WD 2008/ 063279 PCT/ US2007/ 021216 -1 METHOD OF DRUG
DELI VERY FOR BONE ANABOLI C PROTEI N RELATED

WARMBRIEATI ON Thi s application clainms the benefPtT/082007/021216

10

15

20

25

U S. Provisional Application No. 60/848,960, filed on
Oct ober 3, 2006. The entire teachings of the above
application 5 is incorporateg _herein by reference.
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drugs. Thus a need exists for compounds which can be administered at a dose which

will increase the beneficial effects without an increase in the unwanted side-effects.

SUMMARY OF THE INVENTION

The present invention provides a storage-stable composition containing a
parathyroid hormone-related protein (PTHrP) analogue and methods of using those
analogues and compositions containing those analogues as described herein to treat
osteoporosis, to increase bone mass or to increase bone quality. The composition is
storage stable, in sterile form, and in general may be stored at room temperature for
at least several weeks to allow convenient parenteral administration to human
patients.

In one embodiment, the present invention provides a storage-stable

composition suitable for administration to a subject (e.g., a human). The
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enbodi nent, the PTHP is [d y22, 25, Leu23, 28, 31,
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single daily subcutaneous dose of [Glu?>?, Leu?>?83! Aib®, Lys26 2% ThPTHrP(1-
34)NH; (SEQ ID NO.: 2) in an amount between 40 and 160 pg for a duration of t1me
sufficient to treat the subject, typically between about 3 months to 36 months. In

. some embodiments, the treatment period is between about 3 months to 18 months.

In another embodiment the present invention provides a method of

increasing bone mass or increasing bone quality in a subject in need thereof
comprising administering to the subject a single daily subcutaneous dose of
[Glu™?, Leu®**?! | Aib®, Lys?**® JnPTHrP(1-34)NH, (SEQ ID NO.: 2) in an
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In a particular embodiment, the PTHrP analogue is [Glu®?, Leu®*?%3!
Aib®, Lys?®*® ]hPTHrP(1-34)NH, (SEQ ID NO.: 2). |

Other PTHrP analogues are described in 6,921,750, 5 955 574, 6,544,949,
5,723,577, and 5,696,095 the entire contents of each of which are mcorporated
herein by reference.

A “buffer” as used herein is any acid or salt combination which is
pharmaceutically acceptable and capable of maintaining the composition of the
present invention within a desired pH range. Buffers in the disclosed compositions
maintain the pH in a range of about 2 to about 7, about 3 to about 6, about 4 to ebout
6, about 4.5 te about 5.6, or about 5.1. Suitable buffers include, any pharmaceutical

acceptable buffer capable of maintaining the above pH ranges, such as, for example,
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enbodi nent the buffer is an acetate buffer. In one
enmbodi ment the buffer is aceti4 acid and sodi um
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pept i del NEFRMPOSITIONs O the present invention typically are ready to administer,
aqueous solutions which are sterile, storage-stable and pharmaceutically acceptable
without the need for reconstitution prior to administration. The compositions of the
present invention are suitable for administration to a subject which means that they
are pharmaceutically acceptable, non-toxic, do not contain any components which
would adversely affect the biological or hormonal effects of the peptide. The

compositions of the present invention do not, for example, comprise any cells.
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PTHr P, as described herein, in a |lyophilized powder,
adeysartypisaly be adjusted to administer the desired volume of the storage stable
compositions described herein. In certain embodiment the multi-dose injection pen
prevents the ingress of microbial contaminants from entering the container or
cartridge which can occur through multiple uses of one needle.
Injection pens, as used herein, can also comprise two containers one of
which contains a PTHIP, as described herein, in a lyophilized powder, as described
below, and the second container contains a liquid for reconstitution of the

lyophilized powder. The contents of the two containers can be mixed prior to

administration.
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adm ni stration. WO 2008/ 063279 PCT/ US2007/021216 -6
As di scussed above the conposﬁrions of the present
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def i ned above. The |yophilized conposition,of the .
o oG KPR, o SR A5h R R sl e mber wit

Phariabie ethpesaliteycort6BPA adtldensx € @lRBE watdh)@nd @ VBtuum system to
"pharmaceutical |y acceptabl e excipient” as used herein
r epdics thoprgssyrigtthhdingihambes i s added to a sol ution

Blich as RN AropbRke o BaltilF? S u R AR FEbF IS8y residue

t fee pbydphwhick écbrodded oPhvhidiare/idins aakt the lyapbiizaad procedure as
exci_pients may be, for _ exanple, buffers and pH )
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further comprise a pharmaceutically acceptable excipient. The term
“pharmaceutically acceptable excipient” as used herein refers to a substance which
is added to a solution prior to lyophilization to enhance characteristics such as the
color, texture, strength, and volume of the lyophilized cake. Pharmaceutically
acceptable excipients may be, for example, buffers and pH adjusters, crystalline
bulking excipients, stabilizers, and tonicity raising agents. .

In certain preferred embodiments the pharmaceutically acceptable excipient
is a crystalline bulking excipient. The terms “crystalline bulking excipient” or
“crystalline bulking agent™ as used herein means an excipient which provides bulk

and structure to the lyophilization cake. These crystalline bulking agents are inert
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crystalline bul king excipient._The terns "crystalline
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[ dtartr

C ratehfanigR &% Wa%efﬁaumfs%bgﬁ&drﬁ%ﬁ@& Gl conventional mono-
C%@Qh—)éﬁ’dcﬂﬁﬁ&es a8 Wel a@%e dPRsFATIENS %‘E}ﬂ T mgolféﬁgtgms such

di -saccharides as well as the corres I Ng -po
alasotlbumin; pmancedaids, Sunhcals ghires emalsifiablafatsaamiino aci ds,

h i fiabl
SUC as 3}6‘%@ C&“FdEf?ier?eﬁr%?%?lfaag@iy@t%ﬁmﬁ Ak s5lecied dgpm the
Sgg@aﬁ;ssc&fsgnﬁgbﬁglﬁ/gqefrﬁa}mlfoh%exagrptaext?&@%awgu&ése

'ycine, mannit dext ran,” dextrose, |actos
s i vdeylpypalidong riydhplose, @luicdenand ¢canathindtiome thegdaic Bsricalady
tions there useful bul ki ng

nbj f t | arl
ggléﬁ%t E%Pll]f&glf&gntaré%?‘?dﬁrfagﬁﬁzg 3;eé herein a stabilizer

IS a coapeeithein MbbilizEmk th@hl?&lh&?wﬁfbﬁ%ﬁﬁtlams the chemical,
bi ol ogi cal or hornonal stabil the peptid

Exaelpeiss! Qrfhosmalnﬁl Isiability ofipe mwt:ptlden dixadwplgsolf pabizidgi acghnt

| rld refer nosacchar, d

o B85 8o Pl MHECIEnL s PEELRNRR Ry S R SraRpuE e G
S ulifaQ6lgiride, églgglﬁlc@decﬁé’lﬁhosé UhFirfSe, Jr@ﬁcr@é%aﬂ’@hﬁar alcohol such as,
manni t ol., sorbitol or inositol, a thydrlc al.coho

s fehexanle.yeamnital sgbitobs lmsetpwméylgny@ alcolan! suehxasigliesrine or
t tb‘?&%%nﬁaé'igco‘”i‘lop Hlpg(tﬂres thereof and albumin. A
The compositions described herein can be used to stimulate bone growth in a
subject. Thus-they are useful in the treatment of diseases or disorders associated
with deficiency in bone growth such as osteoporosis and bone fractures. In one
embodiment, the present invention is a method of treating osteoporosis in a subject
comprising administering to the subject an effective amount of composition

described herein.



The conpositions described herein can be used to
stinmul ate bone growmh in a subject. Thus they are

wais@Bob32in the treatnent of di seases or di sor de€EUS2007/021216
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associated wth deficiency in bone growh such as

ost eoporosi s and bone fract urds. In one enbodi ment,

the present invention is a nethod of treating
osteoporosis in a subject 30 conprising admi nistering
to the AU derelh “Beqtivgt P%mahaéggpthd?rror%wﬂﬁs@g; andgherapeutic
d i hed LI S2007/ 021216...-8
AR D Bhbic, Mol PRARE o i or
prpapRyting theqro@ostidnhdTosRepdrbSis, the SsaLomkdH or dhiglin/amyl e,

t herapeutic treatnent can include del aying inhibiting
orsymﬁﬁ)@%ﬁ%‘?%ﬁe‘il Wéhﬁﬁ@gP@%F-oP}m@hylé@tcet@??@ﬂ%iCQI,i inchule

r on .or el im I : f Y ociated with

o ShLRE iPioftip B AORBE o onsFRARIRBRSP T e 5

pr eventAnged heteityiah effgetive ad@luayiefgs tom anaeit swificient to elicit
oSt eoporosi s. As ushed herein, an effective anount i

r ‘Pf'eﬁ? ITEQ FESRORo ih the ueseRidnetionothe desired biqlpgicyaespeass is an
r : [ -
Dol g an ekl tBRERERand BRIk h o RS o pone qualty
bofie shigsst. and/ or an i ncrease in the bone mass or bone

it . of subject. .1Q Suitahle dosage for use in
the. ool AGMmES it R aSmppoiifes BaSehes ol berreroh
| neVerelEn cAMeARM bbdt 4D % a@%&%égg a%pulaﬂptpta@& 1%2% apgut 80
b g out 1 g; or u

about 120 about 80 to a : rom abo

t ¢o atbmutl 06Qggor fadmaboB@0te@aleduw GO pgPatut S aLdboaD60 e about 60
bout 70 to about 80 g, about 80 to about
aaputaﬁ)ota

580 shouk Ja0ie. St 30 ferhont o BboU ik, abaB0 1 about
2109 AdbopE 804 & BB 10150 aout 1ROU) atfpf1 3018 A8 128 4 FBou

abBd0ugladut d3Gtabbut Mgy abaut 146 comabbit 1 §0 afabbutdB0ge about

ahout 45 to out. 50 g, ahout 50 to about 55 g about
| 55%5 &ga%ro{ﬁ?mgg i 9b%63wge§>%4%mhous%0 HE 2RBBR0 t93bp 55 pe,

Syt ool 0,808 o535y 1 M

aboatow (5 g, givou?s 8babgut $bpgitabddt &0atoaboutt8 51Q0 abput &5 owhbout

e 1RV it o148 R0 ooy heiangban 1308 aggu 105

‘apeUibok2 003 & HRAHT 10420 aBout PO ar? 119 ab®bht 11111328 ngut 120

about 130 to about 1 g, about 135 to about
alpguabors 2q to abovut25145 abgut 4B te aliod 13dpgmbaut 18800 about 135

L L X T N
[ WigCELARET SOVRIboRNES RERbWREKS tPRSHRIt BYCLY ad i NEEK Snce per
J day, once every other day, twice per week once per week, once every two weeks,
once per month. The doses can be a pulsatile injection, for example, once per month
which causes pulsatile release of singles doses of the composition described herein.
When the dosages described above are administered once per day, once per
week etc., typically the dosages are of equal amounts.
The subj ect aé used herein can be an animal, for example, a mammal, such as
a human. |
A pharmaceutically acceptable salt is a salt which is suitable for

administration to a subject, such as, a human. The peptides of the present invention
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descri bed herein. When the dosages descri bed above
are admi ni stered once per day?-once per week etc.,

‘typically the dosages are of equal ampunts. The

subj ect as used herein can be an animal, for exanple,
a cAm hengl onegy apprg suffiggndy Acidigrprotan rﬂmgpwa@@gﬁwldaa puitable organic

<SRRG RE AR S SR AT Sl o o

pelﬁilvdﬁﬁorﬁfmdrganp beskeFuch AVahinbaRmM/& Qm%m&%ﬂg earth metal
PCT/ US2007/ 021216 -9 can have one or nor

s iy fiioxjdepqagbosiaies icasbaatss, amddhe bk and acganw hageszsuch as

Sl BT3P o BRI BR RS Bt

derdpagitlg fieasalts oDthbiAlntida 3RS, indlUdd s oSurd HBOkdE) Wtassium
al kali or alkaline earth netal hydroxides,

c dy dronideeammenium hysiexide, porassiummarhanate, anhie dikga?ﬁh@:peptldes

o352 4 A5 A 55 ) A, P B can et

prwpedn drgariber Bl@l*gaﬁuﬁfmd foi fSrrh B a¢itliag@aitioh ¥slt.i AEkY 88mmonly
sodi um hydr oxi d Mas& um hydroxi de, anmoni um
f

hyEied 40 Tasey acid additienusalis atnecowndwnh |baac SPhps are
PR AREacifl IS BT EREN bl QUSTH TR G

asi c’group as AN am ne
wistiffurdmacod qmmphoab aclﬂpmglahe nke,cahd otghnimdiﬂs@ncla@s d

dr010d1 id,
8 et

‘addltlon alt. é;:lds commonly 1 npl oyed to form aci d

addpucaerudanicge ewwcw o¥alIsz51ch Pgwompheaylesulfonic
' '&&ggé‘ﬂb@n@%g su%Uiﬁn: xﬁ{[ Q&Hllﬁ:ﬁlk&g%&'ddaceﬂ%g&ﬁba[n(aq}lechke

roiodic aCI urirc acl

aﬁxdmptds af simeh daltkmclu’dﬂ dhewugf?afel, pyresilfise, Sawmlfa'&$sulﬁte bisulfite,
enesul fonjc acjd, nethanesul fonic acid, oxalic

aé’ aspﬂﬁtebmeﬁﬁlaﬁ*é?gﬂnpmph@ﬁ. dihydspgemphesphpisninetapkgsghate,

> gﬁtpﬁb%hﬁ%égmigaé&&&n fag'slgcci) E’g&l}gﬁk gfoﬁallcgra ﬁgé&h&{tﬁ% &ylate

s atdyddte, fomate;ssdlfugtrae, danpfhnate‘ ﬁt;?an@gd fﬁr%ﬁolaﬂag @)ﬁllafta: Elﬁatlonate,
phosphat r nphosphat e i rogenphosphat e

LGNS SHAT Sebgec AOSHRE Bl B e oM do.

| adidR. 1, 68053ad %enﬁa%%l@@n%%@nzoq{%cﬂ{éﬂﬁrﬁﬁem& Y ib6n; oate

acryl até, forrate, 1sobutyrate, ate eptanoa
p mg@noaympate)qaéthbwbenm;m pahthalates snld:‘ona&t, eylenssulfernaad, e
buténe- -di oate, 20

EW 50% tage. é‘? Opwaﬁtfiéie@ylbemr PE#sJagate,
'T%EMa S8/b8ity rgkﬁlﬁ SRRE rigl‘?ﬁ%ee metﬁ%%@%ﬁ?@ N#Bfdresulfonate,

met hoxybenzoat €, al at’e, sulfonate,

X yhpiribal ethef- bﬂaltf@nate ph}énhalaceelauléqnapm mﬂpiataparrdrthe tke.

phenyl % %Brarlltpgéltlgrllst orf‘%ltle f)resen% mventlon typically do not show any or show
reduced side-effects such as hypercalcemia and typically do not increase the
stimulation of bone resorption at the dosage listed above. This reduction in side
effects allows for-administration of higher doses than commercially available
osteoporosis drugs.

The compositions of the present invention can be administered by injection

as described herein,



gamma- hydr oxybutyrate, glycolate, tartrate,
nmet hanesul f onat e, propanesul fonate, naphthal ene-

wa:zaaloénmat e, napht hal ene- 2- sul f onat e, nmandel aP€T/Us20d7/021216
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the like. 25 The conpositions of the present invention
typically do not show any or” show reduced ‘
side-effects such as hypercalcem a and typically do
not i ng_gease the stinulation of bone resorption at

the dos8§EoPPeYEens dheoresent wvertinpanabe agmigjsgraed alone or in

o o £ Orie Co e . ’

C haRcaud) LA I pdlitoRd M RLiC o sBbn & BTG 8Rg therepy.

The egamples bisploomspladnateh ang casieoiiin.i nvent i on can be

adm ni stered by injection as described herein. WO

2008/ 063279 PCT/ US2007/ 021216 -10 The conpositions of

t REEMBEACATIONNt i on may be administered alone or in
QW t n. addigsionadzsiiher,apeut ieGo S

as”an anjgﬁrdg\g%orngir?tsseéf er’aLge;V, fo?“bex | e, il (1-?43“1—12

b{Sh o Do pstebiliand 16akedtite bibenBatREYRINI WML Rhbilizer

EXAMPLE 1 denonstrates d u22, 25, Leu23' 28, 31, Ai b29,

Lys26,30 |hPTHP(1-34)NH2 (SEQ ID NO.: 2) stability

“at 1o t|aje concentration (1mV), without stabilizer
T

TABLE ial Supplier Unitary Fornula (per

n

clartridge) Markfll D NO. . 2) | kel and Pyt T8rmul
(ffree base) Tri-hydrate sodiu %E:bg:l ate 0.1| N lé’%%l arkx)%ua(pgr
4.6 ng | Acetic acid 0.1 NfProlabo .9 e oqeriggd)5. 1

B0 a—g o 55—
reiaich e 0.140 mg (free base)

dartridge P, , der gl ass vilgsep
giliconised and sterilised Vetlfter G ey PTFE bronobutyl
gartridge rubber Daikyo 1 stdpper Chiorobptyl
rljubbdiri-hpdrate sodiutr acdgee € Np West ProlaBhar mpceut ildad mg
0 gs = quantity sufficient tq achieve |
Acetic acid 0.1 N o Prolabo .9 mgqs pH 5.1
Water for Injection Meram qgsl.dg
Type I clear glass Cartridge 1.5 ml, ABﬁnderglass via 1
washed, siliconised and sterilised Vetter
Grey PTFE bromobutyl cartridge rubber |  Daikyo 1
stopper
Chlorobutyl rubber-metal cartridge crimp| = West 1
Pharmaceutical

qs = quantity sufficient to achieve

The formulation delivered 100 meg of (SEQ ID NO.: 2) per 0.1 ml. (SEQ
ID NO.: 2) was dissolved in Water for Injection containing dilute acetate buffer to

give pH 5.1 was used.



The formul ation delivered 100 ncg of (SEQ ID NO : 2)
per 0.1 m. (SEQ ID NO: 2) was dissolved in Water

wo eooshosadzext i on containing dilute acetate buffePCT/0S2007/021216
give pH 5.1 was used. WD 2008/ 063279 PCT/ US2007/ 021216
-11 Results confirm excel | entllchenical stability over
24 nonths, at 5 Cas shown in FIG 1. This solution

contains no stabilizer or preservative and only 6 nV

- acet at &epilisrophirm gxeslisnehenical gabiligrayer B4 mmnthayt 5 °C as
stalid | S R tabili L0
soTai oG s R A nlsh o AR or s Pl iah ohf 6 miv
| yogpdte bufferd form of (SEQ ID NO.: 2). TABLE 2 I\/Iaterl)al
Supplier Unitary, Formul a er vial) (SEQID NO : 2
| psen fq, Sfmatien for REQAPNO b4y sabilisexismahneaged to give good
I ] 50 ng Gitric acid 0.25 % (w v) Prol abo

> qg&gﬂlﬁﬂ&ggpm‘\mer for injections** Meramqgs 1 g Type
| clear glass vial, 11-13 ml Verretubex G ey

c r | PTFE. stopper., .20, nm Daj kyo. Flip-of f rmetal
CW\%Q& Usep £itRg acm*beléf%@’@tly?wlssed fgrmng ogfﬁF& IDNO.: 2).
nygmjLiElI'Qsati on renoved after freeze-drying step. 10
The solutions in TABLE 2 were reconstituted with

C10.9 % tomgierial ONE vial

f2Stplier>0 |. Uktafy Formula (per vial)
pfroviding 10 to 80 g/d doses (M %? 200

th injectilons

pI-to 1.0 m) L at—of (= —q7

Sbi uti on) proSEd BEND-B 40 g/ dopssé‘%ﬁ_ gy 15 01 me (free base)

injections of TeGtrhn702 m ). di t_rjneerace!ngcmlsbulsﬁd t0 50 mg

adj ust pH and Dextran was used to provide g bul king
ent to a%ﬂ”%éf(‘é Gor hedt'On duri ng Pipadwi | i|zat i on.  TheH 4.5

spl utions dgskf f&g%s(\é%rng*J yophii | i zeg,FlrQngl ass vial s, aslg

d stored at vari tenperatures Tor upjto 24

Lys26,30 | hPTH P(1-34)NH2 (]SEQ ID NO.: 2), purity
dOfsttyeblasalputy bR TIE siepeer, 20 mm Daikyo 1

Flip-off metal crimp West 1

Pharma

Tnt hsTypeecleam8owviadf1 1L GlMP2, 25, LoegenB8d31, A b29,1
2
N

**to get pH 5 — 5.5 after lyophilisation removed after freeze-drying step.
10
The solutions in TABLE 2 were reconstituted with NaCl 0.9 %, to give:
ONE vial of 2 ml (=50 pg/ml) providing 10 to 80 pg/d doses (with
injections of 200 ul to 1.6 ml), or
~ ONE vial of 5 ml (=20 pg/ml solution) providing 5 to 40 pg/d doses (with
15 injections of 250 pl - 2 ml).
Citric acid was used to adjust pH and Dextran was used to provide a bulking
agent to aid cake formation during lyophilization.
The solutions described were lyophilized in glass vials, and stored at various
temperaturés for up to 24 ‘mont};s. The content of [Glu**?, Leu®*?%*! Aib%,
20 Lys**** ]hPTHrP(1-34)NH, (SEQ ID NO.: 2), purity and physical tests were
conducted on samples removed from storage at different times. Results are
presented in FIG. 2, for peptide concentration, as percent remaining.. The data in

FIG. 2 shows excellent stability over 24 months at 2-8°C.
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times. Results are presented in FIG 2, for peptide
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FIG 2 shows excellent stabiljty over 24 nonths at
2-8C. WD 2008/ 063279 PCT/ US20t%77 021216 - 12 EXAMPLE 3:
Screening of fornulations for GlLu22' 25, Leu23' 28" 31,
Ai b29, Lys26'3 ]JhPTHP(1-34)NH2 (SEQ ID NO.: 2) to
Conpare Different Preservatives TABLE 3 bel ow shows

Mesdwaef phe @@%}%@W%&%%b@%%m e SuB1aREEs 1352630

preservatives ‘Leu23, 28, 31,

A2 P S 2NIS, (SERTHY ROL- 349 NdtpafeImifetdat Bservalivesas

et vh T RlS S bty showadiethypaestimand Basss Alseliobe nobsuitable
: gx&%p,!,i 2E2¢ bapsBe , | ety hyds :

EE m%i&%g g m%éﬁl -’aigrﬁopyl bé}%égx-pﬁh?gﬁ?n%(}l'%aNﬁz

- (SE@HREMND.. 2),-as pravipitatibn and/oiGhbaivitgie pdservative-acBvitPivas seen.
mL - Benzyl alcohol - - - - 10 ng/ nL Preservative

-Fai |l ed Pass Pass Pass Pass effectiveness test

Chogyiati ono o Precipitation ssues observed
Preservative Not Tested effectiveness as Pass Pass

Pass Fai l
5Cinitially 19 Sol utions were pregpared coptaini ng

est | gkh@pleSTaqr BGe K 86| PkifprRedc Pxdiiit Bb$ Btample 3e

[ ysgg, gi EIEFFHELFJ’ 1 8@?@“{«1 2 2myg/m T )

pREEJ T rat T ons] Teconmended 1.or eNteLLi g _
nt 1 m crobi al hctivi ty. |Sol utions |wer € prepared at

ThMoroéresyyer at fire, by difssol ution|of the vry BEAmL N
gredients injwater forl ipnjectio, wth

Benzyl alcohol - - - - 10 mg/ mL

Preservative

. Failed . Pass - Pass Pass Pass
effectiveness test :

Observationo  or]Precipitation

[ssues observed
Preservative Not Tested
effectiveness as

. " Pass Pass Pass Fail
test after storage | precipitated

4.5 months at 5°C | initially

Solutions were prepared containing [Glu22’25, Ley?283 1, Aibzg,

Lys?**%hPTHrP(1-34)NH, (SEQ ID NO.: 2) 2mg/ml, acetate buffer 6mM and water
for injection, with various different preservatives added at concentrations
recommended for effective antimicrobial activity. Solutions were prepared at room
temperature, by dissolution of the various ingredients in water for injection, with
stirring over < 30 minutes to ensure complete dissolution, Solutions were filtered
through 0.2 micron filter and filled into glaés vials, to which a rubber stopper was

applied and crimped in place to ensure complete closure.



15 stirring over < 30 mnutes to ensure conplete
di ssolution, Solutions were filtered through 0.2

wore@soes2f9 | ter and filled into glass vials, topahusteoan2i2ie
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15

rubber stopper was applied apd crinped in place to
ensure conplete closure. W 2008/ 063279
PCT/ US2007/ 021216 -13 The solution with nethyl paraben

was | e acceptable due to precipitation and L

i nact i iPEyOluRRR dithiasthylgataben wasassaceeniable flug freprecipitation and
S . . :

iR miBIGaRE Mo HERAERFe SRR olRhH Pfhd Mt Wirehen
prsesedt foaup el nehflsct 25%hesd up es4.5 mepelat #$°C asd the preservative
de?fcrl bed in Exaan e 5. 5 EXAVPLE 4: Eval uation of
AStIFCthERESBsshrereptad eas\igsqribed i EXamrl¢ dness of Vari ous
concentrations of du22,25, Leu23, 28, 31, A b29,

Lys26' 30 | hPTHr P(1-34)NH2 (SEQ ID NO.:, 2)

CyiPLEGh sEaduatibn of ntisthiechbial PlestABLize BIfPGR2A8ssDT Y28 ous

P87230 P8723 | T n. 2 [ m 2 /
eoa st of IR LN i APt d el e sH

: ON.,@.a,gpc&as&simxha@migoampy)5 my/ mL 3 g/ i 2 ng/ ni

10 ng/" nL "cetate buff'er pH5.1 H5.1 H5.1 JpH 5.1
The sol utions were tested according to European

Phay. poeia, Chapter 5.1.3 "Efficacite de la
cmgti on anti-m crobi enne" (Anti-nicrobi al

efTectiveness _ g e £ FVETTESS oAt ie

preservative. 89/%82%279 PCT%?J 07/ 02121%}272-%4

T I.8$6 VENESS{TEeEST _arter

nanu allct uri'nz ]Ing;f:ﬁlci:‘f u pr e%en%% rl7]§lpr eparzalfnig/o’ﬁlL

of gani sm ( pl atfph&fRYNT 16R€7es0lY 9athidtBeresol  [Benzyl alcohol

cputiemicraialon |Test P87228 P87229 Pg7230 P87231

Bacteria in cf [ n@Inole ocr es¢l0 mg/ mL

G A —2 e A— O
Acetate buffer H 5.1 pbH 3.1

The solutions were tested according to European Pharmacopoeia, Chapter
5.1.3 “Efficacité de la conservation anti-microbienne” (Anti-microbial effectiveness

test) to prove the effectiveness of the preservative.



St aphyl ococcu 3.8 x 10" T 0 3.4 x 10

<5 <5

4.7 x 10'

S aureus T+6 hrs <5 <5 <5 6.8 x 102 T+24 <5 <5 <5 <5
whe@sHeR@ 5 (*) <5 <5 <5 days seudononas 1.3 RCLOSIH00021216

5 <5 <5 1.5 x 102

aerugi nosa T+6 hrs <5 <5 <5 <5

T+24 <5 <5 <5 <5 hrs T+28 <5145 <5 <5 days E. coli
6.7x 10 TO 7.2x 10 <56 <5 1.1 x 10'
<5 T+24 hrs <56 <5 <5 <5 T+28 <5 <5 <5 <5 days *)
BdABLIS: Racsarvatjvediffetiavemass téﬁ@ﬁaﬂhanuﬁfammdng -> result

T+6 hrs

<5 <5 <5

C3l"‘.f o+ 1 nl i nl 1|§Jb n'F r\'Fn nr goaﬂ{ t! fa¥al -
J ganism: pr g&'h‘l’“élm (pl at e- “dount rré\ltbmf Niesay / aregaration
CRiG Iﬁ#{g?t' pn OTEESISTPEY 228 P37229 P8723plarezeat mgthdd) n
c épa @ngeritration %l é [opgronesol peFu2or deresebo | P87231
BE1ZYyl “alc. | ibrfl Al 3| myi Iy 1 T WYL :
3[4 x 10 TP 4 0x 10p <5 <4 515 hepiol %rbiregse"? E??Lﬁ’g"j’ 51=:§165‘Zy1/a]1°
<p<5 _dayslT+28 <5 < <B < ézﬂg ] mg/m
olStaphyloca@s| <5.8%518 8| x TI®5 | 3.4 x 10° <5 <5 47x 10°

S aureus T+6 hrs| <5 <5 <5 6.8 x 10°

T;rzs4 <5 <5 <5 <5

_ T+28 "

- days 5% <5 <5 <5
Pseudomonas | 1.3 x 10° TO 5 <5 <5 1.5x 10°
aeruginosa T+6 hrs <5 <5 <5 <5

T;r254 <5 <5 <5 <5
T+28 <5 <5 <5 <5
days
E.coli 6.7x 10° TO |72x10° <5 <5 1.1x10°
' T+6 hrs <5 <5 <5 <5
T+24
hrs <5 <5 <5 <5
T+28 <5 <5 <5 <5
days
*) Bacillus Gram +, different from St. Aureus -> result conform
~ Initial Nb of cfu present / preparation
Organism : organism Test (plate-count method)
Yeast and concentration | I P87228 P87229 P87230 P87231
1d in cfu/m[ |Wmterva
mo Phenol |chlorocresol|chlorocresol| Benzyl alc.
Co - : Smg/ml' 3m¥ml Zm(gml IOmg/ml
Aspergillus 34x10° | To0 [4.0x10° <5 <5 4.1x10°
niger T+7 8
days <5 <5 <5 <5
T+28
days <5 <5 55 <5
Candida 3.9x 10° TO | 4.4x10° <5 <5 38x10°
albicans '
T+7
days <5 <5 <5 5
T+28
days <5 <5 <5 <5
Results : Conform - Conform| Conform Conform | Conform

Nb of cfu= number of colony forming units




al bicans T+7 <56 <5 <5 5 days T+28 <56 <5 <5 <5 days
results : Conform - Conform Conform Conform Conform
w06 u= nunber of colony formng units V\DPCT/US2007/021216
2008/ 063279 PCT/ US2007/ 021216 15 TABLE 5 Cont' d.
Preservative effectiveness tep( results after 3 rmnt hs
storage at 25C Initial Nb of cfu present /
gani sm Test net hod)

rati on (pl ate-count
T e L BB T 15K R esPEPolBale Ao pgnihs storage i

P§¥930 P87231

Bacteria in cfu / nL (days) Phenol

| chl orocresol chlorocresol Benzyl alc. 5ng/m 3ng/ m
- 2pg/ M 1' 10[rg/ mhitialSt aJhyI oc:tCCNb%f éfuprddent qrépélra@oﬁ((plate count
10-g <5 <5 3| 8oxahlin s (P87228, 6him@Rod <5
1 . T
Bt e
<6 <5 <5 <5| ‘G&t u/glpno 3()’,5}3  2Plgenok ehlemcegsolehlemcresol | Benzyl alc.
7229, P87p31) 24hr k5 <5 {SmFmly Bme/t05 R&vgm@ | 10mg/ml
2Begyiyseocenl <2.7%010°E. FOlohr 6]8.9% r<s. 7/ 1050 <p 38410
8l Qureud 0 (P8722823, 6h 0 ’ S 0x 100
<b <5 <5 <5|p8§7229, P8§7231) . -
24hr <5 <5 <5 <5
52x10°
(P87230)
28day <5 <5 <5 <5
Pseudomonas | 9.9x 10° Ohr <5 <5 | <5 <5
acruginosa (P87228, 6hr <5 <5 <5 <5
P87229, P8§7231) Sahr =5 pr3 <5 pr3
8.5x 10° - : ' -
(P87230) 28day <5 <5 <5 <5
E.coli 6.8 x 10° Ohr [1.7x10° <5 <5 8.0x 10
ps7225, PRV 13 = = 5
PEIBO e | <5 35 5 3
9.5x 10°
pesey | 2By | <5 <5 <5 <5
Initial Nb of cfu present / preparation (plate-count
Organism : organism Test method)
Yeast and cgncentration interval P87228 P87229 P87230 P87231
fmold in cfu/mL Phenol | Chiorocresol| Chlorocresol| Benzyl alc.
' Smg/ml 3mg/ml 2mg/ml 10mg/ml
Aspergills | 33x10° | oOw |38x10°[ 55 70 41 x10°
niger (P87228,
P87229, P§7231)| 7day <5 <5 <5 <5
41x10° | 28day | <5 <5 <5 <5
(P87230)
Candida 27x10° Ohr | 4.0x10° <5 <5 3.8x 10°
albicans (P87228,
P87229, pg7231)| 7day <5 <5 <5 <5
3.7x 10° | 28day <5 <5 <5 <5
(P87230)
Results : Conform - Conform| Conform | Conform Not
Conform




9.5 x 105 28day <5 <5 <5 <5
cfu present / preparation (plate-count Organism:
woe@ansrm net hod) Yeast and concentration TestPEBUINB7/021216
P87229 P87230 P87231 [

Chl or ocr esol
2nmg/ M 10nmg/ m

(Al § conpa; o

2579cx 10 Chr 4.0 x 105 <5 <5 3.8 x 105

Chl or ocr

P

(P87230) F

old in

esol

872

P87229,

P8§
yee gsveggssggst respgy

I ni

. 8

al bi

3
S50 e

tial

jZ: u/ nmL interval Phenol
Benzyl alc. 5nmg/m 3ng/
spergillus 3.3 x 10 GOhr

X 105 55

cans

(P87228, P87229. P87231) 7day <5 <5 <5 <5 3.7 x 105

<5 <5
thgstorage at

Nb of

2Bday <5 <5{<5Iifal (P 7230) ReNb loff sfu pregenf D;Br@j)aratlon (plate-count
nf or m Con} obfRaeRAS O mr Conf or m WD 2%&59@327
: BTNV 7/ Dl eferation 7 i P87231
e et@tlavenessmtcﬁf/t fep kl
5C Initial No of cld p %asv h{ Phasok plshlaracessol[chlorocresol| Benzyl ale.
( | at e-coun} or gani sm Test rﬁ:mg{o‘d CGryglnil s (15 :2mg/ml 10mg/ml
%ﬂ?bb@dcthfSW‘); e@sr:{a OB/ 2% TP8723T [ 5.1x 10°
g{u%ﬁéa I NfCTu ‘ %ﬁ?g F“SIIU eHorogresot T
chl orocreso| Benzyl afe sl g/ °J noy/ 2 /rﬁ<5 7.2x10
1pmg/ M St aphyl ococcul B24hrx [10<6hr k.1 <8 10 <5<85. . <5
] -~ P < < .
251<>5< 10 5 aur eus 6h 283% 5 <<§ 7.2 x<350 34 r<55 b <5
Pseudomonas | 9.7 x 10° Ohr <5 <5 <5 <5
aeruginosa - 6hr <5 <5 <5 <5
24hr <5 <5 <5 <5 -
28day | <S5 <5 <5 <5
E.coli 6.1x10° Ohr [7.0x10° 5 5 42x10°
6hr <5 <5 <5 <5
24hr <5 <5 <5 <5
28day <5 . <5 <5 <5
Initial Nb of cfu present / preparation (plate-count
Organism: organism Test ' method)
Yeastand [concentration).  °* ["P§7228 | P87220 | P87230 | P87231
mold in cfu/ mL Phenol | Chlorocresol| Chlorocresol| Benzyl alc.
Smg/ml 3mg/ml 2mg/ml 10mg/ml
Aspergillus 53x10° Ohr | 3.7x10°|1.8x 10° 7.5x10° | 4.1x10°
(HEeT 7day <5 <5 <5 <3
28day <5 <5 <5 <5
Candida 4.1x10° Ohr | 4.5x10° <5 5 45x10°
albicans 7day =5 = <5 <
28day <5 <5 <5 <5
Results : Conform - Conform| Conform | Conform Not
Conform

TABLE 5 shows Phenol, Chlorocresol and Benzyl Alcohol all produce

compliant results immediately after manufacture for both Bacteria and

Yeasts/moulds. After 3 and 4.5 months storage, the preservative efficacy is

maintained for Phenol and Chlorocresol, for both Bacteria and Yeasts/moulds.




28day <5 <5 <5 <5 Pseudononas 9.7 x 10 Chr <5 <5 <5 <5
aerugi nosa 6hr <5 <5 <5 <5 -24hr <5 <5 <5 <5 28day
W 200866313 <5 E.coli 6.1 x 10 Chir 7.0 x 10 5 5 ECRUK2000021216
6hr <5 <5 <5 <5 24hr <5 <5 <5 <56 28day <5 <5 <5 <5
Initial Nb of cfu present / plteparation (plate-count
Organi sm organi sm net hod) Yeast and concentration
Test P872-2 P87229 P87230 P87231 old in cfu / nL
htosvey e, ferenay] &ephelothe effidacrhgains Baelenh isBmt zymphdrd, as the
[ 3 x 10
Ogg{ gL 9‘%%%016 rafe (1%@ g%mit% relfg h—}‘éﬁ@%%)l ger 7day
<5 <5 <5 <5 28day <5 <5 <5 <5 Candida 4.1 x 10 Chr
4.5 x 105 <5 5 4.5 x 105 al bicans 7day <5 <5 <5 <5
28FAMBEES Wpmisal spbdify pf diffega famulatiogent or m Conf or m

frar 0
S GEE its SRth Bl AR Sy AP U AR, dserived in Example 4.
conpl i ant results i mredi ately after manufacture for
bot h Bacterbgﬁa nxgast simoulds. After 3 and 4
momtH<EE 8t Blwge; Lewe presibrvhysve JBPTHR{(E34)NH, (SEQ ID NO.: 2)
or Phenol and Chlorocresol for both
ggﬂ@tgté?y. gg@g]n% Yeast s/ noul ds. WO 2008/ 063279
PCT/ US2007/ 021216 - 17 Howevier Sfﬁ)pﬁge&@ﬂamowg\l 2870 60% RH
t he efflcacy agai nst Bacterifa sS@?qu@gpQ}agﬁmﬁqﬁrﬁ BL
data shows ineufficient rate of Xislniftodedniphheidp)
g’é\h,':a") \g:gcgn’b%'é’%% S e et S S T Y O hodth ' T 3"rhonths
A QIDNO.: 2)
P87228 | (2mg/ml)/ Phenol 1.90 1.88 1.83
(Smg/ml) (100%) (98.9%) (96.3%)
(SEQ ID NO.: 2) | -
1.98 1.96 1.94
P87229 2mg/ml
Gy Chloroetesol | aoowy | 99.0%) | (98.0%)
(SEQID NO.: 2)
1.93 1.89 1.86
P87231 (2mg/ml) / Benzyl - ’
Alcohol (10mg/ml) (100%) (97.9%) (96.4%)
Storage conditions : 5°C
(SEQ ID NO.: 2) content in mg/mL
(% initial concentration at t=0)
Batch Composition 0 month 3 month 4.5 month
(SEQ ID NO.: 2)
1.90 1.91 1.89
P87228 2 1)/ Ph
Es&’iﬁﬁ enol (100%) (100.5%) (99.5%)
(SEQID NO.: 2)
1.98 1.96 1.97
P87229 2mg/ml) /
éﬂ;‘g/ﬁg Chlorocresol (100%) (99.0%) (99.5%)
(SEQID NO.: 2)
1.93 - - -1.94 1.92
P87231 (2mg/ml) / Benzyl -
Alcohol (10meg/ml) (100%) (100.5%) (99.5%)
10

As can be seen from TABLE 6 and [Glu?>%, Leu?>?*3! | Aib%,
Lys****|hPTHrP(1-34)NH, (SEQ ID NO.: 2) solution stability is not significantly
influenced by the preservative selected.. TABLE 7 details the content of each

preservative for the same formulations.
15



5 TABLE 6 details the chemni cal
formul ati ons described in. Exanpl e 4.

stabilit

W@ERWaAs259 Leu23, 28, 31, Ai b29, Ly326 31
] hPTHr P(1- 34) NH2 (SEQ I D NO. :

10

St orage conditions :

content in mg/
Bat ch Conpositiaon
N@"ABIgl;

36

pP87231 (7nn/n1\ [

(%initial

O nonth 1 nonth 3 nont hs
71 Pogsenvatige statgBty regrtsog (2mg/ i) / Phenol
(100% (98.9% (96.3%
1:96 1.94 P87229 (2ng/m) |/
(99.0% (98.0%

(5nyf
(3ng/m) (S

RBenz

25C, 606/&8?H (SEQ I D NO :

y of the

TABLE 6:

PCT/US2007/021216
stability results

2)

concentration at t=0)

(SEQ

I D

m Sfom \é con,d,l 10

tis g 95, 607 R

EQ ID
vl (10Gomiti

ICO 1

heongentratio

Pmewa@ye orggnt in g@/ml

aiyt7()

ABagthol  (

enrppasitionst or age co

hdiG nonty

53 mps#HQ |

D 3 month

NO. :

2) dAREeND NO..my/ mL
t PEY2Bat qh2&g/mis Phémod O non
ID NO.: d)(5heB)1.91 1.89 P

(0

|n|

é?zéggé’\ ol

concentrati g
4%%nt h

m ()99/2 “Phel

N at

ol <98%%>

5mg/ )

1. fggg/ggm_

(($
43

D Néu
g%@
gy / nr'l AT Ran7

b"/() (99

5% (DR:Q
Chl 27®cres
Q | QIb®s) 2)
vl (100%

MDD NOT2)
ol 23fg/ m

1(993%)1. ¢
100. 5% (4

2.56

94 (92.1%)
hO RO/Q

| E8u2P! 25
26, 31] hPT

Al cohol ldSnEQnIID -
,(2mgm13/38n@1, Ai b2D
HklBgHo! SHOmARIY SEQ |

can be

seefghrom

TABL K36 ar

d  gg)
(99.0%)

501 G718

stability is not significant

D’ l\@:é%%) 5
y

Storage conditions : 5°C

Preservative content in mg/mL
(% initial concentration at t=0)

Batch Composition 0 month 3 month 4.5 month

C O ETTTI(SEQ IDNOL: 2)

P87228 | (2mg/ml) / Phenal 4.86 4.83 4.84
(5mg/ml) (1007) (599.4%) (9976%)
(SEQ ID NO.: 2)

P87229 | (2mg/ml) / Chlorocresol 2-(7)? 9%-7-3/ 2.74
(3mg/ml) (100%) (98.2%) (98.6%)
(SEQIDNO.: 2)

P87231 | (2mg/ml)/ Benzyl 0.92 9.89 .94
Alcohol (10mg/ml) (100%) (99.7%) (100.2%)

As can be seen from TABLE 7 chlorocresol is the preservative which has the

lower stability, with greater loss in preservative content under both 5 and 25°C

storage.

While this invention has been particularly shown and described with

references to éxample embodiments thereof, it will be understood by those skilled in

the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.
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details the content of each preservative for the sane
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TABLE 7: Preservative stability results Storage
conditions : 25C, 60% RH Preservative content in
mg/m (%initial concentration at t=0 Batch
Conposition O nonth 1 nonth 3 nonth (SEQ ID NO.: 2)
4.86 4.82 4.79 P87228 (2nmg/nl). [ Phenol (100% (99.2%
(98.6% (5mg/m (SEQ I D N&LAYS 2. 78 2. 70 2. 5? .
P ) [ Chlorocresol (100% (97.1% (92.1¢
(%f%@%&% DNO: 2) 9.92 9.83 9.82 P87231
(2mg/ M) / Benzyl (100% (99.1% (99.0% Al cohol

Ong/ Storage conditions ; 5C Preservative _,
f:im”gn ﬁ?twaﬁﬁ-ﬁ le comppsifien sitablsrforadrpinistighomnto & subject
Bat ch CofpQshsi on O nonth 3 nmonth 4.5 nonth ~ (SEQ 1D
NO: 2) " 4.86 4.83 4.84 8222.8 gLnl) hen Q0% g99 0
(5mg/ mh) X998 PITHIP anBEgud v the 2quen@g Gu TS’ 2.u%d*>!, Aib®°,

[m 1009 98. 29
(95, 6o < ( LBy THREL It B3 o S ol parony
g iggﬁé] 71) I BeeEydive hBRW UM A2 pPﬁ!)é%\Ql@@]l 2and 7.

2. The storage-stable composition of Claim 1, wherein the buffer is selected

from the group consisting of acetate, tartrate, phosphate and citrate buffers.

3. The storage-stable composition of Claim 2, wherein the buffer is an acetate
buffer.
4. The storage-stable composition of Claim 3, wherein the buffer is acetic acid

and sodium acetate.

5. The storage-stable composition of Claim 1, wherein the pH is maintained

between 3 and 7.

6. The storage-stable composition of Claim 5, wherein the pH is maintained

between 4 and 6.

7. The storage-stable composition of Claim 6, wherein the pH is maintained

between 4.5 and 5.5.

8. The storage-stable composition of Claim 1, wherein the composition is in a

sealed container.

0. The storage-stable composition of Claim 8, wherein the composition is stable

for at least 28 days at 20 °C.



As can be seen from TABLE 7 chlorocresol is the
preservative which has the 5 |ower stability, wth
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25C storage. Wile this invention has been
particularl'y shown and descri¥fed with references to
exanpl e enbodi nents thereof, it will be understood by
those skilled in the art that various changes in form
and details may be nmade therein wi thout 10 departing

framt inventi .enconpassed by th
L8 e Sionfte <ol Dbt pR 00 TS ARSER At Dnsoiion does
19 CLAWMEonhh chémiehiditdBiibers: 1. A storage-stabl e

conposition suitable for adm nistration to a subject
5 conprising: a) a PTH P anal ogue havi ng the sequence

u, 2 ! L ALD . 1ys26, 30 .
| i b R Sttt Chgim LRARR e coppmasiipg forher
anount cohphistisfaareffectiveaintduat 6f dohentipiideetivegen? and 7.
10 2. The storage-stable conposition of Claimal,
wherein the buffer is selected fromthe group
CORSI Sty rtr . te.and.citrat
part or 40 oPles A Ebdnd: ool Clain O S 3t

wher ei agdnnés deltctedrfrirs tiRpragedoabBtin@ of Eresols, bherbl, bbigalkonium
st orage-st.abl e conposition of Claim3, wherein the

buf f er chlgride depxthgpivp chigriesehdpriohnianels penylethyl wiisehol, methyl
t ' % ; ot .
P O a0 AR A dr K A Sl

st orage-stabl e conposition of Cdaimb5, wherein the pH
ii nmai Ehai ned between 4 and 6. 25 7. The . o )
st or agdhe iemes-stebipeannasision of Claimg 13, avheigin thejantitrpigrobial
i's mai R Bed B fodesd) @and 5.5. 8. The

st or ageé sta gncor%posi(t)_cl %Sﬁl of aim1l1, wherein the
conposition is in a sealed container. 30

14.  The storage-stable composition of Claim 13, wherein the anti-microbial

agent is phenol.

15. The storage-stable composition of Claim 1, wherein the composition
comprises between 20-20,000 mg/mL of the PTHrP analogue having the
sequence [Glu?>*, Leu™?3! Aib%, Lys?5*® |hPTHrP(1-34)NH, (SEQ ID
NO.:2).

16.  The storage-stable cdmposition of Claim 15, wherein the composition
comprises between 100-10,000 mg/mL of the PTHrP analogue having the
sequence [Glu??, Leu®?! Aib®, Lys?*® |hPTHrP(1-34)NH, (SEQ ID
NO.: 2).

17.  The sforage—stable composition of Claim 16, wherein the composition
comprises between 300-3,000 mg/mL of the PTHrP analogue having the
sequence [Glu™*, Leu®**! | Aib?, Lys?*** hPTHrP(1-34)NH, (SEQ ID
NO.: 2).



9. The storage-stable conposition of Claim8, wherein
the conposition is stable for at |east 28 days at 20

W@200802008/ 063279 PCT/ US2007/ 021216 -20 10. HtP'US2007/021216
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storage-stabl e conposition of Caim1l, wherein the
conposi tion does not contait?la chemical stabilizer. 5
11. The storage-stable conposition of Claim1, wherein
the conposition further conprises an effective anount
of an anti-m crobial agent. 12. The storage-stable

j f 11, . wh t nti. -
SO0 Ll B e LA S el
cresol semphes Bktwekf 6@@2'0@0' L16¥ tROPYHKP Qnalo%ue having the

benxt honi um chl 05229 o tangmo Egen | et
al cohosequﬁrecter{ﬂlu é@én I,Lpfar allBRTHrR(l 38 a(SEQ ID
phenyl ric nltrate and acetate. 13. The

storag -St bl e conmposition of Claim12, wherein the
anti-mcrobial agent is phenol or chlorocresol. 15
14. The storage-stable conposition of Caim13,

whdr ei A storagexsieblegompotition suitaglerfor admisksgtation tolssubieae

storag 0) ion of Claim1, wherein the
conpos&fnsé S%gggs%opn% sftes bet ween 20-20, 000 ng/ nL of

the PTh P am@ﬁ%ﬂanmgumvtdga ¢ SREURRIGIT AP _EED) ALY,
Leu23 28,2§3'|0 s26' 31 %thTHI‘ P(1-34) NH2 (SEQ ID
. 2Lys'16. ]hITFHfPS(tlt% Ez QBRI NOrpbendi on of d.aim

180 \fg 86”%?@{&%&@& iéana E}ltazl?ﬂiasﬂ %?‘?’ ep2and7.

sequence [J u-22,25 , Leu23, 28, 31 , Al b29 Ly326 30
]hPTH P(1-34)NH2 (SEQ ID NO. : 17. The

s€®r agl-sieragi- établ@ﬁgwpwl@mswfab@ ar admigistiatien & ssubisst
conpos es between 300-3, 000 ng/nL of
the PT 115%%“ I%gsgeﬁgﬁﬁgé/f?ng the - sequence [d u22, 25,

Leu23' 28' 31a PAHPR Analbyse2Gvihg] thIdduhce [N R I(eﬁééjq ALY,
X ZL. ZX‘Q 2008/ 063279 PCT/ US2007/021216 -21
ys*°0 JRPTHIP(1-34)NH, (SEQ ID NO.: 2);

b) an effective amount of buffer to maintain the pH between 2 and 7
and
c) an effective amount of an anti-microbial agent.
21. A storage-stable composition suitable for administration to a subject

consisting essentially of:

a)  [Glu®, Leu®?*! Aib%, Lys**¥ ]hPTHrP(l -34)NH, (SEQ ID NO.:

2); and
b) an effective amount of buffer to maintain the pH between 2 and 7.
22. The storage-stable composition of Claim 21, wherein the [Gluzz’zs, Leu?>?83!

Aib®, Lys?**° JhPTHrP(1-34)NH, (SEQ ID NO.: 2) is present at a
concentration between 500 and 20,000 mg/mL; the buffer is an acetic acid

and sodium acetate buffer; and the pH is between 4.5 and 5.5.



18. The storage-stable conposition of Caiml1l7,
wherein the conposition conprises between 500-2, 000

worgdosiex2f9 t he PTHr P anal ogue havi ng the sequePCEUS2007/021216

10

[ u-22,25, Leu23, 28,31, A b29, Lys26, 30

]hPTHrP(l 34)NH2 (SEQ ID 5 N3 - 2). 19. A

storage-stabl e conposition suitable for admnistration

to a subject consisting essentially of. a) a PTH P

aral ogu\estwag¢-ﬁ@bkeh:@r®eemm switablg for adhindstration R84 adje3t

Al b29, L $26 6]11}] PTHr P(1- 34)NH2 (SEQ I D NO.: 2);

and b) C%’?flsé &ﬁep g unt of buffer to maintain the

PH bet ypen 2GRRET.0u*20%, Ailit 0558 1palk B ICRRES (42T NO.
suitable for adnministration to a subject consisting :
essenti al | y%ﬂtaqmcmtraaopbﬁmeraﬁm @g{@() #el/inggnkhe

sequen [d u2 ! Lys26, 31

] hPTHr E’?l 33?&%—@0 5 i\lﬂ“acﬁﬁ"ﬁe %éo fect ive
anmount cpf b?ﬁérﬁaﬂ at@cd‘ﬂ%bxma%]loﬂ rard@ betd2atIveRan 02n 7;
and c) an effective anount of an anti-m crobia gent .

20 21. Whempimthg pdl istbghyesndemandsi-fi on suitabl e for
adm nistration to a subject consisting essentially
of: a) [ u22'25, Leu23, 28,31, A b29, Lys26, 31

1 BRTHr B(skaldd)cbiridineSEatdiRinb@ storage) stalsle dorpoditiorRuitable for

ef fective anount of buffer to maintain the pH between
2 and dmimstratine tae sibiers-seidaompositiopsemptisingof Clai m
21, whey ei 23, 28' 3 Aib29, 232831 29
Lys26, g’l E’%%? %%ﬁlz—@v @Eée féﬂuﬁﬁfel[qy %ﬁpesen’tmb
at a E@HPAHIRN- PPN We SEG U0 Nd22@n®00 my/ ni; the

buf f er |s an acetic acid 30 and sodi um acetate buffer;
and t hb) pH P8 etfpivgagount of bagr B maintam thogd] bewean? and 7.

PCT/ U82007/ 021216 -22 23. A storage-stable

. conposition suitable for admnistration to a subject
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30

cofisi st drgg dslsweny devite/comhprisig drﬁlM%?oraﬁ;anlc@nld%ﬁmg?egus'él:ontainér
Ai b29, 53)163]hPTHrP(1 34)NH2(SEQIDI\IO 7) at a
concentVi GRSt ween 500 and 20, 000 ng/ ni;

a) a PTHrP analogue having the sequence [Glu?>%, Leu

Lys*®*° IhPTHrP(1-34)NH, (SEQ ID NO.: 2); and

232831 .
o ,A1b29,

b) an effective amount of buffer to maintain the pH between 2 and 7.

26 A drug delivery device comprising one or more than one mult1 -use container
which contains: ‘ ‘
a) a PTHrP analogue having the sequénce [Glu??, Leu?3' | Aib%,
Lys®**° JhPTHrP(1-34)NH, (SEQ ID NO.: 2); and

b) an effective amount of buffer to maintain the pH between 2 and 7.

27. A drugdelivery device comprising one or more than one multi-use container
whiéh comprises: | , _ -
a) a PTHrP analogue having the sequence [Glu?*?*, Leu
Lys**° JhPTHrP(1-34)NH, (SEQ ID NO.: 2); |

232831 -
: ’3. , Aib®,



5 b) an acetic acid and sodi um acetate buffer; and c)
phenol at a concentration range between | and 10 ny/nL

wob@sos27e he pH is between 4.5 and 5.5. 24. A BERUS07/021216

10

cont ai ner containing a storage-stable conposition
suitable for 10 adm ni strati to a subject, said
conposition conprising: 29 1 a) a PTH P anal ogue
havi ng_the sequence G u 22'25 23,28,3 g [ Leu Aib
Lys26' B) | hPamefective amqunt ¢fidméer o mmntaimpihe pihbetwperahand 7;
effective amggnt of buffer to maintain the pH between
2 and 7. 15° A drug delivery device conprising one
_el) t hagn effective RgcRntSRanGANt Bichial agbitch cont ai ns:
a) a PTH P analogue havi ng the sequence [ d u-22' 2S,
Leu23 28 3", AIb29, Lys26'3 ]hPTHrP(l 34)NHQ (SEQ I D

L { . .
N?f& nt al [ 8d Bhr % ef f %Eor\égla "i-ll{;g gqﬁﬁg %nee'g tgére%fo comprising
del | vea&nﬁ@mm@ 10 QP& \mé ?l@ﬁés,@eu%%% AR 1 §?é3° JhPTHrP(1-
mul ti-use contal ner contains: a) a PTAr

anal og8d®N(SEE IThd Osie?)d ame@opstpne 2b@s 40&@0\*@1( togha@it 1120
1, Aib é%wekLyszﬁ 3 ]hPTHrP(l 34)NH2 (SEQ ID NO.: 2);

and 25" an effective anount of buffer to maintain

the pH betmeen 2 and 7. 27. A drug delivery device

conpri sing one _or nore than one nulti-use conta|ner_'
whPch Adnpihpd ektreafinggstegporgyis in Pyl et imagedghereplpmpgising

| nervy B SR o A P Lo S s P o

PCT/ US200VH ASEQUD NO2:)hj am Bmeﬁrﬁtefﬁim w280 I’;ltg,/v(zﬁek to about

" buffer to maintain the pH between 2 and 7;
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1120 pg/week.
30.  The method of Claim 28, wherein the subject is a human.

31.  The method of Claim 20, wherein ihe mode of administration comprises

subcutaneous injection.

32. The method of Claim 28, wherein (SEQ ID NO.: 2) is administered in a

single dose once per week.

33.  The method of Claim 28, wherein (SEQ ID NO.: 2) is administered in a

single dose twice per per week.
34.  The method of Claim 33, wherein each single dose is of equal amount.

| 35. The method-of Claim 28, wherein (SEQ ID NO.: 2) is administered in a

single dose once per day.

36. The method of Claim 35, wherein the sdingle dose of (SEQ ID NO.: 2) is
. from about 80 ug to about 100 pg.



and c) an effective anmobunt of an anti-mcrobial agent.
5 28. A nethod of treating osteoporosis in a subject

WO pooR®eext7¢ her eof conprising admnistering to PEEUS2007/021216

10

15

20

25

30

subj ect [d u22, 25, Leu23, 28,31, Ai b29, Lys26, 30

] hPTH P(1- 34)NH2 (SEQ ID NG242) in an anmount from
about 40 g/week to about 1120 g/ week. 10 29. A nethod
of treating osteoporosis in a subject in need thereof
conprising admnistering to the subject [d u22' 25,

ol o)t mesod gl Fh ettt of Grbau.

1120 .tg/week. 15 30. The net hod of CI aim 28, wherein
the subj ect is a human. - 31. The nethod of C aim 20,
WH8r ei i\ mhthodoflereaiingartdopdbis an & subjew Iilrpnéeslethereof comprising

Sueutsaesis L) et 2ol IR SR

dose o 3peit ok 330 '
cose OREGINSL MOEKL P PRI NAAL BRI, ) st

dose tw ce per per vveek 25 34. The nethod of CI ai m

THE. ot R DS, SRE B ot FOhRly abeg) 45 2

adm ni aiRiBdeded. @ Singl e dose once per day. 30 36.
The net hod of CI aim 35, wherein the sdingle dose of
(SEQ I D NO. : is- fromabout 80 g to about 100 g. WO

2958/ > qufﬁﬁzooﬁé’s .Z*a?g?la ﬂbﬂéﬁl@?@% uatfﬁzﬂnga%m the

38. A mRIdeed a@hirdistR@bh REmeRtRARNERMedud injRtidwb] ect in
need thereof conprising amnlsterlngtothe

subj ect from about 40 .tg to about 50 g of [Q u22' 25,

ATy tgiiad Gt Fegtng oGRS VR TP B A mPrng
wher ei Rdi§e@ROW thd Qutged: Troabadut AP td Sbout 80 pg of [Clu?>?,

adm ni ste
Lent 51 b 14630 1P THIP(1-34)NH, (SEQ ID NO.: 2) once per day.

42.  The method of Claim 41, wherein from about 75 pg to about 80 pg is

administered.

43.  The method of Claim 42, wherein the subject is a human and wherein the

mode of administration comprises subcutaneous injection.

44, A method of increasing bone mass in a subject in need thereof comprising
administering to the subject from about 40 pg to about 50 pg of [Glu?*®,
Leu®23! | Aib?, Lys®* JhPTHrP(1-34)NH, (SEQ ID NO.: 2) once per day.

45.  The method of Claim 44, wherein from about 40 pg to about 45 g is

administered.

46.  The method of Claim 45, wherein the subject is a human and wherein the

mode of administration comprises subcutaneous injection.



10 40. The nethod of Claim 39, wherein the subject is
a human and wherein the npde of adm nistration

W@ eompnsres subcut aneous injection. 41. A net hoRCD1S2007/021216

10

treating osteoporosis in a subject in need thereof
conprising 15 adnini stering-2b-the subject from about
70 .tg to about 80 g of [Ju22'25, Leu23, 28, 31,

Ai b29, Lys26,31 |hPTHP(1-34)NH2 (SEQ ID NO.: 2) once
per day. 42. The nmethod of C aim 41, wherein from

t 75 _g.t t 80 g i dmi ni st ered. 43. The .
et noa e e RaYing e el fe b i PLBON Qe s St
wher ei meéd@eredPEinPHsiREl A iinSstdrigi 10 TheCRBREE £6% about 70 g to
subcut aneous i nj ec |29{;.L:u§328é nethod of i ncreasing

(04 B

bone. mabeuti® g ofijw reed Aibierlast ¢ SFHIE hgd)Ntk (SEQ
adm ni ibg@ng to the ,subject fromabout 40 g to about

50 g of PP uzpOBE PraY103 28 31, Ai b29, Lys26, 30

] hPTH P(1-34)NH2 (SEQ I D NO.: 2) once per day. 45. The
met hod of Claim44, wherein fromabout 40 g to about

498¢g i dhe mpthad oft(dpio47,30hes@n fiomeabmat R @ b6 algiuaiBug bs

wher ei n rtnE"? SY ject is a human and wherein the node

of adm %I F e on conpri ses subcutaneous injection. WO
2008/ 063279 PCT/ US2007/021216 - 25 47. A method of
treating increasi ng bone mass or -bone quality in a

sdBj ectlhe methpskaf Glaier 4&fwhaseip thessubigchigra vimaneandrygheran the

o5 oo PRSI SRD ctpfsls Sup DS R R.8H

] hPTHr P(1-34)NH2 (SEQ 5 ID NO: 2) once per day. 48.
The nethod of Claim47, wherein fromabout 75 gg to
about 80 g is admnistered. 10 49. The nethod of

Cl aim48, wherein the subject is a human and wherein
the node of adm nistration conprises subcutaneous

i nj ection.



