REA MENS FOR | NTRA- ARTI CULAR VI SCOSUPPLEMENTATI ON
Field of the Invention [0001] This invention relates
wo cooshesssmt ol ogy and ort hopaedi cs. More speci f pCcBIUE3005/046409
the invention relates to treatnent of cartil age
pat hol ogy (e.g., osteoarthritis) by
vi scosuppl enent ati on. Background of the Invention
[ 0002] GCsteoarthritis (QA) is a progressive
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the carti nts eterroration
SyEOVIE| f|UId Eresent inthe articular joints, and a
scl erosi s acconpani ed by osteophyte
forma ients wt of t en bi_t ere |n
that S0, < HQV%{E'aaé?s%\fto{wn?aeta'gpwnf’. fbde
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costly formof arthritis, coI | ectively accounting for
uBaakgtbubd sfdhef Invemtiogr oss nati onal product of Western
nations (Reginster (2002) Rheumatol ogy, 41(Suppl .
1) : 3- §0002] 00GBtewythetis EPAYIE @ progressive degenesativextiserdert s
the intra-articular joint surfaces. The fluid is
prahaeadténzed dryporeakddwinpithe cattidage intheoirgsita deterioration of
pol ysacchari de hyal uronan (HA, sodiumsalt of
hytbaé aymoviial flaidi pteserit srotherastisulargoistsd andnatspbthorainailt e) .
The concentration of HA in the normal human synovi al
j @istdostlevdsis asconyznied hwdstéopiyteniprmbtiotlAPatiemss witls O often
repeati ng di saccharide

exhibit severe pain that affects many aspects of their daily living. The

prevalence of OA increases with age, with more than 60% of those 60 years
old or older likely to have some cartilage abnormality (Bjelle (1982) Scand. J.
Rheumatol. Suppl., 43:35-48). OA has become the most costly form of
arthritis, collectively accounting for up to 1-2.5% of the gross national product
of Western nations (Reginster (2002) Rheumatology, 41(Suppl. 1):3-6).
[0003] Synovial fluid lubricates and protects the intra-articular joint
surfaces. The fluid is primarily composed of high molecular weight
polysaccharide hyaluronan (HA, sodium salt of hyaluronic acid, also known as
sodium hyaluronate). The concentration of HA in the normal human synovial
joint fluid is approximately 3 mg/ml. HA consists of repeating disaccharide
units of N-acetylglucosamine and sodium glucuronate (Fig. 1). HA in the
normal synovial fluid of the joints contains 12,500 disaccharide units with total

molecular weight (MW) of 5 MDa (Balazs et al. (1993) J. Rheumatol. Suppl.,
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units of L/-acetyl gl ucosam ne and sodi um gl ucuronate
(Fig. 1). HAin the normal synovial fluid of the

W@ o006033860Nt ai Ns 12, 500 di saccharide units w tPCT/O8B05/046409
nol ecul ar weight (MN of 5 Mba (Balazs et al. (1993)
J. Rheumatol. Suppl.,39:3-9). In OCA patients, the
concentration and MW of HA in synovial fluid
decreases, resulting in the dimnished capacity of the
f | 39:8-9).0 IpOat petientsh thecantehteajion gnddV] ofl HA fresyanolviat filidr
i njection of an el astovi scous sol ution containing high
nodecedses, maulint intthehdimirished capavity dfdhe @sitddo rdtbet the
nor mal honeostasi s of the diseased joint. This
presrtidge.e, known as vi scosuppl ementati on, has proven
effective in reducing pain and enhancing joi nt
f unct i[0004]s e antr# adiculaBilj@tion @f aflelas(oh@3)is dolution containing
Rheumat ol . Suppl., 39:3-9; Whbig (1998) din. Ther.,
20igh nfbledii 2t 28ight[HI0BA3 béermstidyat todrestdie thaseimal homeostasis
vi scosuppl enments are avail able on the market and new

Pr&FAHE HRseas&d PRIt Thdertaes! knivh GRSIHBL e Einent&ably, Ha
a nunmber of characteristics including, for exanple,

t hgroGONERECtRE imoﬁ@M@\prﬁimaﬁd ¥@thrieingaibt Rintldn (sekhég.,

concentration and of HA, and the type and degree of

cheahsabt AT @988) DKRABuHERS ’Sdgbl.,adgl&guﬂlb'ﬂid WM998P8lin. Ther.,
vi scosuppl enent’s contain 5-15 ng/ M HA and, once

[ ni(ﬁg}:@pb_‘@g)\_/e residence half-life between hours to
several days. Such viscosupplenents are injected into

b K : \ . ! .
the Jgﬁcl)ér]jneﬁ ?%ng&e%*ﬂ“-bggédjv@%sggg?ﬁﬁﬁ &3 bildhs §§ the

to fi one wee n sone cases,

BafhQrkre%ﬁ@ﬁe@%&bﬁ&t%&%&&@%%@%&%@éﬁViﬁgcg{l@ip‘[bgr?&tg, 9ar|y ina

rogress over ew wee sever al

nDrﬁUrng‘er o?\éﬁgralé%ritsﬁcsain}flﬁaikg, i%? Example, the source of HA (animal-

derived or bacterial), the concentration and MW of HA, and the type and
degree of chemical crosslinking used, if any. Usually, most viscosupplements
contain 5-15 mg/ml HA and, once injected, have residence half-life between
hours to several days. Such viscosupplements are injected into the knee in 2-
3 ml unit volumes in a series of three to five injections each one week apart.
In some cases, pain relief occurs within a few days, continues to progress
over a few weeks, and often lasts for several months, even up to a year. For
example, knee viscosupplementation with Synvisc® (hylan G-F 20; Genzyme
Corp., Cambridge, MA) administered three times at 2 ml weekly has been
demonstrated to be at least as good, or better, than continuous oral therapy
with non-steroidal anti-inflammatory drugs (NSAIDs) plus arthrocentesis over

a period of 6 months (Adams et al. (1995) Osteoarthritis and Cartilage, 3:213-
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exanpl e, knee viscosuppl enentation with Synvisc(r)
(hylan G F 20; Genzynme Corp., Canbridge, M)
waebosnissered three tinmes at 2 m weekly has beenus2005/046409
denonstrated to be at | east as good, or better, than
conti nuous oral therapy wth non-steroidal
anti-inflammtory drugs (NSAIDs) plus arthrocentesis
over a period of 6 nonths (Adans et al. (1995)
Os225) antd imoreieffeating tBan Bidatine plagetxd gr 28BPpcenidsisvpetrols
effective than a saline placebo or arthrocentesis
c(Marelaad (A9 [AamCdlll Bé8YimAtal. (E8thl AnrRSeu ietading, N&T.tR11,
Ann. Sci. Meeting, Nov. 7-1 1, San Antonio, TX), 165;
WBarg Aqtbaas )T XJ 16%; Widbdg (1998DCB).: Fher 02a(B3110{426R6] The
series of nultiple injections have been thought to be

essent[0ed6]f orThe series ofigediplesinjectio s HevetbzenrtRoygtd be
effect on osteoarthritic pain primarily because of the

s heyskentig Soide poritel(sik inentied torsret yesr serfetion beweaitBritic pain
(Peyron (1993) J. Rheumatol., 20(Suppl. 39):10-15).

FOgrirRaayBESausIbf ithd érﬁ)rﬁrfetsld@blbélhalf-ﬁfél of et vizabduppl dnferftd
1% HA wth an average MWof 1.7-2.6 Mda is 11 hours,

ag PSR (THOSL. IRhelAtHI QO(S‘E&)pM@@?ﬁO% | p&f e, arfintra-

doesthere3|dence half-Tife (e.g., 1%hylan A in

W‘érﬁéhlé%s%éﬁé@ﬁ&lf-hﬁé’d?ﬁ %HAlvﬁtrﬁarb@@eragémw hglia b'l\fl[ﬁa is

of 1.2 However, even an insoluble gel, suc

as1 a8, & &ft?ﬁﬁh% ﬂgrfagbi‘ﬂs/"kLAM %? HA ih Sr'eéééé’ %360%?9{&

resi dence h 7.7 1 day n3|s ent Wt

”}%s&l@h% gwélf ﬁfeQ@gga 1&h&|§ﬁ@ir{¢vhkﬁltﬁ&ébé}5 ve Of HAIs 6

nvi sc Into nee were aenonstr

S e e g o
\I/a|n8§%£)§1)31rﬁg£gt%ﬁ/§h hQ9 ? ?«l;lﬁi\%rl gﬁcﬁrﬁéﬁ%hc%&ﬁ -life of 7.7
1 days. Consistent with the half-life data, three 2 ml injections of Synvisc®
into an OA knee were demonstrated to be significantly more effective for
reducing OA pain than two 2 ml injections (Scale et al. (1994) Curr. Ther.
Res., 55(3):220-232).

[0007]  For treatment with Synvisc® of patients with OA of the hip, the
recommended dose is one 2 ml injection with a second optional injection
administered between one and three months if insufficient pa;n relief is
experienced (Chevalier (2000) Am. Coll. Rheumatol. (64th Annual Scientific
Meeting, Oct. 30-Nov. 3, Philadelphia, PA)). In hip OA patients, a single intra-
articular injection of Synvisc® at 2 ml showed a significant immediate and

sustained symptomatic effect in the majority of enrolied patients for up to

three months (duration of the study). It has not been investigated whether
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recommended dose is one 2 ml injection wwth a second

optional injection adm ni stered between one and three
wobhs3ssd i nsufficient pain relief is experi ePCEUS2005/046409

(Chevalier (2000) Am Coll. Rheumatol. (64th Annual

Scientific Meeting, Cct. 30-Nov. 3, Phil adel phi a,

PA)). In hip OA patients, a single intra articul ar

i njection of Synvisc(r) at 2 mM showed a significant

i ngredieatveluared of vistesupptenssnip tsonmbs Syalike®t eign 4; Benl or

majority of enrolled patients for up to three nonths

( dareater)poowdl offeeedivalsnt.or bettéraefficarly Withefewieningstiogsit ed

whet her great er vol unes of vi scosuppl enents, such as

Sygoviiseéd o feitigle infectidh 6ﬂ2—3m1l9<br&ﬁ§|ﬁ?l Jinjeetidrdofaf Mer As far as

equi val ent or better efficacy with rewer injections

C apakrsivr, theéldd bﬂb?gr Rblafiek Potedtialy PodHd a Ask & I6¢dAbiferse
i njection of 2 as was known, the use of

| ad@ets é(ﬁh%ﬁi%lrp%h%ﬂhbabﬁd’eﬂﬂmﬁ a risk of |ocal

adverse effects such as pain, swelling, and effusion.

[ 0008]odag] 0! @pbibAd ™((Q-Med A@Up‘d@ﬁl‘éaéﬁved&\ﬁgﬂﬁﬁ ohly the

only viscosuppl enent that i s recomrended t

' rUl&%E@é’pl@ﬁ‘n@ﬁt that |s??e€8mmbﬁdéc§to% iRfeetey &’fc‘és§ﬂ 3 H#eﬂ is an
Vi scosupp enent with a |onger reported halt-life (4

fd!s‘%hﬁ(é&' B uﬁﬂ@ﬁ%ﬂi Wit b fhget ré’é%rt(e%Q\aﬁU/féTM weeks)
The pr 0

ged resi ence time is thought to al

r %Caeﬂl m‘r tidH GHA %gmeﬂﬁ{g o‘ﬁﬁﬁ;ed%§8é‘r%eenme

I nj e_ctl Duro ane(tm nstrate
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a single infectiron o
(RRRHARF P78 RS B b BB Gl

t her a‘f(%&d] El"fhus, prior to the present invention, it was not known whether
a single injection of an HA-based viscosupplement, particularly one with a
short residence life, can produce a desired long-term therapeutic effect.

[0010] The use of fewer injections offers apparent advantages over

the multiple injections, including avoidance of adverse effects, reduced costs,
and better patient compliance. A continued need exists to develop new
viscosupplementation treatments that provide effective relief to OA patients

without necessitating multiple injections.

SUMMARY OF THE INVENTION

[0011]  The invention provides methods and compositions for treating
joint pathology, and for reducing pain and discomfort associated with such

pathology. Examples of such pathology include osteoarthritis and joint injury.
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[001 O] The use of fewer injections offers apparent

advant ages over the nultiple injections, including
w@rwsdzasee of adverse effects, reduced costs, BOMUS2005/046409

better patient conpliance. A continued need exists to

devel op new vi scosuppl enentation treatnents that

provide effective relief to OA patients w thout

necessitating nmultiple injections. SUMVARY OF THE

| NVENTID@I2][ 00Mhelihvdrteniisibased, ehlepstonipdesomiitehdissovandthat a

conpositions for treating joint pathol ogy, and for

r esingle ngfraparticulan thjebtion ofré greatersabunabéd visicbbuplierhent

pat hol ogy. Exanpl es of such pathol ogy i ncl ude

osprevides horg-tesmamhetapeititt benefitsropnf20dité talthese pradiiced by

is based, at least in part, on the discovery that a

Si seflakinjedtibas af §maNdrabolunigse dh audyf canhdacaltie conmtdationr with

of a viscosuppl enent provides |long-termtherapeutic

bemefihiention day gloLp of RnédhOADatiend weeslvérythesstarmlard sequence

injections of smaller volunmes. In a study conducted in

COBftAFde Dl Wjddliohs ©f SPWELHB iPNhe RNGe BVEILEPthAde-waEKE péibd,
patients received the standard sequence of three 2 ni

| NivRifd AdtReOdroSy Rdehiedra sihfletif)Ectionast 6avElinder iduriigalweek
peri od, while another group received a single

| Ng&HditiPs. FurSrishgly NA&apbGREHiGRY, £P8%HILAteA St 26 weeks
Surprisingly, therapeutic efficaCy, as evaluated at 26

"Veﬁ)lﬂéwifng:tiéé’}’}%g dritewid RRhd®be c¥RparaBf Hoth §Bups. Thus, a

conpar a oth groups. Thus, a single infection of

a %\F}@gg@{agﬂ’&' é’f'?ae%r%te"f‘ v¥¢J§%°€fW§c%§ES;SIem%Hﬁ R,8% as Synvisc®,

Sy can be as e ctive as several 1njectrons

o T K LRy B BB ramaniv
pré)Yév%?asolé gg'jewemﬁlfepr intra-articular
[0013] Accordingly, the invention provides regimens for intra-articular
viscosupplementation with HA-based viscosupplements, particularly
viscosupplements with intra-articular residence half-life (T,) shorter than 3
weeks. Viscosupplements for use in the methods of the invention may be
further characterized in that they contain less than 20 mg/ml HA (derivatized
and/or nonderivatized), at least 5% of which is in a gel form such as, e.g.,
hylan B. In an illustrative embodiment, the viscosupplement is hylan G-F 20
(Synvisc®), which contains 8 + 2 mg/ml HA, of which 10% by weightis in a
gel form.
[0014] In some embodiments, a viscosupplement is administered in a
single injection in an amount sufficient to provide a therapeutic effect for up to

6 months following the injection. In some embodiments, the therapeutic effect

5



vi scosuppl ementati on wi th HA-based vi scosuppl enent s,
particularly viscosupplenents with intra-articul ar

wo e®cdessse half-life (Ty ) shorter than 3 weekBCT/US2005/046409
Vi scosuppl enents for use in the nethods of the
i nvention may be further characterized in that they
contain less than 20 ng/mM HA (derivatized and/ or
nonderivatized), at |east 5% of which is in a gel form
suefa sipglednjgetiorngfl alarg@r vplumenis istbstentially ithe samb@githaint |,
the viscosupplenent is hylan GF 20 (Synvisc(r)),
whachieveoryathras igjeciomsy(each A8 ofdhe {angertvolone gdmisistgred over
isin a gel form [0014] In sonme enbodi nents, a
vi scogspplf éreiment s Irnamillnstsateaninbadiraersti Sghvdsdi@®jsect i on
in an anount sufficient to provide a therapeutic
ef ddrmanistered irpatsingle imppetits of 6 Inll onathrey thamethrey 201l ingectiohs
some enbodi ments, the therapeutic effectof a single
I Npeerta threedivedk paigrr volune is substantially the same
as that achieved by three injections (each 1/3 of the

| ar gerjogesjuneNetAdds Bf sdrRinREratidre lcompesitibR€and devices used in
treatment. In an illustrative enbodi ment, Synvisc(r)

| sthadhdtRbas 6r B invendios bRYAISo bRdveigdi on of 6 m, rather
than three 2 m injections, over a three-week period.

[ 0015][08/4d)h o dherbredfdiHg e urirhatyl #Ma. thé fIBAHd dlé’s)%ﬁp@d}gare not

deV|ces used in the nethods of the invention are al so

pr:‘é‘étrféﬁ%oitﬂ@WenTBﬁaE%fa@rﬁ@éj ng sunmary and the
foll owi ng description are not restrictive of the

i nventi on as cl_ai ESC HE FlI GURES
[0017] Figure ' JION Lhﬂ%

hyal ur[%?ﬂ (ﬁﬂgb.%”i ilustrates the structure of hyaluronan (sodium

hyaluronate).

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0018] The terms “intra-articular half-life,” “residence half-life,” and
their cognates refer to the time which is the greater of any of the times
applicable to a given viscosupplement injected into the intra-articular space:
(a) the time required for clearance of 50% of the HA gel component injected;
(b) the time required for clearance of 50% of the HA fluid component injected;
and (c) the time required for clearance of 50% of HA, regardiess whether it is
fluid, gel, or another form. For the purposes of residence half-life calculation,
unless stated otherwise, the injection is considered to be administered into the
intra-articular space of a knee joint of an adult human. Methods for

determining residence half-life are known in the art and illustrative methods
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hyal uronat e). DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Definitions [0018] The terns "intra-articul ar
wadobotiste, " "residence half-life,” and their POQUS1085046409
refer to the time which is the greater of any of the
times applicable to a given viscosuppl enent injected
into the intra-articular space: (a) the tine required
for clearance of 50% of the HA gel conponent i njected;
( bye tészribedin thedikangdied.or cl earance of 50% of the HA
fluid conponent injected; and (c) the tinme required
for cjoaopnceheferm8¥HAMlUK, “HAehsd phass” tHrefllidconiponhent,”
fluid, gel, or another form For the purposes of

r esglglee e, hald theirfcagrates kdfat toamcrasslirtkesl @ ligh®dcrosslinked
otherwise, the injection is considered to be

adztet sl HA Withoal Beragé MW A Idse tha 2o pRe of a knee
joint of an adult human. Methods for deterni ning

resi dgyeg] hathe tdrineHA Sl K9Myel phdsee “AInt gel@Emponent,” and
illustrative nethodsare described in the Exanpl es.

[ 8 Hgndha rbRF B HAR thﬂgqﬂé&\ wdtr-ihselUBle 2RSSt an HABased

fluid ¢onponent,” "sol ub and their cognates

r ebebodiflort Halt 8884 htW@htdih sbILOIBIHA of E&Higihs e8dhan 10% (w/w)
wat er - sol ubl e HA wth an average MN of |ess than 20

MoRsoll8 4. :Irﬂgceglﬁ,r e o 3R bf gel iA fRIn HABSSed carﬁﬁoﬁ%n

conmponent, " a elr cognatesS refer to HA gel whic

't %grﬁta}(g@%egeé i SPUARePaR@H uf@ﬁd &h b bRARmfhen detng HA

S not contain so e HA or contains lesst
8 e g T3l TP B Bl o]
g%mﬁggtimﬁrbﬁ'&g e‘?&?a Q% pdfff‘r’ttef3 rw'ni&?ﬁiaé%s %r%@éﬁ%&ﬂgle% yet
retains the insoluble phase. In order to maximize the release of soluble HA
from the HA gel in more viscous compositions, a composition may need to be
diluted with several volume of a solvent with or without bringing it to the
equilibrium prior to filtration. Furthermore, generally, pure gels can be
distinguished from pure fluids based on their rheological properties, such as
storage (elastic) modulus (G’) and loss (viscous) modulus (G”), which
represent respectively the relative degrees a material can recover (elastic
response) or flow (viscous response) as the rate of deformation (test
frequency) changes. Both moduli are linear functions of the frequency. They
have proven to be sensitive probes of the structure of polymer solutions and
gels. Both G’ and G” increase with increasing frequency, but one increases

more quickly than the other. At the point where G'=G", this frequency is called

cross-over frequency (f;). The cross-over frequency decreases with
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gel fromHA fluid. The separation can be acconpli shed
by filtering the conposition through, e.g., a 45 m

wo 2dober3835Whi ch passes through sol ubl e HA yet retHUS®05/046409
t he i nsol ubl e phase. In order to maxi m ze the rel ease
of soluble HA fromthe HA gel in nore viscous
conpositions, a conposition nay need to be diluted
with several volune of a solvent with or wthout
biinangasing polyter trivdecataniweidit ioutonmentatiora Fod 4 paliymensolution
Furt hernore, generally, pure gels can be distinguished
f a0 rowpfnedudnicy, elsstlvastredsesredxeand viseuk liessds dominate, and
properties, such as storage (elastic) nodulus (G) and
| @83 resuls Goissgreated tharsG( 48 flequehtied bele fes Bindontrast, for a gel,
respectively the relative degrees a material can
I @608 & nd efoasiover b&seen e hna G’ AoV i greates tHapSPONF69s
as the rate of deformation (test frequency) changes.
Beridhframuebiicl ravige. | Uness othenasé opeciftdd, tretebt fstieney is 0.04 -
They have proven to be sensitive probes of the

StINEL Férea FdvidWP bl isicaPprobb@ies oRlidc@Rastic rigteRAalSanand
G' increase with increasing frequency, but one

| MEStRGELSS rﬁ@ésﬁlriﬁbjitﬁé’sleyprbbéﬂeé,@%epépﬁ"‘Pol@?nekh@s RAEAbgy
where G =G', this frequency is call'ed cross-over

T IMSHIRASY ebiited by Sllrllilﬂz %ﬁ@%‘faé&‘,’iﬁbsf&‘,ﬁﬁbﬁ\ﬁg rSiﬁi‘éE Q82EM91;

wi t hi ncreasi ng pol yner nol ecul ar wel g

COAN ﬁﬂ?dd%iicgfto Fﬁ?éolgg%qull WIBGLmi! Y Plgtt@rﬁ ah@¥, Walters,

f requency, astic resses relax and Vi Scous stresses

d @ Vi €1 g nfBofif %Flr)]rtnefélr (L\:pgli%ﬁigﬁtgfr%ﬁgé glgksﬁ-(ﬂt

f requenci es con st thefe is

Pﬁﬂa%k 350 P\ MEF%A@?%G and G', and G is greater

~G" across reguency range. Unless otherw se
PEoCL e Lt e L LAk 2 Bindel B 66 °
ﬁgr%égég’ea%?yggﬁgmﬁgg ggaft 8@%%%&9&3? ‘?Gc’ gn§3 F&Kp ?ergtaircﬁgés of
the source (bacterially fermented or animal-derived), molecular weight, its
physical form (e.g., gel or fluid), or the presence or absénce of chemical
modifications (e.g., crosslinked or otherwise derivatized), or method of
production.
Regimens
[0022] The invention provides viscosupplementation methods and
related methods. According to the invention, viscosupplementation methods
consist of administering a single intra-articular injection of viscosupplement
within a period of 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26 weeks, in the amount sufficient to provide a therapeutic

effect for up to 4, 5, or 6 months following the injection. In some
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Modi fiers", edited by Schul z and d ass, ACS Synposi um
Series 462, 1991; "An Introduction to Rheol ogy," H A
wB2a0068%3833. F. Hutton and K. Walters, Elsevier,pdD882005/046409
and Bohlin Rheoneter Application Notes MRK544-01,
MRK556- 01 , and MRK573-01 . [0021] The terns "HA "
“hyal uronate," "hyal uronan" are used interchangeably,
and unl ess stated otherwi se, refer to any HA,
r egrabatimentsothe therapeutic eff¢db at a singte injecfien abatasderorolume is
ani mal -derived), nolecular weight, its physical form
( esulpstandjelly thee Same a9 thabachieneddryetbereciojestionti®anic 4/306f the
chem cal nodifications (e.g., crosslinked or otherw se
delargeatvolwed) adoninistetdtbavenfa qoustudfttieatmemedn sems [ 0022]
The invention provides viscosuppl enentati on net hods
anembedimeats, thet $ingle injéctivardgingntprotites reawead joimt,pain for up
vi scosuppl enent ati on net hods consi st of adm nistering

a 1®i4)8| er 6 Monghsfollbwibalie infgciioh.i on of vi scosuppl enent
within a period of 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,

13, 140023, Ite t&@rapéﬁnc difbct ééh b@ adsesdéd b?%ny%ﬂutatﬂé

26 weeks, in the anpbunt sufficient to provide a

t hﬂéﬂﬂa%é@ 24 .f RRtnah @t alP1998) dstedartR! CArtM@IMNT243). For
following the injection. |In sonmeenbodi nents, the

t herARRe tthe tfﬂgréﬁédtlc‘gffeét r%b{/‘ Bk @sbetsed tUF\{Qﬁ‘eéHurlﬁg |aa'égl?(ftlon in
volune is substantially the sane as that achi éved

gbﬁ?pélﬂl Ihel RIPed 686t B4R cgﬁ belfadsfied %céfr‘akd&@)a f|ve -point

m ni stered over a 'course of treatnent. In so

r ?3’8‘%@ g&{‘% I?en t gglnﬁ' rﬂgdr ‘?rlmjdpd%ltrz?;@z:*:é?/@fé %FW?ébePé)‘Bf'oﬂeasmo mm

f alid 4MaRGioh R ale /%Y LeRescribed in the Examples. Other suitable pain
indices include the Health Assessment Questionnaire (HAQ) (Fries et al.
(1980) Arthritis Rheumatol., 23:137-145) and Arthritis Impact Measurement
Scale (AIMS) (Meenan et al. (1980) Arthritis Rheumatol., 23:146-154.

[0024] The therapeutic effect may also be assessed by measuring the
improvement in the degree of functional impairment. Functional impairment
can be measured by using a segregated, validated multidimensional index
(SMI) such as the Western Ontario and McMéster’s Universities (WOMAC™)
OA index for hip and knee OA (Bellamy et al. (1988) J. Rheumatol. 34:1833-
1840; see, also, Examples); or an aggregated multidimensional index (AMI)
such as the Algo-Functional Index (AFI) for hip or knee (Lequesne et al.
(1987) Scand. J. Rheumatol. Suppl., 65:85-89).

[0025] The therapeutic effect may also be evaluated by global status

assessment by a patient or a physician. Global status can be assessed using
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[0023] The therapeutic effect can be assessed by any
sui table nmethod (see, e.g., Altnman et al. (1996)
wexdoenzss. Cart., 4:217-243). For exanpl e, theCT/US2005/046409
therapeutic effect nay be assessed by neasuring a
reduction in joint pain. The degree of joint pain can
be classified according to a five-point Likert scale
(e.g., none, mld, noderate, severe, very severe) or
ona hikéAor MiSsiale.qanad descsibed & theASpmapdesdescri bed in
the Exanples. O her suitable pain indices include the
Heal t H0@26] e s Auitionliaditiact tizerapetidsec mal axirle jeint
(1980) Arthritis Rheumatol ., 23:137-145) and Arthritis
| npaetindfongseeregt Theikdret AIA(1E8)) OkpARNA. €hrtal:1-84)980)
Arthritis Rheumatol ., 23:146-154. [0024] The
t hesrRipRdbtebadddanbadiiys AletDe DS RAGSRSERS. (1PIBPOSIEORAN.
the i nmprovenent in the degree of functional
| nOat.r 38BY-16B)1REd.i onal i mpairnment can be neasured by
usi ng a segregated, validated multidi nmensional index

(SM) [soh) ath sbiRe MRHRIMe Bl AVibEosuphleMeMR it fmifistered into
Universities (WOVAC(tm)) QA index for hip and knee QA

(BRE kA joft itthe dmMS&H)of &+ Bhﬁ’HFﬁ%%,-e.%44,1§§§,'4.§,849'5, 5,

see, also, Exanples); or an aggregate
My b5 & 5TBNES @@l 24, %@i%.fsé"i" ¥.28ugB g5t Qﬁnl or more.

Al go-'Functional [ndex (AFlI) for hip or knee (Lequesne
etviddosubdi@thbhtsScand. J. Rnheumatol . Suppl., 65:85-89).
€ erapeutic effect may al so be eval uated by

gl Obal[0@2 t U?\nﬂ*?&-%%%@()i"sc&)ﬁggleﬂ?édt Eé‘éfuﬂl’g the H@(ﬁciﬁiéﬁrﬂne

A obal" status can be assess usi nga Likert or

AdRrdhiofifcnarBaefiEat) ARfond n) TG of e REE] oo

oY exam nation (see, e.g., Theiler et al. (1994)
Og?lzle%“ésr'th. Cart., 2:1-24),

(i) the viscosupplement has a residence half-life of less than 3 weeks;

(ii) the viscosupplement contains less than 20 mg/ml HA;

(iii) 5% (w/w) or more of HA in the viscosupplement is in a gel form.

[0029] In an illustrative embodiment, the viscosupplement used in the

methods of the invention is Synvisc®. Synvisc® contains 8 + 2 mg/ml HA in
two forms: a soluble form, hylan A, (average MW 6,000 kDa) and a hydrated
gel form, hylan B, in a physiologically acceptable solution. The hylan A/hylan
B ratio in Synvisc® is 9:1 by weight of HA. Hylan A is a water-soluble
hyaluronan chemically modified by covalent crosslinking with small amounts
of an aldehyde, typically formaldehyde, while hylan B is hylan A further
crosslinked by divinyl sulfone. Hylan fluid is hydrated hylan A, a modified

form of hyaluronan with a small number of crosslinks which increase its

10



per formance based neasures (see, e.g., Rejeski et al.

(1995) GCsteoarth. Cart., 3:157-168), etc. [0027] In
w6 oos/0eskodi nents, a vi scosuppl enment i s adm ni BEBUSIH05/046409

into the knee joint in the anount of 6 2 nl or nore,

e.g., 4, 4.25, 4.5 4.75, 5, 5.25, 5.5 575, 6, 6.25,

6.5, 6.75, 7, 7.25, 7.5, 7.75, 8 ml or nore.

Vi scosuppl enents [ 0028] An HA- based vi scosuppl enment

usafarbge moldvelamweigidandfaugment ite/elastovincous properties. Hylan

characterized by any one, any two, or all of the

f egetlis e rpardted famsof Hylgn B hendvis poersngpby mmsslitkirgy lylan A

residence half-life of less than 3 weeks; (ii) the

Vi istos gpntinewas polyoreriaineswork sssindndiningOsutfighetas Bifupiclional

5% (ww) or nore of HA in the viscosupplement is in a

getroé=inking[r88gént. I n an il lustrative enbodi ment, the

vi scosuppl ement used in the nethods of the i nventi on

IS Syrnoo3s( r )Gerfsyally, sisCogupplenienitasél inZhepgdimeht\pidvided by
two fornms: a soluble form hylan A (average MW 6, 000

k Dk imvehtian imorlicet I9Al-baeéd fiees8upbidntentBhavingintra-articular
physi ol ogi cal |y acceptabl e solution. The hylan A/ hyl an

B regldefcé RalByifevdreter Ihan2%alsby.gven apo, 1 181A17,H6, ap, 1y,
is a water-sol ubl e hyaluronan chemcally nodi fi ed by

coyalent1cr@esBi Nk, "?4%&&13 8P| InagEmiEnémbedinits, residence
al dehyde, typically fornal dehyde, while hylan B'is

hyrhm.fé\off WHel ﬂ@éosebaémehms%rém ¥, 554 Jroin@ayswl an
fluid is hydrated hylan A a nodi fied form of

2t 090, B e A B FABERLIIKS R

el B fPbs Ut SRR 2RI thESthey ¥ortBin less than 20 mg/ml HA, e.g., in
the range of 1-15, 1-10, 1-5, 5-15, 5-10, 10-15, 6-10, and 7-9 mg/ml. The
amount of HA in a given composition can be determined by any suitable
methods as described, e.g., in the Examples.

[0032] Viscosupplement compositions used in the methods of the
invention may be further characterized in that at least 10% by weight of HA in
the viscosupplement is in a gel form. For example, in some embodiments, the
viscosupplement comprises at least 5%, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99% or more
HA gel. In some embodiments, the viscosupplement contains 10-90%, 10-
75%, 10-50%, 10-40%, 10-25% HA gel. In some embodiments, the ratio of
HA gel/HA fluid in the viscosupplement contains ranges from 1:50-10:1 (w/w),
e.g., 1:50, 1:25, 1:15, 1:10, 1:9, 1:8, 1.7, 1:6, 1:5, 1:4, 1:3, 1:2; 1:1, 2:1, 3:1,
4:1, 5:1, 6:1, 7:1, 8:1, 9:1, and 10:1.

11



gel is the hydrated formof hylan B, and is prepared

by crosslinking hylan A into a continuous polyneric
wmedosoris3s usi ng divinyl sulfone as a bifuncti opel/US2005/046409

crosslinking reagent. [0030] Cenerally,

vi scosuppl enents used in the regi nens provided by the

i nvention include HA-based vi scosuppl enents havi ng

intra-articular residence half-1ife shorter than 22

days, [@03p], ¥iscos@fplerhénts 1@, uskrn tibmeltinds bt theliByertdn may

11, 10, 9, 8, 7, 6, 5, 4, and 3 days. In sone

erfodicerrmentain waesisdibteeHAd B-fluid ghask, itk MW of HA in the range

vi scosuppl enent is nore than 2, 3, 4, 5, 6, or 7 days.

[ (2 30D-24d, GooieDe (. 6.(7600-3,000£500-m,500 5008 8 /000 s500-5,008; 500-

i nvention may be further characterized in that they

CaNbE; H0DERB0001&002G, 00w MooblA, 5@0; d.,000-3,000:e1 00008 D00
1-15, 1-10, 1-5, 5-15, 5-10, 10-15, 6-10, and 7-9

o, 000-7,000; |E0010,0W0; HA0DM 5200; BHVOCTDTOTS iaht G0, 008 5)800
determ ned by any suitable nethods as described, e.g.,
I kgde Exanpl es. [0032] Vi scosuppl enent conpositions
used in the nethods of the invention may be further

char agé@y4) 2 A Mal Balof @hinﬁa@@ﬁbip,ﬂ@f&,@éri\?@& 6k rBbstelcdrhibs

the viscoSupplenent is in a ge orm For exanple, In

Lt St b o
T T
e s g M

Vi aRsHL bR iafPE & 8fisLiBBIfphah! SRR JsApY W) -

[0035] HA may be derivatized (e.g., crosslinked or otherwise modified
or stabilized) or nonderivatized. Examples of crosslinkers include aldehyde,
epoxide, polyaziril, glycidyl ether (e.g., 1,4-butandiol diglycidylether), and
divinyl sulfone.

[0036] Specific examples of viscosupplements useful in the methods
of inventions include Adant™, Arthrease™, Arthrum™, Fermathron™, Go-
on™, Hyalart™/Hyalgan™, Hy-GAG™, Hya-ject™, Hyalubrix™, NeoVisc™,
Supartz™/Artz™, Synvisc®, Orthovisc™, Ostenil™, Sinovial™, Suplasyn™,
and Synochrom™, Viscorneal™ (see, e.g., Physicians’ Desk Reference™,
2004). Other products sgitable in the methods of the invention include
viscosupplements described in U.S. Patent Nos. 5,143,724; 4,713,448;

5,099,013; 5,399,351; 6,521,223; 5,827,937; U. S. Patent Application No.

60/533,429.
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e.g., 1:50, 1:25, 1:15, 1:10, 1:9, 1:8, 1:7, 1:6, 1:5,

1:4, 1:3, 1:2; 1:1, 2:1, 3.1, 4.1, 5.1, 6:1, 7:1 ,
w@2a6/078331 , and 10:1 .[0033] Vi scosuppl enment SPEDUS2088046409

in the nethods of the invention may further contain

wat er-soluble HAin a fluid phase, with MNVof HA in

t he range of 500-20,000 kDa, e.g., 500-1,000, 500-1

, 500; 500- 3, 000; 500-5,000; 500- 7,000; 500-10, 000;

500- 150081; 1Rreparatip0dhylanatl FsaBOpplerEdts BelOdDg hylan A

1, 000- 7, 000; 1, 000-10, 000; 1, 000-15,000; 5, 000-10, 000;

anandLbyl80 8- deb€rbedia,. e.§.0 033 Pdtentridns. 51 48(7 28N 4170 8,448;

origin, e.g., derived fromrooster conmbs or unbili cal

c085,099,008; awh5,300,381. origin, e.g., bacterially

fermented. Bacterially fernented HA can be produced as

descr i[0es8]i n,In@ofhe erdisstidgnts thelviscodKAIemBhistexcinge! .

Prog., 15:898-910. Bacterially fermented HA is al so

avButokdee CaTaIBT dthér Viscosap@lemeldi with &l fesidkrzamalf-life of longer

Si gma- Al drich, USA). [0035] HA may be derivatized

( ethein 212D SH, ioakesl 2y, 201 M8 0l € I aARf 8B dB4OBS, 36, 37, 38, 39,

stabilized) or nonderivati zed. Exarrpl es of

Cros i e danab Wi 42| g8 moder 5@_@9?@ pol yaziril

gl ycidyl ether (e.g., 1,4-butandio dlegC|derther)

and difgosy! S\Jﬁléédéﬂﬁple[r%?s@}‘na BB6Icbh&irt38dIbRs alive or
V|scosupplenents useful in the nethods of inventions

s O ik P,

Sl (S Gl T
SO P (o N SBosior

ron(t I'scorn ysi c ans'
Deér%%lé:@sfmesr, %.rb‘?,eéotd@ne and morphine; corticosteroids, e.g., dexamethasone

and prednisone; antineoplastic agents such a Methotrexate™, 5-fluorouracil
and Paclitaxel™; and anti-viral agents, e.g., Acyclovir™ and Vidarabine™.
Viscosupplements may also contain components such as cells (e.g.,
chondrocytes or mesenchimal stem cells), proteins, DNA, vitamins or other

desirable biologically active material.

Uses and Administration

[0040] The invention provides methods and composition for treating
subjects with joint pathology and for reducing pain and discomfort associated
with such pathology. Examples of such pathology include osteoarthritis
(primary (idiopathic) or secondary), rheumatoid arthritis, joint injury (e.g.,

repetitive motion injury), cartilage pathology (chondromalacia), and pre-
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2004). O her products suitable in the nethods of the

i nvention include viscosuppl enents described in U S.
weatoent3shos. 5,143, 724; 4,713, 448; 5,099, 013; BCBON085046409

; 6,521,223; 5,827,937; U S. Patent Application No.

60/ 533, 429. [ 0037] Preparation of hylans and

vi scosuppl enents i ncluding hylan A and hylan B is

described in, e.g., US. Patent Nos. 5,143,724,

AartiRickidtes 5TAE hvehBon furihebp@9Res plethodD&F8Huding paire
enbodi nents, the viscosuppl enents excl ude Durol ane(tm

apsHaRlatéd WRH sUEts patbuipplee MThbMathbds €arl 86 pARAESY in humans
half-1ife of longer than 2 1, 22, 23, 24, 25, 26, 27,

28 net. of Heatrdent.ford8int BathoRdy oBf norumah, subfbcts39, 40,
41, 42. 43, 44, 45, 46, 47, 48, 49, or 50 days. [0039]

Vi scoppgp| eBiinspléyf AmtiRisFaidrasitesanclidd HRaneRCEhAIRT
i nactive ‘conponents including, for exanple, the

eyt 84 S gl O, o or

aNAfr Eg%é | hyﬁaafacgbggiﬁ&ah A §phhe. aMFe BYBMERGAEARE T

opioid al gesics, e.g., codeine and norphi ne;

Chy Bﬁﬂé%@fomtg Woufd 5k at Igﬁg YOBhIBRF Wc@%tl?{r%ﬁ%rﬁ@ﬁ‘@éd

ant1 neopl astic agents su a Methotrexate

5- 1.l and Paclitaxel (tn); and anti-viral
agéén#@?méﬁgo%t' Acyclovir(tm and Vi darabi ne(tn).

VLSOO, B ORS00 TR e TG B
DEgh e B AR b PO, 863 4R srren i
ml Synvisc®, e.g., 4, 4.25, 4.5, 4.75, 5, 5.25, 5.5, 5.75, 6, 6.25, 6.5, 6.75, 7,
7.25,7.5,7.75, 8, 8.25, 8.5, 8.75, 9, 9.25, 9.5, 9.75, 10 ml or more. Although
it is preferred to provide the single administration dose with a use of a single
syringe provided here, the required dose may be provided with two or more
syringes. For example, a single administration of 6 ml may be accomplished

using 3 syringes containing 2 ml each.

[0043] The following Examples provide illustrative embodiments. The
Examples do not in any way limit the invention. One of ordinary skill in the art
will recognize numerous modifications and variations that may be performed
within the scope of the present invention. Such modifications and variations

are therefore encompassed by the invention.
EXAMPLES

Example 1: Intra-articular injection of Synvisc® in patients with OA

[0044] A prospective, open-label study was conducted to evaluate the
14



[ 0040] The invention provides nmethods and conposition
for treating subjects with joint pathol ogy and for

WO 26073885 pai N and di sconfort associ ated w t h BUDES2005/046409
pat hol ogy. Exanpl es of such pathol ogy i ncl ude
osteoarthritis (primary (idiopathic) or secondary),
rheumatoid arthritis, joint injury (e.g., repetitive
notion injury), cartilage pathol ogy (chondronal aci a),
anafehyr aut ¢fficaayi (mckidingeduratigreof aolien) ¢fantrd-artichier injections of
provi des net hods of reducing pain associated with such
patrhiadr &ginksf. SyTivisc@etdabuss theasurtent dosicy regiven of thoeamindrai n
need of treatnent for joint pathology or in nonhuman
s afticalar Mjedtiood of 2 BX aSpivissc®oih antbulatost padientsrwiti $yesptomatic
i ncl ude the knee, shoul der, tenporo-mandi bul ar and
C @bipdemetACH (@fdbal QAain irelhe®tydyhinee inhiestangaiok be-80ainca
| unbar zygapophysial (facet) joints in the spine. The
vabo s VAS sered dtheocriteya for indhesen wertenthge vb4b gedre oat
| east double of the currently recomended dose for

t Brier;j KdlIgEen-LAWI4AEe dRRIelIRNIESYE X248y Withih Babstihémthétemsance of
Vi scosuppl enent ati on device conprising a pre-filled,

S teMgb @ ffusion Setcd! Géflcﬂig oare%bﬁgQ;ez Yeurs) mﬁﬁaem p&tients
m Synvisc(r), e.g 4.75, 5, 5.25, 5.5,

5(rf8an Bge B géars%ﬁémgﬂ%ﬁ) o J6 %@%  fnhles) vve%e r§1do$m2e':d in

nore. Al though
[ hvé érogf,gferred to provi de the SI ngI e adm ni stration
dose"with a use of a single syringe provided here, the

requi gRiip dPSSnéTPﬁYecﬂﬁnBFQYr‘ulded wth two or nore

syringes. For exanple, a single admnistration of 6 ni

may b 3 syringes containing 2 ni
y é - %ﬁﬁl{iﬂfﬁ%\‘@%l yring g

each. ow ng Exanpl es provide

il usércﬁ}plgl etm&@h&%néf% o weeks apart;

Group 4 - three 4 ml injections one week apart; and

Group 5 - the standard regimen of three 2 ml injections one week apart.

[0045] The patients were then followed up to 6 months (at weeks 2, 3,
8, 16, and 24). The primary and secondary assessment endpoints used are

described below.

A. Patient self-assessment of OA Pain
[0046] The primary efficacy endpoint of this study is to evaluate the
efficacy of visco-supplementation with Synvisc® in patients with OA of the
knee with respect to study knee OA pain relief. This is measured on a patient
self assessed 100-mm VAS, with endpoints of no pain (0 mm) to extreme pain

(100 mm) within the past 48 hours; performed at 24 weeks following the first
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Exanples do not in any way limt the invention. One of
ordinary skill in the art will recogni ze nunerous
wormsN7383t i ons and vari ations that may be per feeTesk005/046409
within the scope of the present invention. Such
nodi fications and variations are therefore enconpassed
by the invention. EXAMPLES Exanple 1: Intra-articular
i njection of Synvisc(r) in patients with OA [0044] A
pnpsghient | ve, open-| abel study was conducted to
eval uate thesafety and efficacy (including duration of
action) of intra-articular injections of 4 mMl or 6 m
of SynBj sc(Patieddglolsdl sbifassessmeit dosi ng regi men of
three intraarticular injections of 2 m Synvisc(r) in
anmbul @04Tly pHEie patient mtédtheyovetalinaatus of tHeirdafgetrkmed orOhe
(global QA pain in the study knee in the range of
50e@ e VAS Which MngéaSras oeg)good(Defimfto Yery peordf (@00 mm),
i nclusion were: age of 40 years or ol der;
Kelkirgriete-dcroueingieeiitatisight And smptSmiseaventtidpravidus ast
nmont hs; absence of tense effusion, nechanical deficit,
OhoUireC Rk ekactdnitAtions preaunted td He maieneiefe theEabvagse 6
1 years ranging from59 to 66, 55% fenal es) were
I e iR8dale by Uisify BVEHIRSL linegteitv, khe 008l igBh&@t EdHYitRIn of
6 Mm; Goup 2 - one injection of 4 mM; Goup 3 - two
W&Q&ﬂu@?ﬁkr@e 4t the tiheQf WREisit aPRé left S0 ofe indichfegevéry
i njections one week apart; and G oup 5 - the

ShGsW Afle 981108 Rfe Indlcafes2VEly ddarect i ons one week
apart. [0045] The patients were then followed up to 6
mont hsg(at WeRksc#: 3.

[0048] The patient completed the VAS version of the WOMAC™ as
described in Bellamy et al. (1988) J. Rheumatol., 15(12):1833-40. This scale
is a tri-dimensional, disease-specific, self-administered, health status
measure. It probes clinically important, patient-relevant symptoms in the
areas of pain, stiffness and physical function in a total of 24 questions. The
WOMAC™ was provided to the patient in the local language and was usually |
completed in less than 5 minutes. The WOMAC™ sub-sections are the
following.

[0049] The WOMAC™ Section A consists of questions regarding
levels of pain during activity and the responses are scored (by the patient)

with a VAS that ranges from no pain (0 mm) to extreme pain (100 mm).

Assessment of pain is made for the following scenarios:

1. Walking on a flat surface? [walking]
16



8, 16, and 24). The primary and secondary assessnent

endpoi nts used are descri bed below. A Patient
weedobozssessnent of QA Pain [0046] The pri marypef/Usmasg46409

endpoint of this study is to evaluate the efficacy of

Vi sco-suppl enmentation with Synvisc(r) in patients with

QA of the knee with respect to study knee QA pain

relief. This is neasured on a patient self assessed

100- nm VAS,Geing hpendponstairsdf no péstair ¢lombing] t o

extrene pai . .\ the past. 4 ours;

perf or meg' é{tn%q&%hréf@sy' Her\%?ng th&‘ofcwg?lrnj ection. B.
Patient 4l c&mhgsnellyﬁngi?ssessrrent [ O0Ofé$t] The pati ent

rated th @ ys of their arg t kne on the
100- mm VAS WATEHS PBH d fromvery to very
poor (100 mm, taking into account all reI at ed si gns
and synptons over the previous 48 hours. The exact

i MEé Mezini subssdorefe e QMACISEction iAends b&deel drhide responses
follow ng: "Please indicate by using a vertical |ine
be) eaeh dfhige oympohéntgensediongqndi tion of your (study)
knee at the tine of this visit. The left or '0' score

i ndi c@bee] ' VEie/WIIMAC ™WRait B (StiffneddScoret ebridts Bf @alsesns
"Very poor'." C. WOMAC(tm) [0048] The patient

c Rk @ihg Siffrises WATes baH A agifvith BAd bdesPsr d (b
d?g:érl bgd Ii n ESBe [ am?/ et”‘,?gj]aa VI§/L988) euemat glscore é g

2ire peidAn) Wth I VAS tﬁ&tarbﬁgéssfr@rnhb' stn#h@@"@' ARBko extreme

di sease-specific, self-adm nistered, health status

MEHHESS ( 16({ mii)© %%eé‘énhéHt‘b@Hu%ésM%trﬁéﬁe for the following
patient-rel evant synptons I n
scenarios:
1. After waking in the morning? [morning stiffness]
2. During rest later in the day? [stiffness occurring later in the

day]

The mean sub-score for Section B was based on the responses to each of the
components of Section B.

[0051] The WOMAC™ Section C consists of questions regarding
functional impairment during activity and the responses are scored (by the
patient) with a VAS that ranges from no difficulty (0 mm) to extreme difficulty

(100 mm). Assessment of functional impairment was made for the following

scenarios:
1. Descending stairs? [morning stiffness]
2. Ascending stairs? [stiffness occurring later in the
day]
3. Rising from sitting? [rising sitting]
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areas of pain, stiffness and physical function in a
total of 24 questions. The WOMAC(tm was provided to
wo bwepassent in the | ocal |anguage and was usued1/¥S2005/046409
conpleted in less than 5 minutes. The WOMAC(tnm
sub-sections are the follow ng. [0049] The WOMAC(tm
Section A consists of questions regarding | evels of
pain during activity and the responses are scored (by
the patiagnt)stahtinga VAS that rangegtérndmgno pain (0
to extrene pain (100 nm). Assessnment of painis
made f or 5t heBérlingte thg fleeénari os: endimigki ng on a fl at

surface? [wal ki.ng] 2. [ up, or d stai rs? [stair
cl i i n_g]s' Mk'% %E‘%Hﬁgge yi ng B@W@B‘W%]noct ur nal ]
4. Sitting ofeltinh93nd b8SHlca St apding upright ?
[ wei ght bearing] The nean sub-score foor the WOVAC

Secti on A. waSoingsbdpping? he responsgshoppinghch of the
conmponents of Section A. [0050] The WOMAC(tm Part B
(Stiffneds J2dfag °Eéﬁ%’f%ﬁté"'%’fgsquesfﬁ%h%’s&ﬁﬁgﬁp%g

stiffnesshseveri ring activity . responses
are scorzg' Mﬁq t‘%b%;ti ent) with a“@ﬁg"{ E%p ranges
from no 3tj fGewiag ir/Outrofbatio ext r enin®ti hdtApss (100

mr) . Assessnent of stiffness was made for the
fol | owi nd2sc@figi os: 1. After waki B§tingl t he norning?

[ morning,sti SS Dyring rest later.in the day?
[sti ffnegé' o(fé%{t}ﬁ? ioh/g?%ltgk%gr in the foriotFoilef]
14. Heavy domestic duties [heavy domestic]

15. Light domestic duties [light domestic]

The mean sub-score for Section C was based on the responses to each of the
components of Section C.

[0652] The change from baseline in the total WOMAC™ score
derived from the 3 WOMAC™ sections (A, B and C) at all time points
following the first injection was analyzed as a secondary endpoint.

D. Physician OA global assessment

[0053] After the patient has completed the global assessments and
the WOMAC™, the Investigator rated the overall condition of the patient’s
knee at the time of the visit on the 100-mm VAS ranging from very good (0
mm) to very poor (100 mm). This evaluation was based on the patient’s signs
of disease, functional capacity and physical examination. The physician was
instructed to indicate the overall general condition of the patient’s knee at the

time of this visit, using a line presented with the left (“0”) extreme of the line
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day] The mean sub-score for Section B was based on the
responses to each of the conponents of Section B.

wQ 20627138The WOMAC(tm) Section C consists of quesst/Us2085/046409
regardi ng functional inpairnment during activity and
the responses are scored (by the patient) with a VAS
that ranges fromno difficulty (0O m to extrene
difficulty (100 nm. Assessnent of functional
| ingidating iverpasodieatel therightextfente (1001Yinsimating i'asy pdor.”
Descendi ng stairs? [norning stiffness] 2. Ascending
stairspk. [ stRéduess occurring later in the day] 3.
Rising fromsitting? [rising sitting]4. Standing?
[ st an@064g] 5STheBesditnghdwing hexuictiooof2pdit EVilS N@ torBesponding
Wal king on flat surfaces? [flat walking] 7. Getting in
atwin® painaindci0?o [extredneairCavithn thb eapi 48)Rolrs et wegks9.
Putting on socks/stockings [socks/stockings off] 10.
Lioliogingrthe fiekt [jgdtiog dsrcobdied o bdselitie 3Ghowndk tTable RaP&in
[in/fout bath] 12. Sitting [sitting] 13. Getting on/off
t @idpped b4 innt o thet1 x 6 ml group as compared with 36.7 mm in the

3 x 2 ml group which scored the best. In the groups treated by 1 x4 or2 x 4
ml, this decrease was less dramatic (only 24 mm reduction).

Table 1. Patient self-assessment of OA pain (change from baseline)

1 2 3 4 5
Group
1x6ml 1x4ml 2x4ml 3 x4ml 3x2ml
Mean -34.9 -24.3 -24.0 -32.6 -36.7
Std. Dev. 16.4 28.3 22.9 25.3 26.9
-42.5, - -44 .4, -
95% CI -37.2,-11.5 | -35.0,-13. -49.2,-24 .1
%o 272 3 51-35.0 0 20.8 9.2,-2

[0055] Secondary efficacy endpoints including improvement in pain,
stiffness and functional impairment as measured by the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC™) (Table 2 for
WOMAC™ A), patient (Table 3) and physician (Table 4) global knee OA
assessments, showed the same trends. Treatment groups were ranked in
order of efficacy and the results are shown in Table 5. The prolonged
duration of the effect observed in group 1 was surprising. In terms of safety,
10% of the patients in each group (1 x 6 ml and 3 x 2 ml) reported related
local knee adverse events (pain, swelling or effusion) of minimal or moderate

intensity.
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14. Heavy donestic duties [heavy donmestic] 15.
donestic duties [light donestic] The nean sub-score

wo o006823883 on C was based on the responses to eBChUS$005/046409

t he conponents of Section C

baseline in the total
3 WOMAC(tm sections (A B and ¢ at all

followi ng the first
secondary endpoi nt.
[0053] After the patient has conpleted the gl obal

assessnents and the WOMAC(tm,

the overall condition of the patient's knee at the

Li ght

[ 0052] The change from

time p

i njection was anal yzed as a

D. Physician OA gl obal

asse

the | nvestigator

WOVAC(tm score derived fromthe

oints
ssnent

r at ed

time of the visit on the 100-nm VAS ranging fromvery

good (O mm) to very poor (100 nm.

Thi s eval uati on was

bagsid 0nNVOMAOR Agaln Scofé Whangé frdsigR®ene) unct i onal

capacity and physi cal

exan nati on.

The physi ci an was

ilpstruct edqrto i,ndicate the oyeral] gerjeral ,condj tio
of Gtd\gp pPatj ent''s knee at™ the|tine” of this visit, using
al line presehxdomhi { h1txdemleft 2x4ml axt3edanbi| th2 ml
i pighRdi cati ngs'gery gopgly and theeright extrene 256
g0 rndi cati Ver, ooT .  Reqult 0]0)5)78 n
Eé@rP@"sh .iré'é.]gd,'ctiv.. of pai#'a\vAS:; gr2 7l 24%
cor r espondj ng36.8, no| pal n %nd 100 to gxtreﬂmes,pai n, -37.1, -
99t he| pass 8 hofir-d) Vet | 245Reek |f ol | pyi ng) they ;
frrst—Tnjectiom as conpared t o baset e TS SHoWT 11
Table 1. Pain dropped by 34.9 nmin the 1 x 6 m group

as conpared with 36.7 nmmin the 3 x 2 m group which

Z?QBIS‘&tﬁ‘ftie‘%‘?éfobal‘é&sk@&n&{t?&%g‘e%‘?ﬁ Blsdlihef X 4 O 2 x

Gr 1 2 3 4 5
oup 1x6ml 1x4ml 2x4ml 3x4ml 3x2mi
Mean -31.3 -14.3 -19.8 -25.9 -24.4
Std. Dev. 26 31 24 32.9 32.3
95% ClI 434, - 28.4,-02 | -31.2,-8.2 413, - 39.5,-9.3
° 19.1 o o 10.5 i
Table 4. Physician global assessment (change from baseline)
o 1 2 3 4 5
rou
P 1x6ml | 1x4ml | 2x4ml | 3x4ml | 3x2ml
Mean -30.7 -16.8 229 -25.9 27.7
Std. Dev. 18.3 24.8 26.9 25.0 29.6
-39.5, - -35.8, - 375, - 41,6, -
95% ClI -28.1, -5.
5% C 21.9 55 10.0 14.2 13.8
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m, this decrease was | ess dramatic (only 24 mm
reduction). Table 1. Patient self-assessnent of OA
w@aiono(iskange from basel i ne) [0055] Secondary BET/USA05046409

endpoi nts including inprovenent in pain, stiffness and
functional inpairnment as nmeasured by the Western

Ontario and McMaster Universities Osteoarthritis Index
(WOVAC(tm)) (Table 2 for WOMAC(tm A), patient (Table

3) and physician (Table 4) global knee OA assessnents,

rends,. Treat ment groups were ranked

i Eam@%’erﬂgﬁ%é?rf |95%Wagh'ag§ he results are shown in

Tabl e 5. The prolonged duration of the effect observe
in group 1 was surpr|5| ng. Iy terps ofgsafely, 14% of 5
r
frhe oty Ieue"?éimu! <:J}gé‘(é&’er “elys"(vgﬁglqs paﬂ‘.?pr}ﬂ 3x2ml
siet.paimg or effusidn) of m M mal pr noderat ¢ 1
in#’ﬁ‘lﬁﬁbta;{ Tabl e 2. V\UVAC(tn) A paj n scgre (‘hangg from 3
b e 3 PatTEnt gl obal Tassessen \Llldllg(:‘
fLBhY_-@ﬂQﬂli nplL Table 4 Dh\/qfi-’ cian gl ob%l assessmént 2
(chaorgaciv gm basel 2 ne) Tabl e . Treatmesat group 1 3
rzr@@,\ﬂgéng §056] I\Io4 arge di fg erenges V\Sl‘e observgd 1
b reatrert—groups—wth |capcut to—safety;
onMOMAGT™ Group 13 1 xI 6 mM4 hadlin general thelleas 3

adverse effects. These results al so suggest that

vol unpesef SMBYdrééﬁlff)erér%(eQWeré B%br@ecﬂbe%@:nbl@e frahent
adm ni stered to reduce pain in patients with

OgF&J‘B@%t‘Wr\eE?&t@J safes, Bﬁlz%at@ﬁﬂ?ﬁh% %6 MBHRITh BahéRNthe
Synvisc(r) residence half-1 A. I ncorporation of

lfaspaedlcidCefdtt® Thadrealily 2838ugiest that volumes of Synvisc®

larger than 2 mi can be safely administered to reduce pain in patients with

osteoarthritis of the knee.

Example 2: Determination of Synvisc® residence half-life

A. Incorporation of '“C-acetate into the hyaluronan of
rooster comb organ cultures

[0057]  Young roosters (3 - 6 months of age) were sacrificed by
cervical dislocation. Their combs were thoroughly cleansed \.Nith (80%)
ethanol, and then excised at the base using a scalpel. Excess blood was
pressed out of the comb, and it was placed into sterile saline solution,
transferred to a laminar flow hood, and rinsed in three additional volumes of
sterile saline solution. The comb was then dissected along the vascular

midline, and rectangular segments of pink dermal tissue were excised. The
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rooster conb organ cultures [0057] Young roosters (3 -
6 nonths of age) were sacrificed by cervical

walzmboasi on. Their conbs were thoroughly cl earsBUS2004/6%6409
(80% ethanol, and then excised at the base using a
scal pel . Excess bl ood was pressed out of the conb, and
it was placed into sterile saline solution,
transferred to a | am nar flow hood, and rinsed in
t borak tiasuk segmerts were thidy slicedtvath 4 ecalpdliand pdadedtinton.
The conb was then di ssected al ong the vascul ar
nivehirevemediacdH-dqivVenyen babsy dgmghistestostararie prepivabte (Belmar
ti ssue were excised. Theconb tissue segnents were
t bawdrgtosiek cladonilf MY B 26 qaipdlof Hddagtieced (IONRAdsthemicals,
media HL-1 (Ventrex Labs), 5 ng/m testosterone
PIreiRECDAL € r{EehINED. 1 kapar sdrdilliS0. 1 iy stredfihycidGind 0.1
nCi/m of 14C-acetic acid (ICN Radi ochem cals, Irvine,
Chvg/rhl fiikbizBthe (H&zeltoN/ élex® X8 X i hdiliduaQsulturey Wére done in 60
streptomycin and 0.1 ng/m fungi zone (Hazel ton,
L%?Fl_%stié@btri. diSkbsvartbedntgined spSoxinRit8ly d 3§ of Borfi tiS80e and
plastic Petri dishes and contained approxinmately 1.5 g

ofi5 A EPtHd hedia. ame cliRurds wire ItabaRMIf8r 7T R6urS ih BB E0,
were incubated for 72 hours in a 5% CO2 environnent,

abhBronant Nafldd hidnStil BsNRSwaS Bl RARE fidnPtRd Media®yi a by
centrifugation for 10 mnutes at 10,000 g. The tissue

Pg%%ltglltugéﬁ;?\eforr Q39RnLifds &t 36,000gPetHel tisdLis Bell&%sfﬁ&%ﬁ n a 30

d comb tissue was typically kept in the

T hfes Pelri dioh. *p% ﬁroE%WagiJPéBéPéd Esmis 1 déW&@}yE[g%ﬁiS%Wthe

to prepare hy reparation of radio yl an

Sk S AN S L e

into a reaction_nedi um cont ai ni ng .
Preparation of radiolabeled hylan fluid

[0058] Hylan A fibers were prepared as follows. Slices of frozen
radiolabeled comb tissue were placed into a reaction medium containing
acetone, formalin (37% formaldehyde solution), chloroform, and sodium
acetate at a ratio of 0.75 g tissue per 1 g of reaction medium. The reaction
was allowed to proceed for 18-20 hours, after which the tissue slices were
harvested, washed three times in acetone, and then dried in a laminar flow
hood. Four volumes of distilled water were then added to the dry tissue slices
in order to extract radiolabeled hylan. This aqueous extraction was performed
at 4-6°C, after which the aqueous extract was removed, and an identical
volume of water was added back for a second extraction. Solid sodium
acetate was dissolved into the aqueous extracts to a concentration of 1%, and
hylan fibers were precipitated by the slow addition into four volumes of 95%
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acetone, formalin (37% fornmal dehyde sol ution),
chloroform and sodium acetate at a ratio of 0.75 g
wo esumssper 1 g of reaction medium The react i BIT/USD05/046409
all owed to proceed for 18-20 hours, after which the
tissue slices were harvested, washed three tinmes in
acetone, and then dried in a |lam nar flow hood. Four
vol unes of distilled water were then added to the dry
t ethanel. Slhiecadiolabetaddutart fivesx tveax tvastzat! twlicebiol asetame| amd
Thi s aqueous extraction was perforned at 4-6C, after
whtocdd ihhiee agldemdsr acdtoract was renpbved, and an
‘identical volume of water was added back for a second
ext r go05ein. Fadioldbeled inyiemaciticas ¢40:8mg)iveselpoelddianto
t he agqueous extracts to a concentration of 1% and
hylikeslvéd ines 3.0wRK of seride,i gyrdgeinefted) phbsishatd bufferdd ishiiran
into four volunes of 95%t hanol. The radi ol abel ed
hydlatiorf (Bistries el, Rivgetiait] NJwot 82211) B¢ elodnend-avet-sidanigihg
in the cold under acetone. [0059] Radi ol abel ed hylan A

f idp@rdays 40 43C MpjtemEdriplpRAissdiaiod, thesaoibdetlel ijian Ridwab
of sterile, pyrogen-free, phosphate buffered saline

s@ilutéd Ave-tdRl Mith indh-lattted hifaslagti! ahe.miktlré tlas képtfé) aby
sl ow end-over-end m xing for 3 days at 4C. After

csam{.c%a@ﬁdé a8 é’ﬁtﬁérbnot&%rfeﬂg'nﬂﬁﬁﬂré yeqdayl an fluid was
luted five- d with non-Iabeled hylan fluid. The

e e e S Rl 3,
! BaBh S Bl Tt LR B A o
A H<Geb a4 e e R
aaw[ é)owﬁ‘ne é%ssé} nklngfree?c &)n w\Aa/esrrSn as follows. Hylan A fibers were
allowed to swell in the tritiated water for approximately three hours.
Concentrated sodium hydroxide was added and the mixture was vigorously
stirred until the solution was homogeneous (approximately 15 minutes).
Divinyl sulfone was diluted to a concentration of 50% in water, and added into
the reaction mixture with vigorous stirring. The reaction mixture was allowed
to stand at room temperature (22°C) for an additional 55 minutes during which
the polysaccharide chains were crosslinked by divinyl sulfone into a
continuous polymeric gel (hylan gel). By performing this reaction in tritiated
water, tritium becomes covalently attached to carbon within the divinyl sulfonyl
crosslink. The reaction was terminated by the additioh of ten volumes of
sterile pyrogen-free saline solution to lower the pH below 12. Saline washing
also results in a swelling of the hylan gel to its equilibrium hydration. The
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allowed to swell in the tritiated water for

approxi mately three hours. Concentrated sodi um
woys/oxssstee was added and the mixture was vi goreBuBU$§2005/046409

stirred until the solution was honobgeneous

(approximately 15 mnutes). Divinyl sulfone was

diluted to a concentration of 50%in water, and added

into the reaction mxture with vigorous stirring. The

r bglan gelnvas washed wils salifedaeembee shmadtedtdiviog sulfone,

tenperature (220C) for an additional 55 m nutes during

whinrehctel dritp.oh yaraicather redetiarh@rodgctsvaarel torboingthe pEdiomy to 7.

di vinyl sulfone into a continuous polyneric gel (hylan

gEkgessByalipe wae rsepagtddirem tiesagelibyrfiltrationr aftéraviech teet gal was

tritium beconmes covalently attached to carbon within

t passdidvhitylgh LS @ Agkdiesamséd tokoredingp trrosdlid@e! Indsan easily
term nated by the addition of ten volumes of sterile

DbhFé?%ﬂle faree 1nahis ferns Ahaitritigtedtgel W@%khéd&v@?'dW&W 12,
Saline washing also results in a swelling of the hylan

gﬁbalhﬁ stérfle SO drédI BAIMEdb Perh&Ve arhedhLaVhIERly H¥RRd
washed with saline to remove unreacted divinyl

syhiligne, unreacted tritium and other reaction
products, and to bring the pH down to 7. Excess saline

E’:ﬁgazgfa@ Sagi’%énp%fgfsﬂgﬁ aflsas f"a; lt'og'%gfte \é\EIC)::]
A G ?ﬁ?@ﬂ%ﬂé@%& Zlrell, U8 Oy £1.656'8:
RS s TRk ?Mﬂ?saﬁ%&ﬁg%ﬁ?{ Bfe e, er 18 48 hours.
K tg%?oﬂ# lngh e @i Fins® (o A8 AT S AiGr 9 eestes
S M 5 i o s

E. Measurements of HA concentration and radiolabel
amounts

[0062] The concentration of hylan polysaccharide in the gel and fluid
components of the mixture were determined by the automated carbazole
procedure for assaying its repeating glucuronic acid monomer (3) and
multiplying by (2.07) to account for the remainder of the polysaccharide chain.
Hylan gel was hydrolyzed prior to glucuronic acid determination by adding
weighed 0.1 g samples of the gel to 0.2 ml of 1N H,SO, in tightly capped
screw top tubes, and allowing acid hydrolysis to proceed for 2 hours at 100°C.
The samples, which were completely solubilized by this procedure, were
neutralized with 0.2 ml of 1N NaOH prior to analyzing HA by a carbazole

procedure.
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The m xture was then passed ten tines through 18 g, 2
1 g, and 25 g needl es successively to assure
whowegmses ty and ease of injection. E. Measur ereEntus2008/046409
HA concentration and radi ol abel anounts [0062] The
concentration of hylan polysaccharide in the gel and
fluid conponents of the m xture were determ ned by the
aut omat ed carbazol e procedure for assaying its
r epealPP6y gl Tucarhazolapiatedunednnlves3easidinguhe aploynihef
by (2.07) to account for the remainder of the
phéxsanic aaidi (dricatumiaacid)yih dre sprhplaas megtihod fgrzastenriniog
to glucuronic acid determ nation by addi ng wei ghed 0.1
gh&aurphie acidf conbentgationtty Dcdonrhetot nidthdtP &@d réporteddit | y
capped screw top tubes, and allow ng acid hydrolysis

t Diseheeesid(foa7) 3. Biol[Chedd., 1670089-19d eTisametivs is Wasédion the
were conpletely solubilized by this procedure, were

neslbr @atc@tofdxardhiaditis afth $MiiRCGHiPah@Eabazalsalazi ng
HA by a carbazol e procedure.[0063] The carbazole

PUSERE RitdrAHRUVRSthBB fsrUhé Betetrhipafidoiiexforieusito Was
acid (glucuronic acid) in the sanple. A nethod for

dRipRFtEH 2,%&@@4%@3@6@%@@5@%%5%598 The samples
colorinmetric method was reported by Di sche et al.

(34 atel inBi é’ulfun@'%%f@/bor&@%é@@m]a?% red&@d meéz%le The

based on the col or reaction of hexuronic acids with

SHérBHﬁdl? r@4dt AR theERERASNE BeidAB FHRAAPRAR cotpl it an

met hod for the determ nati on of hexuronic acids was

Sl . 43 e St
aGhJERABAE FE AL HMEE thrb&iHA Eontiiubls AENRAERLEr usthiga

peristaltic pump. The reagents (acid and carbazole) are added and heated in
a reaction chamber, the absorbance is read by a continuous flow colorimeter
at 530 nm.

[0064] Radioactivity content of the test article was determined by
scintillation counting in an ISOCAP 300 liquid scintillation counter (Nuclear
Chicago) using Scintiverse Bio HP (Fisher Scientific) as a scintillant. Raw
CPM data was converted to DPM using the ISOCAP 300's external standards
ratio program, with standardization against Tritium Liquid Scintillation Quench
Standards, or Carbon-14 Liquid Scintillation Quench Standards (Amergham,
Arlington Heights, II).

F. Determination of Synvisc® residence half-life

[0065] The clearance of Synvisc® and its gel and fluid components

from the knee joint were determined in New Zealand White rabbits weighing
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carbazol e reacts wth the hexuronic acid to forma
pi nk conpl ex with an absorbance maxi nrum at 530 nm For
wo bwcarasesat ed nmet hod, the sanpl es and st andarBPIST/ES®05/046409
aspirated through a continuous flow anal yzer using a
peristaltic punp. The reagents (acid and carbazol e)
are added and heated in a reaction chanber, the
absorbance is read by a continuous flow colorineter at
5Bétween 2. HO6d B.SRayli Ratohii wereysacufidedret 2dfhdue 3, #sénd 28
article was determned by scintillation counting in an
| a¥sArRespeotivelyuTle sddicdctiVe afaterial paapatezt edsSutibiads
Chi cago) using Scintiverse Bio HP (Fisher Scientific)
agegtrived Bbovd aat adhinisterdd atpdrainvasartamaranjeetbr 6f BPMI
usi ng the |1 SOCAP 300's external standards ratio

P{OXEBE/ky\bbdy WeRyhtia Mhisz@dseasy el gaéxprictelr tothelsquivaiight to a
Scintillation Quench Standards, or Carbon-14 Liquid

Seihgleid mbbdmmistatoe bf Syanst® dsa (O\Rghoham  Gbiresiiinaing

Heights, I1). F. Determ nation of Synvisc(r) residence

hahmbuhtsfte bb YaeiistEReY il stRéradiiBale farSHKkBUiISES BirdctRFopdrional

gel and fluid conponents fromthe knee joint were

def e WG of thd\eimageal and Wite rabbits
wei ghi ng etween 2.5 and 3.5 kg. Rabbit were sacrificed

at 2400eglr S, D:SMs?Nera%ta?&o%yéacHt%sses%lominvéd abbGe, and
radi oacti've material prepared essentially as descrl bed

Sk btk il VAR
a%mszf@r%ﬁta%g both B? @Hd@bwg?& éadcg é&E{ t?sﬁ‘,ge Were calculated

nistration o nvi sc

Ggéﬂa‘?? s R};’f?}e 8 %H\% SEI% : eg%u%@%é%% %Seoofoli] ®hch time

evvl Sé propor I ona
point and, expressed as mean  the standard error of the mean. Calculated

averages were reported to a minimum of two significant digits, even in
situations where the values were small and the animal to animal variation was
large. Total average DPM recovered from the joint at each time point was
calculated by averaging the individual animal totals.

[0067] Haif-life determinations were made by fitting the means for
each time to an exponential function (Y=Ae*). The standard error of the
estimate was obtained from the curve fit and divided by A to obtain the
expected percent error. This was multiplied by the half-life to obtain the
expected error of the half-life.

G. Results

[0068] The gel component (hylan B) of Synvisc® is the longer half-life

moiety. Based on the clearance of the radioactive material, the gel
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to the weight of the animal. [0066] DPMs were obtai ned

for each tissue as outlined above, and DPM ng was
weadosntmsed directly when appropriate. The totedT/DRIB5/046409

recovered and both DPMs and DPM ng for each joint

ti ssue were cal cul ated separately for each ani mal.

These val ues were then averaged for each tine point

and, expressed as nean the standard error of the

mmmpocantameatd@acghehfﬁ@egawtermles@iq @l 717088 deyai Hhws, by

of two significant digits, even in situations where

t Hey\ag, mese thancadfef theagrl wohlsl benglgeried: Jhanretigal calculations,

variation was |arge. Total average DPM recovered from

t haspdiontthaexpeintentallyedgierinminediaslf-tfalof theagad dwere conducted to

averagi ng the individual animal totals. [0067]

Hadstimlatd thedim @mtiohgeli expscted te beirdtvethyunfant joind fplibtvang a

nmeans for each time to an exponential function

( ik 8 )ml.injédteons t Asstianing thiat approkintately 6shg obge wassinjected

obtained fromthe curve fit and divided by A to obtain

t hetoehPReéeof PRUMANTsubjetn &t 2 ThHaw folewiny lttie ipljdotion ihe t he
half-l1ife to obtain the expected error of the

halniount bBgel FemBriny Woult BR&HproirAa@sl 0.9@mgonent  (hyl an

B) of Synvisc(r) is the longer half-life noiety. Based

on t heoopopar FnE ﬂurafcdiﬁ&n@a%mmsu@ (ARLE M) dleard Fldre rapidly

gel conponent' s residence half-life was determ ned t

thgn t?leagéﬁ c@rﬁ}ééneﬁ'fh The HAW-liERYF tRE ﬂuﬂQfoﬁﬁdﬂéHt \9§§/Qjé‘ﬂcerﬁfﬁ?1§d

gel would be cleared. Theoretical calculations, based

Ofo bBa . 2X BrddyREHyaY Hiysd8beS StRE thidttéd matdral Rbs t(:I?a%réhei‘rmm
were conducted to estimate the anount of gel expected
t Qh@Babbit khggjg;,wan joint follow ng a

[0070] Rabbit muscle implant studies were also conducted.
Microscopic examination at 7 and 30 days post-implantation did not detect
any residual test material, which is consistent with the intra-articular clearance
studies.

[0071]  The specification is most thoroughly understood in light of the
teachings of the references cited within the specification. The embodiments
within the specification provide an illustration of embodiments of the invention
and should not be construed to limit the scope of the invention. The skilled
artisan readily recognizes that many other embodiments are encompassed by
the invention. All publications and patents cited in this disclosure are
incorporated by reference in their entirety. To the extent the material

incorporated by reference contradicts or is inconsistent with the present

specification, the present specification will supersede any such material. The
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single 6 m injection. Assum ng that approximately 6

nmg of gel was injected into the knee of a human
woebperis3s at 2 1 days foll owi ng the injection REBUS2005/046409

anmount of gel remaining would be approximately 0.9 ng.

[0069] The fluid conmponent of Synvisc(r) (hylan A)

clears nore rapidly than the gel conponent. The

half-l1ife of the fluid conponent was deternmi ned to be

1cigatibn .ob afpyefereByes he@jrsis nd9ah atimidsoni thatesitchdefendreres are

was cleared fromthe rabbit knee joint. [0070] Rabbit

Ir\]}jﬁ&|£tﬂorfﬁé§fﬁseﬁt ndestiorner e al so conduct ed.

croscopi c exam nation at 7 and 30 days

post -joop2jantdrilesyotefvis® InddateRs bl AMbeRSErédsirie@iantities
material, which is consistent with the intra-articul ar

chengRBfehts ceflt@ture A Trkhtrl&ift coR@EbAY, @Al isBHoiS uSESn the
t horoughly understood in |ight of the teachings of the

r SJRIRAKES idii@Ag Walhd ard iEb S BREEI0BE Hs YringlMBdified in all
enbodi nents wthin the specification provide an
ety O Shneabaf: Ry ksl o e
| By e ndErickidatSifle@Fd e pf@fbtons fkaga) 785 t hat
many ot her enbodi nments are enconpassed by the
UERphl ok B Rts SR SBLBLShAFE L bt
€ &élﬁt%tny "Ur;ll_Qs% g’tﬁg%%@ Maidaiy, R @Frh &bt Iéé&oe\nr%%%@ihﬁ ¢ Dies
reférence contradicts or Is'inconsistent Wth the
pBF&SHEg&HS td Bé ﬁﬁlﬁérg&’odttg ??fg{ @%%@Fy él?ﬁ\%h{ hGAE 58edM THose
sUpérsede any such material.” Theci'ta y

ion of an
ref.eren er.ein is._no n ] $S1.an: t
S ERIBE VU feRogiafrdr R SfelEn Mg, flors thar
routine experimentation, many equivalents to the specific embodiments of the

invention described herein. Such equivalents are intended to be

encompassed by the following claims.
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[0072] Unl ess otherw se indicated, all nunbers
expressing quantities of ingredients, cell culture and
wo eeabmsst conditions, and so forth used in theCT/US2005/046409
specification, including clains, are to be understood
as being nodified in all instances by the term
"about." Accordingly, unless otherwse indicated to
the contrary, the nunerical paraneters are
approxi mations and nay vaid{ gfeendi ng upon the desired
properties sought to be obTained by the present
i nvention. Unless otherw se indicated, the term"at

umaer stood A §perBp s EieRym EnRE ek hdnd patora
Th i1 ' he. RPN ' . b bl
asdieas mEPy SRR Aoy iR ad et 51l

many equi valents to the specific enbodi nents of the
iﬂ'{/%‘ﬁf“?'on descri bed herein. Such equivalents are

i ntended to be enconpassed by the foll ow ng

clains. CLAIMS 1. A viscosupplenentation nethod for
treati ng a _knee j oi ntf of a sHbJ ec%, t he net hod ,
consi s#i ng 0 MEYPHQ g3y Wheheln B VACosRRIamsDt cantains
of 4 M or nore. 2. The nmethod of claim1l, wherein the
viesg dand) BwéRtHRont ai ns 1 ess than 20 ng/m HA. 3. The
nmet hod of claim11l, wherein the subject is hunman. 4.
The method of claim3, wherein the total volune of the
vi scosuppl enment in the single admnistrationis 6 2
m or ¥or e.The mathed péclaina 1owhereill thesubjigsbisdiumane
amount is 6 m.

4, The method of claim 3, wherein the total volume of the

viscosupplement in the single administration is 6 £ 2 ml or more.
5. The method of claim 4, wherein the amount is 6 ml.

6. The method of claim 1, wherein the viscosupplement is

administered to a subject in need of treatment of joint pain.

7. The method of claim 1, wherein the single administration of the

viscosupplement is therapeutically effective for at least 4 months.

8. The method of claim 1, wherein the viscosupplement is

characterized by one or more features as follows:
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6. The nmethod of claim11, wherein the viscosuppl enent

is adm nistered to a subject in need of treatnent of
W@ 0006073833 N. 7. The nmethod of claim1, wherei nP¢ES2005/046409

single adm nistration of the viscosupplenent is

therapeutically effective for at |east 4 nonths. 8.

The nmethod of claim 1, wherein the viscosupplenent is
~ characterized by one or nore features as follows: (i)

t he vi dDoshppbersenplemant has gsesldenoe hadltlife bf fees dfan Pwseks;

than 3 weeks; (N) the viscosuppl enent contains |ess

t han 2Qiirtfievis¢esupplenient 6ootains vgssdhamd0 engsml HA; i n t he

vi scosupplenent is in a gel form 9. The nethod of

cl ai m §jii) vt (wiw) dr meore ef Héeindiee iatdsuppleenant isnorasgdl fam.

3 days. 10. The nethod of claim1l, wherein the

vi scosuppl enent contains 8 2 ng/m HA 11. The nethod

of claim1l, wherein the HA in the viscosupplenent is

of ani gal oThghiethcllef cldi syeiHeesin tHe @skientd half-Weds didie

t he vi scosuppl enent is produced from rooster conbs.

13nan®@ap®t hod of claim 1, wherein the HA in the

vi scosuppl enent is of bacterial origin. 14. The nethod

of claiml1, wherein at least a fraction of the

vi scosuppl ement has been crosslinked. 15. The nethod

of cl aihg 14ThRREIRIIofldmCT, WhetdiR KR visSsupplement contains 8

t+ 2 mg/ml HA.

11. The method of claim 1, wherein the HA in the viscosupplement

is of animal origin.

12.  The method of claim 11, wherein the viscosupplement is

produced from rooster combs.

13. The method of claim 1, wherein the HA in the viscosupplement

is of bacterial origin.

14. The method of claim 1, wherein at least a fraction of the

viscosupplement has been crosslinked.

15. The method of claim 14, wherein the crosslinker is

formaldehyde.
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formal dehyde. 16. The nethod of claim15, wherein the
vi scosuppl enent conprises hylan A 17. The net hod of
w@e@b@icnTiB8s wherein an average nol ecul ar wei ght pOf/UEM05/046409
hylan A is 6,000 kDa. 18. The nethod of claim 14,
wherein the crosslinker is divinyl sulfone. 19. The
nmet hod of claim 18, wherein the viscosuppl enent
conprises hylan B. 20. The nethod of claim 14, wherein
t he vi scosuppl enent conprises hylan A and hylan B. 2
1. The nethod of claim 20, wherein the hylan A/ hylan B
rati o 18 9:Theuypethodgthiclaph 16AWhe2in theeiscestppderoéntcl ai m
1, wherein the viscosupplenent contains 8 2 ng/m HA
otomprieds Hyd8a By weight is in a gel form 23. The
met hod of claim 11, wherein the viscosupplenent is
Synvisc(r).24. The nethod of claim 23, wherein the
vi scosuppl enent further conprises a conmponent sel ected
from ttiz gringomethindios tiag 16f whereirséreaverd@é molecular weight
anti-inflammatory drug, anaesthetic, opioid
appHaes hglan Acierd,00mokd&r oi ds, anti neopl astic agent, and
anti-viral agent. 25. A viscosupplenentation nethod
for treating a knee joint of a human subject, the
met hod consisting of a single intra-articul ar
adm ni 4. atTHI method of claim 14, wherein the crosslinker is divinyl

sulfone.

19. The method of claim 18, wherein the viscosupplement

comprises hylan B.

20. The method of claim 14, wherein the viscosupplement

comprises hylan A and hylan B.

21. The method of claim 20, wherein the hylan A/hylan B ratio is 9:1

by weight of HA.

22. The method of claim 1, wherein the viscosupplement contains 8

+ 2 mg/mi HA, of which 10% by weight is in a gel form.

23. The method of claim 1, wherein the viscosupplement is

Synvisc®.
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of 6 2 m Synvisc(r). 26. The nmethod of claim 25,
wherein the anbunt adm nistered is 6 ml. 27. A nethod

vi scosuppl ement ati on nmethod of claim1. 28. The net hod
of claim 27, wherein the joint pathology is associated
Wth osteoarthritis. 29. A nethod of treating
osteoarthritic pain in a knee joint of a human

subj ect, the nmethod conprising adm nistering a single
intra-articular injection of 6 2 m Synvisc(r). 30.

The mezf1od e kmbenoBclbim eBeweéraint the visedsuiplerfer fothet
1. A viscosuppl enentation device, conprising a syringe

CEdthgrigtisng chrmiponeht sBRictePlrorMRY bstipdonsigling dheordstétdical
of claim3 1, which is sterile. 33. The device of

ChR-Mdminat¥tyair@d, bridBSthel¢, idpisid 6AAGEdIES cBrticdstetoied,
Synvisc(r). 34. The device of claim3 1, wherein the

agRiHEpRIstiSUGYMSSAd ant-OirdIR@edtyringe is 6 m. 35. The
device of claim3 1, wherein Synvisc(r) further
conpri ses a conponent selected fromthe group

consi sting of non-steroidal anti inflammtory drug,

anesthgjic,p Qgﬁﬁ%pm%ﬂn‘?ﬁethﬁé’ﬂrit%ﬁﬁ %géngg Ej?igt of a

anti neopl astic agent, anti-viral agent, an

human subject, the method consisting of a single intra-articular administration

of 6 £ 2 ml Synvisc®.

26. The method of claim 25, wherein the amount administered is 6

ml.

27. A method of treating a joint pathology comprising the

viscosupplementation method of claim 1.

28. The method of claim 27, wherein the joint pathology is

associated with osteoarthritis.

29. A method of treating osteoarthritic pain in a knee joint of a
human subject, the method comprising administering a single intra-articular

injection of 6 £ 2 ml Synvisc®.

30. The method of claim 31, wherein the amount is 6 ml.
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31. A viscosupplementation device, comprising a syringe containing

4 ml or more of Synvisc®.

32. The device of claim 31, which is sterile.

33.  The device of claim 31, wherein the syringe contains 6 + 2 ml of

Synvisc®.

34. The device of claim 31, wherein the amount of Synvisc® in the

syringe is 6 ml.

35. The device of claim 31, wherein Synvisc® further comprises a
component selected from the group consisting of non-steroidal anti-
inflammatory drug, anesthetic, opioid analgesics, corticosteroids,

antineoplastic agent, anti-viral agent, and cells.
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