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NOVEL FORMULATIONS OF PTHrP ANALOGUE

‘:t}esarfpﬁmr

BACKGROUND OF THE INVENTION

{0001} Parathyroid hormone-related protein CPTHIPY isa 139 10173 aming acid-protein,
PTHri* and certain atalogs are known to be nseful o dmptove i:mnxz mass and quality in the
treatment of psteoperasis and related disorders, However, the commuereial wse of these proteins
a8 p‘hamxaaemi;g*a} agents requires the development of a formulation that is acceptable in terms of

storage stability, case-of preparation and sulfable for subeutaneous injfections without inducing

injection stie reactions such as irritation 1o an acidic solution with # haffered acidic ph.

[0002] Furthermure, currently svailable esteoporosts drugs have lmitations on sultable dosage
ranges due to the unwanted side-effects, sueh as hypercalcemia and increased stimulation of
bone resorption. These wwanted side-effects and resulti ng dose limitations reduce the
benefictal effects which van be achieved from these drugs. Thus, a need exists for compounds
which can be administered at 1 doss which will increass the beneficial effects without an

increase i the unwanted side-effects.
SUMMARY OF THE INVENTION

[0003] The present invention provides s storage-stable, ease-to-prepare composition containing &
parathyroid hormone-telated protetn (PTHIP) anslogue and methods of nsing the anatopre and
eompositions containing the anslague a5 deseribed herein to real osteoporasis, 1o inercase bone

form, stitable for subtutancous injections withowt inducing infection sife reactions such as the
reactions to an acid solution with a buflered acidic pH, and in general may be stored 2t room
temperature forat feast several weeks o allow conventent parenteral adwinistration 1o hiuman

patients,
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[0004] In one embodiment, the present invention provides & storage-stable, easily prepared
composition suitable for subentancous administration to @ subject {¢.¢.. a human) atpH close o
that of the physivlogical condition, The composition comprises a PTHeR analogue without 8
chemical buffer, which ensares that after subcutaneous injection the composition is tapidly
neutralized to the phvs%@i@gicai ;3}% without “in&ucing any injection site frritation.. In a particular
embodiment, the BTHP is [G™ Leu® B3 45 , Ly P THIP(1-34)NH, (SEQ ID NO-:
2). The previously reported formulation of G, Lay® 3! Aib® L}:‘S‘%“‘ﬁ}hﬁﬂri’(i#
JNH (SEQ D NO. 2) used acidic pH {e.g., pH 5.1} that is much lower than physiological pH
74, which was further buffered with acetate to maintain the acidic pH after injection. Therefore,
such a buffered acidic solution cannot be rapidly nentralized by the body fluid at the injection
site, r;esuhing, in injection site reactions {Leder BZ eraf., J Clin Endocrin Metab, 2015,
HO0(2):897-706). Porteo® (Teripamatide, zﬂ.éﬂzg&ﬁmg subcutaneous injection)(Bi Lil h & Co.,
Indianapolis. Indiana), 2 parathyroid hormone {(PTH) used for the treatment af‘as*ﬁeqpemsis,j ix
alse formulated inan aa%d.isw{ﬁmifg}n with a pH at 4 and buffered with acetate. Similarly,
Foretea® also causes injection site reactions including injection site pain, swelling and bruising
(www.iorico.com). In contrast to these buffeved acidic PTHrP and PTH formulations, the
invention herein uses the formulations with the pH close to the physiological pH 7.4 and without
any buffer svstem. These formulations are rapidly neutralized to the physiological pH at the
injeetion site and therefore minimize the injection site reactions. The invention also includes the
use of formulations with buffered physiological pHof 74, Because of'jis: physiological pH. the

fornulations minimize injection site reactions,

{0003} In anether smbodiment, the present invention provides a sealed container cmuaining |
st@»raga«sra’hie cnmpmiﬁan sﬁitabla for administration to-g gubiect The ca‘mpesiitime@mpﬁss:s
ecomposition bﬁtween 8.0 and S..:u wmh 1§ *:::ios% to the pinzfsmisgm} pH. to avoid injection site
irritation and reactions. Ina particular embodiment, the PTHeP analogue | is {(;iu”"‘“ X Loyt
A, Lys™ TP THrP{-34)NH: (SEQ ID NO 2,

[0006] I anpsher embodiment, the present invention provides a drug delivery device comprising

one or more than one single-use container which comprises a storage sable composition
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comprising PTH or an anslog thereof without awy chenical butfer to avoid butfered acidic
solutiop-induced injection siie reactions. In a pardcular embodiment. the PTHrP analogue is
(O™, Leu™ ™ AR, Lye™ P THPU - 340NH; (SEQ ID NOL2)

{0067} In another embodiment, the present invention provides a drug delivery device comprising
one or more than one multi-use containet, which comprises a siorage stable, sasily prepared
composttion comprising PTHIP or an analog thereof and an effective amount of buffer to
maintain the pH of the comiposition close to neutral pH to avold the injection site reactions, fna
particular embodiment, the PTHrP analogue is G, Lew™ ™! Aib¥ Lys® P THP(1-
FONHR (SEQ IDNO: )

{(008] In another embadiment, the present invention provides a method of treating osteoporosis
in a subject in need thereof comprising administering to.the subject a single daily subeutaneouy
dose of I, Lew™ ¥ Al Lys™ P IhPTHIP(L-340NH: (SEQ I NO. 2) i an smount
benween 70 and 120 ug for o duration of tme sufficient o treat the subject, typleatly between
about 3 months to 36 montha. In some embodiments, the treatment perfod is between about 3

months to 18 months.

[0009] tn another embodiment; the present invention provides 2 method of increasing bone mass

single daily sibeutaneous dose of [GI0™, Leo™ ™, Alb™ Lys™ M RPTHP(1-34INH; (SEQ 1D

o incrensing bone quality ina subject in need thereot comprising administering to the subjeet a

WX, 23 in an amount between 70 and 120 py for 2 duration of time smﬁ[c‘i.eni to treat the subjedt,
typically between 3 months and 36 months, In'some embodinents, the teatmient period is.

hetween about 3 months to 18 months,

{00} The PYHP and analogue comipositions of the Tnverition exhibit storage stability in temms
of hurmone composition and-actisity and case of preparation, Furthermore, these composifions

wan be adorinisterad, in genersl, at higher dossges thaw currently available osteopornsis drugs,

hvpercaleemia or simulatien of bone resorption, This has the advantags of an increase in

beneficial physiological effects due tothe inereased dosages and can result ina reduction in the
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length of reatment time,

DETAILED DESCRIPTION OF THE INVENTION
{0011] The sequence of native hPTHP. (1-34) s as folows:

[0012] Ala Val Ser Glu His Gin Leu Len His Asp Lys Gly Lys Ser Tle Gln Asp Len Arg Arg Arg
Phe Phe Leu His His Leu fle Ala Glu e His Thr Ala (SEQ 1D NO: 1),

{0013) In a particular embodiment, the PTHP analogue i is [’(,xhi"' H Leu® 4 , Ak,
L }5*&’“{1\?}3}" THrP(1-34)NH;, which s Ala Val Ser Glu His (la Leu Leu His Asp Lys Gly Lys Sex

lle Gl Asp Leu Arg Arg Arg Ghy Len Leu Glu Lys Leu Lew Aib Lys Lea His Thr Ala-NE
(SEQIDNO.. 2.

{00147 Other PTHrP analogues sre deseribed in (} 8. Pat. Nos. 6,921 ‘?3@} 5,955 574, 6,594,949,

AT23577, and 5. 696,095 the entire contents of each of which are incomorated herein by
reference.

[0015] A "buffer.” as used herein, is any acid or salt combination which is pharmaceutically
aceeptable and capable of maintai ningiﬁe- comtposition of the present tnvention wg,{ﬁm; a desired
pH range. Buffers, in the disclosed compositions, maintain the pH in a range of about 2 to shout
8.3, about 5.0 to about 8.0, about 6.0 1o abots 7.5, about 5.5 1o shout 7.5, or about 6.5, Suitable
buffers inchide. any pharmaceutically aceeptable buffer capable of maintaining the above pH
ranges. such as, for example. acetate. tartrate, phosphate, suceinate, maleate, imidarole or citrate
buffers, In one embodiment, the buffer is an. acetate or phosphate buffer. In another
emﬁu&iimem the buffer is an acetate buffer, In 2 further embodintent. the s Buffer is acetic acid
and sodium acetate. In auother embodiment, ihe buffer is a phosphate buffer, such as phosphate-

buffered sal ine (FBS). In vet another embodiment, the buffér is disodiian phosphate and.
monosadium phosphate,
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[0016] For the disclpsed composiiions, the concentration of buffer is typeally in the range of

mM, abowt T mM to-about 10 mM or ghout & mM.

[0017] As used hersin, an anti-microbial agent 1§ o pharmaceutically acceptable preservative,
suitable for sdminisiration to a subject, which inhibits, prevents or delays the growth or
microorganisms including, for example bacteria, viruses and fungl in the compositions of the
present invention. Suttable anti-microbial agents for use in the compositions and methods of the
present invention § ncim‘k:_, but are not linsited fo. Cresols, benay aleohol, phenol, benvatkoniom
chloride, benzethonium chloride; chiorobutaned, phenylethy aleohol, methyt paraben, propy}
paraben, thiomersal and phenyimercuric nitrate and scetate. In one embodiment, the anti-
nicrobial agent is m-gresol; chloroeresol or phenol. In anvther embodiment; the anti-microbial

agents is chlorocresel or phenol. v another embodinsent, the anti-microbial agent is phenol.

[0018] As used herein, an “sifective amount”™ of an anti-microbial agent is an amount effective to
inhibit, provent or defay the prowth or microorganisms including. for example bacteria, viruses
and fungl, in the compositions of the present invention. In the compositions of the present
invention, the amount of anti-microbial agent is typically inthe range from shout 0.1 to about 20
mg/mi, about 0.3 to about 30 mg/mi, abowt 0.2 to about 10 mgﬁfi}éi. about 025 1o about § z‘:l_lgé“m?..v

about (1.5 to about 30 my/mi, about 1 to about 1Y mgyml, sbowt 3 mp/mi or sbout § mg/ml.
10019 The term “abom™ s used herein iy defined ns Ya 5%

{9020 The compositions of tiw,pmﬁmt%ﬁ@*misn typically are ready to adminisier, aqueous
selutions. which are stertle, storage-stable and pharmacautically acceptable without the need for
Teconstitution prioe te adninistration, The compositions of the present invention are suitable for
administration o.a su k;im{"k&*}ii'ch means that they are pharmacsutically aceeptable. noptoxie, do
notcontain gy components which would adversely affect the biotogical or hormoal effects of
the peptide, and have the pH close to that of the physiologival condition which avoids injection
site reactions. The compositions of the present invention do not, for example. comprise any

cells:
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{0021] The compesitions are typically stored in 2 sealed container, vial or cartridge which is
typically suitable for long term storage. "Suitable for long-term storage” means that the vial,
container or cartridge does not allow fur the escape of components of the compesitions of the
present invention or the ingress of external components., such as, microorganisms when kept for
at least 3 months 3t 25°C,

10022} The compositions of the present invention are preferably administered by injection,
typieslly subcutancous injection.

[0023] The compositions of the present fnvention, can be stered in single-dose or multi-dose
sealed containers. vials or santridges. The sealed container, vial or cartridge is typically sudtable
for use with a single or multi-dase imjection penor drug delivery device, which typical Iv altows
the patient to adwinister the peptide themsetves, The sealed container can comprise one or more
doses of the peptide of the present invention, wherein each dose comprises an effective amount
of the peptide as described herein,

[0024] A single-dogse injection pen, ordrug deiiveryde‘vicevifs*typiéaii}-‘* a disposable device
which uses 4 sealed container which comprises 2 single dose of an effective amount of a PTHP
in the compositions described herein. A muli-dose injection pen or drug delivery device
typically contains more than one dose of an effective amount of 8 PTH thereof in the
compositions described herein. The multi-dose pert can typically be adjusted to administer the
‘desired volume of the storage stable compositions deseribed hereln. In certain embodinsents. the
ulfi-dose infeetion pen prevents the ingress of microbial contaminants into the container or

cartnidge which can sccur through multipls nses of one needle,

PTHIP. as described herein, in a lyophilized povider, 85 described below, and a second container
that contains a Hauid for reconsitution of the Iyophitized powder. The contemts of the two
coutainers can be mixed prior fo administeation.

6
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[(026] As discussed above, the compositions of the present invention cai be administered by
injection, Suftable volunes of the compositions of the present fnvention for i;{iﬁ«mmimmdg
ahopt Q.5 to-about | ml, about 011 to about Lml, about 0:02 1o show 0.04 mi, shout 0.1 toabont
5.0 W, and about 0.1 to ahowt 1.0 gl

{00271 In the compositions of the present invention, the concentration of the peptides is from
about 0.1 mghml to about 10.0 mednl, from sbout 10.0 meml o about 100.0 mgfml from about
30.0 meml to about 300.0 mgim!, from about 300 migdmi to about 2000 my/mi and shoat 2.0

mgimi,

technigues known in the artand mored as a ;ﬁmwﬁﬁrwhgieh can be reconstituted prior to
admintstration. The term “‘v?i‘;ifaphi Haution.™ as used herein, fs 4 freeze drving or debydradon
techoique which fnvelves removing a sobvent, preferably & water miscible solvent, more
preferably water from @ composition or the present invention, typicatly by sublimation under
high vacuum when the composition is in ¢ frozen state. Typically, beophilization 1 carried out in
lyophilization equipment (a lyophilizer), which comprisss 2 deving chomber with variable
lemperature contrals, & condenser 1o eollect Water, and & vacuum systent (o reduce the pressure
i1 the dryvingchamber,

{029} The termy “"_i}"ﬂphiiimé connposition.” s used herein, inéic*aifc‘s. that & solid residugor
powder was praduced by the lyophilization procedure defined above, A Tyophilized eomposition
of the present ivention typically further eomprises & phahnmenﬁmﬁy aceeptable excipiont,

The term “pharmaceutically acceptable sxvipient,” as used hevein, refers to a substance which is
added to a solution prior 1o yophilization 1 enhance characteristics such as mﬁ‘fzai{mﬂ e,
strength, and volume of the lvophilized ceke. Pharmaceutioally acoaptable ﬁ:»:cipiemvs,‘i'mi:u&m
for example, buiters and pH adjusters, crystalline bulking exciptonts, stabilizers, and toniciy

rarding agents:
1D030T In certain preferred embodinsents, the p}}aﬁnacmﬁcaiiyiam‘eptahie excipient is a

crystalfine bulking exciplent. The terms "erystaltine bulking excipient® or “erystalling bulking

7
SUBSTITUTE SHEET (RULE 26)



WO 2017/007777 PCT/US2016/041016

agent.” as used hereln, refer 10 an excipient which provides bulk and structure to the

i}egphi]! ization cake, These crystalline ‘bulking agents dre inert and do not reset with the peptide.
In addition, the crystalline ‘b‘uikiagr agents are capable of crystallizing under tvophilization
conditions. |

[0031] Examples of suitable crystaltine bulking agents inchide hydrophilic excipients, sush as,
water soluble polymers: sugars, such as mannitol, sorbitol, xylitel, glucitol duciiol, inositiol,
arabinitol. arabitol. galactitol, iditol, allitol, maltitol, fructose, sorbose, glucose. xylose, trehalose,
allose, dextrose, altrose, factose, glucose, Fructose, gulose. idose, galactose, talpse; ribose,
&abil}@ﬁﬁgx}'iﬂﬂﬁ, iyms&:@ SUCTOSE, maltose, lactose, lactulose, mm% rhamnose, melezitose,
maltotriose, raffinose. altritol, their optically active forms (D- or L-forms) as well as the
corresponding racemates; inorganic salts, both minerat and mineral ergante, such as, calciwm
salts. such as the lactate, gluconate, glyceryiphosphae, citrate, phosphate monobasic and dibasic,
suceinate; sulfate and tartrate, a8 well as the same salts of aluminum and magnesiom;
carbohydrates, such as, the conventional mono- and di-saccharides as well as the correspanding
polyhydric aloohols; proteins, such as, albuntin; smino acids, such.as glyeine: emulsifiable fats
an(_i'mﬂyviﬂ}fi’pymiiﬂm&v Preferred crysialline bulking agents are sslected from the group
conststing of gi-__v::in& mannitel, dextran, dextrose; lagtose, sucrose, p}oi“g\-vinj}fip}mdiidme,

trehalose, glucose and combinations thereof A particularly useful bulking agent is dextran,

[0032] As used herein, g “stabilizer™ is a composition which meintains the chemical, bivlogieal
or hormonal stability of the peptide. Examples of stabilizing agems inchude pt‘aﬁyai}s, such as, for
example. sacchatide. preferably » monosaccharide or disaccharide, £.g., plucose, trehalose,
raffinose. or sucrose; a stigar aleohol, such as, for exampls, mannitol, sorbitol or inasitel; a
polyhydric alechol, such as, for example. glycering or propylene glyeol: or mixtures thereof, and

slbumin.

{0033] The compositions deseribed herein can be used to stimulate bone growth in a subject and
are, therefore, usefirl in the treatment of diseases or disorders associated with deficiency in bone
growtly, such as asteoporosis and bone fractures. Inouns embodiment, the present invention is

directed 10 a method of treating esteoporosis in a subject comprising administering to the subject
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an effective amount of composition deseribed herein,

10034} As used herein, "treating” can include both prophylactic and therapeutic treatment. For
expmple. therapeutic treatment can include delavifig. inhibiting or preventing the progression of
osteoparasts, andior reducing or eliminating the symptoms associsted with ostenporosis.

Prophylactic treatment ca include preventing, inthibiting or delaying the vnset of osteaporosis,

{00337 As used herein, an “effvetive amonnt® refers o an amount sufficient to olicit the desired
response. In the present invention, the desired blological response is a decregse i the fate of

home loss andfor anincrease in the bone mass or bone guality of o subject;

[0036] Suitable dosages of the present inventioninchude from about 40 o shout 1 60 g, abo 70
to about 120 g, and shoat 80 to about 100 g, administered once per day, onoe svery other day,
Uwate per woek, once per werk, onoe overy two wegks or nce per month, Phe dosss can b s
pulsatile injection, for exsmple. ance per menth which canses mismiiém%easif of singles doses

of the composition described herein,

fO037] *The subject,” as used hercin, can be mu animal, for example. & manymial, such as 2
hunsan,

[0038] A “pharmaceutically acoeptable salt™ is a salt which is suftable for administation 1o a
subjeet, stchas a human. The vpeépiiiii:s oof the present invention can have one or mote
m‘{i’i‘ﬁéhﬂ}* acidie protons that can raet with a switable srganic ot inorganic base te form a base
addition salt. Base addition salts fuclude those dévived from inorganic bases, stich as atwnaniur

oratkall or alkaline canth metal hydeonides, carbonates, bicarbonates, and the like, and organiv

bases such as atkexides, alkyl amides, alke! and ary! aoines, and the ke, Such bases are tsefl

in the preparation of the salts of this investion and fnclude, for example, sodium hydroside,
potassiunt hydroxide, amrsonium hydroxide, potassitm carbonate, and the like. Peplides of the
present invention having a suffichently basic. group, such.as an amine, can redet with an organic
or inorganic acid to form an acid addition salt: Acids commacaty employed to form acid addition

salts from compounds with basic wroups e inorgandic acids, such s hydrochiorie acid,

9
SUBSTITUTE SHEET (RULE 26)



WO 2017/007777 PCT/US2016/041016

ydrobromic acid, hydrotodic acid, sulfuric acid, phosphotic acid, and the like, and organic acids
such as p-toluenesulfonic acid, methanesulfonic aeid, oxalic acid, prhromoephenyl-sulfonic acid,
carbonic acid. suecinic acid. citrie acid, benzoic acid, acetic acid, and the fike, Examples of such
salis include sulfate, pyrosulfate, bisutfate, sulfiie, bisulfite, phosphate,
monohvdragenphosphate, dibydrogenphosphate, meia;&ha&spham,; pytophosphate, chloride,
bromide. fodide, scetate, propionate. dg:;:an@age% caprylate, aceyiate, fhi’mat&siﬁﬂbul}f?‘am,
caproate, heplanoate. propiolate, oxalate, malonate, succinate, suberate, sebacate, fumarate,
maleate, butvne-1.3-dioate, "hex_ynewi JO-divate, benzoate, chlorobenzoate, methytbenzoate,
dinitrohenzoate, hydm_xybmm&tm_ methoxyben*mam'ghthaiate; sulfonate, xylenesulfonate,
phenylacetate, phenylpropionate, phenylbutyrate. citrate; lactate, gamina-hydroxybutyrate,
glyeolate, tartrate, methanesnifonate, pmpanemfﬂnatg,. naphthalene-1-sulfonate, naphthalene-2-
sulfonate, mzmdeiateg and the like,

[0039] The compositions of the prosent invention typically do not show any, or show reduced,
side-affects such as hypercaleemia, typically do not increase the stimulation of borie fesorption at
the dosage listed above, and do not induce injection site reactions such as trritation due to thedr
neutral pH and/or non-butfered solutions. This reduction in side effects allows for

administration of higher doses than commercially available osteopsrosis drugs.

{0040} The compositions of the present invention can be administered by injection as describesd
herein,

[6041] The compusitions of the present invention may be admiristered alone, or in combination
with, an additional therapeatic agent, such asan antiresorptive therapy, for example,
bisphensphonates and calcitonin,

(0042} It will be undersiood by those skitled in the art that various changes in form and details
may be made therein to the compositions without departing from the scope of the invention

encompassed by the appended claims..
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{00431 Exemplification
{0044] Example 1

Gl Lew™™ Aib®, Ly PTHIP(1-3NH, (SEQ T
pH 6.8 without 8 chemical buffer

10045} O™, Lew™* ' Aib™ Lys™ NP THIP-34INH; (SEQ 1D NO.: 2) 5.0 me (free
base) was dissolved i 4.50 ml. of Water for Injection. The pit of the resulting solotion was
adjusted 10 6.5 by using 1% hydrochloric aeid solution and 196 sodivm hydroxide sohution and

final velume of the solution was adjusted to 5.0 mL with Water for Injection,

[0046) Example 2

vH 7.3 in phosphate buffer

(G047) [GHH, Lo AR, Lys™ M P THP(L- 34N L (S50 1D NO. 2) 5.0 myg {free
base} was dissolved in 3.0 mL of pH 7.5 phosphate buffer (10 mM, NasHPO, and NaBiPOs)

The pH of the resoliing solution was 7.5,

{0048] Example 3

161 Led®™ ™ An®, Ly P THrP(L-34NH, (SEQ 1

pH 6.5 In the presence of phenol at the concentration of 3.8 ing/mi. and without chenical

buffer

2115

0049 JGI0™, Lee™ ™A™, Lys® P IPTHP(1-34)NH: (SEQ 1D NO.: 2) 5.0 mg (free
base} was dissolved in 4.60 mL of Water for Injection conaining 5.0 mg/mL of phenol. The pH
of the resulting solution was adjusted 10 6.5 by usiog 19 hydrochionic acid solution and 1%

sodium hydroxide solution and final volume of the solution was adjusted to $.0 mb. with Water
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for Imjection containing phenol at the concentration of 5.0 mg/ml.,

10030] Example 4

(Gt ™, Lea™ W AM, ¥

33

{00317 [P, Lew® P4 Aie® Ly hpTHP(1-34)NH; (SEQ ID NGO 2) 5.0 mg (free
hasey was dissolved in 5.0 mL of pH 7.3 phosphate buffer (N B;H?f); and Nat POy 10 mM)
r:(zmain‘impﬁ&mﬂ atthe {:Gﬂm;}tratim‘,a'fji-.{}lmgfmi phenol. The pH of the resulting solution

wag / :'f

mmmtratmn nf i8 mg,f b, wﬁhfmi chemmi buifer

a j.;

[0033] [GR, Leu™ !, Aib®, Lys™ WP THP(I-34)NH: (SEQ 1D NO.: 2) 2.0 mg (free
base) was dissolved in .80 ml of Water for Injection containing 5.0 mg/mlL of phenol and 18
mg/mL of raannitol, The pH ofthe resulting solution was a{ii usted 0 6.3 by using 1%
hydrochloric scid solution and 194 sodium hydroside solution and final volume of the solution
was adjusted to 2.0 mL with Water for Injection containing phenol 4t the concentration of 5.0

mg/ml. and mannitol at the concentration of | Igmge‘fmi;;'ﬂ;wff of the resulting solution was 6.3,

10034] Example §
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[0055] {0, Lew™ ™ Ai6™, Lys™ P IhPTHEP(L-30NH: (SEQ ID NO2 2) 28 mg (free
base) was dissalved In 2.0 miL of pH 2.5 phosphate bufter (NasHPO and Naﬁgi’{}ag 10 midy
containing phenel at the concentration of 3.0 mg/ml. and mannitol af the toncentration of 3
ma/mib. The pH of the resulting solotion was 1.5,

{00456] Example 7

m‘z* l u ngiL&M\ s.;f} gﬁ;hPTHr?{!aggiwllz {Sﬁ y K} &(}
pH7.S in the

concentration of 18me/mi., without chemical buffer

-2) formulation with

wresence of phenol at the concentration of 3.0 me/mL snd mannitol at the

{0037] G, Lew™ ™, Aib™, Lys™  hPTHP(1-34)NH (SEQ ID KO 2) 4.0 mg fire
base) wax dissoived in 3.6 mb.of Water for Injection containing 5.0 mghnk. of phenoland 18
mg/ml of wannitol. The pH of the resultng solation was aﬁ;ﬁs&a& o 7.5 by using 1%
Tydrochlonc acid solution and 1 mrst}dmm? hydragide selution and final vahime of the solution

mg{mw and § Smg.% ml of nannite i.,‘ The p}i ;mi the r&suiimg spimwa was 7.5,

Table 1. Formulations of fGIe™ Lew™ ™ Aip®, [y NPT THEPO-34NH: (SEQ IDNO: 2)

?ZJ

“’mﬁa*sm of {Glu pH Buffer | Concentration | Phenol | Mannitol
' KEH& :‘ ¥ évAﬁ)h,’ o Qf 33&}3’&&(12 3 ﬁ(}hceﬂt{aﬁan 'anaeﬁtfatiﬂﬂ,
i, lmgmi) | mg/ml) g/l
(SEQONO22) | | A o
Example § 85 None o e e
‘Example 2 751 Phosphate 1o e
Exampla 3 65 None T R T e
Example 4 75 Phosghate | 10| 50 | Wonme
 Beample s e Mone w7 50 18
Exaniple § L5 iFhms@ﬁatéi : 10 TR R | T
Exampie 7 75 T T TR =
[0058] Example 8

Injection site reaction studies in athvinic nuds mice

LR e S T AT A Y
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{0039] Eight groups of athymic nude mice (Charles River Laboratories International, Inc.,
Wilmington, Massachusetts). 3 animals per group, were subeutaneously (.6} administered with
the formulations of [GR™, Law™ ¥ Ait®, Lys MJhPTHIP(1-34)NH: (SEQ ID NO.: 2)in
Examples 1,2.3,4. 5, 6and 7, respectively. The injection schedule for each animal group was
onge daily for $ consecutive days. Syringes with 33 gauge needles were used for the Injections,
After sach injection, the injection site was visually inspected 1o dentify any injection site
reactions such as redness, swelling and/ar bruising. No injection site reactions were observed for
any of these formulations tested (Table 1.
{0060 Example 9

Injection site reaction studies in r

[D081] Groups of New Zealand Albino rabbits (Charles River Laboratories International, Inc..

Wilmingion, Massachusetis), 2 animals per group, were subcutanconsly (s.2.) administered with
the formutations of {Gh™, Lev™ ™, Aib®, Lys  “IPTHIP(1-34)NH, (SEQ 1D NO: 2 in

Examples 1, 2.3, 4,5, 6 and 7. respeciively. The injection schedule for each snimal group was
once daily for § cansecutive days. The injection volume was 100 pL per njection per animal.
Syringss with 30 pauge needies were used for the injections. After each injection, the in}@cﬁ;}n
site was visually inspected to identify any injeetion site reactions such as redness. swilling or

bruising, ‘No injection site reactions were observed for any of these formulations tested.
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Table 1. Injection sits reaction study®

 Jormulatonof Injsction Trestment | Subcotaneous injection

{ﬁ;i%u*: ;’ et A volume period sitereactions {8.g.,

L™ P THP I H}‘\H« (ul) {davs) redness, swelling andior

(SEQIDNO: Y _ , ‘ bruising)

Example'] 20 X ' Nong
Example 2 ' 30 5 ‘ None
Example 3 B 20 3 None
Example ¢ 20 5 None
Example § ' 20 5 Kine
Example 8 N ' 5 Mone
Example 7 | 20 3 Notie

* Athyriic nude mice {Charles: szr Laboratories. memamna Tne., Wilmington,

’%5&*&!& husm»} - anismals per goup, were subeutanconsly adiinistered with the formulations of
A Le™ L ARY, L™ “‘}h&*;m?u 34INH (SEQIDNO: 2y in Exemples 110 8,

respectively, once datly for 5 day

LR
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Clgims

What is clatmed i

1.

t.J

o

{},

A composition suitable for administration to a sublect comprising 4 PTHP analogue baving
the sequence [Gla™, Lew™™ ! A, Lys™ ] hPTHIP(-3ONHLSEQ 1D NO.3), wherein
the pH of the compositionis ina range of ahout 3.5 10 about 8.3

provided that wherein said composition does not contain an effective amount of a pH bufler

for maintaining the pH in o cerain vange,
A composition sceording to claim 1, whereln said pH is fromy about 6.0 to about 8.0

A mﬁ%paaitian apcording o claim 1, wherein said pid % ubout 6.5,
A composition according to claim 1. Rether comprising an effective amount of an anti-

microbial sgent

A storage-stable composition acoording to elaim 4, whesein said anti-microbial azent is

phenal.

A compesition according to claim S, whersin said phenol is present ina soncentration from

about {1,258 tg/mi, to about 7 me/ml.

A epmpgsition according toclaim 5, wherein said phenol is present fn 2 concentration of

gbout § mgfml,

Accomposition aceending to el 1, wherein said PTHP analogue s present &

congentration from shout 1.1 mpfml to abont 10.0 mgfml.

A vemposition according toclatm 1, whersin said PTHrP analogue is present in @

congentration from about 1.0 mefml to abowt 2.0 mp/mL.
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A composition according to any one of elaims 1-9, Rurther comprising a effective amomt of

an isotonic sgont.
11 A composition according to claim 10, wherein said isotonic agent is mannitol,

12, A composttion according to elaim 11, whereln said mannitol is present in a concentration

fromm about 10 mg/ml. 1o about 60 mpfml.

13, A methed of treating osteopornsi€ in & subject in need thereof comprising the administeation.
S . . R .o e e : A ) ! g 2RO
ty the subject 2 composition comprising a PTHP analogue having the sequence [Gla™,
1 RS R Aot PIIR T AT X e 1] ¥ ol e o ‘ e Ay I PR R T
Lew™ S aip, v SEIBPTHIP3EINHL (SEQ D NO.2), whersin the pH v the:

composition is in a range of about 3.3 to abomt 8.5

provided that wherein said composition does not contain an sffective smount of a pH huffer

for mainiaining the pH in 8 conairangs,

14. The methed according 1o elsim 13, whersin said subjest is administered the compostiien by
single daily subcutansous injection of e amount of said compuosition contatning from abost
70 terabout 120 pg ol fOR™H, Lew™ ™ AR Lys™ P THP(1-34)NH: (SEQ D NG,

5. The method aceording to claim 13 wherein said composition further comprises phenol in a

concentration from about 8.25 to sbout 7.0 mgfnl..

16. The methad aceording to claim 13 wherein said composition further comprises niannitol in a

concentration Fom abowt 18 mgdml. o about 60 mgrnil.,

17, A composition suitable for administration 1o a subjest comprising a) & PTHrP wnalogue
2 e : Y 1:3,’3 u:\, B .\.“‘ . ' hs :i} TE T SR R G TEEN S Y Ty ) S
having the sequence TG, Lea™ ™M AW, Ly PRPTHPU-30NH2 (SEQ 1D NOIy;
and b) an effective amount of o pH buffer tomaintain the pH in a range of about 7.3 to about

&3

18, The composition aceording to claim 17, wharein said pH is nbout 7.3,

17
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19. The composttion sccording to claim 17, wherein said pH butfer is a phosphate buffer.

20, The composition accordi g to ol aim 19, whereln said buffor ix present in a concentration
ranige of abont 1 mM 1o sbout 100 mM.

21, The composition aceording to claim 17, further comprising an effective amount of phenal v

a congentration from sbout 0.3 mgiml to abost § mafml.

22. The composition secording to elaim 17, funbier comprising an effective amount of mannitol

i a conceniration from about 10 migfml. to about 60 mafmL.

18
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