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Phanmaceutical composition comprising g GLP-1 agonist and methionine

The preserd appiicstion relates io a llguid composition comprising 2 GLP-1 agonist

T

i

aast nne

P

srfand & pharmacologically tolerabie salt thereof and, optionaily, at
oharmaceuiically acceptable excipient, wherein the composition comprises

mathicning.

The presant apolication further ralates 1o the composifion according 1o the present
invention for reating diabetes meliifus. The present application further relales to the
use of a composition according o the present nvention in the manufacture of &
pharmaceutical for frealing diabetes mellitus, The present application further relales
to a method for manufacturing s composition according 1o the present invention,
comprising formulating 2 GLP-1 agonist or/and & phamacologically tolerabls sall
thereo? with methionine and, optionally, at isast one pharmaceutically accepiabie
sxcipient. The present application further relates to a method for freating a patient
with & composition according to the presend invention, comprising administering the

composiion to the patient.

Custorary compositions of GLP-1 compounds comprise & tonicity modifier, a buffer

for adjusting the pH, and a praservative.

WOZO01/04156 (Zealand Pharmaceuticals) discioses & liguid composition of Ser™.

exendin-4{1-39)>-NH:), sodium dinydrogennhosphate, and preservatives.

W 2004/035623 (Zealand Pharmacsuticals) discloses a liquid composition
comarising 2 stabllized exendin, 50 mM histidine, 100 to 200 mM sugrose, mannitol
ot other accaptable sugar, 20 mM methionine, 20 mM asparagine-glutamine or Asp,
atapHof 5.3 Stabilization is effected by certain modifications of the amine acid
bullding blocks of exendin-4{1-32}, for e:xamp%éa,' at positions Gint3, Meti4, Trp25, or '

Agn2a,
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WO 2005/021022 (Novo Nordisk) discloses a liguid composition comptising
acetylated GLFP-1, phenaol as g preservative, mannitol and glycero! as a ioniclty
modifier, and, oplionally, a buffer.

WO 2006/051110 {(Novo Nordisik disciosas liguid compositions comprising lragiviide
(GLP-1 compound}, poloxamer 188 or poloxamer 407 (Pluronic F-127) ag g surface-
active subsiancs, phenol, g);c};}y“ﬁ e glyeol, and sodium phosphates (pk 7.7, Addition
of poloxamer-188 or poloxamer407 led to stabilization.

Exending ars 2 group of peptides which can bwer blood glucoss concentrations.
Exending have a ceriain similarity io the sequence of GLP-1{7-36) {53%, Gokes ef al,
J. Biol Chern 268, 1885085}, Exendin-3 and exendin-4 stimulate an increzse in
celtular cAMP production in the acinar celis of the guinea pig pancrsas by intsracting
with exandin receptors {Raufman, 1998, Reg. Peplides §1:1-18). Exendin-3, in
contrast to exendin-g, effects an Increase in the release of amyilase in the acinar celis

LAk

of the pancreas. Exending act as GLP-1 agonists.

Giucagon-ike peptide 1 (GLP-1) is an endocrine hormone which enhances the
msulin response following oral intake of glucoss or fat. in general, GLP-1 lowers
ghacagon concentrations, slows gastric emplying, stimulates (projinsulin synthasis,

enhances sensitivity to insulin, and stimulates insulin-independent gliyoogan
synthesis (Holst (1989}, Curr. Med. Chem 61005, Nauck ef al. {1887) Exp Clin
Endociing! Diabetes 105: 187, Lopez-Delgado et al. (1988) Endocrinology 139:2811
Fuman GLP-1 has 37 amino acid rasidues (Heinrich et al,, Endocrinel. 115:2776
[1984), Uttenthal et al., J Clin Endocrinol Metabol (1885 81:472). Active fragments of
GLP-1 include GLP-1 (7-36) and GLP-1{7-37).

Exendin-3, exendin-4 and exandin agonists have been proposed for reating diabstes
mellitus and preventing hyperglycemia, by reducing gastric maotility and gastric
amplying (US 5,424,288 and W0OB8/05351).

Exendin analogs can be characterized by amino geid substitutions and/or C-terminal
truncation of the native exendin-4 sequence. Such exendin analogs are described in
WO 99/07404, WO 99/25727, and WO 08/25728,
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Solid-phase synthesis of AVEQ010 is described in WO 01/04156 A1. AVEQO10 has the
sequence: desProSGexendin—ctU -39)-Lysg-NH,. This substance is published as
SEQ 1D NO:93 in WO 01/04156:

H-G-E-G-T-F-T-8-D-L-8-K-Q-M-E-E-E-A-V-R-L-F-l-E-W-L-K-N-G-G-P-S-S-G-A-P-P-S-
K-K-K-K-K-K-NH (SEQ ID NO:1)

Exendin-4 (39 AS) has the sequence:

H-G-E-G-T-F-T-S-D-L-8-K-Q-M-E-E-E-A-V-R-L-F-I-E-W-L-K-N-G-G-P-S-S-G-A-P-P-P-
S-NH, (SEQ iD NO:2)

Exendin-3 has the sequence (J. Bio. Chem., 267, 1992, 7402-7405):

H-His-Ser-Asp-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-Lys-Gin-Met-Glu-Glu-Glu-Ala-Val-
Arg-leu-Phe-lle-Glu-Trp-Leu-Lys-Asn-Gly-Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-
NH; (SEQ ID NO: 3)

GLP-1 has the sequence:

H-A-E-G-T-F-T-S-D-V-8-8-Y-L-E-G-Q-A-A-K-E-F-1-A-W-L-V-K-G-R-NH,
(SEQ ID NO: 4)

It is an object of the present invention to increase the stability of liquid formulations
comprising a GLP-1 agonist. More particularly, it is an object of the present invention fo
improve physical and chemical integrity. We have found that this object is achieved by
formulating the GLP-1 agonist with methionine.

Summary

In a first aspect, the present invention refers to a liquid composition comprising a GLP-1

agonist or/and a pharmacologically tolerable sait thereof, wherein the GLP-1 agonist is
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desPro*®exendin-4(1-39)-Lyss-NHz, and wherein the composition comprises methionine,
the composition is free of histidine and the GLP-1 agonist is in an amount of 0.01 mg/m|
to 1.5 mg/mil.
In a second aspect, the present invention refers to a liquid composition of the present
invention for use in the treatment of diabetes mellitus. In a third aspect, the present
invention refers to the use of a composition of the present invention in the manufacture
of a pharmaceutical for treating diabetes mellitus, more particularly type 1l diabetes. In a
fourth aspect, the present invention refers to a method for manufaciuring a composition
of the present invention, comprising formulating a GLP-1 agonist or/and a
pharmacoiogically tolerable salt thereof with methionine.
In a fifth aspect, the present invention refers to a composition of the present invention
for use as a pharmaceutical.
in a sixth aspect, the present invention refers to a use of the composition of the present
invention in the manufacture of a pharmaceutical for treating diabetes mellitus and/ or
obesity, wherein said pharmaceutical is to be administered fo a patient in need thereof
with metformin and/or a pharmacologically tolerabie salt, a sulfonylurea and/or a
pharmacologically tolerable salt, a glitazone and/or a pharmacologically tolerable salt,
and/or a long-acting insulin and/or a pharmacologically tolerable salt or a combination

thereof.

It was found that methionine is able to increase the storage stability of a composition
comprising a GLP-1 agonist such as AVEQ010. Methionine does not affect the physical
infegrity of these compositions.
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it was found that, surprisingly, the addition of methionine is able to Improve the

storage stability of & composifion according to the present inventon by reducing the
proportion of oxddation products of methionine, of g}?’@%einé of high molecular welght,
and of total inpurities. These parameters are, individually or together, 2 measure of

the chemical integrity of the compuositions.

i was further found that, surprisingly, the bioioglcal activity of the compositions

according o the present invention is Increased by the addilion of methioning

The siability of pharmacaulically aclive polvpeptides can be impaired by various
mechanisms, These include pH, Ismperature, lighi, and the effects of carlain

constiuents,

A range of custornary constituents of formulstions of GLP-1 agonists can be
disadvantageocus for the chemical or/and physical integrity and the storage stabiiity of
formulations which comprise a GLP-1 agonist. These are, for example, polysorbale
20, polysorbats B0, poloxarmner 188, benzalkonium chioride, and lysina. The
compositions according io the present invention are therefore preferably free of these

corstiivanis,

The present invention accardingly provides for 2 Hguid composition comprising a
1L P-1 agonist or/and a pharmacologicelly tolerable sall thereof and, optionally, at
ieast one pharmaceutically acceptable excipient, wherein the composition comprises

methionine.

The compaosition according to the present invention preferably comprises methioning
in an amount ranging from 0.5 mg!mh o 20 mo/mi., more oreferably in an amaount
ranging Tfrom 1 mgfml o 5 mg/mi. Methioning in the D-form can be used. Likewise,
methionine in the L-form can be used, Likewlse, mbdures of the Ddorm and the L-

form in any desired proportions can be used.

More particuiarly, the composition according 10 the present invention is fres of
urfactants, such as polyols and partial and fatly acid esters and sthers of polyhydric

alcohols such as those of giyoarol and sorbiiol. The compositions according o the
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present rvention are maore particularly free of partial and fatly acid esters and ethers

, . ” .y o SR 3
of glycerol and sorbiiol selected from the group consisting of Sapa:";@, fwaen™,

AT ¢ R <3 - . v . . A
My?je, Brij~, Qremﬁphm*@, rurthermore, the compositions acoording o the present

¥y

mvention are more partfcularly fres of polvols aslected from the group consisting of
nolyprobylene giveols, polyethylene ghreols, poloxamers, Pluronics, Telronics. More
parlioutarly, the composition according  the present invention is free of al least one
substance selectad from the group consisting of polysorbate, polysorbate and
poloxamar,

More parifculatly, the composition according o the present invention is substantially

from, preferably free, of polysorbate, such as, for example, polysorbeie 20.

Mors parficularly, the composition according to the present invention is substantially

free, preferably free, of polvsorbate 80,

More particularly, the compesition according to the present invention is substantially

free, preferably free, of poloxamer, such as, for example, poloxamer 188,

More parficularly, the composition according o the present invention is substantially

-free, preferably free, of benzalkonium chioride.

More particularnly, the compoesition according 1o the present invention is substantially

bor)

free, preferably fres, of histidine.

iMore particuiarly, the composiiion according to the present invention is substantially

free, preferably free, of EDTA, more particulardy sodium EDTA.

The composition according to the present invention can comprise ong of more
subsiances which are customarily used to buffer the pM (buffer substances).
Exainples of such buffer subsiances are acetale, citrate, and phosphats, for
example, in amounts of up fo & mg/ml, up fo d mgimi, up to 3 molml, orup o 2

mgfmi.
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The composition according to the present nvantion can, ikewise, be substantially
frea of buifar substances. Likewise, the composition according fo the presant

irrvention can be free of buffer substances.

Tha composition according o the present invention can be substantially free of

citrate, goetate, and/or phosphate, or else free of cltrate, acetate, and/or phesphate

Miors particularly, the composition aceording to the present invention s substantially

fres, preferably free, of histidine and sodium EDTAL

More particutarly, no insulin is present in the composilion according o the present

invention.

The pharmaceutical composition of the present invention can have an acldic o
ohysiclogical pH. An acidic pH range is preferably in the range of pH 1-8.8, oM 3.5~
6.8, or pH 3,5-5. A physiological pH is preferably in the range of pi 2.5-8.5, more
areferably oM 4.0 to 8.5, even more preferably pH 4.0 {o 6.0, Especially preferradis a
pH of approximately 4.5, For pH adjustment, physiclogically safe dilute acios
(typically HCI) and alkalls {typically NaOH) are sultabile

The composifion according o the present invention can comprise g suiiable
preservative. Suilable preservatives are, for example, pheno!, m-cresol, benzyl

atcobhol, end/or p-hydroxybenzoale esters. m-Cresact is praferrad.

Furthermore, the composilion according fo the prasent invention can comprise
suftable tonictty modifiers. Suitable tonicity modifiers are. for exampie, giveerol,
dextrose, tactose, sorbitol, mamilol, giucoss, NaCl, calcium or magnesium

compounds such as CaCl, etc. The concentrations of glycerol, dextross, lactose,

sorbifol, mannitol, end glucose are customarly in the range of 100-25C mii, NaCl in

a conceniration of up to 180 mM. Glycerol is preferrad,

More parficutarly, the composition is intended for parenteral administration. The

composition according to the present invention s preferably an injectable
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somposition, mors preferably for subcutaneous infection. More pariicularly, the

composition of e present invention is suliable for injection once & day.

More particularly, the formulation according © the present invention has, after

storage for 1 month, 2 months, 4 months, or 8 months g a lemperature of +5°C or

2570, an aclivity of af isast 80%, af least 90%, al least 88%, or at least 88% of the

(i~

-

activity 2t the siart of slorasgs.

in the present application, "activity” means the sciivity of the GLP-1 agorist which

&

usead in the formudation according to the present invention. Methods Tor ﬁ@’i@gﬂméning

the activity of & GLP-1 agonist are knowr 1o & persan skilled in the arl.

Praferably, the composition according o the present invention has a biclogical
activity of GLP-1 agonist of al least 9% or &t least 90% after storage for 8 months at
25°C. The composifion acoording io the presant invention preferably has a biological
activity of GLP-1 agonist of at lsast 45% or at lsast 50% sfier storage for & months at
40G°C.

More particularly, the formuistion according o the present invention exhibits chemical
integrity after storage for 1 month, 2 months, 3 months, 4 months, or § months
Chemical infegrity means, mors particuiarly, that after storage &t 2 tamperature of
+5°C, 2B°C, or 40°C the formulation comprises at least 80%, at least B0%, at least
05%, or st lsast 98% of the active substancs, compared with the siart of storage, in a
substantially chemically unchanged form.

Chemical integrity can maan the chemical integrity of the GLP-1 agonist. GLP1
agonizts may comprise a methionine residue (&.g. position 14 in AVEDG1O.
Chemical infegrify of the GLP-1 agonist means, more pariicularly, that oxidation of
the methionine residue is prevented, Here, chemical infegrity means, more
patticularly, that the preporiion of oxidized methionine with resped {o the entlire
methionineg content of the GLP-1 agonist after storage for 1, 2, 3, 4, or 8 months is
betow 0.7%, below 0.6%, balow §.5%, below 0.4%, or below 0.3%. Slorage can be
effectad, for example, gt 5°C, 28°C, or 40°C, Slorage for S months st 5°Cis

preferred, in which case the proporiion of oxidized methionine is below 0.3%
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tikewise, si;ez}ra‘ge for 8 months at 25°C is preferred, in which case the proportion of
oxidized methionine is balow 0.7%, beiow 0.8%, below 0.5%, below 0.4%, or below
5.3%. Likewise, storage for & months at 40°C is preferred, in which case the
nrapartion of oxidized methionine is below 1%, below 0.7%, below §.8%, below
0.5%, below 0.4%, or helow 0.3%.

Chemical integrity can mean a very low proporiion of total impurities in the
formulation according o the present Invention, The proportion of total impurities with
regnect o the entire mass of the GLP-1 agonisl present i the formudation afier
storage for 8 months at 40°C is more particutarly below 50%, below 10% after

storage at 25°0, orfand below 1.8% afier siorage st 5°C.

Chemical integrity can mean g very low proportion of projeins of high molecular
welght in the formulation according to the present invention. The properiion of
proteins of high molecular weight with respecito the entire mass of the GLP-1
agonist present in the formulation after storage Tor 6 months at 40°C 8 more
sarficuiarly below 5%, below 4%, below 3%, or below 2%, After storage for 6 months
at 25°C, the proportion of proteins of high molscular weight with respect to the entire

ass of the GLP-1 agonist present in the formulation s more parficularly below
0.8%, below 0.7%, or below 0.8%.

More particuiarly, the formuiation according o the present invention axhibiis physical
integrity after storage for 1 month, 2 monthe, 4 months, or € months. Physical
integrity means, rmore particularly, that after 's‘%,orage at @ temperature of +5°C, 25°C,
or 40°C the formulgtion comprises at lsast 80%, af lsast 80%, al least 05%, or af
lmast 98% of the aciive substance, comparad with the start of slorage, in a

substantfally physicaily unchanged form,

Phvsical integrity can mean the integrity of the GLP-1 agonist, Physical integrity
means, mors particularly, that the GLP-1 agonist does not form aggregates, such as,
for example, fibriis

The GLP-1 agonist is preferably selecied from the group sonsisting of exendin-3 and
#

analogs and derivates thereof, exendin-4 and analogs and derivates thereof, and in
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which case the GLP-1 agonist is more preferably selected from the group consisting
of AVEQD1T and exendin-4.

Exendin-3, anaiogs and derivates of exendin-3, exendin-4, and analogs and
derivaiss of sxendin-d can be found in WO OH04156, WO 8830231, US 5424 286,
EP apolication 88 810043 4, and WO 2004/00534Z. These documents are
incorporated herein by reference. The axendin-3, exendin-d, and analogs and
daerivates thersof described in thesse documents can be syrihasized by means of the

methods desuribed therein, sfter which modifications are oplionally carmied out.

The sequences of AVEQRDTD (BEQ D NO), exendin-4 (SEG 1D NG2), and exendin-
3 {BEQ D NO3) show 2 high degree of similarity. The sequances of AVEDDTD and
exendin-4 are identical at positions 1-37. Sequence 1-38 from exendin-4 1s at 37 of
the 30 positions (84%) identical {o the exendin-2 sequence af posifions 48-88. With
refarence to the sequences, a person skilled in the art can readily convert the
pasitions specifisd herein, which relale to a particular sequence (e.¢. to the sequence
of AVEQD1D or exendin-4}, io other sequences.

Analogs and derivates of exendin-3 orfand exendin-4 contain more particularly &
maodified arine acid seguence. For exampls, single amine acids can be deleted (a.g.

desProds, desProd7, deshAsp2, deshMet{0)14 in exendin-4 and the corresponding
positions in exendin-3). Likewise, single posifions can be substituted (.. i\fie‘%ﬁ{@}m,
Trp(Oy )25‘ Egﬁﬁsp‘zgs &5;}28’ mege‘ i exendin-4 and the corresponding positicns in

exendin-3}, in which case unnatural amine acids such as Met(O) (methionine

ulfoxide or methionine sulfone}, Tro(Os) (N-formylicynurenine), or/and Isohsp (B~

aspartale or isoaspariaie) can also be used. Unnatural amino acids can be readily
insertad, in the form of corresponding amine acid building blocks, info the sequence.
Furthermore, the C-terminus orfand the N-terminos can be modified, Tor example, by

an additional sequence such as ~(Lys), -(Lys)y-, ~(Lyslg-, -(Lysiy-, -(Lys)s-. -{Lys)g-.

~Asn-{Gluls-, n which case -(Lys)s-, ~(Lygig-, - é.y’s’jg-« , ~Aan-(Giu)e- are preferred.

.
&

2o

The carboxyi group at the C-terminus is preferably modified 1o an amide group (-

NH»j. Optionally, modification of the C-terminus orfand of the N-terminus is cartied

out a5 g further step after compiation of synthesis.
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Bharmaceutically folerable saits can be manufactured in a further step after
completion of the synithesis oyeles of the method according o the present invention,
The manufacture of pharmaceutically tolersble salts of peplides is known 1o & person

sidliad in the art, A preferred pharmaceutically iolerabie sall is acelate.

The GLP-1 agonist is preferably selected from the group consisting of exendin-4,

analogs and derivates of exendin-d, and pharmacologically ivlerable salls thereol.

2 further preferred GLP-1 agonist is an analog of exendin-4 selected from the group
consisting of
38

HedesPro™-exendin-d-Lysg-Nits,

36,37,

F-des{Pro rexendin-d-Lys -,

M- de:{?rrgﬁ 37 Fexand s’%~4~w yog-NHo and pharmacologically tolerable saits thereck.

A further preferred GLP-1 agonist is an analog of exendin-4 seleciad from the group
consisting of:
desProCiasp?Plexendin-g (1-39),
desPro ofisoAspeClexendin-4 (1-30),
dea%’“?m%ﬁ\f%ei{{,})wAsﬁngiemndm@ (1-383,
desProoC e 04 soAsn?Clexendin-g (1-39),
desPro [ Trp(0,)77 Asp?Plexendin-2 (1-39),
5

dea?’ra:%'ﬁﬁrp(oz)g“’,isc;Asngiemﬂdiﬁ»fa {1.39),

-

desPro et 0) 4 Tm(0,170 Asp Plexendin4 (1-39),

I

dea?rg}gﬁ{mﬁei:(@)14?{;)({}2}25,isaﬁ‘sg:”?’]exend 1-38) and pharmacologioalty

otarable salits thersof.
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A further preferred GLP-1 agonist s an analog of exendin-4 selected from a group as
described in the previous paragraph, wherein the peplide -Lysg-NHy, s atlached to

ES

the C-termini of the analogs of exendin-4.

A further nreferred GLP-1 agonist is an analog of exendin-d selacted from the group

consisting of;
-{Lysig- dms?tc}‘:’b’mpza lexendin-4{1-38)-Lysg-NHy,
2 35 3 & ¥ 5 N R LK
ﬁsesés;“g@m‘%:F‘f’a'a‘j?,?mg“"ax@ndmmég P38 NH,,

Y x
96 0087 proBipasp?

C‘f.}

H-(Lysjs-cesPro lexendin-4{1-3¢+-NH,,

H-Asr-{Glu)sdasPro™® Pro®! Pro®Biasp®Sexendin-A(1-30)-NHs,

d es?*mgﬁ, F;‘&&?,ngg{ﬂ.&xg%}eﬁeﬁ{ﬁﬁ@{ 138 (Lys)g-NH,,

H-(Lys)g-desProS® pro” Pro®¥asp?lesendin-4(1-39)-(Lys)g-NHy,,
H-Asn-{Ghu ;mdcspm“ﬁ Pro®’, Prosgiﬁsg‘}“g}exemém 4{1-38)-{Lys)g-Nko,

?-%F(E.,_am}g»d@@?mﬁg{“?rp{c}g}%,Asp?8 exendin-d(1-38)-Lysg-NiHy,

H-desAsp=® PraSC ProST ProStTpl0, ) lerendin-4(1-38)-NHo,

H-(Lvs )g—d@gPro‘?’“ prod? @rwggﬁ"rp({} }? 25 4 ﬁszg}eAéﬂdiﬁ 4{1-38)-NH-,

H-Asn-(Glu)s-desPro®® Prod7 Pro®®Trp(0,17% Asp?Blexendin-4{1-38)-NHy,

desPro®® Pro®? ProSBTim(0, 10 Asp?Clexandin-4(1-39)-{Lysig-NHy,

H-(Lys)g-desPro®® prod7 Pro®BTip(0,)7° Asp?Clexendin-a(1-38 HLys)g-NHo,

H-Asn-(Glu)g-desPro®® Pro®7 ProdTrp(0,)7° Asp?Plexendin-4(1-39 - (Lys)g-NHo,

H—{Ly@}gdespm%iﬁi%et({}ﬁ @,Asng}emndinad{ 1-38)-Lysg-NHs,

desMet(0) 4 Asp?® pro 3 Pra®7 Pro®exendin-4(1-39)-NH,,
{Lys)s-desPro®® pra 37 pro®en0) " AspCexendin-4(1-39)-NH,,

H-Asn-(Glu)g-desPro 0. Pro®” Pro®8iven0) ' ssn?® exendin-4(1-39)-NHs,

GesProS0 Pro” ! ProSSiMet(0)14 Asp?Blexendin-4(1-38)-(Lys)g-NHo,
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H-{Lys g aa&?;ada Pro°’ p Nim{i} Asg}zg}exemimwﬁfﬁ»39}&3&6%?&21
H-AsredGlu g«d%?md@ ProS? *{:“’%ﬁf?@ﬁ 0314 £sp?® exendin-4(1 -39)(Lys)g-NHs,
H-(Lys)g-desPro O iet(0) 14, Tro(04)7° Asp®iexendin-4(1-39)-Lysg-NHy,
desAsp oProeC Prod ! ProSimMet( ), Trol0g)* lexendin-4(1-38)-NHo,
t(Lys)g-desPra®® ProdT Pro et )4, Tro(04)2% Aep?Plexendin-4{1-39)-NHs,
H-Asn-(Glus-desPro0 Pro® | Pro®ietf0) ' Asp?®) exendin-4(1-39)-NHs,
d%?}m%,zmmﬁP%’«:}-‘%‘ggi\!ﬁe‘g{ Q}ﬁ Trp((}z}g & Asg}:’zg}emmﬁm@(%~-39}-m{§“y3}@h§\§%%2¥
H-(Lys)g-desProOF 087 proB8nme a1 ® Tep(05)2% Asp®Sexendin-4(1-30)- (Lys)g-
NHo,

H-Asn-(Gi)s-desPro®C, Fro®7 proS8met 0y Tin(0,)%0 Asp?Plexendin-4(1-30)-

(Lys)g-hH, and pharmacologically tolerable salis thereof.

Likewise, the GLP-1 agonist can be selected from the group consisting of GLP-1 and

anaiogs and derivates of GLP-1. Afurther preferred GLP-1 agonist is selected from

the group consisting of Arg :_ywﬁ{f‘aig(\gwgiummww ~hexadecanoyi HGLP-1{7-37)
liraglutide] and a pharmacologically toierable salt thereot,

A& further preferred GLP-1 agonist is AVEDG10. AVEDDTD has the seguence
de-sProgﬁezxeﬂdinA(?m8§}~Ly55~FdH2 (SEQ NGO, Likewise, pharmacologically
iolerable salts of AVEDD10 are preferred.

The GLP-1 agonist, for sxample AVEDDTD, is more particularly used in an amount
ranging from 0.01 mg/mi to 0.5 mg/mi or 0.05 mg/mi to 1.5 mg/ml.

in a particular embodiment, the formulation according to the present invention
comprises the following constituents:

(&) ciaspm%

exendin-4(1-38)-Lysg-NH, (2.g. approximately 0.1 mg/ml},
(b} sodium acetate trihydrate (approximately 3.5 mg/ml),

(¢} m-cresol (approximatsly 2.7 mglmb),
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(d} L-mesthionine (approximatsly 3 mgfmb),

(&) 5% giycerol {approximately 15 mg/mi),

iy approximately 0.1 N hydrochione acid, i adiustiment 1o a pi of approdimately 4.5

i reguired,

{0} approdématsly 0.7 N NaOH solution, ¥ adjustment 1o s oM of spproxdimetely 4.5 s
raguirad, and

wier

=

)

More parictlarly, the formulation according to the present inverntion consists of the

constifusnts mentioned in {a) o (h).
In the preserd application, "approximately” means that the constituends can be
oreseant, for example, within the ranges of £10, 220, or £30% zround the specified

valuas in the compositions according to the present invention.

if the composition according to the present invention comprises more than one GLP-

1 agonist, then these GLP-1 agonisis are selected independently of one another,

Suttable packaging for the composition according o the present inveniion Is, for

axample, a syringe or a giass vessel with a sulfable closure, from which individusl

therapeutically effeciive doses can be withdrawn as needed. Equally suitable are
injection pens for adminisiering doses; such pens comprise a container (8.g. a
cariridge’ which contains & pharmaceutical composition according to the present

invention,

The present invention further provides for 2 method for treating a palient with a
composition according to the present Invention, comprising administering the

composition to the patient.

The composition according o the present invention is intended more particularty for
freating diabetes mellitus, more particularly for realing type | or type Ul disbsies
meliitus. Further possible indications are symploms which are associated with

diabetas meliitus, Preferably, the composition according to the presant invention is

used to control the fasting, postprandisl, or/and postabsorptive plasma glucose
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conceniration, to improve glicose iplerance, 10 prevent hypoglycemia, o prevent
functional loss of the B-calls of the pancreas, to effect weight loss, aorfand o prevent

weaight gain.

The present inverdion further provides for the use of B composition according o the
present invention in the manuiaciurs of a phamaceutical for reating disbsies

reditus, mors particularly type T or type U, orfand the symploms associaled with i, as

dagsoribed harsin.

The present invention further provides g method for manufaciuring & composit
according o the present invention, comprising formulating a GLP-1 agonist orfand a
nharmacologically tolerable salt thereof with methionine and, oplionally, &t least one

pharmaceutically acceptable exciptent.

The present invention further provides for the use of the composiiion according 1o the
sresent invention together with the administration of metformin, sulfonyviurea, or

B =

titazones, a long-acting insulinfinsulin derivate, andfor a2 combination thersof, more
g ¢ €

particutarty as an add-on tharapy in the administration of metformin.

The present invention further provides for the use of the composition according io the

sresent invention in patients whose blood sugar levels cannot be controlied
sufficiently by the administration of metformin, sulfonyiures, or glitazones, a long-

acting insulin/insulin derivate, and/or a combination therest,

The present invention further provides for the use of the composition according o the
oresent invention in patients with iype {l diabeles as a2 supplement fo & diefl in order

to improve blood sugar control.

WMore particularly, the composition comprises desPro™ exendin-4(1-38)-Lyse-NH,
(AVEDDDY, raglullde and/or & pharmacologically olerable sal together with
methioning and/or a pharmacologically tolerable salt,
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More particutarly, Lartus® NE52° _setradecanoy! des (B30) human insulin, or

insurnan® s useful as & long-acting insulin derivative.

Especially preferred iz the add-on tharapy with metformin andfar & long-astin

A

nsulin/insulin deddvate andfor a pharmacologically tolerable sall thereof for reating

Ve |

§
[
years and/or have a body mass index of at least 30

'H

*

iabetes and/or ohesity, more particularly in patients who are younget than 50

In the present invention, the add-on therapy involvses more particuiarly the treatrment
of typa i disbetes with metiormin and AVEDRDI. Metformin and AVEDGIO can be
adiministerad in a time infervet of 24 hours. Metiormin and AVEQD1G can sach be
adminisiered in a once-a-day dosage. Metformin and AVEDD10 can be adminisiersd
by means of differant routes of administration. Metformin can be administered orally,
AVEDD10 subcutaneoustly.

Fatients treated with the add-on therapy acoording o the present invention can have
an HbAtc value in the range of 7% in 10%. They are preferably in the age rangs of

18 to 50 years,
The use in the add-on therapy according to the present invention is more particularly
appiicable to patients in whom type 1l diabetes cannot be sufficiently controlied with

metformin slone.

More particularly, metformin is administerad ss follows: at least 1.0 g/Gay. preferably

at least 1.5 giday for 3 monthe.

The invention s further slucidated by the Tollowing examples ang figures,
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Legends

Figures 1 and 2 show the percentage content of oxidized methionine Met{ox) with
raspact o the antire mathionine content of AVEDG1D after storage st different
ternperatures. 1 start of storage 10, 20 storage for 1 month, 3 sforage for 2 months,
3: storage for 6 months. Figure 1: balch 884, Figure 2: batch 8%7.

ok

Figures 3 and 4 show the perceniage content of protein impuriies of high molecular
weight (with respect to AVEDD10) afier storags at different temperatures. 1) start of
storage 10, 2: storage for 1 month. 3: storags for 3 months. 3 storags for 8 months.

Figure 3: balch 884, Figure 4, batch BY97.

Figures § and & show the percentage content of all npurities (with respect o
AVEDDID) after storage at differant temperaturas. 1) start of storage 0. 2: storage for
1 maonth. 2: storage for 3 months. 31 storage for © months. Figure 5 batch 884,

Figure & batch 887.

Example 1

Liguid composition comprising AVEQGTO and methionine

The purpose of the study is the evaluation of the chemical or/and physical stability of
forrmulations of AVESDID (solution for injection, 0.1 mg/m) with and without
methionine, when the product is stored in cartritiges under long-term conditions and

accelerated conditions Tor up to § months,

The following composiiions are tesied:
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Composiiion A (2 paraliel batches: AVEOU10_08_8%84_A and AVEODGI0_U8_BE7_A}

F

;S&ubs‘iaﬁce Saem tion according o l;fm“a{:;u;"et per uni
5 ﬁhaw acopeia ’

RVEGGTO Sanof-Avents 50 g
'amsum acetate iihydrate  Fh, Bur /USE ;3 56 mg
"m-Cresal Bh. Ear JUSE 2.70 mg

5% Giyoeral P, Eur JUSP 1800 mg

{5‘% N Hydrochionc acid | Ph. Buc /USE “ad ok 4.5

5.1 N el solution é%% EurUSP T TTadpH A4S
“Water for injection (Wi, | Ph. Eur JUSE ESEET

<
Composition B {2 parallel batches: AVECC10_05_884 8 and AVEDST0_08_B97_E)
:Substance | Specification according to | Amount per unitt
! pharmacopeia g
(AVEOG10 Sanofi-Aventls 090 g
‘Bodium ecetate tihydrale | Ph. EarJUSP 350mg
?fm—crem PR, Ear/USP 270 mg
L-Rlethionins WP” Eur /USSP 3 G0 g
58’:3% Glycerol g.i:ﬁh. Eur USE 18,00 my
%i}.’% N Hydrochlorie acld ’P%‘z BEur AUSE ad pHt 4.8
07 NNaOH solution | Ph. Eur /USP a0 pH 4.5
Waitar Tor injection (W) Ph. EurJUSP adiom

The formulations are stored in units which are intended for cliniest siudies and for
10 zales and disiribution.
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Tarm: | Description

Cartridge for %Cafi?iejga 3 mi colorless, type 1 glass (Pl & h}y SAP number
n isction paen %'?{}GE%EZ

Crimped id and | 7.5 mm

Hinserted within a Crimped lid: alurminum

%gwy gating di Sealing disk (exieror): isoprens rupher, material number

| 77735

| saling disk {interior) bromaobuty! rubber, material number
4TBOAG

Type | closure (Fh, Bur/UsSP)

SAF number 164571

Plungsr (8.2 311 mm

‘1 | Bromobutyi rubber, black
i

| SAP number 120521

I

Riorage times, storage conditions, time points are summarized in the Tollowing table.

Conditlon Test interval {months}
1 FRE 3 3

e

‘Long-term storage

45+ 5°C X

% X X
fAcceierai:ac:f conaitions (tampera{ure,' 1
humidity)
725 £ 2°C/B0 + 5% RH T X ix X
40 £ 2°0175 = 5% RH B X E
The formulations are stored hortizontally, Rid means relative humidily, Time point O s

the start of storage. The measursments ai time point 0 are usad as g refarence for all

conditions fested. During the tesis, the samples are storad st +5 £ 3°C.
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The physical and chemical stability of the stored formulations s determined with the

heip of the following fesis:

&®

&

&

Daseription

Clarity of the solution and color thereof

P

Chemiced siability (ourity and impurities, defermined by MPLC,

muore particularly the proportion of oxidation products and of lotal impuriiiss)
Proteins of high molecular weighd, determined Dy HPSEC

Visible particles

Biciogical activity of the formulations

Results

The formulatinns were siudied separately for the paralie! batches (884 and 887) with

regars to the following parameters:

Biologicst activity of AVEDGID. A2 5°C and 25°C, activity after 8 months was at
ieast 98% of intial sctivity. The activities of the compositions according to the
present invention were greater than the acliviies of the comparative
composttions. AL40°C, activily after § months in ths absence of methionine was
approximately 43%. in the presence of methionine, aciivity was approximately

51% and thus clearty greater than in ihe absence of methionine.

Oxidation products. Measuraments were carried out on an HFLC instrument
{model; alliznce} from Water Systems, using the 100% peak area method. For
separation, a gradient of 0.1% TFA anc acetoniiriie as the mobile phase and &
C18 reversad-phase colurn (Jupiter} as the stationary phase were used. At 5°C,
the proportion of exidized methionine Met(ox) in AVEGG10 in the absence of
methioning was 0.3%. At 25°C, the proportion was in ths rangs of 0.6-0.8%, at
46°C 1.3%. Whean the formulation comprised methionineg, the proportion of
oxidized mathionine was distinctly lower, it was never more than §.2% under all

I

conditions tested. At 25°C, the proportion was thus approximately only 1/4 to 1/3
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of the confent in the absence of methioning, even at 40°C approximately only 1/5

b

{gee figures 1 and 2.

Proteine of high molecuiar welght., A1 5°C, the proportion was betwear 0.1 and

.3% and remainad substantially unchanged during the entire storage time. Al

ZE°C, the proportion rose in the absence of methionine to 0.2 and 1.3%,
‘espectively, in the presancs of methioning, the propottion was 0.4 0 05% a

thus less than hall as high, A2 40°C, the proportion was It the absence of

methionine 5.4% and §.2%, respectively, whils € was in the presence of

methionine only 1.6 and 1.7%, respectively, and thus cleatly lower (gee figures

L2

N

anc 4.

Total npurities. A7 5°C, tolal impurities rose over the siorage time of € months
slightly from 1.2 to 1.8 or 1.9% {(absence of methionine). When methionine was
pregent, the rise was a litile lowar, AL 25°C, a rise (o 10.8% and 11.8%,
respectively, was observed. in the presence of methioning, the values were beiow
10%. At 40°C, the proportion rose up to 54% {without methioning). When
methicnine was present, the proportion was approximaiely only 47% (see figures
5 and 6).

The percentage valuss are the content values {percentage values of impuritise) of
the oxidation products, of total Impurities, and of high-molecular-weight proteins
(HMWF.

Ad values were defermined by HPLC with the so-calied 100% method. Here, in
narticular, it invelves reversed-phase HPLC (C 18 column), in which & gradient
method was used for the moblie phase:

a) 0.1% TFA, 15% ACN and by 0.1% TFA, 75% ACN.

Detection at 215 nm (UV).

The high-molecular-weight protsing (HMWP) were delecied by HPSEC, described

n European Pharmacopeia 8.0 for injectable insulin preparations.



The deta are summarized in the following tebles:

Wean values: AVEDRRIC 08 Ba4d A+ B

AVEOCTD 0% B94_A

AVEGDIC 08 834 B

Ty
Sl

i 1hdon., [EMon. Biion, VMo, 13 Mon, 16 Mon.
Total impurities 12 15 241 48 W1 M3 135 17
AVEQO1] Test 101516948 BBO0 978 D11 MD0E 994 288
Proteins of high molecular weight 1) 3 (}3 E(’_}.—f,é 0.2 0.2 0.2 2 {}3
Cxidation products 03 04 04 03 01 02 04 o4

i i ; | :

PEe tn “Hion, SMon. i8Men, i Mivion. 13 Mon. 18 Mon,
Tolal impurities 12 3.0 B4 1118 11 2.5 57 9.8 4
AVEDDID Test 10151879 1940 886 [101.1 987 1948 905 |
Frofeing of high molecular weight 10,3 0.4 0.8 1.3 02 A 0.5 05 :
Oxidation producte 03 D4 08 08 0.1 0.2 0.2 0.2
A0°0 i “iion. [3Won, 'BMon. o “iMon, 3 Mon. 8 Mon. |
Total impurites 1.2 134 343 B4t M 2.1 304 468
AVEQDIO Test 1.5 879 8688 1428 011 888 708 509
Proteing of pigh moleculer weight 103 1.0 oA B2 0.0 Qg 0.6 AT
Oxidation products 0.3 0.8 09 13 0.1 G2 0.2 .2

Maoan values: AVEDQIO 09 BY97 A+ B

AVEGLTD 00 897 A

AVEGDID 00 897 B

500

ty

“iMion. 3Mon, 8Mor,

o

1hon.

22 Mon.

& Mon.

Total inpurities

.2

1.6

1.8

1.8

1.0

1.3

1.5

N

AVEDDO Test

99.2

UR.2

975

96.7

2905

08,2

88,0

74

Protaing of high molecuiar weight

0.1

9.1

0.1

0.2

8.1

0.1

0.1

0.1

{nddation products

0.3

0.1

1031

0.1

0.3

0.3

0.3

i
|

?O.?

259 ty I Vion. (3kon. [BMon. i “dion. 3 Mo 16 Mon. |
Tofat impurities 1.2 3.3 8.7 0.8 1.0 2.0 .8 9.1
AVEGDD Test 9o,z ‘9686 928 '8BT4 |899.5 g7.8  93.8 800
Proteins of high molecular weight 10 1 0.2 s DG 0.1 0.1 ne 04
Cradation products 03 04 05 06 0.1 O 0.2 0.2

: ; i ;
T tn  4hon. 3Mon. BMon. i hMon. 13 Mon, 8 Mon,

Total impurifies

113.1

33.5

53,8

1.0

1.8

128.8

470

AYEDOTD Tast

86.8

£5.5

428

G985

£8.0

70.7

51,0

Proteing of high molecular weight

0.8

2.2

E4

0.1

0.4

0.8

1.8

Crddgtion producis

0.5

0.8

1.3

0.1

0.1

0.2

0.2
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Conclusion

The proportion of oxidation products, of proteing of high molecular weight, and of

total impurifies are, individually or together, 2 measurs of the chemical integiity of the

compasitions. From the results desoribed above with the m;}i@ somposiions, &
foliows that thie liguid composifions according o the present inveniion comprising

= o GLP-1 agonist or/fend g pharmacologically Iolerable salt thereof (more
pnarticularly AVEOG10 ov/and a pharmacoiogically iolerable sall thereol),

¢ optionally at lsasi one phamaceutically acceptable excipient,

s and methionine

have improved stabliity or/and chemical integrity. The proportion of oxidized

methioning, of (olal impurities, and of prolens of high molecular weight is lower in the

compositions according to the present invention than in the comparative

compositions. The composition according o the present invention (batches 884 B

and B87_B)and the comparative compositions {batches 884 _A and BE7_A) differ in

the pressncelabsence of methionine. Therefore, improved siabliity or/and chamical

infagrity can be ascribed (o the methioning constifuent in the compositions according

io the presant nvantion,

in g further expariment, it was studied how sodiurm EDTA and histidine have an effect

in & composifion according to the present invention,

Composifion B (28 in example 1)

Bubstance i Specification according to | Amount per unit

1 il pharmacopeia !
TRVEDG10 “Sanch-Avents 0.10 mg

éSedium acetate rinydrate aF"h Eyr JUSP 1 3.50 mg

%W~G%"@SG? Ph Eur AUSE 2?’0 mg |
}_ L-Meihionine Ph, Bur. fAJBP 3@0 Tig ’

5% Glyoerol PR, Ewr/USP 78,00 g
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0.1 N Hydrochioric acid Ph. BEur /USSP ad pH 4.5

0.1 N NaOH solution Ph. Bur AUSP adpH 45
Waler for injection (W Ph Eur USSP cad 1.0 mi
Compositon C

 Substance ‘-‘ipm'? ation according to  Amount per unit
pmmac\ peia
TAVEDGTO “Sanfi-Avents .10 mg
“Sodium acetale fnydrate | Ph. Eur JUSP 150 mg
Sodium EDTA Ph. Eur JUSP

100 mg

m-lresol “Ph. Bur/USP ;22.,?&% g
Tietonie Ph. Eur JUSP 300 mg
[Hisidine B Eur jUSP R I
§5% Giycerol P Eur/USP 78.00 mg
6.1 N Hydrochioric acid l?h Eur JUSP 2d pH 4.5
0.1 N NaOH sociution PR Bur USP Lad pH 4.5
Wiater for injeckion (W) | Ph. Eur /UGF ad 16 i

in a slandard experimenis! design, rabbits were fre

e 3 " -
sated with composition B or © o

&)
4]

saiine solution subcutansously (s.¢.) or intramuscularly (Lm.). in each case, half the

rabhits were saciificed afier 24 hours or 120 hours in order 1o delernine the acute or

subacute affects of the sdministration histologic

repaitfregeneration of any changes oocurss,

Foliowing subcutanaous injection of composition C

iy, Alge, It was determined whaether

>, the animals showed affer 24

hours, in contrast to the saline control, a light to moderate inflammatory reaction in

the subculaneous connective tissue, After subcutaneous injection 120 hours eariier,

a ciear rend was observable for the observad changes {0 repair by a fibroblastic

raaction. Thus, compatibility could stilt be rated as moderste (inslead of as

incompatible).




24

With composition B, the animals showed afier subculanesus injection no or minimal

gifferences o the saline conirol (good compatibiiity).

After intrarnuscular injection of camp@siﬂm G, the animals exhibited muscular
necrogls (multifocst or disseminaied), clearly differing from the saling controls, in
which only the site of iﬁ_ﬁectigm was visible as g clearly ciroumscribad nacradic area.
With composition T, mineralization of the necrotic muscuiar lissue was observad
after 120 hours, visible even in 2 necropsy of the animals. Although small or focal
mineralization at various sites in rabbits ig not unusual, the mineralization after
injection of composition C was dlearly associated with the necrolic areas, ‘%‘“huag the
roversibiiity of the lesions caused by the injection is more than guestionable, Based
on thess findings, composition C after intramuscular injection in rabbits was rated as

incompatibie.

Composition B affer inramuscular injection showed good compsatibliity (no or minimal

differences to the saline control}.

From these data, # follows that compostiion B, compared to compaosition C, had an
improved compatibility in intramuscular of subcuianeous administration.
Subcutanecus injection is the preferred roufe of administration for the compositions
comprising a GLP-1 agonist, more particularly AVEGD10, desoribed in this

application.

Thus, the compositions according to the present invention, which comprise g GLP-1
agonist, more parliculerly AVEDND1D, can be fres of EDTA orfand histidine. Likewise
the compositions according fo the present invention can be substantiaily free of
EDTA and histiding
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Claims:

1. A liquid composition comprising 2 GLP-1 agonist orfand a pharmacclogically
tolerable salt thereof, wherein the GLP-1 agonist is desPro*®exendin-4(1-39)-
Lyss-NHz, and wherein the composition comprises methionine, the composition is
free of histidine and the GLP-1 agonist is in an amount of 0.01 mg/ml fo 1.5

mg/mi,

2. The liguid composition of claim 1, further comprising at least one

pharmaceutically acceptable excipient.

3. The liquid composition as claimed in claim 1, wherein the composition comprises

a pharmaceutically acceptable preservative, more particularly m-cresol.

4. The iquid composition as claimed in any one of claims 1 to 3, wherein the

cornposition comprises glycerol.

5. The liquid composition as claimed in any one of the preceding claims, wherein

the composition has a pH in the range from 3.5 to 5.

6. The liquid composition as claimed in any one of the preceding claims, whersin
the composition comprises methicnine in an amount ranging from 0.5 mg/mL to

20 mg/ml, preferably in an amount ranging from 1 mg/mL o 5 mg/mL.

7. The liquid composition as claimed in any one of the preceding claims, wherein

the composition has the foliowing constituents:
(a) desPro®Cexendin-4(1-39)-LysgNH,,

(b} sodium acetate,

{c) m-cresoi,

{d} L-methionine,

(e} 85% glycerol,

(f) approximately 0.1 N hydrochloric acid, if adjustment to a pH of approximately
4.5 is required, |

(g} approximately 0.1 N NaOH solution, if adjustment to a pH of approximately
4.5 is required, and

(h) water.
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The liquid composition as claimed in any one of the preceding claims, wherein

the composition is an injectable composition.

A liquid composition as claimed in any one of the preceding claims for use in the

treatment of diabetes meilitus.

Use of a composition as claimed in any one of claims 1 to 8 in the manufacture of

a pharmaceutical for treating diabetes mellitus, more particularly type !l diabetes.

A method for manufacturing a compositicn as claimed in any one of claims 1 to 8,
comprising formulating a GLP-1 agonist orfand a pharmacologically tolerable salt

thereof with methionine.

The method of claim 11, wherein the composition further comprises at least one

pharmaceutically acceptable excipient.

A composition as claimed in any one of claims 1 to 8 for use as a pharmaceutical.

Use of the composition as ciaimed in any one of preceding claims 1 to 8 in the
manufacture of a pharmaceutical for treating diabetes meliitus and/ or obesity,
wherein said pharmaceutical is to be administered fo a patient in need thereof
with metformin and/or a pharmacologically folerable salt, a sulfonylurea and/or a
pharmacologically tolerable salt, a glitazone and/or 2 pharmacologically tolerable
salf, and/or a long-acting insulin and/or & pharmacoiogically tolerable salt or a
combination thereof.

The use as claimed in claim 10 or 14, comprising an add-on therapy in patients
where sufficient blood sugar control could not be achieved with metformin, a

sulfonylurea, a glitazone, and/or a long-acling insulin.

The use of the composition as claimed in claim 10, or 14 or 15, wherein the

treated patients have an HbA1c value in the range from 7% fo 10%.

The use of the composition as claimed in claim 14 wherein diabetes mellitus Is
type ii diabetes.
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18. The use of the composition as claimed in any one of claims 10, and 14 fo 17 and
wherein said composition is to be administered in patients with type Il diabetes as

a supplement to a diet in order to improve blood sugar control.

18. The use of the composition as claimed in any one of claims 10 and 14 to 18,

wherein said composition is to be administered in patients once a day.
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Pharmaceutical composition comprising 2 GLP~1 agonist and methionine
ABSTRACT

The invention relates to & liquid composition comprising a GLP-1 agonist or/fand a
pharmacologically tolerable sait thereof and optionally at least one pharmaceutically acceptabie
adjuvant. The liquid composition is characterised in that it contains methionine, optionally as
add-on therapy with metformin and/or long-acting insulins/insulin derivatives.

{no suitable figure)



