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METHOD OF | NCREASI NG BONE TOUGHNESS AND REDUCI NG FRACTURES
TECHNI CAL FI EIYW 8%Mi08% nvention rel ates tQqupthods for increasi RGTUSEY/18961

toughness and:'or stiffness of bone and/or reducing the Iik h r
severity of bone fracture by adm nistering a parathyroid hoﬁrra @mé)

parti cul ar | y) MEFODR Qf NEREASING BENE JOHGHNEFH0MNP STIFFNESSe AP REDUSINGhFRYSGTURES
stiffness of bone at a site of a potential or actual trauma, such as the
hip or spine of a person at risk of or suffering from osteoporosis. lo Mre
particularly, the invention relates to a nethod of reducing the incidence
of vertebral fracture, reducing the TEEHMEAL FIEED tiple vertebral

fractures, reducing e . ri Vi fractu and/ or duci ng t he
i nci dence of Eknon ver?gﬁﬂiff\ﬁf%%agm r&&ﬁ%%(ﬁ Wﬁvﬁ’ﬁ\/ﬁ?\ﬁ‘f
Exi sting agent sg$tcdds 8Fbdtanaee Pedu@i'n§ lﬂ’f&ﬂ&'ﬁ%@d Qxﬁi/oxf Aevemyctﬁﬁboﬁé frﬁah{%' gyoni n

can prevent bone | oss and i nduce a - 5% i ncrease of bone nass

refilling the redmihdternig aspmathyro&mhommne wae partinelaripithe m\mntloxsrogmes‘a cantly
stinmulated. The retenti on of. bone by inhj iop of bone turnover not be
sufficient prot g@fhﬂ&f%@%ﬂ@%ﬂ&é@%@ﬁé&%ﬁ bane abasite Al %PWHE“ZAIOF eaay

have significan gfa%{li by
stinmulating bonga?ggﬁsg%l?gith& er inntctélog %*%Etfpgélb{’n gt%ﬁ g?lja%r(?) & tg %E)S[r%
agai nst fractour Mdrapmtuleﬂyahmﬁvhnmxahkesahedn@me@p@ﬁ@ﬁng theF?ﬂéxa&ﬂwro@I d

hormone (PTH) is a secreted, 84 anino acid product of the mamalian
par at hyroid gl aﬁwqbﬁﬁtﬁaébmarrﬂ@“!ﬂéhﬁmclﬂﬁpﬁ efrmulsipla eertchrad frgpturassredetingn 2s

and human PTH ( BReteSS e Vel anguere Ao S5 lPhg Bhe RN BE-CRePRLIT ™

| engt h hornone. ggkdigr am no termnal fragments of PTH (including 1-31 and
1-3 8 for exanple), or PTH P (PTHrel ated peptide/ protein) or anal ogues of
either or both, that activate the PTH PTH P receptor (PTH 1 receptor) have
shown sim | ar bIO|OgIC 30 effects,on hone h h_the magni tude of
such effects!®my vary. Studie& TS LAY 2 PN of PTH have
denonstrated an anab o1 TN t
interest in its use % I)AS%P ﬁ%g%ﬁée%\{%%%t OFexﬁEﬂ@@%&iﬁxoﬂﬁ%@%ﬁx&%&?g&tﬁ%can
00110596 ~ PCT/ pPiSALIEHNE loss ahé dplutes B s S&nihcreakad fisbnb amas Biy sefililag the The
significant anabolic effects of PTH on bone, including stinulation of bone
formati on whi chr‘?@%‘iﬂhﬂg spaﬁeabuﬁ@@tlgwrﬁomwn@ah%anéwlféw ystigijatetyt Hie have

been denonstrate

believed that P e%bo n%%% rg?' ﬁbl{mn ttjbfroéﬁgglélﬁger ya%?%evasﬁfﬁcéenq??am%%el S
has a negatiye Qdigatfrafure ALl fo? Phtidd@eho hlﬁaea‘d?%ve Sighificaht Bon Gsd! AinBBolic

i ncreases in endogenous PTH, which occur in the disorder

hyper par at hyr oi dgents thaegwteaasd bonelsirengtingy sfimolating bane frometion prefyentiabisl iy an
i ncrease in connectl V] tg/ and mass aof trabecul ar, bone, %zﬁ studi es suggest
that when Haver SFAHdEhst eFB%ﬂte%ﬂégﬁﬁft%ﬁaBWﬁed‘WWt‘ﬁ%‘ﬁﬂﬂ@ SSHAP IR HRSEORGIONEI s )

renodel s under the ”Iﬂ 6/ Bmbrld tp %?se‘!@rttlad%zﬁnlﬁgagfv\ﬁffiidlﬁm)f g of
bone such that cortica ne mass a trengt h decrease e tra ecul ar
bone increases inemmalanpdathyroghgiti thitosonerbngiuen caloiupulehels tledugh itnadtiah

studies of adm nistering PTH, cortical bone mass decreased after treat ment
Wi th exogenods PTHYaEAWS Hisues Includinghasicn Jhe N éﬁﬁmmaqwlﬁs&f hoine and

treatment of |S,PTH e rt| I n engt h.
e concer n r ai SR ORGP 6 SRS uRIElafE caffRRn(R YR AR TS &
skel etal bone mMaggmeke OMet ARinbAeifdl faghichGaf PAN@ncllding 113 &id 38 kor
clinical relevance as, in osteoporosis, the greater |oss of trabecul ar bone
conpared to | os sex@pb@,rdrlPd”&irPt(B'ﬁH_-reh’adrp&pp&dprom)rmmabgud:smfdnhg orsboth

predom nantly bo hy the r ng corti bone. nti nued Ioss 0
cortical bone V\dfl?td’c?‘%? g’fspéﬁg/% I'fF? ge@?ﬂPé(Pqﬁ%krecqle@F)gﬁB? ghown simlay big Cant

that a therapgut t s a subjects
resi dual cor'i3 |8!c "Jlffet%%%g'rgo?h%as hﬁ?@ﬂ ?é E%gfmldécogr ??Hgéfécgsc e)a E%y‘e been
investigated in nonhugradied i ihs WithvaHousfoiing 0f PEFDiRkidegionSHitdd Atardbdlic
ferrets, sheep and nobnkeys, but 25 s | e sizes are typically too small for
reliabl e stati steftest o:ah@neysmcbhavmeornmggslgntﬁcamnetemang:é%userfm@@rcmynemref
treatment on nechani cal properties of cortical bone in such aninals renains
unknown. Published studies of rodents have shown increased cortical bone
mass during adm nistration of PTH but a loss of this benefit after

wi t hdrawal of PTH. However, rodent cortical bone has a disti namwﬁmlmmmmrt
30 structure from Haversi an cortical bone, and renodels by su

apposi tional formation and resorption, rather than by intracorti cadsiee
rermdel | ng of ost eons. Furt her nor e, technol ogical lim tat| ons | n
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m nimze | oss of bone induced by PTH 1In fact, this nodel has
basis for 10 several clinical studies in wonen. For exanple, Jﬁﬁgzcgrﬂgogm

studi es have WOMYIPEPH i n post - menopausal wopen on concurrent t PETASPINEION
calcitonin or estrogen, or i}g}?@r emsgopa sal__wonen taki ng GhRH agoni st

Synarel, for criRFSPBEPIASEANE relficd hopp GEPRE e f Fiscgnifeard gpannds siigeig opFHx

tical b t | ,cul diffi.cul t b e .effect f
Flst P duri ngrenbrmalRs iR e Rorbulh Wi i b BT AR e i ns
a need for a mMahhRQGnfiRk s@ERIRIHNE bBerddthdRirhied e ARy ahineN HducRNah i ff ness

of bone in humans and ot her animal s exhi biting Haversian renodeling, and
for reduci ng tHemansi dence of fracture of bones in these aninals.

Furthernore, there remains a need for a hod. for increasing the quality
and amount of corti CIEFSW‘BBW@%':%WW@ IFABQR ORUMARS 1 gplevant

i nvention incl %‘E‘?’ ¥ [ g r i.ffness
of bone, prefera )a}largg?é[l?ggﬁJﬁ%gﬁg%gﬁgcﬁgﬁ%ﬁétgﬁga%pﬁgéﬁ?n% gﬁ%g&gn or 25
severity of fraatreases by edbgenvwt RTH Nghiah paduatimHedisbrb&@typeparpreidism,
particularly, the invention relates to a nethod for increasing toughness or
stiffness of bowksulam thingingeoforticah bermadcampanricd by aninarease imconnaethaasindg

t oughness and/or _stiffnes f bone can.be nanifested in nunerous s known
Lo Those of | skiTial e bongy Bist SERSPERS! 167 B HiveRa conGALTTS,

| ncreasi ng_BpNe(Hidash HunfAl bl highbVALAANL) derBddts hitick Bid HAiGencd0r P, L

i ke. I n one enbodi nent, the met’hod of the iInvention reduces t he incidence
or severity of widlhedbreadisaibition ofibonevstch diat adrticalaeinemess adhstrengthdedrazse.t he

i nvention can be, used to decrease the risk of such fractures or for
treating such fYhis tpkssular Rone mcreagesan mass sughstrongdhn (ffr gyampleginuliphsd:  of

e P st AR Bl B Sal BN 28 ErtBA 18he FraBealOXE ek LR
consi sting of amno acli d sequence 1-B4 of "a human parathyford hormnmone tor
the manuf act ur ewfth cRogBREiE PIE NG fthdse ERAR1EE hewd fa¥scl @EHcm that IR tFdafier@bf bot h
vertebral and non-vertebral bone fracture in a postnenopausal worman at ri sk
of or havi ng5 osP'Edpatldeidsto redunedicortical bbnewaiss and strerigth. adné edrsenrased by sai d
woman w t hout congurrent. dm_ni str‘z]alti on of ti res%r ptive &gent ot her

a
than vitanin D ¥ é&’ldé‘?sd?rﬁ‘ai‘ Heze wapldpeddoss f‘OIQB%’l%‘ ROp Py UG the loss
about 12 nont hsgpl Qi is i ASARETLE @ﬂ&tc - is theoRLesent

i nvention, theroefuﬁ%s %r gsii{eggfdlﬁaluse 6'?“39‘6%{?% yrg?éf 1ﬁ§?t@ noerg%%rm?ﬁe &

manuf act ure of ssefirarowiat bér cohgainei tododshd contiell bdnenmemer thetanedhahicale
fracture in a human subject at risk of or having osteoporosis, wherein said
par at hyr oi d hor lef@giispredeminastlybemerhy theranainibp certica) bansutCansnuest bosnef
adm ni strati.Qn . i I RILVE oi.-her vi.t.am | ci um
in adaily &gsegé).l&g(?%géHﬁ)ﬁ%mvxg{ea%ctgg?%lgﬁée %‘ a%}%)e{’] ero gé%ecgorgpp{}ﬁggpresent
invention, ther &efa%e@tﬁ@&eﬂﬁ%r@sté&?or@ﬁis ddRhAl b abe RAUBRAE réMual Bértical
manuf acture of a medi canent for strengthening cortical bone in a human

subj ect at ri skberfe.or havi ng ost eoporosis, wherein said parathyroid hornone

is adm nistered to sajd subje i t hout ncurrent adm nistration of an

antiresorptive agent ﬂ}? ﬁ@FCt% HgﬁTﬁﬂi%ﬂfﬁﬁcaﬁgi}?e Ie(!’leﬁ?dnvieﬂ‘g&te&dplnﬁ&b‘%@ of

209 to 40pg. BRLGRRESEHR %r@gln% s r@%}% SR Al phEuhowyg hat
BVMD (bone mi neral densi t;%% and BNV ?%o e ni :\Jnegg%’%ﬁ?’éht In tﬁgépe’rrtl)lr al
m dshaft (casti sahplbeized areAypiagity foo siradl for rekinbielstatietityl afalggic eThoinspaoose +
cortical bone) (B) were significantly greater in PTH treated aninals than
control s at bot Heghaeges ipduegd by PTH trggtmgptorrmeehasioal nepetties ef eortieal popginon

mechani cal strength and cross sectional ng .of inerti .in th
Cort1cal " bone of PHERa SRRy FRGioxR T oplTEieH alugfte arbiepisha e gk inefhenet”
change in DXA meaidhifsonemadt alifnd MRinMtRAEHA LS PPARAT 1643 oF 81t belefi@Afler
treat ment groups. WO 001 10596 0 C T 2002 PCT/ U599 18961 Figures 4A-C

illustrate the pathdmwal ofiRfile How®XA méas gorcaldfonethas 8 distinctlydifiecont r ol  and
treatnment groups in the |lupbar, vertebrae 2-4 for bone area (A),. hone

m neral cont¥nt SEgturedrem Slaversian rortugal benss prd remedelshygyriace appositgnalp
illustrate the inar J . in lunb
eate e e S A Rl U
illustrate the FaghéafRe, tBclnblopic RnffatibRMbistRedhahithl Rtthg on the relatively




the constant strength of humerus mid-diaphysis (B) in primate?s&roa@ge int h
a parathyroid O@f’?&%ﬁ Figure 7 illustrates activation of bone fagrndt
rates on endoSt 23 ""¥8d to periosteal surfaces of the midshaft RGRESIYIS6!

Figure 8 ill USt%@h%nE?@fﬁ&héﬁt??fv@ﬁs@&%d‘ Acts Of mEddfrentin %vhiexﬁ‘arpﬁ’&k%t,‘ég&aeds a
densities in lunbar vertebra, resulting fromPTH treatnent conpared to
control . Note tPEH|slerehar geomadense thicken thobdriec Such andaconiake exteipblaabi ef

wi t hdrawal of PTH treatment. Figure 9 illustrates increases in |unbar spine
BMVD t hr ough 23 mebeartigaldong sespersss teethoseod! Iiumans ot ethar ammelstwidy ostepngly/ kgl day

PTH or 40 ~gl kgl day, PTH, ¢ ared t l.acebo. treated controls, Fiqure 10
illustrates i ngﬁﬁgﬁégléng ngﬁ?' @P} °ﬁfé; tlﬁe@ﬂaﬁﬁﬂgﬁﬁfﬂaﬂm 43‘%;\‘% of

treat ment of pagd 1 L . H,
conpared to f)l glgﬁe%f)g(ﬁ%g%geégg%lrsl’ﬁoodl%g@gﬁ%&%ﬁ%ﬁ?ﬁ@%&éﬁ\ﬁ%%&%%%i%ﬁiggnti on
rel ates to a netihadtiéad boneycaessg ne 16ssrod bboeighasethsowghdepletist bf foreésd bowend/ or

reduci ng i ncidence of fracture in a subject by adm nistering a parathyroid

hor none. The met hod 48aA CABSCINFICE bR RFED RdtopuidRbaliaf regqrding Hikdchen ofsP T
toughness at a gbf&iah Qec&lﬁ{e%gu&ﬁenft bR QlenPlrefimShiFittPh Qﬂir@ﬁ%ﬂﬁ’e b I auma.
Trauma general |y ifclrudes Trac ure, surgical trauma, |oi At replacement,

ort hopedi ¢ pr oceéhimés, lognsl Hohe induked by RTHe ds ifaeg, thizneodeD e s $heetindis @br
stiffness generally_ includes increasing mneral density of cortical bone,

i ncreasi ng 3fr eseyeial elinipd seudigsig r«@a@nng:or examplasthescetchinicabstndigs havedsedhe

| i ke. Reduci ngf'é i.denﬁe of fragture 30 generaltlﬁl incl.ﬂfleai. educi ng t he

li kel i hood or attUal PPHEPHERER 20y O OB FPRCYTET! HIctahy Vet © 8@3}%‘” 88%n
unt r eat ed cont 1 glinRRBHLRIaAR! wordPiIGhdBARE audlist SUnalhoPLBERRI1AAEL As
used herein) ultimate force refers to nmaxi numforcé that a bone speci nen
sust ai ns; sti f f owsingetfects of esttdgen shd BEHodn ¢dracd! bopaturmpovet make nfpaaicularly

| oad-defornati on cun~e; and work tﬁ, fai,h;re,refers. to the area_under the

| oad- def or mat i ofTReHY-E Abesyr atfects pling FHA dxring compbipatenherspy pathdhsssdvand
cal cul ated Ry p‘i;'e ds standard in the 5 bone study art. These paraneters
are structural operties that depend on intrinsic material properties and
geonetry, and can beTH&ateémhines néal fde s eidthebfor Bmployigra EFH tBititrdaee &iBAgth

"Basi ¢ bi omechani cal measurenents of bone: a tutorial." Bore 14:595-608,
whi ch is i ncor perdttidthepeidiane iy huraaes andasherignimala exhibigng dlaversiapreraedelingnd

work to failure_c be, nornmal i z to tain intrinsi,c mat.erj al operties
such as 1o ult | Hl r SR e B EEnCe S/ RARE of Bies o8 GnFRUGlsoy R ORRLS
i ndependent of #eereRathsS1RRE fordSmbhed fhrahsreing thk igHEIS apl hBDEnt FicBftRal O
maxi mum stress that a specinmen can sustain; elastic nodulus refers to

mat eri al i nt20i nbome. sti ff ness; and toughness refers to resistance to
fracture per unit volunme. Each of these can be determ ned by nethods known
inthe art. Id. Fenoral bone strength, as referred to herein, can be

measured 15 at the fenur neck, %WAE}EQE ?ﬁﬁfﬂv@‘ﬁﬁ@i'y usi ng

t hree- poi nt or four-point bendi ; e Trauma The

met hod of the invent iThaprsemfintention iriclides a mathpdor indiaisingaie Ruffiess ard/drave
20 suffered trauna to one or nore bones. The nethod can benefit nmammali an

subj ects, such &éffrashahBonespreferably gogical bang, and/er redyrinmibeiincideee anierans.

Bone trauma gan_bhe . blemfaor._racing horses and dogs nd .al.so.for
househol d peka. SHeRTHEL TR by Pl ASieg e f BBy s, JRR i e
for exanple, tojpgaiicERIatedBAH Method mrqﬁéieﬁsqﬁg)@u§Me§§a«ss@i,fﬁe§s SHbRRE 8ed sitelot
t he young, bone trauma is |likely due to 25 fracfure, nedical intervention

to repair a fraatpoteatialoor actval traypaa. r Inofeapiog nduehoess andvioestififness of smreeanberaged,
for exanple, through athletics. Oher types of hone .trauma, such as t{hose
fr om ost eopor os MANTEHEE HERURGTOWS Wayidnevariadhoseofi skilldn therark syeh as 1pgreasing

osteoarthritis) gy I i, t.] . 9 i ith
t herapy for ot th Hésglé egﬁi‘%ﬁ%gﬁ%{ ?agfrﬁlgso?gl.ggﬂ ?&51 %bglg%%’rltlﬁcg:%ﬁllg;\gg%égg%&é%\? S,
bums or orgam 3@nd BRM8eR. dAtbat eMBddiatent, v methiaB of tHefih emtibh rédudey thp @ridefice
Preferred subjects include a human, preferably a woman, at risk for or

suf fering from ossaspty oSvestebril snd/orraroyestebml fastueesp dho siethad of thavimyention t he

art and VO OO/cIm(l) g gse%%o%egelse%gg 121sk of such fractures or for treating such fractures. In




PCT/ US99/ 18961 i ncl ude hypogonadal conditions in nen and wonen,

irrespective of age, conditions, diseaseg or drugs that induce

hypogonadi sm nutritional factors associ ated with ost eoporosis (low cal ci um
or vitamn D being the nost conmon), snoking, alcohol. drug &sﬁgqrzbﬁé

wi th bone | oss (such as glucocorticoids, thyroxine, heparin,

anticonvul sants etc.), |loss of eyesight that predi sposes to falls, space

travel , i mobili .o h it tio r bed rest d oth
Syaten ¢ o sonsAEOTHER ta & kel Beatt R hBRuSH SR, & byoglE B

| ndi cati onparafhytdte hprm«smcmsﬁsftrngsctfemmno @sldssexjuentandved ohathuenam paratiyroid

i ncl ude ragj ol o e of. at |.east ne vertebra eSS

racture, Pafidaf e e hatiEABhn0f LR ec SRRSO ot ow
mean youngvertabrﬁl anchhure—s@rtet&akibme a‘acmemm |anchtmehwa£sal @shﬂnpﬂrﬂéﬁ 8f ofn

| ead, for Exara)l‘e to vert b ral a o non-, vertjebre% fractu 'E%?S of
non- ver t ebP&NG PRIEPBOrRSIS; W Ft?HbS%t igamient i¢ gdministersd, tg, sal yvoglaal u

]1: orearm a?drroaﬂ'emraiirmﬁls&amrmf amintrfrewtws ,algantfdtb?ttharﬁivrtﬁmraf[y\/bt 6éhlclum, in a
racture o a acture of an ankle, a fracture of an hunerus, a
fracture o@a@(% @OH ‘h!r‘ﬂé%@ "%ﬁStég‘P‘Hcﬁ,m%{‘tF? a&tcuig ¥YP a pelvis, or a
conbi nati on of these The nmet hod of the invention can be used to decrease
the risk of such fractures or for treating such fractures. The risk of
fracture is dimnished and the healing of a fracture is aided by increasing

the strength anptedrdingitd bRGHEr éﬁpeb@cﬂ’&he brdseRiAVEMtiBR, there! iBPrdVided 4 D§e 624 ne
or bot h. B@féﬁ}ycal wonman fa ri sk for osteoporosls IS a trrenopausal woman
or a 20 pr %%QQTmOW?yBBSE?nQEHW‘fa%F%H a piegicamant i rg@mu&{hel rskzpf non-

rto?]st rreno?awrwbrauwae fradtdfb insa hmﬁ@pl grb;&mt tat Bdk STURPUVIRG ?%teb@br@@itéewhér{éihrﬁé?di‘c!m nt
er apy en or val e antiresorptive thera
The net hodp%)aﬂ'inR}‘ih? ec'aﬁ %}Pterﬂa Sg@tﬁ@%’t ‘é’(%%mfogt“é{@f'é‘t gAmistealipp obsi s,
but especi ah hitirbSorbii@ &tink ) Mth@ﬂfﬂraﬁ%é‘rﬂﬁﬂﬂ oP EREIAM, i ddilyRIdRE 8 Mg tURRL | On
provides a nethod, in particular, effective to prevent or reduce t he

i nci dence of fractures in a subj ect with or at risk of progressing to

ost eoporosi s. FAREcASiAGR snoth&eaé%etsmﬁe brosBRtihAIMtIERNNERAY pRovidi@ 4 (154 defce
of vertebral and/or non-vertebral fracture, reduce the severity of

vertebral P3rafwRid hopaen or the maryfaeHeeobe 'ﬁﬁﬁ'ﬁ?'ﬁﬁ@t foe ratrepgthpning eartinag,

i nprove bopghelitahi HumarnBabjédteat3bkl bker having B8lebBérosBD AfbrEi saidt paratigidi@d of
the present invenfion can benefit patjients wth |ow bone mass, or prior

fracture WHIMONE 5 apminstergd fQ,i58% sybiect pritbout \geneltyerd satministr a@P’COf' 302
PCT/ US99/ 1aAtRédorptir! Rfent othbphbH VRSminDd 6 PcaSiumaini £8i§ doBe sz@,tq og

ost eoporosi s may be progressing rapidly. Cther subjeéects can al so bé at risk
of or suffer bone trauma and can benefit fromthe nethod of the invention.
For exanple, a wide variety of subjects at risk of 5 one or nore of the
fractures identified above, can anticipate surgery resulting in bone
traum, or may under QOﬁg_@PM}cTw@mmm@;wm@@ul ates a bonc at a
skel etal site of abnor e ructure, or
deficient in m Rgades 1AcndebEshpivethat Bmdmnemmnénahdms&ny) and BM@I(anegery

such as a joint_repl acerrent (e.q. kne e _braci n or ot her
pr ocedur es Tuingral conptent) in the femgr nB@ﬁt@ FO@R@ P%n(@ Pq?li' to the
nmet hod of t d recovery
fromortho %Pﬁ&éﬁ%%ié’g‘gpg‘? ha cmanr pz wck@ﬁ‘riﬁedagpy?&téjeﬁgﬁ%bnor mal |y

| ow bone MRgsteAlankAGK A @nols ke bettedosehli ch procedures include sur gi cal
di vi si on of bone, including osteotomes, joint replacenent where | oss of

bone structure rRigues@s themigh?D ehqvngtewffewsaﬁBTHmnmmaﬂ stwength poch and 15

prevention of prosthesis dri bl.e supj ects for
practice orcrqsrséeqsmebmomem/ettﬂnﬁtsﬁ @Mg‘gthﬁﬁﬂ‘é@agﬁq fttﬁﬁ fqmey,

hypoparathxﬁ@ggggnror kyphosi s, who can undergo trauma rel ated to, or
caused by rat hyroi di sm or progression of kyphosis. 20 Bone Toughness
and Stiffness TiHgaRiNARistdted (1R pefdéanélianfe incDNAcRedsheesrdfaholé bbmauna or

ai ds recovery fromtraunma by increasing bone toughness, stiffness or both.
Gener al | y. tingtahesistent ingsontrélanddreatmesdigroupdsul t s from mass and strength of
cortical, trabecular, and cancell ous bone. The nethod of the invention can
provi de | evel s of bone toughness, 25 stiffness, mass, and/or strength

wi thin or above the range of the normal popul ation. Preferably the

i nvention provides increased levels relative to the levels resulting from
trauma or giving rise to risk of trauma. Increasing toughness, stiffness,
or both decreases risk or probability of fracture conpared to an untreated
control population. Certain characteristics of bone when increased provide
|ncreased bone 30 toughness and/or strffness Such characterrstrcs i ncl ude
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WO 00/ 10596 '~ ~ 0 C T 2002 PCT/ US99/ 189G 1 and endocorti cal gﬂm
formation, CO(‘P@Z‘: F‘lgoorosity, cross sectional bone area and b SE,ZUUZ
resi stance to T OYAHG, and/or work to failuwe. An increase in BREUSPYI#8fe
of ‘these characteri ski [ ;

invention. Certain cﬁféto‘?geéﬁ Z‘r?éﬁ%‘é&gpgggg%ﬁggﬁﬁ%? ﬁn‘ﬁ%&vﬁgggﬁegﬁge for

el astic modul uscéntiiend detheageoumRintedembiroreeabrad 2tofiyboae ﬁreal(lﬁl?.%ne
stiffness of bone. Younger (tougher and stiffer) bone has crystallites that
are general | y smiedracontenin(Borandtbent muessalgfengitydér). bone. Thus, generally

reduci ng the size of _bone _crystallites jncreases foughness and stiffness of
bone, and can reduceF’igHEfisc?é‘r%‘gﬁ‘l SIRlE Hednerpase LyheRe Bass (l‘?ﬁtaﬂgibﬂ’@e i‘FFé‘gﬁ‘

crystallitessof @ RoRfs oV b A& AL ddpuxal; j eristics to
t he bone, inél u@r}g |ncarq§'§rstggci toﬁg—hneggs gﬁé&l ngl???h%ﬁr@#@ﬁ%@%gﬁ%nd/ or can
reduced inci dence of Figheestirand 6B illesttaate indreanén sitengir ef feinur hese(A) and

characteristics can be a preferred outc¢one of the nethod of the invention.
The method of t W& cPRTERsirensth of ymerus mdsdipphysis(&) dn srimgtesiecated wjHhe s s

and/ or stiffnes n veral bones. For exanple, the present nethod
can increase théar?‘fé‘y@c‘)%gﬁ#e"g‘g' and/ or stiffness of bones including a hip

bone, such as an iliBjgure {iRGreNstvatitiofadna fdrifaion raedeNendose dlde spi ne,
such as a vertebra, or a bone froman arm such as a distal forearm bone or
a proxi mal H@neperpsterhswsfacesfdbemidshaft bumemess and/ or stiffness can be

found t hroughout the_bone, . or |ocalized to certaip, poytions of the bane.
For exanpl e, toughneggu%%ylwtr%“ﬁ‘%?:}i‘és@w aBLﬁY%ﬁﬂEthEéﬁ‘fb’é‘%ﬂ’)’eivﬂﬁaéﬁgﬁﬂes‘oy
i ncreasing the RESSeRRd S PES 1R

trochant er a. Toggﬁg@ss ar?ggh(’)lr‘éggltn?%ff%ess 1Slof gtnﬂﬁnggﬁgalgg?#%ﬁtreogse mﬁf}c

i ncreasi ng the immgknasknsindheortit] bdneesmparfimantt afler adthdrassd o6PTHI treatmapi ne.

Toughness and/or stiffness_of a vertebra can be increased b ,)i ncreasi ng the
t oughness and/ or st i Fieyesillystraes,wayeases n jugrhap sping BMyg dhrougly o 3 moathsafsiy

the effect i3 O rie N t ai ' he Ashj u
cervical, t h%r a{(:}lcéé?]efnu&r %}1:‘:&1@ g@?‘aeﬁ b&a@f%‘?é/ém%féf'b\b%r/l‘t@%g?gﬁﬁg?%?%%| y
the effect is ofgAEbORreled @omttdls.t horaci ¢ and/ or upper |unbar vertebrae.

The increase in toughness and/or stiffness can be found in each of the
types of bone, or prEigund Halubtyatesinogases ypisnuf andbipowalke BMIpgboough 26one

i ncl ude spongy 3o (.cancel |l ous,_ tr.abecular, of. | | a ong and co t
(cortical or deHE’é;hsl? Heatmeat ehRauents Mt < hEra:{q %@Eg)ﬁiﬁ%f)#@??fo@ H’}Eg/a%y”}??ﬁ,
i nvention prefeﬁﬁrpgé’re&[bc;aﬁ@e%@%eﬁﬁﬂggﬂﬁﬁé and/or stiffness through its

e one,

effects on canc us and corti cal or on cortical 1~0CT 2002 W
00/ 10596 t O 48CT/ US99; 18961 bone al one. Trabecul ar bone, bone to which

connective tissue is attached cangm‘e oughened and/or stiffened by the
present nethod. For exanple, it i ﬁb@é@}l’ﬂﬂﬁ)vi de additi onal
toughness at a site 0 f.or . a

muscl e. I n anot her a%g?ﬁ%gﬁ%@?s‘n@gr%t%oﬁﬁ?{rﬁf%ggg%ﬁ?gﬁ%ﬁﬁ%ggﬁg@r
stiffness can refiffass, M@/od eeiugin@findidénet bf Facthr@ ih Bisﬁbjaan?@dmihﬁcbﬁﬁgﬁi ng
toughness or stiffness can include reducing incidence of vertebra

fracture, reducpargtiyneiddemencofThsanathad dandetemployed dolinsienge stilfnese apdons
moderate fragture,  reduci ni? ifnci deQCF of nonverteb?]al fracture, .reducing

i nci dence of PulfQYEIREsS e 28K R{R PAPIUET EHTHT Al R SHE OhaR BdPal Wiy ™8 LifH? oi d
Hor nrone As acti i i ot i Lfpcor por at e
the Tul 1 T engt e B S o e S P ar 1y

t he human for m phdeEthred,-a8d the litet dnereading Hone toughnensiandianttiffnesb gepeegty de
synthesis or by extraction 15 from human fluid, See, for exanple, U S. Pat.
No. 5,208, 041, imfdudesdnaaeasingaingsahdensity af eqrdepl boneppecreaingostecagth ofdgnence
for hPTH (1-84) .j ori.ed ' a o [ och .0 es.
Comm , 114(2): 4§{’3&e#ﬁ% rg%%a%c?tg {Iﬂban &’mg(%ﬁhgkllk%nﬁerr@f?rgﬁ @gi dleﬁ%eocfi}%afég{rg as
active ingregy ergkgnér_mgmmdss f&iuéﬁﬁ% tRNkBlIRSod JraghmNinSidehcd oinmienled Itbryy of
rat, porcine or bovine PTH 20 that have hunman PTH activity as determned in
t he ovari ect oni sebjectaiompackd|to afi uniseatesivrontrel opubgtiont ed by Ki nmel et al .,
Endocri nol ogy, 1993, 32(4):1S77. The parathyroid hornone fragnments
desirably incorporate at least the first 28 Nterm nal residues, such as
PTH( 1-2 8 ), PTH( 1-31 ), PTH( 1-34), PTH( 1-37), PTH(1-38) and PTH(1-41
). Alternatives in the formof PTH variants incorporate




25 from1l to 5 amno acid substitutions that inprove PTH stabitilgtsﬁfi.d ﬁ@hf
life, such as the replacenent of nethionine residues at positi na

18 with | euci M ¥1%her hydr ophobi ¢ ami no %CI d that inproves FIH/B$RYBG!ItY
agai nst oxidation ang. e (&AhAPRNRNL ol ATOA AGLSS Bk DBPRREE Leghan

Wi th trypsin-insensi A RO’ aci 0 Sueh ne or

that inproves P&ldtﬁﬁsa%ﬁﬂlésyr@fe@ltame ﬂéﬁcﬁ&ﬁ@lm&?p&ti&roi?aqbﬁdiﬁéi%nﬁ%dﬁs of
PTH i ncl ude PTH P, PTHrP(1-34), PTHrP(1-36) and anal ogs of PTH or PTHrP
that activate thmP‘EHdlvorbct@fmknre refére sethe areamindér e bk defemat moedni@ybefdre
term "parat hyroid hornone" as used generically herein 0.c ~ 2002

WO 001 10596 11 fadvre dtash pfdwse ﬁ'@r%WéésuwwaWinw@dmméﬁmﬁirée@%i nant

h . and
S 556 040, 1 ool Mo, T RRe PRSI E e huchuit pFleri P RER SRR
PTH(1-34), al somsedlpraberties hﬂﬁ%@ﬁﬁéiﬁy ard SinAhY dotrBin&PAsds@itedqh TRHBRTH.

PTH( 1- 34), such as reconbi nant human I5TH( 1-34) (rhPTH(1-34), that can be
enpl oyed i n t heBprd3RAPIhiBssaibiamechiadenl nizashirements 8f bfad: @nntoﬂpbl Beation

Serial No. 60I0 C.of Qrated er.e referen ystallipe for
of human PTH( 1-‘?;2?3 ?R%’t‘g‘l’ C‘E??ﬂ%‘iﬂre‘ber?‘ﬁtg’yﬁ@efﬁné%eﬁ?“’ﬁﬁ?ﬁ%‘&ea%“ég‘ess and™
described in U Pat nat ed
herein 10 by re?e?keﬁcfgmrggﬁlﬂhlbgtagir]?%5§$%?§% yﬁg}ng{}@?%ng%e& 3\ égg{a}lgit Egr% d
hor none can Itoypultmialte/stteess ,ceastin insd dmiesd apdhronghiess s | which preaihéepzhtsnt by size and

subcut aneous i nj ecti on, % met hods and in fornul ations well known in the
art. 15 Stabil i SERct HSmse b¢r@ﬁsummmsmfﬂ(s tqn@x)mvméﬂre&sdhataaﬁpgmé@w y

be enpl oyed in t r i-bed in on
Serial No. 60/ 06§uhsg‘7‘§’ e??sﬁ % ggf%ﬁé’r’ﬂ? rigl Jrnic s ‘#’E‘Sss # égou éﬁfefc 3
application al sgsiases td)ﬁﬁctﬁ%'}ﬁf Q% vefuRRy Ea‘éh iRk Qzﬂﬁbé @éteﬂlﬁé@@)enﬁﬂﬂds
adm ni stration of parathyroid hornone. A stabilized solution of

par at hyr oi d hor kuoven oathe iaric IIde"&rmraltlam«eBtrzmgtb agefetred do Bcrebuf:zireba mgasaggent |
a preservative, and_the |ike. st §}leln ent incorporated into the
sol ution or GonPolf fryr neq NIcFé 1&3? bt ﬂ&wganaéhr&aw g%%zmtde,
preferably a nog %Q[qf]é fgePLitdi saccharide) e.g., glucose, trehalose,
raf fi nose, or sucros a sugar al cohol such as, for exanpl e, mannitol,
sorbitol or inositol, and a pol yhydric al cohol such as glycerine or 25

propyl ene gl ycol or m'xtures thereof. A preferred polyol is mannitol or
propyl ene gl yco@ﬁﬁ@m\centrati on of polyol may range from about 1 to

about 20 w-% prefetrabl b % of .. the t sol uti

Ut fer i ng. agent " enpt SPEaid Hnd il Gurcn Ky s ol R Bl Bl A s of e

i nvention may, begu@d¥d ﬁﬁhxﬂa% 0BG mERTHInRAt Tﬁmmwwoa Rah SefdIR MRS dnCsbjetts,
accept abl e 30 and capabl e of maintaining the aqueous solution at a pH range

of 3 to 7, prefeuddsyhumdms, hdsedfsudogsufridecatsygn parstwas hamans.f Bonekamy ean be a
acetate, tartrate or citrate sourgﬁg. Pr ef rreg{gff r ste are acetate
or tartrate souPERRem fracing hopesand fagsaAnGrles ous 2t d)

001 10596 1~ PCT/ %3?@ aet,iE ulqr@iy ein
t he range of aboﬁg’%l ]Vaﬁg{éxcﬁ%o&{%n@]gypré%ra ﬁ‘%légftt)%gt ];c&e% to a?00 v
The stabilized $mktviehtdon, diseapypodisorden Wfthé heunp; Bssntraumy Brifkebnduweay al so

include a parenterally acceptabl e preservative. Such preservatives incl ude,
for 5 exanpl & drae8us, gnedy@a%zqtpwame@htﬂ rcp@h@ﬁecturqa@hmrzmr eiodHs o i de,

benzet honi um chl or| hl orobut a henyl et h oho ar aben,
propyl par aben, "7‘?@?’8@3 ue aﬁ?fgﬁ?}’f ??}éﬂptll‘}rilﬂg H%/lf ?@l 1c§n§ﬁ§n§fp§¥8f
preferred pr esert%ﬁﬁiav%%c'hsds R e $m 9§te$}ﬁﬁ?oyeg£&@miv’e vone Plsgﬁs%f(ﬁfch%g a{'tﬁntls

m cresol . The anount presen~ative enp may range from about

about 2 wt-% prozosteairthritahdip réplatetrentbosicordary conditiofis asodilned mmaherapy

solution. Thus, the stabilized teriparatide solution can contain nmannitol,
acetate and ncr d8bpthgs &Mﬁtemﬁ)r:@edlewdeﬁwalwcoppm@oxsifos@ﬁp@pms, s REOLZEN 5C.

The parathyrqid LR Qns.¢c i f,.desired, be provided in a
powder formg{’)nttga:gl aﬂo r%%? nflﬁré%stgge% %lldertﬂfo |ght that results from
the 15 freeze-drying F%Efe?re&tsﬁlﬁ b&@ma@umaﬁni}p?fa&a§1ysmuuﬁ1h@rma&emr&d by

m xi ng the sel ected parathyroid hornone, a buffering agent ‘and

stabili zing agermlffaﬂngtlﬁtmeosﬂmmsim&sléms fdrlogteopefosis anskmovinuinfthe artgnd
agent when preparing |yophilized powders is a tartrate source. Particularly
useful stabilizing agents include glycine, sucrose, trehal ose and
raffinose. 20 In addition, parathyroid hornone can be forrmulated with
typical buffers and excipients enployed in the art to stabilize and
solubilize proteins for parenteral adm nistration. Art recognized

phar maceutical carriers and their fornulations are described in Martin,
"Rem ngton's Phar ITB.CEUtI cal Sci ences, " " 15th Ed Mack PubI | Shl ng Co.

- i L A N\ . . o o o - ~ -



25 Uses of Fornmul ations of a Parathryoid Hornone The present i |
enconpasses a_kit including the present pharmaceutical conposi Tﬁﬁcxm@)

be used with MEHMods of the present invention. The kit canPESASEYHOA!
vi-al which contai ' Of ' i 30 suitable
carriers, eit helr%k@?? gﬁgogogly&nﬁ}clbrgﬁu}@;sf%?%&@ég%? A,][l ﬁg%h?lét?‘% dral}::zr%a’(:fgg&lvlogsa‘1
instructions i nditédgesf rdimg@f that ihadelhypogdiadisiti, autrafshabfaciors dsbeeidied withf an
insert included in a box in which the vial is packaged, for the use and
adni ni strati on efteapheesisdigyo orldem qrdtamin DBbOngHE Mo 20D sHEER, alcohol.

PCT/ US99i 18961 14 instr.uctio can al so,be printed gn the box in.which the
Vil s packagediesofiet bR doRuitthian eRiroBhRae o hEGLRe aratR (1 B
dosage and adm B i i i : : LLithe field
o adni nist ot TLeaF M dl) A6XUr RN (8 pHiGob A TS, dafkry '
enconpasses anyintnaiibizationyclronichiospieatibatian @rbedhrestnarghdthér sasiamiu diseasesttie

drug. The present invention also relates to a pharnmaceutical conposition
i ncl uding a forkAYEResmlinksd tgarereasedrgple ohesteapryasss. dnAkatinied thespresenegothuman

PTH( 1-84) or h - 34 I j Le . for. | t |
adm'( ni str ;t i on. %@8?%#%6 ?‘c‘)g\ﬁgw‘ﬁve?#figﬁ?l&%g %g@&%‘é%egﬁ@%%%gﬁé@g% for e
par at hyroi d hor v@Beal complession frdomire, 16y Baik thaSd(tyREaliybidasiPTihddaast) ., can be

used for manufacturi n%ﬂa conposi tion or nedi canent suitable for
admi ni stratilon dgvigsiendeioy wleamplong rarmal valnes), nd/drrairenmatoniradtemss.r el ates to

met hods for manufactyring canpositions includin fornmul ati on_qf one or
mor e par at hyr oi d horﬁﬁtﬁ%gqr°§ggw fggé,?fgm?o Yg%%ra %Hﬁﬁ'@ﬁ%{mll- 34), in
a formthat is ﬁautﬁ,gsz' Exﬁrﬁ;?l,e?éfﬁ&%—@ ribr AR &lin ) u@ghgfﬁactﬁ%,aznm&ure%fa
liquid or solid 15 ormul ation can be manufactured in several ways, using
conventi onal t edistal fpuesm, Aflacus of 4 prorinha thunrencaa flaetupaolld wristys &detbne of a

di ssol ving the one or parathyroid hornones, such as human PTH(1-84) or
human PTH( 1- 34)radjus, sftaciprenijan agkley @ fractuts Rfipndumgsus @ ragiurgf ZRbradcYE e

pH, i ncl udi b r t DI £ Of: e of the
Stabilized o uﬁ*%ﬁ’é’ﬁ g%‘%:c?‘uh ghapeiig hﬁ%%%'?‘f“%°“?§€&géearfpﬁ%e’é%% oM o1 1 ow
are illustrati viavedtidnh@nibeRed ioodeciast MeisROF sidh RatG@ads bOfob Gedting shting.
EXAMPLES 25 Exanple 1 - - Increased Bone Strength and Density Upon

Adni ni stration HhctuieRTHAd rigkidf fractighid dinginEhedandtba thabling af adihsture isradag by

intact New Zeal and white rabbjts (HRP.Inc. nver, Pa.),.ope. of the.
smal | est ani mal WCERSINg i $15e8th rﬁyfd‘?ﬁsroggg?et’?%‘]a Xm&fé{]eﬁ‘&’ the spine or
approxi mat el y 9pgf) 0RbRa1 Rbfiaf BFiyelod 35REpotodSish 5o%t,kaaona¢“@9{a5 @fla by
mean group body weighf 1nto 3 groups of 6 ‘aninmals each. Two experi nental
groups r eceiXedpieimesypdusat; hypd2dhi{daB Monmn. dopreerrsd siibjeot is 4 Postiphopauka)/ day .
The control group was gjven 1.0 n1/|cg/ da%}tgpls 0 CT 2002 WO 0%@(01396 15

PCT~S99/ 18961 oPOREPAT: isindsperidentef goae FNORS FSDARRIRENT hesanyi d

rabbit sera. PT = - [ Enj ect n ' : -aneous
injections on 5 %)ég{f’é '\:A@J@M%rtﬁéfmggg*@% ‘l%tjtgg%/\é/g?eqﬁeegﬂﬂggt?? ltﬁR{E g 6’rf:]how
cont ai ni ng 0. 5%4beneflt Hsubledt @Panyedighedif\RikopsYoEIs, M ekpdalallyih thEwarigahdct i on
of doses was based on a series of prelimnary studies showi ng that (1)

after a single pdyaeed agasf PTH(1-34) at 100 ~g/ kg, serum cal ci um i ncreased
and failed tgQ return_to basel.ine by 24 .hours,.whereas. after.a.single dose
of SO pg/ !(gzzc%ser um cgﬁ’ﬁ PEﬁ?F‘?‘éPW%H‘&ﬁ pf%w%%fsaerf’fﬁﬁgd’vﬁ‘tpﬁﬁﬁu%ﬁ eﬁ%ﬁ?? to%ﬁ vef“ or
repeat ed inj ect vQfige He inbldBiibeled ffadidtes iR Dsubjestul fe fr Attisk 'R PRig&kingkse 1N
serumcalciumwith return to baseline 1 o values in 6-24 hours, and (3)

PTH( 1-34) at _estbopayddig Borkxaoiplekitegpresens invemtiqgrhecamareduce dlie inoidenceoff aces. A
set of double alizarin | abels (Sig St. Lquis) was .?i é‘en i.,m at 20 ngl kg
on days 55 and 8SrebsplRngd/as@enyertERTabirectets) redies thg seYesity of yrigbrabfractutsy; <)

was given s.c. - ' i fice. iis
wer e anest heti zgéd“g‘f/ [%15%6?&e%?ﬁléﬁggf%ﬂglgralei?ﬁdst%%Uxéx??gg?ectgdﬁx&qg:gpt%%%é 3-6
hours after jidhe [ikastn aititesiehibodiréht AhE fiethddl (TaRe Présé ilieAtorPetiberé and
then killed with sodium pentobarbital ( 100 ng/kg), injected i.p.. The

ri ght hunerus, Ipetiénts withdew bonerhass erpriczlfragtird who lag) atausll fornfature gmltiplebi a
were renoved. 20 Bl ood chem stry Serum cal ci um phosphate, al kaline
phosphat ase, creatinine and urea nitrogen were neasured by conputerized

mul ti cha~el serum anal ysis. Hi stonorphonetry 25 Hi stonorphonetric

measur enents were done on cortical bone of tibial mdshaft and on
cancel |l ous bone of L3. After sacrifice, these bones were renoved from each
animal and fixed in 10% neutral buffered formalin for 24 hours. The tissues
were dehydrated in a graded series of alcohols (70-100% 2 changes per
grade, each for 4 hours under vacuum. The speci nens were then placed in
xylene, 30 and infiltrated with nethyl met hacryl ate under vacuum at 20 psi

- . o - o ~ e




1 ~ p GI 2002 WO 00/ 10596 1~ PCT/US99/ 18961 Bone nass rreasurﬁngnbhihf
m d-shaft of fenpra and the fourth |unbar vertebra in 50~0 et halo I@@Z
were scanned WP @¥95% section by quantitateg conputer tonagrapPET/YITNE]

pQCT) enpl oying,a and anal yzed usin i chte software 5 version
BT U Nor | ana Stkaiede Traefires, st BAfents i it gl StsoBor s it b mogerang
nmeasur ed i ncl “driaﬁﬂlasy.m unetric bone mneral density (vBMD, ngicm),
crosssectional ared (X-Area, nmm ), and bone mneral content (BMC, ng),

usi ng voxel di nensi oDshepkubjédis danlxléd be at 2100 ofi6R sutiet Uoke EaMmPendaint¢hatied by
mul tiplying XArea by the slice thickness of 1.2 nm The entire fenoral neck
of excised fenpifemithe mgthodipdihe ipFerBion, Fonextoiple, aavidayanwty of sebipttedt uski ofy a

peri pheral dyal ener absorptionetry. XA, Norlandl Stratec). .. .

Speci fical | y? aodjﬁaqréﬁ%/relfg 1 ‘ﬁ?%‘g‘?%@%‘é‘%%ﬁ"?&ER/E}}“%P%H‘)’%CIB'H)S?‘EE’E%H‘ ar ea
(cm) and bone yEnRSfaakm e@%@a pi&Ra | of
0.5 x 1.0 mm and nt hrags haglgghg?h%(.i 04. nl?%%?rgchani g%ﬁﬁ%‘gﬁisidi? gl%%%%g%k@@fsa
mechani cal pr opketetad sitovefl ebnomashly ov banetrhass or podr Hoaestradiure, dsdeffienamd t he

body of L5. Bones V\ﬁl‘ﬁ_ resected, cleaned of cgnnective tissue, wapped in
gauze soaked i rMIEERl0APE CXAMRIRIeCAYIN ¢ dYRAHIoRAteD BurgeRyisich 8% iGB. Prior to

testi , i -2 . gt .
Spec mons. wer e 3R ReEbE (b MR cr Bin) b iBOYaEing! of RAP SRR Sl Sbhze
using an MT$o 810barey oty tohidah imprve di@torhe et d(dYtRe Moemion. My aamel io$,

MN) . Load-deformation curves were recorded using the HP 7090A neasur enent
plotting systentheHsention canglkatid recammsromaythopddid precedutesrtbat roanipilatea f or ce
t hat speci nens ,sustain tiffness (the slope of the |inear trtion of the
| oad- def or mat | o‘?fmc‘?d’? \?é}té QﬁﬁbWEﬁX lﬁ’('f %‘?“Ied?ﬁgf’é?%‘gtb?ﬁe frifdpre; ﬁ'g“c _prf’cedures

| oad- def or mat i el 4@rRS QIvEi G BYnE)in¥IRER  TeRSISHAES, jihie Rcth et ifdpé
system (|l andel Scientific, Corte Mdera, CA% These p rame?ers are
structural proplest oBsonststmbtucteequmidcesaestiunturing svith aretabuiual shzlfogreationesmdand

geonetry. Turner CH, Bun, DB 1993 "Basi c bi onechani cal neasurenents, of bone:
a tutorial."ms Bd?rqurmoggs’-ps@@besrﬂsi@faquéxmpl@- RSherenitalle subjedp iQtimastive of nsi ¢

mat eri al propergli ! . i . | A .
peci mons. sust Aoy ARt d Rl B i o T iR i ot
t oughness (resiwhaba®uhderks aimi f14€d toldrt dauvsd %”ﬁzp iréilz?'r@icﬁsx’h@ﬂ R%ﬁ‘é’s%ﬂin of
size and shape. Id. 18 C T 2002 WO 00/10596 1 CT/ US99! 18961 Fenor al
bone strength welkypbasiared at the nmidshaft using three-point bending. The
femur was positioned on a fixture ~ith the anterior side facin~~ tov~~ard
the | oader. Load was applied on the m d-point between two supports that

were ~4 mm Qpargongipguémgsgﬂlsiﬁfm@s di spl aced at the rate of 1 nm sec until
failure occurred: T e data obtained fromthe

| oad- def or mat i on cur Fae metindi of ghainvenmmnaeditceeths risk ©f datma loatild récogery from
ultimate force by of FuLr/8l (1) where 6~ is bending fracture stress, Fu is
the ultimate folfewna pyimcreasing hong {nenass ﬁsssqygg&-&?neralfyswpﬁ@eﬁ%ai us in
anterior-poster] L i j . N | I d. The
val ue for the n%ﬁeﬁ}ﬁgg é? 8%@?%‘%%'@% %n@fsgf[%}e?é}ﬁ %ggss)l{tjlrcn5 lh{g%%?g%ar‘tl%@ f enor al

cross-sections ggicell@ld badel Tht mefiod A diRe iB0Ertiohdan biivida1eeels WaBokeXoahridssd
fromthi ckness neasurenents nmade in each of four quadrants of the fenoral

cross-secti @i wstifiinesspmass, aid/afistrength within eraboyve theganget of thonormgal pepulaiion a
i Si ft Q.00 Mt ut , . El i I f the f
P oo o B A ot e e Bt B

2) Toughness o (e I*’YEa?m‘?aj : . J h
1£ ol) I ovmpgg equat F'Sﬁm%‘gﬁ%ﬁ%’ﬁ%‘ggg gﬁgfi?%\%r to fq gclztfégérng%’ioﬁ %ﬁ%LSF’SS?@@c%—SC)rsr ?%tg

mechani cal test deggeases Hisk bhprlobability ofdratwibs eonfpatdd tolmituntresdd pbatrelpoplilation.

Certain characteristics of bone when increased provide increased bone
30 toughness and/or stiffness. Such characteristics include bone mineral density
(BMD), bone mineral content (BMC), activation frequency or bone formation rate,

trabecular number, trabecular thickness, trabecular and other connectivity, periosteal



the vertebral body were cut parallel using a Buehler |sonet sl owoﬁgseﬁmv
(Buehl er LTD, Evanston, IL). After resection of the posteri or]p@

mechani cal st WOr§tIps%f LS was neasured in npressi on. The conpressiMesdioad
was applied in stroke 25 |, with a cross-head speed of 1 mmisec

1
t hrough a pi vot@ﬁ&"ﬂ?"&t@?ﬁﬁggﬂ{: FINBRRn, FORICAIRFRRHN qress sartiQshiene as¢2 ande f aces
of the vertebral,hody. rzastgr%rz@haaaﬁ]&t, @@&%&k%m\lp&% 5&9&&9& One.or Mot
e, an at e | nt a

| oad- def ormati on curv to eva rinsic materi pfoperti es fhat
are i ndependentofahesheh@ragendtint iya prefdredRutofmcof &k MeEod 8f Gielidieatoms t he
ultimate force divided by the gross cross-sectional area. 30
Cross-sectional ar esCqgrednyhangptertsairs of ome dsuply a8 arronIspace(atyl elastic modulds T 2002
WO 00/ 10596 19 PCT1L' S99’ 8962i vvherec{a\ and b are th&vvidtlg in the

ant er i or - post er'ViF SRAEFRRedRTAYIdE Hickrased W9phness BT spifagss Of PoRs- Youngerst j ¢
nodul us of the : . = [ n). (5)
5 where his th(\(gd?ur P%ﬁ%@-sglgfﬁggoﬁg?sg ﬁglkl?ets/gl?attg rggpetég%;sﬁmq‘gﬁtg%ﬁé@@{(ljx *t he
vertebra (Toughofatder bonasTinal geHepdlBdredycingothie bine s Shone-crywddlkites dncreases
failure)n(CSA*h) (6) Acoustic mcroscopy |0 500-~mthick cross-sections
were cut from ttReghcss andtEipessof bene.rad capyredugsuneidense of ifiggtuze. dinagditi@nwi r e
saw. Precise thj (o) i . A e Sk n m_cromet er
(M tut oy, - Japdnlf BetniRflts 3EF BpAERs BERRNGH, URiaR It
. were nmade U$h NGha bk fhdlidin@izektatddCoig e SSmARAIHAR L bohe/ MM cad 2R0Ed DY the
met hod descri bed previously by Hasegawa K, Turner CH, 15 Recker RR, Wi E,
Burr DB 1995 " Hheidenas qiftapwire. | Asleatasssn enparmonicof Huse charagenstids ban sranni ng
acoustic m croscoggt"d Borte }2?85- Eod t}?‘i ng this technique, detailed

i ntrinsic mechadfFEHRd BRGABCCL B¢ Tyethad e tfVeti¢cal poi nt can be neasured.
A 50 Mz transducer 'fﬂé‘rﬁ&‘ﬁﬂd E’?ﬁg%‘eﬁ;ﬁ%ge W) intahsifiB She B Etels SRIG! at e
acoustic waves in pulse-echo node. e 50 | 'ens prodticed an acoustic
beam 20 appr oxstiffnesd of 206 of seviern] Bonsre FoF exaufiae itieeprssene hetHodoad iidvedst ehe
bottom of a chanber filled with water at constant tenperature (22C). Del ay
time betweenS acdenghness serstiflaessad baresripguding a hirhpnss sucheas 8pdiy gand

t hose refl ect eq)ofnreo

digital oscill oS6Co ué:k(g%a‘ bg&é@:g?\;gxt&frgﬁitﬁ(??p&ean\g\gc?nta‘éﬁsve@?r_sayﬁg%é;nseitﬂ%negnWer e

nmeasured at fi vgnflsddhedsendisthloeadata Bons sdprokintal Bemeds h ThistiRcreae iAor e t han
300 pm from each other in the anterior cortex of the hunmerus. Acoustic

vel ocity was catoughreseandisr stifiness oah be forindkhroughont thehooimeriecalidéd/fochsitaipy t he
; . . . o
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Assum ng the acoustic "~ave path i.nh bone as honobgenous, the elasiic

coefficient (O topéiareéﬁéreﬁ/wrﬁg'%ﬁ %ﬁh%reﬂ ox tlipe sRing "69%@65%6;9@@% essg

cal cul ated: C=p*y. 5 I I i I i el ocity.
a v 2 ﬁa}Q’feBt% u‘?cr@asie& by‘@c\y\%gi'ﬁg g]ieey o@@ﬂlce}/]se %@/ﬁ%ﬂ%&éscbf‘é

Statistical analysis t analys ~honogenerty of
variance. \Wien yatidlaNemindasr buayb ggaemicode theaffeBNSG vattebralth 8&@din s PLSD
tests for post-hoc |0 conparison was applied. \Wen variance was not
honogeneous 25 Kr peskans ¥fthe spingsuctpas eervicsli Boraial pibar, sacrel pidipteoopygsal

applied, with post-hoc.anal ysis usi Mann Wit ney',s. U-t.ests. Statistical

S gni {1 cance waSeHebEe; BarfoiabiyyDe <Racl TR O & MorE T SRAFIE ANEr RRAEH 1y
15 Resul ts Body,seipgat and bi ochemi stry Rabbits treated with vehicle
PTH(1-34) at 10 ng/ kg/day exhibited m nor increnents in body wei ght over
140 days. Rabbits gi Theirefddée ih-t8dghnass atid/qoglifndselasn eecfouhd tireeach of tied tlypes
decrenent of 51 gbi n body wejght, representing a 1.4 ~ 1.6%10ss 20 in body
wei ght during t AEbangper predemingnthpinons type afdhe bange Jynesef hoae inglpdefipanghe
nor mal physi.gl ogi cal,, re nse for, rahbits, al.thou smal |, i ncreases |

Cer um cal o1 Ui aRaSCCREARRPaTun Stiab@a bine B ORI F iRk REPFRBER e e

increased by  the fracture callus. The method of the invention preferably increases toughness

and/or stiffness through its effects on cancellous and cortical bone, or on cortical



2-fold at the higher PTH(1-34) dose (Table 2). 25 Table I - 4- géggﬁm
PTH( 1- 34) on Body Wi ght control PTH( 1-34)PTH( 1-34) p 1 Up /q

pg/ kg/ day0 Ul wiatdoabsdeody wei ght (kg) 3.43 ~100. 08 3.42 t 0.08 _PcAZUS99/18961
0. 08Fi nal body weight (kg) 3.70 ~ 0.05 3.51"t 0.053.37 t 0.10Body wei ght

g . 3.37 t (
gain (kg) 0.26 hong atrme0 Toabeculer ymecb@w to vohigineomgetivetissue igpataskescaaglstean t
SEM for 6 rabbits r oup. '~=P<0,05.compared with _control. 5 Table 2 - -
Effects of PTH(bf-‘éﬁé’; egRo §?§?‘aﬁﬁt’é§8“ﬁﬂ EW&‘/‘P?B%‘FPPB‘F%PK Fpr SAMREYTRy/ kgl day PTH(
| -34) 40 pg/ kg/ gaya: ' Ll 2atl ot -G IdnZerd: 1 S Ehasphat e
(ng/ dl)4. 7 t o/ aarate 61.§5&5‘5?8('@93.9%8%t?%gelg'ﬁﬁ%‘géggtké)gga(| u/|)2%.ag)hzal?'?f.'§1 Bat. 0
f 8.149.8 ~ 7. 1(0eaddn,ahdierdmmpbele) 1.9t 0.11.6 ~ 0. 11.8 f (?.1Uea nitrogen

(my/dl)18.3 ~ 0.318.1 ~ 0.823.9 ~ 1.9n 000Data are expressed as nean -~
SEM or 6 rabbits perlngngthst aspegt of ecigneniiaRy INCreapng doRghBIess-y stisiyess aap

0015595 2513 STl A, O e AR S B
m dshaft increasgld Fedding Incidenct bEarerg rfflfdﬁﬁe,(ra'&m:ﬁ]ﬁ):ideﬁée 8ERScien t he

hi gher dose group was significantly greater than in the other 2 5 groups
(p<p. 001 ) and fEctweBRSdiqing insidenesheirmerdnsate draginse, weducin gymcidenemef nongr eat er
than in the contro roup (p<0.05). .Consistent wi.th the increase in serum
bl Kal i ne. phospriribe! g PRIuHE NI SAE oL MO A GROW F5e CorBe e RASTEH Y
Ec. BFR/'BS) wgre significantly greater in the higher dose group than the

ot her 2 groups (p<0.05). Mneral apposition rate (MAR) did not change on

ei t her peri ost eRdrathyroddHormend cal to envel opes. Intracortically, the nunber
of resorption sites (RS&.NCt.Ar) in rabbits given PTH( 1-34) at .40

ug/ kg/ day was si gni f Peagitveyingredishie thegpmposiiog or selition maynHacpprie the dilhups

<0. 05 Tabl e, 4 Qst L. ] bbi t
o ven PTH( 1 sasngp ShBsZeriohh o BERRReRHRERR paritbiah by bbb o r o
the other 15 ? HF"PHQ?-Sﬁpﬁgtaﬂﬂed\é&hEMc&ﬁﬁhﬁﬂly,%?Qﬂéﬁﬁid@é@rﬂ%isvcﬁ bl Qxpaétkgl day
group). MAR was significantly greater in both freatnment groups than in the

control group (fref inan fluddit S¢chéorexamplent).SiRaniNo.Gs208,04 If, imogparated bevssen
the PTHtreated graoups. ne formation rat nd actiyation
frequency (Ac. F9Y Feieiensss ddie@pupe 6‘55 é?f’d‘%%?%&‘?ll{ﬁ&\spp%@t’? V@PWXSY &@B‘ﬁ‘ﬁa gbes.
20 Al t hough bon : [ @_qﬁg.g c) doses, a significant

di fference was gnn fgﬁ%ﬁ%d%@ts\}\gg{i t he ﬁ?g#g?ﬁg%se group and the control
group (p<0.01 ). Mar Thycahgssit{dvborAblutidacn®eslsdinabdiperaté aeadtivenngretient was not

significantly different anbng the three groups. However, cortical area
(Ct.Ar) in the Frgnertsgovanagisnffragmentsiofiumaadfiti gr ok @htorcipganbaviee BiHer 2
groups (p<p.00 the co | .ar \ <Q.. Vs, t. r oup) .
& ATt het ote) BRI s 8 g iR e Rabig o R ra LS

control (p<0. 05hsteSdrbdidfepbesdiiby RinteFet! 20U BHdddtin¥idgy N 99303R{4)a3 7 por osi ty
(Ct.Po) in rabbits given PTH(1-34) at 10 p.g/kg/day was double that in the

control group (p<0.0Fhe paathyeoithomeorierfragmints desiyablyringorpprate3at least thadirst 28

Poros L1 ox 301 XTI TesiHE. stphE S o R R PR T Db a
| ocation, are “I@g‘ﬁiéﬁ'%%&% W%@ﬁl&&ﬁteﬁ@ﬂ%#}%ﬁ%@’f&&?%ﬁﬁﬂ "a&%%éo@;?@r te?3

contribute to b chani ca SO 1 ncreased cortica one
area, consi sgsentfrom 1 fo samintcacibsbstintionothat BgebveOPTH swabiktandfhalfriéfef suah 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 PTHP that activate the PTH1 receptor. These forms of PTH are

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



24 Table 3 - - Effects of PTH(1-34) on periosteal and endoco cal
renodel ing of tibial mdshaft. Paranmeters Abbreviation cont r(r)TItBPQIQ(-Fm

PTH( 1-34) 10V@8¥K?day 40 p. g/ kg/ day Endogprtical osteoid surfCigeso16%iBS
(8.8 f 6.013.,7 f 10.52Q.2 .~ .5. 8Endocortical. osteoid thicknessEc.O Th

(um 7.4 ~ 2. 43.‘1?“{’0’??%3/%3@"&19?9@5 ?‘%%Tec?ﬁ"h@fiﬁli orsypiete Fl?ﬂ“’%&tséﬁ%?ﬁvm
(prif day) 0. 33 ~ 21703 3BUTs. Ra0R0bs60 086,994 #8508, FRlordd osi i on
rateEc. MAR (um G T 3301 0255076 100 1aT 33 F 09’1@3éﬂr§§?§gﬁe m°neral i zi ng
surfacePs. V5/ Brefefghde.8 ~ 1.98.2 ~ 2.122.3 ~ 2. 7*xEndocortical mnerali zing
surfaceEc. M5/ BS {99 26.4 t 6.632.6 ~ 8.257.7 ~ 10 4*Periosteal bone

formati on rat ePs. BFRhgteiered-hgmppg ipumargP BHE -34. #lso known as teriparatide.

0. 05*~(pm / ~n¥/ E i o] i t eEc..BFR/ BSO. 40..~ 0.100. 31
0 0 100 70 20 SR SRR S nRALRTANTR. Bty bEtEaflt Bimet PEE( A 6
rabbits per grQHPT%?—?%Q&&Q%HB%E@QH%E%&@@Eés%t-m&ﬁ&@a@%ieﬁ&%@ﬁ&@ﬁ“ th

PTH( 1-34) 10 ~.g/ _ ro~n ~o0 c~ ~0 a 25 Table 4 -
- Effects of PPafeht ppliction Serialdse.tG0e49,Bonmeompondal hergindfy refebdnak. m dshaft .
Par anet er sAbbr evi at i.oncontraql PTH( _1-34)PTH ( 1-34) 10 kg{ day40

~g/ kg/ dayResor Wﬁﬂhﬁﬁgﬁw #hﬁﬁ’é&%‘%éﬁ) m"’g %@@/l?ﬁ'f')ﬂ‘@.og%lmtq{‘w §o5p Mmyilpd;
0.0040. 097 f O. ¥ : - 6 h o

0. 00Q0. 027 ~ o.agéo%&.@slgaéﬁ@'gi %%%ﬁx‘gjtﬂeagtﬁ‘h‘ St tlnaés@g.é% %T‘gﬂn%"?l‘."g%‘jegﬁgfgbs 42
~ 0.30S. 1 Gio- ByaZfstene¢.al apposition rateMAR (pniday)l.19 ~ 0.201.5G ~
0.13*] . f 0.12* Bone formation rateBFR/'BV (%yr)0.5 f 0.38.5t 2.9*2] .4
t 3.8*Activation frequencyAc.F (# m+~/yr)1.8 f 1.015.1 t 5.0*43.8 f

| 0. 5*xBone are Ar. tm’rz) 9.t ~ 1.333.3t 1.937.8 ~ 2. 7*Marrow ar eaMa. Ar
(M) 12.7 t 0.@3@—. SRELL L Sas S LD S cal areaCt.Ar (nMmM)1G 4 ~ 0.921.3 ~
1.2*¥27.1 ~ 2. 0*x%C 014 h&aihyafi§ Admhord cah Ypibally de aﬁnﬁ%te?e&pdremgéﬁyj’:g)%fé‘ra%}ﬁ*:
Data are expressed as nean f SEMfor 6 tabbi'ts per group. *P<0.05 conpared
with control. -by<sdbdffarconpoyjation) byhmethekls dnd3id)forbiulmggisgrelblnov@ i the &t.N (1~

cancel Tous BonSHbBAdPTRYRIRS Qe drET- 7 L EoA PaRaR by emBloyed
Abbr evi at | on CQEM&EHrg&!EI%e%ﬁ%}e E?E’Md dab U.3%atdf @glggg{i&ﬁymﬂa@ yg%&%ﬁ%,

Bone vol une Trabec ness Eroded surface ast surface Osteoid

surface Ost eobliacirpsritet derif by esferdnédi TiKnpasont @pplaitidn \alSoulzecriden pumerous
apposition rate Mnerali zi n% surface Bone formation rate Data are expressed

as mean t SEM fasherdomui#ians Tpestiorgge apyl adnpapiraereefnsastaproid hormosat Aol .

=P<0. 0S it PTH( 1-34) 1 | [day. 0.0.0,0 0 a..N a, ~ " ~N
O N B St b T o7 4 bt P F e el i fuda Rabllingiee i d 001 ) T
(um OVITV 6§09 mn-ﬁgg%gﬂygpmt(‘p@awﬁge,( pm/p.m-/yr) 27.5f | .4
124.8 ~ 7.3 O S ~ 0. .4 ~0.2S2~1.31.4t 0GS.2f OSs 0.10 ~ 0.02

1.3 ~ 0.2 4.4 ~ 1. 4 Tiw. stabilizin@agmt fcer®rated ifo the-soliion of campositig Melpdes . 3
7.2 f 1.2 1.3t O .3 ~0S0.13t.0.03.1.5 ~0.1 7.4 f.1.9.38.S .~ 8.9
27.9 ~ 3.2 12@%&0?1‘31@1 igcludgs 6?&7@@1@1% Rfe&%b“cfw.mzor&o%ﬁcé 1dejgr disapchange., " 4 4
~ 0.2 0.4G f O'é?g.fgluéosz, ﬁck&i&se?ﬂf&&e,'or%ﬁ&o@%-ngzfr allcdhst 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



18 0 C T 2002 WO 00/ 10596 ~ PCT/US99/18961 r In cancel | ous bone, S]Lvﬁ
the formati on paraneters (0OS.BS, (b.S/BS, OV/ TV, and MSBS) in r@aﬁ&d 02
PTH( 1- 34) treavommnios¢slabl e 5). Those in rabtfi)ts gi ven PTH( 1-34pcelisebdigoe
pg/ kg/ day were si gnificantly greater than i'nh the other 2 groups (p<0.01 vs
bot h t he cont r olsogrceuhanohcettratpnkaf] taéier map bp in theahhgeofhpairiind &) abddo 80

formation rate FR/ B | sp significantly, increased in rabbits given
PTH(1- 34) at 40‘5&”2@%&@@5%%@!&1 E%Mt her ? groups (p<0.0001 vs both
the control and 10 p I : Lon /

Oc. S/BSlI increased i %’h‘é%%ﬁﬁge QM g% 0{ %ﬁé@ %élr%fﬁggb%één'ﬁgn \(grﬁ ﬁa‘gﬁ“ agtr}?ﬁpace
(ESBS) in the hiigdiede dipsentgrallyacoupsabic prosdrvangt ISyicl brRbitivdidancladie feont r ol

group (p<0.001 ). Therc I0 were no differences in osteoid thickness (O Th)
anong t he t hriee ejamplgscresds benzyl aleohel, phened denzalkenivm| chiaridedbdnzetboniumover

T 7 o AP e PO b,
of e Srows. YiuRone) R RRHESTEN S FHRAR A i el ol

than in the ot heresd! ¢rienpyl alqhol; ®dst prefaridls ancrepsl0. THeQinount B\ieesesvitive
control group, p<0.05 in vBMD and p<0.01 in BMC vs the | ower dose group)
(Fig. |A). vBNDeawOmayrange ffamiabodbl: ! &o abqut 20Vinks arefgrally gbowid waghony

hi gher than whtlrl?wg_%g%@leg%ﬁé@t@w.05 in both vBVMD and BMC). Al though

bone area of "the 'md _ mur al so i ncreased dosedependently, it
significantly increasgfhsOmk ¥tabilizé® terPalatidd 831uB6:O8dh Edhtdin BRahnitG1BMerAA8 endBMC
in the proximl fenur, neasured by dual X-ray absorbtionetry (bXA or pDXA),
i ncreased dose- degseheghtlpyedi@ed shdlf-bifef o26r th mbathsat 8. were present in both

aBMD and BMC between fhe control group and 10 pg/ kg/day group (p<Q.05) as
wel | as between the %Ha&tﬂﬂPm%ﬁ’r?ﬂgﬁ?f“W &2 @gﬁﬁg(‘ﬂkﬂ%@fd)‘nﬁﬁ g.
1B). No signifi j ne . d e
aroups. veral | Pobst o HBRERRe KR ol aralclitBg, BEfR B RALICRobT
(bone 3o m ney alfreeentisihg of Msttdile, diEotShoritiofls Betlition pephied dly rhivii) thé gleartdl
in the proximal fenmur (cancellous bone + cortical bone) (B) were )

si gni fi cant |y grragatiyrojdharmane.ahudteringiagentand patebilizing agest ag aboye Hewsibed .

Cortical bone arga_at.the fenoral. . 18 0O T 2002 WO, 004 10596 2 .

PCTI L1 S0/ 180c1 SIPEONLY Pt Ribitering dedty Sitn prpRa e L R0 Ba s s 2
significantly grigafadlscub@n PagituldlySusefid s@bBizidgl pRAs ifdhdesIpaaESuvREE f ound
bet ween groups in bone area of thé proxinal femir. Data are expressed as
mean t SEM *P<Qrdéhsloseamhrafinoset h t he control, xP<0.05 conpared with PTH 10
gg/ kg/ day. There were no sjgnificant differences_in yBVD  BMC or, bgne area
of the IunbafOvertebrid aéﬂﬁboga%@g@éﬂd gﬂ}mﬂfﬁa“ ﬁﬁ‘?\"&“‘t{ﬁgﬁ)‘("ﬁﬁé@‘%m&&s and
Bi omechani cal t f I i ¥l ~ mur ,
SUch asul t1 mat PSR bEHEVH fPaRRFLh TR tla (oIl r sl £ phidfick
dose- dependent | yadpfthigtratzgn. Ait@etognized Phafatdigicslidapidrsanmf théll Fbronlageadasi cal
- strength and cross sectional nmonent of inertia (CSM) in the cortical bone

of the fenoral rdesatheddn Marin Ramingtorscihapmaceution Ssiepegsedl StobdnMagk s) and

CSM i ncreased sjgnrif.icantly in hi,gher, do rou il t,i ffness.al so
i n;:r e_as:ad si gni ISIIB '@%‘ﬁ?f’%?ﬁr{!ﬁ %ﬁtgnﬁ%%} ég’@ atlg%ﬁi& “Fﬁg’%?ﬁ ﬁe[ ﬁ%ivgr viathe
nmaterial propertiugss, afafk A sftof], 88b¥ bralRstthisidngCcr ease .
significantly in tiélse | ower g%sgssgx%poﬁhen j(’:orr?par ed tg}ngont rols. Elastic
nmodul us i n the hi gherThiopeathymiphomsoreiis) formutaetd foy admangersega dbsereffeonyafos d
to the lower dose grqup. In Figure 2. data are expressed as nean t SEM *

i ndi cat es P<0. 05INEGATIAE dyehiness apdier sffncss et ongy more i sybiest meesn%%ar ed
el el k9! SRy 0 o AR DRSS BRI e 211
pgl | : g/ day than ddsetphsiga@nitprévepitnt (ot chl bbe stilchir8Bhassf Aidest saefigthor k to
failure, p<0.05 for stiffness). Stiffness in the |ower dose group was al so
si gni fi cant | y30hi Brefarablyizan é¢ffectivedoserreduses theangidénse®f g8itebral frachure, radudes dhiec

material propertjes, elastic podul us s significantly | ess 25 i abbits
given 40 pgl kgl dUideRce Ot mpltipleepishial Factyrescrauses thassVerty ot veRetRiTacH e
vertebral body, I 9RL e [ dpl | 1G

propert es amongtif e ek HthollblcataRiAn i Al PrgRRL RBR. o
significant differences in acoustic velocity or elastic coefficient anong
the three groups. 18 0 C T 2002 WO 00/10596 ~9 PCT/ US99~18961 Di scussi on
The skel etal response of cortical bone to biosynthetic hPTH(1-34)

~n~~ol ~~ed both a direct regulation of material properties and a
conpensatory regul ati on of bionmechanical properties in the |Iong bones of
intact, mature female rabbits. PTH( 134) increased bone turnover and

o L o, o e o o,




30 Increased cortical porosity was nore than conpensated, hovxﬁ\aer I‘)_y
significantly increased MSBS and BFR/ BS on both peri ost eaI egc[o 2@ gal
surfaces in tHEORMYSAGT ¢ of the t| bi a in theyhi gher dose group,PaTASHITEHG

in 18 0 C T 2002.WD 00l . / US99/ 1 S| gni ntly increased
bone area. This euy'AS PA hPHEmFr WS LB gﬁa‘lwerd?%%‘ff ':@?"i“ﬁ)ér“ fivHamighi ch
i's proportional : a t I

m dshaft (Fig. 2[?%5#%"%3%2‘82%@%@3?0 sp %ggbﬁc’a’ﬁg?g %fﬁeggﬂ%%‘gehea% elr)f’aal

properties was thonnbiy @uepichley gfé@thﬁﬂhhﬂﬁlﬁorﬁﬁ kgl duyantowdh, phriesRr] fmt he
fenmoral 5 diaphysis when conpared to controls, thus of fsetti ng t

pot enti al | y del étuerm&uécmb,qmdmalat drouetq © abpuy ‘Kbht@(byédy oolargerads lpoﬁf@m\’tﬂy
Concl usi on ncl,usi on, n reases bone. t aver angd cortical

por osi Ly af toF 18 SpEE Perda iR b R bR SRR AR Gor AL b bt Erecuce
increases in boRge fcideREd 88t RAlre ARUBRAOERH S AbmSipb BRmCaRRENAEd On
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stress, stiffnesdditmnal evdngher doseiof aperatifyrditi dofmsoner suchs sﬁbﬁnpdxleo ®quires

Increased Bone Stren th ns on Adm ni stration of rhPTH(1-34) to
Monkeys Experi meFRIASC %F-?"égé‘d%ﬂye @%@I" OoRg qsey Eeaprekor seplagemest thgiapyded
feral, adult (cl I t

fasci cul ar | s), \/1\73?8 I ng%%@%@%ﬁ%ﬁ%m a%gtglr éetgi?cgg%%w&ﬁ%?%m of

[SEM ). Monkeys PEH earlibd Sbdefvedabdades lgaethaf bbdt dayt, bEEvent1agsttREh Sbud
di et containing 0.3% cal cium 0.3% phosphate, and 250 U vitam n D3/100 g

diet, and given 4gkgidaiat ed water (1 ppm fluori de) ad libitum The cal cium

cont ent corresponded o 1734 nﬁ caI C‘J(S’H ?000 C &gs After 1 nonth on the
diet, 25 animals vvere QTN Faty pStes rﬂu@ry WIeEOF FIPLE 3chpay o

ovariectom zed. a and
ovariectom zed c\ggnbg(r oﬁg?hgtreﬁgﬁg% ﬂ%gg,%?y 'ahrt?ﬁ%é eéﬁﬂgb%e@:yr%&?l&ﬂ ggg/ kg
(PTHS), were st aegderlp forteopariod af teys mwaaekefoﬂlowyd bAaiperbdd withoet ztdlnaaisafalncin)r

ei ther 18 nonths (PTHl and PTHS), or for 12 nonths followed by w thdrawal

of treatnent 1§ PHuctevgbinHT HFFISdIWmStQGd PR dailydor Lyr dayssfona pered mw fsam Shown
0 Table 6. 180 ford05 298000 BRIt AL SPRAAEG ey KRR uhisraont V0¥
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msFmal Gr oupAbbr eh»rblaaéﬁmﬁmgmgmwtaa&bmﬂoaﬁaﬁmﬁlaﬁbﬁﬂarfexau@aﬁrgtdymezaﬂld 1B
nmont hs vehi cl eShan1210vanect om zed, 18 nont hs vehi cl eOvk222UOvanect ont zed,

| 8 months | ti gr\rvrmiﬂ@wnm)a/rmgmaylwmmqi@@/bmsdtrgmpéeimg cyplepgnotier preferred

| wgr hPTH( 134/ kg/ da 6PTHI -. é’ﬁ ron .hs i cl O/anect mzed 18 nt hs
OBTH( L. 34) 1 kg dSEPIS RIS HEAGTIRTBHE INF odss s e ne o SR PO P Hay,
6PTHS- V212Umgnt hg 1880AKdue 1 58S s4Bud DA kiR ahy m&nw% MREB oAk ROrmecsthe TS
after vehicle or rhPTH( 1-34) 5 injection at 3-nonth intervals. A sparse

sanpl i ng desi gn lefist® mmthey’ﬁypwalbratﬂa benefjts ofﬂ?lﬁH(lLBtrwndfrzqmraUy@nd)hmnms
used for pharmacoki.netics h.s 0.to 240 m.nutes each
time) at baseli nREmSiSt aﬂfrapsﬂaé Qe atons; T beneis Gheevarel BomGS

i nterval s, total,glgals Iﬁ%ﬂ{;‘n %éﬁktf}g Lokt a eéx)oﬁ%e ér% III@tIaSutaa%r%ﬂ&:%‘éﬂ by
dual - energy x-ray a sorpti ( ., peri pheral |tat| ve comput ed
Xx-ray 1 o tonogrgnhisistrated) was used to assess bone rrass in the m dshaft
and distal radii) and the proximal tibia. Iliac biopsies were taken at 6
and 15 nont hg5for hi stom)rphorretry Al animals were euthani zed after 18
nont hs. Bi omechapi rrbar vertebrae L-3 to L-4, the
femur neck, hune I®hone speci nen nachi ned from
the femur 15 di aphySI ?hé Exﬁ%n@&{dl%eéﬂlcérﬂ pabsdlakitihcludRpURIPre@AR! static
and dynam c hi st onor phonetry were done rreasures described i'n Table 11 ) on
t he hunmerus '~ nphsmaédutichlloimpositienstand tabd used withine méthodsod)thd present mivdstial t |
the radius mdshaft and distal radius. Initial statistical analyses

conpared al |l gr ope kit san eamtain a vial which qorsoins p Srmwiation af thspresentdnventignand 4 i s
sui tabl e for gddLti.anal. Cxplha Py ANTNRRSH orRa PXARLAR HRsS, dRRABISRCY.

ef fects of wthdiawa FaeYions \een out ¢o anges 1n

by methods knownHeGoin 868 1aBE1 dtithé Vial dhdfdien e forn b andfseANRcl®idSn a®BL et ed
and determ ned by nethods known in the art. For certain experinental

subj ects, corti cahidhdhevial istpackagedydontbe veesind administratidn/ofithe campoundhoied r y
and by poI arized Fourier transforminfrared




25 m croscopy. The Fourier transforminfrared m croscopy was 4C
an adaptation of known nethods for such m croscopy. WO 00/ ﬂoggétggeznw

PCT/ US99/ 1896wo10806C T 2002 3D Finite El nt Model i ng St udi exThs9a8961

studies determned 3D finite el ement nodeling data on vertebra from nonkeys
of the study ddsgEciiprycappisobsprintgdeptihtbox mvdnegkthevial isjpackagada Tha 50r o

et hanol /sal i ne from.the ovari ectom zed, (n=7). and,PTH (n=7) .groups were
serially scannéast}i}?tlg%col?ml%wg?ﬁg‘a W%&%ﬁ??@ﬂ?&d%ﬁﬁéﬂ% W’g’r?ﬁﬁ‘rp‘)%{bhy ( QCT,
Norland, Ft. Atkinsaf, éé'gsao ?‘1%@9%%?% m@f%am'a%miﬁ%rmgfdrag?% %O%I@gmed
cross-sections was anal yze or volunetric bone mnera ensTty ( )

mg/ cc), bone nmitheyAvorkeninehd fidlBbicompadses anpasct fils€ R kechhie fan(WhoAhad) .

cancel | ous bone volunme (BV/TV), to trabecul ar thickness (Tbh.Th), and
connect i vi t y5 ( rasainigendietdpg. st rut anal ysis). Pixels in each serial scan

were averaged to create 490x490x500.,um voxel s. . The ser.i gl scans. wer .hen
Stacked and a tri angltahest raetiRait AT o dnparBecBlied i el v vdias
“mar chi ng cubesy foandRkibh BAbASSHS SrePardiRyr8ISIRIRAES, Shéig Higeh P M ching
cubes) a high resolution 3D surface construction algorithm" Conputer

G aphi cs 21, 168mid BB9(1-34), snigbathe suitablsfor pashteadcdmenisfraom. ndsdordiag t¢ hen

used to generate a tetrahedral mesh.for 3D finite-e|l enent nodeling. Young's
modul us for eaéﬁef’b‘iepﬁ%(?rfgm‘@f‘%?&m\ﬁég ’B‘é‘FW@&‘WP@ﬁ?W@“% F‘g‘ihrﬁa?ﬁ“\?lﬁ?el

densities a i (iXo} i L, n‘fagﬁ:. o from
t he fenoral qgi g%ﬁlggi gi)o(?htg%lgﬁtrfr)on éfgg@éggﬁ%?a&%he rgca?r*ensgﬁaoﬁnsmrsgkogfoéd SO
that the 20 botmedicamédtaairatdé fopadininistedtinty yuentedal gdigichisttatibn.a TRt afv@ntion

Li near elastic stress analysis was then performed for each L-5 nodel in

whi ch a di stri balseelatesdte ngthadsdonnapufactyping eempositions ineludingr faomulation pé
centrum perpendicular to the .hottom plan ile omsurf

fixed in the di%&ri%?{e@ﬁr#%%i?%am%% ?%E&F\A?‘Pﬂ’@nmﬁ%@P%Hﬂ’%gﬁgﬁgihre
eval uated, as VWaIrErhAehBMAHLEE TolpHERER1 adtithi GRRBA! 86 da & SFsaid
ovari ectom zed. At 0t his resol uti oﬁ?ﬁrt he d%nsi tly giP eacrh vggg%’v]ﬁgdhéependent
on the extens tformhlagbn eache mamehctinedfin sévatdalwidyls, tanecas cap@ed ethhigusof A

tissue. Results 3q Reports of differences in the text are statistically
significant, p<ddus formuationcanps meapfactiredpy gissoky e the pns af PBHBYTAE; ght

during the study. i t t neAt ~ ) 00, 96 33

PCT/ US99/ 18961 e#ﬂl}%ggﬁgélf}% hﬁgaﬂe%%l@%PB%&%?@Qi%?’%ﬁé‘vé‘@lggé‘&g@hd | 8
nmont hs wer e bel Qigh%s Meitdridt ah Aperbprisre P, e6stedthg BB K OMtfer eX¥ipient¥efsur es of

cal cium honeostatis were conpared to 5 sham controls, ovariectom zed

control s had | otkampetafermane ofithestabilired sphisions desgribedBerdinaeieoxyvit amin D
| evel s, but did not differ in endogenous PTH, urinan~ cyclic adenosine
m)nophosphat28 (CAMP), wurinary calcium wurinary creatinine) or serumurea

ni trogen measured 24Tﬂ@9}[a§nﬁé§\§ﬁich?&§ow e AbdtRitive SFHHB L Fert R A8 Ardthdth
rhPTH( 1-34) had | ower serum phosphate, |ower endogenous PTH, and hi gher |
," ' S 1o di hydimended tabe hmidirgnd uri nary cAVMP conpared to ovari ectoni zed.
Serum bone formati on marker assays showed that ovariectom zed nonkeys had
| ow serum total al kaline phosphatase (ALP) and osteocal cin conpared to

shans, and rhPTH( 1-34) restored |evels ham val ues. Urinary
C-tel opeptide (CrossLaps) excretion, usE PL. Ssochem' cal marker of bone

resorption, aas not al tﬂxﬁﬁn%lIhm'dﬂéasbdiﬁdnelﬁrm&rnﬂméd%i@!?ﬁélﬁctOm zed
controls. Bone Mass Overall~ SKel'etal bone mass, expressed as total body
BMC, was increased signifi castdministration of PTHE-34) t8)Ralhitsne bone ni ner al
density (BVMD) renmained 2qQ stable in ovariectom zed controls for 18 nonths,
whi | e sham cont&&ﬂgﬁﬂé&ﬁiﬁﬂ‘w mat el y 5% above baseline (Figs. 4A-4C and
SA). rhPTH(1-34) inc ' 9 0(?1%%‘11

m neral content (BMC |%ﬂ?§g§&%?wﬁsp%gﬁg%§%%are ng]‘g%’g”émﬁ“‘??ﬁ%%‘he

4A-4C and SA). Spelest bointalgthifoah oseohehy inddasoxrticalaemaddelthgd, kpgroxiigtelyln
rhPTH( 1-34)-treated prinmates, the magnitude of 25 these | ncreases was

si gni fi cant 130 himgmes alé and waighingr3. 2335 ka vieresoated ytmesnsgroumbodsaweightintoPTH
1 ded,( PTHS) that qf shams. rhPTH( 1-34) did not,.al ter. B th
L e bl e Ol il A B Pl

i ncreased by 7%aj{ast ¥ i LR .

increase in cr o?g?%teégs ?Jg&rfﬂgl% (grd' g;{&g&@xﬁ%&%@g&ﬁ@ r%fcr:dr a&soélgﬁP'gmy
conpared to 30 ovariectom zed controls. Six nonths after treatnment was

wi t hdrawn, BMD and BMC in the spine and fenur neck renai ned hi gher than
ovariectom zed controls, with no change in the cortical mdshaft of the
huner us. 18 0 C T 2002 WO 001 10596 34 PCT/ US99! 18961 Bone Strength

rhPTH( 1-34) increased strength (F~.) in the vertebrae by up to 43~0 (Tabl es
i and 8, Fig. SB). rhPTH(1-34) inproved strength in the fenur neck (f~) by
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when conpared to ovariectom zed controls. In animals treated V\Lbhg(?ﬁ-rﬁb
1-34) for 12 nonths and then withdrawn fromtreatnment for 6 noh#hgL bo 02
strength 1o ne¥QWPAE% enai ned significantly higher than ovari e RRQIMISIEA896!

controls (Tabl es,7-. H 85 .8 and. 6A) ,, Tabl e 7.Varjables Re ted . for the
Third and Fourt r?ffff#%}f\d @Fé‘g’?ea%‘m?aﬂ!‘%g %ﬁ"ahelz_‘l-ﬂ‘f,cmlﬁ‘?deﬁaggn Rﬁrasﬁgh(f"ﬁ? o%i nal
Fenoral Neck, a s | OB i SHeSIAes [.1,0n ar
Venehrae. L-3 aﬁghﬁ?ﬁ%&@m %@gﬁ%ﬁ%ﬁﬁgﬁg}f ar eéa}é,%l\lll\??gjlegl%rce |&£ Stah\gg%}]‘tf‘rd gg at
a 0. 2~a of t set SNAmiBY o Rabbits Meee fedesbbitiamctaw afntdihieg0039% €atingll). 4106 PEMHd

curve (stiffness)aM aYield stressEM aYouns's nodul usHuntr us
M dshat i t nmAver £8encBeicas Mot hr t essFNUI timate force is the maxi mum force

th i h . t i nea tion of t .
force dosplacemmnt cotoaCERydT D88 s 4S8 dr s BERIch Rl siidles shvine ¢ ne
| oad- dt s | acentifatqyy afer b MRlekinfettidrPdf RTIE)1PY4%i 10U p F7REDEAIm %ﬁekﬁmc?éaleai e

force is the maxi mum force the speci nen can w thstandFenur Dta hvsica
t 3eam S eci nensanifzilgdtto netum te bassdine bES hvananehacasadiet aismglendosa of 50 pgrkg,
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94" 1915 f 10f189Qtues 1iB3&-24 hdurs, ahd (31?’93(If-35)%$sf5\l|1g}’1|\$/|§aﬁir%ttaltgﬂﬂi@l%%rbhometry

476' 7701 t 474740J) t 452B012 t 3677074 t 3l 4a,.
se) 19. 4f 0. 617. 3wof boraswfages321. 1f 0. 824. 6111 ' 219t 0. 9( Mpa) 650 f 32546 t 4~717

t 48659 f 42759 t 36698 f .41 .~ Abbreyi.atins. =oval -i ect omi zed, .
PTHL=r hPTH(1-34) 1 ~I F‘féé’faES‘l‘bli@%r?BH;{?Pse,s (Btra, SYL D s SRR oy 2120 s
after treat ment opddys 55BId€3, hnddsetlofoGhIE Galcaih 1als ()S;%np, St HouadAras¥ikven

00/ 10596 3y PCT/ US99/ 18961 nont hs; PTHS=r hPTH( 1-34 ~g/ kg tor 18 nonths;
PTHS- W=vvi t hdr awakt § org/kg omduyb 4 S afid & prior easaveifite. WRabbitsWRFEahesBYizEd by g/ kg

for 1? nonths. aSee Table 4.1 for description of_ variables bData expressed
as mean t st Ehd&@: Barandoss oxdsesequenre apprgxipatelyyd-ghgursaifier thelagtanjegtion, to

significant co t . LstlC L.ani fAcant
conpared to shg}r%%?:%ﬁp ¥°§F% 6@8&(3{3@ #éﬁ%%ﬁgh%}l%dsgﬁﬁgh@%g k%bsaﬁl%’gas@(qu:
Material PropertrhgkgRlnj&aed Ml @t righeuniduSeam [SRee, IBibar fveasbrze (IL3-L5) and

Di aphysi s, and Bi onechani cal Measure of Strength of Fenmur Neck of

Ovari ectom zed Rh¢ nghtddbinweregemprths Variabl e (units)' Sham OvX Control
PTHL PTHI - WPTHS PTHS-\5"a,~ (Ma)222 t 5216 f 5222 t 4214 t 6206 * b2U8 =
t~E(G al 172t Q b164t 041 71_- 041 66*U61S4106' 153t 116" a

| mJ/ nB) 59t 0. 3864 Lhhaet 0454t 046110. Je" 0035t 0001003S10002003610U020034=U
0020U3410002003R"(‘|‘(IU“P§‘(§i mal fermur neckF"1288 f 4A105 t 53" ~1235t 4S
11258 t S21362 t 301 XNeurh cdlRivilphespihate] alkgline@idsphatase ar¢avimineeatid urea nitrogen
PTHI ~hPTH( 1-34) 1 ~g/ kg for 18 nonths; ]]5_ PTH 1- W= wi t hdrawal after
treatment with rKe¢Ecaiured py compytgrzedgpultichaggelsgim pnalisis.npTH( 1-34) 5

ug/ kg for 18 nonths; PTHS-W=wi thdrawal after treatnment with rhPTH(1-34) 5
pg/ kg for 12 nmonths. . 'See Table 4.1 for description of variables bData
expressed as neddistonsérphsiagtey error of the nean (SEM per group. 20
Statistically significant conpared to OVX controls (p<O. 05?. SStatistically
si gni fi cant édnpar ed Histosrrapharaettie sicasyreracntpwyre dpaploa couiog) berecH{divialal

f ' f M. dsh h f
Ovari ectom zed. M LEREer capetne HEROR T abRddse YRk RS resntmevesra

from each animal and fixed in 10% neutral buffered formalin for 24 hours. The

tissues were dehydrated in a graded series of alcohols (70-100%, 2 changes per
grade, each for 4 hours under vacuum). The specimens were then placed in xylene,

30 and infiltrated with methylmethacrylate under vacuum at 20 psi on 2 hours/step and
24 hours infiltration schedule in a Shandon Hypercenter automatic processor

(Shandon Lipshaw, Pittsburgh, PA). The specimens were embedded in 2% DDK-



PTHI - W PTHS PTHS-W I Imi| 74 f 0 041.63 t 0 03°1.68 f 0 031 66 t,0 041 8() *
0 WI 72t (105F725 t 26636 f 26654 f 236R9 f 23680 t 15 707 t'lﬂzl@O\lTrﬁ‘ééﬂ
t 23520 t 2634001088573 t 20548 t 18573 t %ﬁU(nﬂl?Q? f 851542 pcPRd6xvkod
1371751 t 841804 t 991775 * 113 Abbreviations; OV X=ovariectom zed; PTH

1=r hPTH( 1- 34) Plastyvigh &4"% Witiater (Rstavrpse Drarmpond Kgivigs,t Walrungion aPEer Craseat nent
with rhPTH( 1-34). 1 ~lglkg for 1 nths: PTHS=r hPTH( 1-34) 5 kg for 18
mont he - PTs. vadHipR LA Ve S8R e A mon ise oy BighesS o
12 nont hs. ' Seg.fablig. 4 4ot d i dohat d as
mean t standar ggggﬁathgﬁg{ﬁgggg?ggw?gﬂgggfﬁgﬁkgg}ﬁ%lslgﬁ???gg%?ﬁ§§npared
to OVX contr ol sprrpxithatedy 80 fifl thidkswere prooessaddfor dyraaiit histomampadmeny shiam
controls (p<0.0Q5). 35 Bone Hi stonmorphonetr 1 ~0CT 2002 WO 00l 10596 36
PCT/ US99/ 18961 flpproplyanns labsls, oxagittal sectiongof ¥~3 Jresaewtron Reighes-iwa 490zed t han

sham control s, _t iankfica S on I j . iliac
Sham cont ot o Rl R SSRGS Doz byPk: HOR Tat SRS sl Sty 7o
many ani mal's, @ilayhreing! brdeRanRBMEE fr dYRaMidEISH RphdRéint.hi s tinme point.
Static and dynam c hi st onor phonetry data at 1 ~ 5 nont hs showed t hat

treat ment with r hPTHisterBaiphpomeiry axe doneacEiOxovagnificatioar eang e Mpkored t o

ovariectom zed,, and i ncreased bone,for i on.w thout increasing resorption
measur es above IPPGEENHRIILIPEAPE @W’ﬁ‘ﬁ(@ﬂ’l OctARARLTY @ AW IRRNS | on

rate was ingre : {: ' : T\ 1 -hough
cancel | ous %ong%?tglrlrxg% ﬁggﬁ?§%¥ a%ﬁégv ’cgnpa%%lq?%%%vlgirﬁhggftgbm&%eg%ééﬁ(frﬁlc?f@?l 0
after wi thdrawahd fekorptid hi( the péviodtedl) endionertital amdnhtiscopfical epvdlomiatwyerbone
formati on and resorption reverted to that seen in ovariectom zed controls,
and bone t ur novasuredgaressdhaengie craspraectionakianribampidrdiaphyseafisections pf tied

not affect mnerali,zation ctivati.pn treguenc or.renodel in eriods.
There were no ﬁh’af é\ﬁ%aﬁgrgg(epﬁ.qnnc&pﬁlg)&gfoog%ﬁrgre.r{ﬁﬂq \gghnlﬁ gfmﬁ ﬁ%?gt - based
bone bal ance bgtMeest theRRital varetda®. s fnh HobPdht Ahrginb fINBREind iy Ehilical - 34)

i ncreased cancel | ous bone by selective stinulation of bone fornmation. In

t he corticals belsll. dFhetromndnulanire s/as whascerdanBd ifth thl ASBMR Guytmgiegronf i cant | y

nodi fy BMD or bone strength neasures, rhPTH( 1-34) stinulated changes_ in
the peri ost eal hisioraypbesastnc apmenglpiue drarfit 4M cBragast Mén ddoriepxdi e ans Hhq

12). Al though . i i a q&%&yry area
bet ween groups%%#ﬁgﬁaﬁlwg%ﬁw?géggggggqgﬁggﬁ%gﬂbggeg?géﬁﬁuﬁﬁggg and

PTHS- W gr oups Radd&dzaiiéd sitinhenciabire, 8mibols;ahd baite, Repgoesthe WSBNIRI ncr eased
cross-sectional nonent of inertia) a neasure of strength. The increase in
area coul d be &alistombomherhetry Nomensiaters Ganmittaeon/ diongdlinepdidso3D8ai618hd
endosteal surfaces (Fig. 7). 25 Sham contral s and PTHS- W groups had reduced
peri ost eal niﬁaﬁal"i‘i P}%a@ﬁtl)ﬂfsa%‘gg “&°8ﬁ*8§32’85¥00“o‘53??18%‘5§?ﬁe 'ed controls and

t he ‘'other rhPTH(1-34)-treated groups. Endocortical mneralizing surfaces
were significantly greater in ovariectom zed controls conpared to shanms and
rhPTH( 1-34) did not increase above ovariectom zed control values. In
intracortical renodeling, there were nore 30 resorption spaces in

ovari ectom zed animal s, and activation freqgquency was greater in

ovari ectom zed, PTHl, and PTHS groups than in shamcontrols or either of
the wi thdrawal groups. There were significantly nore | abel ed osteons per
unit area in 18 0 C T 2002 WD 00/ 10596 3~ PCT/ USQA/ 18961 ovari ectom zed
conpared to sham controls, and rhPTH(1-34) did not increase these
significantly above ovariectom zed control values. Intracortical porosity
was greater in ovariectontzed conpared to shanms, but not different between
ovariectom zed controls and PTH 1. PTHS and PTH~-V~~ 5 increased porosity
above that seen in ovariectom zed controls. Data fromthe rabbit studies
suggested the hypothesis that the increase in porosity, acconpani ed by

i ncreased cortical bone, may be a structural response to maintain the

bi omechani cal properties of rhPTH(1-34)-treated bone. There were no

di fferences bet ~een ovariectom zed and the other groups in formation
period, ostcoid width, wall width, to or osteoid maturation at 18 nonths.
In summary, there were no differences in turnover rates between
ovariectom zed controls and either dose of rhPTH(1-34). Sham controls had a
| ower turnover rate than either ovariectom zed controls or
rhPTH( 1- 34)-treated ani mal s. When rhPTH( 1- 34} was wi thdrawn for 6 nonths,
turnover rates decreased 15 significantly, but BMD and bi onechani cal
strength neasures renmai ned higher than ovariectom zed controls. hlormal

val ues for osteoid width and maturation time intracortically for all groups
i ndicates treatnment did not cause any defect in the normal timng of the

m neral i zing process. Normal values for wall width indicate that treatnent
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Abbr evi ations: OVX=ovanectom zed; PTH 1=rhPTH(1-34) 1 pg/Kkg f0|1 g&qgﬁ\h@ﬂﬂz
PTH 1-W= withdrawal after treatnment with rhPTH( 1-34) 5 pg/kg for

hont hs; PTHS=VREBR99-34) 5 pg/kg for 18 mppt hs; PTHS- Wewi t hdr BEGEIS0 S
treatment with P - .9/ kg for 12 months. 'Statistically
significant co Em‘e h’e L}mgm rols (p<0.05). bSee table 4.2 for
description of vari ateqsid-shBPRbafeMa aXPIRISA%h REntR3Brebra ippear d error of
the nean (SEM. 100 0 o 0 aWbnO' ~oa0N ~~0CT 2002 WO

001 10596 PCT/ UsgehoBabite a@reTdventsadah priss-sényiohibytquanti ptedroetpyteanemquohgini zed

Fourier transfarm.infr d m.croscq reveal ed that admnistration of PTH
i npr oved bone d@ﬁljl w@ﬁwlaﬂ%a 92?56% ang gnadezed usedpichieseliwaiet h young

bone (range pof S| | =T lLer _size). Further, upon
w thdr avar o PR S CSHRlY g, bl Bgor 348, R HeaRi e bt MR | ona
benefit as the mgbiired iftRRNE Solapieir¥dnY nithétal @nk#e tvBIAMI mdlemY! #ésal | it es
mat ure. The data derived from hisfonorphonmetry and Founer transform

i nfrared m cr osedppakiven>airemaxpecanddone meinerel emtdns (BM{Liang) ysing voxed
cortical bone as_optinal..ninerali ion pceurs the mneral, phase, mat ures.
70 30 Fini e EXURERONGIARE Ad BouaRe R SRS e AR pEaR EgBE 5t m
slice of L-5 shouedy theXlic@titlere8asr® 2 mnBMPhd 81irE Teh QMRS ekBised femora in
ovari ectom zed that” was due to a 27% increase I1nh BMC wth no change in the
cross secti ohala tmtleaf 503 athgsolssadine tweee scantedusidg Dperiphdra dowlenherry7 3%

increase in BV/ TV that was due to a 30%increase _in. Th. Th and 37% 15
greater Tb.N) é@ﬁﬁiﬁ?@aetfbmeﬁ%mdé@a@m Corpafically, eprafan|bpas uagsal ¢ hi s

(09100, Shoved AR, Sen R RBL PRR RSP 20 3000

anal ysi s of boRgery eaturetbitsing scas sfeps of 0.5 xshowafl and BeedtRABES 0.04.t he
proportion of |ow densities (0-35S ng/cc), an increase in mddle 20

densities (356-880 ng/cc), with little effect on the high density voxels
(887-1200 ng/cq)., C ar 1d to ovariectom zed (Fig. 8). Mst striking was
the shift t_Sa%ME1 PR x el density in the cortical bone conpartnent
fol I owing wi t hdr awalp@fe & iahiR HrofePfiesinélR Mdagurbd irftheSieht FMSorRIRiIG4r Ay of
vertebral bone el enents (voxels) that fell wthin a certain 25 range of B
val ues was cal aht bodydof [TheBBID weanpsectat) okenedifrconhéxeivie oisbwmwivnapped ow BVD,
0-300 ng/cc; medi um BVD, 300- 700 ny/cg; . high BVD, 700-1000 ng/ec; and
cortical BVD, >ERUBROSGRPEin igatapic sk anddigsa AUt upyLicsiie RINELP E8WiG of s,
PTH treat ment si.gnif.i I SEL w 1
&heh&@?@éa&@&@ﬁg &Q%&}Sgﬁl{@ﬁ)%t rd @Mg?& s @?%er e vas

i ncreased the volune o rum ‘bone ter r awa
a 30 decrease itasted@ faiiurdiida biroslatitwater bath GEIFE dusind g TR\ Oen@hydraulic
i ndi cating that nmedi um BMD bone becanme nore dense. WD 00/.10596

PCT/ US99~18961 tastinggnarhipe MR ComapylmneapoleMdbn Logdslefirmatioy eyrvesyere

| d b | SEM T it | H 9 HVD
(i o BvD (et Sl (R GRRbir o piide S BT TabER 1 o,
Of UPTHL7. 7t 1 6 Ginfi-ty &1, ke RRceS T BBt 3pkimbids Ry Qi es? @neSt O

Table 14. BMC at the mdl evel ‘of t he LS vertebra and vertebral effective
strai n Treat nend@nofthgliedar pesionef therlaadrdefosnataom over)emt ovirk ea Bilugt (atea. a70l
} Si§T§g7b;‘t b2 ey 0 lead o g{,k:)a%tonlcu%e bolors Tatlure) wore measured usihg 3 digite

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. 1d.



The data summarized in Figure 8 show that L-5 vertebra fromcy |
nonkeys treated for 18 nonths with PTH respond with signifi can'lrmezzggg?

in bone mass, WQ B ar thi ckness, and trapecul ar connecti vi t YCTVS9B/18961

mar.gi nal effects on fhe outer dinensions (X-Areg) of, the vertebra. Analysis
of the distribution E?m%‘x ORg %FF@&B‘SW?%{“E% Breﬁr% didshatt psiRs theeszpquyt

i neral i zed bONG0) Ofig RARAYGS pBSHbARR Pk QB G, Ofac O ovard

scl erosi s. Rather I's the porous t one sponde

nost to PTH. Thehedbidet. Load3Wes hfdict @nahsmbbpaint bervesreBuCupportd fhat Wereddi al
strain, indicating nmechanical inprovenent. As clearly shown in the

hi st ogranms of P apadt. ol joad celhyy apiisplagepat dlnyaterafddmmyissc luotil fadnes acputiehe
voxel s into dium densi t oxels.w,th n igni.ficant effect on the high
onsi ty voxens. Tgorrmis e SA Rkt b freiaPaltotiiion uhiss bRl eABTe ough
the middle of theecy@akeRkafeiaFort uithit 6Bk by i ncreased by PTH treat ment
and a beneficial effect of PTH remained after 6 nonths of withdrawal. The
aver age nechani cgFukt/8hin in the vertebra was (teduced 36% by PTH treat nent

and remai ned 23% bel ow OVX after wi thdrawal of PTH This ‘studly i ndi cat es
that wi t hdr anal Wheremris bendingBasturestress, Bg isthpulsnae frewil issbalengthbsterept i on
of newy forned bonxet burt i%gt ead tthere was. a be efi%igjall. redi stritbL{.t.i on of
medi um density BERST TS MEAREMS In AN RIYARSS E@ﬁgirf{;loﬂo g fhempognt QT INgTHe on
lled to contipuegy stievdlué R nBfhehiloflilgid Hak @R ARIANS st thiRhO¥EShral
mechani cal functT on. 1 ~0CT 2002 WO 00/ 10596 42 Di scussion PCT/ USy9: t
b9b 1 Thi s pri nmatoss-s¢ctidys wedd elhptasalt hat PTH, given in the absence of other

medi ci nes that m ght affect bong .tﬁnefits o}h cortical and trabecul ar
bone to 5 increase ofWCHASE cortispbihigkngss s ralculatoghirom lupkness measuseRentyf PTH
did not result | Lol b forReNeh ' ' .
treat nent over g&gg?r?{:’)ﬂ&frxgﬁgﬁ{lrciuggiap&zofremh-lghﬁﬁg&g-‘;gd[@g gj\ﬁrty%grgggggﬁ%lr kers
have been used katigetd)@tcuritedd .00 anmnatic@prciivhi ofid ¢.00mboMitudRel, Tapay).
assuned that changes in value reflect changes in bone mass. Al though to
there are publi shed &lasaicomdwluseafdhafemus(Edmaesalewateh oging ke folowing or mat i on
and resorption markers increase, consistent with activation of bone
turnover, for eXAMPE: during early nenopause or in active di sease states,
the high turnoves—(i$rreQBdedqsl to be indicatiyp of bone loss. In

adol escence, high turnover during maturation of  the human skel eton has been
| ess wel |l studied, bdioughknesobthedamer(Topghrtesghwanabotilculgtad nsing thzofoHowerss .
Such a phenonenon would be totally unexpected in drug therapy of

ost eoporosis, af8¥¥hg to current art. Thus, the increase in bone turnover

markers is i%bco%hggﬁ%ﬁ%ﬁé(%%\%eﬁlgg&gg{;ﬁﬁabol i(g) effect of PTH to increase

bone mass and stre ain the present study. The data

fromthis 18 nonth stRedyhemeshaRablegtits ¢rdiTkembatpgrebis(UshoboRoeidplbewong
unexpected findings: Overall significant increase in total skeletal mass
Si gni ficant i ncrtkavatebral body wersent patlich usingp Buehlenlsemetesiaw spredisaw (Ruehler

id f "st : [ bone.to trab I b :
herence M pond IR SEERL Ao Rt A ERSEy bRBREh Rl sreagte
25 enriched for girkRess medditdaah cBRPFestibE Mhe BSififiesdie 155@%§§Mfed99§‘@oke
(lunbar vertebrae). At purely cortical bone sites (fenmur m d-di aphysis),

t here 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)



was a trend for PTH to stabilize or slightly increase bone rraﬁzw
strength, conpared to ovariectom zed controls. Changes in bo H-eQQOQn
ovariectom ze (and hunans) do 30 ngt reflect the benePCELRI9/ 18961

e
bolic eff . . . /
2" BeT L Soo1 180615 £35S fr PG REFLhE Bt lerior tnPmu b AL AR B ove

devel opment of p@pecidlyyore valid surrogate markers. Retention of the gain
in bone mass and strength for at |east 2 renodeling cycles after w thdrawal
of treatnment. This PEHspcmmubisof tigywedelira dE9 Wasealcplatedibghed st udi es on

rhesus and cynopol gus. o s inthat it used a |large sanple size to
provi de appropngg‘e(gté S @&T‘) power to det ect?)di ff erences t hat may not

have been appar i I, 1S i es; controls included both
ovari ect om zgd %?L%rﬁla}{]ggﬁf%gﬂgglgsﬁa{gy%@g%@éeﬁhsc@&gﬁ%@; and sham oper at ed, but
intact primates. TheToaglimess efahé verteber Qopghitsh asanediciged bpr evi ousl y
reported in this type of study, so that sone of the benefits of PTH, and
the restorati onloreREsLAIWPTkiRRiNEY ) (S AHAM cttrol | evel s, compared to

val ues for ovariectom zed animals were assessed for the first tine.
Conclusions 15 This 18-nonth study in mature, feral, ovariectom zed (OVX)
cynonol gus nonkmgust{yqﬁfég@c(;%isci cularis, assured efficacy and safety in
bone foll owi ng Trea Nt Wi rhPTH( 1-34) for either 12 nonths foll owed by
wi t hdrawal df treat me0@-phothidk arosstdestionswere ettfroem thefroid-diSphysistdfshe g TH(
1-34) signifi caFtIy i ncyeased bope. mass and, strength of the spine and fenur

neck above ovar PEREDHUSEG HABORG WBF §2%-of Tegise thickagss of0ael sPaCEI& WaY eat er

t han those of s : : i ' { t Wi :
NPT L 34) . o eap el bty SRl MREIAM, FBR IR At RdohE o Aluris g
1, 25- di hydr oxyvwélasitymigsurerhients esieanai? usingtdwbmiifig sdvast coidrosdope (ISHEUM
urine, and histonnrphonetry nmeasures used to assess bone turnover showed

rhPTH( 1-34) mafAyrapwedaras) hathesnethed descriedayeviousleby Heseggwar ghtsnertGlan

t hose of ovay.iegt om 0 ol j bi.ochem cal kers..of bone
resorption ra]énaﬁﬁglﬁeréﬁgi\&glr%? nf%Bﬁ/g%ésEE‘S?ICSH{gWgﬁ%SO‘HJtBE{?IOg‘?rOPﬁfbglﬁmgﬁ?uﬁ% s
treated with th?_ Kankindfacoh@lc tiRrdseopyS. BonE 168502 UROkIstE HGqUEEasH&s di d
not change with tine, and there was no accumml ation of rhPTH(1-34). There

was no evi denceimfinscsteaharech! bygpertzakcesalectar fokilgoay cpabhnicegyedf ASO MBz
nonths of 3o treatnent. There were -nok@]@{;&e in mneralization or .

renodel i ng peri §88sAustidVid?0. Fan3metHcS j;”%h%fasrﬁsﬁéf%gerﬂ%? &rUsbser ved
with rhPTH( 1-3 e | ed 0 =

PCT/ L' S99/ 18961%)4?2(% ﬁ%ﬁ%ﬁé?ﬁbgge ? @P@rﬁaﬁ%ﬁ’%&gta%é@# 8{5%9‘%8% ng
surface wthd i appreximately 68fine i diameteanSpacanatspiere fixed toathe boresre ofiaghamhberant
i ncreases in bone mneral content, bone mneral density and bi omechani cal

nmeasures of st r SWgE pvith Wateysicapstans (gprrEare{d4° @t iDelaydyae befivegn peAusts | y

rel evant sites h he .spi A f [ neck and.proximl., tibi

RPTH L 34y o s BTiehieR LA ror GITHE IR 38 BloBk ek B hedstiom ot
the hunerus and théhebitnend Was tedsited usih@ digitaPetcldosédope (TS ¥R 0MBSG o Rk,

bi onechan~cal neasures of strength conmpared to either ovariectom zed or

sham control s. Hearatm, OR)e Detayrtgnesewéra meesured afl five differeanigtgronssneli hal bone
area i s consistent, with an inﬁre e i crosi-secti %gal nonent of.jnertia, a
BV i the agt

measure of st efBthSIEHasPPet V1R |ghes xn SRS SO Hithant
effects on the i LnsSi - er i al: ' f sl thd . rtical
bone formation vl\lgg{ egﬁs nﬁ?dﬁﬁ?é]t 1@%%&3??%% corttlltléct{i‘l’?&vnvlp%{\tﬁr sgﬁgﬁﬁﬁé),
intracortical pdivded by tHetavafapedelay tihd! Whaessglt [fWvgemdisabiperged meygla(@s) in
responsi ble for maintaining the elasticity of the bone. In nonkeys, 12

nmont hs of treat ndR% WYW‘N%PTHGIPTB@BFUHC@IUF@%@aWW A0 etilga Instrymest nont hs
was associated with L.l er, i1l significant ins i,n bone mass and
strength in the\&‘fﬂ’n %P&S‘?%S%n?@%.de%%ﬁYRBWﬁi;C%‘{‘ﬁg‘?aﬁas Arf'}l}mfﬁﬁsrﬁ ficant
effects vverewogﬁﬁlcgﬁe:t he cortical bone mdshaft of the humenus and radi us.
Bone markers an I St onor phonetry showed trends to return to the | ow
turnover val ues pr@gw/(@dwiWs)RplBTOHNt rol s. 20 (7n vi vo nmechani stic studies
in rodents showed that genes associated with anabolic outconmes of rhPTH
1-34) are upregulated within 1 to 6 hours, and the increase in bone formng
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 stinmulate their differentiation
into osteoblasts, 25 thereby rapidly increasing the percent bone form ng
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
equi val ent dose is given in young rats as nmultiple injections over 6 hours

Y " B T . g, -



30 dosing with PTH. Studies of rats have uniformly shown that i
rapidly lost follow ng withdrawal of treatnment. Gunness- Hey, ﬂqbgﬁﬁfmz
J. M (1989) BOMe1059¢ ~ 0 C T 2002 WO 00/ 10596 PCT/ LS99/ 18961 #ETEIY/18%6]
447-452;: Shen, V. et_al..(199 J. in | 1:, 2479-2487; Shen, '. et
al, ( 1992) Cal'¥hre P?&Q%tlgé “P%@?"%“Séb."%‘faboj%%éﬁﬁ s SRTUTRiag the acqushg waye
1997) Bone 20: 429:43/. ; 1 | zat j..on_has
not previously %een@go%§§§€%@1%8?§ tﬁ%%@%@%éﬁ@?ﬁgggfﬁ%ggﬁ%éﬁr}%[?lrrl}(s)] by
whi ch PTH st r engiffhesisofanélspeoigpne iscadangeand can prevent fractures. This new
met hod i ncl udes enhancm-~ and regul ating mneralization, to provide

t ougher, stiffeb=p¥wre fracture resistant bon&) Such beneficial effects
require nmore thanp new matrix, forpation. These findings indicate that PTH
has benefitsSi nWPHE PARPE! GSIERY ARADB T IO YAPHEY - or skel etons) or in 10

skel etons deficient in mneral, provided there is also adequate cal ci um and
vitam n D suppl enentation. Exanple 3 - - Increased Bone Strength and
Density, and RegtugfidaFaradisisr es Upon Adm nistration of rhPTH(1-34) to Humans
15 Nunber of Subjects: rhPTH(1-34): 1093 enrolled, 848 finished. Placebo:
544 enrol | ed, 447 fiBudrédnalyiigyadused tasieqknranedeppitypheariaages Wigntvenase

years, postnenopausal for a mninu i ia.  boyears it h m ni mum of
one noderat e or‘g%il/%"r’ﬁ?%c&e%‘{sr%'}fﬁ%?’( M\r/ge‘ﬁlﬁgﬁ:wﬁ?ra%%lﬂ?@&gt%é88%' d

Admi ni strat iygn: co-ﬁgﬁﬁ'is&‘i Qdygipiell iR variakddbvds RdbhondfgeRENE AN TN R Allis
subcut aneously rhPTH(1-34): 40 pg/day) given subcutaneously Reference

Ther ap~( bl i ndedjorRpaembivicsinaigtyis whv@rdnat was appligde eiithqosBhoatriabysio@sing Mann-
Treatnent: rhPTH( 1-34): 17-23 ,m)nI hs (excluding 6-nmonth run-in phase)

Pl acebo: 17-23 LA %Jetiﬁfﬁ-u%'iaﬂﬁ‘ce fHERIIcanGe Y s ASpRbRt PSP;Goe Reguitpare

Eval uati on: SpL;g&%se)ﬁina&é;m@aﬁr Ug’%p{l ol ogi cal markers (cal cium bone-specific
al kal i ne phosphatase, pr ocoﬁ agen | carboxy-term nal propeptide); urine

mar kers (cal cium N-tel opeptide, free deoxypyridinoline);

1, 25-di hydroxyvitam n D; bone mneral density: spine, hip, wist, and total
body; hei ghtls pBpsMltsti on phar macoki netics; bone biopsy (sel ected study

sites). WO 00).10596. lﬁati nt .Characteristics 47 ~ 0 C T 2002

PCT/ US99- 18961 gﬁ&k&ﬁ@—b&‘&mﬂ&ﬂ@b (N=541 ) PTH- 40

(N=552) Caucasi au~~98r990R YRR AR BTHRPA4DL: B0 AG/BYCARDHiRATHinor
menopausal 20. 9t 8. 521. 58. 7/21. 88. 2Hyst erect om zed23. 80/53. 1 %21.6%%erus + 0
or 1 ovary57515h8kkentanss ih bddpwaighe 86drSIADIddyk nRalstil fs1oi 6P EN ( 1084) asi0qqypke/ds)i S
drugl 4. 9% 5. 59%4.3. Q%useBasel i ne spi ne BMDO. 820. 170. 820. 170. 820. 17Basel i ne #

of vent. fx054 exl})ib.teai% wltﬁcmm% 51_1@(.}!1 b@éw&ish{,g?pra%niieg aglsi.ﬂ%%é@is
(11 204 49 ( ooaleyaeibfaugrb e byphiinitad gl s3bp mepdips i wishhyhed 0
(4.7% 76 (1.2% fortrlal ﬁg@ﬁ%&%ﬁal&%&ﬂs& fok ra¥hife, 4ltHougl ¥hall (8bréLeOin {eburd?) 02

(0.4% 101 (0.2% 1 (O. speci fi ed262917 5 Results >-value 0.67' _' 0.099
0a73 0.682 0. 470aleins urGa RIgOgamwearerabsavedi Seram alkeline nhosphatassdnergassd by

total of 1637 treated w r nbi uman parat hyroi d hornone (
1-34), rhPTH( ﬁﬁ@%}h%gh%\ryﬁglﬁgﬁa%@me d suppl enented with vitamn D

and calcium for 18-24 nonths, showed results reported in Tables 15-19.
Table 15 illustrates data show ng the reduction upon treatnment with PTH of
the nunber |53 and severity of vertebral fractures. Conparing all PTH
treated patients with placebo, the overall reduction in nunber of patients
with vertebral fractures was 67% (p<0.001 ), with a 65%  reduction (p<0.001
) at 20 ~gl day PTH conpared to placebo, and a 69% reduction at 40 pgl day
PTH conpared to placebo (Table 15). Conparing all PTH treated patients with
pl acebo, the overall reduction in nunber of patients with nultiple
vertebral fractures was 81 % (p<0.001 ), with a 77% reduction is SUBSTI TUTE
SHEET ( RULE 26) 180CT 2002




WO 001 10596 PCT/ US99/t 89G t 48 (p<0.001 ) at 20 ug/day PTH c

pl acebo, and
Conparing all
nunber of pati
(p<0.001 ), w
pl acebo, and
15) .
vert ebral

of (14.3% (5.0

81137-1148. 1°f
nunber of fraq
nunber of fra
humerus, ribs,
statistically
nunber of fraq
treated pati ej
the reduction
hunerus, ribs,
2002 WD 00/ 10°
patients (Tabl
non-vert ebr al

(N=552) Overal
40-pboHip4230j
10. 3130. 4170.

ot 4140. 3740. 41
. 7230. 146Tot al
"t her"412124(
bone m nerak q
determ ned |
reported i

in BMC at t
the patient?Bs
increases i®t
18). The in&rg
S|gn|f|cant’Wu
PTH treat nmefit
The i ncreasgs
neck (Tabl eE19
gquantity ane d
ef fect indi gat
i ncr easi ng. GPT
portion of g

ents
th a

' 4{)&10

fracty
PTH
7180. 4
|03 HUNE
40. 18%
53343

£0130.
@t ent
Qual e

Tabl es 1
e [patien

whol e
ases 8

for th
were s
). The
ual ity
es tha
IH does
pati e

it x-rays

he patii

th p<Q.

eduction at 40 ~g "da

ith noderjate to sever
0% r eductfi on (p<0.001

fra tures.| Pl acepo0 ~g/day PT 0 ~g~
PTH( n*=448) (n3444¥ n#43%) N

aPiemtqd with newer

Sever eftr
| hei ght
40% | os
are as d
using a
16 illu
at varioys non-verteb
apparentlly decreased
&ekbvi 8 |and ot her  si
n 2§ vi ened
PT treat ed
ilon 1% even
nberc of frac
is agm)ng th
961 9 conp
Efg ect of
IuegPIacebo
bo o’
740. 417U.{690%adi us137,
rus5430.
0. 983Pel i s3¥0. 171 0.
70. (360. 015T]
.02%$°5 *Plgac
one dri ner
or ptg onet
admB ni st Cat
r spk ne, fg
).
at2 t he bun
ar 3pine,§f
| e ﬁé). Bahe

001 (Tal
ent 4 | unfar

e 15 pat
tatistic

il y'l?ll gni E’c

P on e
pargi cul a.nl
unt wmf borue
ly r@sult §n

t o mnot h

pry

b
(@)
—

B
o

)

-0~ m
=<0

(on

Table 1 - -

Initial body ®reight (kg),
Final body weigh

Table 2 - - Efﬁf

Body weighfg
Data are expressed

6708340. 7444

Trigal

~~ PTH conpared to p

ebral fractures
PO ~tg/day PTH G
pbnpared to pl acs
nunber and sever
Jlay
fage"ﬁ
$r aet ures:Nu
twiFh %m)&e
4%60.49%
5T of p‘ﬁtlents
cture results in
Teasure). Severe
hei ght (or an equiv3
al . (1993) Vert
J. Bong
pf treatment wit
al bopes throughout t
t each of the hip, rg
s EThhl 6,16). Theot €
t?ne@ednct@onol n<t K
iaat*gbe S '&o@argd fo
e %l i f.{rca-ﬁt Whew d
Ur 68 pf hi p, Yt adi us,
PTH tfeated patients
ed tofthe placebo tre
treatnent with PTH on
ﬁN:544 PTH 20 (N=S41) R

vert

*

y—

=)

100. 4040. 2360. 1800, ~A4
465Ri ps10550. 2770. 109
0760. 3| 9U. 081Cx her 1614
ot al We
B0 (pp‘é\) 5he‘fefcbect=> a
nsit ,/,_(BN/D)r,\ aﬁid Blon]

) Nanql twe .r_eseplt

ur and| hi p, wrist, and

ment W th PTH caused
tj

area apparently incr

spinej femur and hip

y significantg This

n the patA-enfS s»boﬁy

on calised apparent 1d
par spine, fenmur and
emur apd hip were sta
ant folf the |g@nbar spi
whol e| body tfe nea
20 mlvrng\bo.lﬁe ®asE f
I nsteiﬁ)

Calcium (m

Phosphate (mg/d
Alkaline phos
Creatinine (mg
Urea nitrogen ('

5

PRCT 002

%0,
a’@l@’to éat ed patients with phbacebo, the overall r&fUGiSPUYHI6N

was 84%
onpared to 5
bo (Tabl e
ity of

new
patients
ith both
nore than
fracture
| ent
ebr al
& Mn Res
h PTH on the
he body. The
di usy ankl e,
ductd on is
e t(§ al
t he 9l acebo
onsigered as
ankke,
1880CT
ate
nu
rTH- H
<
Ank¥e4220. 60
0.19%70. 184Fo
90. 3}380. 2960

2

f PPH on
e argea were
S ar®

i n§ eases

t hrhughout
si gifi fi cant
i p (rabl e
istixally
ase@ upon
(Tabi e 19).
ne eﬁ1d hi p
e ofg bone

r of

ol e Ppody

is o
rom#wmne

Data are expre



treatnment with PTH i ncreases the anount and quality of bone ig h@
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present ed above I'n patients treat ced
fractures. Specfobingtidr date BHR/BVyahdwetivatied fiegoenay (XOFg irdheiseS@X0I0Sandunber
of patients with prior vertebral fractures who suffered new vertebral
fractures. PTH RTGRL Aespectayed) at baticdaiehy nore than 78% t he nunmber of

patients w prior tebral frac S u ew,. nul §1.pk
vertebral f trz ctures. Xﬁ_hmf%’ b:o&a iaf%o#%#%%g? 3%_;;302%%??"%’ a‘ssel_gglr1iL1 F%x@t%&f?erence
vertebral fractwh&snly Wil Berwbditht hegat d6RBHGly 41 thY coiftfsl igfouphig<momper  of
patients with noder ag,e or severe fractures. Patients receiving PTH

benefited from Masogriréa datir) éotueased aftentreainientdut was netbsigiifitardkytdifferent

(including fractures _of hip, radjus, wist, pelvjs, foot) hunerus, ribs or
ankle) with si gHnPRERAIRreaEronPs eVioVeyer, sopiceigyea e3iw) \NEF iht&flef IRSF SRS as

wel | . 15 Patien Li: j I ' Lo I acrease
i n bone nineral&%%§%é5$géhpéﬁé£ﬁﬁ%gt@%&ﬁgggléﬁ?%gﬁﬁg§gé§%g%h%?ﬁ? ?gdse
indi cates that p+@0s us therloducddsezraiip)! TR i tHedoweBdbsegedup Vs sr | y as
after 12 nonths of therapy. Discussion 20 These data on fractures are the
first data on fsigvifigealy bhetthantteycoptel (PRONSHNESBHIATrEskS Wereciopbin Y6CLAr
denonstrate an inproyenent in bo ality.and b rength i ke the
preclinical data rep§PF&aIH@P@§hQ§ }“f%%&%gPﬁggﬁfgﬁ§ﬁ%§q§HB¥*%ﬁﬂ6WFﬁs in
bone quality an - Lt BSe stk .
reduction in thgoﬁﬁb&ea?{sﬂg? tc? %@t%?ﬁ s%@%ﬁ%@ﬁhﬂ]ﬁﬁ?ﬂg %g@zlgﬁ%gng’t“ «
period of 25 trdappiplddyasasEX highevihat seyconaehgrotys @r<0et ) i Howbven) poadsitids
preclinical studies. . 1 ~ 0 CT 2002 WO 00l 10596  PCT/ US99/ 18961 52 The
question of 3Rhelayeyitomtheendosorticel compastment g sdthinathat locationg arg wlikgyte to

i nprove resistance to fracture has not previously becn tested in humans.
The published literature has consistently suggested that PTH nust be given
in conbination with an anti-resorptive or estrogen. Previous, published
clinical trials 5 included patient populations too snmall to determ ne a
significant reduction of fracture. In one study the benefits of PTH al one
coul d not be assessed because there were no placebo controls. In a second
study, enploying the conmonly accepted definition of fracture, no reduction
in fracture was observed.




The findings of a reduction of fractures at conbi ned non- vertfgﬂii 2882|s
to particula§@¥ MQg&gected in light of the common belief that |

negative ef f &¢¢ 8 uch sites. Commn dogma hol ds t hat PTH\MPFF“Fﬁ%ﬂ%ﬁée
cortical porosity and therefore weaken bong, especially early in therapy.

Further, this do risk of
fracture and tﬁ%r?n%’llﬁ%?/\/lgﬁopwgwn%algg&t“eng ?ﬁlg gsof% }r]éafg ur eg?lg%‘u@%‘ ?grn at
hon-vert ebral §d)r¥s%‘éentm§1 AH0epRasdlif erdigkésiohlahomdil ofigai s 15 unlikely to
be efficacious and will require concurrent anti-resorptive therapy to bl ock

negative effects on cortlcal bone. The present data denonstrate the

previ ously unobserved benefits of PTH given to patients receiving vitamn D
and cal ci um suppl enments. Unexpectedly, PTH strengthens bone to reduce the
nunber of new fractures in a patient at risk for nultiple fractures of the
spine, at risk for additional 20 non-vertebral fractures, at risk for
noderate to severe additional fractures of the spine, and the like. This
clinical study on post-nenopausal wonen showed particul ar benefits from
treating patients with | ow dose (20 ~g/day) since the dose of PTH (which

at high doses, could show side effects in sone patients) was reduced, but
fracture 25 prevention and fracture reduction was retained, and simlar to
those noted at the high dose (40 pg/day). The FT-1R nonkey data provide a
possi ble, but not limting, mechanistic explanation. The nonkey study shows
that | ow dose PTH i ncreased crystal formation and accel erated

m neralization in cortical bone. In addition, |ow dose nonkeys showed
additional benefits after withdrawal, as PTH enhanced 30 m neral content of
t he bone. The present data denonstrate the novel finding that PTH given at

| ow doses to patients receiving vitamn D and cal ci um suppl enents, is 18
0 CT 2002 WO 00/ 10896 ~ PCT/ US99/ 18961 53 effective in preventing both
vertebral and non-vertebral fractures. Contrary to popul ar belief, PTH
strengt hens bone at non-vertebral sites to prevent new fractures or reduce
the severity of fractures, apparently by inproving the mneralization and
"mneral content of the bone. The invention has been described with
,reference to various specific and preferred enbodi nents and techni ques.
However, it should be understood that many variations and nodifications may
be made while remaining wthin the spirit and scope of the invention. All
publications and patent applications in this specification |0 are

i ndicative of the level of ordinary skill in the art to which this

i nvention pertains. 54 18 0 C T 2002 CLAI M5 1. Use of a parathyroid

hor nrone consi sting of am no acid sequence 1-34 of a human parathyroid
hornone for the manufacture of a nedi canent for concurrently reducing the
risk of both vertebral and non-vertebral bone fracture in a postnenopausal
woman at risk of or having osteoporosis, wherein said nmedicanent is
adm ni stered to said woman wi t hout concurrent adm nistration of an
antiresorptive agent other than vitamn D or calcium in a daily dose of
20pg to 40g for at |east about 12 nonths up to 3 years. 2. The use
according to claim1 wherein said daily dose is 20pg. 3. The use according
to claim1 wherein said daily dose is adm nistered for at |east about 24
nont hs. 4. The use according to claim1l wherein said nedicanent is
contained within a packaging material, said packaging material conprising
printed matter which indicates that said nedicament is effective for
concurrently reducing the risk of both vertebral and non-vertebral bone
fracture in a postnenopausal woman at ri sk of or having osteoporosis when
adm nistered to said wonan such that said parathyroid hornone is
adm ni stered wi thout concurrent adm nistration of an antiresorptive agent
other than vitamn D or calcium in a daily dose of 20p.g to 40pg for at

| east about 12 nonths up to 3 years. 5. Use of a parathyroid hornone for

t he manufacture for a nmedi canent for reducing the risk of non-vertebral
bone fracture in a human subject at risk of or having osteoporosis, wherein
said parathyroid hornmone is adm nistered to said subject w thout concurrent
adm ni stration of an 55 18 0 C T 2002 antiresorptive agent other than
vitamn D or calcium in a daily dose of 20pg to 40g. 6. Use of a

par at hyroi d hornone for the manufacture of a medi canent for strengthening
cortical bone in a human subject at risk of or having osteoporosis, wherein
said parathyroid hornone is adm nistered to said subject wthout concurrent
adm nistration of an antiresorptive agent other than vitamn D or cal cium
in a daily dose of 20.g to 40wy. 7. The use according to claim5 or claim®6
mhereln sald hunan subject is at rlsk of or has osteopor03|s ar|S|ng from

Y I Y I 1 Y L —— o I
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given PTH(1-34) at 40 pg/kg/day compared to the other 2 groups (p<0.0001 vs both

the control and 10 pg/kg/day groups). Although resorption (ES/BS and Oc.S/BS)

increased in both PTH(1-34) treated groups, only eroded surface (ES/BS) in the

higher dose group was significantly greater than the control group (p<0.001). Therc

10 were no differences in osteoid thickness (O.Th) among the three groups. Despite the
evidence for accelerated bone turnover, fractional bone volume (BV/TV) did not
change after PTH(1-34) treatment. Tunneling resorption and peritrabecular fibrosis

were not observed in any of the groups.

15  Bone mass measurements

vBMD and BMC in the midshaft of the femur assessed by pQCT in 40
ug/kg/day group were significantly higher than in the other 2 groups (p<0.001 in
vBMD and p<0.0001 in BMC vs the control group, p<0.05 in vBMD and p<0.01 in
BMC vs the lower dose group) (Fig. 1A). vBMD and BMC in 10 pg/kg/day group

20  were also significantly higher than in the control group (p<0.05 in both vBMD and
BMC). Although bone area of the midshaft of the femur also increased dose-
dependently, it significantly increased only in 40 pg/kg/day group (p<0.05).

aBMD and BMC in the proximal femur, measured by dual X-ray
absorbtiometry (DXA or pDXA), increased dose-dependently. Significant

25  differences were present in both aBMD and BMC between the control group and 10
pg/kg/day group (p<0.05) as well as between the control group and 40 pg/kg/day
group (p<0.001) (Fig. 1B). No significant differences were found in bone area
among the three groups.

Overall, Figure 1 shows that BMD (bone mineral density) and BMC (bone

30  mineral content) in the femoral midshaft (cortical bone) (A) and in the proximal
femur (cancellous bone + cortical bone) (B) were significantly greater in PTH-

treated animals than controls at both doses. Cortical bone area at the femoral
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lumbar vertebra (L4) assessed by pQCT, among the three groups.

Biomechanical testing

Structural properties of the midshaft of the femur, such as ultimate force,

10  stiffness and work to failure increased dose-dependently (Fig. 2). Figure 2 shows
the effects of PTH on mechanical strength and cross sectional moment of inertia
(CSMI) in the cortical bone of the femoral midshaft. Structural mechanical
properties (open bars) and CSMI increased significantly in the higher dose group,
while stiffness also increased significantly in the lower dose group. Of the intrinsic

15  material properties (dark bars), only elastic modulus increased significantly in the
lower dose group when compared to controls. Elastic modulus in the higher dose
group was significantly decreased when compared to the lower dose group. In
Figure 2: data are expressed as mean = SEM; * indicates P<0.05 compared with the
control; and ¢ indicates P<0.05 compared with 10 pg/kg/day.

20 In this study and the results shown in Figure 2, all parameters were
significantly higher in rabbits given PTH(1-34) at 40 ng/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 control group
(p<0.05). Of the intrinsic material properties, elastic modulus was significantly less

25  inrabbits given 40 pg/kg/day than those given 10 ug/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.
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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 turnover. 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 amodel 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 matenal 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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mechanical effects of increased cortical porosity.

Conclusion
In conclusion, the increases in bone turnover and cortical porosity after
10 PTH(1-34) treatment were accompanied by concurrent increases in bone at
periosteal and endocortical surfaces. The combination of these phenomena resulted

in an enhancement of the toughness ultimate stress, stiffness, and work to failure of

the femur.

15 Example 2 - - Increased Bone Strength and Density Upon

Administration of rhPTH(1-34) to Monkeys

Experimental Procedures

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 ug/kg (PTH1) 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.
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Ovariectormzed, 18 months 1 pg rhPTH(1-34)/kg/day PTH} 21 19

Ovanectomized, 12 months 1 ug thPTH(1-34/kg/day, 6 PTHI-W | 21 20

months vehicle

Ovariectomized, 18 months Sug thPTH(1-34)/kg/day PTH3 22 21

Ovanectomized, 12 months Sug thPTH(1-34)kg/day, 6 PTHS-W | 21 20

months vehicle

Serum and urinary samples were taken 24 hours after vehicle or thPTH(1-34)
5 injection at 3-month intervals. A sparse sampling design of 5 monkeys in cach

rhPTH(1-34)-treated group was used for pharmacokinetics, with sampling (spanning

N

0 to 240 minutes each time) at baseline, 7, 11, and 17 months. At 0 time and at 6-

month intervals, total skeleton and spine (L-2 to L-4) bone mass were assessed by

dual-energy x-ray absorptiometry (DXA); peripheral quantitative computed x-ray
10  tomography (pQCT) was used to assess bone mass in the midshaft and distal radii,

and the proximal tibia. Iliac biopsies were taken at 6 and 15 months for

histomorphometry. All animals were euthanized after 18 months.

Biomechanical tests were done on lumbar vertebrae L-3 to L-4, the femur

neck, humerus midshaft, and on a cortical bone specimen machined from the femur

15  diaphysis (measures defined in Table 7). Conventional static 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.
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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.
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ovariectomlzed monkeys. When measures of calcium homeostatis were compared to
sham controls, ovariectomized controls had lower serum calcium and phosphate and
1,25-dihydroxyvitamin D levels. but did not differ in endogenous PTH. urinary
cyclic adenosine monophosphate (cAMP), urinary calcium, urinary creatinine, or
serum urea nitrogen measured 24 hours after last injection. Animals treated with
rhPTH(1-34) had lower serum phosphate, lower endogenous PTH, and higher 1,25-
dihydroxyvitamin D and urinary cAMP compared to ovariectomized. Serum bone
formation marker assays showed that ovariectomized monkeys had low serum total
alkaline phosphatase (ALP) and osteocalcin compared to shams, and rhPTH(1-34)
restored levels back to sham values. Urinary C-telopeptide (CrossLaps) excretion,
used as a biochemical marker of bone resorption, was not altered by rhPTH(1-34)

compared to ovariectomized controls.

Bone Mass

Overall skeletal bone mass, expressed as total body BMC, was increased
significantly by PTH(1-34) (Fig. 3). Spine bone mineral density (BMD) remained
stable in ovariectomized controls for 18 months, while sham controls gained
approximately 5% above baseline (Figs. 4A-4C and 5A). rhPTH(1-34) increased
spine BMD by 7% to 14% and whole body bone mineral content (BMC, Figure 3)
by up to 6% compared to baseline (Figs. 4A-4C and 5A). Spine bone mineral
content also increased (Fig. SA). In thPTH(1-34)-treated primates, the magnitude of
these increases was significantly higher than that of ovariectomized controls, and
matched (PTHI1) or exceeded (PTHS) that of shams. rhPTH(1-34) did not alter
BMD of the midshaft or distal radius. The cross-sectional area of the midshaft
increased by 7% in the PTHS group. In the proximal tibia, there was no increase in
cross-sectional area but thPTH(1-34) increased BMC and BMD compared to
ovariectomized controls. Six months after treatment was withdrawn, BMD and
BMUC in the spine and femur neck remained higher than ovariectomized controls,

with no change in the cortical midshaft of the humerus.
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L010%99g& () - Table 7 Variables Reported for the Third and Fourth Lumbar Vertebrae (L-3
and L-4), Humerus Midshaft, Proximal Femoral Neck, and Femoral
15 Beam Specimens
Variable Units Description
{.umbar Venebrae, L-3 and L-4
A mm" Cross—scctional area
F, N Yield force 1s the force at a 0.2% oftset
S N/mm Slope of the hinear portion of the force~displacement curve
{stiffness)
oy Mpa Yield stress
E Mpa Young's modulus
Humerus Midshaft
t mm Average cortical thickness
Fu N Ultimate force 1s the maximum force the specimen can
withstand
S N/mm Slope of the linear portion of the force—-displacement curve
(stiffness) here's stiffness
mJ/U N-mm Area under the load—displacement curve (U=work to failure)
Proximal Femoral Neck
Fo N Ulumate force 1s the maximum force the specimen can
withstand
Femur Dyaphvsical Beam Specimens
T Mpa Ultimate stress
E Gpa Young's modulus
u Jim’ Toughness
€, Ulumate 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
Vanable
(units)® | Sham QVX Control | PTHI PTHI-W PTHS PTHS-W
A(mm) | 905221° | 86723 883+20 | 900+23 | 873427 828%2 1
F.ON) 1738 52| 14992 04° 1915+ 105° | 1899£73° [ 21132 77°° | 1792 59°
S (Nimm)_| 73122 319__| 5805 % 476" | 7701 £474° | 7401 = 452° | 8012 % 367" | 7074 % 313°
o, (Mpsa) | 194206 | 17310 219+13° | 21.1£08° | 246211° [210£09°
E(Mpa) | 65032 546 £ 49 717248° | 659£42 759 % 36° 698 = 41°

Abbreviations: OVX=ovariectomized; PTH1=rhPTH(1-34) 1 pg/kg for 18 months;

PTH1-W= withdrawal for 6 months after treatment with thPTH(1-34) 1 pg/kg for 12
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with thPTH(1-34) 5 pg/kg for 12 months.
*See Table 4.1 for description of variables
®Data expressed as mean + standard error of the mean (SEM) per group.
20  °Statistically significant compared to OVX controls (p<0.05).
*Statistically significant compared to sham controls (p<0.05).
Table 10 Biomechanical Measures of Cortical Bone of the Midshaft of the
25 Humerus of Ovariectomized Primates at 18 Months
Vanable
(umts)* Sham OVX Control PTHI PTHI-W PTHS PTHS-W
y(mm) 1742004° | 1632003 168 % 003 166004 180 %004° 172003
F,(N) 725 % 26 636 % 26 654+ 33 680 & 23 680 % 15° 707 £ 24
SON/mm) 601 £23 5202 26 544% 73 573 %20 548 % |8 573 24
U(mJ) 1797 % 85 1542 2 92 T641 £ 137 1751 % 84 1804 % 99 1775 113
Abbreviations: OVX=ovariectomized; PTH1=rhPTH(1-34) 1 pg/kg for 18 months;
PTH1-W= withdrawal after treatment with thPTH(1-34) 1 pg/kg for 12 months;
PTHS=rhPTH(1-34) 5 pg/kg for 18 months; PTHS-W=withdrawal after treatment
30 with thPTH(1-34) 5 pg/kg for 12 months.
*See Table 4.1 for description of variables
*Data expressed as mean * standard error of the mean (SEM).
“Statistically significant compared to OVX controls (p<0.05).
*Statistically significant compared to sham controls (p<0.05).
35

Bone Histomorphometry




1 1097& () - 109%7& ()- L10%& ()- S10%& ()- n|obW410 18 ch@ggoz
Pl 93G' 109%%=$& ()- 107107107 &610%& ()- @S 10%& ()-& y- 10%& ()-
SRR SR i At Pl el
%& ()-m %& ()3 '10%<& () - . %& ()-m
[ T0ved ()-m [ 10%& () MHPIRhBee: trs It Wb eitaricston e g o b9t
#3Y[ 109&8& () - 08 () < i L QY & O (- . ,
P! 934 105 0- Ll %@lﬁg#{gv %@é&ﬁ%gﬁ&f S %&ﬁﬁ) %%@5-‘%‘53.0 yghne
_?bU410 P! 9] 109%RBbé])giver 4 @4nshthy was hadatdttble in MaN} A0HER. Odlysttit Gt ddrs m
“?bU410 P! 9[10%& ()-m [10%& ()-m[10%& ()-m [10%& ()-m #3Y[ 10%& ()-m
"xl C<bU410 P! #weterneasured)fonthisiiome poins.- Hafia and-gyqamimhsianephometyy data at 15

e O SRR D) BIGOEE QLm0

[10%& ()-m compared to ovariectomized, and increased bone formation without increasing
resorption measures above those measured in ovariectomized controls. Bone
formation rate was increased progressively by higher doses of rhPTH(1-34).
Although cancellous bone remained increased compared to ovariectomized controls

10  after withdrawal of thPTH(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, thPTH(1-34) increased cancellous bone by selective
stimulation of bone formation. _

In the cortical bone of the humerus, where thPTH(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 PTHS5 and PTH5-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 PTH5-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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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 rthPTH(1-34) was withdrawn for 6 months, turnover 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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Variabic® Units Description

AcF cvelessvear Activation trequency

BFR/BS.Ec pm/day Bone formation rate. endocortical surtace reterent

BFR/BS Ps pm/day Bone formation rate. penosteal surface referent

BFR/BV Y%/vear Bone formation rate bonc volume referent

FP davs Formation penod

L OnN/Ct A #/mm-~ Number of fluorochrome labeled osteons per unit cortical area

MAR um/day Mineral apposition rate intracortical

MAR Ec¢ um/day Mineral apposttion rate. endocortical surface

MAR Ps um/dayv Mineral apposition rate, periosteal surtace

MS/BS Ec % Mineralizing endocortical surtace normalized to total
endocortical surface

MS/BS Ps Yo Mineralizing periosteal surface normalized to total periosteal
surface

O Wi nm Osteoid width

Rs N/Ct A #/mm* Number of resorption spaces per unit cortical arca

W Wi pum Osteonal wall width

omt days Osteoid maturation ime

Po Y% Porosity. the percentage of bone area occupted by spaces

B.Ar mm-~ Bone area. the total area within the periosteal surface

Ct Ar mm* Cortical area. the arca of bonte within the peniosteal surface
(includes porosities)

Mc Ar mm-~ Medullary cavity area

“Nomenclature is that recommended in Journal of Bone and Minera! Research, 1987.
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microscopy revealed that administration of PTH improved bone quality by replacing
old bone (large crystallites) with young bone (range of sized crystallites. tending to
smaller size). Further, upon withdrawal of PTH from monkeys given low doscs.

5 there is an additional benefit as the matrix becomes optimally mineralized, and the
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.

10 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%
15 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
20 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 shift 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
25 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
30 decrease in medium BMD bone and an increase in high BMD bone, indicating that

medium BMD bone became more dense.
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Treatment low BMD (%) medium BMD (%5) high BMD (%) cortical BMD (%o

ovanectomized 304422 48.7x1.6 19 9£1.2 09+0 3

PTH 17.7+1 6* 58 9| 9* 22 8£27 06+0 3

PTH-W 22 41 3+ 49 7x1.2 27 016" 08402

5

Table 14. BMC at the midlevel of the LS vertebra and vertebral effective strain

Treatment BMC (mg) effective strain (ustrain)

ovanectomized 37.2xl.06 701x64

PTH 47 4£1.5* 447+36*

PTH-W 44.2+1.2%* 53934

*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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3%0%" F& () -! 10:i8verkfarkess it Rcdttbient villi the known anabolic effect of PTH to increase

bone mass and strength, as shown by data in the present study.
The data from this 18 month study on cynomolgus monkeys supports the
20 following unexpected findings:
e Overall significant increase in total skeletal mass
¢ Significant increase in bone mass and strength at the femur neck.
e No evidence of "steal" from cortical bone to increase trabecular bone.
Increase in bone mass and strength were statistically significant at sites
25 enriched for either cortical bone (femur neck) or trabecular bone (lumbar
vertebrae). At purely cortical bone sites (femur mid-diaphysis), there
was a trend for PTH to stabilize or slightly increase bone mass and
strength, compared to ovariectomized controls.
e Changes in bone markers in ovariectomized monkeys (and humans) do

30 not reflect the beneficial, anabolic effects of PTH on the skeleton. Use of
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statistical power to detect differerices that may not have been apparent in previous

much smaller studies; controls included both ovariectomized primates (used in

published studies) and sham operated, but intact primates. The latter control group

10 has not been previously reported 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 thPTH(1-34) for either 12 months followed by withdrawal of
treatment for 6 months, or treatment for 18 months. rhPTH(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 rhPTH(1-34) may be explained
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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, thPTH(1-34) is anabolic on the bone in monkeys and rabbits,
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10%863& () - VA 10(%63%1((35)6 s\t/upc\hes demonstrate that administration of parathyroid hormone

receptor activators, such as recombinant human PTH(1-34) improve bone quality

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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toughens bone and can prevent fractures. This new method includes enhancing and
regulating mineralization, to provide tougher, stiffer, more fracture resistant bone.
Such beneficial effects require more than new matrix formation. These findings
indicate that PTH has benefits in patients with immobilized bones or skeletons, or in

10 skeletons deficient in mineral, provided there is also adequate calcium and vitamin

D supplementation.

Example 3 - - Increased Bone Strength and Density, and Reduced Fractures

Upon Administration of rhPTH(1-34) to Humans

15
Number of Subjects: rhPTH(1-34): 1093 enrolled, 848 finished.
Placebo: 544 enrolled, 447 finished.
Diagnosis and Inclusion Women ages 30 to 85 years, postmenopausal for a minimum of
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 ug/day, given subcutaneously
rhPTH(1-34): 40 pg/day, given subcutaneously

Reference Therapy (blinded)

Placebo study material for injection
Duration of Treatment: thPTH(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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Baselme spine BMD 0.82+0.17 0.82+0.17 0.82+0.17 >0.990
Baseline # of vert. fx >0.990
0 54 (10.4%) 45 (8.8%) 54 (10.1%)
1 144 (27.8%) 159 (31.1%) 169 (31.6%)
2 128 (24.7%)  128(25.0%)  125(23.4%)
3 75 (14.5%) 67 (13.1%) 81 (15.1%)
4 59(11.4%) 49 (9.6%) 45 (8.4%)
5 28 (5.4%) 31 (6.1%) 21 (3.9%)
6 13 (2.5%) 20 (3.9%) 25 (4.7%)
7 6 (1.2%) 7 (1.4%) 10 (1.9%)
8 9 (1.7%) 5(1.0%) 3 (0.6%)
9 1(0.2%) 0 2 (0.4%)
10 1(0.2%) 1(0.2%) 0
Unspecified 26 29 17

Data from this clinical trial including a total of 1637 women treated with recombinant
human parathyroid hormone (1-34), thPTH(1-34) 0, 20, or 40 pg/kg/day, and sﬁpplemented

with vitamin D and calcium. for 18-24 months, showed results reported in Tables 15-19.

Table 15 illustrates data showing the reduction upon treatment with PTH of the number

and severity of vertebral fractures. Comparing all PTH treated patients with placebo, the

overall reduction in number of patients with vertebral fractures was 67% (p<0.001), with a 65%

reduction (p<0.001) at 20 png/day PTH compared to placebo, and a 69% reduction at 40 pg/day

PTH compared to placebo (Table 15). Comparing all PTH treated patients with placebo, the

overall reduction in number of patients with multiple vertebral fractures was 8§1% (p<0.001),

with a 77% reduction

SUBSTITUTE SHEET (RULE 26)
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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 0.417 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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no or a less significant increase over the subsequent months. The patient's femur/hip
5 BMD apparently increases for at least 18 months, and may increase upon further
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) 5.36 (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) 2.28 (5.44) <0.001
10
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(7.149)  -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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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 vertcbral 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 increase 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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combination with an anti-resorptive or estrogen. Previous, published clinical trials
included patient populations too small to determine a significant reduction of
fracture. In one study the benefits of PTH alone could not be assessed because there
were no placebo controls. In a second study, employing the commonly accepted
definition of fracture, no reduction in fracture was observed.

The findings of a reduction of fractures at combined non-vertebral sites is
particularly unexpected in light of the common belief that PTH has negative effects
at such sites. Common dogma holds that PTH will increase cortical porosity and
therefore weaken bone, especially early in therapy. Further, this dogma asserts that
cortical bone sites are at high risk of fracture and that PTH will offer no benefit in
fracture reduction at non-vertebral sites. The dogma also holds that PTH alone 1s
unlikely to be efficacious and will require concurrent anti-resorptive therapy to block
negative effects on cortical bone. The present data demonstrate the previously
unobserved benefits of PTH given to patients receiving vitamin D and calcium
supplements. Unexpectedly, PTH strengthens bone to reduce the number of new
fractures in a patient at risk for multiple fractures of the spine, at risk for additional
non-vertebral fractures, at risk for moderate to severe additional fractures of the
spine, and the like.

This clinical study on post-menopausal women showed particular benefits
from treating patients with low dose (20 pg/day) since the dose of PTH (which, at
high doses, could show side effects in some patients) was reduced, but fracture
prevention and fracture reduction was retained, and similar to those noted at the high
dose (40 pg/day). The FT-IR monkey data provide a possible, but not limiting,
mechanistic explanation. The monkey study shows that low dose PTH increased
crystal formation and accelerated mineralization in cortical bone. In addition, low
dose monkeys showed additional benefits after withdrawal, as PTH enhanced
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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The invention has been described with reference to various specific and
preferred embodiments and techniques. However, it should be understood that many
variations and modifications may be made while remaining within the spirit and

scope of the invention. All publications and patent applications in this specification

10  are indicative of the level of ordinary skill in the art to which this invention pertains.
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1. Use of a parathyroid hormone consisting of amino acid sequence 1-34 of a

human parathyroid hormone for the manufacture of a medicament for
concurrently reducing the risk of both vertebral and non-vertebral bone
fracture in a postmenopausal woman at risk of or having osteoporosis,
wherein said medicament is administered to said woman 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.
2. The use according to claim 1 wherein said daily dose is 20ug.
3. The use according to claim 1 wherein said daily dose is administered for at

least about 24 months.

4. The use according to claim 1 wherein said medicament is contained within
a packaging material, said packaging material comprising printed matter
which indicates that said medicament is effective for concurrently reducing
the risk of both vertebral and non-vertebral bone fracture in a
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 20pg 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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10.

11.

12.

13.

osteoporosis, wherein said parathyr0|d 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 40ug.

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.

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

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

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

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

The use according to claim 5 wherein said daily dose is administered for at

least 24 months.

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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15.  The use according to claim 14 wherein said parathyroid hormone is human

PTH (1-34).

16.  The use according to claim 14 wherein said parathyroid hormone is human
PTH (1-84).



