5 May 2005 A drug for the treatnment of osteonecrosis and for the managenent
of patients at risk of devel opi ng osteonecrosis Field of the Invention 5
The present invention relates to new indications for a certain. class of
drugs. More specifically, the present invention relates to tﬁé“%%ébd%

bi sphosphonates in the treatnent of osteonecrosis and related disorders
such as osteochondritis dissecans. Ijn a further disclosure, the invention
relates to the use of bisphosphonates in the nanagenent of patients at
risk of 10 devel opi ng osteonecrosis. Background of the Invention
Osteonecrosis is a distinct clinical and pathol ogical entity, with many
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hyperbaric environment {caisson disease})', fracture, infection, hasmatological
disease, to name some examples. No proven pharmacological agent is
20 currently available for the treatment of osteonecrosis.

The consequences of this disorder are severe as osteonecrosis usually
affects the function of a joint and most commonly the hip joint. If the hip
joint is affected, the femoral head is susceptible to collapse, leading to pain,
stiffness and long-term disability. The affected joint is further susceptible to

25 deformity and osteoarthritis. Osteonecrosis having unknown aetiology affects
a significant percentage of the population including children. Particularly,
Perthes disease (Legg-Calve-Perthes disease) is common, with an incidence of
8.5 to 21 per 100,000 children per annum™**", The aetiology of Perthes -
disease remains unknown, but the common final pathway of the majority of

30 theories suggest a vascular insult resulting in a period of relative ischaemia
and osteonecrosis, leading to resorption and collapse of the necrotic
spiphysis, i, . _ :

Perthes disease is well known to lead to osteoarthritis. By age 56, 40%
of affected patients in one study underwent total hip replacement surgery.

35 Subchondral bony collapse proceeds as the femoral head becomes weaker
and more osteoporotic. There is currently no known effective medical




5 May 2005 2 treatnment for Perthes di sease. Mechanical treatnments such as
braci ng have been |argely discarded, as they have not proven to alter the
natural history of the disorder '"". Current opinion d'Ctat%§M59§bO$f a
child's hip reaches a certain degree of deformty, an operation’i's

i ndicated to place the fenoral head in a 5 better position in the joint in
an attenpt to produce a nore spherical hip, and thus better long term

out cone. Few of the surgical options are de%igned to prevent coll apse and
are aimed at salvaging the situation once collapse and deformty of the
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20 Osteonecrosis also occurs in patients who are recovering from bone
marrow, kidney, lung and liver transplantation ™>#=itixix  chadien who
sustain a fracture of the neck of the femur can also go on to suffer from
osteonecrosis of the femoral head, as can children with slipped upper femoral
epiphysis. The ouicome in patients is often poor if they develop avascular

25 necrosis™. In a recent study of femoral neck fracture in children, avascular
necrosis occurred in 40% 3,

In adult patients, progressive collapse of the bone and carulage of the
joint ensues, often coinciding with a subchondral fracture. In a prospective
study of osteonecrosis of the femoral head, Ito et al found that 64% were

30 symptomatic at mean six-year follow-up™®. In older persons, progressive
collapse and deformity of the femoral head can be rapid, with 66% of patients
progressing to collapse within a short period, and 22% having rapid
resorption and destruction of the femoral head™®. For these elderly patients,
exposure to total hip arthroplasty surgery to resolve the subsequent pain and

35 unmoblhty of their hip poses considerable risk.




35 imobility of their hip poses considerable risk. 5 May 2005 Surgi cal
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20 Despite the availability of such treatments, the prognosis for diseases
such as osteonecrosis and osteochondritis dissecans is poor. Once the
condition is identified, collapse of the affected bone continues over months to
years, leading to deformity and osteoarthritis of the relevant joint.

Both conditions can lead to immobility of the patient and the cost to

25 the individual and community is great particularly as osteonecrosis and
particularly osteochondritis dissecans often occur in young, healthy patients.

Total joint replacement, often at a young age - with its attendant
complications and short life span, is often required to resolve the pain and
suffering of such individuals. A pharmacological therapy, therefore, offers

30 these patients enormous benefits, :

Any discussion of documents, acts, materials, devices, articles or the
like which has been included in the present specification is solely for the
purpose of providing a context for the present invention. It is not to be taken
as an admission that any or all of these matters form part of the prior art base

35 or were common general knowledge in the field relevant to the present




35 or were common general know edge in the field relevant to .the present 5
May 2005 4 invention as it existed in Australia before the priority date of
each claimof this application. Summary of the Invention In fig&%ﬁ
aspect, the present invention consists in a drug selected fr oup
consisting of at |east one bi sphosphonate when used for the treatnent of
osteonecrosis. In a second aspect, the present invention consists in a drug
sel ected froma group consisting of at |ea%t one bi sphosphonate when used
for the treatnent of osteochondritis di ssecans. 10 In a third aspect, the

i nvention cons f ati ent st eonecrosi s
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adm ni stering ﬁPB ipatiérent a drug selected froma group consisting of at
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method mcludmg the step of administering to the patient a drug selected

from the group consisting of at least one bisphosphonate.

In a fifth aspect, the invention consists in the use of a drug selected

20 from a group consisting of at least one bisphosphonate for the manufacture of
a medicament for the treatment of osteonecrosis.

In a sixth aspect, the invention consists in the use of a drug selected
from a group consisting of at least one bisphosphonate for the manufacture of
a medicament for the treatment of osteochondritis dissecans.

25 In a seventh aspect, the invention consists in the use of a drug selected
from the group consisting of at least one bisphosphonate for the manufacture
of.a medicament suitable for prophylactic administration to a patient at risk
of developing osteonecrosis and/or osteochondritis dissecans.

In an eighth aspect, the present invention consists in a drug selected

30 from the group consisting of at least one bisphosphonate when used for the
prevention of cartilage destruction or chondrolysis associated with
osteonecrosis and/or osteochondritis dissecans.

In'a ninth aspect, the present invention consists in a method of -
Preventing cartilage destruction or chondrolysis associated with osteonecrosis
35 and/or osteochondritis dissecans, the method including the step of



preventing cartilage destruction or chondrolysis associated with
osteonecrosis 35 and/or osteochondritis dissecans, the nethod including
the step of 5 May 2005 5 administering to a patient a drug s%g@ctgﬁbgr(nn
the group consisting of at |east one bi sphosphonate. The sel e

bi sphosphonate preferably acts to at | east |essen or prevent the severity
of deformty and/or coll apse of bone and cartilage and 5 permt new bone
formation in the patient. Wiere the drug is%admi ni stered prophylactically
to a patient at risk of either osteonecrosis or osteochondritis dissecans,
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In an'embodiment wherein the drug is administered locally, as part of a
20 procedure, the drug may be administered by direct application to bone
surfaces, or as part of a local delivery system. The local delivery system may
take the form of a bone graft substitute or extender, or autogenous or
allogenic bone graft. The bone graft substitute or extender may contain
calcium sulphate, calcium carbonate, tricalcium phosphate, hydroxyapatite,
25 or other calcium containing compounds, alone or in any combination. The
bone graft substitute, extender, autograft or allograft may also contain, in
addition to being admixed with an effective amount of bisphosphonate, a
carrier medium such as collagen, gelatine, glycerol, propylene glycol, resin,
Ppolyglycolic acid (PGA), poly-1 lactic acid (PLLA}, poly d-1 lactic acid (PLLA),
30 porous silicon, or any other resorbable biocompatible medium, either in the
form of injectable liquid, gel, putty or cement or in the form of mouldable
liquid, cement, putty, gel, flexible sheets, mesh or sponge-or other readily
applicable method. It may also include any combination of above and any
binding agent. The bisphosphonate and the carrier alone may also be used
35 for local delivery. Further systemic doses may or may not be advantageous in
addition to the initial local or systemic dose. -




applicable nmethod. It may al so i nclude any conbi nati on of above and any

bi ndi ng agent The bi sphosphonate and the carrier alone nay al so be used 35
for local delivery. Further system c doses nay or nmay nhot beéﬁﬁéfggﬁgeous
in addition to the initial l|ocal or system c dose. 5 May 20 €
carrier may contain nutrients required by cells involved in bone formation
or other cells and is preferably resorbableg The carrier may further
contain gene products known to be inplicated in bone healing. Exanples of
sui tabl e gene products include, but are not Iimted to, Bone Mrphogenetic

? Pr O]Eei n 7 (OP-1) ,Ttm\mmiemnayeom_aimnuuﬁm mqaﬂhbdlggnmlls:ingbwa iiSbone
ransformn : [o act@r (basic or
acidic), i gsglfciimnﬁ?llo&i%%\?\? Eblls abd Y 8€4@5!§P33§F%af@v$§wrmmm
bi ?lh ogi lcal ly ﬁgﬂéﬂgfgw%pmdmts bnoypdpf theciesp lmtexjéx_mtommm_ ffh%f Eunﬂt hp]es of
met hodol ogy i Sggj : gt c ~ the .
bi sphosphg%%t o ?S;t!abi ﬁieni% t %@s%agagl %ﬁ%&s@ggﬁ# § tghggpﬁz&mﬁw'&ﬁt ors
pot enti al | y 5t PTG T (‘é Tﬁcpyzg’s@dmdvés@m@h@&tmomwm fobeinsor mat i on
over bi sphosphtransfermiiig gicaittefalcest betd ditrobldsk Brbwh fditof BIRIGE 48Rid)S
e e AT e 2 i A ey ™
i ntai ned by Wiivegproteins tides, eduaals! iRAich Rl
rcrgln?aﬁlnngl ooé R RAR B ﬁ(gg&p-g]{w'pp . ?r\gl:ge]]ﬂr nr s“or < el | th@@@l%ﬁ&é ﬁgglty"
(for exanple A I\élﬁij Pone 1@%}}3}9‘:@3& ra%qué B&s q"ﬁPE‘&“Bi%?BBﬂ%& gh%el l's
or precurs&%s,s elgsirnpdve gndhe grewith faators potentialy stienulatingdnsreasedt ai n
cel I's transf ectadubirizativenend h@ﬁv‘"@éﬂ@fbnrﬁﬁ'&ﬁ%v&@iﬁtgéﬁﬂoq}a@ 8dflinistratio
adenoviral veciyor ch th t hey ,over expl.ess ne | I cat ed |ﬁml§]oﬁle
heal i ng, | eadi ﬂ%‘%%&‘?‘é&?@a CBHﬁ:En?B?Frﬁf Lgﬁb’ t% W%@ﬁggﬁwﬁhmthﬁsn
therapy is |ikgloythdatterggnepyodudts alole; dsineRhbenb $onhed $h 3ipdrzknd the he
skel etal struc . | [ J i.ncreased.new bone formation
over bi sphg&ph%%ﬂﬁ%%kﬁﬁpﬁﬁﬁ%%%ngggﬁgqg?%&ﬂf‘hﬂsﬂgppﬁ -of cells,
gene product’ grow eargies mediumy mé ¢ containibdoodnpdoducizrdntainéngr af t
substitute na il daclors LNl uﬂﬁ,nga ) g&lalwp 0
bi sphosphonat ggmli&ﬁaﬁoth reagirg%{d‘ibgﬁqst,, '?dgbiérug g'ggl?erg ’ﬁ_]‘g acr, w
(zol edronat e) ?SP ?/8?89&“?9 PilRoPsHELSHs PrTS@iIseTs: Airmepltipalpndehiem
B o | i e e oherinep ahmsechciaROILY il Bcted with bon formation
{2 am no- 1.20hy%?*§*5ﬁ°3%%@§§"€ oAABRRNIRI Focifr. GRic thaf theY b¥eteipress genes

D)

X / | SP - ’
implicated in bone healing, leading to increased bone formation. Again such

combination therapy is likely to be synergistic, the bisphosphonate stabilising
the skeletal structure and the cells stimulating increased new bone formation
over bisphosphonate administration alone.

A number of combination of cells, gene product growth factors,

25 nutrients, carrier medium and bone graft substitute may prove efficacious
when admixed with at least one bisphosphonate.

In another embodiment, the drug is zoledronic acid (zoledronate) {1-
hydroxy-2-{(1H-imidazol-1-yl)ethylidine) bisphosphonic acid}. Alternatively,
the drug may be pamidronate {3-amino-1-hydroxypropylidene bisphosphonic

30 acid}, alendronate {4-amino-1- hydroxybutylidens bisphosphonic acid},
etidronate {1-hydroxyethylidene bisphosphonic acid}, clodronate
{dichloromethylene bisphosphonic acid}, risedronate {2-(3-pyridinyl)-1-

- hydroxyethylidene bisphosphonic acid}, tiludronate {chloro-4-
phenylthiomethylidene bisphosphonic acid}, ibandronate {1-hydroxy-

35 3(methylpentylamino)-propylidene bisphosphonic acid}, incadronate
{cycloheptyl-amino-methylene bisphosphonic acid}, minodronate {[1-



etidronate {1-hydroxyethylidene bisphosphonic acid}, clodronate

{di chl or onet hyl ene bi sphosphonic acid}, risedronate {2-(3-pyridinyl)-1-
hydr oxyet hyl i dene bi sphosphoni c acid}, tiludronate {chloro-4-5M 5
phenyl t hi oret hyl i denebi sphosphoni ¢ aci d}, i bandronate {1-hydrox§y§%p

3( et hyl pent yl am no) - propyl i dene bi sphosphoni ¢ aci d}, incadronate

{cycl oheptyl - am no- net hyl ene bi sphosphoni ¢ ,acid}, mnodronate {[1 5 My
2005 7 hydroxy-2-(imdazo[ 1, 2-a)pyridin-3-yl)ethylidene)bi sphosphonic
acid}, ol padronate ((3-dinethylam no-1-hydroxypropylidene) bisphosphonic
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risk in causi RHKBWEPEANOSI S, including but not limte
corticosteroids (gbﬁg'CO ticoids), cyclosporin or other inmune suppressant

medi cations, cyt ot urther, gm i theaostgonecrosis or osteochondritis _
dissecans may develop secondary to a disease process. By way of example
only, the osteonecrosis or osteochondritis dissecans may be secondary to

20 disease such as Gaucher's disease, sickle cell disease or other haematological
disorder, renal failure, liver failure, endocrine disorder, HIV and associated

' syndmmes, leukaemia or other malignancy, primary bone dysplasia,
connective tissue disorder, autoimmune disorder, or immunosuppression
disorder. ' ‘

25 The osteonecrosis or osteochondritis dissecans may develop following
exposure to substances known to be of high risk in causing osteonecrosis,
including but not limited to corticosteroids (glucocorticoids), cyclosporin or
other immune suppressant medications, cytotoxic drugs for malignancy or
forms of theumatoid arthritis, illicit substance abuse, alcohol abuse, and/or

30 cigarette smoking. .

The osteonecrosis or osteochondritis dissecans may develop following
4 bone marrow transplant or organ transplant.

In another embodiment, the osteonecrosis or osteochondritis dissecans
may be related to a trauma such as a fracture. The fracture may be of the

35 femoral'head, neck or intertrochanteric femoral fracture, fracture of the head -
or neck of the radius, capitellum of the humerus, fracturs of the talus or other




fornms of rheumatoid arthritis, illicit substance abuse, al cohol abuse,
and/or 30 cigarette snoking. . The osteonecrosis or osteochondritis

di ssecans nmay develop following a bone marrow transplant or _qrga
transplant. In another enbodi ment, the osteonecrosis or osteS@W%%399§is

di ssecans may be related to a trauma such as a fracture. The fracture may
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Al ternatively, In a further embodiment, the drug may be administered
20 prophylactically to patient who has suffered a fracture wherein there is a high
risk of the fracture leading to osteonecrosis. The fracture may be of the
femoral head, neck or intertrochanteric femoral fracture a slipped capital
femoral epiphysis or other epiphysis, fracture of the head or neck of the
radius, capitellum of the humerus, fracture of the talus or other tarsal bone,
25 fracture of the humeral head, neck or subcapital region in the shoulder,
fracture of the scaphoid, lunate or other carpal bone. Alternatively,
prophylactic treatment may be commenced on a patient who has suffered an
injury that is not a fracture, for example, a dislocation or subluxation, -
wherein the injury has a risk of leading to osteonecrosis, for example,
30 traumatic hip dislocation and traumatic shoulder dislocation.

In yet another embodiment, the drug may be administered
prophylactically to a patient who is to undergo, is undergoing or has recently
undergone, an operation known to be associated with osteonecrosis. In this
embodiment, the operation may involve reduction of a congenital or

35 developmental dislocation of the hip, an osteotomy near any joint, an.
osteoplasty, core decompression or bone graft, vascularized bone or soft



prophyl actic treatment may be commenced on a patient who has suffered an
injury that is not a fracture, for exanple, a dislocation or subluxation,
wherein the injury has a risk of |eading to osteonecrosis, f%r %¢§@q§en
traumatic hip dislocation and traumati c shoul der dlslocatlon M

anot her enbodi nent, the drug may be administered prophylactically to a
patient who is to undergo I S under goi ng 0f has recently wundergone, an
operation known to be associated with osteOnecrosis. In this enbodi nent,
t he operation may involve reduction of a congenital or 35 devel oprent al
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or about 0.009#foRgCrAsinEDOsteockongdrkds dissecans following a bone marrow
transplant or organ transplant.

In a further embodiment, the drug of the present mventwn may be

20 administered concurrently with a radiotherapy regime.

The bisphosphonate may be zoledronic acid (zoledronate), or any
pharmaceutically acceptable salt or ester thereof. Preferably, the zoledronic
acid is administered parenterally and preferably in a dose from about 0.25mg
to about 12mg in an adult patient or about 0. 005mg/kg to about 0.5mg/kg in a

- 25 child, approximately every three months, However, it is envisaged that the
zoledronic acid may be administered four-weeldy, six-weekly or every two.
months. Further, the zoledronic acid may be administered as a smgle dose
and further doses administered if required.

In another embodiment, the zoledronic acid may be administered

30 parenterally in a dose of about 2mg, about 4mg, about 6mg or about 8mg for
an adult patient or about 0.025mg/kg, about 0.05mg/kg, ébout 0.075mg/kg or
about 0.1mg/kg in a child, approximately every three months. The zoledronic
acid may be administered parenterally in a dose of about 2mg, about 4mg,
about 6mg or about 8mg for an adult patient or about 0.025mg/kg, about

35 0.05mg/kg, about 0.075mg/kg or about 0.1mg/kg in a child, approxxmately -

- every six months. Ina still further embodiment, the zoledronic acid may be



25 child, approximately every three nonths. However, it is envisaged that
the =zoledronic acid may be adm ni stered four-weekly, six-weekly or every
two nonths. Further, the zol edronic acid may be adninisteregéﬁéyépqﬁangle
dose and further doses adm nistered if required. In another 0

the zol edronic acid may be adm nistered 30 parenterally in-a dose of about
2ny, about 4ng, about 6ng or about Bing for an adult patient or about

0. 025ny/ kg, about 0.05ng/ kg, about 0.075ny Qg about 0.1ng/kg in a
child, approximately every three nonths. The zoledronlc aci d nay be
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out 15mg about 30mg about 60mg or about 90mg approximately every
20 six months in an adult patient or 0.25mg/kg, about 0.5mg/kg, about 1.0mg/kg,
' about 2.0mg /kg or about 3.0mg/kg approximately every six months in a child.
In yet another embodiment, pamidronate is administered parenterally in a
dose of about 15mg, about 30mg, about 60mg or about 90mg approximately
every twelve months in an adult patient or 0.25mg/kg, about 0.5mg/kg, about
25 1.0mg/kg, about 2.0mg /kg or about 3.0mg/kg approximately every twelve
‘months in a child. In still another embodiment, pamidronate is administered
parenterally in a dose of about 15mg, about 30mg, about 60mg, or about 90mg
in an adult patient or 0.25mg/kg, about 0.5mg/kg, about 1.0mg/kg, about
2.0mg /kg or about 3.0mg/kg in a child, as a single dose.
30 In another embodiment, the bisphosphonate is alendronate or any
‘pharmaceutically acceptable salt or ester thereof. Preferably, the alendronate
is administered orally and preferably in a dose from about 2.5mg to about
50mg per day or about 10mg to about 300mg per week for an adult patient. In
a child the preferable oral dose is from about 0.05mg/kg to 1.0mg/kg per day
35 or about 0.2mg/kg to 6.0mg/kg per week. The alendronate maybe -
administered orally in a dose of about 5mg, about 10mg, about 20mg or about




dose of about 15ng, about 30ng, about 60ng or about 90ny approxi mately
every twelve nonths in an adult patient or 0.25ngy/kg, about O. 5ng/kg about
25 1. Omg/ kg, about 2.0ng /kg or about 3.0ng/ kg approxinately %9% | ve
nonths in a child. In still another enbodi nent, pam dronate | tered
parenterally in a dose of about 15ng, about 30ng, about 60ny, or about 90ny
In an adult patient or 0.25ng/ kg, about O. qgg/kg, about 1.0ng/ kg, about
2.0ny / kg or about 3.0ng/kg in a child, si ngl e dose. 30 In another
enbodi nent, the bi sphosphonate is alendronate or any pharnmaceutically
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20 In a further embodiment, the blsphos;)honate is ibandronate or any
‘pharmaceutically acceptable salt or ester thereof. Preferably, the ibandronate
is administered parenterally and preferably in a dose from about 0.25mg to
about 30mg, and more preferably in a dose of about 2mg to 10 mg
approximately every one to three months, or as a single dose.

25 In another embodiment the ibandronate is given orally in a dose of
Vabout 2.5mg, about Smg, about 10mg or about 30mg per day, or about 15 mg,
about 30mg, about 60mg, or about 210mg per week in an adult patient or, for
a child, about 0.05mg/kg, about 0.1mg/kg, about 0. 2mg/kg, about 0.5mg/kg per

day, or about 0.25mg /kg, or about 0.5mg/kg, about 1. 0mg/kg, or about
30 2.5mg/kg per week.

In yet another embodiment, the bisphosphonate is incadronats or any
pharmaceutically acceptable salt or ester thereof. Preferably, the incadronate
is administered parenterally and preferably in-a dose from about 0. 25mg to
about 30mg, more preferably about 10mg in an adult patient or, for a child,

35 from about 0.005 mg/kg to 0.6 mg/kg, more preferably about 0.025 mg/kg to-
0.25 mg/kg approximately every one to three months, or as a single dose.



pharmaceutically acceptable salt or ester thereof. Preferably, the

i bandronate is administered parenterally and preferably in a dose from
about 0.25ng to about 30ny, and nore preferably in a dose of ggogng to
10 ng approximately every one to three nonths, or as a S|ngl 25 In
anot her enbodi nent the ibandronate is given orally in a dose of about
2.5ng, about 5ng, about. 10ng or about 30ny per day, or about 15 ngy, about
30ng, about 60ngy, or about 210ny per week?izan adult patient or, for a
child, about 0.05ng/ kg, about O0.1lng/ kg, about O0.2ng/ kg, about O0.5ny/ kg per
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about 0.025mg/kg, about 0.05mgfkg, about 0. 075mg/kg or about 0.1mg/kg in a
20 child, approximately every six months.

In a still further embodiment, the minodronate may be administered
parenterally in a dose of about 2mg, about 4mg, about 6mg or about 8mg for
an adult patient or about 0.025mg/kg, about 0.05mg/kg, about 0.075mg/kg or
about 0.1mg/kg in a child, approximately every twelve months. In a further

25 embodiment, the minodronate may be administered parenterally in a dose of
about 2mg, about 4mg, about 6mg or about 8mg for an adult patient or about
0.025mg/kg, about 0.05mg/kg, about 0.075mg/kg or about 0.1mg/kg in a child,
as a single dose. Alternatively, the minodronate may be given orally.

In another embodiment, the bisphosphonate is clodronate or any

30 pharmaceutically acceptable salt or ester thereof. The clodronate may be

- given orally in a dose range of about 400 mg to 2400mg per day in an adult or,
for a child, 50 mg/kg to 250 mg/kg or administered intravenously in dose
ranges from 150 mg to 300 mg or, for a child, 1 mg/kg to 5 mg/kg, repeated
daily for 2 to 5 days and repeated as necessary, possxbly every one to six

35 months :




about 0.025ng/ kg, about 0.05ng/ kg, about 0.075ng/ kg or about 0.1ng/kg in a
20 child, approximately every six nonths. In a still further enbodi nent,

the m nodronate may be administered parenterally in a dose g a?&%% 2ng,
about 4ng, about 6ng or about 8ng for- an adult patient or a

0. 025ny/ kg, about 0. 05ng/ kg, about 0.075nmg/ kg or about 0.1ng/kg in a
child, approximately every twelve nonths. # a further 25 enbodi nent, the
m nodronate rmay be adm ni stered parenteral € in a dose of about 2ng, about
4nmg, about 6ng or about 8ng for an adult patient or about 0.025ng/ kg,

bout 0. 05ny/ kg, h
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from 10ny to lwwidrgnate isgiven parenterally in a dose range from 10mg to 100 mg in an
adult, or for a child, 0.1 to 2 mg/kg intravenously every one to three months.
In another embodiment the drug is EB-1053.
20 Brief Description of the Drawings
By way of example only, a preferred embodiment of the invention is
described with reference to the accompanying figures:
Fig. 1is a generic formula for one class of bisphosphonates.

Figs. 2A and 2B are radiographs of patients chagnosed with Perthes
25 disease.

Fig. 3is a set of representative radiographs of the proximal femurs of
_ the rats of Example 1.

Fig. 4is a set of X rays of the proxnnal femurs of each of the rats of
- Example 1.
30 Fig. 5 is a set of TC 99 bone scans to show revascularisation of the
proximal femurs of each of the rats of Example 1.

Figure 6 is a set of Von Kossa undecalcified histology slides showing
the preservation of bone architecture of the proximal femurs of the rats of
Example 1. . :

35 Figure 7is a set of tolmdme blue histology slides showing the
- preservation of articular cartilage in the rats of Example 1.



adult, or for achild, 0.1 to 2 ng/kg intravenously every one to three

nont hs. I n anot her enbodi nent the drug is EB-1053. 20 Bri ef Description of
the Drawi ngs By way of exanple only, a preferred enbodi nent thg00
invention is described with reference to the acconpanying f| %Hg 1
Is a generic formula for one class of bisphosphonates. Figs. 2A and 2B are
radi ographs of patients diagnosed with Perghes 25 disease. Fig. 3 is a set
of representative radi ographs of the proximal femurs of the rats of
Exanple 1. Fig. 4 is a set of X rays of the proximal fenurs of each of the
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zol edronic acid e coll e necroti c bone
decreased ost éBB} saan of ngw heng mayfpeed spstherepaativie procesd with Wof
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the joint df piefermity ofthe joiat orhedecss, further, ved udespthierisinef pdia and the
development of osteoarthritis.

It is known that bisphosphonates remain therapeutically effective over
long periods. As-such, when the blood supply returns to a necrotic site, as
evidenced by bone scan images of affected bone, the necrotic bone

20 commences uptake any circulating bisphosphonate. The hisphosphonates
protective and reparative action then commences, so delaying collapse of the
necrotic bone while highly mineralised new bone is laid down in response to
bisphosphonate therapy. The highly mineralised new bone improves the
mechanical integrity of the affected joint.

25 Other studies have suggested that zoledronic acid inhibits angiogenesis
in the dose range used in this study™ and as such, would not be expected to
be a useful adjunct in the treatment of osteonecrosis. Our previous results
showing that zoledronic acid administration leads to increased callus
formation, mineralisation and strength in distraction osteogenesis in rabbits

30 were not consistent with these observations™®. This is based onthe
understanding that angiogenesis is a critical factor in bone formation. The
hypotheses used in designing this experiment were based on the knowledge
that bisphosphonate therapy can lead to both anti-resorptive and pro-

- osteoblastic effects. Positive effects of bisphosphonates on osteoblasts are

35 now widely known, they do not act on osteoclasts alone™ =, As such

bisphosphonate therapy may provide solutions for fractures prone to




devel opment of osteoarthritis. . It is known that bisphosphonates remnain
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20 Application of a therapeutically effective amount of bisphosphonate
will slow the resorption and collapse of the necrotic bone, limit the resorption
of the metaphyseal bone and promote increased mineral content in the new
bone forming in the lateral portion of the epiphysis. By preventing collapse
of the necrotic bone and increasing the mechanical integrity of the new bone,
25 a more spherical shape of the femoral head will be maintained. As prognosis
in Perthes disease is directly referable to femoral head sphericity™, such
appli'cation of a therapeutically effective dose of a bisphosphonate is likely to
Provide significantly improved outcomes for patients with Perthes disease.
Example 1 '
30 The following example outlines the process by which the effects of
bisphosphonates on a necrotic bone may be observed.

A model of traumatic osteonecrosis was utilised in 24 fomale 14-week -
old Wistar rats. The animals were followed for six weeks after an operation
designed to disrupt the blood supply to the femoral head. The six wesk time

35 point was chosen as a time point when femoral head collapse is known to
~ have occurred in this model *. Animal ethics approval was received.




presumably by the sane nediators. This renoves structural support for the
15 growt h plate 12, which soon col | apses and becones di sorganised, limting

the growth and recovery potential of the fenoral head 10. Ns %})2@0
formation in the lateral aspect of the fenoral head 10 is o Vi% 0 q5uality,

with little mechanical integrity. It is slowy extruded fromthe joint
over time leaving a saddle shape to the fgqgoral head 10. 20 Application of
a therapeutically effective anmount of bisphosphonate wll slowthe
resorption and col | apse of the necrotic bone, limt the resorption of the
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Isen as a tinme point when fenoral head
tn-ed.in. phis.ogdel ' Ani mal et hics approval
ts were randonmised in lots of 4 into three
groups accor di neyeiFostt h2a: tae-—be  Contol s receive only saline (S)
inj'ections via a _gsubcutaneB®$ route. Post-treated aninals received saline
only pre- oper ati vEl§samgopemation sraseafartedzon easlo vatratitithe Gefo. nlkaninialom

oSt -operattvel o ar Pl Dertnp n S ha, AL AT M werm g
zol edroni ¢ acidT8%W ‘?‘Fﬁf@"é’ﬁ%l fAnagsidesia was induged with g mixturg of Ketamine
Control- Pre- PozimghgahdRylative s0mp/lgPcDAigsOReRAmiRa] (0 tHEshAg sPafife fitdt at
time zero. Alpgsi tfg?ét?m_inis_t_raﬁon and given 0.2mL per 100g BW IM. Induction occurred
within 5-10 minutes. . _ : '

15 After sterile preparation and shaving of the right lower extremity, an
open approach was made to the hip joint. The capsule was opened, and the
right femoral head was dislocated from the acetabulum. The ligamentum
teres divided, disrupting any blood supply from that source. The entire
femoral neck was denuded of soft tissue by polishing with a vicryl suture.

20 This disrupted the lateral epiphyseal artery and any other vessels supplying
the head via the femoral neck. '

Animals were allowed rat pellet and water ad libitum and caged in
groups of 4. ' S
Dual fluorescent labels were applied at weeks 4 and 5: at week 4

25 demeclocycline 30 mg/kg was administered intraperitoneally, and at week 5
calcein 20mg/kg was administered intraperitoneally. One hour prior to
culling 70 MBq Tc99 MDP was administered .suhcuténeously to allow bone
scintigraphy to be performed on harvested specimens. |

After culling, right and left proximal femora wers harvested and fixed in

30 4% paraformaldehyde. Radiographs were taken in pairs on high quality film
with a Faxitron Shielded Cabinet X-Ray System (Hewlett Packard, :
McMinnville, OR). X-ray images were digitised and analysed using Bioquant
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be observed. ADFgRiBmePoints,
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10 were wei ghed accurately before anaesthesia. Aninmals were kept warm
during surgery and recovery. Anaesthesia was induced with a mxture of

Ketam ne 75ng/ kg and Xyl azi ne 10ng/kg. Drugs were m xed in 53&@(/\?%
syringe just prior to adm nistration and given 0.2nL per

| nduction occurred wthin 5-10 mnutes. 15 After sterile prepar ation and
shaving of the right lower extremty, an gpen approach was nmade to the hip
joint. The capsul e was opened, and the right fenoral head. was dislocated
fromthe acetabul um The |iganmentum teres divided, disrupting any bI ood
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the third row were in the pre and post-treated- group.-Right hips were
operated on and left hips were not.

20 Morphologically, the bony architecture was well preserved in the post
treated group, apart from some femoral neck resorption. In the pre and post
group, femoral heads were almost completely preserved.

The femoral heads in the saline group were smaller as a percentage of
the non-operated side as measured by the Bioquant image analysis system

25 (TableI). The femoral heads of the operated saline group were reduced to
63% of the contralateral (non-operated hip). This effect was significantly
reduced when both treated groups were compared to the saline treated non-.
operated controls (p<0.01, ANOVA). The greatest preservation of the femoral
head was in the pre-post treated group (85%), but the post treated group

30 {79%) was still significantly better presewed than controls {p<0.01, t test).

Table I - Results
Non- '
Operated Post-
Ocp;)g;?rt;d Control Treated Pre- and. Po.st,




One control rat died and was not replaced, |eaving 23 pairs of proxinal
femora for analysis. Results 15 Representative radiographs are shown in
Figure 3. The entire set of x- rays of each proximl fenur % ?@ubeé
Figure 4. In this figure, the top row were in the saline gr Jﬂ second
row were in the post-treated group and the third row were-in the pre and
post-treated group. Right hips were operagfged on and |eft hips were not. 20
Mor phol ogi cal |y, the bony architecture was well|l preserved in the post
treated group~apart fromsone fenqoral neck resorption. |n the pre and post
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5 was reduced to nearly one third in the saline group.
Bone scintigraphy showed complete revascularisation, the operated side
producing increased uptake over the non-operated side in all cases as shown
in Fig 5. In this figure, the top row were in saline group, the second row were
in the post-treated group and the third row were in the pre and post-treated
10 group. Right hips were operated on and left were not. :
Histology showed préservation of bone architecture in both treated
groups, whereas the operated controls had resorbed much of the epiphysis,
and it was broad and flat (Fig 6). .
There was also better preservation of articular cartilage in the treated
15 groups (Fig.7). Pre and post op rats showed thick articular cartilage with
toluidine blue staining, consistent with further chondral growth but delayed
ossification secondary to the avascular insult. Articular cartilage looked
equivalent in post op treated and non-operated specimens, and worst in the
controls where the cartilage was thin and had many areas of poor staining.
20 Tetracycline labelling showed bone formation had returned at 4 weeks
in all groups (Fig 8). Bone formation was florid in the operated controls, (top
right) but had not repaired the massive resorption by six weeks. Bone
formation in post-treated femoral heads was similar to non-operated controls
(bottom left). Pre-post treated animals {bottom right) had definite but lesser
25 amount of bone formation between weeks 4 and 5, with very few surfaces on
which to form bone as it was so densely packed. There was no evidence of

bone formation at the phyms in the operated Specnmsns
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preservation of. bone architecture in both treated groups, whereas the
operated controls g resorbed nmuch of the epiphysis, and it was broad and
flat (Fig 6). Ther %tmaprb@fz@lﬁ msamtbrechmedfe;ﬁp ysvalaés&a £ioh dstil N
the treated 1fese r t showed t.hi articul ar
Wu eff5el bk alst AR RER bR TRl rrin

cartilage wt h di ne bl ue staining, cons isatinar al
growth but del ‘}7‘9&“3 qvig ﬁftpl@ﬁegféémahxﬂls oArticulavaactilage presstvition was
Articular carta agmdfm'tl«iﬁctreaiﬁﬂl gY@yt i n post op treated and non-operated
speci nens, and Wor ?%0% ont roI S re t artilage was thin and had
many areas of poor s?a Wﬁ@eﬁﬂﬁi\mtbd@mup It
formati on had ¥casgnmed &latﬂhmanﬂcarredrinethb @ﬁoﬂﬂ 20184 1@8'&&& or mat i on

was florid in d s but h not, repaired the
nmassi ve resor p%%\ﬂgéﬁsﬁpg %gﬂgg “Qdéc}%%t(pr]e ﬁsﬁwepﬂ)eﬁmq ﬂégl%ﬂlpﬁ‘ and paist

heads was si m $&"Pt o non- operated controls (bottomleft). Pre-post treated

ani mal s (bot tomri ghﬁn}ﬂl@aﬁ%&bﬁt&&b??e&cﬁm lgén\%lgﬂéjﬁht t‘? ggﬁ}e%fgﬁérmtl otn
ic as i

bet ween wee} f ew ces on
was so densel éaggdc}.goe%q 8?5“ CHidoRs may; fle to the invention anskawhlia the

physis in the %R?@lfaﬂ ethbodiments erithous depaitity ﬁoﬁﬂheﬁ t&Ps ég&@{}fﬁf ration
esor

of zol edronic struct ant | - Ive effect)
but also allo ﬁgbﬁtel\?vﬁ%oéﬁgg? ﬂwng‘%%iﬁ%ghgﬁﬁ BFEa?an erefoze, to
viable, preser pregsinsall respiests asrilloatrativagadmatyestitiven was  al so
evident in treat ed groups 5 The fenoral necks were partially resorbed in
the post treated group. It is assuned that this occurred in the week prior
to zoledronic acid admnistration, as this was not present to the sane
degree in the pre and post group. It will be appreciated by persons
skilled in the art that nunmerous 10 variations and/or m)difi cations may be
madetothelnventlon as shown in the :



specific enbodi nents wi thout departing fromthe spirit or scope of the

I nvention as broadly described. The present enbodi nents are, therefore, to
be considered in all respects as illustrative and not restrl V¥§ 0@#

2005 20 CLAIMS: 1. Use of a drug selected froma group consi's 5

| east one bi sphosphonate for the manufacture of a nedi canent for the
treatment of osteonecrosis. 2. Use of a drug selected froma group
consisting of at |east one bisphosphonate 5 for the manufacture of a

medi canent for the treatment of osteochondritis dissecans. 3. Use of the
drug of claim ¥Lé¥MS:ai m 2 wherein the bi sphosphonate is zol edronic acid

or any pharmaceuti cgd il e or r ther

of the drug of cclai mélyfo?gg'%g%e?ﬁ&i er el ﬁlja?ﬁ OB %‘Spﬂﬁf’ﬁﬂ ang E'SEECP%E?@&
from the group®Hsmatyfpguistof gansdicasteat for the teratmentaif esteetdeetisanat e,

cl odronate, 1@ ri sloghr ofatdfug deldctdr Porate ouge&%an%t&r at l%ﬁgﬁgi}%ﬁﬁosppvate

m nodronat e, g @%r[g ner.i dr onat e, phar maceu

accept abl e sal t denys of agnsdicameht, the eatrpgry %PStﬁwoﬂﬁaW@ dissegang. one
of the precedifg clléﬁermf the Arughef ataimuf actlaine 2 fheein mieclbigHo ?ﬁo,ﬁ&r stzbt%dromc

treat ment of Oﬁﬁ@@Wﬁﬁhﬁad&ﬁn&iﬁf%f&%ﬁmaﬁt 53&‘1%‘%50?%3?}?‘}1}2% cting the

fenoral head, |stqJ f us or "arsal bone,
net at ar sal 15 Tead, Sﬁlﬂfgﬂaﬁ%aﬁcl@vn dr esxelaE 2 whreringhe bisphosphbnate or sedticsddal
tdwrrer u;s r adi afm!hféld:ll& groupa ploosisting Lﬂfabanﬁiﬁ'orﬁtd’lemeﬁ%?ﬁh Qﬂgﬁm?@ &g&oggtet he
rug of anyjgongseg e [¢ nufacture o

cBtont RGEGHET SaRbRal0 f“ga‘%ﬂg%& n "' rﬁ%ﬁt"eon'é'é’i“?fgil%“

medi canment for the treﬁt nment of osteonecros
presents in a "CRIEEIESGI{ES e any pharmasqutisallicseptalle 26 Hydrauser afer thgeadr ug

Che T eat ment Al aioat ronn o1 of of oot eoheaud e Ll S o WHRARCAIE OF o) o'

di ssecans andlrg rdlgar?;n;'% c 58 rrlgfhe E'? Ergﬁllé gjs(?ge(?f"é‘ir%ﬂs o Pﬂteg%ho&dm'% 8ipsecgns gffeating of

the drug of arile &eraoraf hease dintal fevhiungprokiamalsibipnaluher mmuftﬁ@mumerine?amrsal
medi cament 160rheéd, tm@(ﬁerélnﬁd’aavcﬁgﬁlﬂﬁma@rhﬁhertéutp@ftteﬂnﬁlo&s%ltstagﬁurn?lg%lgf zl"alldiai 'head,

transdermal, qr | cal m nistration a subJe
adni ni strati onczt‘pcg' 5‘ ﬁ‘%ﬁ%& ’Ott'?eééf“il?élrﬁo%1 te of said subject. 9. Use of the

drug of any orfe of Ushef phedag o) eisiof thacdmRilicammi & 16 9 i by o

I t bi spRRQSHA
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ext ender, or gansed writhflerbgediseasbone graft. 11. Use of the drug of
claim9 orzel @ m 10sé f theh@rudBTUg i & Mt p"ileclgﬁfﬁ' CANER fol B manufacture of a
_medicament for the treatment of a patient at risk of osteonecrosis and/or osteochondritis
dissecans and/or any complications associated with said diseases.
8. Use of the drug of any one of the preceding claims for the manufacture of a
medicament for either intravenous, oral, subcutaneous, intramuscular, transdermal, or
25 topical administration to a subject or local administration to a target treatment site of
said subject.
9. Use of the drug of any one of the preceding claims, the medicament comprising
at least one bisphosphonate and a suitable carrier.
10.  Use of the drug of claim 9 wherein the carrier includes a bone graft substitute or
30 extender, or autogenous or allogenic bone graft.
1. Use of the drug of claim 9 or claim 10 for the manufacture of a medicament that
further includes bone morphogenic proteins and/or growth factors.
12. Use of the drug of claim 11 wherein the bone morphogenic proteins are selected
from-the group consisting of bone morphogenic protein 7 (OP-1), bone morphogenic
35 protein 2 (BMP 2) and bone morphogenic protein 4 (BMP 4).



further includes bone norphogenic proteins and/or gromh factors. 12. Use
of the drug of claim 11l wherein the bone norphogenic proteins are selected
fromthe group consisting of bone norphogenic protein 7 (OP-1), b

nor phogenic 35 protein 2 (BMP 2) and bone nor phogenic proteif’rM@IY?‘%%P 4). 5
May 2005 21 13. Use of the drug of any one of clains 9 to 12 and _
transformng gromh factor beta, and/or insulin-like growmh factor -1 or
-2, and/or fibroblast growth factor 1 or filbroblast growth factor 2 for

t he manufacture of the medicanent. 14. Use of the drug of claim3 wherein

t he bi sphosphopate ¢ ' i rnpceut.i cal |y acceptabl e

salt, hydrate g? es[g%r&fﬂr?g?i’é—gg'b?ﬁﬁgoﬂ%g? C%E)quseggtf’ p@?%ﬁﬁ?’?&?fﬂ““% %ror-g 9tk

Use of the drubFtdfandiosipsudingkifes giowth ectdri dporo<dhodat ditirsblgsangrawtnficer dr oany

phar maceut i cal fiyrobracapbat Rc®ab for HY HanhRc@fe SthEmeliRgmenf 1N a unit dose

of from15 to 1490 < 13 %6. Usg Pf t he dr.ualaoé, claim4 wherein the.

bi sphosphonat e'1's ar ErfiBHdME of claim P Whireip fac isphesphenptets Zelsdemieacid pt any

hydrate or d&stparmpgeuticdllyi avceptable salt) hydraaf orfaserttizréin a wait YOSDof fiokn 0lSengof

the drug of clgij ~wherein the bisphosphonate is risedronate or any

phar maceuticalli acceptable salt, hydrate or ester thereof in a unit dose

of from 2. 5ng 35 tGeatfige dng of glaingft wheseiarthe bisphesphpmatd isspamidronatener any

bi sphosphonat epliasmadeaticiiBNaceptable 351, hy@Raé BRERM theRbf ¥ @%ﬁﬁ%@%@%@' fujs to
nyg. . e o

hydrate or estgj,4 hereof in a unit dose of fromO0.25ny to
the drug of claimMi4 wherein the bisphosphonate is incadronate or any 20
phar maceut i ©al 1§y adtepfdbt druedf clatwy dr wheretr the Stisphotitenetofis iatendranaict ordose

of from 0. 25nphakRacd@iihlly2Rcepdifte &It hh@ratl 1%k tﬁér@(}ﬂh% W&(ﬁg %[f tg%gla?.f‘img

bi sphosphonatet_ iﬁ m nodronate or any “pharnaceutically accep
hydrate or est® Cf¥ereof in a unit dose of fromO0.25my to 30ny. 25 21. Use
of the drug ofl7%l ailise ofvthe deighof blairhi4s pheephthe disphiospldiaedr i@ Nade@rolite atYany
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bi sphosphor?ét é"l‘sgm&t I dronate or any pharmaceutically acceptable salt,

hydrate or estidr tR2ee@fthé dni ofMélhintlaSeh@éinfthd BishROPRonaAL i HaBAJEke or any
pharmaceutically acceptable salt, hydrate or ester thereof in a unit dose of from 0.25mg
to 30mg.
19.  Use of the drug of claim 4 wherein the bisphosphonate is incadronate or any

20 pharmaceutically acceptable salt, hydrate or ester thereof in a unit dose of from 0.25mg
to 30mg. ,

20.  Use of the drug of claim 4 wherein the bisphosphonate is minodronate or any
pharmaceutically acceptable salt, hydrate or ester thereof in a unit dose of from 0.25mg
to 30mg.

25 21.  Use of the drug of claim 4 wherein the bisphosphonate is clodronate or any
pharmaceutically acceptable salt. hydrate or ester theresof in 2 unit dose of from 200mg
to 2400mg.

22, Use of the drug of claim 4 wherein the bisphosphonate is etidronate or any
pharmaceutically acceptable salt, hydrate or ester thereof in a unit dose of from 100mg

30 to 800mg.

23.  Use of the drug of claim 4 wherein the bisphosphonate is titudronate or any
pharmaceutically acceptable salt, hydrate or ester thereof in 2 unit dose of 200mg to
800mg.

24.  Use of the drug of claim 4 wherein the bisphosphonate is olpadronate or any

35 pharmaceutically acceptable salt, hydrate or ester thereof in a unit dose of from 50mg
to 400mg.



23. Use of the drug of claim4 wherein the bisphosphonate is tiludronate or
any pharmaceutically acceptable salt, hydrate or ester thereof in a unit
dose of 200nmg to 800ny. 24. Use of the drug of claim4 vvhereée t%ﬁ 5

bi sphosphonate i s ol padronate or any 35 pharmaceutically acc 8‘@3 8 salt,
hydrate or ester thereof in a unit dose of from50nmg to 400ng. 5 May 2005
22 25. Use of the drug of claim4 wherein the bisphosphonate is neridronate
or any pharnaceutically acceptable salt, Hrate or ester thereof in a
unit dose of from10ng to 100ng. 26. Use of the drug of claim8 wherein

t he medi canent 5ks f 1L stration . Loy t at .the.finme of, or
after, a core ggbongg%gg?}génd% &@c’%ﬁne? whstei %‘P%*SPE'?F@%’?WQ HPeReranaie 8t any
wherei n the nmedheaesiticely pegeplablsataltablydratc oir eater teregfiin arunitajosebf flom 10me
of, or after, & grafting procedure 28. Use of the drug of claim8
wherein the nmedicament Ls for laocal admnistration prior to, at -the tine
of, or after, gk\/asnﬁfﬁ 8}; ﬁ’§e‘§“%828€‘§ﬁ§f Vherginghe sesgigagient ¢ fog locak admmistigtion
drug of cl ai ¥ @riohter &ithe tilme ofismtiaftanerbre decbmprebsiomprodediryery with a | ocal
delivery systepyco | §¢ -sybst [ tute or extender I _aut ogenous or
al | ogeni c bonemg;'r a?(%JI gé g%ﬂﬁ@g%? E{hh@%d‘%édg%%ftﬁ% ffgd}ﬁaggnaﬁeﬁoéﬁq{afﬁ%n%&rgpon
del i very syst eR{1PLPt Hdhe time ofihs sftet 8 honagmapingguoeduee prot eins. 15 31. Use

of the drug of 281 ai Usc36F iWeaireg B bt BODRerdAI R AMiafeR AUEL TbkaPhdinBRkGRLE]
fromthe group rql?ﬂﬁ'zﬁéﬂentﬁlggf on m)rgho%%m :ﬁ{eOt%lt'n 7 (OP-1), bone

mor phogeni ¢ pPoter i 3o Nae 8L afigy AreyS Ee‘f)l? SIHURE PEFEdYlEe of the drug
of any one # &Pai iédsedf the dafz efdaier B vitieeih teahediedmany f@)iotat Relifeaty Whgv a

i ncl udes transfgaimiélge f het s nsulins L K rowt h factor
Lor 20 -2 gl S Para i iyl B kBl B R34 o
2. 33. Use of X'9FHigbons d fromthe group consisting of at |east one

bi sphosphonat e30.f orUsehsf theknfgacf ¢laien 09 whersddl tRARBAIt deliOery Wy S¥RANuHAS REludes

cartil age destgdietd,S0ho - ol ysis associated with osteonecrosis and/or
ost eochondr | ti(%}Fdi s@gca%é‘?ﬁggﬂagﬂr“ﬁ%y 2005 23 ABSTRACT A DRUG FOR THE

TREATVENT O EoNEscrafthesdmg o clarn BORvheudieNRE morphogenic proteins are selected
from the group consisting of bone morphogenic protein 7 (OP-1), bone morphogenic
protein 2 and bone morphogenic protein 4.
32, Use of the drug of any one of claims 29 to 31 wherein the local delivery system
further includes transforming growth factor beta, and/or insulin-like growth factor -1 or

20 -2, and/or fibroblast growth factor 1 or fibroblast growth factor 2.

33.  Use of a drug selected from the group consisting of at least one bisphosphonate
for the manufacture of a medicament for prevention of cartilage destruction or
chondrolysis associated with osteonecrosis and/or osteochondritis dissecans.

25



OF PATI ENTS AT RI SK OF DEVELOPI NG OSTEONECROSI S A bi sphosphonate for the
treatnent of osteonecrosis and/or osteonecrosis dissecans. The drug may
further be used to prevent the onset of osteonecrosis and/or S crosis
di ssecans and any conplications associated with both dlseas @3@ 2005
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