WD 2006/ 073835 PCT/ US2005/ 046409 REGQ MENS FOR | NTRA- ARTI CULAR
VI SCOSUPPLEMENTATI ON Fi el d of the Invention [0001] This invention relates to
r heunmat ol ogy and orthopaedics. Mre specifically, the invention relates to

t reat nent i.l.age pathology (e.g., osteoarthriti s%
vi scosuppl g{ﬂeﬁoﬁé{{rb’% . Background of the Invention [0002 C%?@Sﬂ?%f??i tis (QA

is a progressive degenerative disorder characterized by a breakdown of the
cartilage in the joints, a deterioration of the synovial fluid present in
the articular joints, and a subchondral ost eoscl erosi s acconpani ed by

ost eophyte formation. Patient often exhibit severe aln t hat

affects many aspdtRGIMENS ﬁ@ﬁlNJBAwRT'iC\HM‘& VIBGOSURRLEMENTATION Oa i ncreases

with age, with nore than 60% of those 60 years old or older |ikely to have

sone cartil ag€iehabthadtvention Bj el | e (1982) Scand. J. Rheumatol. Suppl .
43: 35-48). OA'has becone the nost costly formof arthritis, coIIectlver

accounting for upl0081h1- 2T®m5¢ntpﬁéelgw§§%rheamammy E}J\ddﬁhh@t?aews West ern
nations (Reginster (2002) Rheunatol og 41 (Sup :3-6). [0003] Synovi al
fluid | ubri caféose sperifisiady.doe @vem@nurﬂﬁgéaiweatmng@f qamlaﬁe paigle@ces. The fluid
is primarily conposed of high nol ecul ar wei ght polysaccharide hyal uronan
(HA, sodi um s&¢-8- @ﬁteﬁ%ﬂfﬂ'ﬁbgy visepsuppleneatatihown as  sodi um hyal uronate). The
concentration of HA in the normal human synovial joint fluidis

appr oxi mat el y Bhck@rbiihd offile ¢veRiigt S of repeating disaccharide wunits of
N-acetyl gl ucosam ne and sodi um gl ucuronate (Fig. 1). HAin the nornal
synovi al fluid of [00B2] | oDstesarthoitis EDASS &Drdghéssiliestepehenativedisorders wit h t ot al
nol ecul ar weight (MN of 5 Mba (Balazs et al. (1993) J. Rheumatol. Suppl., 1

characterized by a breakdown of the cartilage in the joints, a deterioration of

the synovial fluid present in the articular joints, and a subchondral

osteosclerosis accompanied by osteophyte formation. Patients with OA often

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

prevalence of QA increases with agé, Wiih 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 ﬁas become the most costly form of

arthritis, collectively accounting for up tb 1-2.5% of the gross national product

of Western nations (Reginster (2002) Rheumatology, 41(Suppl. 1):3-6).

[0003] Synovial fluid Iubricafes and protects the intra-articular joint

surfaces. The fluid is primarily composed of high molecular weight

polysaccharide hyaluronan (HA, sodium salt of hyaluronic acid, aiso 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. Supp!.,
1



WD 2006/ 073835 PCT/ US2005/ 046409 39:3-9). In OA patients, the concentration
and MWof HA in synovial fluid decreases, resulting in the dimnished
capacity of the fluid to protect the <cartilage. [0004] Intra-articular
i njection of an el astovi scous sol ution containing high nolecular weight HA

has been SWOS,E,_,,ggstore the normal honeostasis of thg&}ﬁ@ﬁ@gd‘d’goi nt.
ure, [ [

Thi s proce nown as vi scosuppl enentation, has proven effective in
reduci ng pain and enhancing joint function (see, e.g., Balazs et al. (1993)
J. Rheurmatol. Suppl., 39:3-9; Whbig (1998) din. Ther., 20(3):410-423).

[ 0005] A nunber of HA-based vi scosupplenents are avail able on the market

and new producigs-y,einltpA patichey MeoiRRent)ioh GRY MV OFBALS syfial ilida  nunber  of
characteristics including, for exanple, the source of (ani mal - derived or.

bacterial), thfscfeiaes tbédingin tR@mAlY cBbacitgoftietRid toiRoRBAne degree of
chem cal crosslinking used, if any. Usually, nobst viscosupplenents contain

5-15 ng/ m HA @mflagonce injected, have residence half-life between hours to
several days. Such viscosuppl enents are injected into the knee in 2- 3 m

unit vol umes in a4 esinfe-dritiRe Injéctibh ¥Eah Bhselibes RAfibn eARaMRRK apart. In
sone cases, pain relief occurs wthin a few days, continues to progress

over a few weekigh maEuRf wWeight BASs baén SIMRT B rediBralthAS no@yat RomBodtasist year . For
exanpl e, knee viscosuppl enentation with SynviscO (hylan GF 20; Genzyne

Corp., Canbri dgene dfbeasdabift. StHY ScédifE knbWABS vidsbostipPlenitgitibl, fas been

denonstrated to be at | east as good, or better, than continuous oral therapy

L o Tod o1 R A s o e P B B 05 O
3:213- 2 Balazs et al. (1993) J. Rheumatol. Suppl., 39:3-9; Wobig (1998) Clin. Ther.,
20(3):410-423).

[0005] A number of HA-based viscosuppliements are available on the
market and new products are being developed. Viscosupplements varyina
number of characteristics including, for example, the source of HA (animal-
derived or bacterial), the conceniration 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-

2



WD 2006/ 073835 PCT/ (JS2005/ 046409 225) and nore effective than a saline
pl acebo or arthrocentesis controls (Mreland (1993) Am Coll. Rheunatol.
(57th Ann. Sci. Meeting, Nov. 7-11, San Antonio, TX), 165; Wbig (1998)

A in. Ther .wo36sRrsssl0-423). [0006] The series of multi plgdsMShidins have
been thought to be essential for a prolonged (six nonths to one year)

effect on osteoarthritic pain primarily because of the short residence
hal f-1ife of nobst viscosupplenents (Peyron (1993) J. Rheumatol., 20(Suppl.
39):10-15). For exanple, an intra- articular residence half-life of 1% HA

with an aver aggzgy¥h@imore étféctive Mdm 4 Salind blabety 6r ardosttedigddmadisi N rabbits. As
MWV of HA increases, so does the residence half-life (e.g., 1% hylan A in

whi ch the aver ggselid pfogdfaies Col. Ridamabg5athrainf Stil Meeig, Nov. 7-31 day) .

However, even an insoluble gel, such as hylan B containing 0.4% HA, has a

rel atively shogén Aﬁ@h@@mﬁf 188] Wobigf($998) CHn, THer., J0(dpyR0-48nsi stent with the
hal f-1ife data, three 2 I njections of Synvisc(r into an QA knee were

denonstrated to bqoadegni frhé aafidsof MUpiEhfeetdrisrave @ken tflyRi t88eOA pai n than
two 2 m injections (Scale et al. (1994) Curr. Ther. Res., 55(3):220-232).

[0007] For tregdsepimd| ford ;groﬁhayd &h(mdntRd tolsHel yeak)efett dh ddedtrthlifiepdih P, t he

recomended dose is one I njection with a second optional injection

admi ni stered beiNERPbEEHRsE BFtHeYhER réBRitnbe half-lifed% Hiokt Gi@RLpMahBntsel i ef s
experienced (Chevalier (20000 Am Coll. Rheumatol. (64th Annual Scientific

Meeting, Oct. @HayNav1993) thb@\ﬂ%P,@O@Sudﬁﬁbb):}d)ﬂSﬁiFFerQ\atPnﬁFei, 8Rngra- @ Single

intra- articular injection of Synvisc(r) at 2 nl" showed a significant
i medi ate and gHdRAdeSiEn/FENIREBE 1% HA Wilttin hRerAeMUPLOL 7i2%6 Mbagr ol | ed

patients for up to three nonths (duration of the study). It has not been"
i nvestigated WiekhiRs, a8 determined in rabbits. As MW of HA increases, so does the.

residence half-life {e.g., 1% hylan A, in which the average MW of HA is 6

MDa, has a half-life of 1.2 £ 1 day). However, even an insoluble gel, such as

hylan B containing 0.4% HA, has a relatively short residence half-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 mi 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 Ia 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 enrolled patients for up to

three months {duration of the study). It has not been investigated whether

3



WO 2006/ 073835 PCTI US2005/ 046409 greater vol unmes of viscosuppl enents, such
as Synvisc(r) (e.g., 4, 6 mMl or greater), could offer equivalent or better
efficacy with fewer injections conpared to nultiple injection of 2-3 m, or

a single I%&%OG@%S% 2 mM. As far as was known, the “§’§gﬂf3240§/5%§59 vol unes

potentially pdosed a risk of |ocal adverse effects such Wel |'i ng,
and effusion. [0008] DurolaneT"" (Q Med AB, Uppsala, Sweden) is the only

vi scosuppl ement that is recomended to be injected once, at 3 m. It is an
epoxy-crosslinked viscosupplenment with a |onger reported half-life (4 weeks)

and a hi gher cqueeptdahbeBr ALodud@Rertelsiki as SYRBBINIRE kea dence ti e

is thought to reduc I njeCtions vert el ess, a single

i njection of @%&é@n@t&"’ g%r%?)m, eﬂ?é%&%(éfﬁ&c? hlf%;él ﬁﬁ}lect@@ef' ts over

pl acebo (At teoarthritis” an 642-649). [0009]
Thus, prior t}%rﬁ%ﬁ%ﬁmg HESibh BR2- 3'ntlf (‘.‘\Bassn?@e uif i oY‘@?ﬁlhﬁEfar%ss' ngl e

i njection of suppl enent, par one wth a short

e enter | | owad Ry BUIRE OhilGer Vofinds Bl d-Re 3 ar&%f lo%aa%[df/sr% [0010]

The use of fewer 1njections o rs he rrul tiple

i njections, ingididng hggghg\ag‘camﬁ nueéﬁrﬁ& effect S, reduced costs, and

better patient conplianc A con need exists to devel op new

W thout "necessi t ateg) mopbiEs I Hed M Uie g siR i S b ohfovenm) on Foont)
The | nvent | on Q) g gRAARYS O RALIPR) dd ABSeh Yncd FAHG o b N

pat hol ogy, and cing paln a assocCi ate

Pﬁjt B?LOQZ Ex gl Srddbiinked NiskaL polenbnt Witeh tiigePrb6REd hAF-lik!(# waBkS) 0' nt
and a higher concentration of HA (20 mg/ml). The prolonged residence time
is thought to allow the reduced number of injections. Nevertheless, a single
injection of Durolane™ did not demonstrate statistical benefits over placebo
(Altman et al. (2004) Osteoarthritis and Cart., 12:642-649),

[0009] Thus, 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 ostecarthritis and joint injury.
4



WO 2006/ 073835 PCT/1JS2005/ 046409 [0012] The invention is based, at |east
in part, on the discovery that a single intra-articular injection of a
greater volune of a viscosupplenment provides |ong-termt herapeuti c benefits

conpar abl ey, gm)ﬁ% sproduced by serial injections of sg@JﬂlUg %mﬁ%ges In a

study conducted in connection with the invention, one group o
patients received the standard sequence of three 2 ml injections of
Synvisc(r) in the knee over a three-week period, while another group
received a single injection of 6 m under identical conditions.

Surprisingly, thergpe t'?h@fﬁvbﬁtwsb@s%deaﬁéé@treﬁb%n%%&@m athQMOWI ng the

treatnent, was found ro be conparable in both groups. singl e

i njection of %u@l@mﬁﬁram&hwae&fon%fwgﬁé“a@eﬁ%mh@@@wscwsﬁb@ﬁeﬁynw sc(r), can
be as effective as several injections of smaller volunes, while maintaining

a favorabl e safigliedloRGdr thbrBedlc b%ﬁsmé%msbaéblettb%ds@ﬁa&ucea bprov' des

regl mens for intra-articular Vi Scosuppl enentation wt baséed

vi scosuppl energeﬂal |RJ@E:ﬂdrBLHf§Ha}{er VOIURERS WQE%?@Bﬁdd&éd"in'cBﬁﬁ@cnaﬁ Witgul ar
residence half-life (Ti,) shorter than 3 weéks. Viscosupplenents for use in

the net hods Ofthéhﬁrehfﬁf?Bhé@deWkﬁéb OhWalidiRs rtBREAMEEhA®HAd s8qehas t hey

contain less than 20 ny/ HA (derivatized and/or nonderivatized), at |east

5% of whi ch i Syfithled 2GRl mk@ﬁd?‘i's%ﬁ%?mﬁﬁ:@ iR 1k knee@(zle%'tkﬁee%eﬁﬁeh&d ustrative
enbodi nent, the viscosupplenent is hylan (Synvisc(r)), which

contains 8 2 m(erﬂnot#érgﬂiupvreb&\bbdl@%@ww.snbfe?m YRdér 1délﬁibalf orm [0014] In

sone enbodi nents, a viscosupplenent IS admnistered in a single injection

in an amount SégnﬁltIShé:’nSur’bﬂsnﬁéslg\%&g phut @fbﬁrcaeﬁ%'egaﬁs{]e%zé%ek@ to 6 nmonths

following the injection. In iments, the therapeutic effect 5
following the freatment, was found to be comparable in both groups. Thus, a

single injection of a greater volume of a viscosupplement, such as Synvisc®,
can be as effective as several injections of smaller volumes, while maintaining
a favorable safety profile.

[0013]  Accordingly, the invention provides regimens for intra-articular
viscosupplementation with HA-based viscosupplements, particularly
viscosupplements with intra-articular residence half-life (Ty) 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 anillustrative embodiment, the viscosupplement is hylan G-F 20
(Synvise®), 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 therapeuditic effect for up to

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

5



WO 2006/ 073835 PCT/ US2005/ 046409 of a single injection of a |arger vol une
I's substantially the sane as that achieved by three injections (each 1/3 of
the |l arger volune) adnmi nistered over a course of treatnent. In an
illustrati poPessgent, Synvisc(r) is administered in ' LApection of
6 m, rat hg@?han tsﬁfee 2 m injections, over a three-\?;\cegEg%gﬁ“g . [ 0015]
Met hods of adm nistration, conpositions and devices used in the nethods of
the invention are al so provided. [0016] The foregoing summary and the

foll owi ng description are not restrictive of the invention as clai ned.

BRI EF DESCRI PTdf @Niridhe ihjdction 6UiRafger Q0lrE issubstantidlly the yaineakaratt he structure
of hyal uronan (sodi um hyaluronate). DETAILED DESCRI PTI ON OF THE | NVENTI ON
Defini ti ons [ Gzhidved betHres imectiond (eactaiBiot tHedargbavdiurhef &iministeped chence
half-1ife,” and their cognates refer to the tine which is the greater of
any of the ti nesoursipgfticaghént. lroamillgsitine endodimenh SoRASE® jsnj ected into the
intra-articular space: (a) the tine required for clearance of 50% of the HA
gel conponent ddnjifistierst in a(dNglé Mpsctibntef 6 @ vath@dhéthred 281 Hjédtions, 50% of the
HA fluid conponent injected; and (c) the tine required for clearance of 50%
of HA, regardl®epsaireéheekpbrio®s fluid, gel, or another form For the

pur poses of residence half-life calculation, unless stated otherw se, the

injection is consgainspd Methods afladrihslratichdcdniidditioRe and BbvidesAlided Gl ar space
of a knee joint of an adult human. Methods for determning residence
hal f-1ife are th®athdds of the invdntiomerd di¢disrbriaéd.ve nmet hods 6

[0016] The foregoing summary and the following description are not

restrictive of the invention as claimed.
BRIEF DESCRIPTION OF THE FIGURES
[0017] Figure 1 illustrates the structure of hyaluronan (sodium

hyaluronate).

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0018] Theterms “intra-articular half-life,” “residence half-life,” and
thelr 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, regardless 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
6



WO 2006/ 073835 PCTI US2005/ 046409 are described in the Exanples. [0019] The
terms "HA fluid,” "HA fluid phase,” "HA fluid conponent,” "soluble HA " and
their cognates refer to uncrosslinked or lightly crosslinked water-soluble

HA wi th anw@yRia@8ssyWV of | ess than 20 Mba. [0020] The tgg Jd&iﬂﬁv\iqg "HA gel
phase," "HA gel conponent,” and their cognates refer to chis a

wat er -i nsol ubl e part of an HA-based conposition that does not contain
soluble HA or contains |less than 10% (ww) of soluble HA Typically, the
anount of gel in a given HA-based conposition containing a mx of HA gel

and HA fluid gmiideeristatic e Pegndls.separating HA gel fromHA fluid. The
separation can be acconplished by filtering the conposition through, e.g.

a 45 p filter, Wogty) pagheserfR™ARIRIdTCHARLR MSMGYHAfIQiH%HT‘boﬁ&ﬁ”' nsol ubl e
phase. In order to maxim ze the rel ease of sol uble HA frofthe HA gel in

more Vi scous GeRBRHAF 8RS thel c@gﬁaeﬁéférqauﬁaussnﬁ@éh drQighfly crdbdik&d with
several volune of a solvent with or without bringing it to the equi l'ibrium

prior to flItwa{br-eaubugwmmamaeerag@wahbysmeﬂé@wﬂS can be distinguished
frompure fluids based on their rheol ogical properties, such as storage

(elastic) nodul ugodsg) aﬁﬂekaﬁﬁmvge‘wmgelrmgs&uw(ga)com%h&fl”ah&present

respectively the rel ati ve degrees a material can recover astic response)

or flow (visceus cé@?a%;ﬂ%?ér té‘ﬂAtdEFM\ﬁFl% é)uaé%ir%narel Rt &fta%%im- % e%quency)

changes. Both nod re linear functions of the frequency. T have

proven to be ssdsitio hdl'deBe Rotontdifschitiel AW @oithing ds6TRAN @@k,wmans and
gels. Both G and G' increase with increasing frequency, but one’increases

more qui ckly (%%mbtemAOfrk)ﬁ&anyAfhetéﬁﬁmﬂ%ffae! hegiferHABased BbMpddiRAuency is

called cross-over frequency ( . The cross-over frequency decreases with 7
contalnlng a mix of HA gel and HA fluid can be determined by separating HA

gei from HA fluid. The separation can be accomplished by filtering the
composition through, e.g., a 45 | filter, which passes through soluble HA 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, Furthermére, 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 dégrees 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

7



WO 2006/ 073835 PCT/ 1JS2005/ 046409 increasing pol yner nol ecul ar wei ght or
concentration. For a polyner solution at |ow frequency, elastic stresses
rel ax and vi scous stresses domnate, and as a result G is greater than G

at frequen@gﬁzgoﬁaﬁ wfc. In contrast, for a gel, therel,d,?uﬁg oTORs - over

bet ween G and G is greater than G' across the frequency range.
Unl ess otherw se specified, the test frequency is 0.04 - 7 Hz. For a review
of physical properties of viscoel astic materials and methods of measuri ng

t hese properties, see, e.g., "Polymers as Rheology Modifiers", edited by

Schulz and G ﬁﬁ&asﬁ&ﬁo@%@ﬁn’%‘lé&ﬂlaﬁ%’gﬁﬁo%ﬁce&%ﬁ&n FG%&I%&PQM%BW to

Rheol ogy." H. A Barhes, J.F. Hutton and K Walters sevi er

Bohl i n Rheonmeiigsw 'ﬁ‘BHiuérﬁ.?t élQéth‘B‘e@s%s'Y@Eﬁﬂﬂd Qlécous'\@é@& &}nméﬁgda%&_’??’ 01

[0021] The terns hyal uronat e, hyal uronan” are used

| nt er changeablya réifl G’“}. §er feate? Hinas! a‘??r@&ﬁéﬂc%@gefoﬁfer 5 té?:nﬁ? ﬁdf‘a gegar dl ess of

the source (bacterially nmented or ani m erived wei ght, its

physi cal for mneR igno cBis- c%rﬁétwesae ad 6N el P RefesePihaftPeRfrRsOf chem cal
nmodi fications (e.g., crosslinked or otherw se defivatized), or method of

production. Rpgiffdglencylrifgel] Uribss dthRereite! PBcifED MRSt HdgensHiBRl gitent at i on

met hods and related fethods. According to the Invention,

vi scosuppl enepigt iFgha F&id 8fphysRERIrSherfids GUTEcHEISdt rrhékené\s gh@gl e
intra-articular 1njection of Vi scosuppl ement wt a period of 3, 4, 5, 6,

7, 8,9, 10, dhéhoddof l'?ﬂé??l.ﬂ'ﬁ‘\g thede ertie% sede, Qgpogﬂrers %Rhéﬁ? 3%3 24, 25, 26

meeks, in the anmount sufficient to prOV|de a therapeutic t for up to

4, 5, or 6 MpLaAerst!ddRid BPSERRz bt 8RELHES SPmpOiEmBeries 462, 1991;
“An Introduction to Rheology,” H.A. Barnes, J.F. Hutton and K. Walters,
Elsevier, 1989; and Bohlin Rheometer Application Notes MRK544-01,
MRK556-01, and MRK5673-01.

[0021] The terms “HA,” "hyaluronate,” “hyaluronan” are used
interchangeably, and unless stated otherwise, refer to any HA, regardless of
the source (bacterially fermented or animai-derived), molecular weight, its
physical form (e.g., gel or fluid), or the presence or abs;ence of chemical
modifications (e.g., crosslinked or otherwise derivatized), or method of
production.

Regimehs

[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, 18, 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

8



WD 2006/ 073835 PCT/ 52005/ 046409 enbodi nents, the therapeutic effect of a
single injection of a larger volune is substantially the sane as that

achi eved by three injections (each 1/3 of the |I|arger volune) adm nistered
over a cou atment. In sone enbodinments, the |on
regi men prOV|3es %%guced joint pain for up to 4, 5, S%ﬂgﬁ ﬁﬂhf | owi ng
the injection. [0023] The therapeutic effect can be assessed by any suitable
met hod (see, e.g., Altnman et al. (1996) Gsteoarth. Cart., 4:217-243). For
exanpl e, the therapeutic effect may be assessed by neasuring a reduction in

joint pain. Thepdgeies, e ihetdpeuPéiitcEd Hey€ Infectibh bl |GG Volldst 0 a
five-point Liked scale (e.g., none, mild, noderate, severe, very severe) or

on a 100 MM i SHAtiAPBltme Paf 3hRvedby 4RES Mid20thd Rabhe/3Rfaml es. Ot her
suitable pain indices include the Health Assessnent Questionnaire (HAQ

(Fries et al. larééﬂ%ﬂ)mé’}rédmm&ﬂeﬁed%ﬂg%@se of tehtrhérit, 148dmand Arthritis I npact
Measurenment Scale (AIMS) (Meenan et al. (1980) Arthritis Rheunmatol.

23: 146- 154. [ Qiiblinddigs, tti'it%ﬁ@@lrﬁjédﬁoﬁ?égﬁ?ﬁén aﬁvldeé PRiuREd {mgﬁm& measur i ng

the inprovenent in the degree of functional inpairnen ncti onal
i mpai rment  caggqbs o?%%ﬁéﬂtﬁ@fo‘ﬂb’wrkl@'tﬂ&nﬁct&ﬁgr egated, validated

nul ti di mensi onal ' i ndex such as the Western Ontario and McMaster'

Uni versities (V\leibﬁ ﬁ%th&% SutlcQiirelt dAndRAsKERRA B AnbPelitabiy et al . (1988)
J. Rheunatol . 3%4» 1840; sge al so, £ arrﬁ'S l'es); @2} gn aggr egat ed

mul ti di mensi ongdindd @68, éé\'\/h}tmaﬁ@f:a ?@96)@9&@5@@1 gﬁﬂcwmémgnﬁﬁx (AFl) for

hi p or knee (Lequeshe et al 87) Scan elmat ol uppl ., 65:85-89).
[0025] The thesansit ing tﬁérssedt.cma%m@&ss%@dt@trﬁéa&mn@Lﬁgaﬂcuéﬁ At us
assessment by a patient or physi ci an tatus can be assessed using
9 joint pain. The degree of joint pain can be classified according to a five-point

Likert scale (e.g., hone, mild, moderate, severe, very severe) or on a 100 mm
visual analog scale (VAS) as described 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 McMester’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 (AFI1) 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 ¢an be assessed using

9



WO 2006/ 073835 PCT/ U52005/ 046409 a Likert or VAS scale, e.g., as described
in the Exanples. [0026] Additional indicia of therapeutic effect may include
joint exam nation (see, e.g., Theiler et al. (1994) Gsteoarth. Cart.,

2:1-24), %Bgﬁmge based neasures (see, e.g., Rej esk%qlﬁ!ésnz?éss;m“%ﬂ,§95)

Cst eoart h.

:157-168), etc. [0027] In sone enbo

vi scosuppl enent is admnistered into the knee joint in the anount

m or nore,

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

of 6 2
6.5,

6.75, 7, 7.25, 7.5, 7.75, 8 m or nore. Viscosuool enents [0028] An HA-based
vi scosuppl erreatuuéaecfr%sgbatéﬂ@gmésmérwd lﬁhﬁeaamb%g' on is characterized by

any one, any two, or al the features as follows: (i) the

vi scosuppl ement  h@gog r@ﬁdﬁ%ﬂﬁﬁmﬂéiﬁ%f ihb?a?eﬁtcé@%ﬁm‘é??{ég% ?‘ﬁ ks; (

vi scosuppl enent contains less than

n the Vi SCOSURRhRERI (b8, d 8, ThélRl of 81 (Tboq)Gtecthn! Balllollgyst rati ve

enbodi nment
Synvi sc(r).

hylan A, (ave

t

physi ol ogi cal

Synvi sc(r)

crossl i nked blﬁe%%b ot i el e BY6 3% 'ra%rése

is

w) or

he vi Scosupp enent USG Int I nvent
PRI o805 TR 5% Tyt oy 0P| QR ° 5

bénagc]%pt%geemsol ution. The hylan A/hylan B ratio in
17by wel

ii) the
nore of HA

ion is
uble form
in a

ht of HA Hylan Ais a Water-sol ubl e hyal uronan

ol dohyde, "t ypi cal Py Ror Nar auey REoUREPle, BMPA e durfiiding? "

form of hyal uronan nunber cross?i nks~whi'ch hcfeas

5.25, 5.5. 5.75, 6, 6.25, 6.5, 6.75, 7, 7.25, 7.5, 7.75, 8 ml or more.

Viscosupplements

[0028] An HA-based viscosupplement useful in the methods of the
invention is characterized by any one, any two, or all of the features as
follows:

(i) the viscosupplement has a residence half-life of less than 3 weeks;
(i) the viscosupplement contains less than 20 mg/mil HA,;
(iif) 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 Alhylan
B ratio in Synvisc® is 9:1 by weight of HA. Hylan A is a water-soiuble
hyaluronan chemically modified by covalent crosslinking with small amounts
of an aldehyde, typically formaldehyde, while hylan B is hylan A further
crosslinked by diviny! sulfone. Hylan fluid is hydrated hylan A, a modified

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

10

ny@ég%QyA@ A, a nodi fi ed

eits 10



WO 2006/ 073835 PCT/ US2005/ 046409 average nol ecul ar wei ght and augnent its
el ast ovi scous properties. Hylan gel is the hydrated formof hylan B, and is
prepared by crosslinking hylan A into a continuous polynmeric network, using

di vi nyl S%B%ﬂfﬁ/ﬁ?ﬁsg bi functional crosslinking reagentPC,l[ﬂQ&?&}M%per ally,

vi scosuppl enrent's ‘used in the reginens provided by the invention 1nclude
HA- based vi scosuppl enents having intra-articular residence half-life
shorter than 22 days, e.g., 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10,
9, 8 7, 6, 5 4, and 3 days. In sonme enbodi nents, residence half-life of

the vi scosupplagamgk moedimir veidhtBnd its 8} isBbus’) [ ]
Vi scosuppl enent s Esed in trhe @ngtﬂoggg?g?rﬂg ﬁe aim(r?;)\«/ngntlfsopr1rg§$(a@es'blg9 urther

characteri zed g f faIan! ; Al N the
range of 1- 151glefl‘i_s Tiﬁ(?ﬁ‘ﬁyfréSI@HS&FI{Sﬁ Eﬁgﬁf(?? %ﬁ%kiﬁg‘@p%@%%@é%ﬁh@.ng%ﬁp rﬁ . The

amount of HA ijfio 8 cahifRIbus PBRARKE heRvoRe si dpbﬁ[y%uﬁonég ifdRdtiopyl ¢ abl e
nmet hods as deécri bed, e.ugfafmi n the ngémglhgs. 0032] Vlslsagotl)@ﬁ%tgﬁglnent
conposi tions yaRdiddhg B8géitt hods of the invention may be further
characterized in that at | east 10% by weight of HA in the viscosuppl enment

s ina gel form ogn exaamisly, liSasaimeRBRS dhamniifi rddifiens bbamsupp! ement
conprises at |east 5% 10% 15% 20% 25% 30% 35% - 40% 50% 55% 60%

65% 70% 75%hSR¥entBAYcIIMADaed 9% 05idRERSs hiindfhra-drf s e _embodi nent s,
t he vi scosuppl enent contains 10-90% 10- 75% 10-50% 10-40% 10-25% HA gel. In

sone enbodi MenégidericBfalrid shoRbr thifi 298kydiR.d.| i Yo, b, ke v igCaRYRP! ement
contains ranges from 1:50-10:1 (ww), ~e.g., 1:50, 1:25] 1'15, 1:10, 1:9,

é ?: ;ng 135 ?jsﬁé?,ﬂ,li&,g, 8 7,6,5; 4 anli3lday8’ I soPneembldithen®3; lesidBnde 7 1. 8 1.
half-iife of the viscosupplement is more than 2, 3, 4, 5, 6, or 7 days.

[0031] Viscosupplements used in the methods of the invention may
be further characterized in that they contain [ess 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-
76%, 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 (wiw),
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, 81, %1, and 10:1.

11



WD 2006/ 073835 PCT/ US2005/ 046409 [0033] Vi scosuppl enents for use in the
nmet hods of the invention may further contain water-soluble HAin a fluid
phase, with MWof HA in the 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; 500-15, 000;

1, 000- 1, 509 28060988, 000; 1, 000-5, 000; 1, 000- 7, 000; 1
1, 000- 15,8‘88- a"é?bgoo 10, 000; and 10, 000- 15, 000 kDa. %%5%9&09

animal origin, e.g., derived fromrooster conbs or urrbl l'ical cords or
non-animal origin, e.g., bacterially fermented. Bacterially fermented HA
can be produced as described in, e.g., Cooney et a]. (1999) Biotechnol.

Prog., 15:898-91(Ggof¥ct wcaéuwéneémvaye iAhé efloRi8 of theahlemliben@pmmerci al |y
(e.g., Shiseido, Japan; Sigma-Aldrich, USA). [0035] HA nay be derivatized

(e.g., cr 055'fuﬁhéﬁc&ﬁai@%&fr%ﬁjﬁlemlnfdmﬁd pRAseSivith MW sEHN iRthenangter | vat i zed.
Exanples of crosslinkers include al dehyde epoxi de, polyaziril, glycidyl

ether (e.g. &fsbow@dtﬂmé edd.géOOﬂ dod, bbAarspo: s, odovsoayé oewlsbone [ 0036]

Specific exanp es of viscosuppl ements useful in the nethods i nventions

i ncl ude Ada”t?wbo%dohfcﬁ@@@wb 16\fobbwmvh sb@1GI003,600;M,0050s, o@mTM Hyal art
/ Hyal ganT™M Hy- GA Mya-j ect TM Hyal ubri XTM NeoVi scTM = StpartzTM Art zTM

Synvisc(r), O bh@‘?‘ cﬁmT'i 000.99!006! 1 Ed}d 1530@@\5' dHold oo%dahiéw 038415 0869
SynochroniT™ Vi'scor neal TM ( see, Physi ci ans ReferenceTM  2004).

Q her productgpguitable in the rret hods of the invention include
vi scosuppl ements described in U S. Patent Nos. 5,143,724; 4,713, 448;

5,099, 013; 5, 399, 6 v 7 No.
60/ 533, 429. 12 [6834] ©+HérhayBé of hifiéiorRih edee%ef%ﬁqéos?Q%hﬁgt'on

or umbilical cords, or non-animal origin, e.g., bacterially fermented.
Bacterially fermented HA can be produced as described in, e.g., Cooney et al.
(1929) Biotechnol. Prog., 15:898-910. Bacterially fermented HA is also |
available commercially (e.g., Shiseido, Japan; Sigma-Aldrich, USA}. |

[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.¢., Physicians’ Desk Reference™,
2004). Other products suitable 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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WO 2006/ 073835 PCT/ US2005/ 046409 [0037] Preparation of hylans and
vi scosuppl enents including hylan A and hylan B is described in, e.g., US.
Patent Nos. 5, 143,724; 4,713,448; 5,099,013; and 5, 399, 351. [0038] In sone

enmbodi ments, B‘{%gn#?scosuppl ements exclude Durol aneTM ﬁ&ﬂ/@z@%}oyﬁg@ 23 24

V|scosupplene h a residence half-life of |onger

25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, or 50 days. [0039] Viscosupplenents may al so contain
additional active or inactive conponents including, for exanple, the

non- st er oi dal antﬂonsgnf 'Fﬁaﬁﬁb@drvofdfylé%aﬁ&\ﬁé&d@%bpleﬁueﬁts mél&&hﬁﬁ RigNAM

Di cl of enacT'", and i roxi camlM anaest heti cs, Li docal neTM and

Bupi vacai neTMan@Riigh 8 is ﬂ@?&r%&'ir?% g, 9 1%@@!'2!301 P Bss;

&.9: p%fs ch
corticosteroids, e.g., dexamnet hasone predni sone; anti neopl astic agents

such a Met hot g%grong q?_??bglgg uracil and Paclitaxel TM and anti-viral
agents, e.g. Acycl O{\/éln and dar abi neTM Vi scosuppl enents may al so

contain conponent[ggﬁmch Iﬁ‘%orﬁ@lehﬁaoﬁﬁn s' th C\ERB @g‘%{_ﬁ&gl o{( clifEsenchi mal stem

cells), protel ns vitam ns or ot ogically active

materi al . mmr@m&t&tﬁéﬂv@e%pféﬁlenmﬁéwe% B BE Y gAgget hods and

conposi tion for treating subject oi nt pat redum ng

d di 4t h
Pt hol gy | nol b 2T AaEr T 35, 2 ﬁé&*’ﬁ???%%%h?f@g?* ??e%éndit‘%

Car i T age. pat AO1 ooy 2 h oo Hs 8 vk Por 80 R TL 5 B006/ 073s3s
PCT/ US2005/ 046409[0039] Viscosupplements may also contain additional active or
inactive components including, for example, the non-steroidal anti-
inflammatory drugs {NSAIDs), e.g., Ibuprofen™, Diclofenac™, and
Piroxicam ™, anaesthetics, e.g., Lidocaine™ and Bupivacaine™; opioid
analgesics, e.g., codeine 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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arthritic states. The invention further provides nethods of reducing pain
associ ated with such pathol ogi es. The nethods can be practiced in humans in
need of treatnent for joint pathology or in nonhuman subjects. [0041]

Exanpl es qfo3 01%8§§rat| on sites include the knee, Sho'—ﬂcq?ﬁszoosmatmw

t enpor o- mandi ar and carpo-netacarpal joints, elbow "hip, wist,” ankle,
and | unbar zygapophy3| al (facet) joints in the spi ne. The volunes injected
into any of these joints would be at | east double of the currently
recommended dose for that joint. [0042] The invention further provides a

Vi SCoSUPD! ST Ad AHe e e AfbviteRRhddsl e Bl Use, sy noe

having a single unit dosage o nvi sc 4.25, 4.5,

.5 8 75, ooysed Yl Suqtiicgies e mBnods cefy bg frbibedipRumdnd 2 7 oot
provide the %ﬁ%&f%mﬂa? rFoibiht erWbrﬂ"mgH%ﬁa%e gSingle syringe
e may

provi ded her e require e provi WO or nore syringes.

F | t d using 3
yr i nges: cont ai nigao HREH ‘ff?’%ﬂ@‘-}t%%&'ﬁm"ﬁ%eﬁﬁe%ﬁ ST U i do

1 ustrat t h
| nvent1 on. *Of %”%‘?9 "‘%ﬂ%%}a’mﬁ."?’%. R R Al e

dificati f f th
present i nventTon U G ST 08 ROl i =cope of the
enconpassed ky E%e%é‘iéﬁ{f%h%d#%i@sﬁ@ﬁ?&i% &mjentl RdcbRinfdnkg ul ar i njection

of Synvisc(r) S pa prospec I've, open-| abel study
was conduct e%o&@fo‘?ﬂtﬂﬁﬁte the 14 WD 2006/ 073835 PCT/ US2005/ 046409

[0042] The invention further provides a viscosupplementation device
comprising a pre-filled, single-use syringe having a single unit dosage of 6 + 2
ml Synvisc®, e.g., 4, 4.25, 4.5, 4.75, 5, 5.25, 6.5, 5.75, 6, 6.25, 6.5, 6.75, 7,
7.25,1.5,7.75, 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 ihvention. 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




safety and efficacy (including duration of action) of intra-articular
injections of 4 M or 6 M of Synvisc(r) against the current dosing regi nen
of three intra- articular injections of 2 m Synvisc(r) in anbul atory

patients Boosprgesonatic tibio-fenoral OA (global OA st udy
knee in t\rlygbr%n}ge of 50-80 on a 100 nm VAS score). erllg?h%rz'?o e%dlzg)f

i nclusion were: age of 40 years or ol der; Kellgren-Lawence grade II-I Il by
X-ray within 3 last nonths; absence of tense eff usi on, mechani cal deficit,
or recent (< 2 years) trauma. 100 patients (nean age 61 years ranging from

59 to 66, 55%3fe@j7a‘icﬁé1‘i|cé&?1(|ﬂcmﬂlﬁ§@ma¥i6ﬁofébtloﬁ)dfﬁhtﬂiﬂ'tlﬁﬂar iffeeiihslof - One
injection of 6 mM; Goup 2 - one injection of 4 m; Goup 3 - two

i nj ections ofs Ml d¥le e SYRGKED ag&ihétthe Eirfahe ddsing idf@rrm & thtesiimtseCt i Ons one
week apart; and Goup 5 - the standard regi nen three 2 ml injections one

week apart. ZrfQfkpinjddiendat2 RNISYNVISE®int diesuidtery panests MithisymBtomiiehs (at weeks

2, 3, 8, 16, and 24). The primary and secondary assessnent endpoints used

are descri begiorearal OA (gfddhi GApakah thedsts®@pamERIM thefratde Sasoed §046] The

prinmary efficacy endpoint of this study is to evaluate the efficacy of

Vi $CO- suppl enpptndh VS dtokd). @fuﬁwo‘?fdn@)romﬁbum&rm@eSaga 6fuoRaff ot e knee with
respect to study knee OA pain relief. This is nmeasured on a patient self

assessed 100-gar\ésfgrept LidhvrERcdgthad ﬁ-u%y mamhmn @QaéiWIon&r% e¥ddnedBr pain (100

wi thin the past 48 hours; performed at” 24 weeks follow ng the first 15

WO 2006/ 07383&15@@%5@3,%56%%%1‘ cft,rHr%éénP(Q-Z years) trauma. 100 patients

{mean age 61 years ranging from 59 to 66, 55% females) were randomized in
five groups:

Group 1 - one injection of 6 ml;

Group 2 - one injection of 4 ml;

Group 3 - two injections of 4 mi two weeks apart;

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

Group 5 - the standard regimen of three 2 ml injeciions 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
[0048] 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

15




B. Patient global self-assessnent [0047] The patient rated the overall
status of their target knee on the 100-mm VAS which ranged fromvery good
(O mm to very poor (100 mm, taking into account all related signs and

synpt ons Wﬁ'ioatﬁ}ﬂ%tsﬁéée"i ous 48 hours. The exact ins”“%&:iréﬁgou%fﬁ&nt ed to

the patient were follow ng: "Please indicate by usin ertical line
bel ow, the overall general condition of your (study) knee at the tinme of
this visit. The left or "0 score indicates 'Very good while the '100
score indicates' Very poor'." C. WOVACTM [ 0048] The patient conpleted the VAS

versi on of th@ "' as described in Bellany et al. (1988) J.
Rheumat ol . , i ? ©1833-40. This scale is a tri-dinensional,

di sease-specific, self-adm nistered, health status neasure. It probes

clinically inportgnt, F&?f!. /e ons in the areas of pain,
stiffness and phygi cal uhggfo})’%?%eﬁfla tg?é?ﬂ%f 24 questions. The WIVACTM was

provided to the rentTH : {ASE JISTALY onpleted in
| ess than 5 m nupgg?]eThEHe{kgh%ﬁéka@g%%g\gég?l onssgf@erﬁagg f ol ngmtméé [ 0049] The

WOVACTM Sect i188-rfin KABWSES rﬁ{?egﬂgﬁtqey%@q?mﬂ% ﬂggﬁegﬁnﬁ&l(mﬁmzai n during

activity and the responses are score VAS t hat

ranges 1 om Reipohth dddolilal e ST BB Y iotoABGyEFhe préfiamoTent of pain is

made for the OW ng scenarl os: g on a ? [wal ki ng]

L6 VO 2006] 073635 TREULSANRLAIR1Nkerfor S Beht RerctRUIBAL! <2 [Stal 1

clinmbing] 3. At night ying In noct ur na
“Please indicate by using a vertical line below, the overall general condition of

your (study) knee at the time of this visit. The left or ‘0’ score indicates ‘Very
good’ while the 100’ score indicates ‘Very poor’.”
C. WOMAC™

[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. 1t 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




4. Sitting or lying? [rest] 5. Standing upright? [weight bearing] The nean
sub-score for the WOVAC Section A was based on the responses to each of the
conponents of Section A [0050] The WOMACT" Part B (Stiffness Score)

consi sts %o%b%lﬁs%ns regarding stiffness severity durl,:ciﬁjgg@%}f)%@é@nand t he

responses aré scored (by the patient) wth a VAS that o]
stiffness (0O nMm to extrene stiffness (100 mm. Assessnent of stiffness was
made for the following scenarios: 1. After waking in the norning? [norning
stiffness] 2. During rest later in the day? [stiffness occurring later in

the day] The mean sulssehsof ®fwnggitdon B m&ﬁgp@mnthe responses to
e

each of the conponents of ‘Section B. [0051] Section C consists
of questions regar dBnd\ nighhwhieap in besel r mentnogiymally activity and the
responses are score ~Ratient) with S that ranges from no
difficulty (0 mm oa S)%?%Pr@yglaffi culty (108550 Assessment of functi onal
i npai rment was nade5f &tanding ypsiohtwi ng  scenalweight bearim@dscendi ng stairs?
[morning stiffness] 2. Ascending stairs? [stiffness occurring later in the
day] 3. Rising fromsitting? [rising sitting] 17 WO 2006/ 073835

PCTI US2005/ 04§ AfbanbubScandtbr®eé ieMARX&t8bn A was based on the responses
to each of the components of Section A.

[0050] The WOMAC™ Part B (Stiffness Score) consists of questions
regarding stiffness severity during activity and the responses are scored {by
the patient) with a VAS that ranges from no stiffness (0 mm) to extreme
stiffness (100 mm). Assessment of stiffness was made for the following
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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5. Bending to the floor? [bending] 6. Walking on flat surfaces? [flat

wal king] 7. CGetting in and out of car? [car] 8. Going shopping? [shopping]
9. Putting on socks/stockings [socks/stockings off] 10. Lying in bed [lying
in bed] 1l in/fout of bath [in/out bath] 12 ing] 13.
Getting on/ o?ﬁ”o&?et [on/off toilet] 14. Heavy donestﬁlcéjtéﬁ%}?oe[s{ﬁ%h&eav
donestic] 15. Light donestic duties [light domestic] The nmean sub-score for
Section C was based on the responses to each of the conponents of Section
C. [0052] The change from baseline in the total WOVACT"" score derived from
the 3 WOVACT"' SECtIOI’lS% g,and C at all Hgﬂaqu ints followng the first
i njection was anal yzéd ﬁ econdary endpoi Physi ci an OA gl obal
assessnment [ 0053] Afgt er péddingmtthe€fdorhas conplisdn@mgl he gl obal assessments and
the WOMACT"", the Investigator rated the overall condltlon of the patient's
knee at the tine- of 8 heWalking onvfiat swéacesd- mnVJ@SWﬁHmm] ng fromvery good (0
nmm to very poor Thi s on based on the patient's signs
of disease, functi o%gl @W%ﬂ?}wﬁ%@ t; gl ca am nation. The physician was
instructed to indicae &bpge¥esmnd? gener al cgmé gn of the patient’'s knee
at the tinme of this visit, using a line presen ed W|th the left ("0")
extreme of the |ine918 RMXiRDOBSOKSBREKIAGST/ USHEDOEY/slogdogs off]

10. Lyinginbed [lying in bed]
11. Getting infout of bath [infout bath]

12. Sitting [sitting]

13. Getting on/off toilet [on/off toilet]

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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I ndicating "very good" and the right extrene ("100") indicating "very poor."
E. Results [0054] The results show ng reduction of pain (VAS, 0O
corresponding to no pain and 100 to extreme pain, within the past 48 hours)
at 24 wee ng the first injection as corrpared I s shown
I n Tabl e k‘ﬁolgal 17 E(ggropped by 3.9 MqMmmin the 1 x 6 m grc%)qggg@gg%égr@ared W th
36.7 mmin the 3 x 2 m group which scored the best. In the groups treated
by I x 4 or 2 x4 m, this decrease was |less dramatic (only 24 nm
reduction). Table 1. Patient self-assessnent of QA pain (change from
baseline) 1 i " n-34.9 -24.3
Poac0 b, ¢ gding el B wh{ e rgif Bhrepitd g%‘g)(@mf%ﬁ@z%ﬁ’%ﬁ -44.4, 95% 0
27 2 37.2,-11.5 -g5. 0 Resuitd 20 8 -49.2, 24 1 [0055] Secondary efficacy
endpoi nts including inprovenent in pain, stiffness and functional

I mpai rment” as ne d M\ ddHgrersities
OCsteoarthritis | @giﬁ(m%?@tsmmg%mﬁﬁ?ﬁbw&m A, 'tegg?l er?t (Tabl e 3)

and physi ci afg ﬁJﬁth%nﬂ)‘IOwt@EﬁFen'fé‘ﬁéin Qﬁth!rﬁtﬁé ﬂrﬁ“&ns ?ﬂ@ﬁ%eﬁ?e same trends.

Treat ment groups were ranked in rder of e ficacy and the results are shown

in Table 5. Tarawgqhemeﬁuecﬂaﬁa&baﬂ/ O?H‘tﬁas%nrﬁ@i%%h@@ﬁ‘ﬁ{’f‘é’ﬂe'1”P3fn°“p 1 was

surprising. In terns of safety, patients in each group (1 x 6 m

and 3 x 2 m ydiRah p%d d:ﬁhﬁﬁﬁﬁe 1A glﬁﬂ:ﬁ%s%@iﬁ%n%% VAUPSE. # rPRithe SWel 1ing or
ef fusion) of mniml or noderate |Inténsit

3 x 2 mi 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 QA pain {(change from baseline)

Grou 1 2 3 4 5
P 1x6ml | 1x4ml | 2x4ml | 3x4ml | 3x2ml
Mean -34.9 -24.3 -24.0 -32.6 -36.7
Std. Dev. 16.4 28.3 22.9 253 26.9
-42.5, - -44.4,

g, - . - - - -

95% Cl 272 37.2,-11.5 1 -35.0,-13.0 20.8 49.2,-24.1
[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 mi) reported related
local knee adverse events (pain, swelling or effusion) of minimal or moderate

intensity.
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19 WD 2006/ 073835 PCT/ US2005/ 046409 Table 2. WOMAC'' A pain score (change
frombaseline) 1 2 345 Goup 1 x6m | x4m 2x4nml 3x4m 3x2ml Mean -25.8
-14.7 -16.6 -27.7 -25.6 Std. Dev. 22.5 24.2 24.8 27.2 24.6 95% C -36.3, -
-25.7, 37 40.5, - -37.1,- 1 15.3 14.9 14. at i ent
o] obal asseégpr@??t"’%?ghange frombaseline) Goup 1 2 3 4]P§TRT£E’<(§H‘?MR x4m
2x4ml 3x4nl 3x2 m Mean -31.3 -14.3 -19.8 -25.9 -24.4 Std. Dev. 26 31 24
32.9 32.3 -43.4,- -41.3, 95%d -28.4, -0.2 -31.2, -8.2 .5 -39.5, -9.3
19.1 10.5 Table 4. Physician gl obal assessnment (change from baseline) 1 2 3
45 Goup 1 x6m 1 x4m 2x4nl 3x4ml 3x2m  Mean -30.7 -16.8 -22.9 -25.9

-27.7 Std. Dev. 18.3 24.8 26.9 25.0 29.6 95% C -39.5,- 1 -28.1,-5.5
-35.8, - -37.5, - -41.6, 21.9 10.0 14.2 13.8 20
Table 2. WOMAC™ A pain score (change from baseline)
Grou 1 2 3 4 5
P 1x6ml | 1x4ml | 2x4ml | 3x4ml | 3x2ml
Mean -25.8 -14.7 -16.6 -27.7 -25.6
Std. Dev. 22.5 24.2 24.8 27.2 24.6
-36.3, - -40.5, - =371, -
95% -25.7,-3.7 | -28.5, -4.
% Cl 15.3 371285481 40 14.1
Table 3. Patient global assessment (change from baseline)
Grou 1 2 3 4 5
P 1x6ml 1x4ml 2x4ml 3 x4 ml 3x2ml
Mean -31.3 -14.3 -19.8 -25.9 -24.4
Std. Dev. 26 31 24 329 32.3
-43.4, - -41.3, -
% -28.4,-0.2 | -31.2,-8.2 -39.5, -9.3
95% CI 19.1 0 105
Table 4. Physician global assessment (change from baseline)
Grou 1 2 3 4 5
oup 1x6ml 1x4ml 2x4ml 3x4ml 3x2ml
Mean -30.7 -16.8 -22.9 -25.9 -27.7
Std, Dev. 18.3 24.8 26.9 25.0 29.6
-39.5, - -35.8, - -37.5, - -41.6, -
o r . i b ¥ H
95% Cl 21.9 28.1,-8.5 10.0 14.2 13.8
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WO 2006/ 073835 PCT/ US2005/ 046409 Table 5. Treatnment group rankings 1 2 3 4

5 Goup 1 x6m 1 x4m 2x4m 3x4nl 3x2 m  Pt.
15432 WWACIMA 25413 WIVACT""

423 Phy.

gl obal

WOMACTM C gobotsobssds [0056] No |arge differences were

treatment groups wth respect to safety,
| east adverse effects.

general the
of Synvisc(r)

patients with

Synvi sc(r)
hyal ur onan of

only that Go

pain 2 45 3 1 Pt.

gl obal
B45321

RLERE

These results al so suggest that vol unes

15

en the
) had in

| arger than 2 m can be safely adm nistered to reduce pain in

osteoarthritis of the knee.
residence half-life A

Exanpl e 2: Determ nation of

| ncorporation of 14C-acetate into the
rooster conb organ cultures [0057] Young roosters (3 6 nonths

of age) were Eahlg §f Teeatment oreun@nkengs di sl ocation. Their conbs were

t horoughly cleansed with (80% ethanol, and then excised at the base using
a scal pel. B{cess bl ood Was ressed oyt of [the gonb, [and ,t nt o
sterile salinamapution,| transferjred f'o a lfam nar flow hood, in
t hree additiqnal vol umes| oft X&mbyill o1 XAimhe [ A Xdingh | THX 481D
di ssect e_d al Q. gdive vascul ar 2 mi dlji ne, 4and fect aggul af seggents| of pgink
dermal tissusg Iﬂ‘t\feéoeba XCr sked. T1he 5 4 2 3
Phy. global 1 5 4 3 2
WOMAC™ A 2 5 4 1 3
WOMAC™ B 4 5 3 2 1
WOMAC™ C 2 4 5 1 3
[0056] No large differences were observed between the treatment

groups with respect to safety, only that Group 1 (1 x 6 ml) had in general the
least adverse effects. 'These results also suggest 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 \-rvith (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 additiona! velumes of

sterile saline solution. The comb was then dissected along the vascutar

midline, and rectangular segments of pink dermal tissue were excised. The
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21 WO 2006/ 073835 PCT/ US2005/ 046409 conb tissue segnents were thinly sliced
with a scal pel and placed into Ventrex nedia HL-1 (Ventrex Labs), 5 ng/m
t est osterone propionate (Bel mar Laboratories, |Inwood, NY), 20 pG/m of

14C- acet i Radi ochenicals, Irvine, CA 1 nCij) /m
penicilli ﬁwﬁgbﬂ%lo%% streptonmycin and 0.1 my/m fungl zone ‘%Ig-@zefgg

Lenexa, KS). Individual cultures were done in 60 mmplastic Petri d| shes
and contai ned approximately 1.5 g of conb tissue and 15 m of the nedia.
The cultures were incubated for 72 hours in a 5% C02 environnent, after

whi ch the ti $648 485 SAMRTM Rerd IV bRl WK Scdiel aR8Rldcbd iraat i on for 10

m nutes at 10,000 g. The tissue pellet was frozen in a 30 mm Petri dish.

The frozen r%hﬂéﬁ%h%damr(veﬁutei%ss)weﬁlgt/mne%&ﬂevon‘éeﬁép.bﬁbté Eﬁ'enmy eezer for

1-72 hours prior to continued processing to prepare hylan. Preparation of

r adi ol abel ed | Bybatyibk Ulhf& %&’,%ﬁ] n%lﬂﬁl A0 a%r(ft‘,r@h%ﬂi%&ﬁé?méé‘isf ol | ows.

Slices of frozen radio ti ssue were placed |nto a reaction

nmedi um cont alhmnggcéap ﬁ{@m) oH%BﬁHI 'pEm&l?ﬂﬁ %.5 gﬁd@l %EJMSHY h o3

chloroform and sodium acétate at a ratio ssue per 1 g of

reaction ned lﬂjpg.zsﬁ@mazeﬁo \8fedd kgmﬂd.waugrc%ﬁa%e Webé adlsiR@ghour's, af ter

which the tis s e slices were arvesfe washe ree times |n acet one, and

then dried i rf‘nrﬁ‘ﬁ ﬁ@fri.Jiér%‘é’anp%ﬁtamge‘albp%gmf1 rac%ddrﬁ er were

t hen added t ry tissue slices 1n er to e adl o abel ed hyl an.

Thi's aqueous 1S’Fﬁlro@§$e' &’a?hQSﬂl PédW elﬁéupéfeﬁ%rﬁﬁcﬁfrsmm @e agueous

extract was renove an 1 dentica wat er was added back for a

second eXtra%bl%me%@'dft@r%Qh?ﬁ@tléﬁéﬁggem@?egk Apinsiedgbp the aqueous

extracts to a concentration o and ers were precipitated by

the sl ow addighhiRightiiPiol 98 miNAESFER, G0 ¢ 5l°f?e tissue pellet was frozen in a 30
mm Petri dish. The frozen radiolabeled comb tissue was typically kept in the

freezer for 1-72 hours prior to continued processing to prepare hylan.

B. 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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22 WD 2006/ 073835 PCT/ US2005/ 046409 et hanol. The radi ol abel ed hylan fibers
were washed twice in acetone, and stored in the cold under acetone. [0059]
Radi ol abel ed hylan A fibers (40.3 ng) were pooled and dissolved into 3.0 m

of steril :free, phosphate buffered saline s i jotrics
Inc., Ri dg‘gpﬁé‘fﬁﬂ% | ot 122-1) by sl ow end-over-end %@%%5&%@8@ days at
4C. After conplete dissolution, the radioactive hylan fluid was diluted

five-fold with non-|abeled hylan fluid. The m xture was kept for an
additional five days on the end-over-end m xture at 4C. C. Preparation of

radi ol abel ed geinol, ORfDIadibidbleledHAnHBER W @Wﬁsm@%ﬁ%ﬂﬁﬂ?ﬁgﬁa@loo mG /m)

was mxed into the reaction m Xture used to cros luid (hylan A)

into hyl an gekored WthaRoBundéhSectdfess! i nking reaction was run as follows.
Hylan A fibers were allowed to swell in the tritiated water for

approxi mat el y t higgeg omédimseaé@n}uéﬁmiﬁﬁéqdé.gm@wgrﬁgbaﬁd\Aﬁa‘v added and the
|t on S

m xture was vigorously stirred unti e sol ut onbgeneous

(appr oxi mat eldissdRedirs 8Dt of stirid, PXﬂogéMl‘rBQ%o%tgbhﬁﬁréds Ihed@ CONcentration

of 50%in water, and added into e reaction mxture w th vigorous

stirring. Theoh@as iBioRcsnet, WiGgefied, R), I29-1)b9 s -HNerleRdMikifgper ature

(22C) for an additional 55 mnutes during which the polysaccharide chains

were crossl i néeslghps igve NikteSm GRS disBbiftich, tHeabioatRehyRAIMRRLIL g€l (hylan

gel). By performrig this reaction in tritiated water, "tritium becones

covalently alduaehGidetdla Gh ABRaMeldd it tHehiiktupe ba@ Yot forfr0SS) | k. The

reacti on was term nated by ion of ten vol unes o sterile

pyrogen-free aﬁgjﬁwiﬁ ﬁggld?% ﬂgthh%nh%ﬁ?ﬁ(ﬁrﬁix% behew 12. Saline washing also

results in a swe ng o an gel "to 1ts equi'libriumhydration. The

C. Preparation of radiolabeled gel

[0060] Tritiated water (New England Nuglear, 100 mCi/ml) was mixed
into the reaction mixture used to crosslink hylan fluid (hylan A) into hylan gel
(hylan B). The crosslinking reaction was run 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 homogen,e:ous (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 additioﬁ 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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23 WD 2006/ 073835 PCT/ US2005/ 046409 hyl an gel was washed with saline to
renove unreacted divinyl sulfone, wunreacted tritium and other reaction
products, and to bring the pH down to 7. Excess saline was separated from
the gel bygf .on, after which the gel was passed %ﬁg g needl e
5 tines towg’lrzlggi‘ﬁ%dpsgt he solid gel into an easily inj ecI%a %&9%60?%%% nthis
form the tritiated gel was exhaustively dial yzed agai nst sterile,
pyrogen-free saline to renove any non-covalently bound tritium D.
Preparation of a hylan gel-hylan fluid mxture [0061] Tritiated hylan gel
(3.04 g) was idnefd vhs HAdRed wﬁ/']t‘ ﬁ?lﬂﬂé-tél?én% funrebfedaibial shirghed. and the

m xture was placed on a 3 en s mxer for 48 hours. The m xture was then

passed ten tiHpgacdd @HI, 4R Stherrbadtion FSHUER, snwd;@e&ingﬁhe §§%§§,ﬁ|§§i\ yely to

assure honogeneity and ease of injection. E. asur enen

concent 1 at | o s &40k EbarafIDih e WPBPAII, GREAALS elcalval NI an =

pol ysaccharide in t conponents of the m xture were

determ ned b ; r i LS repeatin
gl ucuronic a>c/F|) Q?rdoﬁﬁgérreér f%?ggﬁga@ﬁlhﬁsﬁgl%ﬁgggﬁe(%&g#ﬁ??éa@%oﬂ%t f_oP t he )
remai nder of ‘F‘J'E&g%'f“ﬁ'ﬁcmﬁ‘g'f‘gfﬁ‘ymﬂjﬁbged Egiwleul@ag %ﬁé‘b&‘?&%wﬂﬁpymd prior to

gl ucuroni c aci eterm nation g sanples of the gel to.

0.2 m of 1 i L Il owi i d
ydr ol ysi s t B BCaaHe Br P of SRG phe ek Rbn Kb Afed ' Ler a” !

conpl etely sofiub] i zed by this procedure, were neutralized with 0.2 m of 1
N NaCH prior to analyzing HA by a carbazole procedure.

D. Preparation of a hylan gel-hylan fluid mixture

[0061]  Tritiated hylan gel {(3.04 g) was directly added into 11.63 g of
1"'C—hylah fluid, and the mixfure was placed on a Glen Mills mixer for 48 hours,
The mixture was then passed ten times through 18 g, 21 g, and 25 g needles

successively to assure homogeneity and ease of injection.

E. Measurements of HA concentration and radiolabel
amounts

[0062] The concentration of hylan polysaccharide in the gel and fiuid
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 ge! to 0.2 ml of 1N H2S04 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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24 WO 2006/ 073835 PCTI US2005/ 046409 [0063] The carbazol e procedure involves
nmeasuri ng the anount of hexuronic acid (glucuronic acid) in the sanple. A
nmet hod for determ ning hexuronic acid concentration by a colorinetric

met hod was by Dische et al. (1947) J. Biol. 9-198.
The et hod“y(%bggss?g%son the color reaction of hexuroni c 8@3‘%‘7“P‘??§su| furic
acid and carbazole. An wupdated, autonmated nethod for the determ nati on of
hexuroni c acids was reported by Bal azs et al. (1965) Anal. Biochem,

12: 547-558. The sanples are heated in a sulfuric acid/borate nmedi um and

reacted with carhageyje. TE@%arbﬁ%lQﬁ?d&b@uré@%ﬁv&smetagur‘irg;ghg%mbruﬁmfc acid to

forma pink conpl’'ex with an absorbance maxi num at nm For the automated

met hod, the Sﬁé%&ﬁca@@ebl@éﬁmééelénﬁm@ﬁmlé aA%tﬁdmgaaeﬁmﬁ.ﬂ tinuous flow

anal yzer using a peristaltic punp. The reagents (acid and cafbazole) are
added and heagggrdnfic E&ﬂs‘éhtré‘t"b rmetheme ad by a
conti nuous fl ow (r:o oernﬁdrreter 530 nm I [006m] Fh%ﬁ |o VI tfcontent of the

test article wRendlglf (band, B)u !l 7 (oL 28, %u%étnadsisfba@l@d brffeAAR. 300

liquid scintillation count’er (Nu ear i cago) using Scintrverse Bio HP

(Fi sher Sci enq@&é;'rg%%ﬁﬁ o@héﬁ]r&ﬁ LLiBLWith %Wrnc%Maﬂ@%ﬁr%ﬁlecg\&ver ted to DPM

using the IS S externa st an program

dar di ' I dar d
Car bon- 14 L1 il s APl el i Setphion ot o 3B wes) Mot "
Hei ghts, 11). r'ﬁorté&eﬁfé Eégmfh@ésg%vg%ﬁ@n e oRse s shiplee [0065] The

cl earance of gynw sc(r Its g ui d corrponents mt he knee

joint were defeiEhiiadn hRubW £5b&tard Ml ahd Plictet WEH edtbafbie. The
carbazole reacts with the hexuronic acid to form a pink complex with an
absorbance maximum at 530 nm. For the atjtomated method, the samples
and standards are aspirated through a continuous flow analyzer using a
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 Scinﬁllation Quench Standards (Amergham,
Arlington Heights, [l).

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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25 WD 2006/ 073835 PCT/ US2005/ 046409 between 2.5 and 3.5 kg. Rabbit were
sacrificed at 24 hours, 3, 7, and 28 days, respectively. The radi oactive
material prepared essentially as described above was adm nistered as an

intra-arti %ﬁﬁﬁéﬁ%ﬁcu on of 0.3 m (0.086 m/kg body ig\@bggoésg{%@%so?ose

| evel is expecte 0 be equivalent to a single 6 m adnini

Synvisc(r)to a 70 kg human. Corresponding anounts to be adm nistered in
other animals are likewi se directly proportional to the weight of the
animal . [0066] DPMs were obtained for each tissue as outlined above, and

DPM g was caﬂ,éiwg@ﬁ 2.%1 FRUES k.Y RIGST W BRI Rhf24 ﬁ&lﬁs,;:‘i?zr?{an@é\"s recover ed

and both DPMs and DPM ng for each joint tissue were C ulated separately

f
for each ani rgys, rEBERGvAF! YRS ralfscRild RBteRNIBrasRly Ctarfiafind (M2 PO Nt and

expressed as an the standard error of the nean. I'cdl ated averages were

reported (0 ayducAhdiuBovk v&éé‘%dﬁiiﬂ&bfe%d%@n iﬁk}élérftiéulaﬁi}‘. ttid}ﬂ‘of @4 dfations where

the values were snall and the animal to aninmal variation was | arge. Total

average DPMr T i i culated b
% (UBYTHIRG 0oy Wk, T UasBeBF RubdclEy Aol ilent 0 L Pome wior @

averaging the indiv

nade by T LU gigib B BRATston of BRUScETB a0 KT by EBIreGloridgC | ON

(Y=Aee' ). The anda error of estimat € was obtal ne m t he curve

fit and divi dgodits  BeadiihRidled e SRR S eMRERRE UirEEt ProncHirs e

mul tiplied by t Ife to obtain the expected error of the half-life.

G Results [ 04 Bt gRmrenent (hylan B) of Synvisc(r) is the |onger
hal f-life mO@e'?%/W. i%as(ggh%n the clearance of the radioactive material, the

gel [0066] DPMs were obtained for each tissue as outlined abovs, and
DPM/mg was calculated directly when appropriate. The total DPMs
recovered and both DPMs and DPM/mg for each joint tissue were calculated
separately for each animal. These values were then averaged for each time
point and, expressed as mean 1 the standard error of the mean. Calculated
averages were reported to a minimum of two significant digits, even in
situétiohs where the values were small and the animal to animal variation was
large. Tofa! average DPM recovered from the joint at each time point was
calculated by averaging the individual animal totals,

[0067] Half-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. Resuits

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

moiety. Based on the clearance of the radioactive material, the gel |
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26 WO 2006/ 073835 PCT/ US2005/ 046409 conponent's residence half-life was
determ ned to be 7.7-8.8 days. Thus, by day 30, nore than 95% of the gel
woul d be cleared. Theoretical cal culations, based on the experinentally

det erm ned =1 of the gel, were conducted to est] unt of
tofc))ﬁntgbgsg ff‘%ﬁ%oﬁé?o%ﬁﬁﬁm .

gel expecte e In the human joint follow ng a single I'njection.
Assum ng that approximately 6 ng of gel was injected into the knee of a
human subj ect, at 21 days following the injection the anount of gel
remai ni ng woul d be approximately 0.9 ng. [0069] The fluid conponent of

Synvisc(r) (hgbraporfent's tedidebcanalélifeamistefermiritdno b87.718/8 29EPTRGby The
hal f-1ife of the fluid conponent was determined to be 1.2-1.5 days. By 7

days, 99% of Hhe30,Meretitth 98% of ihelgehasuie bealearkdl Miidbretibs dafRitibndnee | oi nt .
[ 0070] Rabbit rnuscle inplant studies were al so conducted. M croscopic

exam nati on abagededitithd @xpkénseraliidetdmirathaliiiofhelgs Ovedaionblictedidy I esi dual
test material, which is consistent with the intra-articul ar cl earance

studi es. [ 007 ttinfare tsP@fibdnt GRbéIGRpestedRHe ih i INUHEH pink RAewWRgeed i n 1ight of
the teachings of the references cited within the specification. The

enbodi ments  gingieml RCERE CAISURMG 188t APpRIKiIrAREIRB rhé b_f»'?élrviﬁsiiﬂéct@é enbodi ment s
of the invention and should not be construed to lITmt the scope of the

i nvention. Thetgirelknge of &hlimdARBubj8adat M da@_@ﬂﬂﬂ@vﬁ?&hé tigRhe ot her
enbodi nents are enconpassed by the invention. | publications and patents

cited in thisafosfl el @nirhg W&ggbggf,%%%alpé[y pefgence in their entirety.
To the extent the material incorporated by reference contradicts or is

i nconsi stent wi t Yobés) PrREelid corRAbLdE BYAbe (ian R eRERA meREahllycat i on will
supersede any such material. The

than the gel component. The half-life of the fluid component was determined

to be 1.2—1 .5 days. By 7 days, 99% of the injected material was cleared from

the rabbit knee joint. |

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

[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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27 WD 2006/ 073835 PCT/ US2005/ 046409 citation of any references herein is
not an adm ssion that such references are prior art to the present

i nvention. [0072] Unless otherw se indicated, all nunbers expressing
quantitiesvaﬁmﬁ@g&gdients, cell culture and treatnent 5@@ kb Ohsgeand so
forth used 1n the specification, including clains, are t0o be understood as
being nodified in all instances by the term "about." Accordingly, unless
otherwise indicated to the contrary, the numerical paraneters are
approxi mati ons and may vary dependi ng upon the desired properties sought to

be obtai ned byiibe oP&fSr@Rrended HeRdit Brhot Hﬂbﬁﬁ@si@ﬁhﬁ’a’i%&ﬁe‘fé}gﬁ%ﬁ%ﬁ?&" the term

"at least" preceding a series of elenents is to be understo to refer to

every el ement o4 SHhE HEHre8snt V3R, skilled in the art will recognize, or be
able to ascer?al n using no nore than routine experinentation, many

equi val ents to thgoBReci gﬁﬁéMEg%‘ét&famﬁ“bérﬂéfé}héﬁ%ﬁﬁ%ﬁ&bed herein.

Such equivalents "are’i nten 0 enconpassed ng clains. 28

CLAIMS 1. A i iﬁ&ggigne! &T%ﬁur‘é%ﬁie%l@&ﬁ@BNdiuraﬁlk.n@’rHéoofaﬂh‘E:%f}cgﬁ"]'thé‘ked

hyal uronan ( HA) use In treating nee J o a su Ct, wherein a

0 9LE 0 £ SEA O W ool S8R R,

Vi scosuppl ene a VI scosup i'stng divinyl

sul fone. or osshLaKed bfnb Rl Sbo MR (ARII: Hles8 olfBALIEE TERGLA tid o3¢ 1 19 @

knee joi nt of ( erern-a sirn intra-ar _ adm nistration of
Comor 51 oS Byl RARSSERE S 3o 5B e 0P e

depending upon the desired properties sought to be obtained by the present

invention. Unless otherwise indicated, the term “at least” preceding a series

of elements Is to be understood to refer to every element in the series. Those

skilled in the art will recognize, or be able to ascertain using no more than

routine experimentation, many equivaients to the specific embodiments of the

invention described herein. Such equivalents are intended to be

encompassed by the following claims.
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in hydrated gel formfor use in treating a knee joint of a subject, wherein
a single intra- articular admnistration of 4 ml or nore of the g

vi scosuppl ement is used. 4. Use of a viscosupplenment conprising a m xture of
soluble HA and 15 crosslinked HA in hydrated gel formin the manufacture of
a medi canent for treating a knee joint of a subject wherein a single
intra-articular admnistration of 4 m or nore of the viscosupplenent is
used. 5. The viscosupplenment of daiml or 3, or the use of Claim2 or 4,
wherein 20CLAM®/i scosuppl enent contains less than 20 ng/nl HA 6. The

subj ect | s Rurmn. - 25 acihpelpd ssBhsbrEatiy Stot SoBirelrm st i B o (he
total, vol unorogse lire treatisg cs ppé ejpiphtofi a subjecti whéreinadnsinglst indriateoticulas 6 2 ni
or nore. 8. Y I ' wherein the amount is 6
m. 30 9. Tﬁgﬂﬁ}sg%%bggggﬁﬂﬁgﬁ%?ﬁ@g?%squée%@tmo%ef’he use of Claim2 or 4,
wherein 5the viscosupplenent is admnistered to a subject in need of
treatnent of joi nt Ral & -a dikosddiend MR sBfor! @bd¥linke@HASIn tRE T he use
of Claim2 or 4, wher e'"li'}rfl i%g F;sbﬁleng%nzegﬁm ni-st rrgg isononof t%e”ilk\?iesH(ﬁgguppl enent
IS ther apeumaaﬁ{ﬂﬁyr@ffaaEteﬂ'\‘iém%trfo'éi"e#ﬂﬁﬂs% kneggoint aba sHaiectwherain arsiegle

vi scosuppl emilarliaFhdthifistrattin of 4 filor MR ¢F%ife WécoSlipbidthent W usdd, Wherein the

vi scosuppl ement is characterized by one or nore features as follows: (i) the

vi scosuppl enent has a residence half-life of less than 3 weeks; 5 (ii) the

v; sazsunolt ﬁaten_t Corg ﬁh?&ubﬂ?ﬁ?ﬁtfb@ﬁ!pﬁﬁng??h?itu%f sﬁl[]ﬂe_l(i_-irfi and &%ﬂm&eal)mr [mr.e
0 In e VI.SCOSsU e n S.In,a ge .arm . V| SCOS plrLenment or
Dse of | Ot ai RV OR S Tohuse 18 SPAURCEN ORI PR gt psiBict Wherein & SIngiB e

articular administration of 4 ml or more of the viscosupplement is used.

4, Use of a viscosupplement comprising a mixture of soluble HA and

15 crosslinked HA in hydrated gel form in the manufacture of a medicament for treating a
knee joint of a subject wherein a single intra-articular administration of 4 ml or more of
the viscosupplement is used.

5. The viscosupplement of Claim 1 or 3, or the use of Claim 2 or 4, wherein
20  the viscosupplement contains less than 20 mg/ml HA.

6. The viscosupplement of Claim 1 or 3, or the use of Claim 2 or 4, wherein
the subject is human,

25 1. The viscosupplement or use of Claim 6, wherein the tota! volume of the
viscosupplement in the single administration is 6 £ 2 ml or more.

8. The viscosupplement or use of Ciaim 7, wherein the amount is 6 ml.

30 9. The viscosupplement of Claim 1 or 3, or the use of Claim 2 or 4, wherein
the viscosupplement is administered to a subject in need of treatment of joint pain.

10. The viscosupplement of Claim 1 or 3, or the use of Claim 2 or 4, wherein

the single administration of the viscosupplement is therapeutically effective for at least
35 4 months.
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nore than 3 days. 10 13. The vi scosupplenent of Claim1 or 3, or the use of
Claim2 or 4, wherein the viscosupplenent contains 8 2 ng/m HA 14. The
vi scosuppl ement of Claiml1l or 3, or the use of Claim2 or 4, wherein 15 the
HA in the viscosupplenent is of animal origin. 15. The viscosuppl enent or
use of - Caim 14, wherein the viscosupplenent is produced fromrooster

conbs. 20 16. The viscosupplenent of Claiml or 3, or the use of Caim2 or
4, wherein the HA in the viscosupplenent is of bacterial origin. 17. The

vi scosuppl effent of Tigk siscasupplementeof (@laimo¥ oiCh,z0r e psenbieClainm 2tang, wherein

vi scosuppl : | l.nked with
f or mal dgﬁygg‘?%%és%@gﬁﬁg%%&éﬁ%%ﬂ%m rornﬁlﬁ%{%ﬁﬁq&f%@ﬁt éé use of Caim 4,
wherein the sol ubl @ HA hdbe pisspsupplement haea eidendeohaiblie ohyers. tham 3 The

vi scosuppl epgygrt: or use of Claim 17 or 18, wherein the 30 viscosupplenent

conmprises hylan A. 20. The viscosuppl enent or use of Caim19, wherein an
aver age ‘ol ecul ar (ei ght the V'FWSPW?'&H@“WP"QWSJﬁsﬁéha@,@dﬂglﬁwﬂi?I!’Ji 21. The

vi scosuppl ement of (i}l ai m Fopiwiryer mere dPHAG ﬁiemis%osuﬁpﬁnﬁénﬂistirhégéﬂbﬁnﬂ
hydrated gel form has been crosslinked with divinyl sulfone. 30 22. The

vi scosuppl ement of Claim1l or 21, or the use of Claim2 or 21, wherein the
vi scosuppl ergent coffpe visessupplementior usd of Tlaem 11 swiaseipphe rasidenad haB-ifeé s 1 or 3,
or the use fﬁﬁ'aiﬂ% or 4, wherein 5 the viscosuppl enent contains 8 2
mg/ M HA JPORAT N D%by weight is in a gel form

10

13. The viscosupplement of Claim 1 or 3, or the use of Claim 2 or 4, wherein
the viscosupplement contains 8 £ 2 mg/ml HA.

14. The viscosupplement of Claim 1 or 3, or the use of Claim 2 or 4, wherein
15 the HA in the viscosupplement is of animal origin.

15. The viscosupplement or use of Claim 14, wherein the viscosupplement is
produced from rooster combs.

20 16. The viscosupplement of Claim 1 or 3, or the use of Claim 2 or 4, wherein
the HA in the viscosupplement is of bacterial origin.

17. '. The viscosupplement of Claim 1 or the use of Claim 2, wherein the
viscosupplement further comprises HA that has been crosslinked with formaldehyde.

25
18. The viscosupplement of Claim 3 or the use of Claim 4, wherein the soluble
HA has been crosslinked with formaldehyde.

19, The viscosupplement or use of Claim 17 or 18, wherein the
30  viscosupplement comprises hylan A.

20. The viscosupplement or use of Claim 19, wherein an average molecu_lar
weight of HA in the hylan A is 6,000 kDa.

35 21, The viscosupplement of Claim 3 or the use of Claim 4, wherein the HA in
hydrated gel form has been crosslinked with diviny! sulfone.
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24—The vi scosuppl ement of Claiml or 3, or the use of laim2 or 4, wherein
t he vi scosuppl enent conprises hylan A and hylan B. 10 25. The

vi scosuppl emrent or use of Caim?24, wherein the hylan Alhylan B ratio is
9:1 by weight of HA. 26. The viscosuppl enent or use of C aim 25, wherein the
vi scosuppl ement contains 8 2 ng/m HA 15 27. The vi scosuppl enent or use
of any of Clains 1-26, wherein the viscosupplenent further conprises a
conponent sel ected fromthe group consisting of non-steroidal
anti-inflammatory drug, anaesthetic, opioid anal gesics, corticosteroids,

ant i neopl as€Rc agenthe isedsupptement ofzClaipgban 21, 20thg®ise helaim 2eo2lipyheeimnt or

use of d ai | hWoimt is of a human subject, and a single
eé%cgﬂﬁp%n{ &%&@eé?y:ﬂ B! j g

intra-articu nistration of"6t 2 mM of viscosupplenent is used, 25
29. The viscosuppl ement or use of C aim 28, wherein the anmobunt of

vi scosuppl epgnt i n traeyisdoBgpfenioNCRin atdr @Not the usBlof CRilm 2TBE4, wherein

vi scosupplement of daim1l or 3 or the use of Gaim?2 or 4, wherein a

j oi nt paf hofSg{scpsunplementepntains &3 2 maial AL WHIGH JPBrRyWeight isis@ 9sf fotai m 30,
wherein the joint pathology is associated with osteoarthritis. 32. The

vi scosuppl egent or yse of Claim?26 for treating osteoarthrjti ainina 35
knee joint 6f a hu ‘Q‘iﬂ??‘é@?e,m‘?ﬁﬁ@@aﬁ"é%i%naf ei%?Pg%éﬁ'Tijcﬁrl %r‘ﬁ'lefﬁ"éc-t i on of
6 2 m of theuvszosuppinmnecdmprisegiiami ahehgsh B31 '

10 25 The viscosupplement or use of Claim 24, wherein the hylan A/hylan B ratio
is 8:1 by weight of HA.

26. The viscosupplement or use of Claim 25, whersin the viscosupplement
contains 8 £ 2 mg/ml HA,

15
27, The viscosupplement or use of any of Claims 1-26, wherein the
viscosupplement further comprises a component selecied from the group consisting of
non-steroidal anti-inflammatory drug, anaesthetic, opioid analgesics, corticosteroids,
antineoplastic agent, and anti-viral agent.

20
28. The viscosupplement or use of Claim 26 wherein the knee joint is of a
human subjecf, and a single intra-articular administration of 6 £ 2 ml of
viscosupplement is used,

25 29, The viscosupplement or use of Claim 28, wherein the amount of
viscosupplement in the single administration is 6 ml.

30. The viscosupplement of Claim 1 or 3, or the use of Claim 2 or 4, wherein a
joint pathology is treated.

30 |
31. - The viscosupplement or use of Claim 30, wherein the joint pathology is
associated with osteoarthritis.

32. The viscosupplement or use of Claim 26 for treating osteoarthritic pain in a
35  knee joint of @ human subject, wherein a single intra-articular injection of 6 + 2 ml of
viscosupplement is administered.
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33. The viscosuppl enent or use of C aim 32, wherein the anmount of

vi scosupplenent is 6 m. 34. A viscosupplenentation device, conprising a
syringe containing 4 ml or 5 nore of a viscosupplenment according to Claim
26. 35. The device of claim34, which is sterile. 36. The device of claim
34, wherein the syringe contains 6 t 2 ml of the to viscosupplement. 37.
The device of claim34, wherein the ampunt of vi scosuppl enent in the
syringe 1s S 1inéludiiodihiSoarhsl! & Beid 250SEHh (e, dhaggsypr! oot
further conprises a sel ect ed om group consi St ng

non- st er oi ddgcosuppieiment Erﬁmlt ory drug, anest hetl c opi oi d anal gesi cs
corticosteroids, antineoplastic agent, anti-vi raI agent, and cells. 32

34. A viscosupplementation device, comprising a syringe containing 4 ml or
5 more of a viscosupplement according to Claim 26.

35.  The device of claim 34, which is sterile.

36. The device of claim 34, wherein the syringe contains 6 £ 2 ml of the
10  viscosupplement.

37. The device of claim 34, wherein the amount of viscosupplement in the

syringe is 6 ml.
15 38. The device of claim 34, wherein the viscosupplement further comprfses a

component selected from the group consisting of non-steroidal antiinflammatory drug,
anesthetic, opioid analgesics, corticosteroids, antineoplastic agent, anti-viral agent, and
cells.
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