| NJECTABLE FI BRIN COVPOSI TI ON FOR BONE AUGVENTATI ON
FI ELD OF THE | NVENTI ON [ 0001] The present invention
WO 200at18853 0 a bi odegr adabl e i nj ect abl e conposi PCREP1007/003382
bone augnentation conprising fibrin, a contrast agent
and calciumsalt-containing particles, as well as a
nmet hod for bone augnentation in a patient suffering
froma bone di sorder conprising injecting said
conposition into a non-mneralized or hollow portion
of said bone. BACKGROUND OF THE | NVENTI ON [ 0002] For
exanpl e, percutaneous bone augnentation includes the
techni ques of vertebroplasty and kyphopl asty whi ch
have been used in the follow ng indications: painful
hANEEG TARISE FIBRAYHOMARS TR EOR BANE ALGMENTATION
traumati c conpression fractures and pai nful vertebra
net astasis. An exanple is the percutaneous delivery of
pol yet hyl met hacr FiRt P QPNWE INGEBT¢ONENt S tO repair
fractured vertebral bodies. This treatnent is
effective in relieving pain and restoring height to
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particlgsy @sbveal asoaymaied: fos il puBpentatin, It 8 Refiqt; Hffering from a

isi i MPoSRBRNAtY & MRINdHirferBRzdiBor hollow
bone wspﬁ%éﬁ'f&ﬁﬁéﬂé'ggq@@%ﬁ%t?gﬁ 8n. %FOOOS] Conpl incatI [ orns of
portiohlvd seetbonejue i ncl ude | eakage of PMVA. This can be
par avertebral | eakage, venous infiltration, epidural

| eakage and intradi scal | eakage (Truckai C, Shadduck

J. H., US 2006088cKGROBMNISOF FREKMBEENROKEsUl t in
very serious conplications including conpression of

adj acent structures (requiring furthersurgery) and/or
olism Recent research has als .

10002 5k EARIF ore ulARRETS oo 2 PR kiCdEs e teEndiaues of
verteopfadtE e kptioplagtyrenish haves Beendried i thed fullowving indications:

the vertebrae agacent'to the PMVA treatnent (Trout .
painfulThemangiomas, osteoporotic compression fractures, traumatic compression
fractures and painful vertebral metastasis. An example is the percutaneous delivery
of polymethylmethacrylate (PMMA) bone cements to repair fractured vertebral
bodies. This treatment is effective in relieving pain and restoring height to the
vertebrae. The targeted vertebrae are identified using fluoroscopy and a trocar
needle is introduced into the vertebral body. The PMMA can be delivered to one
(unilateral) or both (bilateral) sides of the vertebral body and the delivery is monitored
using fluoroscopy to ensure that the cement remains a bolus, without leakage or

migration.

[0003] Complications of the technique include leakage of PMMA. This can be
paravertebral leakage, venous infiltration, epidural leakage and intradiscal leakage
(Truckai C., Shadduck J.H., US 2006089715, 2006). Leakage can result in very

serious complications including compression of adjacent structures (requiring further



Kal | mes D.F., Kaufrmann T.J Jour nal of
Neur or adi ol ogy 2006, 27: 21? 223). [0004] A further

W@ opli3wsat i on of the technique is the high PCT/EP2007/003382
exothermcity of PMVA that can potentially cause heat
necrosi s extending to the dural sac, cord and nerve
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bari um sul phate) is incorporated in the PMVA cenments
to facilitate the fluoroscopic delivery. The long term
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roxi matel'y 10 minutes to performthe
of leathirigninreacted] urgialyreedsehanddew! mol¢@oianiveiniisshemicals. For the

need exists, for inj.e tab e bone
techn o dBranronih FeRog e U Aa A Ra 0T SBTERE ifbrporated in
the Pﬂ/lmdéférﬂéﬁ&eﬁ) fARAtE theALefoREBpIC (Eeli\/%r?nTﬁbj leay tefm effects of
the present invention to provide new injectable
bariuro@uiphdte iconthefhanenaned theigamentpiopertiesare agt fufly known.
vertebropl asty and kyphopl asty. SUMVARY OF THE
I NVENTI ON [ 0008] The present invention relates to a
[OOOSE"TﬁéQnﬁ%SWSoﬂ PiVIRGA ad latsd gl driyicalesarabadtee, It imest be low enough to
ol ogicall'y degradable, fibrin matrix. The materi al
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achi eved through the incorporation of suitable
contrast agents and viscosity isachieved or controlled
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in certaln enbodi nents the starting
whichraeecoraé thé abbeepnesteored disadvardagegl s rapi dly and can
be delivered with negligible waiting tinme. It does not
have an upper

[0007] Therefore, it is an object of the present invention to provide new injectable

compositions for bone augmentation, such as in vertebroplasty and kyphoplasty.
SUMMARY OF THE INVENTION

[0008] The present invention relates to a micro-porous injectable fully resorbable, i.e.
biologically degradable, fibrin matrix. The material of the present invention has
substantially no exothermicity, exhibits mechanical properties typically seen in
elastomers and is mechanically superior to fibrin alone. Adequate radio-opacity is

achieved through the incorporation of suitable contrast agents and viscosity is



time limt for conpletion of the technique allow ng
nmore time to deliver the maBerial. DETAILED
WOEBCR6TF ON OF THE | NVENTI ON [ 0009] One aspecPCDEPI0NE003382
present invention relates to a nulti-conmponent system
for an injectabl e bone augnentati on conposition,

achieFeUTRIr SbAEGIERO FRBOGAT tHeRindoppdratiohnef bi baititadas; species. Unlike
conponent (b) conprising thronbin; conmponent (c) | )
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the present invention the conponents (a) to (d) of the

mul ti - conponent system as defi ned above are each

present ”E)E?’PAl't‘_'E‘p;gyEfé’@ﬁfF@hbr@b# fﬂ%@@fgg[@ﬂt (a) is

spaci al | y separa r'om componen 1" 1] The
mul ti - conponent system for an injectable bone

augnent ati on conposition as defjined above, may further
[0009] RX16A%PastyDT SRS BRHENERROR felataS 1 AgRUK-epmponent System for

- ' : ' : o repairing,

an inj 4R e G oA o B RO Ino  CER 2
ost emmmplorearitya) agenpssing fibwihbgérict or s,
chenot her apeut | ¢ _or pharnacol agi cal agents,
bi oIQS’@VE%W‘é)']}%éLt‘?%pgﬂBQE&O”PHadeni ng and/ or adhesive
co . 2 > : Jagg My
be cont%ﬁqfw%ﬁé?ﬁ?%éqéééﬁ%gﬁent S@(sg)ggtegw(@d)a of o
t he camponerdrigpreampesisgeat gastrenedype ofhealgiusg esalt-containing

et o o T BERRTRAN AP AR RIS o s

i nvention, the fibrinogen conponent (a) of the
mul ti - conponent r]s%st_em as defined above may further
[0010% Aspeidirg tmensrembedimantaftthaduesentapvertian thepeemepnsnts (a) to

(@ of 5 FSFFBURROBBFCSEHAT socbHAT 038 B T BEh ¥ sotuon
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protease inhibitors, and m xtures thereof. The
fibrinogen solution according to the present invention

[0011] ke FhTB-ddMTAIENt &t IO A Frjd€thbRe bone 8ifMEeRESion 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 may be contained in any of the components (a)
to (d) of the multi-component system according to the present invention or may be

comprised as extra components.

[0012] According to one example of the present invention, the fibrinogen component
(a) of the multi-component system as defined above may further comprise one or
more of extracellular matrix proteins, for example fibronectin, cellular associated

proteins, other plasma derived proteins, for example blood clotting factor X!l (FXIII)



in the state of the art for scientific and/or

comercially avail able fibr i4nogen conpositions, for
wezxanpsmszomerci al |y avail abl e fibrinogen sol etT/BP®07/003382

[0013] The term"fibrinogen" includes not only

fibrinogen per se, but also any clotform ng substance,
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component (b) of the nultl-conponent syst em accordi ng
to the present invention, may further conprlse

o0r g RS RTBBA 5 BB RpL Pl o 3 o By 2 any i

formlrfd“%u%@,fﬁrfc@ﬁs&gﬁrgs CHIeRAMg (derivaties Ebﬂ ﬂbﬂﬁog@reclfcﬁn @xample
Mmtation in respect to the used thronbin anount. In

“fibrinbhe exanpl e of the present invention, the amunt of
thronbin in said thronbin conponent (b) is such that
it is at least about 1 IUmM in the final clotted
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[0016] The term “thrombin” includes not only thrombin per se, but also any gelation-
inducing or clotting-inducing agent for component (a), for example a physiologically

acceptable alkaline buffer system.

[0017] The term “contrast agent”, as used herein, includes any suitable contrast
agent usable according to the present invention in imaging applications known in the
art such as fluoroscopy. In one embodiment of the present invention, the suitable
contrast agent of the multi-component system as defined above has a low osmolality

and allows fibrin assembly to occur at an appropriate extent.

[0018] Further, the term "contrast agent” includes all such compounds which can be



radi ation, infrared radiatlgn uItraV|oIet radi ation,
el ectron or neutron radiati a magnetic field, or
W@ kiraswsend, or any conbi nati on thereof. [ 0019PCT/RP2IAT003382
exanpl e of the present invention, the suitable
contrast agent of the nulti-conponent system according

used dctordifigRbane presemenvestiorcan®dichfds @%tlh@ashe@mmm @obum)undlng
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use érein, the term™"iodl ne contal ning
magnetigfeldcocoltrasoond, orrMde@mbaidtlondhpmmﬁds whi ch cont ai n
at | east one iodine atom and/or iodine ion, bonded
either physically or chemcally, for exanple
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earth ¢leplardes any type of particle shape or formknown in
the art, for exanple spherical, angular or holl ow
[0024] In one enbodi nent of the present invention, the
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[0021ﬁ>ﬁnqﬂb§ %Fn Sﬁﬁ%@st‘n’l@ﬁnﬁ%@?%ﬁ’éﬁngé{ gfwtehﬂﬁllt} gomponent system as
definednabone ane asaedestetefrbrd tHe (gnmmme:ogs:mpgcmfnd|atmou;eo(fmeglum|ne)

'Odec%epg?’%%ﬂogdpg?‘ﬂiﬁgah?ﬁﬂa?e'O%@éP'Ic?{lfhgéy nglgﬁgg’%gd iopromide, iotrol,
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cal ci Um car bonate, cal ci um sul fate and conbi nati ons

[0022] According to one example of the present invention, the amount of contrast
agent such as iodixanol or iohexol in component (c) is such that it ranges from about
100 to about 800 mg/ml, such as from about 150 to about 600 mg/ml or from about

200 to about 400 mg/ml, in the final clotted composition.

[0023] The term "particle” includes any type of particle shape or form known in the

art, for example spherical, angular or hollow.

[0024]) In one embodiment of the pfesent invention, the calcium salt-containing
particles of the multi-component system according to the present invention are

selected from the group consisting of tricalcium phosphate, alpha-tricalcium



t hereof. For exanple, sai dngal cium sal t-contai ni ng
particles are selected front'the group consisting of
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beta-trical ci um phosphate and cal ci um phosphat e,
having a Ca/P ratio in the range fromabout 1.5 to
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contrast agent contained in conponent (c) is such that

or fromaboshgedo AdGwawdnreanrrt to the tinal doltetgpmpositionhe

final clotted conposition, and the anmount of the at
| east one type of calciumsalt-containing particles in

[0025F oxguonding (o)) orfearegaBodifntabbuhe lpieseabdnverst®h, whe igmount of
respect to the final clotted conposition. [0026]

fibrinoges dp dﬁompqr@né (@petine mulkapmpensht syrtepr as gafined above ranges
from db;&YJWb' t%n % CIBe r%urﬂ%f?ﬂ;drﬂbﬁqg%?ﬁ%nérﬁ)(b) is such

t he -co I ned above ranges
that itflg amealsbuboﬂtS1 IILO/mﬂbolihe IIhElI oipttet, cdnimmsmlmurthe(a‘mount of contrast
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50% w/w marglsjggct:t to the I?Lnal clotted composition.

[0026] 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
that it ranges from about 25 IU/ml to about 50 IU/ml in the final clotted composition,
the amount of contrast agent contained in component (c) is such that it ranges from
about 300 to about 500 mg/ml in the final clotted composition, and the amount of the
at least one type of calcium salt containing particles in component (d) ranges from

about 30 to about 40% w/w in respect to the final clotted composition.



at |least one type of calciugsalt containing particles

i n component (d) ranges from about 30 to about 40% w w
WO p0o7as1e8Et to the final clotted conposition. [ BOREP20DT003382

anot her enbodi nent of the present invention, the

mul ti - conponent system for an injectable bone
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present in containers suitable for storage,
transportation or use of said nmulti-conponent system
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i nvention are
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onponents (a) and _(d) each in different containers.

but ln(['@‘d)%@?“t&rbf&fﬁdlf RGYt2e, ealgriabehehang,dat exampiegals or syringes.
contai ners may for exanple contain one or nore
conponents as a solid, as well as a solvent separated

[0029] Mareseérd tho cpopenestdyf saidapaltatoroponestnsystemsmiay for example
contaj ner, wherein a solution of the resRective on
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t1-component system of
container and of components (a) and (d) each in dlfferent contalners

[0030] 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
separation means. The components (a) to (d) of the multi-component system of the

present invention may be also present as a ready-to-use mixture.

[0031] Moreover, said components (a) to (d) present in one or more containers may
also be part of a kit, comprising the multi-component system as defined above. The

kit may further comprise any additional compound usable in the multi-component



present i-nvention may be al go present as a

ready-to-use m xture. [0031F Moreover, said conponents
W@ 200718766H) present in one or nore contai ners PEI/ERI08T003382

be part of a kit, conprising the nulti-conmponent

system as defined above. The kit may further conprise

systenfm)f taddiresentinventipoufud esemiple auxilidrg agents, buffer salts or buffer
ti- conEonent sy stem of the present inyention,
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sai d conponents. The preparation of the injectable
bone augnent ati on conp03|t| on can be carried out at
[0033hA\ccoidingbice om@npéaamﬁ eof m:tprggentnlrtva@h@'angéeflmﬁﬁable bone

augm%gtg%n Jc%rﬁ;%tht ) eé{eé%?ed fefdm GG TR c%tm ég'locf rrajspé}ﬁd%]s defined

reover, bone “augnent at i'on
aboveas‘odeiﬁalﬂmﬂeabpvmlw thertdjmponenﬂsudé saiy muhlea:omponent system

nponent suitable for e.g. augnmenting, strengt rHiwn ..
togethgumsv@r REMAdepAing igid COMRANENES), Th%anrpﬁar%&o%f F 'fhgmectab'e
C
bone é\f@'ﬂ@ﬁ% élrﬁgggﬁ%é?@ér‘? ehg ?}r%a%éorgg %glg@& %ng%ruﬂ%fé fefh&ature, such
as in the sange frahi gbauct 1& to abeutt 37 °®afodeuang>leaat1|26r"CadheS| ve
conmpounds and mineral additives. These conpounds
and/ or agents can be chem cally attached to the

[0034]RidrbSverARETRRE Bl IBhe augmentation 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 the calcium containing particles, trapped in

the fibrin matrix or contained as a free molecule/drug particle, for example a powder.

[0035] The components (b) to (d) of the injectable bone augmentation composition
according to the present invention are the same as defined for the multi-component

system characterized above.



particul ate conponent, for exanple on the cal cium

containing particles, trappegd inthe fibrin matrix or
w@oenrasmeesl as a free nol ecul e/drug particle, fBCT/EP2007/003382

exanpl e a powder. [0035] The conponents (b) to (d) of

the injectabl e bone augnentati on conposition according

[0036? thehfénw FHARE doBeitti sHly R&fer it SuiBRBBaglatirf t"Bﬁrfi’o éH but further
he nul ti-conponent syst em charact'eri zed above.

includeseanye mixture wofi fibrinieed filbrinegean, whighema, ocaur yiurlng formatlon of

fibrin ﬁgn?f’ !Bra ﬁqueé}]yg Bﬁﬁ@gﬁhgmfgﬁﬂm@d@&c%&u?ﬁ rQ{U omfff)tl%ﬁen/f brin

and afn9 dgFBHeCUT @dlafi dJHDfaln@/drf étﬁttfnlgbdi(brfmféblelfasnlgngfuis)tttthas no negative
thus, includes any ratio of fibrinogen/fibrin and

tmpacérw\ Gedinal @pngmsatqrbmjec‘rtaﬂdnt%th@tmqmgﬂle@r@béﬁe@%ﬂ‘@"aw portion of
the bé&é‘gn?es |b|1|n R gy ‘?}é%g%;pf’ ﬂ'}%fﬁ?@&éblgrbértee@g@%'ngartlon composition

OITpOSI ron 1 njec e non-m nera

of thehgresemt paehtion fofthéhiachees. fibFirewlth wrily acsrmakb mmttu r(tajf flbrlnogen
of the |njectable bone augrrent ation conposi 2
or withpwlsanit fibiReaan tsit insaid dpripnaieevers ts 1eimy i wgth%r “includes

oy B AR HOAe 9 BB Gory il s

reover
further includes any partly or fully gelled or clotted

10037) BcBp g B8 el st I Brastet sRERURp. IvmbHBhof fhin in said
fibrin %ﬁg?ne‘hft E%*Hf' fhe fhrlgétbﬁlef bBhE NaERREBH é@mpst.t.bheas defined

abl e bone augfrentati on conposition as defined
aboveamrmsrfamrgue@bdutcﬁrtmlabout $00 eangijusudio@sfegmigbaicid s65 mg/ml

or rofr Ayl 3t 5 mclied e Eatlebr DT oRMS accor i gt 0

anot her exanple, the amount of fibrin in said fibrin
conponent (a) of the injectable bone augnentation

[00381 asosding da afother epaeditthergreauniboafl filamgda seidbfiPEpsiamponent

e o R A% bR P B Vg AE314 o rences

from taﬁo@tt 5| @aaboabaQd g/l i the filkt dioted congsdsitibn, the amount of
onposi tion, the amount of contrast agent cont ai ned i

thrombm th s@dttheambingermpesapodrs at dgastahged 1 iEm! e final clotted
compaggoﬁo Bolétncg%g gﬁ/ Bbntrdktt régef'\% n@dnt?m?ﬁt % said contrast agent

nPosi | on anount east one
compoaemj ) saridescdrdmai abogt paot toclabeut r8Gompginenin (tdg fmal clotted
f 1 % [
compgagiﬁgﬁ S@pé&l{tn%%%glﬁnt og ’S\eagtofetas? %n(emga cihrr}t ggl% %gﬁtaimng partlcles in
component (d) ranges from about 1 to about 50% w/w in respect to the final clotted

composition.

[0039] According to the present invention, the injectable bone augmentation
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 pre-clotted liquid, gelled or clotted state.

[0040] As used herein, the term "gelled” means any state of elevated viscosity when

compared to the initial state. This can be observed for example in the formation of



conposition. [0039] Accordi to the present
i nvention, the injectabl e bbhe augnentation
w@pasiesi on as defined above is in a gelled oPCERI0DEN3382
state and has a viscosity suitable for injecting into
a non-mneralized or hollow portion of a bone, and nmay

fibrin fﬁﬁn?ﬂb@inbgénld? iR affirel ¢ Hivjpleesed syitemh ofast least @te soli prdse and at
state 040 used herein, the term"gelle
&@s all states

least mll@udt@a@e w@waﬁ@jcw@éogwww&t@mﬁ"@&"traplw
Ofgelét&'%rﬂwr? ﬁe\&% Ahis can be observed for exanple in the

Oh O B n fromfibrinogen or in a finely
dlspersed system of at |east one solid phase and at
ast one liquid phase, such as co

[l oid. Furft
(0041} RBetterm 'ciptiads e (peaxagmpl es@ageiscwpa@nat jbgfh and includes
any klégg\f‘n"%f)éaul%ﬂgré%ﬁte &bt tjﬁ?e%r{ erm“clotted" means, for

conpri si ng rin and includes any kind
of coagul ati on state known in the art. [0042]

R R AL TR ST —
depen'ds Fon t1he Qﬂﬂ%aﬂbﬁo‘i @erthé (bdQPe Hfs“o%@tdto %dtrbﬁté%;dl asd €P§| adjusted

n the conmon’ know edge of a person skil in the
wuthlnattte cﬁmmelxalﬂmw!ﬁdge ohjae peatre skdigdon tthenaﬂorFOF example, an

it KSR s B8 S5 oSt B AR Gnount amior

lower PahblAt %$ caﬁ@uuhﬂéﬁt&?&\tﬁﬂﬁ@ﬁﬁﬁnélb@n Arprinjeelbds | diin osmon for
non-mneralized portions of the bone contains _a hi

ghe
replacindnon-rainetalized mpriens ohthgheene geniaingod higheyi filfin amount and/or

o ior B ST RE i hing QHELoL er ecpect of

augnenting a bone in a patient suffering froma bone
di sorder, conprising injecting the injectable bone

[0043L Agatharaspest ebHsopiasest inventiRgy ERlates) tocd mahod of qstg@entmg a

vone o 54 R0 SR & 0P8 8 O R RIR tne mciabl

bone augh@mat&jﬁ E:el‘riplmgltfohot’m a;tiammﬁedze@raﬂmweanﬁoi aaloamndmineralized or
particularly human beings. [0045] The nethod

ho”o"‘blPoré'QQrﬁiﬁﬁ'%Bo‘éebone as defined above is not linted
to a certain

[0044] As used herein, the term “patient” means a subject suffering from a bone

disorder and includes mammais, particularly human beings.

[0045] The method of augmenting 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
method for augmenting a bone as defined above is percutaneous vertebral

augmentation and comprises vertebroplasty and kyphoplasty.

[0046] Moreover, the method of augmenting a bone according to the present
invention can be used for strengthening, supporting, repairing, rebuilding, healing or

filling a bone, for example a bone in a human suffering from a bone disorder.



node of treatnent and incl uﬁfs any kind of injection
techni que, for exanple percutaneous injection.

woewonslionl)y to a specific exanple of the presenkCI/EP2007/003382
i nvention, the nmethod for augnenting a bone as defined
above i s percutaneous vertebral augnentation and

[0047{@%?11@% of sUchband aisoydensdatey pteppbarisys for084&Mhple in vertebra,
reover, the method of augnmenting a bone according to

hip andHere;aegear bewgemdowaeaﬂa%téea@@a for strengthening,
supporting, repairing, rebuilding, healing or filling
a bone, for exanple a bone in a human suffering froma
[0048pOTtee dhjeotathdes . tﬁd)flaﬂf?dugﬁxmtptles cdmpasitiobhoaecatdsgy derthe present
are ost egpor os exa ertebra, hj
inventicgt s S REO9VERVEAIERY SRl 1 ghB AIOVS SRigRon o 2jon ineralized
or holicﬂ Horfih %f@%%né%ﬁﬁé‘ttﬁé'ﬁ}ﬂcé@u%oéaﬁ 'tfénrrﬁﬁﬁt%"ré’d W h%ariety of
e present 1nvention is surprisingly advantageous in
|mag|r|gwa1methodisl sushi ngecfluorosoopy. a Thimn- facteraffectivelyorenables the

oo b 4Gl 0 oM B S0HER, s ertr
::ldvanftéi?lét{e Ry RHF 90Yids Heverd 9%bl8ﬁ1fse§lth§é Yef2aR! FhERDmMposition into the

physician to verify the injecfed COﬂEOSItIOﬂ
blood |s§eam obtheguatignt. d\derwrnﬁw@raﬁdﬁi@ aticalatuay saly spptaining particles

o YRR SRS BR0ED LRSS Bhg Bt aven by e

contrd&brégém‘reorttﬁmeadw bhh compositnithemlby aavamtageddsly allowing a
rticles to the fibrin based conposition surprisingl

y
reduckiem gh s comtent eh saidseonjrass maeptt Ghes henefisial § émcteﬂstlcs of the

compafARL AT, i GRS Ao SR, APl coe

comp@@ﬁ@rﬁ thet base lfrtedridtingl am:d1apambala|rl§/t incforof of thee multi-component
nposition conprise the hjghly advantageous
systerg, @d‘@dﬁﬁﬁa@é‘i’ﬂaigﬁﬁtéb'“qu NQ% awilgbtliBy conposition, the
ease of handling and, particularly in formof the
mul ti -conponent system long termstorage stability
and hi gh avBRIBBIDESCRIBRIGN QEIERE PRAN IS STHE
DRAWNGS Fig. 1: Differences in conplex viscosities as
a result of increasing concentration of contrast agent

Fig. 1ar|§1ﬁ%§‘eﬁéb% PAESMBIxaliScESHIb £ BE- a rbsllt 8f |Hdﬁé§§hg Qorekntration of

he i njectabl e bone augnentation conposition into
ostaadrast ageot and/or the particulate content.

Fig. 2: Injection of the injectable bone augmentation composition into osteoporotic

bones to increase local bone production in vertebra (left) and femoral head
(right).

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

limitation thereto.

EXAMPLES



bones to increase | ocal bong,production in vertebra
(left) and fenoral head (right). The present invention
wawrdorigwsi urt her illustrated in the foll ow ng BXKERP1086T003382
wi thout any limtation thereto. EXAMPLESExanple 1:
Preparation of clots containing iodinated contrast

Exampient PreparatiohClofs chbtserdaitainingbiodinated aobntralstt agent and
Freeze drjied fibrinogen powder reconstituted with

aprot iPARICdeR ution to a total clottable protein
concentration of 9 1 ng/m . | odi xanol
5-Tacetyl-[3-[acetyl -[3, 5-bis(2, 3-

Materidiidiydr oxypr opyl car banoyl ) -2, 4, 6-trii odo- phenyl ] - am no]

hydr oxy- propyl ]-am no] - N, N - bi s(2, 3-di hydr oxypropyl ) -
Flbrln %Ia@ﬂ%b,dt@éo bep 1dn§dd'1Tt§PfrB§éﬁm S&NHQWe%onsstituted with

acety - di oxypropyl)amno)-N, N -
di hydr oxypr opyl )arZrodl,nm solutiodde e totaheloftable protein concentration
, 3-di car boxam de g’@{tl cles Trical ci um phosphat e
parti cles (TCP), pheri cal (Plasma Biotal,
Derby UK) Thrombin 500 U Freeze dried thronbin

lodixaRgder reconsti tal &%8%4[38?%@ [%g Hidtpostbi n buffer, to

a concentration o I'h Buffer 40 m\/l
CaCl 2 n H20 [ 0048hydioxiipropyicadiiamoy)& 4.6 icsia-phamyl]-amino]-2-

t (i odi xanol hexal) and nbi
o Ui on 1S pr o MASEY-RIaP A B K PLAereaR R PLoRY)
mM CaCl 2 in doub) g eltriddd- béﬁzé‘@é-qfé dicEi§oxahidel On 1S

t hen honogeni sed.” The solution is centhfuged to renmove
bubbl es and sterilised by filtering through a 0.22 mm

IoheX(];II Iter. The fi bré—?é)&%{)l-(b%—dihydroxypropyl)amino)-N,N’-bis(2,3—
dihydroxypropy!)-2,4,6-triiodo-benzene-1,3-dicarboxamide

Particles Tricalcium phosphate particles (TCP), 35 um, spherical
(Plasma Biotal, Derby UK)

Thrombin 500 [U/ml Freeze dried thrombin powder reconstituted with 5 ml of

thrombin buffer, to a concentration of 500 IU/ml.
Thrombin Buffer 40 mM CaClzin H,O

[0049] Either an 80% or a 60% contrast agent (iodixano! or iohexol) and a 75 |U/mi
thrombin solution is prepared in a thrombin dilution buffer (40 mM CaCl, in double
distiled water). The solution is then homogenised. The solution is centrifuged to
remove bubbles and sterilised by filtering through a 0.22 um filter. The fibrinogen is
mixed with thrombin/contrast agent (CA) in a 1:1 ratio (therefore the CA concentration
in the gelled clot is halved to either 40 or 30%). For this 2 ml of the thrombin/contrast
agent solution is transferred to a 5 ml syringe. 2 ml of fibrinogen (91 mg/ml) is

transferred to a separate 5 ml syringe. The particles (ca. 2 um) are incorporated as



m xed with thronbin/contrast_agent (CA) ina 1: 1
ratio (therefore the CA contentration in the gel | ed
w@b@r/13®shal ved to either 40 or 30% . For thi SPQI/EP2001/003382

the thronbin/contrast agent solution is transferred to

a5m syringe. 2 ml of fibrinogen (91 nmg/m) is
perceftth8BSYEBRESS tHe Anslefsr ddlame (/v YThéxeeareTheighiid afd @faced into

(ca. 2 mm are incorporated aspercentage weight of the
anothér aal syringevol ume (wv). These are wei ghed and pl aced

into another 5 m syringe. [0050] The syringes

containing the particles and the thronbin are

[0050F FRBES)rivdesi corfainirey tiesl patttlesandt the thhombhi aréBoandcted via a
particl es honpgeni sed by transferring the contents

Luer ﬂﬁ&ﬂfﬁfs?ﬂﬁnﬁ'@ tr?j'o.glhim/,% m%p@ﬁ%@homseﬂ@y transferring the
°°”te’§|¥g'lrﬁgg”'qﬂggigggﬂé’ﬁ%ﬂ{b@%ﬁ@f'g”b' n/ CA/ particles and the

enare a Luer adapter and the
contents honogeni sed. [0052] The material remains

oostl FhaEringesiantinte i GembChRr Rt oty Trtdagen or
conneﬁgggg? 'Hrlhnb%reédécdte[céﬁd e gsme}s?g ﬁgmﬁgeﬁis%?' fornmed gel .

e viscosities of respectiv ots with
di fferent concentrations of contrast agents and of TCP
be taken from Figure 1. Exanpl .. Mechanical. .. .
toos2f g malenebrempi o G annrox ReAtsie L Sl Authg Sisdime it can
be injétted irk8thée %%tfeégtﬁgétltem&ﬁ@y SHert § f@@%ﬁh‘u[%é“@ cbﬁ%é“é;élggadred as a

contrast agent and particles are prepared as descri
pre-formedgehpl e 1. These clots are cast in wells of a

mul tiwell-plate where they are then allowed to gel.

These clots are renoved fromthe wells, and their

[0053]HhealisEa4ities WFerdshastive @IdtE anitth enfferdnt RoRGEMIrESENPBf contrast
using a uni versal nechanical testing system [0055] On

agents, pad &f TiGF paa bedaken frome Figdra 1hi g di ff erence bet ween
normal fibrin clots and CA clots prepared according to
Exanpl e 1. The contrast agent containing clots are

Example2i Méchanizas behaviomhof fibrineclots imithé ipresencé @rsabsence of
are white and opaque. Like the
a contrast agent

[0054] Clots containing iodinated contrast agent and particles are prepared as
described in Example 1. These clots are cast in wells of a multiwell-plate where they
are then allowed to gel. These clots are removed from the wells, and their
mechanical properties are then tested in compression using a universal mechanical

testing system.

[0055] On visual inspection, there is a big difference between normal fibrin clots and
CA clots prepared according to Example 1. The contrast agent containing clots are
clear and transparent while the normal fibrin clots are white and opaque. Like the
normal fibrin clots the CA clots can be injected into a mould following a brief mixing
and allowed to gel. Differences between normal clots and CA clots can be observed

during this process. The normal clots are easily damaged, collapse and leak buffer



normal fibrin clots the CA ¢ ALots can be injected into
a nould followng a brief n ing and all owed to gel.
woedo7asmares bet ween normal clots and CA cl ot SPCERP1H7/003382
observed during this process. The normal clots are
easi |y damaged, collapse and | eak bufferwhile being

while b@trfg RtAEvdd fohi i MVIE. THEE A0t péhalreifadt drd é8i be handled
can be handl ed nore forcefully. These materials

more éorseftélthbese aratefialsialgo gxbibitrelasticityanebiis r%@@uougtrﬁ@d using

v 71 AGA BB\ COBRFASH 135568t 1 ] Bt reacn ca

80% sttdif pefbredithssstifeding te dkteadd. Atlthe mwlrlittata/t/hmhlthél StrbSS rises the
stress rises the clot is near to bein g conpl etel y

clot tsSqut@eaelalcpqrneletﬁJv rarashed enddhe bufiasferced 9ufc§0nversely CA
clots 511 %%cﬂf&fﬂ&‘%*ﬁdséﬁé f(?%‘mpaiﬁfbteﬁfn P H P‘ncli’@é?éé”mt Sress i.e. a
incr Sas ’ess .67 a greater force

greatéremieél |§ mee@@ﬂrwssombeessambm harsd UDSItddmltlaBet dormwuntll the clot
until the clot breaks. If the stress is re

break§o|fr¢he pitiess is <5eméfeeraéaamt pRINt PEPr faths REealotha %'0% retlfns to its
ongm%fé?ﬁ%ﬁ%h?ﬁlhéoﬁe HBJ\'\EF i éﬁgaa'r%?é?ﬁ%ﬁ@?wgmav”fmﬁ?%ed. It is also

damage rved t
observeddkat Wijlellongey" gelllrrg’étlmae thleatlcstshm fesvgzrtendentses tebreak as

they bRSoMBoSYSh dupiE ARRICs iy GHE GoHBISci SHRaNAT R diving to be

stoppEB OJsSth%r(ﬁo%Xﬂ%l &asbIblamh nﬁe|lﬁ§ﬂ'dr9 Gnéﬂﬁér*ﬁ@ﬁ! fedting machine) due
testing machine) due to the build up of stored enhergy.

to thetbuildphpeoBstorgpenergyi on of the i nJ ect abl e bone
augnent ati on conposition [0056] Osteoporosis and age
related |l oss in bone mneral density often leads to

Exami)ltl.'ﬂgt UASﬁllé:é\tlaﬁfdehéanF!%‘ﬂaBWﬁé a0gatentationCé omposition

he injectabl e bone augnentation conposition according
to the present invention at these sites helps in the

oose] (58LBEs) g Bo AT 1 TN sty o facs o

fractus ipUidrieted and flexsoral Bedd. Infd&bich dﬂrtﬁeﬁnjébtmwbone)eugmentatlon
C-arm a vertebrop Iastty trocar (dianeter:
L

(

compeyitian gcaardingtg) thel regeRt ingentipn gg@eﬁﬁ)snie§ t@l;&%%thieﬁr%@tment of
b r

such HEESE TR 3PP LRl b eow SRl g prditions o
preparez] asidatlined it liExacapierlast agent cont ai ni ng t hronbin

sol ution by swooshi ng
[0057] Under fluoroscopy (C-arm) a vertebroplasty trocar (diameter: 3.2 mm(10G) or
1.8 mm (15G), length 100 or 150 mm) is placed in a vertebra and a femoral head,

respectively, of a human cadaver using the transpedicular approach.

[0058] TCP is added to the contrast agent containing thrombin solution by swooshing

the two components back and forth until homogenization (about 20 times).

[0059] The TCP and contrast agent containing thrombin solution is mixed with the

fibrinogen solution by swooshing the solutions back and forth approx. 6 times in two



the two conponents back and forth until honopgeni zation
(about 20 tines). [0059] The’ TCP and contrast agent
WwW@awrastedbhg t hronbin solution is mxed wth thBCT/EP2007/003382
fibrinogen solution by swioshing the sol utions back
and forth approx. 6 tinmes in twoconnected syringes.
conneblddesyriigjest Ater hbmationttheirasteriapipprox. B mi) isilsatedired the barrel
into the barrel of a vertebroplasty gun (Optinmed
of a vertghsap@shegun (Qotoedithemgnte RE)di rect|y connected to
the trocar (without a tube in between) and the
material is applied to the vertebra and to the fenoral
[0060ERd guhe'ﬁmimt:tly egyned:t}adsto ithaitrogar (widtﬂuktca‘ tublesinchetween) and the
During the procedures pictures were taken (cf. . Figure .
materis} 13 SpliRS 6 1o, varlpLy ACLIA e de Mk Rend  resee el opecrewing
tout TIRERANE DUTRGERRaL e i BRRAEIPRE) (RETTE D 1
exposed. A plate is contoured to the shaft and fi xed

et a0 Yo S i bR bR EhBostton n

creat %eey‘e segment is renoved, the plate is
repositioned and the screws are reinserted.
Thereafter, the injectable bone augnentation

o0e1EFERR3AF Bk &f e Sb St B RL Sha B F BB e
is contdlred to&hanshatan@ giked (18- thaybsnerLisinlgl §drbwsAThehglale? is removed
weeks tinmepoint the aninmals are sacrificed and the

again tarsl @ ptanderdiaed et anorfull i thipkngsas defeet (snereatad. The segment is

S - L thas n . gat.i
emouBls YL e o, PR, BB FRchoRRE i PG E T oter. e
injectd@ ®&ME ddgihdhtationAcaripdsition i filedtintoyidicedefeet aad the wound is

i nj ectabl e bone augnentati on conposition, conprising:
closedtlyrsditédt (a) conprising fibrinogen; conponent (b)
conprising thronmbin; conponent (c) conprising at | east
one contrast agent; and
[0062] 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 (UCT and histology).

[0063] The contrast agent had no negative impact on the medical effect of the clot

inside the bone.



1.

conmponent (d) conprising at é/east one type of cal cium
sal t-containing particles h1a ing a dianeter of about

WQoR7ii6dF | ess. 2 . The nul ti-conponent syst ePCT/EP2007/003382

according to claim1, wherein the conponents (a) to
(d) are present in solution and at |east conponent (a)
is specially separated from conponent (b). 3. The

mul ti - component system according to claiml, wherein
the contrast agent conprises at |east one iodine
cont ai ni ng organi ¢ conpound. 4. The nulti-conponent
system according to claim 3, wherein the contrast

agent is selected fromthe group consisting of

diatri zoate (neglum ne),, Laodeco], iodixanol, iofratol

i ogul am de, i ohexol, ioM%%?ﬂV%R*opanidol, i oprom de,
iotrol, ioversol, ioxaglate and netrizam de, and

m xtures thereof. 5. The multi-conponent system

A goultiestamgponent| system, forhan dhjectaide dwinel augs@intation composition,
contai.ning particles are selected fromthe group
%%PBW%?th of tricalcium phosphate, al pha-trical cium
phosgmipsheMghR-donhsidied ABtiRbgSRhat e, cal ci um
phosphate, a pol ynorph of cal ci um phosphat e,
hydr@wmmntt(g) coaneiising drepunat e, cal ci um sul fate and

any ' i, QNS : . I ti- e system

ace SERRS (€ JamiEiaf 1ot Brd obiraBCRPET Bho
contcanpdvgertdd} icnesrising stelezst ashd ntyse tdfecgiciomp salt-containing
consi sting of trical cium phosphate, alpha-tricalcium
phosphat e, bet a-Rarlielgs hiavingsh diameles ohaboek?QQ um or less.
phosphat e, and m xtures thereof, and/or wherein said
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comprises at least one iodine containing organic compound.

The multi-component system according to claim 3, wherein the contrast agent is
selected from the group consisting of diatrizoate (meglumine), iodecol,
iodixanol, iofratol, iogulamide, iohexol, iomeprol, iopamidol, iopromide, iotrol,

ioversol, ioxaglate and metrizamide, and mixtures thereof.

The multi-component system according to claim 1, wherein the calcium salt
containing particles are selected from the group consisting of tricalcium
phosphate, alpha-tricalcium phosphate, beta-tricalcium phosphate, calcium
phosphate, a polymorph of calcium phosphate, hydroxyapatite, calcium

carbonate, calcium sulfate and any combinations thereof.
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The multi-component system according to claim 1, wherein the amount of the at
least one type of calcium salt-containing particles in component (d) ranges from

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

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 [U/ml in
the final clotted composition, the amount of contrast agent contained in
component (c) is such that it ranges from about 100 to about 800 mg/ml in the
final clotted composition, and wherein the amount of the at least one type of
calcium salt containing particles in component (d) ranges from about 1 to about

50% wiw in respect to the final clotted composition.

The multi-component system according to claim 1, wherein said calcium salt-
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component (c) comprising at least one contrast agent; and
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component (d) comprising at least one type of calcium salt-containing

particles having a diameter of about 200 um or less.

16. The injectable bone augmentation composition according to claim 15, wherein

the contrast agent comprises at least one iodine containing organic compound.

17. The injectable bone augmentation composition according to claim 15, wherein
the suitable contrast agent is selected from the group consisting of diatrizoate
(meglumine), iodecol, iodixanol, iofratol, iogulamide, iohexol, iomeprol,
iopamidol, iopromide, iotrol, ioversol, ioxaglate and metrizamide, and mixtures

thereof.

18. The injectable bone augmentation composition according to claim 15, wherein
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The injectable bone augmentation composition according to claim 15, wherein
the amount of contrast agent in component (c) ranges from about 100 to about

800 mg/ml in the final clotted composition.

The injectable bone augmentation composition according to claim 15, wherein
the amount of the at least one type of calcium salt-containing particles in
component (d) ranges from about 1 to about 50% w/w in respect to the final

clotted composition.

The injectable bone augmentation composition according to claim 15, wherein
the amount of fibrin in component (a) 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 |U/ml in the final clotted composition, the amount of contrast agent
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The injectable bone augmentation composition according to claim 25, wherein

said calcium salt-containing particles have a diameter of less than about 50 pm.

The injected bone augmentation composition according to claim 15, 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.

A method of augmenting a bone in a patient suffering from a bone disorder,
comprising injecting a composition, comprising:
component (a) comprising fibrin;
component (b) comprising thrombin;
component (c) comprising at least one contrast agent; and
component (d) comprising at least one type of calcium salt-containing
particles having a diameter of about 200 um or less,

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

The method of augmenting a bone according to claim 28, wherein the bone
disorder is selected from the group consisting of osteoporosis in vertebra, hip

and fore-arm, and benign and malignant lesions.



