WD 2007/ 137652PCT/ EP2007/ 003381 | NJECTABLE BONE VO D
FILLER FI ELD OF THE | NVENTI ON [ 0001] The present
invention relates to a bi odegradable fibrin based
woRpeshéscon (in the foll ow ng al so desi gnat edcpgp2007/003381
"bone void filler conposition" or "bone void filler")
for injection into osseous defects or voids, which
can be the result of osteoporosis, surgery, bone
cysts, tunor renoval or traumatic bone injury.
BACKGROUND OF THE | NVENTI ON [ 0002] There are severa
exanpl es of injectable bone void fillers in the
literature. WO 95/21634 di scloses a biomaterial for
the resorption substitution of bony tissue. The
conmposition is injectable and conprises calcium
phosphate particles in a |iquid phase conprising
car boxymet hyl cellNdEGIABLES hlEe\ﬂBlQ FAgAER41 details a
nmet hod for repairing an osseous defect wherein two
cal ci um phosphates are m xed with a buffer to provide
a paste or putty wWAIELD OF EpIINNENTIONe defect. The
putty hardens in the defect due to a chem ca
reaction. WO 00/ 07639 di scl oses a cal cium cenent for
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substitute material with the capability of being

hardened in a body fluid in vivo, which hardens

during the surgaACKGROUND O TRABOMMENBION et ai | s an

i nj ectabl e bone substitute material conprising a mx

of living cells within a conposition which conprises
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tting materi al soft "materials listed in this

9512634 ehisclonsisa én@vatemgb forghpsesguttiani substiugpnaf dwny tissue. The

comg%ﬁg/&?els .RfQCYa%ﬂéC{.}?c{) lsg¥d%£?ﬁhf p?\thPl\(étaC éﬁiglles in_a liquid
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[0004] PMVA is a non-resorbable polynmeric material.

During its polynerization unreacted nononer, catalyst

and | ow nol ecul ar wei ght ol iZjomers becone entrapped

vf@2®ﬂ%79ﬁl ymer. These chem cal s have the pot epijedbootSoz3st
each out of the material resulting in |localized

cytot oxi ¢ and i mmunol ogi cal responses. PMVA
confferF bff SRS, SBh, & MeBllCEl eakérlf BofpleBTiAdeli) but they are
not pteferréd.nRécentlyehats haveybeén Bmber ofiojectableabenarvpid fillers that

v R SRS OBt Sl BR8] § GFOP R ios T (Baren

deli¢tTBFarAdd QTS chldiiny dbissphatey e8sa OﬂioC%jel adhigheare applied as a
structures (requiring further surgery) and/or

puttgipdslei sm [ 0005] As indicated above, there are a
nunber of calciumsalt based "injectable void
fillers" in the prior art. However noldable pastes

[0008]sbhe somenhpectichiis thefiltibage vaids with eitherpadane graft (auto or

requife suralc e f f '
alofifty b 4 PheMLBRCT Boos el Fil AU REM fetnacrrae
(PMDK)0bE iijattable chieiurarsdy voidefitlat e dutddafis argethet 'geld standard’
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infe&RAU @M RYrbidRy S ThefEtdrena nlmbley of ABditiohal gwﬁéims that face
achi eved by 3"WO 2007/ 137652PCT/ EP2007/ 003331 |
aliograltaq ingludingathe g8k ofidiseaseyiranssnissipa nghimunogenicity. Both auto-
.  ne ) y
an LR 16D KL BECRIEH 208 S ol A o secondary
remddelinge ik is Fuesehiimitations thit haee pramphediinteress int faltairditive tmaterials

can | ou fot efect .int dj age ces
to bR gret Paki e 2008 drosbRE Mk 35 P: PRAC ST o1
defects proximal to joints can potentially inpair the
joints function. [0Q0 Requi rements for_a .calgcium .
100045, FMUshyfo.cd 1SRRI PAUetE PRBg! y PariFgdts ‘Poiymerization
unreBBiRIthBREREE dzRall§t AHRIVRWIIRILIT WeiiaedligBRieds bedoie entrapped
WO 95/ 21634." TheSe Include that the material should i
in thee polyarear| iThgse cchamisalsbbaym ihe (atentiah toj lepeh quieof the material

resuftilﬁgoih qgéfal%ﬁtctyk?@toﬁiﬁcéhcf nﬁﬁu%m@ﬁ'{?méﬁﬁ%gcﬁmﬁh ddiymerization
nmusSt” be easy 10 use and It nus ave 'a strong
has aihigh akothetrizity fthatntan poeatialiyrbasse heattnesnapisicEils exothermicity
exi sts for new injec I one void fillers ich can.
atsop it I BBNYs o BPRE, DB anFoPate i P ERatRbical or
cherh&WekftUBi0 Cgen®s. PIRIMKR Isakajeefrimod eipféstadireredidtvie ery serious
rheol ogy that permts _injection and are ?as 1o fusE
compligatigNns Mryding cempressian ghadigrert stpictyrgg ﬁ?ﬂégﬁm urther surgery)
and/bP¥&IBbIign. to provide new injectable void bone fillers

or Injection into osseous defects or voids
resulting, for exanple, from osteoporosis, surgery,
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properties of said bone void filler can be

effectively fine-tuned by adjusting type and content

of the particles as well as of the plasticizer

contained in said bone void filler onpostion.



3a [0009a] In a first aspect, there is provided a

mul ti-conponent system for preparing an injectable

bone void filler conposition®the conposition

wonpsVisTasy: conponent (a) conprising fibri nogEﬂTlEP2007/003381
conmponent (b) conprising thronbin; conmponent (c)
conprising at |east one plasticizer; and conponent .

che(zrgu)galcmambslsi mu@amtyi biotogitaehd phermiaeestiosr incorppbated in the filler
suchery bRl sk P maPOkga) 84S Fa8 petetialy b Emaged Furthermore
if tlfé)g@ef‘?*jb Jb@ “ﬂu:&’eﬂ(&h‘i Iédk éljts@fctﬂache?énﬁQﬁ& adjhesret Sp%ces leading to

an |1 njectable bone void filler conmpositio

COrnpIessioni @fgstﬂm@tf@@néﬁakﬁﬁ? f@dﬁrﬂﬁ“%ﬁﬁ@@*‘%l fe joints can potentially
onpri sing thronbin; conmponent (c)

mp@irﬁﬁ?@ﬁﬁgfﬁg%t 9,‘east one plasticizer; and conponent

(d) conprising particles having a di aneter of about

200 wh
100BGh FeguTeaterE Toro A seal et artpesifon i@t W udiery via the
perE@ERE8IS r@te have previously been detailed in WO 95/21634. These include
that the material should be sterilizable, must be non-toxic in vitro, the rheology must

be such that it permits injection; it must be easy to use and it must have a strong

mineralization front.

[0007] Thus, a strong need exists for new injectable bone void fillers which can be
steriized, show a low potential toxicity and a low tendency for leakage, are

biodegradable, have a rheology that permits injection and are easy to use.

[0008] Therefore, it is an object of the present invention to provide new injectable
void bone fillers for injection into osseous defects or veids resulting, for example,

from osteoporosis, surgery, bone cysts, tumor removal or traumatic bone injury.

SUMMARY

[0009] The present disclosure relates to a micro-porous injectable fully
resorbable fibrin-based composition as bone void filler, which is resorbed and
repléced with bone during the healing process. Said bone void filler composition
of the present application exhibits characteristics, such as mechanical properties
typically seen in elastomers and mechanical stability, superior to fibrin alone.
According to the present disclosure, a variety of properties of said bone void filler
can be effectively fine-tuned by adjusting type and content of the particles as well
as of the plasticizer contained in said bone void filler ompostion.



[0009c] In a third aspect, there is provided an

i njectabl e bone void filler conposition, conprising:
conmponent (a) conprising fibfin; conmponent (b)

conpri sing thrombin; conponetit (c) conprising a

pl astici zer; and conponent (d) conprising particles
havi ng a di aneter of about 200 pm or | ess wherein the
anmount of the particles ranges from10 to 45% w w in

[omweqeqh hOfitsh eagEBROShdreORs proVide§ ea i mufti-tdrmpénant 8istem for
bone in a patient suffering froma bone

prepaIaen Inmﬁfébker hog%waldcf&lﬁ:bsgm%ﬁlonsth%cqmposmon comprising:
adm ni st @achdrd (é‘) mﬁp,rg,ﬁﬁlrghhg@éh or hol I ow portion

of sai d bone. [(0009d] I'n fourth aspect, there
i's provi d:@mnm@rméba) Qﬁmﬁfﬂﬁlmﬁfﬁ@ﬂme bone void filler
conposi ti Refolpen g
fibrin; Cc%?n onent E%)ﬁdﬁg) Si %gglt rﬁ%ﬁn‘glgﬁg?éﬂéghgonent

(c) conpppmmglealt M)a@zmpma@g pagiales having a diameter of about 200
pum or less, wherein the amount of the particles ranges from 10 to

45% wiw in respect to the composition.

[0009b] In a second aspect, there is provided an’ injectable bone void filler
composition, comprising:
component (a) comprising fibrin;
component (b) comprising thrombin;
component (c) comprising at least one plasticizer; and
component (d) comprising particles having a diameter of about 200
pm or less, wherein the amount of the particles ranges from 10 to
45% wiw in respect to the composition.

[0009¢c] In a third aspect, there is provided an injectable bone void filler
composition, comprising:
component (a) comprising fibrin;
component (b) comprising thrombin;
component (c) comprising a plasticizer; and
component (d} comprisjng particles having a diameter of about 200
pm or less wherein the amount of the particles ranges from 10 to
45% wiw in respect to the composition, for use in filling a void in a
bone in a patient suffering from a bone disorder, wherein said
composition is to be administered into a non-mineralized or holiow

portion of said bone.



conmponent (d) conprising particles having a di aneter

of about 200 pmor |ess wherein the anount of the

particles ranges from 10 to 45% wW w in respect to the

conmposition, in the manufacture of a medi canent for

use in filling a void in a I3ne in a patient

suffering froma bone di sorder, wherein said

medi canment is to be adm nistered into a

non-mneralized or hollow portion of said bone. 4

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0010] One _
[0QQgclc tInca Tourth perednthere s pfavided Bieausss of andnjectable bone void
~multi-conmponent system for an injectable bone void
fillgr qanapositsn 9MArsMY: conpri si ng: conponent (a)

conprising fibrinogen; conponent (b) conprising

t hr onbi nCOFHRPBRLI CORPrishire: ng at | east one

pl astici zer; and conmponent (d) conprising particles

havi ng acampraeet (bycoapsgingAberapiR or | ess. [0011]

According to one egbodi nent of the present invention

t he conp@ﬁ@ﬁp@eﬂbgaPB”FE?W@ﬁaPﬁ@“ﬂﬁgﬁPngonponent

system as defined above are each present in solution,

and wher EPRPRNEnEE TR RATICIES Faviag 2 figmejer of about 200

b1 - conBbRRIRSSYBRBR iae Aownh JoharpatigsRaapeps fom 10 to
el ude. 40 SUel ESRSGHEATDE SR BHTEIGY mels manufacture of a
augment | ﬁ%di%ééﬁg?@%&ﬁﬁiﬂuﬁfgggyo&ﬁ? I 4 Btient suffering
oo naEblE, 3R SRt AR Gt ueceament s to bo
2B o AL 3 oo
be contained in any of the conponents (a) to (d) of

the nulti-conmponent system according to the present
i nvention or may be conprised as extra conponents.



[0013] According to one exanple of the present

i nvention, the fibrinogen conponent (a) of the

mul ti - component system as defi ned above nay further
conprise one or nore of extracellular matrix
proteins, for exanple fibronegctin, cellular

associ ated proteins, other plfasna derived proteins,
for exanple blood dotting factor XilIlI (FXIll) and
prot eases, and protease inhibitors, and m xtures

thereof. The fibrinogen sol ution accordin _ﬁewéhe
present i nvBRTAJRERRESCEIPTIEN QfeT ﬂﬁJN¥§$ I whi ch
is conprised in the state of the art for scientific
and/ or commercially avail able fibrinogen

[0S Eus aspans of the pseambinvendafeelaten tOya gudii-campenent system for

an R R R BR S A CSPEIF e ¢ er m

"fi bricomgeoeriertga) c@epriﬁog%ﬂh?gﬂ bri nogen per se, but

I h | ot - f
o150, BBkl 6] SRS ARn, ST o2, oo 0T g
[ 0015] corweormamt o} carhpfisibg |ahdnyem ohe pdaﬂhipiaae rand( a) of

the nulti-co ent sstem e e r

about CRMRGIBARL CmR e etk b S ATRISS. o ug 200 um or
about 150 ng/m onedd.om about 75 to about 115 ng/mn. '
[0016] The thronbi n conponent (b) of the

mul ti - component system according to the present

[001'1]’ ﬁ'&bb:‘a"h%%né ehilRtimeRfer ﬂh%%réﬁéhttmmﬂlbnctﬁmbrmﬂments @ to
known 1 n e art as well as one or both of t

() b it Frf-gomppnemcsYstem aglefingd 2RPYS afheag) aget%reet ipgpolution, and
whERIR AP RAkt é&hpoﬁéﬁ?c és Efsgéﬂaﬁspgéﬁefra@dlﬂdm b@ltnbgﬂeht“(lb)

respect to the use nbi i anmount. | n one exanple
of the present invention, the anount of thronbin in

2L PR M 4 L i il ot o

deﬁmmhaheveaimlaytfuﬂbemntludp(anmthmh@ommmﬁntﬁuﬂamg ifore.g. augmenting,

str%%?ﬂiﬁ %ﬁhagﬁ’#g rgf)gl In%ﬂllldm t@é’im@'o?oﬂﬁﬁ%a bone, such as

osteoiluctive agants, gmwtbxfa:rtnirsg dlthgtbeKapegilcc ar pharmacological agents,

ccept abl e al kal i.ne S ]
b'O? g'iy @lc ag%s,ugggﬁ%@ﬁgl%ﬁél nadhggééaﬁéﬁ@ohﬁﬁg and mineral
addlt!béé ﬂfh@eetcwipdunds ray béwdmgamamrpampefrthe_rrmorehts (a) to (d) of
e S BS0 ST ALB i 98 comprs
as Eix@l ddnipondritsone enbodi ment of the pr esent
invention, the plasticizer of the nulti-conponent
system as defined above has a | ow osnolality and

[ocﬂlﬂ Nﬁofdu&t@oﬁé SRERIple bPHHRCHresent inddNRIM) ltmpflbmagen component
ent In one exanpl e _of the pres

(a). ‘va’@ﬁt myli- cqrn@og@mt wt@nb%éi@f peg @boye mwé?urther comprise one or
mdre! &f eﬁ%ﬁéﬂﬂ%?t mafd E%t@%orf&* ﬁgar‘hﬁlé hBrdﬁé@ﬁﬁnbellular assocnated

I nvention conprises at |eaSt one bl od egira ab
prafeingbpthes pigamha desivpd urgteins, for example blood dottlng factor XI[I (FXIN)

and proteases, and protease inhibitors, and mixtures thereof. The fibrinogen solution
according to the present invention may also include any additive which is comprised
in the state of the art for scientific and/or commercially available fibrinogen

compositions, for example commercially available fibrinogen solutions.



6 WO 2007/ 137652PCT/ EP2007/ 003381 envi ronnent and are
at least sufficiently soluble in water, for exanple
at terrperatures in the ranges fromabout 10 to about

“/H)%Og,” §021] Exanples of the plasticizer of /EP2007003381
- conponent system as defined above are se ecte

fromthe group consi sting of water-sol uble contrast

[001383‘” eatgr o‘@s tgé/ l e,neﬁglld%go'{ﬁﬁ orl?)? Wleﬁcgew pg}' &9 hButsalso any clot-

formiiy weiberinae] desh asdcietoramndi derivatived hufr fildfnoded)2f example
I n one exanple of the present invention, the suitable

“fibipdnt r ast agent of the mul ti-conponent system
according to the present invention conprises at |east
one iodine containing organic conpound. In a further
[0018)% dimgl @motint bt fipriecgen m mmmn@nt (2 efaiiecmylinpuparent system

arch TSR 5 86015 TSI A, S04 R 588t 0 o

about dB0anhgirm or dropa about DIrpoabwolit 111‘.&:hgtdﬂs all conpounds
whi ch contain at |east one iodine atom and/or iodine
i on, bonded either physically or chemcally, for

[0018]<¢H6|tﬁrdhﬁmﬁ|®ﬁ‘iﬂdhe@it (SPOF BealiitN@InyponEne s§SteF according to the
efinition applies nutatis nmutandis to the

presawowenmn Ak fudhemeppiseasditionabrempaunds kapwn in the art as

e
well 3 ERoCLE TR o, WE AR, 8 BhoCRY B o pasiicr
Commeg'lt (o). Tbpre isouespecific buitatioroin respéctdo dhe used thrombin amount.

i oqul am, de. ,j ohexo r ol am.d i opr o :
In on e Bf he S iR the MR : 32 iR GR i thrombin
companeri(Bpistdiehenét it [HaPlhstalboutdi NGmi in thecfirex afatledl @fmposition,
the reﬁf}'} Pventlon t he anmobunt of plasticizer in
su EJ@T is such that it ranges from about 10 to
about 80% w v, such as from about 15 to about 60% w v

or from about 20“to about 40% w v, in the final
[001¢] bbe derne Giparspin mplucy@mgq orﬂméhltombm 'Pe&Sei bilealso any gelation-

mdul{ ﬁé%‘f%@m@@%dd)@%pﬁée er | c Sag)lo o %)Eé&g%lﬁlo%"%hyéﬁgtoglcauy

acceptable alkaline buffer system.

[0018] The term "plasticizer”, as used herein, includes any suitable substance useful
in modifying the properties of the final clotted composition, for example the viscosity,
the elastomeric behaviour or the mechanical stability. In one embodiment of the
present invention, the pitasticizer of the multi-component system as defined above
has a low osmolality and allows fibrin assembly to occur at an appropriate extent.

[0019] In one example of the present invention, the suitable plasticizer of the multi-
component system according to the present invention comprises at least one

biodegradable, water soluble organic compound.

[0020] As used herein, the expression ‘biodegradable, water soluble organic
compound” further includes all compounds which can be degraded in a biological



WD 2007/ 137652PCT/ EP2007/ 003381 conponent system

according to the present invention are biodegradabl e

and/ or bioconpatible, non-tdkic, non-watersoluble,

“;d%["gfk%ﬁ and/ or organic. The particles conmppr$gpdoPhossst

exanpl e, substances sel ected fromthe group

consisting of calciumsalts such as tri cal ci um
envsr%'ﬂﬂ‘?e‘?ﬁahﬁd alePNar tibh 'sQJfﬁElérﬁ’thP _in water, for example at

rlcaIC|umphos ate C|ump osphate, a

tempeoatynes iplhe fangs froumtpmnsiﬂiataimuma fOxyapatite,

cal ci um carbonate, calciumsul fate, polyneric

conmpounds such as pol yacti de, polyglycolide,

[OOZDPEXQRIEIQ @fcthenstastivirert ¢f thiet rylticctenpardnd sgstem as defined above
| ene gl ycol apd random or orderegrIE| g%%a/t [ Svethvl
are qql@qt%fronbthecafewa&a’&ﬁ@t'ag waiegRlvRIB I OngRs Srfeplvethylene
ﬁ&!g&aﬁ CSUHH réNeddHY- -, dil) tD@nBX@dlacharides,
giyodlﬁ t?l?rge*galg?’lg sel egtgtéj fr%mthe gr oup consisting
and afy cwnnbmabormﬂ'nepaofsphat e, al pha-trical ci um phosphate,
betatri cal ci um phosphate and cal ci um phosphat e and

m xtures thereof, having a Ca/P ratio in the range of
[0022p tnioné. exantplalufutheZpresent i:wehtimh,etheo@ﬂaiblg poetsastt agent of the

invention further inglude all compercially availa
Ut BRI SHEb ACRPIIES 46 tRe e ovetar oy aClpast one
iodinél édhtainindCorgaaR e&ngbuﬁ@nnpaenhhéldéxanqpmﬂumgprteeem invention,
- anot her exanple, saild particles of th

orgaRigl compaygs sentairipgirars earth glempnis sHeh A garpligHM Ganbe used.
a dianeter of |less than about 100 pm for exanple
| ess than about 50 pm In one specific exanple of the
[002B] Aseused hereitt,ithe telma “edinatcostaining grganicctarspound” includes all

comSRRIGAEpSOhuf TR 5080 AR o 8 g AL Bipaes e

physﬁﬁliy or ah@mtcaﬂ@%nkwamlé eov=entiyt or dduedihathedly. cThH smg- definition
nposi tion &002841 cor di ng,.to one enbodi nen
tangis dat Bif

applieh SRS GFH PRI"G SBalecmHRle Prptaining rare

ecartiCOBRRMNt (a) of the rrulti-corrponent system as
defi ned above ranges from about 10 to about 200

ng/ M, the amount of thronbin in conponent (b) is

al
[Oozﬁf%{}?frgﬁ%so% ggﬁ r?%tn Eﬁgﬁfg gﬂngilﬁt]lt]b #ﬂ'ﬂp hlérfs‘telﬂgflﬁzegétﬂ are diatrizoate
(megimmtr@l)nexdielcul aodqxanehtuo(rapol,| pgularhidehiahexol, r ismepsol, iopamidol,

oprartfiguRlHDL tYersiciorRgele At s 2ot ibtreSftrest

corrponent (d) ranges from about 1 to about 50%vv/w in

[002;@@5&%@0@3& fglggg%]lqle,e ?t t ed co ?nsvltehl grgr’@g Jmt of plasticizer

in co'rr?B(fn'éH ﬁg’ls 5dhéh ﬁf{B?W‘ltan@Esffﬂd?ﬁ bBQlﬁleﬂ) {0 alsUTBOYE le (stikh as from

[ti- co‘g}Jonent system as defined above %_
about ridnicadlbot 6% tw/vadbfrom abou2fity abeut 4R%uw(v. dn 'the Tinal clotted

. in in conmponent (b) is such 8 WO

mmé‘%%s?eszpm/ EP2007/ 003381 that it ranges from

about 25 11U nl to about 50 Um in the final clotted

0sitiq a nt of Ias iciz ont ai ned i,n

roo2§f Fhe Teim “PacleS i8EHSE el Fp8BrrRHE s5RPSFs b Rpyn in the
art, f@b@*ﬂm@@%p%ﬁcélnahﬁﬂlafbﬂabllcﬂhOttEd conposi tion, and

the anount of the particles in conponent (d) ranges

from about 30 to about 40% wWw in respect to the
[oozﬂmﬁ' orfd LrhiSHiMmEP OsF iﬂé)rbreéélﬁ?’%ehfbrﬁn@fé"'%érhcles of the multi-

enbodi ment of the present 1 nvention,

mul ti-conmponent system for an |njectable bone void

filler conposition, conprises: conponent (a)

conprising fibrinogen; conponent (b) conprising

t hr onbi n;




conmponent (c) conprising at |east one plasticizer;
and conponent (d) conprising particles having a
di amet er of about 200 pm or 7l ess; wherein one or nore

vﬂfzeﬁJﬂi -&h the conponents (a) to (d) are prespgi/EbMR03381
solid form [0031] The nulti-conponent system
according to the present invention may contain the

e n s
comm@%én é&lf!ﬁ'ﬂinb tcf %énrﬁése%t ﬁ’tlvé‘ﬁ!l&ﬂ eﬁé sibdégradable and/or

ion or .of a“solid, for exanp e as
biocompafitile. pandoxior n@waé@rﬁ@iumﬁ iiBAroenisy eawor iganer The partlcles

comils, STRRRFRIS, LpSfics ML PBER! o2 SSRGS colciur

saltst sacts pay tatakeunar pm@mte S alpﬂiaﬁubalcam m;dmmhatesybe@nm'calcium
e con ners n, t he
phosgBEis; GRLTPIBRBI: L AONTRTER SHIGRE PSP by aratie.
calcigiy c‘é@bbrﬁﬂé icarditA e sGiRdtE 2 pityried  @ip&Unts, stieh eas apolyactide,
or shape, for exanple vials or syringes, [0032
polygi)m@deepolypa@ro&m?m: amlgrigetiylens patbona %@&&ﬁ‘é’lﬁlene glycol and
randGM> c%regpdgpé/d EBﬁ?Tgl’f'@g@P Herd6r, B%ﬁf&lﬁa‘gylé Br BidcbRiefble glasses and

contal ners or resent sane cont ai ner
ceramivg amadrtanr_r,ran:omhmatrom themnbl la ene axsopls, theipaiticles are selected

onent s n r
from A5 GaRNeh pampsgn A il el e AP phesehate. beta-
tricalbiOfy phodsieatedimd) chizidrh ephysphatet ahd\mixtures thétbef having a Ca/P
cont ai ners nmay, for exa

ratio 4 HpBraRee @fsakoof gl nQE el tfﬁ'&n%frﬂg'ﬁ &Tn‘ﬂ?eibfgﬁs%wventwn

furthds i?\@u?i@' A1 8 Iy é%llﬁblée&ﬁﬁﬁéddﬂ% ARHBE Mikufed Rnown in the
contal ner, wherein a solution of the respective one

art tobe jused evithinibe eneaning ef sempospat (st) Bygcodingiongnather example

s BEARIIE 1y S A O REEPFACRE oy  ciamotr
of lessilthan aboud MaN pay sioerexaimplédess dsamtabbut, 80t pon Inegne  specific
exanii B, Sresanime G i ot 413 Btiakidin o aps () ranges

from @boliPA etoC@tbtilﬁl 5% SwAB Ysugh Ses ﬁerrpalﬁtbuto‘f 0 & labbut 45% wiw or from
conprising the multi-conponent sy em as defl ned
aboub BB V@ abaukA Kiorw/ieip respedtde ﬂleoh'b"i" e SPBRRFYIG Y al
conmpound usable in the nulti-conponent system of the
: present invention, for exanple auxiliary agents,
[0028]uAceording tto onebembedineentuof dhe. praﬁenkmve@@oaefthﬁaewount of

ﬁbnn@ﬁéﬁ%ﬁmﬂ 3 g’ghélgtr 2)@3% gﬂ@t{f/‘?ﬁn 8F|e er atc#g defined above ranges
from abbes 10 ¢x tabaut OO angiaﬂ,st,hee;mount of thrombin in component {b) is such
that it is at least about 11U/ml in the final clotted composition, the amount of
plasticizer contained in component (c) is such that it ranges from about 10 to about
80% w/v in the final clotted composition, and the amount of the particles in
component (d) ranges from about 1 to about 50% w/w in respect to the final clotted

composition.

[0029] According to a specific example of the present invention, the amount of
fibrinogen in component (a) of the multi-component system as defined above ranges
from about 75 to about 115 mg/ml, the amount of thrombin in component (b) is such



[ 0035] Anot her aspect of the present invention

relates to an injectable bone void filler

conposi tion, conprising: corfonent (a) conprising
wfd;gg-;,ﬁ%sgonponent (b) conprising thronmbin; cepRRRII003381

(c) conprising at |east one plasticizer; and

corrponent (d) corrprl sing particles having a dianeter

that ﬁ ﬁ%%‘ﬁo ?% AP 3K 1A% dHE8 Iﬁ?fﬁpfnd!h@qﬁé? cﬁﬂt%d composttion

e present Invention, 1r;A’ect abl e bone
the armmwtfuf Iplwt!czerrpostlamenhmlcsmmcumﬁ éft) l$ sueh thid it ranges from about

s0 bl ABENIR S g EACODS EELRRSE R B8 o S pEe prices

in ccﬁﬁ;&érﬁéﬁtt(ﬁgehhgés dftihh boud 1800 tniabboig 4684 dlwompesmntsto the final
The preparation of the injectable bone void filler
clottecheR/pRPEIIRM can be carried out at any suitable
tenperature, such as in the range from about 18 to
about 37 C, for exanple at 25 C. [0037] Moreover, the
[0030hjneanctheeembodinentiof the preseriipyentione the uliEcompanent system

o o UGB AN, ShgsoTmore

I ng, trengthenlng,

suppestipagent éacompgisingdirinodeny, healing or filling
a bone, suchh&s) ost eai nd tive agents, growh
f act GPEPONGE hEPE}Pgaﬂgc BB Har macol ogi cal agents,

bi ol eahfinkyt a9t bMﬁupﬁgﬁ? & ledstioterplastionts aﬁd adheSI ve

compounds and m ner al ditives. These co
and/ 6PmagERN (ParomerishemaliFEs havingchdiam S ficabout 200 um or
matri x, adsor bed|e%g the particul ate conponent, for
exanpl e on calcium&alt containing particles, trapped
wherein ori€oMDoRe OT All 87 SE2euTpERaTs T DIBIdB 2re preesenbiniasolid form.
matri x or contained as a free nol ecul e/drug particle,
for exanple a powder.
[0031] The multi-component system according to the present invention may contain

the components either in form of a solution or of a dispersion or of a solid, for
example as a lyophilisate, or any combination thereof. Further, the components in
said multi-component system may be present in containers suitable for storage,
transportation or use of said multi-component system. The containers usable in the
multi-component system according to the present invention are not limited in any way

but include containers of any size, material or shape, for example vials or syringes.

[0032] Moreover, the components of said multi-component system may for example
be contained in different containers or may be present in the same container in any
combination, for example as a combination of components (b) and (c) in one

container and of components (a) and (d) each in different containers.

[0033] According to the present invention, the containers may for example contain
one or more components as a solid, as well as a solvent separated from said
components by a separation means in said container, wherein a solution of the

respective one or more components can be prepared by breaking or removing said



[0038] The conponents (b) to (d) of the injectable

bone void filler conposition according to the present

invention are the sanme as de&ined for the

“[Iq#ow,mggggponent system characterized above. ;88307003381
e term"fibrin" does not only refer to fully

coagul ated fi brinogen but further includes any

sep%hf‘c}ﬁjheefaﬂ% ﬁ't\ H%O@?%n% FHR' tpr &B{Y}%Jr @gg%m éﬁ%‘l‘ét system of the
prestht mnbmtmnandy behalso presehtides reagy-tatisemikture.

fibrinogen/fibrin and any grade of gel ation and/ or
clotting conceivable as long as it has no negative

[0034RASTEOWRY, 5818 donfFBneME Dot (P Praseine i edk bﬂi’lﬁbr‘ehﬁmtamers may
non-m ner al zi ed or hol | ow ort| on of a bone.

alsothepparh of arifile semprisig e mpli mw%wst@ahésmf aed above. The
kit nfméHJ F\ﬁ[&@i%@ﬁ&é Qﬂ (gd(:ﬁ aP'de anlYﬁHIé C?l'i‘ th¥"thi®Lcomponent

SR nly a's anount
systémhofi the gresent m»/emtcmt, fahyxample wglmy Iagents rbugfer galts or buffer

s oo 51 5 b abRLE L CHP, OB, Shadl i Sharg e

componamE fof examplessyrinbes ddistzntapters, QOE@& edtracronitaigetso etc.
one exanple of the present invention, the amount of
fibrin in said fibrin conponent (a) of the injectable

[003??!&%0{%%% dspédt Fihé ar&%ﬂt tmfénuars rélfelsng %nﬁh}é‘éﬁhﬂl@ﬁ@ﬁé void filler
fom about 5 to about 100 ng/m, such as from about

compasitien, ®eMmgisig: or from dbout 30 to 65 nmg/ml in the

final ?]J]p%tnteﬁg agogpﬁghgingrhbnhOOM] According to

another exanp nt of fibrin in said fibrin
conpmwrﬁor(eai (bof cbntmpriisimgetbtcmhﬂne bone void filler

conpaosi tion t-he pr.esent nt.i range rom

Cbor Renednf lo): CSmBHEREt db ERE bEReE N oo

conmpQ@mpanent {d)e c@mpﬁﬁhgcﬁartldﬂés) hkving |and|amm@nﬁmbc(m)200 pm or
is at | east about IUnml in the final clotted

conposi tion, the e&ﬁount of plasticizer contained in
component (c) ranges from about 10 to about 80% w v -
in the final clotted conposition, and the anmount of

[003§hﬁcc@ndw tnone exemate of dye piergsd Iri\ie@ﬁoabtﬁlﬁt injectaple bone void

fi IIer%gﬁ)#) {4)6 3 p\‘%%ﬁé?@&g@ﬁﬁ [aﬁlltf QL?mB{) éfsgéﬁ &8¢ defined above, for

exampie ciyt mixing theecompeneéaiis| of dmuﬂwmuitn}cdnpohemtrsystem together and/or
bove

nom@gRER S BTIRPIRE e Riceeigh o (8 Ele bone void filer

compcﬁﬁlﬁts?rt Cé}gbe %bme%i mftrt'ﬁrﬂyeiuﬁhbléﬁérr@érdmié gucipastin the ihge from
be applied in a 11 WO

abo@d@ﬁ??@?%%b(ﬁl@%@ﬂ%@%%ﬁ "Bre-clotted Iiquid,

gelled or clotted state.

[0037] Moreover, the injectab!e bone void filler composition as defined above may
further include any other component suitable for e.g. augmenting, strengthening,
supporting, repairing, rebuilding, healing or filling a bone, such as osteoinductive
agents, growth factors, chemotherapeutic or pharmacological agents, biologically
active agents, hardening and/or adhesive compounds and mineral additives. These
compounds and/or agents can be chemically attached to the matrix, adsorbed on the

particulate component, for example on calcium salt containing particles, trapped in



[0043] As used herein, the term"gelled" nmeans any
state of elevated viscosity when conpared to the
initial state. This can be difserved for exarrpl e in

“Wﬁmf!?f ?itl on of fibrin fromfibrinogen or S.Cit P2607/003381
f1ne I spersed system of at |east one soli ase

and at | east one |iquid phase, such as a CO||OId

the ﬁH’H @trix iﬁ?)rﬁ@ihgﬂi 299 fred mdl@&h%ﬁ%ﬁéhucl&t ﬂir%?(aﬁfple a powder.

gelation known in the art e term"clotted"
means, for exanple, a gel conpr|3|ng fibrin and

031 e BRHEALL 5P A el HedhlHE b Tbf Somposion

accordmgotsi th m’éséﬂitelnvemtum ald mdasame\asi difined| fer the multi-component
0si tiQn ends on the application, i.e. the bone
systan‘nsn@]a&%q;tepée 8 ‘?Yeeat ed, and is adjusted wthin the
common know edge of a person skilled in the art For
exanpl e, an injectable conp05|t|on for filling

[0039) Jihe term: fibHR" does net onlybiefer tarfliv coagidated %bnrm@n but further
incltﬁfégué}%y grflxtﬁ?é %'fLﬂHrlf\aéﬁd ?ﬁﬂh@g@ﬁ WehiR Ay bE&ur é\ﬁhngz foc[matlon of
I nj ect’a or e

e conposition pl aci ng non-m ner al
fibrip&om birinagent ihﬁingdhmmlmnta{idwsthws idides anyratio ehfilonnogen/fibrin

| [ t-
and 3%, qterE o GER AGTE, B L el SEBRa AL file no negative
impadt\6anthedlhal bbmp\btsm@ﬂsihfe)tté@f intd1thebadre minérdliZiéd behollow portion of
osition of the pres |nvet| nran from

a boago e f@@nmgpqr@rﬁdahpfe fisot) aﬁeqo Gigrrgmposition of the

' pres@ﬁpﬁﬁfen%ntfl]ﬁhéf fRcdidied RMARIIAD onfyeb adrRsl afhcunt®irhitinogen or
ling a void in a bone in a patient suffering

wrthwtoamaﬁb@mregen et thesaidciihrsy. iMeregvenijtae deig “fiprén” further includes
eV e
any Eﬁhﬁact ellfga%%a%roc\?&é@eé (H)n ‘Safér?o -m ne@l | zeJI ngrd ahbquOW
portion of said bone. [0047] As used herein, the term
y ans a su S erln f.rom a bo
10049} &b GRing (ESHe elaBBl dheresoTs AMnUaR AnP ARl f fbrin in said
fibrirb eoim@dnebOR) &f theanj@etdtisl bohefvoid fillgr €onipogltion aa duned above

as defined above is not limted to a certain nod

range drreheuta o ARt Had mainliusd a5 fromy akaut dm to 65 Fmgimi or from
abodt%@’tﬁ'éﬂﬁg[rﬁﬂh tﬁé@iﬁﬁi Sofi&d %H@B@ﬁ?ﬁ i nj ection.

According™to a specific exanple o the present

invention, the 12 vito 2007/137652PCT/ EP2007/ 003381

[0041] According to another example, the amount of fibrin in said fibrin component
{a) of the injectable bone void filler composition of the present invention ranges from
about 5 to about 100 mg/ml in the final clotted composition, the amount of thrombin
in component (b} is at least about 1 1U/ml in the final clotted composition, the amount
of plasticizer contained in component (c) ranges from about 10 to about 80% wi/v in
the final clotted composition, and the amount of particles in component (d) ranges

from about 1 to about 50% w/w in respect to the final clotted composition.

[0042] According to the present invention, the injectable bone void filler composition
as defined above is in a gelled or clotted state and has a viscosity suitable for

injecting into a non-mineralized or hollow portion of a bone, and may be applied in a



method for filling a void in a bone as defined above
I S percutaneous bone augnentation and conpri ses
vertebropl asty and kyphopl adtly. [0049] Moreover, the

wldaf7eh filling a void in a bone accordi ngptoEbhR7/6033s1
present invention can be used for strengthening,

supporting, repairing, rebuilding, healing,

‘ i byl did ne, for exanple a bone in a
pr&ﬁi&%ﬁgﬁﬂéﬁr ?g@lfecf bl dibied 8tahe. np

ring froma bone disorder including trauma
or fracture. Another field of application is, for

|l e l.nal ' Q .
(00431 2 e, TGl ae 5t anled WilarSSBIRES ol Uted Wik sity when
coniparat tty the, inttiahstate] Thisr eant beesbsefveahiortepaenpé i dhe formation of
.beni gn and nal i gnant | esi ons .and. surgi,call.y creat
fbrigy BPRERROOSD R 3 Beharened DrTtpPalfatiard §lidPhase and at
leas®6RE LD HARe! HECIPAS Sedlloid) Fiithiedthe dyem tquledt #lcudes all states
neets all the requirenments for a conposition usable

of gelgtiemknewe in WerArt.of osseous defects or voids. The

bone void filler conposition is sterilizable, is easy

to use and the rheology of it does permt injection.
[004&) e Ermgiciotteld? roedins, Ufor sagmplearacgekseampdsing dibrin and includes

articul ate.conponent in the conposition it is
a"VBEE’SWP@QP'&“%ﬁ%gfai‘“gwé‘t'ﬁ%aﬁ neral i zation front
which is highly beneficial in the healing process of

a_bone di sorder as descri bed ove. Furthernore e .
(00453 AB5pE106 0 e re1oTHEVRRESk BS MSFEALY Bh 1S Tgstaple-bone void
filler ORPRRRINCdH ds Drf 1hiR! Aheatibn, i ebtreoshy di8Srdeli o be treated, and

heal'i ng process. Advantageously, said bone void
is adjusted withimthescemmensknaw/edas of arparsen killgs in the art. For example,

ox T it oo . N
o ERHBEL T pdi Y U S R B0 ORGP Smount anor
lowez| asbant s, calcipry isalt-dontdiningi pagictese  Anlihjeetabim tdoamposition for
roperties, for ex | e Miscosit chani.cal,, .

replggiag Rppineraliced PRRNS of theEohe dnjalay d Higns brip gryount andior
a higitdremioutiaf chicifin sandnisiniad) peicles Accpading to onatexatmple of the

of the particles as_well as of the 8! asti Ci Ze{ip
presgphtnyenéian; thes xisgosibhof Vbeeng veld WW% on of the present
i D] ' i BRI EF
o7 AR R AR 5000 e

2007/ 137652PCT/ EP2007/ 003381 i odi xanol and 75 ! Wh

r in...Th t i [ G 3 ‘q s

o0 BT aaphs O ot 5L AR5 2 ELRRERy 2 voi i
a bang inlaopatiztht soffering frear a bomleadisorder, comprising injecting the injectable
bone void filler composition as characterized above, into a non-mineralized or hollow

portion of said bone.

[0047] As used herein, the term "patient” means a subject suffering from a bone

disorder and includes mammals, particularly human beings.

[0048] The method of filling a void in a bone as defined above is not limited to a
certain mode of treatment and includes any kind of injection technique, for example

percutaneous injection. According to a specific example of the present invention, the



Fig. 2 Differences in conplex viscosities as a
result of increasing concentration of plasticizer
and/or the particulate cont&t. Fig. 3: The delivery

wof 20087459 ect abl e bone void filler accordi ngp&pEpieTonsss
present 1 nvention into a bone void in the | ong bone

of a rabbit. The catheter is inserted and the void'is

methfg'gls Ifcfrd fi lllﬁﬁnl ogbfb?_ ihN§ BEAS e8Y dofinkh eaSQ\tlé‘ qié eber‘cﬁtaneous bone

he present 1nvention wl further
augméritaiscbrr ahe domprisbe vedebropasty mmrwlasm hout any
limtation thereto. EXAMPLES Exanple 1: Preparation
of bone void filler conposition containing fibrin,

[0049] WiRESNera itk tbihodndiiMiag aveidVial arbares acﬁnr‘dmgnto the present
seal ant sol utionFreeze drjed fibri.noge

inventisgopan h%tl%%d dor ﬁtramfsﬁnwen SUBPOING, ARG, debiding, healing,

f
augn Orﬁfn anoﬁg@? 3 b [%gglﬁnf)iﬁltlig’fbé\% |n9a151[16{a|ﬁ‘ suffering from a bone

disordéhymhluddygrtomyhaambﬁadme nather field @B@Pph@mn] isa femexample,
. |i%2-.
Spm#{)f/’('ﬁ"'g'}y- propyl Fani no] N, N - bi s(2, 3- di hydr oxypr opy1) -
2,4,6-triiodo-benzene-1, 3-di car boxam de
[0050] Examples of such bone disorders are osteoporosis, osteoporotic bone
fractures, traumatic fractures of any type of bone, benign and malignant lesions and

surgically created defects.

[0051] The bone void filler composition according to the present invention
advantageously meets ali the requirements for a composition usable in the treatment
of osseous defects or voids. The bone void filler composition is sterilizable, is easy to
use and the rheology of it does permit injection. Surprisingly, If calcium salts are
used as the particulate component in the composition it is possible to achieve a
strong mineralization front which is highly beneficial in the healing process of a bone
disorder as described above. Furthermore, the bone void filler of the present
invention is fully resorbable and is replaced with bone during the healing process.
Advantageously, said bone void filler composition shows substantially no
exothermicity and exhibits mechanical properties, such as mechanical behaviour
typically seen in elastomers, superior to fibrin alone. All essential properties, for
example viscosity, mechanical stability, resorbability, etc., can be surprisingly
effectively fine-tuned by adjusting type and content of the particles as well as of the
plasticizer contained in said bone void filler composition, within the claimed scope of

protection.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1: Rheological analysis of compositions containing 30% of the plasticizer



14 WD 2007/ 137652 Particles Thronbin 500 Um
Thronbi n Buffer PCT/EP2007/ 003381 Tri cal ci um
phosphate particles (TOP), 3% pm spherical (Plasnma

“%M,ﬂiwﬁsg)erby U_K) Freeze dried thronbi n powdeecT/EP2007/003381
reconstituted with 5 ml of thronbin buffer, to a
concentrati on of 500

iodixanol and 75 IU/ml thrombin. The effect of increasing calcium phosphate

in the composition is clearly seen. Complex viscosity is plotted on a linear

scale.

Fig. 2; Differences in complex viscosities as a result of increasing concentration of

plasticizer and/or the particulate content.

Fig. 3: The delivery of the injectable bone void filler according to the present
invention into a bone void in the long bone of a rabbit. The catheter is

inserted and the void is filled. Following the procedure, the catheter is easily

removed.

The present invention will be further illustrated in the following examples, without any

limitation thereto.

EXAMPLES

Example 1: Preparation of bone void filler composition containing fibrin,

glycerol and calcium phosphate

Materials:

Fibrin sealant solution Freeze dried fibrinogen powder reconstituted with
aprotinin solution to a total clottable protein concentration
of 91 mg/ml.

lodixanol 5-[acetyl-[3-[acetyl-[3,5-bis(2,3-
dihydroxypropy!carbamoyl)—Z,4,6—triiodo—phenyl]-amino]—2—
hydroxy-propyl]-amino]-N,N’-bis(2,3-dihydroxypropyl)-

2.4 8-triiodo-benzene-1,3-dicarboxamide
iohexol 5-(acetyl-(2,3-dihydroxypropylJamino)-N,N’-bis(2,3-

dihydroxypropyl)-2,4,6-triiodo-benzene-1,3-dicarboxamide



40 MM CaC 2 in 1-120 [0052] A 40% pl astici zer

(gycerol) and 10 U nl thronbin solution is prepared

in a thronbin dilution buffeq (40 mM CaCl 2 in double

V\fﬂﬁﬁ)hﬂ?&q water). The solution is then homg?&’r;%ﬁibomossm
e solution is centrifuged to renove bubbl es and

sterilised by filtering through a 0.22 gmfilter. The

fibrinogen is mxed with thronbin/plasticizer in a

1:1 ratio (therefore the plasticizer concentration in
Parﬂ'cl’e% gel : /edhcl ?nto i*andalachumdbhoﬁmate I'bEB'tléle&:ﬂd(TﬁifP)t Iﬁﬁw spherical

gl ycerol /t hronbi n_sol ut tr erred to a 5

syringe. 2 m of ¢ g@fgﬁf ?Eib!ﬁQ?( is transferred

to a separate 5 n1 syrlnge The partlcl es (ca. 2 gm '
Throfitin 506 A0RAr at ed ﬁ%s?gé (iRl OSBRI Q&kdé}f récﬁﬂsﬁm&% with 5 mil of

clot 'volunme (wv) ese are wel ghed and placed into

another 5 m syr ithombipdnéier, tiaecangenigiion ebiGiIUmig

the particles and the thronbin are connected via a

Luer adapter and the thronbin/glycerol and particles
ThrotbipBaffesed by t r4Dnmie CaCkgntHy® contents from syri nge

to syringe thoroughly. [0054] The syringes containing

the thronbin/glycerol/particles and the fibrinogen
[0052] & Eé‘%nﬁl%ﬁtﬂzéfr' @g@eﬂ?%nédﬁﬂl@ﬁn[ FRFOMBIA S%ﬂlmo%nfssprepared in a

nogeni sed. material remains |i

throrabptrdjmtlﬁatwff?r 149rth(éaClmm |dﬁgblem'§tlil6idn¥aﬁer) Jéﬂﬁ‘r ?zﬁ!uflon is then
|
homhﬁ%ﬁ%éetgdwégcﬂuﬁ%@ dé‘% | verggg 18 rél?\w@{)hyﬁlﬁ%’rggﬁgsg%rﬁ%e??y filtering

can as a pre-

throdm 20022 v GRRPCThERZIMNOLBA IS SiixEd awith thr@mbin/plasticizer in a 1:1
ation of _bone void fi.ller co 05|t|| an

rato BITalPr? HIP PRBHFRST SPRESALTPHOR T SOIBACRLP CpiRd)- For this 2 mi
of thé @Hﬁ:@%ﬁtﬁmrﬂitﬁﬁ 3Blutienti8 Wan@fén%@%b%fﬁ hi 89fihdd. Q_Bltnl of ﬂtﬁinogen (91

(contrast agents iodi xanol or iohexol) and a
mglml)rlsn’lnamsfen'edtiiooﬁ sep@waé@aﬁetu syninge h@rrbaﬁlclﬁsl (na oA um) are

buf f | i
incorfaiSh o7 e CeiERengablL AP s o ol e AT TnekiFare weighed
and plaoéd ||ﬁtugmdtttgp ammgmbbl es and sterilised by

filtering through a 0.22 gmfilter. The fibrinogen is
m xed with thronbin/contrast agent (CA) in a 1:1

[oosa]atrhe éy‘r#@é@fc%h@alhih@ Pledshritibled SindCRHRCRIRGMBIN Sk b@nriévﬂed via a
hal ved to either 40 or 30 9. For th

Luerzadapte;fand\t@etthmnlyniglmkw pargeles hoglagenised; by transferring the
2 m of fibrinogen (91
Contéﬁl??ﬁ%n%gﬁ'?qans er F@c}h dgﬂggparate 5 mM syringe. The

particles (ca. 2 gn) are incorporated as percentage

004 A sy gt Eoiteliing S kBTG a bagPRE S fibrinogen are

connected via a Luer adapter and the contents homogenised.

[0055] The material remains liquid for approximately 1 minute. During this time it can
be injected into the defect or alternatively after a few minutes it can be delivered as a

pre-formed gel.



[ 0057] The syringes containing the particles and the
thronbin are connected via a Luer adapter and the
t hronbi n/ CA and particles hotpgeni sed by transferring

nts fromsyringe to syringe thoroughl¥mpio07/003381
wd&%gg?%lsﬁe syringes containing the

t hronmbi n/ CA/ particles and the fibrinogen are

Al Luer t t e .
ExdififacE PredbReds of a6 i, PllEr UmBREHBR, ontaiging fibrin, a
appr oxi gohtiagt Agehhahd chilciungphbsphttee it can be
injected into the defect or alternatively after a few

mnutes it can be delivered as a pre-forned gel.
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. Exa 0 he bone void filler for filli
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fromthe hol how portion of said bone (cf. Figure 3).

andplagey Btyangther Py sYfilgfes of the injectabl e bone

void filler conposition in sheep
[0057] The syringes containing the particles and the thrombin are connected via a
Luer adapter and the thrombin/CA and particles homogenised by transferring the

contents from syringe to syringe thoroughly.

[0058] The syringes containing the thrombin/CA/particles and the fibrinogen are

connected via a Luer adapter and the contents homogenised.

[0059] The material remains liquid for approximately 1 minute during this time it can
be injected into the defect or alternatively after a few minutes it can be delivered as a

pre-formed gel.

[0060] The viscosities of the respective clots with different concentrations of contrast
agents and of TCP can be taken from Figure 1. Rheological data of compositions
containing of iodixanol as plasticizer and increasing amounts of calcium salts can be

taken from Figure 2.



[0063] The nedial fascia of the ti bia shaft is
excised and the tibia is exposed. A plate is
contoured to the shaft and fitked to the bone using

wﬁfio%%s}_he plate is renpved again and a staRgpipiodHshsas:
1 cmfull thickness defect is created. The segnent is

removed, the plate is repositioned and the screws are

Exaf lass! U@@ of the'bud ¢bid fillér i‘o?J dg”‘ﬁ' BorkPP6id in the long bone of

augnentation conposition is fil into the defect
and t heawabhit i s cl osed by suture [ 0064] The animals
are followed up for 4, 8 and 12 weeks (X-ray
eval uation). At the 12 weeks tinepoint the animals
[006] €T texinjdctalie Sona doldhfiiler Waiscpriepardt acotdiog taExampl 2.
anal ysis (pCT and hi stol ogy). [0065] The bone void
filler conposition and the resulting clots according

[0062] THEELORE PRitFov E‘é’ﬁﬂhb\%ﬂ RYA Birdsiit RegBIrRNMo form a hollow bone.
properties. 17 CLAINS 1. A nulti-conponent system

Thendhepnigstabie poag vcmi dtlenls ijerae ntei erholloyt bone using a plastic
catl‘f(‘a%'ﬂ) AHel Pl préé?e?iugg giléétfﬁqc&ﬂg@r iS 'e?g y FEHRRUEREM the hollow

conpri sing onent conpri sing

portidm afrdaich bor® (gfolRignte {5}‘.) conprising at |east one
pl astici zer; and conponent (d) conprising particles
havi ng a di aneter of about 200 pm or |ess, wherein

Exatp;];')elpggﬁ{;%li\?c{) stgﬂ 9509%)5&1"? E?I!ﬁr&aggs bt:iagn\]!gig ;‘ ﬁer Ec):zm\’\;/:/nosmon in

sheep

[0063] The medial fascia of the tibia shaft is excised and the tibia is exposed. A plate
is contoured to the shaft and fixed to the bone using screws. The plate is removed
again and a standardized 1 cm full thickness deféct is created. The segment is
removed, the plate is repositioned and the screws are reinserted. Thereafter, the
injectable bone augmentation composition is filled into the defect and the wound is

closed by suture.

[0064] The animals are followed up for 4, 8 and 12 weeks (X-ray evaluation). At the
12 weeks timepoint the animals are sacrificed and the tibia is extracted for final

analysis (WCT and histology).

[0065] The bone void filler composition and the resulting clots according to the

present invention exhibited excellent properties.



2. The multi-conmponent system according to claiml1,
wherein the conponents (a) to (d) are present in
solution and at |east conponeht (a) is spatially
separated from conponent (b). 3. The nulti-conponent
system according to claim1l, wherein the plasticizer
conprises at | east one bi odeQLAIB!l e wat er sol ubl e
organi ¢ conpound. 4. The nulti-conmponent system
according to claim3, wherein the plasticizer is

$el £ 64 eLchRBnche spsterPior pRepaing an ijectable Bstie void filler
agents, pol yethyl ene glycols, polyvalent alcohols,
eprypesitien, therempegition edMpPAgIRG- pol ysacchari des, and
any conbi ngtd isilaEiginohegONMPonent system
accordi ng t@%m@iggié%?em{?}%ﬁ g_ar’ti cles conprise
subst ancescepeneridb) comMPIBNOENEIMDBoNS st i ng of

cal cium sa Y/ j j or
b ocompat | B P EIEREARGRARpRIGS oft iERgLacs U

nul t i - conpooraponaytsite rompeisingi pajticles biaxing & diameieephabout 200
t he subst e > ; -S|

of tri cal PO HRSSpRapET e, At oF 4R BHRIGER ires Tiom 10 to
phosphat e, 458w in Espectia thieoxphersitorcal ci um
phosphat e, a pol ynor ph of cal ci um phosphat e,

hydr oxyapatite, cal cium carbonate, calcium sulfate,

PolThaciiuttiecornpb@itysystér eacapading dprotdiac f omberein the components
Do ySk S iiah e anreskal dbolugiorAhd i oSt SofipbiRnt &'% spatialy

sy sbpaIAES RO BempenehBiby 6, wherein the substances
are selected fromthe group consisting of tricalcium

phosphat e, al phatrical ci um phosphate, beta-trical cium

@.hoﬁr@?\mti%% it WIS SREBEENGRE dhiNt Yl Wheréiar el plasticizer

il
and/ or erein sald particles have a Ca/P ratio in
t heompriges Bt leastore blodegradablgywater soluble grganic compound.
mul ti - conmponent system according to claiml1, wherein
the anmount of fibrinogen in conponent (a) ranges from .
4bdie tiilt-coraponent2g)Gteny/ adcording Toslaim 3. wheighy thenplasticizer is

SR SRS oA bobg o Y Ay ifline ool
abpalyvalddtialcohdlseglyoampésinpnon . di-, tri- and polysaccharides, and any
combination there_of.

5. The multicomponent system according to claim 1, wherein the particles
comprise substances selected from the group consisting of calcium salts,
polymeric compounds, biodegradable or biocompatible glasses and ceramics.

6. The multi-component system according to claim 5, wherein the substances
are selected from the group consisting of tricaicium phosphate, alpha-

tricaicium



10. The multi-conponent system according to claim1,
wherein the anmount of plasticizer in conponent (c) is
such that it ranges from abolft 10 to about 80% w v in
the composition. 11. The mnulti-conponent system
according to claim1, wherein the anmount of the

pargHosphatd, fbét@ﬂﬁ&ﬂ@mn (ptbsphatee Taloiam [ﬂ’ﬂmpﬂ'\aie ta poiymorph of
about 50% W W | n resp ﬁ ct to the %frrposulon

nul G3lCiEGREReRatey sh é&%@ﬁtﬁ?:ﬂé’ QM| 5P atemln EF‘@'W‘ sulfate,
t hepﬂﬁ&flﬂb Oﬁolgfgf%bm%ﬂerbd n*ba%@@lﬁ@l%ﬁﬁt fyé@trfn@élﬁ?ﬁanbr Q#Brbonate,

10 to abo he anmount Of thronbin
| n R%Yﬁibﬂ@ﬁ@ gdmol,@%aﬁxﬁ CPHH’('nqttO“l theggof| east about 1
Iim in the conmposition, the amount of plasticizer

cont ained in conponent (c) is such that it ranges
7r okheapulii-cappenentbsyaterB0geaarding rfot ¢laing Smydwreinothe substances

and,glgbidq! i8R TRUbrdllp 'RSRANG | 6f ScdiclfoBAREBRAte, alpha-

(d)" ranges roma to a
r estpmicuutrophmhabapbshattnoaicmms phogphateland calaiponehesphate and
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mulftom abopbhérto abyst @m according to claim 12, wherein
said particles have a dianmeter of |ess than about 50
pm 15. A nmulti-conponent system according to claiml,

8Q6Tl$é @fieodiponent sqst?_h ?%@brdid@ tc aigisnéntvbefeih the amount of

are present in a.soli rm .16. inje | e

bolfenDgSh i rBRonesSPNAsh Tombabst J0 2obGfedR meymi.

(a) conprising fibrin;

9. The multi-component system according to claim 1, wherein the amount of
thrombin in component (b) is such that it is at least about 1 iU/ml in the

composition.

10. The multi-component system according to claim 1, wherein the amount of
plasticizer in component (c) is such that it ranges from about 10 to about 80%

w/v in the composition.

11. The multi-component system according to claim 1, wherein the amount of the
particles in component (d) ranges from about 1 to about 50% w/w in respect

to the composition.

12. The multi-component system according to claim 1, wherein the amount of
fibrinogen in component (a) ranges from about 10 to about 200 mg/ml, the
amount of thrombin in component (b) is such that it is at least about 1 IU/ml
in the composition, the amount of plasticizer contained in component (c) is
such that it ranges from about 10 to about 80% w/v in the composition, and
wherein the amount of the particles in component (d) ranges



conmponent (b) conprising thronbin; conmponent (c)
conprising at |east one plastj,cizer; and conponent
(d) conprising particles having a dianmeter of about
200 pmor |ess, wherein the ambunt of the particles

conpoth epa 11 A 30l i sBRpBEnG ColbBsiton,
- conposition according to claim16, wherein-the : :
v Sesamoe et estagasgornd o1 PhASEr partces have

bong digindtdr dflless farpalsouti 100 pecor ding to clai m 16,
wherein the plasticizer is selected fromthe group

onsi sting of contrast agents, polyethylene glycols,
pPAr.yl*f@ Slti-HrR PSRt sysRn® agc@h:ling tbrdlaimat® wherein said particles
0 an

c

pol ysacchari des, and y O conbi nation thereof. 19.

The hiang acdiametenefiless than abeytd0 BBhposi ti on accor di ng

to claim16, wherein the particles are selected from

the group consisting of tricalcium phosphate,

al pamulicedmponepteystent accasding-toclaim tiwhereRbeps 8f grore or all

| ci h , : i hat e,
P IR BATEBABHE, (o 1 R AR e At I S Yo e
pol yacti de, pol yglycolide, polycaprol actone,

i met.h . : h I, d
o A i erabiedrons ey e Somihetitn Kool L0 U0
filler aceaipbnemt{(@) coraprisihg.fibrimerein the particles
are sel ected fromthe rouﬁggﬁnsi ﬁti ng of tricalcium

phosphat €ompanent (b} cmpns! PRt e,

bet a- t ri eahfomEne (¥ Tenaprising at leaktonspliticipnaad and

m xtures thereof, and/or _ wherein,sai d\@?art j. Cl efé h?vg t 200

a Ca/ P r &oMponen (D Gommprising PERARs A q 3 digipeier 57 about 200 um
21. The ipiast dHeReOne afbanf of thepatieo rarigegrfrom 10 to 45%
according to ¢laim 16, wherein _the amount of fibrin

i n conpoméwtinreppeciigdbe COPRARN 5 to about 100
ng/m in the conposition.

17. The injectable bone void filler composition according to claim 16, wherein the
plasticizer comprises at least one biodegradable water soluble organic

compound.

18. The injectable bone void filler composition according to claim 16, wherein the
plasticizer is selected from the grbup consisting of contrast agents,
polyethylene  glycols,  polyvalent alcdhols, mono-, di-, tri- and
polysaccharides, and any



22. The injectable bone void filler conposition
according to claiml6, V\herel n the anount of thronbin
in conponent (b) is at |east 2%pbout 1 Um in the
conposition. 23. The injectable bone void filler
conposi.tion accofding to claim 16, wherein the anount
of ingtion fhere Pf1 conponent (c) ranges from about 10
to about 80% w v in the conposition. 24. The

&gaﬁ?f% abl aﬁé%@n\éw%ﬁ% &Cgﬁlrﬁpoglséﬁogﬁgg‘fﬁg %a% nl% merein the
aféjs)eiééiéﬂ%nf fHegapWondisting abfichlchPAphbEphate, alpha-

respect to the conposition. 25. The I njectable bone
voitticalciumephesphsdei betartrlgek@muphgsmat@t glgiuns phosphate, a

F st spi BBk ate, PGBy atiR TRRAFH galtitnate, calcium

corguifaiel polyactides palyglyeblidd, polyoapiolactone, qmmmmemyle(rte)
is at least about 1 lim in. the conposj ti t he
ans@ronste, polyathyiepe glveahtanthany CRMOFL ter )
ranges from about 10 to about 80% w v in the
conmposition, and the anmount of the particles in

QQWﬁBctéHé Hoff‘l@%ﬁd ﬁﬂ&'ﬁ&%ﬁﬂihg o ERIMPEUWheRSh "M‘lévpﬁftlcies are

osi tion. . The injectable bone void fill
coragémted Homthe 'mtncg cpasls,im of tecalgidey phosphate alpha-trlcalcwm

rptHP% Rsteh BYEs- cglcﬂﬁﬁ vm@ tee?ﬁdtd&?éhrﬁb&\gs phf, RiAd mixtures

|nfecta e bon er coq¥05|t|on
ac dbergioh ariddorcwheneire saidvpartieies hsxed afft raficeis thayange of about
di ess than about 50 pm 28. The injected
boﬁg§&g%88; ler conposition according to claim 16,
wherein said conpositionis in a gelled or clotted

?ﬂ ﬁ]fhe? lﬁ]ﬁ%&% b?gé v%:fao ﬁ!Lqrycm&ﬁﬂ ﬁé%rduhajtg%idlﬁ%é Wikrein the
amount of fibrin in component (a) ranges from about 5 fo about 100 mg/ml in

the composition.

22. The injectable bone void filler composition according to claim 18, wherein the
amount of thrombin in component -(b) is at least about 1 1U/ml in the

composition.

23. The injectable bone void filler composition according to claim 16, wherein the
amount of plasticizer in component (c) ranges from about 10 to about 80%

w/v in the compaosition.

24. The injectable bone void filler composition according to claim 16, wherein the
amount of particles in component (d) ranges from about 1 to about 50% whv

in respect to the composition.

25. The injectable bone void filler composition according to claim 16, wherein
the



29. An injectable bone void filler conposition,

conprising: conponent (a) cogprising fibrin;

conmponent (b) conprising thronbin,; conponent (c)

conprising a plasticizer; and conponent (d)

conprising particles having a dianmeter of about 200 )
pm amdusd of fiben & nompenani@hranges frempairaut &l tesabquit §&§ mg/ml in

e A Al S P8 et o

suf fe/ming theosarapbsitien, dheasrdennt shpelasticizeracohtained in component
conpqsition |s to be adm ni ster into.a "

non (@ FREI0ES| éz@a' aPowoﬂSofw BRPYY gﬁ%w/\éaﬁ‘ dhgorRImPagftion. and the
Theg D thEPBa B ESbdntaMT£esmeabi Meto about 50%
bone disorder is selected fromthe group consisting

of wéwedphe carnpositen.coporoti c bone fractures,

traumatic fractures of any type of bone, benign and
mal i gnant | esions and surgically created defects. 22

1, nt.. e : . .
o ThOTHRTRERE TN BERI Rcbaufy 3 By 76, wheren
40%saidwarticles Saeeta tiamdter obleps $han ehout3P00 e
i njectabl e bone void filler conmposition according to
clai m 16, wherein the anpbunt of the particles ranges
from30 to 40% wW w in respect of the conposition. 33.
\B% Tie injectaplecbaie eoisbfiberneirpositivr aceordiog ite ictaim 26, wherein

conggfds ;')a?rﬁéles have a diameter of less than about 50 pm.

28. The injected bone void filler composition according to claim 16, wherein said
composition is in a gelled or clotted state and has a viscosity suitable for

injecting into a non-mineralized or hollow portion of a bone.

29. An injectable bone void filler composition, comprising:
component (a) comprising fibrin;
component (b) comprising thrombin,;
component (¢) comprising a plasticizer; and
component (d) comprising particles having a diameter of about 200 pym or
Jess wherein the amount of the particles ranges from 10 to 45% w/w in
respect to the composition, for use in filling a void in a bone in a patient
suffering from a bone disorder, wherein said composition is to be

administered into a non-mineralized or hollow portion of said bone.

30. The composition according to claim 29, wherein the bone disorder is
selected from the group consisting of osteoporosis, osteoporotic bone
fractures, traumatic fractures of any type of bone, benign and malignant
lesions and surgically created defects.



conmponent (a) conprising fibrin; conmponent (Db)
conprising thronbin,; conponent (c) conprising a

pl astici zer; and conmponent ( conprising particles
havi ng a di aneter of about 200 pmor |ess wherein the
amount of the particles ranges from10 to 45% ww in
respect to the conposition, in the manufacture of a

@EI Al Suc];cfrrﬁéoh’éﬁ élygtefn'\ lalcb&ghr@ %0 m‘]r‘] HORPLR the aﬁﬁdpunt of the

I'n om a bone sor "wher el n sai
rred padiolas ranges cﬁrdme 3adeiiis W é resrmect to the composition.
non-m neralized or hollow portion of said bone. 34.
The use according to claim 33, wherein the bone
dE%onkeinjdacstablel bone dofd Hifert deemgootign aoosrids'ng' tog clafim 16, wherein

o=t SRRSBET crCoBEERh Sohe o 1 5o RLFElbect o o

| escompositidnsur gi cal | y created defects.

33. Use of an injectable bone void filler composition, comprising:
component (a) comprising fibrin;
component (b) comprising thrombin,;
component (¢) comprising a plasticizer; and
component (d) comprising particles having a diameter of about 200 pm or
less wherein the amount of the particles ranges from 10 to 45% w/w in
respect to the composition, in the manufacture of a medicament for use in
filling a void in a bone in a patient suffering from a bone disorder, wherein
said medicament is to be administered into a non-mineralized or hollow

portion of said bone.

34. The use according to claim 33, wherein the bone disorder is selected from
the group consisting of osteoporosis, osteoporotic bone fractures, traumatic
fractures of any type of bone, benign and malignhant lesions and surgically

created defects.



