Balazs et al., Cosmetics & Toiletries
5(84):8-17). Hyaluronic acid may be extracted from natural tissues, such as
cocks’ combs, or produced by recombinant methods. The molecular weight of
hyaluronic acid obtained by exiraction generally ranges from between 8 and
13 million. The polyscaccharide is labile and readily degraded by a variety of
physical {mechanical, radiation) and chemical agents. As a result, ordinary
purification procedures generally produce hydrolyzed fractions of low
molecular weight hyaluronic acids (see Balazs et al., supra). .

As used herein, the term “hyaluronic acid” refers to an acidic
polysaccharide comprising D-glucuronic acid and N-acetyl-D-giucosamine
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cocks' conbs, or produced by reconbi nant nethods. The nol ecul ar wei ght of
hyal uroni ¢ aci d obtai ned by extraction generally ranges fron1betmeep g ?gﬁw
13 mllion. The polyscaccharide is |labile and readily degraded by a VAP

of physica*ogyﬁﬁgﬁnical, radi ation) and chem cal agents. As a result,
ordinary purification procedures generally produce hydroP§E@ﬁ“¥Vﬁ?tions of

| ow nol ecul ar wei ght hyaluronic acids (see Balazs et al., supra). . As used
herein, the term "hyaluronic acid" refers to an acidic polysaccharide
conprising D-glucuronic acid and N-acetyl-D-glucosanmine 14 1 7 KOV 2006 WO

03/ 099992 P@f{dusﬁﬁfegéﬁﬂiéssr@f?hdreealar%ve'g?t,dthcm&ﬁng)fniﬂgf&wfd hariowei ght,h inc:c udi ng
m xtures of various . ecyl ar ight fractions _and derivatives thereof.

Deri vat i veSmBIPCH%WGE;ﬁif@Ct‘%‘@ ﬁf‘vgaﬁ%"l"{?aé?s %Fe‘gx%\vét,w%lm’?%?@c aci d that
has been c ' d yfol tiR&f i | nhaiRkd ng,

sul phati on T?dg? gﬁh 'I@r?é %&i{a%ﬁ iﬁg@?ﬁg@ r‘?g? tﬁ%ﬂeﬁéﬁésrf@?ﬁgﬂ@ﬁngglﬂgﬂ met hyl

ester of a thyeualresiedficatin, cresstiinking. sulphation, etexhghyaluronigadidioay et al ., J.

Bi ol . Chem , - X r )L Bacteri. 1065-1067;

Bi ochem J.be}%’??%‘%i’-%(%%%mﬂégﬁ%g@ gié’f‘?“,'gﬁ".“d% &o‘?es.“} '@fg%’ 194: 141- 150
_(|1|952) , or d@m%e,éinelbaaloz,etldél v.eBIiblca:h_é]ﬁ. 8849851 (19502629?7&;(!.1?52) . In a_nd
illustrativ | “hyal uroni c_agi S ester 0 yal uroni c aci
with ali phﬁ?‘g‘?r_'@f)@ﬁ%%‘ﬂbgﬁ%ﬁ t 3%7%8?5{‘:@(@‘?:@! ﬁ%a'ﬂ?z et@hek ocycl i c

al cohol s, i golMutem.alds: f11-850 019529 brAbahidg et al DAKEica OhitiesAgfa the acid
are esterified, such as the hyaluronic acid derivatives described in U S

Pat. No. 5,3?'8%(?3‘@7? (##%2h is hereby incorporated by reference inits .
o b enne. Uh MR CALRAT AT A S D, 2 fegsr oo
2000, whi chhyalgohierasis)with atiphaticaarndtic, amfabiplkatios cycloaliphatioor r ety her ei n.
o o el b A TR BN R S P L
under the tggglaresterifibtthisLch bsithe hysli@nicbiad eevalives deydfbicd inAhgno Ter ne,
taly. HyafFf’ét.r P\lo.nE,%%i?%lf which is hereby incorporated by reference in its entirety

herein. The hyaluronic acid starting materials may be as described in co-

pending U.S. application Serial No. 09/687,283, filed October 13, 2000, which

is hereby incorporated by reference in its entirety herein. Particularly, the

hyaluronan-based starting materials are solids such as non-woven pads, felts,

sheets, powders, sponges, and microspheres sold under the tradename

Hyaff® by Fidia Advanced Biopolymers, Abano Terme, ltaly. Hyaff® materials

are described, for example, in U.S. Pat. Nos. 4,851,521; 4,965,353; and

5,202,431; and EP 0 216 453, all of which are hereby incorporated by

reference in their entireties herein. The Hyaff® materials are esters of

hyaluronic acid having one or a combination of ester moieties (e.g., benzyl,

ethyl, propyl, pentyl, or larger molecules such as hydrocortisone or methyi

prednisone), as well as various degrees of esterification (i.e., partial esters or

complete esters). Partial esters of Hyaff® materials are designated by

percent esterification ranging from 50-99 % (e.g., Hyaff-11p65® and Hyaff-

11p80®), while complete esters are 100 % esters of hyaluronic acid (e.g.,

Hyaff-11®). in addition to providing the desired handling characteristics of the

15



are described, for exanple, in U S Pat. Nos. 4,851,521; 4,965, 353; and
5,202,431; and EP 0 216 453, all of which are hereby incorporated by
reference in their entireties herein. The Hyaff(r) materials are EBNY 3006f
hyaluronicvﬁfaﬂwgﬁylng one or a conbination of ester nDIe£éf fado benzyl ,
ethyl, prop pentyl, or |arger nolecules such as hydrocor rLoneror met hyl
predni sone), as well as various degrees of esterification (i.e., partial
esters or conplete esters). Partial esters of Hyaff(r) nmaterials are
designated by percent esterification ranging from50-99 % (e.g., Hyaff-11
p65(r) and l:tymbbsni:ﬁn%ﬂlhmp)essmﬂndvenﬂmmm‘f@ watetials alse pididda amdanss of
hyaluronic Qn to ovi di ng the desired

t
handl i ng ch rép'i‘lgt’hg:g‘ed?'c’@‘ﬁéaé'ﬁé)afdﬁ {9”2@%'05\%“(‘%?@9’9992
PCT/ US03/ 14@@%&9@@%& ¥, Ofs, tmﬁ R6€940 0?4/96123@903 'Jmf 6,066,39pt eri al s

al so provide "a means for mani pul ati ng t bi cavai | abi | Ity ‘and’ absor pti on
ki netics of all pewhighiaje mqm@r@@démrpﬁre{l@a@ their gntiretiesherzit]. Nos. 6, 339, 074;
6, 232, 303; and 6,066,340, all of which are incorporated by reference in
their entireties nh@céh«ﬁ]rlfusmﬁtl'ém@mb@dlmentdbeMalur@nmd@nttmgt he

hyal ur onan- il rs |5|ng

it ur es-of MENg S oF Aoy RIcBHeS LamAHEn DRSS et bFAIRERE 2

sem synt het acuddrslersaln’dvmrafpofﬂhelrsabem[sghmcslenaatdoéerofsmmrdﬂet iC poI yners.

The nlxture na ri.se f about 1 0 about 100 % hyal uronjc .acid.
Natural pol § (7 Syrirele Passhs ThE RURRHS BiRYicRETRISE, "o Bhol
limtation, tocgd)dmg@rj % Plyakitdtieacial NHtgral eblysierd 880! in sl pelsapsani nogl ycans;
cel lul ose; polysaccharjdes such ,as chitin, chitosan, pectin or pectic acid,

agar, agar olwentiomingiideqwithou dmitation.aajpgemn Qi@PBfQﬂ*P'taéqwfrfé?N@ge" pol ymannan
or polyglyc I Sy ti ves of
nat ural pol gnrr?é use@ﬂlﬁﬁlycé‘ﬁ%g@gﬁrlgég t nvgﬁl on S%?éﬂtalg?yg& ?ﬁ'&ds\e@a

nat ural pol pedirsorspestiicasid; epéraggarasepsanthamguoh, gelldn, algjeictasidserch as

e SRS b Ay Mo, ot

chitin or CBEttﬁl@@'ﬂletg&idn&auvesaﬂhbanal mﬂyahen's usfule ttid pregentdnvention
include, for example, natural polymers such as collagen cross-linked with
agents such as aldehydes or aldehyde precursors, dicarboxylic acids or
halides thereof, diamines, derivatives of cellulose, alginici acid, starch,
hyaluronic acid, chitin or chitosan, gellan, xanthan, pectin, or pectic acid,
polyglycans, polymannan, agar, agarose, natural gums, and
glycosaminoglycans. Synthetic polymers inciude, for example, polylactic acid,
polyglycolic acid, polydioxanes, polyphosphazenes, polysulfone resins,
polyurethane resins, and copolymers and derivatives thereof. Exemplary non-
woven fabric materials useful in the present invention, including methods of
making these materials, are described in U.S. Pat. No. 5,520,916, issued May
28, 1996, which is hereby incorporated by reference in its entirety herein. '

Although much is known about the osteogenic potential of TGF-B
proteins, recent reports show that local administration of certain
ostecinductive agents, such as BMP-2, stimulates transient osteoclastic
activity at the site of administration. This reaction, which proceedé new bone.
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pol ygl ycans, pol ymannan, agar, agarose, natural guns, and
gl ycosam nogl ycans. Synthetic polyners include, for exanple, polyiqqhquﬁ
acid, polyglycolic acid, polydi oxanes, polyphosphazenes, polysulione

resins, p@loshgdhane resins, and copolyners and derivatiyes,dBereef -
Exenpl ary non- woven fabric materials useful in the present 1 nvention,

I ncl udi ng nmet hods of making these materials, are described in U S. Pat. No.
5,520,916, issued May 28, 1996, which is hereby incorporated by reference
inits entirety herein. Although nuch is known about the osteogenic
potential oformation Ndugedyithe BMR hasbeenteimed drangiankERSOMRoN- adni ni strati on
of certain pﬁbﬂ | rctive agents, such as BMP-2, stinulates transient
osteoclastic activity at the site of admnistration. This reaction, which

proceeds new bo%ﬁ)&fﬁﬁi@%ﬁlh’%ifﬁ%ﬁbo egaf@.%ﬁ%?gy %H%Q@%ﬂtép%lefiﬂr mat i on

I nduced by the een termed "trarnsient resorpti enonenon. "
Agent s knowdelaping anireducing the iniisbbqute resonplipn pisagciatediwihdocaldMPol e in

del aying or_re ' the, ini.ti.al. bgne resorption soctk at ed. wi t.h | ocal BMP
i it ot r a PO, Pinb il iiBting O el ERRLE R RERENH b

C i ni cal |y, bisphegphonatoihelspyt e gan divwvrbleadiamadeallytreddéeimaicesaf | y reduce

I ndi ces of _ bone turnover, increase bone m neral, density, and, in osteopenic

worren,  r ede Rirpovgidingraase bopg drineral Aeasity, aad, inoslgopepicarapan. H. |
Bi hosphon I T S ¢ Ol ient, 3rd
i sphosphongiqee I alﬁ’@@ﬁlr?g@'ffa%gg%n,sfﬁéa&, EigRehako stpggsgh&ﬁ e

Ed., Parthenon Publish h3's 1 ncorporat eference inits
entirety heBene PiseashuErom ThehaberaberyiTeethe Patierdndrd EdoPpthenori nhi bi t or such

as a bisph ' - 1.0 ] e | agent to
revent or PRPITING G oRy PR iR abREttbh telelenRe AT bE BN R
I nt r aosseouFhuks lin vae enodirBbft, a Toae cesaptiominbibitel soch 8 abi sphosphonat e
bl ocks this undesirable resorption, ph , While still allown he bone
augment at | CHSBRPRIONAS BECRIMBIUEPE MG CSRCELYE PaSHRSITENt O
bi s phos phongifimizar e dagsl BorRessrpash absbdidted 9amtihRhtdsedls Balivdry act when
taken orally. To_overcone this poor i

gMP. The co-administration of bisphosphonate blocks this undesirable

resorption phase, while still allowing the bone augmentation effect to occur.

Despite théir therapeutic benefit, bisphosphonates are poorly absorbed
in the gastrointestinal tract when taken orally. To overcome this poor
bioavailability issue, intravehous administration has been used; however, this
modality is seen as costly and inconvenient due fo the duration and frequency
of dosing. The present invention overcomes this deficiency by incorporating
the bisphosphonate within a carrier, and delivering it locally directly to the site

of desired action.

In one embodiment of the invention, the bone resorption inhibitor is
incorporated into the injectable ostecinductive composition as a second active
ingredient. The bone resorption inhibitor may be mixed with the osteogenic
protein, hyaluronic acid carrier, and/or optional excipient(s) prior to the
molding and drying steps. The final mixture is then molded, for example by

- extrusion into a nonsolvent or air,
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bi oavail ability issue, intravenous adm nistration has been used; however,
this nodality is seen as costly and i nconveni ent due to the dur%'éi on E d
frequency of dosing. The present invention overcones this defici H:Q/V @0

i ncor por at me{og@gz bi sphosphonate within a carrier, and gﬁ%@ﬁ%ﬁ@ﬂﬁ%i t

locally directly to the site of desired action. In one of the

I nvention, the bone resorption inhibitor is incorporated into the

i nj ectabl e osteoi nductive conposition as a second active ingredient. The
bone resorption inhibitor may be mxed with the osteogenic protein,

hyal uroni ¢ aci d lnanothsr enbodineent @ theoinabntion; e borid soptiofinhibitérlie  nol di ng

and drying steps, The fingl mxture is the | ded, for exanpl e

xt 1 us) on” I SO BSIEAESOVBAAIG P BPRCUTERY WANER o5GoEenbEopuReRgB Y
PCT/ US03/ 146Q3rddhc it s hbOdmERT thebsteb§erhib ¥BMpbSifion kg kone resor ption
inhibitor is admnistered sequentially or concurrently w'th the osteogenic

conposi t i oradministered docedyidea wpeeific area ismesdiohbene gravehsxrepajeniith conposi ti on
may be adm pj | £ 1 ' e grow h or
repair, w t%h%gﬁ{g?'%@ﬁéh{c%rn%u urggﬁ@ea?{ﬁ '@gg%{éﬁ?gﬁe%gﬁngrﬁ% rE@éhl on of the bone
resor pti on inhibiohinteosepanate detiperny aiehictie| Thwes, the/edmectezorpliondnhibiter bone

resorption inhibitor, may be jnjected | npl.anted directly at the site to
be treat ed,mﬂﬁ:beé’?dﬁﬁ&?%fr "B?'a”{eﬁi ‘ﬁ'a*?ﬁbbﬁ?{%‘?% rtaibggfeq?‘?é)ﬁarn‘f’é{'i‘@ﬁ' B a

sust ai ned- rigle@B6i¢ of SlirgicA! implaRalicd inl £EustaMBANEIeasY cavier. "ReeBaienl | Y
acceptable carrier, a wde variety of which are well known and readily

avai | abl e imay ke agyiphagsacewically adaeptabie carrigy, a widervergtyosf vhigharenmaceut i cal
Sci ences ( 3UL N L chpad by incorporated by
reference :\@lglrlt“gd{@?l? &r?é?ay g?@%é%ﬁbg%@rgg%}é'ghy ér{g%,:'E’;_ iV\Z'f is a

sust ai ned- rRé¢mngtorése Phagmacentiszl Sniafces{Magk Pub. Gpalcurrent editon)dwhiebt er s or

hyal ur onan-.base rials,described.above,. Presentl referred carriers
are forned |§ﬁ1{e{)e%§;gﬁ%§-p%a&%q g’ége(‘%}ee&??i"?) eﬁ‘l“& %P@‘héf@?ﬁb?yﬁgleused her ei n,
the term "iddiidy it iaustdindibrededseseridr, Avst pefeablyttne hpalavstid beig of bone. | oss,
especially the inhi bi tion of. renoval OJ existin bolge

esters or hyaluronan-based matenrials described above. Presently preferred

carriers are formed into solid rods, as described elsewhere herein.

As used herein, the term “inhibition of bone resorption” refers to
prevention of bone loss, especially the inhibition of removal of existing bone
through direct or indirect alteration of osteoclast formation or activity. Thus,
the term “bone resorption inhibitor” as used herein refers to agents that
prevent or inhibit bone loss by the direct or indirect alteration of osteociast
formation or activity.

As used herein, the term “bisphosphonate” refers to the related
bisphosphonic acids and salts, and various crystalline and amorphous forms
of bisphosphonate. In a particular embodiment, the bisphosphonate is
selected from the group consisting of alendronate, cimadronate, clodronate,
EB-1053, etidronates, ibandronate, neridronate, olpadronate, pamidronate,
risedronate, tiludronate, YH 529, zolendronate, and pharmaceutically

acceptable salts, esters, acids, and mixtures thereof.
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through direct or indirect alteration of osteoclast formation or activity.
Thus, the term "bone resorption inhibitor" as used herein refersq{e)aggmt s
that prevent or inhibit bone |loss by the direct or indirect alteration of

ost eocl ast OgFgL) on or activity. As used herein, the te "bi.sphosphonat e
refers to t“#;e@e alfed bi sphosphoni ¢ acids and salts, andf*&g}l?ﬂgﬁgﬁm

crystalline and anorphous forns of bisphosphonate. In a particul ar

enbodi ment, the bisphosphonate is selected fromthe group consisting of
al endronate, cinmadronate, clodronate, EB-1053, etidronates, ibandronate,
neridronate, ol pHtE ameunrt of hanedesorptien inhititse dsefoliereintis thetrapmaing, YH 529,

zol endr onat nd, phar maceutically, .acceptable salts, esters, . acids, and

m xt ur es tf&fe@ﬁi"‘? tcggre.l/eqt '§g(!ﬂf'y 'W@ggﬁﬁ)%géﬂp f m}aﬁiwﬁﬁﬁﬁe anount of
bone resor nbiAhdnRisiEticH otSPUby BRS 8irdtt bp inditatt AEPatiHn oftfstédddsye to prevent
or inhibit the initial bone loss, typically associated with the | ocal

adni ni st r atfoanatign ensctivily. The predisscdosageinegessary will depend upondheost eocl ast
formati on qr. Iy Vil [ ] pend upon the

si ze and na{'{lér’j“re’ﬁ%)"bweé' og&%e%fgﬁeq%ﬁbgdﬁéég@e%eﬁgig%’ﬁ X\dglsa lj'E'tn@ﬁam)unt of

ost eogeni ¢ cyesderieanentdelrg/deslivdredeBenarbily, thé amoanbofiphozphotatepdionat e to
be delivered is.in a. range of om abho 1l1to t 3000 .ng, ticularly
about 10 ﬁ_?f’Q@U@fe(ﬁﬁdﬁa%ﬁ?gﬁﬂg{r?qnl%@f-’?gtl? @_@P@l%bd?_gqﬁﬁf‘%a@ggﬁ?u%oo ngy per
cubic cent{gRf &ouRf 0B NEY, i2Ad-iluEtatidaP absat 16Utodbott 560 Righ&r albiey | ocal

(i ntraosseous), but can be other parenteral sites such as intranuscul ar or

subcut aneowentiBieterssfonataiial. e appligationsite: is Sreferabbulocalbdragssegus)pi ent s t hat
may be usef LA H§h i %%% ' | | de, wi thout
limtati on,wtr?hgr rraceﬁ’tc‘lgéc]:gﬁ yélgggggtgé%%gﬁga ts, U%éio%glgﬁcﬁgﬁbldd%ﬁwpept i des,
protei ns, aystamigdeligerysynt hetic pol'ymers, natural polyners, and/or
surfactants. Such excipients are well known in the formulation art to

stabi |l i ze and/ orAddititriehadditivas eraaxcipignts thataway heusefgtisdhent (s). Usef ul

pol ymers i nc%ﬁryo%itiofngrofwg%ggnt invention include, without limitation,
pharmaceutically acceptable salts, polysaccharides, peptides, proteins, amino
acids, synthetic polymers, natural polymers, and/or surfactants. Such
excipients are well known in the formulation art to stabilize and/or modulfate
release of the active ingredient(s). Useful polymers include, for example, -
those described in U.S. Patent No. 5,171,579, the entire disclosure of which is
incorporated herein by reference. Synthetic polymers or surfactants include,
without limitation, the pluronics, such as Poloxamer 407 gel, which are a class
of water soluble ABA type block surfactant copolymers which exhibit the
unique property of reverse thermal gelation. Other useful synthetic polymers
include polylactides and polyethylene glycols including o
poly(lactide)/poly(ethylene glycol), polyvinyipyrrolidone (PVP), poly{ethylene
glycol), polyoxyethylene oxide, carboxyvinyl polymer and poly(vinyl alcohol}.
Natural polymers include, without limitation, sodium alginate, chitosan,
collagen, gelatin, hyaluronan, and cellulosic materials, such as .
hydroxycelluloses. Other useful excipients include peptides, proteins, and

amino acids.
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t hose described in U S. Patent No. 5,171,579, the entire disclosure of which
Is incorporated herein by reference. Synthetic polynmers or surfactali$ 2006
include, wthout limtation, the pluronics, such as Pol oxamer 407 gel,

whi ch are of water soluble ABA type bl ock surfac ymers

whi ch exhigvidt:dz't 9;992 uni que property of reverse thermnal gel% |osno.gH&g%1er usef ul
synthetic polyners include polylactides and pol yet hyl ene gl ycol s including
pol y(l acti de)/ pol y(et hyl ene glycol), polyvinylpyrrolidone (PVP),
poly(ethyl ene glycol), polyoxyethyl ene oxide, carboxyvinyl polyner and

pol y(vi nyl al cohbi gne embodiment pbthengnesentrictantion, thictexoipieritiisypresentin, sodi um
al ginate, chitgs || agen elati. hyal.ur ona d cellul gsic

mat eri al s, 88@ eﬁ@*mh%}cﬁl@ﬁbﬁl‘\ r8|x8§1&1{?1’ ‘eﬁ%‘gl‘\f%gg‘?ﬁiﬂﬁﬁeisaﬁ@l\zg i ncl ude

pepti des, pl-gbﬁl‘lﬂ@ inaitganis Bbvent endexirb@ed info BPEN3PGRONsYCeRG IORMIO2

PCTI US03/ 14609 1 n,one enbodi nent of the_present invention, the excipient

i s-present FofS Wﬁ(}bﬁ’reftﬂ?ﬁﬁ{ inged and ﬂ@e@-hgﬁe finglc@mpasitionfaay eentain effent ( s)

i nto sol ubi | binstibh- hig | imt o et hanol
(nonsol vent %’* tggﬂgnor m Brr-lggsé,&& %n&%gggratbgyeﬁeéqcﬁg;uggr g@ sg%ﬁeﬁg)e%delaé i nal
conposi t i onamiyo agdiean ghtine and/ar glutaminacidyn Compositiops efithe presefter abl y a

salt, sugar. r A | ) qmagid . .Yci,ne d/ or

gl ut am Cgacfrﬁ%pﬂ%nn%ggqoﬁfpgﬁga%?}uf MD %E@@e ki (?’VA‘&E%'%P"&n&héyFb@HﬁgBPse about |
tg abO:Jt GOagmlm\lﬂOg% (&}m’vhofaasughr, ﬁbo_aboaufmatamﬁlo %Qw%)ﬁs«;/mﬁe;%fda sugar% aﬂd
about t o about % W t heti ol yner. anot her enbadi ment of the
i nvention, PRYMES ?'é‘?(t 6"@’85?4@!‘1%9?*“938@"@6;%@r}%fﬂwwn EPPRBSERi d, andl or
about 5-50 %6W2®L5t§%ﬂww1)%ﬁﬂﬁ@bcidébﬁ%r 8601 ®-56 b4(whv) SYgEF 8hifor POl ymer . The
i nj ectabl e conpositions of the present invention nay be “admnistered in any
clinically abedRpd & twm)eynipetic apyoeron. A nunber of comercially

avai | abl e syringes may be suitable for use in the present invention, and
for admi ni strati bhe Bieaiakle comnositions & ther presentinvardipn maw ket i on.:  For

exanpl e,  subhaflifterd ih 20§ ANPGRS nidhfel ol ARREGAT A rumbddt (IS Dental
commercially available syringes may be suitable for use in the present
invention, and for administration of the compositions of the present invention.
For example, suilable syringes are available the Calasept® syringe [US Dental
Manufacturing, Ridgefield CT] comprises sterile calcium hydroxide paste in
isotonic saline solution, in a non-aspirating or modified aspirating cartridge
syringe; Henke-Ject® aspirating syringe and Hypo® dental syringes/needles
[Smith & Nephew MPL, Franklin Park, IL]; intraosseous needles from MPL,
inc., Chicago IL; and Luer-Lok® Syringes [Becton Dickinson, Franklin Lakes,
NJ], may all be appropriate syringes for use in the present invention. Any-
syringe capable of holding and delivering an injectable rod and/or enabling
extrusion with an obdurator is appropriate for use.

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
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Manuf acturing, Ridgefield CT] conprises sterile calcium hydroxide paste in
I sotonic saline solution, in a non-aspirating or nodified aspira}&gﬁ m_
cartridge syringe; Henke-Ject(r) aspirating syringe and FNpo(rB g
syringes/ negslbm®eosh Smi t h & Nephew MPL, Franklin Park, IL]pctibiaQuse0Us
needles from ML, Inc., Chicago IL; and Luer-Lok(r) Syringes [Becton

D ckinson, Franklin Lakes, NJ], nmay all be appropriate syringes for use in
the present invention. Any syringe capabl e of holding and delivering an

i njectable rod and/or enabling extrusion with an obdurator is appropriate
for use. |nwiheuldheyae @éfuoiescemeion wualtaecmacam@tsdilwrosmpmgpeg
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sel ected anwitbrplanerriamtaftfmhypﬁdenuicmmdlm pl acenent of the hypoderm c needl e
maybe acconplished using manual pal pati on of known anatom c | andmarks, wth
or 20 1 7 NOV 20lSan/iusigityesgsiodhdent SQRIdeene (cmmbnMref$EMGsca‘

fl i R '. b d

conj unct | on RS Bt ERFrEa BRERaRssRIP afS ABMAENRAtoRlR ERIE v th

pl acement oéembasfwmdeﬁmmﬁem@pdﬂ@rm;éﬂe@cnelfrhésrus;baaenﬁﬂc%‘@eﬁu@ﬁnt a guide
wire (commonly referred to as_ a "k-wire") first inserted percutaneously

into the deifispded averthaiquidewise; which i S%ﬁ@#@'&b’ rgmaieddeaving onl¥ e poder mi ¢
needl e. Theplyppde ecghfed?&ﬁ%:scpm%%aﬁd{] b dofifbdiitiofids e whi ch 1S

subsequently renov eavi n rm C e rnp ace. The solid
rod- shaped imeaftedinto tre hgb ehénf thaimoﬁednlcmIEedlehd:diloWIngwhbadhgtdﬁmmypoder m c

needl e. FoIIo co a sec ievvir i's

i nserted i nt% ﬁ tlé{b%d%é&"m'j&(ﬂe Wgeﬂgﬁgg'ﬁéd mﬁcm;\gnrbeéecﬁ Ii'ﬁ;d’s‘@grjfgosi tionto
the tip of abearmvedné solid bempesitibetd thettipesf the ﬁﬁ@&led'nr@meem isthergui de wire to
anchor the con3>05| tian In the bone at, the desjred |l ocatjon. Finally,

t hi,
the gui de w&goved leaving @Q@M@”’ toranchgr thg commasBionwiliinthe bengdt | n
anot her enbgdl de&ped iddwoﬁolﬁurchlfyoﬂhesdmmwe OB 104ViRg tdSolignvention is

prepl aced within the needle barrel .
composition in place. In another embodlment the solid rod-shaped

composition of the invention is preplaced within the needie barrel. - After
pltacement into the desired anatomic site, the plunger of the syringe is
advanced into the needie barrel as the device is withdrawn, leaving the solid
rod-shaped composition at the desired location.

In one embodiment of the present invention, bone morphogenetic
proteins are used as an osteoinductive agent to treat osteoporosis. Patients '
who might benefit from such treatment may be identified using any one or
more of a variety of standard procedures, including measurement of bone
mass/densily using dual-energy X-ray absorptiometry {DEXA), quantitative
computed tomography (QCT), single-photon absorptiometry, ultrasound
transmission velocity (UTV}, and/or radiographic assessment. Such
procedures provide the clinician with information on the location and severity
of osteoporatic or osteopenic bone lesions. In addition to locating the
lesion(s) to be treated, the clinician can use this information to select the -
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pl acement into the desired anatom c site, the plunger of the syringe is
advanced into the needle barrel as the device is w thdrawn, |eavifnki 1965
solid rod-shaped conmposition at the desired |ocation. In one enbodi nent of

the presen{yd @Xepbi ON, bone norphogenetic proteins are &C}U
ost eoi nductive agent to treat osteoporosis. Patients V\/nglsm g%?”%ggnefit from

such treatnent may be identified using any one or nore of a variety of
standard procedures, including nmeasurenent of bone mass/density using

dual -energy X-ray absorptionetry (DEXA), quantitative conputed tonography
(QCT), si nghppmpdatanna@sofadmbﬂmtatiyn andl doas ofiostecindantive sgandfortké oci ty
(UTV), and/or, ?dl ogr aphi ¢ assessnent. Such procedures provide the
clinician V\A'y‘[‘tﬁa Mnformati on on the | ocation and severity of osteoporotic or
ost eopeni ¢ bone | esi ddi to 1o atl t he s) .to be
Created tho ol i maiarembudbentodhe hesehtfveten, toae iarphgsietc’ 7 nov
2006 WO 03{):%9&&9&6’@&(1593;‘1bé%%cﬁ;@ﬂi@&?érﬁ‘ir@tﬁ@&@c@és RibWagt rati on and

dose of osteoi nductive agent for the ient. I'n another enbodi ment of the
present i nvéEragien %@@Qﬂﬁsﬁhoﬁé‘?@tﬂc@% israo dfermatiedo seamental hgne

0t ol nduct joken@RBh i FedpBisBIO RSN RIUCHIS bS] HaghgRgenoST s, Thi S

process is a alternative to regenération In response to
i npl ant ed osegfmmebbmamepagetmemstemnducﬂm Bgemteand ctjeraregladedie thepai r, - t he

ost eoi nduct iV, er, ar | ace the . def ct created between
t he parent B%fﬁsﬁgﬁaf&daﬁ‘?gwg%%ﬂke ?%@H@f&@ngqu% CF](%LRDHE fPyna l%‘ttg(ﬂ fiflucti ve agent
has to havetheudstésihduitive egjeflERgstd have suffididrt r@kﬁtﬂaﬁﬁe firfe irptheradiadtao
dlfferentlatloqaof ﬁuffICI ent Lg{ﬁ)ers of bone for g cells to support new

bone f or mat $BRY pieptiglion of sufticent sembers athengy mgscailﬁé%@&p
regenerate ﬁéw%he%mbéifovxe%etmecég[sscsfrowa%dorpaé@ageh@a cRiMiss 4hat is highly

vascul ar and contains a |arge popul ati on of nesen stem cel | s desti ned
to becorme bwgenewteragstist betwess the distiacted naﬂentrtzcymdﬂtéat@rﬁmhmct

represents g R sHB'Bntdifdh 168Y poBRBEEN of Mbs&ffdHynts blewh 8Bfid @ldtRBa9T oW

to become bone forming cells. As a result, the regenerate construct
represents a much more ideal environment for cell differentiation growth
factors such rhBMP-2 to stimulate rapid bone induction refative to induction of

bone within a segmental defect.

The process of distraction osteogenesis begins with an initial latency
period allowing a fibrous conneclion to form between the bone ends to be -
distracted. Following this latency period, the bone ends are slowly distracted
at a controlled rate of up to 1 mm per day in human clinical cases. Once the
regenerate forms and the bone ends are distracted to the appropriate iength,
a prolonged consolidation period is required 1o allow the regenerate to form
bone. This profonged consolidation period which can be on the order 4 to 6
months is associated with considerable morbidity. A frequent complication is
the occurrence of pin track infections resulting from the extended length of
time the external fixator used to generate the distraction must remain in place.

- In addition, there are considerable psychological effects and life style
alterations associated with wearing the external fixator for prolonged periods
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factors such rhBMP-2 to stimnmulate rapid bone induction relative to induction
of bone within a segnental defect. The process of distraction osteogenesis
begins with an initial latency period allowi ng a fibrous connec‘t' [ﬂ,hﬁﬁform
bet ween t hgdaBmeweends to be distracted. Following this I]aéﬁmﬂgzgg oth”¥ t he
bone ends are slowy distracted at a controlled rate of up to 1 mm per day

I n human clinical cases. Once the regenerate forns and the bone ends are
distracted to the appropriate length, a prolonged consolidation period is
required to allow the regenerate to form_ bone. This prol onged consolidation

period whi cof i feadditiente ennaplicationsoassocialad with ihe exteral fxater, Whars

consi der abl ! ' i i e of pin
track infec ?(%&ngtﬁeaﬁgewsﬁgﬁ]&t@ﬁ%&géﬁyg%@% dﬁgﬁgtghféé&ep@ﬁ%@%ﬁd]egext er nal
fixator usedtlayedyemenar achhmiah stouss:t Since thestegeaerte contajiseace. | n addi ti on,

th i d bl hol i | ff d|if tyl | t ti
eoei ot caTePRara e aBRuendh S & Aresty BobY Htulrerafilbuinaiends 22" 7
NOV 2006  M&hiaRdisRactn pifabeUeisk si®dne imdrpABgeddlicatbidinOmay Pai@yp! i cati ons

associated with the external fixat or, there are a nunber of patients where
t he regenerapcelesatedtha sateradhangfemmatiop dyrag she aermaglypralengador  non- uni on
occurs. Si : AU : : Al RRReN | ulation and is
al ready hig %ﬁbggastg?ﬁll ar | %@%{%@Pﬁ@m{ ﬁ%eta%ée [ mﬂ:éﬁer&ﬁé# Pg@]'lt%i on phase, the
use of bondistragiicogihaseiic limpited by sketchingrod thelboft tissLes assaciatadhwitlr at e of bone

formation durin h ornal | rol.qn nsolidati on phase of distraction
ost eogenes ﬂggneAglg‘Lq g?lgtqr%%teg%ﬁsﬁge&sci#§5 p g%%ogﬁnﬁﬂgggax glg? i%ﬁi ted by .

st ret chi ng redrvédied frobtder its privddecs sac@ bt cells thht afegprimed g cel | s created

usi ng distraction osteﬁ%enesi S rrag al @O 83 harvested in é)cheiL_to provi de a
source of QStANESIS- AlNess GeliE gan be cullived g prrrare Immartaized eelklineg, pe

cul tured t qf QeQRAY, thé BRI VahZlb BSinhmbhdiBRrized hsﬁ/i.gsage@ﬁb sidhese cells can

al so be i munotol erized usi ng agents such as CITL receptors [U.S. Patent

5,434, 131] GrLATeceptorgdHds RatemB 4isho621] o A TLAdnliganesias 87 menodpnrig15] .
Met hods and, R8s 30 08f40848]' Methods and materials for such

immunotolerization are disclosed in the above references, and include co-
transfection or treatment with these factors. The disclosure of these
references is hereby incorporated herein by reference.

In addition to treating osteoporosis and closed fractures, the rod-
shaped compositions of the present invention may also find application to
other bone sites such as bone cysts and defects. Injectable solid
compositions may also be administered to non-bone sites, for example into
tendons, damaged cartilage tissue, ligaments, and/or their attachment sites to

bones.

Although the foregoing discussion relates to the administration of a
single osteoinductive composition, the present invention expressly
contemplates the co-administration of multiple active ingredients in separate
formulations, for example the bisphosphonate compaositions described above.
Multiple active ingredients may be delivered concurrently or sequentially in
separate delivery vehicles, and individually or in combination.
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I mmunot ol eri zati on are disclosed in the above references, and include co-
transfection or treatnent with these factors. The discl osure of trbfq
references is hereby incorporated herein by reference. In additio 80V 2006
treating og®epiPsi s and closed fractures, the rod- shapggrgeiRQabti ons of
t he present 1nvention may also find appllcatlon to other bone sites such as
bone cysts and defects. Injectable solid conpositions nay al so be

adm ni stered to non-bone sites, for exanple into tendons, damaged cartil age
tissue, liganents, and/or their attachment sites to bones. Although the

f or egoi ng di scus$he sosage regimen wilhee daﬁermlr@drtmth@rchmfsaland:sam being

ost eoi nduct o) t npl at es
he. co- adm RLSTEFSTRGR WP APy PEiASSag L vaes, fia HAb Bo péfaht

f or nul at i onslini¢alpresentatian ety ehtaﬂbﬂmﬁlhprmiteebfdnjnnpetd) ons described above.
Mul tiple active ingredients may be delivered concurrently or sequentially in

separat e del i ver yhe ebimplositionsiafthe stibjectlinaéhtjoroaliownthecapautiesliyosffeclide 1 7 NOV
2006 WO 03/.0999 [ US03/.1460 dosage reginen. will be determ ned by
Che cl 1 i caPMONBIR TAPRGIY PIRIEINS Se ol H6resdr ST SteRiies pati ont

vari abl es (eaﬂuag\y&ammu b&@Eformstion B%snré&l'TFhé%rnﬂﬂﬁﬁﬁ@trﬂé)LB@uﬁ;édﬁs extent of
injury, site of i etc.). The conpositions of the subject invention

al | ow t her aséubﬁ%ta q §¢r attalegaus bongasaft insfregh ard e@nwamfracéurpmmnai to be
delivered t f [ :WF%J ﬁ’&ed nis

desi red. TthS?dch gtb?()g%gef% e u'g-é th& %ﬁ% btéggﬂglrrﬁ%{l} %@ous bone
graft in fresonatdctions; msbeomyeimsdmrdmnespgaaératlbm.sama thalddntabﬁdddef ect
repalr in the ortho s .Ln,crani,ol nmaxi ci,al__reconstructions;

i n osteonyelTAEH ﬁﬁﬁy&n@f 5%5@%8?599%“33’8”@ tﬁgd‘%gﬂ?zﬁ dr‘P‘aﬁ?' f or

augment at i ogxieactionesoeketeo Vikiers udﬂﬁtoatréhtmteon@wﬁt@br foe benbsepdidwithot h
extraction sockets. \Wen used to treat osteorrye%efijj s or, for bonpe repalr Wi th

m ni mal i nf BURIMEh INfegliong theRsieraanicprotein MayRe DLPMRINaRRWIAL i on wi th
anti bi ot CSanﬂ&]@tnc%“tTrm ShtitfoticSs S6letfeladr &Qébm{y&oaﬁb}éafs& ibfRcHGTWARS ©

I nfection whil
havmg minimal adverse effects on bone formation. Preferred antibiotics for
use in the compositions of the present invention include vancomycin and
gentamycin. The antibiotic may be in any pharmaceutically acceptable form,
such as vancomycin HCI or gentamycin sulfate, The antibiotic is preferably
present in a concentration of from about 0.1 mg/mL to about 10.0 mg/mL.
The traditional preparation of formulations in pharmaceutically acceptable
form (i.e. pyrogen free, appropriate pH and isotonicity, sterility, etc.) is well
within the skill in the art and is applicable to the formulations. of the invention,

The solid rod-shaped compositions of the present invention may also
be utilized in combination with other drugs, growth factors, peptides, proteins,
cytokines, oligonucleotides, antisense oligonucleotides, DNA and polymers.
These compounds may be added by mixing them with the hyaluronic acid
carrier or by covalent attachment to the carriers. The hyaluronic acid -
compoasitions may also be used with DNA encoding for BMPs and cells
transduced or transfected with genes encoding BMP proteins.
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havi ng m ni mal adverse effects on bone formation. Preferred antibiotics for
use in the conpositions of the present invention include vancomﬁ? *']@aﬂﬁ
gentanycin. The antibiotic nay be in any pharnaceutically accept'db Erm

such as vaggPdmsddd, HCl or gentanycin sul fate. The anti bi OHE'FIE%@’ pigferably
present in a concentration of fromabout 0.1 ng/nL to abou d ng/ nL. The

traditional preparation of fornulations in pharnmaceutically acceptable form
(i.e. pyrogen free, appropriate pH and isotonicity, sterility, etc.) is well
within the skill_j e.art and is aﬁgét%qctable to the fornul ati ons of the

t . |
i nvention. The 51311360' MRS €2 8rp YROT 1€ PreseRt IBYRRtion aNFe3(€i on may

al so be ut hbi [EGtng I SAYTRIaAAEE. Mot RicPENPArizAioHS Bind MhiAYE EnidtceRiehts PEpPt i des,
proteins, cytokines gonucl eoti des, antisense ol i gonucl eotides, DNA and

ol i
pol ymers. aieceastemplstethard arg witkinibelpreseyt venting. t hem wi t h t he hyal ur oni c
acid carrier or by covalent attachnent to the carriers. The hyaluronic acid

conpositions nay al so bg i i | ires s and cells
transduced or transfect x4l ﬂa’l“gt:br LA A Rga@i ns. 24 1 7 NOV 2006
WO 03/ 099992 PCTI US03/ 14809 The fol | ow n? exanples are illustrative of the
present inventi ofegRbla80% gsterified Hyaif17 rodiplarad creppoitians: (1 camiiBns

vari ations gachdidi) Ptfﬂb? W thin the
present i nv@%ﬁ onll.7 Ig{g{?p e ?ﬁgﬁgr‘%ﬁﬁ'ﬁ’gﬁdgﬁmﬁ%@ﬁﬁﬁﬁ o@‘ﬁ% ectabl e 100%
esterified mpaiiogenetiograteinpbthBMisdkretantion and bamei farmatiomeffieacy. wer e

d - ' ti tein-2
O B 2) 1 ThE -k S hob A6 A el . POD RyaIRIEAISERGT L Protel
corrpgsi ti onmamriab?}smdidwmf d?}dsb(sr(geéIYalblar‘l()rmammBaéas aaﬁwihgideth,car rier,
two dose ee Table 1) of rhBNP- actjve ingredient., .and varyin
o s or {5 VER I bR s P aientsios Proruliion B dinese Koty 1 of Ynf'S used
in this exae%igiefwﬁééd iRdhigfexdmpldeuriiited 6f 8% sYwdrRiribifrs ofidithepi ¢ aci d or
u.

buffer salts. fer salts contained 0.5% sucrose, 2.5% glycine, 5 mM

L- gl ut ani ¢ @lgtamicscidpnpufier salie Butier saltp spptainaskl. “esucrose 2.5%
glycine, 5 mM L-glutamic acid, 5 mM NaCl, and 0.01% polysorbate 80. The
Hyaff-11® based compositions were formed into rod shapes using a phase
inversion process. Briefly, rhBMP-2 and excipients (glutamate and buffer
salts) were mixed into pre-solubilized Hyaff-11® particulates (10% wi/v) in
organic solvent N-methylpyrrolidone (NMP), extruded into excess ethanol
{nonsolvent) using a syringe and a catheter (e.g., 16-gauge), phase inverted
for 1 hour, rinsed, and dried. The drying step consisted of 24 hour air-drying
followed by a 24 hour lyophilization step. Extrusion was performed using a -
metered syringe pump, preferably at 0.2 mL/min injection rate. The following
Hyaff-11®-based compositions were prepared: Hyaff-11®, 20% (w/w) rhBMP-
2, and 40% (w/w) glutamate (i.e., 40/40/20 (w/w) Hyaff-11®/glutamate/rhBMP-
2); Hyaff-11®, 60% (w/w) rhBMP-2/buffer salts (i.e., 40/60 (w/w) Hyaff-
11®/rhBMP-2); and Hyaff-11®; 20% (w/w) rhBMP-2, and 20% (w/w) buffer
salts (i.e., 60/20/20 (w/w) Hyaff-11®/buffer saltsirhBMP-2). High rhBMP-2
doses were obtained by desalting the protein formulation prior to combination
with the Hyaff-11. Dried rods were typically cut into 1 or 2.cm segments for
further evaluation. The theoretical doses of the rods are listed in Table 1.
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Hyaf f-11(r) based conpositions were formed into rod shapes using a phase

i nversion process. Briefly, rhBMP-2 and exci pients (glutamate an q%ﬂ

salts) were mxed into pre-solubilized Hyaff-11(r) particul ates. (7 A)W

in organi gy¢eisee N-nethyl pyrrolidone (NWP), extruded i pE@qySes ?éo% et hanol
(nonsol vent) using a syringe and a catheter (e.g., 16- gauge§J ase i nverted
for 1 hour, rinsed, and dried. The drying step consisted of 24 hour
air-drying foll oved by a 24 hour |yophilization step. Extrusion was
performed using a netered syringe punp, preferably at 0.2 nL/mn injection
rate. The f diHeopiefegredHpadé ol adminisicatied isantfamivgediypodemsaic peegier ed: ‘

G e e B T e 0

rhBMP- 2/ buffer salts (i.e., 40/60 (ww Hyaff- 11(r)/rhB™MP-2); and
Hyaff-11(r); 20% (ww rhBWMP-2, and 20% (ww) buffer salts (i.e., 60/20/20
(ww) Hyaff-11(r)/buffer salts/rhBwmP-2)., ,H gh rhBMP-2 doses were obtained
by desalting the protein formnulation pr o conbination wth the-
Hyaff-11. Dried rods were typically cut into 1 or 2 cmsegnents for further
eval uation. The theoretical doses of the rods are listed in Table 1. 25 1 7
NOV 2006 WehBRIFO2 #88s REThjeCiablelMpaiip Rod fureiukitiond node of adm nistration
is a 16-gauge hypoderm c needl e equipped with an obdurator to inject the
solid rods into the intraosseous site. Table 1. rhBMP-2 Doses for

I njectable Hyaff(r) Rod Fornul ations Theoretical Dose Fornulation (q
BMP-2/ mg rod) (ng BMP-2/cm rod) 40/-@%/%% ég&ég )

Hyaf f-11(r)/ d utamat e/ r hBMP-2 200 1 't ﬁM Hyaf f-11(r)/rhBMP-2 71
0.5 60/ 20/ ForfedatipnHyaf f-11(r)/ buf f ity BPtZMGTBYP- ZnRBMP-ZcmB620 (W w)
Hyaf f- 11 p65(r)/rhBMP-2 200 1.2 60/40 (ww) Hyaff-1 1 p65(r)/rhBMP-2 400 2.4

Exanpl e 2: RAdv4dPaiwiw) Rfaff-d/ @/ Gidtapaid/riBNeds 200 1.5
40/60 (wiw) Hyaft-11®/rhBMP-2 71 0.5
60/20/20 (w/w) Hyaff-11®/buffer salts/rhBMP-2 200 1.3
80/20 (w/w) Hyaff-11p65®/rhBMP-2 200 12
60/40 (w/w) Hyaff-11p65®&/rhBMP-2 400 24

Example 2: Formulation of Hyaff-11p65® Rods

Injectable 65% esterified Hyaff-11p65 rod-shaped compositions (1 mm
in diameter) were prepared and evaluated for rhBMP-2 retention and bone |
formation efficacy. The rod-shaped compositions comprised Hyaff-11p65@®
hyaluronan-based material as carrier and two doses (see Table 1) of rhBMP-2
as active ingredient. Hyaff-11p65®-based compositions comprising 20%
{wiw) rhBMP-2 (i.e., 80/20 (w/w) Hyaff-11p65®/rhBMP-2) or 40% (w/w)
rhBMP-2 (i.e., 60/40 {w/w) Hyaff-11p65@/rhBMP-2) were prepared by mixing
desalted rhBMP-2 and Hyaff-11p65® non-woven pads in dry forms, followed
by hydrating to 18.75% (w/v) of the weight of the non-woven pad, mixing to a
white paste-like consistency, transferring to a syringe, extruding through a
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I njectable 65% esterified Hyaff-1 1 p65 rod-shaped conpositions (1 mm in
di ameter) were prepared and eval uated for rhBMP-2 retention andl@ddd 2006
formation efficacy. The rod-shaped conpositions conprised Hyaff-11 p65(r)
hyal ur onanyipgaeeddmt erial as carrier and two doses (see Tadl@sohisth " hBWP-2
as active ingredient. Hyaff-1 |p65(r)-based conpositions conprising 20%
(ww) rhBMP-2 (i.e., 80/20 (wWw) Hyaff-11 p65(r)/rhBMP-2) or 40% (W w)
rhBMP-2 (i.e., 60/40 (ww Hyaff-11 p65(r)/rhBMP-2) were prepared by m Xxing

desal t ed r hB\VR- nd ff-1 65(,r) non-woven ds in dry farms, followed

by hydrat i ng%&%g@%@?ﬂ?\ﬁéo&;ﬁ&'%i H?r"'i‘}\ont‘ﬁﬁh'ﬁéﬂ&aﬂ?é’ﬁ"ﬁﬁﬁ,dm xing to a

whi t e past egkirlidin msbéétermnoughraacfmﬁaéfﬂor‘egrddqoﬁnWééﬂgftheerbur(mdbo@:t hrough a
e

26 1 7 NOV 2006 WD 03/ 099992 PCT/ US03/ 14609 cat het er ? 16- gauge), and
drying. A va&F ligyid sitragend.ripsertiag e agtaktlyJerges tianesier tubingy(@ e 1bast e t hrough

{ het ; ; ; o i |
"nser ti g i Hoube Al Bnd ARG Yo diing Bieslqoheicheor Ahnblyftdnihd (20P0) 1)
and dryi ng. followedrbyi ng4-dioep lyophiizaticadste. AHernative mathatdsyofrgd f ol | owed by a

24-h | yophi | i zat . tep., At tj hods . tion includ
ol ding 1 hePIgPAEILNRuEE AoipRg S PRt 3pE58 Ranh fin.p B EREFSi ast e or
Tef 1 on(r)/ FeRnetbr sitastio bl TeRSh@¥F ePrivibing follbhedtiedginge drhdprdferfdd

adm nistration is a 16,-?auge, hypoder m ¢ needl e equi pped wth an obdurator
to force t hEass ol admipis ramrbI&%iﬁﬁgﬁu%m%@%@wsm%dle eadipped wWith amy Vitro
Char acteri zat,} g&ﬁ)d L 4-0i d, straight,

handl eabl e, nggr%tﬁlrﬁ?é%@ggﬁ% t r%@ghmgﬁiqée!“g'géaﬁ‘%eﬂqeé Scanni ng el ectron
m crographs (SEM of Hyaff- 11i£r')§ rod conpositions were typically solid,
dense, and snooth, while Exampie 3 ImVitre CharaeterizatioRd conpositi ons were
densely packed with short, fibrillar segnents of the native non-woven

fibers. Bioacti VAl YodbhapdMbrpbditiditowereQic kEaRt ORarisdbié vy Was obt ai ned
after extracting rhBMP-2 fromthe ¢ ositions and testing its ability to

CL onp . ;
i nduce al kali¢rdabja dypRah as16-gaugr Reedlpp Branning glackosirpisragsaphsSEMY 20- 17
stromal cel LHydiRg 18N8 RotmddsftiBhs were typically solid, dense, and smooth, while

those of Hyaff-11p65® rod compositions were densely packed with short,

fibrillar segments of the native non-woven fibers. Bioactivity of rhBMP-2 in the
rod-shaped compositions was obtained after extracting rhBMP-2 frbfn the
compositions and testing its ability to induce alkaline phosphatase {a bone
marker} expression in mouse W-20-17 stromal cells. The rhBMP-2 from
Hyaff-11® and Hyaff-11p65® rod compositions were bioactive.

Example 4: In Vivo Local Biodistribution

A range of in vivo rhBMP-2 retention profiles were obtained using
Hyaff-11® and Hyaff-11p65® rod compositions. Local retention times of
rhBMP-2 in 1 cm rod-shaped compositions (prepared as described in
Example 1 and 2) were evaluated in a rabbit distal femur intraosseous model
using "I-rthBMP-2 and gamma scintigraphy (Figure 1). Formulations
comprising Hyaff-11® (not Hyaff-11p65®) provided slow, sustained release of
rhBMP-2, regardless of BMP-2 dose or excipients. Sterilization of the
glutamate excipient by ethylene oxide provided a slightly more burst release
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Hyaff-11(r) and Hyaff-1 1p65(r) rod conpositions were bioactive, Exanple 4:
In Vivo Local Biodistribution A range of in vivo rhBMP-2 retentipnpygfgsl es
were obtained using Hyaff-11(r) and Hyaff-11p65(r) rod conpositions. Local
retention g rhBMP-2 in 1 cmrod-shaped conpositio ed as
descri bed ?KHBE§%%%Ie | and 2) were evaluated in a rabbitﬂgvéggﬁﬂﬁénur

I ntraosseous nodel using 1251-rhBMP-2 and ganma scintigraphy (Figure 1).
Formul ati ons conprising Hyaff-11(r) (not Hyaff-11 p65(r)) provided sl ow,
sustai ned. release of rhBWP-2 regardlesg of BWMP-2 dose or excipients.

Sterilizati &hrigg the initigl 3iday-periodas sompated &3 semmA-steBized Jutamaie ded a
slightly norgeasd §‘5"§Q%'- ?pels@frﬂBW-Q%énqa%%/&a%aa u!i’ﬁégteg@?’/ 14609

during the initial ddy period as conpare 0 gama-steri gl ut anat e.
The 80/ 20 (welgpsebetics ophBMF+2 hBMP- 2 conpositi on provided the fastest

rel ease kinetics of rhBMP-2. Exanple 5: Efficacy and Bioconpatibility The
Hyaf f-11(r) - based corrpo%jxtahﬁng inﬁﬂi%ﬁfafnbﬂé%%é rﬁﬁﬁbiﬁf;ﬁpar ed as described
above, were evaluated fOr proconmpatrpriity ana erfre bone formation two
weeks foll ow ng subg_w aneous (ventral thorax) and  intraosseous (distal

( t
femur) adni ni st r dhediyafhl t@rbased gempgsitianmined Hyatie6b®).dHepated @S2 nm and 10

mmin | engt i : e W '

respectivel @et“%g%‘i?dggé‘gﬁ?‘ge?gﬁéé'ﬁlgtsetd?%g'%&ﬂgﬁ@/@%gh (r)%ﬂ% %L@ih@g%eous sites of
admi ni st r at iformatiopvies weeks folowingisohcutangauscventral thoraxy add shaped

conposi tions_.cont.ai nj r - syggestin ha rh -2/ Hyaf f-11(r) rods
wer e ost eoi rﬂ'&‘f&%sg@’% E‘g?‘ﬁp'%@ rﬁﬂ%mmﬂ%%aggr[\ Hpraé%btn? 5?1‘5%@%"% I nt raosseous
sites of adronipeisitioh vers 2ansdand 10 Main lenfihdBrRb@bYseRBENYSES, suggesti ng.
good bi ocorrpahi bility of the hyaluronic acjd/BMP-2 conpagsitions. .The

Hyaf f-11(r) Sl guippapys ﬁ‘imm(art‘)}/’"r '@épe%tlyﬁb’osé"ﬂq'%@m)&@ fjetelogihal 1y i njected
into rabbit fhapkhloff RBLiGNEBGs ShéLH simiBBkfon SERESIBERD@NRoRovo bone

formation in the intraosseous space was
adjacent to the rod-shaped compositions containing rhBMP-2, suggesting that

rhBMP-2/Hyafi-11® rods were osteoinductive (data not shown). Both
_ subcutaneous and intraosseous sites of administration showed minimum

inflammatory responses, suggesting good biocompatibility of the hyaluronic
acid/BMP-2 compositions. The Hyaff-11® and Hyaff-11p65® rod
compositions were additionally irijected into rabbit distal femurs and after 7
weeks, considerable de novo bone formation in the intracsseous space was
observed by histology (data not shown) and particularly in the 80/20 (w/w)
Hyaft-11p65®/rhBMP-2 and 40/40/20 (w/w) Hyaff-11®/glutamate/rhBMP-2
forrulations. Injection of 80/20 (w/w) Hyaff-11p65@&/rhBMP-2 rod formulation
into the distal radius of ovariectomized baboons resulted in a 30 % relative
increase in trabecular bone volume compared to untreated controls
histologically (data not shown).
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observed by histology (data not shown) and particularly in the 80/20 (ww
Hyaff-1 1 p65(r)/rhBMP-2 and 40/ 40/ 20 (w w) FNaff-ll/gIutanate/rmﬁgﬁv%mm
formul ations. Injection of 80/20 (ww Hyaff-1 1 p65(r)/rhBMP-2 ro
formulation into the distal radius of ovariectom zed baboons resulted in a
30 %relative increase in trabecular bone vol une conpared to untreated
controls histologically (data not shown). 28 1 7 NOV 7006 CLAIMS 1. A
conposition for Injectable delivery of osteogenic proteins conprising an
osteogeni c protein and a hyal uronic aglﬂ ester. wherein the conposition is
in the formof a cylindrical rod " > for intraosseous injection in
solid stale into a body. 2, The conposition of claim1, wherein the
osteogenic protein is selected from the group consisting of BMP-2, BWP-4,
BWP-5, BMP-6. BMP-7, BWMP-10, BMP-12, BMP-13, or MP52. 3. The conposition of
claim1l1, further conprising a bone resorption inhibitor, 4. The conposition

of claim 6, i I i nhi.bi i bl sph nate. 5.
The' cormosi t PoRCBIPRISTHEL HerERSs Be Pl 2ttt B BB REBRE AL g
from about SGspesgeit proteibhond d B0ahessieicid ater wnieesiache cesteddifdrtigin on.

6. The conposjtion of claim1l, wherein the hyaluronlc acid ester is Hyaff-11
p65, 7. The teefp®riof coryliaaisphion sutape it epseryaiNgditningslid skdeer |s
Hyaf f - 11p65 m‘]}]g%d%steogenic protein |Is BwWP-12, BWMP-13, or MP52. 8. The
conposi tion of claim’l, wherein the hyaluronic acid ester Is a cross-Ilinked

h | - - ) ! - - - - ] - f - d
oyt nr eal moe G@repafiof SRR Yndeythrp BicooliE! SlchahICadlb SR foml; 7
claim1, whertaegrobe dupngtitg of BMH-2 BNPi4AnBMPsSI BMBd, BMP-DEBMRAS, BPUR, 2 cm

d about 5 : ‘ ition for treati t lic b db
gnprgcggs CBTAP-JI% Q,-AME@BPOS' ion for treating osteoporolic bone prepared by

3. The composition of claim 1. further cémprislng a bone resorption inhibitor,
4, The compaosition of claim 6, wherein the bone resomption inhibitor 1s @
blsphosphonate.

54

The compasition of claim 1, wherein the hyaluronic acid ester corngrising
from about 50 percent to about 100 percent hyoluronic acld esterification.

. The compoasition of claim 1, wherein the hyaluronic acid ester is Hyaff-11pé5.

7. The composition of clalm 1, whersin the hyaluronic acid ester Is Hyaff-11p65
and the osteogenic protain Is BMP-12, BMP-13, or MP52.

8. The composition of claim 1, wherein the hyaluronic acid ester Is a cross-inked
hyaluronic acid. "
9. The composition of claim 1, wherein the diomeéter of said cylindrical rod is

between abouf 0.5 o 1.5 mm.

10.  The composition of claim 1, whereln the length of said cylindrical rod is

betweosen about 2 cm and about § em.

11. A compaisition for treating osteoporolic bone prepared by a process
comprising the steps of: L
(a) mixing an osteogenic protein and an hyaluronic acld ester to form an
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conprising the steps of: (a) nmi'xing an osteogenic protein and an hyal uronic
acid ester to forman 29 1 7 NOV 2006 osteogenic m xture: and}(m)gvfmggn ng
and drying the osteogenic mxture into a cylindrical rod suitable

i ntraosseous Injection In solid state Into a body. 12. The corrp05|t|on of
claim 11, wherein the step of Mxing further conprises mxing the

ost eogeni c pr(%%geﬁlg%mlﬁbuaﬂal c acid ester with a bone resorption

i nhibitor. osition of claim12, wherein the bone resorption

i nhibitor Is (@) fmrmp@spdco:iwmg Thé@sté’ds@emonpmmemm o Cyiridiionl idq suiteslei n t he
hyal uronic acjd ester is db h d tion_ar solubilization of

i nsol ubl e or gﬁéf’ﬁaﬁsﬁp@dﬁ{?ﬁ% E@F‘?'hf‘rgge "T%PI% ay; bers non- woven pads, or
sponges of hyal uronic aC|d benzyl| esters in water, organi ¢ sol vent or an
aqueous Rif f eihe aamMpPRsHoR&sdRIN | bivhbered Hiewtep, Of\/{ﬁ@m friRe CORRESENI ¢

protein is s @%1 BWP-5,
BMP- 6. BMP-7 %W%é 6%%8g%|§ﬁ: E%ﬁ ﬁkgq@ggﬁcﬁ%ﬁg’ @ﬁpgbm tion of
claim 11, wheesomiimdnkibdpr.of m xi ng conprises m xing the osteogenlc
protein and hyal uronic acid ester with a solvent and wherein the step of

form ng wnd diig ogmidsitiontafegeim t2mmemsiethabone resdrpfidnirtablteagda conpri se
ext rudi ng the osteo enlc mxture In a nonsolvent, 17. The conposition of

clai m 26. whep NgBevent |'s N et hyl pyrrolidinone (NWP) or dinethyl
sul f oxl de (DI\/SO) 18. The conposition of claim 16, where in the step of
formng ¥hd dihg agmcél*iooﬂf&ﬁg@rmﬂ b whatain the byghrenis cskd ea‘@r nsgolsnexred by

oner ot e rNEfob by BIRRR B ol e I BoBRR RS RsRle 6L 3R, P,

16, where in pde-wadwen pbdé arspoggandf Hyalunonit id esredeafers IMvister an

conprises extruding the osteogenic mxture into air and
organic selvent or an aqueous buffer.

15. The composition of claim 11, whereln the osteogenic protein is seleéfed from
the group consisting of BMP-2, BMP-4, BMP-5, BMP-6, BMP-7, BMP-10, BMP-12,
BMP-13, and MP52.

16.  The composition of claim 11, whereln the step of mixing comprises mixing the
osteogenic proteln and hyaluronic acid ester with a solvent; and whearein the
step of forming and drying the osteogenic mixture into a eylindrical rod
comprise extruding the osteogenic mixture In a nonsolvent,

17.  The composition of claim 26. whereln the solvent Is N-methyl pyrrolidinone
(NMP) or dimethyl sulfoxide (DMSO).

18.  The compaosition of claim 16, where in the step of forming and drying the
osteogenic mixture comprises extruding the ostecgenic mixture in a
nonsclvent,

19.  The composition of claim 28, wherein the nonsolvent is ethanol or water.

20.  The composilion of claim 16, where in the step of forming and drying the
osteogenic mixture comprises extruding the osteogenic mixlture into air and

drying.
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drying. 30 1 7 NOV 2006 21. The conposition of claim16, wherein the

di aneter of said cylindrical rod is between about 0.5 to 1.5 mm ”!@'\tﬂ%%
conmposition of claim 16, wherein the length of said cylindrical rods!
about 2 cmto about 5 cm 23. A nethod for preparing an injectable,

r od- shaped, sustai ned-rel ease conposition conprising the steps of: (a)

M Xi ng afy OStROOERIG RABIGIEIMG ﬁo,%H%PéiH'ir?é‘bfbrﬁg’}éi REER] eliRdRA s
osteogeni ¢ m xture conprising the hyaluronic acid ester 1n. an anount of
bet ween aboutbétweahatoub0.5%w I.p rper.cent: (b) nol ding the osteogenic m xture

to forma rod-shaped produd suitable for intraosseous injection in solid

state | m2a a Pedysmipdiion) ofdslginnd 61 Waersid 15 Rpegdh pf edidcd yiheasnioeas (b) . 24.
The net hod of claim 23, wherein step (a) further conprises mxing the

ost eogeni ¢ pr@PeHh2 AU MR §IGB- aci d ester with a bone resorption
Inhibitor. 25. The nethod of claim 24, wherein the bone resorption

i nhi bi t 023.1 s Apnefiastishimiaparing en imesiaiiehsad-enared wezinodhndlesse step (a)

i ncl udes the | Jsd | uronic acid ester into organic

sol vent. 27. %ﬁ@%b'ﬁé‘?ﬁ%@gﬁg@%ﬁgétery\ﬁﬁdefr ein the organic solvent is N nethyl

pyrrol i di none(a)( Mifig @i shtesgeic sratéinxdittea pidbnic28cidldstervettbad oof cl aim
23, wherein step gg}\ I ncl udes the hydration of the hyaluronic acid ester
i

i nto aqueous BHPPERNICNXIHIRCARIIERIINS EYRHHIPDIS, OGRS N OREOMPENLPbNI ¢ aci d
ester In Stepb&ﬂ)ﬁéﬁ&%?@}*ﬁggmq(ﬁ?%ﬁem 25 (wv) percent. 30. The

met hod of clarm In"step (b) conprises extruding
t he ost eogeni to)nindiding the astengenitwantyre 3¢ foifhea mekdhapbead pddighsgBabisher ei n

Sa d ol 6 1 SEhsbBls RREHAIESoRd et 8 o bG, ghgoven o m xture Tnto

(c) drying the rod-shaped product from step (b).

24, The method of claim 23, wherein step () further comprises mixing the .
osteogenic proteln and hyaluronic acid ester with a bone resorption Inhibitor.

25. The method of claim 24, wherein the bone resorption inhibltor 15
bisphosphonate.

26. The method of claim 23, wherein step (@) includes the solubilization of the

hyaluronic acid ester into organic solvent.

27. The method of clgim 26, whersin the organic solvent is N-methyl pyrrolidinone
(NMP) or dimethyi sulfoxide (DMSQ).

28, The method of claim 23, wherein step (Q) includes the hydration of the
hyaluronic acid ester into aqueous bufter.

29.  The method of claim 23, wherein the hyaluronic acid ester In step (o) is
between about 10 to about 25 (w/v) percent,

30, The melhod of claim 23, wherein said molding in step (b) comprises exiruding
the osteogenlic mixture In G nonsolvent,

31.  The method of claim 23, wherein said molding in step (b) comprises extruding
the osteogenic mixture into air and drying.
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31 1 7 NOV ZzOOS 32. The nethod of claim 23, wherein the osteogenic protein
Is selected fromthe group consisting of BWP-2, BMP-4, BMP-5, BMP ?"Dﬁl\fﬁJ’
BMP-10. BMP-12, BMP- 13, and MP52. 33. The nmet hod of claim 23, vvhg e(‘i qiie
hyal uroni ¢ acid ester conprises from about 50 percent to about 100 percent
hyal uroni c acid esterification, 34, A nethod for preparing an injectable

sust ai negp. r elTRasReANTE ©F Lidi®IR3, WEeInsthBMbstéegehiesrordih | ledfed fighn ake
osteogenic protein with a hyal uronan-based materi an nmxture; (b)

al to form
conpr essi ng t@EURiSANHSENG QS BMR-2BIVIRYA. BYIR-6r BIVIB-Ca ML BVIBIGle AMP-12:BMFir e
and (c) form']@g hpﬁv@gg_se osteogenic m xture fromstep () into a solid
cylindrical 7rod surtable for intraosseous injection into a body. 35. The
met hod o{ ]

ost eogents  prbEeT RSk Slfint 2w Rt G RS SRR o
i nhi bitor. 3GbditesOpefathtod it M0l perebsf eydiuiditc beneesteanedtidon i nhi bitor

is a bisphosphonate, 37. The nethod of claim 34, wherein said formng in

step (C)34£0Nsa phetnel ' |BERINE sustBlriEble 8RS EBEh it ting to
forma ci/l i nd¢ﬂ§l ro%xv%f?%é%?gﬁrmét er ofsubet ween %. 5 tg apgf(')g?hl. 5 mm 38.

The met hod ofc@NEYsNgahe wieds«dfh t he ost eogenic protein is selected fromthe

757 B veso g thhrechen prélh M RudePonbarsdintanatinigy

material is agnAsktere; conprising from about 50 percent to about 100 percent

hyal uronic acid esterification. 32 1 7 NOV 2005 _
(b) compressing the mixture from step (@) to form a dense osteogenic

mixture; and
(c) forming the dense osteagenic mixture from step (b) into @ solld cylindrical
rod suitable for infraosseous injection inte a body.

5. The method of claim 34, wherein the mixing In step (O) comprises mixing the
ostecgenic protein ond hyaluronan-based material with a bone resorption
inhibitor.

36, The method of claim 35, wherein the bone resorption inhibitor is o
bisphosphonate.

37. The method of clalm 34, wherein sgid forming in step (€) consists of extruding,.
pressing. molding. boring or cutting to form a eylindrical rod with a diometer
of between 0.5 to about 1.5 mm,

38. The method of ¢lalm 34, wherein the osteagenic protein is selected from the
group consisting of BMP-2. BMP-4, BMP-5, BMP-6, BMP-7, BMP-10, BMP-12. BMP-
13. and MP52.

39. The method of claim 34, wherein the hyaluronan-based materlal is an ester
cormprlsing from about 50 percent to about 100 percent hyaluronic acid
esterification.
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40. Use of a conposition of "any one of clains 1-22 for preparation of a
~medi canent for |Intraosseous Injection for treating a mammal havi ng 6 bon
defect. 41. Use of a conposition conprising an effective anount or 19 WOV 29{5
~osteogenic conposition for preparation of a nedicanent for intraosseous
injection for treating a mammal having a bone def ect wherein the

0t e0geNIS  COIPAPGIAAOEAEN bF By Bhe S ABRRD! 227505 aya,rlagg?efeyo' ur oni ¢

acid ester, sald composition belng in e formo I cal rod

suitabl e for maﬁlcmammemrslnirtnpﬁebuamlecnﬂemfordres:rrwgeommmrmlmmw]g d@dborEhe use
of Claim41, ahfﬁrf\{l n the bone detect is osteporotic or osteopenic bone. 43.
The use of cI P41, wherein the osteogenic protein |Is selected fromthe
group conS|st|ng of BMP-2, BMP-4, BMP-5, BWMP-6, BWP-7 FIVP 10, 8MP-12, 8MP-
13, and #P52, Useiof q1comieesiten epginfsing cpufiesitive:aorgbel @ 5iecaIe ester is

an ester Comébﬁ{ﬁffl?hrfepb%#ﬁgll ﬂ%rdﬁéd?mgaﬁﬁfrﬁ%ﬁmﬂ&éékb%ﬁ fedfrfior

esterificatlon use o erein the osteogenlc: conp05|t|on
further conprtreesng a manemcebavipg o bonshiidfech whatein te befdogfned ai m 45,

wh [ he b def. ' , f
Cl'ai m 45,  whoRBPEHEN Y BRYE & pristeshs bRl EaRaa Frdiithie S ol ° °

consi sting of s@Roinp8ifodt bedirtheBMnGf mbrlc%clﬁmo@@fdﬂ BVP- 13,

and MP52. 47. The use of claim45. wherein t hyal uroni c acid ester

conpri ses frolmtBssqmisdiriaction in svichéateinto Waodv onic acid esterification.
48. A conposition for injectable delivery of osteogenic proteins consisting
of an o042.eogém asepobdieim Andrerandhermnedatect iestteporatireordstetpenic
conposition is in the formof a cylindrical rod suitable for intraosseous
Injection in 88NPd state into a body. 33

43,  The use of claim 41, wherein the osteogenic protein Is selected from the
group consisting of BMP-2, BMP-4, BMP-8, BMP-6, BMP-7, BMP-10, BMP-12, BMP-
13, and MP52,

44. The use of claim 41, wherein the hyaluronic dcid ester is an ester comiprising
from 50 percent to 100 percent hyaluronic acid esterification.

45,  The use of claim 41, wherein the osteogenic compaosition further comprises @
bone resorption inhibitor. The method of claim 45, whereln the bone defect is
osteoporofic or osteopenic bone.

46.  The use of claim 45, whereln the osteogenic protein is selected from the
group conglsting of BMP-2, BMP-4, BMP-5, BMP-6. BMP-7, BMP-10, BMP-12, BMP-
13, and MP52.

47.  The use of clalim 46, wheraln the hyaluronic acid ester compirises from 50

percent to 100 percent hyaluronic acid esterification.
48. A compaosition for injectable delivery of osteogenic proteins conSisﬁhg df oh
osteogenlc proteln and a hyaluronic acld ester, wherein the composition is in

the form of a cylindricai rod suitable for intraosseous Injection in solid state
intc a body.
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