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" FIELD v, This invention r armaceuti cal conposi ti thdac20Mni ng a

- ~5 parat hyroi d hornone. \%E@ﬁﬂ%\m\“ﬁml arly, the intention relates to
teriparatide, PTH(1-34), I'zed sol ution fornul ati ons BACKGROUND OF THE
- 1 NVEI VT' | ON Par at hyroi d hor i PTH) is a secreted, 84 anmino acid product

- of the 10 namalian parathyroid gland that controls serumcal ciumlevels
~through its-action on various tissues, including bone. Studies in humans
with certain forns oSTABILIZED TERIPARATERE HIAONS ¢ effect on bone,

and have pronpted significant interest inits use for the treatnent of
‘osteoporosis and rel ated bone disorders. Using the N-termnminal 34 amnino

aci ds of. the bovine and human & Eppexanpl e, which by all _
publ i shed accounts are deened _ ivalent. to the . full length-
_hormone, it hag;bgRenGGIRMS RifdnhicdutisaRBmpbsitionaeatdiiing 21 hor none |
- enhances bone growth particularly when adm nistered in pulsatile fashion by
. the sighcpasaieproil hamrose. Mot paiticiiarky; thedngation rejates &t tepppratideman  PTH( 1- 38)

" has shown.sim]ar refu%is 20 PTH Pr.eg rati ons have been reconstituted from
“fresh or RERIN4A); stabiliped selwon OrAUBREY por ate various forms of carrier,
~exei pient and vehicle. Mdst are .prepared in water-based vehicles such as
saline, or water acidified typically with acetic acid to solubilize the.

-~ hornone. The majority oBACKGROUNDONITHE IDNENTEON ncor porate al bunmin as

B SN R T B e R S
LT Res:, 1976, 21:469:. - - i . 137; Tsai
T3 b e e e rdfgRis B 137 Toal

Metab.  Re&g; varibd8 fissukl (iR ludig bonawSeidied in huhanwith ceriiasormd 88BTH72( 3) : 1106;

and Hulter, J. din Izpertens., 1986, 2(4):360). OQther reported fornulations:
" have i ncdravedamedstsatedsm ansbelie effeetPnRonguanidi haye Profppited sigpificanh esent et her

“with the |yophilijzed ne.or. i Q0SH i ' j For nul ati ons
~-represent¥ elr‘%é 1L HS P35 Eg%lr)f{) o o?gﬁs&ﬁa%@%@g? {Idﬁltl ée%a ?ﬁ%{ﬁggﬂg Auman 18
- March 2004 .. 24ETBthd N3@minDER AmRil¥Gicidd)ofmhelnind amhhunashationg, foupon
reconstitution, of mannitol, heat inactivated human serum al bum n, and

““tapr 0'1% amiathp(e wiich bygl published meequnsssarg deernest biglogically cgnivalentto eeve at
“al ., 1976, Calcif. Ti Res., ,21, S l.. ] X 1-38) .
| gr-epar at i lF'ééblli’QFP{“gﬁ's g@‘ais‘r?f?%d dolc@g?ﬁﬁ%ee%\/‘g %@?@5 ?'s; gémﬁﬁayg?lgﬁ'ﬁgfﬂ al-. , :

1991, 14(js ce@%o%g)gm@ﬂnqmﬁi&%mhm ilhindddrepirepisaailé Pishion Bakeous . —~. .
vehicle pH adjusted wth acetic "acid and contai ning_al bum n: There 1s al so
an : I nt er afkcimanedusietter enslightyaliersnt toomafiPdil, hymap PidH 158 bas shown (sEQ 1D
NO: 1 ) cagnsists of 100 ng of hornone anpouled .with' 250 p.g human serum
al bumi.n aﬂﬂulﬂ’%uﬁﬁ | actose { 1981 ), and for bovine PTH ( 1-84) consists

- of 10454t 9 | yopBirkj zed ationstt jedofstituted MomcRéshGragophikiad 0.1 % W v
_manni ?gl .. (see?%‘r@?’% aﬁl%rjsm%ﬁngE% *rcgo-Phar macoepi a, Th?eé%har maceuti cal
‘Press, LoRékakone2&idinEstipbraseryarkesFomns of catd@sgxcipientand yebicle. Mosiase at

“inproving the stability for the |yophilized preparatign aof h-PTH( 1-34)

" (SEQIiD mepz:)edilswaéqyrhaﬁ%lvqwqﬁﬁ%gias §alinego ?‘ﬁps‘:‘@‘f‘r“r&‘%ﬁ‘@n‘” “sugar and .
sodi um chl orJ de. , S P : : Q% resdtdd I8 s @ {ibeeass dri-ed

", CONpOSi tiB?ft?.&ldtﬁlesgﬁlgybz?zﬁgﬁ%rrmn%%é,ﬁ?IgTH?g-%4) , containi na manni t ol as an

- exci pi ent jRBfhoate albuindh @s & Gtabilizea(sea forexamplesRédve at fluBreMedy 123880,

25 -280:6228;.Rce\./c at al., Lancet, 1976, 1:1035; Reeve at al., Calcif. Tissue Res., 1976,

21:469; Hodsman et al., Bone Miner; 1990, 9(2):137; Tsai et al., J. Clin. Endocrinol
Met,ab., 1989, 69‘(5):1024; Isaac et al., Horm. Metab. Res., 1980, 12(9):487; Law et _
al., J. Clin Invest, 1983, 72(3):1'106; and Hulter, . Clin Hypertens, 1986, 2(4):360). _
' 0_thér' reported formulations have incorpora_ied an excip_ient. such as mannitol, which
30 is present either with the lyophilized hormorie or in the reconstitution 've}_licle.

~ Forniulations representative of those employ,ed for human studies include a _human
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Conunerci al exploitation of parathyroid hornone requires the devel opnent

- of a formulation that is acceptable in terns of ‘storage .si&Mar¢h300d ease
~of preparation. Because it is a protein and thus far nore labile than the
traditionally small nol ecul ar weight drugs, however, the formulation of

-~ par at hyroi d hornone presents chall enges not commonly encoutitered by .the
_pharmaceutical industry. Furthernore, |ike other proteins that have been
formul'ated successfully, PTHis . pagti cularly sensitive to oxidation,:
deami dation and hydrolysis, and requires that. its N-termnal and -
C-term Rﬂ(&é&h@%@@r&@ﬁ feparaéen ¢onsisting, upan reeanstitutionhpbavnnitoky. 1t is

an object aof the present invention t rovi de har maceutical ly useful PTH
 prepar anpanacspieR diER sorh B and cRerdic. e f ProfeaRt fbiaes ¢ |
teri par ghidisiordidahcd e e kNP 78) Calcif TBisMRIER 20043, SUMPARY OF THE
- I NVENTI ON' A é%r di ng. tg ' one aspect of’)tah%l prgse;nlteégl’;r?eéﬁ%lﬁ%lhs’) there is '
proovi ded73); armameP FTH(1 -18) ppeparatipnaeceatieed/ined a salinecehiole (ge- cont ai ning a
~li.quid pharmaceutical formul ation ready.for parenteral admnistration,
~conpri s%ﬁ)&s@éﬁﬁﬁﬂi’ﬂaghdﬁéw’ Bérdavipd & hovine e -3hprepasation in aquequs nt ai n a

H from gr.eat . £Q T 1Ff ' solgtion, .and sealing said.
01 ut 1 oy HiERAELadiiAR) Widkhedsic heiBBER Yo Bl Mo Bnf B IR0 0%t F ot ve
dose of Imgmatibyal ReferbiePrefaratadsh WRicHIs i P THI(1.835 (PEQADPNO: QY - '
- According to agai n. another aspect of the present invention, thefe is

-~ provi decensifiae parmosepopouied with23(heg human sérum albbtinand  whi ch

- conmpri-ses,chuman, paratiyr oid. hor nong. buffer to naintain a pH from .

- groat or TEndne PR AFOY e BRVBRPRB iy of Popdnomhiles ™ 1

*adnt ni SheahdiRin 0701 M aBiEBidald €M thﬁl%itcﬂgéléeﬂaaxjﬁﬁﬂﬂef ThEFRed 1 6d. -
-‘According to yet another aspect of -the present inventioh, there i.s provided

- a seal eBhatngdcoepia,CEret Phiadgacentinaldiressnhomdqn) 28thedition, 1989 pp0338)i-on in the

formof a solution ready for parenteral _admnistration in a human patient,
. said formul aﬁ"&?ﬁe‘ﬁ&ﬁ‘ﬁ?‘Péﬂﬁﬂ‘Hﬁ‘g‘ﬁ%ﬂ]ﬁaﬁ@Wﬂg}H‘CHM‘PHJWC‘ piggamtipypfer. to
ai-ntai § Py m—{_ r L | 1., i t nother aspect of
---t-he'._pregent -1n%ﬂg??gnmﬁﬁé%ﬁ?‘gpog}éggpkgﬁ&%a\;:lggfﬁ%artﬁ)@aqt?warge o

- cont ai namd)sadi@h @hloridey Alsall. S: @ap O, 5{496,801 deberibes afredke-driedl uti on
conpri si ng hunman_parat hyroj d hornone, wherein the parathyroid hornmone is

" sel ect efompesitienfor hepaturabharmane \TH( - containing mpmitqlBszn) | PTH (1- 38) ,

..PTH (1- gFld H. May.ch . TAI LED DESCRI PTI ON The

i nventign rela gﬁlg*gggé%ﬁﬁ Bi gn %g%héﬁg%fn%?%%- t.hat exhibit storage

st abi li't’y i nCofinigrciaf expldieaivn of paptipirbiddtivrmote fegfuires the deAgloppidnye -
‘ingredient, the cogﬁosi tion or :solution may incorporate the full length 84

am no. agf yformylatiorthys is agorptabledn Wﬁ[ﬂf&o%&tﬂ&uﬁ%ﬂﬂ:dyﬁaﬁ% ef human df orm E PTH
1- 84 D NQ) -obtai Lt her - Ul |
(550 00 S e PR e i S o 7o

S, 208, Oghall infbteaiiRe vadigl dReIsChowser, RE BN RiondTparithtRidRbSncRAUence for
. hPTH (1-84) is ' reported by Kinmura et.al. in Biocher~i. Biophys. Res. Conm -
i 14(-2) presents drtlengesnot cammonly enconetersdrhysthe phammaseuticall industrymay . al so

 i'ncorpogate as active ingredient,fragments qr vyariants of fragments of
oman PR e s Pecias Rt bt e Bandiiie) e ST act i vity as
_ deter m gadchiBrld (R(t6 kit nnd ' ri.ed by -
- Ki mel %?ﬁg!lﬂ&l} %ﬁgg‘ér%i tﬁgl ogy,sﬁ’clhécg@?ddggﬁ% d%&‘?‘@’ﬁﬂ?m& Qédtﬁrésmj{s
S N-terminal and C-terminal sequences remain intact in order to preserve bioactivity.

~ Itisan object of the present invention to provide a pharmaceutically useful
PTH prg'par_ation', paf_ticula;ly one comprising; as active ingredient, teriparatide,
~-PTH(1-34) (SEQ IDNO: 2).



The parathyroid. hornone fragnments desirably incorporate at |east the first
34 N terrizinal residues, such as PTH(1-34) (SEQ | D NG . 2) 18 MBEr{H 2®7A) , N
. PTH(1-38) and PTH{ 1-41 ). Alternatives in the formof PTH variants

- incorporate from1l to 5 amno acid substitutions that inprove PTH stability
~and half life, such as the replacenent_of nethionine residues at positions
~8.and/or 18 with | eucine or other hydrgphobi c amno acid that inproves PTH
- stability agai nst oxidation and the replacenment of amino acids in the 25-27
region with trypsin-insensitive am no aci ds such as histidine or other

am no acid that inproves PT, b | i nhot ease. ~ These forms of
SURBR e TREINDENTROR

PTH are enbraced by the term yrord hornone" as used . generical |y .

“~"herein. The preferred hornone is human PTH( 1-34) (SEQ ID NO 2) al so known

oL P L R G RRIOGR P B B T AT g0

LB BB gl LSRR sl B B AR
Pt % g RASPRNARL5, oGRS kR,
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-as glyc m xt ures ™t erre

i -?IO?J apottd Foion hofE. 98 Hiilee. . 5 iﬁéﬁﬁﬁ‘wg%p%%@&%@%&@?%f al
R R U S G S S e

- pharmaceuti cal I'y acceptabl e and capabl e of naintaining the aqueous sol ution
cat a pH range of 3 to 7, preferably ~3=6. Useful buffering systens are, for
tetate o b hE I8 kR Sholfl At BPUE Bresehl FERIGE Rl SLprdbiahE™ ¢
concent rati-on of. huf f er be i t r Dbouf 4. .aho 0 MV

- prefer aﬂdﬁgggét'cgpxcﬁmﬁogﬁ X’iog‘ r%% ‘%ﬁn @P%egét{tgc&, I ?"9@9 %%E??%n%g%

- conposit}] Of t, 4 ] -'iaﬁﬁl i ; y
-.accept ab+ ée?gt;g‘?{é)é‘ieﬁvai |n\%2a$8 u%ﬁkg?&e@%ﬁ%bi esfri%hS leh%glll’@i\? ﬁ’e@?ﬁp@%‘?mﬁisol S,
benzyl Hﬂﬁ} . : ' I ] i) @qu% y LOg,

chl or obﬁ%ﬁ%%a’dg ﬁe il §¢‘ﬁ§ﬁ?9§@6ﬁ%ﬁ?%ﬁwy‘ﬁ%ﬂ§%‘bﬁﬁ %ﬁ?opy \h@a%rgﬁé%

~thi rrerosdfﬂedand phenyl nercuric nitrate and acetate. A preferred - '

, preservative is m. cresol or benzyl alcohol; nost preferred is mcresol..
" The anount .of preservative enployed may range fromabout 0.1 to about 2

w % preferably about 0.3 to about i .0 w%of the total solution. ~_ .
Thus, the I ERECding 46 Yt ARofheP aBp&t! ste le;fx‘é%eﬁxiﬂ(}@rlltﬁm, therbalbi drbhigéd a

" teriparatide solution containing nmannitol acetate and mcresol wth a

predi ct e&aﬂ?ﬁh%l drichRri@fe Qfdinthg2 pARMBEe@icaP f mﬂ%ﬁtic}?ﬁmﬁ@fﬁrﬁi & SBIRIAE

. conmpositions of the present.invention may, if . desired, be provided in a

. powder fig WQ&nbgieﬂié?él AgthintStrafion iR &) haiMianVBhfiént DX aieiddMllatibR aontgisitgt S

. fromthe freeze-drying of a sterile, aqueous hornone solution . prepared by
M xi.ng- {RgnStb&alnGrbIPROMIING 9hd a bRFEPREMaittddY APk frétd GREREE thARB 18 7.

- stabi l:i zi ng- anent "as above described. Especially useful as a buffering
" agent when preparing |yophilized powders is-a tartrate source.. Particularly. -
-useful - stabilizing agents include glycine, mannitol, sucrose, trehalose, *~
raffinose or gedbrdihd!is ry%h%h@t%r adp P&Hhég;%ru&émnamioﬁom&i&lp?avi.eéd the

present invention incorporate PTHin a medically effective anount, a term

| ‘_Jse‘_i Wi daidoSi QR Bafriddt CoHRAANG a%mbc&itka%ompés%id\ﬁﬁ the %?%f a solution

comprising human parathyroid hormone, wherein the parathyroid hormone is s_electéd
'frorh_the group cons'isting of PTH (1-34), PTH (1-37), PTH (1-38), PTH (1—41)"ahd PTH
. (1-84),



- “the~purified

6 therapeutically or in medical diagnosis. The particul ar amount of

par at hyroi d hornone incorporated in the preparation can bel$Marcheldni ned

- based on the type of PTH selected and an the intended end-use of the
~preparation. In one application, the preparations are exploited for

t herapeutic purposes, and particularly for the treatnent of osteoporosis.
~‘Osteoporosis therapy entails admnistration of the reconstituted .
.preparation by injection, desirably subcutaneous injection, in unit doses

. that reflect the prescri bed treatnent regi nen but are, by way of exanpl e;
for human PTH(1-34) (SEQ ID NGO 2),,within the range .fr'om_2~ p.g PTH nL of
injected solution to .1000 BETAILED DESCGRIRTIONuUti on per patient, with

|nject|oh vol S belngd sirably 02 to 1.3 rill. Accordlngly
gﬁ:ﬂ“é’c@é’é}‘i" %}Orﬂ?&‘fL n‘%g%“%@twl‘ﬂh’@s ﬂlﬂ&ﬂ‘l@bltsmj%ent .and

_-‘exci pi en jng PTHin a concentration
- ‘range frtgtr%tbgugl I@rﬁ}t %‘ﬁg*"&é‘?‘hﬁé‘h rg'ﬁgrgétgh§ 100 .pg/ m. to 500 p.g/n; .
" which is then /$§ g¢tivedngielicat, Qﬁe amdpbsnhb@dr kdlb@omél McoPporarths Rgpe for use..

“Once the preparation i's obtai ned as an aqueous 'sol ution contai ning desired
- anmount s -denttie.difcaminoagcibfesmost nalﬁethmrd bonn@eag@rﬁmuladxcthqahwnanm PTH,

di d | ut t d d [ , The .
navant agBP 3 (BerisEa I Mo b bRl i Pattec Rl Rt bt S be | |
', prepar edopby Rxhaidd Roai@ianV ¥kt rSéki'tfotr BeapRIULS PANGE. SOZhO% d4ieeze=drying

process. In an alternative enbodi ment of the invention, e’ préparations
are provm!:@dpmrated Heogimby refergricel d3he amine a01dcsanmmefordﬁ"[}D_Ol~S4Jﬁspg human

T PTH(I - ( SE po constituti t o about | 2 m)
~of ther ?R%E?S By, ‘Hfa\?é é}}éloc B PIORYSy 5# ~QIIg-, déﬂ@ﬂd%@é@l@aded Wi th
“‘about 1 t he agueous PTH preparation, for subsequent freeze-drying. IR
a preferred J[ternatr ve enbodi nent. of the i nvention; the PTH preparation -
. subj ected to fTirasmenpbsitiongreotutiyn m%aﬁsbmogﬁorh&al(i@@vd)mgféﬂﬁer@f human

. PTH(1-34) (SEQIDNQ 2), from2-to 8%b I ght of mannitol: and a -

tartr at efr3gmeats qrrvaalﬁntsa%@smeeaﬁﬂm@er Bﬂfqr@.f ¥raigparpiae or bpwmaﬂmh to

Cwith 5
“opeci 11 ¢ HEthA0P bR Frfr ey S Act P CRINS bl b A Blcy o on ) L
i ncor por aftedpérosiaRepored by KishineLéwril, Endodiddiegy, 1993 rxli(4)0153'75 to 5.5 In

" addition to their therapeutr c use, the present. PTH conposition can be .

formul at ed andhearathywoid bermaenedrazmentsdenirehly @F@l@ﬁ@éﬁ%ﬂemﬁwﬂi{sﬁkul arl ~

“hypopar al bl HdRs el B A TR RS R ALP B 8 e

‘Except fasd pirer(gdogg. NltcR{EHvei hethe I6RP S F PTNvAantd 18cdipbtaly SHAM Bk ON Wi | |
remai n as described herein for therapeutic use. An intravenously infused,

.single de@@lmmﬁunbﬂmtutwné{thatsm)pr(a H[stah@wzn)ndthab&hfcsswhaathet o 200

I nternatj orlral Uni t? { PTH~ ac E) ﬁ{ Lgr this dj agnosti_ o

pur pose. FPIA5RRLOf methionipe res §°‘H8? Pt ?‘f"é‘t"torcﬁ Hdni ni st er ed
- PTH or Al &xals ‘Mntﬁﬂo ve of the
-~ hypopar at%yrg?‘?jﬁsﬁrlﬂégnxltl%arg rat%‘e}ﬁ}ﬁgnﬁﬂ%Q%asue‘ﬁ?xpﬂubﬂqlfﬁgléexanpl es -
~hich fotepiacement of dmbtoraxidsiie thé 25423 remanmlottypsnmdmmsitlmiminbt&tdied fo be.

limtin Y FEC Exa
n gsuc';r c1'ust1 ine or other rTl)mmo acid.that i 1mproves PTH stability against protcase

‘These forms of PTH are embraced by the term parathyrord hormone as used
genencally herein. The preferred hormone is human PTH(l -34) (SEQID NO: 2)
also known as teriparatide. The honnones may be obtamed by known recombmant ;
or synthetic methods, such as described in U.S. Pat. No. 4,086_,196, incorporated
‘herein by reference. o | .

The stabilizing agent ineofporatcd into the solution or composition includes a -
polyol which includes a saccharide, preferably a monosaccharide or disaccharide,

e.g., glucose, trehalose, raffinose, or sucrose; a sugar alcohol such as, for example,



.0.1 ng rhPTH {1-34) (SEQ ID NO 2), 50 ng mannitol, 2.~ ng mcresol, 0.52
-ng acetic acid and 0.12 ng sodium acetate were m xed into t8Naraht2004 with 1
. m of.distilled water. . Ekanple 2 0.25 ng rhPTH (1-34) (SEQ ID NGO 2),

45.4 mg mannitol , 3 ng mcresol, 0.41 ng acetic acid and 0.1 ng sodi um
~acetate were mixed into a sol ution with I m of distilled water. The = -

- fornul ations of the pr esent |nvent|on5 Exanples 1 and 2 were conpared to

. 'solutions containing no stabilizer, 0°9% NaCl, 20 nM acetate and 10 mMV"

. acetate aharmitolyaoybitd abtdosmdrandﬁhpolyhvdnd ald:qhohmhrus@yxremleby det erm ni ng
the anount in of rhPTH (, 1-34) (SEQ ID NO , K 2) remaining after a-certain

ti me. . Therepdens glyeqlor myixt ergot. ﬂmfeﬂq%olvelslﬁ maémaplaorsmomem Tabl es 1

92, B adh oy 86 o5, Rl T S b o o

- acet at eT| eréﬂﬁijgr{almlm%me@(bwg&QQ&QO ~100 -774 .81848014555867~ 71
Table 2 Conparison of Stabilin of rhPTH (1-34) at. 30C: 20 mM acetatel0 mM.

acet at e$xanpl eltetbuffaping acgwrmmplom,dsl%tmemwmwlqmmpoaitmo@ftnoﬁreseroowm 96. )
94 . 100--1494979610021909397 9

fol I owi- ndn\é‘i%‘gf‘ll?r‘ﬁ'nlfc yacidor s &%151‘@*8*‘3@599 FIPS?"T‘H%&BHFQHYZ@G"BBQGH
forinui a nvent i on
(0 o o' Eap ¥ ERE SRR Afebls bl e BBl of 1% 1 RAGGIL TS

) manni t ol 3aé ohlsequbnﬁaﬁrrngystmiswe cfnr amathpiglacttaentrtae of eiggateesoufes hr oug h O

“wer e~pr epar ed az g,r evi ously described with the mgredl ents and
concent r areisHed SHEGRSYsiemEAse acetate op ArEae Seyresss mpst prefeseed is pracatatgr i ed and

e ot 10BR8: YRR et B by o BB RNAG Bl T O o

. then . measuhg prdRrabipldBouflhmMes 100 mMr e shovvri in Table 3. 18 Ivarch 2004
9 Tabl e 3 Stability of PTH(1-34) Lyophilized Fornul ations at 40C for One .
Month. . - The stabilized solution or composition of the present invention may also
:i"nclutie a parenterally acceptable preservative. Such preservatives include, for
: ) example, cresols, benzyl alcohol phenbl benzalltoniurrt chloride benzethonium
chlorlde chlorobutanol, phenylethyl alcohol, methyl paraben, propyl paraben,
thxmerosal and phenylmercunc nitrate and acetate, A preferred preservative is m-
. cresol or bcnzyl alcohol; most preferrcd is m-cresol. The amount of preservatxve
- employed may range from about 0.1 to about 2 wt-%, preferably about 0.3 to about o
1.0 wt-% of the total solution.
Thus, the present invention has provtded, for example, a stébilized
- teriparatide solution containing manhitol. acetate and m-cresol with a predicted
o shelf life of over 15 months at 5°C. g | |
The parathyrmd honnone composmons of the present mventlon may, if
| desu'ed be provnded ina powdcr form contammg not more than 2% water’ by
| welght, that results from the frecze_-drymg ofa stenle, aqueous hormone solutton
: prepared by mixing the selected p&ratbyroi_d hormone, a buffefing agentand a
- stabilizing agent as above descﬁbcd. Esb_ecially useful asa buffering agent when |
' prepaﬁng lyophilized powders isa tartmte source. 'Partioularly useful stabilizing
a agents include glycme mannitol, sucrose trchalose raffinose or a nuxture thereof.
| The PTH solution and composmon of the present mventlon mcorporate PTH

. in a medically effective amount, a term used with _ref_erencc to amounts useful either



~Sai npl e’ PTH( 1=34) 'lng/nmL Bul king - Agent Bul ki ng Agent Conc. nglrizL
Buf fer . nBuffer Conc. M % PTH Remai ni ngCont r ol 0.2 ~manru’ t oi8&March 2004
"40--. 7gA0. 5manni t ol 30acet at e590B0. 5 :
- ~gl yci ne30acet at e598C0. 5sucrose30acet at e598D0. 5t r ehal 0se30. acet at e5' 97. EO 5

. iaffinose30 9acet at.eSgF0. 75manni t ol 30 .tartcatel' S95G . ~1.5sucrose & ‘
~ mannitol <~ 5/25 ~ . .tarnate~99Ho. 753ucrose & mannito51 25 ltartratel

© ~991 1. 5i naci nitol 30.tartrate~ 5 -96J165sucr 0se30t artratet 5100~I~ ~1.5

I B B B S e 5.
“manni t ol hbABonesioeorpbed@ilin the preparatlon can be pre-determmed based on the type of
. " PTH selected and on the intended end-use of the preparation.’ In one applxcatron the
-'preparatlons are exploited for therapeutlc purposes, and particularly for the treatment
of osteoporosxs. Osteoporos:s therapy entails admmtstratlon of the reconstituted .
preparatnon by injection, desirably subcutaneous i injection, in unit doses that reflect
| the prescnbed treatment regtmen but are, by way of example, for human PTH(1-34)
-"(SEQ ID NO: 2), w1th1n the range from 25 pg PTH/mL of injected solution to 1000
T g/mL of injected solunon per pattent1 with mjectlon volumes being desxrably from
. 0.02to 1. 3mL. Accordtngly, the purified PTH is desnrably 1ncorporated with the
L buffering: agent and excnplent to form an aqueous solution contammg PTHina
concentration range fronl 25 pg/mL to 1000 pg/mL, preferably 100 pg/mL to 500
ptg/mL; which is then sterile-filtered and filled into a vial or cartridge for use.

| Once the preparation is obtained as an ‘aqueous solution containing desired

. ._ '_a'rnounts-antl -concentrations of the buffering agent,' excipient and PTH, individual
‘vials are filled with the solution to the desired v'olurne.', The advatntage of the present
| i'n'vention is that the above solution may be prepared with sterile water without the

'.need to undergo a freeze-drymg process. |

In an alternative embodiment of the invention, the preparations are provnded
.in.a form that yields a unit containér of 100-500 Hg human PTH(1-34) (SEQ ID NO.
2) upon reconstitution into about 1 mL (0.8-1.2 mL) of the reconstitution vehicle,
- and the viat's are accordingly -loaded with about 1 mL of the aqueeus PTH
. -preparatton, for subsequent freeze-drymg ’ |
Ina preferred alternative embodlment of the mventton, the PTH preparatlon
' subjected to freeze—drylng.comprtses from 25 to 1000 pg/mL of human PTH(1-34)
L (SEQID NO- 2), from 2 to 8% by weight of mannitol- nnd a tanrate source in an .-

. amount capable of buffermg the preparatnon to within the range from 3.0 to 6. 5 upon
reconstttutton in sterile water. In specific embodtments of the invention, the tartrate
buffering agent is incorporated in an amount sufficient to buffer the pHto 3.5.t0 5.5.

In addition to their therapeutic use, the present PTH composition can be

.. formulated and administered to aid in medical diagnosis. and particularly to assist in.



18 March 2004 10 CLAIMS 1. A process for preparing a sealed vial or
cartridge containing a ready for parenteral admi nistration!§Mgigh®004
pharmaceutical fornulation, conprising: a. conbining human parathyroid
hornone, -a buffer to maintain a pH fromgreater than 3 to about 7, and a -
stabilizer, thereby form ng.a solution, and b. sealing the vial or _
cartridge containing said solution, fromwhich a therapeutically effective
dose .of parathyroid hornone can be . w #hdrawn for use by a patient. 2. A -
phar macegihpiddhitPHeAfibgnoan df'hzb&?aritﬁﬁ@i&lﬁm@nﬂ pasidoh omtgﬁb?dié}h in

adm ni stration sol ution, which conprises human parathyroid hornone, a-

buf f er  t hypadaideaiin patigiisf Exeapg fardhe dosern{iPTH, tthe edropesition afitie ®TH abi | i zer,

© wherein said solutjon does -(EIO'[ un er%orfa tep of freeze-drying or . _
reconst | PERPREAIOR, Wil remain ag 0591?4351' BAPL thSrapeHLC USea HREBAYSIOBSIYof - cl ai m 2,

wherei n -sai, g Puif IS ' f Oy @d t ey tate. 4. The

phar mmce TSy ngR doss cTghRieh SUTICLM SEQIDINO: 2] kP Snudlio 366 B 2

al cohol . Ifffernitiengl HauieafRTH aetiviof isabpiopsiate for this d¥EHELO pagjode.nUMAN .

_parathyroid hornone is selected fromthe group consisting of PTH (1-34),

-

~ PTH (1- 3Pyjagnoms if thepgnaderhy dqtarmining dheiefiagt of administersd Pilifeophrinamaceut i cal  of
~clainms 2 4 Wher ei-R sal tapilizer .l s maanitol. 18 .March- 2004 11 7. A~
process. ?’(A)‘M;%}eé’ﬁgr ?Jr'igl cﬁ%ﬁf&n@@%ﬁ %‘é‘%|‘“‘§‘8#E8&f§‘$%'hyﬁ°ﬁ?a¥am¥f?‘§%sm of a ready - -

- for 'par'eeéﬁiﬁbn’qgmepi%rigtﬂsgﬁu&@(wti on, conpri-si'ng adm xi ng human
par at hyroi d hornone, a stabilizer, and a buffer to maintain pH from greater
“than 3 to abolthezxamiplssevhicls follpveaeullussrativo efthednventideragd ase mitep of .
freezedwi'n‘%ﬁﬁr. .r:eﬁ_on titution prior to use by said patient, 8 The process -
‘of ¢l ai mPFedEAdP LEAIMIENG. bt fer i s selected fromcitrate, tartrate, or
acetate. 9. The process of ‘claim7, wherein said stabilizer is a polyol or

sugar al cohol..
: - EXAMPLES

"Example 1° . _ .
' 0.1 -mg rhPTH (1-34) (SEQ ID NO: 2), 50 mg mannitol, 2.5 mg fn—crésol,
0.52 mg aceti(:- acid and 0.12 mg sodium acetate were mixed iﬁto a solution wiih 1
ml of distilled water. -
EXample 2 '
| 0.25 mg rhPTH (1-34) (SEQID NO: 2), 45.4 mg mannitol , 3 mg m-cresoli,
10.41 mg acetic acid and O.I.mg sodium acetate were mixed into a solution with 1 ml
of distilled water. | _ |
The formulations of the present invention, Examples 1 and 2 were compared
to SOIutions-COnmining' hd stabilizer, 0.9% NaCl, 20 mM acctaie aﬁd 10 mM écctate '
; as pﬁmary siabilizer, The s,tébility 'wﬁs measﬁred by determining the amountin % |
of thPTH (1-34) (SEQ ID NO: 2) remaining after a certain time. The measurement
was made by HPLC. “The results are shown in Tables 1 and 2. |



10. The process of claim7, wherein said human parathyroi d hornmone is
.-selected fromthe group consisting of PTH (1-34), PTH (1- 31 Mafeht200238) ,
. PTH (1-41) and PTH (1-84). 11. A sealed:ial or cartridge containing a
ready to adm ni ster pharnmaceutical conposition in the formof a-‘solution
“suitable for admnistration by a human patient, said conposition _ '
. conprising: a. human parathyroid hor e, b. a buffer to maintain a pH from
" greater than 3 to about 7, and c. a stabilizer. 12. :The vial or cartridge
~of claim 11 wherein said buffer is dabkckted fromcitrate, tartrate, or
acetate:. 18 March-ZC)gfg*a % 13. The'yial or_cartridge of claimi11l, wherein
sai d stabilizer i.s mabfestaf Primary $Fﬁbll\!§°§pﬂﬁhemﬂﬁds J8yof claim 11l - 13,
‘wher ei n. sai d-human par at hyr oi do Q? ted fromthe group
consi sti ng of PTH (1-34), PTH PTH (1-41) and PTH
. (1-84). 15— The Vvial Of Waén I| geo@'%ma@lm c%b{thpb [ oi d
_hor m)n-e' ‘i1$ at a congentration: 25 pal tio 1000 pqa/nt. | - _
CLUA9L AA A Tifné, dAys Y. AE. A. A. AN. AN. Au_” %R&ﬁEmﬁgRGRG( 6R#. #. 0x° O0DF: ~9e$45
C e$e$( $e"#.# " bhoot Oxxxppe yynnann Qp0pQPO00N0n - : ‘
'cc00 " pp” Isgibo: p° P 01%809 pp " 189<0<0doo ~ 100 100 -
. 000000(———88p8p8H8 8688 BPBHPE00x 8888 8OpE- Q=ppBe8ppp00p~-"
<5§ 880083pp88 20503| 89025| ?2?| qooo| Ogﬁﬂ 27772 ~:;34o<g;o> oo| ;§9~oo| p?glﬁ?pg?ﬂ
Riririr it (Wi drararir: s rarird Soresy 75~~~ ~}~~~5¢81/~ N7777, //7~_ P77 78 ;/~/~_- ?~22?7~?7~
|

?<~~2?2~>33~21?2?2~X?2?P~| 2<~2<| ?2~?<?| 0~?" 2" ~Q| <=~ ~~| ~~ p~| >~| ?x]| ?| 7’097’7x’>x0'

Xp#3Z]e . :
' ZED@IISG' ZUp] e [ V] ca] ca] ca] cal] ca] ca]TcaI cal ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] cRa

~"]calca] caj ca] caU] ca] ca] cfa U-c”al.ca Ul c"a] cRa - .
- GWY" >* +++<, 3
SR Mo 1<3<zt n| d’\ﬂ %cﬁ?aﬁ%g@ §f3ﬁa iry, of thPTH (1:34) t3 C] c”a] ca] ca] c”aU] ca] ¢ _

a] ca] ca] cfJ caJca] ca 00 hivacethte ]%Mh@e’%dt@cll CB4 | _Example 2 |
o 3<4<<<<<w} 222?22 AABBBBBBBBDDHF  HFhGGGH | pl ~\t oj € [ . ca] ca] ca] ca] ca] fa] ca] ca]

- ca] c_a] ca] ¢ aliasd, daysc ADq] ca] caDd] ca] caV] %eRemainaigca] ¢~ a] ca] ca] ca] ca] k”*a] ca] ca
'_']pf?I'-J K L/ -uzLJE@i@k/BB§BBBB§l93HFAF|FhGGé|Q°| pl -yt oj €104 ca] La] cal®] ca] fa] ca] ca]

‘ca] ca] ca] datcakcatcabai c95cduu]n,d] Y4 Ta] bc] ox=y ]IE@] carfafcaicareatral cal caj

‘ca #3xa?! | , #10% .
14 94 92 96 100
21 90 93 97 -
30 - 81 9% 96
* Example 3

_. The followmg expcrlment was carrxcd out to show that lyophlllzed powder
' | :jformulatlons prcparcd from stabilized solutions of the present mventlon are more
o _ stable than a control which was ptcpared from PTH(1-34) and mannitol alone,
| A control solution and solutlons for samples A through O werc prepared as
: pfeviously described w1tl_1 the ingredients and concentrations shown in Table 3. The.
o ) ,:'sdlutions were thén.ffeciefdl_icd and the resulting lj{op_hi_lized coWder formulations
- -‘ | _Were stored at 40°C for a one fncnth peﬁod. The .amouht of PTH(1-34) remaining in

each sample was then mcaSured by HPLC. The resulits are shown in Table 3
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109=10%& ()-19' 10%& ()-114" 10% ()-! @ N'yZ8{Y7!11{% * 10%&: ()-1#10% u& ()-
| (109 ()-MV (10%: ()-M (109%& ()-M.. (109& ()-M)vT2! Sss10%
& ()-!Fml09®9& ()-", 10%@& ()- 10MLOMLO _
{96 * 10088 () - ! {% *109%& () - Vini [ V2! SsS510% & 10 10 10!\ & (10% ()-!t&
(109 ()-!p(10%& ()-!y" 3(10%&() * ] Jlable®! S

V-]

0 [0) [0) -1f0 [0)
A ikl T el g T T 05
T T _ : Bu[kmg o Buffer - |
o. - | PTH(1-34) | Bulking | Agent Conc. - | Conc. | %PTH:
;. Sample‘| ‘mg/mL - Agent | mg/ml . | Buffer mM - | Remaining
~.{Control'{ - 0.2 .| mannitol - 40 - - 78
1A | o5 mannitol 30 acetate 5 90
B 0.5 . - | glycine | 30 | acetate 5 98
C 0.5  |sucrose |- . 30 acetate 5 . 98
"D 0.5 trehalose | 30 | acetate 5 97 .

"E 0.5 raffinose - 30 acetate 5 99
F 0.75 ‘| mannito] - 30 . . |tartrate | 15 95
G 1.5 sucrose & - -5/25 . | tartrate 5 99

| mannitol e _ S o
H ©0.75 sucrose & . 525 | tartrate i35 99

-~ | mannitol 1 _' :

1 1.5 .| mannitol .30 ‘tartrate 5. 96
J 1.5 sucrose 30 tartrate 15 100
K 15 mannitol _ 30 . tartrate 15 - 99
L 0.75  |sucrose - 30 tartrate 15 - 100
M 0.75 SUCrose- 30 ‘tartrate 5 100
"« N 15 . sucrose & | = 5/25 tartrate 15 99
g mannitol o S _

[¢) 15 sucrose & - 525 | acetate 5 91*

' - mannitol - '

* the stablllty at2 months was 96%
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1. A process for preparing a sealed vial or cartridge containing a ready for
' parenteral administration liquid pharmaceutical formulation, comprising:

a. combining human parathyroid hormone, a buffer to maintain a pH
from greater than 3 to about 7, and a stabilizer, thereby forming a
solution, and

b. sealing the vial or cartridge containing said solution, from which a
therapeutically effective dose of parathyroid hormone can be
withdrawn for use by a patient.

2. A pharmaceutical composition in the form of a ready for parenteral
administration solution, which comprises human parathyroid hormone, a
buffer to maintain a pH from greater than 3 to about 7, and a stabilizer,
wherein said solution does not undergo a step of freeze-drying or
reconstitution prior to use by a patient.

3. The pharmaceutical of claim 2, wherein said buffer is selected from citrate,
tartrate, or acetate.

4, The pharmaceutical of claim 2, wherein said buffer is a polyol or sugar

alcohol

5. The pharmaceutical of claims 2 - 4, wherein said human parathyroid

hormone is selected from the group consisting of PTH (1-34), PTH (1-37),
- PTH (1-38), PTH (1-41) and PTH (1-84). '

6. The pharmaceutical of claims 2 — 5, wherein said stabilizer is mannitol.
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7. A process for preparing a pharmaceutical composition in the form of a -

ready for parenteral administration solution, comprising admixing human
-parathyroid hormone, a stabilizer, and a buffer to maintain pH from greater
than 3 to about 7, wherein said solution does not undergo a step of freeze-
drying or reconstitution prior to use by said patient.

8. The process of claim 7, wherein said buffer is selected from citrate,

tartrate, or acetate.
9. = The process of claim 7, wherein said stabilizer is a polyol or sugar alcohol.

10.  The process of claim 7, wherein said human parathyroid hormone is
selected from the group consisting of PTH (1-34), PTH (1-37), PTH (1-
38), PTH (1-41) and PTH (1-84).

11. A sealed vial or cartridge containing a ready to administer pharmaceutical
composition in the form of a solution suitable for administration by a
human patient, said composition comprising:

a. human parathyroid hormone,
b. a buffer to maintain a pH from greater than 3 to about 7, and
a stabilizer.

12, The vial or cartridge of claim 11 wherein said buffer is selected from
citrate, tartrate, or acetate.
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