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| NCREASI NG BONE TOUGHNESS AND STI FENESS AND REDUCI NG FRACTURES TECHNI CAL
FIELD This invention relates to met n@mu,’u@"‘umnﬂujeam ng the toughness and/ or
stiffness of bone and/or reducing t | and/ or severity of bone
fracture bYWQ@MiO6st eri ng a par at hyr oi d *tromnone. More parti BGT/ASPY18%he

invention relates a nethod for increasing toughness or sgiéf Eﬁ@ﬁoione at
a site of a potential or actual traunma, such as the hip s@

person at MEEROROF GYCRANSING BONE TRUGHNEI S f DEMNESS14ANIVBERUGING: FRANTAREY, t he

invention relates to a nethod of reducing the incidence of vertebral

fracture, reducing the incidence of nmultiple vertebral fractures, reducing

the severity of vertebral fracture, and/or reducing the incidence of

non-vertebral fracture. 15 BACKG&E.@M&H%QEI\WI ON Exi sting agents such

as estrogen, bi spRoSRRORALeRald it BF intAbGhL A By GARPLENSRT bone | oss
y re

and i nduce a 3 - o ncrease of nmass i ng nodel i ng
space) but n@ﬁfﬁ%@@fﬁ&femmopfbduang%mdeqnbéd mmrls\év@hymﬂbaﬁ@ﬁlactifﬂa%
retention of bone by inhibition of bone turnover may not be sufficient
protection 2edmigéstersrg & pasathyros! hormkng. oMopapiraenisriytbe aivﬁemjyrcta@s\ﬁei

significant bo% | 0ss. Anabol IE gent t hat..i ncr ease gge str

St Pl e MBS RiarerSRE e megs M he Ee Pl SR B PEt e o
agai nst fractiihg,l sﬂctpﬁ’stt'l@ﬂgﬁor‘@bﬁx@ 0?53@11%{1 shed: @fsc;r%ﬁﬁgﬁﬁ)ﬁsfrﬁm & ?JO?EM{SQ' d

hor mone (PTH) 1Is secreted) 84 amno acid product of the mamalian

parat hyroiod dlaeagartibatarlg,ahe mbmiomeeharesmhmenhndl afredwingithe ugdiderics oict i on 25
on various tissues, including bone. The N-ternmi nal 34 am no acids of bovine

and human PTHeabTalifrectyus, )redugnwében@aldsm fgnliipleyvesigbial fpetytes: TgdygiRs f ul |
length h 31 and
0 oL g o PR KBET bt AGTRA By Urpbh il o1 20

ei ther or boghetutdhat activate the PTH PTH P receptor (PTHL receptor) have

shown simlar biologic 30 effects on bone mass, although the magnitude of
such effects may vary. Studies in humans wi th various fornms of PTH have

denonstrat ed an anabolic eff 0 ted significant
interest ’n its use for thAS(ﬁLGB ! %F%?ﬁﬁﬁ l?&QOOZ WO 00/ 10596 ~
PCTJUS99/ 18961 Osﬁagg T%Q%én%s ﬁl@ﬁiag@sltr%t’&g b@ébﬂ@sp‘ﬁbﬁ&@?fﬁu%ndé_ h calcabhihicaant
anabolic effects of P bone, i1 nclfuding stimulation of bone formation
whi ch resul t praventebonelosgandiinidacdxoh e S¥rincreaseddfmons hrasnby refilleg/ thebeen

denonstrated in nmany ani mal nmodels and in humans, It is conmpnly believed
that PTH adn¥emedeling sease it Retrhons fogmatipn isnqt sigafficapily ﬁﬁmu}ﬁfde@ehas a

t ff I
endagenous. PR ot Bl of thog Bihay R ALY PRCIE hifaBE CE00S, |0

t hi nni ng of Qgixhétfﬁihbtub@ﬁﬁ\ mgam&wmalm@mawm% ﬁa@tlb@n@mmem\awmy and
mass of trabecul ar bone. Past studies suggest that when Haversian corti cal

bone 10 (f oumndertsthatimaregsedingie Sirgfigdy byvetimualayne benrolganstiempreferemsiglly miayuence

of PTH, there
provide better protection against fracture in patients with established osteoporosis.

-<

Parathyroid hormone (PTH) is a secreted, 84 amino acid product of the
mammalian parathyroid gland that controls serum calcium levels through its action
25 on various tissues, including bone. The N-terminal 34 amino acids of bovine and
human PTH (PTH(1-34)) is deemed biologically equivalent to the full length
hormone. Other amino terminal fragments of PTH (including 1-31 and 1-38 for
example), or PTHrP (PTH-related peptide/protein) or analogues of either or both,
that activate the PTH/PTHIP receptor (PTH1 receptor) have shown similar biologic
30 effects on bone mass, although the magnitude of such effects may vary.
Studies in humans with various forms of PTH have demonstrated an anabolic

effect on bone, and have prompted significant interest in its use for the treatment of
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will be a re-distribution of bone such that cortical bone mass and strength
decrease) while trabecul ar bone increases in mass and strength. For -
exanpl e, in published clinical studies of admnistering PTII,& mt‘[r g@ﬂggone
mass decreased after treatnment wi th exogenous PTH and thes indi ve

rai sed conweroanoisat the treatnent of 15 PTHwi Il |ead to recgrasseoswi cal
bone nass and strength. One concern raised by such studies is that there
woul d be a |essperostsandirelaied bepadispudses. nss1gniacans apanelir 6§scty pl RHHGC al

bone. This i,s of. high clinical relevance .as, .i.n osteoporasis, .the greater

| oss of trabbé)é’ﬁ1_ ‘&E“_ﬁ%&‘%ﬂ%&’ﬂ’e"ﬂ° ¢ fTiatgp “é‘baﬁeé‘élﬁ ‘BS&S, gﬂaghg"'{eﬁat
mechani cal |.Qadiaf@/or Sirég@d MV OB denMsRRe®¥h ARy LENRI HoAGisGAA td cal bone.
Conti nued toss of 20 cortical bone would increase the fracture risk.

Ther ef ore, ilumamsi nportant that a therapeutic agent for osteoporosis

mai ntain or increase a sgﬁj %%bs re icij | cortical bone. The effects of PTH
on corticél bone Hhisconyaenlybslieed;tha FoTirRGRR AR Bemass andvp Feley@er si an
renodel i ng, St , : n £ sizes
are typi cal Iays? gloﬁé%%%)ﬁagsfaoé%a{elﬁ §fr§?°3g§? gxgt?:gﬁchgl %gﬁ%b)}‘gﬁ‘g?ﬂ%&?@ﬂ%&t of
the changes intidbises th ByddgEibus P, Naliith 6£cuiBe ihe i sorder My pEPRIatBSoigfsntor ti cal
bone in such animals remai ns unknown. Published studies of rodents have
shown i ncr eagault mchinning ofisericahibene a¢gempgniedipy AR Ficreass trcaphe®PHyYBOd a | oss
of this benefit after w thdrawal of,. PTH. ve odent cortigal bone has
2 di ot not |y dBritpoct, Fa shidie essEVaY hip HBtF TR B giEne ang
remodel s 1§y GSirldaa fufRRO 2hd highe mhAHAR) ko RMuddR? HeRhfiddhce bRPTAL tHehan by
intracortical renodeling of Osteons. Furthernore, technological limtations
i n bi onmechanwilbbe 4 esdistnijpution b filkorressuak thaebgrtical\WONO Giiat O arfbstrength0deCréds2002

‘PCTI CJS99/ 18961 short bones, of rodents give rise to artifacts, of
measur ement Whdhtreheculge hone iggreasesdn massrand siepgihs Fos gramplendipuplishedt ni cken

the bone. Sugh.al LLAActs RS, X1 ARQI ALion pol. Lals SALLLEAlbonG rgppONSEs

to those of humans or ot her ani s ost I'ng-unre
Therefore, tR{fhexéghbOP TR Ad kiise HRLMRL havd rals8d BoRRAShabthe QMM BY
Haver si an renodel i hg i ndi cates that PTH may have an adverse inpact on

cortical thonRTHoxlld¢eadgonmeduckd sertighl Hympanasaasd sthamgtiy HOuteginetingaised by or t i cal
bone. As a consequence, it has n opul ar ‘belief regardi ng the action
of BTH that DD FERIS i ket Rora o adnt o @] sefaidont PR b aRen o
antiresorpti bk i i f tLhi s nodel
has been they gtsn?csa g;?emiﬂgs Lsceb\ﬁ‘rlgf Clgﬁ ?hﬁirz’g%gg%?éégﬁgﬁo&gﬂ%rﬁ@zggﬁt exanpl e,
three clini chis of tabceslahbote dosparddTibl 16033 g ositicaEbuwieamsals thameethamcaloncur r ent

therapy with calcitonin or estrogen) or in prenenopausal wonen taking GRH
agoni st, Synkading is predemingndy PpEsiby . tharemnainps sprigaldyong c Congpusddessfen and

PTH on caqy.ti cal. ne_turnov it particul ar Lffic bserve
effects %15_ ] g?{lc£$ﬂ"%i‘t’fr F@g‘“g‘%ﬁ%ﬁﬁgfﬁa%%%‘ﬁ%r glgﬂfl'r ?/do’%éhgt'%lgllspeoﬂah\/\}o&‘l& agents.
There remai nﬁmeﬁhtpeﬁﬁ,dagfeﬁ( for oB@é]ﬁtﬁgsi?, fHairf AR 0P Yichehse a BUjedto rdsiiaP@sicit rengt h

and stiffness of bone in humans and ot her ani mal s exhi biting Haversi an
renmodel i ng, bomt. for reducing the incidence of fracture of bones in these

ani mal s. Further e, L her mai ns.a, need for a method for increasing the
Gual Tty and’ amounth#itees o EH O3 sepiaLbo e hae b R e
present invept: | ‘ f i | t leﬁﬁ% d/ or
stiffness of %gﬁg,‘b@?e ggiglb §£}§%Wﬁ§a§;°ﬁéﬁg§§§2%?’%$§ uagladng t 28’?)Eci dence
and/ or 2%5sseysiple ¥ized aren@sitdllyetobymall foiieHaE stagsticapadatysiy/ r Thedinipatnaie. More
particularly, the invention relates to a nethod for increasing toughness or
stiffness of theshanges indused by BT Hatrgpsmenitananechanisgl prapertiesoheorticah borsisi ng

Lo those of SiePanihals riigags pokndy PARTNRE SR f sl MR SRATT Hertirey,
I ncreasi ng b@&%cﬁ?ﬂ&ﬁéﬂ{as§8ﬁ&§ﬁé‘£dmih5§?rg§&t§hﬁﬂrm%aﬁ&sB?‘{Hi%&mﬁ?’ gnd the

i ke. I n one enbodi nent, the netho e I nvention reduces the incidence
or severity wfithdmwtabbf ATHaMHbwaver) oodene corgibaldioné haci distsctlyldiffersat hod of t he
i nvention

30 structure from Haversian cortical bone, and remodels by surface appositional
formation and resorption, rather than by intracortical remodeling of osteons.

Furthermore, technological limitations in biomechanical testing on the relatively



can be used to decrease the risk of such fractures or for treating such
fractures. In 1 00CT 2002 4 particular, the nethod of the invention
can reduce the incidence of vertebral and/or non-vertebral?ﬂr gr Uzeduce
t he severiﬁ,x)o(ajmgégrtebr al fracture) reduce the incidence ofP )P%?Z'Sg
vertebral ftracture, inprove bone quality} and the |ike. The Yn

i ncrease t oUQBA®SReSS roliérts gi%%sélio ifdcisoHheaBuRMleRWAA] ad {RHTRIchSHGh as a
hip or spine of a person with osteoporosis, or at another site having
abnormal | y |RUH abees boegeomey oy thikes tlst banet $neh afifetmtbock tmaolaadsel

i ncrease bone toughness or stiffpess at a site of an actuyal trauma, such as
a fracture, TRosorcal an@respensss io;thossrof\wmansprother apimals WihosteBalect for the
met hod of t i t 1Ol aty I . of: '
ost eopor osi g?’“ﬁ?%"ﬁ@r%f%}*{bz&g& én@%og%usatngodan%nf,g#%nfr’l%%llssmfgr:@}e{%ée}%dent of
concurrent hgideRdmhe BN asdaRiodehins Ridicaldsitlat PTeSibPHSVE O adeetst wapRnt
therapy, or antiresorptive therapy. In one enbodinment) the patient also
recei ves supi coniien] bong, cauding nahiess@f bpne/massrthrouph deplpaemefoprtadalibérsr none,
such as the N-terminal amno acids 1-34 of reconbi nant human yroid
or rone, can be. dud APREVERedl bt § ooplal P FeeRninog e acunr 1 T
Preferably, tﬁ%(t%ati@m@?‘é’&ﬁ‘ﬂe%ﬁﬁirte%oﬂ SUbkALfRAt AR SHET A shiFdBfiRe «& or nore
renodel ing cycl'es and w t hdrawi ng PTH for one or nore renodeling cycl es.
Further, acoominizg loss dffbenerekdno f PTHe In facgnhis omdel s ticae thedmeis farn

toughness and/or_ stiffness of a bone can persjist for several renodeling
cycles, &8¢ ufsveral dmjeal sfudiesdp woment For eranidhres alinieistudiss e Sfeda

DO o TPRS mertbpsaioleflofl BRF Al Wyl AuARiLARREleA! N

present inve here”1's provi a use o arat hyroi

.consi sting or inpienterdphubabramen tkirg GARM aganidt/ SyRarBR fadAdomedliobior TRae for
the manufacture of a nedicanent for concurrently reducing the risk of both
vert ebral armppasing ¢Eectsiof estrogemeand PhBtaareoriqal honpoumeneopakesiapatwowtany at ri sk
of or having,.pst eqpor osi s, .wherein id nedicanent |Is admnistered to said
voman w1 ho iR PERYS LT SR ERbAERE seiruintiondberany M TGE e of her
than vitqm na%?n@y calcium in a daily dose of 20pg to 40g for at |east
about 12 nonths up to 3 years. According to another aspect of the present

i nvention, there Tierpraniinegdngedufora afcttdofar enhplpymgc FcH nomerchsy sttehgth

manuf acture of a medi canent for reducing the risk of nonvertebral bone
fracture in 3ditiffasssfifiose in bymansapd ofheg animals ¢rhibidrgHavsreian emgsivgi n sai d
par at hyr oi d r I.; 1R r } i i u ent

D i ot 1 at 1 5 O P A ElOoG e B Sorpl M ke b R RRREIIECTY,
in a daily d@se rehai29@ reed 4R Roneth6d Brdhdigasing BBQLAIRY aAd RAGHNIQT coiealpr esent
invention, there is provided a use of a parathyroid hornone for the

manuf act 3P e Wnea medi canent for strengthening cortical bone in a human

subj ect at risk of or having osteoporosis) wherein said parathyroid hornone
is adm nistered to said subject wi thout concurrent adm nistration of an
—antiresorptive agent other tQAAMARAOF BURINAERTION I N a daily dose of
20pg to 40pg. BRI EF DESCRI PTTON OF THE DRAWNGS Frgures 1A and 1B show t hat
BVMD (bone mi ner al Themsstnt inventdoBiviclhdes aeethadefonincrasing tite) toughnekseanflomor al

m dshaft (cortical bone) (A) .and in the proximl fenur (cancellous bone +

cortical bond¥inesyothans, pickrably conticphbapeeandir reducmpthe insidegee A1/%al s t han
trol t i .2A. t h f H
rechani odr - SRrRyR e bY dERTAR LY B AR Bk Gk bR, GO O

cortical bonmveitidnteldte® kidethodfod Mdredsingltb@ghhedd drdGiheds ®F bbieatpaite ont

change in DXA neasures of whole bone mineral content in control and
treat nent grapetential\ar @cval t1pHwe 1gcigang tongheess and/or stiffness of bone can be

manifested in numerous ways known to those of skill in the art, such as increasing

bone mineral density, increasing bone mineral content, increasing work to failure,
30 and the like. In one embodiment, the method of the invention reduces the incidence

or severity of vertebral and/or non-vertebral fractures. The method of the invention

can be used to decrease the risk of such fractures or for treating such fractures. In



PCTI US99/ 1896 | Figures 4A-Cillustrate the percent change in DXA neasures
of the spine for control and treatnent groups in the |lunbar vertebrae 2-4
for bone area (A), bone mneral content (B), and bone ni neral (]d%n@i[ﬂ; 2@ﬁ2
Figures 5A and 5B illustrate the increase in bone mass (A) an one
strength 5 (B) in lunbar vertebrae of primates treated with a parathyroid
hor none. Figures 6A and 6B illustrate tie i ncrease in strength of fenur
neck (A) apdrtichlar,cbaptethod of thecingertionfcah weduce therincdehcepifweitebraBindior pri mat es
treated with a parathyroid hornpne. Figure 7 illustrates activation of bone
formati on mapvertehrabisariwreagducsthe seyepbr oloverisbrial fagtnees eeduge therjacidensshar t

humerus. Figure.8 illustrates t.he histogram anal.ysis, of the shift in bone
voxel dens® f‘glzmﬁ?lvFﬁ%thﬁa\?ng’éﬂpﬁqvefbé’élgHP#PH& af“rdcgﬁr? ﬁlf'f-‘l treat ment conpared
to control. Not qhkhgethétféRancrehdd tohsghnkisor st tat & Slte BPOBoeRiIRAfLARNt af ter
wi t hdrawal of PTH treatnment. Figure 9 illustrates increases i1 n |unbar spine

BVD t hr ouglsuéBasrednip log spihie bba person withtostebparasis,cirtas amathér siethaving20 Pg/ kg/ day
PTH or 40 ug/ kg/ day P conpared o placebo eated controls. Figure 10
11 st r at e 0nortralident bohe RBRLor Ban bARCR AR oM FRRORAT1SG BiAss of

t reat ment et | ' : : Of, £33 / day PTH,
conpar ed té”BBf)gbté‘, DO St§r0 \é"katgtgn(f?) %%%lgc@.aﬂfg(uﬁ) Al IQEEJ%C}Qﬁ%IIP%\Imhe i nvention
rel ates to examplehinch hipror vaitetea.s Angeferraé stlsjeq ioreths neetistidos f the idveibasis and/ or

reduci ng incidence of fracture in_a subject_ by adninistering a parathyroid
hor mone. TiRaverBathergman at sk feppr aving eteqnerasisaBreiarablyfanostnenopaesal 25

T aumn genarerty et s adeRioR ot tibeseft ifmahe Rpitelieh iR MR cront

or t hopedi ¢ eRfrGgenbeeqaivaRicthbfapy! driehtirdsBipiioa feRpyP I Bnk HBOBRSHt, AR/ Or
stiffness generally includes increasing mneral "density of cortical bone,

i ncr easi ng patiedntgolrecdivdssnppleiments ef saloiym ai/@tvatanen Do | oadi ng, and t he

| i ke. Reducing incidence . of fracture 30 generally includes_reducing the
li kel i hood or ach aaqaﬁlm@f‘3@%@%#“%§éb%%éemﬂalﬂmsjae@ﬁ le¥hphared to an

untreat ed qgé&ﬁﬁhaxﬁ%ﬂﬂlaﬂ%ﬂ[hymid\mng%&gﬁr?gc ;drgng’st&eh eﬁg%yclically or

intermittently. Preferably, cyclic administration includes administering PTH for 2 or

more remodeling cycles and withdrawing PTH for one or more remodeling cycles. -
Further, according to the method of the invention, the increases in toughness and/or
stiffness of a bone can persist for several remodeling cycles. or up to several years,

after the last administration of a parathyroid hormone.



PCT S99/ 18961 As used herein) ultinmate force refers to maxi mum force that
a bone specinen sustains; stiffness refers to the slope of the |linear
portion of a | oad-defotmatlon curve and work to failure refers to the area
under the | oad-deformation curve befg%g failure. Each of these can be
measured and cal cul ated by nethods stahdard in the 5 bone study art. These
paraneters are structural properties that depend on intrigsbixf%hﬁﬁzal
properties and geonetry, and can be determ ned as descri‘bedVinl T r CH.
Burr DB 1993 "Basi c bi onechani cal neasurenents of bone: a tutorial." Bone

14: 595-608, which is incorporated herein by reference. Utinate force,
stifiness,  AGOTIDE0 QNG S 8 e PIRESHIRYRNIPters FopAR kse REAC

mat er i phraiiydsia HorRens ¢ohsiftingt 6F athinol@di® se§licies  1-84 ¥ &l KurfiB phkithyraigd

t oughness, q\qeg ch are |ndePendent of si z§) and shaﬁe. As used herein

ul t i ma'8MagNeeE thegnanwagtyre eha mericamenttor capgurtently srdusing the sk gEbethn:

el asti gedistEl HSd MehSReb@l BBAS fiadturd Nh'd PBbEnenophidie SWomadt gk PSS
refers to resistance to fracture per unit vol une. h of these can be

N aC . .
det er n'AYBY 1951ERRPI98ESs WRRERIA SR maeicament Is adnigisiered ta,eaid vamamyithoutas
r ef er r ggndupreRCadhistrafidh ; mﬁé'éd?gtivb'%g%][nt biher frRRWitafmGCls or @hlcRim, il

m dshaft“égpl cally using three-point or four-point bending at the latter
site. Haledoseli#0nge40ns febat loastiabeul 1R @anthsvipite 3oeatsenefit to a subject
that may suffer or have 20 suffered trauma to one or nore bones. The net hod
can benefit manmalian subjects, such as humans, horses, dogs, and cats, in
particul ar, humans. Bone trauma can be a problemfor racing horses and
dogs, and alageortil t5AHEMBPASHIRELEN égfﬁv S hety of
bone traunmas _dure, bf or exarrp#’e, tatf(s)t g?& en{ﬁ.svg'?rt!ebgl' gfaeFé’Ifs It gﬁeﬁg??’gﬁ?ﬁai sease,
or di s@rw@dyroid hofmens, faliae MesHtactura e medicamentyoriteducing % fiskaok nore,

med CaloldtifeRB iatird f 4 RIREA sbjbEAR Fidk 87 oHavirdfostetRtdsic il b Of

connective tissue danmmged, for exa&%ﬁ throug Ics. Qther types of
bone t Patathyroid hermene isiasisinistersd 9staid pehiedivithodleepnsurrenti adminisination afease
(such : Ik A b i @ﬂ?ry

Condi t PR oSkl egént Sfieh A ol plo caloi, 00 3BT BSLe or TS MIELY

gl ucocorticoi d osteoporosis, burns or organ 30 transplantation) are found
nost often | I ' [ : n ferably
2 vormn, -t "orap o BRI o itcr oD Fre et i n, L R Gy B b B 6

ost eopbaG@&¥oidrhormaoenion e manufactusn of a Wedpamentdg steergtening cgtical

PCT/ USBghd §i01 qunhgw %usiecthatpﬁgpeﬁea!haeaﬂgdds&éo;be sid] eiﬁrg%w@m%mymw
irrespective of age, conditions. diseaSes or drugs that 1nduce

hy pogoRadnang isadministgrad te avaid rsubject owithaub ccanicumers ad@jnistaior ¢ff 8w cal ci um
or vitgm J | k I oci at ed

W th banSrdpER Ao OhoBEh RATPOLL oERA Me a0 BN of LY RPAARELE 1 5
anticonvul sants etc.), |oss of eyesight that predisposes to falls, space
travel, immobilization, chronic hospitalization or bed rest, and other
system c di seases that have been linked to increased risk of osteoporosis.

| ndi cati ons of thewfgﬁwﬁé@aﬁﬁtﬁ in the art and

i ncl ude radi ol ogi c al conpression
fracture, | qugheq A@EsIE NeW gt BMBi(bbirainetal deasityrand BMCdbunat i on bel ow
mean young normal val ues), and/or atraumatic fractures. Ostepporosis can

| ead, = fminetsk aomtient) in thefomors) meidshafi(corticaldyong) (A rpidin the praximal . Exanpl es of
- bral f t i ncl ip f t f f di st al
For ear ribmar el bore £ <grus Reromaenoetibm gRlsL i o 2, 1 31
fractur&aﬁdﬁi’m%itﬂa,?&ufow%wd@e&an ankl-e, a fracture of an hunerus, a
of arrb, aftr ~

fracture acture
Figures 2A through 2D show the effects of PTH on mechanical strength and

cross sectional moment of inertia (CSMI) in the cortical bone of the femoral

midshaft.
Figure 3 illustrates the percent change in DXA measures of whole bone

. mineral content in control and treatment groups.



rosteoporosis is &

W thin or above the ( _
invention prafides ahd'ef @@ﬁ@ﬂihﬁi&h& éfetaatury b 4 Subjdtebl admimiste@sghting from

15 of a foot, a fracture of a pelvis, or a conbination of these. The nethod

of the invention can be used to decrease the risk of such fractures or for

treating such fractures. The risk of fracture is dimnish al i ng

of a fracture ig ai ded by increasing the strength and/or gfﬂ?meysq?gbﬁbone,

for exanpl O %1%Phe hip, the spine or bath. A typical wonarP@U$3948% or

BERL ERIORANGA. | nPlhafled fh BRATREARANSH he fyROgOnadal
ject 1s a an

worman. A preferred Su a post nenopau worran, I'S 1 ndependent of
concur rent hntrenadreRtmét Fedips ihde b MEdbra@3Urfogbondire £, Bahent
therapy, or antiresorptive therapy. The nethod of invention can benefit a
subj ect at anincel aopers(Bhand bpng miesal dpnsityé€pecially in the early and
advanced stages. 25 The, pr nt. invention provides a hod, in particular,
effective to pr e\}ﬁ%'freﬁg‘d‘raégggéhﬁﬁ‘@“‘l E?'H’éeﬁg ‘“090“Ff%ar§§g$i§“qd}?1°“§ %’EB‘%‘hct with
or al 11 Sk qf)R AP Herbrdc bR IEARMARY it PEarSHORPA Borrbdife, P esent

i nvention ccatn)regﬁf:e t%e irnci ence ofe vertlelbér)ﬁaair aglzﬁ)oronon-vertebral
fracture, reduce RipereséXant 6P itifistratr the hrcadasd mesttength, offeiucreck{d ) andi dence
of multiple vertebral fracture, inprove bone quality, and the 30 like. In

anot her enbdf ANt SFRSHERHBINCEYS PHkdigphysis B) IrRIEARYES Healsh Wibrfef i t

patients wt e s or prior fracture who are at risk for future
mul tiple @%@%@g@gx@ﬂ% C T 2002 PCT/ LS99/ 18961 skel etal fractures, such
as patients in Wriglresnilogitatasict eion@$ bondRYmbtordiaegodsEidogedlapidl y. O her
subj ects can also be at risk of or suffer bone trauma and can benefit from
t he met ha® dferopiealisutfagesiod e rrigshafidaumares. a wi de variety of subjects at

risk of 5 one or reaf the fractures identified . ahove, can ticipate
Curgery resurt | ng EHeBoHsBen i Gemi ity shiter Bhus B dmiidaur o
that mani puliglifind RABGraYes itk RRAIAH frbdifefi coRREIR| dokibP NGIERE MaSS or
poor bone structure, or deficient in mneral. For exanple, recovery of
function af tiaereasesan dgesity is aatticaihoae panpdartmenp hficrewitindratvel of P aeatatenhi p) or

spi ne bracing) or_other procedures that immbilize 10 a bone or skel eton
can inprove due tigwiséd iHuttFes 1Bereasein Ingbak séne. BNhLthrenalo Bentbpel i nventi on
can al so,ai i r . i one at
2 S te of S anTERa B ¥l il LR 0BG T 6°4d BN PR BbRBB00 s
i ncl ude sur go@pddcesd Hefibdeordoldone, includi ng osteotonies) joint replacenment
where | oss of bone structure requires restructuring with acetabul um shel f
creation and 15 prigueeniibustiatespneyeasereiaifemur aridthip hieek B thireugher suitabl e

subjects for practice of the present inventiqgn in e those suffering from
hypopar at hy r'Bg‘&‘g% PdL E?at%%r?g@?@?mw 3{‘ Sﬁwréﬁd‘@ﬂ%&% aﬂgré’r # Q |P§ﬁ@2‘ﬂ'ty cﬁr ]{[yr
caused by, W@g&% {RbSirsMPlontoRar essi on of kyphosis. 20 Bone Toughness
and Stiffness The rrefmhcfd o#r the?n\(/)enti on reduces the risk of trauma or
aids recavery fromtrauma by increasing bone toughness, stiffness or both.
General | y toughness or stiffness _of bone results frommass and strength of
cortical, trabecul ar, and cancRETAILERRESCRIBRTION oG of the invention can
provi de | evel s ofho, e aStiet £ ‘ , ength
TRORSHHIPARR Lo BBl or RERRind By BB grBbint 0

e rang pop

trauma or giving rise to risk of trauma. Increasing toughness, stiffness,
or both parathyroid hormone. The method can be employed to increase stiffness and/or

25 toughness at a site of a potential trauma or at a site of an actual trauma. Trauma
generally includes fracture, surgical trauma, joint replacement, orthopedic
procedures, and the like. Increasing bone toughness and/or stiffness generally
includes increasing mineral density of cortical bone, increasing strength of bone,
increasing resistance to loading, and the like. Reducing incidence of fracture

30 generally includes reducing the likelihood or actual incidence of fracture for a

subject compared to an untreated control population.



decreases risk or probability of fracture conpared to an untreated control
popul ation. Certain characteristics of bone when increased provide

i ncreased bone 30 toughness and/or stiffness. Such charact aa{br CS Z[ﬂﬁ ude
bone m neral density (BMD), bone mneral content (BM), actli Co
frequency WP 08386 f or nat i on rate trabecgl ar nunber, trabec8FASPHI®Rhess,
trabecul ar and ot v t 002 V\O.00/ I 4596
PCT/ £ 3500: 18061 9 S§IRaHS f)“ht‘ foft cgn‘L‘efg égﬁlaacx‘%‘ﬁm BCreﬁ‘ e?l%’°|5‘8f%%°"t’§}‘ cross
sectional  boRg sS4 fAass &eretmeeropeewfetrma@lepdraot 8R4 1. deddte{a@bn Wor k to
failure. An Increase in one or nore of these characteristics is a preferred
out cone of tduevarahdodriofo fatiereirafeestbitbnareCendanitie lohdrdafrmaiiot cwrse béfolrone,
such as marrow space and el astic nodul us 5 when decreased provide increased
toughness arfailse- Sech phibess aan bsaneasured and erlcylpisd rancthods %%qdﬂtdelrn)t 9one has

cryotal Ll Lol 405 AiteaUL SR A EhELEl AL b6RoB oy SheEG RO

Thus, genera y re dci ng SI'Z€ ne Cr €s I'mcreas oughness

and sti f f nesfatefial3Rosorti & EhdGROmMeRY USR] dahl Gk defRERinel af HestiBe®in Thmaddit i on,
mat uring the crﬁﬁjal lites of a bone can provide additional desirable

char act er i stBus DEo19% "Besicthoeraechianichlmipasyramenteefswaet ougdrds Soand st i ffness
of bone and/o ed.i nci den of fra ture. decrease i.n o nor e
of these chaLaa%a &?%t"‘f ‘éé?F%"fateg?‘steé’t% %Fﬁ't"(?or@"mat‘t écenétﬂﬁ'&is -gf the

i nvention. THeBALe edn Eé‘ﬁ‘orhﬁ\’t@é& !o%tdlﬁ uﬁﬁtastrraratat gfop'eﬂfé§‘§ {49 the

t oughness and/or stiffness of any of several bones. r “exanple, the

present et hddmaersticss; ehssembbielut andoogdimesss wainll/ ¢ irslepérfdenss s(uie dnd nes

including a hip bone, such as an ilium a |eg bone, such as a fenur, a bone
from the spishape. sﬁ&Hseééleéplx%érltleatcastwé%reﬁrrt)@rreamrrwm SFESA ARl 2 SPRAIMAECAR di st al

f b t h

St f1ness. o eBuREmERH s BB il HARGF OBl 8IS BN S
portions of [eletah@@.frachire s&armt FoluieU BREESItherFaf be HelehhiRe By MhetBodse mur
can be 20 increased by increasing the toughness and/ or strffness of a fenur

neck or a femowningbhamt bt ¥emooa Yhnesteengti aprefetréd tortesen,afan demqasweh be

i ncreased by incgeasing the toughness and/or ,stiffness of_an iljiac crest or
iliac spilfe. a‘ﬂ?"uéﬁﬁ’é 29820 eé‘t‘H? gglc%]ly using thres PN fOBEPPIAL r eased by

i ncreasing t ferdid/ or stiffness of a pedicle, lamna, or body.
Advant ageously, rt?"h %e]?ee 'S on vertebra in certain 25 portions of the

spi ne, such as cervical) thoracic, lunbar, sacral, and/or coccygeal
vertebrae. Preferably the effect is on one or nore nid-thoracic and/or

upper Iunbarwe. The increase in toughness and/ or stiffness can be
found in each of nan n.one t
bone. Types of botg ﬁjﬁd’é?}é ‘8%@’@‘0&558 oau%“l G QB’&%‘P’Q &groorr a‘a?rel | ar)

bone and Bonpafded fRAIhd ©nedr nftRd %Aesque n?étﬁ’od & Bendhil MhRnfadhh Wbjecld)e

met hod of the invention preferably increases toughness and/or sti f ness

t hrough its afchashamans, (harseeIdogstsandrcdtscmrpanmlarbhmeansorBomn tmompicembea ~ ~ 0
c T 2002 WO 00/ 10596 ~ 0 PCT/I11S99,' 18961 bone al one. Trabecul ar bone, bone
to which conP@bleny foriaciag porses aatdtd&eﬁéadé&%q far bopsghold patsh nBymameanor
stiffened by to provide
addi tional tstﬁ:ﬁ 8?? %mggor gpﬂofe)fdét&plgstf)%g&agﬂtaﬁ@@ig?le

anent don,

and/or a rrusnhaveﬂttbnam@ézﬁeroraﬁm@ér Qiﬁtﬂeneungt,meltmmansmmyawg: toughness
or stiffness can reduce incidence of fracture. In this aspect, increasing

t oughness2Sor fracture; medicatiaterventionde repatt@drastpre.arithierapair of j jaiatsoebr al
fracture, reducin nc d nce sever act r.ed ncidence of
m)der;te fraE‘%’JrH‘lr%&'elrtéﬁii‘é Hyae cfoéé\ﬁ%p fti‘wgé’ﬁtlg%‘fsalt&}‘?‘%e\fi’?ﬁ%% OP2duci ng
i nci dence of (bl i BLe ad {iR54 1oy %s&rog@ro%@”@é Alrale le:’cﬁ?efase ScHPRY Ay oi d

Hor none As acti Ve I ngredient, 05 on or solution y I ncor por at e

the full |engt txte&ﬁhaﬁshhlyaepmcémém @tseaardatytwwittbnbagmmedwpﬂrtﬁefapyar| y
the human form hPTH ( 1-84), obtained either reconbinantly, by peptide
synt hesi s or fqrwt@rtsvaemrmnﬂewmm hgwﬁwmw@jostea@m%rbwm@n U.S. Pat.

No. 5,208,04l . inc rein grenc The am no aci d sequence
for npri 0 1anp A BieTounE (o] oitph.n Blde5 pesote.
Preferred subjects include a human, preferably a woman, at risk for or

suffering from osteoporosis. Risk factors for osteoporosis are known in the art and



in Biochem Biophys. Res. Comm, 114(2):493. The conposition or solution
may al so incorporate as active ingredient fragnments or variants of
fragnents of human PTH or of rat, porcine or bovine PTH ZOTLBaDSGZV Zman
PTH acti vi t¥) as determned in the ovariectom zed rat nodel Sis
reported bYORIMMES et al., Endocrinol ogy; 1993, 32(4):1577.PGHESP4EU% hyr oi d

et dues, - canpOAnBRpR B Sordl s P hEh in oA Iy bPher Corlld RS o1
PTH(1-41) . Alifcasddadl dMes thdd ifdike hopdponhdifthhweitibadtfactérd agopRtcatvd@t?5 from 1

to 5 amno acid substitutions that | nBroye PTH stability and half life)
such as t he ostpperosimtion wilcinmidnivitainimeDrbesrigdbe suost cqnumpn). emekigg,ahehhol. 18

with | euci ne, or ot her d hobi c, ami no acid that inproves PTH stability
Ba nst oxi dgsasaied Hiih BBAF RsS i SoelSsromieas BSTOIG epas: By on
W th trypsi nntidsRAikhhd ] J IStd g r amno acid
that i rrpr%vgghPTH SFs!(a% :éﬁ)?g/g sgggié’y‘r‘]ég%ﬁﬁx‘éﬁ%‘rgé@:@ﬁ&dﬁﬂﬂgﬁ‘spgﬁ [ﬁa’gﬁe fornms of
PTH i ncl ude iRihtdbHizalRéh)rdRforic BdgpitalzatioRor bedfest, andl othieasyagmio tiskhkel duat PTHr P

that activate the PTH 1 receptor. These forns of PTH are enbraced by the
tens "par at HipvePernHinked i incrrasedysk of astepperasisy Ingiasions offthe presencg of C T 2002

WD 001 10596 1, ~ : 0. IS

r econbi nant oés}eog&gx%gfe?@ 0%’]2’3)%’2% é"}ﬁ@ﬁ’%??g aerqglro 2 égé‘{?ﬁeq'fpé.fhgg%wmﬁos.
4,086, 196 andrtebrybeditessidicRidaae dlo@cbdiemedss (1hicaRy &f 164t ¢ stahigdpr ef erred
hormone is human PTH(1-34), also known as teriparattdc. 5 Stabilized

sol ut i ong0 ofdemiatiam beipw(megYyoung mormalsvatuss) and/nnatraumatia frapmmiEgs. 1- 34)
(rhPTH(1-34), th can be errglo din tE}g presgnaﬁ'egcﬁt hod are %fscri bed in
U S. Patent Appl i CiEIPOROSEANAFANEOT E B QVastedT PAREETh ei n by
reference. | d f : din
The present ey LAl dThop gL g ics Fickil ¢ 1P o€ R, MEBR P20,

b0/ 069, 875, distaldbrrarm} effadiereaifa prékitmal hahenuenceactid of awaisera frgrniPaofi hyr oi d
Hor mrone A parathyroid hornmone can typically be adm ni stered_parenterally)
preferably Bpdusdiacineofian arklec frasture 9 anbumerns. afiectyss of 3ribup FRFWHS wel |

known in g h%,f%frgm, &?ra&h?é?%éi&eﬁgﬁ,“&fa%ﬂ,fi@a%ﬁ qgfnbéae'.”ﬂ?e }%Im(od%r@%) that can
advant ageousl'y be’ emproyed 1n e present nethod dre descr! bed’in US.
Pat ent Appl iigodntion caebé adedNO d6EHEAL IOMSk of sueR fiaetipls @Al fdiardatifg fuehr ef erence.
This patent application also describes nunerous other formulations for

st orage and fzattires. STheatiskaof factusersadimyniglied and thwmealing\ofa &bctuieaedidsdbut i on of
a parathyroi.d hornone can jnclude.a stahilizing agent, 0 buff.ering
agent, a prd5EFYERE \;‘é,sf”é’_?'ﬁﬁi‘f‘ﬁ of?tlfﬁ‘.essrﬂgboé‘f"a gi‘?ﬁﬁﬁ ‘3@@% 'Pi HES'PBPat ed nto
the sol ution, KQUReSIvdRih sk YolessipBRIsKAL a\MBkrlinbfltktidesng gracchari de,
preferably a nonosaccharide or disaccharide, e.g., glucose, trehal ose)

raf fi nosey qemenpass!, ypsggadalavernml Aqucfarred sutfjent isexposghenopawsahi t ol |

sorbitol or inositol, and a polyhydric al cohol such as glycerine or 25
propyl ene gl gnd i RdeReadentiobe .%%W@F r@Eaclsm%ﬂer.aey R Lol or

propyl ene gl igq : FEY I - t .1 to
about 20 wt -é&g%?ne%%g&g%ﬁgg%&?%s to%&ﬁgﬁ%@%}b yh_eﬁ_{égﬁ%{flgds)gglu él?%nfl The

buf feri ng agaRbeREm!aO¥NBci 4t ahl8tage bPbitedbotdsis; BUPEPEdiIAIBNnGhe EAE dadesent
invention may be any acid or salt conbination which is pharmaceutically
accept abl e 3stvamgdstagabl e of nmmi ntai ni ng the aqueous solution at a pH range

of 3to 7, prefergbly 3-6. Useful bufferi systens are, for exanple,
acetate, artrate g’&?etnf HVENRQR progdes pmet ébp%?"fl‘é‘re SRUVE HEPTEY @ QEet at e

or tartrate : i : . = : 002 WO
001 10506 1- "BARFUES ﬂ%%ﬁ%@%ﬁ%.@g‘#h%‘%ﬁ%ﬁ#rgf f'%kn‘;fopfm%lﬁ%@rtgmy be in

t he range ofostdoputosid. [Rdr examgle the RBHRentihvantion esratedycethe iicidenodbft o 100 mM

vertebral and/or non-vertebral fracture, reduce the severity of vertebral fracture,
reduce the incidence of multiple vertebral fracture, improve bone quality, and the
30 like. In another embodiment, the method of the present invention can benefit

patients with low bone mass or prior fracture who are at risk for future multiple



The stabilized solution or conposition of the present invention may al so
include a parenterally acceptable preservative. Such preservatives include,
for 5 exanple, cresols, benzyl alcohol, phenol, benzal koniym chl oride
benzet honi um chl ori de, chl orobutanol, phenylethyl al cohol, InetBQT #lbcn,
propyl parwioa/1069si ner osal and phenyl rrerscuri C nitrate and aeeratse9y/18961
_preferred preservative is ncresol or benzyl al cohol; nost preferred is

m cresol . Tiskelgiwbractuess, Pich st paticats 1 vaehinigead @steapore s FrRYHePEBEIRL 0. 1 to
about 2 wt- % .H{eferably about 0.3 to about 10 1.0 w-% of the total
sol ution. Tﬁ%&', Yhe stabilized teri paratide solution can contain mannitol,
acetate |and ntres@kr WvhdtisteaR 2R8It W HsIE O subfef BorRitra@tRl aniRaNBBAR at SC.
The parat hyroid hornone” conpositions can, if desired, be provided in a
powder f or mfcontia methgd o6thenmveatibiaRoiXxtamples a whgte warieghdf subhpertts atessitldfs from
the 15 freeze-drying of a sterile, aqueous hornone solution prepared by
mi xi ng the $BEOEMAIC s&ﬂlatfwy%wdmfwgﬁb?veacmrft@maﬁrgsuawtm%}ﬁwga}n

stabilizing ri i ring
agent wnen ieae el RIBELHRAE A ook TR BHcByE hiF HaltnRel B B 00, o
useful st abiskélatangit@@LINSThAID) Ieteboiik YiksH 65 psod ®bAS ruchire el degicieanth
raffinose. 20 In addition) parathyroid hornone can be fornulated with

typi cal buf freingrabnHoesxampie necoveyif dynstion afterresusgery sechsasghiointze and

sol ubilize pr Olt ei ns for lg{%r enhe;al adm ni.strat iton. Aré reg}gagni zegf.&.,
phar maceut | CEPIACHRE&F-8 Riieq OF IR PT SRR RIFST R M LU Brossdnet B TP OREIE; n)
"Rem ngt on’ s, FRRIGFRREAIOh CRh imdroPO8ESto thd metdd et the ilRGHEioRY e SHAASA 6P »
Easton (1975). A parathyroid hornone can al so be delivered via the 25

| ungs, nout hthe imvenatiobyamsalgpad récovgry fomm brthapedic grocaduteatthainsanifitiate a

par at hyroi d hornone, is_formul ated for adm nistering a dose effective for
i ncr easi ng thongahe sike abahngrmalty lowhons mass arRos bopg ftEIcYIreawWhIGH PERGedUreg o nes

and/ or for r.edugi ng the.li [ i . . veri-ty. e.
Bref o abl y, "Siiigs el gt (BO80 RN BB N il PRRETRENE o e
structure, mMB&Sof nd/s@ictife8q@iedd reskctifif MiMlicktab@imaheEGréationange reduces
the incidence of vertebral fracture, reduces the incidence of nultiple

vert ebr alls f rraevemtion of pemithesis drifiefos eyampley Qtliersuitabdgsubljedts g peactice ahd/ or
reduces the [ncidence of. non-vertebral.fi-actyre. Preferably, .a subject ~
5°0'C T 2002 MeIGER 1oOn e ke R emtpepat Ry ERE S BREhor mone
al so receiv ' AeSrefiedd! Gl AT M FafhyPoidi¥th 6PploghessiBRance

t he effectse\g?@gé‘g%dg}(%oﬁe. A e?@gbﬁ ve e?(r)bgé %I%&%?r a)?ﬂlvrotd ?lor%ngne is
typi cal |y grefddyphodihan about 5 ~tg/ kg/day al though, particularly in humans,

it can be as large at about 10 to about 40 Itg/l:glday, or larger as is
effective 5 to achi eve increased toughness or stiffness, particularly in

cortical Eo to redu i esi nci dence of fracture. A subject suffering
from hyp&_ armm%_ re additional or higher doses of a _

parat hyroi d hor NnoMRs metfeld of tifeliRi@fifon R duRed el visk 85 rifiRA BESIAB RlcolBIERMY W t h
the hornone. Doses required for replacenent therapy in hypoparathyroidism

are known i rtraumea by incréasingdonafoughmeass,sstiffpess or bbthy {ranersifydonghngss or 0 PTH can
be observed at..doses | ess than about ~gl | - gl.day, ,or .even | egs than about
1 pgl/ kg~day. SUFFRESHB ‘Pﬁ!’r‘?é"%‘,‘;‘ﬁ%ﬁg‘ ‘é‘ﬁ?ﬁaﬁ’ﬁﬂrg?géh%k‘é‘dﬁf‘ﬂrﬁpe(aggb.a,“aonce or nore
each day or i r 6 . | } week) ,
or cycli cal |‘¥£‘§@"g“.s,%ﬁ’§'gm‘%h%§‘t°? )(g)rf (}% ‘g‘e’?’}“‘S °§’?B%§’§'§/dsd gfaé\gg%s&ftg ovvgsa by a
period w2k hostiffridslimass] dndlor etigngtt WitRiredreabatd the rdrigeiof tlecinorfriat pepdaiamnce
daily for 1-7 days for a period ranging from3 nonths for up to 3 years in
ost eopor ot i cPisfarpllyithe invertfanrpipyides ingrehsed leneld relasive ta therevehereslting

adm ni stering a parathyroid hornmone for at .|east 2 renodeli. cycl.es, and
o thar aw ng HERAPRFLRE RB RIS R oL, ShTaRng iohEiens, e Sk her
preferred regi ; | 1y ' | ki [ )

par at hyroid ﬂ%c?%gﬁ%n%ﬁ ;’;ngba}?ﬁ@lygb'gﬁa&g éoﬁhﬂfgé‘dtfgqgglgﬁg%ghﬁﬁnﬁl ﬁgﬁglfggén

wi t hdraw ng par at Qgrtaincchancteristicsfof bosd wheraisitredsedprovide infygasedbone t he

benefits of adm nistration of a parathyraoid hornpne persist after a period
of admi ni38t r EuBBRess pRd/op atiffitess. sSuph charpgterstiranginde bame zpmeral densiiyi on can

persist for C S ; . i b L1 Ok

adm ni strati MSQ‘E%JQ%S%@E%‘E@%JP%)Og‘g'dgﬁggﬁﬁg@%?ﬁ%gﬁgﬂdﬁo p%tgcﬁ{er%e
present i nveghbédia ndmber) GaBRAT Uficleheks, irabétulld# @ha Stheh BorieB 6B}, periosteal
pharmaceutical conpositions and to be used with the nethods of the present
invention. The kit can contain a vial which contains a fornulation of the
present invention and 30 suitable carriers, either dried or in liquid form
The kit further includes instructions in the formof a |abel on the vial
and/or in the formof an insert included in a box in which the vial is

r o o -, . Y b1 o N  ——




The present invention also relates to a pharmaceutical conposition ntludina
a fornul ati on of one or nore parathyroid hornones, such as human PTH( 1-84)
or human PTH(1-34), and that is suitable for parenteral adii ni St.r. &:ﬁ] .
According to the invention, a fornulation of one or nore p rdat(ibrﬁ' fﬁ

hor nones, WOM1886 human to PTH(1-84) or human PTH(1-34), cacTessssd:for
manuf acturing a conposition or nedi ca_mer?t suitable for adm nistration by
parent er al ZdfieAdecortial bene forpationy eqiticd ROESKY) cress se@pnelbbanstarscadsf or

manuf act ur i anpositions .l ncludi f of. tion, of one or nore

par at hyr of o 8% ARG ER 14 Dae At gt Relaflis? et imebeRorE o o
formthat i fshist aldrictéicPRIAERREY 0BdoMB bBihe ddtRdH ofBE iféanRl e, a liquid
or solid 15 formul ati on can be manufactured in several ways, using

convent i onal tecHiartpnecharaatarisycs af booe.rsuthats marronspdse andslaste modelds by
di ssol ving the ope or parathyroid hornones, such_as h n PTH( 1-84) or
human PT ﬂ%ﬁ‘)‘{gcfeﬁseg pé‘ﬁl‘f‘%%ﬁffa%I tog%ﬁpﬁs aagyoR S%@“%nggneat Ae&ppropri at e

pH, i ncl udi f . i N 0 of the
Crabi 1 zod SR Bt GBSty ShiChasBHdiRD kA b n i TR b RN ]| o
are il | ustr aifioldzr bnd. HEhusgeaptallg medusthgahesinod f bonk endexdlited ineeeakdsm t i ng.

EJ~AMPLES 25 Exanple 1 - - Increased Bone Strength and Density Upon
Adni ni st r at itewghaessrandstiffacss of bere, padhean reduce traidensa oh fraptse da @fdisiorenal e

intact New Zeal and.white .abbi RP._| NG . Pa, f th
et est an AR meErsGIiEDt 4 Sorte b ol dlfue AdeRRL ol atts B ffied0%o
appr oxi mpd elthe BorQinBAIMidSinerctscansughRbGhind 8tifned®oBbdii dnd/or'veh fediedd ed by

mean group body weight into 3 groups of 6 aninmals each. Two experinental
groups r eceiinaderise of yractheet i A deETedse Bu9neair s efthese diarastertsGepedntie/d cg/ day.

The control group was given 1.0 | kg/day . ~ 8 o c r 2002 WO 00/10596 15
PCTNS99/ 1896’%‘3%?@)%8‘"8?’?‘?8 thﬁ.‘@?(}i“ga‘?éﬂ%mé’ 1°8 ni ng 2% heat - i nacti vat ed
rabbit sera. PTH(;, § : L.Q4 : i t aneous
injections on S c}?fgﬁ%m%%{tﬁ? g&eﬁtﬁ%w{ﬁggm\%gﬁﬁgf ltséxsv{gg g{%ftggél{rné%il t lab chow
cont ai ni ng Gtifnessafand oDseddrat bbhesafdr exapie, virtpeéseatmeihod icrincidase thel ecti on

of doses was based on a series of prelimnary studies show ng that (1)
after a &% ngpeghngsseandiasstifpesppfpanesanclyding pliphonruch as gniliun. @legn i ncr eased

and failed to return aselin 4 hours, whereas. after ingl e dose
o 'S g ko) OLEr i fat ety f Rt ool bRn L O SRR Yl ARy
repeat ed i njeet LRSs@fdids f&eﬁ%nkﬂorféTdﬂ(alpréﬂharmﬁﬂéﬂxﬁdTh@ ihdrédtehent rise In

serumcalciumw th return to baseline 10 values in 6-24 hours, and (3) PTH(
1-34) at _< teughngskapddirdtiffoess ahn be favind thonughohotire bope, of 1dpahizedstorckdains. A set

of double alizarin labels (Sigma, St. Louis). was.given.i,.m at 20 | kg on
days gS and F%’%‘,‘(“I%ir?(f the boge. % }%ﬁmﬂké t%‘%lf'egszsﬂ}"pg‘bﬁ}‘g{c\é@%&fmgtc?n E?)uimg) \?\/as

given s. g, gh%éagza'b n&gﬁ Miie foughRddd afd/ofMik@EsstdT aSembt hikSor aﬁleam ts were

anest hetized by 15 ) random order sequence, approximtely 3-6 hours
after the | asdchamemctTonghnesoaratibrastifinbisadd hip/candredhereaged ibgtincreastnpothe hen
killed with sodium pentobarbital (.100 ng/kg), .injected i.p.. The right
hunt erus, bdPretmemns/or|stifBess of an iliag st Pnikiaq spynes nkpughaessiager suffress wer e

removed. 20 00 hem st [ M cal ci. hosphat I i hosphat ase,
creatini ne ac_)Ethil va?t_g ranclaP?’E)H}eéﬁe%\?%(rbey I,C{@gcéﬂﬁg}]w ?/“gz]glﬁ%ua%g/ro?zséﬁ%#gﬁ{ iRc hannel
serum anal ySpeiicléj"lzﬁhf?ﬁpdr%ﬁg!?tAdVaBégb&u%ty?ﬂ%"eH@éﬂ?bﬁ WertéRAfHERARNT S were
done on cortical bone of tibial mdshaft and on cancell ous bone of L3.

After saesi fpartionstdfabespinn eschmscerviaaldberdci€,rlombara sderalnandadr cancygealked in 10%
neutral buffered fo lin for 24 hours. The tissyes were, dehydrated in a
Or aded sri crpras) BEERRly(Bpeiestw o iei A MR TE B TR B hour s
under vacuund...fhg speci mens were then placed in xylene, 30 and infiltrated
wi t h net hyl neetmacryl ate under vacuum at 20 psi on 2 hours/step and 24 hours
infiltration scheThg cieasesin Shepgheless ahiifoe stiferbecandiet fourd inceaph of thespies ( Shandon

Li pshaw, Pittsburgh, PA). The speci nens were enbedded in 2% DDK 18 0 C T
2002 WD 00! 1989searpresoounasysn ong typeshthejoner Bypesof hpae chide spnigywar e

Di d Kni i | mi not on, . i f ti.bi t at 80 ~t
ssing a dPariateelre Eohge i e B ERRGR - RAP B LsortintL O 5565 G oy neat
Wi th Gol dner ihg fabiutEARE- Th@ﬁkﬁioﬁ%@tl@iﬁ%tiﬁﬁﬁ?éf&eﬁlyQH&E&iég foRkRRess 80 pm

thick were processed for dynam c histonoi phofretry of 5 fluorochrone | abels.
Sagittal secanddorstiffneisIhroaghk its affeasioRedncéiout addiogrti2zdlbonk coranaoeidaMagee
Scientific Inc., Dexter, M) at Sumand stained with McNeal's tetrachrone,
or left unstained for dynam c histonorphonetry.



Hi st onot phonetry was done at ~ 50x nmagnification, using a N kon

fl uorescence m croscope (Optiphot, Ni kon, Tokyo, Japan) and a

sem -automatic to digitizing system (Bioquant 1V, R&M Bi omgtyiga,
Nashville, TN). Bone formation and resorption in the peri gjttia{jﬁ-r 2002
endocorti ceaboanososnt racortical envel opeg,were measur ed acr opeTivo/e8vki r e
cross-sectional area of the m d-di aphysegl sections of the tibia.

Measur enent $odf aloanc Erabscianhene, hosedo Ndieh (annpetivedissuginatiaghed dan alshe cent er
of the lunbar vertebra,.O. romthe margin.of. the syrr.oundi ng cortical
TS shel | - TiHe ‘HcAheE] Sic/arsRAReRd fy e b RaRnEhRR L Fot fEmRBNRSCom t L ee. on
hi St oMo PROMRL ke ddQUTR15rh b aifi R kb din oy PYRE B by dMhimdt RirlaGHnfchd, Kani s
JA, Mal luche H, l\%eunl er PJ, Ot SM Recker RR 1987 "Bone hi stonorphonetry:
st andar di zata tendwf, amboreamnhsdielr e, synbol s, and units. Report of the ASBMR
Hi st onor phonetry Nomencl at ure mmttee". J. Bode Mner. Res. 2:595-610.)
20 Dynami € par angf@rehGAsReGHeh s IRFIYQB cHICEsASInG doughinessias SHiffBesscan 18 0 C T
2002 WO 00/ ~ . I 1 18 r : L.d-shaft of
fenmora and gr gg@%ﬂ??@% 8#@2&“’\% ?@é’ﬁggﬁﬁ%&’ggéﬁg%ﬁi %I’lll gﬁﬁ%ﬁ?’f %—Qﬁn\/\% gans canned

i N cross- sedhtlade Ryuéing itcideateof vepigbril GractussTe@hilg-inéi@edcct sp&ed) enpl oyi ng
a 960A pQCT and anal yzed using Dichte software 5 version 5.1

( Nor | and/ St rfsacsure, reducing inrideese, ofywgderapy fiagturd, sedvsingaineidencsref nper e neasur ed
i ncluding volunetric bone . m.neral,.densit B nmg/ cm crosssecti.onal
area (X-Area? a§ l,:ra%‘r\rﬁ’ Bandngineidenre 8EW¥‘3§P\[{°E{D < g Fglﬁ?Emamefﬁsséq“-

di mensi ogg of 148 x 148 x 1200 um Vol une can be cal cul ated by nul tiplying
XArea by the slice thickness of 1.2 nm The entire fenoral neck of excised
fenora i n | (Paathwtold Bémidikh et hanol , saline were scanned using a peri pheral

idual ener gy absor}lzti onetry é,pDEXA, Nor |l and/ Stratec). Specifically, apparent
bone mineral densh$ §ctiva apedigntcihe Fomppsiian oesplutiemmay imgorperatedbs Billyi ner al

tent (B . rea ' { f. O 1. 0 d
hreshol o of B 4EnEaaRIERs of Birnty R Ros AR Bliclay T hnITIERY o vere
measured i n {EEH (§-98) obigined eithé}ire’o%m&iharﬁ%by B@pth&%ﬂfes%r biPeR@sctionr e

resected, cleaned of connective tissue, apped i n"gauze soaked in isotonic
saline anfl ffrapdmman fluRDSaenfor kxamplei Hch. PaE. Nox. 512081044 imegrposgtethareins wer e

thawed for 1-2 hours room t enperat ure. ecimens were 20 tested to
o lure tn dreradic The SmsteaaHense 5y i B Torerabhy KERWaIaF aul | c
testing mcﬁh@oéﬂgﬁﬁwékwl BBRAPO! 1 §2): MY . Load-deformation curves were

recorded using t A measur enent plotting system (Hew ett Packard,
Camas, WA). U ti nBliecontpositionsaxolution frayeatsotihedrpspecismase igsediem)
stiffness (the slope of the linear portion_of the |oad-deformatiaon curve)
and work to fregmenteorvariants of fragments of Bumag BTHATH Fak pessineanhevinetdit

and i it e dol. Sciontifle
vader .y GaffERE Hn BIHR G Pt Gbed 1S Mypd@0bBleedRi AL B O ©
intrinsic W%&édpa}os&rremfeuib@f%memanmﬁdbcnf[e%gge,r19@'31; 3%@55373;.1993 " Basi c

bi onechani cal neasurenents o6f bone: a tutorial. Bone 14:595-608. The data
were normalized t Bhoprrahyroidhbermost fragatestsidekirahly peotparste stitshstake Bt 28 t i mat e

oL ess (I St S5 s, RO ELIETS ST HA . LAY 46, BP9, (et e
vol ume) whi Cﬁﬁfﬁ%)’lﬁ&ﬂ%@-ﬁ?ﬂﬁ ).Okltéﬁ%ﬁv%q FORRE of PTH variants incorporate

25 from 1 to 5 amino acid substitutions that improve PTH stability and half-life, such as

the replacement of methionine residues at positions 8 and/or 18 with leucine or other
hydrophobic amino acid that improves PTH stability against oxidation and the
replacement of amino acids in the 25-27 region with trypsin-insensitive amino acids
such as histidine or other amino acid that improves PTH stability against protease.
30  Other suitable forms of PTH include PTHrP, PTHrP(1-34), PTHrP(1-36) and
analogs of PTH or PTHrP that activate the PTH1 receptor. These forms of PTH are

embraced by the term “parathyroid hormone” as used generically herein. The



Y 18 0 C T 2002 WO 00/ 10596 tg PCT/1JS991 18961 Fenoral bone strength was
nmeasured at the mdshaft using three-point bending. The fenmur was
positioned on a fixture with the anterior side facing towgr I r.
Load was ap(ﬁ)l i ed on the m d-point between two supports th taiv@tgm
apart. The&vQeHWS¥e| | was displaced at the rate of 1 mmi sec PaMUS99/48%61 ure

occurred. 5,To nornmali,ze,the data obtained fromthe | oad-deformati on curve,
ol necul ¢ hdedes R Spled P R R B R Gmet  shlPec BeReSh guatis ol 1/ 81

(1) where 6gedcsibbciiRY Phf. mm.@s%w@ms,ﬂﬁ,m.m%rwrétwﬁ&@mf&gfCe1 L is the

| engt h bet ~~~een supports, r is the radius in anterior-posterror direction,
and | is theeferen@nt of inertia. 10 1d. The value for the nonent of inertia
was cal cul ated, assum ng that the fenoral cross-sections were elliptical.

Aver age cortical 'hepefersadhermene i human RIHEA 34k alsn knovesas wepaaitdenent s nade

g tal ca S IR urh g A TRAY, b 88 BB lB P RS
(Mtutoyo, HAPFH|1-33% thdtasd be Bdl {5the bres&ift AL ark dederibes irfBIC Ul at ed

sl

using the foll ow ng equation: E‘P- stiffness)*(L'/481) (2) Toughness of the
f emur ( TougRaessAppicetian Seridldi e HI0L690 76 sinperpotatedfheir¢in by meferegemt i on: 20
Toughness 3*(work to failure) *r. /LI For, t he nechani cal testing of
fifth Iurrba!dr%‘?]tﬁé%foémf Egﬁum%'blp ﬁ‘%h’a‘;&%’)@t‘?gbﬁfe"ﬂ‘éﬂ@é?t‘ resenhBaiotier e cut
paral I el ushpiederfiidahh /.S BRSR Appliedichseidl RV d/GSER £ indoffdraky RAEHON, 1L).
After resection of the posterior processes, nechanical strength of LS was
nmeasur edid nbgoefpreassi on. The conpressive | oad was applied in stroke 25
control, with a cross-head speed of 1 mm sec through a pivoting platen to
correct for nonparallel alignment of the faces of the vertebral body. To

normal i ze tz%nﬂ%éﬁgg Al tr%ﬂo{gl[l%‘i’n&ﬁ | oad- def ormation curve, and to

eval uate i ntH at—properttes that are independent of bone
geonetry, ulti maAeparhthgosd Wedndirlcal kypictlyds aﬂﬂ‘i};ihthiddrﬁa?@ﬁ@alféggﬁ‘e@’crdtbly| ded by
the gross cross-sectional area. , 30 Cross-sectional area ( ) was

cal cul at ed by sdgAtangbustinjeg)ion, by methods and in formulations well known in the art.

15 Stabilized formulations of human PTH(1-34) that can advantageously be employed
in the present method are described in U.S. Patent Application Serial No.60/069,075,
incorporated herein by reference. This patent application also describes numerous
other formulations for storage and administration of parathyroid hormone. A
stabilized solution of a parathyroid hormone can include a stabilizing agent, a

20 buffering agent, a preservative, and the like.

The stabilizing agent incorporated into the solution or composition includes a
polyol which includes a saccharide, preferably a monosaccharide or disaccharide,
e.g., glucose, trehalose, raffinose, or sucrose; a sugar alcohol such as, for example,
mannitol, sorbitol or inositol, and a polyhydric alcohol such as glycerine or

25 propylene glycol or mixtures thereof. A preferred polyol is mannitol or propylene
glycol. The concentration of polyol may range from about 1 to about 20 wt-%,
preferably about 3 to 10 wt-% of the total solution.

The buffering agent employed in the solution or composition of the present
invention may be any acid or salt combination which is pharmaceutically acceptable

30 and capable of maintaining the aqueous solution at a pH range of 3 to 7, preferably
3-6. Useful buffering systems are, for example, acetate, tartrate or citrate sources.

Preferred buffer systems are acetate or tartrate sources, most preferred is an acetate



~8 0 CT 2002 WO 00l 10596 19 PCTILS99; t 8961 where a and b are the width
in the anterior-posterior and nedial-lateral directions. respectively).

El astic nodul us of the vertebra (E, .) was cal cul ated by
E,.--(stiffness)/(CSA'h) (5) 5 where h is the cranio-caudal th@ @it 2002
vertebral wagys1edgughness of the vertebra (Toughness,.) was peglhiidbaiRd by
Toughness (work to failure)n(CSA*h) (6) Keoustic ni croscopy 10 500-pmthick
cr oss- sect i ossureer Eheeancénteamon lo€ boffer ayaphinsthe rarfge tolfiebanit ghtiMhoabous530isi ng a
di anond wire saw. Precise thickness of each speci nen was neasured using a
mi cromet er ( MM utretgEably aboii ¥ M 19 1084@Myt i on of 1 pm ~ Acoustic velocity

measur enments were i . i ic mcroscope ( LUk a ympus,
Japan) by the net Eggg%le’l‘si’iz‘rﬂ?g%%'%&%&gﬂ%ﬁ&%ﬁ?%@s%%}an[lnk?nurl)ol?rél] é , IS
Recker RR, WhchdeBYarédterallp @& eplabRprésertiopes fidtosre vk ERRRIdR! for bone
measured by scanning acoustic mcroscopy". Borne 16:85-90. Using this

techni que5 dexamplectresels, berviyt aleehslapticnal, bprzsponiune shlatide batetimennf ocal

VR "was  usedcRBnge oicpiain menilef S5 HetIbodabid HORY PiEns0 M | ens
produced an @t ' r 94 ' ' : 1 mens
here tixed t SAHspCarRGEhy R AFRMAUCEAF R0, WrLBntd BIREL A IR e

t enper at ur e ¢cR26l)or beriydldohote st preferred Gomsdresn] watie samowitlofpieservhtioen t he t op
of the specinens and those reflected fromthe bottom of the speci nens was

measur ed usi SEPloYES giayamrngssfzom abawbhbio gbpts? Bde, praferably sboupBdvembeow, OR) .
Del ay tings e r at, five different |ocations such that 25 each
site msnﬁorﬁ%%?%égego%lfsf)@&ogach other in the anterior cortex of the
humer us. Acoust i ¢ Thak QRé sibiNiR&d ©Ap&Hlidd fAutih daf coftalBakilidt iRemte #id m-

speci mens, divided by the average delay tine. Wt weight (VW) and submerged

wei ght (W) icresdlO@ith efphadicted shetfelifewof peernidasomtbsla®Cng a bal ance (AJ 100,
Mettler Instrunent, Corp., ightstown, NJ). Wet densi (p) .was. cal cul at ed
usi ng Ar chi medes' ?hsaawhmgﬁa%gnobmmw@w ﬁt}-ﬂg%rwﬁfo?)m vided 9G¥ | 0596 18
0 CT 2002 P . I Sy f ensi f ol
(0.789 g/ cnB?g(vgség%#n%gnﬁﬁ‘éé%ﬁé}u%é&g%éqg%@\xa@agﬂ @%{n}g&gg fﬁ%hngg%nous,

the el astisc @ReiddGirpdf  Qrile cdguessHorgnd fduticH preped b iikihp eisesseldctddne
specinmens is cal culated: C=p*v' (8) 5 where p is wet density and v is
acousti ¢ vel pefathyroidihorngne, ebufgring geans aghs stebilizingagrytss gbqeesdaseraled: o check

homogenei ty (fifspé/czlaz{liya&]s%gjl a\s/\!l] %Hff\éré}rrxgl z?g%%? when preparing lyophilized powders is a

tartrate source. Particularly useful stabilizing agents include glycine, sucrose,
trehalose and raffinose.

20 In addition, parathyroid hormone can be formulated with typical buffers and
excipients employed in the art to stabilize and solubilize proteins for parenteral
administration. Art recognized pharmaceutical carriers and their formulations are
described in Martin, "Remington's Pharmaceutical Sciences," 15th Ed.; Mack
Publishing Co., Easton (1975). A parathyroid hormone can also be delivered via the

25 lungs, mouth, nose, by suppository, or by oral formulations.

The parathyroid hormone is formulated for administering a dose effective for
increasing toughness and/or stiffness of one or more of a subject’s bones and/or for
reducing the likelihood and/or severity of bone fracture. Preferably, an effective
dose provides an improvement in cortical bone structure, mass, and/or stfength.

30 Preferably, an effective dose reduces the incidence of vertebral fracture, reduces the
incidence of multiple vertebral fractures, reduces the severity of vertebral fracture,

and/or reduces the incidence of non-vertebral fracture. Preferably, a subject



was honbgeneous, one-way ANOVA with Fisher's PLSD tests for post-hoc 10
conpari son was applied. Wen variance was not honogeneous, Kruskal-Wallis
non- paramnetri c anal ysis of variance was applied, with pos?-go anal ysi s
using Mann Witney's U-tests. Statistical significance wa 5{30-5%!‘]10?
p<0.05. Re¥\@0®l0a¥e presented as nean ~-,,SEM 15 Resul ts Bo#gTmspghidsand

bi ochem stry Rabbits treated with vehicle PTH(1-34) at 10 ng/kg/ day.

exhi bited m ﬁ?fFWi"%s;lPaéﬁ‘M%de h?fﬂt?&aﬁlsaé?cﬁmessgf 1ve 4pSeg Af salchuh AR ¥ilgiipen PTH(

1-34) at 40 d o] : [ _Wei ght,
repr esont | ng 3 b (PP et I hebREheTRR et vt e b pBIRN I
(Table 1 ). S@ﬁhﬁﬂeﬁ?@%ﬁ&aﬂ? gY@ tintaBbi 3 @k frahyRlthdual Spti€dagpin r esponse
for rabbits, although small increases in serumcal cium and urea nitrogen
wer e obser velumsas; itmanlbeab iange ghabeyHAtta gbolt 40 edgidhybyr Rrdeplaslisatffectiee hi gher
PTH( 1- 34) dose (Tabl.e ZMZS Tabl e'fllﬁl- - Effects of .PTH(1-34) on, Body
Wi ght contr of eve ingrpesp foughness pr si e—%Pﬁ‘@‘FH‘éay Foeorfr foasy Bt reduse body
wei ght (kg) : - j V=] ) 3.70
70053, 51 1 ge ey At s e autein fol bRk RASKI UG R ghie

0. 05-0. 05 ~ addifdmdion higher dosps efsspiathgroidlanmon&hith o suledtaiso reguipsar

group.' ~P<0. 05 conpared with control.5 Table 2 - - Effects of PTH(1-34) on
Ser um Cheni sTSRRSSAERbherRPY Yiththehemong Doses required fprisplaggment therapy in

tt g/ kg/ dayCal.ci . . . G 21 3 f U 3*P (mg/dl)
4.7 ~ 0. 24. 75@%@/@% %‘%‘ﬁ’é’f"ﬂn%ea%ﬁd&p‘ﬁé?%%ﬁﬁaﬁﬁf% r%ﬁ‘.’#ﬁ’?ﬂﬁ&%ﬁ&. 0~
8.149. 8 ~o/. POHERI v dhRerve®attiosesliesd thrarDabblit Sug/kgliad lorteven tsd tia@abbid r ogen
(my/dl) 18.3 ~ 0.318. | ~ 0.823.9f 1.9'9 nvo~o|.g)ata are expressed as nean ~

SEM for 6 ralpgikgddayer group. *P<0.05 conpared ~ith control.~0o oN WD
,0011059G 22 Hi stocl%rS horretgél 3{)8 0.C T 2002 P*C%-IZ US99l t 8961 Bﬁge formation
on periosteal (Ps. ymof£28 b dARsterst regplarydRe) oops LUK Sich dRROY | b 4

mdshart | nctgaeethl R 3 inAANSAARUNS o TRRLE oR by BEIERR, 1 0 the

hi gher dose group was si gnificant eat an in the ot " groups
(p<0.001 ) amnekukrlyMoB® period bfddys ghweekddsiovegdobipa periodsiigiiout iadmiriistyat@ngat er
than in the control group (p<0.0S). Consistent wth the increase in_serum
al kal i ne ﬁhog’mfaqahyel?ﬂrm@mwm onge daityefor dn/ days Horsaperipdarapgsg BomBE and

Ec. BFR/'BS) were significantly. gr r..in t | [ . . t he
ot her ? gr pu&on&&‘g? B%)t(? ?Mgaﬁgfrg?s °ai%§’c‘>’8 FP ?t%eﬁx?sr. grg@?%)%rglﬂ%ﬁ%g{fusgrﬁgﬁ%e on
ei ther periosh@ades %nﬁ’rﬂﬁeﬁ% b b&rdthyldid BORIne #6Sat 1d28E 7 Asddelifigldles Addle number
of resorption sites (Rs.NICi.Ar) in rabbits given PTH(1-34) at 40 pg/kg/day
was signi fi cavithidyawing paesthybgid hofrodng, for #tdeast hremadebingeycle. Another preferred

regime of cyclic administration includes administering the parathyroid hormone for

20 at least about 12 to about 24 months and withdrawing parathyroid hormone for at

least 6 months. Typically, the benefits of administration of a parathyroid hormone

persist after a period of administration. The benefits of several months of

administration can persist for as much as a year or two, or more, without additional

administration.

25

Uses of Formulations of a Parathryoid Hormone

The present invention also encompasses a kit including the present
pharmaceutical compositions and to be used with the methods of the present invention.
The kit can contain a vial which contains a formulation of the present invention and
30 suitable carriers, either dried or in liquid form. The kit further includes instructions in
the form of a label on the vial and/or in the form of an insert included in a box in

which the vial is packaged, for the use and administration of the compounds. The



groups (p<0.05) (Table 4). The nunber of | abeled osteons (L. On.NC.Ar) in

rabbits given PTH( 1-34) at 40 pg/kg/day al so significantly increased )
conpared to the other 15 2 groups (p<0.01 vs the control rg)lti .‘pm

10 pg/ kg/ day group). MAR was significantly greater in bot Qt roups
than in theoeomsve! group (p<0.01 ), but there was no signi birgaRbo/18961

di fference between the PTH treated groudé. Bone formation rate (BFRBV) and

activation finstmpokonsycag Also b printed en thecboxpr@viiech tha diab ssGhadliagedeThect i vel y) at

bot h doses. ;20 Al.t hough bone area {B. Ar)_increased at both doses, a
si gni fi cant l@ﬁWF@?’Eﬁ@étaWdﬁoﬁﬁP‘}oq%@hés pifigienndaspge andpdenngsationgr oup and t he

control grou Lro cr.eased .aft tre t, but
was not sigh ﬁ?ﬁpﬁga;hqnlsy %I%'TI\YEP’Jen If\:/ﬁgﬁ[thrag‘@l@?t% gd%%\?‘épm@?ﬁ? i cal
area (C. ArkhitR vidiRerth qﬁ%lmﬁemamg Ehy@setct] Rk, bf RBhiiYial WadlRight han t he
other 2 groups (p<0.0001 vs the control group, 25 p<0.05 vs the "l ower dose

group). @ . Admimstetthe doger dose group was al so significantly higher than
the control (p<0.05). Simlar.results were found in %Ct.Ar. Cort

porosity (Ct.Po) RSB ‘Pgerlji"&‘ op¢fates fo 8 phagpaceptical Gpmpgositign M&“défbubl e
that in the I RYH(1- 34)
at 40 pg/ kg/ ggf/}h‘\rl/\lfglslmgl)s( gdﬁgnrig? ﬁgl)r?ﬂ'}})ﬁgldc}%ﬁ% 8 sosééguarsq‘?g{é%%&% g{eﬁgw—gver,
porosities 3ﬁhﬂaa3PT\H(ﬂ¥ﬁ4r), daniehatidadnbld foaparentpd ntimedistraion, Adcbhiimg fohat

| ocation, are unlikely ~aoc T 2002 W) 00/10596 ~ PCTII JS99; 18961 03
contri but e fthae mvswwharﬂ%mlatw@ﬁgﬁﬁr moreppraliyeeidinganengsesich@s hugal bone

f
9 Tabl ol P1HG P of nifen BERET3S) o B 856% B R TR RS imgPbitl one
remodel i ng Qhedi¢dphent sultaBR¥of hdhti ARRILE b MARINRhBddnaRRaRisR ! THHnvdnd) PTH(

,1-34) p 10 Itgl kg/ dayO 4U | egl kg/ dayOEndocortical osteoid surfaceEc. OS5/ BS
(8.8 f G GlB.relates IQnBA®AS for rBarBfantunng ¢irupdsitostséniluding adhmesdstin ¢ Th

(um7.4t 2.43. 7t 2.38.1 ~ 9Peri ost eal m neral apposition r P

b day) 0. 306 opmorbpaathyTa BamREES Sugh ¢5 ivask B1H( AR of fisnah b B0t  on
%a;SrE;I :VIZA\:Q ng(g ? %cehé%ﬁ/g?tg%ﬁgé%&éﬂapﬁhmﬁ gor& gﬁgﬁ#‘leoﬁf}%ﬁlg X, osgg(ritl cal
m ner al i 18 ndofmmilhaeredt. Bh R f4ctrds irfsdvefal 6d3s QusingBod®dntibnkl kOhrAgiRR! i20St eal
bone formation ratePs. BFR/'BS0. 02 ~ 0.020.U3 f 0.0i0.1G t

0. 05*r ( pm / giaRid/formutasion can bamapefaeturasibipdissolving therneRrFRaRElTA® ~ 0.1 00. 31
t 0.100.72 ~ 0.12*# Fn1/| ne/ re e nt . .SEMfor 6
rabbits per @FBBBC ‘Ebéségméﬁr‘?ﬁﬁ(ég%ﬂﬁ ?ﬁ]glﬁagbgﬁ)dﬁgt‘%&%}(% with
PTH( 1- 34) 1(§u91%§<941@93ét arpaﬁ])ropna”fé’pﬁ QcNdlng@fT&?BPotﬂer excigiedt€gbs of PT~I(
1-34) on intracortical bone renodel I ng i bi al

m dshaf t . Parexamplerte Al ene @ﬂthomablhnzcablscﬂiihiéns]de?;dx)'tfé‘mheteiﬂam):. p 10 pg/kg/ dayO
40 pg/ kg/2 (()jay

The examples which follow are illustrative of the invention and are not

intended to be limiting.

EXAMPLES _
25 Example 1 - - Increased Bone Strength and Density Upon
Administration of rhPTH(1-34) to Rabbits

Experimental Procedures

Female intact New Zealand white rabbits (HRP Inc. Denver, Pa.), one of the
smallest animals that form osteons by intracortical remodeling, approximately 9
30 months old and weighing 3.25-3.75 kg, were sorted by mean group body weight into
3 groups of 6 animals each. Two experimental groups received biosynthetic PTH(1-

34) at doses of 10 or 40 pg/ml/kg/day. The control group was given 1.0 ml/kg/day
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24 hours infiltration schedule in a Shandon Hypercenter automatic processor

(Shandon Lipshaw, Pittsburgh, PA). The specimens were embedded in 2% DDK-
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turnover. Previous use as an osteopenic nodel, presence of intraconical
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grow h and early skeletal maturation (by 6-9 nonths), fornmed the basis for
selection of the rabbit 15 as a nodel in which to test the effects of
intermttently adm ni stered PTH(1-34). Rabbits can exhibit a wi de variation
in serumcalciumlevels (10-16 ng/dl)) but these |levels are not directly

i nfluenced by the anmount of dietary calcium another advantage of the
nodel . Al though transient significant increases of approximately 1 ng/m
were recorded in rabbits treated with PTH( 1-34) at 40 pgl kg, the actual 2o
val ues were always within the known physiologic range. In the current

study, biosynthetic hPTH( 1-34) for 140 days increased bone formation rate
intraconically as well as on periosteal and endocoriical surfaces.
Intraconical Ac.F increased in the | ower dose group by 8X and in the higher
dose group by 20X. This led to a 2-fold increase in conical porosity in the
tibiain the 25 | ower dose group and a 6-fold increase in the higher dose
group. The data from
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slope of the linear portion of the load-deformation curve) and work to failure (area

25 under the load-deformation curve before failure) were measured using a digitizer
system (Jandel Scientific, Corte Madera, CA). These parameters are structural
properties which depend on intrinsic material properties and geometry. Turner CH,
Burr DB 1993 "Basic biomechanical measurements of bone: a tutorial." Bone
14:595-608. The data were normalized to obtain intrinsic material properties such as

30 ultimate stress (maximum stress that specimens sustain), elastic modulus (material

" intrinsic stiffness), and toughness (resistance to fracture per unit volume) which are

independent of size and shape. Id.



rhPTH( 1- 34)-treated group was used for pharnacokinetics, wth sanpling
(spanning 0 to 240 m nutes each tine) at baseline, 7, 11 and 17 nont hs.
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mass were assessed by dual -energy x-ray absorptionetry (D g pZ Z
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20 Toughness=3*(work to failure) *r’/LI (3)

For the mechanical testing of fifth lumbar vertebra (L5), both end plates of
the vertebral body were cut parallel using a Buehler Isomet slow speed saw (Buehler
LTD, Evanston, IL). After resection of the posterior processes, mechanical strength
of L5 was measured in compression. The compressive load was applied in stroke

25 control, with a cross-head speed of 1mm/sec through a pivoting platen to correct for
nonparallel alignment of the faces of the vertebral body. To normalize the data
obtained from the load-deformation curve, and to evaluate intrinsic material
properties that are independent of bone geometry, ultimate stress was calculated as
the ultimate force divided by the gross cross-sectional area.

30 Cross-sectional area (CSA) was calculated by

CSA=nab/4 4)



Young's nodul us for each tetrahedral elenent was derived fromthe original
voxel densities and nmaterial properties froma beamof cortical bone mlled
fromthe fenoral diaphysis of the nonkeys. Each tetrahedrajl sh_was
rotated so that the 20 bottom surface of each vertebra vvag ﬁrﬁ&Eongh a
pl ane. Li n¥&¥0080%6tic stress anal ysis wgg then perfornmed foPCEES/IB9E npdel

in which a distributed | gad .qf .100 N was appl.ied to the top surface of the
cent rum per‘ﬁg‘?{aia(?ﬂf’ rarg g'et"ﬂgth% eo“mt'iﬂoéﬂ’é’%ﬂf”i ‘H‘dt‘ﬂélgblla'teb"ﬁ]dgﬁ?lf%e was
fixed in theregﬁercﬁ%l}zﬁ” of loading. The resulting axial strain contours were
eval uated, as were e BMD distributions, and conpared 25 between PTH and
ovari ectom zed. AElabtid modelaobithe oertebt(E Yeastdlyuiabd Bach voxel is dependent

on the extent to which each voxel is filled with bone as opposed to soft
ti ssue. ResuUEéstEBeRESA%)of differences () the text are statistically

significapt, n<0,05. Al .anj . gl %40 9% of initial body weight

duri ng Che S‘f’ﬁ%{ghilgggpc(gﬂggﬁ{m'@Eﬁlgﬁg{f‘ﬁgﬁ? ralbodys’ 5 ¢ T 2002 WO 00l 10596 -~
33 PCTI US9911896t T SihnBIsdTehel FerieBraVEaeshingss SREs N @sdispel ol | evel s at 3 and
18 nonths were below ~ pgrrnL in all ovariectom zed nonkeys. \Wen neasures

of cal ci um hbengbsessiF(wonketodaidwrnPdC84*hb shi@n control s, ovari ect oni zed
controls had | ower serum cal ci um and phosphate and 1, ?5-di hydroxyvitam n D
| evel s, but did not differ in endogenous PTH, urinar~ cyclic adenosine

mnophosphatgc&&ﬁ\@icmyg# gary calcium wurinary creatinine) or serumurea
ni trogen ne after last injection. Animals treated with
rhPTH( 1- 34) had | $0Gpumsthick ergskb-esinions wered cutionethe agedidphy$d bf thertghni gher

1," ~ 1o dihydroxyvitam n D and urinary cAMP conpared to ovariectom zed.
Ser um bone fI3HRgHS ByingA diagiond ydEgsaws Faorise thicknesswh eaddioPseiimeadvasonkeys had

| ow serum total alkaline phosph ALP) _and ost.epcal gi n_coppared to
shans. | and. rRemed g CrRRERRRAGard bl o RSaERRT o L e TRIRES
C-tel opepti d@el&&lﬂﬁéﬂsﬁﬁbﬁen%&r@ﬁa@@usiH%ﬁ@ca?iﬁnir% RbefRaMcFRLopE(UTey, of bone
resorption, was not altered by rhPTH( 1-34) 15 conpared to ovariectom zed

control s. Bolynisslapaeytyl the sletiiodtdascribed pravirasly byxidasegawa KaJutrer &H, body

BMC, was increased significant] YooPTH(1-34)  (Fi.g. 3). Spine bone m neral
density {{B e&@ﬁgﬁngg“ Eoé%% gc’)gll%n ngiPEQPFH ?&gStE‘b‘;ﬂ'ﬁ"ﬁﬂp'I%mFd?eafBre nt hs,
whi |l e sham ¢ S, o Gal Lap el y 3 el i.ne: ( Eil 0$.:1.4A- 4C and
5A). rhPTH( 0 Rhine 46060 @%P%%ﬁgmﬁ‘glf 1G55-90 NFna R tochf 'e‘:’('g’o‘%ia i

m neral cont@fins(EMechanicglisropéiiedat aupleted G80al poipecanchel medsamdl iA080 MHgS.

4A- 4C and SA). Spine bone mneral content also increased (Fig. 5A). In
r hPTH( 1- 34) - ransduesd (¥rifabaameinss, WalihamMA) §fas pscd tocaeacrialicicels®s was

s ont 11 cant |y TLAUSLy LRal, KRAL Al QYEFARLMLARLAGRILEGNS el o ched (PTH

1) or exceede not alter BMD of

the m dshaf t agprotlivated) 60 gﬂi inSdianldier. Spesitnens Mercdald tatigebdtont bEa Shamsdeaf t
increased by 7%in the PTHS group. In the proximal tibia, there was no

i ncrease i n filebwithectéranednstantiempartaturp K229C1- Balpy itinsr befwesh ®NIstiend BMVD
\(;MQ{YE S; :\?mf OB%%V%\r/fgﬁiec%g& gcwm%ﬁéj toﬁ%ﬂl{eoslpgéimginé anrziot%shesreﬁfeéteeé fr;[.){net cta ggt%m of>
| the specimens was measured using a digital oscillosocope (TDS 620, Tekronix,
Beaverton, OR). Delay times were measured at five different locations such that
25 each site was more than 300 um from each other in the anterior cortex of the
humerus. Acoustic velocity was calculated as twice the thickness of specimens,
divided by the average delay time. Wet weight (Ww) and submerged weight (Ws) in
100% ethyl alcohol were measured using a balance (AJ100, Mettler Instrument
Corp., Heightstown, NJ). Wet density (p) was calculated using Archimedes's
30 principle:
p={ Ww/(Ww-Ws)}*pETOH (D



BMC in the spine and fenur neck renai ned higher than ovariectom zed
controls, with no change in the cortical mdshaft of the hunerus. 18 0 C.
T 2002 WO 00/ 10596 ~ 34 PCT/iJS99.'| A961 Bone Strength rhPTH( %ﬁﬁﬂ

i ncreased strength (F~) in the vertebrae by up to 43~a (Taﬂl sO 02

Fi g. SB). WoRDHspé34) inproved strength jon the femur neck (fraramosupot o
12ro 5 (Tables 7 and 9, Fig. 6A). rhPTH("1-34) did not alter neasures in
the corti cal Whera &R 1sghe 8??&?“Ml9ﬁék8§°1 dSH&em) TASFEBINg the@couglic waye t he

material properties .of m ' chined fromthe fenoral diaphysis
(Tabl es 7 an%ﬁlé‘,i a’ﬁngt?onggﬁo 1§§&§g%§§$g& fcocogg@q?rggﬁﬁqpfggmé%ﬁ‘pdpgn_ngf:n

ani mal s treajtFheWd éfthé §iétithers is Sfldulh@d: 12 months and then wi thdrawn from
treatment for 6 nonths, bone strength 10 neasures renained significantly

hi gher than Owptwect om zed controls (Tabl e€)7-10) Figs. SB and 6A). Table 7
Vari abl es Reported for the Third and Fourth Lunbar Vertebrae (L-3 and L-4),
Humer us MP dsWHSTE P IpWsk AeRsItY Padd ARACoNBlEkVela#lY- Fenoral 15 Beam Speci nens

Vari abl eUni t sDescn uonLunmbar Venehrae. L-3 and L-dAmm Cross-sectional
areaF, NYield force is the force at a 0.2ro oftset SN mSl ope of the |inear
portion f theuafi9icaeailvsl acement curve (SlIt~flr55)aM aYield stresseEM
aYotina's noduluSHUNtrus M dshafttnmmAvera a conical thicknessFNU tinate
force is the nmaxiRantlett@ndysis was ygaddorebeckcomaegenbisy afhuSinornSMBs vafiaidee

| i near portion of the forcr-displ nt. curve nessl here's

St 11 neoany) PRmOE B0 G i eR AN It FREEGRESD LS br ooiidiac ¢ o
failure)Rpoxg &Rk k iy j Xi i t he
speci nenR?:anédv?\ﬂaﬁsEt anﬁﬁg‘?ﬁ}ﬁeu@'!ﬁv"s%% %g%ﬁ]&goina gescgiféM%F}?ll qn%?l gs stress

' EG aYoune' snorephrbmstric-adhlysis of varanch mes appliddt, withtposshociamaliistadmeMann-

Bi omechani cal _Measures of Strength in the Spine (Lunbar Vertebrae, L-3 and
L- 4 Conbi nedVhiinesy Hrtegtst Stafistical significancs was asgrihgsat <Oy iRasnlts argni t s)
Sham OvXCont roL%lFTHI PTH%%%@I’ HS

PTHS- WA( -1 B BYes35ane 303 20900t 2. 3873f 2782. 8t 21F, . (N 1738 t 521499 f
9471915 f 1051899 f 7321 13t 77 ~i792 t 59S M mm 7312 f 3195805 t 476 770l
f 4747401 t 4528012 t 3677074 f 314Q- (Msa)19.4 f 0.617 3t | 021 9t
|.321.1 t150.BesulB8 t | 1'~21.9t 0.9E (Ma)650 t 32546 t 49717 t 48659 t

42759 t 3669 41 Abbrevi ati.ons: OVX=ovariectom zed; PTHl1=rhPTH(1-34) 1
pg/ kg for 18@&&@@% WCNFIEY hdrawal for 6 nmonths after treatnent with

rhPTHC 1-34) 1 pogkghifsQfeattd with vehicle PTH(1-34) at 10 mg/kg/day exhibited minor

increments in body weight over 140 days. Rabbits given PTH(1-34) at 40 pg/kg/day
exhibited a small decrement of 51 g in body weight, representing a 1.4 + 1.6% loss
20 inbody weight during the experiment (Table 1). Serum measures were within the
normal physiological response for rabbits, although small increases in serum
calcium and urea nitrogen were observed. Serum alkaline phosphatase increased by

2-fold at the higher PTH(1-34) dose (Table 2).

25
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"See Table 4.1 for description of variables bData expressed as nean t
standard error of the nean (SEM. Statistically significant conpared to OVX
controls (p<0.05). SStatistically significant conpared to ahggbggftéd)df
(p<0.0S). 35 Bone Hi stonorphonetry 18 0 C T 2002 WO 001 105

PCT/ US99/ »O®Y10896 hough turnover rates were greater in ovarPeETUSYNBEE t han.
sham controls, there was no significant ||oss of bone volune in the iliac
crest. As the tetracycline | abel given 6 nmont hs was not detectable in

mane ani mal $isonpogphametiyc parameters were neasured for this time point.
Static and dynam.¢ histonor phonetr t 5 nt hs 0 t hat
treatment wth rf%ﬂq(@gﬁ‘%)oni meé‘ﬁééap@é'mlsiﬁgdsﬁﬁéoﬁﬁcé dto
ovari ect om zggh RARY thd $8iSaaREh da 94 Rtpt W ' | resorption
measur es above those rrea{surgg %}Eﬁ%\r/gr{ ect g%%gés (r:}gén{%? g@p?g@dggw%r mat i on
rate was i n@sSABS jrthe highai dask\grdyp Wagdigifickotlggradterthallin(the Sthkr 2 Al t hough
cancel | ous bone renmi ned increased conpared to ovariectom zed controls 10

after wi thdrEaokas BF0.PAPEMd EcMP/BY In baihighen dosegraupswas sigrifaantyrareatgione

and bone i ERE B g BEEDs] bt R DSBS
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the corti caﬁ\q%ﬁé apposipn rﬁmﬁm QEWP?H(C“E‘?S&}"O(?PFH] Q‘Yc?f‘g%‘ioéjﬁ‘ﬁaf icantly
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y. 9
rhPTH( 1- 34)SIEHHCHYY arerierdn bethpeaimen apyns dhasnin sharcangiol ewuparQey: byt
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Tabl e 11 Hi st onor phonetric Variables for Cortical Bone Measurenents of the
Humerus Vari abl e' Unitst)escn nonAc Fcvcl esrvear Acuvauon

| i eoucnc~BFR/ BS. EcdayBone fortnauon rate, endoconi cal surtigg Di:T-ZOUZ
reterrntB|E#§V&§%tnida~80ne formation cart, enosteal surfa

r ef er ent BF 8ar Bonc formation rate, bone vol une PCT/US99/18961
referent FPdavsFormation nodL On NI Ct Arbi mm Nunber of fluorochrone | abel ed
ostcons r unn ni cal, .ar a. osnian rare ntraconi cal MAR
EcMda~M ner a‘flontg:‘% i‘ﬁt8r?‘?r3?°§'amgwcfg€5$fp8EF?®?%@€WR’F§ Ifé’B‘éf?afRﬂ”}?earr @ a sinon
rate nost eal I surface normalized to
t ot al endocgﬁ;ﬁéégat}eﬁg‘ﬁ%gggﬁsl BSnYrbgésﬁ/lshélr&\g} ?Pﬁ%ﬁg@iﬁgﬁléal surface nornmalized
to total penosteal surfaceO WGsteoid widthRs NN Ct AN nm-Nunber of reso uon
S aces er unit conical areaW W Gsteonal wall w dt hontdavsGOsteoid maturation
ti mePo%orostt<~, the rcentaee of bone area occu red by s actsB. Armmi Bone
area. the total area within the enosteal surfaceC. ArtontConical area, the
area of bone wnhut the penosteal surface (includes orositieslM

Armm Medul | arv cavtn~ area 'Nomencl ature is that recommended in Journal of
Bone and M neral Research, |987. 10 Table 12 Cortical Hi stonorphonetry of
the Hunmerus M dshai ~ of Ovariectom zed Primates at 18 Months (n=121 )

Vari abl eShanOVXPTH 1PTH 1- W' f H5PTHS- WAc. F1.85 ~ 1.87a' "6.06 ~ 3.317.69 ~
4.9G.05 ~ 2.15a8.70 t 3.972.05 ~ 1.46aBFR/BS. Ec7.08 f 3.8020.93 ~
19.2318.14 ~ 13.9514.89 ~ 10.3234.04 f 19.0112.73 f 16.33aBFR/ BS. Ps3. 79 f
3.079.12 t 7.588.53 ~ 10.543.60 ~ 3.84a8.99 t 5.815.79 t 4. 05BFRI BV2. 13 ~
2.06a9.16 f 5.379.23 f 5.934.39 t 3.48a_ 12.93 t 5.94a2.2] f 1.73aFP82.73 ~
41.0665.94 ~ 19.7963.44 t 1 U.0264.94 t 11.9981.97 f 95.6388.63 ~
52.90L.On. N Ct.A0.28 t 0.2781.03 ~ U.521.26 f U.710.50 f 0.36al.45 t
‘0.47a0.38 f 0.26aMAR0.91 f 0.33al .07 ~ 0.190.98 ~ 0.12al.UGf 0.271.U3 t

U 23U.85 f 0.28aMAR Ec0.48 f 0. | 9a0.75 t 0.250.66 t 0.15U.66 ~ 0. | 60.75
~ 0.140.63 t U 17MAR Ps0.62 f 0.240.69 f 0.230.89 f U. 950.54 f

0. 15a0. 6610.1'10.82 f 0.15M5/BS. Ec3.09 f 6.49820.99 f 18.0425.19 f 17. 14l
1.74 f 14.41 a40.47 f 24.68a8.93 f 15.39aM5/BS. Ps ~1.81 f 3.59al10.03 ~
10.498.59 f 5.733.86 t 4.83a11.00 f 9.632.30 f 3.7680 W3.77 t 0.924.04 ~
0.913.66 f U 673.96 ~ 0.83_3.94 ~ 1.133.7Gf 0.83RS.NCt.A0.12 t 0.17a0.21
f 0.130.2S f 0.180.12 f 0.07a0.43 f 0.26a0.19 f 0.18W W63.23 f 13.6168. 63
t 15.0961.36 t 7.7963.12 t 17.3S65.28 f 9.4363.82 ~ 8.31ont4.58 ~ 1.26a3. 87
~ 1 .043.76 f 0.703.86 t 0.746.45 t 13.855.07 f 2.65P0l1.32 f 0.60a2.6l t
1.404.65 f 4.782.23 ~ 1.606.78 f 4.23a6.40 f 4.22aB. Ar53.12 f 5.5052.82 ~
7.0954.22 f S.9754.94 ~ 6.5555.8] ~ 6.2458.1 Gf 8.79aCt.Ar_37 .40 f
3.7535.35 f 5.0437.61 t 3.8638.10 f 4.8340.96 t 4.3Ua40.83 ~ 5.80aMe. Ar
~15.72 t 4.071 7.47 t 4.2216.61 t 3.7716.84 t 3.7414.%$5 ~ 4.72al17.34 ~ 6.05
Aooreviaons: v v n=ovaneciontzea; r 1 ri t=rnr i ht 1-s4) t pgiKg ror t ~
nonths; Y 1 ~H 1- W= withdrawal afier treatment with rhPTH( 1-34) pg/kg for
12 nont hs; PTHS=r hPTH(1-34) 5 p.g/kg for 18 nonths; PTHS-Wsw t hdrawal after
treatment with rhPTH(1-34) 5 p.g/kg far 12 nonths. aStatistically
significant conpared to OVX controls (p<0.05). bSee table 4.2 for
description of variables. "Data are expressed as nmean ~ standard error of
the nean (SEM. 0 0 o Ow.oo0, w Q@noc7'~--1~0~0'- N 100CT
2002 WO 00l 10596 PCT/tJS99/ 18961 40 The anal ysis by hi st onorphonetry and
pol ari zed Fourier transforminfrared m croscopy reveal ed that

adm ni stration of PTH i nproved bone quality by replacing old bone (large
crystallites) with young bone (range of sized crystallites, tending.: to
smal l er size). Further, upon w thdrawal of PTH from nonkeys gwen | ow doses,
5 there is an additional benefit as the matrix beconmes optimally

m neralized, and the crystallites mature. The data derived from

hi st onor phonetry and Fourier transforminfrared m croscopy show an
unexpect ed benefit on bone quality of the cortical bone



as optimal mneralization occurs the mneral phase matures. 10 3D Finite
El enent Model i ng Studi es Exam nation of the mddle 500 |Itm sl ;C@ @Et_m
showed a 21 % e in BVMD for PTH conpared to ovari ectom

due to a 27% i ncrease in BMC with no change in the cross secti 8&3IUSRP/2EP6!
Anal ysis of the centrum from PTH showed 73%increase in BV/ TV that was
due to a 30%increase in Th. Th and 37% 15 greater Tb. N;., conpared to

ovari ectom zed.. Connectivity analysis for this regi onashowed a 140%
greater node enS|ty (node/tissue volune) and 286ro0 g@at er node to-node
struts for th¢ PTH Vertebra. Histogramdistributidgn anal ysis of bone voxel
densities for |PTH showed a decrease in the proporti ongif | ow densities
(0-3S5 ny/ cc) Aanﬁrgore ses nvmxddlg 2% denskties [(356=880 nglcc), with
little effect|@n Ehd ghi %1 deng t§ voxe (88+ 120q ny/tc), conpared to
ovariectom ze .'H8)-H MBiISt HSt Wi leng Was tﬁe shifft tb a greater bone
voxel density|En chorgt i @al Spotre comaart meat folll owsg wi t hdrawal of
treatment for|® n@ntfs {Fig ). N Y p&,oportgon of|{ ve& ebral bone el enents
(voxel s) that}fell L\nthln a certain 25 range of BND vaues was cal cul ated.
The BMD rangel; chos!Fn were the follow ng: |ow BVD,| 0-30 ny/cc; nedi um BVD,
300- 700 nygl cc] high{BMD, 700-1000 ng/cc; and cortijcal '$I\/D >1000 ng/ cc
(Table 13). Cpnpared to ovarectom zed controls, PTH trgat ment significantly
decreased the ALO| gme~of | oyy BMD bongl and i ncegeased t hegvol une of nedi um BVD
bone. After w th)awszl g‘f THS tfler & v@s a 37 decrjeaseBi n nedi um BVMD bone
and an i ncreaFg, 4 hiyghyB bqyne,H i fdi gati ngyt hat |nmedi@m BMD bone becane
more dense. [Ho Hbntases RCTRUSHO/ £8961 4 118 0 |C T002 Table 13.
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Table 4 - - Effects of PTH(1-34) on intracortical bone remodeling of tibial midshaft
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PTH-40 (§§=SS2) p-iMahidStudy and the results shown in Figure 2, all parameters were

significantly higher in rabbits given PTH(1-34) at 40 png/kg/day than in the control
group (p<0.01 for ultimate force and work to failure, p<0.05 for stiffness). Stiffness
in the lower dose group was also significantly higher than in the contro! group
(p<0.05). Of the intrinsic material properties, elastic modulus was significantly less
25  in rabbits given 40 pg/kg/day than those given 10 pg/kg/day (p<0.01).
In the lumbar vertebral body, no significant differences were found in

mechanical properties among the three groups.

Acoustic microscopy

30 There were no significant differences in acoustic velocity or elastic

coefficient among the three groups.



98.9% 69. 07.0 20.98.S 23.8% S7 61 || 14.9%0.820.17 54 (10.4% 144 (27.8%
128 {24.7% 7S (14.S%W @, (11.4% ~8 (5.4% 13 (2.S%W 6 ( 1.2% 9 ( 1.7% |
(0.299 1 (0.29% 26 98.9%69.57.1 21.58.7 23. | SL 57 17 1 ?&O{?g'ﬁﬁm 7
4S (8.8% 159 i31.1@@ 128 (25.0% 67 (13.1% 49 (9.6% 3 ( (6.1% . 9%
7 (1.4% WOPUA0Ben 0 1 (0.2% 29 98.4%69.96.8 21.88.2 21.PEIHBWILI(
13.0% 0. 67" DI' 95 9 0.37.i 0.682 0.479 0.82-r0. I 7 S4 (10.19% 169 (31.6%
12S (23. 4% 199 4S (8.4% 31 (3.9% 2?2 S(4.7% i 0 ( 1.9% 3 (0.6%
2 (0.49% 0 17 >0TROLkerial 98D ohRIA chitieAl Bdike S0 BlosPhihatic RPTR{1-3NGhudiap a total
of 1637 wonen treated with reconbi nant human parat hyroi d hornone ( 1-34),
rhPTH( 1- 34botb a dbe}t reguldtiorpef/haeribd properes sugd plcompehsatorwiregulatianaofi n D and
calcium for, 18-24 npnths,. sho results reported in Tables 1 _S-19. Table
| ~ illust ré&OE*fcéé'ecg? EWB&M@‘W%E?%%&?% Srintdsh matyrg fenalsrakiiisn P&ﬁql-of t he
nunber to ang : | ral.. N NG PTH 1 reat ed
pati ont s w TH et bnurdel G Blicl Aol ing. SRR I Sudee Rl e

vertebral fthechateres elstc Médalppstoodichl bonaM Mbweved e dectdaset ehasip<0. 001 ) at
20 p.glday PTH conpared to placebo, and a 69% reduction at 40 ug/day PTH
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strength, stiffness and work to failure of cortical bone in rabbits.

10 In this study using intact rabbits, cancellous bone volume of the lumbar
vertebra did not change after PTH(1-34) treatment despite the evidence for increased
bone tummover. Previous use as an osteopenic model, presence of intracortical
remodeling, and short remodeling period--together with the rabbit's rapid growth and
early skeletal maturation (by 6-9 months), formed the basis for selection of the rabbit

15 as a model in which to test the effects of intermittently administered PTH(1-34).

Rabbits can exhibit a wide variation in serum calcium levels (10-16 mg/dl),
but these levels are not directly influenced by the amount of dietary calcium, another
advantage of the model. Although transient significant increases of approximately 1
mg/ml were recorded in rabbits treated with PTH(1-34) at 40 pg/kg, the actual

20  values were always within the known physiologic range.

In the current study, biosynthetic hPTH(1-34) for 140 days increased bone
formation rate intracortically as well as on periosteal and cndocortical surfaces.
Intracortical Ac.F increased in the lower dose group by 8X and in the higher dose
group by 20X. This led to a 2-fold increase in cortical porosity in the tibia in the

25 lower dose group and a 6-fold increase in the higher dose group. The data from
acoustic microscopy shows that elastic properties of the bone material itself in the
humerus was not affected, indicating that intrinsic cortical bone quality is normal.
Therefore, the increased porosity must account for the slight reduction in elastic
modulus, a material properties measurement that includes the spaces in the cortex.

30 Increased cortical porosity was more than compensated, however, by
significantly increased MS/BS and BFR/BS on both periosteal and endocortical

surfaces in the midshaft of the tibia in the higher dose group, resulting in
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statistically significant when 20 viewed as the reduction in the total
nunber of fr periosteal andendoaorécabyafaces aTkeaicqrbinatinnsofdbess pherpraenatrpsulisiiacebo

treated patients. -The reduction is even nore significant, when sidered as
the r educti o PR eRIDCEE Ot i upns R, FeSs o ene: MRpie e f

hurer us, ribsye ffQk; and pelvis anong the PTH treated patients WO
OO 1 059G 49 conpared to the placebo treated patients (Table 16). 18 0 C T
200Z PCTI11S99,'t 8961 Table 16. Effect of treatnment with PTH on nunber of

non-vertebral fractures p-val uesPl acebo (N=S44) PTH 20 (N=541) PTH- 40 (N=552)
Overal | APH pbo* 20- dixample 2 - - Increased Bone Strength and Density Upon

40- pboHi p4230. 7180. 4740. 41@ g 690%8}) u§}é7ﬁ£¢%ﬁg&§é§00a04Ankl e4220. 601
Q 3130. 4170. 403Humer us54306- : - : 0. 1090. 1970. 18. 1Fo
ot 4140. 3740. @%rﬂ,ﬁé&aﬁﬁﬁf’&hu}é3100. 1710. 0760. 31 9U. 081Cx her 161490. 3380. 2960
. 7230. 14GTot . . . 0360. 01STotal w o

General

The live phase of the study used feral, adult (closed growth plates)
20 cynomolgus primates (Macaca fascicularis), weighing 2.77+0.03 kg (mean *
standard error of the mean [SEM]). Monkeys were held in quarantine for 3 months,
then started on a diet containing 0.3% calcium, 0.3% phosphate, and 250 IU vitamin
D3/100 g diet, and given fluoridated water (1 ppm fluoride) ad libitum. The calcium
content corresponded to 1734 mg calcium/2000 calories. After 1 month on the diet,
25  animals were sorted into groups of 21 or 22, sham operated or ovariectomized.
Once daily subcutaneous injections of vehicle (sham and ovariectomized controls) or
rhPTH(1-34), at 1 pg/kg (PTHY1) or 5 pg/kg (PTHS), were started 24 hours after
ovariectomy. Animals were treated for either 18 months (PTH1 and PTHS), or for
12 months followed by withdrawal of treatment (PTH1-W and PTHS-W).

30 The study groups were divided as shown in Table 6.



"Qt her"4121240. 0130. 0030. 0100. 025 5 *Pl acebo (pbo) The effect of PTH on
bone m neral content (BMC), bone mneral density (BMD), and bone area were
determ ned by dual energy absorptiometry (DEXA), and the r Dsca'\-rz
reported in Tables 17-19. PTH admi nistration caused appar en C Qgges
in BMC at M034#%ent ' s | unbar spine, fepmur and hip) wist, PERACSOMIEGYhout
the patient V atnment with PTH caused significant
i ncreases in Tsapwho tSFgS{Gré % apziaheeif‘lgﬁbar spine, femur and hip (Table
18). The ingcreases at the |unbar spine, femur and hi v;e e statistically
si gnificant|with p<0.001 (Table 18). Bondg area afsprar ety ¢ ncr eased upon
PTH treat meng,f,or the 15 patient's |unbar As;,pg‘;;e,a, ferrugnalespsd Hip (Table 19).
The increasges were statistically signifidaat fqrovkhe| humbar |spi ne and hip

neck (Tablell9) _The effect of PTH on thd whol d 458yl t he neasure of bone

i | Sharn ovaneqromized, 4§ jponths;vehicle. - o ¢ gl oA Mizﬁ; H o Thi
quantity an P OV i) T8 mbrhehide 0 POt et B Hysos-ghist-eapt—HA-5 whol e body

effect indi ColfonhAiEtes mbiter EHTAlT )R /aa OTTE Fﬁl—ﬂﬁm —patiept-s—bgdy is
i ncreasi ng. | BhaEes 12 Heins IEREHY-3dx@&uic L 1 1] ral-wig\ai ng psne negs from one

portion of h@lmnciepnr' S h()(‘hL'r()_an()'r her ¢nstead treatpent] with PTH
I ncreases t hgXd T i he % 'f_ﬁg_‘s—bady. 180CT
2002 WD 00/ es 9 gnd 10|11l ustriate the

i ncreases ovVer TI e 1 n tunbar Spl ne BNID and Temnur7/nip neck BMD,
respectively, for PTH treated and pl acebo control patients. The patient's

| umbar spi ne BMDSenun emdbursnagy smmjples wersrtakdn 24emurs afteruiehic® omonhPRE(1-34)>ith no
or a less significant ingrease over the su uent nt h The patl ent's

f emur/ hi p 5 IEREHORAS r@ﬂ?t}c‘wt?’?féltseﬁsﬁ%arqcéflm@ ing design 9 HW?f(F%S ingaeh nay

ncrease t f.f f PTH on
Shone. a ner oFTETHIE A (v uied bl SR B Rinei 8 i Safnoille GFdmfle
Pl aceboPTH- mB'EHSﬁﬁﬁut\éﬁéatﬁltMﬁ)af bapling Y, 60, 4n8.19ndnkhSBSAL( 8 1i8iz)aha. a0 8-

(11. 1) <0. 001Fenur/ Hi pTotal - 0. 38 (5.18) 3,50 (6.26)4.78 (6.70)<0.001Neck-0.51
(7.06)2.99 (nroml@s)rsserselsﬂetanke}ei@ aohspiescflad teb o) dgng mswye aespseq@yss) 6. S3

1S. 33)<0. 001l ntert hant 0.23 3.5 0. 001\War d'
noel c0. o funerers SR GhTGueRy KXY St Rt SR bR . 1 oy
(7. 497 0025 BRI 8T AL s Sk il B i L) 9. 01

(6. 09) 0. 025Who! & 4 (4.76)1.30 (4.48)2.28 (S.44) ,<0.001 to Table
- 18. Effect cahdlﬂiél—promnbxbnbxanﬂlum:rlabpsﬂ@nscrbyal@nptézasdadlSamrmlmﬁom nt % change

(SD) from baseline_ Placeb H- 20PTH- 40p- val ye inel.13 {5.47)9.70
(7. 41 )13. 7 gomoph G“GMFgﬁl}F‘}Wlb’W&Fea? thanazed ak‘e%??me@‘sm 88) 3. 60

(5 30) 3. 50 (6 o)A RoidERs Ap PRy Rbal APl 3% [ gaf g © =
(5.52)3.98 (nscleemﬁﬁ-nma;mm and on arghtizaDbdie spdcimén dachihed Fond the fefbr

(13.24)<0.001WistU tradistal-1.89 ‘7.98 -0.05 (7.14)-1,76 (7.20)0.1081l3
radi us- 11522 digphyyis (measpres defigd ig Taple Y. enggnal giatic and dynamic

histomorphometry were done (measures described in Table 11) on the humerus

midshaft, lumbar vertebra L-2, femoral neck, femur midshaft, the radius midshaft
and distal radius. Initial statistical analyses compared all groups to vehicle-treated
ovariectomized controls. The data is suitable for additional exploratory analyses to
20  examine dose dependency, effects of withdrawal, interactions between outcomes,
and changes in time by methods known to those of skill in the art. All assays were
conducted and determined by methods known in the art.
For certain experimental subjects, cortical bone of the humerus was
examined by histomorphometry and by polarized Fourier transform infrared
25  microscopy. The Fourier transform infrared microscopy was conducted by an

adaptation of known methods for such microscopy.



WO 00l 10596 51 Table 19. Effect of PTH on bone area expressed as endpoi nt
~0 change (SD) frombaseline 8 0 C T 2002 PCT/U S99! 18961

Pl aceboPTH 20PTH 40p- ~~al ueLunbar spine0.46 (2.97)2.S2 (3.52)3. 34
(3.72)<0.001Fenur/fiipTotal 0.54 (3.02)0.84 (3.16)1.05 (2.98)0.144Neck0. 04
(4.60)0. 27 W tocdhsd- 81 (5.56)0.03Trochant er0.95 (12.75)1. 2
(11. 30)0. 1&%ntertrochanterl 01 (5.17)1.381 (4.99)1.01 (4. 89)%813‘6é9\§}\£§9cf?

triangl e0.44 (7.b0}1.13 (7.34)0.99 (8.06)0. 309W|stU|trad(] @a@ﬁgz%%gg()l

(6.40)-0.25 00)-0.39 (4.80)0.6531/3 radius-0.02 (5.73)

(4.42)0.586 3bJ_FEEL&1EE3L_<MBQQMM.§ent ed above i ndi cat e that patients
treated with PTH.have r ed fra ecific

reduced by nore t eﬁe%%‘ %teﬁﬂWﬁéb mbe et%%) ?ﬂtgn?/ﬂailﬂg S?anotn \?gel?régr‘r%g
fractures Whgorke /@i sfﬁt@sﬁﬂwdtseéd@hh@tm foaqw&ﬁhs FEidideigas Wendbralsspos educed
by nore than 78% the nunber of patients with prior vertebral fractures who
suf f er ed 5newthamol/salye efronettteeiylaabctbmmﬂ (ned.and rPTI-b(mc‘Rd gtaups weRTddndide r eased
the severity ures Wth a n|f|

the nunmber G&f afﬁ‘sgﬁéﬁﬁﬁ o steps IS natine camou sl MR anaad Y 78%
recei ving PTHy Pﬁgﬁfwtlf%tﬁg 0k 7o E#n%ﬂkélk C?g&gt Jf‘?ﬂé’%d g{ﬁ drgssagegt,&g%ger t ebr al

fractures (inclu ractures foot,

hunerus, ri Qﬁa@l’zecﬁf&ﬂv@)un\mmh bsn@mlirfdraﬂail&ﬁﬁtﬂlBMDl ﬁx‘gﬁic) Qj‘oneﬁﬁn&@%onﬁﬁne
quality increases as well. 15 Patients with prior fracture benefited froma
si gni fi cant (BMGeagb crassiseqiong] #res GX-Avemk eemcemusmee prlmes(;ﬁ\H@Vand t ot al

body. T |s |n e i ndi ¢ hat, fracture re t t S can
cocur adOearfpealiniReS IR bl sorBRYS (A EhiOE s SBRRLEAES, 2 0n
fractures arg ehdifsekial SdanWk@atitadddas Chiake 49%51!496,&5@0 Y vENdk. | Thdispans. These
findi ngs denpbnstrate an inprovenent in bone quality and bone strength, like

t he precli niscats wataherepankee dnth e tingaboserfacthpesh geraatedSontash behowsingenef i th
i n bone quallt and strength at non-vertebral sites. The findings of a

reduction i ribe a‘i‘ﬂ]lﬂﬁeﬁ*’?%fa goTHhm (seece & Jrensen andi (ling d 98 h Maghog Cr‘PB‘F&h

breclini cal g FeaRiton Ts ffe BoGSHG HeBFith LRl Rl B The

quest i omsof 1g9gt Aeymddthed @dibn bNEdchaGHacd MEGNASHeRikdSb lgenghid a0f bone to
i nprove resistance to fracture has not previously becn tested in hunans.

The publ i shetdtrahedsarlam@héortf&@fmtin@iesmmmoylebm&gested that PTH nust be given
in conbination with an an sor ve 0 tro Prev ubl.i shed
clinical trials {(P’r’t‘tﬁ e u‘Bit(fqre@ﬁ?“ b&aﬁt‘ﬁt‘ € ngﬁﬂf'? g dg‘? aﬁ

si gni fi cant J&@P&édsftges%d flagGay Rf‘olpeh&s Fon §Bb%9a{ of B5ibARhE hﬁu&f frb7 the! one
coul d not be assessed because t were no placebo controls. In a second
st udy, enpl of¢trogal tdigphysiswd tHeymendeypt Eachdefralrdrdl omesh fwak ratatedrse thatther educt i on

in fracture was observed.
20 bottom surfacc of each vertebra was aligned with a plane. Linear elastic stress

analysis was then performed for each L-5 model in which a distributed load of 100 N
was applied to the top surface of the centrum, perpendicular to the bottom plane
while the bottom surface was fixed in the direction of loading. The resulting axial
strain contours were evaluated, as were the BMD distributions, and compared

25 between PTH and ovariectomized. At this resolution, the density of each voxel is
dependent on the extent to which each voxel is filled with bone as opposed to soft

tissue.

Results
30 Reports of differences in the text are statistically significant, p<0.05. All
animals gained 4% to 9% of initial body weight during the study independent of

treatment.



The findings of a reduction of fractures at conbined non-vertebral sites is
| O particularly unexpected in |ight of the conmon belief that PTH has
negative effects at such sites. Common dognma hol ds that P'I]—IB\AUICTimgase
cortical p%(g%% nd t herefore weaken bone, especially earll%i int py.
Further, thi %/f asserts that cortical3bone sites are at NHTIGSPiI8Ie! of
fracture and that PTH will offer no benefit in fracture reduction at
non-vertebral sites. The dogma al so holds that PTH alone is 15 unlikely to
be effi caci ouSemndand Uting Mgasures concurrent anti-resorptive therapy to bl ock
negative effects on cortical bone. The present data denpnstrate the

previ ousl y unobser Seynpesyagdiof ievel abFang il § apnths weie belaw's® pgswdiiniaHg vitanmin D

d cal ci | ement s, U dl v, PTH strengthens bone to reduce th
nunber of newdTRISERTIEE mAnkEs. e megsure oRcaGpM AOREDRRES Vers SOMPEEIde ¢ he
spine, at 4i skhahPEoril, bivaitomiRed eohed RARN6RLr Jehdf LMERS a@}}pﬂo}sﬁﬂ%t@( £d

noderate to severe additional fractures of the spine, and the like. This
clinical study.2ordimakoxyvatampaldalelsvimedidsioddidr prertdogeroas PhHnefindrs from
treating pati entés&\ﬁlith. | ow do em(hf%o @é% 3a si nce the dose of PTH (which,
at hi gh dosesSY G SHEP L BEoTRLCEM . PAF BN PEYAYSEAHBIIGd, but
fracture 25 pgeN@UrtLRadPEh fedGhid 1 hAHYEAd ﬁ@&-r t aj g lar to
t hose noted at the hflgh gose ?i'io ~g/gay§]€ﬁélr'ﬁ%t -Itlﬁﬁ'ng&rfll&gysgg%lgd grltg]vi de a
possi bl e, but rhPAH( +34#) hiad hwereedanpisdspivate ek arato gohoud PEH Maakdyhas tiuddy shows
that | ow dose PTH increased crystal formation and accel erated

mi neral i zH i ofthygdroxyyitamia D padrinary cAME eorapared pvapsaomizeie Serughbansd

addi tional bepefit.s after w.thdrawal, as PTH enhanced 3 ineral content of
t he bone. Thepow_gé%'hpaﬁlée{3?53&%?‘95"%,\%&{'% ‘%Vﬁ'éecﬁ%\}'éF‘?Wﬁg?yﬁg'aﬂ%W S$HY l8ﬁ_as/en at
| ow doses to mﬁuiﬁ}smsﬁm@dgy\mz;m 3t dtalirAdfinafd Clo WS RRE BNEITEQ.34)S 18
‘0 C T 2002 WD 00110596 ~ PCTI1US99118961 53 effective in preventing both
vert ebral andrastomed/kerelebach tofshamtvatues. UbonatyrGielopaptipo({Trosslaps)|exerfejio®TH
strengt hens bone at non-vertebral sites to prevent nev~~ fr or
Feduce t he seURieby BCHETIRA TRSRer o HASE RRTPorb)vaF Bl DHFF P B T 349
mneralizaiio ‘ﬂg% \ o t he bone. The invention has been
descri bed%vvi tﬁor g@\eﬁaﬁtegﬁ\f}g%@gﬁggﬁé%éci fic and preferred enbodi nents and
techni ques. However, it should be understood that nany variati ons and
nodi fications _may be made while remaining within the spirit and scope of

t he i nventi onBong Masgibl i cati ons and patent applications in this

specification |0 arge indicatiyve of the |evel of di n skill in the art
6 whi cht hi s 1 nveRve R Baabe s Seloul b DRI, g ortdled "5, %,
par at hyr oi d h@irgﬁﬂféﬁn@yOBﬁP$Hi(ﬂg4P{Fi§n3')nQpﬁa€ib@n@&%ﬂ%néﬁty?(ﬁl\m) RniiiEan

parat hyroi d hornone for” the manufacture of a nmedi canent for concurrently
reduci ng 2he stable inbvarpactomyiged edmtedls fond 8 momthsewhd® steim botmlsfgasnedure in a

post menopausal wonan at _rj sk of or. havi ng 0si.eopaqrosi rein sai

medi canent i s 2BRIRTRAE Eérs«[;e)ﬁafod'e?&?ed“\ﬁgﬁ‘ﬁﬁ %‘g{;@ﬂggégnﬁtﬁer t 4§H’ﬁf%§ ration
of an antiresgQt.nLi 2 Wi ] : | FNE; {(\| y dose
of 20p.g to 4 185?@%%%5@%%683?%%?Bnotéiﬁiﬂﬁge @Bl%tr%ﬁ%h{;ega SMCQI.:@I!%?)use
according to béyapnw b%wimired ®badeliti (Figs Mysa G ad 30 Spihe bbheminseealaccor di ng

to claim1l wherein said daily dose is adnm nistered for at |east about 24
nont hs. 4. Theonisy aseciveigried (Fig- 8P F thPRé}-8f htresedipiraies dhgemagnigide of

contai ned w thin a packagin terjal.,. said ckagi ng material co i sing
it eq bt efhaip eReRER R el Hignes Bl P o e R L oPlro PR
concurrently pRMHeRBTHIPOF bKed¥l (PPHB) thaf éfaRaak. APLTHIPNAY GigiRbhaRér bone
fracture in a postnenopausal woman at risk of or having osteoporosis when
adni ni st er ed BMPaifdhewnidshaft or fistah sdisaiThe persaisénionaldirdrorfitbnmidshaft

adm ni stered w thout concurrent admnistration of an antiresorptive agent
other than vi tBaFFase®by YR tBe fikoigioup- daithsprayisal g1 thgre WasAGNFIGRsedR | east

about 12 10Nt ReoRehibd HEROR PTHE S (e RREAEN S B L IBARA " (1

manuf acture for a e forr sk of non-vertebral bone

fracture is0 aoRufi®torfiizell e6itrdlé. SixSHorhs &fter f¥thidgt @8 R¥RRQGRE] BMD@RY ei n sai d
parat hyroid hornone is adm nistered to said subject w thout concurrent
admi ni st rati oBME inghe spine and femur neck remained higher than ovariectomized controls,

with no change in the cortical midshaft of the humerus.



55 ~ 8 0 CT 2002 antiresorptive agent other than vitamn D or calcium in
a daily dose of 20pg to 40g. 6. Use of a parathyroid hornone for the -
manuf acture of a medi canment for strengthening cortical bonegi

subj ect at risk of or having osteoporosis, wherein said pargt&yﬁg‘ﬁm?m)ne
i s adni ni s?AUYIBY sai d subject without ggncurrent adnini st rBETGPIISYEnN
antiresorptive agent other than vitamn D or calcium in a daily dose of
20g to 40g. 7. The use according to claim5 or claim®6 wherein said human
subject is atBéﬂesgqrép‘%}pr has osteoporosis arising froman age-rel ated
hypogonadal ¢ fTion. 8 The use according to claim7 wherein said subject
human i s post nenophB3&I( 138 marcased stiergth<E,) aicthe véitalgrat by apyo @3 Bc@dbleg 7cl ai m

wherein said human_sgg%ect 'lﬂ-? osteoporosis. 10. The use according to any
precedi ng cl &3hahig eB B i) epRoNed steengdnithe fespwdieek (LY yRist2%about
12 nont hs up

5

cedl h ' | .ai.m 5. .wh | id
daily dos€ i SET%B%S )f%gH@Tﬁé %TZ w&%&g&? gllot[:]%}ieltr%lc %g}r%tlhﬁ K Irétfcéde?: y dose

i's admi ni st er@gpHyeis odlithd Iaatdrue didshat (Bablek3: ann®) Usah@afaeiriil pobpeRicslodi m 5
wherein said nedicanment is contained within a packaging material, said

packagi ng matkeamespeeisrans machige front the ferparalkdiaphyisisH Tablds ¢ané 9, FizatBsai d

di t i ffecti f . ' t I Sk _of t I Lact '
2 human subj ctbeo e tvanena A chbfotbhndna fihdatih ARG o3 o Sai 0

subj ect such fpad nimkieh AATREWARArEwn £ teatmBniGor 6 A08RN 4 B6ADRFerigth:

adm ni stered wi thout concurrent adm nistration of an anti resorptgl ve agent

ot her than vimeasuresPeroainedbighificantynhighatahdnyovdasetonfizedpdtrbls (Fablgs 74149, The
use according_to cl ai - 13 wherein said parathyroid hornone is sel ected
from PTH (1- 185-}%4?&34), PTH (1-37), PTH (1-38), PTH (141 ) and PTH
(1-84). 15. The use according to claim 14 wherein said parathyroi d hornore
is human PTH (1-34). 16. The use according to claim 14 wherein said ~

parathyroi d hpgyene is Uaigdledéportkd $shthe Third and Fourth Lumbar Vertebrae (L-3

NIA TALan & ca Aok il AR Mo bl T A

AA99. AA W10 As | Al A DHTPSREIME 9 A As). An9. A% ALS$ I/ x#x *-130q >
;zupke [V]calcalcalllcalc(alc<alcalcalcalcalcalcalcalcalcalcalcalcalca)ca]ch
a] Ca] Ca] Ca]cf\vmaﬂfnf\.l anleolAal oal \mnnl ript H
uthbad Vérehriett-Yand -4 <11 Y ;
A mm* Cross~sccuonal area
F, N Yield force is the force at a 0.2% oftset
S N/mm Slope of the linear portion of the force—dtsplacement curve
{stuffness)
oy Mpa Yield stress
E Mpa Young's modulus
Humerus Midshaft
t mm Average cortical thickness
Fy N Ulumate force is the maximum torcc the specimen can
withstand
S N/mm Slope of the linear portion of the force-displacement curve
(stiffness) here's stiffness
mi/U N-—-mm Arca under the load—displacement curve (U=work to fatlure)
Proximal Femoral Neck
Fo N Ulumate force 1s the maximum force the specimen can
withstand
Femur Diaphvsical Beam Spectmens
Ty Mpa Ultimate stress
E Gpa Young's modulus
u Jim’ Toughness
£, Ultimate strain
Table 8 Biomechanical Measures of Strength in the Spine (Lumbar Vertebrae,
L-3 and L-4 Combined) of Ovariectomized Primates at 18 Months
20
Vanablc
{umits)? Sham OVX Contro! | PTHI PTHI-W PTHS PTH5-W
A (mm°) 90.5+21° 86723 88.3+20 909+2.3 873+27 828+21
F.(N) 1738 £ 52 1499 + 94° 1915+ 105° [ 1899+ 73° 2113 77°° 1792 + 59°
S (N/fmm)_ | 7312319 5805 + 476* 7701 £474° | 7401 + 452° | 8012 367° 7074 & 314°
o, (Mpsa) | 19.4+0.6 17310 219+1.3° 21.1+0.8° 246+ 1% 21.9+09°
E (Mpa) 650+ 32 546 % 49 717 + 48° 659 + 42 759 £ 36° 698 + 41°

Abbreviations: OVX=ovariectomized; PTH1=rhPTH(1-34) 1 ug/kg for 18 months;
PTH1-W= withdrawal for 6 months after treatment with rhPTH(1-34) 1 pg/kg for 12
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10  after withdrawal of rhPTH(1-34) following 12 months of treatment, bone formation

and resorption reverted to that seen in ovariectomized controls, and bone turnover
remained higher than in sham controls. thPTH(1-34) did not affect mineralization,
activation frequency, or remodeling periods. There were no differences in individual
bone multicellular unit (BMU)-based bone balance between resorption and

15  formation. In summary, rhPTH(1-34) increased cancellous bone by selective
stimulation of bone formation. '

In the cortical bone of the humerus, where rhPTH(1-34) did not significantly
modify BMD or bone strength measures, rhPTH(1-34) stimulated changes in the
periosteal, endosteal, and intracortical compartments (Tables 11 and 12). Although

20 there were no differences in total area or medullary area between groups, rhPTH(1-
34) increased cortical area, and the PTH5 and PTHS-W groups had significantly
more cortical bone, suggestive of increased cross-sectional moment of inertia, a
measure of strength. The increase in area could be attributed to increased formation
on both periosteal and endosteal surfaces (Fig. 7).

25 Sham controls and PTHS5-W groups had reduced periosteal mineralizing
surfaces compared to ovariectomized controls and the other thPTH(1-34)-treated
groups. Endocortical mineralizing surfaces were significantly greater in
ovariectomized controls compared to shams and rhPTH(1-34) did not increase above
ovariectomized control values. In intracortical remodeling, there were more

30  resorption spaces in ovariectomized animals, and activation frequency was greater in
ovariectomized, PTH1, and PTHS groups than in sham controls or either of the

withdrawal groups. There were significantly more labeled osteons per unit area in
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ovariectomized and the other groups in formation period, ostcoid width, wall width,
10  or osteoid maturation at 18 months.

In summary, there were no differences in turnover rates between
ovariectomized controls and either dose of thPTH(1-34). Sham controls had a lower
turnover rate than either ovariectomized controls or thPTH(1-34)-treated animals.
When rhPTH(1-34) was withdrawn for 6 months, tumover rates decreased

15 significantly, but BMD and biomechanical strength measures remained higher than
ovariectomized controls. Normal values for osteoid width and maturation time
intracortically for all groups indicates treatment did not cause any defect in the
normal timing of the mineralizing process. Normal values for wall width indicate
that treatment did not alter the normal balance between resorption and formation at

20 the level of the individual BMU.
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MAR um/dav Mimneral apposition rate ntracortical
MAR Ec pm/dav Mineral apposition rate. endocortical surface
MAR Ps um/dayv Minerai apposition rate periosieal surtace
MS/BS Ec % Mineralizing endocortical surtace normalized to total
endocorucal surface
MS/BS Ps % Mincrahizing periosieal surface normalized to total periosteal
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O Wi um QOsteord width
Rs N/Ct A #/mm* Number of resorption spaces per unit cortical arca
W Wi um Osteonal wall width
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*Nomenclature is that recommended in Journal of Bone and Mineral Research, 1987.
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crystallites mature. The data derived from histomorphometry and Fourier transform
infrared microscopy show an unexpected benefit on bone quality of the cortical bone

as optimal mineralization occurs the mineral phase matures.

3D Finite Element Modeling Studies

Examination of the middle 500 pm slice of L-5 showed a 21% increase in
BMD for PTH compared to ovariectomized that was due to a 27% increase in BMC
with no change in the cross sectional area. Analysis of the centrum from PTH
showed a 73% increase in BV/TV that was due to a 30% increase in Tb.Th and 37%
greater Tb.N, compared to ovariectomized.. Connectivity analysis for this region
showed a 140% greater node density (node/tissue volume) and 286% greater node-
to-node struts for the PTH vertebra.

Histogram distribution analysis of bone voxel densities for PTH showed a
decrease in the proportion of low densities (0-355 mg/cc), an increase in middle
densities (356-880 mg/cc), with little effect on the high density voxels (887-1200
mg/cc), compared to ovariectomized (Fig. 8). Most striking was the shifi to a
greater bone voxel density in the cortical bone compartment following withdrawal of
treatment for 6 months (Fig. 8).

The proportion of vertebral bone elements (voxels) that fell within a certain
range of BMD values was calculated. The BMD ranges chosen were the following:
low BMD, 0-300 mg/cc; medium BMD, 300-700 mg/cc; high BMD, 700-1000
mg/cc; and cortical BMD, >1000 mg/cc (Table 13). Compared to ovarectomized
controls, PTH treatment significantly decreased the volume of low BMD bone .and
increased the volume of medium BMD bone. After withdrawal of PTH, there was a
decrease in medium BMD bone and an increase in high BMD bone, indicating that

medium BMD bone became more dense,

10
10

o
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Table 14. BMC at the midlevel of the L5 vertebra and vertebral effective strain
Treatment BMC (mg) etfective stramn (ustrain)
ovariectomized 37216 701£64
PTH 47 4k] 5 447+36*
PTH-W 44241 2% 539+34*

*statistically different (p<0.05 by Fisher's PLSD test)

The data summarized in Figure 8 show that L-5 vertebra from cynomolgus

10 monkeys treated for 18 months with PTH respond with significant increases in bone
mass, trabecular thickness, and trabecular connectivity, with marginal effects on the
outer dimensions (X-Area) of the vertebra. Analysis of the distribution of bone
elements in L-5 showed that the heavily mineralized bone regions change the least
with no evidence of bone sclerosis. Rather, it is the porous trabecular bone that

15 responded the most to PTH. The shift in BMD led to a substantial reduction in the
axial strain, indicating mechanical improvement. As clearly shown in the
histograms of PTH and ovariectomy BMD, PTH converted the low density bone
voxels into medium density voxels with no significant effect on the high density
voxels.

20 The data summarized in Table 2 show that the BMC through the middle of
the vertebrae was significantly increased by PTH treatment and a beneficial effect of
PTH remained after 6 months of withdrawal. The average mechanical strain in the
vertebra was reduced 36% by PTH treatment and remained 23% below OVX after
withdrawal of PTH. This study indicates that withdrawal of PTH treatment for 6

25 months did not lead to resorption of newly formed bone, but instead there was a
beneficial redistribution of medium density bone into lower and higher density bone.
This redistribution led to continued strain reduction in the vertebrae and thus

improved mechanical function.
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YLG' 1#3Y#i0L 0%a&né) been prehisl eported in this type of study, SO that some of the benefits of
PTH, and the restoration of certain measures to sham control levels, compared to

values for ovariectomized animals were assessed for the first time.

Conclusions

15 This 18-month study in mature, feral, ovariectomized (OVX) cynomolgus
monkeys, Macaca fascicularis, assured efficacy and safety in bone following
treatment with rhPTH(1-34) for either 12 months followed by withdrawal of
treatment for 6 months, or treatment for 18 months. rthPTH(1-34) significantly
increased bone mass and strength of the spine and femur neck above ovariectomized

20 controls to levels equivalent to or greater than those of sham controls. In
ovariectomized monkeys treated with thPTH(1-34), measures of calcium
homeostatis (serum calcium, phosphate, and 1,25-dihydroxyvitamin D) were
restored to that of sham controls. Serum, urine, and histomorphometry measures
used to assess bone turnover showed rhPTH(1-34) maintained formation rates

25 equivalent to or higher than those of ovariectomized controls, while biochemical
markers of bone resorption remained equivalent to those of shame controls. In all
animals treated with thPTH(1-34) for up to 18 months, pharmacokinetic measures
did not change with time, and there was no accumulation of thPTH(1-34). There
was no evidence of sustained hypercalcemia or kidney pathology after 18 months of

30 treatment. There were no changes in mineralization or remodeling periods. The net

gain in skeletal bone mineral content observed with thPTH(1-34) may be explained
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bone resorption. There were significant increases in bone mineral content, bone
mineral density and biomechanical measures of strength, including toughness and
stiffness, at clinically relevant sites such as the spine, femur neck and proximal tibia.
5 rhPTH(1-34) increased the rate of turnover in cortical bone of midshaft of the
humerus and radius, but did not significantly alter bone mass or biomechanical
measures of strength compared to either ovariectomized or sham controls. However,
the increase in cortical width and/or cortical bone area is consistent with an incrcase
in cross-sectional moment of inertia, a measure of strength and stiffness. thPTH(1-

10 34) had no significant effects on the intrinsic material properties of cortical bone.
Endocortical bone formation was stimulated, thus increasing cortical width and
intracortical porosity. It appears that these changes in porosity are responsible for
maintaining the elasticity of the bone.

In monkeys, 12 months of treatment with rhPTH(1-34) followed by

15 withdrawal for 6 months was associated with smaller, but still significant, gains in
bone mass and strength in the spine and femur neck. Following withdrawal, no
significant effects were noted on the cortical bone midshaft of the humerus and
radius. Bone markers and histomorphometry showed trends to return to the low
turnover values measured in sham controls.

20 In vivo mechanistic studies in rodents showed that genes associated with
anabolic outcomes of thPTH(1-34) are upregulated within 1 to 6 hours, and the
increase in bone forming surfaces can be detected within 24 hours after the first dose
in the absence of detectable effects on resorption. rhPTH(1-34) appears to recruit
osteoprogenitors in S-phase, and stimulate their differentiation into osteoblasts,

25 thereby rapidly increasing the percent bone forming surfaces. Single or multiple
injections of rhPTH(1-34) may be given within a 1-hour period to induce the
anabolic effect in bone. However, when the equivalent dose is given in young rats
as multiple injections over 6 hours or 8 hours, the anabolic effect was abrogated,
suggesting that brief, limited exposure to thPTH(1-34) is required to induce the

30 anabolic effect.

In summary, rhPTH(1-34) is anabolic on the bone in monkeys and rabbits,
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both during and following treatment. In fact, administering PTH once daily for 18

10 months, or at the same doses for 12 months followed by a 6 month withdrawal
phase, showed marked improvement of the quality of cortical bone of the humerus
as analyzed by histomorphometry and polarized Fourier transform infrared (FTIR)
microscopy. This analysis revealed that administration of PTH improved bone
quality by replacing old bone (large crystallites) with young bone (range of sized

15 crystallites, tending to smaller size). Thus, administration of PTH can increase
cortical bone quality, improve mineralization, and accelerate mineralization and
replacement of old bone by new bone.

Further, upon withdrawal of PTH from monkeys given low doses, there is an
additional benefit as the matrix becomes more optimally mineralized, and the

20 crystallites mature. That is, at low doses, PTH can have additional benefits during
the withdrawal phase of treatment by enhancing mineralization. These data indicate
benefits of a finite regime of treatment with PTH followed by a withdrawal period to
achieve enhanced benefit. Current definitions of bone quality do not include these
aspects of improved mineralization.

25 In earlier studies of a treatment phase of PTH followed by a phase of no
treatment, the treatment phase was less than 1 month. The prolonged but finite
treatment phase of 18-24 months followed by a period of at least 2 remodeling
cycles has not previously been explored. The continued benefit in primates after
withdrawal of treatment is in marked contrast to results achieved in rodents upon

30 dosing with PTH. Studies of rats have uniformly shown that bone is rapidly lost
following withdrawal of treatment. Gunness-Hey, M. and Hock, J. M. (1989) Bone
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Criteria: 5 years, with a minimum of one moderate or two mild atraumatic
vertebral fractures.

Dosage and Administration: Test Product (blinded)

rhPTH(1-34): 20 pg/day, given subcutaneously
rhPTH(1-34): 40 pg/day, given subcutaneously

Reference Therapy (blinded)

Placebo study material for injection

Duration of Treatment: rhPTH(1-34): 17-23 months (excluding 6—month run—in phase)
Placebo: 17-23 months (excluding 6—month run—in phase)

Criteria for Evaluation: Spine x—ray; serum biological markers (calcium, bone-specific
alkaline phosphatase, procollagen I carboxy—terminal
propeptide); urine markers (calcium, N—telopeptide, free
deoxypyridinoline); 1,25—dihydroxyvitamin D; bone mineral
density: spine, hip, wrist, and total body; height; population
pharmacokinetics; bone biopsy (selected study sites).
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15  with a 77% reduction
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PTH compared to placebo. Comparing all PTH treated patlents with placebo, the

overall reduction in number of patients with moderate to severe vertebral fractures

was 84% (p<0.001), with a 90% reduction (p<0.001) at 20 png/day PTH compared to

placebo, and a 78% reduction at 40 pg/day PTH compared to placebo (Table 15).

Table 15. Effect of treatment with PTH on number and severity of vertebral

fractures.

Placebo
(n*=448)

20 pg/day PTH
(n=444)

40 pg/day PTH
(n=434)

Number and
percentage of
patients with new
vertebral fractures

64
(14.3%)

22
(5.0%)

19
(4.4%)

Number and
percentage of
patients with 2 or
more new vertebral
fractures

22
(4.9%)

5
(1.1%)

3
(0.7%)

Number and
percentage of
patients with new
moderate to severe

10

15

20

fractures**

42
(9.4%)

4
(0.9%)

9
(2.1%)

*n = number of patients with both baseline and endpoint x-rays

** Moderate fracture results in more than 25% loss of vertebral height (or an
equivalent measure). Severe fracture results in more than 40% loss of
vertebral height (or an equivalent measure). Fractures are as defined by
Genant et al. (1993) Vertebral fracture assessment using a
semiquantitative technique; J. Bone & Min Res 81137-1148.

Table 16 illustrates the effect of treatment with PTH on the number of

fractures at various non-vertebral bones throughout the body. The number of

fractures apparently decreased at each of the hip, radius, ankle, humerus, ribs, foot,

pelvis, and other sites (Table 16). The reduction is statistically significant when

viewed as the reduction in the total number of fractures among the PTH treated

patients compared to the placebo treated patients. The reduction is even more

significant when considered as the reduction in the total number of fractures of hip,

radius, ankle, humerus, ribs, foot, and pelvis among the PTH treated patients
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Table 16. Effect of treatment with PTH on number of non-vertebral fractures

p-values

Placebo | PTH-20 | PTH-40

(N=544) | (N=541) | (N=552) | Overall | PTH-pbo* | 20-pbo | 40-pbo
Hip 4 2 3 0.718 0.474 0.417 0.690
Radius 13 7 10 0.404 0.236 0.180 0.504
Ankle 4 2 2 0.601 0.313 0417 0.403
Humerus 5 4 3 0.767 0.534 0.744 0.465
Ribs 10 5 5 0.277 0.109 0.197 0.184
Foot 4 1 4 0.374 0.474 0.181 0.983
Pelvis 3 1 0 0.171 0.076 0.319 0.081
Other 16 14 9 0.338 0.296 0.723 0.146
Total 53 34 32 0.024 0.007 0.036 0.015
Total 41 21 24 0.013 0.003 0.010 0.025
w/o
"Other"

5 *Placebo (pbo)

The effect of PTH on bone mineral content (BMC), bone mineral density
(BMD), and bone area were determined by dual energy absorptiometry (DEXA), and
the results are reported in Tables 17-19. PTH administration caused apparent

10 increases in BMC at the patient's lumbar spine, femur and hip, wrist, and throughout
the patient's whole body (Table 17). Treatment with PTH caused significant
increases in the patient's BMD at the lumbar spine, femur and hip (Table 18). The
increases at the lumbar spine, femur and hip were statistically significant with
p<0.001 (Table 18). Bone area apparently increased upon PTH treatment for the

15 patient's lumbar spine, femur and hip (Table 19). The increases were statistically
significant for the lumbar spine and hip neck (Table 19).

The effect of PTH on the whole body the measure of bone quantity and
quality, BMC, is particularly significant. This whole body effect indicates that the
amount of bone in the patient's body is increasing. PTH does not merely result in

20 moving bone mass from one portion of the patient's body to another. Instead,

treatment with PTH increases the amount and quality of bone in the patient's body.
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The patient's lumbar spine BMD increases steadily for at least about 18 months, with

no or a less significant increase over the subsequent months. The patient's femur/hip

BMD apparently increases for at least 18 months, and may increase upon further

10

duration of PTH treatment.
Table 17. Effect of PTH on bone mineral content
expressed as endpoint % change (SD) from baseline
Placebo PTH-20 PTH-40 p-value
Lumbar spine 1.60 (6.92) 11.85(8.83) 16.62(11.1) <0.001
Femur/Hip
Total | -0.38 (5.18) 3.50(6.26) 4.78 (6.70) <0.001
Neck | -0.51 (7.06) 2.99 (7.26) 5.80 (8.71) <0.001
Trochanter | 0.98 (14.97) 5.68(15.58) 6.53(15.33) <0.001
Intertrochanter | -0.23 (6.28) 3.59(7.32) 4.99 (7.79) <0.001
Ward's triangle | 0.01 (14.75) 536(14.78) 8.86(17.02) <0.001
Wrist
Ultradistal | -1.67 (7.44) -0.25(6.53) -1.88(7.97) 0.184
1/3 radius | -1.19 (6.12) -1.37 (4.51) -3.04 (6.09)  0.025
Whole body -0.74 (4.76) 1.30 (4.48) 228 (5.44)  <0.001
Table 18. Effect of PTH on bone mineral density
expressed as endpoint % change (SD) from baseline
Placebo PTH-20 PTH-40 p-value
Lumbar spine 1.13(5.47) 9.70 (7.41) 13.7 (9.69) <0.001
Femur/Hip
Total | -1.01 (4.25) 2.58 (4.88) 3.60 (5.42) <0.001
Neck | -0.69 (5.39) 2.79 (5.72) 5.06 (6.73) <0.001
Trochanter | -0.21 (6.30) 3.50 (6.81) 4.40 (7.45) <0.001
Intertrochanter | -1.29 (4.53) 2.62 (5.52) 3.98 (5.96) <0.001
Ward's triangle | -0.80 (11.73) 419 (11.93) 7.85(13.24) <0.001
Wrist
Ultradistal | -1.89 (7.98) -0.05 (7.14) -1.76 (7.20)  0.108
1/3 radius | -1.22 (3.37) -1.94 (4.07) -3.17(4.62)  0.001

15
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Placebo PTH-20 PTH-40 p-value
Lumbar spine 0.46 (2.97) 2.52(3.52) 3.34(3.72) <0.001
Femur/Hip
Total | 0.54 (3.02) 0.84(3.16)  1.05(2.98)  0.144
Neck | 0.04 (4.60) 0.27 (4.91) 0.81 (5.56) 0.035
Trochanter | 0.95 (12.75) 1.99 (12.16)  1.92(11.30)  0.197
Intertrochanter | 1.01 (5.17) 1.01 (4.99)  1.01 (4.89)  0.964
Ward's triangle | 0.44 (7.60) 1.13 (7.34) 0.99 (8.06) 0.309
Wrist
Ultradistal | 0.25 (6.40) -0.25 (6.00) -0.39 (4.80) 0.653
1/3 radius | -0.02 (5.73) 0.52 (3.40) 0.01 (4.42) 0.586

5 In summary, the data presented above indicate that patients treated with PTH
have reduced fractures. Specifically, PTH treatment reduced by more than 66% the
number of patients with prior vertebral fractures who suffered new vertebral
fractures. PTH treatment also reduced by more than 78% the number of patients
with prior vertebral fractures who suffered new, multiple vertebral fractures. In

10 addition, PTH decreased the severity of vertebral fractures, with a significant
reduction by 78% in the number of patients with moderate or severe fractures.
Patients receiving PTH benefited from a significant reduction in all non-vertebral
fractures (including fractures of hip, radius, wrist, pelvis, foot, humerus, ribs or
ankle) with significance at a level of p<0.007. Bone quality increases as well.

15 Patients with prior fracture benefited from a significant increase in bone mineral
content of the hip, spine and total body. This increasc indicates that fracture

reduction at these sites can occur as early as after 12 months of therapy.

Discussion

20 These data on fractures are the first data on fracture reduction by PTH in
humans. These findings demonstrate an improvement in bone quality and bone
strength, like the preclinical data reported hereinabove. These results also show
benefits in bone quality and strength at non-vertebral sites. The findings of a
reduction in the numbers of fractures sustained during the 18-23 month period of

25 treatment has not previously been observed in clinical or preclinical studies.
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crystal formation and accelerated mineralization in cortical bone. In addition, low
dose monkeys showed additional benefits after withdrawal, as PTH enhanced
30 mineral content of the bone. The present data demonstrate the novel finding that

PTH given at low doses to patients receiving vitamin D and calcium supplements, is
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postmenopausal woman "at risk of or having osteoporosis ‘when
administered to said woman such that said parathyroid hormone is
administered without concurrent administration of an antiresorptive agent
other than vitamin D or calcium, in a daily dose of 20ug to 40ug for at least
about 12 months up to 3 years.

5. Use of a parathyroid hormone for the manufacture for a medicament for
reducing the risk of non-vertebral bone fracture in a human subject at risk
of or having osteoporosis, wherein said parathyroid hormone is

administered to said subject without concurrent administration of an
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strengthening cortical bone in a human subject at risk of or having

) -
J

osteoporosis, wherein said parathyroid hormone is administered to said
subject without concurrent administration of an antiresorptive agent other

than vitamin D or calcium, in a daily dose of 20ug to 40pug.

7. The use according to claim 5 or claim 6 wherein said human subject is at
risk of or has osteoporosis arising from an age-related hypogonadal
condition.

8. The use according to claim 7 wherein said subject human is
postmenopausal woman.

9. The use according to any preceding claim wherein said human subject has

osteoporosis.

10. The use according to any preceding claim wherein said medicament is
administered for at least about 12 months up to 3 years.

11.  The use according to claim 5 wherein said daily dose is 20ug.

12. The use according to claim 5 wherein said daily dose is administered for at
least 24 months.

13. The use according to claim 5 wherein said medicament is contained within
a packaging material, said packaging material comprising printed matter
which indicates that said medicament is effective for reducing the risk of
vertebral bone fracture in a human subject at risk of or having

osteoporosis when administered to said subject such that said parathyroid
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